
	

Continue

21774044655	4031636543	38405124450	2693613.0326087	109286477612	18274520370	48470200.789474	2065100772	29084854.078125	4664042.5463918	31764571.545455	45211523808	98907107264	164607431056	80173440668	23474818.966292	27433329503	43153590888	22327297.537313	35743959636	9172870.028169
7843566.3472222	7064065.7894737	114972177850	21049811130

https://podar.co.za/XSRYdR1H?utm_term=de+gennes+capillarity+and+wetting+phenomena+pdf+online+books+download


De	gennes	capillarity	and	wetting	phenomena	pdf	online	books	download

F.,	Worcester	D.	D	32,	2489–2495.	Figure	5.	The	academic	staff	then	became	part	of	a	tight	structure	that	conducted	research	under	his	direction.He	also	needed	research	students.	Runkle.	(doi:10.1093/mnras/160.1.1P)	Crossref,	ISI,	Google	ScholarZel'dovich	Y.	However,	as	a	beginning	research	student,	Gibbons	had	once	heard	Andreanus	Pijper
describe	using	dark-field	microscopy	with	the	South	African	sun	as	a	powerful	light	source	to	record	individual	bacterial	flagella	on	film	(Pijper	1948).The	lab	did	own	dark-field	condensers	for	their	light	microscope,	but	their	most	powerful	light	source	was	a	simple	6v	lamp	built	into	the	base.	Cell	Biol.	Perhaps	they	did	not	exist	in	other	viable
theories	of	gravity.	One	of	his	most	outstanding	contributions	was	to	focus	attention	on	the	need	for	new	systems	of	soil	and	water	management	to	obtain	the	most	from	the	advances	in	crop	breeding	being	delivered	by	several	of	the	institutes	under	the	umbrella	of	the	Consultative	Group	for	International	Agricultural	Research	(CGIAR).Towards	the
end	of	the	1970s,	soil	scientists	increasingly	recognized	the	importance	of	strengthening	research	to	address	environmental	problems	and	natural	resource	management	issues	associated	with	the	global	expansion	of	food	production.	Part	VIII:	The	direction	of	radical-addition	to	alkyl-	and	perfluoroalkyl-acetylenes.	The	collapse	is	therefore	likely	to
make	their	orbits	considerably	eccentric,	in	contrast	to	binary	systems	that	have	been	in	equilibrium	for	a	long	time	in	which	the	eccentricity	is	generally	expected	to	be	small.	Leo	also	showed	that	D+	as	well	as	some	D−	clones	of	leukaemic	cells	that	did	not	respond	to	normal	differentiation-inducing	proteins	could	still	be	induced	to	differentiate	by
a	variety	of	other	compounds,	such	as	glucocorticoid	hormones,	chemotherapeutic	compounds	at	low	non-cytotoxic	concentrations,	phorbol	esters	and	others	(17).Extension	of	these	studies	to	in	vivo	conditions	in	mice	showed	that	D+	and	some	D−	myeloid	leukaemic	cells	can	undergo	differentiation	to	mature	granulocytes	and	macrophages	in	vivo	in
normal	mice,	but	not	in	immune-suppressed	mice	(11,	17)	(Lotem	&	Groner	2017)	(figure	4).	He	developed	ultrasonic	microscanning	instruments	using	continuous-wave	Doppler,	reflex	transmission	and	synthetic	aperture	focusing	techniques	(17).	These	‘analytic	BOPs’	were	applied	in	collaborations	with	Jim	Butler	and	Haydn	Wadley	for	modelling
hydrocarbons	and	GaAs,	respectively,	with	funding	from	the	Defence	Advanced	Research	Project	Agency	(DARPA)	and	Office	of	Naval	Research	(ONR).In	a	collaboration	with	Ralf	Drautz,	in	2005	David	obtained	analytic	BOPs	for	transition	metals	by	expanding	the	density	of	states	into	Chebyshev	polynomials,	which	avoided	numerical	integration	(30).
Building	resilience	into	soils	was	a	new	concept	at	that	time,	but	has	been	adopted	more	widely	since.	(a–d)	Human	wart	virus	showing	different	views	of	the	particle:	the	original	virus	image	in	(ii),	a	sketch	of	the	salient	features	in	each	image	in	(i)	and	a	computer	simulation	of	each	image	in	(iii),	demonstrating	that	the	pattern	arises	from
superposition	of	the	two	sides	of	the	particle;	(e)	images	of	a	tobacco	mosaic	virus	particle	tilted	in	the	microscope	by	±6°,	showing	that	at	−6°	the	image	is	rather	smooth	on	the	left	edge	but	spikey	on	the	right	and	that	this	reverses	in	the + 6°	image,	enabling	the	absolute	hand	of	the	helical	family	to	be	determined.	Clay	Minerals	15,	175–191.	Yet
there	is	also	great	rigour—behind	an	elegant	final	result	might	lie	hard	calculations,	as	described	above.	E.)	The	structure	of	turnip	yellow	mosaic	virus:	X-ray	diffraction	studies.	(doi:10.1016/S0022-1139(00)85265-3)	Crossref,	ISI,	Google	Scholar(76)	(With	Banks	R.	A	314,	529–548.	Blood	82,	1092–1096.	The	1951	paper,	for	example,	starts	with	the
equations	of	motion	written	in	compact	vector	form	(2).	Peter	certainly	followed	this	example,	as	throughout	his	life	and	career	he	stood	out	for	his	impeccably	good	manners,	kind-heartedness	and	generosity.	Russell,	whether	he	could	undertake	an	element	of	study	that	was	allied	to	chemistry,	but	which	would	allow	him	to	work	outside	as	well	as
inside	a	laboratory.	I.)	Dynamic	aspects	of	dinoflagellate	distribution	patterns	in	a	small	productive	lake.	&	Oades	J.	Crossref,	ISI,	Google	ScholarRunchal	A.	J.	(doi:10.1083/jcb.36.1.79)	Crossref,	ISI,	Google	Scholar(14)	1971	(With	Summers	K.	(doi:10.1039/jr9650000575)	Google	Scholar(31)	(With	Banks	R.	Flow	through	stovepipe	ramjet,	showing	flow
around	leading	edge,	implying	production	of	thrust	(a)	with	heat	addition,	and	(b)	with	heat	extraction	(cooling).	Slater	Professor	and	interim	head	(2018)	of	the	Department	of	Aeronautics	and	Astronautics	at	MIT,	where	he	has	also	been	a	director	of	the	Gas	Turbine	Laboratory.	See	.	This	result,	presented	in	a	paper	barely	more	than	a	page	in
length,	was	a	shocking	surprise	to	experts	in	polymer	theory	and	in	magnetism	alike,	connecting	the	powerful	renormalization	group	machinery	of	Kenneth	Wilson	(Nobel	Prize	1982)	to	polymer	statistics	for	the	first	time.	A:	Culture	of	normal	mouse	haematopoietic	cells	that	have	multiplied	and	differentiated	to	mast	cells	on	a	feeder	layer	of	mouse
embryo	cells.	Although	he	was	not	well	during	his	last	several	years,	they	always	remember	him	tall	(very),	strong	and	energetic,	an	excellent	speaker	(figure	5)	spiking	his	talks	with	his	wonderful	sense	of	humour,	and	following	closely	the	progress	of	research	in	his	and	other	fields	of	science.	The	first	was	that	a	description	of	space-time	will	be
dependent	on	what	the	observer	is	doing	rather	than	having	an	objective	existence.	The	final	words	of	the	book	provide	a	clear	indication	of	Dennis's	future	scientific	direction:	‘What	is	needed	above	all	at	present	is	critical	experiment	that	will	convert	what	is	so	often	mere	assertion	into	established	fact.’	Figure	1.	B.)	The	rotation	and	distortion	of	the
universe.	D	46,	603–611.	However,	overall	this	period	of	work	was	fundamentally	disappointing	for	him;	in	his	view,	the	role	of	a	general	manager	was	a	relic	of	the	traditional	over-managed	organization	of	ICI,	a	feature	that	may	have	contributed	to	its	ultimate	demise	and	the	dispersal	of	its	businesses.	&	Sandstad	M.	R.)	One-dimensional	diffusion	of
microtubules	bound	to	flagellar	dynein.	She	had	grown	up	in	St	Albans	and	studied	languages	at	the	University	of	London's	Westfield	College.	17,	14–25.	A	rating	scale	was	constructed	in	which	iso-octane	was	given	the	value	of	100	and	cumene	(isopropylbenzene)	zero.	Acta	25,	242–252.	His	height	was	reduced	by	four	and	a	half	inches	as	his	spine
collapsed,	causing	enormous	pain.	Karen	also	graduated	at	the	University	of	Liverpool	and	followed	a	career	in	medicine.Having	obtained	his	PhD,	which	ICI	management	sought	to	dissuade	Charles	from	taking,	he	nevertheless	returned	to	ICI	Widnes	Laboratory	in	1949.	299–304.	(doi:10.1083/jcb.58.3.618)	Crossref,	PubMed,	ISI,	Google	Scholar(18)
1974	(With	Gibbons	B.	52,	60–638.	In	any	case,	Pierre-Gilles	was	an	explorer,	almost	an	adventurer,	of	science.	He	also	developed	a	variety	of	redwood	sorrel	named	after	him,	Oxalis	oregana	‘Bob	Haszeldine’,	which	is	listed	by	the	Royal	Horticultural	Society	(figure	7).	Typical	Whittle-type	turbojet	engine	showing	values	of	Mach	number	at	various
points	at	the	design	engine	rpm,	for	sea	level	test	conditions.	The	two	books	provided	convenient	access	to	the	two	strategies	and	gained	a	considerable	following	around	the	world.For	all	its	merits,	the	book	presenting	the	boundary-layer	solver	(16)	only	adopted	the	algebraic	mixing-length	hypothesis	(MLH)	of	Prandtl	(1925)	to	represent	turbulent
mixing.	These	inhibitors	thus	function	as	a	negative	feedback	mechanism	to	prevent	sustained	accumulation	of	activated	mature	macrophages	and	granulocytes	which	could	cause	tissue	damage	after	resolution	of	infection	(17)	(Lotem	&	Groner	2017).	They	worked	tirelessly,	and	the	outcome	(15)	was	a	highly	successful	method	for	two-dimensional
thin	shear	flows.	Despite	his	busy	schedule	during	his	visit,	he	was	always	present	at	Lab	meetings	and	was	up-to-date	and	on	top	of	things	to	the	extent	that	he	could	serve	as	a	mentor	to	my	MSc	students	during	preparations	for	their	final	exams.	Here	he	encountered	Cécile	de	Witt,	an	outstanding	young	mathematical	physicist	who	had	founded	the
school	in	1951.	By	depositing	the	papilloma	virus	on	one	side	of	the	grid	and	rod-shaped	TMV	on	the	other,	John	ingeniously	created	stereo-micrographs	in	which	the	two	sides	of	the	grid	were	unambiguously	identifiable.	During	this	time,	the	cost	of	refurbishing	a	new	residence	for	the	principal	had	escalated	to	three	times	the	budget	approved	by
UMIST	Council.	With	his	research	student	Kemal	Hanjalić,	Launder	chose	the	kinematic	turbulence	energy	dissipation	rate	ε≡k3/2/ℓ	as	the	dependent	variable,	and	discovered	that	with	this	choice	the	correct	near-wall	variation	of	length	scale	was	predicted	in	a	boundary	layer	without	any	near-wall	correction	(Hanjalić	&	Launder	1972;	Jones	&
Launder	1972).	In	their	early	studies	they	placed	a	ruby	laser	in	liquid	nitrogen	and	discovered	that	the	formation	of	multiple	pulses	was	related	to	the	three	ground	states	of	Cr3+	in	ruby.	This	system	in	agar	was	then	also	used	by	Bradley	&	Metcalf	(1966)	and	applied	in	the	1970s	to	the	cloning	of	other	haematopoietic	cell	lineages	including	T	and	B
lymphocytes	and	erythroid	cells	(17).	Soc.594–597.	Council	agreed	that	he	should	retire	at	the	end	of	1982.His	departure	naturally	pleased	those	who	had	clamoured	for	it,	but	overall,	views	were	more	mixed.	42,	846–850.	1945Farren	mission	to	study	German	aircraft,	aircraft	engine	and	armament	industries.	R.,	Lu	J.	E.)	Adenosine	triphosphate-
induced	sliding	of	tubules	in	trypsin-treated	flagella	of	sea-urchin	sperm.	(Online	version	in	colour.)Download	figureOpen	in	new	tabDownload	PowerPointIn	1958	Spalding	was	promoted	to	the	chair	of	heat	transfer	and	delivered	his	inaugural	lecture,	‘Heat	transfer	in	rocket	motors’.	Although	these	quantitative	details	agreed	with	predictions	for	a
sliding	tubule	model	(Satir	1968),	it	was	really	the	visual	impact	of	actually	seeing	the	sliding	happen	that	was	the	most	convincing.	VII.	Photo	courtesy	of	the	University	of	Reading.Download	figureOpen	in	new	tabDownload	PowerPoint1952BA	with	first	class	honours,	University	of	Oxford1955MA,	University	of	Oxford1956DPhil,	University	of
Oxford1969Special	Visiting	Fellowship,	US	Department	of	Agriculture	to	work	at	the	University	of	Minnesota1974Fellow,	Institute	of	Biology1972Honorary	Doctorate,	University	of	Ghent,	Belgium1987Fellow,	World	Academy	of	Arts	and	Science,	Switzerland1988Visiting	Professor,	University	of	Reading,	UK1993Honorary	Member,	American	Society
of	Agronomy1993Honorary	Member,	American	Society	of	Soil	Science1994Fellow,	The	Royal	Society2003Honorary	DSc,	Ohio	State	University,	Columbus,	USAI	am	most	grateful	to	Mary	Greenland	for	conversations	about	Dennis's	career,	for	access	to	some	of	his	papers	and	for	her	many	kindnesses	and	hospitality	over	many	years.	While	in	America
he	had	met	Barbara	Runkle,	a	graduate	of	Radcliffe	College	and	a	granddaughter	of	MIT's	second	president,	John	D.	(doi:10.1016/0031-9163(63)90377-9)	Crossref,	ISI,	Google	Scholar(9)	1964	(With	Jones	W.	He	found	Caltech	and	California	exhilarating.	Stephen	proposed	that	such	a	process	was	governed	by	a	superscattering	operator	$,	which
should	be	thought	of	as	a	generalization	of	the	quantum	mechanical	S-matrix	and	would	require	a	generalization	of	quantum	mechanics.	Hydrobiologia	524,	215–227.	Of	course,	cosmology	cannot	tell	us	how	we	should	live;	but	Stephen	felt	it	could	provide	a	powerful	overarching	framework	that	emphasizes	the	unity	behind	it	all	and	the	truly	gigantic
potential	lying	ahead	of	us—if	only	we	can	survive	the	boundaries	of	our	time.	If	one	looks,	however,	at	time-like	geodesics	in	this	space-time,	although	space	is	infinite,	the	geodesics	never	reach	spatial	infinity	but	are	re-focused	back	into	the	interior	of	the	space.	In	focusing	on	his	clear	objectives,	he	removed	or	circumvented	obstacles	and
distractions,	while	rewarding	people	who	supported	his	efforts.	When	different	phases	had	vastly	different	densities	(for	example,	gas	and	liquid),	the	overall	mass	conservation	equation	was	dominated	by	the	denser	phase.	All	these	are	part	of	his	intellectual	legacy.Hawthorne's	colleagues	remember	him	as	a	generous	and	enthusiastic	teacher	who
encouraged	others	to	excel	and	as	an	engineer	committed	to	his	profession,	imbued	with	a	strong	sense	of	duty	and	the	belief	that	engineering	could	contribute	to	solving	important	problems	facing	humankind.	With	Saint-James,	he	discovered	‘Andreev	reflection’,	which	was	also	discovered	independently	by	Andreev	in	Moscow.	Google	Scholar(36)
(With	Fields	R.,	Germain	M.	But	this	was	not	the	conventional	ordering	by	atomic	number	or	group.	In	the	Boltzmann	interpretation	of	entropy,	these	microstates	determine	the	quantum	state	of	the	black	hole.	He	is	the	current	incumbent	of	the	Barnet	Berris	Chair	of	Cancer	Research.Yoram	Groner	has	devoted	much	of	his	career	to	understanding
the	molecular	genetics	of	Down	syndrome	and	related	disorders	caused	by	an	extra	(third)	copy	of	chromosome	21.	A	270,	103.	The	analytic	BOPs	were	implemented	in	the	BOPfox	program,	which	enables	massively	parallel	simulations	with	millions	of	atoms	(32).David	made	significant	efforts	to	bring	his	ideas	to	a	wider	audience.	(doi:10.1016/0022-
2836(73)90285-4)	Crossref,	PubMed,	ISI,	Google	Scholar(17)	1974	(With	Crowther	R.	His	linearized	H-NFE-TB	band-structure	theory,	based	on	resonant	orbitals,	was	the	forerunner	for	the	widely-used	linearized	muffin	tin	orbital	(LMTO)	theory	developed	by	O.	(Photograph	copyright	MRC	Laboratory	of	Molecular	Biology.)	(Online	version	in
colour.)Download	figureOpen	in	new	tabDownload	PowerPointOne	group	of	viruses	that	they	investigated	in	detail	was	the	papilloma–polyoma	viruses.	The	award	did,	however,	make	him	a	public	figure	in	France,	bringing	responsibilities—particularly	in	the	areas	of	public	understanding	of	science	and	high	school	education—that	he	took	seriously.On
retirement	from	Collège	de	France	and	ESPCI	in	2003,	Pierre-Gilles	joined	the	Institut	Curie,	where	his	mind	turned	to	biology.	91–98.	(doi:10.1103/PhysRevLett.17.297)	Crossref,	ISI,	Google	Scholar(13)	1968	(With	Stegeman	G.	Professor	Eytan	Domany	from	the	WIS,	with	whom	Leo	collaborated	between	2003	and	2007,	recalls	how	well	Leo
interacted	with	the	students	that	were	involved	in	the	collaborative	projects.	The	Kewalo	Marine	Laboratory	was	completed	in	1972	and	had	a	spectacular	setting	looking	out	over	the	surf	line	toward	Diamond	Head,	while	the	freshly	pumped	sea	water	Kewalo	provided	for	maintaining	exotic	sea	creatures	such	as	sea	urchins	enticed	Ian	even	more
than	the	view.	(doi:10.1103/PhysRevD.77.123537)	Crossref,	ISI,	Google	Scholar(98)	2011	(With	Hartle	J.	Despite	these	successes	and	the	substantial	success	of	halothane,	Charles’s	career	development	at	ICI	seemed	to	have	stalled.	Linked	to	these	theoretical	considerations,	Jack	likewise	had	an	interest	in	the	history	and	development	of	limnology
and	wrote	several	reviews	on	this	topic	(e.g.	(33)	and	(34)).Jack's	publications	extend	over	a	remarkable	65-year	period,	ranging	from	his	first	publication	on	the	importance	of	chance	dispersal	in	controlling	pond	biodiversity	in	1951	(1)	to	his	last,	in	2016,	which	was,	fittingly,	a	biographical	memoir	for	the	Royal	Society	of	his	inspirational	PhD
supervisor	J.	17,	241–249.	This	gave	unlimited	flexibility	since	a	large	number	of	strips	could	be	used.	Physics,	chemistry	and	mathematics	had	been	his	passions	in	school,	and	it	seemed	natural	to	continue	them.	While	the	writing	was	in	progress,	various	results	on	causality	and	black	hole	theory	appeared,	including	Stephen's	crucial	black	hole	area
theorem,	which	had	been	inspired	by	earlier	discussions	with	Penrose,	and	so	substantial	sections	of	the	book	were	devoted	to	these	topics.	Figure	1.	He	is	the	lead	author	of	the	book	Internal	flow	(Cambridge	University	Press).	Hydrobiologia	315,	9–14.	O.)	A	low	resolution	structure	for	the	histone	core	of	the	nucleosome.	Google	Scholar(29)	1998
(With	Gregory	P.	(Online	version	in	colour.)Download	figureOpen	in	new	tabDownload	PowerPointAs	a	small	child,	Peter	was	always	making	things.	&	Dingwall	J.	This	early	disappointment	became	Africa's	good	fortune	and	in	October	1953	he	took	up	a	post	as	assistant	lecturer	at	the	University	College	Khartoum	in	Sudan	(later	to	become	the
University	of	Khartoum),	at	the	confluence	of	the	White	Nile	and	the	Blue	Nile.	David's	model	predicted	the	heat	of	formation	varied	as	the	square	of	the	difference	of	the	group	number	of	the	constituent	atoms,	but	with	a	pre-factor	whose	sign	depended	on	the	average	group	number.	However,	an	offer	of	a	faculty	position	also	came	from	the
University	of	Toronto	and	Harry	Welsh,	who	was	then	chairman	of	the	physics	department.	103.	David	soon	became	involved	in	several	student	societies	and	councils	(Figure	1).	2nd	Oxford	Symp.,	Oxford,	14–19	April	1980	(ed.	Many	careers	were	launched	by	this	book,	but	for	Pierre-Gilles	it	was	a	point	of	conclusion.	In	International	Symposium	on
Traffic	and	Transportation	Technologies,	Hamburg,	vol.	Harold	was	the	manager	of	the	local	Lloyds	Bank.	Infrared	and	UV	spectroscopy	were	also	fully	utilized,	as	exemplified	in	a	series	of	eight	papers	between	1952	and	1955.	B	146,	381–392.	His	research	thrived,	and	his	graduate	students	and	research	assistants	frequently	made	the	journey	to
Charlbury.	Turchi	E.	2012Remarks	at	the	memorial	service	for	Sir	William	Hawthorne,	24	March,	MIT	Chapel,	Cambridge,	MA,	USA.	A	295,	490–493.	John	was	involved	in	one	more	chromatin	collaboration,	which	showed	by	comparing	sea	urchin	sperm	chromatin	with	chicken	chromatin	that	the	overall	300 Å	solenoidal	structure	he	and	Aaron	had
proposed	earlier	(20)	was	invariant	with	respect	to	differences	in	the	length	of	linker	DNA	between	nucleosomes	(28).	Crossref,	ISI,	Google	Scholar(34)	1980Numerical	computation	of	multi-phase	flow	and	heat	transfer.	In	conclusion,	the	intended	readers	of	this	book,	whether	they	be	soft	matter	students	or	scientists	or	simply	the	curious,	should
find	therein	not	just	a	very	good	source	of	information	but	also	an	impressive	collection	of	exciting	and	simple	explanations	of	very	complex	phenomena."	(Dr.	Roberto	Cerbino,	Europhysics	News,	Vol.	Gibbons	also	worked	to	annotate	the	dynein	heavy	chain	genome	and	showed	that	genes	of	sea	urchins	and	humans	are	64–74%	identical	at	the	amino
acid	level	(29,	32).While	browsing	through	the	literature	to	look	for	a	promising	new	dynein	project,	Gibbons	happened	upon	Melissa	Gee's	excellent	paper	identifying	the	microtubule-binding	domain	of	dynein	as	a	small	globular	structure	at	the	tip	of	a	coiled-coil	stalk	protruding	from	the	core	of	the	motor	(Gee	&	Vallee	1998).	For	many	years	he
acted	as	senior	librarian	at	LMB,	supervising	additions	of	books	and	journals	to	the	growing	collection.	(doi:10.1111/j.1365-2389.1956.tb00889.x)	Crossref,	ISI,	Google	Scholar(4)	The	adsorption	of	sugars	by	montmorillonite:	II.	35,	730–741.	(Letter	supplied	by	Di	Gold,	and	reproduced	here	with	permission	of	David	Pope.)	Download	figureOpen	in	new
tabDownload	PowerPointDespite	the	evident	success	of	the	structure	maps,	they	did	not	explain	the	origin	of	the	different	structural	domains,	for	that	one	needs	a	theory	that	explicitly	takes	into	account	the	quantum	nature	of	bonding	in	the	different	crystal	structures.	The	Hawking	radiation	produced	by	the	black	hole	seems	to	be	independent	of
how	the	black	hole	was	formed.	Ernest	contracted	tuberculosis,	then	usually	fatal,	but	was	apparently	saved	by	a	spontaneous	pneumothorax.The	family	base	before	and	after	that	war	was	Waltham	Abbey,	Essex,	where	Charles’s	paternal	grandfather,	Walter	Charles	Suckling	(1856–1919),	was	the	storekeeper	at	the	Royal	Ordnance	Factory	and	his
maternal	grandfather,	James	Miln	Thomson	(1859–1924),	was	the	factory	manager.	These	ideas	were	further	developed	in	a	later	paper	in	which	soft	hair	was	used	to	calculate	the	entropy	of	black	holes	(105).	He	also	wanted	to	take	advantage	of	the	existing	high-resolution	seven-metre	spectrographic	grating.Over	the	course	of	a	year	he	worked	with
a	skilled	glassblower,	George	Ensell,	to	increase	the	intensity	of	the	‘Toronto’	mercury	arc	lamp,	and	with	machinists	to	develop	more	efficient	apparatus,	including	a	multi-pass	Raman	cell.	71,	441–494.	A	distinguished	and	distinctive	contributor	to	these	discussions	was	Dr	Bruce	Archer	(head	of	the	Department	of	Design	Research	at	the	Royal
College	of	Art).	He	even	undertook	preliminary	work	on	robotic	systems,	investigating	the	factors	involved	in	the	remote	operation	of	an	ultrasonic	laparoscope	as	a	first	step	towards	the	practical	realization	of	tele-ultrasonography	for	interventional	guidance.The	year	2004	marked	the	beginning	of	Peter's	second	phase	in	Cardiff.
(doi:10.1039/jr9570004472)	Crossref,	ISI,	Google	Scholar(16)	(With	Geyer	A.	These	included	scholarship	and	grant	selection	committees	as	well	as	council	and	executive	committees.	Also,	there	is	another	kind	of	Hawking	radiation	of	much	longer	wavelength	originating	from	the	cosmological	horizon	of	the	early	inflationary	universe	which	might	be
detected	as	primordial	gravitational	waves.	More	specifically,	do	initial	singularities	necessarily	exist	in	cosmological	models	more	general	than	the	spatially	homogeneous	and	spherically-symmetric	Robertson–Walker	models,	which	have	only	one	degree	of	freedom?	&	Bloomfield	C.	(doi:10.1098/rspa.1965.0146)	Link,	ISI,	Google	Scholar(2)	(With
Ellis	G.	Chapter	4	deals	with	the	occurrence	of	singularities	in	cosmological	models.	&	Maberly	S.	I	am	grateful	also	to	Eric	Craswell,	Glenn	Denning,	Ann	Hamblin,	J.	Cell	95,	829–837.	Geog.	Conf.	He	worked	with	the	Ministry	of	Supply	and	the	Ministry	of	Defence,	and	was	a	member	of	various	government	committees	throughout	his	time	at	UMIST
and	for	several	years	afterwards.	In	1981	the	University	Grants	Committee	announced	a	cut	of	17%	in	its	grant	to	UMIST,	the	sixth	highest	of	all	universities.	145,	757–769.	(doi:10.1039/jr9650006149)	Google	Scholar(27)	(With	Goldwhite	H.	Gowans	FRS	and	C.	Hawthorne	developed	the	concept	in	response	to	the	Suez	crisis	of	1956,	when	British	oil
supplies	through	the	Suez	Canal	were	disrupted	and	tankers	had	to	sail	around	the	Cape	of	Good	Hope.	In	the	leader,	Ziman	warned	against	the	‘vague	aspirations	and	grand	designs’	of	the	World	Plan	of	Action	for	the	Application	of	Science	and	Technology	to	development.	Thus,	for	the	first	time,	he	personally	undertook	a	major	coding	exercise,	with
the	resultant	program,	GENMIX,	being	included	in	the	second	edition	(20).The	original	Unified	Theory	and	its	subsequent	finite-difference,	or	(as	later	termed)	finite-volume,	implementation	were	focused	on	‘parabolic’	flows,	in	which	there	was	one	predominant	flow	direction.	The	prediction	has	now	been	derived	in	several	different	ways	and	it	is
such	a	beautiful	result—unifying	quantum	theory,	general	relativity	and	thermodynamics—that	most	experts	accept	that	it	is	correct.	Schawlow	(PhD	1949,	co-winner	of	the	1981	Nobel	prize	in	physics),	who	was	a	graduate	student	of	Crawford's	working	on	hyperfine	spectroscopy.	A.)	Spectrum	of	light	scattering	from	thermal	shear	waves	in	liquids.
&	Murakami	W.	They	quickly	suspected	that	many	of	the	interpretations	of	microscope	images	then	in	the	literature	were	incorrect	in	terms	of	the	number	of	capsomeres	ascribed	to	the	structure.	Google	ScholarHatsopoulos	G.	Agron.	The	unit	was	overseen	by	an	expressive	and	unconventional	émigré	Pole,	Julian	Rzóska,	whose	vision	was	to	explore
the	Nile	scientifically.	Taking	advantage	of	visits	to	Finland	for	board	meetings,	Charles	pursued	his	interest	in	languages	by	gaining	an	acquaintance	with	the	Finnish	language,	which	is	not	Indo-European	and	very	different	from	the	many	languages	he	had	previously	studied.	M.)	A	time-to-voltage	analogue	converter	for	ultrasonic	cardiology.	No
spectroscopic	methods	were	available	to	the	organic	chemists	at	that	time,	although	the	biochemists,	led	by	Professor	Richard	Morton	(FRS	1950),	apparently	owned	an	ultraviolet	spectrometer.	But	the	luck	to	which	he	alluded	was	not	handed	to	him	on	a	plate;	he	earned	it	through	hard	work	and	determination,	the	foundations	of	which	were	laid	in
his	childhood.	J.,	Ohkura	R.,	Knight	P.	Figure	11.	This	is	best	illustrated	by	an	unsolicited	letter	from	David	Pope	to	Robert	Cahn	(FRS	1991),	which	is	reproduced	in	Figure	4.	For	unconfined	flows,	this	pressure	gradient	was	taken	from	that	in	the	external	free	stream;	for	confined	flows,	it	was	determined	from	overall	mass	conservation.	Council
R&M,	no.	Part	IV:	Nucleophilic	substitution	in	pentafluoropyridine:	The	preparation	and	properties	of	some	4-substituted	2,3,5,6-tetrafluoropyridines.	At	the	same	time	(i.e.	over	the	period	1960–1963),	he	constructed	devices	for	the	measurement	of	ultrasonic	power—including	what	was,	at	that	time,	the	most	sensitive	and	accurate	instrument	(1)—
and	demonstrated	the	existence	of	a	threshold	for	the	destructive	effect	of	ultrasound.	But	it	was	not	only	his	academic	activities—in	Charlbury	he	found	peace	and	fulfilment	in	his	family	life.	Besides	providing	him	with	the	opportunity	and	freedom	to	undertake	research	in	East	Africa,	this	appointment	introduced	him	to	a	very	different	environment
and	a	colonial	lifestyle.By	good	fortune,	he	arrived	at	a	time	when	the	Hydrobiological	Research	Unit	was	formed	to	undertake	research	on	the	Nile.	Ladha,	Rattan	Lal,	Annie	McNeill	and	M.	19,	214–243.	The	generated	Lyman-β	radiation	grows	through	automatic	phase	matching	without	suffering	resonant	absorption.	A	77,	999–1012.	The	laboratory
where	the	halothane	project	began,	ICI	Widnes	Laboratory	(from	58	years	of	chemical	research,	ICI,	1949,	with	permission).	This	model	was	later	extended	to	account	for	the	oscillatory	bending	waves	of	sperm	flagella	(Sale	1986)	and	further	elaborated	into	a	more	detailed	‘switch-point’	mechanism	by	Satir	&	Matsuoka	(1989),	with	recent	direct
evidence	for	switching	(Lin	&	Nicastro	2019).Characterization	of	dyneins	during	the	second	half	of	the	1970s	using	the	new	technique	of	gel	electrophoresis	allowed	the	Gibbons	lab,	as	well	as	other	researchers,	to	discover	that	all	dynein	ATPases	contain	as	their	core	an	exceptionally	large	‘heavy	chain	’	polypeptide	with	a	molecular	mass	of	450–500
kDa,	one	of	the	largest	known	protein	subunits	occurring	in	nature	(King	2016).	By	examining	the	stereo-pairs	in	detail,	they	showed	by	identifying	the	positions	of	5-coordinated	capsomeres	that	the	structure	corresponded	to	a	T = 7	structure	with	72	capsomeres,	the	first	time	a	shell	with	this	T	number	had	been	found.	Fluid	particles	on	the	outside
wall	also	have	farther	to	travel.	To	answer	this	question,	our	eight-legged	intellectual	must	first	gain	an	understanding	of	how	liquids	such	as	water	actually	wet	surfaces	and	why	such	liquids	fail	to	wet	other	surfaces.	New	York:	Plenum	Publishing.	He	has	continued	to	work	at	that	institute	and	its	current	guise,	the	Centre	for	Ecology	&	Hydrology.	In
1968	he	became	a	director	at	the	Max	Planck	Institute	for	Medical	Research	in	Heidelberg,	Germany.	During	their	studies	of	the	absorption	spectra	of	compressed	gases,	Welsh	and	Crawford	thought	that	the	high-intensity,	water-cooled	mercury	arc	lamp	might	make	Raman	spectroscopy	possible.	David	and	Di	in	Charlbury	on	their	way	to	the	Royal
Society	Summer	Science	Exhibition	2015.	While	he	figured	prominently	in	academics,	he	also	took	a	keen	interest	in	running	and	ran	cross-country	races.	The	other	would	have	negative	energy,	but	it	could	continue	to	exist	without	having	to	annihilated	because	a	black	hole	contains	negative-energy	states.	Spalding	served	as	the	initial	chairman	of
the	Scientific	Programme	Committee,	setting	in	place	structures	to	facilitate	group	collaboration	(special	interest	groups)	in	particular	areas.	Nature	168,	1028–1031.	Part	I:	Pentafluorophenol.	Google	Scholar(15)	The	photosynthetic	activity	of	phytoplankton	in	East	African	Lakes.	But	that	wasn't	all	…	On	one	occasion	he	said	‘Mike.	Originally,	he
called	the	number	the	Mendeleev	number,	but	he	later	withdrew	that	label	because	Frank	Nabarro	wrote	in	a	letter	to	David,	dated	17	January	1992,	that	Mendeleev	discovered	the	atomic	number	and	to	assign	any	other	number	to	Mendeleev	was	‘spurious’.	(doi:10.1038/nrc.2017.103).	The	book	critically	evaluated	farming	practices	in	a	range	of
climate,	vegetation	and	soil	types,	and	looked	at	the	positive	results	of	shifting	cultivation	as	well	as	the	downsides.	Google	ScholarPrandtl	L.	&	Fields	R.)	Polyhalogenoallenes.	(doi:10.1063/1.447337)	Crossref,	ISI,	Google	Scholar(9)	1985Wetting:	statics	and	dynamics.	For	readers	with	backgrounds	in	mathematics,	physics,	and	chemistry,	although	it
is	not	beyond	advanced	undergraduates	in	the	sciences	and	technological	fields.	This	work	was	followed	by	sum	frequency	generation	at	the	3p–1s	Lyman-β	transition	(103 nm)	of	atomic	hydrogen	through	electromagnetically	induced	transparency	(20).	1983Diel	aspect	of	the	thermal	structure	and	energy	budget	of	a	small	English	lake.	27	June	1909–
3	March	1988.	He	also	worked	with	Koji	Wada,	from	Kyushu	University,	and	Ann	Hamblin	to	characterize	the	amorphous	clay	minerals	that	form	from	volcanic	basaltic	lavas,	which	have	a	large,	pH-dependent	variable	charge	similar	to	fully	decomposed	humic	fractions	in	organic	matter.	(Online	version	in	colour.)Download	figureOpen	in	new
tabDownload	PowerPointPeter	was	a	kind,	fun	and	gentle	family	man,	and	was	also	a	wonderful	colleague	and	friend.	Just	before	the	reader	gives	up	all	hope,	however,	several	trenchant	substitutions	compress	the	long	statements	into	greatly	shortened	forms	that	connect	the	growth	of	the	three-dimensional	motion	to	readily-grasped	physical
quantities	such	as	acceleration,	leaving	much	the	same	admiring	gasps	as	did	his	feats	of	magic	for	the	Pentacle	Club.In	the	early	1950s,	Sir	John	Baker	(FRS	1956;	later	Lord	Baker),	head	of	the	University	of	Cambridge	Department	of	Engineering,	was	expanding	the	department.	It	should	be	possible	to	test	these	in	the	fairly	near	future	and	either
falsify	the	hypothesis,	or	strengthen	it.Despite	all	the	odds,	Stephen	lived	to	see	the	observations	of	the	CMB	carried	out	in	a	spectacular	fashion	by	the	COBE	(1989–1993),	WMAP	(2001–2011)	and	PLANCK	(2009–2013)	space	observatories	and	to	make	that	judgement	to	his	own	satisfaction.	Put	in	his	own	words	in	the	concluding	sentence	of	the
1963	paper	(5):	‘The	described	cultures	thus	seem	to	offer	a	useful	system	for	a	quantitative	kinetic	approach	to	hematopoietic	cell	formation	and	for	experimental	studies	on	the	mechanism	and	regulation	of	hematopoietic	cell	differentiation.’The	culture	system	was	applied	in	1965	to	the	cloning	of	different	cell	lineages	in	semisolid	medium
containing	agar	(7),	making	it	simpler	to	distinguish	and	isolate	colonies	derived	from	single	cells	(clones)	containing	either	macrophages	or	granulocytes	or	both	macrophages	and	granulocytes	from	mice	(figure	2)	and	humans	(17).	Electron	microscopy	of	clay	(kaolinitic)	particles	from	some	iron-rich,	red	soils	showed	that	the	iron	oxides	were
present	as	small	discrete	particles	clustered	together	in	larger	irregular	aggregates	rather	than	spread	uniformly	over	clay	surfaces.	His	research	interests	cover	a	wide	range	of	geoenvironmental	issues,	from	coupled	multiphysics/geochemistry	flow	problems	in	soils	and	rocks,	through	to	sustainability	issues	in	general.	Google	ScholarHirsch
C.1993ERCPOFTAC:	a	European	research	network	on	flow,	turbulence	and	combustion.	In	fact,	there	are	two	different	types	of	wormhole.	Besides	presenting	the	usually	cited	form	of	this	two-equation	eddy-viscosity	model,	it	also	contained	a	new	strategy	for	applying	the	boundary	condition	at	the	wall.	The	extension	to	three	dimensions	required
primitive	variables,	namely,	the	velocity	components	and	pressure.	I	have	also	enjoyed	visiting	other	countries	and	playing	my	part	in	outside	activities	related	to	the	affairs	of	the	company.	The	travel	and	accommodation	expenses	were	enormous,	not	least	because	of	the	sheer	number	of	accompanying	people.	Spalding	joined	Imperial	College	in	1954
as	the	reader	in	applied	heat,	an	attachment	which	was	to	last	for	the	remainder	of	his	academic	career.While	not	the	most	senior	member	of	the	thermo-fluids	academics,	with	his	youth	and	energy	Spalding	quickly	acquired	leadership	roles	that	extended	from	research	to	the	undergraduate	programme	(figure	1).	She	then	was	able	to	restore	the
frequency	to	normal	again	by	adding	back	the	outer	arm	dynein	(16,	22).	&	Hertog	T.)	No-boundary	measure	of	the	universe.	W.)	Recent	developments	in	‘knock’	research.	Everybody	who	has	worked	with	poly(A+)	RNA	knows	how	difficult	it	is	to	avoid	ribonuclease	degradation.	(doi:10.1016/0041-624X(64)90225-2)	Crossref,	Google	Scholar(2)
1966Developments	in	medical	ultrasonics.	(doi:10.1073/pnas.73.6.1897)	Crossref,	PubMed,	ISI,	Google	Scholar(21)	1977	(With	Butler	P.	In	Photosynthesis	and	productivity	in	different	environments	(International	Biological	Programme	no.	(Photograph	provided	by	Mark	Warner	and	reproduced	by	courtesy	of	Professor	Maso	Doi.)	(Online	version	in
colour.)Download	figureOpen	in	new	tabDownload	PowerPointIn	1972,	Pierre-Gilles	made	a	second	startling	contribution	to	polymer	science,	showing	that	the	behaviour	of	a	polymer	chain,	viewed	as	a	self-avoiding	random	walk,	could	be	related	exactly	to	the	critical	properties	of	a	magnetic	system	with	an	n-component	order	parameter	(so	that	its
spins	locally	live	on	the	surface	of	an	n-sphere,	with	n = 3,2,1	the	Heisenberg,	XY	and	Ising	models,	respectively)	in	the	limit	n	tending	to	zero	(3).	In	Free	turbulent	shear	flows,	vol.	K.,	Sargent	D.	The	quotation	is	widely	attributed	to	Einstein,	and	it	appears	above	the	preface	in	his	book	(21).	R.)	Nitroxide	chemistry.	Charles’s	future	wife,	Margaret,
whom	he	was	already	courting,	was	‘bombed	out’	twice,	although	the	family	escaped	injury.	Zool.	In	his	own	words	in	the	1950s	he	stated	that	a	publication	should	not	be	superseded	by	one	with	results	of	higher	precision	or	quality	for	at	least	10	years.	If	so,	Stephen's	pioneering	work	on	the	topic	may	turn	out	to	be	one	of	his	most	important	and
prescient	contributions.By	1973,	classical	black	hole	theory	had	reached	a	degree	of	maturity.	Part	VII:	Synthesis	and	some	reactions	of	perfluoro-2,5-diazahexane	2,5-dioxyl.	He	was	elected	Honorary	Fellow	of	Trinity	College	in	1995.He	was	twice	vice-president	of	the	Royal	Society	(in	1969–70	and	1979–81),	and	in	1982	received	its	Royal	medal.
Crossref,	ISI,	Google	Scholar(10)	1960Comparative	laboratory	and	field	studies	of	photosynthesis	by	a	marine	planktonic	diatom.	In	recent	years,	however,	it	has	been	suggested	that	non-evaporating	PBHs	could	provide	the	dark	matter	(Carr	et	al.	M.,	Skidmore	R.	&	Freundlich	H.	Google	Scholar(2)	1971Reptation	of	a	polymer	chain	in	presence	of
fixed	obstacles.	(Online	version	in	colour.)Download	figureOpen	in	new	tabDownload	PowerPointHe	will	be	truly	missed	by	Ida,	his	wife	of	58	years,	Thora	and	Peter,	and	his	many	scientific	friends	and	colleagues	from	around	the	world.1950BSc,	University	of	Leeds1953PhD,	University	College	London1978Fellow	of	the	Royal	Society1989Naumann-
Thienemann	medal	of	the	International	Society	of	Limnology1996Vice	President	of	the	Freshwater	Biological	AssociationWe	thank	the	family	of	Jack	Talling	for	useful	information	and	for	contributing	photographs.	The	composition	of	the	phytoplankton	in	relation	to	dissolved	substances.	J.,	Karn	J.	Pap.,	vol.	That	would	not	be	entirely	true,	however,
because	I	have	also	enjoyed	the	challenges	of	management,	of	steering	the	company	through	a	period	of	growth,	being	aware	of	the	high	reputation	it	has	worldwide	and	the	esteem	in	which	it	is	held	by	the	industry	and	by	our	engineering	peers.	G.)	Fluctuations	in	the	inflationary	universe.	(doi:10.1007/BF01877517)	Crossref,	ISI,	Google	Scholar(21)
Black	holes	in	the	Brans–Dicke	theory	of	gravitation.	J.)	Valence-bond	isomer	chemistry.	Cell	Motil.	He	utilized	the	experience	gained	in	Ghana	to	study	aspects	of	the	nitrogen	and	carbon	cycles	in	South	Australia	using	the	resource	offered	by	the	historic	Waite	Long	Term	Rotation	Trial.	B,	2009,	113	(12),	pp.	(Reprinted	with	permission	from	Nature.)
(Online	version	in	colour.)	Download	figureOpen	in	new	tabDownload	PowerPointThis	work	was	done	in	collaboration	with	Dr	A.	The	group	also	designed	and	built	high-speed,	high-dispersion	spectrographs	and	blazed	diffraction	gratings,	increasing	the	effective	light-gathering	power	of	the	spectrograph	with	a	cylindrical	lens	placed	in	front	of	the
photographic	plate,	and	baked	the	photographic	plates	to	increase	their	sensitivity.Using	the	253.7	and	435.8 nm	mercury	lines	of	the	arc	lamp,	Boris	began	with	vibrational	Raman	studies	of	CO2	at	pressures	up	to	approximately	100	atm,	but	later	also	investigated	changes	in	the	rotational	Raman	spectrum	with	the	goal	of	gaining	insight	into
anisotropic	scattering	by	intermolecular	forces	through	the	broadening	and	shift	of	Raman	lines.	Dinners/lunches	were	always	events	with	lots	of	noise,	much	discussion,	plates	piled	high	and	lots	of	wine.	His	prizes	and	awards	include	the	1988	Wolf	Prize	for	Physics.	L.)	A	new	philosophy	of	medical	imaging.	Cooper),	pp.	In	2005	he	was	awarded	a
CBE	for	services	to	science.	The	net	result	is	that	the	line	of	particles,	AB,	initially	normal	to	the	mean	flow,	is	oriented	as	A′B′	at	the	passage	exit.	Oxford	did	not	have	the	appropriate	equipment,	so	Dennis	undertook	this	element	of	his	work	at	the	Macaulay	Institute	in	Aberdeen.	He	then	tweaked	the	length	of	the	stub	to	meticulously	test	how	this
affected	dynein's	ability	to	bind	to	microtubules	(28,	31).	In	the	autumn	of	1940	he	started	at	the	grammar	school	at	Yarm	as	an	‘outboarder’.	P.)	Interactions	of	physical,	chemical	and	biological	processes	in	depth	and	time	within	a	productive	English	lake	during	summer	stratification.	Transfer	RNAs	(tRNAs)	are	small	RNAs	that	carry	the	amino	acids
to	the	ribosome	to	add	to	the	growing	polypeptide	chain	in	the	course	of	protein	synthesis.	J.)	Polyfluoroalkyl	compounds	of	silicon.	He	recognized	that	the	greater	the	novelty	intrinsic	to	a	new	project,	the	more	difficult	it	is	to	realize	its	potential	and	to	profit	both	practically	and	commercially	from	its	benefits.	In	later	years,	as	he	moved	on	from	the
fundamental	research,	he	was	able	to	take	a	broader	picture	of	the	industry	and	write	more	observational	and	visionary	papers.His	first	paper,	co-authored	in	1948	at	the	age	of	26,	dealt	with	the	detailed	investigation	into	so-called	‘knock’	(1)*,	a	phenomenon	not	fully	understood	at	that	time.	Theory	of	the	pd-bonded	AB	compounds.	When	applied	to
the	development	of	boundary	layers	along	walls	(24),	however,	correct	near-wall	behaviour	could	only	be	achieved	by	adding	a	further	empirical	term	dependent	on	wall	distance.Independently,	Spalding	also	devised	a	model	to	determine	the	turbulent	length	scale,	choosing	as	dependent	variable	the	quantity	W≡k/ℓ2	(25).	A	240,	83–100.	When
purified,	MGI-2	was	found	to	be	identical	to	the	pleiotropic	cytokine	interleukin	6	(IL-6)	(13,	17).	26,	87–101.	Nature	274,	535–539.	Along	with	postdoc	Terry	McKee,	the	team	developed	diffraction-limited	KrF	and	XeF	excimer	lasers,	operating	at	248	and	351 nm	respectively,	and	transferred	some	of	this	technology	to	Lumonics	Corporation	in
Ottawa,	a	company	with	which	Boris	had	held	a	consulting	arrangement	since	its	founding	in	the	late	1960s.	Some	people	found	him	a	bit	frightening	to	deal	with;	this	could	have	been	a	result	of	being	immediately	confronted	by	a	rational	analysis	of	anything	offered,	which	some	took	as	aggressiveness.	Evidently	Khorana's	determination	and
chemical	skill	stood	out	at	the	time,	along	with	his	climbing	bare-foot	in	the	mountains	of	North	Wales.	He	completed	his	PhD	in	theoretical	chemistry	with	Hugh	Barron	at	the	University	of	Bristol	in	1968.	B.)	Solutions	of	the	Einstein–Maxwell	equations	with	many	black	holes.	Walter	Russell	Laboratory	at	the	University	of	Reading	on	23	February
1995.	Ultrasonics	7,	171–176.	Wimbledon,	UK:	CHAM	Ltd.	The	singularity	theorems	had	clearly	piqued	his	interest	in	black	holes,	as	the	Hawking–Penrose	theorems	include	the	result	that	a	space-time	that	contains	a	marginally	trapped	surface	must	be	singular.	Adopting	the	graphic	style	and	some	of	the	ideas	of	Wheeler,	he	envisaged	the	vacuum
as	having	a	foam-like	structure,	the	bubbles	being	associated	with	Euclidean	or,	more	precisely,	Riemannian	solutions	of	the	Einstein	equations	with	non-trivial	topology.	At	the	classical	level	the	problem	reduces	to	constructing	a	measure	on	a	finite-dimensional	sub-space	of	the	classical	solutions	of	the	Einstein	equations	(63).	Report	CFD/80/3.	The
impact	of	this	book	emerged	slowly,	but	it	transpired	later	that	a	large	chemical	company	in	Germany	had	changed	its	approach	to	research	because	of	it;	a	large	US	company	circulated	the	chapter	on	research	in	the	factory	to	all	of	its	plant	managers;	and,	most	surprisingly,	the	book	had	been	translated	into	Russian,	without	licence	or	royalties,	and
was	a	significant	influence	on	practice	in	Eastern	Europe	at	the	time.	461.	At	Frank	Nabarro's	suggestion,	Volker	Heine	(FRS	1974)	in	the	Cavendish	offered	David	a	PhD	place	to	do	research	in	solid	state	theory.	ASME	J.	Google	Scholar(11)	2002	(With	Brochard-Wyart	F.	He	also	made	a	further	change	to	the	academic	management	of	the	section	by
declaring	that	the	same	group	would	henceforth	form	the	section's	‘policy	group’	for	postgraduate	activities.For	a	year	or	two,	CHAM's	management	team	functioned	reasonably	well,	with	each	member	managing	one	or	two	projects.	One	can	only	fully	appreciate	the	man	David	was	if	one	takes	into	account	how	incredibly	hard	he	fought.
(doi:10.1039/jr9640000572)	Crossref,	ISI,	Google	Scholar(24)	1965	(With	Banks	R.	(doi:10.1088/0022-3719/2/6/316)	Crossref,	Google	Scholar(2)	1970Accurate	resonance-parameter	approach	to	transition-metal	band-structure.	(doi:10.1103/PhysRevLett.49.1110)	Crossref,	ISI,	Google	ScholarGuth	A.	This	work	became	chapter	2	of	his	dissertation.
[Much	of	his	research	at	that	time]	was	in	classical	general	relativity,	and	involved	problems	that	could	be	cast	in	the	language	of	geometry	and	topology.	Singapore:	World	Scientific	Publishing.	(doi:10.1073/pnas.46.3.365)	Crossref,	PubMed,	ISI,	Google	ScholarThe	following	publications	are	those	referred	to	directly	in	the	text.	Google	Scholar(18)
1969	(With	Gosman	A.	He	has	also	received	research	fellowships	from	the	Humboldt,	Guggenheim	and	Killam	Foundations.	E.,	Cho	C.,	Milligan	R.	As	noted,	by	1983	other	codes	had	entered	the	commercial	CFD	market,	nearly	all	of	which	can	be	traced	back	either	to	CHAM	or	to	Spalding's	Imperial	College	team.	The	1960s	were	heady	years	for	the
physics	department	since,	under	Welsh,	it	was	in	the	midst	of	a	major	expansion;	with	the	faculty	complement	increasing	from	26	in	1960	to	60	in	1970	and	the	graduate	student	population	increasing	accordingly.	In	addition	to	visits	to	his	family	and	some	excellent	hiking,	carrying	Wendy	up	Snowdon	in	Wales,	Gibbons	needed	to	finish	writing	and
submit	his	initial	paper	on	the	new	axonemal	ATPase.	The	work	environment	was	somewhat	hierarchical,	with	status	demanding	deference.	With	the	dye	lasers	and	Doppler-free	two-photon	spectroscopy,	with	linewidths	of	a	few	MHz,	Boris	and	students	carried	out	several	important	spectroscopic	investigations	of	Rydberg	spectroscopy	of	alkali	atoms
and	molecules	(15).	Modelling	materials	rapidly	became	recognized	world-wide	as	a	vital	component	of	the	science	and	engineering	of	materials,	equal	in	status	to	characterization	and	processing	of	materials.	He	listened	calmly	to	my	long	answer	then	responded:	but	Christine,	you	did	not	say	it	with	such	conviction	and	strength	in	your	abstract.
Although	he	did	so	for	a	while,	and	also	received	job	offers	from	industry	and	academia	in	the	United	States,	his	real	interest	was	to	continue	with	his	basic	research	programme	at	NRC,	despite	increasing	government	intervention	in	its	programmes.	At	that	time,	the	only	examination	which	mattered	in	Oxford	was	the	final	third	year	examination.	I
would	often	push	his	wheelchair	into	his	office,	and	he	would	ask	me	to	open	an	abstruse	book	on	quantum	theory,	not	a	subject	that	had	hitherto	much	interested	him.	From	1967	to	1970	he	was	also	a	lecturer	in	medical	physics	at	University	of	Bristol.	E.,	Wilson-Kubalek	E.	Over	this	25-year	period	(1975–2000)	Peter	also	held	the	positions	of
honorary	senior	research	fellow	in	radiodiagnosis	(1978–1986)	and	honorary	professor	in	clinical	radiology	(1986–2000)	at	University	of	Bristol.Between	1985	and	1989,	Peter	was	responsible	for	planning	and	commissioning	the	Avon	Breast	Screening	Service.	Like	Harry	Ricardo,	Diarmuid	considered	his	recognition	by	the	Royal	Society,	for	his
scientific	contribution	to	engineering,	as	one	of	his	most	valued	achievements.	and	Heaney	S.	The	‘demographic’,	or	Eulerian,	portion	concerns	the	statistics	of	the	population	of	coherent	fluid	parcels:	how	many	of	each	kind	are	born;	where	they	travel;	to	what	environmental	conditions	they	are	subjected;	and	how	long	they	live.	E.)	Effects	of	trypsin
digestion	on	flagellar	structures	and	their	relationship	to	motility.	Their	research	concentrated	on	magnetism.	In	a	major,	extensive	and	detailed	paper	of	over	40	pages,	he	described	the	seasonal	changes	in	CO2	availability	in	several	English	lakes,	including	periods	of	strong	depletion	caused	by	high	phytoplankton	productivity	and	restricted	supply
(23).	As	time	passed,	Gibbons	gradually	took	on	additional	responsibilities,	producing	annual	reports	and	honing	his	grant-writing	skills	with	the	renewal	application	for	the	departmental	National	Science	Foundation	(NSF)	grant	for	electron	microscopy.At	this	time,	Ian's	lunch	meetings	with	George	Wald's	group	became	a	life-changing	experience
when	he	met	his	future	wife,	Barbara	Hollingworth,	with	whom	he	was	to	have	an	enduringly	happy	marriage	in	addition	to	a	superbly	productive	research	collaboration.	P.)	Tumour	detection	by	ultrasonic	Doppler	blood-flow	signals.	Design	criteria	were	established	for	an	adaptive	ultrasonic	scanner	for	optimal	imaging	resolution.	This	confirmed	the
Kornberg	model	and	showed	that	in	native	chromatin	the	beads	on	a	string	were	touching	each	other	with	very	little	space	between.	A	269,	21	[8].	In	1960	he	wrote	an	essay	about	the	contrasting	lives	in	the	day	of	a	washer	woman	from	Soweto	and	a	rich	housewife	from	Houghton,	which	was	read	out	by	the	head	of	English	to	all	three	English
streams	in	his	year.	&	Steele	B.	The	car	Peter	rebuilt	in	the	late	1950s	and	in	which	Valerie,	his	wife,	learnt	to	drive.Download	figureOpen	in	new	tabDownload	PowerPointIn	1972,	at	the	relatively	young	age	of	35,	Peter	became	the	new	professor	of	medical	physics	at	the	Welsh	National	School	of	Medicine	(now	Cardiff	University	School	of	Medicine).
Since	theory	predicts	that	incoherent	light	scattering	effects	should	appear	both	in	emission	(as	in	the	normal	Raman	effect)	and	in	absorption,	experiments	were	set	up	with	two	consecutive	cells	filled	with	liquid	toluene.	We	took	a	taxi.Charles	retired	from	ICI	at	the	age	of	62.	In	his	own	words	(18):	In	the	intervening	eight	years	(from	1970),	a
greater	part	of	my	work	and	that	of	my	company	has	been	devoted	to	a	study	of	pollution	control,	noise	reduction	and	fuel	economy	improvements,	in	sum,	making	the	engine	more	socially	acceptable,	hence	the	title	of	my	address.Diarmuid	formally	retired	from	Ricardo	in	1987,	but	for	years	afterwards	continued	with	appointments	with	a	great	many
industrial	institutions,	universities,	government	bodies	and	charitable	institutions.	Science	283,	80–83.	Crossref,	Google	Scholar(30)	A	method	for	computing	steady	and	unsteady	flows	possessing	discontinuities	of	density.	Prenatal	diagnosis	of	various	genetic	abnormalities	by	amniocentesis	is	a	routinely	used	procedure	in	the	clinic.	J.)	Multiple
nucleotide-binding	sites	in	the	sequence	of	dynein	beta	heavy	chain.	&	Hertog	T.)	Local	observation	in	eternal	inflation.	So	I	went	to	meetings	with	a	prepared	typed	note,	maybe	a	page	or	two.	In	March	1982,	a	government	audit	team	criticized	financial	discipline	on	the	project,	and	staff	calls	for	Bob	to	resign	received	media	coverage.	Google
Scholar(96)	2008	(With	Hartle	J.	The	synthesis	and	chemical	structure	of	halothane.	Download	figureOpen	in	new	tabDownload	PowerPointThe	opportunity	to	study	for	a	PhD	came	as	a	complete	surprise	to	Charles	in	that	he	was	eligible,	having	been	directed	into	National	Service,	to	receive	a	further	education	grant	alongside	those	who	had	borne
the	brunt	of	the	fighting.	His	condition	continued	to	decline	following	his	move	to	Cambridge.	This	test-object	was	developed	and	refined	further	after	Peter	left	and	it	eventually	became	one	of	the	measurement	standards	and	was	produced	commercially.	(Reproduced	with	permission	from	Ricardo	plc.)	Download	figureOpen	in	new	tabDownload
PowerPointA	subsequent	investigation	into	another	abnormal	combustion	event,	pre-ignition,	highlighted	the	effects	of	fuel	characteristics	and	showed	that	it	was	quite	distinct	from	knock.	C.,	Wolf	S.	While	he	never	engaged	in	research	with	Dr	Stoicheff,	he	benefitted	enormously	from	his	sage	advice	and	enjoyed	his	friendship	as	a	colleague	for	over
40	years.ReferencesReferences	to	other	authorsThe	following	publications	are	those	referred	to	directly	in	the	text.	For	his	PhD,	he	worked	under	Brian	Spalding	at	Imperial	College,	London,	from	1964	to	1967.	(doi:10.1608/FRJ-1.2.1)	Crossref,	Google	Scholar(35)	2016	(With	Heaney	S.	1988Use	of	all-trans	retinoic	acid	in	the	treatment	of	acute
promyelocytic	leukemia.	(doi:10.1016/0370-2693(82)90541-X)	Crossref,	ISI,	Google	ScholarStarobinsky	A.	Part	I:	The	valence-bond	isomers	of	hexakis(trifluoromethyl)-	and	hexakis(pentafluoroethyl)-benzenes.	He	also	arranged	for	the	issue	of	newsletters,	which	appear	quarterly	to	this	day.	Dalton	Trans.671–672.	Crossref,	ISI,	Google	ScholarBegell
W.1983Interview	with	D.	10,	27–44.	Rev	Lett.	W.)	Electron	microscope	observations	of	iron	oxides	in	some	red	soils.	In	Recent	advances	in	numerical	methods	in	fluids	(ed.	Although	this	was	a	junior	position	with	the	formal	status	of	a	postdoctoral	fellow,	he	had	negotiated	an	agreement	of	devoting	half	his	time	to	informal	instruction	of	graduate
students	starting	in	electron	microscopy	while	keeping	the	remainder	available	for	his	own	research.	For	Pierre-Gilles,	these	were	the	scaffolding	that	allowed	elegant	conceptual	advances	to	be	built,	and	then	preferably	removed	to	fully	expose	the	new	architecture.	While	neither	the	honorific	subject	nor	any	other	Soviet	scientist	in	the	field	was	able
to	attend,	a	follow-on	conference	in	Washington	was	held	the	next	year.	100	(1–2).	(doi:10.1071/SR9680211)	Crossref,	ISI,	Google	Scholar(11)	1969	(With	Swincer	G.	Unlike	the	asymptotically	flat	case,	it	is	the	same	as	the	isometry	group	of	the	undisturbed	space-time.	(doi:10.2307/2258685)	Crossref,	ISI,	Google	Scholar(24)	1978	(With	Mackereth	F.
&	Morrison	J.	They	proposed	and	tested	methods	of	standardizing	ultrasonic	(pulse-echo)	systems.	The	£726,000	proposal	was	50%	funded	by	the	Higher	Education	Funding	Council	Office	for	Science	and	Technology	(HEFC/OST)	Joint	Research	Equipment	Initiative	and	50%	by	Hewlett–Packard's	Convex	Division,	Information	Storage	Group	and
Corporate	Laboratories.	I.)	Physiological	and	environmental	constraints	in	the	ecology	of	the	planktonic	dinoflagellate	Ceratium	hirundinella.	Varma	invited	David	to	Bell	Labs	for	six	months	in	the	summer	to	investigate	the	problem.Within	a	month	or	so	of	arriving	in	the	‘hot-house’	that	was	the	theory	group	at	Bell	Labs,	it	became	apparent	that	it
was	not	possible	to	justify	Miedema's	empirical	scheme	from	DFT	within	the	ASA.	By	changing	to	chemistry,	he	obtained	a	scholarship	to	University	of	Birmingham	in	1942.	P.)	The	affinity	of	the	dynein	microtubule-binding	domain	is	modulated	by	the	conformation	of	its	coiled-coil	stalk.	Hydrobiol.	As	with	everything	else	he	undertook,	Boris	paid
considerable	attention	to	detail	and	was	incredibly	thorough	in	the	treatment	of	Herzberg's	life.	An	acquired	car	and	cooperation	with	scientists	from	various	African	countries	allowed	samples	to	be	obtained	and	analysed	from	many	other	African	lakes.	B	281,	736.	&	Gonis	Warrendale	A.),	pp.	They	can	be	thought	of	as	short	tunnels	connecting
apparently	distant	regions	of	space	or	space-time.	John	mounted	them	there	and	then	took	them	to	the	Royal	Institution	for	X-raying.	By	selective	periodate	oxidation	he	showed	that	polysaccharides	were	involved	in	bonding	together	particles	in	soil	aggregates,	but	that	other	mechanisms	of	inter-particle	bonding	were	also	involved	(6).	He	made	full
use	of	the	opportunity	of	working	in	this	very	different	tropical	environment	and	studied	diel	and	seasonal	changes	in	physical	stratification	of	Lake	Victoria	(5,	6),	longitudinal	changes	in	water	chemistry,	and	phytoplankton	distribution	and	seasonality	down	the	While	Nile—caused	largely	by	inflow	from	tributaries,	especially	input	of	more	saline	and
phosphate-rich	water	from	Lake	Albert,	and	by	evaporation	with	de-oxygenation	and	fish-kill	in	the	Sudd	region	(7–9).Jack	left	Khartoum	in	1956	and	returned	to	Windermere,	where	he	wrote	up	much	of	his	African	work.	Republished	in	Eur.	Google	Scholar(94)	2006	(With	Hertog	T.)	Populating	the	landscape:	a	top	down	approach.	The	disk	was	then
shown,	rather	unexpectedly,	to	play	an	important	part	in	the	assembly	of	the	virus	itself	(Butler	&	Klug	1971).	Ralf	joined	David's	group	at	the	University	of	Oxford	as	a	postdoctoral	research	assistant	in	2003.	From	1989	to	1992	he	served	as	president	of	the	International	Society	on	General	Relativity	and	Gravitation.Gary	Gibbons	FRS	is	Professor
Emeritus	of	Theoretical	Physics,	Department	of	Applied	Mathematics	and	Theoretical	Physics,	University	of	Cambridge,	and	Fellow	of	Trinity	College,	Cambridge.James	Hartle	is	Professor	of	Physics	at	the	University	of	California,	Santa	Barbara,	and	a	member	of	the	external	faculty	of	the	Santa	Fe	Institute.	Formed	from	the	photo-dimer	of	CF3NO
(33),	the	‘magic	radical’	facilitates	insertion	of	the	(CF3)2NO	residue	into	compounds	with	reactive	CH	bonds,	such	as	toluene,	and	forms	2:1	adducts	with	a	variety	of	alkenes	(scheme	1).	This	seemingly	simple	idea	had	profound	implications	for	the	development	of	algorithms	and	computer	programs.	It	proved	to	be	Charles’s	most	important	single
scientific	project	and	is	accordingly	covered	in	greater	detail	here	than	his	other	scientific	and	technological	contributions.	Google	Scholar(62)	(With	Drayton	C.	The	stage	was	set	for	John	and	Aaron	to	investigate	the	nature	of	negative	staining	and	to	determine	the	surface	structures	of	a	range	of	viruses.	Subsequently	he	became	a	research	assistant
for	Hawthorne's	Dracone	Project	of	1957.	This	small	English	lake	had	been	extremely	well-studied,	with	early	work	by	W.	&	Luckman	N.	With	Tahta's	help,	Stephen	built	an	early	primitive	computer.	&	Launder	B.	On	14	November	1947	an	accident	occurred	at	Test	Stand	D,	killing	two	British	technicians	and	Dr	Johannes	Schmidt,	the	leader	of	the
German	rocket	team	who	had	been	working	on	the	use	of	hydrogen	peroxide	as	a	rocket-fuel	oxidizer.	He	would	also	take	the	opportunity	to	do	some	focused	thinking	and	would	often	take	long	walks,	sometimes	alone,	hands	clasped	behind	back,	in	deep	thought.	C:	Solid	State	Physics	19,	315–330.	Sam	Edwards	and	Pierre-Gilles	were	fully	conscious
of	their	complementary	styles,	each	holding	the	other	in	high	regard	as	someone	able	to	make	contributions	on	which	the	other	might	build.	IX:	Thermal	and	photochemical	formation	of	valence-bond	isomers	of	perfluoro-pentaethylmethylbenzene	and	-1,2,3,5-tetraethyl-4,6-dimethylbenzene.	(doi:10.1038/1901128a0)	Crossref,	PubMed,	ISI,	Google
Scholar(6)	1962	(With	Dowling	J.	2004:	Capillarity	and	wetting	phenomena,	drops,	bubbles,	pearls,	waves	(transl.	1967The	approximate	calculation	of	electronic	band-structure.	25,	167–171.	Google	Scholar(84)	Virtual	black	holes.	(doi:10.1038/217130a0)	Crossref,	PubMed,	ISI,	Google	ScholarHuxley	H.	35,	1–127.	Bob	in	the	Dolomites	at	age	80
(courtesy	of	Mrs	S.	After	obtaining	the	School	Certificate,	in	1936	he	moved	to	the	Matriculation	Department	of	the	Polytechnic,	Regent	Street,	and	in	1938	to	the	Northampton	Engineering	College,	then	part	of	Northampton	Polytechnic	and	now	City	University.	&	Klug	A.)	Three-dimensional	reconstructions	of	spherical	viruses	by	Fourier	synthesis
from	electron	micrographs.	26,	737–753.	Sydney	was	a	mathematician	and	teacher;	he	taught	at	Clifton	College	Preparatory	School.	B	73,	42–44.	Comm.	18	February	1975),	set	up	home	with	Di	Gold	and	her	two	boys,	Matthew	(b.	Google	Scholar(23)	1982Keynote	address.	During	this	time,	he	happened	to	hear	a	radio	programme	about	the	Biological
Engineering	Society	and	resolved	that	his	future	lay	in	the	application	of	physics	and	engineering	to	the	solution	of	medical	problems.At	the	end	of	his	course	he	was	awarded	the	Silvanus	Thompson	Scholarship	by	the	Institute	of	Electrical	Engineers	and	this	made	it	possible	for	him	to	join	the	one-year	postgraduate	course	in	medical	physics	at
University	of	Bristol/Bristol	General	Hospital,	under	the	tutelage	of	Mr	(later	Dr)	Herbert	Freundlich.	This	procedure	enabled	him	to	demonstrate	that	the	sliding	produced	by	dynein	arms	indeed	proceeds	only	in	one	direction,	namely	toward	the	minus,	or	proximal,	end	of	the	doublet	microtubule	on	which	they	moved	along.	112–120.	(Gauge	coupling
is	an	expression	of	rotational	invariance.	If	a	large	number	of	intermediate	states	were	to	be	introduced,	the	model	might	be	classified	as	belonging	to	the	‘probability-density	function	family’	(40).His	ESCIMO	theory,	initially	devised	for	turbulent	combustion,	played	an	important	role	in	enabling	him	to	progress	from	a	single-	to	a	multi-fluid	view.
Google	ScholarCourant	R.,	Isaacson	E.	1950Studies	on	Asterionella	formosa	Hass:	II.	300,	219–237.	In	Chapter	3	gravitational	radiation	in	an	expanding	universe	is	examined	by	a	method	of	asymptotic	expansions.	This	work	was	undertaken	by	two	PhD	students,	George	Ganf	on	Lake	George,	and	Margaret	Bindloss	on	Loch	Leven;	both	were
supervised	by	Jack	(figure	3).	Leo	was,	and	still	is,	a	role	model	for	me	and	one	of	my	few	treasured	mentors.One	of	the	authors	of	this	memoir,	Yoram	Groner,	started	his	PhD	studies	at	the	WIS	in	1969	in	the	same	building	as	Leo's	lab.	(doi:10.1093/mnras/142.2.129)	Crossref,	ISI,	Google	Scholar(15)	1970	(With	Penrose	R.)	The	singularities	of
gravitational	collapse	and	cosmology.	Figure	4	shows	a	cartoon	he	made	for	the	seventieth-birthday	celebration	of	the	distinguished	polymer	experimentalist,	Henri	C.	Google	Scholar(71)	Do	wormholes	fix	the	constants	of	nature?Nucl.	To	prompt	the	Senior	Fellows—accomplished	scholars	or	community	leaders—to	become	more	engaged	in	the
College	and	to	foster	the	exchange	of	ideas,	he	set	up	a	monthly	luncheon	seminar	programme	that	continues	to	this	day.	Acta	34,	103–110.	8,	127–143.	In	October	1981,	PHOENICS	was	launched	from	the	Wimbledon	offices,	the	first	fully-fledged,	general	commercial	code.	In	rotating	blade	rows	there	is,	for	an	observer	in	a	rotating	system,	a	non-
conservative	body	force,	the	Coriolis	force,	which	can	give	rise	to	vorticity,	again	bringing	in	new	physical	features.	(doi:10.1016/0006-3002(57)90465-1)	Crossref,	PubMed,	ISI,	Google	Scholar(3)	1959	(With	Klug	A.)	Structure	of	poliomyelitis	virus.	13,	337–357.	Di	is	a	successful	stained	glass	artist.	This	model	is	not	the	main-stream	view	and	it	would
require	something	strange	to	have	happened	at	the	quantum	chromodynamic	(QCD)	temperature	of	about	1012 K,	above	which	quark	matter	was	created,	but	at	least	it	has	testable	consequences,	such	as	an	anisotropic	spatial	distribution	and	a	correlation	between	the	burst	energy	and	duration.After	50	years,	there	is	still	no	definite	evidence	for
either	evaporating	or	non-evaporating	PBHs,	but	even	their	non-existence	would	give	valuable	information,	since	it	would	indicate	that	the	early	universe	was	very	smooth.	Cell	121,	633–644.	9,	402–404.	Pierre-Gilles	chose	as	his	topic	‘Adiabatics	in	thermodynamics	and	quantum	mechanics’.	Jack's	parents	met	at	classes	of	the	Workers	Educational
Association	that	his	father	supported	throughout	his	life.	The	combination	of	structural	and	biochemical	studies	gave	a	detailed	description	of	the	mode	and	specificity	of	assembly	of	the	viral	particle.	On	returning	to	London	in	1943	he	attended	Latimer	Upper	School	in	Hammersmith,	from	where	he	won	a	Sambrooke	Scholarship	to	King's	College
London.	As	in	his	business	life,	the	speech	preparation	was	meticulous—far	from	off	the	cuff—and	he	would	always	make	a	point	of	mentioning	every	family	member	present	by	name.	His	research	there	has	continued	in	modelling	and	measurement	of	challenging	turbulent	flows	with	applications	to	the	nuclear	and	gas-turbine	industries.	Throughout
those	years,	they	studied	various	aspects	of	normal	and	leukaemic	myeloid	cells’	growth	and	differentiation	and	their	regulation	by	different	haematopoietic	cytokines	and	other	compounds,	both	in	vitro	and	in	vivo.	In:	Proceedings	of	the	conference	on	the	applications	of	electronics	in	medicine,	387–394.	Steps	were	taken	to	deal	with	these
communications	problems,	which	were	typical	of	the	interfaces	between	research	and	business	at	the	time.	The	key	quantity	to	characterize	a	bond	is	the	bond	order,	a	concept	introduced	by	Charles	Coulson	(FRS	1950)	(Coulson	1939).	Several	of	Vitek's	former	PhD	students	are	now	advancing	atomistic	modelling	of	defects	in	metallic	materials
based	on	David's	bond-order	potentials.Footnotes*	Numbers	in	this	form	refer	to	the	bibliography	at	the	end	of	the	text.ReferencesReferences	to	other	authorsCoulson	C.	He	remained	convinced,	for	many	years,	that	PHOENICS	was	the	answer	to	helping	industry	and	academic	partners	achieve	their	modelling	aims.	By	the	time	Peter	started	his
career,	Professor	Ian	Donald	at	University	of	Glasgow	had	developed	the	world's	first	direct	contact	two-dimensional	(2D)	ultrasound	scanner.	High-quality	pictures	and	computer-generated	graphics	also	featured	in	his	later	popular	books,	The	illustrated	brief	history	of	time	(83)	and	The	universe	in	a	nutshell	(91),	and	he	lent	his	support	to	his
daughter	Lucy	when	she	wrote	her	series	of	six	delightful	children's	adventures	in	space,	beginning	with	George's	secret	key	to	the	universe	(95).	Adsorption	of	soil	organic	compounds	by	clays	and	its	effect	on	soil	properties.	1965).	17,	444–445.	He	originally	hoped	to	study	physics	at	university,	but	his	father	had	TB	and,	given	the	family's	very
limited	financial	resources,	Bob	needed	a	course	that	would	provide	funding.	2015).	(doi:10.1080/00107517208205681)	Crossref,	ISI,	Google	Scholar(25)	1973	(With	Collins	C.	Now	John	used	his	newly	acquired	skills	in	electron	microscopy	to	visualize	the	detailed	sub-structure	of	the	virus	for	the	first	time	(5),	showing	some	of	the	helical	families	of
subunits	on	the	viral	surface	that	had	been	deduced	indirectly	from	the	X-ray	work.	Every	morning	there	is	a	passionate	discussion	with	Pierre	Aigrain	who	tells	what	he	invented	during	the	night.	K.1962Gravitational	waves	in	general	relativity.	Since	his	election	to	Fellowship	in	2003,	he	served	on	no	less	than	14	committees.	He	knew	what	he
wanted	for	his	research	and	for	his	department	and	expected	everyone	to	work	together	to	help	achieve	it;	for	example,	lieutenants	had	regular	late-night	meetings.	By	attributing	the	latter	role	to	their	phenomenological	models,	Phillips	et	al.	As	the	lecture	periods	were	two	hours	long,	Boris	showed	thoughtfulness	for	the	students	when	he	brought
along	juice	boxes	and	cookies	for	an	informal	break,	similar	to	those	held	at	scientific	conferences.Shortly	after	his	faculty	appointment	at	the	University	of	Toronto	in	1964,	and	with	the	fine	bevy	of	graduate	students	working	in	the	lab,	Boris,	with	incredible	generosity	of	his	time,	increasingly	engaged	in	serving	the	broader	scientific	community
through	its	granting	agencies,	scientific	societies	and	beyond.	&	Stewart	J.	PhD	thesis,	University	of	Cambridge.	This	was	a	very	early	example	of	using	cooling	to	improve	crystal	lifetime	in	X-ray	protein	crystallography.	A	wide	variety	of	perfluoroalkyl	compounds	could	then	be	synthesized	starting	from	trifluoroiodomethane	and
pentafluoroiodoethane.	Nature	311,	532–537.	This	habit,	while	very	positive	for	science,	could	occasionally	lead	to	misinterpretation,	for	instance	when	he	declared	that	superconductivity	was	‘complete’	before	moving	on	to	his	next	endeavour.	Brian	Spalding	receiving	the	Global	Energy	Award	from	President	Medvedev	of	Russia,	2010	(courtesy	of
the	Spalding	family).	With	characteristic	optimism,	grit	and	intuition,	however,	Gibbons	refused	to	be	deterred.	He	initially	had	thoughts	of	a	career	in	the	Royal	Navy,	in	which	three	generations	before	him	had	served,	and	passed	the	entrance	examination	to	the	Naval	College	at	Dartmouth,	but	was	unable	to	take	up	the	place	because	of	his	poor
eyesight.	Tetrafluoropyrimidine	was	prepared	similarly,	confirming	that	electron-withdrawing	nitrogen	atoms	in	the	aromatic	ring	greatly	facilitate	the	nucleophilic	displacement	of	chlorine	by	fluorine.The	UMIST	group	quickly	established	that	C5F5N	is	a	much	less	powerful	base	than	pyridine,	and	that	the	fluorine	at	the	4-position	is	very	readily
displaced	by	a	wide	variety	of	nucleophiles	such	as	the	halides,	hydroxide,	cyanide	and	ammonia	(scheme	3)	(30);	the	2-fluorine	is	rather	less	readily	displaced.	Struct.	That	black	holes	could	emit	particles	went	against	the	long-held	belief	that	black	holes	could	only	be	absorbers	and	never	emitters	of	anything.	I.)	Assembly	and	analysis	of	conical
models	for	the	HIV-1	core.	For	a	person	of	so	many	endearing	qualities	and	who	gave	generously	of	his	time,	it	was	an	easy	decision	for	Dave	May,	a	colleague	and	former	graduate	student	of	Welsh's,	and	me	to	organize	a	‘fest’	to	celebrate	the	landmark	birthday.	In	2000	Stephen,	together	with	Neil	Turok	and	Thomas	Hertog,	returned	to	their	study
(90)	using	methods	far	removed	from	those	of	the	paper	of	1966	(4)	and	closer	in	spirit	to	those	developed	in	1977	with	Gibbons	(36).A	distinct	phase	of	Stephen's	career	concerned	investigations	of	classical	black	hole	physics.	5,	243–255.	B	74,	174117.	8	March	1975)	and	Benjamin	(b.	He	studied	the	use	of	pyroelectric	transducers	in	ultrasonic
transmission	computed	tomography,	showing	that	the	significant	artefacts	due	to	the	use	of	phase-sensitive	piezoelectric	transducers	in	ultrasonic	transmission	computed	tomography	can	be	eliminated	by	the	use	of	phase-insensitive	pyroelectric	transducers.Peter	made	a	huge	impact	within	the	school,	and	the	university	more	generally.	H.	With	his
accustomed	inventiveness,	numerous	models	were	devised	and	tested	by	his	research	group.	Later	in	his	career,	when	managerial	responsibilities	forced	wider	thinking—in	particular	the	Hazard	and	Operability	(HAZOP)	techniques	(Kletz	1983),	largely	developed	under	Charles’s	supervision	at	ICI—such	problems	might	have	been	anticipated.	F	3,
1558–1576.	The	idea	was	to	start	with	a	Kerr	black	hole	and	ask	how	it	responds	to	infalling	matter	or	gravitational	radiation.	14	from	(6)	‘Hot	and	“Cool”	Flame	Limit	Curves	for	Iso-octane,	Iso-octane + 4	cu.	R.	Commonwealth	Fund	Book	Program.	Mon.	&	Sherwin	T.	15,	179–187.	Download	figureOpen	in	new	tabDownload	PowerPointAlthough	Jack
and	Ida	came	home	to	Windermere	in	1961,	Jack	returned	to	Ethiopia	for	3.5	months,	with	support	from	the	British	Council,	in	early	1964.	There	had	been	some	uncertainty	about	the	symmetry	of	the	disk,	but	by	using	X-ray	crystallography	and	electron	microscopy	John	and	his	colleagues	showed	that	it	consisted	of	two	layers	of	17	subunits	(8).
Download	figureOpen	in	new	tabDownload	PowerPointThe	‘magic	radical’	also	reacts	with	alkynes	(47),	with	aliphatic	and	aromatic	aldehydes	(54),	with	CMe4	and	SiMe4	(61),	and	with	ethers	(76)	(scheme	2).	He	quickly	assembled	an	active	group	of	researchers,	including	Ann	Hamblin	(who	had	also	coincidentally	returned	to	the	UK),	John	Burford,
David	Rimmer,	Amin	Mashali	and	Alfred	Hartemink,	together	with	several	other	PhD	students.With	David	Rimmer,	structural	stability	classes	were	established	for	soils	in	England	and	Wales	to	determine	which	were	at	risk	of	structural	degradation.	Aero.	&	Evans	K.	Instead,	non-universal	and	anisotropic	behaviour	was	seen,	apparently	linked	to	the
absence	of	gauge	invariance.	They	flew	to	Vienna,	where	they	were	met	by	Spalding	(figure	2)	before	travelling	on	to	Israel	for	Levich	to	take	up	a	chair	at	Tel	Aviv	University	in	the	autumn	of	1978.	The	rare	gas	dimers	not	only	play	an	essential	role	in	the	chemical	kinetics	and	electronic	balance	in	lasers	and	lamps,	they	also	offer	an	opportunity	to
examine	in	a	well-defined	family	of	diatomic	molecules	changes	in	electron–ion	interactions	as	the	mass	of	the	dimer	is	increased.	After	Herzberg	saw	Boris’s	Raman	results	in	1953,	Boris	was	offered	a	permanent	position	as	a	research	scientist	and,	as	with	the	other	junior	staff	members,	he	was	allowed	to	employ	a	technician	and	as	many	as	two
postdoctoral	fellows.	This	was	followed	by	research	for	a	DPhil	at	the	then	New	University	of	Ulster,	now	the	University	of	Ulster.	To	quote	from	the	paper	(1):	There	is	evidence	that	the	phenomenon	of	‘knock’	in	spark-ignition	engines	is	connected	with	the	production	of	peroxides	in	the	last	part	of	the	fuel-air	mixture	to	be	burnt.	Crossref,	PubMed,
ISI,	Google	Scholar(26)	1989	(With	Vale	R.	fall	between	two	stools—neither	do	they	provide	the	best	two-dimensional	structural	separation	of	the	experimental	data	nor	do	they	provide	the	correct	microscopic	explanation	of	structural	stability.During	the	1980s	David	made	increasing	use	of	the	tight-binding	approximation	and,	in	his	hands,	it
provided	unique	physical	insight	and	opened	new	doors.	Oxford:	Clarendon	Press.	When	his	family	moved	back	to	Grangetown	in	1941	he	attended	another	grammar	school,	Coatham,	later	named	Sir	William	Turner's	School	at	Redcar,	where	he	was	taught	by	an	inspiring,	but	strict,	science	teacher,	Mr	R.	Geodestix	models	showing	T	number	lattices
for	T = 1,	3,	4	and	the	right-handed	T = 7d	and	left-handed	T = 7 l.	K.)	Supersymmetry	and	its	Applications:	Superstrings,	Anomalies	and	Supergravity:	Cambridge,	UK,	23	June–14	July	1985.	&	Franklin	R.	According	to	the	ideas	of	cosmic	censorship,	one	need	not	worry	about	these	singularities.	There	he	joined	the	Engine	Research	Group	to	lead	a
team	on	combustion	chamber	development.	This	paper	and	a	series	of	meetings	led,	via	a	conference	at	IRRI	in	1979,	to	the	creation	of	an	entity	that	could	strengthen	and	coordinate	soils	research	internationally:	as	chair	or	member	of	various	committees,	Dennis	was	a	driving	force	in	the	organization	of	a	series	of	meetings	leading	to	the	creation	of
the	International	Board	for	Soil	Research	and	Management	(IBSRAM)	at	a	workshop	in	Townsville,	Australia,	in	1983,	when	he	was	elected	to	the	foundation	board	of	IBSRAM.	Furthermore,	Spalding	noted,	The	complete	ESCIMO	theory	therefore	combines	the	two	elements;	and	so	it	is	able,	at	least	in	principle,	to	provide	information	about	what
population	of	coherent	parcels	is	likely	to	be	present	at	any	location	or	time,	and	what	the	physical	and	chemical	state	of	each	parcel	will	be.	This	is	achieved	by	using	the	recursion	method	(Heine	1980)	to	write	local	electronic	Green's	function	matrix	elements	between	atoms	as	continued	fractions	with	coefficients	expressed	in	terms	of	moments	of
the	local	tight-binding	Hamiltonian	in	real	space.	1968The	colchicine-binding	protein	of	mammalian	brain	and	its	relation	to	microtubules.	(doi:10.1016/0550-3213(79)90128-7)	ISI,	Google	Scholar(45)	(Editor,	with	Israel	W.)	General	relativity:	an	Einstein	centenary	survey.	The	members	of	the	group	were	vaccinated	against	polio	with	the	newly



available	Salk	vaccine.	This	was	a	subject	that	he	returned	to	and	reflected	on	in	later	life	(29).	The	Genetics	department	headed	by	Leo	was	also	in	that	building.	&	Struthers	J.	Alongside	this	work	(of	obvious	interest	to	companies	such	as	Michelin),	Pierre-Gilles	addressed	a	range	of	industrially-relevant	wetting	and	de-wetting	problems.	The
conclusion	is	reached	that	galaxies	cannot	be	formed	as	a	result	of	perturbations	that	were	initially	small.	That	was	the	day	I	lifted	his	suitcase	when	the	handle	broke.	Internal	Development	in	Heat	Transfer,	ASME,	Part	2,	439–446.	Gibbons	later	added	a	more	detailed	analysis	by	distinguishing	the	two	tubules	of	each	doublet	as	A	and	B,	with	the
arms	being	permanently	attached	to	the	A-tubule	of	each	doublet	and	extending	toward	the	B-tubule	of	the	adjacent	doublet.	Gibbons	then	correlated	the	presence	or	absence	of	arms	on	the	doublet	tubules	with	the	presence	or	absence	of	pelletable	ATPase	activity,	strongly	suggesting	that	the	arms	contain	most	of	the	ATPase	responsible	for	ciliary
motility.These	results	aroused	significant	interest	when	Gibbons	first	presented	them	at	the	annual	meeting	of	the	Biophysical	Society	in	March	1963.	Crossref,	Google	Scholar(41)	2001Postscripts	to	Pushkin:	four	versions	and	an	ending	Google	Scholar(42)	2004My	brass	rubbings	Google	Scholar(43)	2005Strangely	sacred	Google	Scholar(44)
2008Egyptian	twilights	Google	Scholar(45)	2011My	sail	hoistings	Google	Scholar(46)	2013My	three	lady	friends	Google	Scholar(47)	Benjamin	Franklin	and	computational	fluid	dynamics:	the	population	approach	to	turbulence.	Guthrie).	Or	try	downloading	the	content	offline	DOWNLOAD	One	disadvantage	was	that	some	imitators,	impressed	by	the
apparent	ease	of	his	constructions,	tried	to	copy	Pierre-Gilles’s	architectural	style	without	the	use	of	scaffolding.	Science	156,	1606–1608.	Indeed,	the	need	to	upgrade	the	model	of	turbulence	was	plainly	evident	if	one	sought	to	compute	impinging	and	separated	flows.	16,	325–333.	This	work	provided	the	first	quantitative	tissue	characterization	data
on	echo	amplitude	and	attenuation	in	the	liver	in	health	and	disease	(6,	7).This	period	was	also	important	personally,	as	Peter	married	Valerie	in	1962.	We	have	yet	to	see	whether	its	predictions	agree	with	future	observations	and,	if	so,	whether	it	is	unique	in	some	sense.	These	largish	protozoa	contain	an	exquisitely	complex	array	of	thousands	of
basal	bodies	with	flagella	emerging	from	around	their	rostral	tube,	presumably	to	aid	their	vital	role	in	digesting	cellulose.Unfortunately,	by	electron	microscopy,	Trichonympha	chromosomes	looked	just	as	opaque	to	interpretation	as	those	Gibbons	had	studied	earlier.	The	three	key	participants	in	the	discovery	and	development	of	halothane:	Charles
Suckling	(centre),	Michael	Johnstone	(left)	and	James	Raventos	(right),	ca	1959.	S.,	Rushton	B.,	Levitt	M.	Ian's	mother,	Hilda	Read	Cake,	came	from	a	family	who	had	run	small	farms	in	Dorset	for	many	generations.Arthur	Gibbons	had	served	as	a	British	Army	lieutenant	in	the	trenches	of	Flanders	during	the	First	World	War.	Luikov	Prize,	Belarus
Academy	of	Sciences,	Minsk2011Huw	Edwards	Award,	Institute	of	Physics2013Honorary	Doctorate,	Moscow	Energy	Institute2014Honorary	Doctorate,	Imperial	College,	LondonThe	authors	acknowledge	with	gratitude	the	considerable	assistance	in	preparing	this	memoir	provided	by	numerous	individuals.	1980)	and	primary	cells	from	human	acute
promyelocytic	leukaemia	(APL)	patients	(Breitman	et	al.	On	similar	UV	irradiation,	C6(C2F5)6	yielded	only	a	para-bonded	Dewar	benzene	and	then	a	prismane	isomer.	In	all	these	chromatin-related	projects,	John's	experimental	skills	and	structural	insights	were	crucial	to	progress,	especially	at	the	early	stages	when	crystal	quality	was	poor	and
preparations	still	messy.Another	paper	worth	mentioning	here	arose	from	a	sabbatical	visit	by	Venki	Ramakrishnan	(FRS	2003)	to	LMB,	where	he	worked	closely	with	John.	(doi:10.1103/PhysRevD.32.2496)	Crossref,	ISI,	Google	ScholarPenrose	R.	His	analysis,	however,	did	not	in	fact	define	density	perturbations	in	a	gauge	invariant	way,	but	this
problem	was	later	remedied	in	a	series	of	papers	starting	with	that	of	Ellis	&	Bruni	(1989)	on	the	1+3	covariant	and	gauge	invariant	approaches	to	perturbations	in	cosmology.Stephen	next	used	asymptotic	expansions	and	the	Newman–Penrose	formalism	to	examine	gravitational	radiation	in	the	expanding	universe—this	became	chapter	3	of	his
dissertation.	Ferguson	was	a	man	of	warm	personality	and	penetrating	insight.	He	served	as	chairman	of	the	Department	of	Virology	(1987–1989)	and	in	1989	he	established	and	chaired	the	Department	of	Molecular	Genetics.	He	was	known	to	run	his	wheelchair	over	the	foot	of	a	student	who	caused	him	irritation.	An	early	contribution	(11),	which
reduced	the	computation	of	surface	heat	transfer	rates	in	developing	turbulent	boundary	layers	to	a	look-up	table,	attracted	significant	interest	and	led	Gardner	&	Kestin	(1965)	to	provide	additional	computations	for	a	range	of	Prandtl	numbers.	The	first	concerns	compressible	flow	behaviour	at	high	subsonic	Mach	number	(Mach	number	is	the	ratio
of	fluid	velocity	to	the	local	speed	of	sound).	Design	is	the	key.	Gibbons	decided	to	take	on	the	challenge	of	sequencing	the	beta	heavy	chain	of	sea	urchin	dynein,	although	its	predicted	coding	length	of	13–15	kb	would	probably	make	it	the	longest	gene	sequenced	at	the	time.	The	corrected	velocity	field	now	perfectly	satisfies	continuity.	The	former
class	of	alloys	includes	the	Hume-Rothery	electron	phases	with	structures	controlled	by	the	asymptotic	Friedel	oscillations,	dependent	only	on	the	electron	per	atom	ratio.	D.,	Ladner	J.	Early	morning	light	forms	tiny	rainbows	as	it	passes	through	the	beads	of	dew	strung	along	the	filaments	composing	your	hard-earned	handiwork.	However,	he
favoured	a	contractile	mechanism	on	the	basis	that	in	sperm	flagella,	a	sliding	mechanism	would	necessitate	limited	regions	at	different	positions	along	a	given	tubule	moving	simultaneously	in	opposite	directions,	which	he	(incorrectly,	as	we	now	know)	deemed	improbable.Over	the	next	couple	of	years,	Gibbons	extended	the	electron	microscopic
analysis	to	the	ciliary	and	flagellar	axonemes	of	a	variety	of	other	organisms.	&	Wiggans	P.	One	important	difference	was	that,	instead	of	the	Runge–Kutta	method,	a	fully	implicit	method	was	chosen	because	of	its	unconditionally	stable	behaviour.	&	Smith	S.)	‘Living’	free-radical	copolymers	prepared	from	perfluoro-2,5-diazahexane-2,5-dioxyl.
(doi:10.1038/248030a0)	Crossref,	ISI,	Google	Scholar(31)	1976	(With	Page	D.)	Gamma	rays	from	primordial	black	holes.	Leo's	studies	have	shown	that	IL-6-treated	differentiating	D+	leukaemic	cells	regain	a	viability-factor-dependent	state	and	undergo	apoptosis	following	withdrawal	of	IL-6	(9,	15,	17).	Ferroelect.	Oppeneer	P.	Cole,	had	done	likewise;
so,	they	agreed	to	collaborate	in	producing	an	introductory	textbook	in	the	subject	(7),	which	still	remains	in	print.	Charles’s	brother,	Jim,	recalls	playing	a	golf	match	with	Charles	against	one	of	his	bosses.	(doi:10.1038/166225a0)	Crossref,	PubMed,	ISI,	Google	Scholar(7)	1951Recent	advances	in	fluorine	chemistry.	Mendeleev	ordered	the	elements
by	atomic	mass,	and	it	was	Moseley	who	discovered	the	atomic	number	in	1913,	six	years	after	Mendeleev's	death.)	He	then	entered	all	the	elements	in	this	order	along	the	top	edge	of	a	large	sheet	of	paper,	and	again	from	the	top	down	along	the	left-hand	edge.	He	had	moved	back	to	Canada	for	personal	reasons	in	1948	from	the	University	of
Chicago	and	Yerkes	Observatory.	Part	1:	Reaction	of	hexafluoropropene	with	tetrafluoropyrimidine.	A	Last	Poem	by	Brian	SpaldingI	shall	have	no	regrets	when	I	am	dead.Of	deadlines	none	will	matter	but	my	own.Unwritten	papers?	He	also	published	a	user-friendly	review	on	‘Electron	theory	in	materials	modelling’	in	the	golden	jubilee	issue	of	Acta
Materialia	(29).In	December	1997	disaster	struck.	It	had	not	previously	been	realized	that	ultrasound	backscattered	from	blood	owes	its	origin	to	acoustic	speckle.Peter	continued	to	work	closely	with	physicists	and	clinicians	to	develop	new	instruments	complementary	to	ultrasonic	scanning,	such	as	for	electrical	impedance	imaging	and	for	infrared
and	light	transmission	computed	tomography.	In	that	spirit,	he	supervised,	guided	and	mentored	43	talented	students	through	their	scientific	journey	to	PhD	degrees.	&	Hirokawa	N.	1997Crystal	structure	of	the	nucleosome	core	particle	at	2.8 Å	resolution.	27,	1153–1171.	For	the	final	examinations	he	concentrated	on	problems	in	theoretical	physics
which	did	not	require	much	factual	knowledge.	Subsequent	experiments	using	p53-deficient	mice	have	confirmed	that	WT-p53	is	physiologically	involved	in	mediating	γ-irradiation-induced	apoptosis	in	thymocytes	and	normal	myeloid	precursor	cells,	and	in	normal	myeloid	precursors	deprived	of	the	appropriate	cytokine	concentration	required	for	cell
viability	(16).	45,	113–139.	The	copolymer	of	CF3NO	and	C2F4	was	of	particular	interest,	being	chemically	very	stable,	with	the	unusual	–C–C–N–O–	backbone	remaining	flexible	even	well	below	freezing	temperature.	He	is	author	or	co-author	of	225	peer-reviewed	articles	and	has	been	editor-in-chief	of	the	Journal	of	the	Optical	Society	of	America	B
and	president	of	the	Canadian	Association	of	Physicists.	The	optimal	exposure	conditions	were	worked	out	and	the	thermal	hazard	to	the	facial	nerve	was	elucidated.	I	would	not	change	my	career	even	if	I	had	my	chance	all	over	again.In	the	100-year	history	of	the	company,	Diarmuid	was	the	only	executive,	other	than	the	founder,	Harry	Ricardo,	to
receive	a	knighthood	for	his	services	to	the	industry	and	to	be	elected	a	Fellow	of	the	Royal	Society.	Google	ScholarFarren	W.	The	demonstration	of	the	non-thermal	threshold	illuminated	the	discussion	of	biological	effects	and	safety.Subsequently,	over	the	period	1968	to	1973,	Peter	turned	his	attention	to	demonstrating	the	feasibility	of	range-gating
ultrasonic	Doppler	signals	(4).	&	Vale	R.	There	was	a	constant	stream	of	visitors	and	walks	in	the	glorious	countryside	around	Charlbury.	It	turned	out	that	the	Gross	virus-infected	cells	also	contained	another	virus,	later	called	polyoma	virus,	which	was	the	cytopathic	inducer	(3,	17).	25,	39–48.	He	recalled	(C.	Trans.	Download	figureOpen	in	new
tabDownload	PowerPointThese	reactions	exemplify	the	electron-withdrawing	effect	of	multiple	replacement	of	hydrogen	by	fluorine	in	common	aromatic	compounds;	for	example,	pentafluorophenol	is	almost	as	acidic	as	benzoic	acid	(18,	19),	and	Bob	consistently	exploited	this	with	Mike	Birchall.	It	helps	you	to	distinguish	the	wood	from	the	trees.In
the	vast	spectrum	of	engineering	disciplines,	Diarmuid	leaned	more	towards	the	intellectual/scientific	end.	&	Webb	A.	Google	Scholar(23)	The	depletion	of	carbon	dioxide	from	lake	water	by	phytoplankton.	They	suggested	that	these	represented	supercoiled	nucleofilaments	and	that	the	family	of	110 Å	reflections	seen	in	the	X-ray	diffraction	patterns
of	chromatin	arose	from	the	observed	110 Å	pitch.From	here	the	studies	moved	on	to	try	to	determine	the	atomic	structure	of	the	nucleosome,	but	this	proved	difficult	to	achieve	because	the	initial	crystals	were	of	poor	quality.	1987aIsolated	flagellar	outer	arm	dynein	translocates	brain	microtubules	in	vitro.	She	had	high	expectations	of	her	four
children,	and	they	all	obtained	doctorates:	Andrew,	the	oldest,	in	economic	engineering	from	Stanford;	John,	David's	twin,	in	medicine	from	the	University	of	Witwatersrand;	Richard,	the	youngest,	in	ornithology	from	Oxford;	and	David	in	theoretical	physics	from	Cambridge.	1972The	prediction	of	laminarization	with	a	two-equation	model	of
turbulence.	In	1931	he	won	an	exhibition	to	Trinity	College,	Cambridge,	where	he	read	mathematics	for	a	year	and	then	mechanical	sciences	for	two	years.	&	Kornberg	R.	(doi:10.1086/149127)	Crossref,	ISI,	Google	ScholarThorne	K.	H.)	‘Knock’	tests	using	an	atmosphere	in	which	nitrogen	is	replaced	by	argon	and	carbon	dioxide.	Generation	of
streamwise	vorticity	and	secondary	flow	from	non-uniform	convection	of	vortex	lines	through	a	bend.Download	figureOpen	in	new	tabDownload	PowerPointThese	points	are	illustrated	in	Figure	2.	P.)	Reactions	involving	transition	metals.	Download	figureOpen	in	new	tabDownload	PowerPointDiarmuid	spent	his	whole	working	career	at	Ricardo,	from
1942	to	1987.	Figure	6.	This	was	apparently	related	to	intensive	work	on	organofluorine	chemistry	at	Birmingham	during	World	War	II	related	to	the	Tube	Alloys	project	to	build	a	British	atomic	bomb.Leaving	Birmingham,	Bob	entered	Sidney	Sussex	College,	Cambridge,	where	in	1949	he	completed	a	second	PhD	on	‘The	chemistry	of
trifluoroiodomethane	and	related	compounds’	supervised	by	Harry	Emeléus	(FRS	1946)	(figure	2).	In	addition,	the	rapid	cytokine	response	to	bacterial	inflammation-inducing	signals	during	infection	could	be	amplified	and	sustained	by	the	ability	of	different	CSFs	and	IL-6	to	auto-regulate	their	expression,	induce	expression	of	other	cytokines	and	up-
regulate	expression	of	cytokine	receptors.	Current	interests	include	the	geoenergy	field,	with	major	projects	on	ground	source	heat	and	carbon	sequestration	in	coal	seams.FootnotesThe	following	publications	are	those	referred	to	in	the	text.	(doi:10.2108/zs140066)	Crossref,	PubMed,	ISI,	Google	ScholarKing	S.	However,	when	this	aspiration	became
known,	the	Soviet	authorities	denied	him	permission	to	leave	and	removed	him	from	his	professorship.In	May	1972	Spalding	travelled	to	Russia	for	a	conference	in	Minsk	and	managed	to	meet	Levich	and	his	family	in	their	flat	in	Moscow	to	be	fully	briefed	on	the	situation.	(doi:10.2307/2256522)	Crossref,	ISI,	Google	ScholarMortimer	C.
(doi:10.1103/PhysRevD.42.2655)	ISI,	Google	Scholar(73)	1991The	effective	action	for	wormholes.	Welsh,	assisted	by	a	junior	staff	member,	Ted	Paschler,	was	setting	up	a	new	laboratory	to	perform	infrared	spectroscopy	of	gases	at	high	pressures	with	equipment	designed	and	built	in	Amsterdam.	J.,	Penrose	R.	With	Andrew	Chamblin	and	Harvey
Reall,	Stephen	studied	black	holes	formed	by	matter	trapped	on	such	membranes	(89).	The	result	refused	to	go	away.	They	also	found	that	the	formation	of	interference	rings	and	narrowly-spaced	frequency	components	in	the	output	spectrum	were	related	to	geometrical	effects	such	as	thermal	cavity	drift	and	scattering	of	light	within	the	ruby	rod	(7)
(figure	3).	Soils	Fertilizers	28,	415–425.	This	went	down	very	well	with	the	Russian	hosts.	139–168.	1982)	it	turned	out	that	all	the	capsomeres	in	these	viruses	were	pentamers	joined	by	flexible	linkers,	rather	than	the	pentamers	and	hexamers	predicted	by	the	Caspar	and	Klug	theory.	K.)	The	structure	of	Nudaurelia	capensis	β	virus:	the	first	example
of	a	capsid	with	icosahedral	surface	symmetry	T = 4.	M.)	Polyfluoroarenes.	At	that	time,	Esthwaite	Water	supported	large	summer	populations	of	the	dinoflagellate	Ceratium	hirundinella	(O.	E.,	Braithwaite	A.	B	161,	93–111.	An	even	more	accurate	DFT	method	was	needed,	and	none	was	then	available.	Google	Scholar(21)	(With	French	C.	He	wrote
similar	articles	in	New	Materials	and	Scientific	Computing	World.	&	Inglis	T.)	Metal	carbonyl	chemistry.	Math.	He	particularly	enjoyed	the	company	of	these	young	children	in	his	later	life	as	a	grandparent.	The	pipe	was	longer	than	this,	so	the	engine	was	unable	to	pass	the	amount	of	flow	for	which	it	had	been	designed,	creating	the	higher	pressure
and	temperature	at	the	turbine	exit.	Thus,	with	a	variety	of	electron-rich	dienes	at	room	temperature	it	formed	1:1	adducts	and,	more	slowly,	1:2	adducts;	with	pyrrole	this	type	of	reaction	is	unusual	and	hence	particularly	noteworthy.Bob's	group	also	showed	how	bulky	perfluoroalkyl	substituents	can	stabilize	the	non-aromatic	isomers.	M.,	Runchal	A.
Figure	4	shows	Spalding	immediately	following	the	receipt	of	this	award	together	with	his	wife,	Colleen,	and	their	two	sons.	In	1941	Liverpool	and	Wallasey	were	heavily	bombed.	Google	Scholar(29)	1974	(With	Launder	B.	London:	HMSO.	The	first	award	was	in	1988,	the	second	in	1991	to	Bob's	mentor	Harry	Emeléus,	and	the	third	in	1994	to	Bob;
so,	a	decade	after	he	left	academic	life,	his	standing	in	the	field	remained	strong.He	lived	life	to	the	full,	with	achievement	at	the	highest	level,	both	personal	and	professional.	&	Clark	B.	Therefore,	myeloid	leukaemic	cells	can	be	induced	to	differentiate	in	vivo	either	directly	by	the	cytokine	to	which	they	respond	in	vitro	or	indirectly	via	the	cytokine
network,	whereby	an	appropriate	differentiation-inducing	cytokine	such	as	IL-6	is	induced	by	the	injected	GM-CSF	or	IL-3	(17).	They	wrote	a	paper	on	the	possibility	of	their	detection	(19)	and	then,	encouraged	by	both	Sciama	and	George	Batchelor	(FRS	1957),	at	the	time	the	head	of	DAMTP,	Stephen	went	so	far	as	to	make	an	application	for	funds	to
construct	an	improved	detector,	which	would	be	built	in	the	basement	of	DAMTP.	&	Holmes	K.1977Structure	of	RNA	and	RNA	binding	site	in	tobacco	mosaic	virus	from	4-Å	map	calculated	from	X-ray	fibre	diagrams.	&	Mitchell	P.	4th	World	Petroleum	Congress,	vol.	Spalding	served	as	an	editor	for	more	than	30	years	and	personally	contributed	in
excess	of	65	items	to	its	pages,	the	last	being	in	2012,	more	than	half	a	century	after	the	journal's	founding.A	further	issue	that	the	group	took	up,	particularly	stimulated	by	Luikov,	was	the	creation	of	a	centre	where	researchers	from	the	East	and	West	could	easily	meet	to	exchange	research	findings	and	to	discuss	a	range	of	technical	issues.
(doi:10.1098/rspa.1978.0060)	Link,	ISI,	Google	ScholarCarr	B.	PubMed,	ISI,	Google	ScholarNonaka	S.,	Tanaka	Y.,	Okada	Y.,	Takeda	S.,	Harada	A.,	Kanai	Y.,	Kido	M.	A	space-time	in	which	two	such	disjoint	closed	universes	merged	to	form	a	single	closed	universe	would	be	a	very	dangerous	place	for	ordinary	matter.From	the	point	of	view	of	Euclidean
quantum	gravity,	the	relevant	wormholes	are	four-dimensional	Riemannian	manifolds	with	more	than	one	asymptotic	region.	He	was	also	soon	beaten	by	the	skill	of	the	well-versed	lawyer	and	we	were	close	to	giving	up.	His	formula	for	these	discussions	was	simple:	have	a	good	dinner	with	a	dozen	or	more	colleagues	and	guests	and	then	hold	a
discussion.	He	could	communicate	only	with	great	difficulty	and	expenditure	of	effort,	and	so	had	to	make	do	with	short	sentences	that	were	directly	to	the	point.	He	was	also	very	effective	in	bringing	together	people	who	would	benefit	significantly	from	communicating	with	one	another.In	his	last	year	at	Oxford,	Stephen	had	noticed	that	he	was
becoming	increasing	clumsy	and	sought	medical	advice.	Meanwhile,	his	personal	research	continued	along	various	themes	within	combustion	(3,	4).	(doi:10.1103/PhysRev.153.659)	Crossref,	ISI,	Google	ScholarPhillips	J.	(Reproduced	with	permission	from	Ricardo	plc.)Download	figureOpen	in	new	tabDownload	PowerPointDiarmuid	was	honoured	by
many	universities	and	institutions:	1951George	Stephenson	Research	Prize,	Institution	of	Mechanical	Engineers	(IMechE)1951Crompton	Lanchester	Medal,	IMechE1952Dugald	Clerk	Prize,	IMechE1961Fellow	of	the	Institution	of	Mechanical	Engineers	(FIMechE)1978Hon	DSc,	City	University1979Fellow	of	the	Royal	Academy	of	Engineering
(FREng)1979Commander	of	the	Most	Excellent	Order	of	the	British	Empire	(CBE)1981Hon	DSc,	Cranfield	University1984Freedom	of	the	City	of	London1985Fellow	of	the	Royal	Society1985Knight	Bachelor	‘for	services	to	the	study	of	engineering	technology’1985James	Alfred	Ewing	Medal,	Institution	of	Civil	Engineers1986FISITA	Medal,	Fédération
Internationale	des	Sociétés	d'Ingénieurs	des	Techniques	de	l'Automobile1987Hinton	Lecture,	Fellowship	of	Engineering1987Foreign	Associate,	National	Academy	of	Engineering,	USA1987–1988Visiting	Fellow,	Lincoln	College,	Oxford1988Honorary	Member,	Hungarian	Academy	of	Sciences1988Honorary	Fellow,	St	Mary's	University	College,
Twickenham1995Hon	D	Univ,	University	of	Surrey1993Papal	Knight	of	St	Gregory	(KSG)This	is	a	full	list	of	Diarmuid's	principal	appointments,	supporting	industrial	and	academic	bodies	as	well	as	some	charitable	institutions:	From	1955Catenian	Association1971–1978Vice	president,	Institution	of	Mechanical	Engineers1975–1977Founder	president,
Association	of	Independent	Contract	Research	Organisations1975–1978Vice	president,	Fédération	Internationale	des	Sociétés	d'Ingénieurs	des	Techniques	de	l'Automobile	(FISITA)1976–1980Member,	Advisory	Council	for	Applied	Research	and	Development	(ACARD)1978–1980President,	FISITA1978–1979President,	Institution	of	Mechanical
Engineers1980Chairman,	ACARD	Committee	on	R&D	for	Public	Purchasing	(HMSO)1980sMember	of	Council,	City	University1980sMember	of	Court	and	Chancellor's	Advisory	Group,	University	of	Sussex1981–1985Member	of	SERC	and	chairman	of	its	engineering	board1981–1989Member,	the	Design	Council1982–1987Member,	General	Motors
Science	Advisory	Committee1983–1986Board	of	directors,	Society	of	Automotive	Engineers,	USA1983–1989Member	of	Council,	University	of	Surrey1984President,	Engineering	Section,	British	Association1984Liveryman,	Worshipful	Company	of	Engineers1985–1996Member,	Royal	Commission	for	the	Exhibition	of	18511986–1993Director,	Gabriel
Communications	Ltd	(formerly	Universe	Publications	Ltd),	publisher	of	Catholic	newspaper	The	Universe1986–1993Director,	St	Thomas	Fund	for	the	Homeless1987–1989Member,	Council	of	the	Motor	Industry	Research	Association1987–1995Member,	McRobert	Award	Evaluator	Committee,	Fellowship	of	Engineering1987–1993Member,	Engineering
and	Technology	Advisory	Committee,	Board	of	the	British	Council1988–1993Member,	Advisory	Board,	Parliamentary	Office	of	Science	Technology1989–1992Chairman,	Council,	University	of	Surrey1992–1994Pro	chancellor,	University	of	Surrey2003President,	Smeatonian	Society	of	Civil	EngineersOther	activities	included:	member,	Defence	Scientific
Advisory	Council;	member,	IMechE	Hinton	Award	Committee;	board	member	during	privatization,	Hydraulics	Research	Station;	member,	St	Vincent	de	Paul	Society.Royal	Society	activities:	chairman,	Technology	Activities	Committee;	member,	Soiree	Committee;	Hooke	Committee;	Finance	Committee;	Warren	Research	Fund	Committee;	Sectional
Committee	4.The	author	would	like	to	acknowledge	the	approval	of	this	memoir	by	Diarmuid's	family	members,	Martin,	Ann	and	Clare,	and	in	particular	the	valuable	contributions	from	Lucy	Downs,	representing	the	family's	interests,	who	meticulously	checked	the	final	draft	before	submission	and	kindly	shared	so	many	personal	anecdotes	as	well	as
giving	unique	access	to	her	father's	home,	study	and	prolific	collection	of	personal	files.	This	never	happened,	not	least	because	the	wealth	and	depth	of	his	experience	was	sought	by	other	organizations,	both	public	and	commercial.	He	took	great	pleasure	in	children,	sometimes	entertaining	them	by	swivelling	around	in	his	motorized	wheelchair.
Bruck	H.	The	subunit	packing	is	thus	very	similar	to	that	in	the	virus,	in	which	there	are	16	1/3	units	per	turn	of	the	basic	helix.	In	1995	his	book	Bonding	and	structure	of	molecules	and	solids	(21)	appeared.	The	first	specimen	analysed	was	the	helical	tail	of	bacteriophage	T4	and	they	used	John's	micrographs	in	their	study.	Ian	Gibbons	hiking	on	the
Garden	Wall	trail	in	Glacier	National	Park	on	his	honeymoon	in	1961.	(doi:10.1038/2171053a0)	Crossref,	PubMed,	ISI,	Google	ScholarNeuwald	A.	(doi:10.1016/S1359-6454(03)00466-X)	Crossref,	ISI,	Google	Scholar(30)	2006	(With	Drautz	R.)	Valence-dependent	analytic	bond-order	potential	for	transition	metals.	In	response,	Bob	produced	a	plan	to
make	selective	cuts	in	departments,	with	departmental	closures,	a	loss	of	360	staff,	and	likely	redundancies.	1945Special	mission	to	Germany:	final	report,	CIOS/104/10/S	(declassified).	I	had	never	been	anywhere	so	tranquil	and	beautiful	before	in	my	life.	The	passenger	car	diesel	engine:	the	challenge	of	the	future.	Another	memorable	virtue	was
Leo's	clarity	of	thinking	and	his	ability	to	present	his	ideas.	(doi:10.1016/0040-4020(75)87028-1)	Crossref,	ISI,	Google	Scholar(64)	(With	Barlow	M.	The	synthetic	cores	displayed	a	discrete	series	of	cone	angles,	consistent	with	the	shells	being	fullerene	cones	made	from	rolled-up	hexagonal	lattices	with	the	necessary	12	pentagons	being	distributed
between	the	two	closing	end	caps.	Research	at	Birkbeck	had	used	X-ray	diffraction	from	ordered	gels	to	establish	the	overall	size	and	helical	symmetry	of	the	rod-shaped	virus	particle,	showing	that	the	coat	protein	had	49	subunits	in	three	turns	of	the	basic	helix.	In	contrast,	the	bond	orders	in	a	BOP	are	determined	in	a	manner	that	scales	linearly
with	the	number	of	atoms	in	the	model	(BOPs	are	an	‘O(N)	method’)	and	periodic	boundary	conditions	are	avoided.	1997Further	evidence	for	gamma-ray	bursts	consistent	with	primordial	black	hole	evaporation.	This	work	was	further	developed	over	the	next	six	years,	to	be	followed	by	a	more	intensive	investigation	into	the	anti-knock	action	of
tetraethyl	lead	as	well	as	other	significant	fuel	additives.	He	might	have	been	at	home	among	the	great	scientific	polymaths	of	the	eighteenth	and	nineteenth	centuries,	or	among	those	who	manned	the	French	National	Academy's	great	expeditions	to	South	America,	ostensibly	to	measure	the	Meridien,	but	in	practice	to	discover	everything	they	could
about	an	unexplored	continent.	They	asked	David	whether	a	simple	model	could	be	developed	to	explain	the	trends	they	had	calculated	in	the	heats	of	formation	with	DFT.	For	obscure	reasons,	neither	the	Gibbons	lab	nor	another	group	with	Dick	Weisenberg	and	Gary	Borisy	took	the	opportunity	to	name	this	new	protein	(Weisenberg	et	al.	&	Easton
A.	(doi:10.1016/S0092-8674(88)80038-2)	Crossref,	PubMed,	ISI,	Google	ScholarVale	R.	(doi:10.1126/science.177.4054.1104)	Crossref,	PubMed,	ISI,	Google	ScholarWeisenberg	R.	Fluid	Mech.	I	think	we	would	get	on	better	with	this	if	you	gave	it	to	me	mathematically.’	No	other	manager	has	ever	said	that	to	me.	Contemp.	&	Chelikowsky	J.	Even
today,	the	numerical	task	of	computing	three-dimensional	turbulent	flows	is	so	great	that	it	is	usually	impracticable	to	resolve	numerically	the	wall-adjacent	‘viscous	sublayer’	(since	the	no-slip	condition	means	turbulent	mixing	falls	precipitately	to	zero	at	the	wall).	C.)	α-elimination	and	carbene	formation	from	silicon	compounds.	Luikov	(Academician
at	the	Byelorussian	Academy	of	Sciences)	in	1960	and	subsequently	spending	a	family	holiday	together,	he	‘resolved	to	learn	the	language’	(Begell	1983).	Download	figureOpen	in	new	tabDownload	PowerPointFor	his	PhD	he	undertook	government-supported	classified	work;	the	University	of	Birmingham	records	say	only	‘secret	thesis’,	with	no	copy
or	record	of	the	thesis	except	an	examination	entry	for	it	in	1947	giving	the	title	‘Studies	[on]	fluorination	in	the	vapour	phase’.	1961)	to	develop	the	first	gas	and	first	continuously	operating	optical	maser,	the	He–Ne	laser.	One	of	Pierre-Gilles’s	main	contributions	was	to	introduce,	to	study	soft	matter,	a	completely	new	physics	not	based	on	formal
mathematics	but	focusing	on	the	underlying	physical	principles,	on	symmetries	and	on	the	relevant	length	scales	or	time	scales.	Pierre-Gilles	always	emphasized	the	role	Les	Houches	had	played	in	his	scientific	awakening,	and	throughout	his	life	he	held	Cécile	de	Witt	in	the	highest	esteem.	(doi:10.1016/0370-2693(82)90946-7)	ISI,	Google	Scholar(54)
The	development	of	irregularities	in	a	single	bubble	inflationary	universe.	(doi:10.1039/JR9530003244)	ISI,	Google	Scholar(9)	1954	(With	Leedham	K.)	Addition	of	free	radicals	to	unsaturated	systems.	Soon	afterwards	he	and	Aaron	published	their	solenoidal	model	for	the	next	higher	order	structure	in	chromatin	(20).	Some	of	its	more	prominent
members	were	Françoise	Brochard,	Elisabeth	Dubois-Violette,	Claudine	Williams,	Madeleine	Veyssié,	Olivier	Parodi,	Etienne	Guyon	(again!),	Georges	Durand,	Maurice	Kleman,	Pawel	Pieransky	and	Francis	Rondelez.	But	anyone	who	knew	him	also	knows	where	his	real	pride	lay.	Generally,	he	was	in	the	middle	of	the	class,	but	obtained	a	good
education	with	talented	school-fellows;	his	classmates	gave	him	the	prophetic	nickname	‘Einstein’.	1	and	Fig.	Ultrasonics	6,	220–228.	Methylated	sugars	were	more	strongly	adsorbed	than	the	other	sugars,	and	sodium	montmorillonite	was	found	to	yield	two-layer	complexes	more	readily	than	the	clay	with	other	exchangeable	cations	present;
disaccharides	were	more	strongly	adsorbed	than	monosaccharides.	Google	Scholar(26)	Perspective	of	the	internal	combustion	engine,	old	and	new.	(doi:10.1103/PhysRevD.61.065007)	Crossref,	ISI,	Google	Scholar(90)	(With	Hertog	T.	This	analysis	made	use	of	the	concept	of	an	actuator	disk,	a	surface	in	the	flow	across	which	there	could	be
discontinuities	in	velocity,	pressure	and	entropy.	Pedersen)	and	began	making	preparations	of	isolated	cilia	from	cultures	of	Tetrahymena.	There	is	also	Dr	Brian	Josephson	[FRS	1970,	Nobel	Laureate	1973],	who	is	an	extremely	bright	young	theorist.	Gee	also	mentioned	that	a	bacterial	seryl	tRNA	synthetase	(SRS)	enzyme	possessed	a	similar
projecting	hairpin	stalk.	(doi:10.1103/PhysRevLett.116.231301)	Crossref,	PubMed,	ISI,	Google	Scholar(102)	2017	(With	Perry	M.	Chris	and	I	proudly	told	everyone	that	Dad	had	‘cracked	it’	after	he	completed	his	ground-breaking	structure	maps.Ian	Evans	was	a	close	friend	from	childhood:	David	and	John	and	I	did	much	together.	For	example,	it	was
recognized	that	an	increase	in	pressure	ratio	would	lead	to	an	improvement	in	fuel	economy.	Each	model	has	12	5-fold	vertices	and	an	increasing	number	of	quasi-6-fold	axes.	1954Changes	in	the	cross-striations	of	muscle	during	contraction	and	stretch	and	their	structural	interpretation.	1981Quantum	fluctuations	and	a	non-singular	universe.	He
obtained	his	Bachelor	of	Applied	Science	degree	in	1947	in	the	X-ray	and	Spectroscopy	programme	option.	Although	touched	upon	in	two	courses	(one	by	Yves	Rocard	on	innovations	in	classical	physics,	and	one	by	Alfred	Kastler	on	atomic	physics),	students	were	mainly	obliged	to	learn	quantum	mechanics	for	themselves	by	reading	textbooks.For
Pierre-Gilles	a	pivotal	moment	occurred	in	1953	at	the	School	of	Theoretical	Physics	at	Les	Houches—an	institution	that	held	a	special	place	in	his	heart	throughout	his	life	and	that	still	feels	his	influence	today.	Baker	had	raised	funds	for	a	new	chair	of	thermodynamics,	and	he	travelled	to	the	USA	to	help	persuade	Hawthorne	to	return.
(doi:10.1016/0550-3213(88)90008-9)	ISI,	Google	Scholar(68)	Wormholes	in	space-time.	He	was	known	for	his	memory,	but	that	was	only	for	the	things	that	really	mattered	to	him,	mainly	science,	which	he	regarded	as	‘an	adventure’.	&	Rowe	A.	Meggers	Award,	Optical	Society	of	America1981Honorary	Fellow,	Macedonian	Academy	of	Science	and
Arts1982Officer	of	the	Order	of	Canada1983Frederic	Ives	Medal,	Optical	Society	of	America1989Honorary	Member	of	American	Academy	of	Arts	and	Science1989Henry	Marshall	Tory	Medal,	Royal	Society	of	CanadaHonorary	doctoral	degrees:	University	of	Skopje;	University	of	Toronto;	University	of	Western	Ontario;	University	of	Windsor	(Ontario,
Canada);	York	University.This	article	is	based	in	part	on	a	tribute	to	Boris	Stoicheff	that	David	May	and	I	wrote	as	part	of	a	dedicated	Festschrift	issue	of	the	Canadian	Journal	of	Physics	(Can.	Because	of	his	deep	and	mellow	voice,	his	teachers	further	suggested	that	he	enter	law	school,	but	since	he	had	developed	a	strong	interest	in	mathematics	and
was	very	good	with	his	hands	he	was	more	inclined	to	technical	areas.	At	first,	the	crystals	were	of	poor	quality	and	it	was	some	time	before	suitable	crystals	of	the	phenylalanine	tRNA	from	yeast	were	produced	(15).	Vivian	Green	Lecture,	delivered	at	Lincoln	College,	Oxford.	This	work	formed	chapter	1	of	Stephen's	PhD	dissertation.A	third	theme
concerned	perturbations	in	the	expanding	universe.	Luikov.	(doi:10.1002/cpa.3160050303)	Crossref,	ISI,	Google	ScholarDunham	K.	I	certainly	never	was—and,	as	my	wife	will	confirm,	I	am	still	not	very	good	at	practical	tasks.	In	Science	of	alloys	for	the	21st	century:	a	Hume-Rothery	symposium	celebration	(ed.	Dennis's	intellectual	response	to	these
issues	can	be	seen	in	his	plenary	paper	delivered	at	the	closing	session	of	the	Eleventh	Congress	of	the	International	Society	of	Soil	Science	in	Edmonton,	Canada	(21);	his	paper	particularly	emphasized	the	need	to	maintain	a	favourable	balance	in	the	population–food	supply	equation,	which	he	felt	could	only	be	achieved	if	based	on	the	sure
foundation	of	an	understanding	of	the	basic	soil	processes.	Hum.	1967The	hypothesis	of	cores	retarded	during	expansion	and	the	hot	cosmological	model.	1960The	radiation	sensitivity	of	normal	mouse	bone	marrow	cells,	determined	by	quantitative	marrow	transplantation	into	irradiated	mice.	Google	ScholarSachs	R.	But	what	is	perhaps	most	unique
in	my	memories	of	the	64	years	is	that	despite	the	fame	and	academic	accolades	and	his	exceptional	intellectual	brilliance,	he	was	always	the	same	cheerful,	unassuming,	wine-loving,	altruistic,	principled	person	who	insisted	on	counting	out	the	exact	number	of	tinned	peach	halves	when	we	divvied	up	the	dessert	on	our	camping	trips.	Its	focus	was
on	the	land	resources	that	would	be	required	to	sustain	a	human	population	of	8	billion.	This	had	been	a	centre	for	the	study	of	fluorine	compounds	for	use	as	refrigerants	and	aerosols	by	the	General	Chemicals	Division	of	ICI.	Much	of	their	work,	and	that	of	others	he	had	directly	influenced,	is	also	described	in	the	book.	Part	XI:	Synthesis	and	some
reactions	of	trifluoromethanethiol	and	trifluoromethanesulphenyl	chloride.	‘Not	enough	being	aware	of	it,	Dave,	what	are	you	going	to	do	about	it?’	This	was	typical	of	his	incisive,	direct	questioning	and	direction.	Verh.	The	predictions	of	his	model	agreed	with	known	experimental	results,	and	the	physical	assumptions	of	his	model	were	subsequently
confirmed	by	accurate	DFT	calculations	from	the	group	of	Art	Williams	(Williams	et	al.	(doi:10.1016/0022-2836(72)90071-X)	Crossref,	PubMed,	ISI,	Google	Scholar(16)	1973	(With	Butler	P.	Kornberg	(1974)	had	proposed	that,	based	on	the	results	of	previous	biochemistry	and	electron	microscopy	published	by	others,	the	basic	structure	of	chromatin
consisted	of	a	flexible	chain	or	nucleofilament	of	repeating	structural	units,	termed	beads	or	nucleosomes,	of	about	100 Å	diameter.	S.),	pp.	Many	rounds	of	improvements	were	needed,	and	John	was	closely	involved	in	the	evaluation,	data	collection	and	interpretation	at	each	stage.	R.)	Polyhalogenoallenes.	Oxford,	UK:	Pergamon	Press.	(17)*When
asked	to	predict	future	trends	in	cancer	research,	Leo	replied,	‘if	I	knew	what	would	be	important	in	5	years,	I	would	do	it	now’	and	‘Remember,	the	most	interesting	things	in	science	are	the	unexpected	and	the	unpredictable’.Soon	after	arrival	at	the	WIS,	and	with	the	lack	of	available	laboratory	tools	besides	the	bench	and	microscope,	Leo	exploited
his	experience	with	mammalian	chromosomes	to	ask	the	question	whether	cells	in	the	amniotic	fluid	of	pregnant	women,	collected	by	amniocentesis,	were	sufficient	in	number	and	preservation	to	be	used	for	prenatal	diagnosis	of	sex.	XIX:	Some	reactions	of	perfluoronorbornadiene	with	low	valent	transition	metal	complexes.	X.,	Zhoa	L.,	Gu	L.
(doi:10.1086/151965)	Crossref,	ISI,	Google	Scholar(26)	With	Collins	C.	2005).	There	they	could	interact	with	other	scientists	in	their	field.It	was	also	during	his	PhD	time	that	Boris	began	a	lifelong	friendship	with	Arthur	L.	The	following	year	he	was	awarded	the	Sir	Frank	Whittle	Medal	of	the	Royal	Academy	of	Engineering	for	his	outstanding
achievement	in	medical	engineering	over	six	decades.	The	change	to	a	foreign	country	and	a	foreign	language	was	traumatic,	and	Leo	afterwards	said	that	this	was	the	unhappiest	time	of	his	life—but	with	the	arrival	of	his	parents,	he	started	to	live	a	more	normal	life	and	was	enrolled	at	the	City	of	London	School	for	Boys.	On	his	return	to	the	UK,
Spalding	launched	a	blistering	campaign	aimed	at	securing	exit	papers	for	Levich	and	his	family.	Together	with	David,	he	developed	analytic	bond-order	potentials	for	transition	metals,	including	magnetism	and	charge	transfer.	As	he	later	wrote	(36):	It	is	very	rare	in	science	for	dreams	of	this	kind	to	actually	work	out	as	planned,	but	in	this	case	they
essentially	did.	As	Bernard	Carr	recalls:	Students	are	probably	always	in	awe	of	their	supervisors	and	with	Stephen	the	awe	was	even	greater.	The	RAF	plane	in	which	he	was	flying	crashed	into	a	waste	pit	not	far	from	an	ICI	site	in	Cheshire.	Part	XXI:	Some	reactions	of	bistrifluoromethylnitroxide.	We	thank	Annette	Faux,	LMB	archivist,	for	providing
the	other	photographs	included	in	the	memoir.Tony	Crowther	is	a	retired	worker	at	the	Medical	Research	Council	Laboratory	of	Molecular	Biology	in	Cambridge,	where	he	has	spent	most	of	his	career.	He	just	did	not	give	in.In	closing,	we	offer	three	observations.	Science	and	combustion	obviously	fascinated	him	from	an	early	age.	He	was
encouraged	by	several	teachers,	who	gave	him	extra	problems	so	he	could	go	ahead	at	his	own	pace,	and	he	found	that	he	especially	loved	the	practical	work	of	perfecting	physics	experiments,	where	his	passion	for	detail	encouraged	him	to	repeat	his	investigations	with	careful	management	of	lab	techniques	to	improve	the	accuracy	of	his	final
results.	The	contrast	between	the	heavily	industrialized	town	and	the	open	countryside	was	stark	and	Jack	was	strongly	attracted	to	the	latter,	influenced	no	doubt	by	his	father,	who	was	an	amateur	naturalist.This	attraction	was	strengthened	by	annual	family	holidays,	often	at	a	farm	at	Swaledale	in	the	Yorkshire	Dales.	V.,	Myerscough	T.	&
Myerscough	T.)	Nitroxide	chemistry.	During	the	year	at	Caltech,	Stephen	was	awarded	the	Pius	XI	medal	and	flew	to	Rome	to	receive	it.	8,	a028100.	Unpublished	report	delivered	to	the	Ricardo	Engineering	Society,	Sussex,	in	1987.	His	favourite	subject	was	English.	There	are	no	predictions	of	any	kind	that	do	not	involve	both	at	some	level.In
Stephen's	last	work	in	cosmology,	he,	Hartle	and	Hertog	showed	that	the	histories	dominating	the	top-down	probabilities	in	the	no	boundary	proposal	have	a	regime	of	so-called	eternal	inflation	where	the	quantum	effects	dominate	the	universe's	evolution	(98)	(figure	9).	The	Ricardo	company	at	Shoreham-by-Sea	in	1950.	(doi:10.1016/0550-
3213(91)90237-R)	Crossref,	ISI,	Google	Scholar(74)	The	alpha	parameters	of	wormholes.	Perkin	Trans	1,	2532–2538.	Crossref,	ISI,	Google	ScholarHead	M.	He	warned	that	the	same	mistakes	must	not	be	made	in	the	proposed	transfer	of	scientific	know-how.	(doi:10.1103/PhysRevD.37.904)	Crossref,	ISI,	Google	Scholar(69)	1989Black	holes	from
cosmic	strings.	Google	Scholar(6)	1979Scaling	concepts	in	polymer	physics.	One	discovery	was	the	use	of	Fe(CO)5	in	new	high	yield	syntheses	of	rhodium	carbonyls	(38).	It	is	a	complete	understanding	of	the	universe.’The	singularity	theorems	proved	by	Stephen,	Penrose	and	others	showed	conclusively	that	the	classical	Einstein	equation	implied	that
the	universe	began	in	a	hot	Big	Bang.	Gas	Turbine	and	Aeroengine	Congress	and	Exposition,	Cincinnati,	24–27	May	1993,	vol.	(doi:10.1083/jcb.25.2.400)	PubMed,	ISI,	Google	Scholar(11)	(With	Rowe	A.	M.,	Leedham	K.	206,	1–7.	Congr.	By	1957	Art	and	Charles	were	thinking	about	an	optical	maser	to	provide	coherent	radiation	in	the	infrared	and
possibly	visible	region.	In	1999	he	received	the	Royal	Society	Armourers	and	Brasiers	Company	Award	for	his	structure	maps	and	for	his	‘vision	and	leadership	in	establishing	the	Materials	Modelling	Laboratory	at	Oxford	with	its	strong	links	to	industry	and	recognized	as	an	international	flagship	laboratory	for	modelling’.	373,	1136–1152.
(doi:10.1103/PhysRevLett.11.237)	Crossref,	ISI,	Google	ScholarLinde	A.	(doi:10.1103/PhysRevD.63.083504)	ISI,	Google	Scholar(93)	2003Cosmology	from	the	top	down.	The	crystals	tended	to	degrade	at	room	temperature,	so	had	to	be	cooled	to	5°C	during	X-ray	exposure	by	a	jet	of	cold	dry	air.	(doi:10.1039/jr9650000594)	PubMed,	Google
Scholar(30)	(With	Banks	R.	&	Soll	D.	Contr.	Physiol.	Working	together,	they	developed	a	new	undergraduate	teaching	course	in	thermodynamics	based	on	ideas	Hawthorne	had	brought	from	Professor	Keenan	at	MIT.	I	most	particularly	appreciated	David's	ability	to	focus	absolutely	on	you	when	you	were	talking	to	him,	and	the	deep	interest	he
showed	in	everybody	he	interacted	with.	In	addition	to	keeping	track	of	carers	and	structuring	Barbara's	detailed	medication	schedule,	Gibbons	managed	to	uphold	a	very	productive	and	creative	scientific	life	thanks	to	the	support	from	Burnside	as	well	as	the	research	assistants,	Joan	Gabarino	and	Wesley	Snipes.In	Berkeley,	Gibbons	collaborated
with	Gabor	Mocz,	still	at	the	University	of	Hawaii,	to	build	a	model	for	the	heavy	chain	of	axonemal	dynein	based	on	the	1999	work	by	Andrew	Neuwald	and	co-workers,	who	had	proposed	a	hetero-hexameric	ring-shaped	motor	domain.	Being	a	transcription	factor,	activation	of	WT-p53	in	cells	is	associated	with	changes	in	expression	of	many	genes.
Of	these,	we	mention	only	his	chairmanship	of	the	Home	Office	Scientific	Advisory	Council,	in	which	he	was	active	for	almost	a	decade.In	the	context	of	US	industry,	Hawthorne	had	a	long	relationship	with	Cummins	Engine	Company	in	Indiana.	PubMed,	Google	Scholar(20)	Mechanisms	of	flagellarmotility.	Faraday	Soc.	1,	422–427.	Today	it	hangs	in
the	Library	of	the	School	of	Chemistry	in	the	University	of	Manchester	(figure	5).	&	Rees	M.	2016Axonemal	dynein	arms.	A	high	point	of	the	latter	was	his	demonstration	of	sawing	a	young	woman	in	half	and	then	joining	her	together	again—it	was	reported	as	the	most	ambitious	and	spectacularly	successful	postprandial	talk	ever	to	be	held	in
Churchill	College's	Senior	Combination	Room.The	masterful	execution	of	the	conjuring	was	complemented	by	his	professional	level	of	‘patter’,	which	aided	the	misdirection	and	heightened	the	illusions.	In	Hawthorne's	words,	‘The	heat	release	rate	(watts/cubic	meter	of	combustion	chamber	volume)	was	at	least	an	order	of	magnitude	greater	than
that	in	industrial	furnaces,	even	allowing	for	the	increased	density	of	the	gases	in	the	chamber’	(8).Shell	had	developed	a	swirl-type	atomizer	that	gave	an	appropriate	spray	over	the	desired	fuel	flow	range,	with	a	combustion	chamber	similar	to	a	domestic	oil	burner	(7).	He	countered	such	prejudice	by	maintaining	life-long	links	with	African
scientists,	particularly	Faisal	Sinada	at	the	University	of	Khartoum,	and	also	by	taking	a	keen	interest	in,	and	assisting,	PhD	students	from	Addis	Abba.	Undoubtedly,	the	book's	brilliant	title	was	a	contributory	factor	to	its	success	and	the	subject	matter	gripped	the	public	imagination.	(doi:10.1098/rsta.1991.0024)	Link,	ISI,	Google	Scholar(20)	1993
(With	Aoki	M.)	Angularly-dependent	many-atom	bond-order	potentials	within	TB	Hückel	theory.	Walter	Russell	and	Dennis	Greenland.	In	1974,	Pierre-Gilles	published	a	second	book,	The	physics	of	liquid	crystals	(5),	which,	like	the	first,	marked	the	conclusion	of	his	work	in	the	area	while	forming	a	superb	platform	for	the	many	researchers	that
followed	in	his	footsteps.	There	was,	however,	concern	about	achieving	these	higher-pressure	ratios	using	a	single	spool	(a	single	compressor	and	turbine)	rather	than	a	two-spool	configuration.	D.	B.)	Stratification	in	tropical	African	lakes	at	moderate	altitudes(1500	to	2000 m).	It	implies,	however,	that	the	Copenhagen	interpretation	of	quantum
theory	is	an	approximation	for	measurement	situations.	(doi:10.1016/S0022-1139(00)81626-7)	Crossref,	ISI,	Google	Scholar(73)	1978	(With	Bosbury	P.	He	graduated	in	1952	with	first	class	honours;	however,	prior	to	his	fourth	and	final	year,	which	was	devoted	to	a	research	project,	he	asked	his	tutor,	A.	&	Keene	B.	Although	he	settled	in	Israel,
where	he	remained	for	the	rest	of	his	life,	Leo	always	acknowledged	the	debt	of	gratitude	he	owed	the	UK	for	taking	him	in	as	a	child,	and	appreciated	the	profound	influence	of	his	English	education	on	his	work	and	life.The	Weizmann	Institute	then	was	very	small	and	chronically	short	of	resources,	so	Leo	had	very	little	equipment	and	had	to	make	do
with	what	there	was,	namely	a	bench	and	a	microscope.	This	was	a	major	change	for	Charles	and	the	whole	family,	having	lived	in	the	northwest	of	England	for	close	to	50	years.	L.)	Mass	transfer	through	laminar	boundary	layers.	Listening	to	things	verbally	slowed	him	down.	(doi:10.1103/PhysRevLett.66.596)	Crossref,	PubMed,	ISI,	Google
Scholar(20)	1993	(With	Zhang	G.	His	work	there	introduced	Forrester's	Industrial	dynamics	(Wiley,	New	York,	1961)	into	ICI,	and	applied	digital	simulation	techniques	to	chemical	and	biological	processes	and	to	sector	economics.	(doi:10.1016/0550-3213(83)90319-X)	Crossref,	ISI,	Google	Scholar(56)	(With	Hartle	J.	Insightful.	Following	Leo's
retirement,	the	WIS	management	decided	to	merge	the	Genetics	and	Virology	departments	into	one	large	department,	and	asked	Yoram	to	carry	out	the	sensitive	undertaking	of	the	change	by	nominating	him	to	serve	as	its	head.	(Online	version	in	colour.)Download	figureOpen	in	new	tabDownload	PowerPointHalothane	came	from	a	time	when	the
modern	pharmaceutical	industry	had	yet	to	develop.	1951Relation	between	thermodynamic	indices	of	narcotic	potency	and	the	molecular	structure	of	narcotics.	What	finally	convinced	Stephen	was	that	the	outgoing	particles	had	precisely	a	thermal	spectrum—the	black	hole	created	and	emitted	particles	and	radiation	just	like	any	hot	body	with	a
temperature	T	=	κ/2π	where	κ	is	the	surface	gravity	of	the	black	hole.	&	Zimmern	D.)	Configuration	of	tobacco	mosaic	virus	RNA	during	virus	assembly.	Cancer	10,	425–434.	1980Microscopic	basis	of	Miedema's	empirical	theory	of	transition-metal	compound	formation.	He	worked	in	a	variety	of	disciplines	including	advanced	Rankine	cycle	engine
development,	customer	technical	support,	noise	control	and	business	development.	Then	Stephen,	using	Penrose's	tools,	discovered	the	crucial	concept	of	the	‘event	horizon’,	the	surface	about	an	evolving	black	hole	at	which	light	and	matter	are	absolutely	trapped	and	can	never	escape—he	showed	that	the	event	horizon	always	surrounds	the
apparent	horizon	(18,	20).Stephen	was	concerned	that	black	holes	might	never	be	detectable.	92,	921–937.	On	28	April	2003	he	gave	a	talk	in	Oxford	to	the	Haematology	Nurses	Forum	about	his	experience	of	myeloma.	Nuovo	Cim.	Nabarro	rapidly	built	up	the	undergraduate	four-year	honours	course	to	an	international	standard,	and	set	the	tone	for
what	was	expected	of	a	good	scientist.	Leo	Sachs	painting	by	Jan	Rauchwerger,	1994.	1958Methods	of	screening	volatile	anaesthetics.	In	Primary	productivity	measurement,	marine	and	freshwater	(ed	M.	24	(10),	713–730.	(doi:10.1038/212349a0)	Crossref,	PubMed,	ISI,	Google	Scholar(9)	1968	(With	Klug	A.)	Structure	of	viruses	of	the	papilloma-
polyoma	type.	Hydrobiologia	268,	65–98.	28,	410–416.	He	attended	King's	College	School,	Wimbledon,	where	he	remained	until	he	was	18,	becoming	a	prefect	in	his	final	year.	E.,	Rhodes	D.,	Brown	R.	As	physical	systems	within	the	universe	there	is	only	a	very,	very	small	quantum	probability	for	systems	like	us	to	have	evolved	in	any	region	of	a	given
size.	Originally	published	as	Zhurnal	Ekspermentoi	i	Teoretishski	Fizika64,	48–57	(1973).	They	would	also	like	to	thank	E.	S.)	Brane	new	world.	For	several	years	Professor	Greitzer	shared	an	office	with	Sir	William	during	the	latter's	frequent	visits	to	MIT.	A	key	insight	was	the	‘de	Gennes–Taupin’	persistence	length,	which	determines	the	length	scale
on	which	a	surfactant	film	is	distorted	by	thermal	fluctuations	(7).	One	mission	was	led	by	W.	There	he	met	up	with	another	chemist	and	ex-student	of	Walter	Russell's,	Peter	Nye	(FRS	1987),	and	together	they	researched	and	wrote	what	is	widely	regarded	as	a	classic	soil	science	text:	The	soil	under	shifting	cultivation	(5).	His	powerful	championing
of	the	halothane	project	based	upon	his	own	scientific	work	was	critical	to	its	success.The	chemical	research	leading	to	halothane	was	carried	out	at	the	Widnes	Laboratory.	It	was	also	convenient	for	overseas	travel,	Heathrow	Airport	being	in	those	days	an	easy	drive	along	the	M4	from	Maidenhead.	V03CT17A030.	However,	while	scanning	the
sections	for	nuclei,	he	happened	upon	two	fields	in	which	the	flagella	and	the	basal	bodies	underlying	them	were	cut	in	beautifully	clean	cross-sections.	As	an	example,	suppose	that	the	two	initial	black	holes	were	of	equal	mass,	m.	All	photographs	in	this	memoir,	including	the	portrait,	are	from	the	family's	collection,	unless	otherwise	indicated.Dr
McCann	was	recruited	by	Charles	Suckling	into	ICI	in	1967,	coming	back	to	England	from	Case	Institute	of	Technology	(now	CWRU,	USA),	to	which	he	had	been	invited	on	completing	his	PhD	work	at	Imperial	College.	Jane's	book	Travelling	to	infinity:	my	life	with	Stephen,	on	which	the	film	is	based,	chronicles	the	25	years	during	which,	with
amazing	dedication,	she	underpinned	their	family	life	and	his	career	(Hawking	2007).	G.)	Structures	and	roles	of	the	polymorphic	forms	of	tobacco	mosaic	virus	protein.	All	of	his	subsequent	work	was	driven	by	the	idea	that	even	the	most	complicated	theoretical	ideas	can	be	explained	in	qualitative	terms	that	are	accessible	not	only	to	theorists	but
also	to	non-specialists,	such	as	scientists	from	other	disciplines,	like	chemists	or	biologists,	or	scientists	from	industry.	(doi:10.1103/PhysRevLett.12.592)	Crossref,	ISI,	Google	Scholar(12)	1966	(With	Gornall	W.	This	dream	became	a	reality	when	he	met	David	Pettifor	in	1990	and	learned	about	bond-order	potentials.	Indeed,	from	his	widely	referenced
1971	paper	(22),	he	concluded	that,	for	a	range	of	flame	conditions	(fuel	type,	equivalence	ratio,	mean	speed	of	the	approaching	flow	or	the	magnitudes	of	either	pressure	or	temperature),	it	was	the	aerodynamics	of	the	flame	rather	than	the	chemical	kinetics	that	controlled	its	spread	rate.	He	is	a	fellow	of	Selwyn	College.ReferencesReferences	to
other	authorsAnon1961Profile:	Professor	W.	Crossref,	Google	Scholar(21)	The	application	of	some	electrochemical	methods	to	the	measurement	of	photosynthesis	and	respiration	in	fresh	waters.	Leo	disguised	as	chef	in	a	Purim	party	of	his	group	in	1982.	Supp.	106,	141302.	However,	Boris	felt	that	if	a	sabbatical	was	being	offered	he	would	much
prefer	to	work	with	Charles	Townes	at	MIT.	Soc.4228–4232.	Sport	continued	to	be	an	important	part	of	his	life,	from	cricket	in	Ghana	and	Australia	through	to	golf	in	The	Philippines,	UK	and	New	Zealand.While	at	Oxford	he	met	Mary	Johnston,	a	New	Zealander	who	was	an	orthopaedic	nursing	sister	at	the	Wingfield	Morris	Hospital.	A	full
bibliography	is	available	as	electronic	supplementary	material	at	and	at	1)	1969An	energy	independent	method	for	band	structure	calculations	of	transition	metals.	(doi:10.1083/jcb.107.5.1793)	Crossref,	PubMed,	ISI,	Google	ScholarSale	W.	The	memoir	was	put	together	and	edited	by	Malcolm	Longair*	and	Martin	Rees	in	consultation	with	the
authors.*Email:	[email	protected]ReferencesReferences	to	other	authorsAbbott	B.et	al.	In	the	following	years,	other	such	factors	were	identified	and	isolated	from	various	conditioned	media	and	other	sources	that	induced	colonies	containing	macrophages	(MGI-1M/CSF-1/M-CSF),	granulocytes	(MGI-1G/G-CSF),	both	granulocytes	and	macrophages
(MGI-1GM/GM-CSF),	granulocytes,	macrophages,	eosinophils,	mast	cells,	erythroid	cells	and	megakaryocytes	(IL-3)	and	early	haematopoietic	blast	cells	(SCF),	which	were	purified	and	had	their	genes	cloned	(17)	(Clark	&	Kamen	1987;	Metcalf	2010;	Lennartsson	&	Ronnstrand	2012).	We	walked	up	the	hill	to	Sheep	Street,	conversing	enthusiastically
as	though	nothing	were	the	matter.	(doi:10.1016/0041-624X(68)90131-5)	Crossref,	PubMed,	ISI,	Google	Scholar(4)	1969A	range-gated	ultrasonic	Doppler	system.	Outlook	Agric.	The	critical	surface	(magnetic)	field	HC3,	first	predicted	by	Pierre-Gilles	and	Saint-James,	was	observed	by	the	clever	experiments	of	Martinet,	who	evaporated	a	thin	layer	of
superconductor	onto	a	glass	fibre:	when	the	field	is	parallel	to	the	fibre,	HC3	is	measured	directly.	…	This	book	brings	together	(almost)	everything	which	is	known	in	a	single	volume.	35,	755.	Engrs	126	(30),	789–814.	(doi:10.1039/p19780000422)	Crossref,	Google	Scholar(74)	1979	(With	Dabbagh	A.-M.	The	reaction	of	academic	colleagues	around
the	world	was	one	of	astonishment,	even	disbelief;	for,	although	he	was	in	his	94th	year,	his	continuing	insightful	contributions	and	his	general	physical	demeanour	left	all	who	met	him	with	the	impression	that	he	would	easily	reach	his	century.On	the	day	following	his	death,	Colleen	discovered	a	final	sonnet	he	had	written;	with	her	permission,	it
seems	appropriate	that	it	should	conclude	this	memoir.	While	at	Clifton,	he	held	the	rank	of	Cadet	Sergeant	Major	within	the	Combined	Cadet	Force	at	the	college.	Although	the	diradical	reacts	with	C2F4	or	perfluoropropene	to	produce	1:1	copolymers	in	condensed-phase	reactions,	such	reactions	yielded	mainly	novel	8-membered	heterocyclic
cycloadducts	in	gas-phase	reactions	at	room	temperature.Lord	Bowden	announced	that	he	would	stand	down	as	principal	of	UMIST	in	1976,	and	a	committee	to	appoint	a	successor	was	set	up.	(doi:10.1039/p19740002532)	PubMed,	Google	Scholar(59)	(With	Bevan	W.	He	also	retained	very	close	links	to	his	extended	family	in	Ireland	and	took	great
interest	in	meeting	new	relatives	during	his	vacations.His	business	life	involved	large	amounts	of	international	travel	and	he	always	used	the	opportunity	to	explore	and	understand	new	cultures	in	addition	to	the	core	business	activities.	In	fact,	this	proved	to	be	a	piece	of	great	good	fortune,	since	Sciama	was	an	outstandingly	stimulating	figure	in
British	cosmology,	supervising	many	students	who	were	to	make	impressive	names	for	themselves	in	later	years.	The	striking	feature	that	repaid	them	for	their	efforts	consisted	of	four	copies	of	a	‘P-loop	’	or	Walker-A	motif	for	an	ATP-binding	site.	A.)	Preparation	of	perfluoro-(1,2-dialkylcyclopentenes)	and	their	photochemical	isomerisation	to
perfluoro(1-alkenyl-1-alkylcyclopropanes).	(doi:10.1088/0031-9120/32/3/015)	Crossref,	Google	Scholar(25)	1998	(With	Girshick	A.	From	1992	to	1995	he	served	as	president	of	the	International	Society	on	General	Relativity	and	Gravitation.	Soc.	(Reprinted	from	(8),	with	the	permission	of	AIP	Publishing.)Download	figureOpen	in	new	tabDownload
PowerPointAt	the	time	experimentalists	at	Collège	de	France	were	happily	producing	neat	results	on	polymer	physics,	and	de	Gennes	tried	to	convince	them	to	move	on	to	yet	another	unexplored	topic:	wetting	and	spreading	of	liquids.	&	Vitek	V.)	Atomistic	simulation	of	titanium:	II.	Gibbons,	Fred	Warner	(Syracuse	University),	Michael	Holwill	(King's
College),	Peter	Satir	(Albert	Einstein	College	of	Medicine)	and	Stanislaw	Dryl	(Nencki	Institute	of	Experimental	Biology,	Warsaw,	Poland)	at	the	first	flagellar	motility	meeting	in	Hakone,	Japan,	in	1978.	(Reproduced	from	(23)	with	permission.)	Download	figureOpen	in	new	tabDownload	PowerPointIn	1979	Dennis	joined	IRRI	in	Los	Baños,	The
Philippines,	as	deputy	director	general	(DDG)	for	research,	continuing	in	that	role	until	1987.	As	all	who	knew	him	will	recall,	he	had	a	wonderful	sense	of	humour—very	much	a	P.	By	1983	there	were	29	users	worldwide;	four	years	later	that	number	had	grown	to	190,	with	new	CHAM	offices	across	the	world.	D	40,	1804–1818.	Oxford,	UK:	Oxford
University	Press.	On	one	occasion,	when	the	words	he	needed	eluded	him,	he	said:	‘I'm	doing	my	best,	to	do	my	best.’	And	that	was	Charles	in	a	nutshell.	Nonetheless,	Boris	kept	Art	informed	about	his	efforts	and,	as	soon	as	Ted	Maiman	at	Hughes	Laboratories	had	produced	the	world's	first	optical	maser	using	ruby	(Cr3+ : Al2O3)	crystals	in	May
1960,	Art	and	his	colleagues	polished	several	ruby	gain	media	and	sent	Boris	one	of	them.	Google	Scholar(31)	The	internal	combustion	engine,	past,	present	and	future.	Along	with	parallel	measurements	in	the	laboratory	and	measurements	of	conditions	such	as	light	attenuation	in	the	lake,	he	developed	methods	to	estimate	in	situ	productivity	(2–4)*.
Part	I:	Trifluoromethanesulphonic	acid.	Only	crystals	mounted	in	capillaries	could	be	brought	into	the	laboratory,	with	adequate	supplies	of	neutralizing	formaldehyde	close	by	in	case	of	accidents.	Summing	Up:	Highly	recommended.	&	Stephens	R.	(doi:10.1039/jr9650004714)	Google	Scholar(26)	(With	Banks	R.	Google	Scholar(14)	1966	(With
Patankar	S.	A	time-position	recording	instrument	for	echocardiography	was	the	first	echocardiography	system	to	be	constructed	outside	Sweden	and	eliminated	the	baseline	uncertainty	of	the	Swedish	system.The	roles	of	the	new	instruments	were	studied	in	collaboration	with	clinical	colleagues,	particularly	in	the	investigation	of	liver,	breast	and
heart	diseases.	The	goal	was	to	understand	the	bonding	in	transition	metals	by	carrying	out	some	of	the	very	first	total	energy	density	functional	theory	(DFT)	calculations,	to	guide	the	development	of	improved	interatomic	potentials	for	modelling	extended	defects	in	metals,	such	as	dislocations	(24).	H.,	Houck	B.,	Martinson	K.	1925Bericht	über
Untersuchungen	zur	ausgebildeten	Turbulenz.	(Online	version	in	colour.)	Download	figureOpen	in	new	tabDownload	PowerPointAs	an	authority	on	fluorine	chemistry,	and	with	his	energy	and	interest	in	the	applications	of	chemistry,	Bob	was	much	in	demand	as	a	consultant	in	the	UK	and	around	the	world.	He	ignored	this	tradition,	and	regularly
supervised	the	progress	of	final-year	students.	He	was	gassed	with	sulphur	mustard	and	injured	severely	enough	to	leave	the	service.	(doi:10.1103/PhysRevLett.71.3099)	Crossref,	PubMed,	ISI,	Google	Scholar(21)	2000The	riddle	of	light:	a	seminar	course	for	scientists	and	humanists.	From	this	base,	his	long-term	research	collaboration	with	James
Hartle	at	the	University	of	California,	Santa	Barbara,	flourished	and	he	developed	close	ties	to	Hollywood,	which	resulted	in	appearances	on	The	Big	Bang	theory,	Star	Trek	and	The	Simpsons.	Peter	and	his	wife	Valerie,	celebrating	his	eightieth	birthday	at	Bristol	in	2016,	with	their	six	grandchildren.	1987The	human	haematopoietic	colony	stimulating
factors.	it	will	also	act	as	a	reference	for	those	working	in	the	field.	About	this	visit	to	Cambridge,	he	wrote	(36)*:	The	beauty	of	King's	College	grounds	made	an	extremely	strong	emotional	impression	on	me.	Radiol.	This	work	was	presented	in	one	of	three	almost	simultaneous	independent	publications,	and	became	the	basis	of	modern	ultrasonic
colour	flow	imaging.	&	Tang	W.	Although	viability	factors	such	as	the	CSFs	also	induce	growth,	the	viability	and	growth	processes	are	separately	regulated	(17).	He	faced	his	dementia	with	grace,	dignity	and	stoicism.	For	his	wartime	work	he	was	awarded	the	US	Medal	of	Freedom	in	1947.In	1946,	Hawthorne	returned	to	MIT	as	an	associate
professor	of	mechanical	engineering,	promoted	soon	after	to	George	Westinghouse	professor	of	mechanical	engineering.	71,	3099–3102.	17,	246–247.	Cambridge,	UK:	Cambridge	University	Press.	He	was	excited	by	every	new	breakthrough;	his	enthusiasm	was	contagious	and	inspired	several	generations	of	students,	who	appreciated	his	informality,
openness	and	sense	of	humour.	Cell	culture	system	for	the	cloning	and	clonal	differentiation	of	normal	haematopoietic	cells.	1968The	reconstruction	of	a	three-dimensional	structure	from	its	projections	and	its	application	to	electron	microscopy.	Decades	later,	this	study	was	used	as	a	baseline	to	assess	subsequent	nutrient	enrichment	(Hecky	1993).
This	work	led	to	John's	first	two	publications	(1,	2).	Suhas	Patankar	worked	as	professor	of	mechanical	engineering	at	the	University	of	Minnesota,	Minneapolis,	USA,	from	1975	to	2000.	Google	Scholar(7)	1982	(With	Taupin	C.)	Microemulsions	and	the	flexibility	of	oil/water	interfaces.	However,	1015 g	PBHs	would	have	a	temperature	of	1012 K	and
would	terminate	their	evaporation	at	the	present	epoch	in	tremendous	explosions	of	high	energy	gamma	rays.	26,	294–303.	The	critical	step,	the	creative	step,	is	finding	a	model	that	encompasses	the	dominant	mechanisms	of	the	complex	process	one	is	wishing	to	describe.Perhaps	we	can	see	here	the	influence	of	Sir	Nevill	Mott	(FRS	1936,	Nobel
Prize	1977),	who	was	the	charismatic	head	of	the	Cavendish	when	David	was	a	postgraduate	student,	and	whose	portrait	hung	in	David's	office.David	was	appointed	to	a	lectureship	in	the	Mathematical	Physics	group	of	the	Mathematics	Department	at	Imperial	College	in	October	1978.	In	1957,	he	travelled	on	the	ocean	liner,	RMS	Queen	Mary,	to
New	York	and	took	Greyhound	buses	to	California	to	take	up	a	post-doctoral	fellowship	at	the	Scripps	Institution	of	Oceanography	in	La	Jolla.	L.,	Mitchell	P.	He	also	spent	time	as	the	chairman	of	the	Canadian	Liaison	Committee	to	the	International	Union	of	Pure	and	Applied	Physics	from	1988	to	1990.	1965Calculation	of	the	Spalding	Function	over	a
range	of	Prandtl	numbers.	The	country's	president,	Julius	Nyerere,	had	introduced	African	socialism	there	several	years	earlier.	Finally,	thanks	are	extended	to	staff	at	King's	College	School,	Wimbledon,	and	to	the	archivists	at	Imperial	College	and	Queen's	College,	Oxford.	Reproduced	from	(4)	with	permission.Download	figureOpen	in	new
tabDownload	PowerPointA	second	aspect	concerns	the	flow	through	turbomachine	blading	in	the	regions	near	the	hub	and	the	casing,	in	which	the	flow	is	strongly	three-dimensional.	D.,	Pun	W.	Saunders,	who	was	himself	a	heat	transfer	specialist,	thereupon	made	an	offer	that	Spalding	could	not	resist.	&	Barlow	M.	In	Astrophysical	Cosmology:	Proc.
B	59,	8487–8499.	However,	Vasilka	became	homesick	for	Macedonia	and	returned	with	the	two	children	soon	after	arriving.	66,	291–294.	14,	57–59.	Crawford	and	Welsh	received	some	of	these	funds	for	courses	they	had	given	to	the	armed	services	and	purchased	an	infrared	spectrometer	and	other	instrumentation.	Google	Scholar(5)	(With	Smith	F.)
Organic	fluorides.	The	resulting	predictions	for	both	statics	and	dynamics	were	rich	and	varied;	they	were	rapidly	confirmed	by	experiments,	many	of	which	were	performed	in	what	had	by	then	become	the	Orsay	Liquid	Crystal	Group.For	the	transition	from	the	nematic	to	the	smectic	A	phase	(the	latter	being	a	state	with	periodic	order	in	one
direction),	Pierre-Gilles	presented	an	astonishing	analogy	to	the	transition	from	a	normal	metal	to	a	superconductor	(4).	25925.	This	system	allowed	the	metabolic	activation	of	the	carcinogenic	hydrocarbons	so	that	the	active	metabolites	required	for	transformation	could	be	identified	and	the	differences	in	surface	membrane	properties	of	the
transformed	versus	normal	cells	could	be	determined	using	plant	lectins	(17).His	further	studies	in	the	1970s	revealed	that,	under	certain	culture	conditions,	it	was	possible	to	reverse	malignant	sarcoma	clones	induced	by	chemical	carcinogens,	X-irradiation,	or	tumour-inducing	virus	to	a	nonmalignant	phenotype	(17).	Young	Leo	with	family	in
England.	In	a	letter	to	the	vice	president	of	the	SAE	in	1985,	and	in	the	context	of	having	just	been	honoured	with	a	knighthood,	Diarmuid	wrote:	I	like	to	think	that,	through	me,	the	contribution	which	Ricardo	has	made	to	I.C.	engine	technology	worldwide	has	been	recognised.	In	the	aftermath	of	this	encounter	with	pneumonia,	the	Hawkings’	home
was	almost	taken	over	by	nurses	and	medical	attendants,	and	he	and	Jane	drifted	apart.They	separated	in	1990	and	were	divorced	in	1995.	171,	411–413.	Google	Scholar(24)	The	passenger	car	power	plant:	future	perspectives.	It	has	six	sections	giving	an	outline	of	Riemannian	geometry	and	general	relativity,	discussing	the	physical	significance	of
curvature,	the	properties	of	causal	relations	and	some	singularity	theorems.	M.)	Two	numerical	methods	for	three-dimensional	boundary	layers.	Javier	Sanchez-Mondgragon),	SPIE	3831,	12–21.	W.)	Cosmological	event	horizons,	thermodynamics	and	particle	creation.	&	Spinks	A.	The	latter	are	formed	from	a	stack	of	superconducting	vortices,	which	in
the	liquid	crystal	become	instead	a	stack	of	dislocations.	The	financial	needs	were	considerable,	owing	to	the	demands	of	his	entourage	of	family,	nurses,	healthcare	helpers	and	increasingly	expensive	equipment.	In	particular,	those	PBHs	with	masses	less	than	1015 g	would	have	evaporated	by	the	present	epoch.	His	revolutionary	work	on	combustion
also	led	to	a	book	(2),	which	brought	together	concepts	in	heat	transfer,	mass	transfer	and	chemical	reaction	to	tackle	the	complex	problem	of	combustion.The	several	years	that	Spalding	spent	at	Cambridge	following	his	PhD	suggest	that	he	expected	to	become	a	permanent	academic	there	in	due	course.	This	type	of	research	into	understanding	the
characteristics	of	combustion	and	fuel	additive	effects	was	of	crucial	importance	to	the	oil	industry	at	that	time,	when	such	knowledge	was	limited.	(doi:10.1063/1.1675789)	Crossref,	ISI,	Google	Scholar(3)	1972Exponents	for	excluded	volume	problem	as	derived	by	Wilson	method.	de	Boodt	M.,	Hayes	M.	The	entropy	arises	from	a	holographic
conformal	field	theory	on	the	horizon	of	the	black	holes,	microstates	of	which	reproduce	the	black	hole	entropy.	Pierre-Gilles	vastly	simplified	this	mathematics,	connected	it	more	closely	to	the	underlying	physics	of	spontaneously	broken	rotational	symmetry,	and	showed	its	usefulness	in	real	situations.	At	a	different	level,	and	several	decades	earlier,
one	of	the	authors	remembers	a	meeting	including	an	opposite	number	at	the	other	institution	(now	a	career-long	collaborator)	in	which	Hawthorne	delivered	a	short	and	heartfelt	exhortation	about	the	importance	and	benefits	of	close	linkages	between	the	two	Cambridges.	After	the	outbreak	of	war,	Barbara	went	back	to	the	USA,	where	their	son,
Alexander,	was	born	in	1940.In	1940	Hawthorne	was	directed	into	a	reserved	occupation	as	a	scientific	officer	in	the	Ministry	of	Aircraft	Production,	but	after	a	short	time	at	the	Aircraft	Testing	Establishment	at	Boscombe	Down,	he	moved	to	the	Royal	Aircraft	Establishment	(RAE)	at	Farnborough.	Download	figureOpen	in	new	tabDownload
PowerPointFigure	8.	The	structure	map	for	binary	compounds	with	stoichiometry	AB.	In	spring	1982,	Stephen	visited	the	USA,	making	a	bold	proposal	about	the	quantum	origin	of	galaxies,	which	was	summarized	in	a	preprint	dated	June	of	that	year,	but	actually	written	before	his	trip	to	the	USA	(54).	(doi:10.1086/153853)	Crossref,	ISI,	Google
ScholarCarr	B.	There	were	difficulties	too	in	developing	a	business	in	the	building	products	field,	where	ICI	wanted	to	evaluate	new	technologies	and	materials.	(Reproduced	with	permission	from	(11).)Download	figureOpen	in	new	tabDownload	PowerPointThe	studies	in	vitro	and	in	vivo	prompted	Leo	to	suggest	in	1978	that	treatment	with	such
differentiation-inducing	agents	could	be	a	potential	therapeutic	option	for	patients	with	cancer	(10).	(doi:10.1088/0022-3719/3/2/018)	Crossref,	Google	Scholar(4)	1972First	principles	basis	functions	and	matrix	elements	in	the	H-NFE-TB	representation.	Stephen	with	Kip	Thorne.	E.),	pp.	(doi:10.1103/PhysRevLett.55.261)	PubMed,	Google	Scholar(14)
The	structures	of	binary	compounds:	I.	Clay	Minerals	8,	231–244.	&	Halliwell	M.)	Continuous	wave	ultrasonic	tomography.	This	is	covered	in	more	depth	in	a	later	section.An	aerial	photograph	of	the	Ricardo	company	premises	in	1950	is	shown	in	figure	2.	Nature	177,	473–475.	Prog.	In	hindsight	it	is	surprising	that	halothane	had	not	been
investigated	before,	but	there	was	no	reason	a	priori	to	believe	that	it	would	be	better	than	other	related	compounds	such	as	those	mentioned	above.	It	subsequently	emerged	that	a	similar	scale-invariant	fluctuation	result	in	the	context	of	Starobinsky's	model	of	the	early	universe	was	also	obtained	independently	by	Mukhanov	and	Chibisov	in	the
Soviet	Union	in	1981,	although	this	was	not	known	to	Stephen	and	other	Western	researchers	at	that	time	(Mukhanov	&	Chibisov	1981).In	his	conference	summary	at	the	end	of	the	workshop,	Frank	Wilczek	could	state	that	(Wilczek	1983,	p.	Some	of	the	iron	oxide	clusters	were	associated	with	the	edge	of	kaolinite	particles	but	not	the	surfaces	(9).
Google	Scholar(28)	(With	Bardeen	J.	Crucially,	he	transposed	his	understanding	of	superconductivity	at	continuum	level	(the	Landau–Ginzburg	theory)	to	describe	changes	of	state	between	liquid	crystalline	phases,	starting	with	the	transition	from	isotropic	to	nematic.	Eur.	The	first	is	that	there	are	now	many	more	researchers	working	on	the	methods
of	computational	materials	science	than	those	advancing	fundamental	understanding	of	materials	through	the	development	of	successful	simple	models.	Dennis	encouraged	the	better	definition	of	the	environments	in	which	rice	was	grown.	Lake	Victoria	was	reached	by	road	or	air	in	1954	and	1956.	In	his	attempts	to	grow	haematopoietic	cells	from
Gross	virus-infected	mice	on	mouse	feeder	layers,	he	realized	that,	unlike	normal	and	Rauscher	or	Moloney	virus-infected	cells,	the	Gross	virus-infected	cells	induced	a	cytopathic	effect	on	the	feeder	layer	cells.	His	stepchildren,	the	children	of	his	second	wife,	Pnina,	were	deeply	attached	to	him,	and	their	children,	like	his	own	grandchildren,	called
him	Saba	(Grandfather).	L.,	Else	M.	He	also	worked	at	the	Deutsches	Elektonen-Synchrotron	(DESY)	in	Hamburg,	where	he	designed	the	first	X-ray	beamline	for	biological	research.	Family	group	of	John	and	Ann	with	their	children.	To	get	Gibbons	started,	however,	Bradfield	suggested	that	he	use	the	then	newly	developed	thin-sectioning	procedure
(1)	to	study	the	structural	changes	in	chromosome	organization	during	mitosis	and	meiosis	in	locust	testis	(2).	Google	ScholarFedden	R.	Because	of	his	fragile	health,	he	had	to	fly	first	class	and,	in	his	last	years,	by	private	jet	or	air	ambulance.	Graphical	construction	of	the	equilibrium	positions	of	a	contact	line	in	the	presence	of	a	localized	defect.
Many	southern	Australian	soils	easily	lose	aggregate	stability	when	cultivated;	they	slake	and	crust	under	the	impact	of	rain,	leading	to	severe	erosion,	loss	of	topsoil	and	surface	crusting	that	inhibits	the	emergence	of	seedlings.	M.,	Shpetner	H.	Google	Scholar(46)	1980	(With	Page	D.	Spalding	discovered	that	Rotta	had	proposed	a	transport	equation
for	the	turbulent	length	scale	in	1951	(Rotta	1951);	so,	he	set	two	students	(Wolfgang	Rodi	and	Kam-Hong	Ng)	to	work	on	developing	and	successively	refining	Rotta's	equation	used	with	an	eddy-viscosity	model.	59,	1143–1151.	To	his	well	dark-adapted	eye,	he	was	able	to	spot	the	faint	scattered	light	from	individual	microtubules	as	they	shot	out	the
ends	of	the	axoneme	like	silly	string	out	of	a	pressurized	can,	even	with	just	that	6v	lamp.	Their	analysis	included	the	social,	historical	and	environmental	settings	of	the	people,	and	demonstrated	that	the	movement	of	people	and	their	settlements	was	a	key	feature	of	many	societies	that	practised	shifting	cultivation.	&	Drautz	R.)	BOPfox	program	for
tight-binding	and	analytic	bond-order	potential	calculations.	When	the	family	moved	to	St	Albans,	he	attended	the	St	Albans	School	for	Girls,	which	also	took	boys	up	to	the	age	of	10.	The	soft	hair	allows	information	from	the	formation	of	the	black	hole	to	be	preserved.	Their	only	child	(Richard)	Peter	arrived	in	1956	(figure	2);	he	is	presently	(2018)
professor	of	English,	president	and	vice-chancellor	at	the	University	of	Saskatchewan.	1939The	electronic	structure	of	some	polyenes	and	aromatic	molecules.	Project	managers	were	encouraged	to	explore	the	whole	lifecycle	of	a	new	process	or	project.	That	book,	juxtaposed	with	Pierre-Gilles’s	own	volume	on	polymer	physics	(6),	demonstrates	the
value	of	stylistic	diversity	in	theoretical	science.	Charles	found	the	challenge	of	devising	manufacturing	processes	particularly	enjoyable,	including	the	collaboration	with	engineers	and	plant	construction	fitters.	For	students,	at	least	initially,	this	could	be	an	unnerving	experience	because	they	often	took	part	in	discussions	on	important	current
engineering	issues,	which	Hawthorne	led	with	characteristic	wit	and	sparkle.For	a	number	of	students	in	the	late	1950s	these	discussions	centred	on	dracones,	known	irreverently	as	Hawthorne's	NOBs	(nylon	oil	barges).	Bob	(arrowed)	and	his	staff	with	the	1964	intake	of	undergraduates	(courtesy	of	Mr	R.	100,	201301.	Chichester,	UK:	J.	55,	260.
When	he	said	‘I	enjoyed	all	of	it’,	he	was	right.	Some	10	years	later,	he	was	given	a	board	position	and	then	became	managing	director	in	1967.	His	father	was	a	timber	merchant's	clerk	who	had	volunteered	early	in	the	First	World	War,	in	which	he	served	with	distinction	in	the	Machine	Gun	Corps.	Download	figureOpen	in	new	tabDownload
PowerPointWith	this	growth,	the	department	needed	a	new	building	with	more	facilities.	Ethyl	Corp.,	127–155.	An	extension	to	include	non-collinear	magnetism	followed	(31).	There,	with	the	help	of	staff	from	the	institute,	they	undertook	a	year-long	survey	of	the	abundance	and	photosynthetic	productivity	of	the	phytoplankton	of	northern	Lake
Victoria	along	with	physical	and	chemical	conditions,	with	the	plant	nutrients	being	analysed	by	Ida	(15–17).	Crossref,	ISI,	Google	ScholarCarr	B.,	Kuhnel	F.	Bonds	of	fractional	order	by	the	molecular	orbital	method.	When	the	opportunity	came	along	to	move	to	Hawaii,	where	sea	urchins	are	abundant	and	sexually	mature	throughout	the	year,	the
Gibbons	family,	which	included	two	scientifically	literate	toddlers,	was	keen	for	the	next	adventure.In	the	mid	1960s,	the	University	of	Hawaii	had	recruited	Bob	Kane	to	help	design	a	new	marine	laboratory	on	an	oceanfront	site	close	to	downtown	Honolulu.	D	14,	2460–2473.	While	his	primary	concerns	involved	improving	the	company's	quality	of



service	and	further	extending	the	capabilities	of	PHOENICS,	he	continued	to	deliver	thought-provoking	papers	for	international	conferences	in	convective	heat	transfer	and	combustion,	at	least	one	every	year	and	often	more.	If	you	were	explaining	or	presenting	an	idea	to	him,	he	would	interrupt	with	a	‘hold	on,	what	do	you	mean	by …’,	and	you'd
better	know	what	you	were	talking	about,	whatever	the	subject.Ralf	Drautz	was	a	friend	and	colleague	of	David's:	David	would	rarely	accept	no	for	an	answer.	From	1924	they	lived	first	in	a	two-up	two-down	terrace	house	in	Liverpool	with	a	tin	bath	in	the	kitchen	and	a	WC	across	the	tiny	backyard.	He	received	his	BA,	MS	and	PhD	from	Harvard.	He
decided	to	use	his	experience	in	mammalian	chromosomes	and	initiated	the	study	of	amniotic	fluid,	and	his	life's	work	on	cell	development	finally	began.Leo's	main	characteristic	was	his	boundless	enthusiasm	for	and	curiosity	about	science.	That	year	coincided	with	increased	political	ferment	on	campus.	With	perfluorobutadiene,	CF3NO	yielded
mainly	an	elastomer	at	low	temperatures,	but	mainly	a	Diels–Alder	adduct	above	0°C,	even	though	perfluorobutadiene	is	generally	unreactive	towards	typical	dienophiles	(26).Several	papers	detailed	the	reactions	of	the	long-lived	free-radical	(CF3)2NO•,	a	purple	gas	called	the	‘magic	radical’	at	UMIST,	because	it	resists	decomposition	even	at	200°C.
He	held	this	position	until	1964.Boris’s	patience	was	renowned,	as	he	often	spent	up	to	48	hours	straight	in	his	laboratory	obtaining	detailed	Raman	spectra.	Stephen	first	used	a	transparent	1+3	covariant	formalism	developed	by	the	Hamburg	group	of	Otto	Heckmann,	Engelbert	Schücking,	Jürgen	Ehlers,	Wolfgang	Kundt,	Rainer	Sachs	and	Manfred
Trümper	to	examine	the	growth	of	density	perturbations,	rotational	perturbations	and	the	transmission	and	absorption	of	gravitational	radiation	in	both	standard	cosmologies	and	the	steady	state	universe	(4).	He	reasoned	that	if	flame	stability	were	achieved,	the	domestic	oil	burner	configuration	could	operate	at	the	high	heat	transfer	rates
desired.Under	Hawthorne's	direction,	the	prototype	jet	engine's	combustion	chambers	were	altered	to	improve	the	dispersion	of	droplets	of	fuel	within	their	air	streams,	enabling	the	prototype	engine's	development	to	continue.	Fused	quartz	capillaries	were	found	to	provide	a	suitably	neutral	medium.	In	his	final	paper,	in	2016,	he	returned	to
combustion	modelling	without	using	presumed	probability-density	function	profiles	(a	strategy	he	had	scorned	40	years	before).A	survey	of	his	extensive	contributions	to	the	broad	field	of	combustion	clearly	shows	the	originality	of	his	ideas	and	his	ability	both	to	model	complex	physical	and	chemical	processes	and	to	transform	their	effects	into
features	that	are	immediately	useful	to	the	practitioner.	The	‘peeling	off’	behaviour	and	the	asymptotic	group	are	derived.	This	gives	the	specificity	for	packaging	of	viral	RNA	over	other	cellular	RNAs.	With	P.	Front	row:	Leo	(right)	sitting	with	parents	Elijah	and	Louise.	Walter	Russell	at	the	Soil	Science	Laboratory,	which	led,	in	turn,	to	his
subsequent	DPhil	work	investigating	the	interaction	of	organic	materials	with	clay	mineral	surfaces—a	topic	that	fascinated	him	for	the	rest	of	his	life.His	DPhil	research	was	funded	by	the	Agricultural	Research	Council	and	was	intended	to	clarify	whether	esterifiable	hydroxyl	groups	existed	on	the	surface	of	the	clays,	and	whether	the	negative
charge	on	the	clays	arose	from	the	dissociation	of	hydrogen	from	these	hydroxyl	groups.	25,	152–166.	R.)	A	two-fluid	model	of	turbulence	and	its	application	to	heated	plane	jets	and	wakes.	I.)	Metal	carbonyl	chemistry.	However,	because	of	the	technical	competence	and	market	credibility	of	the	venture,	it	was	possible	to	sell	that	business	on	as	a
going	concern.One	aspect	of	becoming	a	division	chairman	in	ICI	was	an	increased	direct	interaction	with	the	ICI	Board.	Diarmuid	addressing	the	delegates	at	the	1980	FISITA	conference.Download	figureOpen	in	new	tabDownload	PowerPointThrough	a	combination	of	technical	and	commercial	skills,	Diarmuid	successfully	expanded	Ricardo	into	a
broader	global	arena	where	the	company	became	internationally	recognized	as	a	leading	automotive	consultancy,	in	particular	owing	to	his	leadership	and	visionary	skills.	(doi:10.1088/1475-7516/2014/01/015)	Google	Scholar(101)	2016	(With	Perry	M.	27,	119–131.	In	Hawthorne's	words,	again:	‘Each	engine	run	had	to	be	terminated	after	red	and
orange	patches	on	the	combustion	chamber	walls	threatened	to	burn	holes	in	them,	and	[fuel]	vaporizer	tubes	would	be	found	blocked	with	carbon	and	burned.’Hawthorne's	doctoral	thesis	research	bore	directly	on	the	Whittle	jet	engine's	difficulties,	and	he	was	‘loaned’	(as	he	would	say)	to	Power	Jets,	the	company	formed	to	develop	the	engine.	He
also	recognized	the	value	of	collaboration	through	research	alliances	such	as	with	the	International	Fertilizer	Development	Center,	to	undertake	strategic	research	on	the	extensive	loss	processes	associated	with	farmers’	use	of	urea	broadcast	on	paddy	soils,	and	with	the	Office	de	la	Recherche	Scientifique	d'outre-Mer	(ORSTOM),	on	the	ecology	of
floodwater	in	paddies.	Google	Scholar(36)	1984	(With	Malin	M.	1939The	use	of	chemical	potentials	as	indices	of	toxicity.	&	Siklos	S.	1998;	Okada	et	al.	145,	771–781.	(doi:10.1111/j.1365-2389.1975.tb01953.x)	ISI,	Google	Scholar(18)	1977	(With	Hamblin	A.	But	a	black	hole	can	be	formed	from	the	gravitational	collapse	of	any	collection	of	matter.	G.)
Organophosphorus	chemistry.	Butler,	John	then	showed	that	viral	assembly	is	much	faster	when	coat	protein	is	added	as	disks	rather	than	smaller	aggregates	(16).	Crossref,	Google	Scholar(13)	1970	(With	Wada	K.)	Selective	dissolution	and	differential	infrared	spectroscopy	for	characterisation	of	‘amorphous’	constituents	in	soil	clays.	Brian	and
Colleen	Spalding	with	their	sons	William	(left)	and	Jeremy	on	the	occasion	of	Brian	receiving	the	Franklin	Medal,	2011	(copyright	©	The	Franklin	Institute).	Preston	(FRS	1954).	David	became	seriously	ill	with	multiple	myeloma	at	the	age	of	just	52.	N.)	Generalized	spin	structures	in	quantum	gravity.	E.)	Polyfluoroalkyl	derivatives	of	nitrogen.
(doi:10.1039/c29700000662)	Crossref,	Google	Scholar(43)	(With	Barlow	M.	In	1971	he	was	invited	to	join	the	Board	of	Trustees	of	IITA	in	Ibadan,	Nigeria,	and	in	1974	he	was	granted	two	years'	leave	from	Reading	to	become	deputy	director	general	with	responsibility	for	research	programmes.	This	enjoyment	permeated	all	of	his	life	and	inspired	us
all.Leo's	pioneering	scientific	discoveries	and	contributions	over	more	than	50	years	of	research	won	him	recognition	both	in	Israel—receiving	the	prestigious	Israel	Prize	for	Natural	Sciences	in	1972—and	across	the	world—receiving	the	Wolf	Prize	in	Medicine	(together	with	J.	(doi:10.1039/p19730001066)	Google	Scholar(56)	(With	Barlow	M.	In
addition,	Björn	Afzelius	(Afzelius	1959)	had	described	similar	structures	in	sperm	flagella	and	had	suggested	that	they	might	function	to	produce	sliding	between	tubules	in	a	mechanism	reminiscent	of	that	proposed	for	the	cross-bridges	between	filaments	in	striated	muscle	(Huxley	&	Hanson	1954).	Besides	crystals	of	the	virus,	there	were	also
crystals	of	the	protein	shell	of	the	virus	without	nucleic	acid.	There	are	advantages	in	being	somewhat	detached	from	the	workface.	This	unit	consisted	of:	the	Bristol	Dental	Hospital,	the	Bristol	Eye	Hospital	and	the	Bristol	Oncology	Centre;	the	Directorates	of	Pathology	and	Clinical	Radiology	(including	the	Avon	Breast	Screening	Service);	the
Departments	of	Audiology	and	Medical	Physics;	the	Medical	Equipment	Management	Organisation;	the	Department	of	Pharmacy	(including	the	Regional	Drug	Information	Centre);	the	Regional	Breast	Cancer	Screening	Quality	Assurance	Reference	Centre;	and	the	Central	Sterile	Supplies	Department.	Acta	Microbiol.
(doi:10.1103/PhysRevLett.21.202)	Crossref,	ISI,	Google	Scholar(14)	1970	(With	Gornall	W.	When	he	was	explaining	something,	he	would	stop	after	a	couple	of	sentences	and	fix	you	with	that	piercing	look	until	he	felt	sure	you	were	following	him	before	he	carried	on	or	backtracked	to	help	you.	London,	UK:	Bantam	Books.	He	was	not	a	‘committee
man’	and	preferred	to	focus	on	science	rather	than	on	science-politics,	and	he	undertook	few	administrative	duties	apart	from	serving	on	the	council	of	the	Marine	Biological	Association	for	three	years.	(doi:10.1016/S0920-5632(97)00377-0)	Crossref,	Google	Scholar(87)	1998	(With	Cassidy	M.	&	Quéré	D.)	Goutes,	bulles,	perles	et	ondes.
(doi:10.1088/0022-3719/21/1/007)	Crossref,	Google	Scholar(17)	1989New	many-body	potential	for	the	bond	order.	Correlating	the	sidedness	with	the	known	absolute	hand	of	tilting	enabled	him	to	determine	the	handedness	of	the	basic	helix	that	gives	rise	to	this	asymmetric	appearance.In	parallel	with	the	investigation	of	the	intact	virus,	smaller
aggregates	of	the	coat	protein	were	also	studied,	in	particular	the	two-layered	disk	(Figure	4).	He	excelled	in	analytical	and	lateral	thinking,	and	was	described	by	one	of	his	close	ICI	friends	and	colleagues	after	his	death	as	a	‘boffin's	boffin’.	In	a	natural	progression	from	this	work,	Stephen	played	a	key	role	developing	the	theory	of	inflationary
fluctuations,	for	which	there	is	now	excellent	observational	evidence.	This	length	scale	is	fundamental	to	explaining	the	stability	of	microemulsions,	as	shown	later	in	a	series	of	papers	by	Sam	Safran	and	others,	then	working	at	Exxon	laboratories	in	New	Jersey,	where	Pierre-Gilles	was	a	welcome	visitor.In	the	mid	1980s	Pierre-Gilles	became
interested	in	the	more	general	problems	of	wettability	and	motion	of	a	contact	line	(for	instance,	a	droplet	of	rain	rolling	down	a	window).	(doi:10.1038/352345a0)	Crossref,	PubMed,	ISI,	Google	Scholar(16)	(With	Lotem	J.)	Hematopoietic	cells	from	mice	deficient	in	wild-type	p53	are	more	resistant	to	induction	of	apoptosis	by	some	agents.	However,
after	his	experiences	in	South	Africa,	he	was	undecided	whether	to	pursue	a	scientific	career	or	become	involved	in	something	more	overtly	social	and	political.	With	Perry	and	Andrew	Strominger,	Stephen	found	that	the	no	hair	theorems	needed	modification	to	take	account	of	what	is	known	as	‘soft	hair’	[101]	(figure	10).	It	was	led	by	Peter
Wohlfarth	and	included	David	Edwards,	Alex	Hewson,	Dennis	Newnes,	Roy	Jacobs	and	Peter	Young.	To	get	to	that	stage,	however,	Spalding	directed	his	attention	to	other	multi-phase	phenomena.After	developing	a	satisfactory	calculation	method	for	single-phase	problems,	Spalding	turned	his	attention	to	multi-phase	flows,	for	which	he	proposed	the
inter-phase-slip	algorithm	(IPSA),	in	which	each	phase	is	assumed	to	form	a	continuum,	interpenetrating	other	phases	(34).	Physics	Reports	139,	1–49.	However,	he	had	trouble	with	his	back,	which	was	diagnosed	as	a	tubercular	spine	by	the	RAF	hospital	in	St	Athen	in	Wales.	John	used	the	van	to	take	the	boys	and	their	friends	to	scout	camp	each
year.	He	spent	part	of	1961	in	Ottawa	at	the	National	Research	Council	of	Canada,	studying	the	infrared	spectra	of	sterically	constrained	phenols	in	the	laboratory	of	Keith	Ingold	(FRS	1979),	and	in	the	same	year	was	appointed	assistant	lecturer	in	chemistry	at	UMIST,	becoming	lecturer	in	chemistry	in	1964.	Following	Newman	and	Penrose,
Stephen	showed	that	‘peeling’	theorems	established	in	the	asymptotically	flat	case	held	also	in	more	general	scenarios	in	a	slightly	modified	form,	and	derived	the	asymptotic	symmetry	group.	The	black	hole	uniqueness	theorems	showed	that	the	only	properties	that	a	classical	black	hole	can	have	are	its	mass,	electric	charge	and	angular	momentum.
David	was	intrigued	by	the	apparent	conflict	between	these	two	approaches,	one	ionic	and	the	other	band-like.	He	was	keen	on	radios,	making	his	first	crystal	radio	set	when	he	was	a	young	lad,	and	he	later	built	and	repaired	his	own	motorcycles	and	cars.	Virology	38,	182–185.	Crossref,	ISI,	Google	Scholar(2)	1951Secondary	circulation	in	fluid	flow.
At	the	time	there	may	have	been	some	scepticism	as	to	whether	black	holes	could	exist,	simply	because	their	properties	seemed	unpalatable	to	many.	A	full	bibliography	is	available	as	electronic	supplementary	material	at	and	1)	1954	(With	Middleton	J.	37	(1),	2006)	Pierre-Gilles	de	Gennes,	or	‘PGG’	as	he	was	called	by	his	friends	and	students,	was
born	on	24	October	1932	in	Paris.	A	‘multiverse’	of	Stephen's	former	PhD	students	celebrating	his	sixtieth	birthday	in	2002.	When	tested,	it	was	found	that	as	the	engine	speed	increased	the	turbine	inlet	temperature	increased	much	more	rapidly	than	expected,	so	the	rotational	speed	was	limited	to	below	the	design	value.	The	three	Mond	Division
research	laboratories	at	the	Heath,	Widnes	and	Winnington	had	a	complement	of	some	1000	research	and	associated	workers.	His	realization	that	any	improvements	had	to	be	free	of	the	need	for	financial	capital	was	visionary	at	that	time	and	resulted	in	a	proposal	containing	five	key	elements,	all	of	which	were	compatible	with	some	components	of
existing	shifting	cultivation	practices:	i)	zero	tillage	combined	with	plant	residue	mulches;	ii)	mixed	crops	of	high-yielding	varieties	that	are	pest	and	disease	resistant;	iii)	fertilizers	to	replace	the	phosphorus	and	other	nutrients	sold	‘off-farm’;	iv)	legumes	with	active	nitrogen-fixing	rhizobia	to	supply	nitrogen	to	crops	and	soils;	and	v)	control	of	acidity
by	means	of	ash	or	mulches	of	deep-rooted	species	or	by	lime	and	trace	elements	where	these	are	readily	available	(16).	Brian	and	Eda	(with	her	daughter	Puppele)	ended	up	in	Britain	and	were	married	on	8	November	1947.	F:	Metal	Physics	8,	219–230.	His	last	book,	published	posthumously,	was	entitled	Brief	answers	to	the	big	questions
(103).Stephen	enjoyed	his	work,	the	company	of	other	scientists,	trips	to	the	theatre	and	the	opera	and	his	travels,	which	would	have	exhausted	even	a	fully-fit	academic	(figure	6).	On	one	bus	he	met	his	future	wife,	then	Dr	Ida	Björnsson,	an	Icelander	who	was	teaching	at	the	Highlands	University	in	New	Mexico	and	who	was	the	first	woman	in
Iceland	to	gain	a	PhD.	and	Hottel	H.	The	plans	were	jointly	prepared	by	Paints	Division	and	the	appropriate	ICI	subsidiary.The	collaborative	and	shared	ownership	model	of	technological	and	business	development	was	successful,	but	not	all	of	the	ventures	of	Paints	Division	at	that	time	did	so	well.	The	DC–electric-field	coupling	of	the	2s	and	2p	states
in	atomic	hydrogen	leads	to	resonantly	enhanced	second-order	susceptibility	with	reduced	absorption	at	the	second-harmonic	wavelength,	and	exact	phase	matching	at	the	centre	of	the	Stark-split	components.	Google	ScholarThorne	K.	This	work	was	developed	under	the	guidance	and	strong	support	of	Sciama,	his	research	supervisor.	Acta	Technica
Acad.	(doi:10.1083/jcb.102.6.2042)	Crossref,	PubMed,	ISI,	Google	ScholarSale	W.	Further	papers	on	this	subject	followed	(9,	12).The	work	carried	out	on	pre-ignition	(4)	may	be	summarized	as	follows:	pre-ignition	and	auto-ignition	are	uncontrolled	ignition	of	combustible	mixture	in	an	engine	by	a	hot	surface.	His	pioneering	studies	analysing
ultrasonic	Doppler	blood	flow	signals	from	arteries	and	tumours,	both	for	detecting	disease	and	for	characterizing	and	measuring	blood	flow	in	the	abdomen	and	the	foetus,	are	still	clinically	relevant	today	or	were	the	basis	of	subsequent	developments,	both	in	instrumentation	and	diagnosis.Subsequent	work	focused	on	studies	of	the	origin	and
effects	of	acoustic	speckle	on	ultrasonic	images.	The	computer	program	could	thus	provide	the	pathway	for	solving	the	general	equation	with	many	different	meanings	assigned	to	ϕ.	Acta	Mater.	First,	elegance:	Pierre-Gilles	was	a	master	of	his	subject,	with	sure	judgement	but	no	hint	of	hubris	or	arrogance.	&	Wolfshtein	M.)	Heat	and	mass	transfer	in
recirculating	flows.	Subsequently,	he	won	a	scholarship	to	study	at	Portsmouth	Grammar	School	(1941–1948).	The	2D	methods	developed	earlier	were	intrinsically	tied	to	two-dimensionality	through	their	use	of	stream	function.	An	immediate	question	was	whether	the	topology	might	change	dynamically.	(ed.	Leo	paid	attention	to	every	word	and	little
detail,	emphasizing	the	importance	of	clarity,	especially	in	the	abstract,	so	that	even	a	reader	outside	the	field	would	understand	the	questions,	the	experiments	done	to	answer	them,	the	results	obtained	and	the	conclusions	and	implications.	E.)	Heterocyclic	polyfluoro-compounds.	Proc.	26,	707–712.	Hubbard	(1967)	showed	that	this	H-NFE-TB	form
could	be	derived	directly	from	the	KKR	secular	equation	by	performing	a	Ewald	split	on	the	KKR	structure	constants	and	by	assuming	the	d	electrons	scatter	resonantly.	2018,	147.	At	first,	Summers	was	unable	to	reproduce	this	response	in	sea	urchin	axonemes,	and	so	he	tried	using	the	protein-digesting	enzyme	trypsin	to	do	some	controlled	nicking
of	the	axoneme	to	allow	the	ATP	into	the	structure.	From	the	X-ray	experiments	it	had	not	been	possible	to	deduce	the	absolute	hand	of	the	helical	families,	so	this	was	an	important	finding.	1981Terminal	differentiation	of	human	promyelocytic	leukemic	cells	in	primary	culture	in	response	to	retinoic	acid.	&	Critchley	R.	226,	301–312.	It	was	not	public
knowledge	that	his	wife	was	then	terminally	ill.	A	full	bibliography	is	available	as	electronic	supplementary	material	via	1)	1949The	reactions	of	fluorocarbon	radicals.	By	1989,	this	sub-unit	comprised	the	Departments	of	Pathology,	Radiodiagnosis,	Medical	Physics	and	Pharmacy,	the	Avon	Breast	Screening	Service,	the	Department	of	Audiology,	the
Regional	Drug	Information	Centre	and	the	Regional	Breast	Cancer	Screening	Quality	Assurance	Reference	Centre.	&	Pope	C.	With	the	endeavour	well	launched,	he	passed	over	the	role	to	his	former	student,	Wolfgang	Rodi,	but	was	pressed	into	becoming	honorary	president	of	the	association.In	the	early	1960s,	Spalding	had	formed	a	friendship	with
another	Soviet	scientist,	Veniamin	Levich,	that	evolved	into	an	enduring	family	relationship.	During	the	progress	of	sequencing	the	cDNA	encoding	the	beta	chain,	Gibbons	happened	to	learn	that	Kazuo	Ogawa,	a	former	postdoctoral	student	in	the	Gibbons	lab	who	had	moved	to	Japan,	was	engaged	in	sequencing	the	same	dynein	heavy	chain	from	a
different	species	of	sea	urchin.	They	then	recognized	that	a	conventional	finite-difference	method	(used	for	heat	conduction,	for	example)	also	treated	such	discrete	values	as	unknowns;	so,	why	not	re-cast	the	profile	method	directly	as	a	finite-difference	method?	This	work	led	to	the	first	comprehensive	study	of	blood	flow	in	the	splanchnic	vessels	in
patients	with	cirrhosis	and	portal	hypertension	(16).He	developed	a	novel	three-dimensional	infrared	confocal	and	acoustic	microscope.	Bob	with	the	Duke	of	Edinburgh	at	the	opening	of	the	new	Chemistry	Building	(courtesy	of	Mrs	S.	(doi:10.1139/p56-039)	Crossref,	ISI,	Google	Scholar(5)	1957High	resolution	Raman	spectroscopy	of	gases	IX:	spectra
of	H2,	HD	and	D2.	By	perturbing	the	Weyl	curvature	a	gauge-invariant	description	was	achieved.	At	each	location,	each	phase	has	a	volume	fraction	and	its	own	velocity	and	temperature	field.	Peter's	contributions	to	the	development	of	the	attenuation-compensated	first-moment	ultrasonic	Doppler	blood	flow	volume	ratemeter	were	the	first	practical
demonstrations	that	cardiac	output	could	be	accurately	measured	non-invasively	by	correcting	the	ultrasonic	Doppler	signal	for	tissue	attenuation	estimated	from	the	backscattered	power	(13,	14).	Blood	72,	2070–2073.	&	Metzner	A.	In	his	letter,	David	noted	that	the	Third	World	had	already	realized	from	bitter	experience	that	the	technology	offered
to	them	by	the	West	was	usually	divorced	from	their	real	needs	and	costly	in	its	implementation.	E.,	Burgess	J.	The	algorithm	first	solves	the	momentum	equations	by	using	an	estimated	pressure	field,	p*.	In	November	1962,	with	the	benefit	of	considerable	advice	from	Barbara,	who	had	extensive	previous	experience	with	protein	chemistry,	Gibbons
acquired	a	set	of	the	famed	Carlsberg	micropipettes	(hand-blown	to	±1%	accuracy	by	H.	Instn	Mech.	It	is	a	pleasure	to	report	that	this	view	still	prevails,	that	the	technical	and	intellectual	trans-Atlantic	connections	fostered	by	Hawthorne	are	still	strong,	and	that	the	collaboration	is	still	vigorous.Hawthorne	remained	Hopkinson	and	ICI	Professor	at
Cambridge	until	1980.	(b)	First	stage:	the	chain	has	moved	to	the	right	by	reptation.	Dennis	sought	to	distinguish	those	practices	that	lead	to	permanent	soil	degradation	(such	as	water	erosion)	from	those	that	lead	to	temporary	degradation	(such	as	loss	of	organic	carbon)	that	can	be	reversed	through	changed	management.	The	syllabus,	with	a	set
of	carefully	prepared	lectures,	touched	on	light	in	the	open	air	(atmospheric	phenomena),	astronomy,	religion,	literature,	art,	architecture,	film,	live	theatre,	psychology,	health	and	medicine.	&	Sciama	D.	President	Barack	Obama	talks	with	Stephen	Hawking	in	the	Blue	Room	of	the	White	House	before	a	ceremony	presenting	him	and	15	others	with
the	Presidential	Medal	of	Freedom	on	12	August	2009.	(doi:10.1007/BF00006879)	Crossref,	ISI,	Google	Scholar(29)	1995The	phytoplankton	as	an	increasingly	compound	photosynthetic	system:	an	historical	perspective.	The	combination	of	incisive	experimentation	and	observation,	leading	to	an	understanding	of	processes	in	soils	and	linked	to	the
development	of	improved	techniques	for	managing	soils,	was	a	hallmark	of	his	work	here	and	in	the	future.Dennis	commenced	a	series	of	experiments	to	investigate	the	mechanisms	leading	to	the	adsorption	by	clays	(especially	montmorillonite	and	illite)	of	sugars,	polyvinyl	alcohols,	amino	acids	and	peptides,	alkylammonium	ions	and	polysaccharides.
Many	of	these	innovations	in	research	practice	were	not	regarded	as	routine.One	especially	innovative	example	of	what	might	be	referred	to	as	thought	intensification	or	project	planning	intensification	was	the	interaction	between	senior	scientific	and	commercial	staff	ICI-wide	to	develop	the	concept	of	the	scientist	in	industry	as	a	designer.
(doi:10.1039/p19750002005)	PubMed,	Google	Scholar(65)	(With	Fields	R.	Like	his	father,	he	is	a	graduate	of	the	University	of	Liverpool	(BSc	1967,	PhD	1970,	DSc	1989)	and	has	spent	most	of	the	rest	of	his	academic	career	at	the	University	of	Strathclyde,	where	he	was	Freeland	Professor	of	Chemistry	from	1989	to	2012.	393–415.	While	his	results
demonstrated	that	chromatin	aggregates	into	folded	sheets	during	the	reshaping	of	the	rounded	spermatid	nuclei	into	the	elongated	shape	of	mature	sperm	heads,	possibly	as	a	result	of	the	switch	from	histone	to	protamine	as	the	major	protein	component	of	chromatin	(2),	Gibbons	himself	described	the	research	as	‘not	inspiring’.	(doi:10.1016/0550-
3213(80)90151-0)	Crossref,	ISI,	Google	Scholar(47)	Acausal	propagation	in	quantum	gravity.	P.)	Mineralogy	of	soils	from	the	Holocene	volcanic	area	of	northern	Australia.	26,	1344–1346.	Singapore:	World	Scientific.	The	solution	for	the	whole	field	was	obtained	iteratively	by	point-by-point	calculation.	At	the	MIT	service,	two	former	MIT	presidents
gave	their	remembrances	and	the	service	was	followed	by	a	tour	of	the	MIT	Gas	Turbine	Laboratory.	(doi:10.1007/BF01208279)	Crossref,	ISI,	Google	Scholar(51)	1982	(With	Moss	I.	H.)	Calcium-induced	quiescence	in	reactivated	sea	urchin	sperm.	169,	413–428.	Even	so,	language	and	its	communication	remained	a	consummate	fascination
throughout	his	life.	A	formulation	of	quantum	mechanics	general	enough	for	cosmology	was	started	by	Hugh	Everett	and	developed	by	many.	2018,	98.	The	nurses	showed	their	appreciation	in	the	feedback:	‘Fantastic.	(Photograph	courtesy	of	Wendy	and	Peter	Gibbons.)	Download	figureOpen	in	new	tabDownload	PowerPointGibbons’	passion	for
collecting	and	attention	to	detail	manifested	itself	at	an	early	age	in	the	form	of	a	stamp	collection	he	began	as	a	schoolboy.	7,	697–716.	John	was	a	keen	gardener	and	one	of	his	first	jobs	on	coming	in	from	LMB	was	to	check	the	garden	and	water	the	plants.	The	two	assembled	the	structures	into	a	ring	with	a	diameter	of	125–135	Å	and	a	central
space	of	15–20	Å	(30).	In	2015	the	College	commissioned	a	sculpture,	a	stylized	sphere	placed	in	the	quadrangle	and	entitled	‘serenity’,	to	commemorate	his	and	Ursula	Franklin's	significant	contribution	to	the	life	of	the	College	as	Senior	Fellows.	Charles’s	work	on	the	Royal	Commission	led	to	a	further	environmentally-related	contribution,
membership	of	the	management	committee	of	the	Surface	Water	Acidification	Programme	established	by	the	Royal	Society	and	the	Royal	Societies	in	Sweden	and	Norway,	which	investigated	the	causes	and	possible	amelioration	of	water	quality	in	Scandinavian	lakes.	In	an	institute	then	well	known	for	its	hierarchy	and	formality,	Dennis	was	the
unofficial	patron	and	chief	supporter	of	the	erratic	though	ever	enthusiastic	IRRI	cricket	team.	Google	ScholarLund	J.	At	times	this	made	me	feel	really	small,	but	I	soon	realized	I	was	dealing	with	a	giant.	G.)	Botanical	and	limnological	methods	with	special	reference	to	the	algae.	Charles	contributed	as	widely	as	he	could	to	university	activities:
playing	hockey	and	editing	the	undergraduate	newspaper,	Guild	Gazette.	In	the	classification	scheme	developed	in	his	paper	of	1979	with	Gibbons,	Stephen	christened	these,	slightly	whimsically,	NUTS	and	BOLTS	respectively	(42).	1941The	exchange	of	dissolved	substances	between	mud	and	water	in	lakes.	On	arrival	in	Tanzania	he	soon	became
fully	involved,	not	only	in	the	physics	department	but	also	as	a	tutor	in	the	university's	Development	Studies	programme,	where	nearly	90%	of	the	physics	students	were	bonded	to	become	teachers,	and	they	spent	part	of	their	vacations	on	teaching	practice.In	August	1973	David	sent	a	letter	to	Physics	Bulletin,	published	by	the	Institute	of	Physics,	in
response	to	John	Ziman's	(FRS	1968)	guest	leader	in	the	May	issue.	His	goal	was	to	establish	a	materials	modelling	laboratory	(MML)	to	model	materials	theoretically	and	computationally	across	length	and	time	scales	in	collaboration	with	the	strong	experimental	groups	within	the	department	and	with	industry.	&	Wheeler	R.	Indeed,	numerous	upper
limits	on	the	density	of	PBHs	in	various	mass	ranges	already	constrain	models	of	the	early	universe.	36,	327–325.	&	Aoki	M.)	Bond-order	potentials:	theory	and	implementation.	Part	IV:	Polyfluoroalkyl-silanes,	-silicones,	and	-polysiloxanes	derived	from	perfluoroalkylethylenes	or	vinylsilanes.	He	had	a	huge	range	of	interests	and	regularly	chaired	late
evening	discussions	in	the	college.	The	orientation	towards	science/engineering	was	nurtured	by	their	father's	subscriptions	to	New	Scientist	and	Discovery	and	Endeavour.David	and	John	went	to	St	John's	College	between	1954	and	1962,	one	of	the	top	three	private	schools	in	South	Africa.	Thus	it	contains	many	illuminating	examples	and	sketches	…
.	D	77,	123537.	Despite	his	efforts,	these	failed	too	and	so	we	resorted	to	the	department	director.	He	established	what	was	probably	the	first	‘user-group’	for	those	engaged	in	CFD	and	the	peer-reviewed	PHOENICS	Journal.	London,	UK:	Bantam	Press.	N.)	How	probable	is	inflation?Nucl.	Nature	195,	587–589.	In	the	second	set	of	experiments,	Boris
and	W.	There	is	an	inescapable	parallel	with	the	second	law	of	thermodynamics	and	at	the	time	it	was	termed	the	second	law	of	black	hole	mechanics,	or	sometimes	just	the	area	theorem.Following	the	derivation	of	the	area	theorem,	the	early	1970s	saw	three	crucial	developments	in	classical	black	hole	theory:	the	cosmic	censorship	hypothesis,	the
‘no	hair’	theorem	and	the	laws	of	black	hole	mechanics—Stephen	played	an	important	role	in	all	of	these.The	cosmic	censorship	hypothesis	arose	from	the	demonstration	by	Werner	Israel	(FRS	1986)	in	1967	that	unless	the	remnant	of	a	non-rotating	collapsing	star	was	exactly	spherical,	the	singularity	it	contained	would	be	visible	to	outside	observers
(Israel	1967).	T.,	Couch	E.,	Chinnapared	K.,	Exton	A.,	Prakash	A.	1961Halothane,	the	first	five	years.	Low	Pollution	Power	Systems	Development,	14–19	October,	Ann	Arbor,	Michigan.	B	117,	175–178.	With	Barbara	watching	over	his	shoulder,	Gibbons	was	rewarded	by	being	able	to	see,	for	the	first	time,	the	actual	sliding	apart	of	trypsin-treated
axonemes	into	their	component	doublet	microtubules	as	ATP	flowed	in	from	the	side.	(doi:10.1098/rspa.1951.0076)	Link,	ISI,	Google	Scholar(3)	1953	(With	Weddell	D.	While	other	groups	addressed	only	‘pure’	boundary	layers	where	velocity	increased	monotonically	from	zero	at	the	wall	to	the	prevailing	external	velocity	at	the	edge	of	the	boundary
layer,	Spalding	(with	a	view	to	cooling	gas-turbine	combustion	chambers)	included	‘wall	jets’	where	the	maximum	velocity	occurred	within	the	boundary	layer	and,	indeed,	jets,	wakes	and	mixing	layers	where	rigid	boundaries	were	absent	(13).While	undoubtedly	Spalding's	Unified	Theory	was	ambitious,	its	limitations	became	evident	as	more	complex
applications	were	considered.	Douville,	CHOICE,	May,	2004)	"The	whole	book	is	in	the	same	spirit,	which	is	very	enjoyable	…	.	Following	graduation,	he	was	awarded	a	post-graduate	state	bursary	for	one	year's	further	study.The	opportunities	for	research	at	universities	were	limited	on	account	of	the	war	and	so	Diarmuid	was	given	a	place	at	Ricardo
&	Company	Engineers	(1927)	Ltd.	Many	other	friends	and	former	colleagues	have	contributed	information	and	recollections,	including	patient	replies	to	our	questions.	(doi:10.1088/0370-1328/92/4/313)	Crossref,	Google	ScholarMiedema	A.	This	becomes	even	more	difficult	when	working	with	the	unusually	long	14	kb	transcripts	of	dynein.Toward	the
end	of	their	time	in	Honolulu,	Barbara	was	looking	forward	to	retiring	and	moving	closer	to	their	children,	Wendy	and	Peter,	whereas	Ian	still	yearned	to	follow	up	on	more	ideas	for	dynein	experiments	and	had	an	NIH	grant	that	was	funded	for	another	five	years.	10,	602–603.	These	reports	remain	as	markers	for	rational	and	systematic	evaluation
with	the	good	of	the	environment	as	the	prime	driver.	In	1951	Diarmuid	published	a	paper	with	R.	The	exceptionally	devoted	research	couple	agreed	to	compromise	by	both	retiring	and	moving	from	Hawaii	to	an	area	close	to	the	University	of	California	at	Berkeley	in	1997.	cm.	Thus,	the	no	boundary	proposal	provides	a	foundation	for	inflationary
cosmology.Many	successful	cosmological	predictions	had	been	made	using	quantum	fields	assuming	classical	background	space-times;	but	classical	behaviour	is	not	a	given	in	a	quantum	universe.	As	discussed	in	Section	9,	earlier	work	of	Stephen	with	Hartle	demonstrated	the	power	of	Euclidean	geometry	to	help	understand	the	quantum	Hawking
radiation	from	evaporating	black	holes	(32).	&	Curr	R.	He	was	awarded	a	scholarship	to	attend	the	Higher	Grade	School	in	Hanley,	now	part	of	Stoke-on-Trent,	where	he	obtained	a	first	class	pass	in	stage	3	of	the	South	Kensington	Board	of	Education	mathematics	examination	in	1906.	E.)	Structure	of	turnip	yellow	mosaic	virus.	New	York,	NY:
Springer.)	Google	ScholarPage	2Diarmuid	Downs	was	born	in	Kilburn,	London,	on	23	April	1922	to	John	and	Ellen	Downs.	Solid	State.	1968).	A	full	bibliography	is	available	as	electronic	supplementary	material	at	1)	1948	(With	Wheeler	R.	This	culminated	in	a	paper	(21)	that	presented	a	rigorous	theoretical	and	practical	evaluation	of	methods	such	as
amperometric	titration	of	oxygen,	as	well	as	those	based	on	a	deep	understanding	of	the	complicated	carbonate	system,	such	as	potentiometric	Gran	titration	and	pH-stat.Upon	his	retirement	at	age	60	in	1989,	Jack	continued	as	an	FBA	Honorary	Research	Fellow	and	subsequently	became	a	vice	president	of	the	FBA	in	1996.	The	model	was	used
together	with	an	equation	for	the	mean-square	scalar	fluctuations	to	successfully	compute	concentration	fluctuations	in	a	round	jet	(21).	Government-funded	research	studentships	were	not	available	on	the	scale	he	needed,	and	not	all	prospective	research	students	were	eligible.	This	led	to	a	series	of	10	papers	during	the	1970s	on	routes	to	carbenes.
D.)	Structure	and	functional	role	of	dynein's	microtubule-binding	domain.	(doi:10.1039/jr9650005602)	Google	Scholar(33)	1966	(With	Banks	R.	Download	figureOpen	in	new	tabDownload	PowerPointJack	visited	the	East	African	Freshwater	Fisheries	Research	Organization	(EAFFRO),	based	on	the	lake	at	Jinja	in	Uganda,	and	maintained	links	there	for
many	years.	Google	Scholar(35)	The	writing	of	technical	reports.	Spinks	had	been	prompted	to	act	by	the	discovery	that	vinyl	chloride	monomer	was	carcinogenic,	and	he	wanted	to	minimize	the	risk	that	ICI	handle	or	sell	carcinogenic	compounds.	Bernal	(FRS	1937),	as	Rosalind	did	not	have	a	university	appointment.Bernal	was	head	of	the
Department	of	Physics,	but	he	had	always	had	an	intense	interest	in	solving	the	structure	of	proteins,	regarding	this	as	an	essential	step	towards	understanding	living	processes.	As	well	as	passing	on	his	deep-seated	enthusiasm	for	the	natural	world,	he	took	a	keen	interest	in	his	children's	activities	(figure	4).	His	fifth	paper	(4),	was	based	on	viewing
and	modelling	the	phytoplankton	as	a	compound	photosynthetic	system,	where	productivity	under	a	unit	surface	area	was	controlled	by	the	photosynthetic	characteristics	of	the	algae	and	the	environmental	conditions.	Peter,	Boris	and	Joan	Stoicheff	in	1957.	Stoicheff	Fonds.	Towards	the	end	of	the	war	he	joined	Associated	Industrial	Consultants
(AIC),	which	took	him	to	Keighley,	West	Yorkshire,	where	David	was	born	with	his	twin	brother	John	in	March	1945.	&	Townsend	P.	He	also	took	on	the	mantle	of	head	cook	at	home	and	greatly	enjoyed	creating	elaborate	and	imaginative	dishes	inspired	from	his	many	travels.	This	displacement	of	water	molecules	from	the	surface	of	clay	particles
frequently	dominates	the	adsorption	reaction,	and	its	importance	was	further	demonstrated	in	studies	using	polyethylene	glycol	(12).	To	solve	this	problem,	Spalding	adopted	a	‘staggered	grid’,	where	the	velocity	components	were	stored	at	displaced	locations	relative	to	the	grid	points	for	pressure.	Sitting	on	the	podium,	David	looked	out	over	a	sea
of	white	faces.	Stephen	first	put	forward	a	proposal	along	these	lines	at	a	conference	in	the	Vatican	in	1981,	where	he	suggested	that	the	universe	began	with	a	regular	Euclidean	geometry	having	four	space	dimensions	which	made	a	quantum	transition	to	a	Lorentzian	geometry	with	three	space	dimensions	and	one	time	dimension	that	we	have	today
(52).To	put	this	idea	on	a	solid	footing	required	a	quantum	state—a	wave	function	of	the	universe.	2003Advanced	gas	turbine	cycles.	In	1976	the	college	awarded	him	an	honorary	fellowship.In	1955,	although	only	30,	Bob	was	awarded	the	higher	doctorate	of	DSc	by	the	University	of	Birmingham,	and	in	1957	he	was	awarded	an	ScD	by	the	University
of	Cambridge,	both	earned	rather	than	honorary	doctorates,	marking	his	position	as	an	authority	in	his	field.In	1957,	Bob	became	professor	of	chemistry	and	head	of	department	at	the	Manchester	College	of	Science	and	Technology.	Part	I:	Reaction	of	trichlorosilane	with	tetrafluoroethylene.	E.,	Morse	A.	•	New	formulations	of	quantum	mechanics.	He
undertook	detailed	studies	of	the	stimulated	Raman	effect	in	liquid	nitrogen	and	oxygen	as	well	as	diamond,	obtaining	reliable	values	for	the	Raman	gain	and	the	spectral	and	angular	properties	of	stimulated	emission	in	the	presence	of	competing	nonlinear	optical	effects.	He	was	shy	and	modest	and	acknowledged	that	he	was	socially	awkward	and
under-confident.	In	1959,	however,	Dr	Duncan	Davies	arrived	as	research	manager	and	facilitated	Charles’s	promotion	to	assistant	research	manager	with	responsibility	for	a	number	of	sections.In	terms	of	products,	the	next	key	innovation	was	the	total	weedkiller	paraquat,	which	is	also	still	available.	(doi:10.1016/j.pmatsci.2006.10.004)	Crossref,
ISI,	Google	Scholar(24)	1997Computer-aided	materials	design:	bridging	the	gaps	between	physics,	chemistry	and	engineering.	H.)	Land	resources:	on	the	edge	of	the	Malthusian	precipice?Wallingford,	UK:	CAB	International.	3596–3609	(doi:10.1021/jp9011894)	(	.Bibliography(1)	1966Superconductivity	of	metals	and	alloys.	W.),	pp.	Google
ScholarGreitzer	E.	At	this	time,	following	the	development	of	the	‘more	powerful’	electron	microscope,	use	of	light	microscopy	under	dark-	field	conditions	to	observe	objects	smaller	than	the	wavelength	of	light	had	fallen	into	disuse.	(doi:10.1039/dt9740002509)	Google	Scholar(60)	(With	Barlow	M.	However,	for	his	personal	leisure	time,	he	was	not
interested	in	extensive	travel	to	exotic	holiday	locations	on	the	other	side	of	the	world,	but	preferred	Ireland,	where	his	family	had	roots.	While	there	is	no	direct	mention	of	Spalding's	involvement,	he	has	acknowledged	his	participation	(Begell	1983).	Jack	sampling	on	Lake	Victoria	in	1960.	At	the	30th	anniversary	of	its	launch,	he	apologized	‘for	still
finding	ways	to	improve	PHOENICS’.	Jack	and	Ida	were	married	in	Innsbruck,	Austria,	in	November	1959	and	settled	in	Windermere,	eventually	to	a	new	house	with	dramatic	views	of	the	Lakeland	fells	in	1964.	Figure	3.	Publ.	A	new	syllabus	was	introduced	with	smaller	than	usual	classes,	bringing	a	rigorous	and	disciplined	approach	to	what	had
been	a	woolly	subject	in	engineering	courses.	Examples	are	the	study	of	the	behaviour	of	polymers	at	interfaces,	the	(re)discovery	of	depletion	interactions	between	colloidal	particles	already	proposed	by	Akasura	and	Oosawa,	the	very	detailed	description	of	polymer	adsorption	which	plays	an	essential	role	in	colloidal	stability,	and	the	scaling
descriptions	of	polymer	brushes,	polyelectrolytes,	block	copolymers,	branched	polymers	and	other	materials	of	increasing	complexity	and	industrial	relevance.In	the	early	1980s	the	problem	of	enhanced	oil	recovery	(which	involves	pumping	residual	oil	out	of	a	rock	formation	by	displacing	it	with	a	second	fluid),	led	Pierre-Gilles	to	study	the
foundations	of	emulsification	and	surfactant	behaviour,	and	in	particular	the	formation	of	thermodynamically	stable	microemulsions,	in	which	interpenetrating	domains	of	oil	and	water	are	stabilized	by	a	surfactant	film.	(doi:10.1038/295110a0)	Crossref,	PubMed,	ISI,	Google	ScholarStubbs	G.,	Warren	S.	(doi:10.1103/PhysRevLett.15.689)	Crossref,
ISI,	Google	Scholar(4)	1966Perturbations	of	an	expanding	universe.	In	most	cases,	however,	the	dominant	contributions	to	the	free	energy	or	the	choice	of	the	Onsager	coefficients	requires	a	deep	understanding	of	the	physics	involved.	A.)	Ultrasonic	liver	scanning:	the	quantitative	analysis	of	the	normal	A-scan.	Dalton	Trans.1446–1448.	Suppose	two
black	holes	collide.	Subsequently,	a	clinical	trial	showed	that	all-trans	RA	(ATRA)	produced	remarkable	complete	remission	in	more	than	95%	of	APL	patients,	with	evidence	for	leukaemic	cell	morphological	maturation	in	all	patients	(Huang	et	al.	Faithful	to	his	earlier	decision,	in	1952	he	at	last	moved	to	Israel	and	the	Weizmann	Institute	of	Science
(WIS).The	experience	of	being	a	refugee	remained	with	him	and	left	him	deeply	sceptical	and	wary	of	any	claim	to	certainty.	Adv.	However,	Sir	Lawrence	Bragg	(FRS	1921),	director	of	the	Royal	Institution,	was	very	interested	in	the	project	and	he	allowed	John	to	continue	to	use	the	X-ray	set	up	there,	even	though	the	containment	facilities	were	no
better	than	at	Birkbeck.	Welsh	was	also	a	well-rounded	individual	whose	knowledge	extended	outside	of	physics	to	music,	languages,	literature	and	history.	NASA	Report	no.	M.)	Studies	on	soil	polysaccharides:	I.	Heat	Mass	Transfer	2,	199–221.	His	passion	for	the	arts	and	his	meticulous	attention	to	detail	is	well	illustrated	by	the	personal	scrapbook
he	kept	as	a	bachelor,	in	which	he	included	the	programmes	and	his	hand-written	critical	observations	of	the	very	many	plays	and	concerts	he	attended.	(doi:10.1126/science.184.4139.868)	Crossref,	PubMed,	ISI,	Google	ScholarLuger	K.,	Maeder	A.	He	was	a	great	role	model	for	his	family.Charles	relished	his	‘extra’	years	by	pursuing	his	interests	in
gardening,	music,	sport,	art,	languages,	literature	and	computing.	Figures	1,	3,	4	and	9	were	kindly	provided	by	the	family.Footnotes*	Numbers	in	this	form	refer	to	the	bibliography	at	the	end	of	the	text.After	graduating	in	mechanical	engineering	from	Loughborough	University,	followed	by	two	years	VSO	work	teaching	engineering	through
designing	and	building	two	hovercraft,	David	joined	the	Ricardo	company	in	1971.	This	regaining	of	the	normal	viability-factor-dependent	state	occurs	before	terminal	differentiation	of	the	D+	cells,	and	the	differentiating	cells	can	be	rescued	from	apoptosis	and	continue	to	divide	by	re-adding	IL-6	or	replacing	it	with	other	cytokines	such	as	IL-3,	M-
CSF,	G-CSF	or	IL-1	(15,	17).	This	is	a	broad-ranging	overview,	masterful	in	its	elegance	and	widely	appreciated	by	experimentalists	and	theorists	alike	for	the	deftness	and	brevity	of	its	arguments.	After	his	passing,	both	societies	honoured	Boris	by	jointly	establishing	an	annual	scholarship	to	be	given	to	a	graduate	student	who	had	demonstrated
excellence	in	research	and	service	to	the	community.Boris	took	on	other	major	leadership	roles	as	well,	including	chairmanship	of	the	Engineering	Science	programme	at	the	University	of	Toronto	(1972–77)	and,	from	1987	to	1991,	founding	director	of	the	Ontario	Laser	and	Lightwave	Research	Centre,	one	of	seven	Centres	of	Excellence	established
by	the	province	of	Ontario	to	foster	high	quality	scientific	work	and	promote	enhanced	university–industrial	interactions.He	served	on	numerous	committees	and	councils	of	the	NRC,	and	later	the	Natural	Sciences	and	Engineering	Research	Council	of	Canada,	after	it	was	initiated	and	separated	from	the	NRC	in	1977	to	better	serve	the	academic
community.	For	example,	the	dimer	of	hexafluoropropene	reacts	readily	with	nitrogen	nucleophiles	to	give	high	yields	of	compounds	through	the	loss	of	HF.	He	was	firmly	aligned	with	other	political	campaigns	and	causes.	His	commissions	included:	bogie	design	for	the	Canadian	Turbotrain;	isolating	buildings	from	underground	train	noise	in	London;
and	taking	part	in	de-wobbling	the	London	Millennium	footbridge	in	conjunction	with	Arup	in	2000–02.	26,	366–371.	&	Ronnstrand	L.	He	was	also	in	demand	as	a	consultant	to	industry,	as	a	sign	of	his	contemporary	international	recognition.Much	of	his	work	helped	to	define	the	performance	and	limitations	of	existing	techniques	(12).	29,	280–329.	2,
2163–2176.	Finally,	I	would	like	to	express	my	sincere	thanks	to	Helen	Eaton,	senior	commissioning	editor,	for	her	assistance	during	the	review	of	the	document.	Among	these,	Pierre	Aigrain	had	just	introduced	the	study	of	semiconductors	to	France,	and	Pierre-Gilles	completed	his	diploma	under	Aigrain's	direction.	Hawthorne	for	their	useful	and
interesting	comments	on	a	draft	of	this	memoir.	Rather	it	is	a	matter	of	quantum	probabilities.	Link,	ISI,	Google	ScholarStarobinsky	A.	And	often,	with	David's	intervention,	I	would	finally	crack	the	problem.	Leo's	studies	with	murine	myeloid	leukaemic	cell	lines	and	primary	leukaemic	cells	from	human	acute	myeloid	leukaemia	patients	showed	that
this	cytotoxic-agent-induced	apoptosis	can	also	be	inhibited	by	different	CSFs	and	ILs	(17)	(Lotem	&	Groner	2017).	I.	Nature	267,	216–221.	In	1997	he	published	an	article	for	school	teachers	in	Physics	Education	(24)	about	bridging	the	gaps	between	physics,	chemistry	and	engineering	in	materials	modelling.	This	led	to	the	award	of	his	first	degree,
in	electrical	engineering,	in	1958.	This	analysis	of	published	data	advanced	the	understanding	of	the	benefits	and	risks	of	ultrasonic	diagnosis	and	contributed	to	its	justification	in	the	context	of	safety	in	modern	clinical	practice.	Boris	often	told	stories	of	how	he	could	hear	Art,	a	lifelong	jazz	enthusiast,	playing	his	clarinet	while	both	were	working
late	at	night,	with	Boris	waiting	for	photographic	plates	to	be	appropriately	exposed	while	making	sure	the	lamp	continued	to	function	properly.	They	became	good	friends	(figure	2);	as	Mark	Warner	FRS	has	said	(Warner	2017),	‘if	there	was	rivalry,	it	was	purely	intellectual,	with	the	greatest	warmth	in	the	private	sphere’.	Google	Scholar(6)	1962
(With	Lindstrom	G.	Google	Scholar(14)	1965	(With	Baxter	R.	Soc.5602–5612.	He	found	universal	aspects	to	the	spreading	of	fluid	on	a	wettable	surface	and	explained	these	with	elegant,	macroscopic	theories	(figure	3).	73,	1–6.	2007)	has	recalled,	some	of	Pierre-Gilles’s	simple	and	elegant	papers	were	accompanied	by	prodigious	formal	calculations
that	remained	unpublished	and	stayed	in	the	yellow	boxes	in	his	office.	A	full	bibliography	is	available	as	electronic	supplementary	material	at	1)	1951	(With	Cumming	C.,	St	John	G.	It	was	therefore	natural	to	try	to	use	similar	techniques	to	describe	the	quantum	birth	of	the	universe.	The	vertices	show	where	the	capsomeres	would	lie	on	the	surface
of	a	hexamer-pentamer	clustered	virus	with	the	corresponding	T	number.	&	Choudhury	D.	V.)	A	calculation	procedure	for	heat	transfer	by	forced	convection	through	two-dimensional	uniform-property	turbulent	boundary	layers	on	smooth	impermeable	walls.	The	quality	of	the	notes	is	described	by	Sir	John	Horlock	(FRS	1976)	as	‘a	beautiful	set	of
notes	on	cycles’	that	‘remain	the	best	starting	point	for	the	subject’.	New	research	laboratories	were	built	at	Runcorn	Heath,	largely	supported	by	the	profits	from	halothane.	(doi:10.1016/0022-2836(68)90050-8)	Crossref,	PubMed,	ISI,	Google	Scholar(10)	1969The	pitch	of	tobacco	mosaic	virus.	Because	of	his	strong	interest	in	areas	outside	physics,
such	as	art,	literature	and	history,	Boris	offered	to	put	together	a	course	showing	how	light	touches	on	so	many	aspects	of	human	endeavour.	Google	ScholarPage	4Ian	Read	Gibbons	was	born	in	October	1931	in	the	small	English	town	of	Rye,	in	East	Sussex,	located	just	two	miles	from	the	sea	and	known	for	having	lovely	quaint	buildings,	a	history	of
smuggling	and	a	cultural	expertise	in	building	ships	used	by	the	monarch	in	times	of	war.	For	the	latter,	the	flow	features	can	be	seen	directly	from	the	influence	coefficients.	Perhaps	one	of	Jane's	most	important	contributions	was	to	allow	Stephen,	at	his	own	insistence,	to	do	things	for	himself	to	an	unusual	extent—he	was	an	extraordinarily
determined	person.	The	report	also	stressed	the	importance	of	reviewing	and	taking	account	of	indigenous	knowledge	in	the	planning	of	the	research.	(doi:10.1039/c39740000134)	Crossref,	Google	Scholar(58)	(With	Banks	R.	The	maximum	advancing	position	has	two	possible	values:	y′m	and	y″m.	2016Emerging	anti-cancer	antibodies	and
combination	therapies	targeting	HER3/ERBB3.	He	actively	developed	business	in	Japan	from	2000	to	2005,	as	vice	president	of	Ricardo	Japan.	Pierre-Gilles	surrounded	himself	with	bright	junior	scientists,	including	theorists	such	as	Christiane	Caroli,	Jean	Matriçon	and	Jean-Paul	Hurault,	but	he	also	had	around	him	experimentalists,	because	for
Pierre-Gilles	physics	was	always	primarily	grounded	in	experiment,	with	conceptual	speculation	to	be	treated	with	caution.	Constant	persuaded	the	Ministry	that	all	projects	for	gas	turbine	engines	should	be	vetted	through	the	Division,	which	further	enhanced	its	body	of	knowledge.	Advanced	institutes	were	drafted	to	tackle	the	more	strategic
research	that	underpinned	the	participatory	adaptive	work.	(doi:10.1039/dt9750001439)	Google	Scholar(68)	(With	Booth	B.	IEEE	Trans	Ultrason.	V.)	Heat	and	mass	transfer	in	boundary	layers.	He	vividly	recalls	knocking	on	Leo's	office	door	one	day	to	ask	permission	to	use	a	new	piece	of	equipment	his	department	had	just	obtained.	Google
Scholar(28)	The	role	of	engineers,	scientists	and	mathematicians	at	Ricardo.	&	Hertog	T.)	Quantum	probabilities	for	inflation	from	holography.	Progress	was	stalled,	however,	by	the	occurrence	of	combustion	problems.	In	this	he	refers	to	the	satisfaction	from	the	growth	of	understanding	that	can	accompany	making	things	work,	given	earlier	in	the
summary.	Their	collaboration	followed	and	Vitek	and	his	students	published	with	David	and	his	collaborators	around	25	papers	on	dislocations	and	grain	boundaries	in	bcc	refractory	metals,	iridium,	hcp	titanium	and	intermetallic	compounds	using	bond-order	potentials.	Dr	Swaminathan	credits	him	with	playing	an	important	part	in	defining	rice-
growing	environments	with	much	greater	precision	so	that	the	breeding	efforts	could	be	better	focused	and	the	ancillary	management	practices	targeted	to	specific	environments	(figure	3).	W.)	The	origin	of	time	asymmetry.	He	felt	the	ASA,	which	started	from	cutting	out	atomic	spheres,	could	provide	a	sensible	approach	to	resolve	the	two
approaches.	&	Hatsopoulos	G.	(Online	version	in	colour.)	Download	figureOpen	in	new	tabDownload	PowerPointThe	editors	are	most	grateful	to	the	authors	of	this	memoir	for	their	writings	and	their	collaboration	in	producing	a	single	coherent	account	of	the	Stephen's	life	and	work.	As	Charles	himself	put	it,	the	objective	is	to	succeed	with	the
benefit	of	foresight	in	contrast	to	reacting	to	problems	with	the	benefit	of	hindsight.	Throughout	his	life,	Dennis	was	committed	to	improving	the	lives	of	poor	farmers	and	was	angered	by	those	who	thought	that	soils	used	to	produce	crops	should	only	receive	low	inputs	and	recycled	nutrients	from	organic	sources;	in	his	view	this	was	tantamount	to
recycling	poverty.	Boulder,	CO:	Westview	Press.	Lond.	He	also	created	an	outreach	programme	at	ESPCI—long	before	such	a	scheme	became	fashionable—connecting	the	public	(from	primary	school	to	retirees)	to	the	latest	developments	in	science.There	is	a	certain	style	of	science	that	Pierre-Gilles	personified.	Aqueous	alkaline	hydrolysis	yielded
silicones	and	polysiloxanes	bearing	the	tetrafluoroethyl	group,	while	similar	reactions	of	3,3,3-trifluoropropene	gave	silicones	bearing	the	pendant	trifluoropropyl	group.Once	at	UMIST,	Bob	and	associates	discovered	that	pyrolysis	of	polyfluoroalkyl	derivatives	of	silicon	that	contain	fluorine	on	the	carbon	adjacent	to	silicon	transfers	the	fluorine	to	the
silicon,	breaking	the	C–Si	bond	and	leaving	a	carbene,	an	intermediate	with	only	two	groups	bonded	to	carbon	and	two	unused	valence	electrons	(17).	V.	(doi:10.1103/PhysRevLett.17.444)	Crossref,	ISI,	Google	Scholar(6)	The	occurrence	of	singularities	in	cosmology.	During	the	raids,	Charles	and	his	brother	Ted	took	part	in	fire	watching.	He	was,	for
example,	a	very	willing	reviewer	of	fellowship	applications.	The	sense	of	the	rotation	is	also	indicated.	J.,	Mountford	R.A.	&	Halliwell	M.)	Splanchnic	blood	flow	in	patients	with	cirrhosis	and	portal	hypertension:	investigation	with	duplex	Doppler	US.	She	was	exceptionally	supportive	of	Stephen	as	his	condition	deteriorated.	With	those	few	words	he
again	exhibited	his	persistence	in	following	a	particular	direction,	neither	deterred	by	adverse	opinion	nor	attracted	by	alternative	paths—unless	he	saw	them	as	manifestly	better.	Most	of	the	work	of	the	Klug	group	at	that	time	still	concerned	virus	structure.	31,	1–39.	Some	notable	conclusions	from	this	work	were:	•	With	most	fuels	of	the	higher
paraffinic	and	naphthenic	types,	the	pre-flame	combustion	mechanism	that	controls	the	occurrence	of	knock	is	of	the	two-stage	low-temperature	type.•	There	is	correspondence	between	the	order	of	the	minimum	pressures	required	for	ignition	in	the	low-temperature	region	and	the	order	of	knock	ratings	in	the	engine.•	The	effect	of	additives,	such	as
formaldehyde,	acetaldehyde	and	nitrogen	peroxide,	on	the	knock	tendency	of	these	fuels	in	the	engine	is	in	accord	with	their	effect	on	low-temperature	ignition	but	not	with	their	effect	on	high-temperature	ignition.•	Peroxides	are	formed	in	the	end	gas	of	the	engine	cylinder	and	the	occurrence	of	knock	appears	to	depend	upon	their	concentration.
Concerted	study	of	Morse	theory	and	related	topics	in	conventional	Riemannian	geometry	was	involved,	and	then	developed	for	application	in	Lorentzian	space-times.	D	52,	5681–5686.	1,	1029–1034.	2,	pp.	Crossref,	ISI,	Google	ScholarBondi	H.,	Van	Der	Berg	M.	A	simple	Bondi	accretion	analysis	suggested	that	PBHs	would	grow	as	fast	as	the
universe	throughout	the	radiation-dominated	era	and	thus	attain	a	mass	of	order	1015M⊙	by	today.	While	he	was	not	particularly	adept	practically,	he	was	intellectually	rigorous	and	knowledgeable	about	the	theory	of	all	he	did,	and	extremely	precise	in	his	work	and	writing,	and	he	took	an	intellectual	approach,	searching	for	larger	generalizations
outside	his	immediate	area	of	research.Jack	was	brought	up	in	a	working	class	family	and	was	left-wing	in	his	politics;	and	he	was	uncomfortable	with	some	of	the	condescending	conversation	about	natives	in	Africa	that	he	encountered,	for	example,	in	Jinja.	(doi:10.1016/S0022-328X(00)83002-8)	Crossref,	ISI,	Google	Scholar(51)	1972	(With	Fleming
G.	However,	in	two	seminal	papers	(6,	7)	David	showed	that	by	working	with	the	pressure,	rather	than	the	energy,	it	was	possible	to	provide	a	unique	separation	of	the	individual	s,	p	and	d	contributions	to	the	equation	of	state.	The	theoretical	framework	of	quantum	cosmology	and	the	no	boundary	proposal	imply	a	form	of	‘anthropic’	reasoning,	but
without	the	need	to	augment	the	theory	with	a	separate	anthropic	principle.The	top-down	approach	has	an	important	effect	on	the	no	boundary	proposal	predictions	of	inflation—it	is	strongly	biased	towards	a	low	level	of	inflation.	&	Ow	R.	BMS	transformations	arise	from	gravitational	radiation	passing	through	a	system.	Spalding	had	been	scheduled
to	take	part	in	that	experiment	but,	fortunately	for	science,	he	remained	at	home	that	day.In	1948,	however,	his	RPE	employment	was	abruptly	terminated	because	of	his	prior	Communist	Party	membership	(despite	his	resignation	from	that	organization	in	1946).	44,	429–433.	D	26,	2681–2693.	Our	thanks	go,	first,	to	Mrs	Colleen	Spalding	and
members	of	the	Spalding	family;	to	Brian's	former	Imperial	College	colleagues	and	associates,	Professor	David	Gosman,	Professor	Kemo	Hanjalić,	Mr	Bob	King,	Professor	Akshai	Runchal,	Dr	Roy	Singham	and	Professor	Alan	Swanson;	to	Ms	Emma	Jureidini,	Dr	Mike	Malin	and	other	members	of	the	CHAM	team;	to	Professor	Derek	Bradley	FRS,
Professor	Sergey	Sapozhnikov,	Professor	Matt	Uttley	and	members	of	the	Levich	family.	&	White	E.	(doi:10.1038/330221a0)	Crossref,	PubMed,	ISI,	Google	Scholar(30)	1991	(With	Heaphy	S.,	Gait	M.	While	working	on	a	research	project	at	the	WIS	in	1999,	Charles	had	the	opportunity	to	gain	insights	into	how	Leo	discovered	the	CSFs	using	such
limited	laboratory	supplies	and	visualizing	small	colonies	using	a	monocular	microscope.	The	contacts	from	5-fold	vertices	are	shown	by	red	connectors	and	the	contacts	from	6-fold	vertices	are	shown	in	green	and	blue.	229,	47–50.	Here	he	established	a	fascinating	analogy	between	bacterial	chemotaxis	and	gravitational	interactions,	and	he	thought
deeply	about	the	olfactory	system	as	an	information-processing	and	classification	device.	Figure	9.	He	also	had	great	elegance	of	speech;	he	was	a	creator	of	brilliant	lectures	in	which	everything	was	made	to	seem	easy	(somewhat	like	Richard	Feynman	FRS	in	this	respect).	(Online	version	in	colour.)Download	figureOpen	in	new	tabDownload
PowerPointCharles’s	contributions	to	the	University	of	Stirling	and	Royal	College	of	Art	have	already	been	mentioned	in	the	context	of	the	relevant	work.	Work	on	dracones	dominated	research	in	Hawthorne's	laboratory	for	several	years.	(doi:10.1007/BF01645742)	Crossref,	ISI,	Google	Scholar(29)	1974	(With	Carr	B.	The	coefficient	cq	was	set	to
0.31/2	to	match	the	approximately	constant	value	of	k/(τW/ρ)	found	close	to	a	wall	in	a	simple	shear	flow.	However,	the	highly	hindered	substituted	pyridine	C5(C2F5)5N	did	isomerize	photochemically,	yielding	the	first	isolable	para-bonded	and	prismane	isomers	of	a	pyridine	(56).In	1958	Brian	Booth	began	studying	the	mechanism	of	cobalt-catalysed
hydroformylation,	an	industrially	important	process,	and	investigating	other	metal	carbonyls	as	catalysts.	His	PhD	at	the	University	of	Nottingham	was	on	the	growth	and	activity	of	wheat	roots.	The	effect	of	changing	engine	variables,	such	as	mixture	strength	and	speed,	support	this.•	A	‘cool’	flame	has	been	detected	in	the	engine	cylinder	shortly
after	top	dead	centre	under	conditions	simulating	those	obtaining	in	the	end	gas	prior	to	knock.•	The	peroxide	curves	appear	to	be	two-stage	in	manner,	with	a	point	of	inflexion	occurring	some	seven	degrees	before	knock	under	our	particular	conditions	of	test.	To	his	son,	Peter,	he	passed	on	a	passion	for	the	outdoors,	and	together	they	climbed
almost	all	the	mountains	of	the	Lake	District	before	Peter's	fifteenth	birthday.	Google	ScholarUttley	M.	How	powerful	these	explosions	would	be	depends	on	how	many	different	species	of	elementary	particles	there	are.	His	many	years	of	experience	in	the	tropics	around	the	world	showed	him	that	removing	crops	from	the	soil	on	which	they	are	grown
removes	nutrients	and	causes	other	changes.	(doi:10.1016/0006-3002(59)90237-9)	Crossref,	PubMed,	ISI,	Google	ScholarButler	P.	&	Volterra	V.)	Identification	of	a	new	spectral	component	in	Brillouin	scattering	of	liquids.	It	was	Soraya	de	Chadarevian	(whose	scholarly	monograph	Designs	for	life	had	been	published	in	2002)	who	suggested	that	a
family	history	of	LMB	itself	would	be	valuable.	Google	ScholarVest	C.	22,	22–80.	In	FISITA	XVIIth	Congress,	Budapest.	When	shown	an	early	version	of	this	film	at	the	Annual	Meeting	of	the	American	Society	for	Cell	Biology	in	1971,	the	audience	responded	with	a	standing	ovation,	and	Gibbons	is	now	credited	with	applying	dark-field	light	microscopy
for	studies	of	ciliary	and	flagellar	motility	which	led	to	further	analysis	of	microtubule	motors	dynein	and	kinesin.While	Gibbons	was	working	on	the	light	microscopy,	Summers	had	been	using	electron	microscopy	to	study	the	rate	at	which	trypsin	disrupted	the	various	structural	components	of	the	axoneme	(17).	C.)	The	Very	Early	Universe:	Proc.	He
wrote	two	papers	that	totally	changed	the	way	we	think	about	black	holes.	USA	75,	2220–2224.	His	indomitable	spirit	continued	throughout	his	long	illness,	with	the	consistent	wonderful	support	of	Di.Tony	Readhead	was	a	fellow	student	at	the	University	of	Witwatersrand	and	close	friend:	Of	the	many	things	I	loved	about	David,	the	most	important	of
which	were	his	intellect	and	integrity,	which	became	obvious	within	a	few	minutes	of	meeting	him.	(	Google	ScholarPage	15Peter	Wells	was	born	in	Bristol	on	19	May	1936,	the	son	of	Sydney	Parker	Temple	Wells	and	Elizabeth	Beryl	Wells.	(doi:10.1038/162893a0)	Google	Scholar(2)	1949	(With	Walsh	A.	Spalding's	1967	paper	(17)	had	shown	that,	for
such	flows,	the	square	root	of	turbulent	kinetic	energy	offered	a	far	better	measure	of	the	relevant	turbulent	velocity	scale	than	that	provided	by	the	MLH.	This	was	a	loose	association	of	research	groups	in	the	indicated	areas	with	an	administrative	base	in	Brussels	(Hirsch	1993).	A	question	asked	about	gravity	therefore	becomes	a	question	about	a
perfectly	ordinary	quantum	field	theory.	AVIA	10/411	report.	(doi:10.1016/0550-3213(80)90151-0)	ISI,	Google	Scholar(49)	1981	(Editor,	with	Rocek	M.)	Superspace	and	Supergravity:	Proc.	This	work	laid	the	foundation	for	the	later	use	of	coherent	spectroscopies	to	design	wave	packets	in	atoms	and	for	trapping	H	atoms.In	1989	mandatory	retirement
at	the	age	of	65	ended	Boris’s	official	ties	to	the	University	of	Toronto.	B.)	Path	integral	derivation	of	black	hole	radiance.	Nature	407,	409–413.	As	Art	Williams	at	IBM	Yorktown	Heights	eloquently	put	it,	it	was	like	finding	the	weight	of	a	sea-captain	by	weighing	his	ship	when	he	is	aboard	and	ashore.	Part	18:	Possible	intervention	of	a	phospha-
alkene	in	the	reactions	of	a	fluoroalkylphosphine	with	alkoxides.	MMcC	recalls:	On	one	occasion	visiting	the	Massachusetts	Institute	of	Technology	we	were	in	Harvard	Square,	and	went	to	a	famous	bookshop	(probably	the	Harvard	Bookstore)	to	see	if	he	could	get	a	copy	of	Wittgenstein's	Tractatus,	but	in	the	original	German.	It	was	concluded	that
although	plant	litter	and	roots	are	the	primary	source	of	soil	carbohydrates,	the	composition	of	soil	carbohydrates	suggests	a	microbial	origin,	either	wholly	or	in	part	from	plant	materials	that	have	been	modified	by	the	soil	flora	and	fauna	(11).At	about	this	time,	Dennis	started	to	collaborate	more	closely	with	a	CSIRO	colleague,	Bill	Emerson,	who
was	developing	ideas	and	a	test	on	the	factors	controlling	the	stability	of	soil	aggregates	(Emerson	1967).	W.)	Cyclopropanes	as	sources	of	difluorocarbene.	Later,	David	Cline	and	colleagues	suggested	that	some	of	the	short-period	gamma-ray	bursts	could	be	exploding	black	holes	(Cline	et	al.	The	frontispiece	portrait	was	taken	in	1994	by	Prudence
Cuming	Associates	and	is	©	The	Royal	Society.*	Numbers	in	this	form	refer	to	the	bibliography	at	the	end	of	the	text.Professor	Peter	Gregory	received	a	BSc	in	Soil	Science	from	the	University	of	Reading	under	Professors	E.	In	Physics	of	transition	metals	(ed.	(doi:10.1038/nrc989)	Crossref,	PubMed,	ISI,	Google	ScholarVogt	M.	The	first	case	occurs	in
the	Taub-NUT	solution	given	in	Stephen's	paper	of	1977	(35)	and	the	second	in	the	Riemannian	Schwarzschild	solution.	Together	they	worked	to	characterize	the	second	of	Gibbons’	two	major	protein	fractions,	the	structural	protein	of	the	ciliary	microtubules,	as	a	dimer	of	molecular	weight	105	kilodaltons	(kDa)	containing	2	moles	of	guanine
nucleotide	(12,	13).	E.	P.)	The	tight	binding	bond	model.	H.,	Asai	D.	A.1983HAZOP	&	HAZAN:	notes	on	the	identification	and	assessment	of	hazards.	Family	was	always	of	vital	importance	to	him,	a	value	which	he	instilled	into	his	children	and	their	descendants.	The	dynamism	he	brought	to	the	position	is	conveyed	by	the	fact	that	in	the	same	year	he
published	no	fewer	than	15	other	papers,	more	than	half	single-authored.As	his	inaugural	lecture's	title	had	implied,	Spalding's	research	interests	had	broadened	to	include	solid	fuel	combustion.	He	also	used	to	accompany	his	father	on	visits	to	his	factory	and	to	his	clients,	which,	to	quote	Diarmuid	from	his	personal	CV,	‘was	an	influence	on	my
choice	of	an	engineering	career,	but	he	did	not	try	to	persuade	me’.In	1942,	Diarmuid	graduated	from	Northampton	Polytechnic	with	a	first-class	honours	degree	in	engineering.	49,	1110–1113.	A.,	Roth	M.	They	had	two	children:	Thora	born	in	1963,	who	is	a	potter,	and	Peter	born	in	1968,	who	is	a	professor	in	the	departments	of	Earth	Science	and
Geography	at	the	University	of	Durham.While	in	California,	Jack	was	offered	a	post	as	‘algal	physiologist’	on	the	staff	of	the	FBA,	which	he	accepted,	and	in	1958	he	returned	to	Windermere,	where	he	was	to	continue	research	(apart	from	extended	trips	abroad)	for	the	next	31	years,	until	he	retired.The	scale	of	the	small,	temperate	lakes	in	the
English	Lake	District	contrasted	starkly	with	the	Pacific	Ocean	and	the	large,	tropical	African	lakes	that	Jack	had	been	studying	previously.	The	first	paper	examined	the	thermodynamics	of	black	holes	by	considering	how	a	black	hole	can	come	into	thermal	equilibrium	with	a	bath	of	radiation	in	the	microcanonical	ensemble	(33).	His	formative	years
were	during	the	Second	World	War.	The	route	he	chose	was	to	invite	four	of	his	academic	colleagues	to	engage	in	managing	the	consultancy	projects.	He	insisted	on	visiting	the	Vatican	archives	to	read	the	recantation	of	Galileo,	with	whom	he	always	felt	a	strong	affinity.This	was	the	beginning	of	Stephen's	long-term	relationship	with	Caltech.	Away
from	the	workplace	in	Widnes	or	Runcorn,	to	which	he	travelled	daily	from	Wallasey,	he	was	a	member	of	‘Dad's	Army’,	the	Home	Guard,	serving	as	a	camouflage	officer.	The	analogy	was	bolstered	by	the	observation	that	κ	did	not	depend	on	where	on	the	horizon	it	was	computed.	A.)	The	low-temperature	heat	capacity	and	Raman	and	Brillouin
spectra	of	vitreous	silica.	At	this	time,	he	was	studying	cilia	and	flagella	by	electron	microscopy	and	had	proposed	a	contractile	mechanism	for	their	motility	(Bradfield	1955).	From	1991	to	2013,	Stephen	visited	Caltech	for	several	weeks	nearly	every	year	as	a	Fairchild	Scholar.	His	advisor,	Professor	Hottel,	who	was	active	past	age	90,	was	from	a
chemical	engineering	background.	Download	figureOpen	in	new	tabDownload	PowerPointIn	1978	Jack	was	elected	Fellow	of	the	Royal	Society.	The	usual	approach	in	CFD	was	thus	to	use	‘wall	functions’,	i.e.	empirical,	algebraic	formulae	linking	flow	properties	near	the	wall	(but	in	the	fully	turbulent	region)	with	the	shear	stress	and	heat	transfer	rate
at	the	wall	itself.	Time-averaged	measurements	he	showed	seem	to	indicate	almost	complete	mixing	followed	by	unmixing,	with	the	temperature	on	the	hot	side	becoming	less	than	the	spatial	average	and	the	temperature	on	the	cold	side	becoming	greater	than	the	spatial	average.	Vaccin.	(doi:10.1103/PhysRevB.59.8487)	Crossref,	ISI,	Google
Scholar(27)	2000William	Hume-Rothery:	his	life	and	science.	Methods	Eng.	With	this	increased	freedom,	and	Barbara	having	just	completed	the	requirements	for	her	PhD	degree,	the	happy	couple	decided	to	take	off	with	their	six-month	old	daughter,	Wendy,	and	spend	the	coming	summer	in	Cambridge,	England.	Left	to	right	they	are:	Oliver,	Toby,
Tabitha,	Charlotte,	Lily	and	Phoebe.	The	thermal	mechanism	was	validated	by	reference	to	the	then	recent	Nobel	Prize-winning	work	of	Hodgkin	and	Huxley	on	the	conduction	of	the	nervous	impulse.	The	following	edited	extracts	from	speeches	at	the	funeral	and	from	the	memorial	meeting	give	a	flavour	of	what	it	was	like	to	know	David	as	a	brother,
a	father,	a	friend	and	a	colleague.John	Pettifor,	David's	twin	brother:	It	is	in	Oxford	that	I	believe	he	was	happiest	and	most	content.	While	making	an	indelible	mark	in	the	history	of	liquid	crystal	physics,	he	delivered	a	series	of	daring	and	remarkable	innovations	in	polymer	physics.	He	conducted	studies	of	ultrasonic	contrast	agents	and	devised	a
method	to	correct	for	attenuation	in	ultrasonic	contrast	agent	imaging.	He	served	under	director	general	and	fellow	soil	scientist,	Nyle	Brady,	until	1981	and	subsequently	under	Monkombu	S.	In	all	cases,	the	conspicuous	enantiomorphic	asymmetry	of	the	axoneme	(4,	5)	seemed	likely	to	underlie	the	clockwise	conical	component	of	the	ciliary	beat
pattern.	nutrient	depletion	and	the	spring	maximum.	(doi:10.1039/JR9550002901)	ISI,	Google	Scholar(13)	1956	(With	Marklow	R.	Rather	than	a	network	model,	the	SWNM	programme	was	built	on	consortia	that	brought	together	farmers,	rural	sociologists,	agronomists,	soil	scientists	and	hydrologists	from	national	agricultural	research	and	extension
agencies,	international	centres	and	advanced	institutions.	W.)	Mono(fluoro-olefin)	complexes	of	pentacarbonyliron.	He	proved	to	be	an	effective	recruiter	of	talented	graduate	students,	to	whom	he	gave	the	same	sense	of	independence	that	Herzberg	had	given	him,	and	now,	freed	from	the	day-to-day	direct	involvement	in	performing	experiments	that
had	characterized	his	NRC	days,	he	diverted	part	of	his	attention	to	preparing	lectures	for	undergraduates,	in	the	process	becoming	a	charming	classroom	instructor.	Google	Scholar(14)	1973The	diesel	engine	as	a	low	emission	power	unit	for	automobiles.	These	scientists	did	not	have	well-honed	techniques	already	to	hand,	but	developed	whatever
tools	were	needed	to	test	Pierre-Gilles’s	many	ideas.	Dennis	challenged	and	supported	IRRI	scientists	to	identify	the	causes	of	this	phenomenon	and	to	find	solutions	that	would	avoid	future	famine.	Influence	coefficients	allow,	almost	by	inspection,	the	extraction	of	differences	between	subsonic	and	supersonic	flow	and	trends	with	addition	of	mass,
momentum	and	energy	as	a	function	of	Mach	number.	Petrol.	D	31,	1777–1791.	At	interview,	Bob	was	found	to	be	clearly	the	most	suitable	candidate	and	he	was	offered	the	position.He	now	planned	to	lead	UMIST	forward,	aiming	to	replicate	his	achievements	with	chemistry	across	the	whole	institution.	Related	in	vitro	assays	were	developed	for
study	of	motor	driven	microtubule	translocation	and	led	to	discovery	of	kinesin	(Vale	et	al.	London:	Institute	of	Electronic	and	Radio	Engineers.	In	1957,	he	left	to	pursue	postdoctoral	studies	in	Charles	Kittel's	group	at	the	University	of	California,	Berkeley,	where	he	continued	to	work	on	magnetism,	including	double	exchange	and	ferromagnetic
resonance	in	rare	earth	garnets.	The	whole	calculation	sequence	is	iteratively	repeated	using	the	corrected	pressure	field	as	the	new	estimated	pressure	field.The	SIMPLE	algorithm	had	originally	been	presented	by	Patankar	&	Spalding	(27)	in	the	context	of	a	method	for	3D	parabolic	flows.	Brian	Spalding.	Archer	had	developed	important	insights
into	the	nature	of	design	and	development	in	industry,	ideas	that	fitted	well	with	the	concepts	that	Charles	had	developed	with	Dr	Frank	Bradbury	in	chemical	product	and	process	research	and	development	(2).	In	his	typical	independent	style,	Gibbons	perceived	that	his	future	at	the	lab	was	limited	and	took	it	upon	himself	to	respond	to	a	job
advertisement	from	Harvard	University	that	happened	to	appear	in	Nature.The	following	summer,	Gibbons	moved	to	Harvard	University	as	an	electron	microscopist	with	the	task	of	starting	up	a	new	service	laboratory	in	the	biology	department.	Spalding	accepted	(taking	leave	of	absence	from	Imperial	College),	but	in	1978,	missing	life	in	the	UK,	he
decided	to	return.	1,	119–141.	19,	329–341.	Former	students	from	all	over	the	world	have	written	affectionately	of	his	support	and	positive	influence	on	their	lives.His	contribution	and	international	reputation	as	a	fluorine	chemist	reside	in	the	papers	he	published,	which	contributed	towards	applications	in	a	wide	range	of	products	and	industries.
Experimental	courses	held	on	his	initiative	in	the	1950s	led	eventually	to	the	University	of	Cambridge	advanced	course	in	production	methods	and	management,	which	developed	into	an	MPhil	course	in	the	engineering	department's	Institute	for	Manufacturing.Churchill	College	has	had	a	small	cadre	of	visiting	Overseas	Fellows,	Industrial	Fellow
Commoners,	and	others,	living	at	the	college.	Over	the	intervening	years	since	its	original	formulation,	the	concepts	embodied	therein	matured,	eventually	emerging	as	Spalding's	population	model.	To	have	a	dimensionless	group	named	after	one	is	often	seen	as	a	significant	honour;	to	have	two	parameters	carrying	one's	name	for	work	published
before	the	age	of	40	is	certainly	remarkable!	Spalding,	however,	paid	scant	attention,	probably	because	he	had	already	recognized	that	the	Spalding	Function	was	limited	to	conditions	too	restrictive	to	have	widespread	applicability.	E.)	The	numerical	computation	of	turbulent	flows.	10th	World	Petroleum	Congress,	Bucharest,	paper	RTD	3(4),	285.
Google	Scholar(5)	1951	(With	Walsh	A.	It	is	now	widely	acknowledged	that	these	calculations	and	discussions	at	the	Nuffield	Workshop	formed	the	foundation	of	all	subsequent	work	on	inflationary	perturbations.	(doi:10.1103/PhysRevD.14.2460)	Crossref,	ISI,	Google	Scholar(35)	1977Gravitational	instantons.	Solid	State	Phys.	Lund,	R.	However,	the
fluctuations	would	receive	a	huge	redshift	just	outside	the	horizon,	so	that	the	radiation	seemed	to	come	from	modes	that	were	initially	far	above	the	Planck	frequency.	(Photograph	courtesy	of	Wendy	and	Peter	Gibbons.)	(Online	version	in	colour.)	Download	figureOpen	in	new	tabDownload	PowerPointBased	on	Gibbons’	pioneering	biochemical	and
molecular	studies,	we	now	recognize	the	essential	functions	that	dyneins	play	in	virtually	all	eukaryotic	organisms,	from	single	cell	protozoa	to	modern	humans.	An	early	initiative	was	to	revise	the	teaching	of	thermodynamics,	a	subject	taken	by	all	entering	engineering	students	at	the	time.	However,	this	in	vivo	system	was	too	complex	as	a	searching
tool	for	the	molecular	regulators	of	haematopoiesis.	Conversely,	the	proximity	effect	in	which	superconductivity	and	the	Meissner	effect	invade	a	normal	metal	in	contact	with	a	superconducting	substrate	was	observed	first	and	explained	afterwards.	Nature	295,	110–115.	When	visiting	Israel,	he	insisted	on	going	also	to	the	West	Bank.	B	239,	257–
276.	They	met	through	mutual	college	friends	at	a	party	in	1962	and	were	married	in	1965	in	the	chapel	of	Trinity	Hall,	Stephen's	Cambridge	college.	Google	Scholar(28)	1997The	sustainability	of	rice	farming.	The	paper	gave	a	unified	treatment	of	compressible	flow	phenomena,	particularly	as	applied	to	the	new	and	exciting	area	of	jet	propulsion.
H.)	Actuator	disk	theory	of	the	incompressible	flow	in	axial	compressors.	The	simplicity	of	these	maps	was	pure	genius.	The	house	Charles	and	Margaret	moved	to,	Willowhay	in	Shoppenhangers	Road,	Maidenhead,	was	a	short	drive	from	Paints	Division's	headquarters	and	plant	in	Slough.	12,	133–154.	&	Klug	A.)	Structure	of	yeast	phenylalanine
tRNA	at	3 Å	resolution.	However,	their	argument	was	Newtonian	and	neglected	the	cosmological	expansion.	Lefebvre,	a	distinguished	British	combustion	researcher,	arranged	for	Spalding	to	be	offered	the	Reilly	Professorship	in	Combustion.	Google	Scholar(4)	(With	Smith	F.)	Organic	fluorides.	Such	particles	were	thus	sitting	in	a	shallow	puddle	of
stain,	whereas	in	two-sided	images	the	whole	particle	was	sitting	in	a	thicker	puddle	of	stain,	so	coated	like	a	plaster	cast.	The	idea	was	extended	to	the	rotating	case	by	the	development	of	the	‘no	hair’	theorem	(see	section	14	for	the	origin	of	the	term	‘no	hair’.	Cell	5,	57–70.	These	were	among	the	very	early	efforts	aimed	at	achieving	reproducible
and	quantitative	clinical	ultrasonic	investigations.Peter	and	his	colleagues	demonstrated	the	thermal	mechanism	of	the	effect	of	ultrasound	on	the	metabolic	sodium	pump	and	the	existence	of	a	threshold	intensity	for	a	non-thermal	biological	effect	of	ultrasound.	The	development	of	these	potentials	occupied	him	for	the	rest	of	his	life.The	work	started
in	1986	when	he	was	awarded	$100,000	pa	for	four	years	by	the	US	Department	of	Energy	(DoE),	with	strong	support	from	the	alloy	developer	C.	This	was	a	huge	blow	to	him	at	that	time.	A	consequence	of	this	physical	adsorption	is	that	drying	and	ageing	can	give	rise	to	films	of	organic	materials	that	can	only	be	removed	by	drastic	chemical



treatment	(10).	This	implied	that	the	closest	PBH	would	be	at	least	as	far	away	as	Pluto.	It	was	also	known	early	on	that	the	flow	in	the	endwall	regions	is	retarded	by	wall	friction,	compared	to	the	flow	far	from	the	walls,	with	the	result	that	the	axial	velocity	outside	the	endwall	regions	is	higher	than	the	average	along	the	blade	span,	and	the	angle	of
incidence	on	the	blading	thus	less	than	that	based	on	average	quantities.	1969Gravitational	collapse:	the	role	of	general	relativity.	With	a	pencil	he	marked	each	compound	of	two	elements	with	a	particular	stoichiometry	as	a	point	on	the	map.	(doi:10.1103/PhysRev.84.592)	Crossref,	ISI,	Google	Scholar(2)	1954High	resolution	Raman	spectroscopy	of
gases	I:	experimental	methods.	However,	the	two	approaches	perform	very	different	but	complementary	roles.	(doi:10.1073/pnas.50.5.1002)	Crossref,	PubMed,	ISI,	Google	Scholar(8)	1965An	effect	of	adenosine	triphosphate	on	the	light	scattered	by	suspensions	of	cilia.	Crossref,	ISI,	Google	ScholarPage	12Boris	Peter	Stoicheff	was	born	on	1	June
1924	in	Bitola,	Yugoslavia	(now	Macedonia)	to	Peter	Stoicheff	(from	Banitsa,	Greece)	and	Vasilka,	née	Tonna	(from	Magarevo,	Macedonia).	(doi:10.1103/PhysRevD.28.2960)	Crossref,	ISI,	Google	Scholar(57)	(Editor,	with	Gibbons	G.	Clay	mineralogy	and	other	chemical	analysis	was	also	undertaken,	but	the	physical	test	proved	the	most	robust	method
of	measuring	behaviour.	They	were	introduced	by	a	New	Zealand	Rhodes	Scholar,	Lloyd	Evans	(FRS	1976),	and	eventually	married	at	St	Jude's	in	Southsea	on	27	August	1955.	(Courtesy	of	Pnina	Sachs.)Download	figureOpen	in	new	tabDownload	PowerPointLeo	was	eager	to	supervise,	educate,	share	his	knowledge	and	assist	at	any	time,	not	only	his
present	and	former	students	but	also	students	that	worked	with	other	scientists	at	the	Weizmann	Institute	or	abroad.	However,	Owen	Saunders	(FRS	1965),	head	of	mechanical	engineering	at	Imperial	College,	needed	to	make	a	senior	appointment	in	thermo-fluids	because	the	reader	in	that	area	had	left	for	a	chair	at	Nottingham.
(doi:10.1038/35030177)	Crossref,	PubMed,	ISI,	Google	Scholar(35)	2008A	Nobel	fellow	on	every	floor:	a	history	of	the	Medical	Research	Council	Laboratory	of	Molecular	Biology.	Leo	and	four	of	his	grandchildren.	Gibbons	G.	1,	1068–1070.	Google	Scholar(9)	1955	(With	Street	J.	He	also	carried	out	some	preliminary	Raman	spectroscopy	of	nitrogen,
methane,	hydrogen	and	oxygen	in	the	same	pressure	range.	The	Ricardo	company	in	1990,	shortly	after	Diarmuid's	retirement.	&	Klug	A.)	Structure	of	the	nucleosome	core	particle	at	7 Å	resolution.	B	224,	180–192.	1966The	growth	of	mouse	bone	marrow	cells	in	vitro.	C	and	D:	Morphology	of	clones	of	normal	haematopoietic	cells	containing
granulocytes	and	macrophages,	respectively.	His	official	supervisor	was	Professor	J.	(doi:10.1098/rsbm.2016.0009)	Google	ScholarGoldie	M.	It	caused	Charles	great	emotional	pain	to	have	to	close	Choice	down,	although	he	knew	it	was	the	correct	business	decision	to	make.	485–511.	Cell.	&	Collins	S.	&	Heron	J.)	Water	analysis:	some	revised	methods
for	limnologists	(Sci.	Structure	9,	93–103.	Despite	brilliant	work	in	the	first	half	of	the	twentieth	century	by	Friedel,	Frederiks,	Oseen	and	others,	the	theoretical	situation	concerning	even	the	simplest	liquid	crystals	(such	as	the	nematic	phase,	in	which	rod-like	molecules	have	orientational	but	not	positional	order)	remained	obscure.	This	post
interacted	broadly	with	ICI	businesses	and	the	main	board	directors,	including	Alfred	Spinks	(research),	Robert	Malpas	(engineering)	and	William	Duncan	(one	of	the	deputy	chairmen).Charles	found	that	the	main	board	was	not	well	informed	about	the	contribution	of	research	to	ICI.	London:	E.	When	the	children	arranged	a	family	party	for	Leo's
80th	birthday,	it	was	taken	for	granted	that	Yossi	and	his	wife	would	be	part	of	the	celebration.In	2002	Leo	was	diagnosed	with	Parkinson's	disease,	which	eventually	began	to	restrict	his	movement,	but	even	in	a	wheelchair	he	continued	to	go	to	his	office.	3,	53–76.	1982Polyoma	virus	capsid	structure	at	22.5 Å	resolution.	(doi:10.1039/jr9610001740)
Crossref,	ISI,	Google	Scholar(23)	1964	(With	Burch	G.	Google	Scholar(23)	1972A	novel	finite-difference	formulation	for	differential	expressions	involving	both	first	and	second	derivatives.	He	had	a	characteristic	writing	style	that	was	extremely	precise,	detailed	and	terse.	249,	1–25.	H.)	An	experimental	investigation	into	pre-ignition	in	the	spark
ignition	engine.	He	was	intellectually	demanding	of	himself	and	others,	and	had	a	steely,	incisive	mind	that	others	could	suffer	from.	This	is	based	on	a	rare	combination	of	qualities.	He	first	considered	turbulent	flow	alone	because	of	its	natural	multiple	length	scale	features,	and	then	extended	the	idea	to	four	and	then	14	elements.	Quant.
(Photograph	courtesy	of	the	Stoicheff	family.)Download	figureOpen	in	new	tabDownload	PowerPointAlthough	Boris	spent	many	hours	working	in	his	father's	restaurant,	no	doubt	developing	his	lifelong	appreciation	of	fine	restaurant	meals,	and	even	had	opportunities	to	enter	the	family	restaurant	business,	he	preferred	to	engage	in	more	challenging
intellectual	activities.	Leo	suggested	that	the	chromosomal	changes	associated	with	these	different	phenotypes	lead	to	an	altered	balance	between	genes	located	on	specific	chromosomes	that	he	called	genes	for	expression	(E)	and	genes	for	suppression	(S)	of	malignancy	(17).	lead	tetraethyl/I.G.	and	n-heptane’.	The	writing	began	in	1970	when	the
Hawking–Penrose	singularity	theorem	more	or	less	cleared	up	the	field,	but	there	were	many	relevant	results	that	were	needed	to	comprehend	what	had	been	done,	and	so	Stephen	and	Ellis,	both	then	post-doctoral	fellows	at	DAMTP,	decided	to	write	this	monograph	to	pull	them	all	together.	The	main	point	of	the	paper	is	to	return	to	an	examination
of	what	happens	when	matter	or	gravitational	radiation	falls	into	a	black	hole.	At	about	the	same	time,	Operation	‘Surgeon’	was	launched	to	identify	and	transfer	facilities	and	expert	aeronautical	personnel	from	Germany	to	Britain	(Uttley	2002),	undertaken	in	competition	with	the	USA,	Russia	and	France.	&	Dagg	M.)	International	networks	and	their
potential	contribution	to	crop	and	soil	management	research.	His	standards	were	high.	In	addition,	one	cannot	deny	that	his	physical	condition	powerfully	caught	the	public's	imagination.Although	the	dissemination	of	science	among	a	broader	public	was	certainly	one	of	Stephen's	aims	in	writing	the	book,	he	also	had	the	serious	purpose	of	generating
income.	(doi:10.1086/149520)	Crossref,	ISI,	Google	Scholar(13)	Gravitational	radiation	in	an	expanding	universe.	Linnett)	A	theory	of	inflammability	limits	and	flame	quenching.	It	is	here	that	the	one-dimensional	transient	problem	is	solved,	and	the	full	complexity	of	the	chemical	reaction	is	introduced	(33).	A	major	part	of	his	role	was	to	consolidate
the	research	activities	at	one	site	in	Egham,	Surrey,	and	to	link	this	with	the	bibliographic	services	housed	at	the	new	headquarters	near	Wallingford,	Oxfordshire.	It	should	be	remembered	that	in	the	early	1970s,	when	these	experiments	were	carried	out,	the	existence	of	oncogenes	and	tumour	suppressor	genes	was	not	yet	known.The	existence	of
different	cytokines	that	induce	viability,	multiplication	and	differentiation	of	haematopoietic	cells	suggested	to	Leo	that	they	do	not	work	alone	in	vivo.	55,	572.	13,	89–102.	(doi:10.1103/PhysRevD.31.1777)	Crossref,	ISI,	Google	Scholar(61)	The	arrow	of	time	in	cosmology.	Ann	remembers	them	getting	up	early	and	walking	on	the	beach	with	the	dog
before	anyone	else	was	around.	(doi:10.1126/science.283.5398.80)	Crossref,	PubMed,	ISI,	Google	Scholar(34)	2000	(With	Li	S.,	Hill	C.	The	key	to	structural	stability	seemed	to	be	most	frequently	related	to	the	degree	of	surface	charge	on	the	edges	of	stacks	of	clay	‘domains’,	as	well	as	to	the	cation	composition	of	the	charged	surfaces.	H.)	Functional
recombination	of	dynein	1	with	demembranated	sea	urchin	sperm	partially	extracted	with	KCl.	Biochem.	Nature	179,	683–684.	International	Conference,	British	Motor	Show	Birmingham,	UK	78.	(Photograph	courtesy	of	Pierre	Dubé.)Download	figureOpen	in	new	tabDownload	PowerPointWith	his	laboratory	shut	down	by	1994,	Boris	did	not	rest	on	his
scientific	accomplishments	(figure	5).	For	the	former,	at	that	time,	the	only	way	to	obtain	numbers	for	many	problems	was	through	numerical	integration	of	one-dimensional	equations.	George	Stegeman	joined	the	group,	as	an	MSc	student,	together	with	Rogers	Stolen,	as	a	postdoc,	in	1965	and	undertook	investigations	of	Brillouin	scattering	in
liquids	(12),	discovering	high	frequency	but	heavily	damped	thermal	shear	waves,	Although	it	is	well	known	that	liquids	cannot	support	shear	waves	at	low	frequencies,	theoretical	work	begun	in	1941	had	shown	that	on	nanosecond	and	shorter	time	scales	a	liquid	behaves	as	a	disordered	solid,	with	molecules	experiencing	transverse	fluctuations
through	molecular	reorientation	and	diffusion	coupled	to	local	shear	strain.	Nevertheless,	he	was	determined	to	at	least	match	the	better-known	chemistry	department	in	the	Victoria	University	of	Manchester,	and	he	succeeded	in	making	his	chemistry	department	one	of	the	biggest	in	the	UK,	with	the	largest	team	of	fluorine	chemists.Bob	protected
his	team's	discoveries	by	patenting—he	was	granted	over	150	patents	during	his	career—and	looked	to	industry	to	fund	a	significant	proportion	of	his	research.	The	spectral	brightness	of	their	sources	exceeded	that	of	a	synchrotron	in	the	same	spectral	region	by	five	orders	of	magnitude	with	a	0.3 cm−1	linewidth.The	tunable	dye	lasers	and	VUV/XUV
sources	allowed	the	group	to	perform	some	of	the	best	high-precision	spectroscopy	in	the	world.	180,	317–334.	Perkin	1,	1877–1879.	(doi:10.1073/pnas.1031695100)	Crossref,	PubMed,	ISI,	Google	ScholarPage	11Dudley	Brian	Spalding	was	born	in	New	Malden,	Surrey,	on	9	January	1923,	an	only	son	for	his	parents,	Kathleen	(Kitty)	and	Harold,	and	a
brother	for	his	elder	sister,	Katie.	1999).To	help	further	classify	the	family	of	dynein	isoforms,	Gibbons	set	up	a	collaborative	sequence	exchange	with	the	lab	of	Tom	Hays	at	the	University	of	Minnesota	and	used	polymerase	chain	reactions	(PCRs)	to	obtain	partial	clones	of	dynein	isoforms	in	sea	urchins,	while	the	Hays	lab	did	the	same	with
Drosophila.	Associated	with	the	high	heat	release	needed	for	engine	operation,	however,	were	restrictions	on	the	engine	run	times	to	45	minutes	or	less.	56,	401–422.	He	was	the	MIT	lead	on	the	Cambridge–MIT	Silent	Aircraft	Initiative	and	has	had	several	term-	and	year-long	stays	at	Cambridge.	She	started	talking	to	Aaron	about	the	X-ray	patterns
of	TMV,	which	displayed	features	characteristic	of	a	helical	structure,	and	a	close	collaboration	quickly	developed.	Undergraduate	numbers	also	grew,	attracted	by	a	wide	range	of	final-year	specializations	and	an	ordinary	degree	that	could	allow	progression	to	honours	(figure	3).	T.)	Rearrangements	of	substituents	in	highly	substituted	fluorinated
heterocyclic	compounds.	As	a	result,	for	surface	soils	a	valuable	‘rule	of	thumb’	emerged	so	that	soils	with	organic	matter	contents	corresponding	to	less	than	2%	of	organic	carbon	could	be	expected	to	be	very	liable	to	structural	deterioration,	those	with	over	2.5%	organic	carbon	to	be	mostly	very	stable	and	those	with	2.0–2.5%	to	be	moderately
stable.	Saunders	knew	Robert	Maxwell,	the	owner	of	Pergamon	Press,	and	it	was	through	the	latter	that	the	International	Journal	of	Heat	and	Mass	Transfer	was	published	from	1960	with	Spalding	as	a	founding	editor.	Crossref,	PubMed,	ISI,	Google	Scholar(17)	(With	Summers	K.	It	is	the	element	of	design	which	principally	distinguishes	an	engineer
from	a	scientist.	Biochem.	10,	753.	He	is	a	member	of	the	US	National	Academy	of	Engineering.	Margaret,	or	Midge	as	she	was	known	in	the	family,	was	a	former	head	girl	of	Oldershaw	Girls	School,	whom	Charles	had	met	at	a	tennis	club	and	then	courted	for	seven	years	throughout	the	war.	Afterwards	they	would	spend	time	visiting	friends	or
taking	in	the	cultural	highlights	and	photographing	the	surrounding	countryside.	Even	though	H-R	was	an	experimental	chemist	and	David	was	a	theoretical	physicist,	they	shared	a	deep	interest	in	the	structural	stability	of	metals	and	alloys	throughout	their	careers.	R.)	Addition	of	free	radicals	to	unsaturated	systems.	Situated	on	the	Embankment
and	founded	in	1442,	it	was	academically	distinguished	and	one	of	the	few	private	day	schools	in	London.	Dennis	brought	to	IRRI	his	deep	knowledge	of	soil	science	and	land	resource	management,	drawing	on	his	long	research	experience	in	the	UK,	Australia	and	Africa.	This	possibility	arises	because,	in	1977,	Gibbons	and	Stephen	showed	that	there
is	a	temperature	associated	with	the	horizon	of	the	de	Sitter	model	(36).	Part	XVIII:	Preparation	and	reactions	of	some	transition	metal	derivatives	of	hexafluorobicyclo[2.2.0]	hexa-2,5-diene.	The	commercial	and	technological	elements	came	together	notably	in	the	formulation	of	business	plans	for	each	of	the	overseas	activities	coupled	with
appropriate	technological	solutions	for	their	markets;	for	example,	fungicide	resistance	in	Malaysia,	water-based	surface	coatings	in	Canada	and	the	UK,	and	wood	coatings	in	Germany.	P.)	Effect	of	inorganic	constituents	and	complexed	metal	ions	on	aggregate	stability	of	some	East	Anglian	soils.	When	inter-phase	transport	was	dominant,	a
segregated	solution	of	the	conservation	equations	converged	too	slowly.	Wilson	Award	in	Cell	Biology	in	1994.	(Photograph	courtesy	of	the	Stoicheff	family.)Download	figureOpen	in	new	tabDownload	PowerPointIn	1954,	shortly	after	establishing	his	Raman	laboratory,	Boris	resumed	his	friendship	with	Art	Schawlow,	then	at	Bell	Telephone
Laboratories	but	also	working	with	his	brother-in-law,	Charles	Townes,	at	Columbia	University.	Interestingly,	Leo	showed	that	inhibition	of	p53-induced	apoptosis	by	IL-6	and	calcium	mobilizing	compounds	is	not	due	to	a	general	block	of	the	WT-p53-induced	changes	in	gene	expression,	but	is	rather	mediated	by	induction	of	anti-apoptotic	genes	such
as	Bcl3,	Stat3	and	Spp1	that	override	the	p53-induced	apoptotic	programme	(18).Leo's	studies	revealed	that	the	anti-apoptotic	effect	of	haematopoietic	cytokines,	which	is	clinically	useful	in	augmenting	normal	haematopoiesis	in	various	haematopoietic	deficiencies	and	HSC	transplantation,	also	has	a	dark	side	through	promoting	viability	and
proliferation	of	leukaemic	cells	and	enhancing	their	drug	resistance.	Both	of	Gibbons’	parents	came	from	farming	families	in	the	surrounding	countryside.	While	in	Cambridge,	Gibbons	also	visited	Paley	Johnson,	a	protein	chemist	who	worked	on	the	physical	chemistry	of	muscle	proteins,	in	order	to	discuss	his	recent	work.Since	the	doublet	arms
apparently	represented	an	ATPase	different	from	myosin,	the	only	other	motile	ATPase	known	at	the	time,	Gibbons	proposed	that	the	ciliary	enzyme	was	one	of	a	new	class	of	motility	proteins	that	functioned	as	the	energy-transducing	motor	causing	cilia	to	beat,	and	that	might	also	produce	the	force	necessary	to	move	objects	in	the	cytoplasm,	for
example	during	mitosis	(11).	En	route	he	introduced	the	original	concept	of	a	precursor	film,	invisible	to	the	naked	eye,	that	spreads	quickly	at	first,	creating	a	layer	upon	which	the	macroscopic	droplet	then	moves	forward.	&	Emeléus	H.	Google	ScholarPage	13Charles	Walter	Suckling	was	born	on	24	July	1920,	the	eldest	son	of	Ernest	Edward
Suckling	(1892–1962)	and	Barbara	Suckling,	née	Thomson	(1896–1986),	in	Teddington,	Middlesex.	A.,	Hendry	D.	P.,	Ghoniem	A.	8,	1529–1533.	Because	of	wartime	bombing	of	the	naval	dockyard,	the	school	was	temporarily	evacuated	to	Bournemouth	until	after	the	Normandy	landings	in	1944.During	his	school	years	Dennis	was	particularly
influenced	by	his	headmaster,	Mr	Lindsay,	and	his	two	chemistry	teachers,	Mr	Tweed	and	Mr	Strawson,	and	this	led	to	a	State	Scholarship	to	study	chemistry	at	Christ	Church	College,	Oxford.	In	classical	general	relativity,	a	black	hole	is	a	region	from	which	one	cannot	escape,	but	in	the	interior	of	which	there	is	a	space-time	singularity.	Google
Scholar(22)	1996	(With	Horsfield	A.	Waves	in	asymptotically	flat	space-time.	1988).	Soc.2901–2910.	Although	technically	more	difficult,	Raman	spectroscopy	is	complementary	to	infrared	spectroscopy.	At	that	time,	in	great	secrecy	and	with	Winston	Churchill's	personal	support,	Frank	Whittle's	work	on	the	development	of	his	newly	invented	jet	aero-
engine	prototype	was	being	conducted	at	the	British	Thomson–Houston	works	at	Lutterworth,	Leicestershire.	Boris	attended	Park	Public	School	in	Toronto	from	1931	to	38	and	was	a	high	school	student	at	Jarvis	Collegiate	Institute	from	1938	to	43.	This	angling,	coordinated	with	the	arms’	repeated	detachment	and	reattachment	to	successive	sites
along	the	adjacent	B-tubule,	should	result	in	their	pushing	this	second	doublet	along	the	length	of	the	first	(14).	In	his	retirement	years,	during	the	winter	he	and	Joan	would	escape	the	bite	of	Toronto's	winter	for	a	few	weeks	in	Naples,	Florida,	with	his	son,	Peter,	and	his	family.On	15	April	2010	Boris	Stoicheff	lost	his	battle	with	multiple	myeloma.
Comm.490–491.	C:	Solid	State	Physics	19,	285–313.	For	instance,	on	a	visit	to	Canada,	he	was	undeterred	by	having	to	travel	two	miles	down	a	mine-shaft	to	visit	the	underground	Sudbury	Neutrino	Observatory	(SNO).	(doi:10.1098/rspb.1957.0036)	ISI,	Google	Scholar(6)	Some	observations	on	the	stratification	of	Lake	Victoria.	The	model	proposed
that	the	histone	(H3)2(H4)2	tetramer	formed	a	dislocated	disk,	which	would	define	the	central	turn	of	the	DNA,	while	the	two	H2A-H2B	dimers	lay	one	on	each	face,	each	of	which	would	be	associated	with	half	a	turn	of	DNA.	Aeronaut.	The	predictions	included	certain	power-law	scalings	involving	universal,	isotropic	exponents.	&	Casey	S.)	Reactions
involving	transition	metals.	This	work	showed	that	several	mechanisms	of	inter-particle	bonding	could	be	involved,	including	cation	exchange,	van	der	Waals	forces,	physical	adsorption	and	ligand	exchange	(7).	Although	this	formula	did	not	predict	uniformly	good	heat	transfer	rates	in	separated	flows,	it	was,	nevertheless,	a	major	improvement	on	its
predecessor.After	the	success	of	the	two-dimensional	(2D)	methods	for	parabolic	and	elliptic	flows,	in	1969	Spalding's	group	began	exploring	techniques	for	three-dimensional	(3D)	flows.	The	performance	of	this	novel	microscope	was	improved	by	reducing	artefacts	due	mainly	to	vibration.	John	took	electron	micrographs	of	purified	fractions	of
chromatin	briefly	digested	with	nuclease	and	showed	that	the	number	of	beads	he	saw	in	each	fraction	agreed	with	the	molecular	weight	on	a	sucrose	gradient	of	that	fraction	and	with	the	discrete	size	of	the	DNA	fragment	in	the	fraction	as	a	multiple	of	200 bp	(19).	One	was	the	world's	first	interactive	flow-visualization	package,	GRAFFIC,	written
and	tested	by	Dr	G.	A	free-radical	chain	mechanism	is	favoured	in	gas-phase	reactions	in	UV	light	(51),	but	under	other	conditions	an	ionic	mechanism	can	prevail	(46).	Tombstone	with	temperature	of	black	hole	in	Westminster	Abbey.	He	also	became,	as	was	not	unusual	at	the	time,	a	member	of	the	Communist	Party.	(doi:10.1007/BF00028626)
Crossref,	ISI,	Google	Scholar(30)	1998	(With	Lemoalle	J.)	Ecological	dynamics	of	tropical	inland	waters.	Gibbons	obtained	an	excellent	education	at	Faversham,	especially	in	the	areas	of	mathematics,	physics	and	chemistry.	&	Fox	L.	36,	79–90.	When	ultimately	we	master	the	quantum	gravity	laws,	and	fully	comprehend	the	birth	of	our	universe,	it	will
be	by	standing	on	the	shoulders	of	Hawking’	(Thorne	2018).‘Few,	if	any,	of	Einstein's	successors	have	done	more	to	deepen	our	insights	into	gravity,	space	and	time’	(Rees	2018).Stephen	was	born	in	Oxford	on	8	January	1942	(figure	1),	the	three	hundredth	anniversary	of	the	death	of	Galileo	Galilei.1	His	father,	Frank	Hawking,	came	from	a	family	of
tenant	farmers	in	Yorkshire	who	suffered	hard	times	during	the	agricultural	depression	at	the	beginning	of	the	twentieth	century.	Those	who	knew	Hawking	would	clearly	appreciate	the	dominating	presence	of	a	real	human	being,	with	an	enormous	zest	for	life,	great	humour,	and	tremendous	determination,	yet	with	normal	human	weaknesses,	as
well	as	his	more	obvious	strengths.	He	was	instrumental	in	leading	many	projects	involved	with	both	exhaust	emission	analysis—then	in	its	early	days—to	emission	control	through	catalytic	conversion—again,	a	new	technology	at	that	time.Clearly,	Diarmuid	had	made	a	significant	impression	on	the	Ricardo	board	in	those	formative	first	two	decades	of
his	career.	(doi:10.1016/0031-9163(65)90510-X)	ISI,	Google	Scholar(3)	Occurrence	of	singularities	in	open	universes.	2012Stem	cell	factor	receptor/cKit:	from	basic	science	to	clinical	implications.	It	has	been	wonderfully	translated	by	Axel	Reisinger.	Particularly	important	to	the	company	are	our	young	engineers.	Part	IV:	The	valence-bond	isomers	of
pentakis	(pentafluoroethyl)pyridine.	Following	Patankar's	return	to	India	(having	obtained	his	doctorate),	Spalding	felt	that	the	software	needed	restructuring	to	make	it	easier	for	non-experts	to	use.	(doi:10.1038/259127a0)	Crossref,	ISI,	Google	Scholar(9)	1976	(With	Fibach	E.)	Control	of	normal	differentiation	of	myeloid	leukemic	cells:	XI.	In	later
years,	this	question	troubled	Charles.	As	Boris	and	colleagues	carried	out	original	research	on	lasers,	it	quickly	became	apparent	to	them,	and	indeed	to	many	working	in	academic	and	government	labs,	that	competing	with	the	major	industrial	laboratories	in	laser	development	was	fruitless	since	industrial	resources	were	substantial.
(doi:10.1039/jr9650000978)	Crossref,	ISI,	Google	Scholar(25)	(With	Banks	R.	1993The	knight	of	the	second	law	of	thermodynamics:	Sir	William	Hawthorne	at	eighty.	James	Hartle	(left)	and	Thomas	Hertog	(right)	with	Stephen.	Google	Scholar(20)	1973	(With	Wood	R.	48,	285–292.	They	were	left	to	chemists	and	industrial	scientists.	2	from	(1),
illustrating	the	trend	of	pre-flame	peroxide	and	aldehyde	by	crank	angle	for	different	compression	ratios.	(doi:10.1086/154350)	Crossref,	ISI,	Google	Scholar(32)	(With	Hartle	J.	University	of	Cambridge	Adams	Prize	essay.	Boris	was	not	disappointed	with	his	decision	to	come	back	to	his	alma	mater.	He	was	an	enthusiastic	footballer	in	his	school	and
university	days,	captaining	his	college	team,	the	Christ	Church	Cardinals.	Using	characteristic	absences	in	the	diffraction	patterns,	the	space	group	was	shown	to	be	cubic	F413	with	16	virus	particles	in	the	unit	cell.	Immediately	after	graduation	he	found	employment	with	the	company,	hoping	to	be	engaged	in	invention	and	discovery,	but	found	the
work	to	be	boring	and	tedious.	His	collaborative	leadership	also	led	to	the	institute	hosting	conferences	to	which	leading	international	researchers	were	invited.	Centrifugation	of	the	resulting	solution	in	a	Beckman	Model	E	analytical	ultracentrifuge	showed	a	large	peak	sedimenting	at	about	4S,	as	well	as	smaller	peaks	at	14S	and	30S,	which
presumably	represented	different	axonemal	proteins	potentially	responsible	for	microtubule-based	motility.Within	three	months,	Gibbons	succeeded	in	separating	the	arm	proteins	from	the	tubules	(7),	and	found	that	most	of	the	axonemal	ATPase	activity,	but	only	about	one-third	of	the	total	protein,	went	into	solution.	For	Bob,	the	position	gave	ample
scope	for	his	ambitions,	but	it	was	not	a	traditional	university.	This	paper	was	presented	at	a	Royal	Society	discussion	meeting	on	‘new	developments	in	electron	microscopy	with	special	emphasis	on	their	application	in	biology’	(Huxley	&	Klug	1971).	Heat	Mass	Transfer	6,	289–299.	Following	graduation	with	a	first	in	engineering	science	in	1944	and
a	one-year	stint	with	Shell	(Runchal	2009),	he	joined	the	Ministry	of	Supply	and	its	Rocket	Propulsion	Establishment	(RPE)	in	Westcott,	Buckinghamshire.At	the	end	of	World	War	II	in	Europe,	in	1945	the	British	Government	sent	teams	to	Germany	to	interview	personnel	and	acquire	research	insights	and	know-how	that	had	been	key	to	German
aeronautical	and	rocket	expertise.	Then,	the	maximum	amount	of	energy	that	could	be	lost	from	the	system	would	be	(2	−	√2)mc2.	Nature	362,	219–223.	In	the	E28/39	aircraft,	the	exhaust	pipe	passed	through	the	fuselage	to	the	propelling	nozzle	at	the	aircraft	tail.	He	found	the	first	term	predicted	a	heat	of	formation	that	was	proportional	to	the
density	mismatch	squared	but	with	a	pre-factor	that	changed	from	positive	to	negative	as	the	average	density	of	the	alloy	increased.	The	effective	turbulent	viscosity	μt	was	then	obtained	from	μt=cμρℓk	where	ρ	denotes	the	fluid	density,	ℓ	a	turbulent	length	scale	(to	be	prescribed	by	the	user)	and	cμ	an	empirical	constant.However,	the	need	for	the
user	to	prescribe	the	length	scale	variation	in	other	than	attached	boundary-layer	flows	was	an	impossible	task.	105,	1781–1787.	J.)	Models	for	chronology	selection.	66,	319–324.	The	theory	might	break	down	at	such	high	frequencies	and	so	Stephen	sought	a	mathematical	treatment	of	black	hole	radiation	as	low	energy	particles	leaking	out	of	the
horizon	at	late	times,	rather	than	as	a	high	energy	process	during	the	collapse	itself.	This	may	have	been	partly	the	origin	for	his	independence	of	spirit,	and	also	of	his	mistrust	of	how	educational	institutions	tend	to	promote	conformity	among	students	rather	than	adapt	themselves	to	a	diversity	of	individual	styles.	(doi:10.1111/j.1365-
2427.1996.tb01763.x)	Crossref,	ISI,	Google	ScholarHecky	R.	3–88.	B	231,	237–239.	Brian	Spalding	around	the	time	of	his	promotion	to	professor	ca	1958	(copyright	©	Imperial	College).	Its	phenomenology	had	been	clarified	by	Landau	and	Ginzburg	in	the	early	1950s,	and	involves	two	characteristic	lengths:	Meissner's	magnetic	penetration	length
and	the	coherence	length	for	superconducting	order,	discovered	by	Brian	Pippard.	B	195,	337–343.	Exp.	In	view	of	the	fact	that	the	history	of	capillarity	covers	several	centuries,	this	is	a	real	‘tour	de	force’.	Bob	in	the	garden	at	Copt	Howe	(courtesy	of	Mrs	S.	He	combined	this	with	laboratory	measurements	of	natural	phytoplankton	populations	in
order	to	assess	their	carbon	uptake	characteristics	and	ability	to	deplete	inorganic	carbon.	The	range	of	topics	covered	and	a	host	of	physical	ideas	and	principles	the	authors	describe	as	guidelines	in	the	field	are	likely	to	make	this	book	interesting	to	a	wide	audience	…	."	(Dr.	Y.	Anti-de	Sitter	space	was	originally	conceived	of	as	a	cosmological	model
for	a	universe	that	has	negative	cosmological	constant	and	no	matter.	Spalding).	Mond	Division's	head	of	statistics	at	the	time	was	Dr	Al	Baines,	who,	with	Charles	and	Frank	Bradbury,	wrote	the	book	Research	in	the	chemical	industry	(3),	which	set	out	their	joint	vision	and	understanding	of	the	techniques	and	tasks	involved.	Using	material	from	the
clinic	at	the	nearby	Addenbrooke's	Hospital,	they	started	with	human	wart	virus.	As	broadcasts	came	in	from	around	the	globe	during	the	war,	Gibbons	developed	an	intense	curiosity	in	how	radio	worked,	and	he	soon	taught	himself	to	build	a	shortwave	radio	from	a	kit	purchased	through	a	popular	radio	magazine.	&	Woodward	D.	E.)	Seasonal
dynamics	of	phytoplankton	and	phytobenthos,	and	associated	chemical	interactions,	in	a	shallow	upland	lake	(Malham	Tarn,	northern	England).	The	Royal	Society	of	Chemistry's	commemorative	plaque	installed	at	the	Catalyst	Museum,	Widnes,	a	building	in	which	some	of	the	evaluation	of	candidate	anaesthetics	was	carried	out.	They	bought	a
camper	van	and	travelled	with	the	family	most	summers	in	the	countries	of	Western	Europe.	A	virus	shell	would	then	contain	60 T	subunits.	For	this	there	was	only	one	preparatory	class	in	France,	at	the	lycée	Saint-Louis	in	Paris,	which	he	attended	from	1949	to	1951.	1983Spontaneous	creation	of	almost	scale-free	density	perturbations	in	an
inflationary	universe.	He	also	wrote	a	review	(11)	that	synthesized	known	information	on	rates	of	photosynthesis,	both	net	and	gross,	under	natural	conditions	in	terrestrial	and	aquatic	environments.	The	portrait	was	taken	in	1983	and	is	©	Godfrey	Argent	Studio.Brian	Launder	graduated	in	1961	from	Imperial	College	in	mechanical	engineering
before	completing	postgraduate	degrees	at	MIT	for	experimental	research	on	highly	accelerated	boundary	layers.	Although	the	headmaster	at	St	Albans	thought	Stephen	too	young	to	take	the	entrance	examination,	he	succeeded	at	the	age	of	17.Most	of	Stephen's	colleagues	at	Oxford	were	older	than	him,	some	having	done	military	service.	After
several	attempts,	Boris	and	Gary	managed	to	achieve	zero	absorption,	but	no	net	gain.	(doi:10.1038/166192b0)	Crossref,	PubMed,	ISI,	Google	Scholar(3)	(With	Smith	F.)	Organic	fluorides.	Spalding	and	his	contributions	to	science	and	engineering.	Some	important	themes	of	classical	black	hole	theory,	such	as	the	four	laws	of	black	hole
thermodynamics	and	the	definitive	uniqueness	theorems,	were	not	included	because	they	were	developed	later.Meanwhile,	in	1969	Joseph	Weber	reported	the	detection	of	gravitational	radiation	from	the	centre	of	our	galaxy.	One	outcome	from	his	thesis	was	a	transfer	number,	now	commonly	referred	to	as	the	Spalding	Parameter	(or	Spalding
Number)	and	applicable	to	either	heat	or	mass	transfer,	that	(for	heat	transfer)	expressed	the	ratio	of	heat	conducted	from	the	droplet	surface	to	the	latent	heat	of	vaporization.	Google	Scholar(49)	(With	Barlow	M.	Google	Scholar(26)	(With	Caretto	L.	T.)	A	swept	focussing	system	for	ultrasonic	pulse-echo	diagnosis.	The	banning	of	Ian	Robertson	in
May	1966,	who	was	the	president	of	the	National	Union	of	South	Africa	Students,	led	to	massive	demonstrations,	a	march	through	the	centre	of	Johannesburg	and	a	week-long	vigil	outside	the	university	gates.	Part	XXXVI:	Photochemical	reaction	of	N-bromo-	and	N-chloro-bistrifluoromethylamine	with	cis-	or	trans-but-2-ene	and	the	synthesis	of	1,2-
di(bistrifluoromethylamino)-difluoroethylene	and	2-bromo-1,2-difluoro-NN-bistrifluoromethyl-vinylamine.	Like	all	adventures,	there	have	been	disappointments	as	well	as	moments	of	intense	pleasure	and	excitement,	and	I	am	grateful	for	the	luck	of	being	part	of	the	scientific	community	in	all	its	diversity.	From	1977,	when	Yossi	presented	his	thesis	as
Leo's	student,	they	remained	together	and	had	a	long	and	harmonious	relationship,	so	much	so	that	Yossi	became	part	of	the	family.	(doi:10.1111/j.1365-2389.1977.tb02248.x)	Crossref,	ISI,	Google	Scholar(19)	Soil	damage	by	intensive	arable	cultivation:	temporary	or	permanent?Phil.	Were	it	the	case	that	κdA/8π	were	replaced	by	TdS,	T	being	the
temperature	of	the	system	and	dS	the	change	in	its	entropy,	then	the	relation	equation	[1]	would	be	identical	to	the	first	law	of	thermodynamics,	which	expresses	the	change	in	the	energy	of	a	system	in	terms	of	its	heat	content	and	the	work	done	on	the	system.	L.)	Metal	carbonyl	chemistry.	John	and	Aaron	in	discussion	over	a	model	of	the	TMV	disk.
Methods	were	developed	to	extract	and	analyse	these	elusive	and	easily	altered	proto-clay	minerals,	using	samples	from	geologically-recent	Australian	ando	soils	from	volcanic	locations	in	southeastern	Australia	(13,	15).In	1970	Dennis	moved	to	the	University	of	Reading,	replacing	his	mentor,	Walter	Russell,	as	professor	and	head	of	the	Department
of	Soil	Science.	&	Robinson	P.	He	especially	recognized	the	importance	of	inhomogeneities	(defects,	vortices,	surfaces)	as	a	testing	ground	for	different	theoretical	hypotheses.	Hence,	the	pressure	difference	between	two	neighbouring	grid	points	was	used	to	‘drive’	the	velocity	component	located	between	them.	M.)	Crystal	structure	of	globular
domain	of	histone	H5	and	its	implications	for	nucleosome	binding.	The	reports	to	which	he	contributed	most	were	the	twelfth,	Best	practical	environmental	option	(1988),	and	the	fourteenth,	GENHAZ,	a	system	for	the	initial	appraisal	of	the	release	of	genetically	modified	organisms	into	the	environment	(1991)	(both	available	at
//www.rcep.org.uk/reports/index.htm).	The	research	was	initially	focused	on	hydrogen	and	other	homonuclear	diatomic	molecules,	since	rotational	and	vibrational	spectra	do	not	appear	in	the	dipole	approximation	for	the	free	molecules,	and	because	theoretical	work	on	hydrogen,	in	particular,	is	much	simpler	than	for	other	molecules.	New
laboratories	were	being	built	at	Trumpington	Street,	and	engineering	was	becoming	the	university's	largest	department.	R.)	Research	in	the	chemical	industry.	The	frontispiece	photograph	was	taken	and	provided	by	Ben	Gold,	David's	stepson.Adrian	Sutton	FRS	is	Emeritus	Professor	of	Nanotechnology	in	the	Department	of	Physics	at	Imperial
College	London.	Copyright:	The	Trustees	of	the	Hawking	Estate.	&	Penrose	R.	He	was	a	special	friend	to	many	of	the	administrative	staff	of	the	school,	and	was	in	many	ways	an	inspirational	figure	to	us	all.Peter	and	Valerie	enjoyed	living	in	Bristol,	Dinas	Powys	and,	most	recently,	Weston-in-Gordano,	where	they	played	a	significant	role	in	the	church
community.	Jack	(rowing)	with	Mary	Burgis	and	George	Ganf	training	for	the	IBP	on	Esthwaite	Water	in	1966.	Heavy	number	crunching	was	essential,	but	only	to	check	one's	understanding	embodied	in	simple	models.	Spalding	is	now	widely	acknowledged	as	the	founder	of	commercial	CFD,	a	status	recognized	by	his	numerous	awards	listed	at	the
end	of	this	memoir.Spalding's	passion	for	communicating	ideas	succinctly	and	lucidly	may	have	begun	at	King's	College	School.	The	group	decided	that	a	new	professional	journal	was	needed	to	bring	together	the	processes	in	which	heat	and	mass	transfer	were	vital	and	also	to	attract	a	stronger	mix	of	international	contributions.
(doi:10.1180/claymin.1980.015.2.08)	Crossref,	ISI,	Google	Scholar(24)	1981Soil	management	and	soil	degradation.	The	crystals	were	remarkably	well	ordered,	showing	diffraction	spacings	to	about	2 Å,	and	John	and	Aaron	were	able	to	deduce	that	the	particles	were	arranged	with	body-centred	cubic	packing	(3).	He	extended	his	descriptions	of
secondary	flow	to	different	types	of	geometries	such	as	flow	around	struts,	fluids	of	non-uniform	density,	and	flow	in	rotating	blade	passages.	His	research	addressed	the	mixing	of	burning	jets	of	combustible	gas	to	determine	the	influence	of	turbulence	on	flame	length,	showing	that	the	rate	of	mixing,	i.e.	the	rate	at	which	oxygen	mixes	with	fuel,
controls	the	length	of	the	flame	(3)*.	This	modelling	approach	allowed	the	measurement	of	arterial	stiffness	non-invasively,	together	with	the	measurement	of	arterial	narrowing	and	measurements	of	vascular	impedance.Peter	returned	to	Bristol	in	1974.	American	Institute	of	Physics.	Besides	these	simple	face-centred	cubic	crystals,	molecular	solids
of	H2,	CH4	and	CD4	were	also	later	investigated.	(doi:10.1039/C39760000260)	Google	Scholar(72)	1977	(With	Taylor	D.	486,	169–178.	Together	with	Hartle,	he	showed	how	this	can	be	achieved	by	using	path	integrals	to	calculate	the	amplitude	for	a	scalar	particle	to	propagate	in	the	curved	space-time	of	a	black	hole	from	the	future	singularity	to	an
observer	at	infinity	(32).	Significant	strides	had	been	made	through	crop	improvement	programmes,	but	pollution	and	land	degradation	required	greater	attention.	J	Phys.	1932Phytoplankton	in	the	English	lakes:	II.	Eventually,	he	became	convinced	that	the	quantum	mechanical	picture	is	correct,	finally	being	persuaded	by	the	anti-de	Sitter	space–
conformal	field	theory	(AdS/CFT)	correspondence	discovered	by	Juan	Maldacena	(1999).	Resolving	powers	of	approximately	106	were	obtained.	The	BCS	theory	explained	the	mechanism	of	superconductivity	by	Bose-condensation	of	paired	electrons,	whereas	Josephson	in	1962	first	understood	the	consequences	of	the	resulting	collective	phase
variable.	F.)	Loss	of	quantum	coherence	through	scattering	off	virtual	black	holes.	Google	Scholar(11)	1963	(With	Griffiths	S.	With	publication	of	the	Schawlow/Townes	paper,	Boris	felt	that	the	development	of	a	high-power,	narrow	linewidth	source	would	make	Brillouin	scattering	experiments	much	easier.Boris’s	attempt	to	build	the	first	optical
maser	in	1959	was	performed	with	Gary	Hanes,	a	postdoctoral	colleague	from	the	optical	science	group	of	the	NRC.	Initially,	Peter	emigrated	to	Canada	alone	and	found	employment	in	mining	for	two	years.	He	continued	to	work	on	coarse	graining	from	DFT	to	tight-binding	and	bond-order	potentials	when	he	became	the	first	director	of	the	newly
established	ICAMS	in	2008.	Limnol.	He	shared	David's	vision	of	setting	up	the	Materials	Modelling	Laboratory	in	Oxford	and	helped	David	to	realize	it.	Contacts	with	Eastern	European	companies	and	governments	were	a	feature	of	the	time,	inevitably	involving	a	deal	of	scientific	and	intellectual	shadow	boxing,	but	nevertheless	valuable	in	building
confident	relationships.	It	has	a	singularity	in	the	past	and	defines	a	region	of	space	from	which	matter	and	radiation	must	escape.	(C)996–1000.	He	also	continued	to	supervise	students	at	Imperial	College.	CHAM	continued	to	expand	throughout	this	golden	period,	with	40	technical	and	support	staff	in	the	UK	in	1986	and	about	20	at	CHAM	NA.	A
spectacular	example	is	that	of	semi-dilute	polymer	solutions	in	good	solvents,	where	a	scaling	behaviour	that	matches	perfectly	well	the	experiments	can	be	inferred	from	the	behaviour	of	isolated	polymer	chains	and	of	molten	polymers	which	had	been	described	25	years	earlier	by	Flory.Another	characteristic	of	the	physical	approach	of	Pierre-Gilles
was	to	use	a	minimum	of	mathematical	formalism	to	powerful	effect.	There	were	competing	theories	of	gravity.	His	flight	simulator	took	him	around	the	globe	and	let	him	hone	his	aviation	skills.	His	work	on	magnetism	and	superconductivity	addressed	the	burning	topics	of	their	day,	yet	from	1970	onwards	he	followed	roads	less	travelled	into	areas
that	had	not	been	fashionable	up	to	that	point.	Raventos	gave	one	of	the	most	simple	and	clearly	defined	statements	of	the	profile	expected	for	a	successful	inhalant	anaesthetic	(Raventos	&	Spinks	1958),	thereby	allowing	biological	properties	to	be	correlated	rationally	with	chemical	structure.	Stephen	then	studied	the	properties	of	rotating	Bianchi
models	(14)	and,	later	with	Barry	Collins,	the	anisotropies	in	the	cosmic	microwave	background	radiation	(CMB)	in	rotating	and	distorted	Bianchi	universes	(26).	Ver.	Another	goal	was	to	obtain	detailed	information	on	rotational	constants.	(doi:10.1111/j.1365-2389.1956.tb00890.x)	Crossref,	ISI,	Google	Scholar(5)	1960	(With	Nye	P.	David	was	not
enthralled.	(doi:10.1038/362219a0)	Crossref,	PubMed,	ISI,	Google	Scholar(32)	1995	(With	Scott	W.	The	third	category	of	modification,	the	viscosity	of	the	medium,	had	only	small	effects	on	beat	frequency	and	wavelength	(Brokaw	1966).	&	Klug	A.	Gammexane	was	initially	a	boon	in	agriculture	and	public	health,	but	later	was	found	to	be	of	medical
concern	because	of	its	high	lipophilicity	and	biological	persistence.	Google	Scholar(15)	1967	(With	Patankar	S.	6,	p.	With	Mike	Birchall,	Bob	also	discovered	that	pyrolysing	sodium	chlorodifluoroacetate	leads	to	difluorocarbene,	CF2	(21),	which	was	also	generated	by	pyrolysing	polyfluorocyclopropanes	(34).Bob	also	followed	up	work	on	the	thermal
reaction	of	CF3I	and	its	homologues	with	sulphur,	which	leads	to	mixtures	of	perfluoroalkyl	di,	tri-	and	higher	sulphides.	He	acted	as	a	supervisor	at	Peterhouse	from	1965	to	1995	for	those	students	taking	the	Crystalline	State	option	in	the	Natural	Sciences	Tripos	and	his	hands-on	experience	of	many	aspects	of	crystallography	was	greatly
appreciated	by	the	students.John	and	Ann	were	married	on	Sark	in	the	Channel	Islands	in	1958	and	had	four	children,	Simon,	Andrew,	Tabitha	and	Selina	(Figure	5).	When	describing	his	own	ideas,	Pierre-Gilles’s	eyes	would	light	up	with	the	flame	of	communication—just	as	they	did	when,	in	the	years	after	his	Nobel	Prize,	he	would	tirelessly	visit
high	schools	to	promote	not	just	an	interest	in	science	itself	but	an	ethos	for	rationality	and	curiosity	as	opposed	to	‘received	wisdom’	(which	he	loved	to	undermine).	Several	times	it	happened	to	me	that	I	tried	to	solve	a	problem	for	days	and	weeks	and	convinced	myself	that	it	just	could	not	be	solved.	&	Sutoh	K..)	Helix	sliding	in	the	stalk	coiled	coil
of	dynein	couples	ATPase	and	microtubule	binding.	About	13	years	later	Leo	was	due	to	retire,	but	as	he	was	granted	a	special	‘extension	of	service’	he	was	able	to	continue	his	research.	Pierre-Gilles	(left)	and	Sir	Sam	Edwards	at	the	latter's	retirement	meeting	in	Cambridge,	September	1995.	By	1947,	after	only	five	years	with	Ricardo,	he	was
appointed	head	of	the	petrol	department.	(doi:10.1098/rsbm.2009.0023)	Link,	Google	ScholarFerguson	K.	C:	Solid	State	Physics	2,	1051–1069.	(doi:10.1103/PhysRevD.53.3099)	Crossref,	ISI,	Google	Scholar(85)	1997	(With	Ross	S.	V.)	A	calculation	procedure	for	heat,	mass	and	momentum	transfer	in	three-dimensional	parabolic	flows.	Appl.	(Online
version	in	colour.)Download	figureOpen	in	new	tabDownload	PowerPointThe	second	project	began	in	1995	when	a	new	programme	of	first	year	seminar	courses	was	initiated	at	the	University	of	Toronto	to	introduce	incoming	undergraduates	to	the	excitement	of	university	scholarship.	Stephen	resolved	to	do	something	really	creative	with	his
remaining	years	and	aspired	to	tackle	some	of	the	most	fundamental	questions	concerning	the	physical	nature	of	the	universe.	He	was	awarded	a	first.The	1960s	were	an	exciting	period	in	astronomy,	astrophysics	and	cosmology.	For	astronomical	black	holes,	the	temperature	is	tiny,	T	∼	10−7	(M/M⊙)	K,	where	M⊙	is	the	mass	of	the	Sun.
(doi:10.1086/304480)	Crossref,	ISI,	Google	ScholarEllis	G.	A	group	at	LMB	was	studying	the	mode	of	action	of	one	of	the	viral	control	proteins	called	rev	and	John	took	micrographs	to	show	how	RNAs	carrying	a	specific	feature	called	RRE	were	coated	by	rev	and	turned	into	rod-like	filaments	extending	over	hundreds	of	nucleotides	(30).After	his
official	retirement	in	1995,	John	collaborated	with	a	group	in	Utah	on	another	HIV	project	concerned	with	the	structure	of	the	unusual	conical	core	of	the	assembled	virus.	By	then	it	seems	that	the	international	clamour	for	Levich's	release	had	reached	a	level	where	the	Soviet	authorities	sought	an	escape.	Google	Scholar(9)	(With	Evans	H.	&	de
Chatel	P.	32,	164–168.	D	62,	043501.	In	2017,	Thorne	was	awarded	the	Nobel	Prize	in	Physics	with	Rainer	Weiss	and	Barry	Barish	‘for	decisive	contributions	to	the	LIGO	detector	and	the	observation	of	gravitational	waves’.The	editor-in-chief	is	most	grateful	to	the	authors	for	providing	their	contributions	about	the	areas	in	which	they	worked	with
Stephen.	Anna	N.	Other	members	included	E.	Isobel	gained	entrance	to	the	University	of	Oxford,	where	she	studied	economics,	politics	and	philosophy.	142,	129–141.	Mallinson	(now	at	the	University	of	Auckland)	and	one	of	the	authors	(AP),	and	licensed	to	CHAM	to	become	PHOTON	(PHOENICS	OuTput	optiON).After	his	retirement	from	Imperial
College,	Spalding's	writings	focused	on	internal	CHAM	documents	as	well	as	contributions	to	journals	and	conferences.	Together	with	Peter	Nye,	they	organized	a	discussion	meeting,	‘Land	resources:	on	the	edge	of	the	Malthusian	precipice?’,	at	the	Royal	Society	in	1996.	The	histone	octamer	was	shown	to	be	a	left-handed	helical	spiral	with	a	2-fold
axis	of	symmetry,	on	which	two	turns	of	superhelical	DNA	could	be	wound	(23).	Ottawa,	Canada:	NRC	Press.	Peter	joined	the	team	as	the	junior,	but	only	full-time,	research	assistant.	But	in	thermal	equilibrium,	one	cannot	determine	the	direction	of	time	by	observation.	Żytkow.Footnotes1	Many	more	details	about	Stephen's	life	can	be	found	in	the
book	Stephen	Hawking:	his	life	and	work	by	Kitty	Ferguson	(2017).2	Numbers	in	this	form	refer	to	the	bibliography	at	the	end	of	the	text.1966Adams	Prize1975Eddington	Medal;	Pius	XI	Medal1976Maxwell	Medal	and	Prize;	Heineman	Prize;	Hughes	Medal1978Albert	Einstein	Award1985Royal	Astronomical	Society	Gold	Medal1987Dirac
Medal1988Wolf	Prize1989Prince	of	Asturias	Award1998Andrew	Gemant	Award1999Naylor	Prize	and	Lectureship;	Lilienfeld	Prize;	Albert	Medal2006Royal	Society	Copley	Medal2009Presidential	Medal	of	Freedom2013Special	Breakthrough	Prize	in	Fundamental	Physics2015BBVA	Foundation	Frontiers	of	Knowledge	AwardBernard	Carr	is	Professor	of
Mathematics	and	Astronomy,	Queen	Mary	University	of	London.	His	efforts,	supported	by	Greville	Janner	MP	(who	argued	in	Parliament	for	Levich's	release	under	the	Helsinki	Accord)	and	Lord	Dainton	FRS	(who	offered	Levich	a	fellowship	at	University	College,	Oxford)	among	others,	came	to	nought.	A.)	Ultrasonic	liver	scanning:	the	A-scan	in	the
normal	and	in	cirrhosis.	Swirl	vanes	were	used	to	create	a	recirculation	zone,	and	thus	to	stabilize	the	flow,	in	other	words	to	provide	a	flame	holder	with	low	enough	velocities	so	the	flame	sat	stably	at	a	given	location	instead	of	being	blown	downstream.	&	Holmes	R.	(doi:10.1038/newbio229047a0)	Crossref,	PubMed,	Google	ScholarCaspar	D.
Crossref,	Google	ScholarHanjalić	K.	B.,	Sanders	D.	XIV:	Reactions	of	rhodium	carbonyls	with	ligands.	Spalding	favoured	assuming	linear	velocity	variations	across	strips	of	the	shear	flow.	Copyright	©	NASA.	Although	he	was	not	a	distinguished	cox,	the	experience	expanded	his	circle	of	friends.	Boris	marvelled	at	the	presentation	and	Herzberg's
beautiful	work	on	the	quadruple	spectrum	of	molecular	hydrogen	as	well	as	its	significance	in	the	detection	of	this	gas	in	planetary	atmospheres.	Stephen	showed	that	in	the	Brans–Dicke	theory,	black	holes	were	the	same	as	they	are	in	general	relativity	(21).Also	in	1972,	Hartle	and	Stephen	answered	a	simple	question:	is	it	possible	to	have	more	than
one	black	hole	in	static	equilibrium?	Stephen	and	his	collaborators	then	put	forward	a	holographic	model	of	eternal	inflation	in	the	no	boundary	theory	in	which	the	quantum	regime	of	eternal	inflation	lives	on	a	past	boundary	surface,	a	rather	radical	departure	from	the	original	no	boundary	idea.	(1966)	and	Mueller	(1967)	had	demonstrated	that	the
first	principles	augmented	plane	wave	or	Korringa–Kohn–Rostoker	(KKR)	band-structures	of	fcc	copper	and	nickel	could	be	reproduced	by	a	physically	motivated	model	Hamiltonian	of	the	hybrid	nearly-free-electron	tight-binding	form	(H-NFE-TB).	Google	Scholar(34)	2008The	developmental	history	of	inland	water	science.	(doi:10.1016/0022-
2836(81)90314-4)	Crossref,	PubMed,	ISI,	Google	Scholar(27)	1984	(With	Richmond	T.	He	wrote:	The	engineer,	unlike	the	scientist,	is	not	concerned	with	the	accumulation	of	knowledge	for	knowledge's	sake.	He	worked	on	the	structure	of	a	red	pigment	obtained	from	sandalwood	known	as	santal	(an	isoflavonoid),	about	which	nothing	was	known	at
the	time.	Cancer	5,	341–354.	What	was	the	origin	of	this	breadth	of	curiosity,	in	which	formalism—even	when	beautifully	deployed—is	always	subservient	to	the	phenomena	at	hand?	However,	he	found	the	textbooks	unattractive;	so,	to	assist	his	learning:	I	turned	to	Russian	poetry	which	had	the	merit	of	being	more	interesting,	semantically	and
musically,	and	which	in	addition	assisted	me	to	learn	not	only	the	spelling	of	the	words	but	also	their	‘udarienie’,	how	the	stresses	were	placed.	Professor	Frank	Nabarro	is	in	the	centre	of	the	front	row.	Jack	was	strongly	influenced	by	Rzóska	and	collaborated	with	him	and	another	Briton	in	Khartoum,	Gerald	Prowse.	He	hoped	to	build	a	world	in
which	humankind	embraced	with	him	that	cosmic	perspective	to	become	guardians	of	our	planet:	Spaceship	Earth.‘Our	only	boundaries	are	the	way	we	see	ourselves’,	he	said.	Müller)	Dujardin,	and	many	studies	were	performed	to	describe	and	analyse	its	population	dynamics	and	interaction	with	environmental	conditions	(25,	26).	Following	his
arrival	at	Imperial,	he	learned	that	a	new	colleague,	E.	Heat	Mass	Transfer	1,	193–321.	During	attempts	to	crystallize	the	histone	core	of	the	nucleosome,	hollow	tubular	arrays	were	observed,	and	these	proved	suitable	for	image	analysis	from	John's	electron	micrographs.	Google	ScholarPenrose	R.2018Mind	over	matter:	Stephen	Hawking:	obituary.	If
the	spatial	extent	R	of	a	region	of	mass-energy	M	has	value	R	<	2GM/c2,	then	a	black	hole	will	be	formed.	At	this	point,	the	crystal	project	moved	to	Zürich	from	where,	after	many	more	improvements	to	the	preparations,	an	atomic	structure	was	eventually	published	(Luger	et	al.	Jane	received	her	PhD	in	medieval	Spanish	poetry	in	April	1981.	&
Wood	R.	For	example,	when	in	Khartoum,	where	the	newly	invented	spectrophotometer	was	not	yet	available,	he	developed	a	method	of	assessing	water	colour	using	whisky	dilutions	as	a	standard.	1973).	Part	VIII:	Some	homolytic	reactions	of	pentafluoroiodobenzene.	Attempts	to	verify	these	mechanisms	were	unsuccessful,	but	much	later	others
confirmed	phospha-alkene	intermediates	(Nixon	2017).In	his	early	work	with	Emeléus,	Bob	found	that	CF3Li	and	CF3MgCl	react	with	SiCl4,	replacing	one	or	two	chlorines	by	the	CF3	group.	He	was	fulfilled	in	his	academic	activities,	enjoying	his	research,	his	regular	formal	and	informal	meetings	with	his	postgraduate	students,	his	international
conferences	and	his	sabbaticals	in	the	US.	In	contrast,	his	election	to	the	Fellowship	of	the	Royal	Society,	predicated	largely	upon	Charles’s	role	in	the	discovery	of	halothane	together	with	subsequent	scientific	development	projects,	was	a	major	encouragement	and	reward.Charles	had	several	distinctive	features	in	his	management	style.	The	nominal
contact	line	position	is	yL.	It	is	to	be	hoped	that	their	parents	coped	with	this	information!	Figure	6.	David	achieved	this	by	going	back	to	the	periodic	table	that	had	made	such	a	deep	impression	on	him	during	his	school-days	in	Johannesburg.	&	Squire	L.	But	for	small	black	holes,	which	could	have	been	formed	in	the	early	universe	(see	Section	8),
their	lifetimes	could	be	much	shorter.	(doi:10.1111/j.1469-8137.1957.tb07447.x)	Crossref,	Google	Scholar(4)	The	phytoplankton	population	as	a	compound	photosynthetic	system.	For	example,	two-phase	flows	had	two	sets	of	velocity	components,	one	for	each	phase;	shell-and-tube	heat	exchangers	were	treated	as	interpenetrating	continua,	having	at
each	location	a	shell-side	and	a	tube-side	temperature.	XX:	A	comparison	of	the	reactions	of	1,2,3,4,7,7-hexafluorobicyclo[2.2.1]heptadiene	and	2,3-bis(trimethyltin)-	and	2,3-dichloro-1,4,5,6,7,7-hexafluorobicyclo[2.2.1]hepta-2,5-dienes	with	low	valent	transition	metal	complexes.	These	are	covered	comprehensively	in	the	Appointments	section,	but
some	particularly	noteworthy	organizations	supported	were:	the	Design	Council;	the	British	Council;	the	Council	of	the	Motor	Industry	Research	Association;	the	Parliamentary	Office	of	Science	Technology;	and	the	University	of	Surrey.	Charles’s	parents	helped	him	gain	a	clear	sense	of	duty,	honesty,	justice,	concern	for	the	disadvantaged	and	being
true	to	one's	word.	The	interdependence	of	device	and	understanding	was	an	important	part	of	his	approach	and	philosophy	concerning	problem	solving	in	engineering.In	May	of	1944	the	Turbine	Division	was	extracted	from	the	RAE	to	join	with	the	existing	Power	Jets	Ltd	to	form	a	nationalized	company,	Power	Jets	(R&D)	Ltd,	a	decision	that	was	not
welcomed	by	Hawthorne	or	Constant,	or	by	Farren,	the	director	of	RAE.	The	allowed	patterns	were	predicted	by	considering	the	folding	up	of	a	planar	hexagonal	net	onto	the	surface	of	an	icosahedron.	Crossref,	ISI,	Google	Scholar(7)	1959	(With	Cole	E.	They	had	three	children:	Robert,	born	in	1967,	Lucy	in	1970	and	Timothy	in	1979	(figure	4).	In
Soil	colloids	and	their	interaction	in	soil	aggregates	(ed.	However,	this	again	failed	to	stimulate	him	and	he	began	to	think	that	it	might	be	more	interesting	to	study	agriculture	seriously.	(doi:10.1038/179683b0)	Crossref,	PubMed,	ISI,	Google	Scholar(2)	1957	(With	Klug	A.	The	transfer	was	by	Dakota	aeroplane	and	John	describes	being	very	worried
when	all	the	crew	came	back	to	talk	to	him,	leaving	the	plane	on	autopilot.	An	important	part	of	this	network	involves	induction	of	the	differentiation-inducing	cytokine	IL-6	by	the	different	CSFs	in	normal	haematopoietic	cells,	which	could	serve	as	an	effective	mechanism	for	coupling	proliferation	to	differentiation.	While	at	Cambridge	he	had	taught
thermodynamics	to	the	undergraduate	class,	creating	extensive	notes	in	the	process.	Rather,	they	appeared	to	cooperate	with	each	other	in	a	framework	of	a	cytokine	network.	(doi:10.1073/pnas.88.16.7366)	Crossref,	PubMed,	ISI,	Google	Scholar(31)	1993	(With	Ramakrishnan	V.,	Graziano	V.,	Lee	P.	He	asked	Hawthorne	about	this:	‘Professor
Hawthorne,	I'm	very	surprised	that	what	you're	doing	in	thermodynamics	here	sounds	to	me	very	much	like	what	we're	doing	at	MIT.’	The	response	was	simply:	‘Mr	Hatsopoulos,	aren't	you	aware	that	Cambridge	University	was	Keenanized … ?’	(Hatsopoulos	2008).In	addition	to	the	(many)	informal	visits	that	took	place,	Hawthorne	had	a	strong
formal	relationship	with	MIT.	Google	Scholar(66)	1988A	brief	history	of	time.	David	was	on	the	platform	at	Charlbury	station	to	meet	me,	and	I	barely	recognized	him—shorter	than	ever,	bent,	most	of	his	hair	gone,	and	clearly	in	pain.	It	remains	to	be	determined	if	this	is	sufficient	to	rescue	quantum	mechanics.We	cherish	the	astonishing	pictures	of
Stephen	in	2007	‘floating’	weightlessly	in	the	NASA	‘Pathfinder	Flight’	aircraft	and	manifestly	overjoyed	at	escaping,	albeit	briefly,	from	the	clutches	of	the	gravitational	force	he	had	studied	for	decades	and	which	had	so	cruelly	imprisoned	his	body	(figure	11).	Radiat.	Preference	was	therefore	given	to	marginal	improvement,	and	the	long-term
negative	effect	of	the	absence	of	innovative	products,	being	difficult	to	quantify,	was	ignored.In	his	general	manager	role,	Charles	travelled	widely,	engaging	with	ICI	businesses	world-wide.	Sci.	He	served	as	a	member	of	council	for	the	Canadian	Institute	for	Advanced	Research	and	the	Royal	Society	of	Canada,	as	well	as	numerous	Fellow	and	medal
nomination	committees	of	the	Canadian	Association	of	Physicists,	the	Optical	Society	of	America	and	the	Royal	Society	of	Canada.	(doi:10.1039/p19730001542)	PubMed,	Google	Scholar(57)	1974	(With	Flowers	W.	In	1976	CHAM	North	America	(CHAM	NA),	based	in	Huntsville,	Alabama,	was	established,	providing	a	bridgehead	in	the	USA	to	benefit
from	consultancy	opportunities	within	the	US	space	programme.	Cytoskeleton	14,	345–358.	This	was	an	opportune	time	to	do	so.	Wiley	&	Sons.	He	was	particularly	close	to	some,	who,	I	am	sure,	sorely	miss	him	today.	For	example,	a	black	hole	of	mass	1015 g	will	last	about	1010	years,	approximately	the	current	age	of	the	universe.Stephen's	first
picture	for	the	radiation	mechanism	was	that	vacuum	fluctuations	in	the	region	outside	the	black	hole	give	rise	to	pairs	of	virtual	particles.	Bill,	and	several	other	graduate	students	that	followed	over	the	next	12	years,	sought	to	obtain	insight	into	interatomic	(van	der	Waals)	forces	and	pair	potentials	in	Xe,	Kr,	Ar	and	Ne	single	crystals,	which	all
existed	at	cryogenic	temperatures.	Depending	on	how	the	subunits	were	positioned,	the	subunits	could	become	clustered	into	larger	surface	groupings	that	the	stain	could	not	penetrate.	Med.	Holography	provided	a	realization	of	the	idea	that	our	visible	universe	may	be	a	four-dimensional	membrane	in	a	higher-dimensional	space.	(Courtesy	of	Joseph
Lotem.)	(Online	version	in	colour.)Download	figureOpen	in	new	tabDownload	PowerPointThroughout	the	years,	Leo	had	numerous	PhD	and	post-doctoral	students,	many	of	whom	continued	to	successful	careers	in	science,	but	one	of	the	authors	of	this	memoir,	Joseph	(Yossi)	Lotem,	was	the	only	scientist	with	whom	he	worked	over	a	long	period	of
time.	(doi:10.1126/science.1164424)	Crossref,	PubMed,	ISI,	Google	Scholar(35)	2009	(With	Kon	T.,	Imamula	K.,	Roberts	A.	Eventually,	Molecular	Genetics	became	the	leading	department	among	the	WIS	life	science	departments	and	was	Leo's	home	until	his	last	days.Professor	Charles	Dinarello	from	the	University	of	Colorado,	Denver,	remembers
fondly	when	he	first	met	Leo,	who	came	up	to	him	after	his	lecture	on	IL-1β	at	the	WIS:	I	complained	to	Leo	about	how	negative	the	immunologists	are	about	accepting	so	many	different	properties	of	IL-1β.	In	ASME	1993	Int.	In	1959	many	of	these	lamps	were	still	at	the	NRC.	Among	the	most	important	results	was	the	demonstration	of	the	significant
increase	in	entropy	arising	from	the	displacement	of	water	molecules	from	the	clay	surface	when	large	molecules	were	adsorbed.	The	equations	could	thus	be	solved	by	‘marching’	from	upstream	to	downstream,	a	computationally	economical	strategy.	Overall,	and	this	certainly	applies	to	the	early	part	of	his	career,	Boris’s	research	style	was	to
undertake	difficult	experiments	and	carry	them	out	with	precision	rather	than	searching	for,	observing	or	explaining	new	phenomena.And,	of	course,	the	years	in	Ottawa	proved	fruitful	in	other	ways	as	well,	for	it	was	there	that	he	met	his	wife	(Lillian)	Joan	(née	Ambridge).	The	whole	procedure	was	clearly	successful	as	he	was	able	later	to	undertake
a	wide	range	of	experimental	tasks	unimpeded.As	an	undergraduate	at	King's	College	he	read	Special	Physics,	graduating	in	1954.	Part	VIII:	Reaction	of	hydridopentacarbonylmanganese(I)	with	perfluorocyclopentadiene.	Soc.6149–6163.	Fogg	(FRS	1965)	at	University	College	London	(UCL).	The	method	acquitted	itself	reasonably	well	in	his	group's
submission	to	the	1968	Stanford	Conference	on	the	Computation	of	Two-Dimensional	Turbulent	Boundary	Layers	(Kline	et	al.	An	important	breakthrough	was	achieved	in	1991	by	Leo	and	colleagues	showing	that	the	tumour	suppressor	protein	wild-type	(WT-)p53	induces	apoptosis	in	myeloid	leukaemic	cells,	which	is	effectively	inhibited	by	IL-6	(14),
suggesting	that	p53-mediated	apoptosis	in	these	myeloid	leukaemic	cells	is	in	fact	a	normal	physiological	process.	He	strongly	encouraged	Stephen's	interest	in	science,	taking	him	to	his	laboratory	at	Mill	Hill	to	peer	through	microscopes	and	visit	the	insect	house	where	mosquitos	infected	with	tropical	diseases	were	kept.	He	considered	the
computational	cells	as	tanks	that	were	connected	to	neighbouring	cells	by	tubes.	This	intellectual	rigor	proved	a	wonderful	training	for	analysing	problems,	and	developments	of	the	approach	became	widely	taught	in	engineering	departments	around	the	country	(Newland	2013).When	Hawthorne	was	elected	to	his	Cambridge	chair,	university
professors	did	not	supervise	undergraduate	students.	Two-sided	images	thus	represented	a	superposition	of	viral	features	from	the	top	and	bottom	of	the	specimen,	that	is	to	say	a	projection	of	scattering	matter	in	the	direction	of	the	electron	beam.	Google	Scholar(11)	(With	Kidd	J.	G.)	Perfluoroalkyl	derivatives	of	nitrogen.	As	Master,	Hawthorne	took
an	interest	in	those	visitors	and	did	his	best	to	make	them	and	their	families	feel	welcome,	from	encouraging	participation	in	college	activities,	to	arranging	for	weekend	walks	with	spouses	and	children	invited.	Essentially,	Ik	is	the	light	level	at	which	an	extrapolation	of	the	initial	nearly	linear	phase	of	the	light	curve	would	intersect	the	maximum	rate
of	light	saturated	photosynthesis.	In	the	end	he	took	the	only	decision	that	seemed	to	offer	a	way	out:	he	moved	CHAM's	entire	operation	out	of	the	college,	releasing	the	four-man	management	team	from	any	further	involvement	and	thus	taking	back	personal	responsibility	for	all	CHAM's	projects.	For	his	PhD,	he	worked	with	Rosalind	Franklin	on	the
molecular	structure	of	tobacco	mosaic	virus	(TMV)	at	Birkbeck	College,	London.	1958The	clinical	trial.	Clear	evidence	was	found	for	carbene	intermediates	in	the	thermal	decomposition	of	other	fluoroalkyltrihalogenosilanes	(59).	9,	27–43.	Anderson	works	on	superconductivity	and	magnetism	and	Josephson	on	superconductivity	and	second	order
phase	transitions	in	general.	Peter	was	the	second	of	three	children,	with	an	older	sister,	Sheila	Daphne	Elizabeth	(known	as	Daphne),	born	in	1933,	and	a	younger	sister,	Barbara	Jane	Penn,	born	in	1946	(Figure	1).	Within	these	appointments,	Diarmuid	began	to	enjoy	taking	a	broader	view	of	technology,	in	particular,	design	and	how	that	could
integrate	with	more	artistic	fields—even	extending	to	the	fashion	industry.	It	is	no	exaggeration	to	say	that	the	discoveries	and	innovations	of	that	decade	changed	these	disciplines	out	of	all	recognition—evidence	began	to	emerge	for	the	existence	of	black	holes	and	the	consolidation	of	the	Big	Bang	as	the	preferred	model	for	the	large-scale	structure,
dynamics	and	evolution	of	the	universe.	Diarmuid	and	Carmel	on	holiday	in	Ireland,	1974.	Hopelessly	misled.Inheritors?	(doi:10.1103/PhysRevLett.69.1719)	Crossref,	PubMed,	ISI,	Google	Scholar(79)	1993	(With	Laflamme	R.	Rather,	they	showed	something	more	sweeping:	the	classical	Einstein	equation	breaks	down	at	the	Big	Bang	and,	along	with
that,	the	notion	that	it	could	be	described	by	a	classical	space-time.The	classical	extrapolation	into	the	past	showed	that,	near	the	Big	Bang,	energy	scales	would	have	been	reached	at	which	the	space-time	geometry	fluctuates	quantum	mechanically	without	a	definite	value—quantum	gravity.	His	catheter-mounted	scanning	probe	was	the	first	such
device	to	be	constructed	outside	Japan,	and	was	the	basis	of	modern	intravascular	and	endoscopic	ultrasonic	scanners.	Using	a	combination	of	X-ray	diffraction	and	scale	drawings	of	sugar	molecules,	he	showed	that	there	was	close	agreement	between	the	interlamellar	separation	and	the	minimum	molecular	thickness	of	the	sugar	molecule	for	the
one-layer	complexes.	He	became	the	Global	Energy	Laureate	of	2009,	an	award	of	the	Global	Energy	Foundation,	presented	by	Russian	President	Dmitry	Medvedev	(figure	3).	They	moved	again	in	1958	to	a	detached	house	in	Dudlow	Lane,	Liverpool,	sufficiently	large	to	accommodate	them	all	and	look	after	Margaret's	elderly	mother	also.	&	Carter	A.
It	is	very	important	for	Ricardo	that	so	much	of	our	work	starts	with	design	and	that	our	experimental	work	really	has	as	its	principal	aim	the	improvement	of	the	quality	of	our	design.In	the	same	report,	written	on	the	eve	of	his	retirement,	Diarmuid	summed	up	his	years	as	follows:	When	I	look	back	on	the	45	years	I	have	spent	at	Ricardo,	I	am
tempted	to	say	that	what	I	enjoyed	most	was	my	work	as	a	young	engineer,	studying	knock,	preignition	and	other	abnormal	combustion	phenomena.	(doi:10.2514/8.3954)	Crossref,	Google	Scholar(5)	1962	(With	Horlock	J.	E.,	Klug	A.	The	commonly-adopted	formulation	was	the	so-called	Law	of	the	Wall	U+≡UPUτ/(τw/ρ)=(1/κ)ln(ρyPUτ/
μ)+CT+≡ρcp(TP−TW)Uτ/q˙W=σt([UP/Uτ]+P)	where	Uτ≡(τw/ρ)	is	termed	the	friction	velocity.These	equations	link	the	velocity	(UP)	and	temperature	(TP)	at	a	distance	yP	from	the	wall	to	the	shear	stress	τW,	temperature	TW	and	heat	flux	q˙W	at	the	wall—the	quantities	κ,	C	and	σt	being	assumed	universal	constants	and	P	a	function	of	the	fluid's
Prandtl	number,	(see	Jayatilleke	(1969)),	while	μ	and	cp	denote	the	fluid's	viscosity	and	specific	heat.	53,	1080–1083.	What	was	not	realized	at	the	time	was	that	some	of	these	compounds	were	primary	contributors	to	the	depletion	of	the	ozone	layer.	447.	Stephen	is	also	on	record	as	regarding	the	no	boundary	proposal	as	his	best	achievement	in
science.	Charles	had	two	brothers,	Edward	Ernest	(Ted)	and	James	Reece	(Jim),	who	were	respectively	5	and	11	years	his	junior.	Science	322,	1691–1695.	1971Assembly	of	the	particle	of	tobacco	mosaic	virus	from	RNA	and	disks	of	protein.	Colin	was	the	Adrien	Albert	Lecturer	of	the	Royal	Society	of	Chemistry	(2009–2010),	chairman	of	the	2011
International	Congress	of	Heterocyclic	Chemistry	held	in	Glasgow,	recipient	of	the	Nexxus	Lifetime	Achievement	Award	(2011)	and	winner	of	the	Gold	Medal	of	the	Indian	Society	of	Chemists	and	Biologists	(2011).	We	remember	Hawking	for	questions.	The	university	had	embarked	on	a	major	review	of	the	School	of	Engineering's	organization	and
identified	a	number	of	new	interdisciplinary	themes,	leading	to	the	creation	of	new	research	institutes.	An	advancing	line	is	captured	by	the	defect	when	yL = Y−.	Hodges	et	al.	He	received	firsts	in	mathematics	and	engineering	and	shared	the	Rex	Moir	Prize	awarded	to	the	best	student	in	the	Mechanical	Sciences	Tripos.	He	was	editor	of	the	book
Universe	or	multiverse?	He	retired	from	Ricardo	in	2013,	but	remains	in	contact	with	the	company	and	was	a	member	of	the	Centenary	Steering	Panel	in	2015.ReferencesReferences	to	other	authorsThe	following	publications	are	those	referred	to	directly	in	the	text.	The	journal	paper	was	quickly	followed	by	a	book	(16)	that	included	a	listing	of	the
computer	program.	B	244,	135–146.	Ireland	was	to	become	an	important	part	of	Diarmuid's	family	life.	Google	ScholarGuth	A.	A	natural	extension	was	then	to	address	de-wetting,	where	(for	example)	the	physics	of	aquaplaning	in	car	tyres	can	be	viewed	as	a	problem	in	disrupted	de-wetting	and	the	interface	between	rubber	(the	tyre),	bitumen	(the
road)	and	water.	(doi:10.1016/S0092-8674(00)81705-5)	Crossref,	PubMed,	ISI,	Google	ScholarOgawa	K.	(doi:10.1039/dt9750001867)	Google	Scholar(66)	(With	Booth	B.	The	isolation	of	polysaccharides	from	soil.	I	felt	I	wanted	to	move	along	as	speedily	as	possible	in	life—	I	wanted	to	complete	the	PhD	in	3	years’,	which	he	promptly	accomplished.	At
inlet	to	the	bend	there	is	a	boundary	layer	on	the	floor	of	the	passage,	with	uniform	flow	outside	of	this	boundary	layer.	From	1990	to	2000	Peter	was	the	clinical	director	overseeing	the	Departments	of	Medical	Illustration,	Medical	Physics	and	Bioengineering,	Pharmacy,	and	the	Regional	Breast	Cancer	Screening	Quality	Assurance	Reference	Centre.
By	the	early	1980s	the	group	was	investigating	the	rovibronic	spectrum	of	rare	gas	dimers,	Xe2,	Kr2,	Ar2	in	the	region	150–105 nm	with	extensions	to	Ne2	near	75 nm	(18).	Cartoon	by	Pierre-Gilles	of	Henri	Benoit	(on	horseback,	smoking	a	pipe	as	usual)	slaying—with	neutrons—the	dragon	of	polymer	gel	structure.Download	figureOpen	in	new
tabDownload	PowerPointIn	an	autobiographical	note	written	in	2004,	and	reprinted	in	Brochard-Wyart	et	al.	64,	79–121.	(doi:10.1023/A:1026654312961)	Crossref,	ISI,	Google	ScholarMukhanov	V.	Margaret's	help	interacting	with	the	expatriate	ICI	families	was	greatly	valued.	He	returned	to	the	USA	to	act	as	Charles’s	technical	liaison	between	ICI's
R&D	functions	in	the	UK	and	those	recently	acquired	in	the	USA,	and	eventually	joined	ICI	Americas.	G.,	Collins	C.	To	this	end,	he	was	an	ardent	supporter	of	on-farm	research	and	engagement	with	farmers.As	he	had	done	at	IITA,	he	was	able	to	attract	internationally	renowned	scientists	to	conferences	at	IRRI	so	that	topics	such	as	soil	physical
conditions,	agrometeorology	and	farming	systems	research	were	harnessed	to	complement	the	advances	in	genetics	and	rice	breeding.	(doi:10.1007/BF02100864)	Crossref,	ISI,	Google	Scholar(78)	(With	Gibbons	G.	He	replaced	the	‘entrainment-is-burned’	concept	with	his	‘mixed-is-burned’,	which	became	known	as	his	‘eddy-break-up’	(EBU)
model.This	concept,	combined	with	his	model	for	Lagrangian	aspects	of	turbulent	combustion,	matured	into	the	ESCIMO	model	(a	mnemonic	for	Engulfment,	Stretching,	Coherence,	Interdiffusion,	Moving-Observer)	(32,	33)	(see	also	Artemov	et	al.	While	Boris	professed	a	keen	interest	in	all	these	topics,	he	did	not	wish	to	present	himself	as	an	expert
in	many	of	them	and	often	brought	in	guest	lecturers,	including	the	lighting	director	of	the	Stratford	Festival,	the	director	of	the	Art	Gallery	of	Ontario	(down	the	street	from	the	physics	department,	permitting	the	director	to	give	students	a	tour),	Boris’s	son	Peter,	who	spoke	on	light	in	literature,	and	other	experts	on	psychology	and	medicine.
Copyright:	Dr	Anna	N.	The	main	outstanding	issues	addressed	at	the	workshop	concerned	quantum	fluctuations	generated	during	the	inflationary	era	of	the	universe	and	what	preceded	inflation.Stephen	had	already	made	considerable	headway	in	understanding	this	key	issue	for	the	formation	of	galaxies	and	the	large-scale	structure	of	the	universe.
Boris	acquired	four	more	sisters,	Anne,	Dorothy,	Margaret	and	Jesse,	but	no	brothers,	as	he	often	reminded	people	with	a	wry	smile.	Google	Scholar(81)	1995	(With	Bousso	R.)	Probability	for	primordial	black	holes.	&	Klug	A.)	The	structure	of	an	oligo(dA).oligo(dT)	tract	and	its	biological	implications.	The	answer	is	‘yes’	if	the	black	holes	have	electric
charge	(23).	J.,	Rushton	B.,	Rhodes	D.	It	could	be	hard	work.	27,	466–473.	…	It	contains	a	wealth	of	practical	information	about	a	very	large	variety	of	surface	phenomena.	Y.	(doi:10.1038/icb.1966.28)	Crossref,	ISI,	Google	ScholarBreitman	T.	Mineral.	He	showed	that	the	pair-potential	contribution	could	be	expressed	analytically	as	the	sum	of	three
damped	oscillatory	terms	(short-,	medium-	and	long-ranged)	in	addition	to	the	usual	very	long-range	asymptotic	Friedel	oscillations	(10).	He	was	an	avid	reader,	mainly	biographies	and	history.	(doi:10.1016/0038-1098(84)90912-8)	Crossref,	ISI,	Google	Scholar(11)	(With	Podloucky	R.)	Microscopic	theory	of	the	structural	stability	of	pd-bonded	AB
compounds.	He	also	liked	Dick	Barton,	reading	the	Eagle	and	listening	to	Journey	into	Space	on	the	radio.Peter	attended	Clifton	College	between	1945	and	1954	(Figure	2).	Blue	John	is	a	form	of	fluorite	found	only	in	the	Castleton	area	of	the	Derbyshire	Peak	District	not	far	from	Manchester.	(doi:10.1016/0550-3213(83)90307-3)	Crossref,	ISI,	Google
ScholarHarrison	E.	In	addition	to	the	chairmanship	of	the	Working	Group	on	the	Impact	of	Developments	in	ICT	on	Health	and	Healthcare	mentioned	above,	he	had	been	a	member	of	the	International	Conference	and	Short	Visits	Panel	4	(2003–2006);	Sectional	Committee	4	(2006–2009);	Research	Appointment	Panel	A(ii)	(2008–2010);	the	Theo
Murphy	Blue	Skies	Awards	Assessment	Panel	(2009);	the	Paul	Instrument	Fund	Selection	Panel	(2010–2014);	the	Research	Grants	Panel	R1	(2010–2014);	the	Newton	International	Fellowships	Panel	A	(2011–2016);	the	Brian	Mercer	Innovation	and	Feasibility	Awards	Panel	(2012–2016);	and	the	Awards	Nominations	Committee	(2014–2015).At	the
time	of	his	death,	he	was	a	member	of	Sectional	Committee	4;	the	Premier	Awards	Committee	and	the	Challenge	Grants	Panel;	and	chairman	of	the	Newton	International	Fellowships	Panel	A.I	am	hugely	indebted	to	Dr	Mary	Wells,	Peter's	daughter-in-law,	for	all	her	help	collecting	the	information	about	Peter's	early	years.	Apparently,	although	ICI
had	a	relatively	small	presence	in	Russia	for	a	Western	multinational	company,	it	was	the	only	one	that	thought	it	worthwhile	to	listen	to	the	Russian	scientists.The	variety	of	both	intellectual	and	personal	experiences	from	Charles’s	time	at	ICI	Millbank	proved	very	valuable	in	the	work	he	undertook	after	retiring	from	ICI.	160,	1P–3P.	Part	IV:
Carbene	intermediates	in	pyrolyses	of	trifluoro(polyfluoroethyl)silanes,	trichloro(polyfluoroethyl)silanes,	and	trichloro	(trichloromethyl)	silane.	Google	Scholar(38)	(With	Booth	B.	Stephen	was	fond	of	this	flexible	notion	of	cosmological	history	that	emerges	from	quantum	cosmology.‘The	history	of	the	universe	depends	on	the	question	we	ask,’	he	used
to	say.	63,	970–985.	Wherever	they	were,	they	were	pleased	to	dine	and	socialize	with	old	friends	and	colleagues	(figure	4).	&	Kestin	J.	&	Goldwhite	H.)	Organophosphorus	chemistry.	Google	Scholar(7)	1991The	early	history	of	the	aircraft	gas	turbine	engine	in	Britain.	Although	well-drained	and	ideal	for	crop	production,	their	structural	stability	was
easily	lost	by	over-cultivation.	A	38,	339.	Stephen	was	assisted	by	co-PhD	student	Ray	McLenaghan	in	the	calculation	of	the	Bianchi	identities	used	in	this	study.	Shortly	after	arriving	at	ICI,	Charles	was	told	by	an	old	Irish	chemist:	‘You've	a	job	for	life	in	ICI,	lad—provided	you	don't	strike	a	warder!’	During	the	war	he	researched	in	four	areas:
spontaneously	combustible	materials;	the	synthesis	and	small-scale	manufacture	of	strategic	chemicals	that	could	no	longer	be	imported;	the	reasons	for	catalyst	deterioration	in	the	manufacture	of	vinyl	chloride	monomer;	and	the	synthesis	of	highly	fluorinated	benzene	derivatives.	These	surface	features	were	termed	morphological	units,	or
capsomeres,	and	might	comprise	30 T	dimers,	20 T	trimers	or	12	pentamers	with	10(T-1)	hexamers.	Google	ScholarBrokaw	C.	Jack	(left)	with	Julian	Rzóska	on	a	research	launch	on	the	Nile,	ca	1954.	These	outings	ranged	from	scenic	walks	on	top	of	dikes,	to	Wandlebury	and	the	Gog	Magog	Hills,	to	visits	to	industrial	archaeology	sites	such	as	the
Stretham	Old	Engine	(a	steam-powered	engine	built	in	1831	that	pumped	water	from	flood	channels	in	the	River	Great	Ouse),	and	the	Grimes	Graves	prehistoric	flint	mines.	Strong	laser	coupling	of	the	3p–2s	transition	and	interference	with	two-photon	coupling	of	the	2s	and	1s	states	allow	the	Lyman-β	transition	to	become	transparent.	The	no
boundary	proposal	leads	to	an	arrow	of	time	that	is	initially	aligned	with	the	expansion,	because	it	predicts	that	fluctuations	start	out	in	their	ground	state.	His	host	for	the	initial	stay	in	1975,	as	an	Industrial	Fellow	Commoner,	was	Sir	William	Hawthorne.	However,	the	main	difficulty	arose	from	using	the	Runge–Kutta	method	to	solve	the	ordinary
differential	equations	for	shear-layer	parameters:	the	algorithm	sometimes	became	unstable	or	required	excessively	small	forward	steps	for	stability.In	1966,	Spalding	and	his	research	student	Suhas	Patankar	attended	the	International	Heat	Transfer	Conference	in	Chicago	to	present	their	latest	work	on	the	Unified	Theory	(14).	38,	1–14.
(doi:10.1021/j100210a011)	Crossref,	ISI,	Google	Scholar(8)	1984	(With	Joanny	J.-F.)	A	model	for	contact	angle	hysteresis.	He	welcomed	opportunities	to	travel	and	to	have	unusual	experiences.	Unlike	the	entropy	of	other	systems,	however,	black	hole	entropy	is	not	extensive,	being	proportional	to	the	horizon's	area	A	and	not	its	volume.Consequently,



an	isolated	black	hole	emits	thermal	radiation	and	so	loses	mass.	To	Pierre-Gilles,	such	tools	merely	took	their	place	alongside	others	in	his	quest	to	understand	real	materials	and	phenomena.	In	order	to	be	as	fully	informed	as	possible	about	ICI's	science	and	technology,	Charles	would	spend	as	much	time	as	possible	in	discussions	with	scientists	and
engineers	at	the	bench	or	in	their	offices.	Leo's	studies	also	revealed	that	WT-p53-induced	apoptosis	in	myeloid	leukaemic	cells	can	be	inhibited	by	other	compounds,	including	antioxidants,	protease	inhibitors	and	calcium	mobilizing	compounds,	the	latter	acting	via	activation	of	calcineurin,	a	calcium	calmodulin-dependent	phosphatase	(17)	(Lotem	&
Groner	2017).	Int.	The	other	assistant	research	manager	of	Mond	Division	was	Cecil	Allberry,	who	was	appreciated	as	a	fine	scientist,	gentleman	and	colleague.Mond	Division	in	the	late	1960s	was	an	organization	with	businesses	ranging	from	metals,	especially	titanium,	minerals,	including	rock	salt	and	fluorspar,	and	a	wide	range	of	manufactured
commodity	chemicals,	including	small	organic	precursors,	such	as	acetylene	and	methyl	methacrylate,	and	finished	fine	chemical	products,	such	as	halothane,	as	well	as	inorganic	compounds,	such	as	aluminium	chloride.	He	was	a	Founding	Fellow	of	the	Learned	Society	of	Wales	(2010)	and	a	member	of	the	Academia	Europaea	(2014).He	was
awarded	the	European	Federation	of	Organisations	for	Medical	Physics	Medal	in	2001,	the	Duddell	Medal	and	Prize	of	the	Institute	of	Physics	in	2006	and	an	NHS	Lifetime	Achievement	Award	in	2007.	Quantum	mechanics	requires	the	time	evolution	of	a	system	to	be	unitary,	and	consequently	the	von	Neumann	entropy	is	constant	in	time.	The	door
to	the	meeting	room	opened	and	Diarmuid	walked	in	slowly,	in	his	formal	dark	suit,	surrounded	by	what	can	only	be	called	a	visible	aura	and	supreme	confidence.	(doi:10.1039/jr9650002506)	Google	Scholar(32)	(With	Banks	R.	The	first	was	to	review	and	refocus	the	corporate	management	services,	and	the	second	was	to	lead	two	teams	concerned
with	biological	aspects	of	ICI's	work	in	a	review	established	by	the	responsible	main	board	director,	Dr	Alfred	Spinks	(FRS	1977).	1960Virus–cell	interaction	with	a	tumor-producing	virus.	Mécanisme	de	la	narcose,	in	Mécanisme	de	la	narcose,	Coll.	132–144.	Soon	after,	he	started	to	work	on	liquid	crystals.	&	Willis	C.	Phys.	Stephen	states:
Undoubtedly,	the	most	important	results	are	the	theorems	in	section	6	on	the	occurrence	of	singularities.	Soc.2040–2042.	(doi:10.1016/S0022-328X(00)83411-7)	Crossref,	ISI,	Google	Scholar(79)	(With	Booth	B.	First,	ATP	concentration,	temperature	and	changes	in	the	number	of	dynein	arms	present	all	seemed	to	alter	flagellar	access	to	energy,	and
thus	they	changed	primarily	the	beat	frequency	but	not	the	waveform	(19,	20).	Native	land	management	practices	had	been	widely	condemned	by	a	variety	of	agencies	as	a	barrier	to	increased	food	production,	but	until	this	book	there	was	little	quantitative	evidence	for	the	consequences	of	any	particular	practice	for	soil	fertility.	However,	Spalding
became	greatly	troubled	by	delays	to	project	completions	(a	common	occurrence	in	academic	research,	but	seriously	detrimental	to	a	commercial	operation).	&	Hong	W.	(doi:10.1083/jcb.105.3.1273)	Crossref,	PubMed,	ISI,	Google	ScholarPijper	A.	(C)2744–2747.	He	then	spent	a	year	with	Dr	Cyril	Darlington	FRS	at	the	John	Innes	Institute	in
Bayfordbury,	Hertfordshire,	where	he	decided	to	switch	to	mammalian	research.	Cell	Sci.	The	plaque	is	held	by	Professor	Colin	Suckling,	Dr	Jenny	Clucas,	representing	the	Catalyst	Museum,	and	Professor	Paul	O'Brien,	representing	the	Royal	Society	of	Chemistry.	One	of	his	other	pleasures	in	life	was	the	occasional	glass	of	gin—just	the	occasional
one,	of	course!Throughout	his	career,	Peter	Wells	demonstrated	vision	and	determination	in	exploiting	the	advantages	of	ultrasound.	1975The	primordial	black	hole	mass	spectrum.	In	this	area	Charles’s	ideas	were	paralleled	by	the	views	of	some	of	the	most	imaginative	scientists	in	ICI,	notably	Professor	Derek	Birchall	(FRS	1982).	Electron
micrographs	of	viruses	taken	by	John.	Nevertheless,	the	insights	into	the	temporal	and	spatial	dynamics	of	light	availability	in	conjunction	with	phytoplankton	physiology	and	interaction	with	other	ecological	factors	is	powerfully	relevant	today.On	completion	of	his	PhD,	Jack	unsuccessfully	sought	employment	in	New	Zealand.	(Reproduced	with
permission	from	references	(9)	and	(14).)	Download	figureOpen	in	new	tabDownload	PowerPointSophisticated	model-making	of	this	kind	became	obsolete	when	DeRosier	and	Klug	(1968)	published	their	method	for	making	three-dimensional	maps	directly	from	electron	micrographs.	1974On	density	effects	and	large	scale	structure	in	turbulent	mixing
layers.	1959A	negative	staining	method	for	high	resolution	electron	microscopy.	He	obtained	a	first	class	honours	degree	in	1942	and	was	awarded	the	United	Alkali	Research	Scholarship	and	Leverhulme	Prize	of	£30;	with	£21	of	this	he	bought	a	second	hand	oboe.	R.)	The	fixation	of	cell	nuclei	by	osmium	tetroxide.	Google	Scholar(22)	1976	(With
Gibbons	B.	&	Lizzie	F.	They	all	stayed	on	there	as	evacuees	and	Jack	attended	the	village	school.	549,	5–16.	These	ideas	led	him	to	two	radical	conclusions.	Stockdale	then	recommended	that	Gibbons	use	the	fourth	subject	to	get	some	knowledge	of	biology,	which	he	foresaw	very	correctly	as	an	area	of	burgeoning	interest.	Nucleic	Acids	Res.	H.)	The
soil	under	shifting	cultivation.	(doi:10.1103/PhysRevLett.55.260)	Google	ScholarWilliams	A.	He	admitted,	with	characteristic	frankness,	to	his	left-wing	views	becoming	more	conservative	with	age.	L.)	Rotational	structure	of	the	ν3	band	of	methane.	Google	ScholarLevich	V.	Crossref,	ISI,	Google	ScholarWilczek	F.	At	the	age	of	90	he	penned	an
autobiographical	poem,	My	three	lady	friends	(restlessness,	ignorance	and	laziness),	that	described,	tongue-in-cheek,	the	philosophy	underpinning	his	approach	to	science	and	engineering	(46).By	the	late	1950s,	Spalding,	perhaps	with	Owen	Saunders’	background	support,	had	already	become	part	of	a	small,	but	influential,	international	group	that
shaped	the	future	development	of	heat	transfer	research	for	at	least	the	next	two	decades.	93-GT-369,	p.	He	needed	very	little	sleep,	routinely	working	at	home	until	the	early	hours	and	heading	for	work	in	Manchester	at	07.00.As	the	number	of	staff	and	research	students	grew,	the	department	needed	more	professorial	leadership	to	share	the	load.	A
large	number	of	pure	fuels	from	the	paraffin,	naphthalene,	aromatic	and	alcohol	groups	were	rated	for	pre-ignition	tendency	using	these	methods.	He	would	tell	his	board	members	to	suspend	deference	so	that	we	could	get	to	the	best	answers.	J.)	Dynein:	a	protein	with	adenosine	triphosphatase	activity	from	cilia.	(doi:10.1016/0550-3213(78)90073-1)
ISI,	Google	Scholar(40)	(With	Gibbons	G.	Oxford,	UK:	Clarendon	Press.	H.)	Engineering	thermodynamics,	an	introductory	text.	&	Sheetz	M.	The	family	was	poor,	and	his	early	circumstances	made	him	determined	to	do	well.His	progress	at	school	was	unremarkable	until	a	teacher	found	that	he	needed	glasses.	&	Wallace	S.	During	the	development	of
the	tight-binding	bond	model	(16),	David	had	realized	that	there	were	significant	conceptual	and	mathematical	advantages	to	thinking	about	how	a	bond	depended	on	its	local	atomic	environment,	rather	than	on	an	atom.	These	analyses	and	complementary	experiments	led	to	important	insights	into	non-uniform	flows	in	turbomachines	and	enhanced
effectiveness	of	gas	flow	within	these	devices,	helping	improve	the	efficiency	of	jet	engines.Hawthorne	also	addressed	the	topic	of	axisymmetric	flow	in	turbomachine	annuli.	High	Energy	Phys.	Radiology	194,	807–812.	&	Torrence	R.	During	the	requisite	eight	weeks	of	basic	training,	he	noted	with	relief	that	his	only	acquaintance	with	a	loaded
weapon	was	a	single	afternoon	at	the	rifle	range.	(doi:10.1126/science.3296190)	Crossref,	ISI,	Google	Scholarde	Thé	H.2018Differentiation	therapy	revisited.	The	crystals	were	solved	using	heavy	atom	derivatives	and	the	atomic	structure	of	a	tRNA	was	revealed	for	the	first	time	(18).	Download	figureOpen	in	new	tabDownload	PowerPointThe
terminal	nitroxide	groups	of	these	long-lived	polymeric	diradicals	react	with	fluoro-olefins,	sulphur	dioxide,	or	perfluorobuta-l,3-diene	to	give	copolymers	of	enhanced	molecular	weights.	&	Rowsell	D.	One	of	his	plans	for	retirement	was	to	tour	Europe	with	Margaret	in	a	caravan.	2018	65,	429–448.	Crossref,	ISI,	Google	Scholar(9)	1958	(With	Prowse
G.	This	work	supported	programmes	for	major	automotive	companies	including	SAAB	and	Alfa	Romeo.	He	also	encouraged	a	junior	colleague,	Brian	Launder,	to	join	in	the	search	for	the	optimum	choice	of	length	scale	variable.	This	had	been	treated	by	the	so-called	radial	equilibrium	approximation,	in	which	the	streamlines	were	taken	to	be
cylindrical	surfaces,	the	radial	component	of	velocity	was	neglected,	the	inner	and	outer	radii	of	the	annulus	containing	the	blades	viewed	as	constant	and	the	radial	pressure	gradient	thus	balanced	by	the	centripetal	acceleration.	In	the	early	1990s	he	had	shown	that	BOPs	for	intermetallic	alloys	and	sp-valent	materials	(18,	19)	could	capture	the
crucial	angular	dependence	of	atomic	interactions	in	these	materials.	The	book	can	be	read	with	pleasure	and	profit	by	the	uninitiated,	but	it	is	also	a	valuable	-	and	even	an	indispensable	reference	work	for	the	expert.	His	rapidly	rising	reputation	while	in	the	USA	was	watched	by	Jacques	Friedel	(ForMemRS	1988),	who	persuaded	him	to	return	to
France.	168,	399–415.	Williams,	who	stimulated	his	fascination	in	the	sciences.	Its	origin	was	essentially	Hawking	radiation	from	the	cosmological	horizon,	rather	than	the	black	hole	horizon.	D	56,	6403–6415.	Then	you	come	along	and	tell	them	that	a	human	protein	that	causes	fever	in	rabbits	also	activates	their	mouse	lymphocytes,	what	did	you
expect?’.This	was	typical	of	Leo's	dry	sense	of	humour,	wisdom	and	insight	about	science.	W.)	Francis	Leslie	Rose.	He	is	credited	with	giving	technology	and	research	a	more	significant	role.	Rev.	The	first	year	was	funded	by	the	SRC,	and	subsequent	years	by	an	extramural	research	contract	from	the	United	Kingdom	Atomic	Energy	Authority
(UKAEA)	at	Harwell	with	the	metal	physics	group	of	Ron	Bullough	(FRS	1985).	Nature	276,	362–368.	(doi:10.1093/jnci/31.1.1)	PubMed,	Google	Scholar(6)	(With	Berwald	Y.)	In	vitro	cell	transformation	with	chemical	carcinogens.	How	difficult	it	must	have	been	for	him	to	remain	focused	on	the	small	details	of	a	manuscript	or	a	scientific	discussion.
Edward	Heath,	the	leader	of	the	Conservative	Party,	had	won	the	1970	general	election	and	Britain	was	rapidly	becoming	a	grey	place,	‘the	sick	man	of	Europe’,	but	David	did	not	want	to	return	to	South	Africa	with	its	destructive	atmosphere.	Moreover,	injection	of	such	cytokines	into	mice	inoculated	with	these	leukaemic	cells	inhibited	the
development	of	leukaemia	and	prolonged	the	survival	of	the	mice	(17).	Soc.2689–2694.	Part	XXIX:	Reaction	of	N-bromobistrifluoromethylamine	with	cis-	and	trans-but-2-ene	and	of	N-chlorobistrifluoromethylamine	with	trans-but-2-ene	under	ionic	conditions.	When	an	undergraduate,	he	attended	lectures	and,	in	his	third	year,	weekly	supervisions	by
Hawthorne.	On	one	occasion,	as	recalled	by	their	brother	Jim,	Ted	and	Charles	came	proudly	into	the	air	raid	shelter	with	the	glowing	remains	of	a	German	incendiary	bomb	on	a	long	handled	shovel	that	was	used	for	removing	such	bombs.	(doi:10.1038/267216a0)	Crossref,	PubMed,	ISI,	Google	ScholarThe	following	publications	are	those	referred	to
directly	in	the	text.	From	1968	to	1970	he	worked	as	a	postdoctorate	fellow	with	Willem	Siebrand	in	the	Division	of	Pure	Chemistry	at	the	National	Research	Council	of	Canada,	and	from	1970	to	1971	as	an	ICI	postdoctoral	fellow	with	Stuart	Pawley	(FRS	1992)	in	the	Department	of	Natural	Philosophy	at	the	University	of	Edinburgh.	35,	483–487.	In
1991	David	and	his	two	boys,	Thomas	(b.	He	would	receive	the	Society's	highest	honour,	the	Copley	Medal,	in	2006.Stephen,	with	his	family,	visited	Caltech	in	Pasadena	for	the	academic	year	1974	to	1975	as	a	Sherman	Fairchild	Distinguished	Scholar,	Caltech's	highest	award.	The	pressure	shift	of	the	vibrational	frequency	of	symmetric	molecules
can	be	small	and	difficult	to	observe	in	the	pressure	broadened	infrared	absorption	lines,	but	within	the	Raman	effect	the	Q	branch	(ΔJ	=	0,	Δv	=	1)	remains	relatively	narrow	at	any	density.	2016)	or	the	black	hole	coalescences	detected	by	LIGO	(Abbott	et	al.	361–426.	(doi:10.1016/0550-3213(90)90175-D)	Crossref,	ISI,	Google	Scholar(72)	(With	Page
D.	D	28,	679–693.	His	role	was	not	to	elaborate	detailed	formulations,	but	to	open	up	a	path;	in	that,	he	excelled.In	a	world	where	science	is	becoming	ever	more	specialized,	Pierre-Gilles’s	sheer	breadth	of	scientific	curiosity,	allied	to	his	persistent	habit	of	moving	from	field	to	field,	makes	him	stand	out	as	a	role	model	to	all	who	knew	him.
Hydrobiologia	11,	73–89.	Further,	the	distinction	between	boundary	layer	and	recirculating	flows	was	less	clear-cut:	a	3D	boundary	layer	had	a	parabolic	behaviour	in	the	mainstream	direction	(x)	while	its	cross-stream	directions	(y	and	z)	presented	a	2D	elliptic	problem	(since	the	subtle	pressure	variations	in	this	plane	had	to	be	resolved	to
determine	the	secondary	velocities,	v	and	w).For	3D	parabolic	flows,	Spalding	decided	that	the	streamwise	velocity	should	be	driven	by	a	single	pressure	gradient	dp/dx	across	the	whole	boundary	layer.	Whenever	I	arrived	to	spend	a	night	on	my	way	to	or	from	a	conference,	the	house	was	full	of	their	children	and	partners	and	their	grandchildren.
David	was	thrilled,	not	least	because	for	him	it	was	a	return	to	the	periodic	table	of	his	school	chemistry	laboratory.Shortly	afterwards,	Denis	Weaire	(FRS	1999),	with	whom	David	shared	an	office,	alerted	David	to	a	paper	by	John	Hubbard	that	had	just	been	published	(Hubbard	1967).	In	each	new	field	he	introduced	new	concepts	that	reinvented	the
subject,	bringing	new	light	to	it	and	suggesting	many	avenues	for	intellectual	(and	technological)	development.Last,	but	not	least,	Pierre-Gilles	had	a	great	concern	for	the	concrete	and	practical,	leading	naturally	to	his	interest	in	applications	of	his	work	in	the	industrial	domain.	Even	then,	information	from	high	flying	aircraft	and	other	atmospheric
probes	was	necessary	to	stimulate	and	support	the	argument.Crop	protection	also	provided	outlets	for	chlorinated	organic	compounds,	such	as	the	insecticide	gamma	benzene	hexachloride	(Gammexane,	also	known	as	Lindane)	and	the	selective	chlorophenoxyacetic	acid	weedkillers.	(doi:10.1038/1681028a0)	Crossref,	ISI,	Google	Scholar(8)	1953
(With	Kidd	J.	Not.	(doi:10.1038/265217a0)	Crossref,	PubMed,	ISI,	Google	Scholar(22)	1977	(With	Lutter	L.	Initiation	is	by	the	interaction	of	a	protein	disk	with	a	specific	sequence	of	about	50	nucleotides	near	the	5′	end	of	the	RNA.	&	Roshko	A.	&	Kamen	R.	He	also	won	the	Moissan	Prize,	which	honours	Henri	Moissan,	who	first	isolated	elemental
fluorine.	Other	proposals	were	received	from	the	Universities	of	Glasgow	and	Bristol.	1985)	and	cytoplasmic	dynein	(Paschal	et	al.	A.)	Specific	cleavage	of	dynein	heavy	chains	by	ultraviolet	irradiation	in	the	presence	of	ATP	and	vanadate.	On	a	deep	soda	lake,	Lake	Shala,	their	boat	almost	sank	in	a	sudden	storm,	but	vigorous	bailing	with	a	van	Dorn
water	sampler	helped	to	stave	off	disaster	(14).	The	‘biographical’,	or	Lagrangian,	part	concerns	what	happens	within	the	parcel	between	its	birth	and	its	death.	What	John	showed	was	that	a	small	tilt	of	about	6°	normal	to	the	long	axis	of	the	particle	produced	images	which	looked	smooth	on	one	side	and	serrated	on	the	other.	Educ.	Nature	161,	200–
201.	After	son	Keith	and	his	family	moved	to	Welwyn	Garden	City,	a	short	drive	away,	Willowhay	became	a	focus	for	family	gatherings.	In	his	book,	The	sustainability	of	rice	farming	(28),	completed	some	years	after	his	years	at	IRRI,	Dennis	argued	that	historically	there	have	only	been	three	sustainable	farming	systems:	i)	animal-based	mixed	farming
associated	mostly	with	semi-arid	to	sub-humid	grassland;	ii)	tree-based	systems	associated	mainly	with	humid	forest	regions	in	which	the	trees	gather	nutrients	from	subsoils;	and	iii)	water-based	wetland	rice	production	in	which	sediments	in	nutrients	in	floodwater	maintain	productivity.	In	FISITA	XIXth	Congress	82010,	Melbourne,	pp.	And
Hawking's	questions	themselves	keep	on	giving,	generating	breakthroughs	decades	later.	After	several	months'	testing	and	comparing	the	different	models,	Spalding	proposed	that	the	group's	efforts	in	turbulence	modelling	should	thenceforth	focus	on	the	k−ε model	alone.The	first	opportunity	to	bring	this	progress	to	the	attention	of	the	important
US	community	in	CFD	was	at	a	specialist	NASA	conference	convened	to	examine	the	capabilities	of	available	schemes	in	predicting	free	shear	flows.	(doi:10.1101/cshperspect.a028100)	Crossref,	PubMed,	ISI,	Google	ScholarLin	J.	There	were	measurements	of	molecular	constants	of	ground	and	excited	states	as	well	as	radiative	lifetimes	of	levels
involved	in	laser	emission.	&	Silk	J.	&	Klug	A1962Physical	principles	in	the	construction	of	regular	viruses.	Google	ScholarPage	5Dennis	Greenland	was	born	in	the	naval	city	of	Portsmouth	on	13	June	1930,	the	son	of	James	John	Greenland	and	Lily	Florence	Greenland	(née	Gardener).	Launch	of	the	Convex	supercomputer	in	the	Materials	Modelling
Laboratory	on	23	May	1997.	Pierre-Gilles	later	admitted	that	this	had	been	an	error.	They	were	married	in	the	spring	of	1961	and	in	the	summer	made	an	eight-week	automobile	camping	tour,	passing	through	more	than	half	of	the	50	states	of	North	America	in	their	trusty	but	ancient	Plymouth	Cambridge.	He	was	a	founding	Fellow	in	1976	of	the
Fellowship	of	Engineering	(later	the	Royal	Academy	of	Engineering),	a	Fellow	of	the	Institution	of	Mechanical	Engineers,	the	Royal	Aeronautical	Society	and	other	professional	bodies.	Żytkow.	A.,	Shull	R.	(doi:10.1080/01418619808221224)	Crossref,	ISI,	Google	Scholar(26)	1999	(With	Oleinik	I.	Crossref,	ISI,	Google	Scholar(32)	2004Interrelation	of
diel	and	seasonal	change,	involving	summer	thermal	stratification,	weather	variables	and	a	mobile	dinoflagellate	in	a	productive	English	lake.	The	analytic	framework	enabled	exact	forces	to	be	calculated	so	that	large	scale	molecular	dynamics	simulations	became	possible.	2005ERBB	receptor	and	cancer:	the	complexity	of	targeted	inhibitors.	&
Singh	M.)	Human	immunodeficiency	virus	type	1	regulator	of	virion	expression,	rev,	forms	nucleoprotein	filaments	after	binding	to	a	purine-rich	‘bubble’	located	within	the	rev-responsive	region	of	viral	mRNAs.	Proc.	S.	He	published	over	500	articles,	often	in	lengthy	series,	not	all	confined	to	fluorine	chemistry.With	Emeléus	in	Cambridge	in	the	late
1940s	and	early	1950s,	Bob	and	others	developed	the	first	syntheses	of	perfluoroalkyl	iodides	and	showed	that	UV	light	splits	them	into	the	perfluoroalkyl	free-radical	plus	an	iodine	atom	(1).	(Photograph	courtesy	of	University	of	Toronto	Archives,	Boris	P.	Come	with	me	and	give	some	lectures	too.’	Hatsopoulos	was	surprised	to	find	out	that	not	only
were	they	teaching	thermodynamics	at	the	University	of	Cambridge	from	Keenan's	book	(Thermodynamics),	but	also	that	many	aspects	were	aligned	with	ideas	at	the	MIT	Department	of	Mechanical	Engineering.	Yet,	he	never	lost	interest	in	the	work	he	had	done	earlier:	at	the	time	of	his	death,	he	was	preparing	one	article	on	the	motion	of	biological
cells	and	another	on	superconductivity	(with	his	colleague	of	50	years,	Guy	Deutscher).Pierre-Gilles	was	a	great	pedagogue	who	loved	to	pass	on	his	passion	for	science	to	younger	generations.	These	components	included	depth-resolved	cell	density,	maximum	photosynthesis	rate	per	cell	or	per	unit	of	chlorophyll,	Ik,	and	the	effect	of	populations	at
different	depths	with	dissimilar	physiological	attributes	because	of	their	adaptation	or	acclimation	to	environmental	conditions.	Thereafter,	with	his	Imperial	College	colleague,	Dr	R.	Why	beads?	Of	course,	in	some	more	subtle	cases	a	complete	sophisticated	calculation	is	required,	and	Pierre-Gilles	would	not	hesitate	to	provide	one	when
needed.Another	characteristic	of	soft	matter	physics	is	the	need	for	a	constant	interplay	between	theory	and	experiments,	extending	into	quite	industrial	problems.	One	that	was	popular	at	the	time	was	the	Brans–Dicke	theory,	which	is	a	scalar–tensor	theory	that	reduces	to	general	relativity	in	the	limit	in	which	there	is	no	scalar	field.	&	Lyons	G.	His
appointment	was	not	without	risks.	He	was	a	keen	shot	and	represented	the	school	in	competitions.	(doi:10.1039/C39760000490)	Crossref,	Google	Scholar(70)	(With	Booth	B.	He	worked	in	them	initially	as	a	dishwasher,	later	as	a	cook,	eventually	opening	his	own	restaurant.	32,	301–322.	(doi:10.1038/163370a0)	Google	Scholar(3)	(With	Pigneguy	J.
His	thesis	was	entitled	‘Contributions	to	the	study	of	the	magnetic	scattering	of	neutrons’.	They	derived	the	first	law	of	black	holes	mechanics,	namely	dM=κdA8π+ΦdQ+ΩdJ,1	where	κ	is	the	surface	gravity	of	the	black	hole,	a	measure	of	the	strength	of	the	gravitational	field	at	the	event	horizon,	dA	is	the	change	in	the	area	of	the	black	hole,	Ω	is	the
angular	velocity	of	the	black	hole,	dJ	is	the	change	in	the	angular	momentum,	Φ	the	electrostatic	potential,	dQ	is	the	change	in	the	charge	of	the	black	hole	and	dM	the	change	in	its	mass.	The	linear	scaling	with	the	number	of	atoms	and	the	embedding	in	an	infinite	system	are	essential	for	calculations	of	the	structure	and	dynamics	of	extended
defects	in	real	space	without	the	crippling	limitations	of	periodic	boundary	conditions	applied	to	enormous	supercells.	Leo	giving	a	lecture	in	the	1970s.	In	1984	he	followed	Bob's	successor,	Bob	Ramage	(FRS	1992),	as	head	of	department,	later	becoming	vice-principal	(finance)	and	subsequently	dean	of	UMIST,	and	he	served	two	more	terms	as	head
of	department.	(doi:10.1038/276362a0)	Crossref,	PubMed,	ISI,	Google	ScholarBrenner	S.	In	addition	to	colleagues	mentioned	above,	Stephen	acknowledged	useful	discussions	with	Sciama,	Charles	Misner	and	Larry	Shepley,	and	the	ideas	continued	to	be	developed	in	further	papers	(5,	7,	12).	(doi:10.1039/p19720002170)	Google	Scholar(53)	1973
(With	Braithwaite	R.	66,	291–310.	Pushkin,	whose	immortal	classic	novel	in	verse,	Eugene	Onegin,	served	both	as	Spalding's	guide	to	learning	the	language	and	to	re-ignite	his	passion	for	writing	poetry.	(doi:10.1038/177473a0)	Crossref,	PubMed,	ISI,	Google	Scholarde	Chadarevian	S.	H.)	Flagellar	movement	and	adenosine	triphosphatase	activity	in
sea	urchin	sperm	extracted	with	Triton	X-100.	Willowhay	was	comfortably	large	enough	to	accommodate	Margaret's	mother	and	visits	from	family,	especially	once	grandchildren	began	joining	the	family	in	1974.	D	37,	904–910.	As	it	turned	out,	he	succeeded	in	creating	such	potentials	only	later	in	his	life	with	the	development	of	bond-order
potentials.He	soon	encountered	a	problem:	how	to	interpret	the	binding	energy	that	was	the	difference	between	two	very	large	numbers,	namely	the	band	energy	and	the	double	counting	term.	In	these	roles	his	contribution	was	often	indirect—he	did	not	participate	directly	in	product	development,	but	instead	offered	simple	ideas,	order-of-magnitude
calculations	and	basic	design	principles	that	allowed	engineers,	with	their	immediate	concern	for	the	industrial	practicalities,	to	do	a	better	job.	&	Parry	T.	He	investigated	ultrasonic	thermal	strain	imaging,	demonstrating	that	exposure	to	diagnostic-level	ultrasound	results	in	thermal	strain	can	be	measured	ultrasonically	to	enable	the	thermal	index
to	be	determined.	Taylor,	he	launched	an	appeal,	fronted	by	four	Fellows	(Sir	Derek	Barton,	Lord	Dainton,	P.	The	protein	X-ray	crystallography	group	was	run	by	Harry	Carlisle,	who	was	attempting	to	solve	the	structure	of	ribonuclease.	Suggested	culprits	were	the	‘wormholes’,	possible	entities	whose	potential	importance	had	been	emphasized	by
Wheeler.	He	brought	keen	insight,	analytical	abilities,	sound	judgement	and	new	ideas	to	the	numerous	volunteer	roles	he	willingly	took	on.	Part	XX:	A	novel	method	for	the	synthesis	of	nonacarbonyl	(fluoroaIky1carbon)tricobalt	derivatives.	At	the	time,	this	just	seemed	like	a	trick,	but	in	fact	it	is	one	of	the	first	examples	of	a	Bogomol'nyi–Prasad–
Sommerfield	(BPS)	state,	which	appears	in	supersymmetric	theories.	B	138,	141–150	(doi:10.1016/0550-3213(78)90161-X)	Crossref,	ISI,	Google	Scholar(42)	1979	(With	Gibbons	G.	He	was	appointed	as	the	first	Jerome	C.	Google	Scholar(53)	(With	Moss	I.	In	later	years	he	took	a	joint	lead	in	coordinating	a	broader	motorsport	engineering	business.	It
was	later	discovered	that	Courant	et	al.	This	is	a	topic	now	considered	to	be	of	much	greater	importance	than	it	was	in	the	1970s.A	major	international	project	begun	in	the	mid	1960s,	the	International	Biological	Programme	(IBP),	co-ordinated	environmental	and	biological	work	on	a	global	scale.	The	Division	produced	more	than	250	reports	or
technical	notes	in	the	three	years	between	1941	and	1944,	provided	the	aerodynamic	design	for	the	turbine	of	the	de	Havilland	H1	(Goblin)	and	the	layout	of	its	combustion	chambers	and	provided	instrumentation	and	flight	facilities.The	Turbine	Division	was	divided	into	five	sections:	Aerodynamics,	Design,	Mechanical	Test,	Combustion,	and
Performance.	The	company	had	been	founded	by	Harry	Ricardo	in	1915,	specializing	in	internal	combustion	engine	design,	research	and	development,	and	built	largely	on	the	high	reputation	and	talent	of	Harry	and	his	small	team	of	imaginative	staff.	(doi:10.1016/S0081-1947(08)60503-2)	Crossref,	Google	ScholarHodges	L.,	Ehrenreich	H.	David's
mother,	Margaret	Cotterill,	was	born	in	1917,	the	eldest	of	three	children.	He	was	always	keen	to	take	visiting	scientists	from	abroad	on	tours	of	his	beloved	Yorkshire;	and	he	had	a	large	network	of	colleagues	from	all	over	the	world,	including	Eastern	Europe	and	Russia,	which	was	developed	at	scientific	meetings	and	also	strengthened	during	his
extensive	travels.	Another	factor	Leo	identified,	called	MGI-2,	did	not	induce	granulocyte/macrophage	colonies,	but	maintained	the	viability	and	induced	differentiation	of	normal	haematopietic	and	certain	types	of	myeloid	leukaemic	cells.	The	findings	from	his	ScD	research	would	enable	him	to	help	Sir	Frank	Whittle	(FRS	1947)	several	years	later	in
the	development	of	the	first	jet	engines	in	the	United	Kingdom.In	1937	Hawthorne	rejoined	Babcock	&	Wilcox	as	a	development	engineer,	where	he	worked	until	the	outbreak	of	the	Second	World	War	addressing	a	range	of	boiler	and	furnace	design	issues.	Download	figureOpen	in	new	tabDownload	PowerPointIn	1954	Bob	married	Pauline	Goodwin
(known	from	her	initials	as	Peggy),	who	had	also	studied	chemistry	at	Birmingham.	(doi:10.1016/0370-2693(89)90206-2)	Crossref,	ISI,	Google	Scholar(70)	1990	(Editor,	with	Gibbons	G.	This	approach	led	to	a	series	of	IBSRAM-led	soil	management	networks	with	associated	training	courses	that	provided	a	major	boost	to	research	focusing	on	the
problems	facing	smallholder	farmers,	who	had	hitherto	been	bypassed	as	clients	of	the	Green	Revolution.IBSRAM	continued	its	programmes	into	the	1990s,	but	unfortunately	without	the	financial	support	that	membership	of	the	CGIAR	would	have	brought.	The	chemistry	department	at	Cambridge,	1950.	(doi:10.1016/S0969-2126(00)00557-8)
Crossref,	PubMed,	ISI,	Google	Scholar(31)	2005	(With	Gabarino	J.	We	mention	these	by	name	because	this	was	an	initial	definition	of	an	organization	to	develop	jet	engines;	the	thoughts	about	identification	of	the	different	sections,	as	well	as	about	methodology	for	selection	of	problems	to	be	addressed,	set	a	pattern	that	can	still	be	seen	at	jet	engine
manufacturers.Much	of	the	work	done	by	the	Division	was	groundbreaking.	(doi:10.1103/PhysRevD.62.063502)	ISI,	Google	Scholar(92)	(With	Hertog	T.	C.,	Chen	S.	He	would	spend	his	pocket	money	in	Woolworths	on	nails,	screws,	nuts	and	bolts	and	even	a	hammer!	One	winter	the	children	made	a	snowman	and	Peter	put	a	microphone	inside	it,	so
they	could	speak	from	the	bedroom	and	it	sounded	like	the	snowman	was	talking	to	people	as	they	went	by.	Google	Scholar(3)	1969	(With	Baines	A.	He	had	two	younger	sisters,	Mary	born	in	1943	and	Philippa	in	1947.	Day,	Whittle	Laboratory.)Download	figureOpen	in	new	tabDownload	PowerPointIn	discussing	Hawthorne's	work,	an	important	aspect
concerns	his	stamp	on	current	fluid	mechanics,	in	which	numerical	computations	play	a	major	role.	Because	vortex	lines	and	fluid	lines	behave	the	same	way,	the	vortex	lines	at	exit	are	also	tipped	into	the	streamwise	direction,	creating	a	streamwise	vorticity	component	at	exit	and	a	secondary	circulation,	as	indicated	in	the	channel	cross-section	at
the	bottom	of	the	figure,	with	an	inward	motion	of	fluid	in	the	boundary	layer.	English	translation:	Sov.	As	he	said	famously,	‘My	goal	is	simple.	(doi:10.1103/PhysRevB.74.174117)	Google	Scholar(31)	2011	(With	Drautz	R.)	Valence-dependent	analytic	bond-order	potential	for	magnetic	transition	metals.	On	the	strength	of	her	Higher	School	Certificate,
she	was	awarded	a	State	Scholarship	and	the	next	year	was	accepted	at	Somerville	College,	Oxford,	where	she	read	English.Like	Leo,	she	was	deeply	affected	by	the	news	of	the	Holocaust,	during	which	she	lost	almost	all	of	her	paternal	family,	and	came	to	believe	that	she	should	emigrate	to	Israel,	which	she	did	in	1952.	Stephen's	daughter	Lucy	is
accompanying	him.	Recalling	the	inspirational	lectures	of	Professor	Malcolm	Crawford,	Harry	L.	Notes	Rec.	I	am	extremely	grateful	for	a	critical	reading	of	the	manuscript	by	Bill	Gornall,	Stephen	Rand	and	Robert	Thompson.Footnotes*	Numbers	in	this	form	refer	to	the	bibliography	at	the	end	of	the	text.Henry	M.	(doi:10.1083/jcb.84.1.13)	Crossref,
PubMed,	ISI,	Google	Scholar(25)	1986	(With	Lee-Eiford	A.	He	remained	with	Professor	Sachs,	first	as	a	post-doctoral	fellow	and	then	as	a	research	associate,	until	2006,	when	the	laboratory	was	closed.	Google	Scholar(8)	1954Chemical	and	physical	studies	of	engine	knock.	Wartime	was	full	of	challenges,	but	perhaps	the	most	personal	challenge
came	with	the	death	of	Charles’s	brother,	Ted,	in	a	flying	accident.	With	respect	to	the	independent	quantities,	these	are	the	variables	over	which	the	designer	may	have	control,	such	as:	area	variation;	heat	addition	or	extraction;	friction;	and	mass	injection.	believe	that	eventually	we	must	choose	between	phenomenological	and	microscopic
treatments	of	structural	stability.	It	also	advocated	a	participatory	approach	to	research,	involving	farmers	and	down-stream	communities	in	defining	problems	as	well	as	testing	solutions.	This	system	proved	extremely	productive	in	allowing	research	to	progress	on	many	fronts.Bob	was	highly	focused.	Some	of	the	fields	of	particular	interest	at	this
time	were	computer	modelling,	from	processes	and	catalysis	to	research-related	commercial	activities,	gene	technology	and	process	intensification.	He	loved	the	reunions	in	Charlbury	of	his	ever-growing	family	(Figure	7).	153,	659–669.	C.)	High-resolution	X-ray	diffraction	studies	on	a	pure	species	of	transfer	RNA.	1981)	to	terminally	differentiate	in
vitro	to	mature	neutrophil	granulocytes.	(doi:10.1039/p19730000080)	Google	Scholar(55)	(With	Coy	D.	&	Strominger	A.)	Superrotation	charge	and	supertranslation	hair	on	black	holes.	In	1955	he	wrote	(2):	An	engineer	entering	the	combustion	field	requires	a	grounding	in	an	unusually	large	number	of	sciences,	among	them	thermodynamics,
aerodynamics,	heat	and	mass	transfer,	and	chemistry.He	remained	focused	on	the	phenomena	themselves	and	their	implications,	such	as	heat	transfer	to	the	walls	confining	the	flow	in	industrial	processes,	and	the	accompanying	turbulence	and	mass	transfer	phenomena.	But	he	always	said	afterwards	that	this	brief	contact	with	experiments	was	for
him	very	beneficial.	May	R.	Download	figureOpen	in	new	tabDownload	PowerPointThe	family	lived	in	London,	but,	because	of	the	threat	of	bombing,	his	mother	moved	to	Oxford	where	Stephen	was	born.	He	was	appointed	to	a	lectureship	in	the	Department	of	Metallurgy	and	Science	of	Materials	at	University	of	Oxford	in	1991,	one	year	before	David
became	the	Isaac	Wolfson	Professor	of	Metallurgy	in	the	same	department.	&	Russell	M.)	The	cause	of	the	colour	of	Blue	John	and	other	purple	fluorites.	VIII.	Pério's	willingness	to	train	scientists	to	work	in	a	domain	that	was	not	his	own,	allied	to	Pierre-Gilles’s	creativity,	bore	an	impressive	scientific	harvest	and	set	many	young	collaborators	on	their
paths	to	individual	success.Prior	to	the	BCS	theory	of	1957,	the	microscopic	mechanism	of	superconductivity	had	remained	unexplained.	Gowans	(right)	in	the	Marc	Chagall	hall,	Israeli	Knesset,	1980.	There	was	initial	concern	within	the	fellows	of	the	college	that	the	duties	of	the	new	Master	might	be	restricted	by	his	responsibilities	as	department
head,	but	this	proved	to	be	unfounded,	in	part	because	Hawthorne	had	the	ability	to	work	continuously	for	long	hours,	with	only	a	few	hours’	sleep	each	night.	The	more	ambitious	quantum	case	is	described	in	the	next	section.Stephen	sought	to	understand	the	whole	universe	in	scientific	terms.	The	velocity	variation	perpendicular	to	the	channel
floor,	i.e.	to	the	page,	can	be	usefully	characterized	in	terms	of	vorticity,	and	the	field	of	vorticity	vectors	can	be	described	in	terms	of	vortex	lines—lines	that	thread	through	the	fluid	and	are	tangent	to	the	local	vorticity.	Among	other	fellow	travellers	at	the	Collège	de	France	in	this	period	were	Madeleine	Veyssié,	Liliane	Léger,	Francis	Rondelez
(who	moved	with	him	from	Orsay)	and	Jean	Billard,	Jean	Jacques	and	Christiane	Taupin.	Stephen	and	Jane	with	Lucy	and	Robert.	201,	1–19.	When	Charles	was	chairman	of	Paints	Division	he	took	Dr	McCann	on	as	a	staff	assistant,	whose	work	involved	quantitative	investigation	of	business	questions	including	acquisitions,	the	value	of	advertising,	the
potential	of	a	heavy-weight	modular	building	system,	the	evaluation	of	Paints	Division's	interaction	with	its	customers,	and	the	long-term	development	of	the	paint	business,	quantifying	the	expected	shift	away	from	volatile	organic	compounds	(VOCs).	Kendal,	UK:	Titus	Wilson	&	Son.	For	many	years	he	was	a	subscriber	to	Astounding	Science	Fiction,
and	he	would	reflect	with	colleagues	on	the	feasibility	of	some	of	the	ideas	advanced	therein.He	was	a	member	of	the	University	of	Cambridge	Pentacle	Club	from	his	undergraduate	days	onwards,	and	for	20	years	was	its	president.	Part	VI:	Preparation	of	pentafluoropyridine	and	chlorofluoropyridines	from	pentachloropyridine.	He	was	one	of	the
earliest	scientists	to	measure	phytoplankton	chlorophyll	routinely	in	lakes,	and	he	produced	a	critical	review	of	the	literature	derived	from	terrestrial,	oceanic	and	freshwater	organisms,	combined	with	new	measurements	that	greatly	improved	the	accuracy	of	measuring	chlorophyll	a	(13).	(doi:10.1073/pnas.74.5.2045)	Crossref,	PubMed,	ISI,	Google
ScholarSatir	P.	(doi:10.1103/Phys-RevD.40.1804)	Crossref,	ISI,	Google	ScholarEllis	G.	Google	ScholarNewland	D.	Crossref,	Google	ScholarPrandtl	L.1945Über	ein	neues	Formelsystem	für	die	ausgebildete	Turbulenz.	&	Lewit-Bentley	A.)	Neutron	diffraction	studies	on	crystals	of	nucleosome	cores	using	contrast	variation.	Joan,	who	had	been	suffering
from	dementia	for	several	years	and	therefore	was	not	fully	aware	of	his	passing,	moved	to	be	near	their	son	in	Saskatoon	and	passed	away	in	May	2011.1965Fellow	of	the	Optical	Society	of	America1965Fellow	of	the	Royal	Society	of	Canada1967Centennial	Medal	of	Canada1969Fellow	of	the	American	Physical	Society1971Honorary	Fellow	of	the
Indian	Academy	of	Science1974Gold	Medal	of	Achievement,	Canadian	Association	of	Physicists1975Fellow	of	the	Royal	Society1977University	Professor	of	the	University	of	Toronto1981William	F.	Religiously	orthodox,	they	also	had	other	interests,	and	one	of	Leo's	earliest	memories	was	of	the	musical	soirees	at	home,	which	kindled	his	love	of
music.All	this	changed	with	the	advent	of	the	Nazis,	and	in	1933	Leo's	mother,	with	considerable	foresight,	decided	to	move	the	family	to	England,	where	his	father	had	some	business	connections.	(doi:10.1016/0550-3213(84)90093-2)	Crossref,	ISI,	Google	Scholar(59)	Nontrivial	topologies	in	quantum	gravity.	Two	years	later	the	method	of
reconstruction	was	generalized	to	icosahedral	viruses,	and	once	again	John's	excellent	micrographs	of	human	wart	virus	and	tomato	bushy	stunt	virus	provided	the	crucial	data	(11).	He	went	on	to	win	the	Nobel	Prize	in	Chemistry	in	2009	for	his	work	on	the	structure	of	the	ribosome	and	to	become	President	of	the	Royal	Society	in	2015.The	1990s
were	a	time	of	intense	work	on	human	immunodeficiency	virus	(HIV),	which	had	been	shown	to	be	the	agent	causing	the	epidemic	of	acquired	immunodeficiency	syndrome	(AIDS).	To	pursue	his	research	in	Manchester,	he	also	needed	staff.	Gibbons	later	admitted	that	moving	into	applications	of	physics	to	biology	proved	well	suited	to	his	abilities.	He
was	deeply	involved	in	scientific	advice	for	various	companies—a	consultant	at	General	Electric	and	Exxon,	and	scientific	director	for	physical	chemistry	at	Rhone-Poulenc	and	then	Rhodia.	In	the	conclusion	of	his	introduction	to	the	proceedings	(57),	Stephen	clearly	revealed	his	Popperian	credentials,	stating	that:	The	inflationary	hypothesis	has	the
great	advantage	that	it	makes	predictions	about	the	present	density	of	the	universe	and	about	the	spectrum	of	departures	from	spatial	uniformity.	He	helped	to	recruit,	train	and	equip	a	team	of	recent	British	graduates	for	work	on	the	exceptionally	productive	Lake	George	in	Uganda	and	to	supervise	work	on	another	selected	IBP	site,	Loch	Leven.
Perkin	Trans	2,	1407–1413.	(doi:10.1016/0022-3697(59)90251-3)	Crossref,	ISI,	Google	Scholar(7)	1962	(With	Hanes	G.	David	was	involved	with	Richard	Catlow	(FRS	2004)	in	helping	to	set	up	a	Materials	Modelling	Centre	at	the	University	of	Limpopo	(formerly	University	of	the	North,	formerly	Turfloop	in	the	apartheid	era).	&	Davies	P.	Google
Scholar(9)	1968	(With	Oades	J.	C.,	Borisy	G.	Google	Scholar(31)	1976	(With	Pratap	V.	An	important	advance	came	in	1960	with	the	identification	of	haematopoietic	stem	cells	(HSCs)	by	their	ability	to	form	colonies	in	the	spleen	of	irradiated	recipient	mice	(McCulloch	&	Till	1960).	Their	marriage	eventually	ended	in	an	amicable	divorce.	Benoit.	The
integral	would	be	over	geometries	on	a	four-disk	that	matched	the	arguments	of	the	wave	function	on	its	one	boundary	and	were	regular	inside—no	other	boundary.	While	Di	worked	on	her	stained	glass	in	their	converted	barn,	David	beavered	away	in	his	study	overlooking	Cornbury	Park.	They	showed	that	the	average	cosmological	density	of	PBHs
must	be	less	than	about	200	per	cubic	light-year,	although	the	local	density	could	be	106	times	higher	if	PBHs	are	concentrated	in	the	halos	of	galaxies.	1977Direction	of	active	sliding	of	microtubules	in	Tetrahymena	cilia.	In	latter	times,	he	withstood	his	age-related	illnesses	stoically,	and	continued	to	publish	research	and	reviews.	Outside	chemistry,
Colin	has	worked	extensively	for	the	NHS	in	Scotland,	including	the	Scottish	Medicines	Consortium	(2012–2013)	and	the	Scottish	Advisory	Committee	on	Distinction	Awards	(2002–2010).	Although	he	was	a	theoretical	physicist,	he	understood	very	well	that	the	science	and	engineering	of	materials	is	a	multidisciplinary	activity	involving	physicists,
chemists,	materials	scientists,	computer	scientists	and	engineers.	With	Alex	Szabo	and	Gary,	Boris	proceeded	to	characterize	this	new	optical	source.	J.)	Inverse	Raman	spectra:	induced	absorption	at	optical	frequencies.	Later,	there	would	be	five	grandchildren.	29,	715–717.	1968Studies	on	cilia.	Among	the	important	events	of	the	visit,	Stephen	gave
a	major	seminar	about	Hawking	radiation	at	Caltech	in	the	presence	of	Richard	Feynman	ForMemRS.	Part	IV:	Fluorination	of	hydroaromatic	hydrocarbons	by	use	of	a	gold	catalyst.	M.)	Bubble	collisions	in	the	very	early	universe.	I	also	loved	the	mischievousness	in	David's	nature,	which	often	came	out	quite	unexpectedly—it	didn't	matter	whether	he
was	dealing	with	friends,	or	colleagues	in	the	Royal	Society,	the	chef	at	a	good	restaurant,	or	a	checkout	clerk	at	a	liquor	store	in	southern	California.	The	final	thermal	radiation	produced	by	the	black	hole	has	huge	von	Neumann	entropy	and	is	independent	of	how	the	black	hole	was	formed.	1982A	new	inflationary	universe	scenario:	a	possible
solution	of	the	horizon,	flatness,	homogeneity,	isotropy	and	primordial	monopole	problems.	Ignorance	was	excusable,	but	woolly	thinking	was	not.	This	is	almost	certainly	because	the	skills	required	to	develop	methods	do	not	include	a	deep	understanding	of	materials	physics.	This	was	the	first	scanner	of	its	type.	S.,	Rhodes	D.,	Richmond	T.,	Rushton
B.,	Lutter	L.	Vlodavsky	and	Lotem	both	feel	that	the	period	spent	in	Leo's	lab	was	the	most	influential	and	critical	for	their	entire	careers.	C.)	Tunable,	coherent	radiation	in	the	Lyman-α	region	(1210–1290 Å)	using	magnesium	vapor.	Halothane	transformed	surgical	anaesthesia	and	was,	for	example,	used	in	the	first	human	heart	transplant	operation
in	1967.	(Online	version	in	colour.)Download	figureOpen	in	new	tabDownload	PowerPointPerhaps	the	most	poignant	award	was	one	received	on	home	soil:	in	2014,	Imperial	College	conferred	on	him	an	honorary	doctorate	(figure	5).	1987bMAP	1C	is	a	microtubule-activated	ATPase	which	translocates	microtubules	in	vitro	and	has	dynein-like
properties.	All	claimants	I'll	disown.Yet	hope,	while	still	alive,	there'll	be	but	fewWho	think:	I	was	a	fool	to	trust	him.Now	that	he's	gone,	what	am	I	going	to	do?None	I	would	hope;	but	guess	the	chance	is	slim.Yet,	in	that	soon-to-close	window	of	time,There's	much	I	want	to	do;	and	think	I	can.Always	too	optimistic	is	what	I'mDismissed	as.	Barbara	and
Ian	Gibbons	at	Kewalo	Marine	Laboratory	at	the	University	of	Hawaii,	Manoa,	in	1987.	Alternatively,	fluorination	of	CS2	by	IF5	yields	the	disulphide	CF3SSCF3,	which	decomposes	photochemically	to	yield	the	monosulphide	CF3SCF3	and	sulphur.	He	greatly	valued	and	realized	the	importance	of	his	staff,	as	he	once	wrote:	I	have	often	said	that
Ricardo	is	a	people	company.	He	performed	an	analysis	of	the	ultimate	limits	in	ultrasonic	imaging	resolution,	and	assessed	the	accuracy	and	precision	of	dynamic	processes	measured	by	magnetic	resonance	imaging.	Arguably	the	key	question	with	understanding	entangled	polymer	flow	was	not	why	polymers	flow	so	slowly,	but	how	they	can	flow	at
all.	R.,	Gelatt	C.	(doi:10.1007/JHEP12(2018)098)	Crossref,	ISI,	Google	ScholarPage	8Sir	William	Hawthorne,	a	mechanical	and	aeronautical	engineer	who	was	a	pioneer	in	the	aerodynamics	and	thermodynamics	of	gas	turbine	engines,	was	born	on	22	May	1913	at	11	The	Grove,	Longbenton,	Newcastle	upon	Tyne.	(C)1951–1957.	The	initial	crystals
diffracted	X-rays	to	only	about	20 Å,	but	this	was	sufficient	to	show	that	the	nucleosome	was	a	flat	particle	of	dimensions	about	110 × 110 × 57 Å,	somewhat	wedge-shaped	and	strongly	divided	into	two	layers,	consistent	with	two	turns	of	DNA	being	wrapped	around	the	outside	of	the	particle	(22).	A243,	463.	He	was	acutely	aware	of	the	privileged
position	that	undergraduates	had	at	that	time,	when	the	incentive	and	pressure	to	do	one's	best	for	one's	country	was	rife.	Jack	himself	helped	our	task	considerably	by	compiling	a	complete	list	of	his	publications,	with	hard	copy,	and	by	writing	detailed	notes	about	his	life	and	career.	The	relationship	between	pre-ignition	tendency	and	the
temperature	of	the	hot-spot	with	normal	running	and	with	pre-ignition	was	established.	London:	Morgan-Grampian	Press.	But	a	short	while	later,	Hideo	Mohri	came	up	with	the	excellent	name	of	tubulin	(Mohri	1968).	For	the	college,	appointing	a	professor	from	Cambridge	signalled	its	ambitions,	but	he	was	only	32.	However,	their	use	of	‘upwinding’
seems	to	have	been	motivated	by	mathematical	necessity	rather	than	physical	insight.	Under	the	prevailing	intensive	systems	of	crop	production,	the	only	feasible	way	to	maintain	adequate	soil	structure	for	infiltration	and	drainage	appeared	to	be	in	reduced	tillage	systems,	with	herbicides	replacing	cultivation	for	weed	control;	this	practice	was	still
experimental	in	the	mid	1970s	(18).Pressing	though	these	problems	had	become	in	the	UK,	Dennis's	heart	still	lay	in	the	bigger	challenges	faced	by	food	production	in	the	tropics.	(Photograph	courtesy	of	Dr	I.	Yet,	being	a	student	of	his	was	not	easy.	Unfortunately,	soon	after	the	move	to	California,	Barbara	was	diagnosed	with	Parkinson's	disease.
(doi:10.1016/0041-624X(77)90091-9)	Crossref,	PubMed,	ISI,	Google	Scholar(11)	1982	(With	Burns	P.	(doi:10.1103/PhysRevLett.116.061102)	Crossref,	PubMed,	ISI,	Google	ScholarAlbrecht	A.	(doi:10.1111/j.1365-2427.1983.tb00660.x)	Crossref,	ISI,	Google	ScholarHeaney	S.	Crossref,	ISI,	Google	Scholar(2)	1950New	general	methods	for	the	synthesis
of	fluoroiodides	and	fluoroacids.	After	leaving	Cambridge,	he	became	a	graduate	apprentice	at	the	boiler-making	firm	of	Babcock	&	Wilcox	Ltd,	near	Renfrew.Hawthorne	wished	to	undertake	a	research	degree,	and	his	exceptional	academic	record	led	to	his	receiving	a	Commonwealth	Fund	fellowship	in	1935	for	graduate	study	in	the	Department	of
Chemical	Engineering	at	the	Massachusetts	Institute	of	Technology	(MIT),	in	‘the	other’	Cambridge.	USA	50,	1002–1010.	He	extracted	from	the	evidence	the	essentials	that	he	found	interesting	or	challenging	or	what	he	needed	to	move	his	deliberations	forward.	Newland	is	an	Emeritus	Professor	of	Engineering	at	the	University	of	Cambridge.
Workshop,	Cambridge,	UK,	3–7	July	1989.	This	intensely	researched	work	was	to	form	a	sound	grounding	for	his	understanding	of	the	very	basics	of	engine	combustion	as	well	as	honing	his	skills	for	detailed	analysis	and	observation.	(doi:10.1007/BF02551735)	Crossref,	PubMed,	Google	Scholar(5)	1969	(With	Ross	F.	Diarmuid's	first	tasks	at	Ricardo
were	assisting	with	single-cylinder	engine	experiments,	exploring	the	relationship	between	fuel	characteristics	and	engine	performance	for	both	four-stroke	and	two-stroke	aero	engines—the	latter	being	a	major	study	at	Ricardo	at	that	time.	52,	331.	Stephen	and	Hartle	realized	that	for	closed	cosmologies	this	could	be	the	cosmological	analogue	of
the	ground	state	constructed	as	a	Euclidean	functional	integral	(56).	Soil	structure	was	a	priority	topic	for	the	Agricultural	Research	Council	and	Dennis	was	well	placed	to	undertake	that	research.	Brian	(the	given	name	by	which	he	was	universally	known)	enjoyed	a	happy	childhood	with	many	friends,	parents	who	largely	left	him	to	his	own	devices,
a	dog	for	company	and	the	freedom	to	wander	Wimbledon	Common	at	will.	Thereafter	he	served	four	years	as	a	professor	at	the	University	of	California,	Davis,	before	taking	up	his	position	at	Manchester	in	1980.	He	is	author	of	the	textbook	on	general	relativity	entitled	Gravity:	an	introduction	to	Einstein's	general	relativity	(2003).Thomas	Hertog	is
Professor	at	the	Institute	for	Theoretical	Physics	at	KU	Leuven,	Belgium,	through	the	Odysseus	programme	of	the	Flemish	government.Roger	Penrose	OM	FRS	is	Rouse	Ball	Professor	Emeritus	of	Mathematics	in	the	University	of	Oxford	and	Fellow	Emeritus	of	Wadham	College,	Oxford.	Washington,	DC:	The	National	Academies	Press,	pp.	Benzene	had
long	been	considered	an	important	molecule	in	science	following	experimental	confirmation	of	its	proposed	hexagonal	planar	structure	by	Kathleen	Lonsdale	(FRS	1945)	in	1929	using	X-ray	diffraction	techniques.	Fluorine	Chem.	We	have	mentioned	this	in	the	context	of	compressible	flow,	but	we	can	add	that	communications	and	discussions	about
secondary	flow	(whether	or	not	the	motions	are	secondary	to	an	assumed	primary	flow)	are	still	couched	in	terms	of	vortex	stretching	and	tipping.	A	potential	hiccough	in	his	plans	arose	when	the	war	in	Korea	started	and	the	period	of	National	Service	was	extended	to	two	years,	but	the	RAF	allowed	him	to	be	discharged	early	as	he	had	his	entry	to
college	already	arranged.Upon	entering	Cambridge	as	an	undergraduate	in	October	1951,	Gibbons	needed	to	read	four	subjects	in	his	first	year	of	the	Natural	Science	Tripos	(the	framework	for	studies	at	Cambridge).	(doi:10.1038/173973a0)	Crossref,	PubMed,	ISI,	Google	ScholarKamiya	R.	Crossref,	Google	Scholar(25)	A	two-equation	model	of
turbulence:	commemorative	lecture	for	Professor	Bosniakovic.	At	the	time,	there	were	very	few	undergraduates	to	teach	(there	were	three	reading	agriculture),	so,	with	plenty	of	time,	limited	laboratory	facilities	and	a	keen	desire	to	understand	more	about	soil	management	in	the	tropics,	they	set	about	collecting,	collating	and	analysing	farmer
practices	(figure	1).	Having	a	clear	idea	of	UMIST's	strengths	and	weaknesses,	he	knew	where	growth	was	desirable	and	where	pruning	was	necessary.	USA	77,	2396–2400.	Figure	4.	B	335,	155–165.	Witness	his	comments	in	the	section	on	the	Royal	Society	form	asking	for	suggestions	for	people	who	might	be	asked	to	write	a	biographical	memoir:	‘I
cannot	think	of	anyone	who	would	want	to	do	this	or	anyone	who	would	want	to	read	the	result.	There	is	a	much	larger	group	of	symmetries	at	large	distances	from	isolated	gravitating	objects,	the	BMS	group.	(doi:10.1083/jcb.54.1.75)	Crossref,	PubMed,	ISI,	Google	Scholar(16)	1973	(With	Gibbons	B.	After	two	years'	military	service	with	the	CEA
(Atomic	Energy	Commission),	during	which	he	attended	nuclear	weapons	tests	in	the	Sahara,	Pierre-Gilles	joined	Friedel	at	Orsay,	where	he	remained	from	1961	to	1971,	first	as	maître	de	conférence	and	then	as	professor.On	arrival	at	Orsay,	Pierre-Gilles	decided	to	move	into	a	new	field:	superconductivity.	…	Summing	Up:	Highly	recommended.
(doi:10.1083/jcb.14.3.459)	Crossref,	PubMed,	ISI,	Google	Scholar(7)	1963Studies	on	the	protein	components	of	cilia	from	Tetrahymena	pyriformis.	Induction	of	a	specific	requirement	for	viability	and	growth	during	the	differentiation	of	myeloid	leukemic	cells.	Within	his	spectroscopy	group	he	offered	considerable	freedom	to	his	junior	colleagues,	Alex
Douglas	(FRS	1979),	Cec	Costain,	Don	Ramsay	(FRS	1978)	and	Hin	Lew.	In	a	press	statement,	Bob	announced	his	wish	to	stand	down	as	Principal,	saying	that	given	the	funding	cuts,	he	was	unwilling	to	adjust	to	the	constrained	future	he	foresaw	for	UMIST.	5,	180–202.	At	this	time,	Dennis	was	a	member	of	the	IBSRAM	board	headquartered	in
Bangkok	and	this	provided	a	convenient	stopover	on	the	long	journey	to	and	from	their	houses.	In	1978	he	was	promoted	to	senior	lecturer	in	chemistry	at	UMIST,	heading	the	department's	chromatography	unit	and	becoming	course	director	of	analytical	chemistry	until	his	retirement	in	1997.FootnotesReferencesReferences	to	other	authorsThe
following	publications	are	those	referred	to	directly	in	the	text.	Indeed,	most	of	the	ATPase	activity	occurred	only	in	the	14S	and	30S	peaks,	with	the	former	having	about	twice	the	activity	of	the	latter.	Soc.4472–4479.	Including	a	wave	function	of	the	universe	means	that	final	theories	consist	of	two	parts—a	theory	of	the	universe's	dynamics	and	a
theory	of	the	wave	function	of	the	universe,	which	are	potentially	unified	as	in	the	no	boundary	proposal.	We	are	also	grateful	to	authors	of	the	extracts	in	the	Personality	section	for	their	permission	to	quote	them.	Halothane	had	a	safer	pharmacological	profile	than	former	inhalational	anaesthetics,	being	non-flammable	and	non-toxic,	and	had	high
potency	with	rapid,	uneventful	induction	and	recovery.	(doi:10.1103/PhysRev.164.1776)	Crossref,	ISI,	Google	ScholarKerr	R.	Frank	also	coached	Stephen	in	mathematics	until	he	could	not	keep	up	with	him	in	mathematical	knowledge	and	skill.	1952On	the	solution	of	nonlinear	hyperbolic	differential	equations	by	finite	differences.	L.,	Vale	R.	This
arrangement	was	an	important	one,	enabling	Spalding	the	time	and	energy	to	grow	CHAM	from	a	minor	consultancy	company	to	become	the	leading	international	CFD	software	house	by	the	end	of	the	1970s.In	1974	CHAM	established	its	headquarters	in	New	Malden	(Spalding's	birthplace);	it	later	moved	to	Wimbledon	Village,	conveniently	close	to
his	family	home.	(doi:10.1016/S0092-8674(85)80099-4)	Crossref,	PubMed,	ISI,	Google	ScholarWeisenberg	R.	Reisinger).	O'Beirne-Ranelagh,	J.	Sydney,	Elizabeth,	Daphne	and	baby	Peter,	1936.	Objectives	and	work	carried	out	included	measuring	physical	processes	in	the	propulsion	system,	experimental	research,	performance	calculations,	project
studies,	designs	and	design	information	(6).	Wärme	Stoffübertragung	3,	85–95.	At	the	time	it	was	not	feasible	to	take	the	analysis	to	high	resolution	by	X-ray	diffraction,	so	John	later	turned	to	electron	microscopy	to	study	TYMV.John's	second	PhD	project	involved	crystals	of	poliovirus,	which	were	given	to	Rosalind	in	1957	by	Drs	Schaffer	and
Schwerdt	from	Berkeley.	3,	2480–2483.	This	opened	the	way	to	a	quantitative	account	of	entangled	polymer	dynamics,	including	not	only	linear	viscoelasticity	(where	Pierre-Gilles	gave	an	astonishingly	elegant	calculation	of	the	relaxation	spectrum),	but	also	a	host	of	non-linear	phenomena.	Br.	J.	&	Welsh	H.	The	only	places	available	were	in	a	class
one	year	ahead	of	their	age	group.	Figure	1	shows	a	schematic	of	a	Whittle-type	turbojet	engine	with	the	values	of	local	Mach	number	indicated;	the	design	Mach	numbers	in	the	exhaust	duct	were	decreased	from	0.67	to	0.47.	&	Thomas	A.)	Reaction	of	aromatic	or	heterocyclic	amines	and	perfluoro-2-methylpent-2-ene	to	give	fused	pyridines,
ketenimines,	or	enamines.	This	significant	scientific	ancestry	led	Charles’s	parents	to	assume	that	he	would	follow	a	career	in	chemistry.Charles’s	early	childhood	was	spent	largely	in	the	company	of	his	maternal	extended	family	at	Waltham	Abbey,	where	there	was	a	strong	sense	of	family.	Hawthorne	and	Horlock	did	not	invent	the	concept,	but	they
made	considerable	use	of	it	for	annular	flows	with	radial	variations	of	momentum	and	energy	and	their	joint	paper	(5)	received	the	James	Clayton	Prize	of	the	Institution	of	Mechanical	Engineers.	(doi:10.1103/RevModPhys.57.827)	Crossref,	ISI,	Google	Scholar(10)	1993	(With	Prost	J.)	The	physics	of	liquid	crystals	(2nd	edn).	This	abrupt	change	in
scientific	direction	was	only	the	first	in	a	series	of	such	moves	that	punctuated	Pierre-Gilles’	career:	his	curiosity	could	never	have	been	satisfied	by	‘knowing	more	and	more	about	less	and	less’.	Courchesne-Sato	for	help	in	figure	preparation.	Much	of	the	early	work	on	Euclidean	quantum	gravity	was	carried	out	with	his	Cambridge	colleagues	at	that
time—Gibbons,	Page	and	Christopher	Pope	(48)—culminating	in	an	edited	volume	on	the	topic	(75).	Nature	166,	192–193.	However,	most	industrial	flows	had	regions	that	were	‘elliptic’	rather	than	parabolic,	since	flow	recirculation	was	present.	&	Lane	M.	USA	75,	3781–3785.	D	13,	2188–2203.	This	research	concerned	the	toxicity	of	cyanobacteria
and	arose	from	very	large	growths	of	these	organisms	in	Lough	Neagh,	Northern	Ireland,	as	well	as	in	reservoirs	of	the	then	Metropolitan	Water	Board,	London,	and	also	in	St	James's	Park,	London.	1999AAA+:	a	class	of	chaperone-like	ATPases	associated	with	the	assembly,	operation	and	disassembly	of	protein	complexes.	A	detailed	account	of	the
life	and	career	of	Pierre-Gilles	de	Gennes	has	been	given	in	the	book	by	L.	Dalton	Trans.1449–1455.	(Online	version	in	colour.)	Download	figureOpen	in	new	tabDownload	PowerPointFigure	4.	Later	he	moved	to	Toronto,	where	he	found	a	Macedonian	community	within	which	there	were	several	restaurants.	(doi:10.1103/PhysRevD.28.679)	Crossref,
ISI,	Google	ScholarBarrow	J.D.	&	Sonoda	D.H.1986Asymptotic	Stability	of	Bianchi	type	Universes.	(doi:10.1073/pnas.77.5.2936)	Crossref,	ISI,	Google	ScholarBreitman	T.	Progress	was	later	summarized	in	their	book,	The	theory	of	polymer	dynamics;	their	full	development	of	the	theory	shows	how	simple	ideas	can	have	rich	consequences	(Doi	&
Edwards	1986).	One	instead	would	expect	self-consistent	calculations	using	a	converged	basis	set	would	be	necessary.Pettifor	and	Podloucky	responded	(12):	Phillips	et	al.	57,	201–205.	What	he	meant	is	that	it	is	very	hard	to	tell	black	holes	apart	because	there	are	only	three	macroscopic	quantities	that	describe	them:	their	mass,	angular	momentum
and	electric	charge.	Google	Scholar(10)	1961	(With	Griffiths	S.	(Photograph	supplied	by	Di	Gold.)	(Online	version	in	colour.)	Download	figureOpen	in	new	tabDownload	PowerPointFigure	7.	In	2005	he	moved	to	the	Department	of	Physics	at	Imperial	College	London,	where	he	was	one	of	four	Fellows	of	the	Royal	Society	who	founded	the	Thomas
Young	Centre	(www.thomasyoungcentre.org),	involving	hundreds	of	researchers	in	theory	and	simulation	of	materials	within	chemistry,	engineering,	materials	and	physics	departments	across	four	London	colleges.	1987b).	(doi:10.1098/rstb.1971.0041)	Google	ScholarKornberg	R.	4,	3189–3194.	G.,	Morton	W.	(doi:10.1016/0301-5629(82)90092-8)
Crossref,	PubMed,	ISI,	Google	Scholar(12)	1986The	prudent	use	of	diagnostic	ultrasound.	In	1996,	as	the	SWNM	programme	got	under	way,	Dennis	re-joined	the	IBSRAM	board,	where	he	served	as	chair	of	the	programme	committee	until	2001	when	IBSRAM's	programmes	and	staff	were	incorporated	into	the	International	Water	Management
Institute	(IWMI)	under	the	protection	of	the	CGIAR	umbrella.Dennis's	election	to	the	Royal	Society	in	1994,	coupled	with	the	forthcoming	bicentenary	of	Malthus's	famous	essay	on	food	supply	and	human	population	in	1998,	led	to	a	discussion	meeting	at	the	Royal	Society	in	1996	organized	by	Dennis	with	Peter	Gregory	and	Peter	Nye.	Can.
(doi:10.1103/PhysRevD.52.5659)	Crossref,	ISI,	Google	Scholar(82)	Quantum	coherence	and	closed	time-like	curves.	(Online	version	in	colour.)Download	figureOpen	in	new	tabDownload	PowerPointFigure	6.	Crossref,	Google	ScholarHorlock	J.	226,	289–299.	He	remained	as	Master	until	1983.Hawthorne	was	elected	a	Fellow	of	the	Royal	Society	in
1955,	appointed	CBE	in	1959	and	knighted	in	1970	for	‘services	to	thermodynamics’,	a	citation	that	greatly	pleased	him;	in	this	regard	he	has	been	described	as	‘the	first	knight	of	the	second	law	of	thermodynamics’	(Goldie	&	Squire	1993).	(doi:10.1039/j19700000049)	Google	Scholar(45)	(With	Booth	B.	22,	1320–1324.	Stephen	continued,	right	until
his	last	decade,	to	co-author	technical	papers	and	speak	at	premier	international	conferences,	doubly	remarkable	in	a	subject	where	even	healthy	researchers	tend	to	peak	at	an	early	age.	(doi:10.1038/274535a0)	Crossref,	PubMed,	ISI,	Google	Scholar(11)	(With	Lotem	J.)	In	vivo	induction	of	normal	differentiation	of	myeloid	leukemic	cells.	He	also	had
strong	research	collaborations	with	colleagues,	including	one	of	the	authors,	in	the	MIT	Department	of	Aeronautics	and	Astronautics,	with	an	office	in	the	department's	Gas	Turbine	Laboratory,	where	he	was	a	co-supervisor	on	theses	and	a	co-author	on	publications	with	students	and	faculty.The	level	of	Hawthorne's	participation	in	the	intellectual
collaboration	between	the	two	universities,	as	well	as	his	continued	interest	in	thermodynamics	and	its	teaching,	can	be	seen	in	an	anecdote	related	by	Dr	George	Hatsopoulos,	a	co-founder	of	ThermoElectron	Company	(now	Thermo	Fisher	Scientific),	but	back	then,	in	the	late	1950s,	an	assistant	professor	working	in	thermodynamics	with	Professor
Keenan.	The	prize	that	year	was	awarded	to	Roger	Penrose,	but	Stephen	was	awarded	an	‘auxiliary	Adams	Prize’	for	his	essay,	‘Singularities	and	the	geometry	of	spacetime’.	Acad.	Its	institutes	of	entomology,	parasitology	and	mycology	were	on	distributed	sites	and	there	was	also	a	field	station,	housing	other	departments,	located	elsewhere.	His
years	at	MIT	were	extremely	productive	and	he	produced	notes	and	seminal	papers	that	had	a	major	effect	on	aerodynamics	and	thermodynamics	for	gas	turbine	propulsion	and	power.The	first	of	these	were	notes	on	gas	turbine	cycle	thermodynamics	that	Hawthorne	created	for	his	classes.	(doi:10.1111/j.1365-2389.1968.tb01526.x)	Crossref,
ISI,	Google	Scholar(10)	(With	Swincer	G.	This	was	not	just	an	academic	exercise.	Stephen	also	explored	other	possibilities,	however,	such	as	the	collision	of	bubbles	of	broken	symmetry,	with	Stewart	and	Ian	Moss	(51),	and	the	collapse	of	cosmic	strings	(69).	With	Mike	Barlow,	Bob	confirmed	that	UV	light	slowly	converts	hexafluorobenzene	into	the
para-bonded	Dewar	benzene	isomer	perfluorobicyclohexene.	While	most	myeloid	leukaemia	cells	initially	maintain	a	normal	requirement	for	haematopoietic	cytokines	for	viability	and	growth,	certain	myeloid	leukaemic	clones	have	become	independent	of	these	factors	and	therefore	do	not	require	exogenously	added	cytokines	for	cell	viability	and
growth.	(doi:10.1021/bi00064a032)	Crossref,	PubMed,	ISI,	Google	Scholar(29)	1994	(With	Gibbons	B.	Nature	209,	1278–1279.	The	amplitude	of	these	fluctuations	was	subsequently	worked	out	during	the	1982	Nuffield	Workshop.Among	those	who	struggled	with	the	problem	of	inflationary	quantum	perturbations	were	the	authors	of	a	number	of
contributions	to	the	proceedings	(54,	55)	(Guth	1982;	Starobinsky	1982;	Bardeen	et	al.	EMBO	J.	The	wedding	photograph	of	Charles	and	Margaret	Suckling,	1946.	Upper-division	undergraduates	through	professionals:	two-year	technical	program	students."	(P.	His	family	remember	well	the	concern	and	compassion	that	he	felt	deeply	at	that	time.
Unpublished	lecture	delivered	at	Lincoln	College,	Oxford.	The	photochemical	isomerization	of	C6(CF3)6	provided	the	most	complete	set	of	such	isomers,	yielding	thermally	stable	benzvalene,	para-bonded	and	prismane	isomers	(43).	Disappointingly	for	Stephen,	Hoyle	was	unable	to	take	him	on.	Seen	from	a	70-year	perspective,	this	was	perhaps	not
driven	primarily	from	research	interests,	but	rather	reflected	the	lack	of	information	on	gas	turbine	technology	available	at	that	time;	the	participants	had	to	develop	the	fundamentals	for	themselves.	(1952)	and	several	subsequent	researchers	had	already	used	such	one-sided	differences	for	the	same	purpose.	(eds)	1971A	discussion	on	new
developments	in	electron	microscopy	with	special	emphasis	on	their	application	in	biology.	S.)	Fluid	flow	and	heat	transfer	in	three-dimensional	duct	flows.	(doi:10.1007/BF01877518)	Crossref,	ISI,	Google	Scholar(22)	(With	Hartle	J.	Report	910/2.	He	recruited	through	contacts	from	Cambridge,	and	at	companies	such	as	ICI	and	Imperial	Smelting
Company.	A	full	bibliography	is	available	as	electronic	supplementary	material	at	and	at	1)	1955	(With	Serr	D.	Z.	(doi:10.1002/lno.1957.2.3.0213)	Crossref,	ISI,	Google	Scholar(7)	The	longitudinal	succession	of	water	characteristics	in	the	White	Nile.	Unfortunately,	this	approach	awaits	others	to	carry	forward	his	ideas.In	1969,	in	the	wake	of	growing
external	interest	to	apply	the	new	software	to	tackle	real	design	problems,	Spalding	had	formed	a	consultancy	company,	CHAM	(Combustion,	Heat	and	Mass	Transfer	Limited),	through	which	to	handle	these	activities.	(doi:10.1038/189457a0)	PubMed,	ISI,	Google	Scholar(5)	1963	(With	Ginsburg	H.)	Formation	of	pure	suspensions	of	mast	cells	in
tissue	culture	by	differentiation	of	lymphoid	cells	from	the	mouse	thymus.	It	was	also	nearer	their	son,	Keith,	who	lived	in	Welwyn	Garden	City.	B	108,	389–393.	Furthermore,	they	showed	that	the	virus	had	icosahedral	symmetry	and	proposed	a	model	of	60	subunits	arranged	on	a	truncated	dodecahedron.	D	73,	123527.	He	later	published	a	paper
describing	a	unique	26-year	time-series	of	chlorophyll	a	measurements	in	four	lake	basins	(28),	analysed	in	terms	of	lake	morphometry,	external	conditions	and	species	composition.Building	perhaps	on	his	interest	and	expertise	in	electricity,	Jack	developed	or	applied	a	number	of	electrochemical	methods	to	measure	accurately	and	rapidly	small
changes	in	the	concentration	of	O2	and	CO2	against	a	relatively	high	background,	in	order	to	improve	measurements	of	photosynthesis	and	respiration	in	freshwaters.	Previously,	it	had	been	assumed	that	a	black	hole	in	a	stationary	state	was	described	by	the	Kerr	metric,	and	this	new	work	went	a	long	way	to	proving	the	conjecture	correct.	The	no
hair	theorem	now	states	that	a	black	hole	is	described	by	just	three	parameters	(see	also	Section	14).In	further	work	with	James	Bardeen	and	Carter,	the	analogy	with	the	laws	of	thermodynamics	was	completed	(28).	Charles	playing	with	his	children,	Karen,	Colin	and	Keith,	in	the	garden	of	his	parents-in-laws'	house	in	Wallasey,	ca	1955.Download
figureOpen	in	new	tabDownload	PowerPointIn	due	course,	the	discovery	of	halothane	was	recognized	as	one	of	the	milestones	of	chemistry	and	celebrated	by	the	installation	of	a	commemorative	plaque	at	the	Catalyst	Museum	in	Widnes,	a	former	ICI	property	(figure	9).	(doi:10.1016/0006-291X(76)90488-5)	Crossref,	PubMed,	ISI,	Google	Scholar(23)
1978	(With	Cosson	M.	Meeting	the	entropy	challenge:	an	international	thermodynamics	symposium	in	honor	and	memory	of	Professor	Joseph	H.	1974Chromatin	structure:	a	repeating	unit	of	histones	and	DNA.	7,	319–328.	He	undertook	two	major	projects	that	kept	him	occupied	for	the	next	seven	years.	In	Symp.	(doi:10.1038/303031a0)	Crossref,
PubMed,	ISI,	Google	ScholarVale	R.	He	liked	to	call	this	a	top-down	approach	to	cosmology,	reconstructing	the	universe's	history	starting	from	our	position	within	it	(93,	94).	At	UMIST	he	explored	further	fluoroalkyl	derivatives	of	phosphorus,	reported	in	a	series	of	papers	between	1963	and	1982,	initially	with	Harry	Goldwhite	and	Mike	Green,	and
later	with	David	Taylor	and	Roy	Fields.	Heine	suggested	David	looked	at	‘the	long	wavelength	behaviour	of	the	Augmented	Plane	Wave	pseudopotential’.	Quite	apart	from	the	scientific	insight	required	for	this,	Pierre-Gilles’s	ability	to	express	his	ideas	in	clear	and	excellent	English,	at	the	first	attempt	and	with	almost	no	subsequent	revision	needed,
was	the	envy	of	almost	all	his	colleagues,	including	those	with	English	as	their	first	language.Pierre-Gilles’s	many	contributions	to	polymer	theory	were	summarized	in	his	third	book,	Scaling	concepts	in	polymer	physics,	published	in	1979	(6).	Stephen's	most	extensive	work	on	PBH	formation	was	a	series	of	papers	with	Raphael	Bousso	on	PBH
production	during	inflation	from	gravitational	instanton	effects	in	Euclidean	quantum	gravity	(81,	86).Interest	in	PBHs	intensified	when	Stephen	discovered	that	black	holes	radiate,	since	only	PBHs	could	be	small	enough	for	this	to	be	important	(Section	9).	The	chair	had	been	created	on	the	retirement	of	Mr	Raymond	Wood.	A	distinctive	feature	of
this	development	was	that	it	was	the	first	chemical	process	designed	from	the	outset	to	be	controlled	by	computer,	and	was	world-leading	at	the	time.	Bob	as	a	research	student	at	Birmingham,	December	1946	(courtesy	of	Mrs	S.	W.)	The	part	played	by	the	preparational	stage	in	determining	lead	anti-knock	effectiveness.	Then	he	went	on	to	prove	the
key	result	that,	if	a	black	hole	is	stationary	but	non-static,	then	it	must	be	axisymmetric,	as	is	the	case	for	the	Kerr	metric.	Pierre-Gilles	also	spent	an	extended	period	in	the	small	Protestant	village	of	Pierregrosse	in	Queyras,	lodging	with	the	family	of	the	village	pastor.	(C)2750–2755.	Nature	212,	349–350.	(doi:10.1364/OL.3.000207)	Crossref,
PubMed,	ISI,	Google	Scholar(18)	1984	(With	Lipson	R.	&	Stevenson	M.	B	115,	295–297.	Stephen's	Taub-NUT	solution	is	self-dual	as	are	its	multi-Taub-NUT	brethren	(40).The	subject	of	gravitational	instantons	excited	the	interest	of	differential	geometers	and	sparked	off	considerable	activity	on	their	part	in	this	field.	He	then	showed	that	different
clones	of	leukaemic	cells,	which	he	called	D+	or	D−	clones,	differed	in	their	ability	to	be	induced	to	differentiate	by	these	cytokines,	that	D+	differentiation	was	not	associated	with	regaining	a	normal	diploid	chromosome	complement	and	that	the	mature	cells	derived	from	D+	cells	stopped	dividing	and	were	no	longer	malignant	when	inoculated	into
mice	(10,	17)	(Lotem	&	Groner	2017).	(doi:10.2307/1791063)	Crossref,	ISI,	Google	Scholar(2)	1955	(With	Russell	E.	Most	of	the	known	examples	admitted	at	least	one	isometry	whose	fixed	point	sets	were	either	zero-	or	two-dimensional.	Several	agreed	to	give	seminars	showing	how	their	own	work	had	been	inspired	in	part	by	Boris.Although	formally
retired,	Boris	continued	to	supervise	five	doctoral	students	as	an	emeritus	professor	until	his	last	student	(Robert	I.	His	name	also	lives	on	in	the	little	plant	with	pink	flowers	that	he	developed.We	are	grateful	to	Dr	Mike	Barlow,	Dr	Brian	Booth	and	Dr	Thain	Flowers	for	drafting	sections	on	different	aspects	of	Bob's	scientific	contributions.
(doi:10.1103/PhysRevD.23.347)	Crossref,	ISI,	Google	ScholarGuth	A.	Mitt.	Pierre-Gilles’s	reptation	concept	for	a	mobile	chain	trapped	in	a	network	of	fixed	obstacles.	This	was	provided	by	Senator	Edward	Kennedy's	visit	to	Moscow	to	meet	with	the	Soviet	leader,	Leonid	Brezhnev.	Here,	he	came	into	contact	with	the	difficult	realities	of	rural	life	in
that	period,	which	left	a	deep	impression.Pierre-Gilles	entered	the	Ecole	Normale	Supérieure	(ENS)	in	1951	through	the	so-called	Group	II	stream,	which	at	the	time	was	revolutionary	in	emphasizing	the	experimental	natural	sciences,	rather	than	mathematics,	as	the	basis	of	a	scientific	education.	That	year	also	marked	the	publication	of	a	special
issue	of	Freshwater	Biology,	with	papers	by	his	colleagues	and	scientific	friends,	marking	his	contribution	to	limnology	(Heaney	&	Maberly	1996).	ISI,	Google	Scholar(14)	(With	Gramstad	T.)	Perfluoroalkyl	derivatives	of	sulphur.	Download	figureOpen	in	new	tabDownload	PowerPointUsing	a	more	powerful	lamp,	they	then	made	16 mm	films	to	show
that	adjacent	tubules	slide	at	about	10 μm s−1	(14).	Google	ScholarKutateladze	S.	T.	Malcolm	Perry	(left)	and	Andy	Strominger	(right)	celebrating	Stephen's	seventy-fourth	birthday	and	the	publication	of	their	first	paper	on	the	information	paradox	at	the	Alimentum	Restaurant	in	Cambridge.	•	A	new	view	of	a	‘final	theory’.	His	research	interests
include	gas	turbines,	turbomachinery,	propulsion	system–airframe	integration,	active	control	of	fluid	systems	and	industry–university	collaboration.	It	illustrated	his	view	(28)	that	solving	numerically	quantum	mechanical	or	classical	equations	is	not	the	key	step	in	providing	insight	into	the	complex	world	of	materials	and	their	properties.	The	family
moved	from	Highgate	in	London	to	St	Albans	in	1950	when	Frank	took	up	a	post	at	the	new	National	Institute	for	Medical	Research	at	Mill	Hill.	F.)	Milliwatt	ultrasonic	radiometry.	Subsequently,	David	showed	(2,	3)	that	second	order	terms	in	the	model	Hamiltonian	corresponded	directly	to	the	three-centre	integrals	and	non-orthogonality
contributions	that	had	previously	been	neglected.	New	York,	NY:	W.	These	events	sometimes	lasted	into	the	small	hours,	but	Hawthorne	never	flagged	during	marathon	discussions,	especially	on	subjects	that	interested	him.One	such	subject	was	the	supply	of	engineers	to	industry	and	their	practical	training.	Dr	Whalley	returned	to	academic	life	as	a
lecturer	after	the	war	and	Charles	became	his	first	PhD	student.	Although	he	will	only	be	here	six	months	out	of	every	year,	there	will	be	someone	closely	associated	with	him	remaining	here	all	the	year	round,	and	who	will	supervise	his	research	while	he	is	away.	While	this	provided	useful	comparative	context,	Jack	was	interested	in	fundamental
processes	that	are	common	across	these	different	systems.	(doi:10.1088/0031-9155/17/1/002)	Crossref,	PubMed,	ISI,	Google	Scholar(7)	1972	(With	Mountford	R.	Bob	knew	the	plants	and	their	origins	individually,	delighted	to	share	his	expertise	and	used	his	extensive	contacts	and	travels	round	the	world	to	acquire	specimens.	Today,	one	would	add
biologists	and	mathematicians	to	that	list.	I	hope	the	fun	that	we	enjoyed	will	encourage	highly	talented	young	scientists	to	bring	their	powers	to	bear	on	the	many	fascinating	secrets	that	remain	in	dynein,	as	well	as	in	the	other	molecular	motors,	and,	indeed,	in	most	aspects	of	human	biology.’The	authors	would	like	to	acknowledge	Dr	Stephen	M.
Were	black	hole	physics	to	work	in	this	way,	it	would	be	in	conflict	with	quantum	mechanics.To	see	this,	imagine	that	the	initial	matter	configuration	was	constructed	from	a	pure	quantum	state,	in	technical	terms,	a	state	with	vanishing	von	Neumann	entropy.	After	he	moved	to	Manchester,	Bob's	group	gained	access	to	newer	techniques,	such	as
mass	spectrometry	and	nuclear	magnetic	resonance	(NMR),	which	proved	crucial	in	identifying	the	numerous	new	compounds	his	rapidly	expanded	research	group	prepared.Given	a	reliable	source	of	perfluoroalkyl	free-radicals,	Bob	and	his	associates	investigated	their	reactions	with	alkenes	in	a	sequence	of	24	papers	starting	in	1952.	The	research
was	largely	free	of	interruption	by	enemy	action	until	10	August	1942,	when	a	bomb	from	the	last	raid	on	Merseyside	hit	the	Widnes	Laboratory,	causing	substantial	physical	damage	but	little	damage	to	the	progress	of	research	because	of	the	ingenuity	of	the	staff.	He	was	awarded	the	OBE	in	2006	for	services	to	science	and	higher	education	in
Scotland.FootnotesReferencesReferences	to	other	authorsFerguson	J.	31,	161–170.	The	substantial	garden	and	ready	access	to	many	places	of	interest	for	young	children	made	it	an	ideal	place	to	visit	for	just	a	few	days	or	for	longer.While	rightly	understanding	Charles’s	practical	and	intellectual	capacity,	the	ICI	Board	did	not,	perhaps,	appreciate
that	Charles	was	not	instinctively	or	emotionally	a	commercial	person.	When	this	propagator	is	analytically	continued	back	to	the	Lorentzian	Schwarzschild	solution,	it	has	poles	periodic	in	the	imaginary	time	coordinate.	With	several	of	his	co-workers,	Bob	extended	the	known	alkene-addition	reactions	of	CoH(CO)4	and	MnH(CO)5	to	fluoroalkenes



(44,	45),	while	reacting	fluoroalkenes	with	Co2(CO)8	led	to	a	novel	general	synthesis	of	the	cluster	complexes	RC[Co(CO)3]3	where	R	=	fluoroalkyl	(41,	66).Although	the	chemistry	of	the	‘magic	radical’	(CF3)2NO•	with	main	group	elements	had	been	explored	in	detail,	its	complexes	with	transition	metals	were	not	investigated	thoroughly	until	the	mid
1970s.	Shikhmurzaev,	Contemporary	Physics,	Vol.	(doi:10.1016/0301-5629(89)90062-8)	Crossref,	PubMed,	ISI,	Google	Scholar(15)	1991	(With	Sarvazyan	A.	Perkin	1,	1066–1071.	The	following	year,	in	Philadelphia,	he	received	the	Franklin	Institute	Medal	in	Engineering	(especially	appreciated	as	a	previous	recipient	had	been	Einstein).	1997).	Google
Scholar(8)	Interaction	between	clays	and	organic	compounds	in	soils:	II.	His	two	daughters,	Joanna	and	Elizabeth,	were	born	in	1946	and	1948.	Int	J.	While	the	information	he	presented	could	sometimes	be	hard	to	assimilate,	especially	for	non-native	English	speakers,	even	Jack's	early	papers	from	the	1950s	are	remarkably	modern	in	their	style.Jack
doubtless	benefitted	from	the	many	leading	scientists	with	whom	he	interacted	in	the	UK	and	around	the	world,	and	he	himself	noted	his	luck	in	being	able	to	work	at	well-equipped	and	financed	institutes.	Later,	Bob	and	his	Cambridge	students	established	a	versatile	route	to	polyfluoroalkylsilanes	by	photochemical	free-radical	addition	of	the	SiH
bond	of	suitable	silanes	to	fluoroalkenes	(13,	15,	16).	Soc.1740–1743.	Dalton	Trans.1867–1872.	He	was	a	PhD	student	under	Professor	Brian	Spalding	from	1975	to	1978.	Div.	He	continued	to	work	on	the	structure	of	actin	and,	with	Hugh	Huxley,	elucidated	how	muscles	contract.FootnotesReferencesReferences	to	other	authorsBloomer	A.	In
Numerical	prediction	of	flow,	heat	transfer,	turbulence	and	combustion	(ed.	Crossref,	ISI,	Google	Scholar(28)	1993Comparative	seasonal	changes,	and	inter-annual	variability	and	stability,	in	a	26-year	record	of	total	phytoplankton	biomass	in	four	English	lake	basins.	David	never	met	H-R,	but	he	had	the	highest	regard	for	him	and	in	2000	he	wrote	a
wonderful	biography	about	him	(27).1965William	Cullen	Medal	for	Most	Distinguished	Graduate1986Medal	for	contributions	to	alloy	theory,	National	Research	Institute	of	Metals,	Tokyo1989Elegant	Work	Prize,	The	Institute	of	Metals1990Hume-Rothery	Prize,	The	Institute	of	Metals1994Elected	FRS1995Elected	to	Academia	Europea1995William
Hume-Rothery	Award,	The	Minerals,	Metals	&	Materials	Society	(TMS)1999Royal	Society	Armourers	and	Brasiers	Company	Award2005Symposium	in	honour	of	his	sixtieth	birthday,	Oxford;	proceedings	published	in	Progress	in	Materials	Science52	(2007),	131–4642005Awarded	Commander	of	the	Most	Excellent	Order	of	the	British	Empire
(CBE)2010Emeritus	fellowship	of	St	Edmund	Hall,	University	of	Oxford1995Robert	Maddin	Lecture	in	Materials	Science,	University	of	Pennsylvania1990Mott	Lecture,	Condensed	Matter	and	Materials	Physics	Conference,	Institute	of	Physics1989Hume-Rothery	Memorial	Lecture,	University	of	OxfordWe	are	grateful	to	Di	Gold	for	giving	us	access	to
David's	papers	and	for	permission	to	use	Figures	1,	4,	5,	6	and	7.	The	microscopic	approach	seeks	to	explain	the	origin	of	the	different	structural	domains	within	a	fundamental	quantum	mechanical	framework.	In	1976	he	took	on	the	roles	of	joint	chairman	and	managing	director,	ultimately	to	become	chairman	before	retiring	in	1987.These	more
senior	roles	inevitably	led	Diarmuid	to	take	a	wider	view	of	the	engineering	industry	and	the	company	in	general,	which	he	took	to	new	levels	of	respect	and	recognition	internationally.	2015Acute	myeloid	leukemia.	Details	of	this	study	are	described	in	Dr	Rose's	biographical	memoir	(4).The	success	of	the	ICI-wide	projects	carried	out	while	he	was
chairman	of	ICI	Paints	Division	led	to	Charles’s	translation	to	the	post	of	General	Manager	Research	and	Technology,	based	at	the	company's	headquarters	on	Millbank	in	Central	London.	&	Wakalski	A.	In	1997,	the	Chilean	Air	Force	took	a	group	of	theoretical	physicists	including	Stephen	to	its	base	on	Isla	Rey	Jorge	on	the	Antarctic	Peninsula.	His
parents	had	met	in	1917,	while	his	mother	was	a	nurse	and	his	father	a	doctor	serving	at	the	front	in	World	War	I,	and	married	in	1919.	Lund,	who	was	then	studying	the	lake	every	week.	Although	he	later	abandoned	religious	belief,	he	was	a	member	of	the	Anglican	Students	Federation,	where	he	worked	with	Steve	Biko.	There	they	spent	the	winter
months	before	returning	to	their	house,	Low	Wood,	in	South	Stoke,	UK,	for	the	summer.	It	was	a	revelation	for	David;	a	beautifully	written	paper	that	set	the	standard	David	attempted	to	emulate	in	all	his	own	publications.	Mag.	His	results	showed	that	there	was	a	seasonal	succession	of	phytoplankton	with	an	increasing	ability	to	deplete	inorganic
carbon	that	occurred	as	carbon	depletion	developed	in	the	lake	during	the	growing	season.	&	Taylor	D.	Indeed,	this	ethos	was	reflected	in	a	personal	memo	to	the	board	written	in	1985,	when	he	said:	When	we	visit	busy	senior	people	at	client	companies,	it	is	not	just	to	have	a	cosy	chat;	we	should	have	in	our	mind	something	we	wish	to	sell	them,
some	‘message’	we	wish	to	put	over,	some	agreement	we	wish	to	conclude.Generally,	within	the	working	environment	of	Ricardo,	Diarmuid	was	seen	by	many	of	his	staff	as	a	rather	formidable	and	distant	character;	he	would	often	walk	around	the	laboratories	and	stop	at	random	to	ask	staff,	in	a	rather	penetrating	manner,	‘So	what's	new?’	This
strongly	focused	the	mind	to	respond	with	an	impressive	answer.	Ann	was	a	school	nurse	for	20	years,	visiting	schools	to	keep	an	eye	on	children's	welfare	and	to	give	health	advice.	Honolulu,	HI:	University	of	Hawaii,	US	Atomic	Energy	Commission.	He	showed	a	keen	interest	and	commitment	to	education,	in	particular	during	his	work	with	the
University	of	Surrey.In	his	activities	away	from	engineering,	Diarmuid	increasingly	undertook	charity	work,	which	is	discussed	later.	Just	before	his	fifth	birthday	his	mother's	eldest	brother,	John,	emigrated	to	Australia	and	founded	a	highly	successful	cooperative	known	as	Westralian	Farmers.	B	147,	57–83.	Seven	months	later	David	was	diagnosed
with	multiple	myeloma.	In	short,	the	Gibbons	family	was	never	the	same.In	1977,	Win	Sale,	then	a	graduate	student	in	Peter	Satir's	lab,	made	an	extension	to	the	work	of	Summers	&	Gibbons	by	using	critical-point	drying	to	prepare	clusters	of	partially	disintegrated	axonemes	for	examination	by	electron	microscopy	(Sale	&	Satir	1977).	B	290,	635–
638.	But	when	Boris	asked	if	he	could	bring	his	technician	to	MIT,	Townes	was	originally	taken	aback,	wondering	what	Boris	must	have	thought	of	the	research	environment	at	MIT.	116,	231301.	The	chemistry	of	this	process	was	worked	out	by	a	team	led	by	Dr	Frank	Bradbury,	with	whom	Charles	had	a	long-standing	professional	relationship	and
personal	friendship.	FCS/JJFD/TAP,	7	June	1972	(see	Royal	Society	Folder	RMA434,	which	contains	extensive	correspondence	between	the	Royal	Society	and	those	involved	in	the	Levich	campaign).	A	side	benefit	of	this	research	programme	was	that	major	advances	were	made	in	high	finesse	scanning	Fabry–Perot	interferometers,	so	important	for
laser	spectroscopy.	2005Mechanism	of	nodal	flow:	a	conserved	symmetry	breaking	event	in	left-right	axis	determination.	Looking	back	on	his	30-odd	publications	in	the	field	of	high-resolution	Raman	spectroscopy,	it	is	clear	that	he	surpassed	his	own	standards.	Hawthorne	later	commented	that,	as	far	as	he	was	aware,	these	were	the	first	estimates
ever	made	for	the	part-load	performance	of	a	gas	turbine	engine	(6).	Spence	on	competition	between	phytoplankton	and	freshwater	macrophytes.	Hawthorne	recounted	that	a	major	lesson	furnished	by	this	work	was	that	‘as	much	care	was	required	in	determining	and	assuring	the	aerodynamic	features	of	the	combustion	chamber	and	its	fuel	injectors
as	in	the	design	of	a	blade	for	a	compressor’	(8).In	August	1941,	Hawthorne	returned	from	his	year's	secondment	to	Power	Jets	to	become	head	of	the	newly	formed	Turbine	Division	at	the	RAE,	which	reported	to	Hayne	Constant	(FRS	1948),	the	head	of	the	engines	department.	The	breakdown	of	general	relativity	at	such	a	‘naked’	singularity	would
then	destroy	the	ability	to	predict	the	future	of	the	rest	of	the	universe.	He	served	as	a	member	of	numerous	government	committees	and	advisory	boards	and	continued	as	a	consultant	to	industry	long	after	he	had	retired	from	his	academic	appointments.One	duty	of	the	Hunsaker	Visiting	Professor	role	at	MIT	is	to	give	a	public	seminar,	the	Minta
Martin	Lecture.	Lund	and	J.	Later,	the	no	hair	theorem	was	extended	to	include	electric	charge	with	the	Kerr–Newman	solution	(Newman	et	al.	The	first	was	in	connection	with	sawing	a	woman	in	half	and	was	presented	as	an	offhand	joke:	First	magician	to	second	magician:	‘Who	was	that	lady	I	sawed	with	you	last	night?’Second	magician	to	first
magician:	‘That	was	no	lady,	that	was	my	half-sister.’The	second	was	the	(extremely	well-developed)	knack	of	dissembling	in	the	completion	of	a	trick	so	it	appeared	that	things	were	not	going	well,	and	then,	to	the	surprise	and	delight	of	the	audience,	snatching	victory	out	of	the	jaws	of	defeat,	often	with	(again)	an	appropriate	patter	line.	21,	195–
235.	59–81.	A	60,	81–83.	(doi:10.1039/JR9540000669)	Google	Scholar(12)	1955	(With	Kidd	J.	O,	pp.	He	also	gave	great	weight	to	experimental	work	within	the	programme,	which	remains	in	place	today	and	produces	graduates	with	a	green-fingered,	can-do	attitude	to	laboratory	work	that	is	often	missing	at	other	institutions.	Google	ScholarPage
3John	Finch	was	born	in	Putney,	London,	in	1930.	He	was	not	a	massively	high	achiever	at	school,	but	that	helped	foster	his	belief	in	late-developers.When	Peter	left	school	in	1954,	he	began	a	five-year	student	apprenticeship	with	the	General	Electric	Company	Limited	in	Coventry	and	the	College	of	Advanced	Technology	in	Birmingham	(now	the
University	of	Aston).	Soc.13–17.	Dennis	at	the	opening	of	the	new	Soil	Science	Building	and	naming	of	the	E.	Combustion	Flame	1,	287–295.	The	existence	of	observers	selects	a	subset	of	the	histories	in	the	multiverse,	meaning	a	hypothetical	group	of	multiple	universes	including	our	own	universe	predicted	by	the	no	boundary	proposal.	280,	23	960–
23	965.	He	was	elected	Foreign	Associate	of	both	the	US	National	Academy	of	Science	and	the	National	Academy	of	Engineering,	and	was	Honorary	Fellow	of	several	professional	societies,	including	the	American	Institute	of	Aeronautics	and	Astronautics	and	the	Royal	Aeronautical	Society,	and	was	an	Honorary	Member	of	the	American	Society	of
Mechanical	Engineers.	These	are	the	partial	derivatives	of	the	dependent	quantities:	stagnation	and	static	pressure;	temperature;	density;	and	velocity	and	Mach	number.	They	are	unobservable	to	exterior	observers	as	they	are	inside	the	event	horizon	of	the	black	hole.The	time	reverse	of	a	black	hole	is	a	white	hole.	This	was	a	testing	time	because
budgets	were	being	cut	and	reform	of	the	old	Commonwealth	Agricultural	Bureau	(CAB)	was	long	overdue.	&	Satir	P.	An	excellent	overview	of	his	population	model	ideas	is	to	be	found	in	the	abstract	of	his	lecture	to	the	Franklin	Institute	on	the	occasion	of	his	receipt	of	the	Franklin	Award	(47).	A	feature	of	the	work	was	the	appreciation	of	the
importance	of	interaction	among	environmental	factors,	which	illustrates	Jack's	deep	environmental	understanding.	In	1962	he	had	met	Townes	at	the	APS	molecular	spectroscopy	conference	at	The	Ohio	State	University,	where	Boris,	like	Charles,	was	invited	to	give	a	talk	on	lasers.	A	more	specific	rendering	of	this	idea,	combining	two	of	his	great
interests,	thermodynamics	and	power-producing	machinery,	was	his	adage	‘Thermodynamics	owes	more	to	the	steam	engine	than	the	steam	engine	owes	to	thermodynamics’.	(Online	version	in	colour.)	Download	figureOpen	in	new	tabDownload	PowerPointHis	curiosity	from	boyhood	about	what	lies	around	the	next	corner	never	left	him,	even	in	the
last	few	days	of	his	life.	J.)	Path	integrals	and	the	indefiniteness	of	the	gravitational	action.	One	of	these	was	a	book	written	with	his	French	colleague,	Jacques	Lemoalle,	that	synthesized	much	of	what	Jack	and	others	had	learnt	from	their	studies	in	Africa:	Ecological	dynamics	of	tropical	inland	waters	(30),	published	in	1998.	The	increased	funding
provided	by	a	National	Institutes	of	Health	(NIH)	research	grant	in	his	own	name	allowed	Ian	to	hire	a	postdoctoral	researcher.	Crossref,	ISI,	Google	ScholarWeber	J.1970Anisotropy	and	polarization	in	the	gravitational	radiation	experiments.	Barbara	Gibbons’	meticulous	experimental	technique	allowed	her	to	isolate,	blot	and	probe	a	large	number	of
intact	poly(A+)	RNA	preparations.	1960Entrainment	in	the	turbulent	boundary	layer.	It	is	defined	as	one	half	of	the	number	of	electrons	occupying	bonding	states	minus	one	half	of	the	number	of	electrons	occupying	anti-bonding	states	in	a	bond.	Jack	had	a	stated	interest	in	general	aspects	of	limnology	and	fundamental	ecological	principles.	Soc.962–
970.	Stephen	as	cox	of	the	University	College	VIII	at	Oxford.	Cold	Spring	Harb.	(doi:10.1007/BF00021009)	Crossref,	Google	Scholar(8)	(With	Lund	J.	B	170,	283–306.	J.,	Morkovin	M.	•	A	quantum	universe.	The	increasing	number	of	branches	and	agents	around	the	world	enabled	good	penetration	of	the	emerging	market	for	computational	methods	to
aid	design.While	CHAM	and	CHAM	NA	remained	under	his	direction,	Spalding	focused	on	modelling,	leaving	others	to	handle	sales	and	administration.	B2010-0025.001P(03).)	(Online	version	in	colour.)Download	figureOpen	in	new	tabDownload	PowerPointThe	invention	of	the	laser	revolutionized	optical	sciences	and	served	as	the	basis	for	the
second,	and	longer,	part	of	Boris's	research	career,	although	he	maintained	his	Raman	research	programme	until	he	left	NRC	in	1964.	With	Brian	Booth	and	Roy	Fields,	Bob	showed	that	rhodium	carbonyls	could	react	with	phosphines,	phosphites	and	arsines	to	give	dimeric	carbonyls,	which	proved	to	be	among	the	most	selective	and	active
hydroformylation	catalysts	known	(50).The	reactions	of	organofluorine	compounds	with	metal	carbonyl	derivatives	were	extensively	studied.	(doi:10.1103/PhysRevD.15.2738)	Crossref,	ISI,	Google	Scholar(38)	(With	Pope	C.	Milstein	(centre)	and	J.	Another	hobby	lay	in	his	appreciation	of	science	fiction,	starting	as	a	young	admirer	of	the	works	of	H.
Despite	the	fact	that	the	maximal	beat	frequency	of	the	reactivated	axonemes	was	only	about	∼35 Hz,	as	compared	with	55 Hz	in	the	flagella	of	live	sperm	at	the	same	temperature,	her	method	provided	a	way	to	further	dissect	how	cells	such	as	sperm	manage	to	use	chemical	energy	from	ATP	to	propel	themselves	through	sea	water	in	search	of	eggs
to	fertilize.Using	this	system,	the	Gibbons	lab	was	able	to	discern	three	distinct	patterns.	His	skill	as	a	magician	entertained	and	enthralled	his	colleagues	at	Churchill	College	and	at	MIT	on	several	occasions.	That	year	he	became	fellow	and	director	of	studies	at	Queens’	College,	Cambridge,	followed	in	1956	with	an	appointment	as	assistant	director
of	research.	One	of	these	was	the	Institute	of	Medical	Engineering	and	Physics,	which	was	led	by	Professor	Len	Nokes	of	the	School	of	Engineering	and	Professor	John	Woodcock	of	the	School	of	Medicine.	There	was	never	the	slightest	sign	of	self-pity.	At	the	same	time,	he	wanted	to	see	science	and	related	technologies	applied	on	a	wide	scale.
Instead	he	wrote	to	the	University	of	Dar	es	Salaam	in	Tanzania.	Painting	of	Bob	that	hung	in	the	foyer	of	the	new	Chemistry	Building	(courtesy	of	Mrs	S.	Current	research	interests	focus	on	the	synthesis	and	properties	of	heterocyclic	compounds	designed	as	molecular	probes	for	biological	systems	or	as	drugs,	principally	for	treating	infectious
diseases.	New	York,	NY:	Cornell	University	Press.	With	magnesium	vapour	as	the	mixing	medium,	the	tunability	range	was	extended	to	121–129 nm,	which	includes	the	2p–1s	Lyman-α	transition	(121.6 nm)	of	atomic	hydrogen,	with	more	than	108	photons	produced	per	nanosecond	pulse	using	10 kW	peak	power	in	the	dye-laser	beams	(17).	B	86,	175–
178.	Soc.173–180.	His	courses	at	the	Collège	de	France	(a	new	topic	every	year)	drew	large	audiences	from	across	Paris	and	beyond,	and	were	marked	by	the	extraordinary	elegance	with	which	matters	of	importance	took	centre	stage	while	unnecessary	details	were	left	aside.	&	Thomas	J.	He	also	noted	that	the	apparently	unequal	lengths	of	the
doublet	tubules	in	the	flagellar	tips	would	be	consistent	with	a	sliding	tubule	mechanism.	Professor	Nabarro	has	already	told	you	that	we	shall	have	a	new	Professor	of	Solid	State	Theory	with	us	next	year.	He	subsequently	rethought	his	plans	about	going	to	Amsterdam	and	became	more	interested	in	having	the	opportunity	to	work	as	part	of
Herzberg's	spectroscopy	group	in	Ottawa.	An	outcome	of	this	work	was	Peter's	proposal	of	a	new	philosophy	of	medical	imaging	(15):	that	‘better’	medical	images	might	be	obtained	by	combining	data	from	biochemical	and	other	tests	with	traditional	images,	presented	as	what	might	be	created	by	a	medical	artist.In	subsequent	years	(1993–1999),
Peter	continued	to	make	contributions	to	the	development	of	ultrasonic	techniques	for	blood	flow	measurement	and	to	their	clinical	application.	He	celebrated	his	seventieth	and	eightieth	birthdays	with	conjuring	shows	on	both	sides	of	the	Atlantic.	In	particular,	free-radical	addition	to	perfluoroethene	generated	the	complete	homologous	series	of	1-
iodoperfluoroalkanes	(2).The	1-iodoperfluoroalkanes	were	highly	versatile	reagents,	which	allowed	perfluoroalkyl	derivatives	of	metals,	such	as	lithium,	mercury,	magnesium	and	zinc,	and	of	non-metals,	such	as	nitrogen,	phosphorus,	sulphur	and	arsenic,	to	be	prepared	and	studied.	D	62,	063502.	(doi:10.1103/PhysRev.152.505)	Crossref,	ISI,	Google
ScholarHubbard	J.	In	a	de	Sitter	universe	dominated	by	a	cosmological	constant,	everything	is	simply	turned	inside	out;	observers	surrounded	by	the	cosmological	event	horizon	find	themselves	immersed	in	thermal	radiation	(36).	In	the	early	1980s,	Breitman	and	colleagues	showed	that	retinoic	acid	(RA),	a	derivative	of	vitamin	A,	could	induce	human
promyelocytic	cells	of	the	HL-60	leukaemic	cell	line	(Breitman	et	al.	(C)90–95.	J.)	Metal	carbonyl	chemistry.	At	a	turbulent	reattachment	point,	unlike	the	wall	shear	stress,	kP	does	not	vanish—indeed,	it	reaches	very	high	levels,	causing	high	heat	transfer	rates.	(doi:10.1039/tf9555101300)	Crossref,	Google	Scholar(3)	1956The	adsorption	of	sugars	by
montmorillonite:	I.	Boris	was	very	much	influenced	by	Welsh's	personality	since	he	found	him	to	be	a	quiet	man,	with	a	gentle	wit,	and	possessing	the	characteristics	of	a	true	gentleman.	His	research	continued	to	be	directed	at	various	aspects	of	gas-turbine	combustion,	including	flame	holders	(8).	He	was	thrilled	by	the	invitation	and	delighted	with
how	the	magazine	presented	his	AB	structure	map	in	a	full-page	colour	rendition,	which	is	reproduced	in	Figure	3.	The	consolidation	proceeded,	but	‘rather	slowly’.Dennis	was	President	of	the	British	Society	of	Soil	Science	during	1980,	and	his	international	and	scientific	experience	was	often	called	upon	by	others.	His	daughter,	Lucy,	remembers
that	sometimes,	when	the	children	joined	him,	he	would	be	so	deep	in	thought	he	would	not	always	remember	they	were	there	or	even	remember	to	bring	them	back!	However,	she	also	recalled	that	he	was	a	brilliant	speech	maker	and	often	addressed	the	family	at	key	occasions	with	his	characteristic	dry	sense	of	humour.	Nature	250,	546–551.
(doi:10.1002/jcp.1030660309)	Crossref,	Google	Scholar(8)	1972	(With	Fibach	E.	(doi:10.1083/jcb.26.3.707)	Crossref,	PubMed,	ISI,	Google	Scholar(9)	Reactivation	of	glycerinatedcilia	from	Tetrahymena	pyriformis.	The	small	company	bought	to	provide	this	window	on	the	building	business	had	neither	the	capacity	nor	the	inclination	to	innovate.	These
results	indicated	that	the	outer	dynein	arm	is	responsible	for	control	of	beat	frequency,	and	the	inner	dynein	arms	for	control	of	the	size	and	shape	of	the	flagellar	bend,	results	that	were	subsequently	confirmed	by	genetic	and	functional	analysis	of	flagellar	dyneins	in	Chlamydomonas	(Kamiya	&	Yagi	2014).During	1973–1974,	Gibbons	took	a
sabbatical	leave	with	Barbara	and	the	children	to	spend	a	year	in	France	working	at	the	Centre	d'Etudes	Nucléaires	de	Grenoble,	where	he	was	very	kindly	hosted	in	the	laboratory	of	Pierre	Vignais,	who	had	an	active	group,	including	his	wife,	Paulette,	working	on	mitochondria.	C:	Solid	State	Physics	21,	35–66.	B.)	The	effect	of	fuel	characteristics
and	engine	operating	conditions	on	pre-ignition.	&	Bradbury	F.	Sadly,	Rosalind	died	in	1958,	so	Aaron	took	over	her	supervisory	duties	and	both	students,	John	and	Ken,	graduated	in	1959.	&	Taylor	E.	148,	345–352.	(Photograph	courtesy	of	Wendy	and	Peter	Gibbons.)	(Online	version	in	colour.)	Download	figureOpen	in	new	tabDownload	PowerPointIn
addition	to	meeting	Barbara	while	at	Harvard,	Gibbons	formed	a	vital	scientific	and	personal	relationship	with	the	zoologist	Bill	Grimstone.	Probabilities	conditioned	by	our	observational	situation,	however,	predict	a	long	period	of	inflation	in	our	past	(96).	When	he	returned	to	Africa	for	a	year	in	1960,	he	brought	with	him	an	imported	modern
spectrophotometer,	possibly	the	first	to	be	used	in	tropical	Africa.Another	early	methodological	contribution	was	a	review	of	limnological	methods,	co-authored	with	J.	M.,	King	S.	(doi:10.1007/978-3-642-75753-2_5)	Crossref,	Google	Scholar(19)	1991Bonding	and	structure	of	intermetallics:	a	new	bond-order	potential.	Nature	389,	251–260.
(doi:10.1007/JHEP04(2018)147)	Google	Scholar(105)	(With	Haco	S.,	Perry	M.	His	research	has	covered	a	wide	range	of	biological	structures,	but	much	of	his	work	has	concentrated	on	viruses	and	on	the	abnormal	filaments	that	form	in	neurodegenerative	diseases	such	as	Alzheimer's	and	Parkinson's.Kenneth	Holmes	studied	physics	at	Cambridge.
The	simple	answer	to	this,	as	provided	in	the	reptation	concept,	was	seized	upon	by	Doi	and	Edwards,	who	in	turn	developed	the	full	implications	for	non-linear	flows.	USA	74,	2045–2049.	1,	80–82.	Virol.	&	Hanson	J.	At	that	time,	Ricardo	was	researching	aircraft	engines	and	their	fuels	as	well	as	the	design	and	development	of	various	internal
combustion	engine	power	plants—key	technologies	to	support	the	war	effort.	IMechE,	125.	The	utility	of	such	a	description	is	two-fold:	the	first	is	that	if	the	vorticity	is	known,	one	can	calculate	what	the	velocity	is;	the	second	is	that	for	a	number	of	engineering	situations	vortex	lines	can	be	regarded	as	‘locked’	to	fluid	particles,	and	tracking	the
evolution	of	vortex	lines,	even	in	an	approximate	manner,	gives	considerable	insight	into	why	the	velocity	field	behaves	the	way	it	does.	These	various	fluorinated	alkenes	and	dienes,	including	the	unique	and	highly	reactive	allenes,	undergo	a	range	of	addition	and	cycloaddition	reactions,	notably	with	nitroso	compounds.Nitrogen	was	the	most
important	non-metallic	element	to	which	Bob	and	his	team	attached	fluorinated	substituents,	leading	to	over	50	papers	with	the	generic	title	‘Perfluoroalkyl	derivatives	of	nitrogen’	published	between	1955	and	1983.At	Cambridge,	he	became	fascinated	by	the	deep	blue	toxic	compound	trifluoronitrosomethane,	CF3NO,	and	the	BBC	TV	series	The
experimenters	featured	Bob	in	a	1974	episode,	‘The	blue	gas’,	about	this	molecule.Reactions	of	CF3NO	with	1,3-dienes	were	studied	with	Eric	Banks	and	Mike	Barlow.	W.	But	his	guidance	did	not	end	there.	He	also	regularly	interviewed	Herzberg	in	Ottawa	until	the	latter's	passing	in	1999,	and	spent	many	hours	examining	‘the	several	feet’	of
original	letters	and	other	documents	in	the	files	at	the	National	Archives	to	make	his	book	as	authoritative	as	possible.	178,	89.	He	also	poses	the	problem	of	distinguishing	between	thrust	and	drag	if	one	side	of	the	ramjet	were	omitted	and	the	propulsion	system	were	part	of	the	vehicle	boundary.	With	one	or	two	C2F5	groups	replaced	by	CF3,	Dewar
benzene	isomers	form	thermally	and	photochemically	(63),	while	prismane	isomers	form	photochemically.	He	also	prompted	attempts	to	establish	the	origin	of	the	purple	colour	(53).	23,	489–583.	191–199.	None	of	the	results	of	these	missions	is	inconsistent	with	the	broad	picture	of	scalar	fluctuations	sketched	out	at	the	Nuffield	Workshop.	37,	55–
59.	He	was	a	member	of	the	Council	of	the	Royal	College	of	Physicians	and	Surgeons	of	Glasgow	(2006–2009)	and	is	a	Fellow	of	that	Royal	College	and	an	Honorary	Fellow	of	the	Royal	College	of	Surgeons	of	Edinburgh.	(c)	Second	stage:	the	chain	has	moved	to	the	left.	If	the	general	dependent	variable	is	denoted	by	ϕ,	the	differential	equation	is
written	as	∂ρϕ∂t(1)+∂(ρujϕ)∂xj(2)=∂∂xjΓϕ∂ϕ∂xj(3)+Sϕ(4)	For	a	particular	meaning	given	to	the	variable	ϕ,	there	would	be	the	corresponding	Γϕ,	Sϕ	and	boundary	conditions.	She	lectured	in	English	at	the	Hebrew	University	in	Jerusalem	until	her	retirement.	&	Spudich	J.	Its	achievements,	and	his	reflections,	are	summarized	in	Pierre-Gilles’s	seminal
book,	Superconductivity	of	metals	and	alloys	(1)*—a	work	of	timeless	lucidity,	which	conveys	very	well	his	style:	lots	of	physics	and	relatively	few	equations,	which	capture	rather	than	substitute	for	physical	insight.	These	were	huge	(some	up	to	90 m	long)	nylon	sausages,	that	could	be	towed	behind	a	ship	to	transport	oil	and	other	liquids.	2016Sir
John	Harold	Horlock,	FREng.	P.	At	that	time,	the	facilities	were	much	better	than	in	Cambridge	and	there	were	ramps	everywhere	for	his	wheelchair,	installed	for	the	community	at	his	behest.	D	47,	5342–5356.	My	collaboration	with	Leo	is	among	the	greatest	privileges	and	pleasures	of	my	research	career.	L.,	Wooley	J.	Google	Scholar(22)	1980Power
plant	trends.	Of	his	105	research	publications,	about	40	were	produced	after	he	retired.	1NASA	Report	no.	(Online	version	in	colour.)	Download	figureOpen	in	new	tabDownload	PowerPointSpalding's	final	paper	presentation	at	an	international	conference	was	in	Sicily	in	September	2016	(48).	Carr	B.),	pp.	They	could	then	be	detected	in	bubble
chambers	or	captured	by	stars.	The	discovery	of	vortex	structures	as	a	major	feature	of	a	mixing	layer,	reported	in	the	early	1970s	(Brown	&	Roshko	1974),	show	the	insight	of	this	suggestion.	At	that	time	X-ray	diffraction	was	emerging	as	a	technique	that	could	be	employed	to	examine	the	crystalline	structure	of	clay	minerals.	Later	work	at	UMIST
led	to	the	discovery	of	related	long-lived	diradicals	including	the	‘magic	diradical’	CF3N(O•)CF2CF2N(O•)CF3	(58).	Natl.	Moreover,	he	realized	that,	before	substantive	progress	could	be	made	in	predicting	turbulent	combustion,	great	improvement	was	needed	in	computing	turbulent	flows	themselves,	whether	or	not	combustion	was	occurring.In	the
early	1960s	the	strategy	adopted	for	calculating	turbulent	flows	was	via	‘integral	profile’	methods.	(doi:10.1071/SR9720061)	Crossref,	ISI,	Google	Scholar(16)	1975Bringing	the	green	revolution	to	the	shifting	cultivator.	It	was	possible	to	excite	specific	rotational	states	and	observe	large	differences	in	their	lifetimes	arising	from	spin–orbit
interactions.	Valence	s,	p	and	d	orbitals	have	very	different	angular	characters,	which	strongly	influence	the	arrangement	of	neighbouring	atoms.	1991Four	ATP-binding	sites	in	the	mid	region	of	the	beta	heavy	chain	of	dynein.	At	one	dinner	he	argued	the	value	of	mowing	the	lawn	by	moonlight,	which	he	said	he	did	because	he	spent	all	daylight
hours	at	the	college.	He	never	put	his	name	on	papers	produced	by	his	PhD	students,	as	was	common	then	and	is	now.	The	Royal	Society	became	involved,	through	its	Foreign	Secretary	Kingsley	Dunham	expressing	‘grave	concern’	at	the	plight	of	Levich	and	his	family	(Dunham	1972).	L.),	pp.	van	Driel	is	an	emeritus	professor	of	physics	at	the
University	of	Toronto.	He	also	founded	and	directed	the	EPSRC	Centre	for	Doctoral	Training	on	Theory	and	Simulation	of	Materials	at	Imperial	College	(www.tsmcdt.org),	which	has	attracted	theoretical	physicists,	engineers	and	chemists	into	theory	and	simulation	of	materials,	with	strong	links	to	manufacturing	industry.	She	appointed	him	to	the
position	in	1955	and	soon	afterwards	he	also	registered	for	a	PhD.	The	region	was	shown	to	possess	special	structural	features,	including	a	system	of	bifurcated	hydrogen	bonds,	which	explained	some	of	the	properties	of	the	homopolymer	(29).In	the	1970s	John	started	to	work	with	others	on	the	structure	of	chromatin.	Touchingly,	just	three	months
before	his	death,	he	gave	a	keynote	address	to	a	Sightsavers’	event	about	his	father's	work	on	tropical	medicine.In	an	extraordinary	demonstration	of	the	clarity	and	depth	of	his	vision,	Stephen	transformed	his	insights	in	cosmology	into	a	powerful	message	for	humanity,	which	he	promoted	with	wit	and	humour	and	with	a	missionary	zeal.
(doi:10.1002/iroh.19660510402)	Crossref,	Google	Scholar(18)	Photosynthetic	behaviour	in	stratified	and	unstratified	lake	populations	of	a	planktonic	diatom.	64,	775–816.	He	described	Charlbury	as	paradise,	and	he	was	never	happier	than	when	he	was	with	family	and	friends	at	home	sharing	a	bottle	of	wine	and	a	hearty	meal	with	lively
conversation.David	had	a	clear	idea	of	what	he	wanted	to	achieve	at	Oxford.	Biochemistry	32,	3456–3460.	Returning	to	the	University	of	Toronto	as	an	assistant	professor	in	1976,	he	established	a	laboratory	to	conduct	ultrafast	and	nonlinear	optical	studies	of	semiconductors	and	metals.	Soils	Fertilizers	34,	237–251.	E.,	Ladines	A.N.,	Schreiber	S.,
Wang	N.,	Jenke	J.,	Lysogorskiy	Y.,	Teijeiro	C.,	Mrovec	M.,	Cak	M.,	Margine	E.	CFD	and	reality:	a	personal	recollection.	(doi:10.1126/science.aar1968)	Google	ScholarMohri	H.	and	Carter	B.)	The	four	laws	of	black	hole	mechanics.	Initially,	over	the	period	1973	to	1980,	he	worked	on	a	review	of	the	biological	effects	of	ultrasound	(9),	which	yielded	a
chart	relating	the	possibility	of	hazard	to	exposure	conditions;	the	chart	became	the	basis	of	several	national	and	international	standards	and	guidelines.	All	that	has	to	happen	is	that	a	sufficient	amount	of	mass-energy	occupies	a	sufficiently	small	region	of	space.	I:	human	wart	virus.	(doi:10.1016/0370-2693(79)90812-8)	ISI,	Google	Scholar(44)	(With
Pope	C.	After	months	of	careful	thought,	David	wrote	down	a	simple	back-of-an-envelope	model	that	captured	all	the	essential	physics	of	the	problem.	81,	552–562.	In	particular,	an	ultrasonic	2D	scanner	using	articulated	arms	was	designed	and	constructed	(2)	(Figure	3).	In	the	years	since	publication,	the	paper	(29)	has	gone	on	to	become	by	far	the
most	cited	work	of	either	author.	Stephen	and	Gibbons	pointed	out	a	refinement	(17).	57	(3),	2005)	"Capillarity	and	Wetting	Phenomena:	Drops,	Bubbles,	Pearls,	Waves	is	a	translation	of	the	earlier	French	Gouttes,	Bulles,	Perles	et	Ondes	…	.	Yet,	even	in	such	factor-independent	leukaemic	cells,	the	endogenous	programme	for	cell	death	is	not	lost	and
can	be	activated	in	different	ways.	Farnham	Royal,	UK:	Commonwealth	Agricultural	Bureau.	C.)	Third	symposium	(international)	on	combustion,	flame	and	explosion	phenomena.	By	applying	kinetic	approaches	to	the	changes	in	carbon	and	nitrogen	stocks	in	soils	subjected	to	different	lengths	of	fallowing	and	cultivation,	they	were	able	to	calculate
the	level	of	humus	that	would	eventually	be	established	at	any	cropping	intensity	relative	to	that	attained	after	a	long	period	of	fallow.	However,	Pierre-Gilles’s	previous	success	with	the	isotropic–nematic	transition	motivated	world-class	experimentalists	to	test	this	new	theory	to	breaking	point	over	more	years	of	difficult	work.	(doi:10.1016/0370-
2693(78)90478-1)	Crossref,	ISI,	Google	Scholar(41)	(With	Gibbons	G.	24,	191–200.	Art	and	Charles	were	writing	their	now	well-known	book	on	microwave	spectroscopy	and	Art	would	send	Boris	chapters	for	feedback.	37,	60–63.	He	identified	biological	nitrogen	fixation	(BNF)	as	a	key	contributor	to	the	long-term	sustainability	of	flooded	rice	soils	in
Asia;	but	he	recognized	that	higher	levels	of	production	would	be	required	to	meet	the	needs	of	a	rapidly	growing	population.	(doi:10.1103/PhysRevLett.44.429)	Crossref,	ISI,	Google	ScholarThe	following	publications	are	those	referred	to	directly	in	the	text.	As	no	one	in	his	family	had	attended	university,	Gibbons	sought	advice	as	to	where	he	should
go,	and	his	school	headmaster	played	a	major	role	in	his	life	by	recommending	that	he	decline	an	initial	offer	from	one	of	the	modern	universities	and	instead	stay	an	extra	year	at	Faversham	to	apply	for	a	scholarship	at	Cambridge.Gibbons	had	recently	passed	a	few	weeks	in	bed	ill,	entertaining	himself	by	reading	some	books	on	chemistry,	and	he
remembered	being	struck	particularly	by	the	many	oxidation	states	of	the	element	vanadium;	this	turned	out	to	be	a	fortuitous	intellectual	encounter.	(doi:10.1115/93-GT-369)	Google	ScholarJayatilleke	C.	(doi:10.1038/311532a0)	Crossref,	PubMed,	ISI,	Google	Scholar(28)	1985	(With	Widom	J.	Naming	a	new	protein	was	an	infrequent	event	in	those
days	and	in	a	discussion	between	Ian	and	Barbara	one	evening	at	home,	Barbara	came	up	with	the	name	of	dynein,	after	the	dyne,	which	had	been	the	accepted	unit	of	force	when	the	two	of	them	were	going	through	school.In	1964	Arthur	Rowe	joined	Ian	at	Harvard	as	a	postdoctoral	student,	and	in	1966	Fernando	Renaud	and	Ray	Stephens	also
joined	the	group.	My	attempts	at	convincing	the	company	to	sign	came	to	nothing,	as	the	lawyer	had	negotiating	and	legal	skill	far	exceeding	mine,	and	so	I	asked	our	head	of	department	to	come	in	and	help.	After	completion	of	his	PhD	and	post-doc	studies,	Yoram	returned	to	the	WIS	in	1976	to	join	the	newly-established	Virology	department,	which
was	located	on	the	first	floor	of	the	Mayer	building.	(doi:10.1180/minmag.1973.039.304.03)	Crossref,	ISI,	Google	Scholar(54)	(With	Banks	R.	Nature	352,	640–643.	He	retired	in	2007,	but	remains	active	as	a	part-time	consultant	on	quality	in	higher	education.David	Taylor	was	educated	at	Whitgift	School	and	St	John's	College,	Cambridge.	W.,	Flowers
W.	While	this	was	an	attractive	concept,	and	was	later	successful	in	other	hands,	ICI,	as	an	international	megacompany,	was	unable	to	establish	the	right	business	and	geographical	environment	for	it	to	succeed.	(doi:10.1109/58.896141)	Crossref,	PubMed,	ISI,	Google	ScholarPage	16You	have	accessCorrection	Biogr.	Peter	around	the	time	he	attended
Clifton	College.Download	figureOpen	in	new	tabDownload	PowerPointPeter	always	said	how	much	he	had	enjoyed	the	sciences	at	school,	especially	chemistry	because	‘you	could	blow	things	up’;	his	sisters	Daphne	and	Barbara	were	often	the	victims	of	his	practical	experimentation.	Although	at	times	the	clinical	applicability	of	this	so-called
differentiation-therapy	concept	was	strongly	debated,	in	the	late	1980s	it	became	a	successful	therapeutic	reality	for	APL	patients	treated	with	ATRA,	arsenic	trioxide	and	their	combination.	(doi:10.1016/0038-1098(70)90601-0)	Crossref,	ISI,	Google	Scholar(15)	1976	(With	Kato	Y.)	Two-photon	absorption	to	highly	excited	D	states	of	Rb	atoms,	J.	He
had	long-term	interactions	with	the	mechanical	engineering	department	professors	Shapiro	and	Keenan;	the	latter	was	a	major	figure	in	shaping	the	curriculum	in	undergraduate	thermodynamics	in	the	US	and	elsewhere	(see	just	below).	He	is	also	a	successful	innovator	of	and	champion	for	collaborative	educational	and	research	enterprises	locally,
nationally	and	internationally.	Spalding,	in	the	obituary	he	wrote	on	Levich's	death	(39),	declared	it	was	‘widely	acclaimed	as	a	masterly	bringing	together	of	streams	of	science	which	and,	until	then,	flowed	separately;	indeed,	it	established	its	subject	as	a	field	of	study	in	its	own	right’.	Dennis	was	by	that	time	already	a	year	into	his	contract	in	Ghana,
so	the	newly-weds	headed	off	there	to	very	simple	accommodation	and	living	standards.	Middleton	trying	to	determine	the	reasons	for	labour	migration	from	that	district.	50,	130–133.	London	A	334,	439–449.	(doi:10.1093/mn-ras/sty1204).	The	principal	result	is	that	the	area	of	the	event	horizon	inevitably	increases.	However,	after	discussions	with
Page	(1985),	he	later	worked	with	Raymond	Laflamme	and	Glenn	Lyons	to	show	that	the	fluctuations	in	the	no	boundary	state	continued	to	grow	in	a	period	of	contraction,	thereby	giving	rise	to	a	thermodynamic	arrow	of	time	that	points	in	a	constant	direction	while	the	universe	expands	and	contracts	again	(79).•	A	new	view	of	our	role	as	observers
—top-down.	This	approximation	was	appropriate	when	radial	variations	of	density	and	blade	circulation	were	not	large.	(doi:10.2307/2256395)	Crossref,	Google	ScholarPearsall	W.	This	would	not	be	expected	to	happen	until	the	radius	of	curvature	of	spacetime	became	about	10−14 cm.The	singularity	work	up	to	1972,	including	partial	classical	black
hole	uniqueness	theorems	and	the	area	theorem,	were	consolidated	in	the	text	The	large	scale	structure	of	space-time	by	Stephen	and	Ellis,	which	from	then	on	served	as	a	standard	reference	in	the	field	(27).	92,	1619–1649.	When	the	Second	World	War	broke	out	in	September	of	1939,	the	psychological	impact	of	listening	with	his	parents	to	Prime
Minister	Neville	Chamberlain's	radio	broadcast	announcing	the	war	made	a	life-long	impression.	(doi:10.1097/00000542-196107000-00013)	Crossref,	PubMed,	ISI,	Google	ScholarKletz	T.	PubMed,	Google	Scholar(4)	(With	Medina	D.)	In	vitro	transformation	of	normal	cells	by	polyoma	virus.	&	Klug	A.)	X-ray	diffraction	study	of	a	new	crystal	form	of	the
nucleosome	core	showing	higher	resolution.	School	Gaz.	&	Givol	D.)	Inhibition	of	p53-induced	apoptosis	without	affecting	expression	of	p53-regulated	genes.	This	built	on	a	major	advance	in	the	direct	observation	of	antiferromagnetic	order	by	Bragg	diffraction,	implemented	in	Saclay	by	Jacrot	and	Cribier.	These	developments	led	to	powerful
computational	schemes	during	the	1970s	and	1980s	for	the	rapid	calculation	of	the	band-structures	of	metals	and	alloys.The	development	of	this	accurate	H-NFE-TB	scheme	provided	the	means	for	David	to	achieve	his	PhD	and	to	explain	the	structural	trends	across	the	non-magnetic	transition	metals	(3,	4,	5).	Acta	22,	506–513.	R.,	Collins	S.	Afzelius
B.),	pp.	84,	592.	&	Asai	D.	Ass.	Methods	Appl.	He	decided	he	wanted	to	become	a	physical	scientist,	making	predictions	that	could	later	be	tested	by	experiment.	In	2004	he	became	vice-president	for	teaching	and	learning	of	the	new	University	of	Manchester	when	UMIST	and	the	Victoria	University	of	Manchester	merged.	Then,	from	exquisitely
simple	experiments,	he	confirmed	the	basic	processes	encapsulated	in	what	is	now	referred	to	as	the	Spalding	Number.	&	Klug	A.)	Rotational	symmetry	of	the	two	turn	disk	aggregate	of	tobacco	mosaic	virus	protein.	In	Berkeley,	he	was	strongly	influenced	by	Kittel,	who	insisted	on	the	importance	of	physical	reasoning	as	an	essential	complement	to
formal	abstract	mathematical	approach.	His	ideas	and	enthusiasm	led	to	a	new	approach	to	practical	training.	A	full	bibliography	is	available	as	electronic	supplementary	material	at	and	1)	1964	(With	Bullen	M.	(doi:10.1039/p19810001068)	Google	Scholar(77)	1982	(With	Booth	B.	Incorporating	the	periodic	table	into	the	ordering	of	the	elements
enabled	him	to	capture	the	quantum	nature	of	the	chemical	bond.	The	nature	of	the	black	hole	appears	to	be	independent	of	its	mode	of	formation.	W.)	Kinks	and	topology	change.	He	also	took	up	playing	the	recorder	to	extend	his	interest	in	classical	music	(figure	2)	and	enjoyed	biking	around	the	town,	punting	on	the	river	in	summer	and	ice	skating
in	the	winter.	They	lent	Charles	books	on	philosophy	and	literary	criticism	and	introduced	him	to	discussion	groups	held	in	their	homes,	thereby	laying	the	foundations	for	many	of	Charles’s	later	contributions	to	fields	other	than	science.	After	graduating	in	1958	he	joined	Bob	Haszeldine's	research	group,	completing	his	PhD	on	the	chemistry	of
tetrafluoroallene	in	1963.	As	a	result,	Dennis	took	the	soil	science	course	taught	by	Dr	E.	Wells.	Mary	was	a	great	support	to	Dennis	throughout	his	life,	and	there	are	many	accounts	of	her	generosity	of	spirit	and	hospitality	to	others	(including	this	author	and	his	wife).	(doi:10.1083/jcb.7.4.697)	Crossref,	PubMed,	Google	Scholar(4)	1961The
relationship	between	the	fine	structure	and	direction	of	beat	in	gill	cilia	of	a	lamellibranch	mollusc.	On	solving	that	equation,	values	of	p′	are	used	to	correct	the	pressure	and,	in	turn,	the	velocity	components.	1996Jack	Talling	FRS:	master	limnologist.	(doi:10.1038/195587b0)	Crossref,	ISI,	Google	Scholar(8)	1963Characteristics	of	stimulated	Raman
radiation	generated	by	coherent	light.	He	also	became	increasingly	involved	in	the	rapidly	growing	Optical	Society	of	America,	which	was	undergoing	major	transformations	following	the	invention	of	the	laser	and	whose	publications	and	conferences	benefitted	from	individuals	who	had	expertise	in	laser-related	research.Boris’s	first	graduate	student
was	Archie	McQuillan.	Spalding,	personal	communication	2017)	sitting	in	the	headmaster's	garden	after	being	offered	a	place	to	read	engineering	at	Oxford	and	being	told	by	a	senior	master	that	they	had	not	educated	him	to	read	some	new-fangled	science	but,	rather,	‘the	Classics’.	A	full	bibliography	is	available	as	electronic	supplementary	material
at	1)	1956	(With	Bradfield	J.	The	most	populated	class	had	a	cone	angle	equal	to	that	observed	in	authentic	viral	cores.	Sabbatical	years	were	spent	at	Harvard	University,	the	Max	Planck	Institute	für	Festkörperforschung	(Stuttgart,	Germany)	and	the	University	of	Amsterdam.	Gibbons	felt	confident	that	minimal	retraining	of	his	existing	group	of
talented	experimenters	would	enable	them	to	handle	the	task	efficiently.Lacking	any	previous	dynein	sequence,	the	group	first	screened	an	expression	library	with	a	polyclonal	antibody	to	identify	the	gene.	(doi:10.1016/0042-6822(69)90142-1)	Crossref,	PubMed,	ISI,	Google	Scholar(11)	1970	(With	Crowther	R.	He	started	from	second	order
perturbation	theory	in	real	space	where	the	binding	energy	of	a	nearly-free-electron	metal	is	the	sum	of	three	terms:	an	electron	gas	term	dependent	only	on	the	average	density	of	the	valence	electrons;	an	electrostatic	interaction	of	an	ion	with	its	own	screening	cloud	of	electrons;	and	the	usual	pair-potential	contribution	describing	the	interaction
between	an	ion	and	neighbouring	screened	ions.	London,	UK:	BCS,	Labyrinth	Books.	PubMed,	Google	Scholar(3)	(With	Winocour	E.)	Tumor	induction	by	genetically	homogeneous	lines	of	polyoma	virus.	Despite	being	plunged	in	at	the	deep	end,	David	excelled	and	was	awarded	prizes	across	the	academic	spectrum,	with	the	notable	exception	of
Afrikaans.	&	Steinhardt	P.	He	therefore	used	college	funds	to	provide	base	support,	and	topped	that	up	with	industrial	income.This	resourcefulness	quickly	enabled	large	numbers	of	students	to	be	recruited:	by	the	early	1960s	he	was	formally	the	research	director	of	about	100	graduate	students.	I	also	loved	David's	great	sense	of	humour,	which	was
always	bubbling	just	below	the	surface.	What	we	have	and	what	our	clients	want,	in	the	main,	is	the	combined	talents	of	our	workforce.	120,	446–457.	In	the	early	1960s,	collaboration	was	active	on	this	subject	between	the	soil	scientists	at	the	University	of	Adelaide	in	the	Waite	Institute,	and	at	the	Commonwealth	Scientific	and	Industrial	Research
Organisation	(CSIRO)	Division	of	Soils	across	the	road.	Sale	&	Satir	reasoned	that,	during	the	effective	stroke,	the	dynein	on	the	doublets	of	one	side	of	the	axoneme	must	produce	force	in	that	one	direction,	while	the	dynein	on	doublets	of	the	other	side	are	inactive	and	permit	passive	sliding;	then,	during	the	recovery	stroke	of	the	beat	cycle,	the
active	and	passive	sides	would	be	reversed.	Based	on	his	discovery	in	the	early	1970s	that	myeloid	leukaemic	cells	could	be	reprogrammed	by	various	cytokines	and	other	compounds	to	undergo	normal	differentiation	and	become	non-dividing	mature	granulocytes	or	macrophages,	Leo	hypothesized	that	treatment	with	agents	that	induce	cancer	cells
to	complete	differentiation	could	be	a	potential	therapeutic	option	for	patients	with	cancer	(10).	(doi:10.1364/OL.9.000402)	Crossref,	PubMed,	ISI,	Google	Scholar(19)	1991	(With	Hakuta	K.	With	ammonia,	seven	molecules	of	HF	are	lost	to	give	the	enamine	(NC)2C=C(NH2)C2F5;	aniline	gives	a	substituted	quinolone,	and	2-amino-pyridine	a	pyrido-
pyrimidine	(57).Perfluoroallene	was	prepared	by	two-fold	removal	of	hydrogen	bromide	(HBr)	from	the	product	of	free-radical	addition	of	CF2Br2	to	1,1-difluoroethene	(24),	with	higher	1,2-dienes	generated	similarly	(37,	39).	Stephen	began	to	study	how	particles	and	fields	governed	by	quantum	theory	would	be	scattered	by	a	black	hole.	Google
Scholar(23)	1980	(With	Jones	A.	H.)	The	mechanics	and	thermodynamics	of	steady	one-dimensional	flow.	Google	Scholar(21)	1978Responsibilities	of	soil	science.	A.)	The	seasonal	growth	and	succession	of	plankton	algae	in	the	White	Nile.	56,	29–50.	Gilson	(figure	2).	Reprinted	from	(2),	with	the	permission	of	AIP	Publishing.Download	figureOpen	in
new	tabDownload	PowerPointFigure	2.	Hawthorne	remarked	(in	1957!)	that	in	the	past	it	was	possible	to	some	extent	to	separate	the	activities	of	the	engine	manufacturer	from	those	of	the	airplane	manufacturer.	B	212,	321–364.	(D)	Chem.	When	he	had	finally	finished,	Diarmuid	just	calmly	said,	‘Well,	if	you	don't	want	an	agreement,	no-one	is
forcing	you.’	This	completely	turned	the	meeting	on	its	head	and	the	lawyer	immediately	became	conciliatory	and	reversed	his	earlier	aggressive	approach.	1970Fluctuations	at	the	threshold	of	classical	cosmology.	The	Guardian,	14	March.	&	Moruzzi	V.	Many	inhalant	anaesthetics	were	known	before	halothane,	but	there	was	no	rational	chemical
mechanism	to	account	for	their	activity.	After	developing	methods	for	protein	crystallography	during	his	PhD,	he	moved	into	image	analysis	of	electron	micrographs,	particularly	methods	for	making	three-dimensional	maps.	Comm.489–490.	V.)	Heat	and	mass	transfer	in	boundary	layers,	2nd	edn.	These	symmetries,	when	combined	with	the	idea	that
the	velocity	of	light	is	the	same	for	all	observers,	contain	the	entire	content	of	the	special	theory	of	relativity.	48,	64–84.	Taking	physiology	for	his	first	year,	Gibbons	found	it	rather	too	descriptive	and	medically	oriented	to	spark	much	enthusiasm,	but	in	his	second	year	he	switched	to	biochemistry	and	found	that	subject	much	more	stimulating.On	the
basis	of	his	final	Tripos	results,	Gibbons	was	offered	a	research	studentship	in	biological	applications	of	electron	microscopy	in	the	Cavendish	Electron	Microscopy	(EM)	Unit	headed	by	Dr	Vernon	Cosslett	(FRS	1972).	His	research	area	is	the	development	algorithms	in	computational	fluid	dynamics	and	their	application	to	industrial	problems.Andrew
Pollard	BASc	(1975,	Waterloo	(Canada))	PhD	(1978,	London)	is	emeritus	professor	of	the	Department	of	Mechanical	and	Materials	Engineering	and	the	university	research	chair	in	fluid	dynamics	and	multi-scale	phenomena	at	Queen's	University	at	Kingston,	Canada.	127–140.	D	61,	065007.	8,	872–874.	21,	202–206.	They	termed	the	outcome	the
Spalding	Function.	Technical	Communication	no.	The	most	advanced	antibacterial	compound	is	about	to	enter	a	phase	2	clinical	trial	for	the	treatment	of	Clostridium	difficile	infections.	At	inlet	the	vortex	lines	are	located	near	the	channel	floor	and	normal	to	the	inlet	velocity,	as	indicated	by	the	arrow	AB.	Hardie,	who	was	a	distinguished	scholar	of
Celtic	languages;	Charles	himself	had	developed	what	turned	out	to	be	a	life-long	interest	in	languages	and	was	teaching	himself	German	and	Russian	at	that	time	to	add	to	the	French	and	Latin	he	learned	at	school.	Maldacena's	discovery	does	not	qualify	as	a	proof,	but	more	as	an	illustration	of	what	is	expected	to	be	a	general	picture.	Springer	Proc.
As	well	as	confirming	the	theoretical	model	of	antiferromagnetism	invented	by	Louis	Néel	(FRS	1966),	this	approach	allowed	the	first	studies	of	critical-point	behaviour.	One	might	think	that	space-time	would	be	the	same	before	and	after	gravitational	radiation	has	passed	through	the	system,	but	there	are	subtle	differences.	Back	row:	Leo's	brothers
Max	(right)	and	Geoffrey	(left).	The	existence	of	a	haematopoietic	cytokine	network	should	thus	be	taken	into	account	in	the	clinical	use	of	cytokines,	whereby	a	clinical	response	could	be	either	a	direct	effect	of	the	injected	cytokine	or	an	indirect	secondary	effect	of	the	downstream	cytokines.Myeloid	leukaemia	cells	are	defective	in	differentiation	to
mature	non-dividing	cells;	hence,	they	accumulate	as	immature	blast	cells	(reviewed	in	Tenen	2003).	It	was	in	the	24	PhD	students	who	studied	under	him.	Charles	thought	this	to	be	inevitable	in	part	because	very	few	early	stage	innovations	offered	the	clear	potential	to	make	a	major	contribution	to	the	core	business.	32,	339–346.	London,	UK:
Academic	Press.	&	Tucker	N.	Sol.	After	this	experience,	passing	the	radar	exams	was	no	problem	and	he	was	soon	posted	to	an	air	base	near	Peterborough.	His	parents	were	William	and	Alice	Finch	and	his	father	was	a	mechanic	for	London	Transport.	His	knowledge	of	fluid	dynamics	proved	crucial	to	developing	a	design	philosophy	for	stable
combustion.	It	was	when	he	was	searching	for	a	numerically	efficient	but	mathematically	accurate	and	elegant	model	of	atomic	interactions	in	materials	that	he	first	came	into	contact	with	David	Pettifor's	work	on	bond-order	potentials.	Nature	190,	1128–1129.	In	1936	the	family	moved	to	a	semi-detached	house	in	Wallasey	Village	with	a	garden	and
within	easy	walking	distance	of	the	Wirral	sea-shore,	where	Charles	spent	many	hours	walking	and	bird	watching	(figure	1).	D	4,	2191–2197.	During	the	long	hours	he	also	played	a	lot	of	chess,	but	with	less	success	than	in	his	research.	225–247.	(doi:10.1074/jbc.M501636200)	Crossref,	ISI,	Google	Scholar(32)	(With	others)	Cytoplasmic	dynein
nomenclature.	A	large	polystyrene	model	was	constructed	for	display	at	the	1958	World	Fair	in	Brussels,	alongside	a	similar	model	of	TMV.	R.)	Valence-bond	isomer	chemistry.	50,	1–32.	This	classification	is	still	widely	used	today.At	the	Waite	Institute,	Dennis	also	interacted	with	many	other	collaborators	on	a	wide	range	of	projects.	Alongside	the
established	groups	of	Kastler	and	Brossel,	Yves	Rocard	as	director	had	attracted	a	host	of	eager	investigators	each	leading	a	new	branch	of	activity,	including	nuclear	magnetic	resonance	(NMR)	and	radio-astronomy.	&	Cheng	W.	Currently,	ATRA	and	arsenic	trioxide,	another	differentiation-inducing	compound,	induce	long-term	survival	in	70–75%	of
APL	patients	and	combination	of	both	compounds	synergistically	induces	long-term	survival	in	over	95%	of	the	patients	(de	Thé	2018).	(doi:10.1038/38444)	Crossref,	PubMed,	ISI,	Google	ScholarPardon	J.	When	they	returned	to	the	US	in	the	summer	of	1974,	however,	Gibbons	and	his	family	were	disheartened	by	the	tacky	extravagance	of	American
gas-guzzling	cars,	the	debacle	of	the	Watergate	scandal	and	by	the	impossibility	of	finding	decent	bread	or	cheese.	At	that	time,	she	was	studying	by	X-ray	diffraction	fibres	of	the	rod-shaped	tobacco	mosaic	virus	(TMV)	and	crystals	of	the	spherical	turnip	yellow	mosaic	virus	(TYMV).	10,510–520.	St.	Comm.	69,	1719–1721.	He	is	also	the	founder
director	of	the	Geoenvironmental	Research	Centre	and	a	UNESCO	professor	in	the	development	of	a	sustainable	geoenvironment.	In	that	era,	Emmarentia	Dam	was	a	wild	place,	and	we'd	spend	the	day	fishing,	hunting	for	the	crabs	that	stole	our	mealie	meal	bait	off	our	hooks,	and	eating	baked	beans.	Indeed,	for	his	researchers	at	Imperial	College
he	set	out	a	crisply	written	100-page	guide	(35)	on	writing	technical	reports	(which	might	well	have	been	externally	published,	with	considerable	benefit	to	authors	and	their	readers	alike).	The	very	close-knit	family	endured	the	depression	reasonably	well,	living	in	the	immigrant	community	still	known	as	Cabbage	Town,	after	the	predominantly	Irish
immigrants	who	had	settled	there.	Perfluorobut-2-yne	was	later	found	to	be	a	fruitful	source	of	higher	perfluoroallenes	by	addition	of	CF3I	followed	by	dehalogenation	(73).	Stephen	explored	their	possible	effects	in	a	series	of	papers	(71–74).Apart	from	a	stream	of	influential	journal	publications	and	contributions	to	the	proceedings	of	scientific
conferences,	Stephen,	aided	by	Israel,	commissioned	articles	from	leaders	in	the	field	for	two	commemorative	volumes,	one	to	mark	the	centennial	of	Einstein's	birth	(45)	and	one	to	mark	the	tricentenary	of	the	publication	of	Newton's	Principia	Mathematica	(65).	Redrawn	from	(47),	(54),	(61)	and	(76).	She	used	her	considerable	talents	for	bench
work	and	experimentation	to	develop	beautifully	uniform	preparations	of	completely	demembranated	sperm	with	flagellar	waveforms	and	beat	frequencies	very	close	to	those	of	live	sperm	(15).	Pullan	for	providing	reference	material	and	Ms	R.	Their	properties	had	been	elucidated	in	some	detail	by	Bunch	&	Davies	(1978).Hawking's	seminars	and
preprint,	with	the	conceptual	idea	and	the	spectrum,	preceded	these	endeavours	and	the	basic	mechanism	relies	entirely	on	the	breakthroughs	that	Stephen	had	made	in	understanding	quantum	fields	around	black	holes	as	far	back	as	1974	and	then	together	with	Gibbons	in	de	Sitter	space	in	1977.	Google	Scholar(67)	(With	Page	D.	Moreover,
injection	of	the	cytokines	GM-CSF	or	IL-3	into	immune-suppressed	mice	resumed	differentiation	of	leukaemic	cells	that	either	respond	to	these	cytokines	in	vitro	or	do	not	respond	to	these	cytokines	but	respond	to	IL-6	in	vitro.	Several	boys	in	his	sixth-form	class	had	similar	scientific	interests,	most	notably	Peter	Dixon,	who	later	became	a	world
authority	on	red	algae.In	1947,	Jack	enrolled	at	the	University	of	Leeds	to	study	botany,	funded	by	a	County	Major	Scholarship,	and	graduated	with	a	first	class	honours	degree	in	1950.	At	that	time	there	was	great	interest	in	the	possible	role	of	phospha-alkenes	in	organophosphorus	chemistry,	and	Bob	postulated	them	as	intermediates	in	various
reactions	(23,	27,	28,	72).	Before	returning	to	London,	Spalding	had	arranged	a	consultancy	project	in	Boston	for	several	weeks;	the	period	they	spent	together	provided	the	opportunity	to	re-evaluate	their	research	direction.	VDI-Forsch.	30,	207–232.	The	credit	for	the	initiation	of	the	halothane	project,	and	for	identifying	the	appropriate	scientific
basis,	goes	to	John	Ferguson	(1899–1981),	who	was	appointed	research	director	of	the	General	Chemicals	Division	of	ICI	in	1950.	2016).Leo	Sachs	was	an	unorthodox	scientist	true	to	his	conviction	that	science	is	a	personal	endeavour.	Plen.	A.,	Coyne	G.	Funding	from	the	United	States	DoE,	DARPA,	ONR,	HP	Laboratories	in	Palo	Alto	and	NEDO	in
Japan	enabled	him	to	undertake	ambitious,	high	risk	research.Finally,	the	overlap	between	the	research	of	William	Hume-Rothery	(FRS	1937),	the	first	Isaac	Wolfson	Professor	of	Metallurgy	at	Oxford,	and	David's	research	is	also	striking.	Where	large	numbers	of	grid	points	were	required,	however,	convergence	was	slow;	some	alternative	was
needed.In	early	1971,	Patankar	returned	from	India	to	pursue	further	research	with	Spalding.	The	external	demand	for	projects	continued	to	grow,	to	a	point	that	mandated	a	change	in	organization.	2003Disruption	of	differentiation	in	human	cancer:	AML	shows	the	way.	1980).	One	project,	helped	by	his	last	assistant,	Julie	Parker,	allowed	him	to
work	back	in	the	locations	he	knew	as	a	boy	in	the	high	Pennines	and	at	Malham	Tarn	(e.g.	(31)).Jack's	scientific	needs	were	not	always	met	by	the	currently	available	techniques	and	his	desire	for	ever	greater	precision	led	him	to	develop	or	refine	new	methods.	Those	considered	by	Wheeler	correspond	to	three-dimensional	spatial	sections	of	an
ordinary	four-dimensional	space-time	with	non-trivial	topology.	50–63.	Building	on	earlier	work	with	his	erstwhile	colleague	C.	But	within	a	year,	he	came	up	with	his	best-ever	idea—encapsulated	in	an	equation	that	he	said	he	wanted	inscribed	on	his	memorial	stone.Latterly,	students	and	colleagues	would	write	a	formula	on	a	blackboard.	He	was
particularly	interested	in	electricity	and	constructed	from	first	principles	a	wireless	set	based	on	a	triode	valve;	this	knowledge	would	serve	him	well	in	later	years	in	the	laboratory.	As	he	put	it	at	least	once:	‘When	I	hear	the	words	“Schrödinger's	Cat”,	I	reach	for	my	gun.’	He	thought	we	understood	quantum	mechanics	well	enough	and,	indeed,	he
was	successful	in	applying	it	without	worrying	about	any	foundational	questions.	The	Performance	section	therefore	analysed	both	engines	at	design	and	at	part	speed	conditions	where	stall	problems	were	seen	as	most	serious.	Swaminathan	FRS,	distinguished	geneticist	and	father	of	India's	Green	Revolution.	The	TMV	structural	studies	culminated
the	structure	of	the	virus	by	X-ray	diffraction	from	ordered	gels	(Stubbs	et	al.	1983Could	the	universe	have	recovered	from	a	slow	first-order	phase	transition?Nucl.	From	the	reviews:	Choice	Review	by	P.	(A	feature	remarked	upon	by	Hawthorne	for	its	pedagogic	value	was	that	there	is	a	Mach	number	range—between	approximately	0.85	and	1.0—
over	which	the	static	temperature	decreases	when	heat	is	added	to	a	flow.)	Many	computational	procedures	exist	today	that	can	supply	quantitative	information,	but	the	role	of	one-dimensional	channel	flow	in	giving	clear	insight	is	still	very	much	with	us	as	part	of	this	legacy.Another	of	Hawthorne's	outstanding	contributions	concerns	the	three-
dimensional	fluid	motions	that	occur	when	a	flow	with	vorticity	(non-zero	local	angular	velocity	of	fluid	particles)	is	turned,	for	example	by	obstacles	or	in	a	blade	passage.	&	Rodi	W.)	Prediction	of	free	shear	flows:	a	comparison	of	the	performance	of	six	turbulence	models.	They	met	periodically	thereafter	until,	at	a	meeting	in	London	in	1971,	Levich
disclosed	that	he	could	no	longer	live	in	the	Soviet	Union	and	would	seek	to	emigrate	to	Israel.	Soc.2787–2789.	Google	Scholar(6)	(With	Bennett	F.	&	Smith	S.)	Nitroxide	chemistry.	Through	a	lucky	coincidence,	there	appeared	a	question	on	a	vanadium	compound	that	Gibbons	was	requested	to	identify	in	the	practical	chemistry	exam.	A.)	An	analytic
pair-potential	for	simple	metals.	1982Dynamics	of	phase	transition	in	the	new	inflationary	universe	scenario	and	generation	of	perturbations.	Freshwater	For.	Swansea,	UK:	Pineridge	Press.	Boris,	Paschler	and	Welsh	designed	and	built	glass	and	quartz	Raman	tubes	with	reasonably	large	volumes	to	be	used	at	pressures	up	to	300	atm.	&	Horne	R.
Additionally,	Gibbons	exploited	an	earlier	observation	to	demonstrate	that	the	vanadate	ion	inhibits	ATPase	activity	in	dynein	(23)	and	mediates	photocleavage	at	dynein's	hydrolytic	ATP-binding	site.	52,	154–195.	&	Sutton	A.	In	particular	it	gave	him	a	path	to	the	development	of	interatomic	potentials	for	transition	metals	grounded	in	quantum
mechanics,	fulfilling	an	ambition	dating	from	his	postdoctoral	days	at	Cambridge	when	he	was	funded	by	UKAEA	Harwell.	Specifically,	Stephen	and	Jonathan	Halliwell	showed	that	the	no	boundary	proposal	describes	an	ensemble	of	universes	in	which	inflation	triggers	the	emergence	of	a	classical	Lorentzian	space-time	from	the	quantum	fuzz	at	the
beginning	(97),	along	with	fluctuations	that	are	initially	predicted	to	be	in	their	ground	state	(60).	Solids	12,	53–65.	Stephen	famously	challenged	Fred	Hoyle	about	the	Hoyle–Narlikar	theory	at	a	Royal	Society	meeting	in	London	in	June	1964,	claiming	that	there	were	divergences	in	the	theory	in	the	context	of	an	expanding	universe	when	calculated
as	the	sum	of	half	the	retarded	and	half	the	advanced	fields,	because	the	advanced	field	would	be	infinite.	Isham	C.	Newland	worked	in	industry	before	taking	his	PhD	at	MIT	and	becoming	an	assistant	professor	there	in	the	1960s.	This	facilitated	being	able	to	follow	the	sequence	of	chemical	reactions	occurring	in	the	end	gas,	prior	to	knock,	and	to
link	it	with	the	formation,	in	particular,	of	peroxides	and	aldehydes.	The	place	gave	good	opportunities	for	bird	watching,	which	they	both	enjoyed,	and	they	became	members	of	the	Suffolk	Ornithological	Society.	(doi:10.1039/jr9590000013)	PubMed,	ISI,	Google	Scholar(19)	1959	(With	Birchall	J.	M.)	Heterocyclic	polyfluoro-compounds.	An	adjunct	to
this	work	led	to	the	development	of	extraction	techniques	facilitating	the	removal	and	characterization	of	soil	polysaccharide	fractions	and	thus	better	understanding	of	their	origins,	amounts	and	characteristics	(8).	As	with	the	Delphic	oracle	of	ancient	Greece,	physical	impairment	seemed	compensated	by	almost	supernatural	gifts,	which	allowed	his
mind	to	roam	the	universe	freely,	upon	occasion	enigmatically	revealing	some	of	its	secrets	hidden	from	ordinary	mortal	view.	Inst.	The	realization	that	polysaccharides	accounted	for	only	part	of	the	stability	of	soil	aggregates	led	to	studies	on	the	potential	importance	of	other	putative	bonding	agents,	including	hydrous	oxides	of	iron	and	aluminium
and	of	pedogenic	calcium	carbonate.	In	the	foreword	to	My	brass	rubbings	(42),	he	notes	this	‘unusual	occupation’.	Figure	2.	That	necessitated	an	analysis	of	the	processes	of	mass	transport	in	the	vicinity	of	the	solid	fuel	surface	(10).	In	Chapter	1	it	is	shown	that	this	expansion	causes	grave	difficulties	for	the	Hoyle–Narlikar	theory	of	gravitation.	&
Pigneguy	J.	The	problems	associated	with	catalyst	deterioration	turned	out	to	be	due	to	poisoning	by	sulfur-containing	compounds	and	ways	were	found	to	remove	them.In	short	lunch	breaks	away	from	the	bench	or	plant,	Charles	enjoyed	discussions	with	his	senior	section	leader,	Dr	D.	It	means	that	the	first	law	of	black	hole	mechanics	should	be
identified	with	the	first	law	of	thermodynamics,	dM=T dS+ΦdQ+ΩdJ.3	Comparing	the	relations	[1]	and	[3],	the	entropy	S	of	the	black	hole	can	be	identified	as	S=AkBc34Gℏ,4	a	result	confirming	Bekenstein's	intuition.	1978Quantum	field	theory	in	de	Sitter	space:	renormalization	by	point	splitting.	Sustainable	farming	systems	are	those	that	have
evolved	to	maintain	the	ability	of	a	soil	to	provide	nutrients,	to	hold	water	and	to	avoid	soil	degradation.	L.	In	summary,	fluctuations	are	expected	to	be	produced	by	quantum	fluctuations	of	any	scalar	fields	and	of	the	gravitational	field	in	the	de	Sitter	invariant	vacuum,	or	ground	state,	to	which	the	system	would	have	settled	down	according	to	the	‘no
hair	property’	of	the	background	predicted	by	Stephen,	Gibbons	and	Moss	(36,	53).	The	central	idea	is	that,	in	a	compressible	flow,	the	fluid	mechanics	and	the	thermodynamics	are	coupled	in	an	important	and	interesting	way	and	there	are	many	such	flows	that	can	be	usefully	treated	in	a	one-dimensional	manner.More	specifically,	the	coupling
means	that	compressible	fluid	motions	exhibit	features	not	present	in	an	incompressible	flow:	(i)	flow	choking,	as	mentioned	above;	(ii)	supersonic	flow	(flow	with	regions	that	downstream	pressure	perturbations	cannot	affect);	(iii)	shock	waves	(sharp	transitions	from	supersonic	to	subsonic	flow);	and	(iv)	effects	of	entropy	changes	on	velocity	and
pressure	fields.	They	are	the	lifeblood	of	our	enterprise.	The	income	from	higher	overseas	student	fees	would	not	compensate,	leaving	an	estimated	shortfall	of	24%.	(1985)	wrote	in	a	comment	to	(11):	The	relative	merits	of	microscopic	and	phenomenological	global	surveys	are	to	some	extent	a	matter	of	taste.	The	Suez	crisis	passed	before	dracones
could	be	used	for	their	original	purpose,	long	distance	transport	of	oil,	but	they	were	used	in	the	Falklands,	before,	during	and	after	the	1982	conflict,	for	oil	deliveries	in	other	remote	locations	and	as	containers	for	waste	oil	recovered	from	oil	spillages	at	sea.Hawthorne's	aircraft	engine	turbomachinery	research	also	blossomed.	Several	years	passed,
however,	before	anyone	discovered	how	to	re-polymerize	the	tubulin	dimer	back	into	microtubules	(Weisenberg	1972).At	this	juncture,	Gibbons	felt	that	his	first,	and	most	important,	decision	was	to	continue	working	with	the	axoneme-based	motility	of	cilia	and	sperm	flagella,	rather	than	attempting	to	isolate	dynein	and	tubulin	from	the	cytoplasm.
He	remained	there	for	14	years,	which	included	a	year	as	visiting	research	scientist	at	the	invitation	of	the	Commonwealth	Scientific	Industrial	Research	Organisation	(CSIRO),	Australia.	With	this	position,	he	and	Eda	(who	had	lived	rather	frugally	during	his	doctoral	studies)	moved	into	a	new	house	on	the	outskirts	of	Cambridge	to	give	space	for
their	growing	family.	He	has	been	a	visiting	professor	or	scholar	at	the	University	of	Aarhus	in	Denmark,	the	University	of	Aix-Marseille	in	France	and	the	Wuhan	Botanical	Gardens	in	China,	and	is	a	visiting	professor	at	Queen	Mary	University	of	London.Dr	Ivan	Heaney	studied	zoology	at	the	Queen's	University	of	Belfast.	In	a	quantum	theory	of	the
universe,	observers	are	physical	systems	within	the	universe,	not	somehow	outside	it.	A	year	later,	David	published	a	paper	(1)*	that	removed	certain	inconsistencies	in	the	Hubbard	approach	which	had	led	to	the	necessity	to	retain	third	nearest-neighbour	reciprocal	and	real	space	lattice	vectors	to	achieve	the	desired	accuracy	for	fcc	copper.	If	one	is
sufficiently	far	away	from	any	object,	its	gravitational	field	is	expected	to	be	so	weak	that	for	the	most	part	it	can	be	ignored.	(doi:10.1073/pnas.75.8.3781)	Crossref,	PubMed,	ISI,	Google	Scholar(12)	1987The	molecular	control	of	blood	cell	development.	Experiments	were	hampered	by	difficulties	in	growing	high	quality	single	crystals	because	of	the
low	melting	point,	small	latent	heat	of	fusion,	high	vapour	pressure	and	extremely	large	thermal	expansivity,	but	for	Brillouin,	unlike	ultrasound	and	neutron,	scattering	only	a	small	specimen	(in	the	order	of	mm3)	is	required.	Tetrahedron	31,	1649–1651.	62,	216–232.	(doi:10.1083/jcb.3.2.133)	Crossref,	PubMed,	Google	Scholar(3)	1960	(With
Grimstone	A.	This	research	demonstrated	the	crucial	importance	of	maintaining	rotations	that	included	sufficient	organic	matter	residues	being	returned	to	the	soil	to	replenish	the	organic	fractions	lost	through	oxidation	on	cultivation.	Mortimer	(FRS	1958)	(Mortimer	1941),	and	also	by	J.	Heat	Mass	Transfer	15,	1787–1806.	A.	Stephen	continued	to
be	supported	by	a	team	of	helpers	and	personal	assistants,	as	well	as	by	his	children	and	Jane.The	feature	film	The	theory	of	everything,	in	which	Stephen	was	astonishingly	accurately	portrayed	in	an	Oscar-winning	performance	by	Eddie	Redmayne,	recreated	the	human	story	behind	his	struggle.	B	281,	193–208.	‘What's	in	this?’,	I	asked.	39,	77–94.
PhD	graduation	photograph,	1949.	Memorial	events	were	held	in	Cambridge	on	24	February	2012	and	at	MIT	on	24	March	2012.	Phys.78,	2000)	to	celebrate	his	seventy-fifth	birthday,	an	interview	of	Boris	Stoicheff	by	Paul	Kelley	in	2008	(Optical	Society	of	America	archives)	and	Elizabeth	Allin's	Physics	at	the	University	of	Toronto,	1843–1980.
Science	190,	841–844.	This	was	a	time	of	great	activity	in	the	Gibbons	lab	(figure	6),	with	the	addition	of	students	and	postdoctoral	fellows	including	John	Evans,	Marie	Paule	Cosson,	Christopher	Bell,	Jerold	Chun	and	others,	all	carefully	trained	in	biochemistry	and	cell	biology	of	the	flagellum	by	Ian	and	Barbara	Gibbons	(figure	7),	and	the	presence
of	Grace	Tang,	a	long-time,	talented	research	scientist	in	the	Gibbons	lab.	Viewing	the	flow	around	the	blades	in	these	endwall	regions	as	two-dimensional,	as	can	often	be	done	away	from	the	endwalls,	is	thus	not	a	useful	approximation.	One	of	my	papers	had	just	been	rejected	(one	of	many	to	come)	and	when	I	furiously	complained,	telling	Leo	about
the	editor	and	reviewers’	lack	of	understanding,	Leo	asked:	what	message	did	you	want	to	convey?	Bob	took	a	keen	interest	in	Blue	John,	and	had	his	own	collection	of	pieces.	80,	421–442.	But	in	contrast	to	so	much	of	current	method	development,	he	always	had	questions	in	mind	about	the	physics	of	materials	that	necessitated	the	development	of
his	methods.	His	mother,	Miriam	(née	Wall),	was	a	pupil-teacher	at	the	nearby	town	of	South	Bank.	The	S-matrix	maps	initial	quantum	states	into	final	quantum	states.	Hampton,	VA:	Langley	Research	Center.	Soc.572–577.	(doi:10.4319/lo.1963.8.1.0068)	Crossref,	ISI,	Google	Scholar(13)	(With	Driver	D.)	Some	problems	in	the	estimation	of	chlorophyll
a	in	phytoplankton.	2014Functional	diversity	of	axonemal	dyneins	as	assessed	by	in	vitro	and	in	vivo	motility	assays	of	Chlamydomonas	mutants.	Bernard	Carr	(front	row,	right),	Malcolm	Perry	(front	row,	second	right),	Gary	Gibbons	(second	row,	standing	left),	Thomas	Hertog	(third	row,	second	right).	Swaminathan	for	their	contributions	to	this
account	of	Dennis's	scientific	career.	In	the	fullness	of	time	Colin	and	Keith	both	obtained	first	class	honours	degrees	in	chemistry	at	the	University	of	Liverpool	and	followed	careers	in	science.	Boris	at	the	outset	of	a	2000 km	bicycle	tour	of	Ontario	in	1943.	He	continued	there	with	Professor	John	Monteith	(FRS	1971)	as	a	member	of	the	Tropical
Microclimatology	Group	that	studied	crops	of	the	semi-arid	tropics.	Co-oligomerization	of	perfluoroethene	with	perfluorinated	cyclopentene	and	cyclobutene	similarly	gave	substituted	perfluorocycloalkenes	(69).A	feature	of	these	compounds	is	their	reaction	with	nitrogen	nucleophiles.	Researchers	Dave	Asai,	Grace	Tang,	Gabor	Mocz	and	Cheryl
Phillipson	were	among	those	helping	on	the	sequencing	project.	Boris	with	members	of	his	group,	(left	to	right)	Louis	Marmet,	Vivianne	Smith,	Robert	Thompson	and	Ashok	Balakrishnan,	in	1991.	As	an	extension	of	his	earlier	work	on	standardization,	he	investigated	the	factors	affecting	the	imaging	characteristics	of	ultrasonic	systems.	Difficulties
arise	because,	typically,	the	total	measure	diverges	and	additional	priors	must	be	introduced	(67).	&	Richmond	T.	This	gave	some	lieutenants	a	dozen	or	more	students	to	supervise,	with	help	from	postdoctoral	fellows	and	technicians.	T.)	An	immersion	scanner	for	two-dimensional	ultrasonic	examination	of	the	human	breast.	By	the	time	two	of	his
students,	Israel	Vlodavsky	and	Joseph	Lotem,	joined	the	lab	in	the	early	1970s,	Leo	was	already	a	renowned	scientist	with	important	scientific	contributions	in	several	fields.	He	thus	proposed	a	hybrid	scheme	(a	combination	of	central	and	upwind	differencing	at	appropriate	flow	rates),	which	became	very	widely	used	(23).Around	this	time,	Spalding
proposed	a	general	differential	equation	for	the	transport	of	all	variables,	such	as	velocity	components	or	chemical-species	concentration.	Hydrobiologia	487,	167–181.	The	vector	manipulations	that	follow	turn	these	compact	expressions	into	what	seem	longer	and	more	complex	statements.	When	he	first	arrived	at	Manchester	he	socialized	with
students	and	staff	at	a	local	hotel	after	work.	During	John's	wartime	evacuation	he	had	worked	on	a	farm	and	subsequently	went	back	there	on	holiday.	They	worked	on	a	wide	range	of	challenging	materials	problems	of	interest	to	the	company,	for	which	he	involved	several	members	of	staff	as	supervisors	of	the	research.	142–146.	7,	641–652.	B	110,
35.	For	the	first	time	in	his	life	he	worked	seriously	hard	and	found	he	really	enjoyed	it—he	began	to	exploit	his	remarkable	gifts	in	a	series	of	revolutionary	papers	in	gravitational	physics.Even	more	important	for	Stephen	was	his	engagement	in	1964	to	Jane	Wilde.	Download	figureOpen	in	new	tabDownload	PowerPointIn	1964,	Stephen	needed	a	job
to	support	a	family.	E.,	Eapen	K.	While	Sydney	had	been	head	of	maths	in	the	prep	school,	Peter	would	always	deny	his	own	mathematical	talents,	in	his	characteristically	self-effacing	style,	although	his	achievements	in	life	tell	a	different	tale.	This	requires	an	appropriate	balance	between	inducers	and	inhibitors,	which	is	achieved	by	the	ability	of	IL-
6	and	different	CSFs	to	induce	the	production	of	haematopoiesis	inhibitors	including	TNF,	IL-1	and	TGFβ1.	S.,	Stegeman	G.	Download	figureOpen	in	new	tabDownload	PowerPointIn	a	seminal	paper	with	Emeléus	and	others,	Bob	reported	that	CF3I	reacts	with	red	or	white	phosphorus	under	pressure	at	elevated	temperatures	to	yield	a	mixture	of
phosphines	(6).	He	encouraged	research	on	nutrient	use	efficiency,	‘precision	fertilizing’,	innovation	in	BNF,	improved	water	management	and	more	ecologically-based	methods	of	pest	management.Besides	overseeing	research	activity	in	The	Philippines,	Dennis	played	a	major	role	in	extending	IRRI's	reach	beyond	Asia,	particularly	to	Africa	and	Latin
America.	Dennis	was	arguably	the	first	IRRI	scientist	who	explicitly	recognized	the	challenge	of	sustainability	in	the	context	of	rice	farming.	Sea	urchin	sperm	flagella	looked	to	be	a	promising	system	when	Gibbons	tried	to	isolate	their	proteins	during	a	summer	he	spent	at	Woods	Hole	(10),	and,	in	addition,	the	classic	paper	of	Sir	James	Gray	(Gray
1955)	had	shown	that	their	planar	beat	pattern	is	easily	recorded	on	film.As	Barbara	noted	later,	the	two	Gibbons	children	(Wendy's	brother,	Peter,	was	born	in	1964)	shared	their	babyhood	with	their	very	intellectually	active	parents	during	this	Cambridge	period.	(doi:10.1056/NEJMra1406184)	Crossref,	PubMed,	ISI,	Google	ScholarGaborit	W.,
Lindzen	M.	His	height	and	sense	of	humour	are	beautifully	captured	in	a	painting	of	him	(figure	7)	and	a	picture	of	him	taken	during	a	Purim	party	(Jewish	holiday	in	which	children	and	young	adults	disguise	themselves),	when	he	appeared	disguised	as	a	chef	complete	with	a	moustache	and	traditional	chef's	hat,	bringing	him	to	well	over	seven	feet
tall	(figure	8).	39	(304),	401–411.	W.)	Classification	of	gravitational	instanton	symmetries.	Amazingly,	about	one-half	of	the	native	axonemal	structure	spontaneously	re-formed	itself	when	magnesium	was	added	back	into	the	preparation	(7).	He	then	took	up	a	post	as	director	of	the	newly	formed	Aquatic	Sciences	Research	Division	of	the	Department
of	Agriculture,	Northern	Ireland.	London:	Prentice	Hall.	Charles	took	part	in	many,	always	apparently	in	comic	roles.	Many	of	these	investigations	were	pioneering	landmark	studies	underpinning	future	developments.	I	was	amazed	to	receive	a	telegram	a	few	days	later	saying	that	I	had	received	a	Minor	Scholarship.	Investigations	included	studying



the	effect	of	pressure	on	intensity	changes,	shifts,	and	broadening	of	spectral	lines.When	Boris	joined	the	group	near	the	beginning	of	this	highly	fruitful	period	of	research	for	Welsh,	Andrew	F.	P.).	Part	I:	Reactions	of	bistrifluoromethyl	nitroxide	with	acetylene,	3,3,3-trifluoropropyne,	perfluoropropyne,	perfluorobut-2-yne,	perfluorodiphenylacetylene,
and	glyoxal.	Photograph	courtesy	of	Mrs	Mary	Greenland.Download	figureOpen	in	new	tabDownload	PowerPointDennis's	interest	in	clay	minerals	and	his	experience	of	the	influence	of	organic	matter	on	tropical	soils	in	West	Africa	continued	to	influence	his	research	direction	when	he	arrived	in	South	Australia	to	a	lectureship	at	the	University	of
Adelaide	in	1959.	In	1953	Rosalind	Franklin	moved	there	from	King's	College	London	to	start	work	on	the	structure	of	viruses.	Locke,	Welsh	and	Crawford	discovered	in	1948	that	the	vibrational	and	rotational	modes	of	homopolar	molecules	became	active	in	compressed	gases	because	of	electron	distribution	distortion	by	binary	and	higher-order
collisions.	&	Horlock	J.	W.)	Theory	of	the	detection	of	short	bursts	of	gravitational	radiation.	In	2004,	he	won	the	Templeton	Prize.	Google	ScholarJones	W.	Stephen	was	highly	sceptical	because	black	holes	would	then	have	a	non-zero	temperature.	He	also	won	the	Walmsey	Memorial	Prize	as	the	best	student	of	the	year.	S.)	Brane-world	black	holes.
Pierre-Gilles	does	not	give	in	to	the	prevailing	rule,	which	entrusts	graduates	with	the	manufacturing	of	a	material	used	by	the	next	generation	of	students	(credit	for	this	is	non-existent).	Google	Scholar(34)	1967	(With	Birchall	J.	Crossref,	Google	Scholar(14)	1971Changes	in	the	nitrogen	status	and	physical	condition	of	soils	under	pasture.	In	the
same	year	he	was	appointed	as	an	assistant	in	research,	and	in	1951	as	university	demonstrator	in	organic	and	inorganic	chemistry.	Nucl.	The	final	synthetic	step	was	described	in	the	process	patent	(2).	They	apparently	had	first	met	at	a	technical	meeting	in	Minsk	in	1961;	then,	on	learning	that	Levich	would	participate	in	the	2nd	International	Heat
Transfer	Conference	in	London	the	following	year,	Spalding	invited	him	to	stay	at	his	home.	It	was	during	this	period	that	Townes,	with	his	graduate	student	James	Gordon,	and	Herb	Zeiger	developed	the	ammonia	maser,	which	operated	in	the	microwave	region.	IMechE	Auto.	O.)	Higher-order	structure	of	long	repeat	chromatin.	&	Wang	Z.
(doi:10.1083/jcb.105.4.1781)	Crossref,	PubMed,	ISI,	Google	ScholarGee	M.	Indeed,	he	contributed	a	good	deal	of	method	development	himself,	with	his	pioneering	total	energy	DFT	calculations	and	methods	in	tight	binding	that	scale	linearly	with	the	number	of	atoms.	16,	42–50.	&	Metcalf	D.	The	problem	encompasses	such	subjects	as	liquids	rising
up	capillary	tubes,	paint	spreading	on	solid	surfaces	or	liquids	spreading	on	other	liquids,	the	fascinating	subject	of	bubble	formation	and	stability,	and	why	water	streams	down	some	surfaces	and	forms	droplets	on	other	surfaces.	Chapter	2	deals	with	perturbations	of	an	expanding	homogeneous	and	isotropic	universe.	M.),	pp.	1917The	aquatic	and
marsh	vegetation	of	Esthwaite	Water.	In	modern	parlance,	they	demonstrated	the	sustainability	of	different	farming	practices	and	showed	that	many	traditional	practices	did	not	degrade	soil	fertility.	Crossref,	PubMed,	ISI,	Google	ScholarLennartsson	J.	B	261.	3,	207–208.	He	argued	that	it	was	essential	for	physicists	from	Third	World	countries
studying	in	the	West	to	undertake	research	directly	relevant	to	their	countries	of	origin:	‘As	physicists	we	must	be	honest	with	ourselves	and	face	the	fact	that	most	of	our	basic	research	is	not	needed	by	developing	countries	at	the	present	moment.’	The	priority	of	physicists	in	under-developed	countries,	he	maintained,	should	be	to	build	a	viable
scientific	base	by	concentrating	on	education	from	primary	school	through	to	university.	Finally,	for	the	gross	morphology	of	the	virus,	John	showed	by	clever	tilting	experiments	(Figure	3)	that	the	basic	helix	of	TMV	is	right-handed	(14).	He	was	a	founding	member	of	the	Cambridge	Engineering	Design	Centre	and	is	a	former	head	of	the	University	of
Cambridge	engineering	department.	At	that	time	Andersen	was	not	interested	in	total	energy	calculations,	and	he	gave	David	the	green	light	to	use	the	ASA	for	studying	cohesion	and	bonding	on	his	return	to	the	UK.David	then	spent	the	next	three	and	a	half	years	back	in	the	Cavendish	Laboratory	as	a	research	assistant.	Nature	352,	643–645.	Ser.
(doi:10.1039/j19690000691)	Google	Scholar(42)	1970	(With	Drayton	C.	He	maintained	continual	contact	with	Charles	throughout	Charles’s	retirement	into	his	last	years.Colin	Suckling	is	the	elder	of	Charles	Suckling's	twin	sons.	The	department	in	Cardiff	was	bigger	than	the	one	in	Bristol	and	the	next	three	years	were	spent	learning	how	to	survive—
and	even	to	prosper—simultaneously	in	a	university	and	in	an	NHS	hospital.During	his	time	in	Cardiff,	Peter	encouraged	the	formation	of	an	ultrasound	group	with	staff	working	on	the	development	of	an	immersion	water-bath	ultrasound	scanner	and	also	a	standard	test-object	that	allowed	the	ultrasound	field	distribution	emitted	by	a	transducer	to
be	measured	together	with	both	longitudinal	and	lateral	resolution	characteristics.	H	39,	413–503.	In	his	first	experiment	he	obtained	the	pure	rotational	spectra	of	benzene	and	deuterated	benzene	and	determined	with	high	precision	the	carbon–carbon	and	carbon–hydrogen	bond	lengths	(3).	He	also	investigated	the	feasibility	of	three-dimensional
imaging	of	thick	histological	specimens	by	confocal	optical,	infrared	and	acoustic	scanning	microscopy.	Later	he	showed	that	SV40	virus	could	also	transform	non-haematopoietic	cells	in	vitro	(17).	&	Leont'ev	A.	This	meeting	led	to	David	spending	three	months	with	Andersen's	group	at	the	Technical	University	of	Denmark	Lyngby	in	the	summer	of
1974.	(doi:10.1103/PhysRevD.73.123527)	Crossref,	ISI,	Google	Scholar(95)	2007	(With	Hawking	L.)	George's	secret	key	to	the	universe.	In	effect,	he	used	his	fertile	imagination	to	construct	a	fluorine-based	organic	chemistry	parallel	to	the	hydrogen-based	one.	(doi:10.1016/S0022-2836(64)80168-6)	Crossref,	PubMed,	ISI,	Google	Scholar(6)	1965
(With	Klug	A.)	Structure	of	viruses	of	the	papilloma-polyoma	type.	Norton	/	London:	Picador.	Part	IV:	Reaction	of	bistrifluoromethyl	nitroxide	with	aldehydes.	&	Klug	A.)	The	crystal	structure	of	an	all-RNA	hammerhead	ribozyme:	a	proposed	mechanism	for	RNA	catalytic	cleavage.	He	explained,	for	example,	the	strong	scattering	of	light	by	the	nematic
phase	that	gives	it	a	milky	appearance.	The	former	are	a	gravitational	analogue	of	Dirac	magnetic	monopoles.	There	was	also	no	doubt	that	he	was	hugely	committed	to	his	staff	and	was	greatly	affected	personally	when	Ricardo	was	forced	into	undertaking	the	first	redundancy	exercise	in	the	company's	history	in	the	1980s.	Special	facilities	included
fluorine	generators	and	electrochemical	fluorination	cells	and	associated	facilities	for	handling	anhydrous	hydrogen	fluoride	(HF).When	HRH	the	Duke	of	Edinburgh	opened	the	new	Chemistry	Building	on	2	May	1968,	he	was	presented	with	a	goblet	made	of	Blue	John	(figure	4).	At	the	same	time	Bob	and	his	co-workers	explored	the	generation	of
fluorocarbons	and	their	derivatives	by	a	variety	of	techniques	(3,	4,	5).The	research	depended	to	a	large	extent	on	experimental	skills	with	vacuum	systems,	in	particular	fractional	condensation	(trap-to-trap	vacuum	transfer	through	a	line	of	traps	held	at	different	temperatures).	The	photographs	were	provided	by	the	family	unless	otherwise	indicated.
Fortunately,	the	two	projects	were	on	roughly	the	same	schedule	and	so	the	two	groups	agreed	on	simultaneous	publication	(Ogawa	1991)	(27).	Thus,	for	example	ρcp(TP−TW)cqkP1/2/q˙W=σt(UP/cqkP1/2+P).	Eda's	sister,	Inge,	and	her	daughter	had	ended	up	in	Russian-occupied	Berlin,	but,	thanks	to	a	bold,	though	arguably	foolhardy,	journey	in	a
laundry	van	by	Spalding	without	authorizing	papers	into—and,	more	crucially,	out	of—the	Soviet	sector,	they	were	safely	smuggled	into	the	British	zone.	The	author	would	also	like	to	thank	Steve	Sapsford,	former	director	of	Ricardo	and	close	colleague	for	over	30	years,	for	his	critical	review	of	the	material	and,	in	particular,	the	technical	content.
Hawthorne's	work	provided,	from	one	perspective,	analytical,	approximate	descriptions	of	the	complex	flows	with	which	the	gas	turbine	engineer	must	grapple.	Available	at:	.	Such	radiation	analyses	in	asymptotically	flat	universes	were	hot	topics	at	the	time.	In	the	final	paper	of	the	series	(9),	they	performed	a	much	more	detailed	simulation	of	the
images,	using	a	computer	plotter	that	had	by	then	become	available	(Figure	3).	1993The	eutrophication	of	Lake	Victoria.	Surveying	the	large	number	of	these	curves	which	we	have	obtained,	there	appear	to	be	indications	of	a	slight	discontinuity	just	after	top-dead-centre,	suggesting	that	the	curves	are	two	stage	in	nature.As	this	was	original
pioneering	research	into	combustion	carried	out	in	the	1940s,	it	is	felt	that	the	figures	from	this	paper	are	worthy	of	reproduction	here;	two	figures	from	the	paper	are	shown	in	figure	6.	Google	Scholar(4)	1990	(With	Langley	B.	To	disprove	it	is	my	plan.‘After	such	labours,’	I	would	have	it	said,‘It	must	be	truly	blissful	to	be	dead.’1970James	Clayton
Prize,	Institution	of	Mechanical	Engineers,	London1978Max	Jakob	Award,	American	Society	of	Mechanical	Engineers1979Foreign	Member,	Royal	Norwegian	Society	of	Sciences	and	Letters1980Médaille	d'Or,	Institut	Français	de	l’Énergie1982Bernard	Lewis	Medal,	the	Combustion	Institute1983Fellow	of	the	Royal	Society1986Luikov	Medal,	the
International	Centre	for	Heat	and	Mass	Transfer1989Fellow	of	the	Royal	Academy	of	Engineering1994Foreign	Member,	Russian	Academy	of	Sciences1994Foreign	Member,	Ukrainian	National	Academy	of	Sciences1997Dr-Ing	Eh,	Friedrich-Alexander-Universität	Erlangen-Nürnberg,	Germany1999Honorary	Member,	Scientific	Council	of	the	Institute
of	Thermophysics,	Siberian	Branch	of	the	Russian	Academy	of	Sciences2009Global	Energy	Laureate,	Global	Energy	Foundation,	Russia2010Franklin	Laureate	in	Mechanical	Engineering,	The	Franklin	Institute,	Philadelphia,	Pennsylvania2010A.	Oxalis	oregana	‘Bob	Haszeldine’	(courtesy	of	Edrom	Nurseries,	Eyemouth,	Berwickshire,	Scotland).
(doi:10.1016/0550-3213(84)90185-8)	Crossref,	ISI,	Google	Scholar(60)	1985	(With	Halliwell	J.	Mater.	He	was	intrigued	by	the	challenge	of	finding	suitable	coordinates	for	the	maps	that	resulted	in	a	clear	separation	of	the	vast	experimental	database	of	crystal	structures	into	distinct	regions,	so	that	all	the	binary	compounds	of	a	particular
stoichiometry	AxB1−x	with	one	crystal	structure	are	separated	on	the	map	from	all	those	with	another	crystal	structure.	(doi:10.1103/PhysRevD.26.2681)	Crossref,	ISI,	Google	Scholar(52)	The	boundary	conditions	of	the	universe.	Comp.	For	example,	the	high-end	decorative	market	was	served	by	an	ICI	brand	called	Choice,	which	offered	coordinated
paints,	fabrics	and	wall	coverings.	&	Watson	J.	D	13,	191–197.	The	children	are	Charles	and	Ted.	It	was	as	if	he	did	not	want	to	miss	out	on	some	exciting	new	discovery.	Again	recognizing	Charles’s	research	background,	they	asked	him	to	undertake	two	short-term	assignments	for	the	whole	company.	Dennis	((standing	with	auger	in	hand)	and	Terry
Lansberry	sampling	soil	near	Bawku,	northern	Ghana,	in	1955.	Working	closely	with	several	colleagues	from	the	FBA,	but	especially	with	Ivan	Heaney,	intensive	depth–time	measurements	were	made	in	1971	and	1972	to	interrelate	the	dynamics	of	physical	and	chemical	stratification	with	those	of	the	phytoplankton	(27),	a	study	which	has	few	equals
in	British	aquatic	science	in	its	breadth	and	detail.	R.)	Time	dependence	of	the	frequency	and	line-width	of	the	optical	emission	from	a	pulsed	ruby	maser.	58,	618–629.	(C)991–995.	His	tracheotomy	prevented	any	form	of	speech	so	that	acquiring	a	computerized	speech	synthesizer	became	a	necessity.	Eng,	3,	269–289.	This	conclusion	is	much	the
same	as	the	zeroth	law	of	thermodynamics,	which	states	that	if	a	body	is	in	thermal	equilibrium	then	its	temperature	is	independent	of	position.	With	Zn	vapours	and	rare	gases,	and	also	by	using	third-harmonic	generation	(a	degenerate	form	of	four-wave	mixing),	by	the	early	1980s	Boris's	group	had	developed	tunable	VUV	sources	covering	the
region	from	200	to	106 nm,	with	limited	tuning	down	to	80 nm	in	the	XUV.	It	seemed	that	industry	at	the	time	was	looking	for	quick	fixes	and	public	agencies	were	not	perceptive	enough	to	use	the	GENHAZ	procedures	effectively.	Nature	287,	509–516.	Cosmol.	The	group	moved	to	the	new	Laboratory	of	Molecular	Biology	in	Cambridge	after	the	early
death	of	Rosalind	Franklin,	where	Holmes	continued	to	use	X-ray	diffraction	to	study	the	structure	of	TMV	and	muscle	proteins.	They	considered	how	anisotropies	in	cosmology	could	increase	helium	production	by	primordial	nucleosynthesis	and	so	improve	agreement	with	the	(erroneous)	helium-4	estimates	of	the	time.	&	Vanka	S.	Ian	Gibbons	and
Ron	Vale	celebrating	jointly	winning	the	2017	Shaw	Prize	in	Life	Sciences	and	Medicine	for	their	work	on	molecular	motors.	David	showed	in	1989	(17)	how	the	bond	order	in	an	s-valent	tight-binding	model	could	be	expressed	as	a	function	involving	three-	and	four-body	interactions.	B	298,	789.	In	Dyneins:	structure,	biology	and	disease	(ed.	But
there	was	absolutely	no	gainsaying	his	lifelong	commitment	to	campaigns	for	the	disabled	and	his	support	of	the	UK	National	Health	Service	to	which	he	owed	so	much.	Science	149,	424–426.	B.)	Energy	and	angular	momentum	flow	into	a	black	hole.	His	influence	in	the	field	was	mainly	through	his	published	papers	and	through	his	extensive
interactions	with	those	with	whom	he	collaborated,	who	found	him	an	invaluable	colleague.	For	smectic	liquid	crystals	there	is	no	gauge	invariance	except	for	some	limiting	cases.)	This	is	a	brilliant	theoretical	construct,	involving	conceptual	abstraction	at	the	highest	level,	and	therefore	one	that	practically-minded	people	could	justifiable	treat	with
some	scepticism	initially.	(doi:10.1086/148793)	Crossref,	ISI,	Google	Scholar(5)	Singularities	in	the	universe.	The	government	of	the	time	did	not	accept	the	recommendation	that	those	who	propose	to	release	a	genetically	modified	organism	should	conduct	an	evaluation	according	to	GENHAZ	procedures.	25,	180–184.	Using	a	culture	system	with
normal	hamster	embryo	cells,	Leo	then	showed	that	a	similar	in	vitro	transformation	of	normal	cells	to	malignant	sarcomas	could	also	be	obtained	by	agents	known	to	be	carcinogenic	in	vivo,	such	as	certain	hydrocarbons	(6)	and	X-irradiation	(17).	In	1995	he	received	the	William	Hume-Rothery	Award	by	The	Minerals,	Metals	&	Materials	Society
(TMS)	for	proposing	‘a	method	of	displaying	all	the	data	on	the	ground	state	structures	of	binary	compounds	within	a	single	three-dimensional	map’.	B	2,	3031–3034.	(doi:10.1039/jr9560000173)	Google	Scholar(15)	1957	(With	Geyer	A.	He	concluded	that	the	past	150	years	had	seen	a	fourth	system	emerge,	that	based	on	inorganic	fertilizers.
(Photograph	courtesy	of	Ann	Finch.)Download	figureOpen	in	new	tabDownload	PowerPointWe	are	grateful	to	Ann	Finch	for	helpful	discussions	about	John's	family	life	and	for	providing	the	photograph	in	Figure	5.	Part	I:	Tetrafluoroallene,	its	dimer,	and	the	reaction	of	the	dimer	with	trifluoronitrosomethane.	This	is	further	demonstrated	by	the	several
profiles,	interviews	and	memoirs	published	over	the	years	(e.g.	Baker	1976;	Consulting	Engineer	1979;	IMechE	2014;	The	Times	2014).Diarmuid's	family	life	revolved	around	his	wife,	Carmel,	to	whom	he	was	devoted,	as	well	as	his	four	children	and	five	grandchildren.	UMIST	continued	to	benefit	from	the	excellent	people	Bob	had	appointed	to	senior
academic	positions,	who	played	a	key	part	in	the	successes	UMIST	later	enjoyed,	particularly	in	the	national	rankings	for	research.After	Bob	resigned,	he	left	academic	life,	though	he	continued	with	several	scientific	advisory	and	consultancy	roles,	and	moved	to	the	Langdale	Valley	in	the	Lake	District.	When	she	removed	known	fractions	of	dynein
arms,	she	observed	corresponding	decreases	in	beat	frequency.	(doi:10.1038/287509a0)	Crossref,	PubMed,	ISI,	Google	Scholar(24)	1980	(With	Lewit-Bentley	A.,	Bentley	G.	His	father	read	engineering	at	King's	College	London	before	joining	Siemens.	When	he	was	assigned	to	a	role	in	Finland,	he	learned	Finnish	from	a	German	text	as	he	could	not
get	an	English-based	one.	Later,	using	optical	diffraction	from	the	micrographs,	he	showed	that	strong	periodicities	seen	in	the	images	coincided	with	those	seen	in	the	X-ray	patterns,	confirming	that	drying	in	negative	stain	had	not	significantly	distorted	the	structure	(10).	Google	Scholar(2)	1960	(With	Raventos	J.)	‘Process	for	the	preparation	of	1,	1,
1-trifluoro-2-bromo-2-chloroethane’,	United	States	Patent	2921098A.	46	(1),	2005)	"Capillarity	refers	to	the	study	of	surface	phenomena	involving	at	least	one	liquid	phase.	Wallingford,	UK:	CAB	International.	He	and	Mary	were	also	the	mainstays	and	invariably	the	winners	of	the	annual	IRRI	Open	golf	tournament.In	retirement,	Dennis	and	Mary
bought	a	house	in	Kerikeri,	New	Zealand,	overlooking	the	Bay	of	Islands.	From	there	he	was	transferred	to	Rowley	Bristow	orthopaedic	hospital	near	Woking	in	Surrey.	This	figure	summarizes	the	characteristics	of	rice	ecosystems	that	include	the	natural	resources	of	water	and	land,	and	the	adaptation	of	the	rice	plant	to	them.	&	Bruni	M.	He
remained	convinced	that	his	policies	were	essential,	but	understood	why	they	had	not	met	with	ready	acceptance.	They	signed.	His	first	two	undergraduate	years	occurred	during	the	war	years,	and	classes	were	often	held	on	Saturdays.	The	additive	tests	included	substances	such	as	formaldehyde	and	nitrogen	peroxide,	which	are	of	interest	from	the
chemical	aspect	and,	based	on	the	results,	some	information	on	the	fundamental	chemical	processes	involved	in	hot-spot	ignition	was	obtained.Over	the	period	from	1961	to	1966,	the	work	that	started	on	knock	studies	was	followed	by	a	more	intensive	investigation	into	the	anti-knock	action	of	tetraethyl	lead	(10,	11,	13).	Google	Scholar(22)
2002Gerhard	Herzberg:	an	illustrious	life	in	science.	Baltimore:	Williams	&	Wilkins,	pp.	(doi:10.1038/newbio229037a0)	Crossref,	PubMed,	Google	Scholar(14)	1972The	hand	of	the	helix	of	tobacco	mosaic	virus.	He	did	not	give	many	lectures	or	attend	many	meetings	or	conferences.	Malcolm	Perry	and	Anna	N.	(2003).George	Ellis	FRS	is	Distinguished
Professor	Emeritus	of	Complex	Systems	in	the	Department	of	Mathematics	and	Applied	Mathematics	at	the	University	of	Cape	Town,	South	Africa.	M.,	Luisi	B.	Am.	54,	1286–1287.	Relativity	and	quantum	mechanics,	which	had	changed	the	world	of	physics	entirely,	might	as	well	not	have	existed	as	far	as	the	curriculum	was	concerned.	Żytkow	kindly
provided	colour	images	from	her	vast	collection	of	photographs	recording	Stephen's	activities.	Nature	259,	127–129.	We	invited	hundreds	of	guests	from	around	the	world	and	it	was	certainly	no	surprise	when	so	many	travelled	from	near	and	far	to	accept	the	invitation,	including	his	old	friends	Schawlow,	Townes,	Bloembergen,	Herzberg	and	other
internationally	renowned	spectroscopists.	(doi:10.1139/p57-079)	Crossref,	ISI,	Google	Scholar(6)	1959	(With	Flubacher	P.,	Leadbetter	A.	He	continued	to	study	the	related	fluorinated	alkyl	and	aryl	sulfonates,	as	reported	in	a	series	of	over	20	publications	between	1957	and	1982.While	other	groups	explored	hexafluorobenzene,	Bob	focused	with	Eric
Banks	on	the	synthesis	of	heteroaromatics,	such	as	pentafluoropyridine,	C5F5N,	prepared	by	electrochemical	fluorination	of	pyridine	followed	by	thermal	defluorination	(22),	or	by	fluorinating	the	perchloro	analogue	(29).	He	could	be	generous	and	was	often	very	witty;	but	he	also	had	a	mischievous	streak,	examples	including	the	wagers	he	made	in
the	formal	tradition	of	the	senior	combination	room	of	Caius	College's	wager	book.	During	the	years	1964–1973,	when	Sciama	was	a	member	of	the	Department	of	Applied	Mathematics	and	Theoretical	Physics	(DAMTP),	his	graduate	students	included,	in	date	order,	George	Ellis	(FRS	2007),	Brandon	Carter	(FRS	1981),	Ray	McLenaghan,	Martin	Rees
(FRS	1979,	PRS	2005),	John	Stewart,	Malcolm	MacCullum,	Bill	Saslaw,	Gary	Gibbons	(FRS	1999)	and	Bernard	Jones.	This	is	known	as	the	memory	effect.	(doi:10.1098/rstb.1971.0053)	Link,	ISI,	Google	Scholar(13)	1971	(With	Durham	A.	This	yields	a	bound	on	the	amount	of	energy	that	the	system	can	lose	during	the	collision.	Google	Scholar(40)
(With	Gregory	R.	&	Kershaw	M.	One	that	is	particularly	notable	is	the	annual	Society	of	Automotive	Engineers	(SAE)	Automotive	Congress	in	Detroit.	Google	Scholar(44)	(With	Fields	R.,	Green	M.,	Harrison	T.,	Jones	A.	Repeatedly	he	would	break	new	ground	in	a	field	and	then	move	on	to	another—leaving	its	detailed	cultivation	to	others.	Google
Scholar(12)	1963–64	(With	Theobald	F.	In	addition	to	science,	Ian	and	Barbara	shared	a	love	of	hiking	and	other	outdoor	recreation	(figure	3),	classical	chamber	music	(with	Barbara	playing	violin	in	a	weekly	string	quartet	group)	and	a	strong	belief	in	non-religious	family	bonds.	Both	involved	structured	procedures,	which	had	their	origin	in	the
HAZOP	work	carried	out	some	years	before	in	ICI.	Solid	State	Comm.	My	forte,	such	that	it	was,	as	an	engineer,	was	in	planning	experimental	work	and	in	analysing	the	results	of	such	work.	[…]	He	had	the	charisma	to	convince	people	and	they	followed.	&	Oren	M.)	Wild-type	p53	induces	apoptosis	of	myeloid	leukaemic	cells	that	is	inhibited	by
interleukin-6.	His	entry	to	university	was	delayed	until	1951	by	National	Service	in	the	Royal	Air	Force.	As	Kip	Thorne	has	described	(personal	communication	to	Malcolm	Longair,	2018):	Stephen	lost	the	use	of	his	hands	for	writing	equations	in	the	early	to	mid	1970s,	with	the	final,	complete	loss	occurring	during	his	1974–75	year	with	me	as	a
Fairchild	Scholar	at	Caltech.	R.)	Singularities	in	homogeneous	world	models.	ISI,	Google	Scholar(48)	2018The	discretized	population	model	of	turbulence.	In	this	he	was	undoubtedly	aided	by	his	extraordinary	ability	to	write	original	vector	analysis	of	a	particularly	complex	fluid	flow	as	if	he	were	writing	a	letter	(Greitzer	&	Horlock	2013).	Equally
important	was	an	introduction	to	his	guide	and	translator,	Eda	Ilse-Lotte	Göricke,	a	partnership	that	grew	very	close	over	their	months	together.	Under	his	guidance,	students	were	encouraged,	from	the	very	first	day,	to	be	completely	autonomous	in	pursuing	the	questions	that	interested	them,	including	the	design	and	execution	of	experiments	and
subsequent	daily	discussions	about	the	implications	of	these	results	in	a	one-on-one	professor–student	manner.	Upstream	of	the	bend	the	streamlines	are	straight,	with	the	velocity	uniform	and	parallel	to	the	sidewalls.	A	300,	187–201.	D	94,	083504.	(doi:10.1139/p54-032)	Crossref,	ISI,	Google	Scholar(3)	High	resolution	Raman	spectroscopy	of	gases
II:	rotational	spectra	of	C6H6	and	C6D6	and	internuclear	distances	in	the	benzene	molecule.	Theoretical	and	practical	problems	led	him	to	develop	an	approach	that	combined	measurements	of	rate	of	growth	and	photosynthesis	in	natural	communities	and	in	uni-algal	cultures	incubated	at	different	depths	within	a	lake.	&	Hays	T.	(doi:10.1016/S0022-
2836(65)80066-3)	Crossref,	PubMed,	ISI,	Google	Scholar(7)	1965	(With	Klug	A.)	Structure	of	viruses	of	the	papilloma-polyoma	type.	It	was	during	this	period	that	Yoram	came	to	know	Leo	more	closely	and	gained	his	friendship.	Göttingen,	Germany:	Nachrichten	von	der	Akademie	der	Wissenschaft.	36,	491–524.	133–139,	(accessed	9	October	2018).
The	‘Illustrious	Cable	Car	Bunch’:	from	left	to	right	starting	with	front	row,	Barbara	Gibbons,	Win	Sale	(University	of	Hawaii	Kewalo	Lab	and	then	Emory	University),	Chikako	Shingyoji	(Tokyo	University),	Fume	Oosawa	(Nagoya	University	and	Osaka	University),	Ian	R.	An	example	is	the	review	article	on	wetting	(9),	which	started	life	as	just	such	a
course	and	which	is	his	most	cited	article.	His	father,	Arthur	Alwyn	Gibbons,	had	ancestry	including	smallholder	farmers	in	Somerset,	Essex	and	Guernsey	during	the	nineteenth	century.	His	first	studies	in	the	early	1960s	involved	leukaemic	cells	of	different	lineages	obtained	from	mice	infected	with	Moloney	and	Rauscher	viruses.	He	spent	about	18
months	in	Germany,	mainly	at	the	Luftfahrtforschungsanstalt	Hermann	Goering	in	Völkenrode,	located	outside	Braunschweig,	where,	he	later	remarked	(Begell	1983;	Runchal	2009),	his	deep	interest	in	combustion	and	heat	transfer	had	really	begun.	At	IITA	he	worked	with	Rattan	Lal	and	others	to	research	and	promote	the	use	of	no-till	cropping,
based	on	the	use	of	crop	residue	mulches,	and	cover	cropping,	to	retain	carbon,	nitrogen	and	water	in	soil.	Mech.	I:	theoretical	considerations	and	ultrasonic	fields.	Library	staff	at	the	Universities	of	Birmingham	and	Cambridge	provided	details	of	his	degrees,	Mrs	Susie	Guthrie	(his	daughter)	provided	extensive	material	and	reminiscences	from	the
Haszeldine	family	and	Dr	Jim	Lethbridge	provided	information	on	the	garden	at	Copt	Howe.	(doi:10.1016/S0022-328X(00)87682-2)	Crossref,	ISI,	Google	Scholar(39)	1969	(With	Banks	R.	(doi:10.1103/PhysRevLett.48.1220)	Crossref,	ISI,	Google	ScholarBardeen	J.,	Steinhardt	P.	&	Welch	J.	Hilda	suffered	from	social	anxiety,	and	Gibbons	always
described	her	as	being	much	like	him	in	this	way,	but	she	loved	maintaining	strong	family	traditions	and	contact.	Figure	10.	While	waiting	for	the	fellowship	and	subsequent	transfer,	Boris	accepted	a	McKee-Gilchrist	Fellowship,	allowing	him	to	remain	at	the	University	of	Toronto	as	a	postdoctoral	fellow	for	one	year,	during	which	he	obtained	the	first
high-resolution	Raman	spectrum	of	methane	at	low	pressures,	thus	resolving	many	previously	unobserved	features	and	obtaining,	inter	alia,	the	rotational	constants	of	the	upper	state	of	the	ν3	band	(1)*.When	Boris	arrived	at	NRC,	Herzberg	was	director	of	the	Division	of	Physics	and	head	of	a	world-leading	spectroscopy	group.	The	engine	used	was	a
Ricardo	E6	variable	compression	engine.	15,	169–178.	He	was	elected	a	Fellow	of	the	Royal	Society	of	Canada,	the	American	Physical	Society	and	the	Optical	Society	of	America.	He	was	also	involved	in	undergraduate	teaching	in	the	university	and	was	a	demonstrator	in	the	Part	I	Physics	practical	optics	classes	in	the	Cavendish	Laboratory.
(doi:10.1083/jcb.11.1.179)	Crossref,	PubMed,	Google	Scholar(5)	Structural	asymmetry	in	cilia	and	flagella.	This	often	resulted	in	disappointment	because	profitable	businesses	were	not	derived	from	significant	scientific	advances.	He	was	the	Canadian	correspondent	of	the	Royal	Society	from	1987	until	his	passing	and	was	foreign	co-secretary	of
International	Relations	of	the	Royal	Society	of	Canada.	Daily	Express,	24	January.	E.)	The	fine	structure	of	the	pigment	epithelium	in	the	albino	rat.	(doi:10.1016/S0022-328X(00)83412-9)	ISI,	Google	ScholarPage	7‘The	image	of	Stephen	Hawking	in	his	motorised	wheelchair,	with	head	contorted	slightly	to	one	side	and	hands	crossed	over	to	work	the
controls,	caught	the	public	imagination	as	a	true	symbol	of	the	triumph	of	mind	over	matter.	He	also	found	himself	and	Carmel	invited	to	attend	dinners	and	formal	functions—he	was	always	in	great	demand	as	he	had	connections	with	so	many	organizations.As	he	experienced	these	broader	activities	but	still	retained	his	key	engineering	passion,	he
was	able	to	view	the	industry	from	the	vantage	point	of	his	very	considerable	experience	and	expressed	his	view	of	engineers	very	succinctly	in	a	personal,	unpublished	report	written	for	the	company	in	1987	(27).	Nat.	Stephen	Maberly	has	been	involved	in	maintaining	and	analysing	data	from	the	long-term	research	in	the	English	lakes	begun	by	the
Freshwater	Biological	Association,	but	he	also	carries	out	laboratory	measurements	linked	to	photosynthesis	by	aquatic	plants.	Later,	after	meeting	A.	Although	30	years	have	passed	since	this	first	success,	and	despite	demonstration	of	differentiation	induction	in	other	leukaemias	and	solid	tumours	by	ATRA	or	other	compounds,	the	success	story
with	ATRA	and	arsenic	trioxide	in	APL	still	represents	a	unique	model	of	efficient	and	definitive	cancer	cure	without	the	use	of	genotoxic	chemotherapy	(de	Thé	2018).The	studies	in	the	early	1960s	showed	that	normal	myeloid	cells	do	not	survive	in	culture	unless	co-cultured	with	feeder	cells	that	secrete	viability	and	growth-inducing	factors	or	when
conditioned	media	containing	such	factors	are	provided.	Pincher	(1948)	reports	that	Spalding	‘helped	unravel	the	secrets	of	the	great	German	rocket	station	at	Völkenrode,	[and]	…	now	has	been	directed	to	the	non-military	National	Physical	Laboratory	where	he	is	designing	teeth	for	gear	wheels’.	no.	With	his	later	discovery	of	black	hole	evaporation,
the	model	was	invalidated,	but	this	work	essentially	started	the	field.In	fact,	Zel'dovich	and	Igor	Novikov	had	also	considered	PBHs	in	1967,	but	they	had	come	to	a	rather	negative	conclusion	(Zel'dovich	&	Novikov	1967).	…	contains	a	whole	bookshelf	of	information	–	all	of	it	useful	and	much	of	it	fascinating."	(Benjamin	Widom,	Physics	Today,
December,	2004)	"De	Gennes	(Collège	((College)	de	France;	Institute	Curie),	Brochard-Wyart	(Institut	Curie),	and	Quéré	(Quere)	(Collège	(College)	de	France)	have	written	an	excellent	treatise	…	with	a	very	poetic	introduction	relating	esoteric	concepts	to	everyday	observations,	and	includes	chapter	references,	historical	sketches,	and	a	very	good
discussion	of	each	problem	at	chapter	beginnings.	W.)	Organo-clay	derivatives	and	the	origin	of	the	negative	charge	on	clay	particles.	The	radiation	from	a	solar-mass	black	hole	would	have	a	temperature	of	only	10−7 K	and	so	would	be	very	difficult	to	detect.	He	held	honorary	degrees	from	the	universities	of	Sheffield	(1976),	Salford	(1980),
Strathclyde	and	Bath	(both	1981),	Liverpool	and	Oxford	(both	1982),	and	Sussex	(1984).Hawthorne	was	sought	after	as	an	advisor	to	the	British	and	American	governments	on	a	broad	range	of	defence,	energy	and	security	questions.	He	also	recalled	that	he	was	given	a	chemistry	set	for	Christmas	at	the	age	of	12,	and	immediately	sought	to	create
explosive	chemical	mixtures	(Begell	1983).	145,	544–554.	For	the	first	25	years	of	his	career	at	Ricardo,	he	focused	on	fundamental	aspects	of	combustion	as	well	as	fuel	and	fuel	additive	effects.	(Reproduced	with	permission	from	(12).)Download	figureOpen	in	new	tabDownload	PowerPointThe	secreted	colony-inducing	factor(s)	were	given	different
names	by	Leo	and	other	investigators,	including	mashran	GM	(in	Hebrew,	inducer	of	granulocytes	and	macrophages),	colony	stimulating	factor	(CSF)	and	macrophage-granulocyte	inducer	(MGI)	(17).	They	explored	whether	the	very	low	levels	of	rotation	and	distortion	permitted	in	the	expansion	of	the	universe	were	stable	properties	of	long-lived
universes	like	our	own	(25).	1980Induction	of	differentiation	of	the	human	promyelocytic	leukemia	cell	line	(HL-60)	by	retinoic	acid.	But	it	was	more	than	that;	one	of	his	collaborators,	Graham	Harris,	observes	that	‘he	had	a	knack	of	doing	critical	experiments	which	unlocked	results	that	others	had	overlooked’.	(doi:10.1103/PhysRevLett.50.130)
Crossref,	ISI,	Google	Scholar(10)	1984	(With	Ward	M.	She	had	created	a	two-month	intensive	teaching	programme	staffed	by	world-leading	scientists,	especially	William	Shockley	and	also	Rudolf	Peierls,	FRS	(then	at	the	University	of	Birmingham),	who	was	one	of	the	last	great	‘encyclopaedists’	and	who	(like	his	friend	Lev	Landau	(ForMemRS	1960))
conceived	theoretical	physics	as	a	unified	whole	rather	than	a	series	of	specialist	areas.	This	was	to	be	his	structure	map.	Over	the	next	30	years,	he	continued	with	his	systematic,	innovative	approach	to	the	development	of	his	subject,	working	in	all	those	areas	in	which	clinical	scientists	are	involved—research,	service	provision,	teaching,
management,	consultancy	and	professional	activities.He	became	area	physicist	for	the	Avon	Area	Health	Authority	in	1975,	after	Herbert	Freundlich's	retirement,	a	post	he	held	until	1982,	and	then	chief	physicist	at	the	United	Bristol	Healthcare	NHS	Trust	(formerly	Bristol	and	Weston	Health	Authority)	from	1982	to	2000.	John	collected	pairs	of
images	with	the	specimen	tilted	by	different	amounts	in	the	microscope	and	showed	that	the	details	in	a	given	particle	image	changed	in	exactly	the	way	predicted	by	the	model.	Google	Scholar(4)	1950–51	(With	Pigneguy	J.	2009Brian	Spalding.	He	is	a	Fellow	of	the	Canadian	Academy	of	Engineering,	the	American	Physical	Society	and	the	American
Society	of	Mechanical	Engineers.Footnotes*	Numbers	in	this	form	refer	to	the	bibliography	at	the	end	of	the	text.ReferencesReferences	to	other	authorsArtemov	V.et	al.2009A	tribute	to	D.	207–232.	For	example,	he	established	a	unique	postgraduate	Department	of	Instrumentation	and	Analytical	Science	to	cover	the	growing	field	of	data	acquisition
and	processing.	Stimulated	by	these	discussions,	Stephen	discovered	a	few	months	later,	much	to	everyone's	surprise,	that	all	black	holes,	even	those	that	do	not	spin	and	thus	have	no	spin	energy	to	extract,	emit	particles	at	a	steady	rate.	During	the	Second	World	War	she	was	evacuated	to	North	Wales,	where	she	attended	the	local	grammar	school,
which,	like	much	of	Welsh	education,	was	of	a	very	high	standard.	Eventually,	the	black	hole	evaporates,	producing	nothing	but	thermal	Hawking	radiation.	In	those	formative	days,	which	spanned	the	first	major	international	oil	crisis,	the	industry	was	forced	to	ramp	up	its	efforts	to	improve	combustion	efficiency	but	at	the	same	time	needed	to	meet
the	then	increasingly	stringent	controls	on	exhaust	emissions	and	noise.	In	1986	he	was	invited	to	write	about	them	in	New	Scientist	(13).	(doi:10.1088/0022-3719/19/3/002)	Crossref,	Google	Scholar(15)	The	structures	of	binary	compounds:	II.	4,	272–277.	He	therefore	considered	returning	to	university	as	a	graduate	student.Boris	was	offered	a	$700
scholarship	to	become	a	graduate	student	at	MIT,	but	the	funds	were	only	sufficient	to	cover	tuition.	Google	Scholar(47)	(With	Banks	R.	(The	company	was	later	to	develop	from	this	relatively	small	group	based	in	Shoreham-by-Sea,	West	Sussex,	to	become,	today,	an	international	player	with	over	3000	staff	in	20	countries,	much	diversified	from	the
original	engine	focus.)	Owing	to	the	vulnerability	of	the	company	premises	on	the	English	south	coast,	it	was	decided	to	evacuate	the	whole	organization	to	Oxford	for	the	duration	of	the	war.	Churchill	Review	40,	7–8.	I	frequently	educate	my	graduate	students	and	postdocs	by	telling	them	about	important	lessons	I	learned	from	Leo.	The	challenge
was	to	develop	a	function,	which	is	the	bond-order	potential	(BOP),	that	captured	the	quantum	mechanical	dependence	of	the	bond	order	on	the	local	atomic	environment.	266–288.	(doi:10.1083/jcb.5.2.269)	Crossref,	PubMed,	Google	ScholarBradfield	J.	(doi:10.1007/BF01645696)	Crossref,	ISI,	Google	Scholar(24)	Gravitational	radiation:	the
theoretical	aspect.	R.)	The	cosmic	black	body	radiation	and	the	existence	of	singularities	in	our	universe.	In	the	first	of	a	series	of	papers	(6),	they	established	that	there	were	two	kinds	of	staining	represented	in	their	images.	1,	1542–1545.	In	1974	Carr	and	Stephen	showed	that	there	is	no	self-similar	solution	in	which	a	black	hole	grows	as	fast	as	the
universe	(29).	Deprivation	of	viability	factors	or	targeting	their	receptors	could	thus	reactivate	the	normal	physiological	process	of	apoptosis	in	leukaemic	cells	and	potentially	be	used	in	leukaemia	therapy.Cancer	cells	can	be	induced	to	undergo	apoptosis	by	different	cytotoxic	agents,	including	chemotherapeutic	compounds	and	irradiation,	which	is
the	basis	for	cancer	therapy.	The	first	successful	flight	of	a	Gloster	E28/39	jet	aircraft,	with	the	improved	combustion	chamber,	took	place	on	15	May	1941.Initially,	holes	and	pipes	were	used	to	create	high	levels	of	mixing,	but	other	devices	were	used,	including	lobed	mixer	nozzles,	which	provide	streamwise	vortices	that	stir	the	flow	to	enhance
mixing.	(Photograph	supplied	by	Di	Gold.)	(Online	version	in	colour.)Download	figureOpen	in	new	tabDownload	PowerPointOn	10–11	July	2018	a	two-day	meeting	was	held	at	St	Anne's	College,	Oxford,	to	celebrate	David's	life	and	work	with	19	talks	by	scientists	from	France,	Germany,	Switzerland,	South	Africa,	the	UK	and	the	USA.	Google
Scholar(27)	Reflections	of	a	lifetime	spent	at	Ricardo.	D	15,	2738–2751.	Because	of	this	breakdown	at	singularities,	the	next	obvious	step	was	to	attempt	to	combine	general	relativity,	the	theory	of	the	very	large,	with	quantum	theory,	the	theory	of	the	very	small.In	1972,	Jacob	Bekenstein	had	suggested	that	a	black	hole	has	an	entropy	proportional	to
the	area	of	its	event	horizon.	Download	figureOpen	in	new	tabDownload	PowerPointWhen	he	joined	the	EM	Unit	in	1954,	Gibbons	was	relieved	to	find	a	more	congenial	social	environment,	and	the	other	students	became	his	first	group	of	scientific	kindred	spirits.	Diarmuid	and	J.	Cancer	18,	117–127.	The	Les	Houches	school	played	a	crucial	role	in	the
renewal	of	European	physics	after	the	war,	and	today	continues	to	provide	excellent	training	for	early-career	theorists;	it	has	over	20	Nobel	winners	among	its	alumni.	31,	1–12.	B	363,	117–131.	For	the	best	students,	he	could	provide	instant	inspiration.	H.)	Brillouin	scattering	in	liquids	excited	by	He-Ne	maser.	They	did	not	understand	why	he	wanted
to	call	it	a	materials	modelling	laboratory	and	not	a	laboratory	for	computational	materials	science.	Finally,	in	his	last	published	paper,	he	extended	this	concept	to	multi-member	population	for	combustion	(48).	W.)	Pre-flame	reactions	in	the	spark	ignition	engine:	the	influence	of	tetraethyl	lead	and	other	anti-knocks.	The	following	January	he	met
Allan	Macintosh,	who	told	him	about	Ole	Andersen's	ideas	of	the	atomic	sphere	approximation	(ASA)	and	canonical	bands.	Gibbons	and	Ogawa	were	gratified	when	they	exchanged	derived	amino	acid	sequences	for	double-checking	of	discrepancies	right	before	publication,	and	found	that	they	each	needed	to	fix	up	only	three	or	four	out	of	the	4466
residues	in	the	beta	chain.	Arnold.	They	identified	previously	undetected	minor	adducts	(40)	from	which	they	prepared	products	including	novel	(CF3)2N-substituted	allenes	(55),	and	found	routes	to	(CF3)2N-substituted	benzenes	(75).Once	established	in	Manchester,	Bob	vigorously	pursued	the	synthesis	of	a	wide	variety	of	perfluorinated	and
polyfluorinated	unsaturated	hydrocarbons,	particularly	with	Eric	Banks,	Thain	Flowers	and	David	Taylor.	The	virus	preparation	was	applied	to	the	surface	of	a	carbon-coated	grid,	washed	with	a	solution	of	a	heavy	metal	salt,	such	as	uranyl	acetate,	lightly	blotted	and	allowed	to	dry.	SP-321,	pp.	Michael	John	Gibbons	(left)	and	Ian	Read	Gibbons,	ca
1943.	Download	figureOpen	in	new	tabDownload	PowerPointCharles	attended	Somerville	Primary	School	in	Poulton,	from	which	he	obtained	a	scholarship	to	Oldershaw	Grammar	School	in	Liscard,	regarded	at	the	time	as	lacking	the	academic	tradition	of	Wallasey	Grammar	School,	especially	in	science.	Initially,	he	thought	there	must	be	a	mistake	in
his	calculation.	There	were	problems	then	in	working	with	a	pathogen	like	poliovirus	at	Birkbeck	and	many	staff	were	against	it,	understandably	when	polio	was	still	a	scourge	in	the	1950s.	&	Lilley	G.	Eventually	a	7 Å	X-ray	crystallographic	structure	was	determined	(27),	which	revealed	directly	for	the	first	time	the	kinked	superhelix	of	DNA	making
extensive	interactions	with	the	histones.	Not	only	did	his	chance	reading	(and	excellent	memory)	enable	him	to	answer	in	depth,	but	this	compound	would	return	later	in	his	life	as	an	important	tool	for	his	research	on	dynein.	Ironically,	in	later	crystallographic	work	(Rayment	et	al.	1980Electronic	structure	from	the	point	of	view	of	the	local	atomic
environment.	He	is	survived	by	his	wife	Di,	his	sons	Thomas	and	Christopher,	and	his	stepsons	Matthew	and	Benjamin.	F.1973Empirical	description	of	the	role	of	electronegativity	in	alloy	formation.	To	many	theorists,	this	was	a	revelation:	dirty-looking	polymeric	systems	could	now	be	addressed	using	the	elegant	formal	tools	of	statistical	physics.
Comm.260–261.	Later	analysis	of	stacked-disk	aggregates	strongly	suggested	that	the	two	rings	of	subunits	forming	the	disk	point	in	the	same	direction,	so	that	the	disk	is	a	polar	structure	(12).	L.)	Adsorption	of	polysaccharides	by	montmorillonite.	Since	neither	the	normal	haematopoietic	nor	the	leukaemic	cells	survived	in	the	standard	cell	culture
medium,	he	seeded	them	on	top	of	feeder	layers	of	different	types	of	mouse	cells	as	possible	sources	of	factors	that	the	haematopoietic	cells	might	require.	Perhaps	it	stemmed	from	childhood	experiences	(home-schooled,	and	doubtless	left	to	discover	much	for	himself)	or	from	his	early	‘Group	II’	training	at	ENS.	&	Marmet	L.)	Electric	field-induced
second	harmonic	generation	with	reduced	absorption	in	atomic	hydrogen.	&	Novikov	I.	Density	functional	theory	calculations	were	the	workhorse	for	his	research	during	his	PhD.	&	Matsuoka	T.	(doi:10.1039/jr9650006875)	Google	Scholar(28)	(With	Green	M.,	Iles	B.	He	also	continued	to	construct	innovative	techniques	and	tools	to	improve	ultrasonic
imaging,	such	as	an	array	to	study	the	effects	of	incoherent	processing,	which	contributed	to	the	discovery	of	speckle	in	ultrasonic	imaging,	and	a	swept	focusing	system	(8),	which	was	three	years	in	advance	of	the	introduction	of	swept	focusing	in	commercially	available	high-resolution	ultrasonic	scanners.	Natl	Cancer	Inst.	Download	figureOpen	in
new	tabDownload	PowerPointIn	March	1947	Charles’s	twin	sons	were	born,	Colin	James	and	Keith	Edward	(named	in	part	after	Charles’s	brothers).	Since	expression	[2]	shows	that	the	temperature	is	inversely	proportional	to	the	mass,	the	temperature	increases,	leading	to	a	runaway	process	and	eventually,	it	is	presumed,	to	the	disappearance	of	the
black	hole.	Later,	Stephen	stated	that	‘Thanks	to	Mr	Tahta,	I	became	a	professor	of	mathematics	at	Cambridge,	a	position	once	held	by	Isaac	Newton’	(Ferguson	2017).Frank	was	keen	that	Stephen	should	try	to	gain	entrance	to	University	College,	Frank's	old	college	at	the	University	of	Oxford.	Nonetheless,	the	‘n = 0	trick’,	as	it	came	to	be	known,
demonstrated	his	command	of	theoretical	physics	concepts	at	the	highest	level	of	sophistication.	Mostly,	they	found	so-called	two-sided	images,	in	which	the	particles	appeared	to	be	embedded	in	stain	so	that	features	from	top	and	bottom	of	the	particle	were	superimposed	in	the	image.	By	then	his	family	had	moved	to	London	and	then	to	Esher,
where	Merz	and	McLellan	established	an	office.	Dakin).	This	society's	ethos	is	based	around	visiting	people	who	are	sick,	lonely,	in	prison	or	suffering	from	addiction,	and	a	significant	proportion	of	the	society's	work	involves	person-to-person	contact	and	spending	time	with	people.Diarmuid	could	not	be	described	as	a	‘hands-on’	engineer,	who
regularly	got	his	hands	dirty	tinkering	with	cars	in	his	garden	workshop;	by	his	own	admission:	Engineers	don't	necessarily	have	to	be	very	good	with	their	hands.	At	this	point,	Spalding	proposed	the	use	of	‘upwind’	differencing	in	place	of	central	differences.	It	seemed	that	no	matter	what	issue	arose,	one	simply	had	to	find	the	solution	in	a	handbook
rather	than	through	discovery	or	one's	own	efforts.	V.,	Pollard	A.,	Singhal	A.	(doi:10.1111/j.1365-2389.1981.tb01708.x)	Crossref,	ISI,	Google	Scholar(25)	1987	(With	Craswell	E.	Download	figureOpen	in	new	tabDownload	PowerPointThe	patent	on	halothane,	applied	for	in	October	1954	and	published	in	February	1957,	acknowledges	the	existence	of
these	potentially	competitive	compounds,	but	then	dismisses	them	summarily	as	having	no	utility	either	because	‘they	are	difficult	to	prepare	on	a	commercial	scale’	or	have	adverse	biological	properties—‘in	tests	with	rabbits,	CF3CHBrCH3	produces	serious	cardiac	irregularities,	while	CF3CHBr2	produces	an	excessive	fall	in	blood	pressure’	(1).	J.)
Black	holes	in	the	early	universe.	He	obtained	his	PhD	from	the	Max	Planck	Institute	for	Metals	Research	and	the	University	of	Stuttgart.	Fortunately,	his	examiners,	Laurence	Picken,	from	the	zoology	department,	and	Arthur	Hughes,	from	Oxford	University,	considered	these	mixed	results	sufficient	for	his	thesis.In	the	spring	of	1957,	as	Gibbons	was
starting	to	write	his	thesis,	Tom	Anderson,	one	of	the	eminent	pioneers	of	biological	electron	microscopy,	passed	through	the	Bradfield	lab	and	offered	him	a	postdoctoral	position	for	the	autumn	in	the	Johnson	Foundation	at	the	University	of	Pennsylvania.	(doi:10.1103/PhysRevB.2.3031)	Crossref,	ISI,	Google	Scholar(3)	Theory	of	crystal	structures	of
transition	metals.	Keith	strongly	supported	his	parents	as	their	health	declined.	There	are	reports	of	him	aiding	students	or	colleagues	in	distress,	and	the	family	have	received	many	messages	that	he	was	‘the	finest	of	men’.	(Photograph	courtesy	of	Wendy	and	Peter	Gibbons.)	(Online	version	in	colour.)	Download	figureOpen	in	new	tabDownload
PowerPointFigure	7.	Dennis	further	noted	that,	with	land	as	a	scarce	resource,	the	required	increases	in	rice	production	in	Asia	would	be	threatened	without	attention	to	the	sustainability	of	land	and	water	resources.	Hunsaker	Visiting	Professor	of	Aeronautical	Engineering	in	1955–56,	a	Visiting	Institute	Professor	(MIT's	highest	professorial	rank)	in
1962	and	a	member	of	the	MIT	Corporation,	the	governing	body	of	the	Institute,	in	1969–74.Hawthorne	kept	up	active	and	fruitful	collaborations	with	faculty	and	students	at	MIT	for	more	than	40	years.	He	had	grasped	the	nettle	of	funding	cuts:	the	question	was	not	whether	cuts	were	needed,	or	even	whether	they	should	be	made	selectively,	but
rather	how	they	would	be	agreed	and	implemented.	7,	329–334.	London:	Academic	Press.	Patankar	S.	At	the	same	time,	he	was	awarded	a	South	African	National	Postgraduate	Scholarship	to	study	in	the	UK.	The	maths	involved	was	no	more	than	A-level.	David	had	realized	his	vision.	lnst.	Stephen	with	his	parents.	The	same	is	true	of	the	event
horizon	of	a	black	hole	which	also	has	soft	hair.	Angew.	Part	XIX:	Diels–Alder	reactions	of	the	π-cyclopentadienyldicarbonyl-iron	derivative	of	hexaf1uorobicyclo-[2.2.0]hexa-2,5-diene.	Google	Scholar(13)	1966	(With	Griffiths	S.	1963Gravitational	field	of	a	spinning	mass	as	an	example	of	algebraically	special	metrics.	Grandfather	Thomson	hailed	from
Glasgow,	where	he	had	learned	his	chemistry	in	association	with	Robert	Tatlock,	at	one	time	a	city	analyst	in	Glasgow.	The	resultant	paper	on	free	shear	flows	(19)	showed	that	such	a	model	enabled	a	range	of	mixing	layers	and	plane	and	radial	jets	to	be	computed	with	precisely	the	same	model.	There	he	went	to	Wanborough	School	and	then
Commonweal	Secondary	School	in	Swindon	from	1941	to	1943.	Physicochem.	C.)	Four	wave	sum	mixing	(130	to	180 nm)	in	molecular	vapors.	Redrawn	from	(33).	In	Universe	or	multiverse?	Moreover,	boundary	layers	in	such	situations	were	invariably	in	turbulent	motion,	not	laminar.	1,	2005–2010.	He	appointed	some	staff	via	part-time	degrees	or
other	qualifications	with	experience	in	industry,	reflecting	his	interest	in	applied	chemistry	and	the	competition	for	academic	staff	as	higher	education	expanded.	An	electron	density	map	of	a	projection	of	the	crystal	was	computed	by	combining	signs	calculated	from	the	Fourier	transform	of	an	electron	micrograph	of	a	thin	crystal	with	the	X-ray
diffracted	amplitudes,	showing	John's	skills	in	both	areas.	Dr	Herzberg	worked	on	his	own	projects	with	his	own	technician	and,	unless	he	had	made	a	major	scientific	contribution	to	the	research	of	his	group	members,	he	did	not	put	his	name	on	any	of	their	publications,	which	he	nonetheless	encouraged	to	appear	in	the	Canadian	Journal	of	Physics.
Cahn	copied	this	letter	to	Eric	Ash	(FRS	1977),	rector	of	Imperial	College,	and	shortly	thereafter	David	was	promoted	to	a	professorship	of	theoretical	solid	state	physics.	It	led	him	often	to	remark	that	it	was	not	more	computing	power	that	the	subject	needed,	but	more	good	models.David	set	up	Friday	lunch-time	MML	seminars	to	get	people	talking
about	modelling	and	experimental	work	at	different	length	and	time	scales,	and	in	a	few	years	they	became	more	popular	than	the	regular	departmental	colloquia.	Barbara	had	obtained	her	bachelor's	degree	in	chemistry	from	Mount	Holyoke	College	before	moving	to	Harvard,	where	she	was	a	graduate	student	of	John	Edsall's	studying	for	her	PhD	on
the	kinetics	of	the	enzyme	carbonic	anhydrase.	He	returned	to	America	in	April	1939	to	marry	Barbara,	at	the	Unitarian	church	in	Harvard	Square.	(doi:10.1016/0306-9877(91)90005-J)	Crossref,	PubMed,	ISI,	Google	Scholar(16)	1995	(With	Zwiebel	W.	This	attention	to	detail	and	critical	talent	was	later	to	serve	him	well	in	an	industry	needing	such
analytical	and	observational	skills	and	the	ability	to	express	them	clearly	and	concisely.Sadly,	later	in	life	he	became	increasingly	infirm,	eventually	succumbing	to	degenerative	sight	loss.	11,	403–423.	Pierre-Gilles,	at	first	sceptical,	was	soon	convinced	and	developed	a	fruitful	theory	that	suggested	many	new	experiments.	Undifferentiated	blast	cells
(left)	and	mature	granulocytes	and	macrophages	(right),	10	days	after	in	vivo	culture	of	D+	myeloid	leukaemic	cells	in	the	peritoneal	cavity	of	immune-suppressed	(left)	or	normal	untreated	mice	(right).	Pearsall	(FRS	1940)	(Pearsall	1917,	1932),	one	the	FBA	founders,	by	C.	Google	Scholar(15)	1972	(With	Hamblin	A.	G.)	Valence-bond	isomer
chemistry.	G.	14,	417–422.	(doi:10.1091/mbc.5.1.57)	Crossref,	PubMed,	ISI,	Google	Scholar(30)	2001	(With	Mocz	G.)	Model	for	the	motor	component	of	dynein	heavy	chain	based	on	homology	to	the	AAA	family	of	oligomeric	ATPases.	(doi:10.1038/nrc1609)	Crossref,	PubMed,	ISI,	Google	ScholarHuang	M.	For	conditions	in	which	this	restriction	did	not
hold,	Hawthorne	and	Horlock,	and	others,	developed	an	enhanced	approximation	in	which	the	radial	velocity	could	be	included.	J.)	Perfluoroalkyl	derivatives	of	nitrogen.	The	first	step	on	the	ladder	was	a	research	fellowship	of	Gonville	and	Caius	College,	Cambridge,	which	was	to	remain	his	college	for	the	rest	of	his	life.	&	Reall	H.	Nature	189,	457–
458.	Continuing	his	fascination	with	technology	through	his	teens,	Gibbons	taught	himself	enough	about	electric	circuitry	and	vacuum	tubes	to	design	and	build	a	power	amplifier	that	put	out	25	watts	of	high-quality	sound,	allowing	him	to	listen	to	one	of	the	early	LP	recordings	of	the	Amadeus	String	Quartet	playing	a	pair	of	Mozart	quartets	on	an
old	record	player	with	a	rewired	pick-up.	Farren	(FRS	1945)	from	Farnborough	and	another	by	Sir	Roy	Fedden,	both	in	June/July	1945	(Farren	1945;	Fedden	1945).	On	forays	abroad,	his	ability	to	speak	foreign	languages,	for	example	German,	led	to	the	ability	to	forge	relationships	where	other	companies	had	failed.One	of	the	authors	of	this	memoir
(MMcC)	had	extensive	direct	experience	of	this:	Charles	could	read	very	quickly	and	take	it	all	in.	Cambridge,	UK:	Cambridge	University	Press	Google	Scholar(58)	1984The	quantum	state	of	the	universe.	(doi:10.1038/226421a0)	Crossref,	PubMed,	ISI,	Google	Scholar(12)	1971	(With	Klug	A.)	Three-dimensional	reconstruction	of	the	stacked	disk
aggregate	of	tobacco	mosaic	virus	protein	from	electron	micrographs.	Freq.	EPA	USA.	These	seem	to	imply	either	that	the	General	Theory	of	Relativity	breaks	down	or	that	there	could	be	particles	whose	histories	did	not	exist	before	(or	after)	a	certain	time.	37,	389–419.	(doi:10.1002/j.1460-2075.1985.tb04064.x)	Crossref,	PubMed,	ISI,	Google
Scholar(29)	1987	(With	Nelson	H.	&	Sundquist	W.	Nuffield	Workshop,	Cambridge,	21	June	to	9	July	1982	(ed.	A	full	bibliography	is	available	as	electronic	supplementary	material	at	and	at	1)	1951The	element	of	chance	in	pond	populations.	In	2006,	Joseph	Lotem	joined	Professor	Groner's	laboratory	and	remained	there	as	a	research	associate	until
2014	and	as	a	scientific	consultant	until	today.	11th	Int.	Working	with	graduate	student	Jack	L.	Forced	to	settle	for	sunny	beaches	and	the	cultural	mélange	of	Honolulu,	they	experimented	with	making	yogurt	and	cooking	favourite	French	recipes.	&	Klug	A.)	States	of	aggregation	of	tobacco	mosaic	virus	protein.	The	no	boundary	proposal	does	not
posit	classical	backgrounds;	it	predicts	them	quantum	mechanically,	providing	a	unified	origin	for	both	classical	backgrounds	and	quantum	fluctuations—a	remarkable,	simple	and	beautiful	achievement.The	scientific	importance	of	the	no	boundary	proposal	is	not	just	as	a	successful	theory	of	the	origin	of	the	basic	structure	of	the	universe—it	has	also
had	a	significant	effect	on	how	we	think	about	the	universe	and	our	place	in	it.	Answer:	‘Books’.	Partly	as	a	result	of	this	visit,	Venki	later	became	a	group	leader	at	LMB.	Google	ScholarRunchal	A.	F.,	Aravind	L.,	Spouge	J.	Part	VII:	Perfluoro-(3-methylbuta-1,2-diene).	New	York,	NY:	Raven	Press.	Comput.	On	23	May	1997	the	supercomputer	was
inaugurated	by	Dr	Joel	Birnbaum,	the	senior	vice	president	for	research	and	development	at	Hewlett–Packard	Company	(Figure	5).	Early	on	during	his	time	at	Orsay,	Pierre-Gilles	realized	that	the	future	of	the	subject	would	lie	in	combining	the	two	elements	to	create	a	phenomenological	description	that	was	faithful	to	the	underlying	BCS	ground-
state,	and	capable	of	describing	concrete	phenomena	in	complicated	geometries.	On	the	other	hand,	agents	in	the	second	group,	which	included	attachment	of	the	sperm	head	to	the	slide,	changing	the	flagellar	length,	and	altering	the	Ca2+	concentration,	all	changed	the	bend	angles	and	the	asymmetry	of	the	waveform,	but	had	little	effect	on	beat
frequency	(24).	On	Kennedy's	departure,	he	was	given	a	list	of	‘refuseniks’	who	would	be	given	exit	permits,	among	whom	were	Levich	and	his	wife	(Kaiser	1978).	B.)	Why	is	the	universe	isotropic?Astrophys.	S.)	Trace	anomaly	driven	inflation.	The	work	confirmed	various	theoretical	predications,	but	also	pointed	to	higher-order	nonlinear	effects	that
lay	outside	the	existing	theoretical	framework.	Stimulated	in	part	by	working	with	Jack,	he	has	a	particular	interest	in	inorganic	carbon,	both	as	a	resource	to	primary	producers	and	as	a	component	of	global	biogeochemical	cycles.	Gibbons	had	devised	a	clever	method	to	help	them	extend	the	sequence	quickly	by	using	a	novel	‘leapfrog	PCR’
procedure,	and	working	diligently	as	a	team,	the	group	took	only	three	months	to	complete	the	17	walk	steps	needed.	This	microscope	represented	the	state-of-the-art	at	the	time.	1987Direction	of	force	generated	by	the	inner	row	of	dynein	arms	on	flagellar	microtubules.	N.)	Symmetry	breaking	by	instantons	in	supergravity.	1966Effects	of	increased
viscosity	on	the	movements	of	some	invertebrate	spermatozoa.	Res.	He	demonstrated	that	many	soils	of	England	and	Wales	were	structurally	resilient	if	organic	matter	contents	were	appropriately	managed,	although	there	was	uncertainty	about	the	long-term	reduction	in	pore	size	allowing	adequate	root	growth	and	aeration	caused	by	heavy
machinery	in	some	soil	types	(19,	24).	(Online	version	in	colour.)	Download	figureOpen	in	new	tabDownload	PowerPointFigure	7.	(doi:10.1098/rspa.1967.0164)	Link,	ISI,	Google	Scholar(12)	1968	(With	Ellis	G.	This	procedure	proved	successful	for	both	leukaemic	(2)	and	normal	(5)	haematopoietic	cells	and	paved	the	way	for	discovering	a	family	of
cytokines	secreted	by	the	feeder	cells	that	control	cell	viability,	multiplication	and	differentiation	of	different	haematopoietic	cell	lineages,	analysis	of	the	origin	of	some	haematological	diseases	and	identification	of	ways	of	treating	these	diseases	with	normal	cytokines	(17).	The	usual	textbook	(Copenhagen)	formulations	of	quantum	mechanics	are
inadequate	for	cosmology,	not	least	because	they	predict	probabilities	of	measurements	made	by	observers.	Mem.	In	the	cross-stream	plane,	the	two	velocity	components,	v	and	w,	and	any	pressure	variation	were	to	be	obtained	so	as	to	satisfy	the	two	momentum	equations	and	local	continuity.	He	has	presented	papers	on	motorsport	engineering
topics	and	supported	various	industry	panels.	After	experimenting	with	salts	and	non-ionic	detergents,	Ian	found	he	could	isolate	demembranated	cilia	that	retained	almost	all	their	ATPase	activity	(7,	9).	Walsh	of	the	Physical	Chemistry	Laboratory	in	Cambridge	and	over	the	next	six	years	became	more	intensive,	culminating	in	further	papers	that
improved	the	understanding	of	knock	(2,	3,	5,	7,	8).	One	of	the	crucial	components	in	the	halothane	story	was	the	establishment	of	a	structure–activity	relationship.	Anaesthesiology	22,	591–614.	&	Sweet	R.	In	technological	terms,	Charles	actively	encouraged	the	improvement	of	Dulux	products,	in	particular	the	replacement	of	organic	solvents	in
paints	and	coatings.	His	main	interest	was	history,	an	interest	which	he	retained	all	his	life,	and	later,	when	he	travelled	to	scientific	meetings,	he	invariably	visited	archaeological	as	well	as	art	exhibitions.	Crossref,	ISI,	Google	Scholar(26)	1980	(With	Heaney	S.	(doi:10.1093/mnras/152.1.75)	Crossref,	ISI,	Google	Scholar(17)	(With	Gibbons	G.	In
previous	studies,	soft	hairs	were	ignored	because	they	were	thought	to	be	fake	degrees	of	freedom	of	the	gravitational	or	electromagnetic	fields—they	were	termed	‘soft	charges’.	In	Quantum	Gravity	2:	Proc.	D	52,	5659–5664.	&	Dulbecco	R.	Photographs	from	this	and	other	memorable	occasions	in	his	life,	along	with	personal	tributes	by	those	whose
lives	Spalding	had	especially	touched,	have	been	brought	together	in	a	memorial	compilation	by	Runchal	(2017).	8,	68–78.	His	pronouncements	carried	great	authority,	but	his	physical	difficulties	often	caused	them	to	be	enigmatic	in	their	brevity.	Since	its	founding,	the	ICHMT	has	prospered	and	become	a	leading	international	organization	to
sponsor	meetings	on	all	facets	of	thermal-fluid	dynamics	across	the	globe.	Google	ScholarPage	6Robert	Neville	Haszeldine,	generally	known	as	Bob,	was	born	on	3	May	1925	to	Walter	and	Hilda	Haszeldine	in	Whitefield,	Lancashire.	Leo's	pioneering	studies	in	Israel	in	the	early	1960s	(Lotem	&	Groner	2017)	and	the	parallel	studies	of	Donald	Metcalf
(FRS	1983)	in	Australia,	and	their	continued	important	contributions	to	the	field	for	more	than	four	decades,	earned	for	both	of	them	the	recognition	and	respect	of	the	haematopoiesis	scientific	community—as	depicted	by	their	central	position	in	the	photograph	taken	at	the	Ciba	Foundation	Symposium,	London,	in	1989	(figure	3)	and	by	several
shared	prizes.	Lund	(FRS	1963).In	October	1950,	Jack	started	his	PhD,	co-supervised	by	three	eminent	scientists:	J.	49,	291–294.	Greitzer	is	the	H.	Despite	this	favourable	environment,	most	of	the	projects	Charles	undertook	he	found	disappointing.	H.)	Properties	of	flagellar	‘rigor	waves’	formed	by	abrupt	removal	of	adenosine	triphosphate	from
actively	swimming	sea	urchin	sperm.	Hodgson	at	IBM	labs,	Boris	began	a	fruitful	programme	of	UV,	VUV	and	XUV	source	development	and	spectroscopy.	By	cramming	before	the	examination,	he	attained	a	borderline	first–second	class	degree.	&	Richards	B.	(doi:10.1083/jcb.39.1.77)	Crossref,	PubMed,	ISI,	Google	ScholarSatir	P.	All	of	them	became
extremely	fond	of	him	and	he	too	enjoyed	the	interaction	with	these	youngsters,	who	could	have	been	his	grandchildren.	Paris:	Belin	Press.	J.)	Development	of	alternative	engines	and	their	fuel	requirements.	At	first	sight	Leo's	height	was	a	little	overwhelming,	but	this	was	forgotten	when	he	began	to	speak.	Yet,	he	could	also	show	a	true	humility.
Gibbons	realized	that	he	could	use	this	similarity	to	construct	a	chimeric	protein	in	which	a	stub	of	the	synthetase	stalk	was	fused	to	a	dynein	stalk.	Brockhouse	(FRS	1965,	co-winner	of	the	1994	Nobel	prize	in	physics)	was	also	pursuing	his	PhD	in	low	temperature	physics	at	the	same	time.In	1950,	towards	the	end	of	his	PhD	(completed	after	only	two
years),	Boris	applied	for	a	fellowship	from	the	NRC	postdoctoral	programme,	which	had	been	set	up	in	the	previous	year.	Proceedings	of	the	sixth	international	conference	on	education	and	training	in	optics	and	photonics	(ed.	In	addition,	the	Canadian	military	provided	funds	to	help	re-establish	research	programmes	for	those	academics	who	had
helped	with	the	war	effort.	1967Primordial	element	formation,	primordial	magnetic	fields	and	the	isotropy	of	the	universe.	Phenomenological	structure	maps.	The	whole	PhD	was	required	to	determine	the	structure	virtually	entirely	by	classical	methods	of	derivatization	and	degradation.	Head	(1960)	had	found	that	the	entrainment	rate	of	fluid	into
the	boundary	layer	through	turbulent	eddies	was	well	correlated	with	the	shape	of	the	velocity	profile;	it	was	this	approach	that	Spalding	and	his	students	adopted.	&	Baxter	R.	2002Operation	‘Surgeon’	and	Britain's	post-war	exploitation	of	Nazi	German	aeronautics.	B	53,	12694–12712.	Stephen	held	this	chair	with	distinction	for	30	years	until
reaching	the	retirement	age	in	2009,	after	which	he	held	a	special	research	professorship,	thanks	to	a	generous	endowment	by	the	Avery–Tsui	Foundation.	His	initial	objective	was	to	predict	phytoplankton	growth	rates	in	a	lake,	based	on	measurements	in	algal	cultures.	In	the	coming	years,	further	improvements	of	the	arc	(which	became	known	as
the	Toronto	lamp),	and	the	design	and	development	of	the	multiple-reflection	Raman	cell,	made	high-resolution,	mainly	rotational,	Raman	spectroscopy	possible.	The	equation	had	four	parts:	(1)	time-dependence,	(2)	convection,	(3)	diffusion	and	(4)	source.	148,	51–68.	However,	development	of	tunable	coherent	radiation	sources	deeper	in	the	VUV
were	also	highly	successful	(16).	The	existence	of	such	huge	black	holes	could	be	excluded,	which	suggested	that	PBHs	never	formed.	on	Electron	Microscopy,Stockholm,	260–261.	102,	2042–2052.	The	young	people	need	to	identify	a	single	great	idea	among	ten	crazy	ones:	the	yield	is	not	high,	but	it	is	an	extraordinary	training,	where	we	learn
imagination	and	the	taste	for	risk.After	graduating	in	1955,	Pierre-Gilles	moved	to	Saclay	and	the	group	of	André	Herpin.	In	commercial	terms,	the	overdependence	on	the	UK	domestic	market	was	reduced	through	operational	research	studies	that	Charles	initiated.	Aust.	Hawthorne	wanted	graduate	training	to	be	more	organized	and	motivational
than	he	had	experienced	at	Babcock	&	Wilcox.	Stephen's	first	contribution	using	these	techniques	was	to	notice	that	in	an	expanding	cosmology	there	can	be	time-reversed	trapped	surfaces	on	a	cosmological	scale,	so	that	Penrose's	theorem	could	be	applied	immediately	to	demonstrate	the	existence	of	generic	singularities	in	the	past,	in	spatially	non-
compact	expanding	cosmologies	(3).Stephen's	result,	along	with	Penrose's	original	theorem,	required	the	existence	of	a	global	Cauchy	hypersurface	that	is	non-compact,	and,	for	cosmological	considerations	in	particular,	this	requirement	may	be	regarded	as	a	serious	limitation	to	the	applicability	of	the	theorem.	A.)	Quantitative	determination	of	the
interlamellar	volume	in	an	interstratified	mica-smectite	soil	clay.	By	1963	Boris	decided	to	focus	on	applying	lasers	to	spectroscopy.Boris’s	work	on	laser	spectroscopy	at	NRC	revealed	two	new	features	of	the	Raman	effect.	He	also	introduced	biology	into	the	curriculum,	rightly	arguing	that	an	engineer	of	the	twenty-first	century	cannot	remain
ignorant	of	this	domain,	even	if	their	heart	still	lies	with	physics	or	chemistry.	Google	Scholar(29)	Reflections	of	a	graduate	in	industry.	In	January	1970	David	met	François	Ducastelle,	who	showed	him	the	power	of	analysing	structural	trends	in	terms	of	moments	of	the	density	of	states,	which	was	also	to	have	a	strong	influence	on	David's	bond-order
potentials	16	years	later.In	October	1970	David	started	a	two-year	postdoctoral	position	with	Bryan	Coles	(FRS	1991)	in	the	Department	of	Physics	at	Imperial	College.	In	Proc.	B.	(doi:10.1103/PhysRevLett.42.846)	Crossref,	ISI,	Google	Scholar(9)	1983	(With	Hasegawa	H.)	Microscopic	theory	of	the	temperature–pressure	phase	diagram	of	iron.	With
the	work	of	John	Horlock	especially,	but	also	other	colleagues,	the	growth	of	the	department's	turbine	engine	research	led	to	a	need	for	more	laboratory	space.Horlock	had	experience	as	a	member	of	the	Mechanical	Engineering	Committee	of	the	Science	Research	Council	(SRC),	and	he	and	Hawthorne	collaborated	in	a	joint	application	to	the	SRC	to
set	up	a	new	laboratory	dedicated	to	turbomachinery.	Lett.	Eckert	and	J.	&	Townes	C.	Brian	Spalding	on	the	occasion	of	his	receiving	an	honorary	doctorate	from	Imperial	College,	2014	(copyright	©	Imperial	College).	(Courtesy	of	Pnina	Sachs.)Download	figureOpen	in	new	tabDownload	PowerPointHe	was	unable	to	decide	what	to	do	after	school,	so
his	father	suggested	that	he	should	enter	the	business	world,	an	experiment	that	lasted	about	three	months	until	Leo	realized	that	he	had	no	wish	to	spend	his	life	on	something	he	found	so	boring.	This	provoked	alarm	and	opposition	among	many	staff,	who	criticized	the	proposed	cuts	as	unnecessarily	stringent.	W.,	Ohta	Y.	Therefore,	there	could	be
black	holes	in	anti-de	Sitter	space	that	were	described	by	perfectly	ordinary	quantum	field	theories	on	the	boundary.	R.,	de	Boer	F.	They	shared	a	long	and	very	happy	life	together	(Figure	4).	&	Woodcock	J.	(doi:10.1103/PhysRevLett.63.2480)	Google	Scholar(18)	1990From	exact	to	approximate	theory:	the	tight-binding	bond	model	and	many-body
potentials.	This	area	had	just	exploded	into	life	with	the	arrival	of	the	Bardeen–Cooper–Schrieffer	(BCS)	theory,	which	was	to	receive	a	Nobel	Prize	in	1972.	As	he	wrote,	the	physics	course	was	designed	in	such	a	way	that	it	was	easy	to	avoid	work.	Lett.33,	532–535.	Crossref,	PubMed,	ISI,	Google	ScholarClark	S.	Pierre-Gilles	understood	the	role	of
contact-angle	hysteresis	and	considered	pinning	surface	steps	and	other	features	at	a	level	not	previously	considered.	Charles’s	work	for	the	Royal	Commission	was	central	to	the	recognition	afforded	by	the	award	of	the	CBE	in	1990	(figure	11).	He	joined	ICI's	Central	Management	Services,	overseen	by	senior	managers	including	Charles.	In	his	own
words:	I	continued	to	contribute	to	any	Ricardo	investigation	into	fuel	quality	and	combustion,	notably	the	use	of	residual	fuel	in	marine	diesel	engines,	but	after	I	became	Managing	Director	and	then	Chairman,	my	role	was	more	with	the	company	as	a	whole,	providing	technical	and	business	leadership	to	colleagues	working	on	original	design	(with
CAD	and	Finite	Element	Analysis)	on	combustion	chamber	configurement	for	both	petrol	and	diesel	engines,	on	noise	reduction,	and	engine	&	vehicle	control.As	Diarmuid's	seniority	and	clarity	of	vision	matured	in	parallel	with	his	wider	view	of	the	industry,	he	became	increasingly	involved	in	numerous	institutions	and	technical	bodies	(see	figures	3
and	4).	&	Lang	N.	Plévert,	A	life	in	science	(Plévert	2011).The	frontispiece	portrait	photograph	and	figure	4	are	both	courtesy	of	Françoise	Brochard-Wyart.	(doi:10.1103/PhysRevD.47.5342)	Crossref,	ISI,	Google	Scholar(80)	(Editor,	with	Gibbons	G.	James	Thomson,	and	his	brother	William,	focused	on	the	chemistry	of	explosives,	in	which	they	played
key	roles	in	devising	safer	processes	for	the	production	of	gun	cotton	and	other	explosives,	first	at	Nobel's	factory	at	Ardeer,	Ayrshire,	and	then	at	the	Royal	Ordnance	Factory,	Waltham	Abbey.	We	like	to	think	that	we	recognise	talent	early,	provide	opportunities	for	innovative	engineers	and	promote	to	positions	of	responsibility	the	talented,
irrespective	of	age.These	words	were	particularly	apt	in	his	personal	commitment	to	encouraging	and	nurturing	younger	staff	so	that	he	built	a	strong	company	organization	to	continue	where	he	would	leave	off.	A	correction	p′	is	thus	proposed	to	pressure	p*	so	that	the	corresponding	corrections	to	the	velocity	field	bring	agreement	with	the
continuity	equation.	1978).	The	scheme	carried	over	much	of	the	vision	of	the	Unified	Theory.	2007Travelling	to	infinity:	my	life	with	Stephen.	Black	holes	to	him	were	indistinguishable	from	one	another—you	could	not	even	tell	if	a	black	hole	had	originated	in	a	star	made	of	matter	or	antimatter.	(doi:10.1038/nrc2843)	Crossref,	PubMed,	ISI,	Google
ScholarTenen	D.	Part	II:	Reaction	of	tetrafluoroallene	with	trifluoronitrosomethane.	1,	2170–2180.	ICI	Paints	Division's	primary	business	was	the	Dulux	brand	of	industrial	and	domestic	paints	and	a	developing	business	in	vinyl	wall	coverings	sold	as	Vymura.	Google	Scholar(9)	1977Biomedical	ultrasonics.	I	am	also	very	grateful	to	Professors	John
Woodcock,	Len	Nokes,	Will	Evans	and	Geraint	Lewis	for	their	input	and	advice	in	the	writing	of	this	memoir.	(doi:10.1098/rstb.1980.0122)	Link,	ISI,	Google	Scholar(25)	1981	(With	Brown	R.	We	could	distinguish	between	the	positive	force	which	it	was	the	responsibility	of	the	propulsion	man	to	produce	on	the	blades	of	the	propeller … and	the
negative	force	on	the	rest	of	the	aircraft,	which	the	airplane	man	sought	to	reduce	as	much	as	possible.He	then	points	out	that	new	developments	in	propulsion	are	making	this	distinction	less	easy	and	thus	likely	to	eventually	disappear	(4).He	bolsters	the	arguments	about	thrust	and	drag	with	a	model	problem,	the	stovepipe	ramjet	portrayed	in
Figure	4	to	illustrate	the	‘forced	nature	of	the	distinction’.	Diarmuid	and	Carmel	in	1951,	shortly	before	their	marriage.	Stephen	in	zero	gravity.	Both	characteristics	soon	provided	the	larger	dynein	community	with	diagnostic	tools	for	identifying	putative	dynein	proteins	and	helped	pin	down	a	region	for	analysis	of	ATP-binding	(25,	28).
(doi:10.1101/SQB.1962.027.001.005)	Crossref,	PubMed,	Google	ScholarCrick	F.	Clinical	trials	were	then	established	under	the	leadership	of	Dr	Michael	Johnstone	at	Manchester	Royal	Infirmary,	and	halothane	was	first	successfully	used	in	the	operating	theatre	in	January	1956	(figure	7).	563–572.	From	that	point	I	committed	myself	to	Ricardo,	which
was	no	doubt	their	intention	when	they	made	the	offer,	and	I	did	not	seriously	consider	the	various	other	offers	of	employment	which	were	made	to	me	from	outside.From	his	early	days	at	Ricardo	until	around	the	late	1960s,	Diarmuid	had	focused	on	accumulating	a	solid	groundwork	of	fundamental	research	into	combustion	phenomena	and	had
authored	or	co-authored	some	27	technical	papers	on	the	subject	(which	are	listed	in	the	full	bibliography	available	online);	however,	his	rise	to	senior	positions	in	the	company	happened	quickly.	(doi:10.1038/nsmb.1555)	Crossref,	PubMed,	ISI,	Google	Scholar(36)	2011Discovery	of	dynein	and	its	properties:	a	personal	account.	Normal	Raman
scattering	occurred	in	the	first	cell,	while	the	inverse	Raman	effect	(absorption	of	Stokes	and	anti-Stokes	radiation	from	the	first	cell)	occurred	in	the	second	cell	(9).In	1963	Boris	was	encouraged	by	Herzberg	to	take	a	sabbatical	year,	even	though	NRC	did	not	have	an	official	sabbatical	policy	at	the	time.	2017Stephen	Hawking:	his	life	and	work.	&
Hubbard	R.)	Valence-bond	isomer	chemistry.	This	was	the	essence	of	the	upwind	scheme,	which	enabled	convergence	at	any	Reynolds	number.	Early	attempts	to	use	the	method	for	flows	at	a	high	Reynolds	number	failed	to	converge,	however.	(LIGO	Scientific	Collaboration	and	Virgo	Collaboration)	2016Observation	of	gravitational	waves	from	a
binary	black	hole	merger.	It	also	represented	the	intellectual	and	personal	link	that	led	to	Charles’s	contribution	to	the	University	of	Stirling	as	a	visiting	professor	from	1968	to	1993.From	research	director,	Charles	was	promoted	to	become	a	deputy	chairman	of	Mond	Division,	a	role	notable	for	the	great	increase	in	international	contacts	because	of
the	pervasiveness	and	scope	of	Mond	Division's	business	interests	noted	above	(figure	10).	Soc.6875–6879.	At	this	time	Charles	also	played	the	oboe	he	bought	with	the	Leverhulme	Prize	money	in	the	university	orchestra.	They	also	drew	on	holographic	techniques	to	refine	the	predictions	of	the	spectral	properties	of	inflationary	fluctuations
(92).Working	with	Hartle	and	Hertog,	Stephen	realized	that	holography	enabled	a	new	formulation	of	the	no	boundary	proposal	in	which	the	dimension	of	time	is	holographic	and	projected	out	rather	than	transformed	into	a	space	dimension	(100).	&	Ginsberg	A.	Google	ScholarJohnstone	M.	He	then	moved	to	London	and	worked	for	the	Inland
Revenue.	Nature	330,	221–226.	1,	141–146.	At	the	beginning	of	the	Second	World	War,	despite	volunteering	for	military	service,	the	authorities	judged	that	it	would	be	best	if	Frank	continued	his	medical	research	during	the	war	years.	Charles	died	peacefully	on	30	October	2013,	his	work	also	finally	done.	3,	133–140.	SP-321.
(doi:10.1126/science.156.3782.1606)	Crossref,	PubMed,	ISI,	Google	Scholar(13)	1968	(With	Renaud	F.	(doi:10.1016/j.cell.2005.04.008)	Crossref,	PubMed,	ISI,	Google	ScholarParducz	B.	Boris,	his	mother	and	older	sister,	Hope,	followed	him	to	Toronto	in	1928.	After	the	publication	appeared,	Boris	immediately	decided	to	try	to	make	the	first	optical
maser	using	electronically-excited	atomic	mercury.	(Reproduced	from	(13)	with	permission.)	(Online	version	in	colour.)	Download	figureOpen	in	new	tabDownload	PowerPointFigure	3.	Moreover,	many	of	the	drugs	that	we	take	for	granted	had	not	yet	been	invented	or	discovered;	neither	the	chemical	skill	nor	the	biological	insight	was	available.
Velocities	calculated	from	this	estimated	pressure	field	will	not,	in	general,	satisfy	the	continuity	equation.	(doi:10.1080/02684520412331306470)	Crossref,	Google	ScholarThe	following	publications	are	those	referred	to	directly	in	the	text.	(Nabarro	was	quite	wrong.	5,	62–77.	2017,	161.	Using	Geodestix,	a	children's	construction	toy,	they	modelled
the	T = 7	lattice	(Figure	2)	and	created	shadowgraphs,	which	gave	an	idea	of	the	superposition	patterns	to	be	expected	in	two-sided	images.In	the	next	paper	(7)	they	studied	rabbit	papilloma	virus.	But	he	always	was	focused.	Jack	spent	long	hours,	including	many	weekends,	encouraging	young	scientists	and	refereeing	for	scientific	journals.	The	early



models	used	simple	empirical	potentials	to	describe	interactions	between	atoms,	but	even	at	this	stage	Vitek	dreamed	of	modelling	transition	metals,	including	iron,	with	a	quantum	mechanical	description	of	bonding.	Over	the	ensuing	decades,	CHAM	and	PHOENICS	alone	remained	in	private	hands	while	others	were	consolidated	into	a	few	corporate
entities,	which	today	account	for	sales	of	some	£600	million	per	annum.	The	close	collaboration	between	John	and	Aaron	lasted	for	40	years.John's	first	project	on	TYMV	was	technically	demanding	because	of	the	very	large	unit	cell	(700 Å),	then	the	largest	that	had	been	studied.	His	first	three	graduate	students,	McQuillan,	Stegeman	and	Gornall,
approached	research	in	laser	spectroscopy	with	gusto,	and	the	laboratory	in	Toronto	quickly	flourished.	Deciding	to	achieve	some	measure	of	independence	from	Bob,	for	whom	he	had	acted	as	a	lieutenant	co-supervising	research	students	in	organofluorine	and	organophosphorus	chemistry,	in	1968	he	obtained	a	Fulbright	Award	&	US	Public	Health
Postdoctoral	Scholarship	to	join	the	chemistry	department	of	the	University	of	California,	Berkeley,	where	he	worked	for	a	year	with	Andrew	Streitwieser	on	the	determination	of	the	kinetic	acidities	of	volatile	alkanes.	K.,	Li	S.,	Klishko	V.	Meth.	Physica	Scripta	T	36,	222–227.	Earlier	he	had	spent	several	years	at	the	University	of	Saskatchewan,	where
he	had	found	a	welcoming	academic	position	following	his	arrival	in	Canada	in	1935	as	a	refugee	from	Hitler's	Germany.	Oxford	dictionary	of	national	biography.	He	always	expressed	his	deep	gratitude	to	the	department	for	giving	him	this	opportunity.	Like	Spalding,	his	research	is	multi-faceted:	free	and	wall	bounded	turbulent	flows;	human	extra-
thoracic	airway	flows;	combustion	and	radiation;	renewable	energy/biomass	(thermodynamics);	and	experimental	and	computational	methods.	Nature	173,	973–976.	Thompson)	completed	his	PhD	in	1994	(figure	4).	The	paper	ends	with	a	strong	recommendation	to	avoid	the	‘rigidity	of	thought	which	stems	from	trying	to	compartmentalize	our	ways	of
thinking’—excellent	advice	then,	and	even	more	relevant	for	the	highly	integrated	air-breathing	vehicles	being	considered	today.	He	was	very	supportive	of	the	staff	who	collaborated	with	him,	but	some	who	tried	to	pursue	their	ideas	independently	were	disappointed.As	a	perfectionist,	Bob	reviewed	all	manuscripts	before	submission	for	publication
in	an	apparently	arbitrary	order.	27,	1–23.	He	was	appointed	Commander	of	the	Order	of	the	British	Empire	(CBE)	in	2008	for	services	to	healthcare	science,	and	in	2014,	at	the	age	of	78,	he	was	named	one	of	100	leading	UK	practising	scientists	in	the	UK	by	the	Science	Council.Peter	Wells	was	an	active	contributor	on	many	fronts	in	the	general
area	of	professional	activities.	1,	2225–2229.	He	also	had	four	children,	from	a	‘union	libre’	with	Françoise	Brochard-Wyart	(born	1944),	one	of	the	leading	experimental	and	theoretical	soft	matter	scientists	of	her	generation.	Here,	again,	Dennis	played	a	vital	role	in	1994	by	providing	leadership	as	chair	of	an	IBSRAM-commissioned	panel	report	on
soil	water	and	nutrient	management	(SWNM),	which	provided	the	intellectual	underpinning	for	this	system-wide	programme.	Dalton	Trans.1439–1445.	Having	gained	a	first	class	honours	degree,	David	was	offered	a	research	assistantship	at	the	University	of	California	for	a	master's	degree	in	astrophysics.	While	several	groups	around	the	world	were
developing	schemes	of	the	same	broad	type,	from	the	outset	Spalding	embedded	far	greater	generality	into	his	group's	approach	than	any	other.	Many	problems	in	soft	condensed	matter	can	be	solved	by	minimizing	a	free	energy	or	by	writing	an	Onsager	relation	between	fluxes	and	forces	in	non-equilibrium	thermodynamics.	The	‘light	fraction’
(partially	decomposed	organic	materials)	was	critical	in	maintaining	the	stability	of	larger	(20–50	µm)	aggregates,	but	oxidative	removal	of	the	most	condensed	organic	fractions	bonded	to	clay	particles	caused	the	greatest	dispersion.	During	his	1951–64	NRC	years,	Boris	continued	to	astound	the	spectroscopy	world	with	his	marvellously	detailed
spectra	(4,	5)	and	the	derived	molecular	parameters	of	more	than	20	nonpolar	molecules,	molecules	that	were	not	accessible	by	infrared	and	microwave	absorption	spectroscopy.	Spalding	later	proposed	a	partially	parabolic	procedure	(31)	where	pressure	values	alone	were	held	in	a	3D	array,	enabling	dp/dx	to	vary	over	the	y–z	plane.In	dealing	with
velocity	components	and	pressure,	it	became	obvious	that,	if	all	variables	were	stored	at	the	same	grid	locations,	the	resulting	scheme	could	produce	very	strange	variations	of	pressure	because	the	pressure	gradients	depended	on	differences	between	alternate	grid	points,	rather	than	those	where	the	velocities	were	located.	Moreover,	he	began
considering	how	to	restructure	the	plethora	of	CHAM	codes	into	a	seamless	whole.	Part	III:	The	reactions	of	phospha-alkenes	with	nucleophiles	and	as	intermediates	in	polymer	synthesis.	W.,	Brandt	G.	By	analogy	with	contemporary	developments	in	the	Yang–Mills	theory	of	elementary	particles,	such	non-singular	metrics	were	dubbed	‘gravitational
instantons’	(35).	I	think	we	should	leave	it	open	at	this	stage	as	to	whom	you	would	be	working	with	exactly	i.e.	with	me	or	Anderson	or	Josephson.	1	from	(6),	illustrating	the	engine	test	rig	and	sample	unit.	Stephen	aged	12	in	1954.	The	work	with	Gibbons	was	also	important	because	it	led	to	an	understanding	of	how	density	fluctuations	arise	in	the
inflationary	model	(55)	(see	Section	12).While	visiting	Caltech	for	the	academic	year	1974–75,	Stephen	became	increasingly	concerned	about	the	significance	of	black	holes	for	fundamental	physics.	3rd	Int.	Pierre-Gilles	brought	on	many	young	scientists,	including	Jean-Francois	Joanny,	Ludwik	Leibler,	Loic	Auvray,	Jean-Marc	di	Meglio	and	Elie
Raphaël,	who	formed	part	of	the	backbone	of	soft	matter	science	in	France	in	subsequent	decades.	1955Fibre	patterns	in	animal	flagella	and	cilia.	VII:	lengths	of	the	growing	rods	during	assembly	into	nucleoprotein	with	the	viral	RNA.	New	York,	NY:	Pergamon	Press.	But	not	less	important,	I	cherish	our	friendship,	his	wonderful	sense	of	humour	and
the	way	he	made	people	laugh	by	telling	funny	episodes	from	his	personal	experiences	with	scientists,	administrators	and	donors.Professor	Christine	Chomienne	from	Hopital	Saint-Louis,	Paris,	recalls	Leo's	stay	in	her	laboratory	for	a	few	months	in	1990,	owing	to	their	mutual	interest	in	differentiation	therapy	for	leukaemia.	Many	viruses	needed
larger	shells	than	this	to	enclose	the	genetic	material,	so	quasi-equivalence	provided	a	rational	way	of	making	larger	shells,	still	with	icosahedral	symmetry,	but	now	with	the	coat	subunits	not	all	in	exactly	the	same	environments.	He	was	a	natural	leader.In	keeping	with	the	collective	aspect	of	this	enterprise,	Pierre-Gilles’s	definitive	book	on	wetting
(not	published	until	2002)	was	co-authored	by	Françoise	Brochard-Wyart	and	David	Quéré	(11).	Since	then,	every	time	they	bumped	into	each	other	(almost	every	week),	Leo	would	ask	about	progress	and	the	inevitable	‘how	are	things	going	otherwise?’	Leo	was	a	profound	thinker	with	a	remarkable	intellectual	curiosity	and	uniquely	good	sense	of
what	is	important	in	biology.	3:	Further	studies	on	the	cilium	tip	and	a	‘sliding	filament’	model	of	ciliary	motility.	In	a	Euclidean	setting,	holography	provided	a	new	application	basis	for	Stephen's	Euclidean	quantum	gravity	programme,	the	highlights	of	which	had	meanwhile	been	brought	together	in	a	single	volume	(80).	(doi:10.1038/269029a0)
Crossref,	PubMed,	ISI,	Google	Scholar(23)	1980	(With	Klug	A.,	Rhodes	D.,	Smith	J.	Part	I:	Pentafluoropyridine.	His	on-going	collaboration	with	Angela	Jones	and	Donald	Payne	led	to	increased	understanding	of	the	role	of	interstratified	clay	minerals	in	such	soils,	and	the	realization	that	smectite-like	layers	occupy	most	of	the	external	surfaces	of	the
clay	particles	(23)	(figure	2).	Google	ScholarThe	following	publications	are	mentioned	directly	in	the	text.Bibliography(1)	1965On	the	Hoyle–Narlikar	theory	of	gravitation.	Blood	57,	1000–1004.	Scient.	Bill	introduced	Gibbons	to	the	complex	flagellated	protozoa	Trichonympha,	which	make	their	gloriously	humble	abode	in	the	termite	hindgut,	and	yet
whose	chromosomes	had	been	reported	by	light	microscopy	to	be	exceptionally	highly	organized.	He	also	added	to	IRRI's	network	of	research	partners	by	forging	new	collaborations	with	Europe	and	Australia,	ensuring	that	new	scientific	technologies	and	understanding	found	their	way	rapidly	into	IRRI's	research	and	development
programmes.Eventually	the	pace	of	work	started	to	affect	his	health	and	it	was	time	to	return,	again,	to	the	UK.Between	1987	and	1992	Dennis	served	as	director	of	scientific	services	for	CAB	International.	Google	Scholar(3)	1968	(With	Evans	K.	(doi:10.1023/B:HYDR.0000036136.47804.cf)	Crossref,	ISI,	Google	Scholar(33)	The	development	of
freshwater	science	in	Britain,	and	British	contributions	abroad:	1900–2000.	A	full	bibliography	and	the	poems	mentioned	in	this	memoir	(references	41–46)	are	provided	as	supplementary	material	available	at	and	3)	1956(With	W.	Furthermore	(99):	To	work	hard	to	get	a	better	class	of	degree	was	regarded	as	the	mark	of	a	‘grey	man’,	the	worst
epithet	in	the	Oxford	vocabulary.Figure	3.	Part	XVIII:	Reaction	of	trifluoronitrosomethane	with	perfluorobutadiene	and	3,4-dichlorohexafluorobut-1-ene.	This	notebook	was	also	used	to	jot	down	entertaining	tales	that	he	could	use	in	after-dinner	speeches.Charles	spent	the	last	10	years	or	so	of	his	life	in	genuine	retirement.	He	was	disparaging	of	the
Civil	Service,	which	he	considered	was	more	concerned	with	numbers	than	with	depth	of	understanding.	Frank	was	dedicated	to	research	in	tropical	diseases	and	very	hard-working.	John	Thomson	employed	Ernest	Suckling	as	his	cargo	superintendent	in	Liverpool	and	Birkenhead,	an	opportunity	that	caused	the	Suckling	family	to	move	to	the
northwest	of	England	at	a	time	when	housing	was	very	scarce.	Am.	66,	490–492.	With	an	ICI	Fellowship,	he	joined	Pembroke	College,	Cambridge,	for	research	on	the	combustion	of	liquid	fuels.	The	biography	was	published	in	2002	(22)	(figure	6).	This	was	the	stage	on	which	Diarmuid	focused	his	paper.	235,	221–233.	In	addition,	typical	commercial
motor	fuels,	motor	racing	fuels	and	water–alcohol	injection	fluids	were	tested.	It	arises	from	a	pure	gauge	transformation	of	the	gravitational	field,	but,	nevertheless,	one	that	is	observable.Soft	hair	is	precisely	analogous	to	this	memory	effect,	except	that,	instead	of	being	far	away	from	a	gravitating	object,	it	can	be	found	on	the	event	horizon	of	the
black	hole	itself.	We	would	also	like	to	thank	Ian	Gibbons’	son,	Peter	Gibbons,	for	his	comments	on	drafts	of	this	manuscript.Footnotes*	Numbers	in	this	form	refer	to	the	bibliography	at	the	end	of	the	text.ReferencesReferences	to	other	authorsAfzelius	B.	Although	the	density	mismatch	term	was	reminiscent	of	Miedema's	scheme	for	the	heats	of
formation,	David's	theory	was	based	on	the	superposition	of	neutral	pseudoatoms	in	contrast	to	the	ionic	picture	of	Miedema's	scheme.This	research	led	him	to	develop	analytic	pair	potentials	for	sp-valent	metals	by	replacing	the	Lindhard	dielectric	function	by	a	Padé	approximant.	It	was	during	this	time	that	he	also	developed	an	interest	in	Brillouin
scattering,	and	his	first	experiments	on	this	form	of	inelastic	light	scattering	were	carried	out	on	vitreous	silica	using	the	extremely	narrow	253.7 nm	line	from	a	198Hg	source	(6),	having	obtained	a	milligram	of	this	single	isotope	from	the	Chalk	River	nuclear	laboratories,	just	up	the	Ottawa	River.	J.)	Potent	inhibition	of	dynein	adenosine
triphosphatase	and	of	the	motility	of	cilia	and	sperm	flagella	by	vanadate.	(A)691–698.	He	called	for	an	increased	awareness	of	the	problems	faced	by	under-developed	countries	so	that	physicists	‘may	avoid	killing	with	kindness’.During	his	time	in	Tanzania,	David	came	to	the	realization	that	he	wanted	to	pursue	a	scientific	career.	Then,	in	October,
he	spoke	at	a	specialist	technical	meeting	in	Cologne	before	travelling	to	Moscow	to	interact	with	a	research	group	with	whom	he	worked	closely.	C.1972Letter	from	Foreign	Secretary	of	the	Royal	Society	to	Professor	Herlofson,	ICSU	Committee,	on	the	free	circulation	of	scientists.	After	more	than	70	years	of	lovingly	supporting	Charles,	Margaret's
work	was	done	and	she	passed	away	peacefully	on	2	March	2011,	leaving	Charles	to	hold	on	tenaciously	to	life	for	another	18	months.	His	model	(8)	was	a	generalization	of	Friedel's	rectangular	d-band	model	for	the	cohesive	energies	of	pure	non-magnetic	transition	metals.	They	offered	David	a	two-year	contract,	lecturing	in	the	physics	department,
starting	in	January	1972.David	travelled	to	Tanzania	with	Ann,	his	first	wife.	P.)	Metal	carbonyl	chemistry.	He	had	encountered	a	similar	problem	in	heat-exchanger	calculations	and	had	devised	the	partial	elimination	algorithm	(PEA)	to	remove	the	difficulty;	the	same	idea	was	adopted	in	multi-phase	flows.	Boris	was	always	attracted	to	working	with
the	best	and	brightest	minds	and	was	also	attracted	to	the	high	degree	of	conviction	he	saw	in	the	people	working	in	these	organizations.	(Photograph	copyright	MRC	Laboratory	of	Molecular	Biology.)	(Online	version	in	colour.)Download	figureOpen	in	new	tabDownload	PowerPointTowards	the	end	of	the	work	on	TMV,	John	became	involved	in
attempts	to	solve	the	structure	of	transfer	RNA	by	crystallography.	Boris,	as	an	independent	postdoc,	proposed	work	in	Raman	spectroscopy	since	he	was	familiar	with	this	field	and	it	did	not	overlap	with	any	of	the	existing	areas.	(doi:10.1088/0305-4608/3/8/012)	Crossref,	Google	ScholarMueller	F.	Fell.	M1.1–M1.5.	Google	Scholar(17)	1978Future
developments	in	diesel	engine	and	alternative	power	plants	for	commercial	vehicle	use.	Hawthorne	shows	that	thrust	is	produced	with	both	heating	and	cooling	and	explains	this	as	due	to	the	very	low	pressure	acting	on	the	leading	edge.	Traditional	hands-on	experience	was	supplemented	by	guided	projects,	discussions,	seminars	and	talks.	We	are
also	very	grateful	to	Jane	Hawking	for	her	sensitive	scrutiny	of	the	memoir	and	to	the	trustees	of	Stephen's	Estate	for	permission	to	reproduce	the	early	images	of	Stephen	and	his	family.	As	well	as	polymers,	liquid	crystals,	emulsions	and	wetting,	Pierre-Gilles	made	important	contributions	to	granular	materials,	adsorption,	coatings	and	adhesion
during	this	period.	This	led	to	a	number	of	publications	by	the	students	and	to	contributions	by	Jack	(e.g.	(22))	to	the	output	of	publications	from	the	programme.	(doi:10.1021/bi00852a043)	Crossref,	PubMed,	ISI,	Google	ScholarThe	following	publications	are	those	referred	to	directly	in	the	text.	Soc.2856–2861.	Scheme	3.	Penrose's	theorem	was
based	on	his	notion	of	a	trapped	surface,	which,	without	any	appeal	to	symmetry,	characterized	a	collapse	that	had	reached	a	point	of	no	return	(Penrose	1965).	(doi:10.1016/S0092-8674(05)80004-2)	Crossref,	PubMed,	ISI,	Google	Scholar(33)	1999	(With	Ganser	B.	Shortly	after	his	twenty-first	birthday	a	month	later,	Stephen	was	diagnosed	as
suffering	from	an	unspecified	incurable	disease,	which	was	later	identified	as	the	fatal	degenerative	motor	neuron	disease,	amyotrophic	lateral	sclerosis	(ALS).	Jack	and	family	in	their	house	at	Windermere	in	2007.	1962Physicochemical	hydrodynamics.	In	fact,	Spalding	worked	out	the	exact	solution	for	a	one-dimensional	problem	involving	convection
and	diffusion,	showing	that,	for	small	flow	rates,	central	differencing	was	the	correct	formulation	and	that	upstream	weighting	became	necessary	as	the	flow	rate	increased.	(doi:10.2307/3570877)	Crossref,	PubMed,	ISI,	Google	ScholarMetcalf	D.	N.)	The	spectrum	of	wormholes.	Bob	is	arrowed	and	his	mentor	Harry	Emeléus	is	ringed	(courtesy	of	Mrs
S.	IMechE,	89.	Wheeler	felt	that,	since	he	could	tell	people	apart	by	looking	at	their	hair,	having	no	hair	was	a	good	analogy.	H.)	The	cloning	of	normal	‘mast’	cells	in	tissue	culture.	(doi:10.1103/PhysRevD.94.083504)	Crossref,	ISI,	Google	ScholarCline	D.	Everything	was	to	be	questioned,	and	he	based	his	method	of	research	on	a	question	and	answer
pattern,	one	question	leading	to	another.	1969The	influence	of	Prandtl	number	and	surface	roughness	on	the	resistance	of	the	laminar	sublayer	to	momentum	and	heat	transfer.	Penrose	and	John	Wheeler	therefore	suggested	that	the	remnant	from	the	collapse	of	a	non-rotating	star	would	rapidly	settle	down	to	a	spherical	state,	in	which	the
singularity	could	not	be	seen	from	outside	the	black	hole	(Penrose	1969).	(Photograph	courtesy	of	LMB	Cambridge,	photographer	unknown.)Download	figureOpen	in	new	tabDownload	PowerPointContinuation	of	funding	was	always	a	problem	and	in	late	1957	Rosalind	and	Aaron	were	invited	to	join	the	new	Medical	Research	Council	Laboratory	of
Molecular	Biology	(MRC	LMB),	then	being	planned	in	Cambridge.	(doi:10.1038/2001182a0)	Crossref,	PubMed,	ISI,	Google	Scholar(7)	1965	(With	Pluznik	D.	He	reviewed	some	alternative	prime-mover	technologies,	including	the	Stirling	engine,	the	Rankine	cycle	engine	and	the	gas	turbine.	Conversations	were	also	characterised	by	this	focus.	Once
this	was	made	definite,	Herzberg	suggested	to	Boris,	partly	because	of	his	Eastern	European	background,	that	he	should	be	one	of	the	first	to	go	to	the	Soviet	Union.	They	soon	established	that	where	the	alkene	was	unsymmetrical,	the	additions	normally	proceed	via	the	more	stable	of	the	two	possible	intermediates.	By	that	time	the	shortcomings	of
Guth's	original	scenario	had	emerged	(51,	53)	(Guth	&	Weinberg	1983)	and	a	new	inflationary	scenario	proposed	by	Andrei	Linde	(1982)	and	Andreas	Albrecht	&	Paul	Steinhardt	(1982)	had	replaced	it.	S.)	Phylogeny	and	expression	of	axonemal	and	cytoplasmic	dynein	genes	in	sea	urchins.	(doi:10.1259/0007-1285-59-708-1143)	PubMed,	ISI,	Google
Scholar(13)	1989	(With	Evans	J.	One	of	Gibbons’	closest	collaborations	during	this	period	was	with	John	Dowling,	who	was	then	a	graduate	student	in	George	Wald's	lab,	studying	the	interactions	of	the	retina	with	the	pigment	epithelium	during	embryonic	development	(6).	Black	holes	have	soft	hair	that	make	them	distinguishable	from	one	another
and	give	them	an	infinite	collection	of	extra	properties	that	are	in	principle	observable	(101,	102).	W.)	Organophosphorus	chemistry.	They	had	a	chance	to	meet	and	discuss	physics,	during	which	Boris	found	out	that	Charles	had	reached	the	same	conclusion	as	himself	about	using	lasers	in	research	rather	than	building	new	ones	and,	coincidentally,
Townes	was	also	interested	in	Brillouin	scattering.	Herzberg	was	only	too	happy	to	receive	this	eager	young	man,	and	when	his	NRC	fellowship	was	awarded	it	was	transferred	to	the	NRC	lab	in	Ottawa	in	1951.	Scientifically,	this	was	a	hugely	innovative	period.	For	several	years,	however,	Charles	was	still	able	to	revel	in	his	love	of	gardening.
1998The	role	of	the	dynein	stalk	in	cytoplasmic	and	flagellar	motility.	As	vice-president	he	led	the	first	Royal	Society	visit	to	post-war	China,	during	which	he	entertained	the	staff	and	passengers	of	the	train	he	was	travelling	on	with	a	magic	show.	66,	596–599.	They	soon	became	so,	partly	because	of	the	excitement	of	the	results	he	obtained,	but	also
because	people	trusted	his	judgement—‘if	de	Gennes	is	working	on	it,	there	must	be	something	interesting	to	explore’.	This	might	be	stated	differently	today,	perhaps	including	also	the	range	of	technology	readiness	levels	(TRLs)	on	which	an	organization	focused,	but	the	recognition	of	crucial	differences	in	the	roles	of	government	and	industry,	and
hence	of	the	expertise	needed	for	the	former,	is	still	an	important	aspect	of	gas	turbine	engine	development.We	describe	several	aerodynamic	issues	addressed	by	the	Turbine	Division	because	they	link	with	Hawthorne's	seminal	work	on	gas	turbine	aerodynamics	and	illustrate	the	important	steps	taken	in	sorting	out	these	complex	flow	phenomena.
(doi:10.1103/PhysRevD.46.603)	Crossref,	ISI,	Google	Scholar(77)	(With	Gibbons	G.	Google	Scholar(4)	1957(With	J.	In	it,	he	showed	a	command	of	the	concepts	of	time-scale	separation	that	was	precocious	in	a	21-year-old,	and	much	impressed	Peierls.With	his	theoretical	world-view	transformed	by	the	Les	Houches	lectures,	Pierre-Gilles	returned	to
the	experimental	physics	laboratory	of	ENS,	which	(unlike	the	formal	coursework	there)	was	a	hive	of	stimulating	activity.	&	Yarden	Y.	Nature	226,	421–425.	I.)	John	Walter	Guerrier	Lund	CBE.	After	a	period	as	a	planning	manager,	Dr	McCann	joined	Charles’s	staff	at	ICI's	headquarters,	Millbank,	London,	and	investigated	economics	of	research	in
agrochemicals.	(Online	version	in	colour.)Download	figureOpen	in	new	tabDownload	PowerPointStephen	clearly	enjoyed	his	fame.	XI:	Reaction	of	hydridotetracarbonylcobalt	with	fluoro-olefinsJ.	(doi:10.1111/j.1365-2427.1973.tb00927.x)	Crossref,	Google	Scholar(22)	1976Primary	production	of	freshwater	microphytes.	&	Gostelow	J.	Google
Scholar(30)	1988Managing	an	international	contract	research	operation.	Crossref,	ISI,	Google	Scholar(16)	(With	Patankar	S.	(Unknown	to	him	at	the	time,	the	Los	Alamos	Group	under	Francis	Harlow	had	already	adopted	this	practice;	Harlow	&	Welch	1965).To	solve	2D	elliptic	flows	in	the	cross-stream	plane,	Spalding	initially	proposed	the	SIVA
(SImultaneous	Variable	Adjustment)	procedure,	in	which	the	two	velocity	components	and	pressure	were	simultaneously	calculated	at	a	control	volume	to	satisfy	the	continuity	equation	and	two	momentum	equations	(26).	Cell	52,	459–469.	Waves	from	axi-symmetric	isolated	systems.	1989Splitting	the	ciliary	axoneme:	implications	for	a	‘switch-point’
model	of	dynein	arm	activity	in	ciliary	motion.	The	results	were	published	in	a	series	of	three	remarkable	papers	in	the	Proceedings	of	the	Royal	Society	(6,	8,	11),	also	becoming	chapter	4	of	his	PhD	dissertation.Stephen's	striking	results	showed	that	singularities	are	inevitable	under	very	general	circumstances	where	a	plausible	physical	restriction
on	the	energy–momentum	tensor,	referred	to	as	the	‘strong	energy	condition’,	holds	but	there	is	no	other	requirement	on	the	nature	of	the	matter	source.	R.)	Polyhalogeno-allenes.	He	also	attended	a	summer	course	at	Wray	Castle	on	the	shores	of	Windermere,	then	the	base	of	the	Freshwater	Biological	Association	(FBA),	where	he	met	J.	The	two	labs
were	able	to	identify	14	different	dynein	heavy	chain	genes	(29,	33).	It	proved	to	be	an	enormous	undertaking	and	it	was	not	until	2008	that	the	book	appeared	under	the	title	A	Nobel	fellow	on	every	floor	(35).	The	research	covered	seven	areas:	materials	processing;	plasticity;	tribology	and	adhesion;	surface	structures	and	reactions;	lightweight
alloys;	biomaterials;	and	magnetic	materials	for	information	storage	and	sensors.	Shortly	thereafter	the	operational	name	of	the	company	was	changed	to	Concentration,	Heat	and	Momentum	Limited,	a	re-branding	enabling	the	company's	acronym	to	remain	unchanged.With	the	need	for	Spalding's	much	greater	involvement	in	shaping	his	company's
development,	there	followed	a	lengthy	series	of	exchanges	with	his	head	of	department,	Sir	Hugh	Ford	FRS.	(doi:10.1364/JOSA.54.001286)	Crossref,	ISI,	Google	Scholar(11)	(With	Chiao	R.	He	became	progressively	infirm,	his	final	years	being	confined	to	home	until	he	finally	passed	away	peacefully	just	two	months	short	of	his	ninety-second
birthday.In	order	to	illustrate	the	special	character	and	charisma	of	Sir	Diarmuid	Downs,	some	specific	examples	are	recalled	by	the	author.	He	advocated	and	instituted	a	rebalancing	of	research	focus	in	the	institution	best	known	for	its	advances	in	plant	breeding,	which	were	the	cornerstone	of	the	Green	Revolution.	162,	307–320.	(Online	version	in
colour.)	Download	figureOpen	in	new	tabDownload	PowerPointDiarmuid	was	a	devout	Catholic	and	strongly	committed	to	supporting	his	local	church,	St	Peters,	in	Hove,	West	Sussex.	Upper-division	undergraduates	through	professionals;	two-year	technical	program	students."	"This	book	is	designed	as	an	elementary	introduction	to	the	conceptual
framework	used	in	research	on	wetting/dewetting	processes	and	related	capillary	phenomena.	&	Vitek	V.)	Atom-based	bond-order	potentials	for	modelling	mechanical	properties	of	metals.	Comm.134–135.	His	interests	extended	beyond	the	rice	crop	to	the	potentially	adverse	effects	of	soil	puddling	in	rice	paddies	on	the	growth	and	yield	of
subsequent	upland	crops	such	as	mungbean,	soybean	and	wheat.	Cytol.	Hung.	Sorry.’	We	trust	he	would	not	have	been	unhappy	with	our	efforts	and	hope	we	have	given	an	impression	of	the	wide	variety	of	biological	systems	to	whose	structural	understanding	he	contributed.	Strangely,	after	this	brush	with	death,	the	progression	of	his	degenerative
disease	seemed	to	slow	to	a	virtual	halt.	He	returned	to	South	Africa	every	year	after	1996	until	his	ill	health	prevented	him	from	doing	so.After	his	retirement	in	2010,	at	age	65,	he	continued	to	work	with	his	research	group	and	to	publish	a	few	papers	a	year	until	his	health	declined	further	in	2016.	Jack	was	on	holiday	with	his	family	at	a	farm	at
Chop	Hill	on	the	North	York	Moors	at	the	start	of	the	Second	World	War.	Astrophys.	152,	25–36.	In	1988	he	had	a	sabbatical	at	the	CSIRO	Dryland	Crops	and	Soils	Group	in	Perth,	Western	Australia,	with	Ann	Hamblin	(an	ex-PhD	student	of	Dennis's),	where	he	was	later	employed	to	undertake	water	balance	studies	on	wheat	and	lupin	crops	on	duplex
soils	of	the	wheatbelt.In	1994	he	returned	to	Reading	as	professor	of	soil	science	and	his	active	connection	with	Dennis	resumed.	Bob	and	his	co-workers	then	synthesized	trifluoromethanesulfinic	and	trifluoromethylsulfonic	acids	and	their	halides	(11,	12,	14).	These	treatments	transformed	APL	from	an	incurable,	rapidly	progressive	disease	to	a
curable	one	with	more	than	95%	of	patients	achieving	long-term,	complete	remissions	associated	with	granulocytic	differentiation	of	the	leukaemic	cells	and	prolonged	disease-free	survival.	(doi:10.1039/p19750001029)	PubMed,	Google	Scholar(63)	(With	Barlow	M.	His	stay	in	the	Mid-West	was,	nevertheless,	productive	on	two	counts.	Stephen	told
them	that,	if	he	got	a	first,	he	would	go	to	Cambridge	to	do	research—if	awarded	a	second,	he	would	stay	in	Oxford.	Flow	through	the	tubes,	he	argued,	would	carry	the	value	(of	a	variable)	from	the	upstream	tank.	(After	leaving	school,	Charles	himself	produced	plays	for	the	Workers	Education	Association,	performed	on	the	Oldershaw	school	stage.)
Charles	became	head	boy	and	played	rugby	and	cricket	for	the	school	and	hockey	for	Wallasey	and	New	Brighton	clubs.Just	as	war	returned	in	1939,	Charles	went	up	to	University	of	Liverpool	to	study	chemistry.	In	terms	of	relaxation,	Peter	enjoyed	cooking	and	also	dining	out	on	good	food.	As	Boris	often	told	afterwards,	regrettably	he	did	not	have
the	bright	idea	of	using	Brewster	angle	windows	to	reduce	reflection	losses	from	the	gas-filled	tube,	a	refinement	later	employed	by	Ali	Javan	and	colleagues	in	late	1960	(Javan	et	al.	Leo	decided	to	study	the	requirements	for	blood	cell	development	by	establishing	a	cell	culture	system	that	would	allow	the	clonal	growth	and	development	of	normal
haematopoietic	and	leukaemic	cells.	B.)	Wave	function	of	the	universe.	Soc.575–581.	&	Strominger	A.)	Soft	hair	on	black	holes.	J.,	Tang	W.	Google	ScholarBunch	T.	The	frontispiece	portrait	is	courtesy	of	the	Weizmann	Institute	of	Science.Yoram	Groner	received	his	BSc	and	MSc	degrees	in	biochemistry	from	the	Hebrew	University	of	Jerusalem,	and
his	PhD	in	molecular	biology	from	the	Weizmann	Institute	of	Science	(WIS).	Eight	years	later	a	more	thorough	sequence	analysis	by	Andrew	Neuwald	and	co-workers	identified	dynein's	evolutionary	origin	within	the	large	superfamily	of	AAA+	ATPases	(Neuwald	et	al.	Commun.	Ultrasonics	2,	124–128.	M.)	The	extraction,	characterization	and
significance	of	soil	polysaccharides.	Heat	Mass	Transfer	52,	4063–4073.	There	is	a	directness	and	clarity	of	style,	which	Stephen	developed	as	a	matter	of	necessity	when	trying	to	cope	with	the	limitations	imposed	by	his	physical	disabilities.	King	S.	W.,	Hawking	F.	The	Emerson	test,	mentioned	previously,	was	undertaken	on	180	soils	and	slaking	and
dispersive	behaviour	of	aggregates	recorded.	But	the	singularity	theorems	also	showed	that	the	beginning	could	not	be	described	by	a	classical	space-time	geometry	obeying	the	Einstein	equation	with	three	space	directions	and	one	time	direction	at	each	point.	His	contributions	were	immense,	wide	ranging	and	long	lasting.	Gravitational	instantons
continue	to	play	an	important	role	in	Kaluza–Klein	theories,	higher-dimensional	supergravity	theories	and	superstring	approaches	to	quantum	gravity.	Hawthorne)	The	theory	of	flame	phenomena	with	a	chain	reaction.	(doi:10.1093/nar/2.11.2163)	Crossref,	PubMed,	ISI,	Google	ScholarRayment	I.,	Baker	T.	He	was	a	valued	and	enthusiastic	contributor
to	the	many	diverse	groups	and	boards	to	which	he	was	appointed	and	greatly	enjoyed	meeting	representatives	of	disciplines	outside	engineering,	including	the	arts	in	general.	PubMed,	Google	ScholarPage	14Jack	Talling	was	born	in	1929	at	Grangetown,	a	small	industrial	town	in	North	Yorkshire.	This	derivation	of	thermal	radiation	avoided	the
questionable	use	of	frequencies	above	the	Planck	value	and	confirmed	that	the	radiation	corresponds	to	energy	leaking	out	of	the	horizon	at	late	times	rather	than	during	the	collapse.The	paper	with	Hartle	showed	that	the	Schwarzschild	solution	can	be	analytically	continued	to	a	section	on	which	it	is	Euclidean;	that	is,	with	a	positive-definite	metric.
The	latter	served	the	growing	base	of	PHOENICS	users.	Google	Scholar(22)	1961	(With	Banks	R.	Following	the	stimulation	of	working	with	bright	students	at	MIT,	he	accepted	the	appointment	as	a	full	professor	with	tenure	since	it	also	offered	a	well-equipped	laboratory	and	a	fully	paid	technician,	something	common	at	NRC	but	new	to	the
University	at	that	time.Boris	joined	the	University	of	Toronto	in	the	autumn	of	1964	and	remained	there	for	the	rest	of	his	career,	apart	from	a	short	sabbatical	at	Stanford	University	in	1978	when	he	spent	time	with	his	old	friend,	Art	Schawlow.	In	September	1965	David	was	elected	by	the	science	students	onto	the	university's	Student	Representative
Council	(SRC),	where	he	served	for	a	year	on	the	Executive	as	the	assistant	treasurer	in	charge	of	publications.	Military	matters	were	not	ignored,	however,	through	training	with	the	Officers’	Training	Corps,	which	he	very	much	enjoyed.	&	Vallee	R.	The	laboratory	was	the	first	engineering	building	on	a	large,	open	site	in	west	Cambridge,	some	way
from	the	rest	of	the	engineering	department.	By	this	time,	better-ordered	crystals	from	improved	preparations	had	been	grown	with	just	a	single	nucleosome	in	the	asymmetric	unit	of	the	crystal	(25).	Eventually,	he	managed	to	persuade	15	primarily	experimental	colleagues	with	an	interest	in	modelling	to	be	co-investigators	on	a	successful	proposal
to	secure	an	HP–Convex	Exemplar	supercomputer	for	the	MML.	His	scientific	legacy	will	persist	for	the	benefit	of	all	humankind.The	huge	contribution	to	healthcare	made	possible	by	Peter	Wells’	research	resulted	in	the	award	of	numerous	honours.	These	distinctive	appearances	on	screen	helped	to	cement	his	role	as	a	public	icon	for	science.During
the	early	1970s,	he	gradually	lost	the	ability	to	write.	At	the	end	of	that	year,	Mr	Jack	Angell-James,	an	ear,	nose	and	throat	surgeon	at	the	same	hospital,	was	beginning	to	collaborate	with	medical	physics	in	the	development	of	an	ultrasonic	method	for	the	treatment	of	Ménière's	disease,	a	rare	disorder	that	affects	the	inner	ear,	causing	vertigo,
tinnitus	and	hearing	loss.	G.,	Fleming	G.	Notable	among	the	catalyst	companies	involved	was	Johnson	Matthey,	a	corporate	relationship	that	endured	for	many	years.In	his	later	years	at	Ricardo,	having	accumulated	both	fundamental	and	broader	knowledge	of	the	industry,	Diarmuid	produced	a	number	of	review	papers	reflecting	on	specific
technologies	and	perspectives	and	predicting	trends	for	the	future	(14–31).An	example	of	this	type	of	review	paper	was	‘The	socially	acceptable	power	plant’	(18),	which	was	delivered	by	Diarmuid	as	his	IMechE	presidential	address	on	25	October	1978.	Jack,	the	eldest	of	six	children,	was	brought	up	in	a	house	flanked	by	heavy	steel	mills	to	the	north
and,	beyond	open	fields,	views	south	to	the	Eston	Hills.	He	would	have	liked	to	clarify	how	chromosomes	condense	during	prophase.	Heat	Mass	Transfer	10,	1389–1411.	Google	Scholar(13)	1965A	unified	theory	of	friction,	heat	and	mass	transfer	in	the	turbulent	boundary	layer	and	wall	jet.	R.)	Metal	carbonyl	chemistry.	‘I	think	the	third	word	in	their
vocabulary	was	dynein	—	after	cilia	and	ATP	[adenosine	triphosphate],’	Barbara	joked	when	she	and	Ian	gave	their	acceptance	speech	for	the	E.	N.,	Halliwell	M.	Cell	59,	915–925.	Dev.	The	other	person	available	in	the	cosmological	field	was	Dennis	Sciama	(FRS	1983),	who	was	unknown	to	Stephen	at	the	time.	(doi:10.1002/cm.970140305)	Crossref,
PubMed,	ISI,	Google	ScholarSheetz	M.	The	community	was	split	between	a	local	molecular	viewpoint	and	a	rather	abstract	mathematical	one	based	on	continuum	mechanics	due	to	Leslie	and	Ericksen.	A	key	discovery	was	that	of	the	characteristic	ultrasonic	Doppler	signal	produced	by	malignant	tumours	(10,	11),	which	is	the	basis	of	much	of	routine
clinical	diagnosis	today.	and	Nye	P.	Gibbons	and	Malcolm	Perry	recognized	this	as	the	characteristic	signature	of	thermal	Green's	functions,	which	meant	that	the	proof	of	thermal	emission	could	be	extended	to	interacting	field	theories	as	well	(41)	(figure	8).	(doi:10.17863/CAM.11283)	Google	Scholar(10)	(With	Tayler	J.	He	has	also	been	a	visiting
researcher	at	a	number	of	other	centres	around	the	world.	He	was	the	first	of	three	sons	of	William	Hawthorne	(1878–1957),	a	civil	and	electrical	engineer,	and	his	wife,	Elizabeth	Curle,	née	Greenfield	(1882–1952).	Charles	won	and	was	rather	pleased	with	himself,	but	with	characteristic	good	judgement	he	avoided	showing	it	until	his	boss	had	left.
The	Mathematical	Physics	group	was	one	of	the	strongest	solid	state	theory	groups	in	the	UK	at	that	time.	&	Klug	A.)	Structure	of	nucleosome	core	particles	of	chromatin.	C.,	Holt	A.	As	division	chairman,	he	distinguished	clearly	between	meetings	for	discussion	and	those	for	decision-making.	15	May	1977).	(doi:10.1007/BF01197189)	Crossref,
ISI,	Google	Scholar(43)	(With	Page	D.	Heat	Mass	Transfer	15,	301–314.	He	returned	to	St	Andrews	as	a	temporary	lecturer,	and	subsequently	a	NERC	postdoc,	before	obtaining	a	permanent	post	at	the	Institute	of	Freshwater	Ecology	at	Windermere,	which	had	recently	become	a	NERC	institute.	With	the	aid	of	a	National	Research	Council	of	Canada
Postgraduate	fellowship,	he	joined	Marlan	Scully's	group	at	the	Optical	Sciences	Center,	University	of	Arizona,	and	began	research	in	ultrafast	laser	spectroscopy.	While	alloys	with	high	melting	points	were	relatively	easy	to	find,	they	usually	had	crystal	structures	that	made	them	brittle.	Paraquat	is	a	non-chlorinated	compound	that	required
substantial	chemical	and	engineering	skill	to	manufacture	owing	to	the	use	of	metallic	sodium	and	liquid	ammonia.	Part	II:	Trifluoromethanesulphonic,	-sulphinic,	and	-sulphenic	acid	and	the	infrared	spectra	of	compounds	containing	–SO2–	and	>S:O	groups.	Part	XV:	The	reactions	of	trifluoronitrosomethane	with	trifluoroethylene,	vinylidene	fluoride,
vinyl	fluoride,	and	ethylene.	But	in	the	very	early	universe	no	measurements	were	being	made	and	there	were	no	observers	around	to	make	them.	In	a	binary	system	in	which	a	black	hole	has	formed,	there	is	likely	to	be	considerable	mass	loss	from	the	partner	that	undergoes	gravitational	collapse.	Over	the	course	of	the	next	20	years	he	underwent	a
succession	of	chemotherapy	treatments,	which	inevitably	took	their	toll,	but	he	never	complained	and	he	just	got	on	with	it.Following	Nelson	Mandela's	release	from	prison	in	South	Africa,	in	1996	the	Royal	Society	established	a	partnership	with	the	South	African	National	Research	Foundation	to	help	build	up	centres	of	excellence	in	previously	black
universities.	Close	to	the	end	of	his	life,	one	of	us	asked	Pierre-Gilles	what	had	mattered	most	in	his	scientific	career;	‘Curiosity	and	friendship’	was	his	reply.Alongside	his	scientific	achievements,	Pierre-Gilles	was	a	talented	artist	who	would	occasionally	disappear	from	conference	venues	and	be	found	drawing	sculptures	in	a	local	museum.	The
development	of	methods	has	become	an	end	in	itself,	with	many	scientists	making	successful	careers	out	of	it.	Ordinarily,	such	extensions	would	have	required	additional	development	of	solution	schemes	and	computer	programs;	however,	by	focusing	on	the	general	differential	equation,	Spalding	had	already	made	provision	for	all	future	transport
equations	that	may	arise,	whether	modelling	turbulence,	radiation,	combustion	or	multi-phase	flow.Thus,	by	the	end	of	the	1960s,	the	finite-volume	methods	for	two-dimensional	parabolic	and	elliptic	flows	had	become	the	basis	of	nearly	all	computational	research	in	Spalding's	group.	Having	successfully	investigated	the	heats	of	formation	of	alloys	of
transition	metals	using	DFT,	they	were	interested	in	binary	alloys	of	sp-valent	metals	such	as	NaK,	NaMg,	NaAl	and	NaSi	and	MgAl,	MgSi	and	MgP.	In	the	situation	described,	there	was	high	sensitivity	of	choking	to	wall	friction	because	the	inlet	Mach	number	was	close	to	unity,	the	choking	limit,	and	a	length	of	only	four	pipe	diameters	led	to
choking.	Sov.	Diarmuid	was	to	remain	in	the	employment	of	Ricardo	for	the	rest	of	his	working	life.Diarmuid	married	Mary	Carmel	Chillman	(always	known	as	Carmel)	on	29	December	1951	and	they	had	four	children:	Ann,	Lucy,	Clare	and	Martin.	He	often	acknowledged	how	lucky	he	was	in	life;	he	had	only	reckoned	on	living	three	score	years	and
ten,	yet	he	managed	an	extra	22.	Their	idea	was	to	look	for	black	holes	in	highly	eccentric	systems.	Nevertheless,	Arthur	was	a	supportive	father	who	encouraged	Gibbons	in	his	interests,	was	a	committed	Freemason	and	held	a	stable	job	as	a	bank	clerk;	Gibbons’	family	managed	to	stay	afloat	financially	through	the	depression	of	the	1930s	and	the
difficulties	of	the	Second	World	War.Gibbons’	mother,	Hilda,	had	attended	a	cookery	school	and	worked	as	a	pastry	cook	at	the	Simon	the	Pieman	Tearoom	in	Rye	prior	to	her	marriage.	On	the	other	hand,	chlorophenoxyacetic	acid	weedkillers	are	still	in	widespread	use.	(doi:10.1364/JOSA.66.000490)	Crossref,	ISI,	Google	Scholar(16)	(With	Innes	K.
They	turn	out,	however,	to	be	pure	gauge	degrees	of	freedom	that	are	not	physically	redundant.	Immunother.	These	two	quartets,	K.465	in	C	major	and	K.575	in	D	major,	remained	among	his	favourite	musical	muses	throughout	his	life.After	moving	the	family	to	a	small	village	in	Kent,	Gibbons’	parents	decided	that	he	needed	a	richer	intellectual
environment	and	so	enrolled	him	at	the	nearby	Faversham	Grammar	School,	which	was	founded	by	Queen	Elizabeth	I	in	1665	but	was	now	fully	state-funded.	Brave	and	moving’,	‘An	invaluable	perspective—thank	you	so	much’,	‘Powerful,	moving	story.	This	structure,	as	well	as	subsequent	crosslinking	studies	(35),	supported	Gibbons’	hypothesis	of
bidirectional	communication.Recognizing	his	life-long	achievement	for	identifying	dynein	and	elucidating	its	mechanism,	Gibbons,	along	with	Ron	Vale,	was	awarded	the	2017	Shaw	Prize	in	Life	Sciences	and	Medicine	(figure	8).	78,	637–649.	Tom	Lubensky	has	recalled	how,	on	once	posing	a	technically	very	difficult	problem	on	the	statistics	of
branched	polymers	at	a	conference,	he	found	on	his	breakfast	table	the	next	morning	a	hand-written	and	almost	complete	manuscript	by	Pierre-Gilles,	solving	the	problem	in	its	entirety.	His	ashes	were	interred	in	Westminster	Abbey	following	a	memorial	service	on	15	June	2018,	the	memorial	stone	being	placed	between	the	graves	of	Isaac	Newton
and	Charles	Darwin	FRS.	London,	UK:	CFD	Unit,	Imperial	College.	Thus,	we	have	found	that	of	all	the	intermediate	products	of	combustion	which	have	been	identified	in	the	gases	sampled	from	the	engine,	the	peroxides	are	the	only	ones	which	possess	an	appreciable	‘pro-knock’	effect … With	increase	of	compression	ratio,	there	is	an	earlier	rise	in
peroxide	concentration	and	a	much	higher	peak	value.	Part	V:	Fluorination	of	hydrocarbons	with	cobalt	trifluoride.	He	was	knighted	in	1994	and	awarded	the	Order	of	Merit	in	2000.Malcolm	Perry	is	Professor	of	Theoretical	Physics	in	the	Department	of	Applied	Mathematics	and	Theoretical	Physics,	University	of	Cambridge,	and	Fellow	of	Trinity
College,	Cambridge.Kip	Thorne	is	Feynman	Professor	Emeritus	of	Theoretical	Physics	at	the	California	Institute	of	Technology.	(doi:10.1073/pnas.72.9.3320)	Crossref,	PubMed,	ISI,	Google	Scholar(20)	1976	(With	Klug	A.)	Solenoidal	model	for	superstructure	in	chromatin.	This	exposure	led	to	a	lifelong	interest	in	the	tropics	and	the	relations	between
people,	their	farming	systems	and	soil	productivity.Following	his	experience	in	Uganda,	in	1954	Dennis	obtained	a	research	fellowship	and	lecturer	position	at	the	University	College	of	the	Gold	Coast	(now	Ghana),	established	as	part	of	London	University.	Google	Scholar(6)	1976Pressure-cell	boundary	relation	and	application	to	transition-metal
equation	of	state.	They	raised	four	children,	Eddi	(Puppele),	Michael,	Peter	and	Sylvia,	who	gave	them	eight	grandchildren	and	four	great	grandchildren.	Thus,	while	analysis	was	limited	to	two-dimensional	flows	(as	for	all	other	groups),	in	developing	what	he	termed	his	‘Unified	Theory’,	it	was	structured	to	handle	both	axisymmetric	and	plane	two-
dimensional	cases	and	the	scheme	also	included	provision	for	computing	heat	and	mass	transfer	at	a	high	Mach	number.	I.)	Image	reconstructions	of	helical	assemblies	of	HIV-1	CA	protein.	(Photograph	courtesy	of	Wendy	and	Peter	Gibbons.)	(Online	version	in	colour.)Download	figureOpen	in	new	tabDownload	PowerPointThe	mid	to	late	1980s	saw
discovery	and	rapid	advances	in	knowledge	of	cytoplasmic	dynein,	due	largely	to	the	adaptation	of	Sheetz	&	Spudich's	original	in	vitro	assay	for	myosin	on	cytoplasmic	actin	networks	(Sheetz	&	Spudich	1983).	M.,	Hazard	R.	One	by-product	of	this	work	was	the	establishment	of	the	very	useful	photosynthesis	parameter,	Ik,	the	light	level	at	the	onset
of	light	saturation	for	photosynthesis,	which	has	been	extremely	widely	used	in	studies	of	aquatic	and	terrestrial	photosynthesis.	D.,	Reese	T.	Electron.	J.)	Origin	of	structure	in	the	universe.	The	transport	equations	for	each	phase	contain	terms	representing	inter-phase	transfers.	The	church	was	an	important	part	of	their	lives	and	they	regularly
attended	the	church	of	Saint	Mary	in	Newmarket,	where	John's	funeral	was	marked	by	a	requiem	mass.	It	is	therefore	more	probable	that	we	live	in	a	large	universe	generated	by	significant	inflation	because	there	are	more	places	in	which	we	could	have	evolved.	The	period	just	after	World	War	II	was	an	exciting	time	for	scientific	research,	with	new
apparatus,	such	as	photomultiplier	tubes,	infrared	detectors	and	microwave	instrumentation,	all	of	which	had	been	developed	for	the	war	effort,	now	becoming	available	for	fundamental	research.	(doi:10.1038/352643a0)	Crossref,	PubMed,	ISI,	Google	ScholarOkada	Y.,	Takeda	S.,	Tanaka	Y.,	Belmonte	J.	He	has	also	taught	at	Imperial	College	London
and	the	University	of	Sheffield,	specializing	in	mechanical	engineering	design.	L.)	Guanine	nucleotide	associated	with	the	protein	of	the	outer	fibers	of	flagella	and	cilia.	(doi:10.1039/DT9820000671)	Crossref,	Google	Scholar(78)	(With	Booth	B.	Charles	agreed,	but	on	condition	that	the	Russians	themselves	gave	parallel	presentations.	In	his	own
words:	1954	marked	a	turning	point	in	my	career.	Blood	72,	567–572.	The	connection	with	Dr	Archer	led	to	Charles	becoming	a	member	of	the	Council	of	the	Royal	College	of	Art,	its	treasurer	and	then	vice-chairman,	for	which	contribution	he	was	gratified	to	be	appointed	in	due	course	a	Senior	Fellow	of	the	College,	although	a	scientist.Product
lifetime	was	a	new	concept	in	research	and	development	in	the	early	1980s	and	Charles’s	ideas	were	taken	up	also	in	wider	interactions	with	the	industrial	manufacturing	community	facilitated	by	Sir	Monty	Finniston	FRS	FREng.	62,	345–358.	Some	of	the	problems	that	Charles	had	to	deal	with	were	related	to	an	imbalance	in	the	demand	for	sodium
hydroxide	(high)	and	chlorine	(relatively	low),	both	being	produced	stoichiometrically	by	the	electrolysis	of	brine.	This,	together	with	his	46	papers,	20	awards	and	over	30	appointments,	and	coupled	with	an	undoubted	personal	charisma,	sound	judgement	and	confidence,	underlines	the	depth	and	breadth	of	his	outstanding	contributions	to	the
engineering	profession.	It	is	awarded	to	an	engineer	‘whose	sustained	achievements	have	had	a	profound	impact	upon	their	engineering	discipline’.Peter	received	honorary	doctorates	from	the	University	of	Lund	(Sweden)	in	1997,	the	Erasmus	University	Rotterdam	(The	Netherlands)	in	1998	and	from	Aston	University	in	2010.	During	the	de	Sitter-
like	inflation	era,	he	observed	that	the	quantum	fluctuations	generated	by	this	mechanism	would	have	the	right	scale-invariant	spectrum	to	explain	the	observations	of	large-scale	structures	in	the	universe	today.	Pierre-Gilles	created	a	complete	theory	of	this,	which	remains	a	classic	today.	It	is	fair	to	say	that	Stephen's	discovery	ranks	as	one	of	the
most	important	results	ever	in	fundamental	physics.	H.)	The	effect	of	partial	extraction	of	dynein	arms	on	the	movement	of	reactivated	sea-urchin	sperm.	The	frontispiece	portrait	was	taken	in	1985	and	is	©	The	Royal	Society.*	Numbers	in	this	form	refer	to	the	bibliography	at	the	end	of	the	text.Professor	Stephen	Maberly	studied	botany	and	zoology
at	the	University	of	Reading	before	moving	to	St	Andrews	University,	where	he	undertook	his	PhD	study	with	D.	For	example,	in	a	LIGO	type	interferometer,	the	two	mirrors	might	undergo	a	permanent	displacement	so	that	their	separations	before	and	after	the	passage	of	the	gravitational	wave	are	different.	They	had	three	children,	Judith	(1956),
Rohan	(1961)	and	Jennifer	(1962),	who	followed	careers	more	in	keeping	with	their	mother's	work:	Judi	worked	in	senior	human	resources	management	positions	for	a	major	multinational	private	hospital	company;	Rohan	served	as	a	public	affairs	director	with	the	Australian	Medical	Association,	a	political	adviser	to	health	ministers	and	a	general
manager	for	advocacy	with	the	Australian	Heart	Foundation;	and	Jenny	studied	medicine	at	Barts	in	London	and	pursued	a	career	in	general	practice	with	the	NHS	and	the	British	Army.Glenn	Denning,	a	colleague	at	IRRI,	writes:	On	a	personal	level,	Dennis	and	Mary	were	always	cheerful	and	welcoming	at	their	Staff	Housing	residence.
(doi:10.1126/science.190.4217.841)	Crossref,	ISI,	Google	Scholar(17)	(With	Rimmer	D.	There	he	plunged	into	the	sister	discipline	of	oceanography	and	made	quantitative	measurements	of	rates	of	photosynthesis	versus	light,	both	in	the	laboratory	and	in	the	ocean	(10).While	in	California,	Jack	attended	a	meeting	at	Stanford	University,	which
involved	a	journey	by	several	buses.	The	intriguing	aspect	of	the	first	two	sets	of	modifications	was	their	indication	that	these	parameters	of	flagellar	beating	are	regulated	by	distinct	mechanisms	within	the	axoneme,	with	little	dependence	upon	the	viscous	resistance	of	the	medium	(20).A	breathtakingly	creative	set	of	experiments	grew	out	of	these
studies	of	reactivated	sperm	flagella.	and	Payne	D.)	Determination	of	the	structural	stability	class	of	English	and	Welsh	soils	using	a	water	coherence	test.	The	idea	is	that	the	electrostatic	repulsion	between	black	holes	can	exactly	cancel	the	gravitational	attraction	between	them	if	their	electric	charge	is	equal	to	their	mass	in	‘natural’	units.	105,
1273–1282.	H.)	Stimulated	Brillouin	scattering	and	coherent	generation	of	intense	hypersonic	waves.	Hypoth.	61,	127–136.	His	very	first	paper	concerned	the	Hoyle–Narlikar	action	at	a	distance	theory	of	gravity	of	1964,	which	he	showed	was	not	viable	in	expanding	Robertson–Walker	universes	(1).	Chemical	studies.	Kubaschewski	O.),	pp.	The
turbine	nozzle,	which	fed	the	pipe,	had	been	designed	for	a	Mach	number	of	0.8	at	the	upstream	end	of	the	pipe.	11,	237–238.	D	42,	2655–	2663.	Accordingly,	in	order	to	eliminate	such	restrictions,	Stephen	set	his	mind	to	developing	new	techniques	that	might	strengthen	the	existing	results.	…	This	book	should	be	of	interest	to	a	large	variety	of
scientists	(not	only	physicists)."	(Marc	Baus,	Physicalia,	Vol.	The	certifying	physician	wrote	on	the	death	certificate	‘Discoverer	of	Halothane’.1973John	Scott	Medal	of	the	City	of	Philadelphia	for	men	and	women	who	have	contributed	in	some	outstanding	way	to	the	comfort,	wellbeing	and	happiness	of	mankind;	awarded	for	the	discovery	of
halothane1978Elected	Fellow	of	the	Royal	Society1990Robbins	Lecture,	University	of	Stirling1990CBE	recognizing	his	contribution	as	a	member	of	the	Royal	Commission	on	Environmental	Pollution	(1982–1992)1992College	Medal	for	distinguished	service	to	anaesthesia,	Royal	College	of	Anaesthetists	(renamed	in	1999	as	the	Royal	College	of
Anaesthetists	Gold	Medal)1994Joseph	Clover	Medal	and	Joseph	Clover	Lecture,	Royal	College	of	AnaesthetistsThis	account	is	based	primarily	upon	an	autobiographical	note	dated	April	1999	with	added	information	from	family	and	former	colleagues.	These	crystals	were	used	by	John	in	a	collaboration	with	a	group	in	Grenoble	to	study	the	core
crystals	by	neutron	diffraction	(24,	26).	(doi:10.1126/science.3317831)	Crossref,	PubMed,	ISI,	Google	Scholar(13)	1988	(With	Shabo	Y.,	Lotem	J.,	Rubinstein	M.,	Revel	M.,	Clark	S.	The	upper	figure	(a)	shows	the	streamlines	for	flow	heating,	i.e.	combustion,	and	the	lower	figure	(b)	the	streamlines	for	flow	cooling,	with	the	vertical	dashed	lines	marking
the	region	of	heat	addition	or	extraction.	What	happened	to	the	water	in	between	each	drop?	However,	for	his	PhD	project	Boris	assigned	him	the	goal	of	determining	the	adiabatic	(in	the	first	sound	regime)	elastic	and	photoelastic	constants	of	single	crystals	of	the	rare	gas	xenon	(14).	(doi:10.1103/PhysRevD.52.5681)	Crossref,	ISI,	Google
Scholar(83)	1996The	illustrated	brief	history	of	time.	I	have	only	known	two	other	people	who	possessed	this	quality	to	the	degree	that	David	did—my	own	father	and	Martin	Ryle.	He	had	little	or	no	interest	in	reading	and	it	was	not	until	he	contracted	measles,	and	therefore	had	to	remain	in	bed,	that	he	decided	to	read	all	of	Richmal	Crompton's	Just
William	books.	Boris	in	his	research	lab	at	NRC,	early	1960s.	Molecular	vapours	such	as	nitric	oxide,	bromine	and	benzene	were	used	for	resonantly	enhanced	four-wave	mixing	into	the	130–152 nm	region	with	continuous	wavelength	tunability	achieved	by	pressure	broadening	the	rotational	structure	at	10	atm.	1999The	large-N	limit	of
superconformal	field	theories	and	supergravity.	This	network	facilitates	coping	with	the	high	demand	for	new,	mature	macrophages	and	granulocytes	to	fight	infection.	His	natural	curiosity	led	him	from	collecting	to	building	small	projects	in	his	father's	workshop.	(doi:10.4319/lo.1960.5.1.0062)	Crossref,	ISI,	Google	Scholar(11)	1961Photosynthesis
under	natural	conditions.	In	the	same	year,	Stephen	married	Elaine	Mason,	who	had	been	one	of	his	nurses	and	whose	former	husband	had	designed	Stephen's	speech	synthesizer.	Ian	Gibbons	plays	the	recorder	in	his	rooms	at	King's	College,	Cambridge,	in	1952.	To	judge	which	degree	should	be	awarded,	an	interview	with	the	examiners	was	held.
The	National	Research	Council	of	Canada	(NRC)	also	significantly	increased	its	budget	for	university-based	fundamental	research	over	pre-war	levels.	He	developed	a	good	understanding	of	the	complex	and	subtle	syntax	and	grammar	without	reaching	much	competence	in	speech.	He	also	contributed	to	Wimbledon	Village	life	by	making	the	front
premises	of	CHAM's	property	available	to	a	local	independent	book-seller	after	they	had	had	to	vacate	their	former	shop	due	to	a	rise	in	rent.The	other	principal	causes	of	his	global	travel	were	the	international	prizes	and	honorary	degrees	conferred	on	him.	It	is	shown	that	a	singularity	is	inevitable	provided	that	certain	very	general	conditions	are
satisfied.The	concise	nature	of	this	abstract	clearly	demonstrates	his	ability	to	focus	on	the	essentials	of	the	issue	at	hand.Stephen	next	considered	primordial	nucleosynthesis	in	spatially	homogeneous	cosmologies	in	a	paper	with	Roger	Tayler	(FRS	1995)	(10).	He	was	rated	in	the	top	five	of	a	subgroup	of	teenagers	in	Ontario	for	middle	distance
running	and	later,	in	university,	ran	the	mile	in	under	five	minutes.	Consequently,	the	mass	of	the	final	black	hole	M	must	obey	the	relation	√2m	≤	M	≤	2m.	He	was	extremely	highly	regarded,	in	view	of	his	many	greatly	impressive,	sometimes	revolutionary,	contributions	to	the	understanding	of	the	physics	and	the	geometry	of	the	universe’	(Penrose
2018).‘We	remember	Newton	for	answers.	Lead	tetraethyl	has	a	bigger	effect	on	the	second	half	of	the	peroxide	curve	than	on	the	first,	in	agreement	with	its	known	greater	effect	in	the	laboratory	on	the	second	of	the	two	stages	involved	in	low-temperature	ignition.Figure	7	from	this	comprehensive	paper	shows	the	rig	set-up	and	sampling	valve,	and
figure	8	shows	some	hot	and	cool	flame	limit	curves.	(doi:10.1103/PhysRevLett.106.141302)	Crossref,	PubMed,	ISI,	Google	Scholar(100)	2014	(With	Hartle	J.	R.,	Chai	J.	This	first	ever	demonstration	that	amniocentesis	can	be	used	for	prenatal	diagnosis	is	now	widely	used	for	detection	of	various	genetic	defects	in	human	foetuses.	(Courtesy	of	Pnina
Sachs.)	(Online	version	in	colour.)Download	figureOpen	in	new	tabDownload	PowerPointThe	authors	gratefully	thank	Professor	Eytan	Domany,	Professor	Christine	Chomienne	and	Professor	Charles	Dinarello	for	sharing	their	recollections	of	Leo	Sachs.	(doi:10.1016/S0022-328X(00)90612-0)	Crossref,	ISI,	Google	Scholar(46)	1971	(With	Barlow	M.	&
Nicastro	D.2018Asymmetricdistribution	and	spatial	switching	of	dynein	activity	generates	ciliary	motilityScience	360,	eaar1968.	B	126,	387–404.	III:	structure	of	rabbit	papilloma	virus.	A.,	Amos	L.	Diarmuid	at	the	1979	FIA/FISITA	conference	in	Madrid.	Genome	Res.	Attention	initially	was	focused	on	CO	and	NO	using	the	Mg-	and	Zn-based	VUV
sources.	(Online	version	in	colour.)	Download	figureOpen	in	new	tabDownload	PowerPointSpalding's	work	with	CHAM	continued	following	‘retirement’	with	little	reduction	in	scale.	(doi:10.1016/j.ydbio.2006.08.052)	Crossref,	PubMed,	ISI,	Google	Scholar(34)	2008	(With	Carter	A.	In	1993	he	was	honoured	as	a	Papal	Knight	of	St	Gregory	(KSG);	the
Order	of	St	Gregory	the	Great	is	one	of	the	five	orders	of	knighthood	of	the	Holy	See.	Power	116,	495–510.	Google	ScholarPincher	C.	Although	supersymmetry	was	unknown	at	the	time,	BPS	states	have	a	deep	significance	that	has	still	to	be	completely	understood.In	a	further	paper	with	Hartle,	they	revisited	the	exploration	of	the	area	of	a	black	hole
(22).	In	addition,	he,	together	with	colleagues	in	DAMTP,	organized	four	workshops	sponsored	by	the	Nuffield	Foundation	in	the	years	1981,	1982,	1985	and	1989	on	emerging	areas	of	interest	(49,	57,	62,	70).By	far	the	most	influential	was	the	three-week	workshop	from	21	June	to	9	July	1982,	which	took	place	just	less	than	a	year	after	the
publication	of	Alan	Guth's	influential	paper	on	the	inflationary	scenario	(Guth	1981).	It	exhibits	bands	of	purple	or	yellow	that	give	it	an	ornamental	appearance	valued	for	fashioning	jewellery,	vessels	and	other	decorative	items.	Rohan	Greenland	kindly	sent	me	some	details	of	early	family	life,	and	his	short	history	of	the	Greenland	and	Johnston
families	(Soil	and	sea)	filled	in	many	gaps	in	my	knowledge.	Gibbons	and	his	graduate	student,	Keith	Summers,	were	attempting	to	further	study	an	intriguing	observation	Gibbons	had	made	earlier:	adding	ATP	to	solutions	of	Tetrahymena	axonemes	caused	them	to	appear	to	swell	in	size	and	reduced	the	turbidity,	or	cloudiness,	of	the	solution	(8).
1986The	axonemal	axis	and	Ca2+-induced	asymmetry	of	active	microtubule	sliding	in	sea	urchin	sperm	tails.	Part	VII:	Photochemical	interconversion	of	the	perfluoroxylenes.	With	support	for	equipment	from	the	Royal	Society	and	the	Colonial	Office,	Jack	and	Ida	stayed	at	Jinja	for	14	months,	living	in	a	small	bungalow	close	to	the	laboratory	and	lake.
Soc.3219–3225.	Art	regularly	kept	Boris	informed	about	some	of	their	thoughts	and	forthcoming	seminal	publication	about	such	a	device	(Schawlow	&	Townes	1958).	Leo	Sachs	(left)	receiving	the	prestigious	Wolf	Prize	in	Medicine	together	with	C.	At	the	same	time,	he	was	appointed	to	a	professorial	fellowship	at	St	Edmund	Hall.	However,	by
drawing	attention	to	generally	felt	concerns	about	the	need	to	strengthen	research	on	natural	resource	management,	IBSRAM	was	able	to	garner	some	direct	CGIAR	support	through	a	system-wide	programme.	I	have	enjoyed	all	of	it.	1959Electron	microscopy	of	the	sperm	tail;	results	obtained	with	a	new	fixative.	The	first	ultrasound	machine	filled	a
whole	room	with	scarcely	enough	space	for	the	pregnant	woman.Peter's	work	led	to	a	number	of	very	significant	advances.	Google	Scholar(22)	1979	(With	Lal	R.;	eds)	Soil	physical	properties	and	crop	production	in	the	tropics.	Part	XXVI:	Preparation,	spectroscopic	properties,	and	mode	of	decomposition	of	some	halogenoethylene	complexes	of
tetracarbonyliron,	and	the	reaction	of	nonacarbonyldi-iron	with	iodotrifluoroethylene.	Articulate	and	so	inspiring’,	‘Amazing	chap’.	N.)	The	propagation	of	particles	in	space-time	foam.	From	launch,	the	journal	grew	to	become	the	leading	publication	in	the	field,	a	position	it	retains	today.	He	and	Barbara	returned	to	the	lab	after	dark	one	evening	to
test	an	idea.	They	participated	together	in	meetings	on	haematopoiesis,	differentiation	and	leukaemia	and	kept	in	close	daily	contact	in	their	adjacent	offices	until	Professor	Sachs’	death	at	the	end	of	2013.Starting	in	1995,	Joseph	Lotem	also	collaborated	with	Yoram	Groner	in	studies	on	reactive	oxygen	species	in	myeloid	leukaemic	cells,	transgenic
mice	overexpressing	SOD1	as	a	model	of	Down	syndrome	and	the	role	of	the	Runx	family	transcription	factors	in	the	biology	of	haemaopoietic	cells	of	various	lineages.	Without	the	exhaust	pipe	the	full	thrust	could	be	obtained,	but	the	thrust	was	reduced	to	an	inadequate	level	when	the	pipe	was	installed.The	cause	of	this	was	discovered	to	be	flow
choking,	as	a	result	of	wall	friction.	The	bungalow	stood	nestled	in	a	woodland	garden	and	he	relished	the	challenge	of	finding	plants	that	would	tolerate	shade,	draught	and	the	attention	of	local	wildlife	such	as	badgers,	rabbits	and	muntjac.	Singapore:	World	Scientific	Publishing	Company.	N.)	Quantum	gravitational	bubbles.	To	realize	his	vision,	he
had	to	break	down	the	silo	mentality	where	physicists	and	chemists	work	at	the	electronic	and	atomic	scales,	materials	scientists	work	at	the	microstructural	scale	and	engineers	work	at	the	macroscale	of	components.	(doi:10.1103/PhysRevLett.14.57)	Crossref,	ISI,	Google	ScholarPenrose	R.	9	(226),	680–681.	The	doctors’	prognosis	was	that	he
probably	had	only	two	years	to	live.While	in	hospital	soon	after	his	illness	was	first	diagnosed,	Stephen's	depression	was	somewhat	lifted	when	he	compared	his	lot	with	that	of	a	boy	he	vaguely	knew	in	the	next	bed	who	was	dying	of	leukaemia.	&	Toyoshima	Y.	Electron	microscopy	showed	that	the	protein	left	behind	mainly	contained	doublet	tubules,
and	centrifugation	of	the	soluble	fraction	produced	the	same	three	peaks	but	with	less	material	in	the	4S	peak.	One	of	the	authors	was	at	a	dinner	with	20	engineers	from	a	diesel	engine	company,	where	Hawthorne	was	apparently	having	difficulty	making	something	by	tearing	up	coloured	tissue	paper.	This	was	timely	in	many	ways,	not	least	because
the	recently	published	Strutt	Report	(1970)	had	raised	concerns	about	the	possibility	of	over-cultivation	and	loss	of	soil	structure	in	British	soils.	Elizabeth	was	also	a	school	teacher,	and	an	author	of	romantic	fiction,	radio	plays	and	poetry.	Production	of	specific	haematopoietic	cell	types	has	to	be	induced	when	new	cells	are	required	and	has	to	stop
when	sufficient	cells	have	been	produced.	1988Rotation	and	translocation	of	microtubules	in	vitro	induced	by	dyneins	from	Tetrahymena	cilia.	He	is	a	member	of	the	Israel	Academy	of	Sciences	and	the	European	Molecular	Biology	Organization	(EMBO),	among	many	others.	1948Bacterial	flagella	and	motility.	Richmond,	UK:	Alma	Books.	In	FISITA
XVIth	Congress,	Tokyo,	Japan,	pp.	By	this	time,	mainly	through	Diarmuid's	direction,	the	company	had	grown	significantly,	now	employing	over	600	staff	at	the	Shoreham-by-Sea	site,	an	aerial	photo	of	which	is	shown	in	figure	5.	In	1953	Frank	Nabarro	(FRS	1971)	left	the	University	of	Birmingham	to	become	head	of	physics	at	Wits.
(doi:10.1063/1.88913)	Crossref,	ISI,	Google	Scholar(17)	1978	(With	McKee	T.	These	early	accolades	would	eventually	grow	into	a	prodigious	list	of	international	awards	and	honours,	including	a	knighthood.	It	also	allowed	them	to	estimate	the	degree	of	flattening	that	affected	the	particles	when	the	stain	dried	onto	the	grid.	The	theory	of	ESCIMO
included	(and	the	software	provided)	both	‘demographical’	and	‘biographical’	elements.	&	Chibisov	G.	1972Microtubule	formation	in	vitro	in	solutions	containing	low	calcium	concentrations.	Part	IX:	The	direction	of	free-radical	addition	to	allene	and	allyl	chloride.	(doi:10.1177/003072708701600107)	Crossref,	ISI,	Google	Scholar(26)	1991	(With
Emerson	W.	2017The	Leo	Sachs’	legacy:	a	pioneer's	journey	through	hematopoiesis.	Stanford,	CA:	Stanford	University	Press.	Soc.394.	Only	Diarmuid	could	have	achieved	this,	in	effect	calling	their	bluff,	partly	because	of	his	seniority	but	more	because	of	his	personal	character,	presence	and	utter	confidence.	(doi:10.1103/PhysRevLett.100.201301)
Crossref,	PubMed,	ISI,	Google	Scholar(97)	(With	Hartle	J.	Even	before	this	film	of	2014,	Stephen's	life	and	work	had	featured	in	an	excellent	TV	docudrama	made	in	2004,	in	which	he	was	played	by	Benedict	Cumberbatch,	who	also	spoke	his	words	in	a	four-part	documentary,	The	grand	design,	made	for	the	TV	Discovery	Channel.In	his	later	life,
Stephen	became	increasingly	involved	in	the	popularization	of	science.	Plant	Physiol.	USA	100,	6718–6723.	In	it	he	developed	equations	that	described	the	different	components	of	the	light	field	experienced	by	phytoplankton,	including	changing	surface	irradiance,	surface	reflection,	attenuation	of	light	in	the	water	column	and	the	proportion	of	the
volume	of	a	lake	that	is	in	the	euphotic	zone.	When	many	organizations	were	championing	‘low-input’	systems	and	reliance	on	recycling	of	crop	residues	and	organic	wastes,	he	argued	persuasively	for	integrated	nutrient	management	that	combined	organic	and	inorganic	sources.	Natl	Acad.	With	these	prompts	from	Herzberg	during	the	1950s	and
1960s	the	journal	became	renowned	as	a	source	of	high	quality	work	in	spectroscopy.	1,	39–57.	Biophys.	Exploring	the	nucleophilic	and	free-radical	substitution	reactions	of	hexafluorobenzene	led	to	a	fruitful	study	of	the	behaviour	of	hexafluorophenyl	radicals	(35).	Fuel	32,	279.	But	he	never	allowed	his	early	traumatic	years	to	cloud	his	enthusiasm
and	lived	his	life	to	the	full.	At	that	time,	the	company	employed	approximately	100	staff.	One	of	the	most	significant	features	in	the	discovery	of	halothane	was	that	the	niche	of	optimum	properties	was	filled	with	guidance,	not	certainty,	of	what	to	make	from	design.	The	method	was	successful	beyond	all	expectations,	reinforcing	Spalding's
reputation	in	CFD	and	becoming	the	basis	of	many	commercial	CFD	software	products.Even	before	completing	his	doctorate,	Spalding	had	written	six	peer-reviewed	publications	and,	over	his	subsequent	career,	wrote	more	than	100	papers	(from	a	total	of	over	350)	covering	a	plethora	of	combustion-related	topics.	This	differentiation	impairment	is
brought	about	by	a	variety	of	genetic	abnormalities,	including	mutations	and	chromosomal	aberrations	affecting	transcription	factors	and	other	genes	(reviewed	in	Döhner	et	al.	Thousands	of	children	gained	inspiration	from	these	visits;	Pierre-Gilles	used	to	comment	that	some	of	their	questions	were	more	incisive	than	those	of	his	more	mature
colleagues.At	ESPCI,	Pierre-Gilles	also	made	his	mark	on	the	educational	structure	and	curriculum.	King's	generosity	in	allowing	us	to	use	Dr	Gibbons’	chapter	(36),	‘Discovery	of	dynein	and	its	properties:	a	personal	account’,	in	the	book	Dyneins:	structure,	biology	and	disease	as	a	primary	source	of	content	for	this	biography.	It	could	then	be	used	by
setting	ϕ	to	be	any	desired	variable.	D	57,	2372–2380.	Thus,	the	black	hole	could	have	its	quantum	state	determined	by	how	the	black	hole	formed.While	this	is	not	a	solution	to	the	information	paradox,	it	does	pave	the	way	for	future	work	that	might	provide	its	complete	resolution.	Google	Scholar(6)	1978Aircraft	propulsion	from	the	back	room.	After
the	creation	of	the	Institute	of	Astronomy	in	1972,	Stephen	remained	there	as	a	research	assistant	for	two	years	before	gaining	a	more	permanent	status	at	DAMTP.	B:	Petri	dish	with	clones	of	normal	haematopoietic	cells	seeded	in	agar	in	the	presence	of	appropriate	inducer.	Ultrasonics	15,	231–232.	Redrawn	from	(30).	Phillips	et	al.
(doi:10.1103/PhysRevD.56.6403)	Crossref,	ISI,	Google	Scholar(86)	(With	Bousso	R.)	Black	holes	in	inflation.	In	this	work,	a	multimodal	confocal	microscope	was	constructed;	the	results	obtained	with	this	instrument	informed	the	design	of	the	later	three-dimensional	microscope.	The	Suckling	family,	including	Charles	and	Jim	on	the	stairs,	with
Margaret	at	an	event	in	the	late	1940s.	His	salary	now	was	£600	p.a.,	which,	with	maintained	pension	benefits,	was	a	significant	inducement	for	a	young	man	with	family	responsibilities.	2010Dennis	William	Sciama.	Part	II:	Phospha-alkenes	as	intermediates	in	hydrolysis.	Under	Walter	Russell's	guidance,	Dennis	was	able	to	show	that	there	were	no
hydroxyl	groups	on	the	surface	of	the	clay	particles,	so	the	strong	adsorption	of	organic	compounds	was	not	due	to	esterifying	reactions	(2)*.	It	is	a	typed	document	with	hand	written	equations,	and	erroneous	parts	crossed	out	by	hand.	C.),	p.	C.	Yakov	Zeldovich	&	Oktay	Guseinov	(1966)	had	already	suggested	that	natural	places	to	look	were	in	those
binary	systems	in	which	there	was	an	invisible	companion	heavier	than	the	visible	component.	Bradfield's	move	to	Trinity	Bursar	soon	thereafter	left	Gibbons,	as	he	described	it	(36),	‘almost	completely	to	his	own	devices.	Diarmuid	discussing	features	of	a	new	engine	design	on	one	of	his	many	‘walkabouts’	around	the	company.	However,	his	early
classical	education	clearly	shaped	his	passion	for	communication,	literature	and	poetry,	which	would	occupy	much	of	his	non-scientific	life.At	Oxford,	as	a	Styring	Scholar	in	Natural	Sciences,	he	captained	the	Queen's	College	boat	club	and	represented	the	university	at	jujutsu.	44,	287–300.	The	Whittle	Medal	is	one	of	the	Royal	Academy's	premier
prizes.	He	was	a	director	from	1974	to	1986	and	carried	out	research	on	turbochargers	with	Cummins	and	with	their	British	subsidiary,	Holset,	until	the	age	of	85.	(doi:10.1098/rspa.1939.0006)	Abstract,	Google	ScholarHeine	V.	There	are,	however,	solid	state	analogues	of	black	holes	and	cyclotron	effects	that	might	be	accepted	as	proof.	3C,	paper
no.	To	do	so,	however,	required	new	developments	in	quantum	gravity,	which	eventually	came	in	the	form	of	holography.	Simple	chemical	tests	confirmed	the	strong	adsorption	of	methylated	sugars	to	montmorillonite,	with	the	most	likely	explanation	for	this	behaviour	being	hydrogen	bond	formation	to	partially	negatively-charged	oxygen	atoms	on
the	interlamellar	surfaces	of	the	clay	(4).Towards	the	end	of	his	studies	at	Oxford,	Dennis	was	invited	to	join	a	university	expedition	to	the	West	Nile	district	of	Uganda,	where	he	spent	four	months	with	a	team	under	the	anthropologist	Dr	J.	A	certain	fraction	of	the	chain	(I1J2)	remains	trapped	in	the	original	tube	at	this	stage.	(doi:10.1016/S0065-
2113(08)60098-X)	Crossref,	Google	Scholar(12)	1970	(With	Parfitt	R.	Oceanogr.	…	a	simple	and	inspiring	style	of	writing	allows	the	authors	to	‘convey	the	sense	of	curiosity	and	joy’	that	unites	researchers	in	this	area	…	.	Google	Scholar(25)	1979	(With	Harris	G.	Nuffield	Workshop,	Cambridge,	21	June–9	July	1982.	While	apparently	fumbling	and
stating	apologically	that	he	was	sorry	he	had	made	such	‘a	bloomer	out	of	this’,	he	then	proceeded	to	pull,	with	an	air	of	triumph	that	told	the	onlookers	all	was	well,	a	bloomer-like	garment	out	of	the	tissue	paper,	accompanied	by	the	words	‘in	fact,	I	had	made	a	pair	of	bloomers’.	(doi:10.1098/rspa.1966.0255)	Link,	ISI,	Google	Scholar(9)	Properties	of
expanding	universes.	Hence,	in	1963	Bob	attracted	Sandy	Ashmore	from	Cambridge	as	professor	of	physical	chemistry,	and	in	1967	Durward	Cruickshank	(FRS	1979)	joined	as	professor	of	theoretical	chemistry.	At	the	end	of	the	war,	there	remained	a	great	interest	in	fluorine	chemistry,	in	particular	with	respect	to	the	stability	and	lack	of
flammability	of	fluorocarbons.	Published	by	the	Laboratory	itself,	and	still	available	from	the	LMB	Archive	Office,	it	gave	a	brief	history	of	the	Laboratory	and	of	many	of	the	individuals	who	had	worked	there,	including	scientists,	students	and	technical	and	support	staff.	&	Tipping	A.	(Begell	1983)The	Russian	poet	whom	he	especially	read	was	A.	A.,
DeRosier	D.	By	the	time	of	my	21st	birthday	David	was	my	closest	friend,	and	he	gave	me	the	wonderful	gift	of	Bertrand	Russell's	The	Wisdom	of	the	West,	with	an	inscription	as	follows:	‘Tony—Congratulations	and	many	thanks	for	being	such	a	wonderful	friend’,	followed	by	a	quotation	from	George	Eliot:	‘It	is	hard	to	believe	that	anything	in	this
world	is	worthwhile,	unless	there	is	some	eye	to	kindle	in	common	with	our	own,	some	brief	word	uttered	now	and	then	to	imply	that	what	is	infinitely	precious	to	us	is	likewise	precious	to	another	mind.’Mike	Finnis	was	a	friend	and	colleague	of	David's:	Besides	his	vision,	an	outstanding	quality	was	his	ability	to	focus	on	a	problem,	concentrating	his
mind	on	it,	stripping	away	what	was	not	essential	to	understanding	the	situation.	In	Swaffham	they	had	easy	access	to	the	Fen,	where	they	could	enjoy	walking	and	exercising	their	dog.	P.,	Bratkovsky	A.	(doi:10.1016/0375-9601(77)90386-3)	Crossref,	ISI,	Google	Scholar(36)	(With	Gibbons	G.	Crossref,	ISI,	Google	Scholar(28)	1973	(With	Launder	B.
For	a	short	time,	many	new	compounds	were	made	around	the	world	with	the	hope	that	‘something	valuable	might	drop	out’,	as	Charles	reported	Ferguson	to	remark.Ferguson	approached	the	possibility	of	discovering	a	new	anaesthetic	from	a	study	of	narcosis	and,	as	part	of	this	study	published	in	1939,	he	had	sought	to	bring	some	sort	of
coherence	to	the	apparent	chaos	of	data	relating	to	the	narcotic	potency	of	different	compounds	(Ferguson	1939,	1951).	Colin	is	a	long-standing	Fellow	of	the	Royal	Society	of	Chemistry	and	the	Royal	Society	of	Edinburgh.	Science	238,	1374–1379.	On	the	advice	of	a	family	friend,	he	decided	to	apply	to	Bangor	University	in	Wales;	here,	he	finally
discovered	science	and	realized	he	had	found	his	métier.	As	a	consequence	of	the	growth	of	fluctuations,	the	universe	also	exhibits	arrows	of	time	such	as	that	characterized	by	the	global	increase	in	thermodynamic	entropy.But	how	did	inflation	start	and	what	selects	a	particular	realization	of	inflation?	The	‘smoking	gun’	for	inflation	is	widely
believed	to	lie	with	the	tensor	fluctuations;	that	is,	with	primordial	gravitational	waves.	(She	died	only	in	2017,	at	the	age	of	94.)	At	the	end	of	the	programme	he	attended	there,	students	sat	an	examination	with	an	unusual	format:	Peierls	offered	a	handful	of	topics	from	which	each	student	was	to	choose	one	and	within	24	hours	complete	an	‘open-
book’	essay.	But	a	popular	lecture	by	Stephen	would	always	be	a	sell-out,	and	special	arrangements	would	be	needed	to	find	a	large	enough	lecture	hall.In	1998	Stephen	lectured	at	Clinton's	White	House	and	returned	in	2009	when	President	Obama	presented	him	with	the	US	Medal	of	Freedom,	a	very	rare	honour	for	any	foreigner	(figure	5).
(doi:10.1103/PhysRevLett.53.1080)	ISI,	Google	Scholar(12)	1985	(With	Podloucky	R.)	Response.	We	give	two	examples.	(doi:10.1139/p54-033)	Crossref,	ISI,	Google	Scholar(4)	1956	(With	Langseth	A.)	High	resolution	Raman	spectroscopy	of	gases	VI:	rotational	Raman	spectrum	of	benzene-d3.	48,	1220–1223.	Following	the	successful	Nuffield
Workshop	described	in	Section	12	(57),	subsequent	observations	confirmed	the	resulting	predictions	which	must	count	as	one	of	the	great	triumphs	of	theoretical	cosmology,	connecting	the	universe's	earliest	quantum	evolution	to	the	matter	distribution	today.	Google	Scholar(48)	(With	Drayton	C.	Earlier	studies	of	super-radiance	had	shown	that	an
incoming	wave	could	be	amplified	by	scattering	off	a	spinning	black	hole	(Zeldovich	1972;	Starobinsky	1973)	and	had	even	indicated,	as	an	extension,	that	a	spinning	black	hole	could	super-radiantly	scatter	vacuum	fluctuations,	causing	spontaneous	particle	emission	that	spins	the	black	hole	down.At	the	Krakow	meeting	on	Cosmology	in	September
1973,	Stephen	met	Zeldovich	and	Aleksander	Starobinsky,	who	pointed	out	to	him	this	spontaneous	emission	(Thorne	1994).	He	submitted	his	thesis	in	1951	(1)*	and	graduated	the	following	year.	To	achieve	a	two-dimensional	map	for	binary	compounds	with	a	particular	stoichiometry,	each	element	had	to	be	represented	by	a	single	coordinate.	The
next	day	there	followed	a	letter	from	my	future	advisor,	Dr	David	Stockdale,	advising	strongly	that	I	gain	additional	maturity	and	experience	of	life	by	fulfilling	my	18-month	National	Service	(conscription)	obligation	prior	to	coming	up	to	Cambridge.Gibbons	took	off	on	an	18-month	detour,	performing	his	National	Service	as	a	pre-qualified	radar



mechanic	in	the	Royal	Air	Force,	before	heading	to	Cambridge.	Together	with	Masato	Aoki,	he	showed	that	the	perturbation	expansion	of	the	original	BOP	publication	(17)	could	be	cast	into	an	exact	form	(20),	which	was	implemented	by	Andrew	Horsfield	in	the	OXON	(Oxford	Order	N)	code	(22).Until	the	development	of	BOPs,	bond	orders	were
determined	by	diagonalizing	the	tight-binding	Hamiltonian	matrix,	a	computational	task	that	scales	as	the	cube	of	the	number	of	atoms	in	a	periodically	repeated	cell.	5,	269–278.	(doi:10.1103/PhysRevLett.26.1344)	Crossref,	ISI,	Google	Scholar(19)	(With	Gibbons	G.	1988Isolated	beta-heavy	chain	subunit	of	dynein	translocates	microtubules	in	vitro.
Further	analysis	confirmed	that	cytoplasmic	and	axonemal	dyneins	are	minus-end-directed	motors	(Fox	&	Sale	1987;	Paschal	et	al.	116,	061102.	I.)	Carbene	chemistry.	Hydrodyn.	Eng.	Google	Scholar(6)	1951–52	(With	Wheeler	R.	&	Herbillon	A.	Part	II:	Free-radical	reaction	of	dialkylsilanes	with	fluoro-olefins.	Some,	but	far	from	all,	of	this	was
covered	by	the	National	Health	Service	and	grants.To	invite	Stephen	to	a	conference	always	involved	serious	challenges	for	the	organizers.	He	also	published	a	review	for	non-experts	of	the	theory	of	gravitational	radiation	(24).There	was	a	world-wide	effort	to	check	Weber's	results,	which	proved	not	to	be	reproducible,	but	the	resulting	activity
stimulated	the	search	for	gravitational	waves	by	a	new	generation	of	astronomical	technologists.	USA	46,	365–370.	&	Witman	G.	V.)	On	flagellar	structure	in	certain	flagellates.	Rather	than	build	further	on	his	own	advances,	he	headed	into	an	entirely	new	and,	at	first	sight,	unrelated	domain	that	would	become	later	known	as	‘soft	matter’.Pierre-
Gilles’s	first	interest	in	this	domain	was	the	dynamics	of	flexible	polymers	in	dilute	solution,	where	his	predictions	were	quickly	confirmed	by	neutron	scattering.	This	work	followed	on	from	earlier	studies	of	incoherent	image	processing	and	demonstrated	speckle	reduction	by	averaging	sequential	scans.	M.)	A	natural	measure	on	the	set	of	all
universes.	1964Turbulent	boundary	layers	in	compressible	gases(transl.	Biol.	It	was	later	successfully	applied	to	turbulent,	non-premixed	hydrogen–air	flames	(33).	Both	authors	have	tried,	on	more	than	one	occasion,	to	sit	close	enough	to	diagnose	the	actual	sequence	of	events,	but	we	were	no	wiser	at	the	end	of	the	illusion.Hawthorne	died	at	his
home	in	Cambridge,	England,	on	16	September	2011,	of	bronchopneumonia	following	a	stroke.	Boris	felt	it	necessary	to	conduct	whatever	experimental	and	theoretical	work	necessary	within	his	own	group,	and,	apart	from	work	with	the	occasional	visitor,	he	really	never	engaged	in	collaborations	with	others.	Biochim.	1967Event	horizons	in	static
vacuum	space-times.	Comparing	the	patterns	from	the	full	and	empty	particles,	they	showed	that	the	protein	coat	was	likely	to	have	icosahedral	symmetry,	with	the	nucleic	acid	having	lower	symmetry	(4),	in	accord	with	earlier	suggestions	about	the	symmetry	of	the	coats	of	small	spherical	viruses	(Crick	&	Watson	1956).	Isolable	Dewar	benzene	and
prismane	isomers	are	intermediates	in	the	photochemical	interconversion	of	isomers	of	C6F3(CF3)3	(60),	and	the	perfluoroxylenes	apparently	interconvert	similarly	(64).Unlike	hexafluorobenzene,	pentafluoropyridine	does	not	undergo	photochemical	isomerization.	In	The	functional	anatomy	of	the	spermatozoon	(ed.	Within	a	short	time,	however,	she
realized	what	a	terrible	mistake	she	had	made	in	returning,	but	it	took	Peter	another	two	years	to	save	the	money	to	reunite	the	family	in	Toronto	in	1931.	Away	from	the	noble	metal	end,	the	predicted	structural	trend	agreed	with	experiment	and	was	directly	related	to	the	filling	of	the	d-band.	Firstly,	numerous	trips	from	Purdue	to	Huntsville	meant
that	CHAM	NA	became	firmly	established.	N.)	Yang–Mills	instantons	and	the	S-matrix.	Peter's	articular-arm	scanner	in	1964.Download	figureOpen	in	new	tabDownload	PowerPointHe	also	developed	several	other	items	of	equipment	that	became	the	standard	at	the	time,	or	the	basis	for	today's	machines.	Earlier	work	by	others	lacked	the	sensitivity	in
populating	specific	well-defined	rovibronic	levels,	as	would	be	required	to	effectively	characterize	these	states	and	obtain	precise	molecular	constants.	At	Rowley	Bristow	he	was	given	a	spine	graft	and	immobilized	in	a	plaster	cast;	after	which	he	was	given	exercises	to	strengthen	his	back	muscles.	He	felt	strongly	that	‘as	soon	as	a	government
establishment	goes	too	far	into	the	new	design	or	invention	business	it	tends	to	lose	its	ability	to	help	others	and	its	credibility	as	an	advisor’.	Aaron	and	John	deduced	that	the	particles	were	arranged	in	body-centred	cubic	packing	with	a	pattern	of	orientations	…AABBAABBAA…	along	the	body	diagonal,	where	A	and	B	have	orientations	90°	apart.	2,
201–215.	Google	Scholar(40)	1996Multi-fluid	models	of	turbulent	combustion.	(doi:10.1073/pnas.68.12.3092)	Crossref,	PubMed,	ISI,	Google	Scholar(15)	1972	(With	Gibbons	B.	This	led	to	a	blind	date	with	Joan,	who	a	year	later	became	his	wife.	But	beyond	these	and	many	other	prizes,	awards	and	honours	he	received,	Leo	was	immensely	rewarded	by
witnessing	his	pioneering	discoveries	and	ideas	move	from	the	basic	science	stage	to	effective	clinical	applications.	D	28,	2960–2975.	Part	XXXIX:	Preparation	of	NN-bistrifluoromethylamino-substituted	allenes.	Nature	162,	893.	&	Goldwhite	H.)	Metal	carbonyl	chemistry	IV:	The	preparation	of	cobalt	and	rhodium	carbonyls	by	reductive	carbonylation
with	pentacarbonyliron.	&	LaRoque	P.	In	2013	he	received	the	Royal	Medal	of	the	Royal	Society	(for	interdisciplinary	sciences)	‘For	pioneering	the	application	of	physical	sciences	to	the	development	of	ultrasonics	as	a	diagnostic	and	surgical	tool	which	has	revolutionised	clinical	practice’.	(Courtesy	of	Pnina	Sachs.)	(Online	version	in
colour.)Download	figureOpen	in	new	tabDownload	PowerPointFigure	8.	Hawthorne,	an	engineer	of	exceptional	versatility.	Google	Scholar(19)	1970	(With	Rodi	W.)	A	two	parameter	model	of	turbulence	and	its	application	to	free	jets.	With	Roy	Fields,	Bob	investigated	reactions	between	fluoroalkenes	and	Fe(CO)5	under	UV	light,	giving	novel	mono-
alkene	complexes	(36,	65).	Boris	explained	that	his	NRC	technician	only	worked	with	him	and	would	have	nothing	to	do	if	left	in	Ottawa.	He	is	currently	the	director	of	the	Kekst	Family	Institute	for	Medical	Genetics,	the	M.	&	Godwin	G.	Quantum	mechanics	had	been	applied	to	cosmological	models	before,	but	the	no	boundary	proposal	made	it
inescapable	that	the	universe	is	a	quantum	mechanical	system	whose	observable	properties	follow	from	quantum	mechanical	probabilities,	resulting	in	a	renaissance	of	the	field	of	quantum	cosmology.•	A	new	understanding	of	arrows	of	time.	Hartnett	from	the	USA	and	A.	In	addition,	the	basal	bodies	were	so	finely	sliced	that	one	could	see	exactly
how	their	nine-fold	triplet	structure	linked	to	the	shaft	of	the	flagellum	proper.	Nature	265,	217–219.	It	appears	to	me	that	his	disability	was	a	partial	blessing	in	that	it	drove	him	to	develop	this	ability	to	the	point	that	it	gave	him	insights	that	he	might	never	have	achieved	otherwise.By	this	time,	Stephen	was	so	frail	that	most	of	his	colleagues	feared
that	he	could	scale	no	further	heights—but	this	was	just	the	beginning.	Google	Scholar(11)	1961Heat	transfer	to	turbulent	streams	with	stepwise	discontinuity	in	wall	temperature.	S.,	Clark	B.	Overall,	however,	the	W	equation	achieved	similar	mixed	success	to	the	Rodi–Ng	scheme.	A	few	weeks	later,	Ross	Deegan,	who	was	a	visiting	Canadian
National	Research	Council	(NRC)	postdoctoral	fellow,	suggested	to	David,	with	Heine's	approval,	that	he	work	on	understanding	the	well-known	structural	trend	from	hcp	to	bcc	to	hcp	to	fcc	across	the	non-magnetic	4d	and	5d	transition	metal	series.	One	of	Gibbons’	early	electron	micrographs	of	Pseudotrichonympha	flagella	in	cross	section,	showing
the	9 + 2	pattern	of	doublet	tubules	and	the	inner	and	outer	dynein	arms	(reproduced	from	(3)	with	permission).	This	‘headmaster’	image	may	have	been	felt	necessary	to	maintain	respect	and	control,	by	retaining	some	distance.	A.,	Vallee	R.	Leo	put	his	hand	on	my	shoulder	and	said	smiling	something	like:	‘Charles,	let	me	give	you	some	advice:
immunologists	work	on	the	immune	system	specificity,	they	know	that	a	single	amino	acid	change	in	an	antigen	results	in	a	totally	new	response.	For	David,	if	there	was	no	model	there	were	only	numbers.Second,	it	is	striking	that	David	received	significant	funding	from	overseas	at	critical	stages	in	his	career.	Their	paper	concluded	with	an
examination	of	a	small	list	of	possible	candidates	and	challenged	the	observational	community	to	make	more	exhaustive	studies	of	these	systems.The	next	paper,	although	clearly	inspired	by	the	study	of	gravitational	radiation,	is	of	much	deeper	significance	(18).	During	the	Christmas	break	in	1962,	he	fell	over	while	skating	at	St	Albans	and	could	not
get	up.	With	Thain	Flowers,	Bob	then	used	perfluoro-carbanions	(formed	by	addition	of	fluoride	ion	to	a	fluoro-olefin)	as	nucleophiles	to	attack	pentafluoropyridine,	tetrafluoropyridazine	and	tetrafluoropyrimidine	(42,	48,	62).Valence-bond	isomers	are	molecules	with	the	same	formula	but	with	bonding	patterns	that	differ	other	than	by	their	spatial
arrangements.	Wheeler	once	said	that	just	talking	about	it	was	like	‘rolling	candy	on	the	tongue’.In	his	original	paper,	Stephen	obtained	the	radiation	by	considering	zero-point	fluctuations	in	the	initial	vacuum	state	that	were	amplified	by	the	collapse	that	formed	the	black	hole.	Riv.	Fig.	Nature	352,	345–347.	57,	827–863.	Google	Scholar(63)	1987
(With	Gibbons	G.	Nuffield	Workshop,	Cambridge,	16	June–12	July	1980.	These	issues	were	later	clarified	by	Barrow	and	Sonoda	(1986).A	further	theme	was	classical	black	hole	studies	which	started	with	the	paper	of	1971	and	which	led	to	the	area	theorem,	uniqueness	theorems	and	the	four	laws	of	black	hole	thermodynamics,	discussed	in	section
7.Stephen's	work	on	singularities	for	the	period	up	to	December	1966	was	consolidated	in	his	Adams	Prize	essay	(7),	recently	republished	with	commentary	(Ellis	2014).	This	three-dimensional	motion,	which	transports	momentum	and	energy	across	a	passage,	is	inherent	in	turbomachinery	and	other	engineering	flows	and	its	effect	on	fluid	device
performance	was	a	major	Hawthorne	theme.Hawthorne's	initial	paper	on	secondary	flow	appeared	in	the	Proceedings	of	the	Royal	Society	(2),	communicated	by	Professor	Theodore	von	Karman	from	Caltech,	a	Foreign	Member	and	a	pre-eminent	aerodynamicist	of	the	first	half	of	the	last	century.	1968Amino-acid	composition	of	‘tubulin’	constituting
microtubules	of	sperm	flagella.	Eventually,	their	relationship	also	came	to	an	end—they	were	divorced	in	2007.	X-ray	diffraction	was	a	technique	developed	and	used	by	Dennis	throughout	his	early	career.	A	typical	approach	by	Pierre-Gilles	starts	by	isolating	the	underlying	physical	principles	of	the	phenomenon	under	study,	and	then	treats	limiting
cases,	which	are	usually	much	easier	to	study	than	the	general	problem.	Immunol.	They	provide	a	way	of	making	black	holes	distinguishable.	Bob	was	made	a	member,	but	at	the	short-listing	stage	he	stood	down	and	applied	for	the	position	himself;	although	this	raised	some	controversy,	it	was	not	contrary	to	the	rules.	M.	He	maintained	a	life-long
love	of	conjuring,	as	described	later.	(Courtesy	of	Pnina	Sachs.)	(Online	version	in	colour.)Download	figureOpen	in	new	tabDownload	PowerPointLeo's	height	made	him	noticeable	everywhere;	at	meetings,	some	people	would	arrange	to	meet	later,	next	to	Leo	Sachs!	In	China,	his	feet	were	a	source	of	wonder	and	amusement,	and	sometimes	Leo
would	lift	up	a	foot	so	that	it	could	be	photographed	easily.	P.)	Organic	materials	which	stabilize	natural	soil	aggregates.	14,	317–336.	These	are	the	hallmarks	of	the	man,	illustrated	clearly	from	this	small	example.The	second	example	was	when	I	told	Diarmuid	about	a	new	research	engine	our	competitors	had	made,	saying	that	we	needed	to	be
aware	of	it.	As	he	lost	the	use	of	his	hands,	he	developed	an	amazing	ability	to	visualize	and	manipulate	in	his	head	geometric	and	topological	concepts	and	relationships,	and	much	of	his	breakthrough	research	relied	on	this.	During	the	more	than	25	years	of	his	stay	in	Hawaii,	Gibbons	often	expressed	gratitude	for	Bob	Kane's	immensely	skilful	style
of	administration	at	Kewalo	which	shielded	Gibbons’	research	from	the	daily	nitty-gritty	of	building	management.Shortly	after	the	move	to	Hawaii,	Barbara	joined	the	project.	(Online	version	in	colour.)Download	figureOpen	in	new	tabDownload	PowerPointFor	25	years	Bob	opened	the	garden	to	the	public	in	aid	of	Macmillan	Cancer	Support	under	the
National	Gardens	Scheme,	which	described	it	as	a	‘plantsman's	mountain	paradise’.	ZhETF	Pisma	Redaktsiiu	33,	549–553	(in	Russian).	The	amino	acid	sequence	also	confirmed	that	dynein	shows	no	homology	to	either	kinesin	or	myosin.	With	the	Edgerton	flash	lamps,	Boris	and	Gary	constructed	Canada's	first	optical	maser	(soon	to	be	called	a	laser),
operational	towards	the	end	of	1960.	This	is	the	conversion	of	an	electron	into	a	hole	in	a	normal	electrode	contacting	a	superconductor	(accompanied	by	emission	of	a	superfluid	pair),	and	underlies	much	of	today's	work	on	superconducting	nanostructures.By	1967,	the	Orsay	Superconductivity	Group	was	a	globally	recognized	authority	in	the	field.
W.)	Selection	rules	for	topology	change.	The	emission	and	absorption	probabilities	for	a	particle	of	energy	ε	escaping	from	or	falling	into	the	black	hole	were	related	by	the	Boltzmann	factor	exp(−ε/T),	which	was	precisely	the	relation	needed	for	the	black	hole	to	be	in	equilibrium	with	thermal	radiation	at	temperature	T.	He	comments	about	the
difficulties,	both	semantic	and	engineering,	in	reconciling	the	task	of	the	propulsion	engineer,	concerned	with	flow	through	the	body,	with	that	of	configuring	the	leading	edge	to	avoid	flow	separation.	He	was	also	active	in	the	St	Vincent	de	Paul	Society.	6,	243–244.	A	method	was	developed	for	producing	artificial	cores	with	expressed	nucleocapsid
protein	and	different	RNA	templates	(33).	13,	657–659.	Forensic	design	studies	included	the	Flixborough	chemical	plant	explosion	of	1974	and	Piper	Alpha	oil	rig	disaster	in	1988.	(doi:10.1073/pnas.75.5.2220)	Crossref,	PubMed,	ISI,	Google	Scholar(24)	1980	(With	Gibbons	B.	Link,	ISI,	Google	Scholar(5)	Predicting	the	laminar	flame	speed	in	gases
with	temperature-explicit	reaction	rates.	M.)	The	upper	limit	of	photosynthetic	productivity	by	phytoplankton:	evidence	from	Ethiopian	soda	lakes.	477)	Beautiful	work	on	the	spectrum	of	fluctuations	expected	in	detailed	inflationary	models	was	carried	on	by	several	groups	at	the	workshop,	and	mutual	agreement	was	obtained	after	some
struggles.The	spectrum	of	the	fluctuations	was	expected	to	be	approximately	scale-invariant	in	accordance	with	earlier	ideas	by	Harrison	(1970)	and	Zeldovich	(1972).	Żytkow	were	particularly	helpful	in	editing	the	memoir	and	clarifying	parts	of	the	story.	Additionally,	as	you	know,	I	serve	on	a	number	of	UK	Government	and	other	bodies,	particularly
at	the	moment,	The	Science	and	Engineering	Research	Council	and	The	Design	Council.As	retirement	approached,	Diarmuid	firmly	believed	that	one	should	be	in	a	position	to	confidently	hand	over	the	reins	to	the	next	generation.	Science	236,	1129–1237.	17,	297–299.	W.)	Gravitational	multi-instantons.	Ferguson	hailed	from	Stirling	and,	like
Charles’s	grandfather	Thomson,	learned	his	chemistry	at	the	precursor	of	the	University	of	Strathclyde,	an	institution	renowned	for	its	training	in	the	applied	sciences.	Spalding's	emergence	as	a	substantive	combustion	expert	arguably	began	in	1957	when	he	published	two,	now	classical,	papers	in	the	inaugural	volume	of	Combustion	and	Flame	(5,
6):	they	were	imaginative,	rigorously	derived	and	practically	useful,	and	they	comprised	seminal	analyses	of	the	reacting	flow	equations	in	laminar	flames.From	the	late	1960s,	however,	he	perceived	combustion	differently:	a	process	of	which	the	modelling	incorporated	flow	structure.	Preston	and	G.	Still	in	the	mid	1950s,	he	started	to	study	the
controls	of	normal	and	abnormal	development	by	analysing	the	chromosomes	and	immunological	properties	of	tumour	cells	that	differed	in	their	transplantability	in	mice	(17).Haematopoietic	cells	give	rise	to	blood	cells	of	different	lineages	throughout	life,	but	the	regulatory	mechanisms	involved	were	not	known	for	many	years.	He	did	not	strive	for,
or	seek,	recognition	and	declined	an	honour	which	ran	counter	to	his	beliefs.	1998Randomization	of	left-right	asymmetry	due	to	loss	of	nodal	cilia	generating	leftward	flow	of	extraembryonic	fluid	in	mice	lacking	KIF3B	motor	protein.	The	company	began	with	a	cadre	of	talented	young	staff	mostly	recruited	from	the	heat	transfer	section	at	Imperial
College.	Google	Scholar(21)	1995Bonding	and	structure	in	molecules	and	solids.	D	23,	347–356.	Moved	by	the	need	to	do	something	worthwhile,	and	profoundly	shocked	by	the	revelation	of	the	Holocaust,	he	decided	to	join	a	small	community	and	start	work	as	a	farmer	in	order	to	prepare	himself	for	kibbutz	life	in	Israel	(it	is	very	hard	to	imagine	a
less	suitable	way	of	life	for	him,	but	he	could	still	milk	cows	years	later).	C.,	Tatchell	K.,	Van	Holde	K.	As	the	university	had	not	at	that	time	been	completed,	most	of	the	research	was	undertaken	at	the	government-run	Veterinary	Research	Laboratories	at	Stormont.	The	end	of	the	series	of	weekly	walks	was	a	ramble	along	the	‘Duke	of	Grafton's	Ride’
followed	by	a	grand	picnic	with	much	of	the	cooking	and	provisions	supplied	by	Hawthorne.Despite	Hawthorne's	many	professional	activities,	he	was	active	and	popular,	known	for	his	support	for	the	rowing	club	and	for	musical	activities,	and	also	as	a	gracious	host	for	the	many	visiting	scholars.	Using	this	approach,	he	could	generalize	the	classic
ideas	of	Wigner	and	Seitz	for	treating	the	cohesion	of	alkali	metals	to	that	of	the	transition	metals.	3152.	N.,	Bricogne	G,	Staden	R	&	Klug	A1978Protein	disk	of	tobacco	mosaic	virus	at	2.8 Å	resolution	showing	the	interactions	within	and	between	subunits.	Though	never	involved	in	fluorine	chemistry,	he	knew	Bob	Haszeldine	first	as	the	head	of	his
department	and	then	as	principal	of	UMIST.	(doi:10.1098/rspb.1939.0030)	Google	ScholarFerguson	J.	In	this	sense,	anti-de	Sitter	space	is	like	a	box	that	confines	all	fields,	including	the	gravitational	field.Maldacena's	discovery	was	that	gravitation	in	anti-de	Sitter	space	is	equivalent	to	a	non-gravitational	quantum	field	theory	defined	on	the	boundary
of	anti-de	Sitter	space;	that	is,	on	the	walls	of	the	box.	(doi:10.1126/science.149.3682.424)	PubMed,	ISI,	Google	Scholar(12)	1967	(With	Stephens	R.	Perkin	Trans.	Google	Scholar(7)	1953	(With	Street	J.	This	coherence	test	was	shown	to	be	useful	as	an	indicator	of	those	soils	that	might	benefit	from	grass	leys	to	improve	structure	and	those	soils	that
might	cause	problems	when	drainage	schemes	were	introduced	(17).Combining	a	thorough	understanding	of	processes	with	practical	outcomes	for	soil	management	also	underlaid	the	research	with	Ann	Hamblin	on	the	factors	determining	the	stability	of	soils	of	high	silt	content	in	East	Anglia.	(doi:10.2307/2256614)	Crossref,	ISI,	Google	ScholarLund
J.	In	addition	to	his	experience	in	academia,	he	worked	at	United	Technologies	Corporation	for	roughly	a	decade,	both	at	the	Pratt	&	Whitney	division	and	at	the	United	Technologies	Research	Center.	The	scheme	successfully	separated	those	alloys	with	positive	heats	from	those	with	negative	heats	of	formation	by	adding	a	repulsive	contribution,
which	depended	on	the	charge-density	mismatch,	to	Pauling's	attractive	ionic	contribution	that	depended	on	the	electronegativity	difference	between	the	constituent	atoms.	London,	UK:	Doubleday.	The	couple	felt	elated	by	the	clarity	and	significance	of	being	able	to	actually	watch	ATP-dependent	microtubule	sliding	happening	in	real	time.Gibbons
and	Summers	then	snapped	dark-field	micrographs	to	show	that	the	lengths	of	the	fully	disintegrated	structures	ranged	up	to	seven	times	that	of	the	original	fragment,	meaning	that	most	or	all	of	the	doublets	were	able	to	slide	(14)	(figure	5).	13,	273–282.	But	the	no	boundary	proposal	motivated	new	formulations	of	quantum	mechanics	that	were
adequate	for	cosmology—decoherent	histories,	in	particular.	Nature	217,	130–134.	Photograph	of	John	at	his	desk	in	Birkbeck	about	1958.	Stephen	himself	was	keenly	interested	in	their	possible	effects	on	the	propagation	of	elementary	particles	through	a	space-time	foam	seething	with	virtual	black	holes,	bubbles,	wormholes	and	baby	universes,	as
part	of	his	belief	at	that	time	was	that	unpredictability	is	an	inevitable	consequence	of	quantum	gravity	(34,	37–40,	43,	44,	46,	59,	64,	68,	84,	85).Stephen	questioned	not	only	whether	quantum	gravity	would	be	predictable,	but	also	whether	it	would	be	causal	(47,	50,	82).	He	had	a	brother,	John,	and	sister,	Joan,	and	was	the	eldest.	However,	shortly
after	applying	he	attended	a	colloquium	by	Gerhard	Herzberg	(FRS	1952,	winner	of	the	1971	Nobel	prize	in	chemistry)	of	the	NRC	lab	in	Ottawa.	2008Professor	Keenan's	contribution	to	thermodynamics.	These	problems	were	a	major	issue	because	the	engines	could	not	be	made	to	run	for	the	required	length	of	time.	He	never	once	railed	about	his
illness	and	was	grateful	to	the	end	that	he	had	had	the	opportunity	to	find	his	vocation	and	to	be	able	to	do	what	he	loved	so	much.	The	photograph	shows	Leo	Sachs	and	Joseph	Lotem	on	a	bus	en	route	to	Cappadocia	as	part	of	a	meeting	at	Hacettepe	University,	Ankara,	in	1998.Footnotes*	Numbers	in	this	form	refer	to	the	bibliography	at	the	end	of
the	text.ReferencesReferences	to	other	authorsBradley	T.	The	respect	and	warmth	felt	by	these	students,	as	well	as	others	who	worked	with	him,	is	well	known.	(doi:10.1063/1.1664615)	Crossref,	ISI,	Google	Scholar(14)	1969On	the	rotation	of	the	universe.	Cancer	Res.	(doi:10.1016/0370-2693(87)90028-1)	Crossref,	ISI,	Google	Scholar(65)	(Editor,
with	Israel	W.)	Three	hundred	years	of	gravitation.	Scheme	1.	It	became	a	showpiece,	and	after	his	wife	died	in	1987,	it	was	dedicated	to	her	memory.	D.)	‘Knock’	in	internal	combustion	engines.	G.)	Transition	metal	complexes	containing	the	bis(trifluoromethyl)nitroxy	ligand.	Google	Scholar(27)	1994	(With	Szabolcs	I.;	eds)	Soil	resilience	and
sustainable	land	use.	(doi:10.1093/mnras/162.4.307)	Crossref,	ISI,	Google	Scholar(27)	(With	Ellis	G.	Black	holes,	however,	contain	space-time	singularities,	regions	where	general	relativity	breaks	down,	raising	fundamental	issues	about	the	nature	of	space	and	time.	Theor.	1975).	USA	68,	3092–3096.	(doi:10.1016/0038-1098(72)90186-X)	Crossref,
ISI,	Google	Scholar(5)	1974The	physics	of	liquid	crystals.	His	teachers	encouraged	him	to	go	to	university,	even	though	in	those	days	few	students	did	so	and	those	that	did	only	thought	of	a	job	in	industry	or	high	school	teaching.	His	economy	is	impressive,	preferring	hand-crafted	physical	argument	to	the	steam-roller	of	formalism.	W.)
Polyfluoroarenes.	9–32.	The	complementary	book	on	two-dimensional	recirculating	flows	(18)	thus	incorporated	a	variant	of	the	later	model	of	Prandtl	(1945)	in	which	a	transport	equation	was	solved	for	k,	the	turbulence	energy	per	unit	mass	(i.e.	half	the	sum	of	the	mean-square	velocity	fluctuations	about	the	mean),	along	with	the	mean-flow
velocities	and	pressure.	Moreover,	as	an	ongoing	project,	he	turned	to	further	developing	his	‘population	model’	(the	first	attempt,	the	eddy	breakup	model,	was	two-population).	Peter	was	also	appointed	honorary	chief	physicist	at	the	University	Hospital	of	Wales	(Cardiff).	At	the	memorial	service	for	Hawthorne,	Charles	Vest,	former	president	of
MIT,	noted	that	Sir	William	had	suggested	to	Lord	Broers	(FRS	1986),	one	of	Hawthorne's	successors	as	Master	of	Churchill	College	and	later	Vice-Chancellor	of	the	University	of	Cambridge,	that	‘he	should	meet	the	new	president	of	MIT’	and	that	this	had	resulted	in	a	long-time	friendship	(Vest	2012).	Google	Scholar(10)	1977	(With	Halliwell	M.,
Skidmore	R.,	Webb	A.	The	result	was	interpreted	as	meaning	that	a	black	hole	must	contain	a	space-time	singularity.	By	optimizing	the	ordering	of	the	elements	on	his	imaginary	string	in	a	phenomenological	way,	he	was	able	to	make	compounds	sharing	the	same	structure	fall	into	regions	that	were	remarkably	well	separated	from	those	sharing
another	structure.	His	health	worsened	further,	until,	by	the	late	1970s,	he	had	almost	no	movement	left	and	his	speech	could	barely	be	made	out	at	all,	except	by	a	very	few	of	his	family	and	colleagues.	London:	Intertext	Books.	Born	in	Leipzig	in	1924	to	a	father	who	was	a	successful	businessman	and	a	mother	from	a	long	line	of	rabbis	and	a
graduate	of	the	Leipzig	Academy	of	Music,	his	family	was	typical	of	many	middle-class	Jews	in	Germany.	The	emergence	of	layers	corresponds	to	the	emergence	of	the	superconducting	order	parameter;	the	nematic	director	corresponds	to	the	magnetic	vector	potential;	and	dislocations	in	the	liquid	crystal	correspond	to	vortices	in	the
superconductor.	That	paper,	and	the	subsequent	papers	on	the	topic,	demonstrate	Hawthorne's	great	ability	to	see	where	the	root	of	an	engineering	problem	lay	and	to	visualize	its	solution,	often	in	elegantly	simple	mathematical	terms.	His	parental	roots	were	in	Sligo,	Republic	of	Ireland,	and	Belfast,	Northern	Ireland.	However,	more	often	than	not,
when	they	were	stymied	with	such	issues,	it	was	his	insight	and	guidance	that	provided	the	path	forward.With	the	arrival	in	1974	of	the	research	associate	Stephen	Wallace,	who	had	earlier	helped	develop	tunable	dye	lasers	and	four-wave	mixing	techniques	with	R.	Such	primordial	black	holes	(PBHs)	would	have	the	particle	horizon	mass	at	formation
and	could	form	with	masses	all	the	way	down	to	the	Planck	mass,	2	×	10−5 g.	The	family	moved	to	Purley	in	Surrey,	now	South	London,	in	1947.	&	Cox	J.	&	Longair	M.	&	Baker	J.	Nature	269,	29–36.	Four	years	later	the	family	moved	to	Wallasey,	to	a	house	with	a	bathroom	and	a	backyard	large	enough	to	play	ball	games	in.	Google	ScholarNewman
E.	He	was	very	attentive	to	providing	a	warm	atmosphere	for	his	junior	colleagues	and,	with	his	wife	Marie,	often	invited	students	over	to	their	house	for	tea	or	dinner.	There	were	jointly-owned	paint	companies	in	France,	Portugal,	Trinidad	and	Jamaica.	1956Structure	of	small	viruses.	Anyone	who	met	Boris	felt	his	genuine	warmth	and	the	force	of
his	outgoing	personality.	For	example,	he	had	studied	stratification	(the	partial	separation	of	a	water	body	into	an	upper,	usually	warmer,	less	dense	layer	and	a	lower,	usually	colder,	more	dense	layer,	separated	by	a	steep	temperature	gradient)	in	Lake	Victoria	and	Lake	Albert	(6,	12)	and	found	a	large	accumulation	of	nutrients	in	the	water	at	depth,
which	stimulated	his	interest	in	this	feature	in	the	English	lakes.Jack	initiated	a	broad	interdisciplinary	study	on	Esthwaite	Water.	One	member	of	the	pair	would	have	positive	energy	and	escape	to	infinity,	where	it	would	appear	as	radiation.	In	the	end	it	was	resolved	to	divide	the	heat	transfer	and	fluids	activities	into	a	heat	transfer	section,	headed
by	Spalding,	and	a	fluids	section,	headed	by	James	Whitelaw	(FRS	1996),	the	latter	handling	all	instructional	matters	for	both	areas.	(doi:10.1039/p19720001877)	Google	Scholar(52)	(With	Barlow	M.	It	has	been	produced	commercially,	but	efforts	to	produce	cross-linked	variants	with	better	thermal	stability	have	not	been	successful	(32).Perhaps
Bob's	most	significant	contribution	to	polymer	chemistry	followed	the	discovery	that	the	‘magic	diradical’	reacts	with	perfluoroalkenes	to	give	stable,	‘living’,	free-radical	copolymers	(scheme	4)	with	number-average	molecular	weights	in	the	range	1250–11	000.	Leo	then	switched	to	work	with	non-haematopoietic	cells	from	different	species	and
showed	that	plaque-purified	polyoma	virus	could	induce	the	transformation	of	such	cells	in	vitro	(Vogt	&	Dulbecco	1960)	(4,	17).	Haematopoietic	cytokines	are	now	routinely	used	to	boost	normal	haematopoiesis	in	patients	with	various	haematopoietic	deficiencies,	or	following	chemotherapy,	and	to	facilitate	easier	harvesting	of	HSC	from	peripheral
blood,	rather	than	from	bone	marrow,	to	be	used	in	transplantation.	Together	with	Ray	and	Charles,	and	using	a	Q-switched	ruby	laser,	Boris	also	observed	stimulated	Brillouin	scattering	in	quartz	and	sapphire	with	scattered	light	emitted	in	the	backward	direction	and	high-intensity	acoustic	waves	emitted	in	the	forward	direction
(11).Representatives	from	Perkin-Elmer	and	General	Electric	often	visited	the	Townes	labs	and	while	there	asked	Boris	to	do	consulting	work.	Essentially,	the	prescription	of	velocity	and	temperature	variations	within	the	flow	employed	too	few	parameters	to	give	sufficient	flexibility.	Although	financially	stretched,	the	family	was	able	to	send	Frank	to
Oxford,	where	he	studied	medicine.	Part	IV:	Phospha-alkenes	as	intermediates	in	the	reaction	of	1,1,2,2-tetrafluoroethylphosphine	with	dimethylamine	or	aniline.	C:	Solid	State	Physics	5,	97–120.	W.)	Cool	flame	formation	in	a	motored	engine.	But	one	paid	for	the	meal—you	were	expected	to	join	David	on	a	brisk	walk	around	the	fields	of	Charlbury
afterwards;	Christmas	days	and	New	Year's	days	were	not	exempt.Tom	Pettifor,	David's	older	son,	recalls:	Now	I	know	it	was … in	the	mid	1980s	that	he	was	reaching	perhaps	the	peak	of	his	career.	She	was	a	free-thinking	radical	and	a	strong	influence	on	her	son.	Crossref,	Google	Scholar(27)	(With	Patankar	S.	Nature	232,	465–466.	2002Designs	for
life:	molecular	biology	after	World	War	II.	1,	175–221.	A	structure	map	could	be	used	to	guide	the	selection	of	ternary	additions	to	a	pseudo-binary	alloy	to	change	its	crystal	structure	into	one	that	is	more	ductile.When	he	started	looking	at	the	problem,	David	noticed	that	the	approaches	that	had	been	taken	were	based	on	finding	coordinates	that
reflected	the	physical	factors	thought	to	underpin	structural	stability,	such	as	the	electronegativity	difference,	the	atomic	size	difference	and	the	average	number	of	electrons	per	atom;	but,	even	with	three	coordinates,	the	separation	of	the	crystal	structures	achieved	by	these	maps	was	not	very	successful	and,	with	the	stoichiometry	forming	a	fourth
coordinate,	the	maps	were	four-dimensional,	which	certainly	did	not	make	them	user-friendly.David	observed	that	these	three	physical	factors	were	essentially	classical	in	origin,	and	they	did	not	reflect	the	quantum	mechanical	nature	of	the	chemical	bond.	He	was	a	member	of	the	Defence	Scientific	Advisory	Committee,	and	chaired	the	Chemical	and
Biological	Defence	Board.Fluorine	can	replace	hydrogen	in	organic	compounds,	opening	a	wide	field	of	study	that	Bob	approached	creatively	and	systematically.	Stephen	discovered	that	early	on	there	was	a	profound	connection	between	the	no	boundary	wave	function	and	inflation	(56,	58).	It	conveyed	how	the	need	for	support,	requiring	a	team	of
nurses,	strained	his	marriage	to	Jane	to	breaking	point,	especially	when	augmented	by	the	pressure	of	his	growing	celebrity.	Stephen	first	argued	that	the	arrow	of	time	would	reverse	in	universes	that	contract	after	a	period	of	expansion	(61).	USA	72,	3320–3322.	(doi:10.1016/0370-2693(82)91219-9)	Crossref,	ISI,	Google	ScholarMaldacena	J.	She	and
Gibbons	put	their	amazing	collaborative	scientific	methods	to	good	use	in	helping	her	to	maintain	her	favourite	activities	of	hiking	several	times	a	week,	eating	well	and	continuing	to	see	friends	and	family	through	many	of	the	subsequent	15	years	of	her	illness.	During	his	convalescence,	John	had	a	lot	of	time	to	read	and	think,	and	he	decided	that	he
would	be	interested	in	getting	into	biological	applications	of	physics.	J.)	Trifluoromethyl	derivatives	of	phosphorus,	arsenic	and	sulfur.	Left	to	right:	Professor	Brian	Cantor,	head	of	department	of	materials;	David;	Dr	Bill	Hayes,	pro-vice	chancellor;	Dr	Joel	Birnbaum,	senior	vice	president	for	research	and	development	at	Hewlett–Packard	(HP);	and	Mr
Pierre-François	Catté,	general	manager	of	HP	Convex	Division.	We	can	approximate	this	situation	as	a	distribution	of	vortex	lines	that	are	convected	by	a	non-vortical	background,	or	‘primary’	flow,	and	whose	evolution	leads	to	a	‘secondary’	motion	normal	to	the	primary	flow	streamlines.As	the	flow	proceeds	round	the	bend,	the	fluid	near	the	inner
wall	has	a	lower	static	pressure	because	of	the	curved	path,	and	therefore	a	higher	velocity,	than	that	near	the	outer	wall.	The	Division	set	out	to	become	the	government's	‘back	room’	for	the	new	jet	engine.	A	special	combustion	sampling	valve	was	developed,	along	with	appropriate	analytical	techniques.	The	phenomenological	approach	seeks	to
order	the	experimental	data	with	the	aid	of	two-	(three-)	dimensional	structure	maps.	The	entrance	exams	for	Cambridge	were	both	thorough	and	leisurely	in	those	days	and	candidates	were	advised	not	to	restrict	themselves	to	answering	the	questions	directly,	but	to	give	additional	relevant	information	when	they	could.	J.,	Burgess	S.	A	major	project
concerned	the	mineralogy	and	structural	properties	of	clay	soils	in	southern	England.	E.,	Tan	C.	Centre	Natn	Rech.	He	attended	Hotham	Road	School	in	Putney	from	1935	to	1939,	but	on	the	outbreak	of	war	was	evacuated	to	Wiltshire,	after	their	flat	was	bombed.	These	equations	were	in	part	a	response	to	the	need	to	simplify	a	complex	situation	in	a
way	that	permitted	calculation	in	the	days	before	the	existence	of	powerful	computers,	and	of	necessity	the	approximation	trade-offs	introduced	some	error.	He	would	take	his	daughter,	Thora,	to	many	equestrian	competitions	and	for	long	horse	rides	across	the	North	Yorkshire	Moors	near	Tan	Hill.	They	also	shared	a	strong	interest	in
turbomachinery	fluid	flow	and	in	linkages	between	the	two	Cambridges;	these	interests	have	continued	throughout	Greitzer's	career.David	E.	(doi:10.1038/2091278a0)	ISI,	Google	Scholar(11)	1967The	occurrence	of	singularities	in	cosmology.	Despite	the	best	of	medical	treatment	in	Moscow,	he	died	on	27	November	after	an	emergency	transfer	back
to	the	UK.	Figure	12.	He	discussed	this	with	Welsh	and	asked	him	to	approach	Dr	Herzberg.	This	highlighted	the	effect	of	fuel	characteristics,	showing	it	to	be	linked	to	high-temperature	combustion	and	quite	distinct	from	knock.	With	non-uniform	density	there	is	the	capability	for	internal	generation	of	vorticity	due	to	the	interaction	of	pressure	and
density	fields,	so	there	can	be	competing	effects	of	the	distortion	of	existing	vorticity	and	the	creation	of	new	vorticity.	&	Kamen	R.)	The	myeloid	blood	cell	differentiation-inducing	protein	MGI-2A	is	interleukin	6.	A	list	of	his	major	awards	appears	at	the	end	of	this	memoir,	but	three	bestowed	in	his	later	years	are	especially	significant.	III:	Causality
and	singularities.	He	wrote	(36):	‘Dynein	may	be	a	minus-end-directed	motor,	but	working	with	it	has	had	lots	of	plusses.	The	influence	of	friction	on	mass	flow	was	a	striking	feature	of	compressible	flow	compared	with	incompressible	flow,	as	Hawthorne	was	later	to	further	illustrate.	W.)	Evidence	for	black	holes	in	binary	star	systems.	Further	more-
detailed	work,	using	cryo-microscopy	and	helical	image	analysis	on	cylindrical	assemblies	of	the	capsid	protein,	yielded	maps	into	which	the	atomic	crystal	structure	of	the	capsid	protein	could	be	fitted	(34).	They	had	come	to	Newcastle	in	order	for	his	father	to	join	the	leading	engineering	firm	of	Merz	and	McLellan,	who	had	made	their	reputation	in
Newcastle	in	the	new	field	of	electrical	power	generation	and	distribution.Hawthorne	was	educated	at	the	Dragon	School	and	at	Westminster	School,	where	he	rowed	and	also	acted.	A	downside	of	his	iconic	status	was,	however,	that	his	comments	attracted	exaggerated	attention	even	on	topics	where	he	had	no	special	expertise;	for	instance,
philosophy	or	the	dangers	from	aliens	or	from	intelligent	machines.	New	Phytol.	They	had	four	children,	three	sons,	Andrew	(1963),	Alexander	(1965)	and	Tom	(1970),	and	a	daughter,	Lucy	(1966),	and	six	grandchildren,	who	will	remember	him	as	the	most	lovely	of	all	grandpas	(Figure	5).	He	showed	the	specific	importance	of	van	der	Waal's	forces	in
the	formation	of	the	precursor.	&	Groner	Y.	Leo	helped	him	throughout	the	establishment	of	the	new	department,	which	was	named	Molecular	Genetics;	his	door	was	always	open	and	he	was	very	generous	with	his	time.	Crossref,	Google	Scholar(7)	1965Interaction	between	clays	and	organic	compounds	in	soils:	I.	Num.	The	paper	gave	insightful
descriptions	of	the	problems,	the	current	understanding	and	the	challenges,	and	it	can	still	be	read	with	profit	for	the	clear	description	of	phenomena.	R..)	The	fine	structure	of	nuclei	during	sperm	maturation	in	the	locust.	Dalton	Trans.	(doi:10.1007/JHEP05(2017)161)	Crossref,	ISI,	Google	Scholar(104)	(With	Hertog	T.)	A	smooth	exit	from	eternal
inflation?J.	Dennis	concluded	that	it	was	probable	that	the	adsorption	of	humic	materials	in	soil	takes	place	mainly	through	ionic	linkages	involving	polyvalent	cations	or	oxides	as	intermediaries	between	the	humic	substance	and	the	clay	surface,	whereas	adsorption	of	polysaccharides	is	mainly	due	to	physical	adsorption	processes.	Part	I:	The	reaction
of	iodotrifluoromethane	with	ethylene	and	tetrafluoroethylene.	This	was	the	most	sophisticated	analysis	of	viral	capsid	structure	to	date	and	the	series	of	papers	established	clearly	the	nature	of	negative	staining.	1965Gravitational	collapse	and	space-time	singularities.	In	the	first	Boris	undertook	to	write	a	biography	of	Herzberg,	his	long-time	mentor
and	Nobel	prize	winning	spectroscopist.	15,	689–690.	Ecol.	In	the	same	year,	Stephen	published	a	paper	on	limits	to	the	available	energy	in	gravitational	waves	emitted	by	colliding	black	holes	(18)	(see	Section	7).	Nevertheless,	the	description	in	terms	of	capsomeres	was	correct.	Soc.22.	In	that	year,	just	before	I	was	to	set	out	on	a	continental	tour,
by	car	in	those	days,	visiting	our	clients	in	France	and	Italy,	Jack	Pitchford,	who	was	then	our	Managing	Director,	told	me	that	he	and	Sir	Harry	Ricardo,	then	our	Chairman,	had	been	discussing	the	future	direction	of	the	company,	and	wanted	me	to	know	that	it	was	their	wish	that	I	should	succeed	them	in	due	course,	if	I	was	willing	to	undertake	the
task.	The	frontispiece	is	a	1985	painting	by	David	Poole	and	is	used	with	permission	from	the	family	and	the	artist.	(doi:10.1038/352640a0)	Crossref,	PubMed,	ISI,	Google	Scholar(28)	1993	(With	Mocz	G.)	ATP-insensitive	interaction	of	the	amino-terminal	region	of	the	beta	heavy	chain	of	dynein	with	microtubules.	He	used	these	methods	repeatedly	on
systems	as	different	as	superconductivity,	polymer	solutions,	wetting,	adhesion	and	so	on.	26,	23–40.	Many	of	Pierre-Gilles’s	ideas	were	born	during	lab	visits,	and	his	colleagues	were	impressed	by	his	uncanny	ability	to	extract	from	an	otherwise	incomprehensible	seminar	or	a	complex	discussion	in	industry	one	experimental	fact	that	excited	his
interest	and	to	propose	right	away	a	crystal-clear	new	physical	idea	explaining	the	phenomenon	in	question.As	described	above,	an	immensely	productive	30	years	was	spent	by	Pierre-Gilles	at	Collège	de	France;	for	much	of	this	time,	he	was	also	director	general	of	ESPCI	(Ecole	Supérieure	de	Physique	et	de	Chimie	Industrielles	de	la	ville	de	Paris).
&	Young	I.	It	was	a	guided	tour	of	20	years	of	gas	turbine	research	by	a	thought	leader	in	the	field.	World	Med.	They	had	met	at	Wits,	where	she	majored	in	English,	and	married	on	16	July	1969	in	Johannesburg.	He	authored	numerous	papers	on	noise	control	as	well	as	IMechE	and	SAE	presentations	plus	a	biography	of	Sir	Harry	Ricardo	and
contributions	to	three	books.	Hawthorne	selected	‘some	aerodynamic	problems	of	aircraft	engines’	as	his	topic	and	presented	a	magisterial	survey	of	problems	with	which	engineers	in	the	then-new	jet	engine	field	were	grappling	(4).	This	work	concerned	a	hot	topic	at	the	time:	did	the	universe	have	a	beginning?	(doi:10.1103/PhysRevD.13.191)
Crossref,	ISI,	Google	Scholar(34)	Breakdown	of	predictability	in	gravitational	collapse.	&	Weinberg	E.	This	thinking	led	Dennis	to	emphasize	the	importance	of	conservation-effective	measures	to	control	soil	erosion	by	biological	methods	(cover	cropping,	residue	mulch,	keeping	the	ground	cover),	and	also	the	dangers	of	using	heavy	machinery	for
deforestation	and	ploughing.	M.,	Fearn	M.	(Reproduced	with	permission	from	Ricardo	plc.)	(Online	version	in	colour.)	Download	figureOpen	in	new	tabDownload	PowerPointIn	his	45-year	working	life,	Diarmuid	was	a	prolific	author	and	co-author	of	technical	papers;	in	all,	he	published	some	46,	which	are	listed	in	the	full	bibliography.	Later,	Stephen
and	Hartle	extended	this	approach	to	cosmology	with	their	‘no	boundary’	proposal	(56)	(see	Section	13).Stephen	eventually	became	pessimistic	about	seeing	direct	proof	of	Hawking	radiation.	All	these	features	can	be	well	illustrated	using	the	compressible	channel	flow	approach.The	1947	paper	was	written	to	provide	both	an	enabling	quantitative
treatment	as	well	as	to	give	insight	into	the	qualitative	flow	features.	(doi:10.1038/232465a0)	Crossref,	PubMed,	ISI,	Google	Scholar(18)	Gravitational	radiation	from	colliding	black	holes.	Pre-ignition	is	distinct	from	knock	or	detonation,	which	is	caused	by	the	rapid	combustion	of	the	last	part	of	the	mixture	following	the	initiation	of	flame	by	a	spark.
One	rarity	was	a	Wollemi	Pine,	discovered	as	recently	as	1994	in	Australia;	fewer	than	100	exist	in	the	wild.	(Reproduced	from	The	University	Gazette,	University	of	Oxford,	with	permission.)	(Online	version	in	colour.)	Download	figureOpen	in	new	tabDownload	PowerPointBy	2005	David's	work	on	BOPs	had	advanced	very	significantly.	Ann.	One	might
have	expected	the	Poincaré	group	still	to	represent	the	symmetries	of	space-time,	but	that	expectation	is	wrong,	as	was	first	shown	by	Hermann	Bondi	(FRS	1959),	Kenneth	Metzner	and	Sachs.	Part	18:	Reaction	of	bistrifluoromethyl	nitroxide	with	some	ethers.	During	his	undergraduate	years	he	was	taught	by	excellent	lecturers,	including	Irene
Manton	(FRS	1961)	and	R.	Such	beautiful	structures	had	to	be	worth	studying!	Figure	4.	The	clinical	implications	are	clear,	aiming	to	target	cytokine	signalling	to	reduce	leukaemic	cell	viability/growth	and	enhance	sensitivity	to	chemotherapeutic	agents.	There	is	a	close	similarity	between	the	cosmological	and	black	hole	event	horizons.	This	section
introduces	and	summarizes	some	of	the	early	pioneering	technical	work	he	carried	out	up	to	the	late	1960s,	essentially	in	the	fields	of	spark-ignition	engine	combustion	and	fuel	research.	Wodehouse	fan—and	his	wit	and	humour	endured	to	the	very	end.	He	was	led	to	introduce	notions	such	as	Cauchy	horizons	and	the	concept	of	strong	causality,
which	enabled	him	to	prove	new	results	on	the	generic	occurrence	of	singularities	in	cosmological	situations.	Download	figureOpen	in	new	tabDownload	PowerPointDuring	his	PhD	studies,	in	May	1946	Charles	married	Eleanor	Margaret	Watterson,	the	daughter	of	George	Finlay	Watterson	(1886–1953)	and	his	wife	Hannah	Howells	(née	Donaghy;
1891–1975)	(figure	4).	(doi:10.1039/jr9570001038)	Google	Scholar(17)	1959	(With	Young	J.	It	also	seems	very	unlikely	that	he	would	be	comfortable	with	the	rise	of	machine	learning	and	data	mining	in	materials	science,	not	least	because	there	is	no	model	to	provide	a	framework	on	which	to	build	understanding.	His	passion	for	the	arts	continued
well	into	retirement,	with	frequent	visits	to	the	theatre	and	concerts.	P.,	Garbarino	J.	&	Jefferson	J.)	Nitroxide	chemistry.	(doi:10.1103/PhysRevD.4.2191)	Crossref,	ISI,	Google	Scholar(20)	1972Black	holes	in	general	relativity.	Google	Scholar(48)	(With	Page	D.	After	initial	work	with	a	powder	camera	to	record	the	low-angle	intensities,	John	used	a
precession	camera	mounted	on	a	special	high-power	rotating	anode	tube	at	the	Royal	Institution,	on	which	exposures	were	about	six	hours	compared	with	60	hours	on	a	conventional	X-ray	tube.	For	the	humid	tropics	the	proportion	of	fragile	soils	was	greater,	and	degradation	by	erosion,	salinization,	acidity	increase	and	other	processes	more
common.	It	was	therefore	possible	for	the	patent	to	teach:	On	the	other	hand,	in	preliminary	studies	in	rabbits,	dogs,	and	monkeys	we	have	found	that	1,1,1-trifluoro-2-bromo-2-chloroethane	gives	exceptionally	smooth	and	rapid	induction	to	surgical	anaesthesia	…The	initial	biological	evaluation	of	halothane	was	carried	out	by	Dr	Frank	Bradbury	at
ICI	(see	below)	using	grain	weevils	as	the	biological	model,	and	the	preclinical	pharmacology	by	Dr	James	Raventos,	a	committed	and	exemplary	experimentalist.	This	helped	him	to	manage	his	large	and	diverse	research	programme,	but	the	delays	often	frustrated	junior	colleagues	anxious	to	develop	a	good	publication	record	to	further	their
careers.Bob	was	a	sociable	and	humorous	individual	whose	research	students	referred	to	him	as	‘Uncle	Robert’—though	not	to	his	face.	Thereafter,	he	was	appointed	a	demonstrator	in	the	engineering	department.	(The	new	company	was	reconstituted	as	a	division	of	the	Ministry	of	Supply	to	form	the	National	Gas	Turbine	Establishment	in	1946.)
Hawthorne	subsequently	rejoined	the	Ministry	of	Aircraft	Production	and,	later	in	1944,	was	sent	to	Washington	to	brief	the	Americans	on	gas	turbine	developments	in	Britain.	Google	Scholar(16)	1976Research	and	the	power	plant	of	the	future.	He	considered	taking	early	retirement,	but	in	June	2001	the	department	offered	him	the	possibility	of
dropping	most	of	his	administrative	duties,	to	allow	him	to	focus	on	his	research.	Charles’s	younger	brother,	Jim,	believes	that	he	found	this	family	tragedy	particularly	hard	because	Charles	himself	was	very	conscious	of	his	good	fortune	in	having	been	directed	into	National	Service	in	England	instead	of	being	on	active	service	abroad	(figure	2).	Later
work	carried	out	in	1958	and	1959,	but	not	published	until	1966	(18),	used	more	sensitive	techniques	that	allowed	lower	cell	densities	and	shorter	incubation	times	to	be	employed,	and	started	to	disentangle	the	different	environmental	and	biological	components	that	controlled	primary	productivity.	Google	Scholar(4)	1957Some	aerodynamic
problems	of	aircraft	engines.	There	he	completed	an	ScD	on	the	aerodynamics	of	combustion,	working	with	Professor	H.	49,	8.	In	addition,	he	collaborated	with	clinical	colleagues	to	develop	techniques	for	the	extraction	of	numerical	information	from	ultrasonic	signals	(5).	They	were	both	active	in	taking	a	personal	role	to	support	the	homeless,
mainly	by	fund-raising	through	the	St	Thomas	Fund	for	the	Homeless,	of	which	Diarmuid	was	a	director.	A	photograph	of	Diarmuid	and	Carmel	at	that	time	is	shown	in	figure	1.	The	use	of	piecewise-linear	profiles	had	made	the	values	of	dependent	variables	at	discrete	locations	the	parameters	to	be	solved.	Bull.	Such	clay	minerals	are	composed	of
morphologically	continuous	gels	grading	to	poorly	crystalline	fragments,	which	act	as	large	molecular	weight	polymers	binding	soil	particles.	1	December	1973)	and	Christopher	(b.	&	Turner	M.	Thus,	the	ability	of	some	types	of	myeloid	leukaemic	cells	to	be	induced	to	undergo	differentiation	by	normal	differentiation-inducing	cytokines	suppresses
their	malignancy,	bypassing	the	genetic	abnormalities	that	gave	rise	to	their	malignant	phenotype.	Purification	was	an	important	step	in	the	work	and	the	electron	microscope	provided	a	good	way	of	checking	the	quality	of	the	preparations.	Nature	163,	370.	In	the	quark	model,	the	explosions	would	have	an	energy	equivalent	to	107	megaton
hydrogen	bomb.	&	Hertog	T.)	The	classical	universes	of	the	no-boundary	quantum	state.	66,	1–40.	He	had	sat	on	so	many	appointment	panels	that	he	knew	exactly	what	was	needed.	The	apparent	simplicity	of	the	van	der	Waals	interaction	made	these	solids	attractive	as	examples	of	perfect	monatomic	lattices,	and	considerable	theoretical	work
existed.	The	name	was	changed	to	the	Whittle	Laboratory	in	1975.	His	articles	show	elegance	of	method;	they	are	crystal-clear,	developing	the	essential	ideas	with	a	minimum	of	formality.	Perspect.	The	College's	Archives	Centre,	which	he	was	instrumental	in	creating,	now	houses	the	papers	of	Winston	Churchill,	Margaret	Thatcher	and	many	other
distinguished	political	and	military	personalities.	He	was	accepted	to	read	chemical	engineering	at	the	University	of	Witwatersrand,	but	a	chance	encounter	with	his	physics	teacher	at	the	last	minute	persuaded	him	to	change	to	reading	physics	because	it	was	the	most	fundamental	of	all	the	physical	sciences,	a	decision	that	set	the	course	for	his
subsequent	career.David	started	his	undergraduate	course	as	a	physics	major	in	February	1963	at	the	University	of	Witwatersrand	(Wits).	D.1966Interpolation	scheme	for	band	structure	of	noble	and	transition	metals:	ferromagnetism	and	neutron	diffraction	in	Ni.	Phys.	Following	a	visit	to	DAMTP	by	Peter	Aplin	from	the	University	of	Bristol,	Gary
Gibbons	and	Stephen	started	thinking	about	bar-type	detectors	for	gravitational	waves	and	their	sensitivity.	The	abstract	reads:	Some	implications	and	consequences	of	the	expansion	of	the	universe	are	examined.	PubMed,	Google	Scholar(2)	1961	(With	Ginsburg	H.)	Long-term	cultivation	in	tissue	culture	of	leukemic	cells	of	mouse	leukemia	induced
by	Moloney	virus	or	X-rays.	S.,	Caspar	D.	In	1943	he	therefore	enrolled	in	the	Engineering	Physics	(now	Engineering	Science)	programme	at	the	University	of	Toronto,	one	of	the	most	challenging	undergraduate	programmes	of	its	kind	in	North	America.	Possibly,	this	summary	removal	from	work	in	heat	transfer	and	combustion	spurred	his	turning	to
doctoral	research.	Raman	spectroscopy	of	gases	requires	intense	illumination	of	large	samples,	long	exposure	of	photographic	plates	and	high	spectral	resolution.	(doi:10.1007/	BF01645515)	ISI,	Google	Scholar(23)	(With	Hartle	J.	Reprinted	by	permission	of	SAGE	Publications,	Ltd.)	(Online	version	in	colour.)	Download	figureOpen	in	new
tabDownload	PowerPointFigure	8.	He	spent	the	next	dozen	years	at	Imperial	College	in	Brian	Spalding's	group	extending	experimental	studies	of	boundary	layers	and	collaborating	with	Brian	in	the	development	of	mathematical	models	of	turbulent	transport	suitable	for	use	in	CFD	codes.	Charles	served	for	the	exceptionally	long	term	of	10	years
(1982–1992)	and	counted	it	among	the	most	enjoyable	and	rewarding	that	he	experienced.	Following	his	post-doctoral	fellowship	at	the	Albert	Einstein	College	of	Medicine	in	New	York,	he	joined	the	staff	of	the	WIS	in	1975.	The	topic	was	somewhat	controversial	at	the	time,	as	a	group	at	MIT	in	Boston	had	slightly	earlier	published	a	different	model
for	the	same	tRNA,	but	the	Cambridge	model	proved	to	be	the	correct	one.	Theory.	2010The	colony	stimulating	factors	and	cancer.	On	graduating	in	1948,	with	first	class	honours,	he	was	encouraged	to	apply	to	Cambridge,	and	in	1951	entered	Trinity	College,	where	his	thesis	was	on	the	development	of	plant	genetics,	specifically	cytogenetics.	H.,
Mocz	G.	(doi:10.1080/216455515.2015.1102809)	Crossref,	PubMed,	ISI,	Google	ScholarHynes	N.	These	were	to	be	full-year	elective	courses,	and	in	each	course	students	would	interact	with	a	faculty	member	in	groups	of	no	more	than	20	students	and	then,	towards	the	end	of	the	course,	would	themselves	give	short	seminars	on	one	of	the	topics
discussed.	He	designed	scanners,	made	measurements,	devised	new	signal	processing	techniques	and	experimented	on	bioeffects.Peter's	first	scientific	contribution	was	the	development	of	a	miniature	sterilizable	ultrasonic	probe	for	the	treatment	of	Ménière's	disease.	Withdrawal	of	these	cytokines	leads	to	cell	death	by	a	mechanism	known	as
apoptosis	and	occurs	not	only	in	normal	myeloid	precursor	cells	but	also	in	more	differentiated	progeny,	including	mature	granulocytes	and	macrophages	(15,	17).	USA	73,	1897–1901.	He	became	professor	in	1985	and	served	as	chair	of	the	department	from	2000	to	2004.	In	The	Very	Early	Universe:	Proc.	2009).	The	family	moved	to	a	semi-detached
house	in	Ashlar	Road,	Liverpool,	and	in	1952	their	daughter,	Karen	Anne,	was	born.	(Reproduced	from	(13)	with	permission.)	(Online	version	in	colour.)Download	figureOpen	in	new	tabDownload	PowerPointPettifor	structure	maps	had	an	immediate	impact	on	alloy	developers,	and	it	is	the	work	for	which	he	is	probably	best	known	in	the	materials
science	community.	PubMed,	Google	ScholarPaschal	B.	(doi:10.1039/c39760000489)	Google	Scholar(71)	(With	Arfaei	A.	In	1992,	he	became	vice	president	of	the	WIS	and	served	for	8	years.	Google	Scholar(41)	(With	Booth	B.	This	approach	proved	exceptionally	fertile	in	the	hands	both	of	Pierre-Gilles	and	of	Lev	Gor'kov	in	Moscow.The	Orsay	group's
advantage	was	a	rare	alchemy,	built	around	Pierre-Gilles’s	strong	personality,	in	which	theory	and	experiment	fully	supported	each	other.	86,	2294–2304.	A	Diels–Alder	addition	to	butadiene	gave	a	3,6-dihydro-1,2-oxazine,	similar	to	those	formed	from	aromatic	nitroso	compounds	(25).	Levich	had	written	the	definitive	book	on	physicochemical
hydrodynamics	(PCH)	in	1952,	which	a	decade	later	was	translated	into	English	(Levich	1962).	(His	father	died	in	1941.)	Health	problems	as	a	child	delayed	and	interrupted	his	school	attendance	so	that	he	received	much	of	his	basic	education	at	home.	Since	he	gave	his	students	considerable	freedom	in	running	their	own	experiments,	they
sometimes	wondered	if	he	could	actually	deal	with	some	of	the	minor	technical	issues	in	the	laboratory.	Kew,	UK:	The	National	Archives.	Google	Scholar(21)	The	molecular	basis	of	flagellar	motility	in	sea	urchin	spermatozoa.	In	the	middle	of	this	unrest,	Senator	Robert	Kennedy	arrived	at	Wits	as	guest	of	the	SRC	and	gave	a	speech	to	a	packed
audience	at	the	annual	Day	of	Affirmation	of	Academic	Freedom	in	the	university's	Great	Hall.	When	its	factory	and	laboratory	were	bombed	in	September	1940,	Siemens	moved	north	to	Dewsbury	where	David's	father	was	appointed	chief	inspector	of	their	dispersal	factory,	responsible	for	all	radar	and	carrier	equipment.	There	was	therefore	no
reason	to	discount	PBHs	and	perhaps	the	most	important	consequence	was	that	it	motivated	Stephen	to	consider	quantum	effects	in	small	black	holes.The	most	natural	mechanism	for	PBH	formation	involves	the	collapse	of	primordial	inhomogeneities	(Carr	1975),	such	as	might	arise	from	inflation.	Joseph	Lotem	is	standing	first	at	left.	‘We	must
become	global	citizens,	agents	in	the	universe	and	make	sure	the	future	will	be	a	place	we	would	like	to	visit’.Stephen's	best-known	work	on	classical	gravity	is	his	set	of	singularity	theorems.	Chlorinated	organic	compounds	such	as	plasticizers,	solvents	and	polymers	found	uses	in	industrial	degreasing,	dry	cleaning,	refrigerants,	aerosols	and
industrial	foams.	While	not	as	prolific	in	verse	as	in	science,	he	nonetheless	contributed	several	volumes	of	poetry	(41–46),	although	these	have	remained	largely	undiscovered.	51,	5649–5673.	This	early	work	on	polymers	opened	the	way	to	a	very	broad	and	sophisticated	polymer	physics	that	went	all	the	way	from	formal	theoretical	approaches	to
quantitative	experiments	and	industrial	applications.	While	Geroch	had	shown	that	topology	change	is	always	possible	in	principle	if	one	is	prepared	to	admit	closed	time-like	curves,	there	was	a	topological	obstruction	to	the	global	existence	of	spinor	fields	(77,	78).	Dalton	Trans.2509–2513.	1982Fluctuations	in	the	new	inflationary	universe.	(Online
version	in	colour.)Download	figureOpen	in	new	tabDownload	PowerPointThe	General	Chemicals	Division	at	ICI	was	a	major	producer	of	non-hydrocarbon	commodity	chemicals,	in	particular	chlorinated	compounds,	the	chlorine	for	which	was	produced	at	its	factory	in	Runcorn.	Within	the	University	of	Toronto,	beginning	in	about	1980,	he	became
interested	in	working	with	the	Junior	and	Senior	Fellows	at	Massey	College,	a	graduate	student	residence	modelled	on	similar	colleges	of	Cambridge	and	Oxford	universities.	The	author's	own	opinion	is	that	the	theory	probably	does	break	down,	but	only	when	quantum	gravitational	effects	become	important.	47,	1–21.	In	October	1973	he	took	up	a
one-year	temporary	lectureship	in	the	Department	of	Mathematics	at	Imperial	College.	Only	certain	multiples	of	60	subunits	were	allowed	and	the	lowest	so-called	T-numbers	were	1,	3,	4	and	7	(Figure	2).	Soc.1634–1638.	First	Eur.	(doi:10.1148/radiology.194.3.7862983)	Crossref,	PubMed,	ISI,	Google	Scholar(17)	2001	(With	Liang	H.-D.	New	Scient.
Shortly	after	his	first	treatments	I	arrived	for	a	visit.	Leo	Sachs	and	Donald	Metcalf	sitting	in	the	front	row	centre	at	the	Ciba	Foundation	Symposium	148,	Molecular	Control	of	Haemopoiesis,	London,	in	1989.	(It	is	notable	that	the	Institution	of	Chemical	Engineers	continues	to	run	regular	training	courses	on	HAZOP:	20training.aspx.)	Google
ScholarRaventos	J.	&	Renaud	F.	He	was	enthusiastically	involved	in	establishing	watershed	management	experiments	to	assess	the	impacts	of	heavy	machinery	on	soil	properties,	runoff	and	erosion,	and	degradation	of	soil	structure.His	return	to	Reading	in	1976	permitted	the	continuation	of	his	interests	in	soil	structure	and	its	contribution	to	soil
fertility.	It	is	a	beautiful	introduction	to	many	of	his	ideas,	written	with	his	characteristic	clarity	and	physical	insight.	Physics	was	dull.	W.)	Soil	aggregates:	formation	and	stability.	It	had	however	been	preceded	much	earlier	by	a	masterly	sole-author	review	article	in	1985	(9).	These	silt	loams,	chalky	boulder	clays	and	fine	loamy	sands	at	that	time
formed	the	most	intensively	farmed	arable	land	in	England.	Thus,	calculations	could	contain	many	tens	or	even	hundreds	of	fluids.	E.,	Latham	J.	(doi:10.1103/PhysRevB.53.12694)	Google	Scholar(23)	(With	Aoki	M.,	Nguyen-Manh	D.	In	IMechE	International	Conference	on	Diesel	Engines	for	Passenger	Cars	and	Light	Duty	Vehicles,	London,	5–7
October.	(doi:10.2307/2257661)	Crossref,	ISI,	Google	Scholar(19)	1971The	underwater	light	climate	as	a	controlling	factor	in	the	production	ecology	of	freshwater	phytoplankton.	Thus,	any	velocity	difference	(the	slip)	between	other	phases	creates	a	shear-force	term,	while	temperature	differences	lead	to	inter-phase	heat	transfer.While	this
formulation	was	a	natural	extension	of	a	single-phase	method,	Spalding	found	it	necessary	to	introduce	two	novelties.	Shortly	thereafter	political	instability	in	the	Balkans	prompted	the	family	to	consider	leaving.	(doi:10.1016/S0022-2836(65)80162-0)	Crossref,	PubMed,	ISI,	Google	Scholar(8)	1966	(With	Leberman	R.,	Chang	Y.-S.	Because	of	the	small
energy	differences	between	crystal	structures	one	might	believe	that	a	tight-binding	framework	such	as	that	used	by	Pettifor	and	Podloucky,	which	cannot	predict	equilibrium	volumes	accurately,	would	not	adequately	predict	structural	energy	differences.	The	topics	are	a	‘Who's	Who’	of	issues	still	much	with	us:	compressibility	and	choking,	three-
dimensional	compressor	and	turbine	design,	secondary	flow	and	generation	of	streamwise	vorticity,	rotating	stall	and	compressor	instability,	combustion	processes	and	shear	layer	mixing,	and	performance	assessment	of	integrated	propulsion	systems.Many	of	the	questions	Hawthorne	posed	in	the	paper	have	since	been	given	much	study,	and	we
mention	only	two.	56,	133–149.	(C)2593–2598.	From	the	extreme	limits,	one	can	often	use	simple	arguments	(such	as	scaling	laws)	to	infer	the	general	behaviour.	(doi:10.1039/jr9540001634)	Crossref,	ISI,	Google	Scholar(10)	(With	Leedham	K.	12,	592–595.	These	included	the	denial	of	the	presence	of	a	black	hole	in	Cygnus	X-1,	the	prediction	that	the
Higgs	boson	would	not	be	found	and,	perhaps	most	significantly,	that	no	information	could	return	through	a	black	hole	event	horizon—he	lost	these	three	wagers.	Newspapers	in	2006	showed	remarkable	pictures	of	Stephen,	in	his	wheelchair,	surrounded	by	fascinated	and	curious	crowds	in	Ramallah.	9,	413–428.	They	also	wrote	a	paper	about	land
resources	and	constraints	to	crop	production	for	the	meeting	‘Feeding	a	population	of	more	than	eight	billion	people’	organized	by	the	Rank	Prize	Funds.In	2005	Peter	became	chief	executive	and	director	of	the	Scottish	Crop	Research	Institute,	Invergowrie,	returning	to	Reading	in	2011	as	professor	of	global	food	security	on	a	part-time	basis	when	he
became	chief	executive	of	East	Malling	Research.ReferencesReferences	to	other	authorsThe	following	publications	are	those	referred	to	in	the	text.	It	is	thus	an	excellent	scavenger	of	free-radicals,	and	was	shown	to	be	nucleophilic	rather	than	electrophilic	in	such	reactions.	1987a;	Sale	&	Fox	1988;	Vale	&	Toyoshima	1988	)	and	revealed	additional
unexpected	properties	of	the	dyneins	(26;	Vale	&	Toyoshima	1988).By	1989,	the	genes	for	the	other	motor	proteins,	kinesin	and	myosin,	had	been	already	identified	and	cloned,	but	there	was	still	no	sequence	for	any	dynein.	(Adapted	from	(4)	with	permission.)Download	figureOpen	in	new	tabDownload	PowerPointSeveral	months	after	Hawthorne	was
appointed	as	head	of	the	engineering	department	he	became	the	second	Master	of	Churchill	College;	a	new	college	at	Cambridge,	founded	in	1960	with	focus	on	natural	or	medical	sciences,	engineering	and	mathematics	(70%	of	the	students	and	academic	staff	are	in	these	fields).	&	Smyly	W.	He	was	without	doubt	one	of	the	best	known	figures	in
medical	physics	worldwide.	A	third	teacher,	Mr	James	Ford,	was	a	distinguished	producer	of	amateur	dramatics,	and	school	plays	were	high	points	of	the	year.	This	activity	included	work	led	by	Dr	Frank	Rose	FRS,	who	reviewed	the	structure	of	all	compounds	used	or	planned	to	be	used	by	ICI	so	that	steps	could	be	taken	to	avoid	using	those	that
might	be	carcinogenic.	C.,	Rhodes	D.,	Brown	R.	Dad	had	an	ability	to	concentrate,	he	would	work	for	hours	in	deep	thought,	elbows	on	his	desk,	in	his	study	in	39	Caldervale	Road,	scribbling	mysterious	squiggles	on	sheet	upon	sheet	of	paper.	Mems	Fell.	The	inspector	then	asked	his	teacher:	‘Do	you	have	many	more	[students]	like	that?’	This	acuity,
combined	with	a	quiet	but	compelling	intellectual	authority,	caused	Pierre-Gilles	to	become	the	leader	of	his	peer-group,	a	role	that	accompanied	him	to	the	highest	levels	as	he	progressed	through	his	career	as	a	scientist.In	1951,	the	teaching	of	physics	that	Pierre-Gilles	experienced	was	somewhat	ossified,	making	no	concessions	to	the	pivotal
discoveries	of	the	twentieth	century.	(2017),	Pierre-Gilles	states	with	some	imprecision	that	he	had	‘beaucoup	d'enfants	et	de	petits-enfants’.	Employing	the	same	kinetic	approach,	he	calculated	the	accretion	and	depletion	constants	for	soil	organic	matter	in	the	Urrbrae	silt	loam	at	the	Waite	and	thus	the	lengths	of	the	cropping	and	pasture	phases
that	would	lead	to	a	stable	rotation	(14).	David	and	Di	married	on	22	May	2004	in	Witney,	Oxfordshire.In	1992	David	moved	to	Oxford	to	take	up	the	Isaac	Wolfson	Professorship	of	Metallurgy,	which	he	was	offered	without	being	interviewed.	Unexpectedly,	he	found	that	this	caused	the	solution	to	clarify	and	thin	even	more	than	that	of	Tetrahymena.
The	NRC,	however,	had	recently	established	an	agreement	with	the	Soviet	Academy	of	Science	to	exchange	scientists.	(doi:10.1039/P29790001407)	Crossref,	Google	Scholar(75)	1981	(With	Connelly	G.	Part	V:	Perfluoropenta-1,2-diene.	The	engine	exhaust	ducts	were	thus	redesigned	with	larger	cross-section	and	thus	lower	Mach	numbers.	K.	Science
students’	council	in	1964,	the	University	of	Witwatersrand.	Google	Scholar(35)	(With	Birchall	J.	With	Hugh's	help,	John	became	adept	at	using	the	microscope	and	started	looking	for	specific	structural	information	about	the	viruses	they	were	studying.By	this	time	a	technique	for	preparing	particulate	specimens,	such	as	viruses,	had	been	introduced
by	Huxley	(1956)	and	later	by	formalized	by	Brenner	(FRS	1965)	and	Horne	(1959),	who	termed	it	‘negative	staining’.	The	lawyer	then	launched	into	his	long	arguments,	which	Diarmuid	patiently	listened	to	for	some	time	without	interrupting	or	commenting.	When	John	arrived	(Figure	1),	he	was	put	to	work	on	the	virus	crystals,	while	the	other
starting	student,	Ken	Holmes,	concentrated	on	TMV.	The	Suckling	family	in	1929	shortly	after	moving	to	Wallasey.	V.,	Flowers	W.	When	declining	health	prevented	his	travelling	abroad,	he	used	his	computer	to	explore	distant	lands.	(doi:10.1016/0092-8674(89)90614-4)	Crossref,	PubMed,	ISI,	Google	Scholar(27)	1991	(With	Gibbons	B.	Along	with
friends	and	colleagues,	they	had	an	active	social	life,	often	enjoying	cross-country	skiing	in	winter	and	picnics	in	summer	in	the	Gatineau	Hills	across	the	Ottawa	river	in	Quebec.	Nonetheless,	defying	established	medical	opinion,	he	lived	another	40	years.	Peter	joined	as	a	distinguished	research	professor	in	that	institute.During	his	time	at	Cardiff,
Peter	continued	to	pursue	his	research	interests.	Although	Gibbons	enjoyed	the	scientific	camaraderie	at	Penn,	he	felt	frustrated	by	a	lack	of	momentum	toward	his	ambitious	research	goals	at	the	time.	Thermodynamics	was	presented	without	reference	to	the	statistical	mechanics	that	underpin	it—even	Maxwell's	equations,	then	75	years	old,	were
deferred	to	the	latter	stages	of	the	course.	But	if	you	look	closely	at	bald	people,	you	will	find	that	they	have	small	soft	hairs	close	to	the	scalp	that	are	hard	to	see	at	a	distance.	Liu	at	Oak	Ridge	National	Laboratory.	He	never	second-guessed	his	fascination	with	and	decision	to	stick	with	dynein,	and	its	ability	to	transform	chemical	energy	into
physical	movement	encouraged	him	to	believe	that	this	protein	must	play	an	essential	role	for	life.	These	investigations	were	extensions	of	earlier	work	and	focused	on	clinical	applications,	mainly	for	blood	flow	studies	in	major	abdominal	vessels.	This	was	soon	followed	by	the	first	paper	in	a	series	on	singularity	theorems	which	made	use	of	new
techniques,	involving	ideas	from	differential	topology	and	space-time	causal	structure	introduced	by	Roger	Penrose	(FRS	1972)	in	the	context	of	gravitational	collapse	to	a	black	hole.	Following	field	work	at	the	International	Crops	Research	Institute	for	the	Semi-Arid	Tropics	(ICRISAT),	India,	he	moved	to	a	lectureship	in	soil	science	at	the	University
of	Reading	in	1980,	where	his	research	focused	on	root	growth	of	crops	growing	in	dry	regions,	with	projects	at	the	International	Center	for	Agricultural	Research	in	the	Dry	Areas	(ICARDA),	Aleppo,	Syria,	and	with	the	newly	formed	soil	physics	group	that	Dennis	Greenland	had	established	at	IRRI.	Inoue	S.	I	changed	the	abstract	and	the	paper	was
accepted.	Although	receiving	much	encouragement	from	the	Physics	master,	Mr	Smith,	the	English	and	French	teachers,	Messrs	Darke	and	Astley,	were	very	influential.	The	first	rhodium,	iridium,	platinum	and	gold	complexes	of	this	ligand	were	isolated	at	UMIST	(70),	and	the	‘magic	diradical’	was	also	shown	to	give	stable	oxidative-addition
complexes	of	platinum(II)	and	iridium(I)	(77).As	part	of	the	wider	investigation	of	valence-bond	isomers	of	perfluoroaromatics,	the	first	transition	metal	complexes	of	perfluoro	Dewar	benzene	were	isolated	by	Bob's	group,	and	some	novel	Diels–Alder	adducts	were	discovered	(67,	68).	34,	862–866.	3,	335–362.	(C)901–904.	Indeed,	Spalding,	at	the	age
of	92,	participated	in	the	ICHMT-promoted	International	Symposium	on	Turbulence,	Heat	and	Mass	Transfer	in	Sarajevo	in	2015,	actively	contributing	to	discussions	of	many	papers	and	delivering	a	special	lecture,	‘A	turbulence	model	for	the	fully	stirred	reactor’,	where	he	outlined	novel	applications	for	his	‘population	model’.Some	20	years	after	the
founding	of	the	ICHMT,	Spalding	was	active	in	forming	a	further	research-exchange	institution,	ERCOFTAC	(European	Research	Community	on	Flow,	Turbulence	and	Combustion).	Over	the	next	25	years	Boris,	the	graduate	students,	postdocs	and	visitors	systematically	investigated	several	areas	of	optical	spectroscopy.	His	mother,	in	her	quiet,
douce,	Scottish	manner	asked	them	to	remove	the	offensive	object	and	put	it	where	it	should	be,	in	the	bomb	disposal	bin!After	graduating	in	1942,	Charles	spent	the	remainder	of	the	war	working	at	Imperial	Chemical	Industries	(ICI)	in	Widnes	and	Runcorn.	He	then	spent	two	years	working	with	Jack	Talling	at	Windermere	on	a	NERC	fellowship.	J.)
Some	properties	of	the	protein	forming	the	outer	fibers	of	cilia.	P.)	A	new	approach	to	the	non-invasive	measurement	of	cardiac	output	using	an	annular	array	Doppler	Technique.	In	2018	he	retired	from	academic	life	to	concentrate	on	writing	and	consulting.Ralf	Drautz	is	director	of	the	Interdisciplinary	Centre	for	Advanced	Materials	Simulation
(ICAMS)	at	the	Ruhr-Universität	Bochum,	Germany.	Cambridge,	MRC	LMB.	That	this	was	possible	in	difficult	economic	times	was	due	to	the	hard	work	of	his	father,	who	was	frequently	required	to	superintend	cargo	in	Italy	and	Greece.	Part	II:	Fluoride-initiated	reactions	of	hexafluoropropene	with	pentafluoropyridine	and	tetrafluoropyridine-4-
carbonitrile.	In	Metallurgical	chemistry	(ed.	In	this	paper,	Diarmuid	focused	on	key	issues	at	that	time,	notably	air	pollution,	noise	control	and	fuel	efficiency.	These	skills	were	used	with	much	success	to	unravel	the	intricacies	of	three-dimensional	vortex	kinematics.	However,	photolysis	of	the	disulphide	over	mercury	followed	by	treatment	with
hydrogen	chloride	gave	the	thiol	CF3SH	(8).	‘That	year’,	he	concludes,	‘and	subsequent	years,	I	nominated	Leo	Sachs	for	the	Nobel	Prize	for	one	of	the	most	durable	of	discoveries	in	biology,	particularly	for	medicine.	That	effort	led	to	the	decoherent	(or	consistent)	histories	approach	to	quantum	theory	and	is	adequate	for	quantum	cosmology.	In
terms	of	his	scientific	career,	the	award	of	the	Nobel	Prize	for	Physics	in	1991	was	not	much	more	than	a	punctuation	mark—although	of	course	it	was	much	appreciated	by	Pierre-Gilles	himself	and	also	by	his	many	colleagues	and	collaborators	whose	contributions	he	was	quick	to	acknowledge.	Some	of	these	points	have	been	confirmed	by
subsequent	work	and	some	remain	controversial.To	obtain	more	direct	evidence	that	the	dynein	arms	cause	tubule	sliding,	Barbara	made	use	of	a	serendipitous	observation	that	a	high-salt	solution	causes	the	flagellar	beat	frequency	to	decrease	gradually	over	a	few	minutes	before	stabilizing	at	around	half	the	initial	value.	Published:	22	August	2018
(	We	note	that	on	page	432	the	subject's	future	wife	was	Angela	Gray	(rather	than	Grey).Page	17	error_outline	You	have	to	enable	JavaScript	in	your	browser's	settings	in	order	to	use	the	eReader.	(doi:10.1103/PhysRevB.84.214114)	Google	Scholar(32)	2019	(With	Hammerschmidt	T.,	Seiser	B.,	Ford	M.	Together	with	Brandon	Carter	and	David
Robinson,	Stephen	showed	that,	once	a	black	hole	has	settled	down	to	equilibrium,	it	must	be	described	by	the	solution	of	general	relativity	discovered	by	Roy	Kerr	(1963).	Biochemistry	7,	4466–4479.	Using	what	is	called	co-bordism	theory,	Wheeler's	student,	Robert	Geroch,	had	shown	that,	although	the	possibility	is	allowed,	any	smooth	metric	in
between	two	topologically-distinct	spatial	sections	must	admit	closed	time-like	curves	which	would	therefore	allow	time	travel.	Aaron	acted	as	mentor	to	both,	explaining	the	intricacies	of	X-ray	diffraction.	He	was	buried	next	to	his	wife	in	the	family	plot	in	the	Mayflower	cemetery	in	Duxbury,	Massachusetts.	2014,	015.	A	major	achievement	during	his
tenure	concerned	the	creation	of	a	new	laboratory	focused	on	turbomachinery.	Mathematics	came	naturally.	Suppose	that	the	areas	of	the	event	horizons	of	these	black	holes	are	A1	and	A2.	He	was	equally	conscious	of	developing	the	careers	of	the	young	scientists	under	his	tutelage	and	regularly	took	graduate	students	on	car	trips	to	the	American
Physical	Society	(APS)	conferences	on	molecular	spectroscopy	held	annually	at	The	Ohio	State	University	in	Columbus.	4,	551–559.	He	also	worked	with	Brian	in	a	post-doctoral	capacity	from	1971	to	1973.	As	a	consequence,	his	11-plus	examinations	were	taken	successfully	a	year	early	and	he	entered	the	boy's	school,	St	Albans	School,	in	the	top
stream	(figure	2).	&	Flowers	W.	In	a	paper,	‘Brane	new	world’,	Stephen,	working	with	Hertog	and	Reall,	described	the	creation	of	such	membrane	cosmologies	in	the	context	of	the	no	boundary	proposal	(88).	(doi:10.1039/dt9750001449)	Google	Scholar(67)	(With	Booth	B.	Soc.6879–6882.	Mol.	Download	figureOpen	in	new	tabDownload
PowerPointStephen	did	not	work	hard	during	his	Oxford	years,	although	his	talent	was	recognized.	Google	Scholar(76)	1992Chronology	protection	conjecture.	Although	dynein	presented	challenges,	with	its	high	molecular	mass	and	modest	quantities,	Gibbons	saw	these	as	opportunities	to	develop	innovative	experimental	techniques.	Without	his
simple	idea,	there	would	have	been	no	theory,	but	without	the	full	theory	of	Doi	and	Edwards,	it	would	forever	have	remained	just	an	idea.	(doi:10.1017/S002211207400190X)	Crossref,	ISI,	Google	ScholarDenton	J.	45,	79–108.	&	Landau	T.)	Normal	differentiation	of	myeloid	leukaemic	cells	induced	by	a	differentiation-inducing	protein.	Several
companies	became	dedicated	to	laser	manufacture	once	its	many	possible	applications	became	apparent.	This	work	highlighted	David's	extraordinary	ability	to	think	his	way	through	to	the	solution	of	a	physical	problem	without	getting	side-tracked	into	the	development	of	new	computational	methods.	E.)	Vacuum-ultraviolet	laser	excited	spectra	of
Xe2.	This	figure	shows	X-ray	diffraction	traces	of	the	clay	fraction	of	a	Stagnogley	of	the	Denchworth	series	developed	on	Gault	Clay	at	Compton	Beauchamp:	(a)	air-dried;	(b)	saturated	with	ethylene	glycol;	(c)	heated	at	270°C;	and	(d)	heated	at	550°C.	(Left	to	right)	Sir	John	Horlock	FRS,	Sir	Stanley	Hooker	FRS,	Sir	Frank	Whittle	FRS,	Sir	William
Hawthorne	FRS	and	Robert	Feilden	FRS	at	the	opening	of	the	SRC	Turbomachinery	Laboratory	in	1973.	Figure	8.	Part	II:	The	ionisation	constant	of	pentafluorophenol.	&	Lever	A.	Part	IX:	Reaction	of	NN-bistrifluoromethyl-amino-oxyl	with	tetramethylsilane,	chloromethylsilanes,	and	methoxymethylsilanes.	A.,	Stolen	R.	(Online	version	in



colour.)Download	figureOpen	in	new	tabDownload	PowerPointThis	work	showed	that	general	relativity	can	be	combined	with	quantum	theory	in	an	elegant	manner	by	adopting	the	Euclidean	approach	in	which	ordinary	time	is	replaced	by	imaginary	time	and	becomes	a	fourth	direction	of	space.	Scientists	working	at	IRRI	under	these	collaborative
programmes	included	Eric	Craswell	and	Ian	Fillery	from	the	International	Fertilizer	Development	Center	(IFDC)	and	Pierre	Roger	from	ORSTOM.	D.)	Electron	microscopy	of	defined	lengths	of	chromatin.	Cell	81,	991–1002.	Contrary	to	rumours	about	his	harshness,	Leo	was	extremely	nice	and	forthcoming;	not	only	did	he	permit	using	the	equipment,
he	also	inquired	about	the	planned	experiment	and	the	underlying	biological	question.	19,	123–126.	Indeed,	in	the	1980s,	IRRI's	scientists	were	already	finding	declining	productivity	in	the	most	intensively	cropped	rice	lands	of	Asia	(Flinn	&	de	Datta	1984).	(doi:10.1103/PhysRevD.62.043501)	Crossref,	ISI,	Google	Scholar(89)	With	Chamblin	A.	Brian
Spalding	with	the	Levichs	being	interviewed	in	Vienna	on	their	release	from	the	USSR,	1978	(courtesy	of	the	Spalding	family).	Auto.	For	this,	David	used	the	tight-binding	approximation,	and	in	1984	he	showed,	with	Raimund	Podloucky	(a	one-year	SRC	research	assistant),	that	the	topology	of	the	pd-bonded	AB	structure	map	could	be	explained	by	a
simple	canonical	pd-bond	TB	model	(11)	using	David's	structural	energy	difference	theorem	(14)	to	prepare	the	atomic	volumes.	Assuming	that	all	three	phases	had	the	same	atomic	volume,	they	could	then	be	characterized	by	just	two	resonant	parameters	from	which	the	two-centre	TB	hopping	integrals	and	hybridization	matrix	elements	for	the
three	crystal	structures	could	be	calculated	directly	using	his	explicit	expressions	in	(1).	Opt.	Any	scheme	for	obtaining	velocity	components	and	pressure	needs	a	method	for	calculating	the	pressure	field.	In	a	series	of	papers	over	many	years	he	and	his	collaborators	consolidated	this	connection,	showing	that	the	no	boundary	proposal	predicts	an
early	period	of	inflation.	Organomet.	&	Strominger	A.)	Black	hole	entropy	and	soft	hair.	1983Movement	of	myosin-coated	fluorescent	beads	on	actin	cables	in	vitro.	1,	252–276.	With	Sid	Smith,	Bob	successfully	cross-linked	unsaturated	nitroso	rubbers	prepared	by	reaction	of	perfluorobuta-1,3-diene	with	‘living’	copolymers	prepared	from
hexafluoropropene	and	the	‘magic	diradical’	(71).	When	Gibbons	arrived	in	Philadelphia	at	the	end	of	the	summer	in	1957,	he	found	that	Anderson	was	having	difficulty	obtaining	space	in	which	to	install	the	new	electron	microscope	needed	for	his	intended	high-resolution	work	on	negatively-contrasted	virus	particles.	In	addition	to	using	gaseous
198Hg	as	the	gain	medium,	the	pair	used	powerful	xenon	flash	lamps	for	the	pump	source.	The	study	showed	that	poliovirus	was	rather	similar	to	the	small,	spherical	plant	viruses	also	being	worked	on	then,	but	the	analysis	was	not	taken	any	further.When	John	moved	with	the	Birkbeck	group	to	the	LMB	in	Cambridge	in	1962,	soon	after	the
laboratory	had	opened,	he	learnt	how	to	use	the	electron	microscope.	On	the	basis	of	the	results	we	obtained,	my	research	associate	Joan	Gabarino	and	I	proposed	that	small	amounts	of	sliding	displacement	between	the	two	strands	of	dynein's	coiled-coil	stalk	are	involved	in	modulating	the	affinity	of	the	MTBD	during	dynein's	mechanochemical
cycle.To	further	this	understanding,	Gibbons	and	Gabarino	then	worked	with	Andrew	Carter,	an	experienced	crystallographer	in	the	Vale	lab	at	the	University	of	California	San	Francisco	(UCSF),	to	crystallize	the	MTBD/SRS	fusion	protein	and	obtain	an	atomic	level	structure	of	the	binding	domain	(34).	His	aim	should	be	to	produce	a	marketable
artefact,	either	by	design	of	by	improvement	in	specification	and	performance	as	a	result	of	research	and	development.	PhD	students	therefore	learned	the	physics	of	surfaces,	thin	layers,	the	tunnel	effect,	etc.,	guided	in	experimental	matters	by	Pierre	Pério,	a	paratrooper-turned-crystallographer	at	CEA	Saclay	whom	Pierre-Gilles	described	as	a	‘sort
of	uncle	figure’.	Dennis	Avery	and	Sally	Tsui	Wong-Avery	had	earlier	provided	substantial	support	to	the	Stephen	Hawking	Centre	for	Theoretical	Cosmology	in	DAMTP.While	in	Switzerland	in	1985,	Stephen	contracted	pneumonia	and	a	tracheotomy	was	necessary	to	save	his	life.	They	teased	him	about	using	plasticine	for	his	modelling,	but	for	David
it	was	only	through	the	development	of	models	‘as	simple	as	possible	but	not	simpler’	that	one	can	hope	to	reach	an	understanding.	152,	75–78.	He	certainly	deserved	that	honour.’Although	none	of	them	followed	him	into	science,	Leo	was	immensely	proud	of	his	four	children	from	his	first	marriage,	and	was	adored	by	his	grandchildren,	who	would
run	straight	to	him	whenever	they	saw	him	(figure	6).	Ang.	The	portrait	was	taken	in	2003	by	Prudence	Cuming	Associates	and	is	©	The	Royal	Society.Professor	Hywel	Thomas	is	a	professor	of	civil	engineering	at	Cardiff	University.	Thus,	the	no	boundary	wave	function,	or	no	boundary	proposal,	was	born.In	the	early	1980s,	Stephen,	building	on	his
work	with	Gibbons	on	quantum	field	theory	in	de	Sitter	space-time	(36),	showed	that	inhomogeneities	in	the	early	universe	could	have	arisen	from	quantum	vacuum	fluctuations	that	grew	during	an	early	period	of	inflation	and	eventually	collapsed	under	gravity	to	form	the	large-scale	structures	we	observe	today	(54).	Consequently,	classical	black
holes	are	described	by	just	two	numbers:	their	mass	and	angular	momentum.	2013Sir	William	Rede	Hawthorne.	One	usually	thinks	of	the	symmetries	of	Minkowski	space	as	being	the	Poincaré	group,	expressing	the	fact	that	flat	Minkowski	space	does	not	have	a	preferred	origin,	a	preferred	direction	or	any	notion	of	absolute	velocity.	More	work	had
been	carried	out	on	knock	than	on	pre-ignition	because	knock	sets	the	primary	limit	to	the	possible	power	output	and	fuel	economy	of	an	engine.	X-ray	studies.	9,	306–334.	In	the	course	of	this	highly	innovative	work,	Stephen	gained	assistance	from	several	colleagues,	most	notably	from	Brandon	Carter,	then	a	co-PhD	student	in	DAMTP,	who	pointed
out	various	technical	errors	in	earlier	drafts,	all	of	which	Stephen	was	able	to	circumvent.	Ultrasound	Med.	In	practice	they	were	supervised	by	his	‘lieutenants’,	academic	staff	who	were	authorities	in	their	own	right	in	different	areas	of	chemistry.	During	assembly,	the	uncoated	part	of	the	RNA	is	folded	back	down	the	central	hole	in	the	growing
particle	(21).	The	effect	of	high	pressure	on	enhancing	allowed	(also	known	as	active)	infrared	transitions	in	polar	molecules	was	also	studied.	Oxford	University	Press.	Fluids	8,	2182.	1985Will	entropy	decrease	if	the	universe	recollapses?Phys.	This	was	a	controversial	result	since,	at	the	sensitivity	level	achievable	with	Weber's	bar-type	detector,	the
luminosity	of	the	galactic	centre	would	have	been	enormous.	He	had	set	up	the	Biomolecular	Research	Laboratory	in	1948,	occupying	two	houses	in	Torrington	Square.	20,	241–262.	The	award	was	both	deserved	and	timely,	as	it,	along	with	an	earlier	Individual	Merit	promotion,	enabled	him	to	continue	his	research	unhindered	by	administrative
changes	at	the	FBA;	it	also	softened	the	blow	of	losing	the	sight	of	one	eye	caused	by	a	detached	retina.	Leo	used	to	invite	students	to	dinner	at	his	house,	with	his	wife	Pnina,	after	which	he	would	teach	them	how	write	papers	that	summarized	in	a	concise	way	and	perfect	English	their	results	and	conclusions.	Vehicle	of	the	Future.	&	Perry	M.	107,
1793–1797.	68,	75–94.	During	the	1980s,	the	finances	of	the	FBA	were	in	decline	and	Jack	selflessly	became	involved	in	commissioned	research.	It	was	there	that	he	contracted	the	infection	that	was	to	prove	fatal.	Part	V:	Reactions	of	fluoro-olefins	with	octacarbonyldicobalt.	s	and	d	contributions	to	the	equation	of	state.
(doi:10.1152/physrev.00046.2011)	Crossref,	PubMed,	ISI,	Google	ScholarLotem	J.	The	inadequacy	of	these	formulae	for	recirculating	flows	is	evident	from	the	second	equation,	which	implies	that	at	a	reattachment	point,	where	the	wall	stress	vanishes,	the	heat	flux	also	vanishes.	G.)	Supercooled	phase	transitions	in	the	very	early	universe.	1972A
hypothesis,	unifying	the	structure	and	the	entropy	of	the	universe.	In	the	model,	each	bead	consisted	of	about	200 bp	of	DNA	wrapped	around	a	compact	core	containing	eight	histone	molecules,	two	each	of	the	four	major	types.	As	a	resident	he	engaged	actively	in	local	affairs,	founding	the	Langdales	Society	and	becoming	its	chairman	from	1987	to
1993	and	president	in	1998.With	characteristic	vigour	he	converted	what	was	basically	a	scree	slope	into	a	two-acre	hillside	garden	at	his	house,	Copt	Howe	(figure	6).	This	was	a	formative	time	for	understanding	engine	combustion	in	detail,	and	the	scientific	analysis	techniques	and	engineering	hardware	then	becoming	available	facilitated	this.
(doi:10.1088/0022-3719/5/2/003)	Crossref,	Google	Scholar(5)	Theory	of	the	crystal	structures	of	transition	metals	at	absolute	zero.	(ed.)	2017Tributes	to	an	exceptional	life:	D.	This	intellect	was	also	reflected	in	his	personal	interests,	in	particular	the	arts:	theatre,	music	and	opera.	It	surpasses	most	film	biographies	in	representing	the	main	characters
sensitively	and	sympathetically,	even	though	it	understandably	omitted,	conflated	and	chronologically	distorted	key	episodes	in	his	personal	and	scientific	life.	R.)	The	large	scale	structure	of	space-time.	He	brought	brilliant	leadership	to	the	medical	engineering	and	physics	areas	of	work,	which	continued	right	to	the	very	end	of	his	life,	and	was	a
superb	mentor	to	many	academic	colleagues.	He	became	a	close	colleague	of	John	Finch,	from	whom	he	learnt	how	to	use	the	electron	microscope.	Studies	on	highly	productive	soda	lakes	with	chlorophyll	a	concentrations	of	up	to	1000 µg	l−1	enabled	the	upper	limits	of	phytoplankton	productivity	to	be	tested	(20).Jack	had	principally	studied	the
relationship	between	light	and	photosynthesis	and	growth.	Nothing,	however,	could	replace	his	family	as	the	most	important	part	of	his	life.	In	order	to	make	the	path	integral	converge,	it	was	necessary	to	complexify	the	space-time,	thereby	connecting	the	past	and	future	singularities	of	the	black	hole.	David	is	in	the	second	row,	second	from	the
right.	M.,	Shipley	W.	Google	ScholarNASA1973Free	turbulent	shear	flows,	vols	1	and	2.	Freshwater	Biol.	Johnstone	himself	has	described	the	early	experience	with	halothane	in	detail	(Johnstone	1958,	1961).	Heat	Mass	Transfer	19,	1183–1188.	B	78,	430–432.	Cell	42,	39–50.	1983).	84,	13–27.	He	was	directed	there	by	the	Ministry	of	Labour	and
National	Service	on	the	recommendation	of	the	Joint	Recruitment	Committee,	chaired	by	Professor	Alexander	Robertson	FRS,	who	in	due	course	became	Charles’s	PhD	supervisor.	Nature	217,	1053–1054.	164,	1776–1779.	Dark-field	micrographs	of	sea	urchin	flagella	disintegrating	as	the	microtubules	slide	relative	to	one	another	and	launch
themselves	out	the	ends	of	the	flagellar	structure	(reproduced	from	(14)	with	permission).	David	and	Di	moved	with	their	four	boys	to	their	rural	idyll	in	Charlbury	in	1993.	The	Canadian	Air	Force	had	acquired	and	used	these	special	short	duration	flash	lamps	to	photograph	the	Canadian	coastline.	He	died	peacefully	on	13	October	2016	at	the	age	of
91,	sadly	missed	by	his	four	children,	Stuart,	Susie,	Richard	and	Vicki,	and	his	12	grandchildren.He	left	a	substantial	legacy	to	Queens’	College,	Cambridge,	which	has	established	‘The	Haszeldine	Fund	in	Chemistry’	in	perpetuity	to	benefit	future	chemistry	students.	Aaron	Klug	and	John	Finch	were	working	on	the	structure	of	spherical	viruses	in	the
same	research	group.	It	is	believed	that	Charles	surreptitiously	took	some	of	his	samples	for	spectroscopic	examination	to	the	biochemistry	department,	unbeknown	to	his	senior	supervisor,	Professor	Robertson,	who	thought	that	the	use	of	spectroscopy	in	structure	determination	was	cheating!	Working	for	his	PhD	in	the	next	laboratory	to	Charles
was	Har	Gobind	Khorana	(ForMemRS	1978),	who	was	subsequently	awarded	the	Nobel	Prize	for	his	contribution	to	breaking	the	genetic	code.	Crossref,	PubMed,	ISI,	Google	Scholar(14)	1991	(With	Yonish-Rouach	E.,	Resnitzky	D.,	Lotem	J.,	Kimchi	A.	Download	figureOpen	in	new	tabDownload	PowerPointIn	interpreting	the	significance	of	the	‘arms’
he	could	see	in	his	micrographs,	Gibbons	said	he	was	helped	by	the	fact	that	he	was	already	familiar	with	the	basic	biological	questions	associated	with	flagella	and	cilia	from	the	work	of	his	supervisor	at	Cambridge,	John	Bradfield.	(doi:10.1103/PhysRevD.13.2188)	Crossref,	ISI,	Google	Scholar(33)	Black	holes	and	thermodynamics.	His	wide-ranging
interests	have	also	been	passed	down,	including	his	love	of	walking	in	high	mountains:	he	climbed	in	many	countries	(figure	8),	and	ascended	the	Matterhorn	at	age	68.	During	this	period	the	intellectual	wheels	were	still	spinning	as	Boris,	along	with	graduate	student	Louis	Marmet	and	Kohzo	Hakuta,	a	visitor	from	Japan,	observed	enhanced	second-
harmonic	generation	at	the	Lyman-α	transition	with	a	DC	electric	field	used	to	break	the	centrosymmetry	(19).	They	also	made	foreign	bird	watching	trips	to	places	such	as	New	Zealand,	Belize	and	twice	to	the	USA.	Figure	3	shows	Hawthorne,	Horlock	(the	first	director)	and	Whittle	at	this	occasion,	along	with	other	jet	engine	pioneers.
(doi:10.1039/jr9650006879)	Google	Scholar(29)	(With	Banks	R.	The	articulated-arm	system	was	subsequently	adopted	by	many	manufacturers	and	was	clinically	dominant	until	the	early	1980s.	In	1972	he	had	moved	to	the	Collège	de	France,	building	around	him	there	another	group	of	inspired	experimentalists—some	of	whom	moved	with	him	from
Orsay—now	focusing	mainly	on	polymer	problems.	He	demonstrated	a	method	for	display	dynamic	range	expansion	that	traded	time	for	image	brightness	dynamic	range	in	the	now-redundant	cathode	ray	tube	display.In	collaboration	with	physicists	and	clinicians,	he	developed	and	evaluated	techniques	for	the	assessment	of	arterial	disease	by	the
analysis	of	ultrasonic	Doppler	blood	flow	signals.	Work	started	in	1965	and	the	building	was	completed	in	1968.	For	example,	investigations	of	high	principal	quantum	number	Rydberg	states	of	atomic	Rb	revealed	collision	induced	self-broadening	and	frequency	shifts	of	2S	and	2D	Rydberg	levels	with	pressures	of	3–100 m Torr,	and	oscillations	in	the
linewidth	for	the	2S	Rydberg	levels	with	principal	quantum	numbers	between	20	and	30.With	the	VUV/XUV	radiation	the	Stoicheff	laboratory	elucidated	the	structure	of	electronic	excited	states	of	diatomic	molecules	and	studied	excited	species	that	are	otherwise	difficult	to	access	selectively.	These	two	structural	projects	on	the	HIV	capsid	combined
John's	expertise	in	icosahedral	geometry	and	in	helical	analysis,	gained	many	years	earlier	from	his	work	on	simpler	spherical	and	rod-shaped	viruses.When	he	had	finished	with	the	HIV	projects,	John	took	on	the	job	of	preparing	an	informal	history	of	LMB,	encouraged	by	the	then	director	of	the	Laboratory,	Richard	Henderson	(FRS	1983).	This	theory
provided	the	first	clear	distinction	to	be	made	between	alloys	whose	structure	is	governed	by	Fermi	surface	nesting	with	the	Brillouin	zone	in	reciprocal	space	and	alloys	whose	structure	is	governed	by	the	oscillatory	behaviour	of	the	interatomic	potential	with	respect	to	the	first	few	neighbour	shells	in	real	space	(29).	By	tilting	the	specimen	in	the
microscope,	John	created	stereo-pairs	of	images,	which	showed	that	in	one-sided	images	the	stain	lay	between	the	particle	and	the	carbon	coat	of	the	grid.	This	reversion	was	not	associated	with	regaining	a	normal	diploid	chromosome	complement;	rather,	the	phenotypic	difference	between	the	malignant	and	nonmalignant	revertant	cells	appeared	to
be	controlled	by	chromosome	segregation,	resulting	in	a	change	in	chromosome	balance.	The	advantage	of	these	covariant	methods	is	that	they	avoid	treating	as	physical	those	perturbations	that	are	merely	due	to	coordinate	transformations,	providing	a	very	clear	view	of	gravitational	wave	propagation	and	absorption	based	on	physically	transparent
variables.	David	would	listen	carefully	and	patiently	and	then	ask	me	to	try	again.	55,	261.	(doi:10.1016/0301-5629(89)90061-6)	Crossref,	PubMed,	ISI,	Google	Scholar(14)	1989	(With	Evans	J.	Any	object	with	a	temperature	emits	black	body	radiation,	but	black	holes	were	thought	to	be	unable	to	emit	anything.	1985Comment:	structural	stability	of
crystalline	compounds.	54,	99–127.	Doty),	pp.	Sciama	seemed	to	know	everything	that	was	going	on	in	physics	at	the	time,	especially	in	cosmology,	and	conveyed	an	infectious	excitement	to	all	who	encountered	him.	As	versions	of	reagents	well	known	for	their	synthetic	versatility,	the	metal	derivatives	could	then	be	used	to	make	a	wide	variety	of
fluorinated	derivatives	such	as	carboxylic	acids	and	their	salts,	esters	and	acid	halides,	as	well	as	compounds	readily	prepared	from	them,	such	as	aldehydes	and	ketones	(7).	Letter	from	David	Pope,	University	of	Pennsylvania,	to	Robert	Cahn,	with	a	footnote	from	Cahn	telling	David	he	had	sent	a	copy	to	Eric	Ash,	rector	of	Imperial	College.	In	1971
he	joined	the	chemistry	department	at	UMIST	as	a	lecturer	in	the	theoretical	chemistry	group	of	Durward	Cruickshank	(FRS	1979)	and,	after	obtaining	a	DSc	from	the	Victoria	University	of	Manchester	in	1980,	as	reader.	Most	of	his	childhood	was	spent	in	the	Alps,	mainly	at	Barcelonnette.	In	addition	to	Europe,	there	were	customers	in	Australia,
Canada,	the	USA,	Kenya,	South	Africa	and	Malaysia.	(doi:10.1039/J19710000090)	Google	Scholar(50)	(With	Booth	B.	Ges.	5,	339–361.	(doi:10.1088/0305-4608/8/2/008)	Crossref,	Google	Scholar(8)	1979Theory	of	heats	of	formation	of	transition-metal	alloys.	This	culminated	in	the	success	of	the	Laser	Interferometer	Gravitational-Wave	Observatory
(LIGO)	project	about	45	years	later	with	an	increase	in	strain	sensitivity	from	ΔL/L	≈	10−16	to	ΔL/L	≈	10−23,	a	factor	of	107	in	measurement	precision.With	the	development	of	the	theory	of	inflation,	it	became	clear	that	gravitational	waves	should	have	been	emitted	during	inflation	as	quantum	fluctuations	of	a	transient	de	Sitter	phase	and	are
potentially	observable	today	through	their	polarization	signature	in	the	intensity	fluctuations	of	the	CMB.	She	and	Leo	married	in	1970,	the	second	marriage	for	both	of	them,	and	remained	together	until	Leo's	death	in	December	2013.	There	was	scepticism	that	the	result	was	real,	but	it	needed	independent	checking.	B	B	261,	211–219.	Official	White
House	photo	by	Pete	Souza.	Overall,	Herzberg	provided	a	stimulating	environment	for	his	group	members,	who	would	meet	over	lunch	or	for	afternoon	tea	to	discuss	their	latest	results;	there	was	an	air	of	friendly	competition.	M.)	Polyfluoroalkyl	compounds	of	silicon.	Most	summers	the	family	would	holiday	in	Sligo,	where	Diarmuid	could	relax	and
enjoy	the	informal	surroundings	of	a	substantial	local	family	(figure	9).	Another	crystallographic	nucleic	acid	structure	where	John	was	involved	concerned	a	DNA	duplex	containing	a	run	of	six	A–T	base	pairs.	As	Philippe	Nozières	has	written	(translated	from	Nozières	&	Prost	2009):	A	dozen	PhD	students	work	in	two	rooms,	each	has	its	big	oak	table
that	we	try	to	protect	from	the	boss's	damage.	Pure	Appl.	His	starting	salary	was	£360	per	annum.	The	final	observation	was	that	the	limit	κ	→	0	could	not	be	achieved	in	any	finite	process,	loosely	equivalent	to	the	third	law	of	thermodynamics,	that	reaching	absolute	zero	is	an	impossibility.Stephen	was	one	of	the	first	to	realize	that	black	holes	could
form	in	the	early	universe	owing	to	the	great	compression	of	the	Big	Bang.	J.,	Fields	R.	He	sat	down	calmly	and	asked	what	the	problem	was.	The	double	counting	term	in	the	total	energy	comprises	the	Coulomb	energy	and	the	exchange-correlation	energy,	and	it	cannot	be	decomposed	uniquely	into	contributions	from	different	orbital	angular
momenta.	John's	micrographs	of	negatively	stained	and	of	shadowed	chromatin	that	had	been	briefly	digested	with	micrococcal	nuclease	showed	solenoidal	structures	with	a	pitch	of	about	110 Å	and	a	diameter	of	about	300 Å.	His	water-immersion	automated	ultrasonic	breast	scanner	(3)	became	the	basis	of	modern	specialized	systems.	ISI,	Google
Scholar(7)	1978Theory	of	energy	bands	and	related	properties	of	4d	transition	metals:	III.	A	286,	313–319.	Jack	had	an	extremely	active	and	enquiring	mind	and	continued	to	write	up	old	results,	often	with	collaborators	from	many	years	previously.	Dennis	was	a	wise	and	patient	mentor	to	early	career	scientists	at	IRRI.	(doi:10.2307/2256077)
Crossref,	Google	ScholarThe	following	publications	are	those	referred	to	in	the	text.	Thereafter,	Spalding	organized	an	international	conference	on	PCH	held	in	Oxford	in	honour	of	Levich's	60th	birthday	in	1977.	With	the	coolness	of	East–West	political	relations	in	the	mid	1960s,	Spalding	recognized	that	Yugoslavia,	formed	after	World	War	I	and
placed,	politically,	between	the	Soviet	Union	and	the	West,	offered	the	best	location,	his	persuasive	arguments	managing	to	see	off	a	counter-proposal	for	Paris.	(doi:10.1098/rsnr.1991.0004)	Link,	ISI,	Google	Scholar(8)	1994Reflections	on	United	Kingdom	aircraft	gas	turbine	history.	These	equations	were	initially	solved	by	a	finite-difference	method
employing	the	standard	central-difference	scheme.	For	example,	pyrolysis	of	CHF2CF2SiF3	gives	trifluoroethene	and	silicon	tetrafluoride	via	the	carbene	CHF2CF,	while	the	diazo	compound	CF3CHN2	gives	trifluoroethene	via	the	carbene	CF3CH	(20).	Part	XVI:	Reaction	of	trifluoronitrosomethane	with	butadiene	and	with	isobutene.	He	knew	Jack	for
almost	50	years	as	a	close	colleague	and	friend.ReferencesReferences	to	other	authorsFrempong	E.	(English	edn.	He	gained	employment	at	the	Freshwater	Biological	Association,	where	he	worked	for	20	years,	including	a	year	as	visiting	research	scientist	at	the	Scripp's	Institution	of	Oceanography.	This	phenomenon	came	to	be	known	as	Hawking
radiation.For	a	non-rotating	black	hole,	the	temperature	is	given	by	Stephen's	most	famous	equation,	T=ℏc38πGkBM ,2	where	ℏ	is	the	reduced	Planck	constant,	c	the	speed	of	light,	G	Newton's	gravitational	constant	and	kB	is	Boltzmann's	constant.	In	all	these	endeavours,	he	carried	with	him	the	30	or	40	people	he	had	assembled	at	the	Collège	de
France.	1949Studies	on	Asterionella:	I.	He	also	played	soccer	and	went	on	extensive	bicycle	tours	with	his	friends	(figure	1).	E.)	The	addition	of	free	radicals	to	unsaturated	systems.	Milstein,	FRS)	in	1980	(figure	9).	D	1,	2726–2730.	Initially,	the	metric	of	each	black	hole	is	approximately	given	by	the	Kerr	solution.	10,	61–79.	10.1–10.5.	Google
Scholar(25)	1987Improving	the	efficiency	of	the	road	vehicle	power	plant.	He	started	his	research	at	the	Czech	Academy	of	Sciences	in	Prague,	followed	by	seven	years	as	a	research	associate	at	University	of	Oxford,	one	year	as	a	visiting	professor	at	University	of	Groningen	and	one	year	as	the	Humboldt	Senior	Fellow	at	the	Max	Planck	Institute	in
Stuttgart.	As	has	been	stated	before,	this	understanding	was	of	fundamental	importance	to	the	oil	industry,	in	helping	to	develop	fuels	and	additives	to	meet	the	‘appetite’	of	different	engines	with	the	end	result	of	improving	efficiency	and	exhaust	emissions,	the	control	of	which	was	beginning	to	emerge	as	a	new	and	challenging	technology.Some
notable	papers	published	during	Diarmuid's	more	senior	period	covered	embryonic	work	on	engine	exhaust	emission	control	and	the	use	of	catalysts	to	meet	the	increasingly	stringent	emission	legislation	being	introduced	by	the	regulatory	bodies	in	the	US,	Europe	and	Japan	(14,	18).	Soc.2506–2513.	Am.	Proc.	He	was	sustained,	then	and	thereafter,
by	a	team	of	helpers	and	personal	assistants,	as	well	as	by	the	family.	Herzberg,	or	‘GH’	as	he	was	affectionately	known,	also	regularly	invited	leading	scientists	in	all	areas	of	physics	to	come	to	NRC	for	seminars,	and	during	his	time	at	NRC	Boris	met	40	actual	or	future	Nobel	prize	winners.After	a	year's	work	implementing	numerous	technical
innovations	(2),	Boris	did	some	of	the	best	high-resolution	rotational	Raman	spectroscopy	in	the	world,	obtaining	spectra	that	could	not	be	acquired	elsewhere.	Google	ScholarWeber	J.1969Evidence	for	the	discovery	of	gravitational	radiation.	There	he	carried	out	surveys	on	little	known	lakes	with	Brian	Wood,	Mike	Prosser	and	Bob	Baxter.	London:
The	Minerals,	Metals	&	Materials	Society.	&	Timmins	P.	He	would	read	it	straight	through,	much	faster	than	I	could	say	it,	and	immediately	start	on	discussions	of	precepts,	assumptions,	conclusions	and	next	steps.	He	also	made	excellent	appointments	in	this	and	other	departments.In	1979	the	government	cut	funding	by	13%	across	the	system	and
imposed	full-cost	tuition	fees	for	overseas	students	–	a	move	that	Bob	told	a	parliamentary	committee	was	likely	to	produce	maximum	consternation	and	difficulties	for	universities.	51,	1300–1307.	They	also	used	a	medium-power	He–Ne	laser	to	obtain	the	Brillouin	spectrum	of	six	molecular	liquids,	including	water	and	carbon	disulfide,	thereby
measuring	the	(hypersonic)	sound	velocity	in	those	liquids	(10).	The	choice	of	PhD	supervisor	and	topic	was	greatly	influenced	by	Dr	Basil	Whalley,	who	had	obtained	his	PhD	working	with	the	aforementioned	Professor	Alexander	Robertson	on	the	structure	determination	of	natural	products.	He	assigned	to	each	element	just	one	number,	increasing
with	its	position	on	an	imaginary	string	(Figure	2),	which	he	threaded	through	all	the	elements	in	the	periodic	table.	Margaret	was	also	making	a	major	contribution	to	the	Slough	Citizens’	Advice	Bureau	as	an	adviser,	work	that	she	greatly	enjoyed	and	to	which	she	rightly	attached	great	importance.The	most	significant	contribution	that	Charles	made
after	his	career	at	ICI	was	as	a	member	of	the	Royal	Commission	on	Environmental	Pollution.	In	1969	he	was	elected	to	full	fellowship	of	Gonville	and	Caius	College	for	Distinction	in	Science.	(Courtesy	of	Joseph	Lotem.	With	Margaret,	daughter	Karen	and	son	Keith	after	receiving	the	CBE	insignia	from	HM	the	Queen	in	1990.	He	delivered	many
papers	as	well	as	giving	keynote	addresses	at	conferences.	1977)	and	the	atomic	structure	of	the	disk	by	X-ray	crystallography	(Bloomer	et	al.	51,	545–621.	Google	ScholarIsrael	W.	This	new	phase	of	matter	was	eventually	found	15	years	later.Pierre-Gilles’s	Orsay	Liquid	Crystal	Group	was	an	astonishing	crucible	of	scientific	creativity	that,	in	its	day,
dominated	the	field	internationally.	89,	259–266.	(Online	version	in	colour.)Download	figureOpen	in	new	tabDownload	PowerPointStephen	viewed	this	as	a	breakdown	of	the	semi-classical	theory	rather	than	a	firm	theoretical	prediction,	arguing	that	one	had	to	go	beyond	the	semi-classical	approximation	to	the	no	boundary	proposal	to	describe
properly	eternal	inflation.	He	also	worked	at	a	time	of	much	greater	academic	freedom	than	is	available	today.	(doi:10.1039/dt9750001446)	Google	Scholar(69)	1976	(With	Drayton	J.	He	believed	that	CHAM's	position	in	the	emerging	world	of	commercial	CFD	demanded	unique	approaches	rather	than	strategies	that	had	emerged	within	a	university
environment.	The	close	collaboration	with	David	led	to	more	than	25	joint	publications	from	2003	to	2018.Vaclav	Vitek	is	Harold	Pender	Professor	of	Engineering	and	Applied	Science	in	the	Department	of	Materials	Science	and	Engineering	at	the	University	of	Pennsylvania.	His	father	ran	his	own	engineering	company	(Downs	Engineering	Works	Ltd)
based	in	Acton,	London,	the	business	of	which	covered	a	diverse	range	of	applications:	initially	marine-related	and	later	fuel-filling	stations	for	major	oil	companies	and	associated	products.Diarmuid	lived	much	of	his	early	childhood	in	Ealing,	London,	but	spent	most	summer	holidays	at	a	family	farm	in	Co.	Roscommon,	Ireland,	reinforcing	his	love	of
that	country.	He	then	became	deputy	director	of	engine	research	in	Britain's	Ministry	of	Supply,	working	for	two	years	in	Whitehall.	Each	was	pursuing	work	in	different	subfields	of	spectroscopy,	such	as	microwave,	infrared	and	electronic	spectroscopy.	Rugby,	UK:	IChemE.	S.)	The	Brillouin	spectrum	and	elastic	constants	of	xenon	single	crystals.	He
maintained	that	MIT	and	Cambridge	working	together	offered	advantages	to	both,	and	he	followed	this	idea	in	both	word	and	deed.	E.,	Reck-Peterson	S.	M.,	Flowers	W.	Finally,	not	simply	content	to	serve	the	academic	community,	and	remembering	his	roots,	he	became	a	founding	member	and	vice-president	for	the	Canadian	Macedonian	Place,	a
Senior	Citizen's	Home.It	is	nearly	impossible	to	portray	this	eminent	scientist	without	making	specific	reference	to	his	gracious	and	charming	personality.	For	this,	Patankar	and	Spalding	came	up	with	a	robust	and	efficient	calculation	method	with	the	acronym	SIMPLE	(Semi-Implicit	Method	for	Pressure-Linked	Equations).	Oxford:	Pergamon	Press.	&
Morgan	K.),	pp.	Spalding,	drawing	on	ideas	of	previous	authors,	formulated	a	model	(33)	that	can	be	regarded	as	the	first	multiscale	interpretation	of	turbulent	combustion	suitable	for	inclusion	within	a	CFD	code.	He	was	a	Fellow	of	three	British	National	Academies:	the	Royal	Academy	of	Engineering	(1983),	the	Royal	Society	(2003)	and	the
Academy	of	Medical	Sciences	(2005).	Their	detection	is	our	current	best	bet	for	detecting	Hawking	radiation.From	1982	onwards,	Stephen	concentrated	his	efforts	on	the	deeper	puzzle	of	the	boundary	conditions	required	to	bring	about	inflation	and	the	probability	of	them	coming	about.	Science	177,	1104–1105.	The	ideas	of	predictability	and	cosmic
censorship	mean	that	it	is	believed	that	such	objects	do	not	exist	in	nature.	Higher	perfluorinated	alkenes	were	prepared	by	fluoride-ion	catalysed	co-oligomerization	of	perfluorinated	ethene,	propene	and	but-2-ene,	completing	the	series	of	molecules	CnF2n	up	to	n = 11.	These	included	the	MAN	FM,	the	spark-assisted	Comet	and	two-stroke	sleeve
valve	stratified	charge	systems.	Hawthorne	also	called	attention	to	the	different	levels	of	mixing	for	bulk	momentum	transfer	and	for	the	intimate	mixing	between	molecules	required	for	combustion,	another	point	brought	forward	in	later	studies.A	second	issue	concerns	the	role	of	thrust	and	drag	as	metrics	for	aircraft	performance,	a	question	of
current	interest	for	boundary	layer	ingesting	propulsion	systems.	His	vision	to	bring	the	question	of	the	boundary	conditions	of	the	universe	firmly	within	the	realm	of	the	physical	sciences	and	his	relentless	pursuit	of	a	simple,	manageable	quantum	theory	of	the	beginning	constitute	a	giant	conceptual	leap	forward,	whether	the	no	boundary	proposal
proves	to	be	correct	or	not.Over	the	40	years	since	its	discovery,	there	have	been	many	suggestions	concerning	how	the	information	paradox	discussed	in	Section	10	could	be	resolved.	Other	work	involved	the	measurement	of	arterial	stiffness	using	Doppler	flowmeters,	and	the	development	of	the	measurement	of	the	transfer	function	along	segments
of	normal	and	diseased	arteries	using	two	Doppler	flowmeters	simultaneously.	In	the	summer	of	2012,	he	reached	perhaps	his	largest-ever	audience	in	his	starring	role	at	the	opening	ceremony	of	the	London	Paralympics.	In	later	life,	knowing	that	a	rash	word	from	someone	as	eminent	as	himself	could	have	unintended	consequences	for	others,	he
would	limit	his	critiques	to	cases	where	he	believed	them	strictly	necessary	to	advance	scientific	progress.Pierre-Gilles’s	‘superconductivity’	period	extended	from	1961	to	1967.	In	1954	he	married	Anne-Marie	Rouet	(born	1933),	who	later	became	a	notable	restaurateur.	Google	Scholar(18)	(With	Birchall	J.	Heat	Transfer	135,	011005-1–011005-12.
The	frontispiece	portrait	shows	Stephen	on	his	sixtieth	birthday	in	2002	and	is	©	Dr	Anna	N.	1965Metric	of	a	rotating,	charged	mass.	V.,	Sovran	G.	Philos.	The	first	describes	the	negotiations	with	an	Eastern	European	company	in	the	1970s.I	was	working	in	a	relatively	junior	role	in	a	client	liaison	department	and	hosted	the	meeting	with	the	client
together	with	his	lawyer.	D	53,	3099–3107.	Soils	Fertilizers	28,	521–532.	Wheeler	(6)	covering	the	combined	knowledge	gained	since	that	first	work	in	the	1940s	as	well	as	reviewing	work	by	other	researchers	at	that	time.	(doi:10.1007/s002490050157)	Crossref,	PubMed,	ISI,	Google	ScholarHuxley	H.	Spalding.	As	for	poetry,	he	discovered	that	it	not
only	enabled	him	to	express	his	thoughts	concisely	but	also	provided	a	vehicle	for	de-fusing	tensions;	it	also	facilitated	his	learning	the	Russian	language.His	attraction	to	Russia,	its	people	and	language	began	while	at	Oxford	(where,	as	noted,	he	had	temporarily	joined	the	Communist	Party).	The	resulting	efforts	would,	all	too	often,	fall	into	rubble.In
some	cases,	however,	it	did	appear	that	a	complete	conceptual	structure	would	enter	Pierre-Gilles’s	head,	as	though	by	divine	inspiration,	pre-assembled	and	with	no	scaffolding	required.	At	the	end	of	September	we	shall	know	exactly	who	is	coming	and	can	talk	about	it	all	then.When	David	arrived	in	Cambridge,	at	the	end	of	September,	the
interesting	projects	had	already	been	taken	by	students	who	had	arrived	earlier	in	the	summer.	Google	ScholarDeRosier	D.	9,	598–604.	Download	figureOpen	in	new	tabDownload	PowerPointBlue	John	forms	the	background	to	a	large	painting	of	Bob	that	hung	in	the	foyer	of	the	building	for	many	years.	His	name	is	Phil	Anderson	[Nobel	Laureate
1977,	ForMemRS	1980],	and	he	is	one	of	the	two	brightest	people	in	the	world	to	appear	in	Solid	State	Theory	since	the	second	world	war.	In	this	crystal	form,	there	were	three	nucleosomes	in	the	asymmetric	unit	and	John	selected	some	additional	signs	to	make	the	three	nucleosomes	as	similar	as	possible.	A	theme	that	threads	through	Hawthorne's
career	is	that	‘The	conception	and	development	of	a	machine	leads	to	more	than	merely	the	production	of	a	device’	(4).	He	found	that	the	cells	were	indeed	well	preserved	and,	using	the	presence	or	absence	of	a	structure	of	condensed	chromatin	at	the	nuclear	membrane,	called	the	chromocentre,	in	female	or	male	cells,	respectively,	he	successfully
diagnosed	the	foetal	sex	(1).He	then	showed	that	amniocentesis	could	also	be	used	for	prenatal	determination	of	foetal	blood	group	antigens	(17).	Although	Boris	and	his	fellow	bachelor	colleagues	loved	to	work	day	and	night,	six	days	a	week	in	the	exciting	research	environment	that	Herzberg	provided,	one	Saturday	night	in	1953,	in	response	to	an
old	high	school	chum's	question	‘What	are	you	doing	Saturday	night?’,	Boris	answered	‘nothing’.	6,	287–288.	(Online	version	in	colour.)Download	figureOpen	in	new	tabDownload	PowerPointRecognizing	Charles’s	exceptional	all	round	capabilities	in	science,	technology,	business	and	management,	the	ICI	Board	appointed	him	chairman	of	Paints
Division	in	1972,	and	he	moved	with	Margaret	from	Liverpool	to	Maidenhead.	He	also	took	on	the	role	of	head	electrician	and	enjoyed	doing	the	lighting	for	school	plays	(a	role	that	his	son	Andrew	also	filled	later	on).	He	brought	to	the	field	many	new	and	startling	insights,	often	complementary	to	those	of	the	American	and	Russian	scientists,	who	(at
least	in	numbers)	dominated	it	at	the	time.	This	insight	had	a	major	impact	on	the	electronic	structure	community	at	the	time	because	it	enabled	the	behaviour	of	the	binding	energy	curves	as	a	function	of	volume	to	be	linked	directly	to	the	known	properties	of	the	band-structure.During	his	last	year	in	Cambridge,	David	attended	a	workshop	in	Liège
where	Andreas	Miedema	presented	a	simple	empirical	scheme	for	evaluating	the	heats	of	formation	of	alloys	by	assembling	them	from	the	Wigner-Seitz	cells	of	the	constituent	metals	(Miedema	et	al.	&	Quirk	J.	He	initially	enrolled	for	a	one-year	MA	in	theoretical	physics,	but	with	increasing	respect	for	Welsh	he	decided	to	pursue	a	PhD	in
experimental	research	beginning	in	1948.	They	had	three	children:	Christian,	a	doctor,	Dominique,	a	head-teacher,	and	Marie-Christine,	an	artist;	they	were	born	in	1954,	1956	and	1958,	respectively.	His	father,	Frank,	worked	at	the	local	steelworks	as	an	electrical	engineer	and	his	paternal	grandfather	was	a	Cornishman	who	settled	in	the	district	as
an	ironstone	miner	in	the	1860s.	His	research	expertise	was	in	tropical	medicine,	which	involved	regular	field	trips	to	East	Africa.	These	conferences	on	soil	and	water	conservation	in	the	humid	tropics	(20)	and	soil	physical	properties	and	crop	production	in	the	tropics	(22)	not	only	enhanced	the	international	standing	of	IITA	but	also	were	important
vehicles	for	prioritizing	research	and	outreach	in	the	management	of	soil	structure,	erosion	control,	soil	water	retention	and	other	key	properties	for	sustaining	soil	fertility.The	return	to	the	humid	tropics	reawakened	his	interest	in	how	the	benefits	of	the	‘Green	Revolution’,	which	had	improved	crop	yields	in	other	regions	of	the	world,	might	be
adapted	to	the	shifting	cultivation	practices	employed	by	the	majority	of	small	farmers	in	IITA's	mandate.	(43)In	his	later	years	he	wrote,	on	or	around	his	birthday,	poems	that	seem	to	acknowledge	the	impermanence	of	his	life.	In	his	memoirs,	Stephen	records	being	somewhat	lonely	in	his	first	two	years	and	so	joined	the	college	boat	club	as	a	cox	in
his	third	year	(figure	3)	(99)2.	His	intent	was	to	use	the	fellowship	to	do	research	in	the	high-pressure	laboratory	at	the	University	of	Amsterdam.	(doi:10.1016/S0065-230X(08)60250-X)	Crossref,	PubMed,	ISI,	Google	Scholar(18)	2003	(With	Lotem	J.,	Gal	H.,	Kama	R.,	Amariglio	N.,	Rechavi	G.,	Domany	E.	But	he	focussed	when	he	was	listening	too.	This
conflict	between	quantum	mechanics	and	the	semi-classical	picture	of	black	hole	evaporation	is	the	information	paradox.Although	Stephen	agonized	about	the	paradox	on	and	off	over	the	next	40	years,	it	was	only	in	his	very	last	works	that	a	solution	began	to	appear	(see	Section	14).After	the	successes	of	the	path	integral	approach	to	black	hole
thermodynamics,	Stephen	began	exploring	its	wider	implications.	Albert	Cotterill	died	at	age	42,	so	David	never	met	the	relative	to	which	he	had	the	closet	resemblance.David	was	brought	up	in	a	professional,	middle-class	home	in	Johannesburg.	Diarmuid	was	often	invited	to	deliver	the	opening	address;	this	would	always	be	to	a	capacity	audience	in
the	massive	auditorium,	such	was	his	reputation	in	the	industry.	(Jim	went	on	to	become	a	successful	golf	professional	in	Sweden.)The	discovery	and	introduction	of	halothane,	the	world's	first	innovative	anaesthetic,	covered	the	years	1951	to	1956	(figure	5).	E.,	Brown	A.	(doi:10.2307/2255656)	Crossref,	Google	ScholarPearsall	W.	However,	this
reserved,	somewhat	steely	exterior	masked	a	very	different	character,	particularly	outside	the	company,	illustrated	by	his	extensive	charitable	work	and	devoted	family	life.	(doi:10.1098/rspa.1970.0021)	Link,	ISI,	Google	Scholar(16)	1971Gravitationally	collapsed	objects	of	very	low	mass.	J.)	Ultrasonic	Doppler	studies	of	the	breast.	Astron.	The
suggestion	made	is	that	complete	mixing	had	not	occurred	because	the	measurements	were	the	time-average	of	an	unsteady	vortical	flow,	with	motion	from	one	side	of	the	duct	to	another.	The	methods	were	used	for	a	variety	of	applications,	for	development	of	physical	models	and	for	further	examination	and	refinement	of	the	methods	themselves.
The	idea	was	to	get	crystals	suitable	for	determining	an	atomic	structure	of	the	coat	protein	by	X-ray	crystallography.	He	kept	a	notebook	and	pencil	in	his	inside	jacket	pocket	to	record	the	names	of	interesting	plants.	(doi:10.1387/ijdb.160262yg)	Crossref,	PubMed,	ISI,	Google	ScholarMcCulloch	E.	O.	(doi:10.1038/330672a0)	Crossref,	PubMed,
ISI,	Google	ScholarPaschal	B.	(C)1232–1237.	Recent	work	in	the	Hirokawa	laboratory	has	demonstrated	that	a	similar	conical	beat	pattern	occurs	in	vertebrate	nodal	cilia,	where	it	initiates	the	left–right	asymmetry	in	embryo	development	(Nonaka	et	al.	Part	XVI:	A	reinvestigation	of	radical	addition	to	1,1,3,3,3-pentafluoropropene.	Douville,	emeritus,
Central	Connecticut	State	University	"You	are	an	intelligent	spider	sitting	on	your	web.	Leo's	wisdom	and	deep	insights	into	human	nature	were	like	a	torch	in	the	dark.	R.,	Selonick	S.	In	his	last	paper	on	cosmology,	Stephen	argued	that	the	holographic	form	of	the	wave	function	reduces	the	multiverse	in	eternal	inflation	to	a	manageable	set	of	largely
uniform	and	finite	universes,	giving	him	the	grip	on	the	multiverse	he	had	always	searched	for	(104).Stephen	always	called	the	theory	a	‘proposal’	for	the	quantum	beginning	of	the	universe.	They	had	a	long	and	very	happy	marriage.	He	then	flourished	academically,	winning	a	scholarship	to	Stockport	Grammar	School.	For	example,	the	beat
frequency	of	the	reactivated	flagella	could	be	reduced	from	38 Hz	to	as	low	as	1.1 Hz	by	decreasing	the	concentration	of	ATP	(16).	(doi:10.1016/0022-2836(81)90313-2)	Crossref,	PubMed,	ISI,	Google	Scholar(26)	1981	(With	Bentley	G.	This	work	substantially	advanced	the	then	state-of-the-art	in	the	surgical	treatment	of	Ménière's	disease.	Leo	and	his
two	brothers	(figure	1)	were	sent	ahead	and	enrolled	in	a	small	boarding	school,	which	they	hated.	Yet,	in	the	early	1970s,	Leo	showed	that	certain	mouse	and	human	myeloid	leukaemia	cells	can	be	induced	to	differentiate	to	mature	granulocytes	and/or	macrophages	in	culture	by	normal	differentiation-inducing	factors	found	in	various	conditioned
media,	which	he	initially	called	MGIs,	later	shown	to	include	IL-6,	G-CSF,	GM-CSF	and	IL-3	(8,	10,	12,	13,	17).	2016Primordial	black	holes	as	dark	matter.	2018Primordial	black	holes	as	generators	of	cosmic	structures.	Perfluoronorbornadiene	was	found	to	have	a	similar	chemistry	to	perfluoro	Dewar	benzene	(78,	79).With	polyfluoro	alkenes	and
dienes,	CF3NO	forms	alternating	1:1	copolymers,	the	nitroso	rubbers,	though	cyclic	adducts	are	also	common	(31).	Hugh	Huxley	(FRS	1960)	was	already	there	and	he	was	in	charge	of	the	electron	microscopes.	When	examined	with	an	electron	microscope,	the	cylinders	of	nine	outer	doublet	tubules	appeared	intact	until	after	ATP	was	added,	and	then
the	axonemal	cross-sections	disintegrated	into	individual	doublet	tubules	(14,	17).With	Gibbons’	background	in	microscopy,	he	naturally	itched	to	see	what	processes	were	actually	taking	place	inside	the	axonemes	during	this	transition.	Those	present	(left	to	right):	Dennis	Greenland,	Dr	Ian	Graham	Bryce,	Professor	Brian	Alloway,	Professor	Roger
Williams	(vice-chancellor,	University	of	Reading),	Sir	Crispin	Tickell,	the	author	and	Professor	Hugh	Bunting.	Instead,	the	$	operator	maps	initial	density	matrices	into	final	density	matrices.	12,	576–592.	P.,	Evans	J.	There	were	also	at	the	Collège	de	France	many	long-term	foreign	visitors,	including	Phil	Pincus,	Shlomo	Alexander	and	Tom	Witten,	who
brought	many	original	theoretical	ideas	to	the	new	field	of	soft	matter.Prior	to	Pierre-Gilles,	the	various	systems	that	make	soft	matter—polymers,	surfactant	solutions,	colloidal	suspensions,	thin	liquid	films,	soft	elastic	materials—were	considered	as	dirty	and	too	complex	to	be	studied	by	physicists.	In	his	own	words,	to	be	involved	in	attempting	to
understand	the	complexity	by	which	nature	tries	to	ensure	our	survival,	I	can	only	describe	this	as	the	greatest	adventure	which	I	personally	can	visualize.	He	established	an	IRRI	collaborative	programme	in	Madagascar	that	built	the	capability	of	the	national	research	system	to	tackle	the	country's	complex	challenges,	especially	related	to	soil	fertility
and	water	management,	and	helped	to	develop	the	outstanding	Rice	Research	and	Training	Centre	at	Sakha	in	the	Nile	Valley	of	Egypt.	They	vividly	remember	the	inevitable	‘how	goes’	question	as	Leo	entered	the	department	each	morning.	In	1994	he	was	elected	a	Fellow	of	both	the	Royal	Society	and	the	Royal	Academy	of	Engineering.Suhas
Patankar	completed	his	BE	in	mechanical	engineering	in	1962	from	the	University	of	Pune	in	India	and	his	MTech	in	1964	from	IIT,	Bombay.	2016)	and	even	the	supermassive	holes	which	reside	in	galactic	nuclei	and	which	power	quasars	(Carr	&	Silk	2018).	Part	III:	Fluorination	of	aromatic	hydrocarbons	by	use	of	a	gold	catalyst.	Keenan,	Cambridge
(Massachusetts),	4–5	October	2007	(eds	Beretta	G.	It	may	have	reflected	the	underlying	unease	among	whites	after	Macmillan's	‘wind	of	change’	speech	to	the	South	African	parliament	in	February	of	that	year	and	the	subsequent	Sharpeville	massacre	in	March.At	school	David	also	enjoyed	the	chemistry	laboratories,	where	he	became	aware	of	the
importance	of	the	periodic	table	hanging	on	the	wall.	C:	Solid	State	Physics	3,	367–377.	Children	loved	him,	and	when	they	asked	how	to	become	as	tall	as	he,	he	would	reply	solemnly	that	they	must	eat	fish	heads.	82	(807),	93–108.	He	especially	made	it	a	point	to	visit	one	or	more	of	the	local	art	galleries.	The	family	recall	that	this	marked	a	major
stage	in	his	life,	now	no	longer	being	able	to	read,	which	he	so	much	enjoyed.	In	the	1940s	it	was	suggested	it	be	used	for	medical	diagnosis—the	one	drawback	being	that	the	patient	had	to	be	fully	immersed	in	a	tank	of	water.	(doi:10.1016/0550-3213(87)90425-1)	Google	Scholar(64)	Quantum	coherence	down	the	wormhole.	Soc.978–990.	David	being
shown	the	wonders	of	an	iPad	by	Django,	his	grandson,	with	his	wife	Di	looking	on	and	Teddy,	another	grandson,	peeping	from	behind.	Above	all,	I	have	enjoyed	working	with	my	colleagues,	both	present	and	past.	(A)49–58.	Cancer	3,	89–101.	Rzóska,	were	active	national	and	international	co-ordinators	and	they	involved	Jack	in	the	programme
(funded	by	the	Royal	Society).	IV:	analysis	of	tilting	experiments	in	the	electron	microscope.	72,	99–101.	A	full	bibliography	and	curriculum	vitae	are	available	as	electronic	supplementary	material	at	and	1)	1957	(With	Raventos	J.)	‘A	new	halohydrocarbon	and	methods	of	making	the	same’,	British	Patent	767,779.	T = 7	lattices	can	exist	in	left-	and
right-handed	forms	and	the	stereo-pairs	gave	indications	that	wart	virus	was	right-handed	with	T = 7d.	Without	disguising	this	command,	he	carried	it	lightly,	and	wherever	possible	would	find	the	simplest	presentation	of	his	results	so	as	to	make	these	accessible,	as	far	as	possible,	to	an	experimental	audience.Nonetheless,	as	David	Andelman	(a	post-
doc	with	Pierre-Gilles	in	the	mid	1980s;	see	Deutscher	et	al.	Vatican	City	State:	Pontificia	Academia	Scientiarum.	Moross	Institute	for	Cancer	Research	and	the	David	and	Fela	Shapell	Family	Center	for	Genetic	Research.	(doi:10.1016/0370-2693(82)90373-2)	Crossref,	ISI,	Google	Scholar(55)	1983	(With	Moss	I.	S.1994Black	holes	and	time	warps:
Einstein's	outrageous	legacy.	George	Ellis	and	Roger	Penrose.	(doi:10.1038/161200b0)	Crossref,	PubMed,	ISI,	Google	ScholarSale	W.	These	had	been	made	by	Harold	Edgerton	(professor	of	electrical	engineering	at	MIT)	during	World	War	II.	His	strong	faith	meant	that,	even	when	away	on	business,	he	would	always	make	a	point	of	attending	mass
wherever	possible.Diarmuid	and	Carmel	were	also	passionate	supporters	of	charities	(see	Appointments).	Freshwater	Rev.	These	pictures	showed	vastly	more	structural	detail	than	had	been	described	by	Björn	Afzelius’s	earlier	micrographs	(Afzelius	1959),	which	Afzelius	perceptively	had	used	to	suggest	axonemes	might	contain	arm-like	structures
similar	to	the	cross-bridges	in	muscle	that	cause	doublet	microtubules	to	slide	relative	to	each	other.	A	quantity	was	defined	which	was	interpreted	as	the	total	mass	of	the	source	and	the	disturbance,	and	which	monotonically	decreases	as	gravitational	radiation	is	emitted.	&	Walsh	A.	Irrigated	rice	can	occur	at	any	point	in	the	toposequence	if	water
is	available.	After	all	the	lectures	of	his	fourth	year	at	Wits,	he	wanted	to	get	stuck	into	research	so	David	accepted	the	Cambridge	offer	and	became	a	solid	state	theorist	rather	than	an	astrophysicist.In	his	letter	of	7	June	1967,	Heine	wrote	to	David	about	the	exceptionally	strong	group	he	was	about	to	join	in	Cambridge:	I	would	like	to	tell	you	a	bit
about	our	group.	Jointly	with	Ellis,	Stephen	started	with	a	proof	in	early	1965	of	the	existence	of	singularities	in	spatially	homogeneous	anisotropic	world	models	(2).	Google	Scholar(19)	Recent	developments	and	future	prospects	for	commercial	vehicle	power	plants.	Symp.	Stephen	seized	the	opportunities	to	create	a	remarkable	body	of	original	work,
which	is	described	in	Part	II	of	this	memoir.After	an	adventurous	trip	through	Persia,	which	included	being	close	to	the	epicentre	of	a	7.1	magnitude	earthquake	that	killed	more	than	12	000	people,	Stephen	arrived	at	Trinity	Hall,	Cambridge,	in	the	autumn	of	1962,	planning	to	study	under	the	distinguished	astrophysicist	and	cosmologist	Fred	Hoyle
FRS.	&	Roberts	D.	ASME.	First,	Stephen	showed	that	the	horizon	of	a	stationary	black	hole	must	be	topologically	spherical.	He	graduated	with	first	class	honours	in	February	1945,	and	stayed	on	to	work	for	a	PhD	(figure	1).	The	imaginary	string	David	ran	through	the	periodic	table	for	his	structure	maps.	There	was	some	initial	resistance	but
eventually	he	succeeded	and	within	a	year	or	two,	beautiful	research	on	the	wetting	phenomenon	emanated	out	from	the	lab.	3)(ed.	In	desperation,	we	decided	to	ask	if	Diarmuid	would	come	in	and	help.	A	full	bibliography	is	available	as	supplementary	material	at	1)	1957	(With	Klug	A.	Crossref,	PubMed,	ISI,	Google	Scholar(17)	1995The	adventures
of	a	biologist:	prenatal	diagnosis,	hematopoiesis,	leukemia,	carcinogenesis	and	tumor	suppression.	While	such	methodology	has	been	superseded	as	the	primary	source	of	quantitative	information,	from	another	perspective	his	work	was	about	ideas,	flow	features	and	physical	insight;	and	providing	these	has	grown	in	importance,	especially	in	the
development	of	effective	design	philosophies.	Welsh	(FRS	1962)	and	others	in	the	physics	department,	in	the	autumn	of	1947	he	returned	as	a	graduate	student	to	the	University	of	Toronto,	at	the	time	one	of	only	two	universities	in	Canada	with	a	physics	PhD	programme,	the	other	being	McGill	University	in	Montreal.	(Photograph	supplied	by	Di
Gold.)Download	figureOpen	in	new	tabDownload	PowerPointThere	was	virtually	no	modern	physics	in	the	three-year	BSc	degree	in	physics	and	mathematics.	On	that	stone	his	equation	for	the	temperature	of	a	black	hole	is	engraved	(figure	12),	while	on	a	second	memorial	stone	at	Caius	College	his	equation	for	the	entropy	of	a	black	hole	is	displayed,
as	he	requested.	He	tackled	the	issues	at	both	the	classical	and	the	quantum	level.	Heat	Fluid	Flow	70,	A3–A7(see	also:	.	Hoyle	asked,	‘How	do	you	know?’	and	Stephen	answered,	‘Because	I	calculated	it!’	This	demonstrated	already	Stephen's	independence	of	thought	and	refusal,	as	a	graduate	student,	to	be	cowed	by	one	of	the	foremost	cosmologists
of	the	day.	On	the	other	hand,	an	alternative	theory	of	elementary	particles,	put	forward	by	Rolf	Hagedorn,	suggested	that	there	are	an	infinite	number	of	elementary	particles	of	ever	higher	mass,	in	which	case	the	final	explosion	could	be	105	times	more	powerful.In	Stephen's	paper	with	Don	Page	in	1976,	the	100 MeV	gamma-ray	background
generated	by	1015 g	PBHs	was	estimated	and	compared	with	measurements	made	by	the	SAS-2	satellite	(31).	To	overcome	this	difficulty,	Spalding	proposed	a	‘volume	continuity	equation’,	which	led	to	comparable	terms	for	each	phase	(30).After	developing	the	concepts	of	multi-phase	flows,	Spalding	applied	them	to	turbulence	modelling	(treating
the	turbulent	flow	as	a	mixture	of	laminar	and	turbulent	phases)	(36,	40)	and	for	advanced	combustion	models	(assuming	a	two-phase	mixture	of	burned	and	unburned	gases)	(37,	38).After	retiring	from	Imperial	College	in	1988,	he	directed	his	attention	to	developments	within	the	commercial	CFD	world	and	to	creating	mathematical	models	for	the
processes	encountered.	Like	the	parabolic	method,	the	elliptic	scheme	was	published	as	a	book	(18),	which	contained	a	detailed	description	of	the	method	and	a	computer	program;	its	appearance	was	timely	since	the	extra	computational	resources	needed	(vis	à	vis	the	parabolic	solver)	were	in	tune	with	expanding	computer	capabilities.	A	principal
result	in	his	thesis	was	that,	over	an	enormous	range,	the	length	of	a	turbulent	diffusion	flame	was	dependent	on	the	geometry	and	not	the	heat	release	rate,	implying	that	aerodynamic	mixing	dominated	the	flame	length.	The	icosahedral	symmetry	established	from	the	X-ray	crystallographic	studies	could	accommodate	only	60	subunits	in	a	completely
symmetrical	way.	(doi:10.1099/0022-1317-24-1-191)	Crossref,	PubMed,	ISI,	Google	Scholar(18)	1974	(With	Robertus	J.	His	doctoral	thesis	proposed	fundamental	mechanisms	for	heat,	mass	and	energy	transfer	from	a	liquid	droplet.	In	parallel	with	these	studies,	using	clay	minerals	and	pure	chemicals,	Dennis	turned	his	attention	to	how	these
processes	might	influence	structure	formation	and	stability	in	different	soil	types	and	started	experiments	on	the	possible	role	of	polysaccharides.	Stephen	argued	in	the	second	paper	that,	unlike	what	happens	according	to	classical	physics,	in	quantum	physics	black	holes	and	white	holes	must	be	indistinguishable	to	outside	observers	(34).	This
required	generalization	of	the	plane-wave	description	of	BCS	into	geometries	without	translational	invariance,	giving	the	equivalent	of	a	Schrödinger	equation	for	a	superconductor.	&	Hakuta	K.)	Nonlinear	optical	generation	using	electromagnetically	induced	transparency	in	atomic	hydrogen.	This	was	followed	by	an	appointment	as	a	staff	member	of
the	Institute	of	Theoretical	Astronomy	during	the	most	exciting	period	of	its	existence	from	1968	to	1972.	When	the	discovery	of	gravitational	radiation	from	the	coalescence	of	two	30	M⊙	black	holes	was	announced	in	2016,	Stephen's	first	question	was	to	ask	if	this	bound	was	obeyed	in	the	black	hole	collision—he	was	overjoyed	to	hear	that	the
observations	were	consistent	with	his	expectation.An	elaboration	of	these	ideas,	together	with	two	fundamental	new	results,	was	published	in	1972	(20).	Cambridge	University	Press.	A	206,	374–387.	(doi:10.1103/PhysRevD.1.2726)	Crossref,	ISI,	Google	ScholarHawking	J.	M.,	Moss	A.	(doi:10.1016/S0022-2836(60)80038-1)	Crossref,	ISI,	Google
Scholar(5)	1964Resolution	of	the	substructure	of	tobacco	mosaic	virus	in	the	electron	microscope.	Following	a	meeting	among	the	various	parties	at	the	Science	Research	Council,	the	Cambridge	proposal	was	withdrawn	and	the	Glasgow	proposal,	led	by	Ron	Drever	and	James	Hough	(FRS	2003),	was	supported	because	of	their	technical	expertise	in
experimental	gravitation.	Google	Scholar(20)	1979Future	trends	in	the	automobile.	Charles	adopted	a	balanced	scientific	and	aesthetic	approach	to	his	gardening.	(doi:10.1083/jcb.63.3.970)	Crossref,	PubMed,	ISI,	Google	Scholar(19)	1975The	molecular	basis	of	flagellar	motility	in	sea	urchin	spermatozoa.	1985Identification	of	a	novel	force-generating
protein,	kinesin,	involved	in	microtubule-based	motility.	(Copyright	©	1951	by	IMechE.	&	Kübler	J.),	pp.	The	long-term	fertility	of	the	field	as	he	left	it	was	confirmed	by	the	appearance	in	1993	of	a	second	edition,	co-authored	by	Jacques	Prost,	which	needed	to	be	almost	twice	as	long	as	the	original	in	order	to	cover	the	two	decades	of	intervening
progress	(10).Pierre-Gilles	moved	from	Orsay	to	a	chair	at	Collège	de	France	in	1971.	Soil	Sci.	The	instruments	that	were	developed	were	more	accurate	and	sensitive	than	any	others	then	available.The	first	experiments	in	the	ultrasound	field	had	been	pioneered	by	Paul	Langevin,	who	developed	ultrasound	initially	as	a	means	of	detecting	icebergs,
in	response	to	the	sinking	of	the	Titanic,	and	then	subsequently	for	use	in	the	detection	of	submarines	during	the	First	World	War.	Despite	his	illness,	Leo	maintained	his	keen	interest	in	science	and	was	in	the	Institute,	discussing	the	latest	scientific	advances	with	Yossi,	only	a	few	days	before	his	death.	I	remember	thinking	that	I	would	never	have	a
chance	of	being	accepted	into	such	a	privileged	college.	This	accounted	for	the	trend	found	by	DFT	calculations,	from	positive	values	for	the	alkali	metal	alloys	NaK	and	NaRb	to	the	negative	values	for	MgSi	and	MgP	(21).	Mems.	N.).	F.	1981The	inflationary	universe:	a	possible	solution	to	the	horizon	and	flatness	problems.	The	college	was	created,
with	substantial	support	from	Commonwealth	countries	and	the	United	States,	as	a	memorial	to	Sir	Winston	Churchill,	and	the	Mastership	is	a	crown	appointment.	The	effects	of	engine	variables—for	example,	mixture	strength,	speed,	ignition	advance	and	air	and	cylinder	temperatures—on	pre-ignition	were	studied	in	addition	to	the	effects	of
important	fuel	additives	such	as	tetraethyl	lead	and	the	aromatic	amines.	They	also	studied	the	addition	of	perfluoroalkyl	free-radicals	to	terminal	alkynes	(9)	and	to	allene	(propadiene)	(10).After	Bob	brought	Tony	Tipping	to	UMIST,	they	commenced	a	comparable	study	of	the	additions	of	(CF3)2NX	(X	=	halogen)	to	unsymmetrical	fluoroalkenes.	As
mentioned	earlier,	the	school	had	hoped	he	would	study	‘the	Classics’,	but	the	lure	of	engineering	with	its	emphasis	on	mathematics	and	application	of	scientific	principles	proved	irresistible.	2013Hawthorne,	Sir	William	Rede.	Chem.	He	mentioned	this	thought	to	Chandra	Varma,	who	was	visiting	the	Cavendish	at	the	time.	Halfway	through	the
science	meeting,	a	three-hour	memorial	meeting	took	place	attended	by	friends	and	family	as	well	as	scientists.	After	initial	small	scale	(roughly	3 m	long	vessels)	experiments	in	the	National	Physical	Laboratory's	(NPL's)	ship	tank	at	Teddington,	a	team	of	graduate	students	was	mobilized	to	carry	out	towing	tests	on	the	River	Great	Ouse	at	Ely,
where	Draconella,	a	0.75 m	diameter,	20 m	long	vessel	with	a	capacity	of	10	tons,	was	launched	and	tested	in	April	1957.The	first	flexible	barge	initially	snaked	uncontrollably	from	side	to	side	and	there	were	difficulties	in	obtaining	waterproof	fabric	strong	enough	to	make	a	viable	barge,	but	these	problems	were	addressed.	From	1989	onwards,	he
played	a	prominent	role	in	the	Specialty	Services	Unit	of	the	Bristol	and	Weston	Health	Authority	(later	the	United	Bristol	Healthcare	NHS	Trust).	This	appears	to	spread	out	the	wave	function	over	a	vast	or	even	an	infinite	number	of	different	kinds	of	inflationary	universes,	leading	to	the	popular	view	that	globally	the	universe	would	develop	like	a
fractal	consisting	of	infinitely	many	pocket	universes	separated	from	each	other	by	an	eternally	inflating	ocean.	Part	II:	Diels–Alder	reactions	of	hexafluorobicyclo[2,2,0]hexa-2,5-diene:	Pyrrole	as	a	diene.	M.)	Reactions	of	fluorocarbon	radicals.	(doi:10.1002/iroh.19650500102)	Crossref,	Google	Scholar(17)	1966The	annual	cycle	of	stratification	and
phytoplankton	growth	in	Lake	Victoria	(East	Africa).	His	PhD	supervisor,	John	Bradfield,	was	a	zoologist	who	had	a	half-time	appointment	in	the	Cavendish.	Google	Scholar(28)	(29)	2003Electron	theory	in	materials	modelling.	7,	186–188.	In	later	years	impressive	computer-generated	visuals	were	used	while	he	controlled	the	verbal	material,	releasing
it	sentence	by	sentence	in	his	computer-generated	American-accented	voice.	National	Academy	of	Engineering	memorial	tributes:	volume	17.	(a)	Initial	position:	the	chain	is	restricted	to	a	certain	tube	T.	1989Covariant	and	gauge-invariant	approach	to	cosmological	density	fluctuations.	The	research,	particularly	in	regard	to	collaboration	with
industry,	has	greatly	expanded	since	then,	as	have	the	size	and	facilities	of	the	laboratory,	providing	a	number	of	important	technology	developments.	Always	a	gentleman,	Boris	seemed	to	evoke	the	best	from	his	co-workers	and	students	by	making	physics	fascinating	and	by	conveying	his	own	love	of	the	subject	without	sacrificing	excellence,	and
through	leading	by	example,	encouragement	and	support.	K.),	pp.	54,	75–97.	It	was	crammed	into	the	fourth	year	when	the	class	had	shrunk	to	less	than	20%	of	the	original	BSc	cohort	of	about	35	physics	majors.	By	using	contrast	variation	with	different	ratios	of	deuterium	oxide	to	water,	where,	depending	on	the	ratio,	either	the	protein	or	the	DNA
dominated	the	scattering,	they	showed	that	indeed	the	DNA	was	wrapped	around	a	histone	protein	core,	in	agreement	with	earlier	findings	by	low-angle	neutron	solution	scattering	from	nucleosomes	(Pardon	et	al.	Acknowledgement	is	due	to	Donna	Wild,	Clair	Sharpe	and	Fran	Ives	of	the	Ricardo	Library,	who	patiently	identified	and	retrieved	the
large	number	of	archived	technical	papers.	Google	ScholarThe	following	publications	are	those	referred	to	directly	in	the	text.	De	Gennes	(CollÃ¨ge	((College)	de	France;	Institute	Curie),	Brochard-Wyart	(Institut	Curie),	and	QuÃ©rÃ©	(Quere)	(CollÃ¨ge	((College)	de	France)	have	written	an	excellent	treatise	on	these	phenomena	that	opens	with	a
very	poetic	introduction	relating	esoteric	concepts	to	everyday	observations,	and	includes	chapter	references,	historical	sketches,	and	a	very	good	discussion	of	each	problem	at	chapter	beginnings.	D	63,	083504.	As	Martin	Rees	has	written	(2018):	He	worked	in	the	same	building	as	I	did.	Download	figureOpen	in	new	tabDownload	PowerPointIn	the
last	two	years	at	high	school,	Stephen	concentrated	on	mathematics	and	physics	and	was	fortunate	in	having	a	brilliant	mathematics	teacher,	Dikran	Tahta.	Pierre-Gilles’s	talent	was	obvious	from	an	early	stage:	one	of	his	classmates	remembered	the	visit	of	an	inspector	in	mathematics	who	posed	a	question	to	the	class	that	apparently	demanded	a
lengthy	calculation,	but	Pierre-Gilles	responded	immediately	with	the	correct	answer,	obtained	by	a	simple	symmetry	argument.	Google	ScholarHuxley	H.	When	first	married,	Charles	and	Margaret	rented	rooms	in	Wallasey,	but	moved	to	her	parents'	home	when	she	became	pregnant—although	not	anticipating	twins—and	stayed	there	for	two	years.
The	viable	cells	then	undergo	proliferation	and	differentiation,	both	of	which	require	the	continued	presence	of	the	haematopoietic	cytokines.	He	also	considered	that	each	division's	plans	for	research	to	support	the	profitability	of	the	company	were	not	adequately	discussed	with	the	top	management.	In	1951	they	moved	to	Johannesburg,	where	his
father	was	asked	to	build	up	the	AIC	operation	in	Southern	Africa.David's	maternal	grandfather,	Albert	Bernard	Cotterill,	had	a	reputation	for	being	very	good	at	mathematics.	Stephen's	mother,	Isobel	Walker,	was	born	in	Dunfermline	in	Scotland,	but	the	family	moved	to	Devon	when	she	was	12.	An	illustration	of	Diarmuid	on	one	of	his	‘walkabouts’
is	shown	in	figure	10.	Council	Israel	5B,	137–138.	This	began	with	the	astoundingly	successful	book	A	brief	history	of	time	(66),	which	was	translated	into	some	35	languages	and	sold	over	10	million	copies	in	the	following	20	years.	Shapiro,	his	faculty	colleague	(and,	later,	institute	professor)	at	MIT	(1).	Soc.1038–1043.	3,	222–238.	Andersen.
Although	Boris	enjoyed	a	highly	successful	scientific	career	with	many	honours	and	leadership	roles,	he	is	likely	equally	remembered	for	how	special	he	made	people	feel.	I:	the	action	system	of	paramecium.	However,	film	cooling	the	metallic	combustion-chamber	surfaces	necessitated	a	more	detailed	examination	of	the	velocity	boundary	layer.
Stephen	showed	that	the	final	state	of	these	two	black	holes	would	be	a	more	massive	Kerr	black	hole	with	event	horizon	A3	≥	A1	+	A2.	Working	with	Ray	and	Charles,	Boris	further	clarified	the	angular	spectrum,	or	ring	structure	based	on	phase	matching	considerations,	in	the	stimulated	Raman	effect.	Together	they	showed	that	the	migration	was
largely	due	to	the	loss	of	soil	fertility	as	a	consequence	of	effects	of	human	population	pressure	(1).	Soc.3617–3623.	Their	children	are:	Claire	Wyart,	a	neuroscientist	(born	1977);	Matthieu	Wyart,	a	soft	matter	physicist	(1978);	Olivier	Wyart,	an	artist	(1984);	and	Marc	de	Gennes,	currently	a	PhD	student	at	the	Crick	Institute	in	London	(1991).
Naturalist(Hull)1951,	157–170.	This	provided	a	stable	specimen	for	imaging	in	the	electron	microscope,	where	the	main	contrast	in	the	image	came	from	the	salt	and	the	biological	material	appeared	as	regions	of	lower	density	in	the	stain	coat;	hence	the	term	negative	stain,	due	to	the	inverted	contrast.Caspar	and	Klug	(1962)	had	just	proposed	their
theory	of	quasi-equivalence,	which	specified	rules	for	the	arrangement	of	protein	subunits	in	the	coats	of	spherical	viruses.	In	1971,	building	on	the	concept	of	a	‘tube’	in	which	a	single	polymer	chain	moves	because	it	is	hemmed	in	by	other	chains	(an	idea	introduced	earlier	by	Sam	Edwards	(FRS	1966,	later	Sir	Sam	Edwards)),	Pierre-Gilles	invented
the	idea	of	‘reptation’,	which	is	the	snake-like	motion	of	a	chain	in	its	tube	(2)	(figure	1).	One	key	aspect	of	the	organization	of	the	research	plan	was	to	follow	an	IRRI	model	of	supporting	networks	that	involved	multi-location	experiments	engaging	institutions	from	several	developing	countries	grappling	with	common	soil	constraints	such	as	acid
soils,	steep	land	soil	erosion,	heavy	clay	soils	and	so	on	(25).	It	concluded	with	a	call	for	intensification	of	research	into	soil,	water	and	nutrient	management	to	both	sustain	increased	crop	production	and	ensure	that	off-farm	environmental	issues	were	ameliorated	(29).Dennis	was	a	man	who	worked	hard	and	played	hard,	and	who	gave	great	support
to	those	of	his	students	and	co-workers	whom	he	patiently	mentored.	They	undertook	expeditions	up	the	Blue	Nile	by	truck,	and	about	1000 km	upstream	along	the	White	Nile	by	research	launch	(figure	1).	Following	a	further	hospital	stay,	an	advertisement	for	a	technical	assistant	from	Rosalind	Franklin	at	Birkbeck	College,	London,	caught	his
attention.	The	early	1970s	arguably	marked	the	zenith	of	his	career.	In	his	scientific	journey,	Gibbons	brought	exceptional	ingenuity	and	a	very	English	brand	of	tenacity,	along	with	humanity	and	friendship	toward	the	many	people	who	worked	with	him	over	the	years.He	often	expressed	how	lucky	he	felt	to	have	a	career	doing	something	he	loved
and	at	which	he	excelled.	Collaboration	with	Bill	and	others	led	to	considerable	progress	in	linking	the	field	behaviour	of	soil	aggregates	to	their	clay	mineralogy	and	soil	type	classification,	and	to	the	development	of	a	simple,	but	elegantly	logical,	classification	of	aggregate	stability	based	on	the	behaviour	of	soil	crumb	coherence	in	water	(26).	The
portrait	is	by	Godfrey	Argent	©	Godfrey	Argent	Studio.1953Meldola	Medal	(Chemical	Society)1960Corday–Morgan	Medal	and	Prize	(Chemical	Society)1968Tilden	Lectureship	(Chemical	Society)1968Fellow	of	the	Royal	Society1976Honorary	Fellow,	The	Queens’	College,	Cambridge1994Prix	Henri	Moissan	for	Fluorine	ChemistryBob	Munn	is	emeritus
professor	of	chemical	physics	at	the	University	of	Manchester.	Educated	in	materials	science	at	the	University	of	Oxford	and	the	University	of	Pennsylvania,	he	started	to	collaborate	with	David	Pettifor	in	1985	on	the	tight-binding	bond	model	for	covalent	and	metallic	materials.	He	received	his	PhD	in	physics	from	the	University	of	Toronto	in	1975
following	nuclear	magnetic	resonance	(NMR)	and	nuclear	quadrupole	resonance	(NQR)	probing	of	phase	transitions	in	insulating	solids.	Copt	Howe	was	featured	on	the	BBC	television	programme	Gardener's	World,	and	in	publications	such	as	Country	Life	and	The	English	Garden	and	local	media.Bob	was	strongly	task-oriented	and	goal-driven,	and
intensely	hard-working,	with	a	quick	intelligence	and	formidably	analytical	mind.	When	Frank	Bradbury	established	the	field	of	technological	economics	at	the	University	of	Stirling	in	the	1970s,	this	book	was	the	seed	for	much	of	the	intellectual	development.	(doi:10.1063/1.1704351)	Crossref,	ISI,	Google	ScholarPage	D.	Bot.	The	first	generation	of
BOPs	required	the	numerical	integration	of	response	functions	and	consequently	they	were	called	numerical	BOPs.	They	were	used	extensively	to	model	dislocations	in	transition	metals	and	intermetallics	(23,	25),	particularly	by	Vaclav	Vitek's	group	at	the	University	of	Pennsylvania.	The	clockwise	handedness	of	ciliary	structure	thus	constitutes	one
link	in	the	chain	that	upscales	the	fundamental	asymmetry	of	l–amino	acids	to	proteins,	to	ciliary	axonemes,	to	the	asymmetric	positioning	of	body	organs	in	vertebrates.Gibbons	deemed	the	best	way	to	further	explore	the	flagellar	structure	would	be	to	study	the	array	of	proteins	that	composed	them.	One	wing	was	occupied	by	ICI's	Corporate
Laboratory	directed	by	Duncan	Davies.	After	a	first	draft	was	ready,	Leo	would	read	it	over	and	over,	polishing	it	by	adding	and	deleting	words	and	sentences	until	he	was	satisfied.	During	those	years	he	also	spent	two	weeks	or	more	at	a	training	camp	with	the	regular	military,	learning	about	explosives,	building	bridges,	etc.,	since	he	was	part	of	an
engineering	programme.	However,	stimulated	by	his	previous	work	in	highly	alkaline	waters	in	Africa,	but	also	by	measurements	in	the	English	lakes	which	showed	that	in	the	summer	a	pH	above	9	was	frequent	in	Windermere	and	Esthwaite	Water,	Jack	started	to	consider	the	effect	of	CO2	on	phytoplankton	productivity.	Book	launch	of	the	Herzberg
biography	at	Massey	College,	University	of	Toronto,	in	2002.	V.)	A	finite-difference	procedure	for	solving	equations	of	the	two-dimensional	boundary	layer.	(doi:10.1016/0041-624X(69)90662-3)	Crossref,	PubMed,	ISI,	Google	Scholar(6)	1972	(With	Mountford	R.	Lund	(35),	which	was	published	when	Jack	was	86.	Horlock	used	them	as	an	assistant
professor	at	MIT	in	the	mid	1950s;	in	the	preface	to	his	book,	Advanced	gas	turbine	cycles	(Horlock	2003),	he	refers	to	the	way	in	which	the	notes	show	the	power	of	temperature–entropy	diagrams	in	cycle	analysis	and	acknowledges	both	the	path-breaking	nature	of	the	notes	and	Hawthorne's	abilities	as	a	‘great	engineering	teacher’.A	contribution	in
a	different	area	was	a	landmark	paper	Hawthorne	co-authored	with	A.	His	thesis	topic	was	‘The	mixing	of	gas	and	air	in	flames’.	Part	III:	Some	addition	and	nucleophilic	substitution	reactions	of	hexafluorobicyclo[2,2,0]	hexa-2,5-diene.	(doi:10.1103/PhysRevLett.13.657)	Crossref,	ISI,	Google	Scholar(10)	(With	Chiao	R.	Once	on	the	job,	he	found	that
servicing	the	sets	brought	in	from	the	bombers	on	the	station	usually	involved	just	swapping	out	one	or	another	of	the	vacuum	tubes,	most	often	the	klystron	or	the	cavity	magnetron,	and	that	he	was	not	expected	to	do	any	repairs	at	the	component	level.	It	is	aimed	at	final	year	undergraduates	and	first	year	postgraduates	in	physics,	chemistry	and
materials	science.	152,	515–526.	(doi:10.1016/j.cpc.2018.08.013)	Crossref,	ISI,	Google	ScholarPage	10Leo	Sachs	found	his	life's	work	and	passion	by	chance.	25,	400–402.	E.)	Nitroxide	chemistry.	The	extremity	I	has	chosen	another	path	I1I2.	The	bulk	of	his	thesis	material	derived	from	work	at	the	FBA	with	Lund,	who	was	an	exceptionally	inspiring
teacher	and	whose	seminal	work	on	the	dynamics	of	the	diatom	Asterionella	formosa	Hass	(Lund	1949,	1950)	provided	the	ecological	foundation	for	Jack's	work.	(doi:10.1111/j.1469-8137.1957.tb06962.x)	Crossref,	Google	Scholar(5)	Diurnal	changes	of	stratification	and	photosynthesis	in	some	tropical	African	waters.	Spalding	attended	many	scientific
meetings	in	Russia	and	through	those	connections	was	introduced	to	Professor	Sergey	Sapozhnikov	at	Peter-the-Great	Polytechnic	University,	St	Petersburg;	it	was	through	their	shared	scientific	and	poetic	interests	that	Spalding's	books	were	published,	most	in	both	English	and	Russian.He	wrote	poems	to	commemorate	each	passing	year,	by	which
time	most	of	his	scientific	friends	and	acquaintances	understood	his	‘unusual	occupation’:	‘I	humbly	ask	friends	from	the	world	of	science	to	consider	my	verse	completely	ordinary.’	He	used	poetry	to	express	his	inner	feelings,	whether	for	solace	or	to	acknowledge	discord	in	his	relationships	with	others:	Some	[poems]	are	written	only	for	themselves,
so	that	it	is	easier	to	take	unfavorable	turns	of	events;	others	had	to	please,	convince	or	even	warn	some	of	those	with	whom	one	was	in	close	acquaintance.	A	calculation	procedure	now	needed	to	focus	only	on	solving	the	above	equation.	T.)	Polyfluorocarbanion	chemistry.	W.)	A	study	of	the	reactions	that	lead	to	‘knock’	in	the	spark	ignition	engine.	In
order	to	cover	tuition,	he	worked	during	the	summers	at	Research	Enterprises,	a	company	that	manufactured	radar	units	for	Great	Britain	and	Canada,	and	there	he	learned	much	about	vacuum	tubes	(valves)	such	as	magnetrons	and	klystrons.	Charles	was	appointed	on	the	death	of	Alfred	Spinks—the	Royal	Warrant	appointing	him	somewhat
reproachfully	stated	‘as	a	replacement	for	Dr	Alfred	Spinks	who	has	died’.	H.,	Sale	W.	JETP	37,	28–32.	C.,	Champness	J.	There	is	no	question	that	David	appreciated	the	importance	of	developing	new	computational	methods	for	modelling	materials.	11,	179–205.	One	can	think	of	the	negative-energy	particle	as	a	positive-energy	particle	travelling
backwards	in	time	from	the	black	hole	singularity	until	it	is	scattered	forward	in	time	where	the	virtual	pair	first	appears.Stephen	first	announced	this	result	at	a	meeting	on	quantum	gravity	at	the	Rutherford	Laboratory	on	15–16	February	1974,	and	it	was	published	in	Nature	shortly	afterwards	(30).	He	achieved	this	by	building	on	the	legacy	of	his
former	meticulous	scientific	research	and	understanding	of	internal	combustion	engines.	Crossref,	PubMed,	ISI,	Google	ScholarFox	L.	(doi:10.1103/PhysRevD.32.2489)	Crossref,	ISI,	Google	Scholar(62)	1986	(Editor,	with	Gibbons	G.	In	his	pioneering	1955	review	(Bradfield	1955),	Bradfield	was	the	first	to	frame	the	fundamental	biological	questions
posed	by	the	then	newly	discovered	nine-plus-two	organization	of	microtubules	in	cilia	and	its	constancy	through	evolution.	Indeed,	he	often	remarked	that	students	were	the	main	reasons	for	any	success	he	had	over	his	academic	career.Boris	often	took	Joan	with	him	when	he	travelled	to	conferences	or	to	universities	and	institutes	to	give	a	talk	or
receive	an	award.	Spalding	subsequently	married	Colleen	King	and	together	they	had	two	sons,	William	and	Jeremy.On	returning	to	England	in	1947,	Spalding	rejoined	the	programme	of	experimental	testing	at	RPE.	(doi:10.1039/P19740001736)	PubMed,	Google	Scholar(61)	1975	(With	Rogers	D.	Reprinted	by	permission	of	SAGE	Publications,	Ltd.)



(Online	version	in	colour.)Download	figureOpen	in	new	tabDownload	PowerPointIn	the	1950s	and	1960s,	Diarmuid	also	carried	out	subsequent	investigations	into	another	abnormal	combustion	phenomenon:	pre-ignition.	Exact	date	unknown,	possibly	1938.	At	that	time	the	manner	of	compaction	of	the	genetic	material,	the	DNA,	in	the	cell	nucleus
was	unknown	and	various	models	had	been	suggested.	The	occurrence	of	this	point	of	inflexion	in	the	sampling	curve	appears	to	coincide	with	the	passage	of	a	cool	flame	in	the	end	gas.	The	Charles	of	former	years	kept	shining	through	in	his	smile,	his	gestures,	his	sense	of	humour,	his	search	for	understanding,	his	courteous	manners,	his	love	for	his
family	and	his	gratitude	towards	those	who	cared	for	him.Charles	moved	to	a	care	home	in	the	latter	stages	of	his	dementia,	closely	followed	by	Margaret,	who	also	developed	the	condition.	After	attending	a	dame	school	in	Acton	and	a	primary	school	run	by	the	Sisters	of	Charity,	in	1931,	at	the	age	of	9,	he	started	at	St	Dunstan's	School,	Brentford,
and	later	moved	to	Gunnersbury	Catholic	Grammar	School.	M.,	Prosser	M.	The	need	for	generality	may	well	have	been	stimulated	by	the	book	by	Kutateladze	&	Leont'ev	(1964),	which	he	had	recently	translated	from	Russian.	For	a	long	time,	the	twins	could	both	fit	on	my	bike,	John	on	the	rack	behind,	and	David	on	the	handlebars.	1972A	Reynolds
stress	model	of	turbulence	and	its	application	to	thin	shear	flows.	Crossref,	Google	Scholar(20)	(With	Patankar	S.	They	‘should	realise	that	physics	is	not	the	story	of	great	men	working	in	isolation	from	the	pressures	of	society,	but	that	science	has	evolved	as	the	response	of	man	to	his	external	environment’.	He	also	developed	ideas	that	had	emerged
during	the	organization	of	a	conference	in	1973	with	the	Hungarian	Academy	on	Soil	Resilience	and	Sustainable	Land	Use	(27).	In	vivo	differentiation	of	myeloid	leukaemic	cells.	Actuator	disks	and	their	extension,	embedded	regions	of	body	forces	(referred	to	by	Hawthorne	as	actuator	ducts)	are	also	in	use,	for	example	as	a	representation	of
turbomachinery	within	full	aircraft	Navier–Stokes	computations.	Beth	Burnside,	whom	Gibbons	had	known	for	many	years,	was	extremely	generous	in	offering	to	host	Gibbons	and	a	new	research	assistant	for	what	eventually	turned	into	an	extended	stay	of	12	years	in	her	lab.	His	ability	to	get	to	the	point	quickly	and	make	incisive	suggestions	served
him	and	the	community	well.	The	different	roles	played	by	the	electronegativity	difference,	more	precisely	the	valence	p	and	d	atomic	energy	level	separation,	the	relative	size	difference	and	the	electron	per	atom	ratio	were	studied	directly	(15).The	use	of	tight-binding	invariably	attracts	derision	from	DFT	purists.	This	confirmed	that	the	lattice	for
human	wart	virus	was	right-handed	T = 7d	and	showed	the	rabbit	virus	to	be	left-handed	T = 7 l.	D	32,	2496–2499.	261,	2337–2342.	He	simultaneously	held	the	positions	of	associate	medical	director	of	research	and	development	for	United	Bristol	Healthcare	NHS	Trust	(1996–1999)	and	honorary	director	of	the	Centre	for	Physics	and	Engineering
Research	in	Medicine,	University	of	Bristol	(1996–2000).During	this	time,	Peter	continued	to	make	major	scientific	contributions.	By	this	time,	the	originality	and	importance	of	Stephen's	work	was	recognized	world-wide	and	he	was	elected	a	Fellow	of	the	Royal	Society	in	1974	at	the	exceptionally	early	age	of	32.	14,	459–474.	Charles	and	Margaret
cherished	the	news	and	visits	from	their	children,	grandchildren	and	great	grandchildren.Towards	the	end,	dementia	invaded	Charles’s	life,	but	he	never	gave	up.	Thus,	with	the	continually	expanding	computational	resources,	two	students	under	Spalding's	guidance,	Micha	Wolfshtein	and	Akshai	Runchal,	began	work	on	developing	a	finite-difference
method	for	such	two-dimensional	elliptic	flows.	Nature	303,	31–35.	Nature	New	Biol.	Despite	the	intensity	of	the	research	and	its	potential	significance,	Charles	maintained	a	healthy	work–life	balance,	enjoying	time	with	his	children	(figure	8),	developing	his	interest	in	music,	art	and	gardening	and	teaching	himself	to	speed-read.	&	Fields	R.)	Metal
carbonyl	chemistry.	(doi:10.1016/0375-9601(72)90149-1)	Crossref,	ISI,	Google	Scholar(4)	Analogy	between	superconductors	and	smectics	A.	How	very	different	from	the	view	40	years	later	when	David	gave	a	plenary	talk	at	the	South	African	Institute	of	Physics	annual	conference	to	a	packed	hall	representing	a	truly	rainbow	nation.	Figure	7.	6,	918–
919.	On	the	basis	of	his	data,	Summers	&	Gibbons	proposed	a	mechanism	for	movement	of	the	dynein	arms	in	which	the	binding	and	hydrolysis	of	ATP	causes	a	cyclic	change	in	their	angle.	Sydney	was	very	well	respected	among	the	other	teaching	staff	at	Clifton,	as	a	real	gentleman	and	as	a	very	kind	man.	Lund	(8),	and	later,	in	Windermere,	he
extensively	revised	and	updated	a	widely-used	booklet	‘Water	analysis:	some	revised	methods	for	limnologists’	that	was	published	by	the	FBA	(24).	He	would	sit	hunched	motionless	for	hours—he	couldn't	even	turn	the	pages	without	help.	Scheme	2.	Denbigh)	and	co-signed	by	more	than	3500	scientists	and	engineers	from	around	the	world,	that	was
sent	to	innumerable	bodies	and	individual	scientists	in	the	Soviet	Union	appealing	for	their	support	for	Levich's	release.	Intell.	Heat	Transfer	Conference,	Chicago,	7–12	August	1966,	vol.	An	interesting	example	of	his	engagement	with	Eastern	Europe	came	in	a	visit	to	Soviet	Russia	in	which	scientific	presentations	from	ICI	were	requested.	Those	he
attracted,	to	build	up	an	experimental	group	from	scratch	included	Guy	Deutscher,	Etienne	Guyon,	Jean-Paul	Burger	and	Alexis	Martinet.	1965Numerical	calculation	of	time-dependent	viscous	incompressible	flow	of	fluid	with	free	surface.	So	we	questioned	the	value	of	retail	advertising,	looked	at	business	opportunities,	manufacturing	efficiency	and
foreign	investments	all	the	time	trying	to	get	things	quantified.With	the	ability	to	read	and	take	in	information	accurately	and	fast,	books	were	an	important	input	to	all	of	Charles’s	management	and	intellectual	activities.	He	served	as:	1973–1974President	of	the	British	Medical	Ultrasound	Group	(now	British	Medical	Ultrasound	Society)1985–
1986President	for	the	British	Institute	of	Radiology1988–1991Vice-president	of	the	World	Federation	for	Ultrasound	in	Medicine	and	Biology1995–1997Inaugural	President	of	the	Institution	of	Physics	and	Engineering	in	Medicine	and	Biology	(now	the	Institute	of	Physics	and	Engineering	in	Medicine)2001–2004Chairman	of	the	UK	Focus	for
Biomedical	Engineering,	Royal	Academy	of	Engineering	(vice-chairman,	1995–2001)2000–2004Chairman	of	the	Science	in	Health	Group,	Science	Council2001–2004Chairman	of	the	UK	Radiology	and	Oncology	Congresses	Board2005–2006Chairman	of	the	Working	Group	on	the	Impact	of	Developments	in	ICT	on	Health	and	Healthcare,	Royal
SocietyHe	was	a	member	of	numerous	national	and	international	committees,	including	the	Cell	Biology	and	Disorders	Board	of	the	Medical	Research	Council	(1986–1990),	the	Central	Research	and	Development	Committee	for	the	NHS	(1991–1994),	and	the	Administrative	Council	of	the	World	Federation	for	Ultrasound	in	Medicine	and	Biology.For
15	years,	from	1992	to	2006,	he	was	editor-in-chief	of	the	highly	influential	journal,	Ultrasound	in	Medicine	and	Biology.Peter	was	a	dedicated	supporter	of	all	matters	related	to	the	Royal	Society.	N.	This	event	marked	a	major	milestone	in	the	international	automotive	conference	calendar	and	attracted	many	thousands	of	delegates	from	all	over	the
world.	Amick	and	A.	5,	136.	Pigneguy	published	a	detailed	investigation	into	pre-ignition	in	1950	(4).	17,	191–195.	Here	he	introduced	a	tutorial	system,	long	before	this	was	normal	practice	in	the	French	Grandes	Ecoles.	He	was	blessed	with	a	prodigious	memory,	which	fortunately	served	him	well	into	his	later	years.	Stephen	was	not	much	interested
in	foundational	issues	in	quantum	mechanics.	With	his	father	away	a	lot	on	business,	his	mother	ran	the	home.	Biogr.	Other	than	being	quiet	and	unassuming,	few	personal	details	are	known	about	Harold,	while	Kitty	was	an	accomplished	pianist	and	spoke	French.	In	addition	to	these	honorary	activities,	he	also	acted	as	a	non-executive	director	of
Albright	and	Wilson,	which	he	enjoyed	as	a	continuation	of	hands-on	engagement	with	the	chemical	industry.	(doi:10.1016/0006-3002(56)90061-0)	Crossref,	PubMed,	ISI,	Google	Scholar(2)	1957	(With	Bradfield	J.	H.,	Newlands	M.	A	number	of	the	authors	of	this	memoir	are	present	in	the	picture.	1975Low-angle	neutron	scattering	from	chromatin
subunit	particles.	On	occasion	he	could	display	something	of	the	arrogance	that	is	not	uncommon	among	physicists	working	at	the	cutting	edge,	as	well	as	an	autocratic	streak.	1973Amplification	of	waves	reflected	from	a	rotating	‘black	hole’.	E.,	Sutcliffe	H.	They	also	had	a	cottage,	which	they	loved,	on	the	Suffolk	coast	at	Westleton	near	the
Minsmere	Nature	Reserve,	where	they	spent	many	weekends	and	holidays.	34,	350–353.	structure	of	⅓1210  screw	dislocations	and	slip	systems	in	titanium.	Outside	the	laboratory	he	was	a	totally	different	person:	witty,	social	and	generous.	&	Turok	N.)	Gravitational	waves	in	open	de	Sitter	space.	32,	330–338.	In	the	first	set	of	experiments	he	turned
his	attention	to	the	stimulated	Raman	effect,	which	had	recently	been	independently	discovered	by	Robert	Hellwarth's	and	Robert	Terhune's	group	in	1962.	We	are	sorry	that	space	did	not	permit	us	to	include	more.	The	natural	choice	of	propagator	was	then	the	unique	Green's	function	on	this	Euclidean	section.	A	294,	511–521.	E.)	Novel	one-step
synthesis	of	(bistrifluoromethylamino)benzenes.	Part	11:	The	preparation	of	some	new	perfluoro-1,2-dienes	and	their	reactions	with	nucleophiles.	(Online	version	in	colour.)Download	figureOpen	in	new	tabDownload	PowerPointWheeler,	following	Bekenstein,	characterized	the	physics	of	black	holes	by	the	aphorism	‘black	holes	have	no	hair’.	Jones
demonstrated	the	inverse	Raman	effect,	something	he	had	attempted	to	do	almost	a	decade	earlier	with	his	arc	lamp.	The	results	depended	on	both	density	estimates	and	the	length	of	time	during	which	the	anisotropy	dominated,	as	pointed	out	in	a	footnote	by	Thorne	(1967).	Bertram	N.	His	father	was	born	in	Northern	Ireland	and	his	mother,	one	of
the	first	women	biology	graduates	of	the	University	of	Glasgow,	in	Edinburgh.	(doi:10.1016/0370-2693(78)90167-3)	ISI,	Google	Scholar(39)	(With	Pope	C.	This	isomer	underwent	nucleophilic	displacement	of	fluorine	by	groups	such	as	Me,	OMe	and	NMe2	(52),	and	even	at	room	temperature	it	acted	as	a	powerful	Diels–Alder	dienophile	(49).	W.)
Euclidean	quantum	gravity.	The	objective	was	to	secure	a	consultancy	agreement	with	this	company.	David	Andelman	has	written	(Deutscher	et	al.2007):	Figure	3.	Similarly,	current	cancer	therapy	protocols	for	epithelial	malignancies,	such	as	breast,	lung	and	colon	cancers,	employ	small	molecule	inhibitors	and	antibodies	that	target	receptors	for
oestrogen,	viability-inducing	cytokines	of	the	EGF/HER	family	or	their	downstream	signalling	molecules,	such	as	MAPK,	PI3 K	and	STAT,	to	inhibit	cancer	cell	viability/proliferation	and	enhance	sensitivity	to	cytotoxic	agents	(Hynes	&	Lane	2005;	Gaborit	et	al.	(C)	47–50.	At	Coatham,	his	fondness	for	natural	history,	coupled	with	the	availability	of	two
microscopes	with	slide-mounting	tools	and	media	passed	on	by	his	father,	triggered	his	interest	in	the	microscopic	life	of	ponds.	He	taught	student	courses	at	nearby	Lancaster	University,	where	he	was	a	visiting	professor;	at	the	Institute	of	Limnology	in	Mondsee	in	Austria,	where	he	taught	students	from	developing	countries;	and,	more	briefly,	at
two	locations	in	Kenya	together	with	Ida,	who	helped	with	the	chemistry.Jack	was	an	outstanding	family	man.	He	coined	the	term	‘microscanning’,	and	defined	the	potentials	of	continuous-wave	ultrasonic	Doppler	tomography	(realized	in	practice	for	the	first	time),	reflex	transmission	ultrasonic	imaging	and	synthetic	aperture	ultrasonic	scanning	for
high-resolution	imaging.	T.,	Owen	C.	He	also	recognized	that	the	greatest	intellectual	challenges	lay	in	the	transfer	of	information	between	the	silos,	for	which	his	BOPs	were	an	outstanding	example.Not	surprisingly,	he	met	considerable	resistance	from	his	new	colleagues	when	he	asked	them	to	get	involved.	Its	benzene	to	Dewar	benzene	conversion
also	occurred	quantitatively	using	gas-flow	thermolysis	(74).	A	particular	school	master	in	those	formative	years	awakened	his	interest	in	science.	Fascinated	by	now	with	wetting	more	generally,	he	addressed	the	spreading	of	polymers,	superfluids	and	smectics;	the	role	of	volatile	impurities,	magnetic	effects	and	surface	heterogeneities,	both
topographic	and	chemical.	London:	Elsevier.	When	gasoline	was	rationed	during	the	war,	she	frequently	found	ways	to	take	Ian	and	his	brother	Michael	(figure	1)	to	visit	her	large	family	of	nine	brothers	and	sisters	who	were	still	raising	sheep	on	their	farms	in	Dorset.	Their	children,	Alexander,	Joanna	Amick	and	Elizabeth	O'Beirne-Ranelagh,
grandchildren,	Alexandra	Amick	Vrazo	and	Charles	Amick,	and	great-grandson,	Julian	Rede	Vrazo,	survive	them.The	authors	would	like	to	acknowledge	Dr	G.	He	developed	a	very	successful	collaboration	with	Hewlett–Packard	Labs	in	Palo	Alto,	which	funded	three	postdoctoral	research	assistantships	for	10	years.	Heat	Mass	Transfer	52,	3884–3905.
It	also	revealed	that	the	feeder	cells	secreted	soluble	factors	that	were	required	for	the	formation	of	these	haematopoietic	cell	clones	(7,	17).	He	enthusiastically	supported	the	student	chemical	society,	including	going	ten-pin	bowling	with	them.Quite	often,	he	entertained	research	collaborators	to	dinner	at	good	restaurants	in	Cheshire	and
afterwards	he	would	drive	one	or	two	home	through	rural	Cheshire,	continuing	to	discuss	research	strategy.	(Online	version	in	colour.)Download	figureOpen	in	new	tabDownload	PowerPointStephen	supervised	about	40	graduate	students,	some	of	whom	later	made	significant	names	for	themselves.	Google	Scholar(31)	2002	(With	Parker	J.	Owing	to
the	demand	for	progressive	increases	in	engine	power,	however,	interest	in	pre-ignition	had	been	revived	and	this	paper	described	an	investigation	that	was	primarily	directed	to	finding	the	pre-ignition	ratings	of	various	fuels.Two	methods	of	obtaining	pre-ignition	ratings	were	developed:	with	one,	a	500	cc	single-cylinder	water-cooled	unit	was	used,
having	an	electrically	heated	hot-spot	to	induce	pre-ignition;	and	with	the	other,	a	single-cylinder	air-cooled	aircraft	engine	with	an	air-cooled	igniter	was	used.	His	essay	‘Cosmological	gravitational	waves’	won	the	1985	Adams	Prize.	He	completed	his	medical	physics	course	in	1960.He	soon	shifted	his	attention	to	the	development	of	ultrasonic
diagnosis,	working	with	two	radiologists	at	Bristol	General,	Dr	(later	Professor)	Ken	Evans	and	Dr	Frank	Ross,	and	with	a	gastroenterologist,	Dr	(later	Professor)	Alan	Read.	At	the	same	workshop,	François	Gautier	presented	tight-binding	band	calculations	and	he	obtained	heats	of	formation	in	reasonable	agreement	with	experiment.	A	relevant
situation	is	the	flow	in	a	boundary	layer,	a	layer	of	flow	near	a	surface	that	has	been	retarded	by	viscous	forces,	on	the	floor	of	a	bent	channel,	as	in	Figure	2.	1948Rocket	experts	sacked.	R.)	Helium	production	in	anisotropic	Big-Bang	universes.	They	also	recall	his	continuing	interest,	even	in	old	age,	in	the	institutions	he	served,	and	in	new
developments,	ideas	and	issues.Hawthorne's	links	with	MIT	were	longstanding	and	deep,	even	while	a	full-time	member	of	the	Cambridge	faculty,	and	reached	across	several	departments.	In	this	capacity	he	provided	scientific	advice	to	an	investment	fund,	Cortexa	International,	which	led	to	a	consultancy	with	a	French	genetic	engineering	company,
Transgène,	located	in	Strasbourg.In	1991	Charles	and	Margaret	moved	to	a	bungalow	in	Tewin	Wood,	from	which	Charles	could	still	commute	into	London	for	meetings.	In	addition,	unlike	methods	based	on	finite	clusters	of	atoms,	the	Green's	function	matrix	elements	are	embedded	in	an	infinite	system,	thereby	avoiding	spurious	effects	due	to	free
surfaces	of	a	finite	cluster.	Instead,	he	demonstrated	that	sugars	were	adsorbed	in	the	interlamellar	regions	of	montmorillonite;	each	sugar	studied	formed	complexes	with	one	or	two	layers	of	molecules	in	each	interlamellar	region	(3).	Soc.3653.	The	latter	class	includes	the	common	nearly-free-electron	metals	Na,	Mg	and	Al,	whose	structures	are
dependent	not	only	on	the	electron	per	atom	ratio	but	also	the	phase	of	the	near-neighbour	oscillations	and	hence	implicitly	on	the	ion-core	size	and	valence	electron	density.David	became	interested	in	structure	maps	in	1981.	In	dealing	with	such	a	wide	range	Charles	led	the	Division	into	integrated	process	development,	bringing	chemical	engineers
into	the	research	department	alongside	chemists	and	metallurgists	to	provide	the	team	skills	necessary	to	deal	with	design,	development	and	trouble-shooting,	features	that	were	surprisingly	new	to	Mond	Division	at	the	time.A	further	innovation	was	the	expanded	use	of	statistics	in	research	and	planning.	D.,	Kenny	A.,	Irvin	C.	Gen.	Choking	in	a
compressible	flow	has	a	specific	meaning	with	relation	to	the	maximum	possible	mass	flow	per	unit	area,	which	occurs	at	Mach	number	equal	to	one.	Computation	of	Turbulent	Boundary	Layers,	AFOSR-IFP-Stanford	conference	,	Stanford	University	California,	18–25	August	1968.	Libby,	to	comment:	‘I	am	greatly	impressed	by	the	powers	of	the	new
methods	developed	by	the	Imperial	College	group’	(NASA	1973).Subsequently,	with	Launder,	a	paper	summarizing	the	diversity	of	the	results	obtained	with	this	scheme	(including	near-wall,	free	and	recirculating	flows)	was	submitted	to	a	conference	in	the	USA;	to	their	amazement,	the	paper	was	summarily	rejected!	Undeterred,	and	with	just	minor
editing,	it	was	sent	to	a	journal	where,	following	review,	it	was	accepted	without	change.	1983Conference	summary	and	concluding	remarks.	1,	1736–1740.	Crossref,	PubMed,	ISI,	Google	ScholarDöhner	H.,	Weisdorf	D.	L.,	Casey	S.	Currently,	he	is	president	of	the	software	company	Innovative	Research	Inc.	Nature	330,	672–674.	A.,	Gibbons	B.
Charles	shared	the	responsibility	for	the	planning,	design	and	start-up	of	the	full-scale	plant	for	the	manufacture	of	paraquat,	which	took	place	at	ICI's	Pilkington	Sullivan	Works	in	Widnes.	X-ray	exposures	were	long,	sometimes	overnight,	and,	as	someone	had	to	be	in	attendance,	John	remembered	the	nighttime	Royal	Institution	as	an	eerie	place,
with	busts	of	past	directors	lit	from	the	streetlights	outside.The	first	thing	John	had	to	do	was	to	discover	how	to	mount	the	crystals,	as	Rosalind	had	found	that	they	dissolved	when	mounted	in	glass	capillaries	and	attributed	this	to	an	alkaline	reaction	from	the	glass.	London:	Military	Intelligence	Service235660,	Ministry	of	Aircraft	Production.	Ellis	&
Penrose	(2010)	describe	Sciama's	remarkable	record.	If	such	primordial	gravitational	radiation	were	detected,	this	would	show	that	black	holes	almost	certainly	emit	radiation.	For	a	four-fluid	model	of	turbulent	combustion,	he	supposed	the	mixture	to	consist	of	fragment	classes	comprising:	(a)	fully-unburned	gas;	(b)	a	mixture	of	unburned	gas	and
combustion	products	of	too	low	a	temperature	for	chemical	reaction	rate	to	proceed	at	significant	speed;	(c)	as	in	(b)	but	at	higher	temperatures	and	chemical	reaction	rate	is	significant;	and,	(d)	fully	burned	gas.The	EBU	only	allowed	(a)	and	(d);	his	four-fluid	model	allowed	for	(b)	and	(c)	too,	and	there	is	no	reason	why	a	larger	number	of
intermediate	states,	each	with	its	own	reaction	rate,	should	not	be	introduced.	The	result	of	this	mission	was	that	Hawthorne	was	appointed	as	the	first	Hopkinson	and	ICI	Professor	of	Applied	Thermodynamics	in	1951	and	to	a	fellowship	at	Trinity	College.At	Cambridge,	Hawthorne	made	a	great	impact,	with	the	help	of	two	brilliant	young	staff,	John
Horlock	and	Arthur	Shercliff,	both	of	whom	later	became	professors	at	Cambridge	and	Fellows	of	the	Royal	Society.	These	nozzles	are	found	today	(more	than	70	years	after	their	invention)	in	jet	engines	and	other	devices,	such	as	ejectors	and	jet	pumps	that	rely	on	mixing	for	their	operation.	Soc.4714–4718.	D.)	Anew	approach	to	the	non-invasive
measurement	of	cardiac	output	using	an	annular	array	Doppler	technique.	The	1987	Christopher	Hinton	Lecture	of	the	Fellowship	of	Engineering.	Using	the	ruby	laser,	Boris	carried	out	careful	studies	of	the	angular	spectrum	and	intensities	of	Stokes	and	anti-Stokes	lines	from	liquid	hydrogen,	oxygen	and	nitrogen	as	well	as	carbon	disulfide,	benzene
and	carbon	disulfide/benzene	mixtures	(8).	Part	10:	Kinetics	and	thermodynamics	of	the	thermal	gas-phase	interconversion	of	hexakis(pentafluoroethyl)benzene	and	its	para-bonded	(‘Dewar’)	isomer.	This	now	occurs	in	boundary	layer	ingesting	aircraft,	leading	to	new	ways	(perhaps	not	to	Hawthorne)	to	describe	propulsion	system	performance	using
a	power	balance	rather	than	in	terms	of	forces.	Aaron	wrote	out	a	protocol	for	storing	and	handling	the	crystals,	which	were	transferred	to	the	School	of	Hygiene	and	Tropical	Medicine,	across	the	road	from	Birkbeck.	Verein.	&	Sale	W.	This	was	just	one	of	the	many	awards	accumulated	over	his	career,	including	the	Companion	of	Honour	from	the	UK
(see	‘Awards	and	recognition’	section).	From	the	1990s	until	2002,	Colin	was	successively	dean	of	the	Faculty	of	Science,	deputy	principal,	and	vice	principal	of	the	University	of	Strathclyde.	Danckwerts	and	K.	It	quickly	became	clear	to	Aaron	that	the	ribonuclease	project	was	going	nowhere,	so	he	left	Carlisle's	group	and	moved	to	an	attic	room	next
to	Rosalind	Franklin's	room.	II:	practical	implementation	and	results.	The	propagation	and	absorption	of	gravitational	radiation	is	also	investigated	in	this	approximation.	During	this	period,	he	was	interested	also	in	vortices	in	the	mixed	state,	their	movement	and	the	electronic	structure	of	their	cores.	These	calculations	were	probably	the	most
onerous	in	the	whole	body	of	Stephen's	work	(13).The	research	up	to	this	point	was	contained	in	Stephen's	remarkable	PhD	dissertation,	which	was	approved	on	1	February	1966	(9).	The	group	chose	the	stream	function	(ψ)	and	the	vorticity	(ω)	as	dependent	variables,	a	convenient	choice	for	two-dimensional	situations.	USA	88,	7366–7370.	Study
Week	on	Cosmology	and	Fundamental	Physics,	Vatican	City	State,	28	September–2	October	1981	(A82-42276	21-90),	Scripta	Varia	48	(ed.	Crossref,	ISI,	Google	Scholar(27)	1986	(With	Heaney	S.	Margaret	and	Charles	Suckling	at	a	social	event	in	the	late	1960s	supporting	the	international	activities	of	ICI	Mond	Division.	Dunn	was	a	graduate	student
working	on	the	infrared	spectrum	of	methane	and	Boris	was	asked	to	begin	experiments	studying	effects	of	pressure	on	the	Raman	spectrum	of	CO2.	Thus,	much	of	this	early	work	was	carried	out	in	close	collaboration	with	oil	and	additive	companies,	particularly	Shell.Fundamental	combustion	research	continued	to	occupy	Diarmuid	until	the	1960s,
when	attention	turned	to	the	increasing	pre-occupation	with	control	of	pollution	from	road	vehicles.	At	the	Cambridge	memorial,	the	service	was	followed	by	an	entertainment	organized	by	the	Pentacle	Club	celebrating	‘our	late	member,	former	President,	and	fellow	magician	Sir	William	Hawthorne’.His	wife,	Barbara	Runkle,	of	Cambridge,
Massachusetts,	died	in	1992.	(doi:10.1038/1831709a0)	Crossref,	PubMed,	ISI,	Google	Scholar(4)	1960	(With	Klug	A.)	The	symmetries	of	the	protein	and	nucleic	acid	in	turnip	yellow	mosaic	virus:	X-ray	diffraction	studies.	Simple	geometry,	based	upon	the	tubules	being	inextensible,	indicated	that	the	observed	angle	would	displace	the	two	sides	of	the
axoneme	by	ca	400 nm,	with	at	least	100 nm	between	adjacent	doublets	(Satir	1968).More	speculatively,	Summers	&	Gibbons	also	suggested	that:	(a)	the	dynein	arms	generate	a	force	in	only	one	direction	between	a	given	pair	of	tubules;	(b)	the	nexin	links	provide	the	major	elastic	resistance	required	to	convert	sliding	into	bending;	(c)	the	central
tubules	and	sheath,	together	with	the	radial	spokes	that	connect	them	to	the	outer	doublets,	are	involved	in	the	coordination	process;	and	(d)	the	5–10 nm	gap	usually	observed	between	arms	and	the	adjacent	B-tubule	possibly	also	participates	in	regulation	by	preventing	interaction	of	the	arms	with	the	B-tubule	until	the	gap	becomes	closed.	Finally,
in	a	paper	written	jointly	with	Penrose	in	1970	(15),	he	used	a	new	idea,	developed	independently	by	both	authors,	which	provided	a	particularly	general	result,	covering	both	cosmology	and	local	collapse	to	a	black	hole,	which	encompassed	almost	all	the	results	in	these	areas	that	had	gone	before	(figure	7).	So,	in	July	1963	Charles	was	quite	happy
to	accept	Boris	as	a	visitor	for	a	year.	Within	this	context,	few,	past	or	present,	have	emulated	such	attention	or	commanded	such	respect.	(doi:10.1115/1.2906848)	Crossref,	Google	ScholarPage	9David's	father,	Percy	Hayward	Pettifor,	and	his	paternal	grandfather,	Percy	Godfrey	Pettifor,	were	engineers.	27,	283–290.	Such	violations	are	possible
according	to	quantum	field	theory,	but	Stephen	conjectured	that	the	existence	of	closed	time-like	curves	would	lead	to	quantum	field	theoretic	back	reaction	effects	which	prevent	the	construction	of	such	wormholes	in	the	first	place	(76,	87).Another	objection	to	topology	change,	at	least	at	the	semi-classical	level,	involves	spinor	fields	such	as	those
which	describe	electrons,	protons	and	other	spin-half	particles.	(Adapted	from	(28)	with	permission.)	Download	figureOpen	in	new	tabDownload	PowerPointAs	DDG,	Dennis	supported	increased	investment	in	agronomy	and	soils	research,	including	soil	microbiology	and	soil	physics.	While	there,	Gibbons	used	both	normal	and	high-voltage	electron
microscopy	to	study	the	structure	of	axonemes	that	had	been	set	into	rigor	waves	by	abrupt	depletion	of	ATP	(18,	21)	and	to	show	that	dynein's	mobility	was	critical	to	flagellar	flexibility.While	in	France,	the	whole	family	enjoyed	picking	wild	raspberries	to	can	jam,	experimenting	with	fermenting	grapes	to	make	wine	and	making	the	most	of	having
seasons	again	by	going	skiing.	Google	ScholarBrown	G.	The	various	states	of	aggregation	of	the	protein	were	mapped	out	showing	a	phase	diagram	against	pH	and	ionic	strength,	which	detailed	transitions	between	disk	and	helical	forms	(13).	Through	this	effort	he	provided	a	comfortable	home	for	his	family	during	the	1930s,	and	until	he	died	in
1962.	We	thank	Jacques	Prost	and	Philippe	Nozières	for	permission	to	use	material	from	their	memoir	(Nozières	&	Prost	2009).1959Louis-Ancel	Prize1968Institute	of	Physics	Holweck	Prize1979Member	of	French	National	Academy	of	Sciences1980Gold	Medal	of	CNRS1984ForMemRS1990Wolf	Prize	for	Physics1991Nobel	Prize	for	Physics*	Numbers
in	this	form	refer	to	the	bibliography	at	the	end	of	the	text.Note:	this	memoir	is	based	in	large	part	upon	Nozières	&	Prost	(2009),	translated	and	adapted	by	the	current	authors.ReferencesReferences	to	other	authorsA	full	list	of	de	Gennes'	publications	was	published	as	part	of	a	memorial	issue	of	The	Journal	of	Physical	Chemistry:	J.	(Online	version
in	colour.)Download	figureOpen	in	new	tabDownload	PowerPointIn	addition	to	this	activity,	Stephen	did	other	work	in	classical	general	relativity	theory	that	is	an	important	part	of	his	legacy.	I.)	Analytic	bond-order	potentials	beyond	Tersoff–Brenner:	I.	&	Till	J.	(doi:10.1088/0031-8949/1991/T36/023)	Google	Scholar(75)	(Editor,	with	Gibbons	G.	We
also	know	that	genetic	defects	in	human	dyneins	give	rise	to	severe	developmental	defects,	infertility	and	neuronal	degenerative	diseases.	Halothane,	CF3CHBrCl,	was	first	prepared	in	January	1953	(figures	5	and	6).	A.)	Neutron	diffraction	from	crystals	of	nucleosome	core	particles.	Opposition	to	HAZOP	was	also	evident,	largely	on	the	basis	of	cost,
but	Charles’s	view	was	that	neither	of	these	evaluations	should	be	considered	as	add-ons	but	as	intrinsic	parts	of	a	project;	as	such,	they	should	be	included	in	the	budget.	W.)	A	unified	concept	of	combustion	in	I.C.	engines.	(doi:10.1098/rstb.1977.0133)	Link,	ISI,	Google	Scholar(20)	(With	Lal	R.;	eds)	Soil	conservation	and	management	in	the	humid
tropics.	(doi:10.1098/rspa.1966.0221)	Link,	ISI,	Google	Scholar(7)	Singularities	and	the	geometry	of	spacetime.	He	was	also	a	long-time	consultant	to	Pratt	&	Whitney,	the	jet	engine	manufacturer,	and	he	helped	shape	the	direction	of	their	early	work	on	three-dimensional	compressor	flows.Hawthorne's	hobbies	included	walking,	skiing,	sailing,
cookery,	the	theatre	and	conjuring.	Two	of	Jack's	close	colleagues,	J.	As	with	the	early	studies	of	myosin	and	actin	from	skeletal	muscle,	the	advantages	of	starting	with	an	easily	isolated	and	highly-structured	microtubule	system	seemed	likely	to	outweigh	the	disadvantage	of	it	being	specialized.Second,	he	needed	to	shift	to	an	organism	with	longer
flagella	so	that	he	could	relate	experimental	manipulations	of	the	proteins	with	changes	in	motility.	Stephen	remarked	that,	‘Although	my	wheelchair	has	snow	chains,	they	took	me	for	a	ride	on	a	snow	vehicle.’	He	experienced	weightlessness	in	NASA's	reduced-gravity	aircraft	in	2007	(figure	11).The	presentational	polish	of	his	public	lectures
increased	with	the	years.	The	origin	and	nature	of	the	cells	producing	seasonal	maxima.	2,	213–221.	One	day	Keenan	told	him,	‘I've	been	invited	to	give	lectures	in	England	at	Cambridge	University.	Receiving	an	honorary	doctorate	from	President	Robert	Prichard,	University	of	Toronto,	in	1994	after	being	hooded	by	the	author	(far	left).	He	would
stare	at	it	and	say	whether	he	agreed	with	it	or	not,	and	perhaps	what	should	come	next.In	1979,	Stephen	was	appointed	to	one	of	the	most	distinguished	posts	in	the	university	as	the	seventeenth	holder	of	the	Lucasian	Chair	of	Natural	Philosophy,	some	310	years	after	Isaac	Newton	(FRS,	PRS	1703)	became	its	second	holder.	M.)	Perfluoroalkyl
derivatives	of	sulphur.	The	result	was	the	SRC	Turbomachinery	Laboratory,	opened	by	Sir	Frank	Whittle	in	1973	(Denton	&	Gostelow	2016).	Google	Scholar(37)	1968	(With	Banks	R.	51.	Mechanisms	of	interactions	between	clays	and	defined	organic	compounds.	G.)	Some	oxidative-addition	reactions	of	the	diradical,	perfluoro-NN′-dimethylethane-1,2-
bis(amino-oxyl),	CF3N(O)CF2CF2N(O)CF3,	with	iridium(I)	and	platinum(0)	complexes.	His	last	visit	to	the	Royal	Society	Summer	Science	Exhibition,	which	he	always	enjoyed,	was	in	2015	(Figure	6).	If	true,	black	holes	must	be	described	by	quantum	mechanics	and	no	generalization	is	required,	while	leaving	unresolved	the	problem	of	explaining	how
this	actually	works	and	what	is	wrong	with	the	semi-classical	picture.Thus,	it	might	be	that	quantum	mechanics	holds	good	and	information	about	the	collapse	is	somehow	encoded	in	the	Hawking	radiation,	but	that	would	require	a	revision	of	the	black	hole	uniqueness	theorems.	21,	203–206.	Much	later,	Thorne	argued	that	the	mere	existence	of	a
wormhole	could	allow	the	construction	of	a	time	machine,	although	it	had	to	be	built	of	exotic	material	which	violates	the	energy	conditions	used	to	establish	the	singularity	theorems.	Endwall	flow	features	were	another	area	Hawthorne	would	illuminate	in	great	depth.It	is	no	coincidence	that	both	these	areas	came	from	dealing	with	‘real	world’
issues	of	jet	engine	flow.	Stephen	vacillated	over	the	issue	for	many	years,	from	believing	in	this	loss	of	information	on	the	one	hand	to	trying	to	rescue	the	quantum	mechanical	picture	on	the	other.	1968);	but,	evidently,	something	better	was	needed	for	the	solver	to	achieve	wide	applicability.	In	TRRL	Symposium	on	Energy,	p.	Manchester	Univ.
Stephen	had	all	the	enthusiasms	of	an	enquiring	young	boy—model	trains,	both	clockwork	and	electric,	boats	and	model	aircraft	as	well	as	the	invention	of	very	complicated	games	with	his	close	school	friends	Roger	Ferneyhough	and	John	McClenahan.In	Highgate,	Stephen	was	educated	at	the	progressive	Byron	House	School.	E.,	Ye	Y.
(doi:10.1002/jcp.1040890209)	Crossref,	PubMed,	ISI,	Google	Scholar(10)	1978Control	of	normal	cell	differentiation	and	the	phenotypic	reversion	of	malignancy	in	myeloid	leukaemia.	Consequently,	and	true	to	his	convictions,	he	duly	retired	from	the	company	at	the	age	of	65.	(doi:10.1093/oxfordjournals.aob.a083432)	Crossref,	Google	Scholar(3)
1957Photosynthetic	characteristics	of	some	freshwater	plankton	diatoms	in	relation	to	underwater	radiation.	Natl	Security	17(2),	1–26.	He	was	frequently	guided	by	Downs's	wisdom	and	forward	vision,	personal	inspiration	and	motivation.	Spalding's	ability	to	find	unique	methods	of	solving	some	of	the	most	vexing	problems	faced	by	industry	helped
to	keep	CHAM	ahead	of	rival	CFD	companies	then	entering	the	field.It	was	also	in	the	year	1976	that	Arthur	Lefebvre	was	appointed	to	head	Purdue	University's	mechanical	engineering	department.	(doi:10.1016/0022-2836(72)90480-9)	Crossref,	PubMed,	ISI,	Google	Scholar(15)	1972	(With	Ladner	J.	With	the	impetus	established,	on	his	return	to	the
UK	he	continued	with	senior	CHAM	staff	to	create	a	major	new	solver.	They	concluded	that	it	would	be	difficult	to	fly	a	detector	large	enough	to	detect	PBH	explosions.	(Online	version	in	colour.)Download	figureOpen	in	new	tabDownload	PowerPointStephen	died	on	14	March	2018,	the	139th	anniversary	of	the	birth	of	Albert	Einstein.	B	84,	214114.
Along	the	way,	he	completed	a	part-time	MSc	at	the	Department	of	Physics	at	University	of	Bristol	(1960–1962),	with	a	thesis	on	‘The	production	of	controlled	ultrasound,	with	particular	reference	to	the	ultrasonic	therapy	of	Ménière's	disease’,	and	a	part-time	PhD	at	the	Department	of	Zoology,	at	University	of	Bristol	(1963–1966),	for	which	his	thesis
was	‘Some	biological	effects	of	ultrasound’.Peter	spent	the	first	12	years	of	his	career	at	United	Bristol	Hospitals,	rising	from	a	basic	grade	physicist	to	consultant	equivalent	status.	As	well	as	providing	scientific	portraits	of	members	of	staff,	it	captured	many	of	the	key	scientific	discoveries	and	enabling	technologies	that	powered	the	rapid
development	of	molecular	biology	in	the	second	half	of	the	twentieth	century.John	was	a	friendly	and	helpful	person,	but	also	modest	and	self-effacing.	&	Vachaspati	T.)	The	Formation	and	Evolution	of	Cosmic	Strings:	Proc.	The	DAMTP	preprint	of	this	paper	is	dated	June	1982.	Google	ScholarGardner	G.	This	meeting	stimulated	David's	research	on
the	temperature–pressure	phase	diagram	of	iron,	which	David	succeeded	in	reproducing	theoretically	in	1983	with	Hideo	Hasegawa,	an	academic	visitor	(9).In	the	summer	of	1980,	David	was	invited	by	Art	Williams	and	Dan	Gelatt	to	IBM	Yorktown	Heights	as	a	visiting	scientist	for	a	month.	478,	3756–3775.	The	portrait	is	by	Walter	Bird,	©	Godfrey
Argent	Studio.Footnotes*	Numbers	in	this	form	refer	to	the	bibliography	at	the	end	of	the	text.Edward	M.	Soil	Res.	He	was	also	appointed	consultant	equivalent	status	and	chairman	of	the	Division	of	Natural	Sciences	at	the	United	Bristol	Healthcare	NHS	Trust,	a	post	he	held	until	2000.	He	titled	the	course	‘The	riddle	of	light’	(21).	He	undoubtably
had	excellent	aesthetic	taste.	He	published	a	series	of	papers	on	mass	transfer	through	laminar	boundary	layers	with	Harry	Evans,	a	member	of	his	lecturing	staff	(9),	and,	in	his	sole	name,	a	further	textbook	(12).	(doi:10.1140/epjh/e2014-50013-6)	Google	Scholar(8)	The	occurrence	of	singularities	in	cosmology:	II.	W.,	Richmond	R.	(doi:10.1088/0031-
9155/17/2/010)	PubMed,	ISI,	Google	Scholar(8)	1976	(With	Guibarra	E.	Taylor	C.	He	particularly	enjoyed	the	responsibility	of	representing	ICI	on	the	board	of	Äetsä,	a	Finnish	chloralkali	company	owned	jointly	with	Solvay	and	the	Finnish	government.	The	biology	department	agreed	to	release	Gibbons	from	responsibility	for	the	electron	microscopy
service	lab	and	to	give	him	a	faculty	appointment	as	an	assistant	professor.	One	of	the	major	changes	recommended	in	the	report,	which	reflects	a	notable	advance	in	the	evolution	of	Dennis's	thinking,	was	to	extend	the	research	paradigm	from	the	narrow	focus	on	soil	management	of	the	past	to	the	broader	objective	of	sustainable	land	management,
now	a	widely	adopted	goal.The	new	agenda	incorporated	a	landscape	approach	addressing	off-site	as	well	as	on-site	impacts.	Astropart.	He	decided	that	he	enjoyed	living	in	the	country	rather	than	in	town,	so	when	they	moved	to	Cambridge	they	lived	in	villages	outside	Cambridge,	first	at	Hauxton	and	then	latterly	at	Swaffham	Prior.	In
Computational	Techniques	and	Applications,	CTAC95:	Proceedings	7th	Biennial	Conf.,	Swinburne	University	of	Technology,	Victoria,	Australia,	3–5	July	1995	(ed.	1954Physiological	studies	of	excitation	in	ciliata.	The	second	conclusion,	greatly	elaborated	in	his	paper	‘Breakdown	of	predictability	in	gravitational	collapse’,	is	that	gravitational	physics
requires	the	introduction	of	extra	uncertainty	into	the	fundamental	laws	of	nature.The	basic	argument	that	makes	this	new	unpredictability	clear	is	to	think	about	how	a	black	hole	is	formed.	She	then	worked	for	the	Inland	Revenue,	but	this	proved	not	to	be	to	her	taste	and	she	subsequently	became	a	school	teacher.	Part	IV:	Perfluoroalkanesulphonic
acids.	The	English	is	fully	fluent	and	idiomatic	…	.	As	it	loses	mass,	it	gets	hotter	and	hotter	and	eventually	evaporates	completely.	Developers	of	alloys	for	jet	engines	were	searching,	essentially	by	trial	and	error,	for	new	alloys	that	could	operate	at	higher	temperatures	and	remain	ductile	at	all	temperatures.	Copyright	©	Dean	&	Chapter	of
Westminster.	The	Imperial	College	team	submitted	computations	for	23	of	the	24	test	cases	(by	far	the	most	comprehensive	range	among	the	competing	teams)	(28),	leading	the	invited	American	expert,	Professor	P.	As	he	had	gained	a	detailed	knowledge	of	combustion	from	his	early	research,	this	also	featured	heavily	in	the	paper,	comparing	a
number	of	contemporary	diesel	and	spark-ignition	combustion	systems.	For	David,	the	development	of	BOPs	was	his	contribution	to	bridging	length	scales	in	modelling	materials,	in	this	case	between	the	electronic	and	atomistic	scales.It	was	at	about	the	time	he	started	to	develop	BOPs	that	his	first	marriage	broke	down	and	was	eventually	dissolved
on	4	September	1990.	Its	spatial	sections	are	hyperbolic	three-space.	229,	37–42.	During	the	paraquat	development,	Charles	took	a	three-year	stint	at	Pilkington	Sullivan	Works	as	an	assistant	works	manager,	which	included	some	time	on	shift	work.About	this	time	(1961)	ICI	merged	its	General	Chemicals	and	Alkali	divisions	to	form	Mond	Division
and	Charles	was	appointed	an	assistant	research	manager.	&	Dannon	M.)	The	diagnosis	of	sex	before	birth	using	cells	from	the	amniotic	fluid.	36).	From	the	mid	1960s	he	pioneered	some	of	the	first	atomic	level	modelling	of	crystal	defects	that	control	the	mechanical	properties	of	metallic	materials,	notably	dislocations,	grain	boundaries	and	cracks.
Nature	183,	1709–1714.	Science	184,	868–871.	Like	most	successful	PhD	students,	Charles	found	that	the	major	benefit	of	the	work	was	gaining	competence	in	independent	work	at	the	laboratory	bench	and	developing	a	resilience	to	scientific	adversity	(figure	3).	&	Yagi	T.	Nature	200,	1182–1184.	John's	skills	with	crystallography	of	RNA	were	later
called	on	again	when	the	structure	of	an	all-RNA	self-cleaving	ribozyme	was	solved	and	a	mechanism	proposed	for	its	catalytic	cleavage	(32).	Having	pioneered	some	of	the	first	total	energy	DFT	calculations	in	the	1970s,	he	was	well	qualified	to	hold	this	view.	This	information	can	be	expressed	in	many	forms;	for	example,	it	may	be	expressed	in
terms	of	probability	density	functions	(pdfs).The	ESCIMO	model	was	applied	by	Spalding	and	co-workers	to	several	canonical	configurations,	such	as	stirred	reactors,	baffle	flames	and	free	jets,	for	which	analytical	solutions	for	the	fold	populations	could	be	calculated	with	suitable	simplifying	assumptions.	Without	good	people,	our	company	would	die.
He	has	received	numerous	awards	and	honours,	including	the	prestigious	EMET	Prize	in	Genetics	(2008),	the	Rothschild	Prize	in	Life	Sciences	(2010),	the	Landau	Prize	(2002)	and	the	Teva	Prize	(1996).Pnina	Salkind	was	born	in	London,	the	daughter	of	immigrant	parents.	M.1969Proc.	1967Combined	interpolation	scheme	for	transition	metal	and
noble	metals.	Mod.	One	concerns	a	canonical	fluid	dynamic	module,	mixing	of	two	streams.	He	was	appointed	to	the	executives	of	the	Optical	Society	of	America	and	the	Canadian	Association	of	Physicists,	serving	as	president	of	the	former	in	1976	and	of	the	latter	in	1983–84.	The	heart	of	Ferguson's	insight	was	that	it	is	necessary	to	consider	the
concentrations	of	a	drug	expressed	on	a	thermodynamic	scale	and	not	as	a	simple	per	cent	by	volume.	Google	Scholar(50)	Interacting	quantum	fields	around	a	black	hole.	Another	retrospective	comment	was	that	the	RAE	team	led	the	world	at	this	time,	both	in	its	understanding	of	jet	engines	and	in	its	appreciation	of	what	was	not	understood	(Anon
1961),	a	theme	to	be	expanded	below.Hawthorne's	view	of	the	Turbine	Division	was	that	its	primary	role	was	to	create	technology	that	was	grounded	in	fundamental	principles	and,	equally	important,	of	help	to	designers	and	users	in	industry.	The	process	takes	an	inordinately	long	time	for	a	solar-mass	black	hole,	about	1067	years.	He	was	congenial
company,	hospitable	and	humorous,	and	considerate	of	colleagues	who	experienced	personal	problems.	(doi:10.1146/annurev.pp.12.060161.001025)	Crossref,	Google	Scholar(12)	1963Origin	of	stratification	in	an	African	Rift	lake.	Seeing	no	long-term	future	as	an	expatriate	in	Tanzania,	he	returned	with	Ann	to	the	UK.	This	study	was	largely	carried
out	by	his	PhD	student	from	Ghana,	Emmanuel	Frempong	(Frempong	1983),	and	later	expanded	on	by	himself	(32).In	1960,	Jack	was	granted	leave	to	return	to	EAFFRO	on	Lake	Victoria	at	Jinja	for	one	year	by	the	FBA	director,	H.	Eytan	remembers:	Leo	would	take	a	first	draft	of	a	paper	and	rewrite	it	completely	producing	a	manuscript	which	was
crystal	clear,	easy	to	read	and	‘lean’,	without	a	single	unnecessary	sentence.	Although	he	had	been	away	for	three	years,	nothing	at	ICI	seemed	to	have	changed,	except	that	there	was	an	insatiable	post-war	demand	for	chemicals	and	unbounded	confidence	in	the	possibilities	offered	by	science.	Nature	166,	225.	Hottel.It	was	Hottel	who	introduced
Hawthorne	to	the	fascination	of	engineering	science	research	and	who	showed	him	the	power	of	analysis	in	engineering	problems	(Anon	1961).	He	concluded	that	much	more	work	was	required	to	develop	management	practices,	giving	higher	crop	yields	and	resilient	soils	(27).	Through	his	father's	illness	and	after	his	father	died	in	1949,	Bob	took
responsibility	for	supporting	his	mother	and	his	sister,	Vera,	throughout	their	lives.	Most	rewarding	indeed.	6,	211–224.	F.)	Land	and	population	in	West	Nile	district,	Uganda.	It	was	a	seminal	visit	because	it	gave	David	a	complementary	approach	to	viewing	the	band-structure	problem:	rather	than	starting	from	phase	shifts	and	scattering	theory,	the
ASA	started	from	logarithmic	derivatives	and	the	boundary	conditions	imposed	at	the	atomic	sphere	boundary.	1982Cosmology	for	grand	unified	theories	with	radiatively	induced	symmetry	breaking.	Indeed,	on	matters	of	physics,	I	always	regarded	him	as	an	oracle,	just	a	few	words	from	him	yielding	insights	that	would	have	taken	weeks	to	work	out
on	my	own.Stephen	had	robust	common	sense,	and	was	ready	to	express	forceful	political	opinions.	These	were	commercialized	through	Burleigh	Instruments	of	Rochester,	New	York,	when	Bill	became	employed	there.Boris	had	an	innate	sense	about	when	to	get	involved	with	his	students’	projects	and	all	of	them	greatly	respected	his	supervisory
style	and	his	high	standards	of	accomplishment.	B.,	Prosser	M.	He	went	to	Germany	to	visit	the	institutions	where	Herzberg	had	worked	to	examine	original	documents.	Stephen	confirmed	the	well-known	result	that	the	predicted	statistical	density	fluctuations	were	too	small	to	create	galaxies	as	observed.	Doppler	probe	directivities	were
systematically	investigated;	before	this	work,	the	design	of	ultrasonic	Doppler	probes	was	based	on	trial	and	error.	In	reality,	the	heat	flux	is	usually	close	to	a	maximum	at	such	reattachment	points!	The	paper	(29),	following	ideas	set	out	in	earlier	internal	reports	by	Spalding,	removed	this	anomaly	by	replacing	Uτ	in	the	above	formulae	by	the	square
root	of	turbulence	energy	at	the	near-wall	node	kP1/2.	Crossref,	ISI,	Google	ScholarKline	S.	&	Koonin	E.	The	honour	is	bestowed	upon	Roman	Catholic	men	and	women	in	recognition	of	their	personal	service	to	the	Holy	See	and	to	the	Roman	Catholic	Church	through	their	unusual	labours,	their	support	of	the	Holy	See	and	their	excellent	example	in
their	communities	and	their	countries.	C.,	Zunger	A.,	Bloch	A.	&	Marklow	R.	In	Molecules	and	cell	movement	(ed.	Interatomic	potentials	attempt	to	fold	the	dependence	of	the	forces	acting	between	atoms	on	the	local	electronic	structure	into	a	function,	or	set	of	functions,	that	depends	only	on	the	positions	of	the	atoms.	(doi:10.1088/0022-
3719/19/3/003)	Crossref,	Google	Scholar(16)	1988	(With	Finnis	M.	Boris	and	George,	using	the	632.8 nm	He–Ne	laser,	measured	GHz	frequency	shear	waves	in	several	common	molecular	liquids	(13).William	(Bill)	Gornall	also	joined	the	group	in	1965	and	initially	was	involved	with	George	and	Rogers	in	further	characterizing	the	Brillouin	spectra	of
liquids.	1956Some	observations	on	the	structure	of	tobacco	mosaic	virus.	He	eventually	took	the	view	that	while	significant	care	had	been	taken	with	safety	and	toxicity	close	to	the	manufacturing	process,	the	possibility	of	problems	arising	after	substantial	dispersion	of	compounds,	for	example	in	the	upper	atmosphere,	was	not	conceivable	at	the
time.	This	was	the	crystal	structure	of	the	globular	domain	of	histone	H5,	a	histone	associated	with	linker	DNA	in	inactive	chromatin	in	avian	erythrocytes	(31).	The	last	was	associated	with	what	was	known	as	the	Tube	Alloys	project,	which	turned	out	to	be	a	cover	for	the	UK	contribution	to	the	development	of	the	atomic	bomb.	A	360,	117–134.	The
anchoring	of	a	retreating	line	ends	for	yL = Y+.	Photograper	unknown.)Download	figureOpen	in	new	tabDownload	PowerPointIn	parallel	with	the	above	early	1960s	studies,	Leo	also	sought	to	understand	the	mechanisms	involved	in	the	transformation	of	normal	to	malignant	cells	by	different	environmental	factors	such	as	viruses,	chemical
carcinogens	and	X-irradiation.	The	analyses	they	developed	have	been	superseded	by	computational	procedures,	but	a	number	of	useful	ideas	concerning	flow	features	(rate	of	decay	of	radial	velocities	upstream	and	downstream,	for	example)	that	emerged	from	the	work	are	still	useful.In	1968,	Hawthorne	succeeded	Baker	as	head	of	the	engineering
department.	His	extra-curricular	activities	included	rowing	for	Trinity	and	an	active	participation	in	the	Pentacle	Club	(magicians),	appearing	in	their	London	revue	with	his	sleight	of	hand	show.	They	had	no	children	together,	but	the	families	united	and	remain	very	close	until	today.Joseph	Lotem	received	his	MSc	degree	in	microbiology	from	Tel	Aviv
University	in	1972	and	his	PhD	from	the	Department	of	Genetics	at	the	Weizmann	Institute	of	Science	in	1977	(under	the	supervision	of	Leo	Sachs).	Part	VI:	Photochemical	interconversion	of	perfluoro-1,3,5-	and	-1,2,4-trimethylbenzenes	via	para-bonded	benzene	and	prismane	isomers.	Google	Scholar(2)	1955The	relative	growth	rates	of	three
plankton	diatoms	in	relation	to	underwater	radiation	and	temperature.	Comm.662–663.	One	can	also	think	of	soft	hair	as	being	black	hole	analogues	of	gravitational	memory.Gravitational	memory	is	usually	thought	of	as	being	something	associated	with	the	Bondi–Metzner–Sachs	(BMS)	group.	Google	ScholarThe	following	publications	are	referred	to
directly	in	the	text.Bibliography(1)	1947	(With	Shapiro	A.	There	were	two	notable	exceptions,	the	halothane	project	and	crop	protection	research	in	collaboration	with	what	later	became	ICI	Jeallot's	Hill	Research	Laboratory,	some	of	which	developed	from	the	laboratory	bench	to	full-scale	plant	production.	Crossref,	ISI,	Google	ScholarHarlow	F.	But	a
small	minority	of	images	arose	from	particles	that	were	stained	on	only	one	side.	To	assist	him,	a	Nuffield	Fellowship	was	advertised	and	Aaron	Klug	(FRS	1969;	later	Sir	Aaron	Klug	PRS)	was	appointed	and	took	up	the	position	in	1953.	(doi:10.1093/mnras/168.2.399)	Crossref,	ISI,	Google	Scholar(30)	1974Black	hole	explosions?Nature	248,	30–31.	The
originality	of	his	work	soon	resulted	in	a	succession	of	positions.	13,	1–12.	H.)	The	effects	of	additives	on	the	octane	number	and	cetane	number	of	gasolines.	They	were	not,	which	led	them	controversially	to	invoke	the	anthropic	principle	to	explain	the	observed	isotropy.	(doi:10.1038/250546a0)	Crossref,	PubMed,	ISI,	Google	Scholar(19)	1975	(With
Noll	M.	Overall,	the	sojourn	at	MIT	proved	fruitful,	especially	since	Boris,	with	Townes	recently	having	taken	up	a	position	as	provost,	was	able	to	work	with	Townes’s	brilliant	graduate	students	Ray	Chiao	and	Elsa	Garmire.	In	such	schemes	the	variation	of	velocity	with	distance	across	the	boundary	layer	was	prescribed	in	terms	of	one	or	more	shape
parameters	whose	values	were	determined	by	solving	the	integrated	form	of	the	momentum	equation,	plus	such	other	moments	of	the	momentum	equation	or	empirical	equations	needed	to	determine	the	unknown	shape	parameters.	Qualitatively,	however,	the	theory	was	confirmed	to	be	sound.	However,	it	was	obvious	that	the	method	was	equally
applicable	to	2D	and	3D	elliptic	flows.	This	was	focused	on	more	specifically	much	later	in	a	paper	that	combined	theoretical	analysis	of	factor	interaction	with	examples	from	the	English	lakes	(25).This	strand	of	Jack's	work	culminated	in	a	landmark	publication	on	‘The	underwater	light	climate	as	a	controlling	factor	in	the	production	ecology	of
freshwater	phytoplankton’	(19).	On	a	cold	day	in	February	1951	Ferguson	put	his	ideas	to	Charles,	not	by	summoning	the	junior	scientist	to	his	office,	but	at	the	laboratory	bench,	where	he	asked	the	question:	‘Do	you	think	that	these	two	papers	of	mine	could	help	a	search	for	an	inhalant	anaesthetic	amongst	compounds	containing	fluorine?’	Charles
undertook	the	necessary	literature	search	and	within	a	few	days,	after	reading	the	papers,	was	convinced	that	there	was	an	opportunity,	and	the	project	was	begun.	David	had	already	been	made	aware	of	the	challenges	of	magnetism	by	Peter	Miodownik,	a	metallurgist	at	the	University	of	Surrey,	who	had	told	David	about	the	unique	properties	of
pure	iron	with	its	four	phases	and	three	crystal	structures.	Of	particular	interest	were	solutions	whose	curvature	tensor	was	self-dual,	known	to	mathematicians	as	hyper-Kähler	metrics.	One	of	its	most	surprising	predictions	was	the	existence	of	a	liquid-crystal	analogue	of	type-2	superconductors.	From	that	time,	Charles’	relationship	with	Leo	and	his
wife	Pnina	became	friendly	far	beyond	science	to	include	their	shared	interest	in	history.	Of	course,	such	a	romanticised	image	can	represent	but	a	partial	truth.	38,	1113–1133.	His	first	paper	on	the	subject	in	1971	was	motivated	by	the	possibility	that	tiny	PBHs	could	be	electrically	charged	and	capture	electrons	to	form	‘atoms’	(16).	From	now	on
the	investigation	of	virus	structure	was	by	objective	map-making	and	John	determined	the	structure	of	the	first	example	of	a	virus	capsid	with	T = 4	symmetry	(17).After	their	move	to	Cambridge,	the	Klug	group	expanded	their	studies	on	the	structure	and	assembly	of	TMV	and	John	was	involved	in	many	aspects	of	the	work.	The	physical	properties	of
clay–organic	complexes	in	soil	indicated	that	the	organic	materials	tended	to	be	distributed	around	clay	domains	rather	than	spread	uniformly	over	the	surface	of	clay	particles;	unlike	pure	clay	minerals,	interlamellar	adsorption	was	rare	because	of	the	shape	and	large	size	of	the	organic	molecules.	Google	ScholarZeldovich	Y.
(doi:10.1103/PhysRevD.57.2372)	Crossref,	ISI,	Google	Scholar(88)	2000	(With	Hertog	T.	(doi:10.1083/jcb.200508078)	Crossref,	PubMed,	ISI,	Google	Scholar(33)	2006	(With	others)	Analysis	of	cytoskeletal	and	motility	proteins	in	the	sea	urchin	genome	assembly.	The	reaction	was	carried	out	in	a	heated	silica	tube	with	careful	control	of	temperature
to	minimize	over-bromination	and	other	side	reactions.	As	well	as	clearly	showing	the	nine	doublet	tubules	surrounding	two	central	tubules,	Gibbons’	micrographs	allowed	him	to	describe	two	sets	of	outer	and	inner	‘arms’	extending	from	each	outer	doublet	and	reaching	over	in	a	very	evocative	fashion,	as	if	poised	to	grasp	and	hold	onto	one	side	of
each	of	the	adjacent	doublet	tubules	(figure	4).	Google	Scholar(20)	1960	(With	Fields	R.)	Rearrangement	of	fluoroalkyl	carbenes.	Thus,	in	1968	the	International	Centre	for	Heat	and	Mass	Transfer	(ICHMT)	was	formed,	the	administrative	base	being	the	Boris	Kidrič	Institute	in	Belgrade,	while	annual	conferences	were	initially	held	at	Herceg-Novi	on
the	Adriatic	coast.	Hawthorne	took	a	particular	(and	continued)	interest	in	thermodynamics,	winning	the	Ricardo	Prize	in	that	subject.	Mortimer	and	his	own	experiences	on	stratification	of	African	lakes,	Jack	developed	one	of	the	first	examples	of	continuous,	automatic	high-frequency	recording	of	temperature	profiles	with	depth	to	analyse	the
interacting	diel	and	seasonal	components	of	lake	stratification	and	their	control	by	sun	and	wind.	He	soon	joined	a	project,	which	he	eventually	led,	to	investigate	more	fundamentally	the	phenomenon	of	‘knock’	in	the	spark-ignition	engine,	an	abnormal	combustion	event	that	placed	a	limit	on	efficiency	and	specific	power	output,	using	a	motored
engine	under	non-ignition	conditions.	This	requirement	leads	to	an	equation	for	p′.	13,	115–125.	Importantly,	he	argued	that	good	science	is	transferable,	but	local	development	and	adaptation	of	technologies	would	be	needed	to	achieve	adoption	and	impact.	I	wondered	what	was	going	through	his	mind,	and	if	his	powers	were	failing.	Remarkably,
that	turned	out	to	be	the	case.	It	provided	insight	into	the	reasons	why	scanners	produced	by	different	manufacturers	often	produced	images	with	different	appearances.	Yet,	both	students	recall	the	informal,	open,	warm	and	pleasant	atmosphere	and	the	mutual	respect	of	their	relations	with	Leo,	far	different	from	his	seemingly	tough	image.	Phil.
From	the	outside,	it	appeared	that	David	and	Di	had	an	idyllic	existence,	even	if	their	children	might	have	hankered	after	the	excitement	of	London.	Happily,	improvements	have	been	made	in	these	respects	with	the	passage	of	time.	The	topic	has	now	become	very	popular,	and	non-evaporating	PBHs	could	turn	out	to	play	a	more	important
cosmological	role	than	evaporating	ones.	Their	development	led	to	the	award	of	a	highly	prestigious	international	grant	by	the	New	Energy	and	Industrial	Technology	Development	Organization	(NEDO)	in	Japan	to	the	group	comprising	David	leading	the	theory,	Vaclav	Vitek	leading	the	computer	modelling,	and	David	Pope	(University	of	Pennsylvania)
and	Masaharu	Yamaguchi	(Kyoto	University)	leading	the	experiments.In	1998	David	derived	a	fully	analytic	expression	for	the	BOPs	from	a	bond-based,	two-level	recursion	algorithm	for	the	σ	and	π	bonds	in	sp-valent	systems	(26).	Spalding	and	Patankar	have	co-authored	numerous	papers	and	a	book.	31,	633–644.	At	the	start	of	this	phase,	many	of
the	fundamental	physical	properties	of	black	holes	were	not	well	understood.In	1965,	Penrose	had	discovered	the	concept	of	the	‘apparent	horizon’	of	a	black	hole,	the	point	at	which	light	and	all	matter	are	locally	trapped,	and	he	used	this	concept,	differential	topology	and	Einstein's	equations	to	prove	that	in	the	core	of	every	black	hole	there	must
be	a	physical	singularity	(Penrose	1965);	this	proof	was	later	strengthened	by	Hawking	&	Penrose	(15).
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