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● 1995: HST Deep Field first imaged
- Billions of galaxies where previously nothing seen

● Next Generation Space Telescope (NGST) initiated
- Cosmic Background Explorer (COBE) looked at the “Big 

Bang” – our universe’s creation
- Hubble Space Telescope (HST), showed galaxies, quasars, 

nebulae etc. that has formed since the Big Bang

● NGST:  would allow astronomers to look at the 
universe just after its beginning with the “Big Bang” 
by looking at red shifted light
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Galaxies	in	the	Nearby	–	Contemporary	Universe	
Have	Structure,	Ellipticals	and	Spirals

Galaxies	in	the	Distant	–	Early	Universe	
Seem	to	Lack		Structure

How	do
Galaxies	Like

These

Evolve	into
Galaxies	Like

These
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Star	Light	is	a	“Rain”	of	Light	Particles	called	Photons

The	Human	eye	is	relatively	
small	and	collects	only	a	
small	fraction	of	Star	Light
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Telescopes	are	wider	than	our	eyes
to	collect	more	star	light,	making	dim
objects	appear	brighter	
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6	meters

lThe	farthest	objects	in	the	
universe	will	be	very	dim.	10	
nanoJansky	or	less	…

n	…this	is	how	dim	a	night	
light	would	appear	on	earth	
if	it	was	on	the	Moon!

lTo	view	these	dim	objects	
JWST	must	be	at	least	6	meters	
in	diameter	or	20	ft	across
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The	HST	Orbits	the	Earth The	JWST	Orbits	the	Sun	in	Time	with	the	Earth

l By	orbiting	the	Sun	instead	of	the	Earth,	the	
Sun,	Earth	and	moon	are	always	on	the	same	
side	of	the	observatory

l We	can	use	an	“umbrella”	to	shade	the	
telescope	from	these	bright	and	hot	objects.

l The	bad	thing	is	that	we	cannot	service	JWST	
the	way	we	did	HST
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LEO,	340	miles 1	million	miles
Can’t	be	serviced



21.197	m	(69.5	ft)

Typical	5	meter	
Diameter
Launch	Vehicle	Fairing
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Credit	ESA	-	D.	Ducros
NASA	-	J.	Lawrence

Credit	ESA	-	D.	Ducros
NASA	-	J.	Lawrence
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Credit	-	NASA
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u 1998:	First	SPIE	CC	paper	written
• “Contamination	Control	Considerations	for	the	Next	Generation	Space	Telescope”

u 1999:	NGST	becomes	Code	443
• My	daughter,	Julia	Wooldridge,	is	born	in	early	September

u 2002:	Renamed	“James	Webb	Space	Telescope”
• Named	for	Apollo	NASA	Administrator,	James	Webb

u 2003:		Heaters	added	to	the	ISIM	instruments
• Heaters???	When	trying	to	passively	cool	a	large	structure	&	instruments?

- First	answer:	absolutely	not!		

• Then	considered	…	What	If	ice	accumulated	on	a	surface	and	there	were	no	way	
to	remove	it.		Would	it	pass	The	Washington	Post	test?		No,	it	would	not.

• Heaters	added	to	keep	instruments	warm	until	structure	and	thermal	enclosure	
were	cold	enough	to	no	longer	outgass	water	in	cryo-testing	and	on-orbit	
commissioning.
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u 2002-2007:		Launch	Vehicle	selection	process
• Competition	between	Delta	4	heavy,	Atlas	V,	Ariane	5

• Launch	on	a	foreign	carrier	forbidden	by	policy

• However	–	as	an	international	mission,	$100M	contribution	to	come	from	ESA

- 2003,	ESA	informs	JWST	Project	they	could	move	on	Ariane	5	with	Arianespace

- 2004,	Interagency	coordination	begins	informally

- 2005,	NASA	Administrator	Griffin	makes	formal	decision	to	pursue	ESA	contribution	
of	Ariane	5	for	JWST

- 2006,	First	trip	to	CSG

- 2007

March	-	NASA	HQ	requests	update	on	whitepaper	explaining	choice	of	Ariane	5	over	US	launchers	
to	answer	questions	from	Congress	

June	–	NASA	Administrator	Griffin	and	ESA	Director	General	Jean-Jacques	Dordain	sign	MOU	
defining	the	terms	of	the	cooperation	on	the	James	Webb	Space	Telescope
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u 2010:		Test	Assessment	Team	(TAT)	to	examine	ISIM	&	OTIS	testing
• Scheduled	launch	was	then	2014

- Could	not	be	met,	looking	for	ways	to	cut	schedule

• Could	JSC	testing	be	eliminated?		Yes	–	this	was	seriously	considered.

• Of	course,	not	–	so	TAT	beautifully	optimized	ISIM	and	OTIS	testing
- Plan	had	been	to	have	one	major	ISIM	test	followed	by	one	OTIS	test
- The	test	plan	changed	to:

- ISIM	testing	before	and	after	instruments	were	delivered	(2	were	delayed)
• Was	2	cryo-tests,	CV1:	ISIM	structure,	CV2:	ISIM	+	instruments
• Added	a	3rd	test	when	2	instrument	deliveries	were	delayed:		

• CV2	became:	ISIM	+	2	flight	instruments,	
• CV3	added:	ISIM	+	4	flight	instruments

- JSC	testing	now	had	Optical	and	Thermal	Pathfinder	tests	
• Based	on	the	Pathfinder	tests,	Thermal	and	CC	decisions	could	be	made	in	the	flight	
OTIS	test	in	real-time	rather	than	waiting	for	weeks	of	analysis	after	the	test

u Instead	of	relying	on	one	big	ISIM	test	and	then	OTIS	test,	added	tests	to	work	out	issues	ahead	of	
flight	testing,	made	flight	tests	shorter
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u 2015-2019:		ISIM,	OTE,	Sunshield,	Spacecraft	and	OTIS	build,	
assembly,	integration	testing	…	much	drama	in	the	process	with	I&T	
delays,	snowstorms,	a	derecho	storm,	record	rainstorms,	fires,	
Hurricane	Harvey,	and	at	the	end	–	a	Magnitude	5	Earthquake.

u 2019:		OTIS	and	Spacecraft	integration,	we	have	an	Observatory!

u 2020:		Worldwide	pandemic,	JWST	work	continues	at	Northrop

u 2021:		Completion	of	Observatory,	delivery	to	CSG,	and														 	
	 	 	 Christmas	Day	Launch
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Scientific	American,	October	2010
“NASA	had	a	strong	desire	to	build	the	first	of	the	new	telescopes,	
rather	than	the	last	of	the	old.”	–	Alan	Dressler
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For	the	 ,	
new	contamination	control	approaches	

would	be	required.		

20



u 2005-2006:		Examination	of	Contamination	Levels	vs.	Stray	Light	&	Sensitivity
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u Particulate	Requirements
• April	2006	cleanliness	requirements:	1%	PAC	for	both	Primary	Mirror	(PM)	and	Secondary	Mirror	(SM),	

• Prediction	of	particulate	level	at	time	of	launch	indicated	that	to	meet	1%	PAC	on	PM,	aggressive	mirror	
covering	techniques	required	–	undesirable	and	often	impossible	for	the	PM	in	I&T

• The	same	analysis	predicted	that	1.4%	EOL	could	be	met	without	extreme	protective	measures

• Systems	engineering	evaluated	relaxing	PM	reqt	to	1.5%	PAC,	and	tightening	SM	reqt	to	0.5%	PAC
- PM	integrated	cup-up,	very	large	and	segmented,	therefore	much	harder	to	maintain	clean;	SM	easier	to	clean

• This	change	would	minimize	risk	and	cost
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u Molecular	Requirements
• NVR,	carbon	(polymerized	post	launch),	water	block	&	absorb	light

• PM	&	SM	 392	angstroms:		300	(NVR)	+	50	(carbon)	+	42	(water/ice)
• TM	 	 367	angstroms:		300	(NVR)	+	50	(carbon)	+	25	(water/ice)
• SM	 	 330	angstroms:		300	(NVR)	+	50	(carbon)	+	5	(water/ice)

u Ground	Processing	&	cool-down	redistribution
• Throughout	I&T,	including	cryo-vac	testing,	and	for	on-orbit	commissioning,	water/ice	proved	to	be	

the	greatest	challenge
• In	OTIS	cryo-vac	testing,	discovered	that	molecular	accumulation	during	return	to	ambient	was	not	

the	problem	we	thought	it	would	be

• For	many	areas,	single	layer	insulation	(SLI)	dog-houses	and	shields	were	built	to	protect	the	most	
vulnerable	optics

- Relying	on	thermal	control	too	precarious	-any	unexpected	shift	could	blind	an	optic	with	ice

• Cool-down	and	warm-up	constraints	during	OTIS	cryo-vac	testing	were	established	and	monitored	
closely.		These	led	to	on-orbit	commissioning	requirements	that	were	monitored	by	CCEs	as	a	
decision-making	part	of	the	commissioning	team

• Molecular	redistribution	analysis	performed	in	the	year	before	launch	became	a	critical	tool	for	
planning	timing	of	commissioning	deployments	&	heater	activation/deactivation

u Papers	

• 4	of	the	16	papers	on	JWST	will	expound	on	work	done	to	meet	JWST	molecular/ice	requirements
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u This	meant	…
• Keeping	Exposed	Instruments	and	Optical	surfaces	clean	over	years	
that	turned	into	decades	of	

- building

- testing	

- transporting

- launching

u This	was	done	in	dozens	of	different	facilities,	each	with	
varying	contamination	control	capabilities
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u Apply	the	fundamentals	of	Contamination	Control,	and	then	some
• Work	in	cleanrooms,	wear	cleanroom	garments

• Start	with	mirrors	as	clean	as	possible,	and	at	a	measured	cleanliness	level

• Keep	close	track	of	the	contamination	increase

• Cover	whenever	possible

• Create	clean	areas	when	the	work	can	only	be	done	in	uncontrolled	areas

• When	testing,	transporting,	or	at	the	launch	site	–	find	whatever	way	possible	to	keep	clean

• Watch	all	activity,	clean	the	facilities	and	equipment	every	day:		constant	presence

• Be	prepared	to	clean	the	primary	and	secondary	mirrors

u Launch	campaign	in	remote	location	and	during	a	world-wide	pandemic
• Make	Class	8	facilities	operate	as	Class	7	facilities

• Clean	the	fairing	

• Bring	far	more	than	needed	for	the	time	planned	–	plan	for	potential	delays

• Use	local	resources	to	extend	what	we	brought	

• Manage	the	jungle	environment	that	made	facilities	vulnerable	to	bugs,	birds	&	bats
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Photo	Credit	Chris	Gunn
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Photo	Credit	Chris	Gunn



Photo	Credit	Chris	Gunn

2	wafers	placed	with	each	mirror	when	delivered	and	followed	the	mirrors	until	final	closeouts.	
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Photo	Credit	Chris	Gunn



31Photo	Credit	Chris	Gunn
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Photo	Credit:		Russell	Wooldridge 33
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Photo	Credit	Chris	Gunn
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Photo	Credit	Chris	Gunn
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Photo	Credits:	Chris	Gunn
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Photo	Credit	Chris	Gunn
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Photo	Credit	Chris	Gunn
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Photo	Credits	Chris	Gunn
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Photo	credits:		NASA	flicker/Chris	Gunn
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Photo	credits:		NASA	flicker/Chris	Gunn
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Photo	credits:		ESA/CNES/Arianespace/Optique	vidéo	du	CSG	
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Photo	Credits:	NASA

The	outstanding	LS	
CC	Team	included

• 10	Engineers
• 7	NASA
• 3	NG

• 8	Technicians
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Photo	Credits:	NASA
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57
Launch	Pad	Astronomy	podcasts,	(https://www.youtube.com/watch?v=SnGhe19f5Ws)	titled	James	Webb	Telescope	to	Launch	Christmas	-Eve-	Day!	

https://www.youtube.com/watch?v=SnGhe19f5Ws
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u Cleanliness	levels	

• Better	than	required

u Water	deposition
• NONE	on	any	sensitive	surface

u Throughput	and	Sensitivity
• Exceeded	scientists'	highest	hopes	and	expectations
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“The	Webb	Telescope	Works.		Perfectly.”		-	NASA	Watch
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Carina	Nebula

Stephen’s	Quartet
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