
Vacuum	Systems	

Why	much	of	physics	sucks	
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Why	Vacuum?	

•  Anything	cryogenic	(or	just	very	cold)	needs	to	get	rid	of	
the	air	
–  eliminate	thermal	convec>on;	avoid	liquefying	air	

•  Atomic	physics	experiments	must	get	rid	of	confounding	
air	par>cles	
–  eliminate	collisions	

•  Sensi>ve	torsion	balance	experiments	must	not	be	
subject	to	air	
–  buffe>ng,	viscous	drag,	etc.	are	problems	

•  Surface/materials	physics	must	operate	in	pure	
environment	
–  e.g.,	control	deposi>on	of	atomic	species	one	layer	at	a	>me	
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Measures	of	pressure	
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Proper>es	of	a	vacuum	
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Kine>c	Theory	
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Mean	Free	Path	
•  The	mean	free	path	is	the	typical	distance	traveled	before	

colliding	with	another	air	molecule	
•  Treat	molecules	as	spheres	having	radius,	r	
•  If	(the	center	of)	another	molecule	comes	within	2r	of	

the	path	of	a	select	molecule:	
•  Each	molecule	sweeps	out	cylinder	of	volume:	

	 	V	=	4πr2vt	
–  in	>me	t	at	velocity	v	

•  If	the	volume	density	of	air	molecules	is	n	(e.g.,	m-3):	
–  the	number	of	collisions	in	>me	t	is	
	 	 	notZ	=	4πnr2vt	

•  Correc>ng	for	rela>ve	molecular	speeds,	and	expressing	
as	collisions	per	unit	>me,	we	have:	
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Mean	Free	Path,	cont.	
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Relevance	of	Mean	Free	Path	
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Gas	Flow	Rates	
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Evacua>on	Rate	

P1	

P2	

Q	

Q	

Q	

C	

pump:	Sp	



Lecture 6: Vacuum/Cryo UCSD Physics 122 11 

Tube	Conductance	

•  For	air	at	293	K:	
•  In	bulk	behavior	(>	100	mTorr):	

	 	 	C	=	180×P×D4/L	(liters	per	second)	
–  D,	the	diameter,	and	L,	the	length	are	in	cm;	P	in	Torr	
–  note	the	strong	dependence	on	diameter!	
–  example:	1	m	long	tube	5	cm	in	diameter	at	1	Torr:	

•  allows	1125	liters	per	second	
•  In	molecular	behavior	(<	100	mTorr):	

	 	 	C	=	12×D3/L	
–  now	cube	of	D	
–  same	example,	at	1	mTorr:	

•  allows	0.1	liters	per	second	(much	reduced!)	
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Pump-down	>me	
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Mechanical	Pumps	
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Lobe	Injec>on	Pumps	
•  Can	move	air	very	rapidly	

•  Ocen	no	oil	seal	

•  Compression	ra>o	not	as	good	
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Turbomolecular	pumps	
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Cryopumping	
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Ion	Pump	
•  Ionize	gas	molecules,	deposit	ions	on	

chemically	ac>ve	surface,	removed	by	
chemisorp>on	

•  Best	use	is	for	Ultra-High	Vacuum	
applica>ons	(10-11	Torr)	

•  Current	is	propor>onal	to	pressure	
(pump	is	also	a	pressure	gauge)	

•  No	moving	parts,	but	efficient	only	at	
very	low	pressures	

slide	courtesy	O.	Shpyrko	
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Residual	Gas	Analyzer		
(mass	spectrometer)	

slide	courtesy	O.	Shpyrko	
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Example	of	RGA	spectra,	He:Ne	mixture	10:1	

slide	courtesy	O.	Shpyrko	
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Typical	problems	in	achieving	UHV:	

slide	courtesy	O.	Shpyrko	
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Dewars	
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Liquid	Nitrogen	Dewar	
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Dewar	Construc>on	

•  Cryogen	is	isolated	from	warm	
metal	via	G-10	
–  but	in	good	thermal	contact	

with	inner	shield	

•  Metal	joints	welded	
•  Inner	shield	gold-coated	or	

wrapped	in	MLI	to	cut	radia>on	

•  Windows	have	holes	cut	into	
shields,	with	vacuum->ght	clear	
window	akached	to	outside	

•  Can	put	another,	nested,	inner-
inner	shield	hos>ng	liquid	
helium	stage	

vacuum	
port	

cryogen	
port	

pressure	vessel/outer	shield	

inner	shield	

cryogen	(LN2)	
tank	

perforated	G-10	
cylinder	

science	apparatus	
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Cryogen	Life>me	
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Nested	Shields	
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Photos:	Displex	Cryostat	insert	

slide	courtesy	O.	Shpyrko	
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Photos:	Ultra	High	Vacuum	chamber	

slide	courtesy	O.	Shpyrko	
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slide	courtesy	O.	Shpyrko	
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Photos:	Dilu>on	Refrigerator	

slide	courtesy	O.	Shpyrko	
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Photos:	Dilu>on	Refrigerator	

slide	courtesy	O.	Shpyrko	
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Helium	Flow	Cryostat	

slide	courtesy	O.	Shpyrko	
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Announcements	&	Reading	

•  Lab	tour	Wed	Oct.	30	
–  cri>cal	to	be	in	lab	promptly	by	2:00	sharp	
–  otherwise	miss	the	boat	and	lose	credit	

–  will	take	2	hours	for	3	labs	
–  one	ques>on	in	each	mandatory	

–  >me	acer	to	complete	thermal	box	ac>vity;	due	Nov.	6	

•  Read	3.1,	3.2,	3.3.2,	3.3.4,	3.4:	3.4.1	(Oil-sealed	and	
Turbomolecular,	3.4.3	(Geker	and	Cryo),	3.5.2	(O-ring	
joints),	3.6.3,	3.6.5	
–  applies	to	both	3rd	and	4th	edi>ons	


