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,. 
I , Summary of Formulae Useful, in Vacuum Design 

, The' formulae most fracuently used in vacuum design work are presented harao 

They are given in: two 'types of 1.lIlits, chosen because they are convenient and 
" frequently us'edo ' 

() Metric 
, Lab Units 

agb - length of ,side of rectangle cms 

A m cross-sectional area '2 cm 

c 
....... 
G 

L 

D 

M 

V 

V' 

P 

Q :::: 

t 

S 

Z 

- conductance liters/s~c 

mass of gas in volume V grams 

- length of a pipe cms 

diameter of a.circular pipe or aperture cms 

mean free path 

~ molecular weight of gas 

=' volume of vessel 

- volumetric flow 

- pressure 

PV' at constant, T, 'flow 

time 

pumping speed 

impedance 

cms' 

atomic. weight 
units 

liters 

liters/sec 

p. (microns) 

f - liters/sec 

seconds 

liters/sec 

se~s/lit~r 

Mixed English 
and Metric 
Lab Units 

inches ., 

Ii ters/sec , 

grams 

feet 

inches 

inches 

atomic weight 
units 

liters 

liters/sec, 

}J-. 

~ .., liters/sec 

seconds 

liters/se~ 

secs/liter 
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I Metric ' 
Lab Units 
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Mixed English 
and Metric 
Lab Units 

-.----.-------.----'--1f-------------~-:__--~____:_------'_+--------

Mas,s of gas 
at 20°0 

.! ", 

. , 

Mean free 1path for 
air at 2OvO 

" 

=6 I lor air 0 :: 1056 x 10 grams .;U- liter 

cms 1091 inches' ,,-
--.-----------r-.--'-------~' ------'-------------1-----------
ImpAcie.noe and con", 
ducta:rwe ~ definition 

P, ls upstream pressure 
p~ is downstream pressure 2 

'Pumping'speed!, 
,definition 1-~ ~ ___ l_i_t_e_r_s_/_s_ec __ . _______ ---'-________ _ 

S'eries impedan.ces 

Parallel impe~ances 

Pumping.speed through 
an impedance Z of a 
'pump with sp'eed Sp 

Viscous conductance of 
'a thin~ ,small aperture; 
air at 200 0 

P2/Pl ", . ....::::::. 01 ' 

z 

1 
Z 

o : 20A liters/seo 
or 

"" .,. 

:: 

o = 16,n2 liters/sec 

L 
L 

Zi v 

1 
Zi , 

1 ;; L'~' 
~ , 01 

O~ L' o ' . i, 

129 A liters/sec 

100 D2 liters/sec 

--------+-------~-----------------_1-----------------
,Molecular conductance 
-,of a thin~ small ' 

o ~ 11 0 6 A liters/sec 
or . 
C ~ 901 D2 liters/sec 

75 A liters/sec 

59D2 liters/sec &pertu.teo ' ' 
~' )\') > aperture size 

Aperture pumping speed S :;: C (1 - P2/PI) . 

s ;: C for P2/Pl < 0 0 1 

PI and P2 are the upstream and downstream 
pressure~ respectivelyo 

Molecular flow through I " ' 
a large apertUre Mul tiply preceding formulae for small apertures 

, I A 
---U.O_-, 
A ... A o 

or by Do2 for circular apertureo 
D 2 = D2 o 
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Mixed English 
and ¥etric 
Lab Units -_._------,------+---_._-----------"'--------------

ReYl.l.61d v s number Re :;; Dv ;0 l "I) 

to is gas densitY9 YJ ~ coefficiE!.nt of viscosity9 
v.is velocity of gas stream "-1 

-.-. -' --~. -.--.. ------. . ----t------------------....:...-..:.--r---------..:.:..----
Reynoldis numbe"r" for air Re:: Q L 
at 20°C ~ cl.i'cular pipe ~ 226D'" . 

Turbulent to viscous 
transi-!;iol1 g air at 20°C 

Flow is turbulent if Q) 2 x 10~ D Q>5 x 105 D ' 

ViSCO'JS to m,olecular 
transit10nz air at 200C 

'(Gives conductances 
accurate to 10%) 

Viscous conductance 
long ciroular pipej 
'at 20?C 

... 
if'a 
air 

Flow is viscous if Q <: 105 D 

The flow is viscous 
if PD > 500 fA "'C"mll ,,< ..P... 

1 no 
'l'The fl~w is molecular D 
. if PD<'15 fA. .... emll ~ > 3 

, P is average pressureo 
is ;~ 

,C : 0 0 182 ~ 'lfliters/sec 
L 

P is average pressure 

Viscous volUme flow in a !V9 
long circular pipe $ a.i r 

;; 00182 D4(PI = P Z.)Hters/sec 
'L 

~ 0 0 182 D4 liters/sec/unit of 
pressure gradient 

at 200.C ' 

Visc'ous conductance if a 
long rectangular duct~ 
air at room temperature 

'2 2 - ' C ~ 0 0 26 a b _ P Y 1i ters/sec 
L 

Y is correction factor given in 
Te.ble 1 

PD>200# "'inl/ A< D 
, ' 100 

4 ' 
0025 ~ P liters/sec 

0 0 25 D4(Pl-P~)liters/seo 
4 L 

0 0 25 D liters/sec/unit 
pressure gradient 1 

0036a ,2b
2 P' Y liters/sec 

L 

Visc'ous volwne flow in a' IVv 
long rec,tangu1ar duct~ a:il 
at ro~ temperatura 

~ 0 0 26 'a 2b2 Y(......,:P1"'---_P...;2)liters/sec 0 0 36 a 2b2y '(P~""Pa)li ters/ 
L ,L seo 

= 0 0 2:6 a 2b 2 Y liters/sec/unit of= 0 0 36 a 2b 2y liters/sec/ 
pressure gradient , unit pressure gradient' 

L, ' Y given in Table 1 

Impedance of any, short 
pipe 

~dd impedance of aperture to impedance of pipe 
computed from long pipe formula 

-------------------+-------------------------~r---------~~-------
Molecular conductance of 
a lon§ circular pipei air C : 
at'20 C 

Molecular conductanoe of 
a short oircular pipe; ai I C tID 

at 20°0 

D3 
1201 - liters/sec 

L 

, 3 
1201 J?.... 0<. liters/sec 

L 

~ given in Table 2 

~o5 D3 liters/sec 
L 

P0 5 D3 liters/sec 
L 

...... 
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Metric 
1<8. b Units 

Mol:0eul~r conductanoe of C:: 
a long circular a.nnulus~ 
air at 20°C 

, -6<--

K is given in Table 3 

Molecular ~onductance of 
a.2b2 a lonr'j.ectangular duct~ C n,. 30 0 9 K liters/seo 

air at 20°C (8.+ b)L 
,-

K is given in Table 4 

Molecular' conductance of ' 8 3 
n longeqJ He. tera,l trian~ C ~ 4 0 79 - liters/sec 

" ' -0 
gultir duct Z 'air at 20 C L 

UCRL 334 

'

Mixed English 
and MetTie " 

,Lab Units 

16 0 6 'a2
b

2 
K li t'ers/s~c 

(at b)L 

, a 3 
2 58 o _ 

L 
lite.;:s/sec 

,-----'. ----~----,-----------~--------------4_---------------------------Mol.ecu+ar conductance of 
,~ a.thin~, slit-like tube~ 

"" ·'!elr':a.{ 20°C 

-, b 2 
C ~ 27 a 

L 
L/b> 10 

log ~ liters/seo 
b 

ab2 
C :: 1,404 _log 121 

Molecular flow at bends 
and elbows 0 For each 

L 
l2L/b> 10 

b 

bend allow for, an effec= Laxial <.. Leff< Laxial + 1 0 33 D 
tive length in the range 
indicated by the inequal-
ity 

Pumping speed of pump 
of sp~ad Sp thrdugh an 
impeda.."lce Z.. :,_ 

Pumping s'peed of pump 
of speed Sp' 'near base 
pressure Po ,', 

Pump speed formulal) 
metered leak method 

Pump speed fOl"mulal) ,. 
ra te of' r1 se method 

Evacuation rate~ time to 
fall to 1/2' pressure 

1 = s-= z + ~ sec/Ii ter 
Sp 

(l -_PO ) / S~ S - liters sec 
,p P 

Sp I!I 760:!..:.. Ii tars/seo 
.6;P 

VV is leak in co/sec of freo ai 1" 

6P is pressure rise in f4 

V is volume of vessel 
P'l and P'2 are the rates of 

rise corresponding to 
operating pressures Pl 
and P2 respectivelyo 

V is volume of system 
S is pump speed 
p .. 
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TABLE 1 

--"'"I--

alb 1 0 0 0 0 9 0 0 8 0 0 7 0 06 0 0 5 0 04 0 03 0 02 0 01 

Y 1 000 0.0 99 0 0 98 0 095 0 090 0.,82 0 071 0 0 58 0 0 42. 0 0 23 

-, 

TABLE 2· 
r~ 

_. -.. .,-~ 
LID 0 0 05 0.08 0 0 1 0 02 .004 0 0 6" 0 0 8 100 20 0 t4 0 0 600 

~ .. 
8.00, 10 0 0 20 0 0 40 00 

'" ~---.... -.---. _. 
'. 

(7<,. .0 0036 0 0 055 0 0068 0 013 .0021 0 0 28. 0 030 0 038 0 0 54 0 0 70 0 0 77 0 081 0 0 84 0 0 91 . 0 0 95 

LjD 60 0 0 80 00 ~10000 

~ 0 0 97 0 0 98 1~0 

TABLE 3 

DzlDl 0. 0 0 259 0 0500 0 0707 0 0866 0 0966 
" . 

.. :~ . K 1 0000 10072 . 10154 102:54. 1 0430 1 0 675 

TABLE. 4 . 

" b/a 1 000 0 0 667- 0 0500 0 0333 0 0 200 0 0 125 0 0100 . 
K 1 0 108 1 0 126 10151 10198. 10297 10400. 10444 

, 

L . 
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II. Table of Some Convenient Constants .and Conversion _~aotors 

N~ber of molecules in a mole = 6 0 06 x 1023 

. . -16 . 
k ~ 10381 x 10 dyne-oms/deg o Boltzmann's constant 

1 atomic vieight unit:::; 1 0 660 x 10'"'24 gram~ 

1 atmosphere ~ 760 rom Hg at sea level ='760~000~ 

1 p. (micron) :;;;.10-3 rom Hg 

Imic~obar ~-l dyne/(}m2 ~ Oo745pB:g 

1 poise:: 1 'i}Jl/cm/sec (cogos o wlitofviscosity) 
, 

1 liter/sec: 2012 ft3/min :; 2012cofoIno 

1 co/sec at atmospheric pressure::; 760~· ... li ters/sec_ 

1 liter = 61 0 0 in3 = 0 0 0353 ft 3 

III. Composition of the Atmosphere 

Dry air at sea level; % by volum~ 

N2 °2 A. CO
2 H2 N3 He 

78 0 03 20099- 0 0 94 ' 0,,03 '0 0 01 00012 00004 

.. ",_.; . .,. 
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IV. Properties of Some Common Gases . 

. . .. 

I I 
i .. 

OJ .. 
~ Q) 

0 Q) oM II'l 
0 M 0 oM 

0 IJ) ~ » 0 0 
0 rl 0 .p. 0 0.. 

IS IJ) ~ 
Q) oM 0 

r-i ..p r-I I> +> H 
s:: ~ ~ C) 0' 'M ~ C) 

'M Q) 0 +> a +> ,,: 'a , H e;1 ;:: ~ ", C)-

~ OJ ~ ?:. 1rl 'M Co'$ ~, bD s:: .p, C) .p . 0 f 
'0, Q) 

·bO .~ Q) 'M Q) 0..' <II ~ ~, ~ oM 
.,-1 M C). 

j; 
Q) 0 0" 

?:. 'Q) ~ 0 0 (I) s 
f 

C), 0 
:= 'S ! r-I Q) . lot Q) .p 

.p Q) '" fI) (I) r-l ). oM 
lot .c::. CiS I> \+-I w .p cd w 
as bD '" s:: (I) 

~ ~ I e 0 
r-l 'M .\+-1 bD Q) oM a '" I 

, C) 

~ ~ 0 b.O P- C) (I)' co 
C) ~ as Q) Q) oM ;:: r-i . 1! Q) fI) C\l '" f.. :'l.. ''0 a::> .j.) cd 0 

I C) 0 '3 r-l () w I jI; 0 ] .~ , 0 C) .. .-t ' .. 0 . ' .. .. U) 

El ..... as Q) r-l tt:l ..-t 
. r-I 

I( 
'0 4¢. ~ 

10 
~ .. .p .. s:: I/>" 0 ~ ~ +> 

~ e;1 t:!. ."f. S oM M e;1 
GAS it 

H2 2 0 02 3.35 1074 8 .. 97 2,,74 0 0 416 87 

He 4 0 00 6064 1023 1401 2018 0 0344 194 

CH4 16 0 0 26 0 6 0.,616 3 0 92 4014 0.,072 108 

Nlf3 1700 2S02 . 0 0597 3 0 42 4 .. 43 0 .. 051' 97 

H2O vapor 18 0 0 2909 0 0 582 I 301,S 4 0 60 0 0 055 93 
at 100:>C 

Ne 20 0 2 33.,5 0.,550 10 .. 0 2 .. 59 0 0110 310 

~j2 2800 46 0 5 0 0 467 4077 3075 0 0 057 173 

(28 0 7) (47 .. 6) 4086 
.. 

Air 0 0459 3072: 0 0057 180 

O2 32 0 0 53 0 1 0 0 437 5 0 15 3 0 61 0 0 057 200 

Hel 36 0 5 6006 0 0409 3 0 38' 4046 --- 140 

~ 39 0 9 66 0 2 0 0 391 5 0 06 3 0 64 0 0039 220 

CO 2 44 0 0 73 0 0 0.>372 3018 4059 0 0 034 145 

fHg 201 334 0 0 174 --- 4026 --... ---
~"~. "_._- ,_"""'---'-":;",.60" 

, -4 . -4 
e1e'ctron ; 5 0 5x10 901x10 105 --- --- ---

M is taken from Handbook of Chemist2~ and Physics g 29th Editiono 
m is computed using m ~ 1 0 660 x 10- Mo 
v is from Ref lb p 26 0 

---

A is from Ref 19 p 149 R the values there being reduced to 1 fA. here 0 

() I) K ~ a.nd'r) are from Ref 1; P 149» except t( for air which is from 
the Handbook of Chemistry and Physicso 

Relati~e diffusion computed from equation (1014) Vol I Div I of the 
National Nuclear Energy Serieso 

UCRif'334 

.--
~ 

oM 
d 

0 
+> s:: 
'M 

s:: 
0 

'M 
w 4) 
::I r-i 
~ as 
~ C) 

'M tIJ 
''0 .t> 
~ as 

oM H 
.p .j.) 
as 'M 
r-l .0 
<1)' ; ~ 

1.0 

0.,81 

0 0 29 

0 .. 27 

0.,26 
I 
I 

0 0 42 

0 0 28 

0 027 

0 0 28 

0.21. 

0 0 25 

0 020 

0 0 18 
...,..._~'C..-..-"!..'~ •. 

--- j 
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V. Mechanical 'PurnpOils ' 

Brand of Oil Type of 
, oil 

! 

j
APprOXcpriCE Viscosit So Uo Type of' /Resistance to (a)C11

2 Per Gal 0 at 100°C at 210"'F Hydrocarbon (b)HCl (c)Moisture 
C10udlng 

Calhil Detu.tUo 
Medimn 

Gulf Crest B 

Gulf Crest C 

Gulf Mechani sm 
'E 

Gulf' Harmony E 

MaoMillan 
VacliUlli. Pump 

sheil 'Turbo 41 

Socony Vacuum 
~P , 

Socony DoToEo 
Light 

Turbine 
" 

Turbine I' $Oo~3 
Va'cuun1 0 0 65 

, 
.' 

Machine '0 0 48 
" J 

Turbirie 0 0 46 

Vaouum 0 0 68 

Turbine 

Vacuum 0 0 71 

Turbine 0 0 71 

Texaoo'Regal B Turbine 0 0 43 

Texaco Regal C. Turbine 0 0 45 

T exa C'O URSA Turbine 0 0 32 
P-10 (Navy' 
Symbol 211 0 ) , " 

" 

209 48 

311 55 

1 
205 • 45 , 

I 
j 

603 64 
I 

350 50 

"-

I 

155 43 

196 45 

325 49 

165 45, 

, , 
-'------\ 

, . 

Paraffin G,oodfor (a) and (b) J 
Poor for ;(c) ~ , . 

-
Paraffin Good for '(8.) and' (b); 

Very Poor f6r (c) 

Naphthalene Good for (a) 'and' {b) , 
" 

Paraffin Fair for '(a) and ,(b) 

Mixed Poor for (a) and (b) 

" 
. , 

Paraffin 
" 

. '" -, 

Paraffin Poor for (a) ,and ,(b) 

-
Paraffin 

Paraffin 
, 

Paraffin Fair for (a) and (b) J 
Good for (c) , 

-, 

! , 

L 



Qil Refined from 

Apiezon A· 
." 

Apie~pn B Petroleum 

Butyl 
Phthalate 

Butyl '. 

Sebacate 

Amdil N-A,myl 
Phthalate 

Amdil .. X N-Amyl . ." 
. Sebacate 

'0 

Litton C Petroleum. 

Oetoil Di-ethyl 
heXyl Phthalate 

. -

Ootoil-S Di-ethy1 
,. 

hexyl'Sebacate 

-11-

o -_VI. Diffusion Pump Oils 

Ulto Vac .. at Approxo Li st 
25°C (lIDll. FIg)- Price per Gal. 

. '-5 
10 

. 10~7 

10-3 

• ..... 
-

10-5 

-
7xlO .. 6 

$60.00 .' 

2x10"6 $95 0 00 

2x'lO ... 6 $40,,00 

. '-7 
-2xlO $135 .. 00 

-
, 

'5xlO-8 $160 0 00 
.-

UCRL 334 

Re~istance to 
Oxidation , . . 

.. 

Fair 

Pool" 

Poor 
, 

Fair 

Poor 

Poor 

, 
I 

'h ',: 

-' 
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, " VIl , ''Cold T r9.ppata 

Vapor Latent 
Type . Temp.; Pressure Heat Specific Approxo 

.0C of' Water Colo per g;m~\ Gravity Cost ;' 
/" 

Solid CO
2 

..,78 00 6,... ,,' 45 1056 - 'O¢ 1'lbo' 
,r t •• ,. ' .. 

" Liquid 02 ""183 MO-18fJ.- ' 3 0 3 1014 

Liquid Air -187 ~10-18p.. ' ...... 170 5¢ / liter 
:-

-18 
Liquid N2' 0 0 81 =196 /VI0 ' fL 6 0 1 .-

'I 

VlII.Effectiveness of Drying Agents. 

~-~---------------------------------------~--------~~--------~~----~--~~ I Milligrams of\Residual' 
Drying Agent Water Vapor per Liter of Gas 

" Dried at 25°C 

: Phosphorus 'pentoxide 
, ' 

Magnesium perchlorate 
. 

Melted cau$tic potash 

Al uminum oxide 

Sulphuric a~id 

Sulphuric acid 9501% 

Calcium chloride (grano) 

Ca1ciun chloride (fused) 

Copper sulphate 

Zinc chloride 

Sodium hydroxide 

P
Z
0

5 

Mg(CI04)2 

KOH 

A1203 

H
2
S0

4
' 

H2S0 4, 95 0 1% 

CaO 

'CaC12 (grano) 

CaC1 Z ~fused) 

CuS° 4 

ZnC1
Z 

NaOH (fused) 

* International Critical Tables~ Vol o Ill~ po 385D (1928)0 
"McGraw = Hill Book Coos New York 

• • 

, -5 
ZoO x 10 

-4 
500 x 10 

200 x 10-3 

, -3 
300 x).O ' 

00 36 

0 0 16 
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,.. IX. Vac~ Greases and Cements 
. '.~ 

j --.-----------.. -~--. ~--..--~ . .- .. -.. ~-~-. 

IT~ade i <:! 1" MoPo VoPo i.n mmc Solubili ty General i 
Nalne 

I .. )upP :{.,er 
, 'oC, Hg at 20°C 

, ! , 
. ~~ .... 

I 
L1.,lbriseal 

I <'.10 -5 Grease' 
' . , ! 

! Arthur II.,,:, 40 Cl>C::'~ 

\ 
Th trrw8 Co " \, 

Vaouseal 
-- ~"::"::--'-'---'---'-~ 

\ Cen l:;]."a1 
10=5 LiG!:ht 

" 

.§lei .en 'ti f'i c 50 Grease Co Gnt:JCl'J 

Vacuseal /;.'. Central 
Heavy f:' 

I S(';ientific COe 60 '10-5 
=~= . iGrease 

-r-:.~----~ Celvaoene '. ,·Di 8'cil18. tion -6 ". '1\ 

Light Pr·oducts.o ,Jnc~ 90 10 = ... ~ ~ea:se 
Celvacene· 'DYsti.llation . 
Medium· Productsj> Incc < 10=6 

' ,. 
ltrease 120 " e=O.:tc;::) --~Dl8ttllation '. 

'Celvacene . 
<10';"6 -

He~i:v;i PI'oducts~ Inc c 130 . Grease =-= 
Stop.=,Cock Dow,."Corning , 

<"10 =5 ,Grease Chemiee_l Co ... ,215 ..,,~C'.~ Grease 
IAPiezon ~VII. ' James Go Prob~bly lO"'u t 300vC Gh~aseo ,Should be kept 

Biddle Coo <50 (io=li at 20°C) =-- free from contact with air 
!when not inUS9ft 

Apiezon i1>JlIIiI Jem6s G Probably 10=3 e:~72000C Grease., More viscous than 
Biddle Coo <.50 6 x 10 at ~= "two Should be 'kept free 

,'. from contact with air wher:' 
not in use o 

. ' 

A.pi~zon ViQII .- "'ames Go I Plasticene=like substance c 
Biddle Coo =cO ... 10=4 

I --= Graphite mixed with low 
VoP o residues of paraffin 

, oil 'distillation prodUcts 
Apiezon "~~' James Go Softening Soluble in Har,d ,subi3tance~ supplied. 

;urM1e r,o poin~=70 <10=8 z~lene in sticks 
Picein Central 80 9 105 10-8 Inert to liard blae::.:k waxo 

Scientific Co" (2 grades) 3=10 at 50°C usual organic 
I~iquids. an d 
~norgan~c ,,' 

acids '. 

,de Khotinsky . Central Softens at Comparati valy Mixture of shellac and 
lCement Scientific Coo 50 .NIO~3 insoluble in pi -t;cho Useful for seals 

usual organic below 40°C 
liquids and , . common acids , 

IDennison~ s Jarnes Go Soft;ens Soluble in IHard \\"8.X 

,')ea1 il::g Wax Biddle Coo 60=80 ' rvlO=5 alcohol -_.1'-" .... __ .--- .,. ..... ~ .~ -.' 
IShellac '" varl.o.uS-- ==-

I 
. :::IIlr.:Ic::I Soluble in Usually used mixed With, 

I. alcohol and beeswax 0 

I . butyl phthal= 
i -...... ate 
ISilver Various 455 Soluble in Applied at ' ° Useful c:::;I_r::.. 450 Co 
lch.loride sodium thio= sea,lant to 'stand high 

IB .~'esW:-tl.:x: . 
suIQhate' temperatureo 

Various 60 === Soluble in [Mixtul:"e of beeswax and 
1. ,CelA. &: ,alcoho' resin (melt~d together), 

-.....".. --~ Bakelite ='-.0= 

1

80 ~=~ Soluble in Widelv used in radio 
C.ement lmethyIa ted tUbe industry 
i I spirits I ! I 



Solder 

Wood metal 

·1 Soft solder 
,(high strength) 

Half and half 

Intermediate 

. 
Solder 

Silver solder 

Bra. zing compound 

. Flux 

Liquid flux 

Flux paste 

Spirit of rosi n 

UCRL 334 

X. Solders$ Brazing Alloy and Fluxes 

Soft and Intermediate Solders 

Composition, Percent 

61 

180 

205 
" .... ".,. 

Ag 20, .Cu 3, Zn 2,9 Sn 75 400 

Hard Solder and Brazing Alloy 
-

Composi tion, Percent MoP a °c 

Ag 45 g Cu 3,0, Zn 25 720 . 
Cu 54, Zn 46 '875 

/ 
Fluxes for Soft and Intermedia.te Solders 

Composition (% by wt .. ) 

40 ZriCl 2a 20 NH4Cl, 40 H20 

90 paste of petroleum, 10 NH4Cl 

A solution of rosin in alcohol 
--~--------------------------------------------------------~ 

Fluxes for Hard Soldering 

'-. . 
-. 

Flux \... ·Composi tion 

Borax-bot-acic . ~Ar-ehin paste of 10 parts powdered borax!> 
; 2'" <"." •. _.t,...' , 

aci"a paste r,1 1 part boracic acid in water i 

,.-'" 

Borax . Dry borax 
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. XI. Properties of' Some Licp ids Used' in Vacuum Practice. 

Vapor Pr.essure of Liquids in mDlo Hg at 20°C 

Liquid 

Ac~tone C-$160 . 

Benzene C 6H6 

Carbon Disulphide CS 2 

Carbon Tetrachloride C01 4 

ChI oroforn~ CRCl 3 

Ethyl Alcohol C tr60 

Methyl Alcohol CH40 

,Ethyl Ether C4H} OO 

Ethyl Bromide C ilsBr 

Turpentine CloRe 

Water H20 

t. Mercury Hg 

.. ' 
}tapor Pressure 

1840 8 .. 

298 0 0 

159 0 6 

44202 

404 .. 

17 0 535 

0 0 001201 

• Taken·from Handbook of Chemistry and Physics~ 30th Edition» 
Chemical Rubber Pub'lishing Co·o» Cleveland. Ohio ' 

; 
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XII. Properties of Substances Commonly Used in Vacuum Practice* 

Substruice Compoan-ron- -1 M o,P~-----"TI' Spec~f ie-
ee Gran tv 

.... --v;rso------·-1Re-sl.sti vi t,y::----------g,ineral 
I ' I 

Imll" Hrr iu.<=>ohm cms·" I 
-0 ... 8 at 680°C 2 Q 82 ru;;di~ =;-lu:mrniZ'ing mi;rors il in electrodes 
0~2 at 1.2000 C I ~ 

Alurllinum 658 i 2070 

----------~---------+--------~----.----~--------~--~--------+----------~-------------------~-------I 
Asbestos 

Brass Cu-Zn alloy 

Bronze Cu-Sn alloy 

Cadmium 

Caesium 

Carbon 

1150 
Hornblende 
1550 
Serpentine 

930~ 

1030 

1000- . 
1050 

321 

27 

2 0 5=3 0 5 

I 805 

1808 

18065 

1 1087 

2022(g~aph 
3 0 51(diam) 

n 

0001 at 219°C 
~00 at 392°C 

10-:6 at 27°C 
o 

1 0 0 at 290 C 

'I 
I 

..... 

6,,4-8 0 4 

'-"'18 

-7 .. 5 at 
18°C 

19 0 0 at 
OOC 

'10:~ at 200O<)C12700 ~t 
10 _at 30000 C 500 C 

900 at 
25000 C 

Used as heat insulO.tor - diffusion pmnp 
lagging 9 etc.. .Thermal C ond.. c a 1s.. per em., 
per sec o per °C: Fiber = 0000019 (5000 C)9 

.. Paper = 0 0 0006 0 

Good electrical insulator.. Not used inside 
vacuum system (V.P. high above 30

0
C)0 

Primarily used as a getter .. 

,.Very hard.. Used for reflecting coating~ 
windows in X-ray tubes o Be-Cu used in vacuurr 
gauges etc o (springs)o 

"-, . 

Viidely used in vacuum practiceo Easy to 
machines soldera 

Used :ror castings in vacuum apparatus 
prone to a~rleakso 

.Used in photocells ~ nuclear studies 0 

Oxidizes rapidly at A&PoUsed for photo 
sensitive surfaces o 

Used for gas absorption, electrodes o Dif:ricult 
to outgas 0 Aquadog is colloidal s~spension 
o:rgraphite in water - used as conductoro 

a 
~ 
CA' 
CiI 
~ 

/' 

:/~ 
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Substance lcomposition 
! Specific Resistivity 

, • MoP., V.P. 
°c Grayity ,rom .. Hg ll~ohm cms 0 General 1>. . 

10 ... 8 at' 800°0 
" 

~. , .' 

Copper ~ ... 1083 8 0 89 1 .. 72 Good electrical ~nd h~at ,conductor'o Used 
10~1 at 14000 C widely in vacuum 'practice 0 Oan be sealed to 

glass D easily so~der~d .. 
" 

Gold == 1063 19 0 3 0001 at 1292°0 1042, Easily sputtered':orevaporat~d in vacua o Used 
lo0'at 1768°0 ' , ; as conductor ih ins truments 0 

Iron 
i 

1530 l,lO~8 at 750°0 . , ° Construotional material for large vacuum sysi::emf Istee~~e+o 
7,,80, 908, at 20 C.' 

(steels) . (pure) (pure )' .0 0 3 at 1000°0 ' 20",,120 for', -not attacked by Hg (mild steel commonly used)o 
alloyed ,with 1400=1550, 707to 709 common Highly magnetic 0 Special st~els also used,9' 
OrgNi$lOugetco for steels for ste!=,ls steels at ,such ,as 'stainless g duraloy D etc o 

" 20°C 

Lead ~~ 327 11 034 00001 at 636°C 22 at 20°C Used for gaskets in vacuum practice (elevated 
100 at 985°C temperatures) .. 

Mercury ~- =38 .. 90 C 13 0 546 at iXIo-~at =78
0

C 94 at OOC ~udelyused in diffusion pumps~ manometers g . 

20°C', xlO~ at 60°C switches g protective devie.es o Poisonous 0' 
Fdrms amalgams with :many metals" 

.. --~ .. 
Mica Na~A1~Si "' ... 2 0 7",3 .. 0 =co' Very large, Electrical insulator in vacuum practice .. Th:in 

I. 
compoUnd .. 

wind~ls in GeM. tubes o ...... 
T -'I 

0 

Molybdenum 
0, 

Seals to Pyrex glass o Spot-welds to Fe and Nio "'- 2470 1001 ,,001 at 507 at 20 C 
2293°0 Readily absorbs 02 at 10000C o Used for filrurerrts 

,Nickel -~ 1452 8 0 8 1O-8at 1100°0 7024 at 20°0 Used for electrode" Ferro-magnetic alloys: 
10~2at i700.o0' , Nichrome(heaters)g Invar(low coeffo of' expo) .. 

Palladium -= 1555 12 0 2 _co 11 at 20°0 US,ed as getter 0 Abso,rbs ~ strong1yo . 

Platinum -- 1773 21045 -- 10 at 20uC' Seals readily to glasso Comritonly used where 
iIlininium'corrosiondesirable o Very ductile" . " . 
'Chemically inert~' lJs~d; in insul'ators II to tram '" Silica Amorphous ... - 201-2,,2 c>= Very large 

Si02 inft VV lightg. and Wh,ere,low coeffo of expo . 
is desired o 

~ 

Silver -- 960 0 5 .10 0 5-1006 ~001 at' 837°C 1093 at 18°C Easily sputtered arid evaporat'ed i~ vacua o Used . 
" 1.0 at l2'180 C as conductor, fO,r ~ef'lect~ng coatings 0 , 

. , , ~ -, .' - 1505 at 20°0 Used for filameI?:ts, eiectrode~" Can be' sp'ot:-Tantalum -~ 2996 16 0 6 --
. ' . , . welded to other metals" . 

. ' 

~ 

! 

""" i 
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~u'~'~'~:~~-. f 'C~~;'::~-~i 0:-'- Resistivity'. -. l' M~Pc 

°C, 
Specific 
GravitY-

V.Po 
nullo Hg I \-l~ohm .cms" .1 Genera;....." 

3370 I 1806~19ol 8xlO~9 at 5.51 at-;oo~tu;~·'·;·~·;·-;~~~~~:~nt~;-~~~-~;~·.o~~~-:-- Seals tOI" 

2l30oC 2l30~~ Pyrex and Mo.nax glasse.s readily. 
isxlO at I 

, 25300 C 
,.J...-__ --'-_--I.' ______ ..L..-' ____ -J-' ____ --1I __ ' __ --'_-l.. ____ -.:-. __ L.-__________ --.-_______ ! 

Tungsten 

* T~en from Handbook of Chemistry and Physics g 30th Edition.and High VacuumTechnique by J o Yar:,-ood, John 
Wiley & Sons 9 Londono ' .. 

I!) 

D 
I-' 
00 
I 

~ 
~, 
CN 
CN 
IJ:>. 

,.j 
'. , 

/-" 
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XIII Relations bet'w'een Various Units of Pressure 
-------~.-

;~~~> 

~ 
~i,' 
: ... .." 

", ., 
~~.~ 

;;, 
'$; 

'''It.~. 
,."''>-(~ .. 

• 

? ·;~:2· . )~~~t, 
rom Hg em Hg bars \-La \-L (microns) Hg Ibs .. /in~Kg/cm·":i' ~~:, Atmos .. 

, .. ' 

i'-- . 
. ".:."> ~~;;. -] 

1 nun Hg = 1 .1 lS2C5. 10,000 1000 .0193 .00136 ·~.00132 

1 cm Hg :: 

1 bars 
(dynes/cm2 ) = 

10 

7 0 54 x 10-4 

1 13250 

7 .. 54 x 10-5 1 

100 9 000 10000 0193 

, 

7 .. 54 .. 754 1 .. 45 x 10-5 

00136 0 0132 
:i~);~,.~ 

'}t~~,~ . ( 

_61;, -7 
1 0 02 x 10 9 .. 87 xlP 

.'!{'~ 

--------~--------------------------------~----------~------------------------------------. ~,-. -' 7 .~ 7 
1 lla (UCRL) = 00001 ,,00001 ,,1325 1 .. 1 

!!Ii 1094 x 10-6 1 0 36 x 10~ 1 .. 32 x 1d~ 

._--- -----~~-

0001 .. 0001 1,,325 10 1 1 0 94 x 10-5 1 036 x 10~6 1 032 x 10~6 
1 \-L 

.06~-h 5107 5,,17 
. 4 

5.17 x 105 5017 x 104 0070 6 09 x 10 1 

( . Hg)-\m~crons " -

1 Ibs olin. 2 = 

1 Kg .. /cm2 = 735 0 6 73 .. 56 9 0 8 x 105 6 5 
7 .. 36 x lO 7036 x 10 1402 1 0968 

1 atmosphere = 760 76 1 0 0132 x 106 7'06 x 10 
6 

7 0 6 x 105 1407 1 0 0332 1 

The bar used here (1 dyne/cm2) is one-millionth of the bar used in meteorological work.. The unit (1 dyn0/cm
2 ) is 

sometimes called the microbar and is spelled barye e The unit used at UCRL, the l.la, is only loosely related to the 
other more commonly encountered units of pressure o 
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