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1. Pressure Measurement With an Ion Gauge:

Figure 1 shows a sniffer and the temperature distribution along
the sniffer tube. This temperature distribution is hoped to be a good
approximation for present discussions. Furthermore, we assume that the
outgassing takes place only from the surface of tube I at room temper-

ature, shown in Fig. 1, tubes II and III have no outgassing.

The conductances of tubes II and III are calculated as follows:

The temperature distribution along the tube is shown in Fig. 2.

Tix) = Ec Z+ Ty =AX+H (1)
The conductance of a long circular tube of unit length is
| ZRT 3 , ,
C= -;/ ,:R 0’ {D: diameter ot the tude in cm) (2)
=E/az+b (E= Zlkps)

Therefore, the conductance, Ce,'of the tube which has the temperature

distribution in Fig. 2 is
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The conductances of tubes II and III, for M = 28, are

Ce=546 2/, (4)
Cm =26.Q Yhec

and a total conductance of tubes II and III in series is

C‘t=(-5'u- J’E‘E)—': /7.6 Ghec (5)

Therefore, the pressure distribution along tube I is represented by

the differential equation

g: outgassing rate per unit

AP _ gA (6) area 1x10~!%? Torr %/sec cm?®
dT C A: surface area of the tube

per unit length 11.3 cm?/cm

C: conductance of the tube of
unit length 5.8x10' %-cm/sec

with the following boundary conditions

4P _

1 =0, (£=o) (7)

P _ £A¢ .
(=€) """’Cc )(1 £)

Equations (6) and (7) lead the pressure distribution in tube I

gA€ |, gae?
A 20 (8)
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From Eg.(9) the pressure reading, P(O)' at the end of sniffer is

| -2
Py = 34 (5 + £)=4sx10 7, (9)



with

5.81x10% fL-cm/sec (9%)

Q
Il

g = 1x10~'? Torr %/sec cm?

A 11.3 cm?/cm
£ = 6.83 cm

Cy = 17.6 &/sec

This figure represents a lower limit of the sniffer pressure measurement
system.

2. Pressure Measurement with an Ton Pump:

2-a. Base pressure caused by outgassing in tube I -
An ion pump of speed S (30 2/sec) is set at the end of the sniffer.
The pressure distribution in tube I can be obtained by solving the

differential equation

d’P _ €A (10)

P

dv*~ C

with boundary conditions

dp _ psS

wE o o
P __ P& __
Jz - ¢ (=9

Equations (10) and (11) lead to pressure distribution in tube I

G
Po= -2, gAS(+H0Y) . . SAC(L+5E0’) (12)
2C CS+CeSL+CCe ¢S +C¢Se +C ¢

The pressure at the end of the sniffer is



-

gAC(e+ £ 40) ~12
2" 7 r (13)
Fo) IO e or e [,E& X 10" Tor

with the parameters shown in (9'). This base pressure is quite low and
can be neglected for further discussion below.
2-b. Sensitivity of ion pump pressure measurement for helium
gas in the cold bore.
The helium pressure in cold bore causes gas flow through the
sniffer to the ion pump. This flow rate, Q, is represented by the

next relations (see Appendix).

Q: ”r-r"' ' C.' PC T,: temperature in cold bore 4.8K (14)
V Th 7& Ty,: temperature at ion pump 300K
Cp = %%gz effective pumping speed of

an ion pump with conductance
C.

Therefore, the pressure Pi’ observed by an ion pump is

=8 _-,J‘r—u c_. (15)
=g To T C+SI%

Putting S = o into Eg. (15) leads:to the relation of "Thermal Transpiration

Effect."
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For an estimation, we assume S = 4.0 2/sec for helium, C = 34.1 &/sec
for helium with the sniffer shown in Fig. 1 and the lowest pressure
detectable by the ion pump is 1x10~* Torr.

This yields the minimum detectable pressure, Pojipmitr in the cold

bore

+ ~1 o
Rotost =ﬁ'—§ E&-S-P; = L4 X107 Toer (at 48%)

For the same mass density, this value corresponds to a helium pressure

Pyge at 300°K of

T -
Pe = T Tetuss = 583 X/0 " Torr



APPENDIX

GAS FLOW BETWEEN TWO CHAMBERS AT DIFFERENT TEMPERATURE

As shown above, the two chambers at different temperature,

respectively, are connected through a pipe.

and Tw

In equilibrium the pressure

ratio is equal to the square root of the temperature ratio of the two

chambers. (Thermal Transpiration Effect):

fo %
Fe Te

The two fluxes dj_, and gp.j; must be equal.

e R’

—

™ %
From Egs.(l) and (2) C' is represented as

¢'=¢[=

w

(1)

(2)

(3)
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The coefficient, EE in Eg.(3) is the ratio of the mean velocity of

T
w

molecules in two chambers.
If the pressure in chamber 1 is zero, the gas flow, 5.1 from

chamber 2 to 1 is

_ RO L R
3._'.._[& _C[—%TC (4)

this leads to Eg.(1l4) in Section 2-b.
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