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obligation whatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in any way
supplied the said drawings, specifications, or other
data is not to be regarded by implication or other=
wise as in any manner licensing the holder or any
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The following is the third quarterly report of work now in progress

which is aimed at achieving a higher degree of reliability in electron tubes

through a better and moré comprehensive understanding of the kinds and qua

ities of gases which occur in these tubes. A bakeable, ultraclean high

constructed for conducting these investigations. Essentially all of the
effort during this report period has been devoted to the construction and

calibration of the various orifice systems utilized in the equipment. The

the study can in fact be achieved and work is currently progressing in this

direction. Some preliminary degassing experiments are described. §
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In this report; the Third Quarterly Report in the Quantitative Study
of Gas Evolution from Electron Tubeés;, the new vacuum system construction is
shown, the omegatron gauge calibration data are presented, and the orifice

conductance calibrations are described. Some observations of the prelimimary

i
#
&
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degassing of the tube to be studied in detail (Amperex Type 589L4) are reported
and the specific tests to be performed on this tubé during the next period are
out!ined.

The two prévious reports have presented the background of the study,
emphasizing the vital need for quantitative information regarding gas evolus
tion and reaction rates. In fact, significant advances in the preparation
of materials and in the development of optimum processing techniques cannot
be made without such information. To this end, and in view of the small quanti=
ties of gas involved and the complexity of the tube gas interactions, consider-
able care has been exercised in the design, construction, and calibration of
the system and associated equipment. The six ion gauges were completely cali-
brated for the five gases expected to occur in significant quantities: hydrogen,
carbon monoxide, carbon dioxide, nitrogen, and methane, as well as the test gas
deuterium, on a specially constructed high vacuum system. (The hydrogen and
deuterium calibrations are included in the present report.)

During the extensive omegatron calibration procedure, the carbon monoxide
pumping action of the ion gauges was evaluated. The lack of a detectable ion
current in the omegatron for most of the masses when using an RF signal of only

1 volt rms, led to an investigaticn of the magnetic field uniformity. Variations
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proved most effective in minimizing field variations. (See Quarterly Report
No. 2.) The increased field uniformity permitted the use of ah RF signal of
1.5 volts rms. and a beam current of 1.0 microamperes but required recalibras

tion of the omegatron gauge.
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NEW_OMEGATRON CALIBRATION

Following the improvement in magnetic field uniformity achieved in
the Second Quarterly Report, it was neécessary to obtain new calibration data

for the omégatron, The operating conditions used were:

s e At A T

Fofsn

tp -~ —Filament Bias ——70 vbe

Ee Collector Bias 20 vDC
E¢ Trap Bias 1.4 vbC
I Beam Current 1.0 uamp
Erg  RF Voltage 1.5 Vems

...... 2 and Hy are plotted as
sensitivity (ma/ma/Torr) vs. pressure in Torr in Figures 1, 2, and 3. A straight
1ine has been drawn through a proximatée weighted avérage of points in the
nefghborhood of 10°8 Torr pressure. As expected, the sensitivity falls sharply
in the range of 107 Torr, and these points have been ignored in the averaging.
The weighted average value indicated by the horizontal line will be used as the

omegatron sensitivity for the particular gas. These sensitivities are:

cHy 9.5
co, 4.2
co 9.7
NZ 1.5
0, 3.5
H, 2.9

Agreement between these values and those reported in the literature is

good except for CO,. The sensitivity for COy is usually reported as greater
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than that for CO as opposed to our findings. However, extensive supplemental
tests with C0, did not result in any change of the sensitivity value, We
conclude; therefore, that the measured sensitivity is accurate and free of
error in experimental technique. The complete séans for the individual gases

gave patterns which are comparable to those shown in the Second Quarterly
to that of the main peak for each gas. (Intensity of main peak = 100).

: Mass Number B )
Gas 2 b 12 13 14 15 16 26 Wk

CHy, 1.5 3.85 10.3 769 100
co, b.2 . 9.0 23.5 100
co 3.8 1.9 100
Ny 7.65. 100
b 100

Hy 100

An unsuccessful atteﬁpt was made to calibrate the system with a known
gas mixture. A small cylinder containing a helium-nitrogen mixture was
attached to the system. During the preliminary calibration procedure, a leak
developed in the system between the valve of the variable leak and the main

chamber, Before the leak was detected, confirmed, and located, however, the

cylinder was almost empty and the calibration could net be completed. In the

interest of time, a decision was made to proceed with the construction of the

ges analysis system and eliminate the gas mixture calibration.

“Report. Table 1 compares the fntensity of peaks at significant mass numbers—————
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The gas analysis system was‘eonstfueted‘QSséﬁtiadly as shown and des=
cribed in the First Quarterly Report except for some improvements and slight
changes to facilitate operation. Figure 4 is a block diagram of the system.
1t is identical with that of Figure 3 in the First Report with the exception

that the fonization gauges P4 and Py, are interchanged. (The conductance

e RN RREIE - e
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equations are thereby changed from those given and they will therefore be
restated when used to assure clarity).

dimensions was used to construct the orifices. The varfable leak was placed
below the oven table so as to allow bakeout of the system without changing

the settings. (The valve would have had to bé opened completely during bake

out. A hot air gun is used ih heating that portion of the system below the
oven tabie to achieve adequatie bakeout).

An improvement in the data collection system has been achieved by the
addition of a switching arrangement which will allow one to record pressure
readings from the six ionfzation gauges without interchanging leads. In the
arrangement, the six gauges are connected to two rotary switches such that
it is possible to read any of nine possible combinations of two gauges at

a time.

A picture of the system as it now exists {s given in Figure 5.
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ORIFICE CONDUCTANCE CALIBRATION

The conductance of an orifice is given by thé equation:

i g

where Q is the quantity of gas passing through the orifice per unit time,

C e

o e e G L

and P is the pressure dropscross

of a pump is gfven by:

where S is the pumping speed in volume per unit time, and P is the pressure
at the inlet of the pump.
Based on the diagram of Figure 4, the following équations apply to
(“: the orifices and pumps (the subscripts 8 and 40 refer to the 8 1{ter per

second and 4O 1iter per second ion pumps):

E Cg6 (P5 = Pg) = Qo
' Cs6 (Pg = Pg)
%
Cau (Pg = Py) = Qo + Qg

C23 (P2 = P3)

+

CI2 (P' !‘PZ) ;CS6 (Ps - P6)

As discussed in the Second Report, the standard leaks were not suitable
for this investigation. Since the variable leak was not reproducibie, we based

the conductance calibration measurements on the pump speed data as reported

by the pump manufacturer. The original data sheets graphically described

g the pump speed as being constant through the range 10’5 Torr to 10’8 Torr.
]

After a number of experimental runs gave wide discrepancies in conductance

p —-

values, the pump manufacturer was contacted. He confirmed the suspicion that

R TR 3 ey




S

e o A SR B R A

-‘] 5-

pump speed varied with pressure and supplied new curves showing the real
relationship. These are replotted in Figure 6. Throughputs of the system
were calculated using these graphs to determine Si0 and sa from the measured
fon pump curfents which are proportional to the pressure at the pump flanges.

We designate the pump pressures thus determined as Pyo and Pg. Qo and QB

in équitions 1, 3 and 4 have been determined in this way rather than by the -
relations Qg = SgPy, and Qo = SygPg- P, and Pg do not correspond to the

pressurés indicated by the ion pump cufrént values because there is a comnduct=

ance drop bétween these ioh gauges and their respective pumps. The primary
procedures for determining the orifice conductances follows.

The test gas, nitrogen in this case, was admitted to the system through
the variable leak and allowed to reach équilibrium as indicated by constant
ion gauge readings. At this point all gauge readings were recorded along
with the pump current. Input (cylinder) préssure was then varied from 10
to 40 psig in 10 steps and the gauge and pump readings again recorded at
each equilibrium point. Conductance calculations were made for each orifices
the results are presented in Tables 1, 2, and 3. The ion gauge readings
shown in the Tables have been corrected for the sensitivity of the test gas,

nitrogen. The average conductance values are:

C12 = ( Q4o + Qg )/( Py - Py ) = 0.01682 1iters/second--=-Table 1

cg’ = Qe /( P2 - Pk ) = 0,0057 liter;/;gggnd--_-ggggggeqe--_ngble Z

Cg6 = Qo /( Pg = Pg ) = 0.6k liters/second--=o-=nccez----Table 3
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" ION PUMP SPEED VS. PRESSURE (FOR NITROGEN)
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3.0x10°% 4.2x10°

“.1

5.9
6.7
8.1
2.0
2.1
3.2
b.o

P

5.4

7.4
8.9
9.8

2.9

350

L.6
5.2

2

ey b5

5 7.39 1/s

7.L45

— 748

7:51
7.60
7.63
7:29
7.32
7.40
7.44
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Table 1

75

1.0x10°
1.3
1.5
4,0x10”
4.3
6.0

7.0

7

6

29.2 1/s  7.0x10°9

29.6

9.8

30.2
30.5
31.0
28.2
28.8
29.4
29.8

8.5

—%.2

1.1x10°8
1.3
1.5
5.1x10°2
5.8
7.6
8.5

0.0174
0;016#

0.0156. ..

0.0152
0.0177
0.0167
0.0181
0.0185
0.0168
0.0158
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Puo
5.5x10™

Suo
28.6

29:2

29.4

29.6

32.8

6.60x10~7

8.73

2.17x10°7

2.1

$rd

%6

2,54x10~8

2.79

e e Mfww;w 4

- —toopero™S
1.38
1.60
6.82
6.20
L4.89
2.66x10°%

2,02

364‘5

3.70

4.70

2.08x1

1.63

9.9k

6.69

0-é

2.96
3.22
3.38
9.32
8.47
8.13
2.96x10~7

2,63
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% A measure of the uniformity of the conductance values for &ach orifice is
; obtained from Table 3A. 1In the table T is the average of 1§ conductance values
for the orifices ¢ is the standard deviation; R is the range.
Table 34 (n=10)
_ i - - Percent of C within
; orifice T o R #3620 *lo
015 01682 .001 .0033(3.30) 100 100 50
| 0, 129 .0088 .03 (3.bo) 100 90 70 ‘
3
; 053 .0057 .00015 .0008 (5.36) 100 70 30
. 05 0,64 .086 27 (3.10) 100 90 70 !
In designing the gas analysis system; the expected orifice conductance 1
values were calculated from the orifice dimensions in accordance with Dushman's ;
equation as discussed in the First Quarterly Report: §
- (7) |
where D is the orifice diameter in centimeters
L is the orifice length in centimeters
T is the absolute temperature in “kelvin
M is the molecular weight of the gas in grams per mole.
] (
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These calculated values are compared with the experimental values
below:

(1) calcutated (2) Experimental % difference from (1)
€2 <0100 .0168 +68.0

Cyy — .0830 1290 +66.6-

Ceg 4020 .64 +59.2

At present, we have no verified explanation of the considerable diserepancy
between the twio sets of values. The most probable explanation of the dif-
ferences is that the actual pumping speeds of the two ion pumps are lower
than the nominal values given by the manufacturer. The conductance values
are internally consistént, however. We plan to obtain a suitable standard

leak and calibrate the ion pump speeds more accurately if time permits.

(LTI




DETERMINATION OF QUANTITIES OF GASES EVOLVED

The gas analysi§ system was designed so that both the types and quanti-
ties of gases evolved could be determined. Approximately 5% of the gas
from the tube under test or from the test supply passes through the omegatron

two legs of the system. Knowing the total and partial pressures of the

Gt R

gases, their pumping speeds, and the total degassing time, it is possible
to determine from the omegatron reading the total amount of each gas evolved.

The actual ratio of throughput in the omegatron section to total through-
put in the system is given by _‘859% Using data from Tables 1 and 2, the

ratio is calculated and presented in Table 4, The average value from 2 sets
of ten readings is 0.0Luk or L.LLY passing through the omegatron tube., Al
though this figure is based on the data for nitrogen, it is valid for all
the gases encountered because both pumps are of the same type and pump equal
fractions of each kind of gas.

It is now necessary to establish the relationship between the partial
pressures determined by the omegatron and the total evolved. Data from Figure
6 was used to plot throughput as a function of pressure for the 40 1/sec.
pump and is shown in Figure 7 for the range 10°% to 1077 Torr. If we deter-
mine the conductance between the omegatron and the 40 1/s ion pump it is
then possible to calculate the pressure in the omegatron, Py, against which

the throughput, Qu9, can be plotted.

Po = Qo/Co.uo * Puo

where Cq.4o is the conductance between the omegatron and the 4o 1/s pump.
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2.04x10~7
l;76x1057
1.57x10°7

12
13.
14,
15.
16.
17.
18,
19.
20.

2.04x10°7
2.52x10°7
2.66x10°7
3.32x10°7
3.97x10°7
L.65x1077
l.57x1o‘7
1.67x10°7

Lb2xi0°7

»b.ﬂhx10'6

4.13x10-8

3.51x1o*6

4. 29x10°8
5.69x10-8
6.48x10-6
-6

6

7.51x10
9.88x10”
11.145x10°6
2.62x105
3.h5x1o‘6
3.68
L. by
5.21
5.97
5.83
5.05
k.36
3.60

2.80x106
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First, the conductance between P3 and P5 was calculated from data

in Table 3 from the formula:

Cye5 = ;;‘-g— \‘n'h'e,re‘ C3.5 is the conductance between ion gauges

The_average of 10 values was 0.272 1iters/second with a range of 0.355-0.214=

0.1,

The omegatron tube is located between the ion gauges designated P3 and
Pge To determine the pressure (P,) at the omegatron, the conductance be-
tween it and Pg must be known. This is calculated from the length and di-
ameter of the glass tubing between them, the temperature, and the molecular
weight of the gas. The total conductance between the omegatron and the

4o 1/s 1on pump is then obtained from the relation:

:1‘,, +‘ ¥ e +1‘

5% &

LY

which applies for conductances in series. It was not possible to determine
the conductance between P, and Pg experimentally because the presence of
the magnet in position at the omegatron caused erroneous readings at the
fon gauges Py and Pg. The value computed was Co.5 = 0,382 liters/second
for nitrogen.

Calculation of the conductance between P5 and the Pyg (the 40 1/sec,
fon pump) was based on data from Table 3 and shown in Table 5 using the

retation:

f Qo
! C5-40 = F g




\Ps—:
2:17x10"7
2.71

40
5.5x10° 9
6.2

=26=

Table §

Y
1.58x10°7

1.73

3,44
3.70
4.70
1.08x10
2.08
1.63
9:94
6.69

7.0

7.8

3.3x10”
3.5

2.8
1.5x10°7
1.2

2.05
2,29
2.52
1.08x10°6
1.16
9.10x19"7
5.43x10°5
4,32

C

Ps= Pug
0.75
0.65
0.62
0.63
0:55
0.53
0.57
0.57
).55
0.66
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The average of ten values gives C;auo = 0.61 liters/second. Using the fore=
going values, the conductance between the omegatron and the 4O liter/sec.

pump is obtained from:

Co-5 x Co-ho.

T

g

Q
Po = T+ Pyg -
Co-ig

We obtained values of P, which were then plotted against Quq, the through=
put. The graph is shown in Figure 8 and permits us to determine the quantity
of nitrogen passing through the omegatron per second. Dividing the quantity
so obtained by 0.04L44 (the ratio of Quothroughput to total throughput of the
system) gives us the total degassing rate of the tube under test. This is
plotted in Figure 9 as a function of the omegatron pressure for nitrogen.
Similar calculations and plots have been made for other gases expected
in operation. Since the pump speed for the gases €0y, CO, and H,0 is the
same as that for nitrogen, we need only change the conductance values used
The conductance values for different gases are in the ratio of the square
root of their moiecular weights. The molecular weight of CO is the same as
that for nitrogen and the curve in Figure 9 has therefore been marked Nitrogen-

Carbon Monoxide. Conductance factors for the remaining gases are as follows:

Coolio = 25 22
1 COiS * C5540 :
. i
0.382+0.61
= 0.235 liters/sec.
4
1 Substituting this value in the equation for Py,
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o CHjpwsese=1,33

Substituting the correct conductance values in the equation, the omegatron
pressure as a function of throughput is calculated for each gas and plotted

_in Figure 8. For water vapor and carbon dioxide whose pumping speeds are

the same as for nitrogen, .the same throughputs were used ih the caléulations.

for hydrogen the pumping speed is 270 times that for nitrogen. Throughputs
calculated for these speed ratios were substituted in the equation along

with the proper conductance values to obtain the data used in plotting the various
curves in Figures 7, 8, and 9. The pumping speed used for methane is not

known. It will be determined during the next quarter. Indicatfons are that

it is fairly close to that for nitrogen.
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PRELININARY DEGASSING OF AMPEREX TUBE

Although the calibration of the throughput of methane was still to be

performed; a decision was made to test the system by a preliminary degassing

of the Amperex tube: An RF coil of copper tubing was wound aruuid and ad=

—justed to fit around the tube under test. As an indepéndent check on the

e Bt s I

S

omegatron throughput, deuterium gas was introduced to the system at a slow
rate. See the First Quarterly Report, page 14, for further details.

An omegatron scan taken immediately after turning on the RF unit revealed
a large mass peak at a chargesto-mass ratio of 20. Since no peak was detected
at 40, the peak at 20 could not be doubly ionized argon. It was judged, theres
fore; to be D,0 formed by the reaction of deuterium with oxygeh liberated by
the degassing operation (no free oxygen was detectéd). The other gases detected
were C02, H20, N,s and C0. As the RF current was inéréased the peak height
of D,0 increased, then decreased as the quantity of gas driven off the tube
elements decreased. However, the height of the deuterfum peak needs to be
examined more élosely to determine the exact correlation that must exist.

The general procedure for determining the quantity of gases evolved in
the Amperex tube is as follows:

1. Set the RF current at a value such that the degassing rate remains

fairly constant. |

2. Scan from mass 4i to mass 2 every five minutes.

3. Record the height of the peaks for each five minute period.

5. Determine the total degassing rate of each gas evolved using Fig.9

. 6., Compute total gas evolved by multipying the value for each gas
from (5) above by a factor of 300 (throughput in micron-liters/sec.

x 60 sec./min. x 5 min.),

1 e A R e e
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In holding the total degassing rate at a low value and as nearly constant

i
H
H
2

e reami ek s el £ i

'

individual gases remains constant over the five minute period required for '
the scan. It may be possible to infer the accuracy of this assumption by !
i
varying the start of the scanning with Fespect to the start of the RF heating. !
i

We plan to attempt tests of this nature, among others, during the next period.




APPENDIX I

Gauge No. 1

(10-5 Torr/min)
3.36
2.88
3.4
3.68

T X 16.68
X - 3.34

$1
k.07

a8

TONIZATION GAUGE CALIBRATION DATA FOR HYDROGEN

396 N, 32

4,48
b.36
L4.u8
L.36

21.64
4.33

S2
5.28

4, bk
4,48
4.76
4.0

22,20
L.uh

SENSITIVITIES OF THE GAUGES FOR HYDROGEN

S3

5.12

o h28

L. 40
3“. 92
L.20

16.80
L4.20

——3.36

3.52
3.08
3.24
3.56

16.76
3.35

5
L.o9

,,,,,, 5.16

20.96

6.39

PR

;
T e b

N




PERSONNEL

Contributing to this phase of the ¢ontract were the following engineering

and séientific personnel;

MF.
Mr .
Mr

MF.
MF.
MF.

W
Gs
Fs

E.

w.
Bo
Je

J.
He
I.
Is
A.
S,
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GPubbs
Snider
S¢ott

Doucette

Taylor
Porter
Mur iano
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IONIZATION GAUGE CALIBRATION FOR BEUTERIUM

Gauge No.

Pressure

(léﬁsforE/h{n)

1

1.89 .

2,13
2.10
2.25
2.16

2

_.1.86

2.01
1.89
1.95
1.92

9.63
1.93

3

2,22

2,40
2.52
2.58
2.43

12,15
2,43

SENSITIVITIES OF THE GAUGES FOR DEUTERIUM

S
3.63

52

3.32

53

2,32

1,26

1.35
1.38
1,44
1.32

6.75
1.35

b.18

1,20

1.35
1.32
1.50
1.26

1.33

2.29

2.16

e e .
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2,22
2.25
2,52
2.25

2.28

3.92

P
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