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ABSIBACT

Cavity type Ionization chambers with graphite vails are used to measure
the heat dissipation in the graphite reflector of the IS2 s&efe-tip.

Because of the iBapcartanee of these HiB&sBrwwxts with regard to the final
design of the MB reaeter., accurate knowledge of the reliability of the heat
ing values computed from the chamber masxtreffieats was desired, A study of the
relationship between the ionization occurring In the chamber and the heat
generated in the surrounding graphite medium has been carried out and is re
ported here.

She study eoaslsted essentially of comparisons between ealorimetric
measurements of the heat generated in graphite placed at a chosen position in
the Z-pils aid ionization chamber measurement carried out at a comparable po
sition. In additional measurements made with a high intensity .'Jbalt-60 source,
the relative effective energies required to form ion pairs in various gases
admitted separately to the ionization ehamher wea?e determined. She latter
measurements made possible a eeajparison between the ealorimelartc measurements
carried cut in this work and the calorimetrie measurements which have "been

carried out with the cobalt source by others. A comparison of the results
with the best values for the average energy expended in ion pair formation
in air and in CQg Indicates that, the chamber is about 97'$ efficient.' This
efficiency is 'based on our test estimate of "fee effective volume of the
chamber.



Ionization chambers have bees msed extensively for some time in
measuring the quantity of gamma snergy absorbed in various materials
under irradiation. That the method is capable of rendering accurate
results has been shown theoretically by Gray.3- Els treatment has been
summarized by Kaye et al.2 as follows:

"(l) The Introduction of a small gas cavity into a solid or liquid
medium does not disturb the number, speed and direction of electrons
crossing the surface which has become the wall of cavity. This is
true only if the dimensions of the cavity are smell compared with the
range of the electrons.

(2) The cavity must he situate! at; a depth in the medium not less
than the maximum range of the secondary electrons in the medium.

(3) The energy lost by the electrons in the gas cavity (or the
ionization produced in the gas cavity) is related to the energy vhich
they would have lost if they had traversed the same volume of the
solid or liquid medium, in the ratio of the rates at which the secon
dary electrons lose energy in the gas and in the medium. If this
ratio is /°, then the energy Ey absorbed per unit volume of the
medium is given by

where £ = energy required to form an ion pair and Z-* = ionization per
unit volume of the gas cavity.

(h) The electronic stopping power of a given medium relative to a gas
is a slowly varying function of the atomic number of the gas and is
practically independent of the speed of the elestrons. It is assumed
that £• for a gas has the same value for electrons having energies between
one Kev and one Mev.

(5) The equation Sy -/°f:~y iaaplies that the ionization per unit volume
of a cavity should be independent cf the size of the cavity. But generally
the equation is true only if., as assumed in (l), the dimensions of the
cavity are sme.ll compared with the range of the electrons. If, however,
the mean atomic number of the gas Is ad^nsl o be equal to that of the
medium, the secondary amission from the walls cf the gas savity should be
the same, apart from the density factor, as that- from the gas and there
fore the ionization per ur.it volume should "be absolutely independent of
the size of the cavity.



(6) The energy absorbed per unit volume may be determined with an accuracy
of about 5$ by the measurement of the ionization In a small gas filled
cavity introduced into the medium at the point under consideration".

In actual practice questions arise as to the validity of the method for
several reasons: (l) A small uncertainty exists in the values for the
average amount of energy required for :! i pair formation in a given gas at
given electron energies, (2) The efficiency with which ions are collected
in the chamber may be uncertain, and {'<) Special conditions of measurement
such as the preserve of fast or slow neutrons along with the gamma radiations
may complicate Interpretation of the results.

Ionization chambers used in bhaln reacting pile? ars of course subject
to all three uncertainties, a, 'Ting results love been encountered
in this usage. The monitoring if ^Kerna fluxes in piles I:-, however, an
important application of the ionization shamber and a graphite walled shamber
is used to determine, the heat produced by gamma ray absorption In the graphite
of the MTB mock-up, Tne Information obtained from measurements la the mock-
up will be used to predict the heat dissipation In the graphite reflector
surrounding the Materials Testing Beactor and is of such importance that in
dependent confirmation of the beating as computet from ionization chamber
measurements was greatly desired. To furnish such a confirmation we have
carried out a study of the relationship between the ionization chamber read
ings resulting when the chamber la placed in a graphite medium in which pile
radiations are being absorbed and the. quantity Of heat generated in the
medium by absorption of the radiation. Calorimetrlc methods were used to
determine the heat.



METHOD

The method of studying the ionization chamber was essentially as
follows: A calorimeter containing graphite was placed In hole 12 of the
X-pile, and measurement; of the beat generated in the graphite by absorption
of pile radiations were carried out. Toe calorimeter was then replaced
with a COp-fllled Ionization chamber the surroundings of which closely re
produced those of tne calorimeter, and measurements made with, the chamber.
The results of the measurements wers then compared. In subsequent measure
ments in the pile, the ionization chamber readings given by air filled and
helium filled chambers were compared to the readings given by the C02
filled chamber.

In planning the study, consideration was first given to carrying out
the measurements in -the graphite reflector of the mock-up. However, the
experimental facilities available for calorlmetry at the mock-up were poor,
and the low power at which the moch-uo was operated would have necessitated
the use of delicate micro calorimetrlc techniques. In addition, the fact
that corrections would have to be applied to the measurements because of
neutron and gamma-ray absorption In the materials of the calorimeter re
moved any advantage which measurements at this site might have over measure
ments in the pile in Building 105. lue gamma-ray fluxes in the latter pile
are 10 to 100 times greater than those in the KTR mesk-up so that the
calorimetry could be relatively straight forward.

Hole 12 enters the pile vertically and is equipped with an aluminum
jacket through which water at a given temperature can be circulated giving
a constant temperature la the hole. The position in the hole at which the
comparisons were made was 7'6" below the top of the concrete shield, i.e.,
just above the top of the pile graphite and in the region of the 10" air
gap which separates the top of the graphite from the concrete shield.
During measurements, the space in the hole directly below the instrument"
was filled with a graphite cylinder 2k" in length. Thus the nearest pile
metal was separated from the calorimeter and chamber "by 30" of graphite.
Preliminary measurements of the slow neutron flux, the cadmium ratio arid.
the change In the -ionization chamber readings with displacement along the
axis of the tube established the operating conditions prevailing at the
chosen position.

In addition to the comparative measurements in the pile, a study of
the performance of the ionization chamber when irraliatsd byy' rays only
was also carried out. The source used In this study was the 300 curie
cobalt-60 source prepared by lochanadel and Gbormley for radiation chemistry
measurements. It is made up of a number of cobalt pellets placed sym
metrically aroung the surface of a brass cylinder 10 cm in length and about
k cm in diameter. The space within the cylinder may be used for Irradiations,
and the gamma ray intensity existing there has been determined "r>j Hochanadel
and Ghormley by calorim&trleaHy measuring the boat produced in water.



The chamber was placed within the cylinder and the ion current pro
duced in four different gases,? C02, dry air, Ee> and A, measured. Tne
results of these measurements permitted an excellent comparison Gf the
effective energies per ion pair In the various gases and also made possible
a comparison of the results of the two different calorimetrlc measurements.

Other reports, OBJSL-76O and C.F. 50-7-86., discuss the heat distribution
in the MTR graphite reflector as determined from Ionization chamber measure
ments in the mock-up.

APPARATUS

Ionization Chamber. The ionization chamber calibrated in this study
was one of the type designed by B. K, Abele of Oak BIdge Rational Laboratory,
for use In gamma ray distribution measurements la the mock-up. It was con
structed principally of graphite and had a volume of about. 10 ml. A scale
drawing of the chamber giving some details of construction is shown in Figure
1. As may be noted the thickness of the walls was less than the range of
most of the secondary electrons which were anticipated. To provide a greater
thickness during measurements in the pile, the chamber was placed in a
graphite cup the walls of which were 1 cm thick. The gas filling for the
chamber was introduced through a hole near the top of the inner electrode
and allowed to leak out through a small hole in the bottom of the outer wall.
During measurements the desired gas was passed continuously into the chamber
at an approximate rate of 2 cu. ft. per hr. Gases from commercial tank
supplies were used in all cases.

Measurements of the ion current developed in the chamber were made with
a low drift electrometer of the type described by Glass.3 The electrometer
was provided with a 20 microampere meter with which the IB drop across the
grid resistor could be read. Alternatively the voltage developed could be
read with an external potentiometer, in which case the electrometer was
operated as a null indicator. The potentiometer was capable of giving more
sensitive readings than, the microampere meter, but readings with the latter
were reproducible to about t 1$ when made in the middle of the scale. Con
nection between the electrometer and the inner electrode of the chamber was

made through a 20 foot length of amphenol cable of the type BG-7/u". The
chamber walls were held 300 volts below the inner electrode through a second
lead.

Preliminary measurements were made with the ion chamber in hole 12 to

determine whether or not the 1 cm thickness of graphite was greater than
the range of substantially all the energetic recoil electrons formed. No
change in the ion current readings was found when the 1 cm wall was replaced
with one of 0.75 cm. whereas a decrease in the current should have resulted
if any significant portion of the recoil electrons had ranges greater than
0.75 cm. of graphite. An appreciable increase in the current resulted when
no external covering of graphite was used over the chamber. However, the
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added current most likely arose from absorption of energetic p-rays emitted
by the aluminum which lined the hole. It should be noted that the 0.75 cm.
of graphite plus the thickness of the chamber wails was sufficient to stop
the most energetic of the p-rays from Al2° so that the effect of the p-rays
may be ruled out in interpreting the results obtained with the O.75 cm. and
the 1,0 cm. walls. 'When the cobalt source was used, the chamber was sur
rounded by 3 mm. of graphite.

When making pile measurements to be compared with those of the calorimeter,
the ionization chamber and graphite cup were placed within containers which
were close reproductions of the calorimeter container. Indeed, replacement
of the calorimeter by the ion chamber consisted essentially of replacing the
contents of the calorimeter vacuum jacket D, Fig. 2, with the graphite cup
and chamber. Actually, a second stainless steel Dewar B, Figure 2, was used
with the chamber but the outer silica glass Dewar was the same In each case.
In the chamber assembly the material above the vessel B, Figure 2. was re
placed by a 3/V' CD. stainless steel tube through which the chamber leads
were passed. Where necessary to complete the reproduction of the calorimeter
surroundings, other materials were added to the side walls end bottom of the
chamber assembly. 80 liquid nitrogen was placed in the silica glass Dewar
during chamber measurements as was the case during calorimetrlc measurements.

Calorimetrlc Apparatus. The calorimeter which was designed to operate
within the hole and to measure the anticipated low powers was, in principle,
very similar to other calorimeters which have been used at this laboratory.
It operated at the temperature of liquid nitrogen, and the rate at which
nitrogen was vaporized 'by the source was used as a measure of the heat In
put. Beference is made to the paper dealing with the previous instrument
for a discussion of the theory and operation of such calorimeters.^

Several modifications were made In the design previously described in
order to make the calorimeter suitable for the pi-esent measurement. As
before, the calorimeter consisted, basically of three concentric vacuum
jacketed vessels, but for this application these were constructed, of materials
having low activation cross sections for thermal neutrons. The outer vessel
was of silica glass and the intermediate and inner vessels were constructed
either of mild steel or of stainless steel. All of the connecting tubing was
of thin walled stainless steel. The innermost and intermediate vessels,
which, respectively, formed the salorimeter <• • 1 and the calorimeter bath
were assembled pei-manently with soldered joints. These vessels were con
nected through tubes with the external bath so that the vessels could be
cooled and filled with the required amount of liquid without dismantling the
calorimeter. Long stemmed valves placed in the outer bath were used to
regulate the opening between the vessels and the bath. The calorimeter
proper and its vacuum jacket were designed so that most of the heat generated
in the calorimeter by gamma irradiation would arise from absorption of the
radiation in graphite and only a small part from absorption In other materials.
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This was accomplished by heaping the weight of the calorimeter small com

pared with that of the graphite with which it was in contact, and zy lining
the inner surface of the salorimeter jacket with sufficient graphite to
stop most of the recoil electrons •.riglnating in the metal walls of the
jacket.

A scale drawing of the calorimeter assembly is shown In Figure 2. The
three vacutim jacketed, vessels are identified In the drawing as A, B and C
where the last is the calorimeter proper. The calorimeter proper »as sur-
rouned and was in good thermal contact with a thick ring (3jA0 g.) of
graphite C' which comprised the calorimetrlc sample. A resistance heater
of the type previously used was placed in the graphite at P and was em
ployed in calibration measurements. The vacuum jacket for the calorimeter
is shown at D and the graphite liner at D!. Eva cation of the jacket was
effected by means of the tube labeled "to vacuum". The calorimeter proper
was connected with the external pressors control system and the value
through two small, tubes ... !', r tvely. The t. Leo served as
a suspension for the : • m ;er.

A gamma ray sntering the calorimeter normal .. thi side traverses l60
mils at silica glass (fused quart?}, 30 m 3 •' HI stainless steel, 15
mils of mild steel, 15 mils of 2S ai .• few mils of liquid nitrogen.
Inside the calorimeter., before reaching the g* .be D', it will pass through
k mils of 30^ stainless steel and another few mils of liquid nitrogen.

The apparatus used bo control the vapor pressure of the nitrogen within
the calorimeter and within the bath and to measure the gas evolved from the
calorimeter were, with only minor changes, reproductions of those previously
described.^

Operating Procedures. To set the calorimeter into operation 11 uid
nitrogen was placed in the outer vessel and al vessel 2
through valve b, A slight vacuum was then applied to tubs e which led
the calorimeter proper, and liquid thus drawn into that container through
valve e1. When the calorimeter was cold, as indicated by the resistance
of the resistor F, the excess liquid was forced out thr< 1' and
valve e' closed. The connection between the calorimeter and the pressure
control system was then opened. The is liquid in the bath was then
forced out in a similar manner, valve b closed, and the bath region con
nected with its pressure control system through tube b'. The calorimeter
was then in operation. During operation th< uum jacket was < raouated
continually. After the calorimeter had been placed in operation as out
lined above, it wat, necessary to replenish the supply of liquid nitrogen
in the outer container at intervals of several wever, the supply
of nitrogen within the calorimeter proper was Lcient for aboi
of operation at the maximum power level which and ,•. - aaa-
tely longer times at the lower levels. Thus a series of many measurements
could be made without any readjustments whatscever.
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Performance of Calorimeter. Studies of the performance of the

calorimeter as well as calibration determinations were carried out using
the resistance heater to develop precisely known power levels within the
calorimeter. The results of a series of such measurements are shown in

Table 1. The powers developed by the heater are listed in column three
and the rates of gas evolution measured in several successive observations
at each power are listed in column four. Column five contains a list of
rate values computed from the equation

R » 0.321 + 0.5366 W x lO1*-

(R = rate in arbitrary units and W = power level in watts), which was
determined from the experimental data by the method of least squares. The
deviation of the measured from the computed values is shown in the final
column.

These results fell nicely on a straight line indicating that the calori
meter was operating satisfactorily at all power levels investigated. The
probable deviation of the measured values from the computed line is t 0.2$.
It is interesting to note that at zero heat input the equation predicted a
rate of 0.321 identical with the measured rate; although the measured value
was not used in computing the line because the calorimeter was considered
less reliable at the very low rate of gas evolution observed there.

The results of two further series of calibration measurements are shown

in Table II. To correlate the data for different measurements in a given
series, a value for the rate at zero power was computed from each measured
rate making use of the slope determined above. This value was called the
background of the calorimeter and is shown in column six. The deviation of
the background at each point from the average for the series is given in the
final column. Measurement k of series 2 was not used in determining the
series average.

All measurements within a given series were carried out using one fil
ling of liquid nitrogen in the calorimeter and bath, and no changes in the
calorimeter were made during a given series. Before each different series
of measurements, however, the calorimeter and bath were refilled. It can
be seen from the data that a large variation existed in the average back
ground found in the different series of measurements but that only a small
variation existed between the separate measurements of a series. Slightly
different operating conditions such as the degree of tightness of the valve
opening into the calorimeter probably accounted for the observed differences.



Calorimeter Calibration Data

Series

Number

Measurement

Number

Power .

Watts x 1C4

Bate of Nitrogen Evolution
Arbitrary Units

DeviationMeasured Average Computed

1 1 ^.178 2.608

2.596
2.531

2.595 2.563 -0.032

1 2 1.868 1.320
1-322

1.321 1.323 +0.002

1 3 7.189 +.169
It.160
U.190

^•173 t.179 -0.006

1 k 6.103 3.570

3-571
3-590

3,593

3-581 3.596 +0.015

1

1

5

(6)

3-636

0.000

2.2h2
2.2+3
2.275
0.321

2.253

O.32I

2.272

0.321

-0.019

0.000

1

!__

7 8.983 5.129
5.157 5-1*3 5-1+1 +0.002
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TABLE II

Calorimeter Callbratlcn Data

Series

Number

- Measurement

Number

Bower ,
Watts x 104

Rate of nitrogen Evolution
Arbitrary Units

Background Bate
Arbitrary Units

Measured Average Computed Deviation

1 k.26l 2.704-

2.733
2.635
2.6

2.688

2.688 0. 'j-02- + .002

2 2 2.360 1.682
1.670
1.673

1.675 0.409 + .009

2 3 5-195 3.178
3.177 3.178 0.390 - .010

2 (*) 0.000 0.436 O.+36 0.+36 + .036

3 i 6.05+ 3.553
3.5*7
3.511
3.+80

3- 5V7 0.298 + .022

3 2 11.075 6.223
6.170 6.197 0.25+ - .022

3 3 U..878 6.63k
6.661
6.651

6.6+9 0.275 + .001
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Procedure:

Before carrying out comparisons between calorimetrlc and ionization
chamber measurements, the pile was brought to a specified power level and
held constant by adjustments of the bottom rod only, leaving the top rod
at a fixed position. The bottom rod is a considerable distance below the
top of the graphite in the pile, and adjustments of this rod had no ap
preciable effect on the flux distribution In the upper part of hole 12
where measurements were made. An ionization chamber (not assembled In
jackets) was then placed in the hole and the ion current measured as a
function of time. It was found that the readings generally leveled off
and became constant to within a few percent about 30 minutes after first
adjusting the pile power. Throughout the duration of a comparison the
same chamber was used to observe the gamma flux at intervals and to determine
the extent of any changes which might have occurred.

With the pile at a constant power, the calorimeter was set Into operation
and calibrated with the aid of the resistance heater at a power level close
to that expected when placed In the pile. The calorimeter assembly was then
placed in a support made of 15 mil aluminum, lowered to the specified depth
in the pile and a measurement carried out. Following the measurement, the
calorimeter was withdrawn and again calibrated. A chamber measurement,
using either the chamber assembled in jackets or the unassembled one, or
both, was also made following the calorimetrlc measurement.

Careful attention was given to reproducing the same position In the hole
with each instrument, but the exact position was not very critical as may be
seen by reference to the graph In Figure 3. In the graph, ionization chamber
readings are plotted against the position in the hole at which the readings
were taken. In the region of the air gap the change in reading with position
was small.

Comparison between the calorimeter and chamber were performed at three
different pile powers, 1100, 2000 and 3300 kw. The ionization chamber
measurements at the two lower powers made use of the microampere meter at
tached to the low drift electrometer. At 3300 kw a potentiometer was em
ployed in place of the meter.

An additional calorimetrlc measurement was carried out at the 3300 kw
level to determine the correction to be applied because of the presence of
liquid nitrogen within the calorimeter proper. Although the maximum amount
of this liquid was held to about 0.7 ml, It was anticipated that several
percent of the total heat developed in the calorimeter would arise from
n,p reactions occurring Irs. the nitrogen. The determination of the magnitude
of the effect consisted of volatilizing off a measured quantity of the
liquid following the initial measurements and then rs sating the measurement
with the smaller quantity of liquid. The observed difference between the
two measurements determined the power developed In the volatilized portion.
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Determinations of the relative amounts of liquid nitrogen in the calorimeter
at any given time were made by measuring the volume of the evolved gas col
lected in a calibrated flahi. Complete volatilization at the end of a series
of measurements determined the total quantity of liquid in the calorimeter
at the beginning of the series.

Measurements of the slow neutron flux to which the chamber and calori

meter were exposed were made using gold foils. The amount of induced activity
was compared with the amount formed In a standard pile. Cadmium ratios were
also determined with gold foils. Mr, .John Bill was kind enough to make these
measurements for us.

Besuits;

The calorimetrlc results obtained in the various pile measurements and
the comparative ionization chamber measurements are shown in Tables III and
TV, respectively. The order In which measurements with two instruments were
made may be found by reference to the time of each measurement.

The column headings of Table III are largely self explanatory. The
background rates shenvn in column 5 are rates determined from the two cali
bration measurements which, respectively, preceded and followed the given
pile measurements. The average for the two calibration measurements was
used in computing the values, shown in column 6, for the total power devel
oped within the calorimeter. The differences between the values for the
total powers and the powers arising in the liquid nitrogen of the calori
meter are listed in column 9 and the estimated probable errors associated
with the differences are given in the final column. The contribution of
the liquid nitrogen to the heating was determined from the results shown
for the two measurements at 3300 kw. In computing the effect at the lower
pile powers, it was assumed that the neutron flux was proportional to the
power.

Measurements with both the jacketed chamber, I.e. the chamber which
had essentially the same materials surrounding it as the calorimeter, and
the unjacketed chamber are included In Table IV. The former chamber has
been labeled number 1 and the latter chamber number 2. The measurements

with chamber number 2 showed that a change In the pile power took place
during the comparison at 1100 and 3300 tw.

In all cases, however, a measurement with chamber number 2 closely
preceded or followed the measurements with each of the other instruments
and on the basis of these measurements corrections were applied to the
jacketed chamber readings to permit comparisons with the calorimetrlc
measurements. The actual correction applied was l/2 of the observed per
centage difference between the initial and fli 1 r Li ;• with chamber 2.
One-half of the percentage difference was also 'taken as the probable error
in each case. The ion current values adjusted In this manner and the
estimated probable errors are listed in columns 8 and 9 of Table T\r.



Date Time

Rate of

c i • -.

Pile lo 2 u v

Power Ai'£=

KW

June 19 9;Of - 10:+3 pm 1100 2<5fcg

June 20 5:30 - 6:38 AM 2000 *.2 >

June 23 1;2+ - 2:18 PM 3300 7,173

June 23 +»J7 - 5:00 PM 3300 6.903

18 -

TABLE III

Power Produced in Calorimeter in Pile

Power Power Pro-
Generated Quantity of Power Generated able

Background in Nitrogen in Generated in graphite orror
trary Nitrogen Evolution Calorimeter Calorimeter in Nitrogen and metal Per-

a*ta _Arbitrary Units Watts x 10* moles x 102 Watts x 10* Watts x 1C4 cent

0.3*5

0.29+

O.307

0.317

0.305

0.288

0.299

0.213

0o320

0.31?

0=297

0.256

+0J.+1

7° 385

12.81+

12.387

1.78

1.+9

1.94

0.88

0.237

0.361

0.775

3.90+

7.02+

12.039

entage

1.6

± 1.0

* 1.3
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TABLE :rv

Time

Pile

Power

KW

C02 Chamber Measurements in Pile

Adjusted
Ion

Current for

Comparison
Amps x 108Date

Chamber

JSumber

Meter

Reading,.
Amps x 10°

IR

Volts

Ion

Current q
Amps x 10

Probable

Error

Percentage

June 19 8:10 PM 1100 2 2.0 .048 .49

June 20 1:18 AM 1100 1 2-6 .065 .64 .63 - 3.0

June 20 2:50 AM 1100 2 2.1 .051 .51

June 20 5:20 AM 2000 2 3-7 .090 .90

June 20 8:00 Ak 2000 1 4.6 .113 1.12 1.12 i 2.5

June 20 8:23 AM 2000 2 3-7 .090 .90

June 23 9:28 AM 3300 2 - •1538 1.530

June 23 10:30 AM 3300 1 - •1959 1.949 1.919 ± 1.5

June 23 2:23 PM 3300 2 - .1490 1.483

June 23 5:35 PM 3300 2 - .i486 1.479

On June 23rd the voltage (IR) was determined directly with a
potentiometer.
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The graphite in contact with the calorimeter was found to weigh 33.+0 g.
The calorimeter itself weighed 1.2^ g. and was made up of the following
materials:

Tin - 0.+0 g.

Lead - 0.24 g.

Stainless Steel - 0.60 g.

Assuming the energy absorption coefficient of the calorimeter was the same
as that for graphite for the pile gamma rays seen by the calorimeter, the
power developed per gram of graphite was computed. These values were then
combined with the ion chamber readings to obtain the effective energy re
quired to form an ion pair In C02 in the chamber. The results are shown
in Table V. The estimated probable error associated with each of these
values is shown in the final column, The weighted mean of the three dif
ferent £ values is 32.7 ev + 2$.

The validity of the assumption of equal absorption coefficients for
the graphite and metals in the calorimeter depends, of course, upon the
average energy of the gamma rays passing through the calorimeter. For
energies between 0.8 Mev and 2 Mev, the coefficients do not differ appreciably.
However, for energies at the limits 0.6-5 Mev, the coefficients differ
sufficiently to lower the values for the power per gram of graphite and, at
the same time, the average energies to form an ion pair In C02 by 2$. The
effective absorption coefficients of various materials for gamma radiations
at the center of hole 12 has been shown by Richardson? to be equal to those
for 0.8 Mev radiation. It is likely then that the effective gamma energy
at the site of the present measurement fell within the limits 0.6-5 Mev
since a large fraction of the gamma energy resulted from neutron capture in
surrounding materials. If any energy in the above range was equally probable
as the effective energy, the value of 32.7 ev per ion pair In C0g should be
lowered by 1% and the probable error increased accordingly. This change
results in a value of 32.k ev ± 2.2$.

The results obtained in measuring the ion currents produced in various
gases by pile radiations and by the cobalt gamma source are shown in Table
VI where the source of radiation and the observed ion currents are listed

in columns 3 and k, respectively. The apparent energies expended In ion
pair production in the different gases are shown In column f. These values
were computed with the assumptions that the true average energy per ion pair
in CO2 was 32.+ ev as previously determined and that the only difference
between COg and the other gases were the differences in electron densities.



TABLE V

Calorimetric Determination of Apparent Energy Required to Form Ion Pairs in C02

Pile Powe

kw

P iwer per gram
of graphite

Watts x lo?

Rate of Formation of

Ion pairs in chamber
per sec. per gram x 10_1

Average Energy

to produce ion
pairs in C02

(ev)

Probable

Error

Percmtage

1100

2000

3300

1.127

2.028

3.475

O 1.18

3.86

6.62

32.3

33-o

32.8

t 2.7

t 2.0



Ionization Chamber Data for Various Gases

Measurement

Number Gas

Source of

Radiation

Ion Current

Amps x 108
Temp

°c

Pressure

mm Hg

Apparent
Energy per

ion pair
ev

Corrected

Energy per
ion pair

ev

Energy per
ion pair
Assuming air
- 32.4 ev

1 COp Pile 1.54 25 741 32.4 32.4 -

2 Air Pile 2.39 25 .. 74l 13.7 (33.3) -

3 He Pile 0.190 25 74l 23.9 27.2 -

4 COp Cobalt 36.97 33-0 745 32.4 32.4 31-5

5 Air- Cobalt 23.60 33-0 745 33.3 33-3 32.4

6 He Cobalt 4.445 33.0 745 24.5 27.I 26.4

7 A Cobalt 34.18 33-0 745 28.7 27.2 26.5
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Although the above values are the ones which would be employed in
connection with ion chamber measurements made under comparable conditions,
they are not the true values for the energies per ion pair in every case.
This follows from two considerations: (l) both Np and He undergo reactions
of the n,p type with pile neutrons and thus the chambers employing these
gases received more particle radiation than the. C02 chambers, and (2) the
stopping powers of A and He differ appreciably from that of COp and air so
that the amount of recoil electron energy which was absorbed per electron
in these gases differed from that absorbed in COp and air. In column 8 of
Table VI values for the energies expended per Ion pair which have been cor
rected for these effects are listed. As before, the energy per ion pair in
COp was taken as 32.4 ev. Corrections for stopping power were made using
the values given by Williams^ for argon,oxygen and hydrogen. No published
value for He was found but it was assumed in the computation to be nearly
the same as that for Hp. The stopping powers of COp and air were assumed
to be equal to each other and to that of graphite.

From the calorimetric determination of the amount of power generated
in nitrogen at the point of measurement, it was possible to compute a good
value for the total proton recoil energy produced in the air chamber in the
pile. Part of this energy was dissipated in the chamber walls so that no
accurate correction for the n,p contribution could be applied to the chamber
readings. However, assuming that, except for the n,p effect, the COp and
the air chamber readings would have been in the same ratio as that found in
the cobalt source, it was possible to find the fraction of the proton energy
which was expended in producing ions in the chamber. This fraction was 0.5.
A correction for the n,p reactions in the helium chamber was determined
using this fraction together with the values for the neutron flux and the
listed cross section of He for the n,p reaction. The pertinent data from
which the computation were made are given in Table VII.
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TABLE VII

Data for Correcting the Ionization Chamber Readings In Different Gases

Number Cross Section I
of atoms for n,p Neutron Flux from

Stopping in Reaction Calorimetric Measurement

Element

N2

Power

10.6

Chamber

4.0 x 1020

Barns n'a/cnr/see

1.7 1.5 x 1010

02 10.6 - - 1.5 x 1010

COp 10.6 - - 1.5 x 1010

He 11.7 2.5 x 1020 8 x I0"3 1.5 x lo10

A 10.0 - - 1.5 x lo10
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The value for the nv at the operating position which was determined
with the gold foils was I r. lO^O + ^ wlieri the piie ¥as operating at
3300 kw. The cadmium, ratio obtained was in the neighborhood of 80. The
uncertainty in the absolute value of the flux was due in considerable part
to the uncertainty in the absolute value for the flux in the standard pile.
The flux determined in the calorimetric measurement was considered reliable

to about 15$.

The use of 32.4 ev per Ion pair in C02 results in a value for £ in
air which is slightly higher than the generally accepted one. GerbesT
found an £ of 33-4 ev per ion pair in air for 10 Kev cathode rays and 32.4
ev per ion pair for 40 Kev cathode rays. Moreover, he also found £ values
of 31-2 ev and 32.2 ev, respectively, for the higher and lower energy cathode
rays in C02. The results of (lerbes for air are in fair agreement with the
results of other investigators.8 From the results of Gerbes's measurements,
it appears likely that the true energy per ion pair produced in the air
chamber In the present work, was nearer to the value 32.4 ev than to 33-3 ev.
The lower value having more probability because the gamma radiations measured
were of fairly high energy. The values for the energies per ion pair in each
of the gases studied which are obtained assuming 32.4 ev for air are listed
in the final column of Table VI. The resulting value of 31.5 ev for C02 is
in close agreement with that found by Gerbes. The value of 26.5 ev for argon
agrees, within the estimated error, with the 26.9 ev determined for 17>4l
Kev X-rays in argon by Nieodemus.9 it is, however, higher than would be ex
pected from Gerbes's value of 25-2 ev for 40 Kev electrons. No value for
the energy per ion pair in Be has been found in the literature.

The power generated in graphite by the cobalt source was found from the

C02 chamber measurements to be 6.71 x lO-1*- watt/g. Using the energy absorp-^
tlon coefficients for water and for graphite given by Birschfelder and Adams,*-®
the heat produced in water in the same position was then calculated to be
7.45 x 10~* watt/g. The calorimetric measurement of Bochanadel and
GhormleyH which was carried out in the same position, yielded a value which,
after correcting for small differences in the amounts of absorber between
source and sample, agreed with the above value within about 1$.

Aside from the previously discussed corrections, there is no other
appreciable correction to apply to the comparison of the calorimetric and
ionization chamber measurements. The 6 mm of graphite which lined the
calorimeter vacuum jacket was sufficient to stop electrons recoiling with
energies up to 2.1 Mev and to greatly reduce the energies of faster electrons.
The calorimeter graphite thus simulated a small section of graphite sur
rounded by a larger mass, as did the Ionization chamber. The effect of
placing the various jackets about the calorimeter and chamber was to raise
the gamma flux at the center of the jackets by about 25$ due to neutron
capture in the walls.
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The effect of fast neutrons upon the measurements with either of the
Instruments was probably negligible. This can be deduced from the high
value found for the cadmium ratio at the site of the measurements and from

the results of Richardson's calorimetrlc measurements which were made near

the center of hole 12. Richardson? found that the heat generated in
graphite by neutron scattering at that point amounted to approximately 20$
of the heat generated by absorption of gamma radiation. Bowever, the
cadmium ratio for gold near the center of the pile is known to be about
-ill?
3o> smaller by a factor of 25 than that found at the site of the present
measurements. Since the ratios of the slow neutron flux to the gamma In
tensity at each position were nearly equal, it then appears reasonable to
assume that the fast neutron flux contributed less than 1$ of the heat
measured in the present study.

The results of the air chamber measurement In the pile emphasize the
difficulties encountered in the use of this gas in the presence of slow
neutrons. The ion current caused by protons resulting from n,p reaction
with nitrogen in the chamber was nearly twice that resulting from absorption
of gamma radiations. No attempt was made to apply a rigorous correction for
the n,p contribution because of the uncertainty in the values of the slow
neutron flux and the cross section for the reaction.

To summarize, the ionization chamber employing C02 was found to give
results which agreed well with the calorimetrlc results. The best value
for the energy per ion pair In C02 was probably the 31.5 ev found in the
cobalt source measurement, and this value, compared with the 32.4 ev found
in the calorimetric measurements, indicates that the ionization chamber was
about 97$ efficient. Additional support for the accuracy of the calibration
was furnished by the close agreement between the measurements with the cali
brated C02 chamber in the cobalt source and the calorimetric measurements of
Hochanadel and Ghormley. C02 is the only one of the gases studied which can
be used reliably in the pile. For applications in which neutrons are not
encountered, any of the other gases can be used. The effective energy per
ion pair in each of several gases has been measured in this study and each
value is probably known with the same accuracy as that of C02. The values
for the various gases are listed In Table vTT.

•••n
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