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ABSTRACT

A technique developed to measure electron energy deposition in metals has
been applied to the determination of bremmstrahlung deposition. In this method
a square-wave beam modulation is employed and the time-~derivative of a calo-
rimeter temperature is used to obtain the energy deposited. This paper
presents the results of bremsstrahlung deposition measurements in gold and
aluminum. Data are presented for dose to a materisl as a function of con-
verter material, converter thickness, and angle of electron incidence for
electron energies in the range from 0.2 to 1.0 MeV. 1In addition, measurements
of dose as a function of calorimeter position as it was moved both laterslly
and axially with respect to the beam axis are reported. Utiliz.ng the facility
and technique developed to make these measurements, a thorough study of the
bremsstrahlung measuring calorimeters used withk ths nulsed eliectron benrm
machine Hydra was accomplished. The goal of this study was to determine
accurately the correction factor for the loading effect of the thermocouple
wires. The loading correction factor was measured to be 1.72 with an uncer-
tainty of ¥ 5 percent. This value should be used when determining true dose
to gold with the standerd Hydra calorimeters instead of the value of 1.5
obtained from data on Hydra, since there is a larger uncertainty in the
latier value.
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ARCQLUTE DETERMILATION OF BREMSSTRAWLING
GEPOCTTION (HYDRA)

In the field 2¢ eliectronic engineering, one ¢ Lhe renuirements Tre-
nuertly nluced on circuit design is a tolerence {or hnzrdness) to various tyces
of radiation. Testing of circuits or rcomponents ir = ragiation envirornment
nts little menning without a nmuantific=tion of the envirorment. One type of
radintion for which « toler:nce is often reauired is x-rzy bremsstrahlung.
fn important technique for testing to prescribed levels of radiation mzkes
use of pulsed electron beasm machines, operated in che xX-ray mode, In this
mode the pulse of electrons is nlliowed to impect wn 2 target (bremsstrahlune
cLuverter) to prcauce the re~uired radiztion environment. In this technslogy
the radiation environment is partialily quantified by determining the dcse
de livered to some materini. For examcle, the 'dose to gold is the number
af czlories deposited ty the bremsstrahlung in 2 gram of gold for eacn kilo-
Joule of energy in the electron beam. This -uantity depends on the location
und dimensions of the test sanple as well as the bremsstrahlung energy
spectrum. The latter depends ir a very complicetea msnhner on the electron
beam energy spectrum and geometrical characteristics, The process 1s further
complicated by the dependence of the bremsstrahlung spectrum on Lhe conwverter
materinl and geometry as well as the material and geometry of snything betweer
the converter and the szample. However, thc term dose’ 1is useful, because it
specifies an environment insofur as a particular material is concerned.

One of the machines used toc preduce a bremsstrahlung environment in
This

Sandia Laboratories is the pulsed electron beam machine 'Hydra.
machine has the following characteristics. The pulse duratior is gbout &C ns,
the voltage is approximately ..t MV, and the resulting current is about 32 r.
Vrveyer, e alectrors . rol monoenergetic, hhving nh zverige erergy ne:r

CLm NMeY . Pinnclie cumer. ~igtureg indictte 1T Lnoe elecirir benm oL the
~~pver*er je akext T, emoin dinmeter nuving convergsd from tte S0 e
aismeter cathode 1.1 cm 1n front of it.

A detailed description of the bremsstrahlung production on Hydra is giver
in Ref. )1 and will not be reperted here. However, a few pertinent facts are

in order. Due to the harsh environment in th2 vicinity of the dose-measuring
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calorimeters when the machine fires, 1t is necess«ry thul Lhey be rugge:.

The calorimeter most generally used consists of a gold aisc '.obk ¢m 16
diameter and 2.8 x 10'5 cm thick which is suopor-ed by chromel and ~ongt :npl .
tnermocourle wires which are spot welded to the gold disc. Durability itg
achieved by using large wire diameter (<.5 x 1. * cm). The oen-ltv for tair
lies in the strong influence which the thermocounle-.ires exert on the rooty °r-
(otiined. Two effects can be involved. First, the thermal cowrneily ol Ln-
wires is not negligible compared to that of tne disc. 1In fact, it is aboutl
twice as great for n one-cm length of wire as that of the aisc. ferond,
there may be bremsstranlung energy deposited 4irertiy in the »ires, resu.line
in a differential dose effect. Using the Hydr: muchine, tnese el'tecls have
been treated together in the following »ay. Datn wepe taken simullanecusly
\the same shot) with calorimeters of different wire ainmeter. 1In encn onse
whe regults ~2re normalived to that obt:iinea on tne same shot {cr the siana:r:
.5 % 1 % cm owire diameter culorimeter. A DIOL =AS L7en mage o Lhe nor-
mali.ed dose as a function of wire diameter anc this curve, tiaken to be =n
exponential unction of diameter, was extranolated to .ero diameter. Merpe,
{t was reasoned, there can be neither radiaticon nor therms:l lorairg. The
nrormaliczed dose thus obtained is the factor by whicn tne ant: obtl:inea w:t:
the 2.5 x 10~ cm wire diameter calorimeters should be multirlied to obtain
the true dose¢. The ractor measured this way w=:s Sound to be 1.5,

Because ¢f' the si.e cf the loading effect urn the importznre of this
diagnostic, it was decided to undertuke u more thore iga investigation ol thnac
calarimeter under move carefully contro.ieuq conuitions To accomplish tnis
coal, a high-stability electrostatic sccel-rator wnicn operates in Lne
voltage region up to 1.1 MeV was used 25 the elesiron source. In thils case
the beam 15 very narrow (u.: cm aiameter) so *: .7 Lhe olactren beam geometl-
ricanl dependenze differs from that of Yydrs. Furthermore tne eiectrons frox
this source esr2 mononergetic, unlike the eie-~tron erergy spectrum from Hyder:..
Because of thoese differences, it «as decidea to first build & laboratory
cilorimeter to measure the absolute dose to pola +s a function of converter
—waterial thizlness and angle of electron inciderns+ or <lectron en--rgics T
the renge from J.2 to 1. MeV. This calorineter was also used to measure
dose as a funciion of nosition as it was moved both lateraily and axiaily

with respect ¢ the beam axis. By this means the environment was at least



partially documanted. Finally, this laboratory calorimeter was used to
determine the most accurate experimental technigue for wreasuring the dose
of gold and other metals.

With the facility and technigue for measuring dose to gold developed
with the laboratory calorimeter, a thorough study of the Hydra calorimeter
was accomplished under laboratory conditions. The goal of this study was to
determine accurately the correction factor for the loading effects of the
thermocouple wires. Meazurements were made of dose with the Hydra calorimeter
as a function of converter thickness for 1.0 and 0.5 MeV electrons and as &
tun-~tion of energy for the standerd (5.2 x 10'3 cm thick tantalum) Hydra
converter. The dependence of apparent dose on thermocounle wire diameter was

alsc studied. From these meaaurenents, a correction factor was determined.
I1. Laboratory Calorimeter Megsurements

For dose to 20ld measurements, the laboratory calorimeter was constru-ie-”
of ¢.v x 10'3 cm thick gold and had the shape shown in Fig. 1. It was sup-
ported from a heat sink by eight wires. each of 5 x 10°°

to minimize the thermal loading. The temperasture was measured by a chromel-
3

cm diameter tantalum,

constantan thermocouple. Each wire was ¢t X 10 ~ cm in diameter and the couple

was spot welded to one edge of the calorimeter. This calorimeter was used
with the geometry shown in Fig. 2. Since the bremsstrehlung converter thick-
ness was less than an electron mean range, it was necessery to place a low-7
(carbon) electron absorber between the converter and the calorimeter to shield
the calorimeter from electrons not stopped in the converter. A sheet of ATJ
graphite 0.762 cm thick was used for this purpose for all measurements made
with laboratory calorimeters. The use of a low-Z electron absord>er minimizes
breasstrahlung absorption. Because the graphite absorbed the epergy of the
electrons which «ere not stopped in the :onverter, its temperature increased.
To atternate the thermal radiation coupling between the graphite and the
calorimcter, two aluminum heat shields were used.2 Using this experimental
package, 4d0se was meazured using the modulated beem-time derivative method
described in deteall in Ref. 2. Since this experimentzl package differed
slightly from the Hwdra converter package, measurementis were made with both
packages. The results were the same withip experimental error.
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(V) CALORIMETER FOIL (FOLDED
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Figure 1,
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This method of measuring dose proved to be sc¢ successful that it was
decided to try to memasure dese to aluminum also. Aluminum is of interest for
two reasons. First, it is used in packaging and mounting electronic compo-
nents. Second, it is next to Si in the period table, thus measurements in
aluminum are useful in predicting dose to Si. The aluminum calorimeter shown
in Fig. 3 was 2.5 cm in diameter and 2.12 X 10-2 cm thick, and was sunported
by sixteen 1.6 x .'L(Z)'2 cm diameter aluminum wires. However, in this case, it
was necessary to use eight chromel-constantan thermocouples (& x 10'3 cr
diameter wire) in series to obtain sufficient signal. This calorimeter was
used with the same geometry used to measure dose to gold (see Fig. 2). For
all measurements, the incident electron beam current was measured with a
Faraday cup which surrounded the experimental package.3 The Faraday cup wall
thickness was greater than the range of the most energetic electrons used.
Electrons could escape only by being backscattered through the small entrance
hole in the Faraday cup. The small solid angle which this nhole subtended with
the electron impact region of the converter made this a very small effect.

The calorimeters were calibrated using a heavy-ion accelerator. The ion
beam was modulated in the same manner as the electron beam. In this case the
calorimeter thickness was much greater than the range, so that, except for a
negligivle amount of backscattered energy, all of the ion energy was deposited
in the calorimeter. Thus a careful measurement of the accelerator potential
(which was kept between 20 and 3. kV) along with the Faraday cup measurement
permitted an erceillent determination »f the input nower. The effect of the
aluminum heat shield was checked during calibration by placing an aluminum
shield, with a small hole for the ion beam to pass through, in front of the
calorimeter. No difference was found in calorimeter temperature for a fixed
power input with or without the aluminum snield.

The results of these measurements are shown in Figs. 4 through 11.

Fig. 4 shows the measured dose to gold and aluminum as a function of converter
thickness for 1.0 MeV electrons normally incident upon a tantalum converter.
The dose measured at zero thickness is due to bremsstrahlung produced in the
graphite. The initial increase in dose with converter thickness is due to the
increased production of bremmstrahlung as the energy deposited in the con-
verter increases. This dose does not increase indefinitely as the converter

thickness is incremsed, because of self-absorption in the converter anad the
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Figure 3.
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Dose to gold as a function of converter thickness expressed as a fraction of
the mean electron range. Data are for 1.0 and 0.9 MeV electrons incident on
a tnantoelum converter and .5 MeV electrons incident on a molybdenum converter,
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resulting shift in the bremsstrahlung spectrum to shorter wavelength. Thus,
after some optimum thickness is reached, the dose decreases. A simiiar
behavior is seen in Fig. 5 where dose to gold and aluminum as a function ol
converter thickness is shown for 0.5 MeV electrons normally incident upon -
tantalum converter.

The dependence of the dose tc gold on the converter material was
examined. Figure © shows the doso to gcld as « functirn ¢ sopwors. e <10 e
ness for 0.5 MeV electrons normally incident upon tantalum and molybdenum
converters. The optimum converter thickness for molybdenum is gre«ter thnan
that for tant:zlum but the two are approximately the same if the converter
+hickness is measured as a fraction of the mean range {FMR) as obtuinea fronm
the continuous slowing-down approximation. This is shown more dramatic:slly

in Fig. 7 where dose to gold is nlotted as a function cf ¥MR for i. =nd

.6 MeV elecirens nommzliy ingident ~n o o tuptc lum o oocpynscter cwn 0 VeV
a'prtrons unen o malybdenum convertes., In L trrep neags te e corert oo
+ 3 srnpgg ©ar wmavimum dose ig o qhaut Lt o nerenyt o F i mper s st e ey

Figure & shows the dose to g0ld as a function of angle of electron
incidence for 1l.u MeV and .5 MeV electirons incident upon a molybdenum con-
verter, There is wvery little dependence on angle of incidence rur 1. MeV
electrons out to about 32.5D and for ...5 MeV electrons out to about 1-°.

For larger angles the dose decreases. This decre:xse in dose with =ngis cou.d
pe caused by the increased number of backscattiered electrons with incressing
nEle and the electron energy being devosited closer to tne r'ront surface thus
increasing the self-absorption for a fixec thickness calorimeter. The energy
devendence of the dose to gold znd aluminum for 4 fixed converter thickness
is shown in Fig. 3. In this cuse the converter »:5 tantalum L., - 1.7 em
thick. This thickness corresponds to an FMR of .13:% ana .slv Yor !. o

.5 MeV, respectively. Thus for aose to gold it is close to ootimum Laickness
for .5 MeV electrons and less than optimum for l.. MeV electrons. The energy
denendence is as exnected, rising siightly as the energy s reducea from ;.
MeV Lo .5 MeV =:nd falling ravidly below .5 MeV. This same tantalum ron-
verter w=S also used with electrons of 1. =wnd .5 MeV to »x-mine dcse Lo rFolid
x5 = function of c=zlorimeter position 1s it was moved lateraily ora axinliy
with -espect to the beanm axis. The results of these measurements are shown

‘n Fig. 1. for l:teral iir-‘--~e=ernt and in Fig. 1l "or uvial disclacement.



During the lateral position measurements, the entire package was moved along

an axis perpendicular to the b2am axis as shown in Fig. 1l2. The shape of tne

Yy

curve is consistent with what would he expected for a photon flux with
cosine distribution. |
It might be expected that the axlial depenhdence would foilo. sn r_E func-
t ion, where r is the distance from the converter to the calorimeter. However,
two factors affect this. First, the source (electror deposition volume) is
not a point, but has finite extent. Second, the bremsstrahlung angular dis-
tribution is not isotropic, but is forward-peaked. Both of these tend to make
the source gppear to be further from the calorimeter. Data obtained by me=z-
suring dose as a funciion ol distunce from the zoaverter were plotted in tne
T:rm of (I}nse)'E versus r, The correction to r wszs obtailned from the inter-
cept, and Fig. 1l shows & conventicnzl plot of dose as a functicn of r', tnhe

vi.lue of r modified bty the nddition of tnis correction, The fit is reascrnubie,
III. Hydra Calorimeter

Having demonstreted the facility for measuring dose to gold witin the
laboratory calorimeter and having determined the pest measurement techniocue
(time derivotive with modulated beam), we undertook a thorough investigation
of the Hydra calorimeter. The prime objlective was to determine a correction
factor for the loading effects of the thermocouple wires.

The Hydra calorimeter is shown in detail in Fig. l3a. The thermocouple
wires of the standard Hydra calorimeter wvere 2.5 x 10'2 cm in diameter. How-
ever, during the course of this study, measurements were also made for calo-
rimeters supported by thermocouple wiregs of smaller diameter. Measurements
vith the Hydra caloriseter were made using the geometry shown in Fig. 1:b.
This package ia the aame one used to make gpessurements with the laboratory
calorimeter with the exception that the beryllium backplate has been replaced
by the aluminum support.

The measureaent technique, incident electron beam current determination,
and calibration were the same ones developed and used with the laboratory
calorimeter.

Measuregents of dose to gold with the gtandard Hydra calorimeter were

made as a function of converter thickness and as a function of e¢nergy for the

13
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regular Hydra converter (5.2 x 10_j cm thick tantalum). The resulis of these
measurements, corrected for loading effect, are shown in Figs. li+ and 15. The
bagis for this correction will bve indicated later in this Section and in the
fcllowing Section. Figure 1k shows the measured dose to gold as a function

of converter thicki.. ‘s for 1 MeV electrons normaelly incident upon a tanvalum
converter. For comparision, results of both the Hydra and laboratory calorim-
eters are plotted. The curve for the Hydra calorimeter has the same general
shape as that for the laboratory calorimeter discussed earlier. The dose to
the Hydra calorimeter was larger because it subtended a smesller solid angle.
Since the dose decreased ss the polar angle increased (see Fig. 10), the
smalicr calorimeter was in a region of higher avefage dose. The converter
thickness for optimum dose is the same for both calorimeters. Similar results
are seen for 0.5 MeV incident electron in Fig. 15. Dose as a function of
energy for a fixed thickness converter is shown in Fig. 16. Here, as in the
cage of the lahoratory calorimeter (also shown), the converter thickness is
near optimum for both 1.0 and 0.5 MeV and the dose igs almost constant from
1.0 to 0.45 MeV. Then, as in the case of the laboratory calorimeter, the

dose decreases rapidly with decreasing energy.

In addition to these measurements with & standard Hydra celorimeter, dose
to gold was measured as a function of thermocouple wire diameter. The results
are shown in Fig. 17 where relative dcse is plotted ss 2 function of thermo-
couple wire diameter. For these measurements a fixed 5.2 x 10_3 cm thick
tantalum converter was used. It is apparent tnat the measured dose increases
with decremsing wire size; however, the relationship i1s not lineer and =
meaningful extrapolation of thie curve is not posgible. It would be reason-
able to expect that for some small bhut finite wire size the loading effect
would be negligible and that the relative dose would be constant for all

smaller size wires.

Finally, a crude but direct measurement of the contribution to the signal
from brenusstrahlung deposition in the thermocouple wires (2.54 x 10'2 cm
diameter) vwas made. This was done by exposing a bare thermocouple of the same
Wire size and material to the bremsstrahlung with the gold disc removed. In
these measurements, a 2.8 x 10-3 cm thick gold foil wes placed between the
final alumirm shield and the thermocouple wires 1o produce the same shielding

which the calorimeter disc would normally produce. The results of these mes-

surements showed that approximaztely 7.0 percent of the signal came from
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bremestrahlung deposition in the thermocouple wires at both l.., and .9 MeV.
These meansurements agree with a SAHDYLP calculation which pregicted lu percent
direct depogition in the thermocouple wires. Thus the loading effect of the
the rmocouple wires is due predominantly to thermal loaning nnd radiation dor-
to the wires is minor.

The effects of thermal loading and dose to the wires Tor the stundard
Hydra ca.orimeter can also be separsted using the dats obtained i'rom the com-
bination of measurements with the ion-beam energy source and bremsstrahlung
measurements. Both effects should be present in the case of bremsstrahiung
depo3ition, while only thermal lozding is wrrsent when ‘%e roperprr &oire 7
ion beam. When these data were combined, it wns found that the calorimeter
wires receive very little radiation dose. This result is most important since
tne laboratory meusurements which were used to determine tne correction tuctor
for the loading effect were made with an energy source, converter package, and
breasstrahlung spectrum different from that of the Hydra machine. VFowever,
because thermal lord, which does not depend upon any of the differences men-
tioned above, iz the predominant effect, the laboratory measurement should

yield a valid correction funtor.

IV. Thermal Loading Correction Factor

The correction factor was determined from the laboratory measurements in
two ways. The results of the two different analyses are in excellent agree-
ment. 'The first method involves calculation of the correction factor from the
data obtzined with the standard Hydra calorimeter. In the second metitod, the
correction factor is obtained from an analysis of the datas obtained when the
thermocouple wire diameter was varied.

For bremsstrehlung deposition in the Hydra calorimeter, the expressions
for dose to 2 metal with and without thermocouple wire loading are derived 1n
Appendix I. For the case of no loading, dose to a metal calorimeter, D., is

given by:



where dv/dt is the change in thermocouple voltege uith time, (i‘e')e ig the
power in the electron beam, Cc is the specific heat of the calorimeter foil,

S i5 the thermocouple sensitivity, and f{t) is a function involving the time
constants of the system. Where loading is present, dose to the c.iorimeter is

given by:

1l +
D = dv/dt EC_ f(t) I?HECC‘.
C TVij ) / M
e b oo _\i
H )
\ ¢

where Mw and Hc are the masses of the thermocouple wires and calorimeter foii,
respectively, Qﬂ is the specific heat of the thermocouple wire and ~ 1s the

fraction of the dose received by the thermocouple wires. The guantity

is the facior by which the measured dose must be multiplied to correct for
thermal loading and the juantity

W
1 + 0 =

is the correction factor for the dose to the thermocouple wires. These factors
were evaluated with the aid of an expression for Hﬁjﬁc also derived in Appendix
I from consideration of energy deposition by the ion beam during calibration:

this ration is given by

1

M, s (Mo (L) R S
Hc Cc idv?dtscal -1 Hc v
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where {Vi)CH is the energy in the ion beam and (dv;dt]cn is the runnge in

| 1
thermocouple voliange with time during calibration. All aquantities on the left

side of the ecuation are either known, measured, or cihlculated. Sfolving this

e yuation gives:

.35,

Using t.lis value along with the value of 2 = . 7 orrasured with the bare thermo-
couple wires, one obtailne a correction for thermal loading ot 1.7%" ana a cor-
rection for dose to the thermocouple wires of ., 33, Combining these gives n
correction factor for the loading effect of tiie thermocounle wire of .+.7

To obtain the correction factor from the datas of cose versus -“hermocounlr
wire diameter, a relation between dose and thermocouple «~ire dian..er is

derived in Appendix JI. This linear relation is

1 1 2
D -~ p * K
2} t

where Da is the apparent dose (measured), Dt is the true deose, X is & constant
invelving physical properties of the calorimeter, and d is the diameter of tne
thermocounle wires. Thus, if the recivrocal of apparent dose is plotted as a
function of thermocouvle wire cross-sectional area, tao true dose to the calc-
rimeter foil can be obtained from the intercept. The ratio of the true dose
to the aspparent dose for the standard 2.5L4 X 1.7 cm thick wire calorimeter

is the correction factor. & plot of this type is shown in Fig. 1lt. The cor-
rection factcr thus okbtuined is 1.7¢ which agrees well «ith the value cal-
culated above. This method is considered to be more reliable than the method
rreviously described, because of the large uncertainty in the wvilue of ~ in
the other method. Thus the correction factor 1s taken as l.7z. An uncertainty
of t 5 percent shouid be attached to this value on the basis of statistical

considerations.
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V. Conclusions

The loading factor correction of 1.7Z2 determined from laboratory measure-
ments is not in bad agreement wlth the vaulue of 1.> obtained from data on
Hydra, since there is much uncertainty in the Hydras data. The correction

factor of 1.72 should be used when determining trurs dose to pold with the

standard idydra calorimeters.
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Avpendix 1

loading Effects of Thermocouple Wires

The basic eguation for the calorimeter outpvt when used in the sguare-

wave modulation, time-derivitive mode is

aul _ldv] _Q
dt - 8 dtl - Y f(ta] ) (1)
t t
o) a
where: u = temperature of thermocouple junction relative
to heat sink, in degrees C,
S = thermocouple sensitivity, in microvolis per
degree C,
v = thermocouple output, in microvolts,
Q@ = rate of heat input, in calories per second,
y = effective thermal capacity, in calories per
degree C,
ta = the time measured from beam switch at which
the derivative 1s taken, and
f(ta) = the dependence on t , the time constant 7,

and the modulation %erind, tn'
The explicit form of f(tn) is:

tﬂ tﬂ
£t) =[1+ e QT] e . (2)

The effective thermal capacity is made up of contributions from the calorimeter

and the thermocouple wireg. Thus:
y = (M) + 0.5 (M), (3)

where subscripts ¢ and w refer to the calorimeter and the wires, respectively.
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The mass and specific heat are M and C. At this point, the mass of wire is
nnknown, since the length at which the temperature is effeciively zero 1S not
snown. The factor of 0.5 in the second term results from the assumption that
the temperature decreases linearly with distance along the wires.

During the calibration procedure (using the ion beam technique), the heat

input rate is given by:

: Vi
Gcal B (g.lBE)cal ’ (k)

where V and 1 are the accelerastor voltage and current, respectively. Thus

from (1), {3), and (L), one obtains:

(), + 2.5 00), = (g )ear * T - 2

or.

Fr" T__T- u lcﬂ (év,dt)ca, e 0

Since 2ll quantities on the right are either measured or known, the ratio can
be eyplnated, and in fact the effective Wire length cuan be determined

In measuring the bremsstrahlung dcse to the calorimeter, there is an
additicnal effect due to deposition of energy directly in the wires. It is
assume- in what follows that this makes very little change in the temperature
distritution ulong the wires; i.e., that the energy deposited iu the wires 1is
small -ormpared to that deposited in the calorimeter. With this assumption,

{1 becores:

1 av _
Sdat], - )~ i.5(%) r(t) .



In terms of dose, Qc = DCMC(Vi X 10-3), where Dc is the dose in calories-

Lokl

sy 80 that Vi X 10-j is the electron beam power in kilowatts. In
. < -3y _ -3 -
like manner, Q = Dwnw{vi x 10°°) = GDCMW(Vi x 10 °), where @ = DH/DC‘ We

then obtain:

M‘I
vi x 105 DM [1+6 2lett)
e M a
1 dy _ L cl (7)
ey EE _#ﬁ -
S dt " MC o 7 015 (| MC "

a

The only guantity which is neither measured {in the experiment or in the cali-
bration) nor known is 7. Since it . expected to be small, an approximate
value is all that is necessary. This caen be cobtained from a very crude experi-
ment in which the thermocouple junction is thermally lsolated {(disconnected
from the calorimeter) and the bremsstrahlung signal is measured. This must be
done with the calorimeter foil in plece, so that the same shielding effect is
present. This tends to overestimate the dose, due to the reduction in thermal
capacity. Thus the value of 7 obtained by this procedure should be considered

as an usper limit. Combining (7) and (5), one obtains:

/i)
(d’” 9t ) ad. dv/dt

D, = oy (&)
u.186uc(1 + a ——) vix 10

M

which 1s the eguation used to obtain the corrected dose,

3%
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Appendix II

Effect of Wire Diameter on Thermal Loading

If one disregards the thermal loading effect of the wires, he obtains an

apparent dose, Da’ which is contained in the following equation:

-3
1 dv =Vix10 xD'ch-f(t)
S d + HtcCc a8

d

Inclusion of wire thermal capacity, on the other hand, leads to the true dose

Dt by the following equation:

Vi x 1073 D, x M,
fit ., .
:rdg » .
a HECE Al rau anH o

|2

=
> 9ty

Here ﬁw is the “effective” length of the wires, that is the length at which
the temperature rise is negligible. The density of the wire is 0, and 1its
diameter is d. Note that since the two wires are ¢of different materials, the
product awcwlw igs the average of that product for the two wires, The quantity
on the left iz observed experimentally, s¢ the two expressions on the right

side of the two ecuations may be equated. This gives

C L
1 1 ® Py wy 2]
Da Dt [ y Hccc:

1 1 P,
o wm == + Kd .
Da Dt

Note that Dt ig a factor in K. Since it is a constant the linear relationship
between o and dg is preserved., While in orineirple Dt could be obtained from

D
she slﬂpef the intercept provides a more strajight-foiward determination.

41



42

THIS PAGE INTENTIONALLY LEFT BLANK



1.

Poforences

S. R. Dolce, Bremsstrahlung Production on Hydra, SLA-74-0z15, Sandia
Laboratories. Albuqueroue, New Mexico, July 1974.

G. H. Miller. Calorimetric Measurement of Dose-Depth Proflles for Incident
Electrons, Sl 4-Tu-0.11, SEandie Laboratories, Albuqueraue, New Mexico,
June 1Q7E.

G. J. Lockwoci, Absdlute Calorimetric Measurements of Electron Ener
Deposition in Semi-infinite Geometry, SLA-T4-((13, Sandia Laboratories,
Albuquerque, .ew Mexico, June 1974.

H. M. Colbert, SANNYL: A Computer Program for Calculating Combined Photor.-

Electron Transport in Complex Systems, SLL-Tu4~0.l2, Sandia Laboratories,
Livermore, California, May 1675 .

43



44

THIS PAGE INTENTIONALLY LEFT BLANK



