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ABSTRACT 
An intrinsic 1-mil-thick gold foil calorim
eter har. been developed which rises so 95X 
of the energy deposited in less than 2 
microseconds. This calorimeter is very 
rugged, and can withstand rough handling 
without damage. The time constant of this 
calorimeter- i3 long, in the millisecond 
range. This is because of its unique 
construction. Use of this calorimeter has 
produced 100X data recovery, and agreement 
with true deposition to leas than 10$. 

INTRODUCTION 
Gur experimental programs often require 
direct measurement of energy deposition 
in gold due to 50 nsec x-ray pulses gen
erated by relatlvistic electron beam ac
celerators. The gold calorimeters that 
had been in use for this purpose consisted 
of 1 mil-thick gold foil welded to 10 mil-
diameter thermocouple wires. These 
calorimeters suffered from several draw
backs. Since the gold foil was supported 
only by the thermocouple wires, the units 
were not rugged, and the orientation of 
the gold wich rtspect to the photcn 
fluenc- could not be readily controlled. 
Because of the relatively large heat 
capacity of the wires, the thermocouple 
output rose slowly (msec), and decayed 
rapidly. The wire heat capacity and 
thermal conductivity also prevented the 
thermocouple from ever reaching the 
initial temperature of the gold. To use 
data obtained with these units, it was 
necessary to fit an exponential to the 
decay portion of the signal and extrapo
late back to zero time. Then an experi
mentally determined multiplicative factor 
cf 1.6 had to be applied to the results. 

In this paper, we describe a new dc-sign 
of calorimeter that reduces all of these 
deficiencies substantially. 
SINGLE FOIL DESIGN 
The difficulties with the response of the 

WSRtt 
original design may be seen ir. Figure 1. 
This figure shows the results of a detail
ed transient analysis rur. on the CIMDA (1) 
computer cede. In this analysis, fcr 
30 cal/gn deposition, the front surface 
of the gold is initially at 1135°C and 
the rear surface is at B75°C. This 260°C 
gradient relaxes to 7.5°C In 2 usee and 
to 1.5°C in ^ usee. The upper curve shows 
the temperature of the gold remote from 
the effect of thermal loading due to the 
wires. It remains nearly constant at 
1005°C for the 500 usee duration cf this 
calculation indicating that raaiation and 
conduction losses are not significant at 
that location. The lower curve shows the 
temperature of the gold at the points of 
contact with the thermocouple wires. This 
is the maximum temperature that could be 
sensed by the thermocouple, and it is 125 
below the true temperature at 50 usee, and 
20J low at 100 usee. 

The obvious way to improve response was to 
make a substantial decrease in the size of 
the thermocouple wires. However, doing 
this without other modifications would 
mean, at the very least, that the wires 
would r.o longer support the gold. I1*. was 
decided to support the gold foil on a 
cylinder oC lava, and to use 1 mil-
diameter thermocouple wires. Figure 2 
shows the results of a transient analysis 
done with this conceptual design, also 
with 30 cal/gm deposition in the gold. 
The upper curve shows the temperature of 
the gold remote from the junction, and as 
before it stays constant at 1005°C. Mow, 
however, the temperature of the gold at 
the junction approaches the temperature of 
the unperturbed gold rather than departing 
from It. The gold at that point is at 
993°C in 20 usee and 1003°C in 500 usee. 
The minimum temperature sensed oy the 
thermocouple Junction is also shown. It 
is approximately 2% below the temperature 
of the unperturbed gold at 50 usee, and 1% 
low at 100 usee. r.he lower curve shows 
the temperature of the thermocouple wire a 

<A? 



short dlatance away from the Junction. TABLE r 
Baaed upon structural considerationst the original conceptual design was slightly 
modified, and the design shown in Figure 3 
was adopted. This figure shows two Junc
tions, a primary Junction on the gold, and 
a reference Junction behind the gold. The 
reference Junction was incorporated to 
determine the extent of direct deposition 
in the thermocouples themselves. This 
deposition has beer, shown to be negligible, 
and the extra Junction has teen deleted. 
Ther primary Junction is an intrinsic 
chronel-constantan or E Junction w.',th 
1 mil-diameter wires. Fired lava was 
chosen as the support material because of 
its very low thermal conductivity and good 
strength characteristics. 

Transient thermal analysis was performed 
for the design shown in Figure 3, and the 
results are shown in Figures *J and 5* In 
both figures, the upper curve is the tem
perature of the gold remote (0.02 in) 
from the Junction. The lowest two curves 
are the temperatures of the thermocouple 
wires 0.000125 in from the Junction. One 
is for the chrom^l wire, and the other Is 
for the constar.an wire. Above these 
curves are whit appear to be tv curves. 
They are, in fact, four curves in which 
the distinction between wire types Is 
negligible. The curve that Is second from 
the top is the temperature of the gold at 
the two wire Junctions, and below that"is 
the temperature of the thermocouple wires 
at the Junctions, The same good response 
characteristics that were present in 
Figure 2, are evident in the "as-built" 
design. 

Figure U shows response to 500 usee. 
Table I carries response out to much later 
times. It shows the average temperature 
of the gold and the temperature at its 
center, the point of attachment of the 
thermocouple wires. Initial conditions 
for this table were that the gold was 
uniformly at 900°C, and the lava was at 
100°C Calculations shew that the lass 
due to conduction down the wires is at a 
rate oi* <lG.7°C/sec, and the radiation 
logs is 102cC/sec. Thus, the primary less 
mechanism is conduction into the lava. 
Nevertheless, as Table I shows, heat loss 
at the center is insignificant for at 
least 5 msec, and well before then the 
thermocouples have sensed the true tem
perature of the gold. 

5000 usee 900 
.01 sec 900 
036 sec 860 
.Oil sec Bao 
.058 sec 710 
-0S3 sec 580 

TIfSE TEMFEBATUflE 
(r - 0)°C (average)°C 

100 Msec 900 990 
1000 psec 900 ¥ 900 

72H 
660 
*68 

372 
300 

Mot shown in Figure 3, but now incor
porated in the design, is an active self-
powered reference Junction. This Junction 
is located in the lava cylinder behind the 
gold. It is used to make the transition 
from the thermocouple wires to copper 
wires, rnd to effectively maintain a 0°C 
reference. Using this active reference 
Junction the temperature of the gold prior 
to exposure is known, and a correct treat
ment of the specific heat of gold (a func
tion cf temperature) car. te made. 

EXPERIMENTAL VERIFICATION' 
Prior to using the new calorimeters as a 
diagnostic tool, tests were performed to 
verify their calculated characteristics. 
They were, first of all, heated in our 
oven to 300°C, and their outputs gave 
results that differed from tr^ true tem
perature by less than 0.3?. They were 
then exposed to electrons produced by a 
Felletron accelerator. Using it.i 3*tpA 
electron bean, the machir.e was cyc led on 
and off depositing its energy In a O.C63 
in. diameter spot on the gold. Results of 
these tests are shown In Figure 6 fcr 
ht.-ar.-oR times of 25 msec ar.d 500 msec. 
This test was unrealistic ir. seme respects. 
First of all. Instead cf instantaneous 
deposition, deposition was continuous for 
times lont; relative to the calorimeter 
thermal decay time* Secondly, deposition 
was in a' small spot rather than uniformly 
over the full surface as it would be for 
use in photon diagnostics. Finally, cur
rent is induced in the foil by the onset 
and termination-of the electron current. 
The latter efrect can be seen in the scope 
traces that are shown in Figure 6. The 
experiment did, however, illustrate that 
the calorimeter followed the buildup of 
electron energy, and showed the correct 
decay time-constant after the initial drop 
due to termination of the electron beam. 
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Following these psalimlnary test;., the 
calorimeters were used to measure depo
sition In gold due to photon beams. 
Figure 7 shows data frca. one such measure
ment. Data recording was done with a 
digital recording system in which the 
frequency response was 2V&{z and the total 
recording time was 3.5 msec. Faliowiiy 
the initial photon-generator-associated 
noise spike, the trace shows nearly the 
same character1 that was seen in the cal
culated responses—'fast rise and long 
decay time. Figures 8 and 9 are data from 
one of these calorimeters recorded on tape 
with a 20kHz frequency response. Again, 
the long decay time-constant is evident. 

While the decay fclme3 in the curves of 
Figures 8 and 9 are long, they are not 
quite as long as had been predicted by 
calculation. A check was made and it was 
discovered that 2-mil wire had been used 
in fabricating the calorimeters instead 
of the intended 1-mii wire. Subsequent 
calculations using 2-tail wire were in 
agreement with the response observed in 
Figures 8 and 9, and later calorimeters 
made with 1-mil wire exhibit the expected 
response. Figure 10 shows a cor: prison cf 
calculated response of calorimeters made 
with 0.5, 1-0, and 2.0 mil diameter 
thermocouple wires. 

The units are rugged, and none have been 
lost due to handling, machlr.e-Cissociate:: 
shock or thermal ahock. These calorim
eters reach the true temperatures cf the 
go I- (to less thar. 1J] in less than 
500 usee, and remain at tr.at temperature 
for sevtrpl msec. 
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MULTI-ELEMENT CALORIMETER 
In some applications, photon energy depo
sition can be expected to be quite law. 
Consequently, the calorimeter outputs 
would be low, as would the signal to noise 
ratio. To meet this problem* another 
design of calorimeter has been developed 
that differs from the design chat has been 
described in only one respect. The gold 
has been divided into four electrically 
and thermally isolated sections. Eacn 
section has its own thermocouple junction, 
and the junctions are connected in series 
to form a four-element thermopile. While 
only preliminary tests of these units have 
been made, calculations Indicate that 
their response will be essentially the 
same as the single-element units, except 
that the output will be four times as 
great. Figure 11 shows this design. 

CONCLUSION 
The new design of gold calorimeter that 
has been described has achieved all of the 
target goals that had been set for it. 
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FIGURE 1. THERMAL RESPONSE OF ORIGINAL CALORIMETER DESIGN 
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CALORIMETER LEADS (1 mil) 
WELDED TO 1 mil GOLD FOIL 
.063 APART 

LAVA SUPPORT 

1 mil GOLD FOIL {25" DIA) 

REFERENCE JUNCTION LEADS (1 mil) 
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CALORIMETER 

FIGURE 3. THE NEW THIN-GOLD CALORIMETER 



RESULTS FROM 2-D CALORIMETER THERMAL MODEL 
1.0 MIL DIAMETER WIRES 
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FIGURE 4. THEORETICAL THERMAL RESPONSE OF THE NEW CALORIMETER 



RESULTS FROM 2-D CALORIMETER THERMAL MODEL 
1.0 MIL DIAMETER WIRES 
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FIGURE 5. THEORETICAL THERMAL RESPONSE OF THE NEW CALORIMETER 
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25 msec PULSE 86 93 keV 
VERT UPPER .167 //v/cm (CALORIMETER) 

LOWER 5/ia/cm (BEAM) 
HORIZ. 50 msec/cm 

500 msec PULSE 86 85 keV 
VERT. UPPER .667pv/cm (CALORIMETER) 

LOWER 5 pa/cm (BEAM) 
HORIZ. 200 msec/cm 

FIGURE 6. DUAL BEAM TRACES OBTAINED IN PELLETRON TESTS OF CALORIMETERS. 
UPPER TRACES ARE CALORIMETER OUTPUTS, AND LOWER TRACES ARE 
PELLETRON BEAM CURRENT. 



FIGURE 7. CALORIMETER RESPONSE TO 
PULSED PHOTON HEATING RECORDED ON 
2MHz DIGITAL-RECORDING SYSTEM. 
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FIGURE 8. CALORIMETER RESPONSE TO PULSED PHOTON 

HEATING RECORDED ON 20kHz TAPE-
RECORDING SYSTEM. 
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FIGURE 9. CALORIMETER RESPONSE TO PULSED PHOTON HEATING 
RECORDED ON 20kKz TAPE-RECORDING SYSTEM. 
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FIGURE 10. THEORETICAL THERMAL RESPONSE OF CALORIMETERS WITH 1/2, 1, AND 
2 Mil DIAMETER THERMOCOUPLE WIRES. 



.001" GOLD F O I U 

.437" DIA. WELD 
4 JUNCTIONS 
050 APART 90° 

>Qhr 
Co 

JUNCTION OF .001 T.C. WIRE & WIRE FROM 
REF. JUNCTION FILL SLOT WITH RTV 
AFTER TO HOLD WIRES IN PLACE 

.001" TC LEADS 
TYPE E (CHROMEL-CONST) 

NOTES 
1. MAKE MOUNT FROM GRADE 'A' 

LAVA (Al SILICATE) 
FIRE TO 1300°F AFTER MACHINING 

FIGURE 11 NEW FOUR GOLD ELEMENT CALORIMETER 


