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ABSTRACT

Calorimetry represents a reliable method of defining high-
intensity eleciron beams associated with pulsed machines such as
Hermes I and Hermes II, Described here are methods and tech-
niques sufficient for the design of both linear array and total stop-
ping calorimeters. Additionally, experimental data obtained on
Hermes | are presented to demonstrate the utility of the method.
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. CALORIMETERS FOR ME.ASURING HIGH- ENERGY
o HIGH INTENSETY PULSED ELECTRON BEAMS

Introduction

The purpose of thlS memorandum lS to present the progress that has i

‘been made in ‘the fabrlcatlon of. calorlrneters thatlwﬂl w1thstand the hlgh—«
mtensfcv, pulsed electron heams produced by Hermes [ and Hermes II It is .
3 no- easy task to ma.ke llnear array calorlmeters (stacks of mdlvldual partlally L

' absorblng calorlmeters used to measure dose depth proflles) that w1ll w1th-

stand 100 calorles per square centlmeter. On the other hand ma.klng total -

stopplng calorlmeters of graphlte to w1thstand doses as hlgh as 200 calor1es

E 'pe_‘.: square centlrneter is. comparatlvely easy. :

We w111 dlSCLlSS early efforts, current efforts and proposed future

o '_efforts along vuth typlcal results obtamed on Herm es L MaJor problem areas
A 'have been materlals s.nd bondmg flxtures Wthh deterlorate rapldly as bea.rn

. energy den31ty 1s 1ncreased L

Some of the materlal propertles 1nformatlon that was collected is pre- =

- _'.V'sented along w1th coxnputatlonal methods needed to fs.brlcate calorlmeters for A
: .SpElelC problems. More detalled lnformatlon concernmg the use of calor—- P

:._lmetrv for electron bearn diagnostlcs can be found 1n Reference 1

-+ Linear Array Calorimeters . .

The fll"St calorlmeters were made from graphlte dlSCS 43 m]ls thlck

'.:hese were plated on the edne w1th copper and then mounted lnto a phenollc




phenollc rod and attached toa plug (Flgure 1)

T rod w1th slots cut 1nto t'ne rod appr0x1mately a0 m1ls deep and spaced 40 to
- 50 rntls apart. Leads of 5- mtl chromel alumel were SJ.lver soldered to the -' .

plated copper edge fed through a small hole drllled through the back of the

The dlSCS were then ep0x1ed.

in place Wl‘th some Plttsburgh plate glass type 777 Bondmaster epoxy._

Almost a11 of the mltlal work was done w1th graphlte whlch stands up

""_Well Graph1te does not spall or melt at 1pw temperatures has a very low

EXPaHSlOH COEfflClent (7 8 x 107 /°C} and is also'a good therrnal and electrl-' S

cal conductor.

f Thls graphlte calomrneter fmally d1s1ntegrated as is’ shown in Flgure Z

: Mast of the heat was concentrated in:the second dlsc as would be expected

’;"(Flgure 3)

BONDMASTER
?77

LEADS

e _Fi'gure"l. Graphlte Linear Array o

Calorlmeter

g THERMOCOUPLE

' -:_The epoxy deterlorated ~enough- heat was dep051ted in the second dlSC 50 that .

'-the silver solder melted and splattered onto the wall of the equlllbrator _'

POSTFION FOR -

SECOND DISC

Figure 2..

Damaged Graphlte Lmear
Array Calorlmeter Rt




| are 30 rmls thick, 1t was not posmble to get & good bond because the aluml—%"*:

Flgure 5. Equilibrator

Another early de51gn for a llnear array calorlmeter was alummum, '

' the basm procedure for fabrlcatmn remamed the: sa.me e::cept, in order to:

fasten the leads onto a.lummurn resmtance weldmg had 1o be employed

E . Since the thermocouple leads are 5 mlls m dJ.ameter a.nd the alummum dlSCS SR

_num dJ.SSlpates heat so fast and the bonds were found to fail when sub;]ected;;%}j..-_-- ik
_ 'to beam energy den51t1es on the. order of 30 cal/cmz. _ ThlS problem may be
. | solved by borlng 8 rnll holes 1nto the edge of the alummum d}.sc and peemng
‘the leads mto it, However when subJectlng thls calorlmeter to hlgher beam
- ,'_:_;_;‘energy den31ty (about 40.to 50 cal/ cm” ) the second dlsc 1n ‘the stack spalled-.:_;___ )
| ':'-_'/_-ivery badly and the f:.rst was blown off although less spa}.lmg took place._ The_ _'
s '...‘-"":-.:tthlrd calorlmeter dlSC also Spalled but to a 1esser degree, 1t was st111 mtact S

_f_'after the shot

As mdlcated earller the next log1ca1 step was to employ a materlal

-:_=w1th a hlgh meltmg pomt 1n order to produce a 11near array calorlrneter that o

R 2
_j-'_would be capable of m-=asur1ng beam energy den51t1es of about 100 cal/cm .




A tantalum llnear array was bu11t w1th the thermocouple 1eads attached
to the face close to the edge ot‘ each 5-mil- thlck disc, - (See pretest geometry
"._1n Flgure 4 ) 'I‘herrnocouple leads resistance- weld to. tantalum W]ih com-

B paratlve ease, due to its hlgh meltmg point and low thermal conduct1v1ty, and .

e '-hold with amazing’ strength The tantalum hnear array calorlmeter d1d not

R

. operate adequately at’ beam energy den51t1es of about 30 cal/cm due to radla—_

tion heat transfer 1osses but did remain intact. Ultlmately, ‘when' e*cposed

: "closer to the plnch point (about 50 to 60 cal/ cm - ), “the tantalum eul"led_ and

_broke away fr'om 1ts bond ~The leads stayed attached except for the 'flrst one'""

*_-whlch was blown completely off (Flgure 5)..

COPRE!
- i—’]yx T I* I

Figur-e_é. _Mi's'c':_ellaneous _Thermocbuple__J oining '-Tec_hniq'ues' S




. Figure 5. Damaged ’i‘_anta_lﬁm“ Linear Arra.y.ASSeﬁbly .

On the bas:.s of publlshed mater;.al propertles, perhaps the best ca.lor-

1meter ma.temal for hlgh mtensﬂ:y measurements should be tltamum. The
- _metal has & hlgh Ineltmg pomt (1 675°C) good ther:mal conductw:.ty, hlgh
ten511e streng“l:h and is easy to. re31stance weld to thermocouple materlals. _
It should be pomted out that in the latest des:.gn we dr:lled holes 1n the edge o
g .. of the calorlmeter for the thermocouple leads. In. Flgure 6 a flm.shed tltan- ;
ium 11near array assembly in its equlhbrator 1s shown after a 30 call cm9

| “:shot.fr.om ‘Hermes I The array 1s ralsed sllghtly 1o show fabrlcatlon.

. Wnen sub_]ectlng the titanium 11near array to the electron beam a _

| beam energy den51ty of - 60 ca.l/crn2 was rneasured before fallure of the calor-
: _1rneter array occurred All thermocouple 1eads were stlll connected but the

" ."'epoxy was shattered and the phenohc rod wnlch held the 12 dlSCS (unmarred)

S _11tera11y dlsmtegrated




"__Figur'e_‘ 6. ' Titanium Linear“Array__Assemblj

‘Total Stopping Calorimeters.

| Maklng 1nf1n1te—th1ckness calorlmeters, those Wthh totally stop elec-— :
' ":::trons of a glven energy, is a much ea81er task, Usually the thermocouple
_leads Wlll be flxed to the rear of the calorlmeter. The easwst method of
| .attachment to mr.)st materlals is to. dr111 8~mil- dlameter holes at. an acute
angle to the back surface (F:Lgure 7) and then peen the leads of the therma- B
: couple w1re mto place.. 'I‘he degree of dlfflculty in thermocouple attachment
wiil depend on the ma.terlal 1nv01ved i. €y 1t 1s much easier to dr111 holes
inta such ma.terlals as alum*nurn whereas others such-as tantalum can o
~ .become. qulte d].fflcult to dr111 espemally 1f the calorlmeter dlSC is fa1rly
| --.thln. S In the case of a thin calorlmeter disc, 1t may become necessary to
' electron—beam-weld the leads to the disc or perhaps re51stance weld ‘them -

E '-_.‘-to the dlsc.- The method of thermocouple attachment is a case of 1nd1v1dua1

—
.

10 -

- :'Judgment when dealmg w1th dlf:ferent calorlrneter materlals and conflguratmns.’



Malnly it 1s ‘advisable to try to mount all thermocouple leads into holes since
this method results in the strongest bond. In the case of graphlte another.. -

approach is needed smce peemng of graphlte is, of course not fea51ble.

On graphlte calorlmeters of the

s T CAL‘.’“‘_MFTER. _ 3 infimte-thlckne_ss variety, we have
/ | s _ . 'found 'only one way to attach thermo-.
_. /\\// . | i o o couple 3unct1ons--by platlng the back
'-\é_"\EPoxY . of the calorimeter with copper 4 to
_\ S '_ 8 1’1’1118 thlck and then sﬂver-soldermg _
?H\raeaqocouptg? _:_the thermocouple leads onto this: sur—=- ST
) ' | ) "'::'.Rfl_ KR face. If the, sﬂver-soldermg is done
ol . correctly, it is possible to attach .
'._P.HENOL'.C/S N ) leads WJ_-th an aPPI_'O&mate-pOlnt con.-".": i
| | h S '_ tact, ..:.thus avoiding_" a largé“m_ass of
'.:sil'ver solder to'diSSipate heat, It is

T Flgure 7. Infinite Calorimeter advisable to put a small drop of epoxy
. - Assembly .- . onthe f1n1shed weld for strength

- (Figure T).

Planar Array of Total Stopping‘ Calorimeters-
By spacmg total stoppmg calorlmeters throughout an equﬂlbrator of
o _llke matertal it is possible: to dev1se an effectwe, but low spat1a1 resolutlon, S
- detector for determmatlon of spatlal var:.atlons in the- electron heam energy _
den51ty proflle. “The geom etry of the calorlmeters and’ the placement through- .

e out the equlllbrator can be tallored to the spec:.t'lc measurement requlred

_ Calorlmeters of th1s type made of graphlte have been used to- measure .
in excess of 300 ca.l/ cm2 w1th no apparent damage to the calor1meters
X although certam steps were necessary toinsure nondamage to-the total array. SR
= : .'A very successful conflguranon that can be adapted to varlous calorlmeter '

,e\ PR placements is plctured in Fzgure 8 The typlcal sme used was 1 square 1"

= .»_.centnneter by 0. 520 mch in length whlch is totally absorbmg for 4-meV . :._ o L




.electrons. After the leads were attached a 174- 1nch phenohc tube was"L"'

L e., approximately. 1/ 4 1nch apart, 1t is possible to make sophlstlcated map-

:-_.'epoxmd to the rear of the calommeter and then mounted into a phenollc board

whlch was mounted into the rear -of the graphite equlllbrator. Thls procedure

'-msures that the calor1meter electrlcally "ﬂoats" from the equlhbrator and

B -'heat 1oss 1s mlmrm.zed (Flgure 8). :

By makmg very small celorlmeters a.nd mountmg them close together, R

, plng devices whlch g:.ve the beam prof:.le at the position desz.red

7§

e

~3 <%

\\ GRAPHITE.
~_  “PHENOLIC.

™ ALUMINUN

| Figure 8. ‘Planar Array .
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Des1gn Calculations for Calorimeter Fabrication =

In order to ‘make sure that one gets the rlght total thlckness of calor-

" imetric material for.a glven energy electron or a glven materlal sunple .

j__-range of the electron and the den51ty of the calorlmetrlc materlal are glven

111 the, followmg unlts

"'Del:iSity . ..‘gml.émB.;.. o

“'Hence, thé-f’iineer_thicknessis simply -

. Bange .y iear thickness for a certain energy .
' ‘-,_.De_-;nSltY' o A

© An exe.mple for 4 MeV (the range versus energy for electrons is gs.ven 1n
- _‘_Reference 2) follows: the ra.nge in copper for 4 MeV 1s 2, 68 gm/cm ; the

density is.8,.92. grn-lcm3 thus the 11nea.r thxckness required is

"-2_'_68 ‘gm/cm. .= 0,300 crn'or__O.118-inch'_'."._' R =

Th1s number is then d1v1ded by the number of d:.scs de31red whlch in

'our case was 12, Whlch results in0, 0099 1nch or, rounded off, 10 rn1ls per,
"dlsc._- _ C ST

When makmg the equlllbrator, all that is necessary is to ma.ke sure o

the rna.terlal of the equlhbrator is the same as that of the calorlmeter so j

| calculatlons are requlred The amount of ma.terlal needed to stop a certam' '

energy eleetron2 must-be known . along with the densn:y of the ma.terlal The e




. that scatter characterlstlcs of both are the sarne ThlS ellmmates the fac-t
| _that if the two materlals are. of dJ.fferent den51t1es scatter of electrons A
frorn the equlllbrator m; ght affect the readmg on the calorlmeter or v1ce

"'versa.

o If a dlrect readout dev1ce 1s used and is callbrated 1n voIts per-—umt

deﬂectlon, the graphs shown in Flgures 10 through 13 1nc1uded 1n the | :
f.Append:Lx, ‘may be used to determtne the 1nc1dent energy den51ty or absorbed b
. dose. It should be noted that these data present absorbed energy or 1nc1dent )

‘ energy dens1ty versus therrnacouple output for the Hermes I env1ronm=nt '

) There are also charts of thermal conduct1v1ty and speCJ.fJ.c heat for the rnore '

sultable calorlmeter materlals._ Flgures 14 through 27 m"i.y be used in case

- one is 1nterested 1n dec1d1ng whlch rnaterlal 1s best for each 1nd1v1dua1 appll— S

e catlon (Reference 3).

Representative Results

Flgure 9 1nd1cates energ}’ absorbed in the I—Iermes I env1ronment for

- each 1nd1v1dua1 dlSC in the graphlte 11near array.r Note that as the beam

moves away from. the tube face it becomes more 1ntense 1ndlcat1ng the

proxnmty of the t‘lrst pmch At 1-1/2 1nches the leads mazlted : away from

'::::-_'_the flrst two dlSCS and the second one was. destroyed The readlng on the

* “third disc was off. scale or in excess of 105 cal/grn, It should be noted in.

""'F:Lgure 8 that the p01nts plotted 1nd1cate the ms dpomt of each dlsc Wthh was i

43 mils thlck

COnSJ.derably more data 1nd1cat1ng the accuracy achleved w1th the o

o VB.I'].OHS calorlmetry materlals and conflguratlons can be found 1n Refer—_ e

.i_-ence 1
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- Summary -

At thls p01nt one can say that the problems e.ssoc'.la.ted w1th calorlmetry" S
| ".;do not appear to be. msurmountable but addltlonal developm"3‘1’1'59-1 wark on the .
- 1mear array calo rlmeters 15 requ]_red in order %o get accurate results e.nd
structural inte g r1ty for hlgh beam energy denSJ.tles. _Once one has solved
_'-_the problema of dlsmtegratlon, Shock “heat 1DSS, Etc-a then calommeters

e become a rellable means of: electron beam d1agnost1cs. B

All in. a.ll tltamum e.t ‘thlS pomt has proven to be the most useful

metal for lmear array ca.lorlmetry due’ to its hlgh meltmg pomt 10w ther-' FRE

—;'i:.ma]. expansmn coefflcz.ent and moderate ease in. fabrlcatlon.' The R SETAS




. dlfflcultles encountered in the case of alurnlnum are presumed to be solved

w1th better bondmg between dlSC and thermocouple w1re. '

leferent rnaterlals for support structure 1n the 11near array calorl-" -
._meters are currently bemg tr1ed such as fused 5111ca rings to’ support each
ﬁ-_: md1v1dua1 dlsc 1n the stack w1th spacmg and lnsulatlon prov1ded by these =
'_'-'rlngs. o s A R
L 'I‘he graphlte planar arrays have shown that very accurate mappmg
' '.':.'can be done w1th 11tt1e 1f any, damage 1n relatively dense electron beams, _'
some new des1gns in graphlte ‘planar arrays have as m.a.ny as 20 to 50 md:.-_._ '.

; _:*v1dua1 calorlrneters in a 1 1/2 1nch dlarneter c1rc1e. o

There are many other calorlrneter materlals that can be trled cor-
_roboratlon of the present mforrnatlon usmg mare of them in the future 1s e

' "ant1c1pated

_ __'_‘1‘6.




LIST OF REFERENCES

\ bt L

Posey, L. D, and Buckalew, W. ., Electron Beam Diagnostics, ?m{(ﬁ't‘?f"‘

Sandia];ab0£236%qes,AAlbuquerque (to be published), }%b?qug PEEN
fxlgj(:l?@' '

Studies in Penetration of Charged Particles in Matter, Publication Ot 6?

1133, National Academy of Sciences - National Research Council,
Washington, D.C., 1864,

Touloukian, Y. S., Thermo Physical Properties of High Tempera-
ture Solid Materials, Elements, Vol. No, 1, MacMillan, New York,

18867,

17-18




 LIST OF REFERENCES

8 Buckalew, W H and Posey, L D Electron Beam D1agnostlcs
' Part i, RadLat}.on Productlon Note 4 October 1969. »

‘Studles in. Penetratlon of Charged Partu:les in Matter Publica- |
~tion 1133, National Academy of Sciences - Natlonal Research o
Councﬂ Washmgton D.C., 1964 ' s

= "I'oulouklan Y. S Thermo Physmal Propertles of ngh ’I'empera- e
_‘ture Solid Matemals, Elements, . Vol No 1 MacM1llan ‘New' York .. ‘
_1967 R S




" APPENDIX

(Y . . CALORIMETER CALIBRATION CURVES =
ST .. =" AND MATERIAL PROPERTIES -~




R : Eoﬂocmh 3. .HO R RED R
oo mmmumﬁﬁoﬁo 1L, U4, ) hmpmcm R S ..3&50 mﬂmhm\r hm.umnﬂ Emgoﬁ :
. _.vma.HOmﬂq. msmhm P HE%BO .Hmawﬁﬂo.ﬁmo .: eandtgy \vma.HOmo_mw .Hwamﬁﬂoﬂmo mﬁﬁm.ﬁo .oH wns.wﬂh

m§o>s Sn_So N w_ R mh_o>_._.__s_ -3ONVHD uwﬁ._o>

SR _ S : oo ) ooy o o0g 00z o0l
SO u,. mmzq:o um:mems_E

- L . SRR ~Eu\Eo mm_ _
_. zu»mz_mo.&o NIHL

P NEo\Ew 6. A :
U H3LININOTVO MOMHL

Foo 0 podog

l
!
[=]
&
wh/1o)  A9YINI (38HOSEY

. WO/TvD - AOMINI 03QMOSEY -

A
/. 3LININI-

-/ ool e R __.___.J.m:oo_ .

- 89:02-6




ENERGY ABSORBED- CAL/GM

IS0

N
|

5 10 15 . 20. 25
' THERMOCOUPLE OUTPUT-MILLIVOLTS =~

Lo Figure 12, ;-'\I)':;m_'l)ed Energyv-Output ("Thin™ Al Calorimeters ~ C.I_'-t_\l J_metions)_ :

oo— A



_ ABSURBED ENERGY - CAL /GM

5
."

3
T

5
-

8
T

1

-'_S_PECI:!'-':'IC HEAT,CAL ¢'K™

I

" Figure 14, Spe_c_'.i_ﬁ_c Heat -,:_Gi*_a‘p_hite Grade 7087

NN

looo'.

15

20

25 -
CALORIMETEF\' OUTPUT M!LLIVOLTS

30 -

35

. -’_I_‘_a_ntalﬁm Calorimeter Ca.liblr'at.ion -

o 9
o M-
N —

p.
T.

O
N
ol

i

1

I

i

200 400 600 . 800

1 000

1200 |400 1600

TEM PER ATURE °K

1800

23



R YO

0.9

SPECIFIC HEAT,Cal g"'K™

14—

B

-SPECIFIC HEAT,CAL ¢'K™'

02

08

05

o4

o8

o3

3 IPTYN IRASUPN WY SE) Nk M B Gt | | i

_L

0.

400" 800

IZOO 1800 2000 2400 2800 3200 13600 4000 '
TEMPERATURE °K ' -

Figure 16, Specific Heat - Graphite Grade 3474D .

e 'l'..

TS SN N TSN U T I

Figure 16,

T200 1600 2000 24002800 3200 3600 4000 R
| TEMPERATURE °K e

S'pec_i.fi_'c'Heat.- Graphite-Gra&e _A’I‘J c




-'-_o..32 T .1 T '_1-_ [.-.]- T 1 z | _|' r T l  |
Cosof e
028
025— f
0241~ .

022}

'SPECIFIC HEAT, CAL g"K"

020~

S R O O N A R P T s A I B
-%Fo"100 200 300 400 500 €00 700 80O 900 1000
= - TEMPERATURE, °K RR :

Figure 17, Specific Heat - Alu'minum_'-_.." f S

o 080"

o
g
i

0 0O ¢

'THERMAL CONDUCTIVITY, CA
83 3:Q
T
1

O O 0o o
B
Loy
|
1

o

H b

I )
L

ST O M Y LS N U0 EO TN S 0 N S0 E A [P
100 200 300 400 500 €00 700 800 900 1000
N TEMPERATURE °K SO

e
 : 03 -

F’igure'__ls.,fThermal 'con_d_uétivity - _Alu'mimm o




' SPECIFIC HEAT, CAL g''K™!

THERMAL CONDUCTIVITY, CAL SEC'CM'K™ =~

03l

Cowlof

008— o :

o4

o2

R IRV S RN ) L RN A BrCan S

0 200 400 800 800 1000 1200 1400 1600 18002000

TEMPERATURE, °K

S _Figqfe"lg. .Specif_ic 'I—Ieat - Titariili_m. o

008~

ooal- .

002

RTINS T IEE R T 0 B A (A I e B

oogb—L L1 !

0 IOO 200 300 400 500 .600. 700 - 800 900!

Figure 20,

TEMPERATURE °K

Thermal Cond'uct_iv,ity - Titanium =~

1000




WU, - UOTSUBdXE Jesur] TeWdeyl, 1z 9anSId

e ,mmapqmmn_,zm_._.

0081 0091 0OvI 00ZI 000! 008 009 00y 002 O

AUNLIE FENELUNE [FSELEEN ERU R IR SRR NEPY EN) NN ISP IERE BN IR BT S B ¢0-

. friomminiee

s

o i " deNwML T
S . vektg 7@l
Tl Ln T T e nx  m:mmmm.1mA.

=
S
S
-
D
*

s




-‘:'O._l_5_ T -_1. T _|. ] T ." 'l‘ I T ..I ‘: .I ! VI —

'SPECIFIC HEAT, cal g'K™' -

o ooel

o008

“ 040 ":._1 lr b i

osal g
Y TRy

| THERMAL CONDUCTIVITY, cal Sec’em'K™

AR o

 0. O

o 200 400 600 800 1000 1200 © 1400 1600 1800 2000
| | TEMPERATURE K - R

_'.'Fi'gur_e-."zz.' Specific Heat - Copper.. -

cl) o . 0O
I :

p .
O
|

o 0
Lo N
O o
b

*®
l |

o
(o]
Q

o
I

! . L '|. | |. -'[ | | T
. __O ‘ 200 400 600 800 1000 . 1200 I4OO |600 1800 ' 2000"._
' TEMPERATURE °K S O e

F_‘Iigure 23. Ther'mal-Conductii}'ity . 'C.opper. _ .- _' -




'_"5-'5. 1 - T T ._l., T {illll
°_~“-‘”:'_: S L R A
_d_os -_ ._ i

007+

0.05}

“SPECIFIC HEAT, CAL ¢'k™"

) N S MSS  AYH  SNY A T W O N T T SOy 0
Yo 200 800 1200 1600 2000 2400 2800 3200 36004000
o ' TEMPERATURE °K _' SR

 Figure 24. specif_ic-'Heat.;.e Molybdenum

_..9:?0 = T | T T _1. _- T '.l_ '-.ll l-._. ||! l lf l T l-
040_ | _

ozo- . T g

"O-",O"'”: S e e

+ THERMAL CONDUCTIVITY, CAL SEC™'eM k™!

oo S NN A K DU NS RN T RO O G T B N e
% 300800 1200 1600 2000 2400 2600 3200 3600 4000
e | TEMPERATURE °K T T

Figﬁ'rg; 25. T_hermal .'-c_gnd'uctiv.ii'y-- Molybdenum - .




" THERMAL CONDUCTIVITY, CAL SEC™'cM K™

- 000

-oor

“SPECIFIC HEAT, cal g™'K

0.0

O.::.QOO._.

0.02

003f-g°

005}

004

L

N R T TR AT B

"400‘::5_':'

" Figure 26.

800

1200 1800 2000 2400 2800 3200 3600

' TEMPERATU RE

' SPECIFIC HEAT-- TANTALU_M_

‘Specific Heat - Tantalum

4000

0.28—

o261

024
022

o201

"_O:I'BF--_" _
.. O.I_,_G.,..
ol
R oXlo] ity
002_ o

'l:

}

o

.

- Figufe"zz

400 800 IZOO 1600 2000 2400 2800 3200 3600
' TEMPERATURE °K

Thermal Conductnnty Tantalum

40_00__'_ o




DISTRIBUTION:

A, Goodman, 1224

E. G. Coffee, 2322

A, B, Giddings, 2322
J. A, Hood, 2635

W, T. Corbett, 2635
D, H, Heabing, 2635

J. E. Schwiner, 2635
B. D. Shafer, 2635

D, L, Weaver, 2635
G, J. Wilson, 2635

8. J. Buchghaum, 5000
A, Narath, 5100

P, M, Beeson, 5113
L. K. Horaing, 5113
L. C. Hebel, 5200

A, W, Snyder, 5220

R. M. Jefferson, 5221 (5)
F. A, Bailey, 5221

A, M, Chodorow, 5221
D, W, Dugan, 5221

J. E. Harness, 5221
P. J, Klaski, 5221

W, W. Rowe, 5221

R. L. Coats, 5222

F. Gonzales, 5222

W, H. McAtee, 5222
J. V. Walker, 5223

W, H. Buckalew, 5223
J. A. Halbleib, 5223
J. G. Kelly, 5223 -

L, D, Posey, 5223

R, I., Schuch, 5223

J. F. Schulze, 5223 (5)
A, Thom, 5223 .
G. C. Smith, 5224

50

1.. Buchett, 5225
B. Gauster, 5225
C, Perry, 5225
C, Peterson, 5225
R.
H.

Mehl, 5230
Beckner, 5240
B. Gerardo, 5243
B. Toops, 5243
H, Martin, 5245
J, Barber, 5245
E, Boers, 5245
L. Johnson, 5245
. Kelleher, 5245
F. W. Neilson, 5260
C. F. Bild, 5400
Technical File, 5400 (2}
D, W, Miller, 5411
R. Quinn, 5411
E, L. Amador, 7351
G. E, Chaffee, 7351
D, K, Dean, 8125
A, Gross, 8125
A, N. Blackwell, 8310
J. D, Plimpton, 9112
J. L. Benson, 9112
J. G, Prather, 9112
M, M, Conrad, 9121
R, S. Gillespie, 3411
W, J. Wagoner, 3413 (2)
G. C, McDonald, 3416
B. R, Allen, 3421
B. F. Hefley, 8232
C, H, Sproul, 3428-2 (15)

<

SEHOT

°

P

oY

1s

31




