
BEST

AVAILABLE

COPY



THIS REPORT HAS BEEN DELIMITED 

AND CLEARED FOR PUBLIC RELEASE 

under DOD directive 5200.20 AND 
NO RESTRICTIONS ARE IMPOSED UPON 

ITS USE AND DISCLOSURE. 

DISTRIBUTION STATFJtNT A 

APPROVED FOR PUBLIC RELIASE) 

DISTRIBUTION UNLIMITED. 



Armed Services Technical Information Aoencv 
Reproduced bv ” ' 

DOCUMENT SERVICÜ CENTER 
--¡ÜLOTT BUILDINB. PaYTim, ? _ 
FOR 

MICRO-CARD 

CONTROL ONLY OF 
GO - » ;'«F;rr Of OTHER DRAWP^ÎOS ffc C TICV FIONS OK V' HFR hat a 

ARE USED FOR ANY PURPOSE CXiTiER . HAN IN Ci K* wr , f/ , ^ ^ HER DATA 

GOVERNMENT PROCUTxEMENF ^PERAT^T THI U S fOv¿ RNMf'nT TH^TryMp 
NO RESPONSIBILITY. NCR .W, OBLIGATE - . . c VER frr T”?t rJ-T 5« 
GOVERNMENT MAY HAVE FORMULATED, FURNISHED <*V ANY WAV UP. ivr Tut 
SAID DRAWINGS, SPEC!^CATIONS . ,. uí HE.. L ' P ‘ , , ^ rHk 
TMDT jr AT!^1« r'- -- _ fc ^ ^ «‘U 4.i) r» 

* -«.a .4 .WA. . , .lAm , * . y • j - r u ». ^ A - - ^ w • ** • «»*a* • c .1 AIN I * . a - r i.. ..• .X .. 

yEr-SON o CORPORATION, Oa .,S. , V, . w , j,, j'. 
I use OR RELt. ANY PAT!,. Ttl. .vv ., T k ^.V ,..: . , .1 - 



EliGI«i EIFERIMENT STATICfc 
of the Georgi* Institute of Technology 

«am_▲, M f Îâ rr4 O 

•INAL REPORT 

p-iCJECT NO. 116-18 

INVESTIGATIt N CF FUNDAMENTAL PROPERTIES 

ELEME'ITS ASO WEIR CCUPCUNES 
INCLUDING 

the RARE E/ trß AT VERY LO» TEMPERATURES 
WITH 

PARTICULAR SMFHAoIS UFCN iG F ERC C N DUCTIVIT Y 

9/ 

w. T. ZIEGU» 

. o-O-O-O- 

n deh:;M.m, cffioe cf naval 
CONTRA :ï 1C. NC-on-ISC. ...-:. CRLfcR 1 

CODE NO. Nn "16-uOt 

- o O - 0 - 

jr.;E 30, 1957 



ENGINEERING EXPERIMENT STATION 
of the Georgia Institute of Technology 

Atlanta, Georgia 

FINAL REPORT 

PROJECT NO. 116-16 

TNVESTIGATICN OF FUNDAMENTAL PROPERTIES 
OF 

ELEMENTS AND THEIR COMPOUNDS 
INCLUDING 

1 ni, J . .TH3 AT VERY LO».’ TEMPERATURES 
WITH 

PARTICULAR EMPHASIS UPON SUPERCONDUCTIVITY 

R/ 

w. Tc ZIEGLER 

-O-O-O — 0- 

NAVY DEPARTMENT, OFFICE OF MAVj»I RESEA FT" 
CONTRACT NO- N6-ori-192, TASK ORDER I 

CODE NO. NR 016-U06 

- o - 0 - O - 

JIT1E 30, 1957 



Final imper t, tro 1_Í^l 

table ci comm 

I. INTRODUCTIOH. . 

II. RESEARCH RESULTS. ».. 

A. Superconductivity of Rare Earth Metals and 
Rare Earth Compounds.. 

B. Superconductivity of Transition Metal and 
Other Compounds o..«....»0. 

C. Rare Earth Chemistry. . . . - ' 8 * • ^ * 

D. Low Temperature Calorimetry , . . . . « 8 ‘ 8 8 

HI. HIBUOGRAPHYo 0 » . . . * 8 ° 8 8 8 8 8 c ' ' 4 ‘ 

IV. APPENDIXES 

A. Published Papers and Technical Reports- . . . • 

B. Completed Theses Directly Related to ONR Project. 

C. Completed Theses Closely Related to OMR Project . 

D. DISTRIBUTION LIST 0 . * 8 * 8 8 8 ' .. 

....1 

. . . . ) 

....1 

» • . • ë 

....6 

. . . * 1 

. . v 13 

. . . . 15 

. . . . 16 

. . . * 1A 

. . . < iV 



ê 

Final Report. Pr o.iect No. II6-I8 

I. INTRODUCTIUN 

Contract MO. H6-cri-152, Task Order I (Cod. Mo. MB Olí-UOÓ), be- 

t». omce Of Naval Research and the Engineering Expertaent Station 

Of the Ce orgia Institut, of Technology was initiated on October 1, 15U6 

„d terminated o„ dune 30, 1957. For the perdod duly 1, 1555 to dun. 30, 

1957 It has operated under a «no-addiUoral-funds- «tension. Beginning 

on July 1, 1953, the equipment developed for use 'under the contract 

f rMR for related werk on a Nationa* Science 
»isb used, with permission of CNR, for r^auea 

Foundation grant (C-Uul). 

The contract has teen concert in Us entire.y with research at 

lnl temperatures on fundamental pronertie- of the alemants and their 

compounds including the rare earths, with particular -hast, on suner- 

-ondactivity. This broad progra;.. has led to contrast suprcrUd studlas 

dealing with 1; cr:sUi itr-.-r, and saperco^-.tieUy of rar earth 

«tais and rare earth compounds, 2) superconductivity of transition 

and other compounds, 3) rare earth chemistry, and low temperature 

calorimetry. The results obtained in these areas, described it. cre.tor 

detaai ir. fcUowin,, sections, have teen published in 7 papers, U tecnnic.l 

. V a c > c + ei-** .,r V ^ c renorts tsee Appendix, A) and a naste of Sc.etce 

and 3 in Chemical Engineering, see Appendix, B). 

.,,, .„certion of the contract no facilities for row température 

research existed at Georgia Tech, although plans to develop such a labora- 

• erv were .’.read, underway and see t racial on electrical equipment had been 

run .—d »-o. glr cor elder able time was spent m tuc.Wi'.g * hvirogen 
^ ,s • f 

V •« V»* .,^¿1 t.'jP ApAji¿\■’r«*-wyT4’ * L —»' * «.• *-■ 
# -Ä. Ÿ A. T • 
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(cap. 70 ml of liquid helium expansion) and the necessary auxiliary equipment. 

This equipment was installed in space provided in a new building which was 

occupied October 21, 191x7. Uqaid helium was first produced on April 20, 19ii8. 

A very important concept in the operation cf this contract has been 

a steady effort to relate the research being carried out to the graduate 

program of the institution This has been done, whenever possible by o 

’) g thasij r* ; ' tor - hi:* eith * part of or closely 

related to the main research objectives fi the contract 1) e.ncicting 

or using students (rathe than full-time employees) as research assis¬ 

ter ts, and 3) aiding research programs in individual departments throu^i 

consultation, occasional calibration cf equipment, etc* 

Altogether 20 graduate students, lu h ->• (lr in Chemical Engineering, 

2 in Chemistry and 2 in Physics) and 6 Fn» 2» (L in Chemical Engineering 

and 2 in Chemistry), were assoc*.: ted with the project at one ti.me cr ansthc’*. 

In addition : undergraduate seniors (7 in Chtci.n»! Engineering and 1 in 

Mechanical ai.g^neering) were employed a? technical assj.sta.*tô. Thr 

ponderance of student- in C ne cue 1 Enp1 re^* ing arose ii cr. tne fset t 

the principal ir.vesti^ata. ■ 7- W T. Ziegler) is associated with the 

ichool of Chemical Engineering. These students produced 5 theses (3 

h. S< xr .Imemic«] liv r * *: ng Í * n Physics) cti: 9-:*'4 ? con¬ 

nected with the contract (Aopendix B) and 6 theses 'v3 M d and 3 Fh L° 

in Chemical Engineering) which con-ri' ted mdirtcl^y t: tne .•search 

objectives of the contract (see Appendix, C). 



. n*-i* 

It should psrhsps bs poiaUd out that ths fh. 0. prugna «t this 

institution ms not startsd until ths full sf 19I»7* shun ths studsnts 

wsrs first seesptsd for work on this dsgrss in ths School of Chsnical 

Enginssring. This contract has contributed rery significsnUy to ths 

dsTslopsent of the Ph. 0* progrès at Os or gis Tech, particularly in Chss- 

ical Enginssring* 

U* RESEARCH RESULTS 

A. Soiorc-iuuf Rars Earth Mstals and Ears Earth Compounds 

a**, of ths rose arch objeetiTSS of ^is c ontract was to sxaains the 

rars sarth natals and curtain of thsir compounds for supTt.oni*- ',5 H *‘-. ' 

\1t*n this was begun in 191*6 only lanthanum and cerium metals had 

been examined for superconductivity. Hsndelssohn and Daunt had found 

lapthîr-’w t- be» a sup*.-conductor with a transition temperature (T.) of 

U*71'# K* This result avs confï rsaU by ^noenberg20, who found a Tc of 1**2 K 

McLennan at using the electrical roaiucan: method» h;;d ^«.'"ier 

failed to fino ¿oper^- fveeir: j ir V.oth lanthanum and cerium. Magnetic 
,, ,« .3, 25 

measurements by us on comisercially availtb.«» specimens of lanthanum ( 

cerium^* 2'>, praseodymium2^ and neodymium2^ confirmed tne xact that 

lanthanum sas a superconductor, but indicated that the latter three 

•lannts vere not superconductors tbc-v* 2° K5 tho t* ape rature 

reached in these experiments* 

Tin. o’.’rity of these materials was not high, so it was intended to 

„uv o’ira mct«\s ir jm , re sa* to which wer*i to have been prepared 

from crude rare earth concentrates. However, the rapid development 

of ion exchange techid.^es for separating tha rare earth elements, given 

tramandous impetus because oí the occurrence of Ihese elements as products 



1 

ft «. Êmm » f fv « *. ts «a *-».* 

of oucir&r ftssxon, Jwrtn« 1 ‘ * lo t.*» prot&tCUon ty ^r. f. 

Speddln^ *nd hi* co-«ork«r* of puro *peeí«en* of » ounber of */h» ror* 

eirth a* tais. Sevoral of the so «ato rial* (Ce, fr, Md) eer# ezaaiaed 

by QoodMin^ for supereonductlTity to 0»25 K with negative results* 

These develoriaents led us to concentrate our interest on lanthanun 

metal* Some of these experiments were carried out on lanthanum metal 

which was made available to us by Dr* Spedding. 

27 
Studies of the phase relations in the lanü-u~uw reta1 vste-’ showed 

that both the hexagonal close-packed (hep) and face-centered cubic (fee) 

.nciilice.ti'-.ii -uper-^ .c .or-- T*'- fee raodifir mtion was prepared 

in well characterized fon71 ^nd its supereorductjng transitioii tempera- 

27 
ture was found to be about 5*5^ K ior thi •'•.t'est s^eciraens . The hep 

modification could not be prepared in a stra.itt*free but i;; ^ 

. o ¿V 
?Tr*Jtrii »o’ldie^.r. it wa. founu te oe a .u.vonduetcr near j*i ;■ • 

X-ra/ diffraction and heat treating studies showed that the phase change 

hepafee was more complicated than nau Tcviuusl;' tee i si prosed* 

Studies jf rare earth compounds were Timit^?^ to lanthenum and cerium 

. 30 
nitrides, and lanthanum hydride havi:y the compositions: LaN^ 

CeNrt o*, and LaR. , c. None proved to be a superconductor above 1.3° K* 
0» 3V 2 

B« Superconductivity of Transition Metal and Other Compounds 

The occurrence of superconductivity in binary compounds containing 

a metal and a non-metal has been known for more than 20 years as a re¬ 

sult of tiie eytfiruv'.vi «lee rxo-1 *o?} stance stud-'es of ssner and his 

co-wc^kers1^* 15* The difficulty of preparing many of these compomids 

in cure form presented the possibility that the superconductivity observed 

I 
' 

! 

« 

! 
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la étrilla ot Umm ■tgtit hav« arlMa fr«* »«parc ood«»c tin* fl la*« ata (altlwr 

of tu« parant natal or a «««pound) praaant U tha apaelaan in aaaU anouata 

rathar than fron tha bulk apaelaan itaalf. Thla doubt aucfaatad tha ra-ax- 

Mination of thaaa aubatancas by naana of «agnatic nathoda, for, as Shoanbarg 

has pointed out, thaaa nathoda should /laid information concoming tha ba- 

harior of tha antira aoluna of tha apacinan rathar than of tha poaaiblo aupar- 

conducting filaments alona. 

21 

It appeared worthwhile to re-examine for supereonductirit/ using a 

magnetic method, a number of compounds previously studied using the electri¬ 

cal waiatance method* The substances studied"*0 were T:C, VC, ZrC, TaC, WC, 

ZrB2, MbB2, TaB2, VB, MoB, TiB^,, ThB2> and HbN. Of these substances only 

KM gave evidence of superconductivity down to 1.8° K* The results for NbN 

ln general agreeiwjnt with the work of others » The failure to observe 

superconductivity in TiC ana VC is in agreement with the electrical resis- 

Une. ■ea.ur.Mnt! -,í ¡í*i».wr ¡t íl11*’ 16, -hll* «le «b».nc. oí .upercon- 

ductivity in ZrC, TaC and WC ie in disagreement witu the obcer-ations of 

thts. investigators. Matthias and Hulm11, also using a magnetic method, 

likewise found no evidence for superconductivity in WC ao-n to 1*28 K. 

The failure to observe superconductivity in NbB2 and TaB2 is in 

agreement with the magnetic studies of Hula and Matthias9. These investi¬ 

gator« also reported TiB¿ not to be a superconductor down to 1.28° K11, 

in agrearnsnt with our results for a boride having the composition TiB2_2 5 

and with those of Miissiier, et al1^, for a titanium boride specimen of 



** • » j Ir 

^ns tat «a zw ozxni-.. So tr«:. it: o:, imj corred ir. Lró?, ¿hirmAs toissner, 

£t al . u~*nt the resista.-.?* -ttz'M, rerortcJ a transition near 3*1° tí in 

a zlrcorúcn ooride ci unstatej composition. 

The disagree se.-, t bet^ee:. the négative result for Mo B ootained b/ us 

and the peso, ti ve result reported oy tfulm and .iatthias''’' for this co.Tipound, 

together with the observations of Ffidson on or.-3e alloys, led to the 

prorosal that certain sponge-like distributions of supereoraucting im¬ 

purities in co.npounas might result in large magnetic effects which could 

be mistaken for superconduction of the major phase ^ The later work of 
• ** 

Matthias and Hulm1“ on Mo3 appears to support this view- A similar ex- 
f m Q 

to account for the con- planation has oecn advanced o.ndeor;ndentlv” 

flicting magnetic observations xn rbo. 

Surer? or. iucti-it; M.n.-Les on,-.«p^uis .e.c continued a fue' 30, 

1?53 under :* grent (0*1*/ /) fron the National Science Foundation for the 

period July 1, 1:/53 to July 1, 1955. This grant was exteried on a "no- 

additional-funds" basis uhrc.gh J-.k J0/ 1/57. Under th^s NSi- grent studies 

have been .nade oí Ag^Sb, Sb2Te3> Fe¿2, and the Sn-So and In Bi cysteras. 

One new sunerconductor, was discovered (Tc » 5.6° K). These 

studies were made possible b/ the use of the hydrogen liquéfier and helium 

cryostat built under the ONR contract- A paper covering this work is 

in preparation. Part of the results were reported at the National Science 

Foundation Conference on Low Temperature Physics and Che.nistry, held at 

Baton Rouge, Louisiana, December 23-30 (1955). 

C« Rare Earth Chemistry 

When work was first begun under this contract the rare earth metals 

were not commercially available m hign purity. Hence, from the beginning 
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plans were aide to prepare a number of the more common rare earth metals 

from pure compounds, which in turn were to be prepared fron crude rare 

earth concentrates^ In addition, methods of analysis of rare earth metals 

had to be developed, and .methods for preparing lanthanum and cerium hy¬ 

drides and nitrides wQre worked out» 

During 19li3'1950 much effort was directed toward the preparation of 

pure La2l3, Pr60u and Nd^ using the newly developed ion exchange techniques 

for separation of the trinositive rare earth ions, and to the development 

and perfection of methods for the analysis of rare earth materials. Some 

of ti.is work was carried on by graduate students in M. S- thesis research, 

although, in certain instances, the students were not actually employed 

on tue contra'*! while the th*si« work was in prog-ess. 

These studies led to the development of a ¿petrochemical method for 

22 
the analysis of lanthanum in the presence of praseodymium and to a study 

cf a number of the vanaoles, such as effect of pH of eluent on the separa¬ 

tion of U***, Nd~‘ and Ir*" using 5 per cent ammonium citrate solutions 
n o 

as the eluent, and Dowex-90 as the ion exenange resin' . The separation 

of samarium from rare ear»h H ctures using similar techniques was also 
25 

investigated23. A brief repert of some of this work has been published . 

Some of the unpublished results have oeen of use to chemical engineers 

working at the Oak Ridge National Laboratory These icn exchange studies 

made it possible for us to prepare significant ambunts (25-100 gms.) of 

high purity U203, Nd203 and Pr^ (99.9+ per cent). 

Experiments to prepare lanthanum metal by electrolysis were under¬ 

taken «nu a few gra.is of la nth anuía wa? produced. However, while these 

-7- 



flail Ai port, frcj+rt lo. 116-13 

studies were being carried out it beceae increasingly clear that Ihr. F. 9* 

Spedding and his group at the Institute for Atonic Research, Iowa State 

University, were making rapid progress in this field and by 195C had pre¬ 

pared a number of the rare earth metals in la~ge amounts and of high 

purity* Early in 1950 Dr. Spedding was kind enough tc make available 

to us a small quantity of lanthanum metal and in 1951 some cerium pra¬ 

seodymium and neodymium metals as well. In view of this fact, no further 

rttempts were made to nroduce the rare earth metals, and attention was 
2 ». 

directed to the making of lanthanujr hydride *nd nitride 

D» Low Temperature Calorimetry 

Tne avaJleMli*y of uurity rare i a~th oxides, notably 

pr O tíc-O.,, ] .d to a proposal to determine tne thermodynamic 
□ lx c 0 

properties of these materials over o orcv te -p«ruou^e .ang^. k oeri^ie 

heat moas» -ements of »hese cxn .a^ were to be made over the range 15C-320° K 

uiaier u.i CKà wk't.U'«ow> a. wi.e . -urn t^i ^ specific h«« t nw .survente were 

to be unde'taken, sp«.nsot«d b the School of Chemical Engineering, of the 

heat capacity of the oxides over the range 300-1200° K 

!. high temperature calorimeter was constructed and measure «ents were 

mads of thi heat capacity of 1*2^3 * ^r6^11 and Nd2^3 0Ver the rtnge ^ 

to 900° C1. The Pr 

earth chemistry studies described acore• More recently similar measure 

ments have been completed for CeO^ but have not yet been published. 

Unfortunately, the ]ow temperature specific heat program has not 

been curried out with such success. This is due in oart to delays in 

and Nd^O^ used wäre prepared as part oí the rare 
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construction of tho colorinoUr, to tho lock of groduoU studonto bovine 

on intorest in coloríeetry and to sons errors in Judgnent regordlng the 

planning of this progran. 

An odiobotic calorinoter, modeled after one constructed by Scott, 

et ol19, was built as port of the research work carried out by Dr. H. A. 

McGee, Jr., for the Ph. D. degree in Chemical Engineering. The calori¬ 

meter is so constructed that either liquids or solids can be measured 

In return for Dr. McGee’s willingness to help with ti.e cons*r. .ttc'- ; 

uhe calorimeter he was allowed to use the calorimeter to carr^ om * 

thermodynamic study of tb*; conr-rslon of a~ pxneje to ß-pinene. This 

study require : boat capacity measurements be made of these orgv. c 

ciwr'o.iidá over the range IfK. The colorimeter performed very 

satisfactnUy. A description or tue calorimeter is included in Dr. Memo’s 
12 _ 

Fh. D. thesis with appropriate acknowledgement to CNR . The expenses 

of ÍLGee’i eA^s^me i\J. . vUdies were borne by the Schorl of Chemical 

Sngx.ieering • 

l.-.e d^cisi^n to allow jt > M;Gee to use the calorimeter fnj tv p4.-; 

prov l^m wav. based on several considerations, chief among them being that 

the pinen* problem is of definite technological interest *nd was felt > 

be a moró suitable research topic for a Ph. D. thesis in Chemical Engi¬ 

neering than the measurement of tfit specific heat of rare earth oxides. 

It was also hoped that Dr. McGee would be able to help with the rare 

earth measurements during and after completing his own measurements, inis 



tit+l a»port, triyrl ■». U6-1A 

latter hooa did not aatarlallsa sine* Dr- NeOa« left iflaa^.iatal/ after 

coecletin^ his aaasurementd in January, 1955 to take a post-doctoral 

position at the UnirsrsiV * Wisconsin. r 

These reaarka are presented as an explanation rather than a Justi¬ 

fication of the events and decisions nade. It is regretted that no actual 

lew temperature heat capacity data was obtained for the rare earth oxides. 

It is still hoped that these measurements can be completed at a later date. 

Early in the planning of the calorimeter studies it was decided to 

construct several precision platinum resistance thermometers for use in 

these studies. These were to be calibrated against a precision platinun 

resistance thermometer purchased from the Leeds and Northrup Company and 

calibrated by the National Bureau of Standards over the range 10° K to 

90° K aj d above the boiling point of oxygen on the International Tempera¬ 

ture Scale* The NBS calibrated thermometer was to be reserved as a primary 

reference standard. 

Four strain-free platinum resistance thermometers of the four-lead 
18 

coiled-helix type, wound on mica crosses, as described by Meyers , were 

constructed- These thermometers have room temperature resistances of 31 

to 35 ohms* After annealing at 500-600° C for several hours, the strain- 

free platinum coil, mounted on its mica cross was enclosed in a copper case, 

the leads being brought out through commercially available metal-to-glass 

terminals (Electrical Industries, Inc. Type AA-UOT-S). These terminals 

consist of four small tubes (0«0l*0 inch 0. D. ) sealed in a special glass 

# ~ ~ ~ “ 

Dr. McGee is now employed in the low temperature group of the Ordnance 
Missile Laboratories, Redstone Arsenal, Huntsville, Alabama 
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of th® Fff* tjp®. TIm finish^ thmrmamtmn mf 9-5 in dlmBUr and 

80 m lone, ft® vpp®r ®nd of th® th®mo«tMr wa® ®nlar*®d to fom a ®®cUoo 

12.5 ■■ long *y 17.5 m in dia*Ur in which th® four ••alad t®minal® ar® 

located. The tharaoMtan war® fiU®d with h®liiai g** at roca t®ap®ratur® 

and saalad off under one ataoaphara praasura. 

The tharaoaetar» ware calibrated in a special cryosUt somewhat similar 

to one described by Blue and Hicks2. This "thermometer comparator" consisted 

essentially of an 1100 gm copper block prorided with holes for the four 

theraoasters. This block was surrounded by an adiabatic shield in a high 

▼acuun space. The temperature of the copper block could be controlled so 

that drift rates of the order of 0.001° per minute or less were achieved 

in much of the rangs from 10° to 320° K. 

Three of these timmometers (the fourth developed a "short") were cali¬ 

brated over the range 11° K to 320° I. A careful analysis of all the data 

taken showed that these thermometers did not possess the high degree of 

•Ubility and accuracy desired of thermometers which were to be used in 

calorimetric experiments of the highest precision, the reproducibiUty 

varied from about 0.005° to about 0.025° C. The reasons for this variability 

ere not known. Some of the variation may have arisen as a result of strains 

introduced into the annealed coils in the process of enclosing the coils in 

their copper cases. Stray voltages in the measuring circuits during calibra¬ 

tion may also have been a contributing factor. Our experiences with these 

thermometers convinced us that the construction of precision resistanc® 

thermometers is no easy task. 
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Th« operating characteristics cf the thers^aatar cœ»p«*at3r crjroatat sug««st«d 

its possible use for acasuring the thermal coaductirity of aetal rods over the range 

11° to 320° K. Mr. W. H. bright has explored this possible use of the cryostat by 

measuring the thermal conduct! rity of a free-machining yell» brass (62 Cu» 35 Za, 

3 Pb) of cadiaua over the range 80° to 300°K as his M. S* thesis in Chemical 

Engineering. The results which were obtained indicate that a cryostat of this 

design nay be useful for the measurement of thermal conductivity over a wide 

temperature range where accuracy of 1-5 per cent is adequate. 

Respectfully submitted: 

yj . ~n 
W. T. Ziegler 
Project Director 

IWrXXalaway, Director 
Engineering Experiment Station 
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