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SUMMARY

The Thermophysical and Electronic Properties Information Analysis Center

(TEPIAC ) is a Full—Service Department of Defense Information Analysis Center

operated by the Center for Information and Numerical Data Analysis and Synthesis

(CINDAS) of Purdue Univiersity under contrac t with the Defense Logistics Agency

(DLA ) and under the technical direction of the Army Materials and Mechanics

Research Center (AI1MRC).”-~The objective of TEPIAC operations is to increase the

productivity of scientists, engineers, and technicians engaged in scientific

and engineering programs for the Department of Defense by maintaining a compre-

hensive, authoritative , and up—to—date national data base on thermophysical

and electronic (including also electrical , magnetic , and optical) properties of

materials for use by the entire DOD community and by providing authoritative

data and information analysis services, Its major functions are to search ,

collect , review, evaluate , appraise , analyze, synthesize , and summarize the

available scientific and technical data and information from worldwide sources

on the various thermophysical , electronic , electrical , magnetic , and optical

properties of materials and to disseminate the results both by providing author—

itative data and information directly to the individual users through technical

and bibliographic inquiry services and by publishing major reference works on

property data and information for the general users at large.

TEPIAC covers 14 thermophysical properties and 22 electronic , electrical ,

magnetic , and optical properties of nearly all materials at all temperatures

and pressures and In all environments.

This Final Report on Contract No. DSA900—77—C—3758 covers the activities

and accomplishments of TEPIAC in the period 1 January 1977 to 31 December 1978.

TEP IAC’s activities reported herein include literature search , acquisition ,

and input of source information; document review and codification ; material

classification; information organization; operation of a computerized biblio-

graphic information storage and retrieval system; data extraction and compila-

tion ; data evaluation , correlation , analysis, synthesis , and generation of

recommended values; preparation and publication of handbooks, data books ,

properties literature retrieval guides, state—of—the—art reports , critical

reviews, and technology assessments; development of a computerized numerical

data storage and retrieval system ; technical and bibliographic inquiry services;

and current awareness and promotion efforts.
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TEPIAC represents one of the most efficient and cost—effective Full—Servi e

Information Analysis Centers when evaluated on output and input volume per

budgeted dollar. During this 24—month contractual period , the Center has

screened 1,500,000 abstracts, scrutinized 92,000 potentially good entries ,

identIfied 24,800 pertinent references, acquired 20,784 research documents , *

reviewed , coded , and catalogued 11,336 documents , extracted and comp iled 7,488

sets of property data from 2,988 data source documents by processing 7,313

research documents, and responded to 1041 inquiries from 46 states and the

District of Columbia and 22 foreign countries. Furthermore , during this period

the 1,786—page Volume 13 of the Thermophysical Properties of Matter — The TPRC

Data Series was published and the 197—page Index Volume entitled “Master Index

ti Materials and Properties” of the 14—volume TPRC Data Series has been com-

pleted . Under multiple sponsorship, the manuscript of the first volume entitled

“Thermal Accommodation and Adsorption Coefficients” of the new CINDAS Handbook

Series of Material Properties has been completed and the manuscripts of the

second and third volumes entitled “Selected Ferrous Alloying Elements” and

“Nonmetallic Fluid Elements” are near completion, a 242—page technical report

was published and four other technical reports with a total of 582 pages were

completed and released , and the manuscripts of the 1,418—page “Tliermophyslcal

Properties Research Literature Retrieval Guide, Supplement Ii” and of the 1,553—

page “Electronic Properties Research Literature Retrieval Guide , Basic CINDAS

Edition” have been completed . During this period twelve issues of the “Thermo—

physics and Electronics Newsletter” with a total of 85,500 copies and two pro-

motional brochures with a total of 20,000 copies have been distributed . TEPIAC

sponsored two international conferences and TEPIAC staff conducted one short

course, gave four seminars in other institutions , and participated in fifteen

other major conferences and meetings. A promotional and documentary film en-

titled “The Anatomy of Data” was produced and has been shown to about 150

organizations during this period . A statistical summary of TEPIAC accomplishments

is presented in Table 1.
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TABLE 1. STATISTICAL SUMMARY OF TEP IA C ACCOMPL ISHMENTS

(For the Period 1 January 1977 to 31 December 1978)

This Total as of
Period 31 December 1978

Scope
Properties covered 36 36
Materials covered 46,810 46,810

Scientific Documentation 
*

Abstracts screened 1,500,000 43,210,000
Relevant abstracts scrutinized 92,000 712,300
Pertinent documents identified 24,800 210,800
Documents acquired 20,784 165,697
Documents reviewed , coded , and catalogued 11 ,336 151,545
Entries of codification 32,281 536,723
Sources of documents 8,360 8,360

Data Table Generation
Documents processed 7,313 42,707
Data source documents resulted 2,988 19,654
Data sets compiled 7,488 91,038
Data sets in the Evaluated Numerical Data Bank 4,268 4,268

Inquiry Services
Inquiries from government laboratories and agencies 145 i,O22~
Inquiries from defense contractors and other industrial

organizations 674 3,650a

Inquiries from academic institutions 222
Total inquiries 1,041 6,582a

Publications
Research Literature Retrieval Guides and Supplements

Number of volumes 10 19
Number of pages 2,971 8,132

Data Books and Handbooks
Number of volumes 3 24
Number of pages 2,383 29,081

State—of—the—art reports and technical reports
Number of reports 4 29
Number of pages 582 4,616

Masters Theses in the Pure and Applied Sciences
Number of volumes 2 22
Number of pages 595 4,861

Current Awareness and Promotion Efforts
Thermophysics and Electronics Newsletter

Number of issues 12 42
Number of copies 85,500 194,100

Promotional brochures
Number of brochures 2 16
Number of copies 20,000 42,650

Conferences and meetings
Number of conferences and meetings sponsored 2 14
Number of conferences and meetings participated 20 131

Documentary film 1 1

a Since 1963.
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PREFACE

This Final Report was prepared by the Thermophysical and Electronic

Properties Information Analysis Center (TEPIAC), a Department of Defence Infor-

mation Analysis Center (IAC). This Center is operated by the Center for Infor-

mation and Numerical Data Analysis and Synthesis (CINDAS), Purdue University,

West Lafayette, Indiana, under Contract No. DSA900—77—C—3758 with the Defense

Logistics Agency (DLA), Alexandria, Virginia, with Mr. J. L. Blue being the IAC

Program Manager, and under the technical direction of the Army Materials and

Mechanics Research Center (AMMRC), Watertown , Massachusetts , with Mr. Samuel

Valencia being the Contracting Officer ’s Technical Representative . The Contract

was issued by the Defense Electronics Supp ly Center , Dayton , Ohio , with Mr. S. C.

Rosta and Mrs. Frances Burke being the Contracting Officers.

This Final Report covers the contractual period from 1 January  1977 to

31 December 1978, and was submitted by the author in February 1979 to f u l f i l l

the contractual requirement (Item No. 0002, Sequence No. A002).

The work reported herein is credited to the collective efforts of the entire

staff of the Thermophysical and Electronic Properties Information Analysis Center.

Dr. Y. S. Touloukian, Director of CINDAS , has been the principal investigator.

This report has been reviewed and is approved .
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SECTION 1

I NTR000CTI ON

Th e Ther mophv si cal and Ele ctro n ic Properties inform ation An alysis Center

(TEPLAC) is a Department of Defense Information Analysis Center operated by t he

Cente r  f o r  I n f o r m a t i o n  and Numerical Data Ana lysis and Synth esis (CINDAS ) of

Purdue  U n i v e r s i t y .  Under CINDAS ’ opera t ion , TEP IAC has long a ch i e v e d  the full

ope ra t i ona l  st a t u s  of a Full—Service 1)01) I n f o rm a t i o n  Anal ys i s  Cen t er , and TEPI AC

has been well oriented to the needs of I t s  user  c o m m u n i t y  w i t h  it -~ p r o d u c t s  and

services  w e l l — k n o wn.

The objective of TEPIAC operations is to increase the productivit y of

sc i en t i s t s , engineers, and t e c h n i c i a n s  engaged in s c i e n t i f i c  and eng inee r ing

p r o g r a m s  fo r  the D e p a r t m e n t  of Defense  by maintaining a comprehensive , author-

i t a t ive, and up—to—date national data base on thermophysical. and electronic

( i n c l u d in g  also e l e c t r i c a l , magne t i c , and optical) properties of materials for

use by the e n t i r e  DOD communi ty  and by p r o v i d i n g  a u t h o r i t a t i ve  d a t a  and i n f o r —

nation analysis services. Services are also rendered to other U.S. Government

Agencies and their contractors and , to the e x t e n t  p r a c t i c a l  without impairment

of services to the forego ing users , to the private sector , consistent with

security and other limitations on TEPIAC ’s Information .

The major functions of TEPIAC are to search , collect , r ev i e w , evaluate ,

appra ise, anal yze , sy nthes ize , and summarize the available scientific and

technical data and information from worldwide sources on the various thermo—

phys ical , electronic , elec tri cal , magnetic , and op tical properties of materials

and furthermore to disseminate the results both by provid ing authoritative data

and information directl y to the individual TEPIAC users through technical and

b ibl iogr aph ic inquiry serv ices and by publ ish ing major re fe r ence works on

proper ty data and informa tion for the general TEPIAC users at large.

TEP IAC ’s major tasks and activities include literature search , acquisition ,

and input of source information for maintaining the data base; document review

and codifica tion ; material classification ; information organization; operation

of a computerized bibliograp hi c in forma t ion storage and re tr ieval  sy stem; da ta

extraction and compilation ; data evaluation , correla ti on , anal ysis , syn thesis ,
and generation of recommended values; preparation and publication of handbooks ,
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da ta books , pr oper ties li tera tu re re tr ieval  guides , state—of—the—art reports ,

c ritic a l reviews , and technology assessments; technical and bibliographic inquiry

services; and current awareness and promotion efforts.

Wli( ic hEPIM i~ a [eu 1—service IAC , it iia~ traditiona l l y stressed data

evaluation and ~nalysis and the generation of reference data more than any o the r

single’ group anywhere. Furthermore , it has always felt that the maximum opti-

mization of its efforts in serving the end users of data and information can

best be realized through the publication of major reference works , wh ereby the

data and information are readil y ava i l ab l e a t arm ’s reach of t he engineers ,

scien tists, and technicians. Towards this end , TEPIAC has contributed gr ea t ly

over the years by publishing a number of the most comprehensive and authoritative

series of data books and handbooks published anywhere.

It is appropriate at this point to discuss briefly the impor tanc e of the

knowled ge of thermoph ysical , elec tronic , elec trical , magnetic , and op tical

proper ties of materials covered by TEPIAC to the mission of the Department of

Defense  and the important role of Information Analysis Centers such as TEPIAC

in national defense. There is no doubt that the knowledge of material properties

is extremely important to the mission of the Department of Defense because the

prop er design of defense systems and m ili tary weapons , hardwar e, equi pment ,

structures , etc. used in na tional defense req uires a comple te knowled ge of the

properties of materials. Consider first an example that concretely demonstrates

the  importance and usefulness  of such knowledge to the Department of Defense

and , as a consequence, that the mission of the Department of Defense is accom—

pu shed in a most competent manner with such knowledge. It is well known that

a thorough knowledge of thermal conductive and radiative properties of refractory ,

insula tion , and other aerospace materials is a fundamental requirement of the

design of advanced weapons such as balistic missiles and spacecraft which require

thermal protection systems for their operating at extremes in temperature and

require ligh tweight high—efficiency thermal insulation systems for cryogenic

fuel in booster applications. The thermal conductive and radiative properties

of refractory and composite materials used in nose cones , nozzles , and leading

edges are so important that these properties determine d i r e c t l y  the  t e m p e r a t u r e

level of operation , and furthermore , together with thermal expansion t h ey

determine the thermal stress and thermal shock characteristics , which are most

impor tan t design considera tions for  hi gh tempera ture app lications. In short ,

2 
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without the knowledge of these properties , the design of spacecraft , balistic

missiles, and all other similar warhead delivery systems would nat have been

possible , and this Nation ’s advanced defense systems and space programs could

not be off the ground.

For the design of conventional military vehicles , tanks, airplanes, and

warships or their power—plants and of various firearms ranging from small guns

to heavy artilleries , the knowledge of thermal conductive , radiative , and other

thermophysical properties is also very essential because their operations always

involve rapid heat generation and high thermal stress and thus require efficient

heat dissipation or cooling ; all such processes are directly related to thermo—

physical properties of the materials used . Thermophysical properties of fluids

are Important in the design of engine cooling system , lubricating system , f uel

system , combustion and exhaust system , etc. For the design of nuclear engine

used in a submarine or warship, the knowledge of the thermophysical properties

of nuclear fuel materials and fuel rod cladding materials is,essential since

these properties determine the maximum attainable heat flux from fuel rods and

the temperature level of operation , which dictate almost the entire design.

In the current advanced technology , the knowledge of thermal radiative

properties as well as optical properties is most essential both in the develop—

ment of high—power laser weaponery for destroying enemy ’s aircrafts , missiles,

satellites , etc. and in the development of laser—hardened materials for pro-

tec t ing our aircrafts, missiles, satellites , etc . against enemy ’s high—power

laser attack. The knowledge of thermal radiative and optical properties is

also extremely important in the development of target signature recognition

systems for detecting and identifying enemy ’s oncoming aircrafts and missiles

and for identifying terrestrial objects in guidance and reconnaissance applica-

tions.

The knowledge of electronic , electrical , and magnetic properties of materials

is , of course, essential for the design of all electronic devices and equipmen t

for military applications , including , for examp le, those electronic devices

used in military electronic communication , electronic high—speed computation ,

electronic guidance , control, and tracking , electronic detection and sensing,

electromagnetic memory and recording , electronic surveillance, reconnaissance,

and intelligence , electronic jamming , deception , and countermeasure , and those

military electronic devices for energy generation, storage , conversion, and

3 
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transmission. In f ac t , the rap id advance in e lec t ronic  g a d g e t r y  In recen t y e a r s

is a direct result of increased knowledge of the electronic , elec trical , and

magnetic proper ties of materials , unusual or otherwise. in electronic devices ,

the availability of efficient heat sinks for micro—circuits is another essential

requiremen t for their satisfactory performance , and the design of efficient heat

sinks requires the knowledge of therunophysical properties. It is indeed an

endless list of examples demonstrating the great importance and usefulness to

the Department of Defense of the knowledge of thermophysical , electronic , elec-

tr ical , magne tic, and optical properties , of which TEPIAC is responsible for

coverage .

In the past , the data and Information on the properties of materials ,

though so important , were buried in the world ’s enormous and ever-expanding

volume of scientific and technical literature , and the scientists , engineers ,

and technicians engaged in scientific and eng ineering pro grams for  the Depar tment

of Defense used no more than a small fraction of the data and information already

existing . This disturbing situation has been gradually improved since the

establishment of the scientific and technical Information Analysis Centers ,

such as TEPIAC , by the Department of Defense. TEPIAC has been conducting a

con tinuing systematic program to dig the buried data and information and to

screen and filter the current data and information out of the world ’s ever—

increasing volume of literature and to critically evaluate , appraise , ana lyze ,

synthesize , summarize , and put the da ta and informa t ion in a form most usef u l

to the users in the entire Defense community. There is no doubt that the more

accurately the properties of materials are known, the more like ly that a system

can be designed properly and performed successfully, and that the more readily

the property data and information are available , the more likely tha t a develop-

ment program can be expedited .

The important role of TEPIAC , or of any other DOD Information Analysis

Center , in national defense is to assure that the Department of Defense carries

out its mission timely and most effectively by serving as a focal poin t for

authoritative expertise and maintaining a national data base within the scope

of its coverage to be tapped by the Department of Defense and its cont~.~ctors

for solutions to technological problems and for the planning of advanced defense

sys tems , by providing instant response to meet urgent requirements of the

Department of Defense when short reaction time is essential , by serving as a

4



vehicle  fo r  e f f e c t i v e  technology t r a ns fer  w i t h i n  i t s  scope , t h u s  c l o s i n g  the

time gap between R& D and app lication , by leaving comp lete  cognizance of the

topography of the state of knowled ge within its scope , thus able’ to quickly

iden t if y areas where knowled ge is lacking and research is required to meet

exis t ing needs and an t ici pated future demands , and by b r ing ing about significant

cost savings to the Department of Defense and others by preventing the use of

erroneous input data in critical technical app lica tions and avoiding duplication

in present and future research efforts. In short , TEP1AC and other DOD Informa-

tion Analysis Centers p lay a very significan t role in our national defense.

CINDAS , who operates TEPIAC , is a part of Purdue University , which is one

of the leading ins titu t ions of hi gher learning in the Nation. Purdue University

has numerous research laboratories in all fields and discip l ines and many of

these are for the measurement and research on thermophysical. and/or electronic

proper ties. Furthermore , there are over 2500 highly— trained faculty members

and research specialists at Purdue . When the need arises CINDAS/TEPIAC can

draw on their scien ti f ic  and eng ineering expertise with immediate access.

Due to the fact tha t CINDAS ’ own sta f f , with its 16 doctoral level professional

personne l , possess a very high degree of expertise in thermophysical  and elec tronic

properties, material science , solid state physics , phys ical chemis t ry , and spec—

troscopy , the assistance from outside CINDAS is, therefore , seldom needed .

CINDAS/TEPIAC ’ staff have an enviable performance record of scientific and

professional accomplishments through original research contributions to the

primary literature . Thus they possess a high level of professional recogni tion

and credibili ty in their work , which is absolu tely essential for acceptance by

one ’s peers. Some of the staff have received honors and distinctions from

National and International scientific and technical bodies. In the area of

scientific documentation its staff comprise highly trained personnel (several

staff having a degree of Master of Science) with an average of over 12 years

experience in their speciali ty. On its prem 4.ses CINDAS has an experimen tal

research laboratory for the measurements of thermophysical and electronic prop-

erties which is recognized as a most outstanding laboratory with a wide range

of “state—of—the—art ” capabilities. The work of this laboratory contribeites

direc tly to the data evaluation and analysis process , which constitutes a unique

and invaluable asset to TEPIAC .

TEPIAC ’s accomplishmen ts in all its tasks and activities in the performance

of this contract for the contractual period from 1 January 1.977 to 31 December

1978 are detailed In the following sections.

5
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SECTION II

SCIENTIFI C DOCUMENTATI ON ACTIVITI ES

I n orde r to main tain a comp r ehensive , autho r i t a t i v e , and up—to—date  na t iona l

dat a base on the rmophysical , elect ron ic , e lec t r ica l , magnet ic , and o p t i c a l  p rop-

erties of materials and to provide authoritative information and data to the

users with instant retrieval capability, TEPIAC has maintained a systematic

program of literature search and acquisition , doc umen t review and co d i f i c a t ion ,

material classification , information organization , and of storing the resu l ting

information in a computerized information storage and retrieval system . The

various phases of activities In this program are discussed below .

1. LITERATURE SEARCH , ACQUISITION , AND INPUT OF SOURCE INFORMATTON

Th ee fourteen thermophysical  proper ties tinder TEPIAC cognizance of Information

and data in all pertinent subject areas are as follows :

1. Thermal conduc tivity

2. Accommodation coefficient

3. Thermal contact resistance

4. Thermal diffusivi ty

5. Specific heat at constant pressure

6. Viscosity

7. Emittance

8. Reflectance

9. Absorptance

10. Transmittance

11. Solar absorptance to emittance ratio

12. Prandtl number

13. Thermal linear expansion coefficien t

14. Thermal volumetric expansion coefficient

Originally two more properties ( d i f f u s i o n  c o e f f i c i e n t  and s u r f a ce tension ) had

been monitored , but these were dropped in mid—1970.

The 1fteen speci f ic  electronic , electrical , magnetic , and optical properties

and sevet, roperty groups under TEPIAC cognizance of information and data in all

pertinent subject areas are as follows:
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_ _ _ _ _ _  
_ _

_____ -

Properties

1. Absorption c o e f f i c i e n t  9. Energy levels
2. Dielectric constant 10. Hall coefft ctent
3. Dielectric strength ii. Magnetic hysteresis
4. Effec tive mass 12. Magnetic susceptibility
5. Electric hysteresis 13. Mobil Ity
6. Electrical resistivity 14. Refractive index
7. Energy bands iS. Work function
8. Energy gap

Proper ty Groups

16. Electron emission properties 19. Magnetomechanical properties
a. Field emission a. Anisotropy energy
b. Photoemission b. Magnetostriction
c. Secondary emission 20. Photoelectronic propertiesd. Thermionic emission a. Dember effect

17. Luminescence properties b. Photoconductivity
a. Cathodoluminescence c. Photomagnetic effect F

b. Electroluminescence d. Photopiezoelectric effect
c. Mechanical luminescence e. Photovoltai~ effect
d. Photoluminescence 21. Piezoelectric propertiese. lhermo l umlncscvnce

a. Piezoclectric effect
18. Magnetoelectric properties b. Pyroelcctric effect

a. Ettingshausen effect .22. lhermoelectri c propertiesb. Magnetoresistance a. Peltier effect
c. Nernst effect h. Seebeck effectd. Shubnikov—de Hazes effect

c. Thomson effect

As to materi al coverage In this documentation phase of the program , TEPIAC

covers nearly all materials at all temperatures and pressures and in all cmvi—

ronments , which are f a r  more than what are required by the contract. The materials

required by the contract to be covered for thermophysical properties include ,

as a minimum , metals and metal alloys, ceramics , cermets , intermetallics , polymers ,

and composites, and those for electronic (including also electrical , magnetic ,

and optical) properties to be given priority coverage inc lude elements, inorganic

compounds, alloys , intermetallics , glasses, ceramics , cermets , applied coatings ,

polymer s, composi tes , and systems.

The strategy of literature search has been to use both the abstracting

journals and the scientific and technical journals. A number of selected journals

have been subscribed and furthermore the journals subscribed by Purdue Libraries

have been fully utilized . The top ten high—yield scientific and technical jour-

nals for thermophysical properties are noted below :
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1. Phys i ca l  Review
2. Journa l of Chemical Physics
I. Journal of App l ied Physi cs
4. Russian Journa l of Physical Chemistry
5. Soviet Physics — Solid State
6. Inorganic Materials (USSR)
7. Physica  S ta tus  Sol idi
8. Applied Optics
9. High Temperature (USSR)
10. Solid State Communications

The top ten high—yield scientific and technical journals ter electronic properties

are as fo llows :

1. Journal of App lied Physics
2. SovIet Physics — Semiconductors
3. Physica Status Solidi
4. Physical Review
5. Soviet Physics — Solid State
6. Solid State Communications
7.  Physics Le t te r s
8. Journal of Physical Society of Jap an
9. AlP Conference Proceedings
10. Japanese Journal of Applied Physics

In addition to searching selected technical journals , four abstracting

journals covering the open literature and four government abstracting journals

covering the government report literature are monitored . These are:

1. Chemical Abstracts
2. Physics Abstracts
3. Electrical and Electronics Abstracts
4. Dissertation Abstracts Internationa l
S. Scientific and Technical Aerospace Reports (NASA)
6. Technical Abstracts Bulletin (DDC)
7. U. S. Government Reports Announcements (NTIS)
8. Technical Translations (NTIS)

In monitoring these abstracting journals , computer—screened inputs have been

used . Close to 1.5 million abstracts were screened by computer using carefull y

designed search logics. These basic sources and other minor sources yielded

92,000 hits in this 24—month contractual period . These 92 ,000 poten tially ~oixt

entries were fu r ther  scrutinized manually to yield 8,800 pertinent references

on thermophysical properties and 16,000 pertinent references on electronic

properties. This and other statistical data showing TEP1AC ’s overall scientific

documentation accomplishments in this period are presented in Table 2.  Table 2
shows that 94,400 research documents on thermophysical properties and 116,400

research documents on electronic , electrical , magnetic , and optical properties8



TABLE 2. STATISTICAL SU*IARY OF SCI ENTI F IC DOCUMENTAT I ON ACCOMPI L SILMI:NTS

Thermophysical  P rope r t ies

Total as of This Total as of
31 Dec . 1976 Period 31 Dec . 1978

Potential abstracts further scrutinized ———— 36,000
Documents identified (references in system) 85,600 8,800 94,600
Documents on hand (microfiches and hard

copies) 77,870 9 ,513 87 ,383aDocuments reviewed , coded , and catalogued 73 ,400 2,790 76,190
Codification entries on all properties 283,392 8,480 291,812

Electronic Properties

Total as of This Total as of
31 Dcc. 1976 Period 31 Dcc . l~ 78

Potential abstra~ t s  f u r t h e r  s c r u t i n i z e d  —— — — 56,000
Documents identified (references in system) 100,400 H,,000 116 ,400
Documents on hand (microfilms , microfiches ,

and hard copies) 67 ,04 1 11 , 27 1 78 , 314
Documents reviewed , coded , and catalogued 66,809 8,546 7S, 155
Codification entries on all properties 221 ,050 23 ,801 144,8S1

a Work in this area was suspended for abou t 14 months in order tha t the sta ff
could overhaul the bibliographic information system and magnetic tape search
f i les .  
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have been identified and selected for the TEPIAC data base as of 31 December 1978.

It is expected that on the average about 4,000 to 4,500 research documents on

the rm ophy st ca l  pr oper t ies  and 6,000 to 8,000 research documents on electronic ,

e1ectr tc~ l, magnetic , and optical properties will be added to the TEP IAt data

base every year.

In add i t i on  to the basic  sources , TEPIAC has searched ~crta in ~pec .ia1i zed

sources such as special  b ib l iograp hies , compendia , conference proceedings ,

symposium volumes , and listings of doctoral dissertations and master theses.

Of particular note is the Kobe Afui1iate~ of CINDAS at Kohe , Japan , who has

served a very important Input function for Far Eastern literature . Furthermore ,

TF P I A C  has continued t o  develop i t s  c o o per at i v e  w o r k i n g  ar r an g e m e n t s  on the

exchange of research results and information w i t h  ma jo r  n a t i o n a l  and i n t e r na t i o n a l

l a b o r a t o r i e s  and i n s t i t u t i o n s  engaged in thermop hysical and/or e l e c t r o n i c  prop-

e r t i e s  resea rch .  Throug h these highl y deve l oped procedures and arrangements ,

TEPIAC has a high level of confidence in regard to comp leteness of its input

of sou rce tn form at ion .

Recent statisti cs shows that research document s  on t l i e r mop l i v s i c ; i l and

e lec t ronic  properties come from the following major sources:

Journa l arti cles from Purdue library subscriptions 47.5
Journa l a r t i c l e s  f rom TEP I AC s u b s c r i p t i o n s  9 . 7
Journal  a r t i c l e s  f rom au t h o r s  16. 5
Journal articles from Library of Congress 4.3
Government reports from DDC 4.4

~~vi.~rnment reports from NTIS 3.2
Ph.D. dissertations and M.S. theses 1.8
Othe r sources 2.6

Tota l  100%

The above listing indicates that scientific and technical journal articles and

other open literature constitute abou t 92 percent of the total research docu-

ments and government reports constitute only about 8 percent.

TEPIAC ’s specialized holdings of research documents , which number  87 , 38 1

on ihermop hys ica l  proper t ies  and 78,314 on electronic properti es is of 11 I)ecemher

1978 as shown in Table 2 , constitute a unique nationa l asset and art assuming

increasing importance for rapid access to the world literature on thermop hysical

end electronic properties. Many of these research documents , thoug h readily

available from TEPIAC , ire very difficult to obtain elsewhere e s p e c i a ll y  in the

a This CIND AS ’ overseas affiliate is supported through other sources.
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cases of foreign literature and special publications of limited distribution .

It is our experience tha t literature retrieval progra ms which yield only bibl i-

ographies as their end product are becoming increasingly less useful because of

the difficulty and time lapse involved in procuring the cited documents. To

remedy this situation , TEPIAC has long been supplementing the practice of sub-

mitting bibliographic responses to literature search requests with copies of

the actual documents in the form of standard microfiche or hard copy.

2. DOCUMENT REVIEW AND CODIFICATION , MATERIAL CLASSIFICATION , AND INFORMATION
ORGANIZATION

As each pertinent research document was received , it was immed ia tely

microfiched and then thoroughly reviewed . Pertinent information was extracted

f rom the document with respect to the particular property measured or treated

and the temperature range, the material tested and its physical sta te, the

subject coverage of the document , and the language used . All these excep t the

mater ia l  name were translated into mnemonic code letters , and the ma teria l was

assigned a material number according to an established material classification

scheme. The code letters, material number , and document number were recorded

on a specially designed Coding Form (see Figure 1), and were processed subse-

quently by computer for storage and retrieval, and also for publication of the

Research Literature Retrieval Guides. The code designations for codification

of literature on therinophysical and electronic properties are given in Tables

3 and 4, respectively .

As shown in Table 2, in this 24—month contractual period 8,546 documents

on electronic properties were reviewed , coded , and ca talogued , and the coded

information was processed by computer . Approximately 16 percen t of the documen ts

on electronic properties were coded from abstracts.

For thermophysical properties the review, coding , and cataloguing activities

were suspended for about 14 months in order that the staff could completely over-

haul the bibliographic information system, which involved , among other things,

the generation of a unique computerized material index, the complete editing of

the various segments of the bibliographic data base for complete internal con-

sistency as well as compatibility with the new bibliographic data base on elec-

tronic properties. These improvements result in a more efficient codification

and search operation and enable putting the entire bibliographic data base on

11
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TABLE 3. CODE DESIGNATIONS FOR CODIFICATION OF LITERATURE ON
THERMOPHYSICAL PROPERTIES

Proper ty :  A — Thermal cond uct ivi ty
B — Accommodat ion  c o e f f i c i e n t
C — Thermal c o n t a c t  r e s i s t ance
I) — Therma l diffusivity
E — Specific heat at constant pressure
F — Viscosi ty
C — Emittance
H — ~ef1ectanct
I — ~bsorp tance
J — Transmit tance
K — Absorptance to emittance ratio
L - Prand tL  number
N — Thermal linear expansion c o e f f i c i e n t
O — Thermal vo lumet r ic  expansion coe f f i c i en t

Physical State: D — Doped
E — Expanded
F — Fibrous or whisker
G — G a s
L — Li quid
M — M u l t i phase
P — Powder or fine particle
S — S o l i d

Subjec t :  C — Theory + Data
Data

F — Experiment  + Theory
C — Experinent  + Theory + Data
M — Experiment + Data
S — Survey , review , compendium , data collection , etc.
T — Theory

Language : C — Czechoslovakian
f l - D utch
E — Eng lish
F — French
G — German
I — I talian
J — Japanese
O — Other
P — Polish
R — Russian
S — Spanish

Temperature:  F — Full range (Low + Normal + Hig h)
L — L o w (O to 75 K)
N — Normal (above 75 K to 1273 K)
H — High (above 1273 K)
U — Unspecif ied
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lARL I: 4 . CODE I)ES IGNArIoNS FOR COD II’ I CA~ I ON OF L I  TERA l U R E  ON
ELECTRON IC PROPERT I ES

Pr~ perfl P~j~~nt Pi s i  cat ~~t i t n~~~~ r i  t urc

AS—Ah sorpt ion I—Group IA & LB A— , ior~Oious I.— low (0 t o  75 K)
coefficient 2—Group I IA & II B C—Superconduct I ye N—Norma I (above

D C — D i e l e c t r i c  constant 3—Group lil A D—I)oped 75K to 1273 K)
D S — D l e l e c t r i c  s t r e n g t h  4 — G r o u p  IVA E—Expanded or un spec  i t  led
El i—Energy  band 5—Group  VA F—Fibrous or I l — H i g h (above
EF—Effe ctive mass 6—Group ViA whisk er 1 27 3  K)
Ei — E ne rgy gap 7—Gr oup VI IA & VII IA C— Gas
E U — E l e c t r i c  hy s t e r e s i s  8—Group L V B , VU , Vi H , I— Ion i ~cd (plasma )
EL— Energy lev el V I I B , & V II I I—L iquid
ER—Electrical 9—Group I I I B , Lanthanide M — M u l t i p hase

r e s i s t i v i t y  Ser ies , A c t i n i d e  Ser i e s  P — P o w d e r  or I In c
HC—Ha U coefficient 0—Other or unspecified particl e
MI-I—Magnetic hysteresis S—Solid
MO—Mobility 1—Thin or th~ ck
MS—Magnetic film

susceptibility
Ri—Refr a ctive index
WF — Work f u n c t i o n  Form of Document Subject Lan~ u i è~

e
E P — E l e c t r o n  emission A—Coded f rom a b s t ra c t  D— D ata  C -Cz e ch o sl o vak i an

p r o p e r t ie s  B—Coded f rom a b s t ra c t , E — E x p e r i m e n t  Fi — 1)utc h
GP—Magnetoelcctric document available C—Exp erim ent + F—English

proper t ies Il—Coded f rom hard  c o p y  Theory + 1 )i ta 1 — F r e n c h
LP—Luminescence M—Coded from microform 5- Su rvey , review C— (ert ’iin

properties (microfiche or T—Theorv I— it a 1 ian
MP—Magne tomechanical microfilm) i— J a p mcsu

proper ties T—Coded from translation 0—Othe r
PP—Photoelec tronic P—Polish

pr oper ties R — R u s s i a u
TP—T h e r m o e lectr i c  S — S p a n i s h

p r o p e r t i e s
ZP—P iezoelectric

p rope r t i e s
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magn etlu ’ t ape .  Due to the above diversion of efforts , onl y 2,790 doc uments on

thermophysical properties were  reviewed , coded , and catalogued , as indicated

i~ r~thft 2.
lo r thermop hys i ca l  1)r opt ~r t ies , th u  techn lci 1 codIng of th€ 2,790 documents

y i e l d e d  8 , 480 c o d I f i c a t i o n  e n t r i e s  In the computerized document  f i l e  on thu 14

p r o per t i e s , ~naki~~; a total of 291 ,872 codification entries in the  f i l e  as of

31 December 1978. One codification entry represents usually one p r o p e r t y  of

one m a t e r i a l .  For e le c t r o n i c  p r o p e r t i e s , t h e  t e c h n i c a l  coding  of 8,546 documents

yie lded 23 ,801 codification entries in the computerized documentation file on

the 22 p r o p e r t i e s , m a k In g  a t o t a l  of 244 ,851 codification entries as of 31 December

1978. Tables 5 and 6 show the  f i l e  c o m p o s i t i o n  fo r  thermophvsical and electronic

properties , respe cti vel y, by indicating the percen tages  of c o d i f i c a t i o n  e n t r i e s

of the various properties with respect to the total number of entries. It is

noted that the percentages of codification entries for most of the properties

remain f a i r l y  c o n s tan t  over the  years.

The organizatIon of ti c thermophys ical and electronic properties information

is by m a t e r i a l , and thus  a sound material classification scheme w h i c h  c m  prop-

erl y accommodate a l l  m a t e r i a l s  and s u b s t a n c e s  is very important. The established

m a t e r i a l  c l a s s i f i c a t i o n  scheme has been designed to accommodate ma te r i a l s  and

subs tances  in to  similar  groups , selected pref erably by their chemical composition .

However , because of the i r  inheren t  n a t u r e , . cr t a in  m a t e r i a l s  do not lend them-

se lves to a pure ly  chemical c l a s s i f i c a t i o n  and a mor e log ical method has been

adopted to c lass i fy  them , instead , by th eir phys ical  f o r m and/or  use and app li-

cation. The present classification scheme has been used successfully over the

years for the classification of the more than 46,000 different materials and

substances , for which information is available in the TFPIAC file.

4 3. COMPUTERIZED BIBLIOGRAPHIC INFORMATION STORAGE AND RETRIEVAL SYSTEM

A comple tely new bibliograph ic f i le ma in tenan ce and re trieva l sys tem has

been completed . By using the CDC 6500 computer facility at Purdue University,

to which TEPIAC is connected with three dedicated terminals , this new informa-

tion storage and re trieval sys tem is being used by TENAC to provide bibliograp hic
searches for  both thermophysical and electronic properties In response to specific

inquiries. This new system is designed to reduce operating costs , e l imina te

cer ta in  manual procedures , assure In t e g r i t y  of the information , and provid e a

more flexible , powerful , and responsive search capability.
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TABLE 6. ELECTRONIC PROPERTIE S FILE COMPOSITION

Property 7. File
Absorp tion coefficient 7.7
Dielectric constant 4.2
Dielec tric strength 0.8
Energy bands 2.0
Effec tive mass 1.2
Energy gap 4.9
Elec tric hysteresis 0.3
Energy levels 5.4
Electron emission properties 2.3
Electrical resistivity 35.4
Magnetoelectric properties 2.0
Hall coefficient 2.5
Luminescence properties 3.1
Magne tic hysteresis 2.3
Mobility 2.8
Magnetomechanical Properties 0.8
Magnetic susceptibility 6.3

j Photoelectronic properties 1.8
Refractive index 5.4
Thermoelectric properties 6.6
Work function 1.6
Piezoelec tric properties 0.5

1007.

— 
Subject  % Fi le  Tempera ture  Range 7. File

Data 52 .8  Low (0 to 75 K) 18.0
Experimen t 5.1 Normal (above 75 K to
Theory 16.5 1273 K) or unspecified 76.9
Survey, review 25.5 High (above 1273 K) 5.1

100% 100%

Physical State % File Language 7. File
Solid 63.9 English 77.4
Liquid 7 . 2  French 1.2
Gas 1.1 German 2 .8
Doped 12.0 Russian 17.0
Expanded 0.0 Others 1.6
Fibrous or whisker 0.2 100%
Powder or fine particle 0.3
Amorphous 2.6
Thin or thick film 8.7
Ionized (plasma) 0.9
Superconduc ting 3.0
Mul tiphase 0.0

100%
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Titi’ new system is build around an i n teg r a t e d  f i l e  sys t em which pr ovides

for direct access  to the desired Information ; this is In  c o n t ra s t  to  our p r e v i o u s

system wh ich performed all operations In a batch sequential mode. As a result

we can more easily cross—check information in the ffles is well as r e t r i e v e  in—

f o r m a t i o n  at a lower cost .  This new system .supp l;rnts tlit’ ori g ina l system

e st . t b l  ished some iS years ago .

4 . RESEARCH LITERATURE RETRIEVAL GUIDES AN I) SUPP I .I ’2IENTS

The information resul t ing from s’ ientif ic documentation efforts on titermo—

physical properties is disseminated partl y t h r o ugh  the  fo rma l p u b l i c a t i o n  cul t i t l e d

“Titermop hysical Propert ics Research literature Retrieva l Guide ” its its supplcnuu ’rits .

1’he Basic Ed! t ion of t h e Retrieva l G u i d e  w h i c h  covers the  1)111) 1 m a t  t on  yea r s

up to 1964 was published in 1967 and con tains  the result log information from the

I lrst 33 ,700 research documents. Its fit 11 reference c i t a t I o n  I s  as follows

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
Retr I cvii I Gui i d e , ton I ouk i a n ,

Y . S. ( E d i t o r )  , Gcrr Itsen , J . K. (Techn ica l  E d I t o r )  , and M oor e , N J .  V . (Coord I—
nating Editor), Basic E d i t i o n , Books I to 13, Plenum I’ress , New York ,
2936 pp., 1967.

This basic edition provides a quick access to t he  wor ld  l i t e r a t u r e  on t h e m m o —

physical properties published from 1822 to June 1964. i t  c o n t a i n s  139 , 305

codification entries on thirteen thermophysicai properties of 45,116 materials ,

citing 33 ,700 r e fe ren ces repr esen t ing 26 ,562 au thor s and 3,600 scIentific and

technical journals and governmental and industrial report sources.

The Information on thermophysic al properties resulting f r o m  the research

documents with accession numbers I ron 33 ,701 up to 60 ,000 Is contained In the

Retrieval Guide Supp lement I which was published in early October 1973. I t s

full reference citation is as follows:

Thermophys ica l  Proper t ies  Research L i t e r a t u r e  Retrieva l Gui de , St~pp i onuvnt I
(1964—1970), Touloukian , Y.S. (Editor), Cerritsen , J .K .  ( T e c h n i c a l  E d i t o r ) ,
and Shaf er , W. H. (Managing Edi tor) , Volumes I to  6 , I E l  / U I  u’ntunt i);i Iii Corp.
New York , 2225 pp., 1973.

This six—volume Retrieva l Guide Supplement I contains 87 , 051) cod i fIca tion entri es

on sixteen thermophysical proper t ies of 16,745 ma te r ia l s, citing 26,301) refer-

ences published from mid—1964 to December 1970. An additioiLr l 9,000 svnoiivms

and trade names are cross—referenced to assist the user in identif ying the

18
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materials of interest. Supp lemen t I f o l l o w s  e s s e n t i a l l y  the  same fo rma t of

presentation as the Basic Edition . However , it has been restructured for im-

proved user convenience in that the six volumes are actually six independent

Retrieva l Guides , each of w h i c h  Is for r spec 11 Ic group of materials. As a

result , each user group can p u r c h a s e , at a reasonable cost , selected volumes

of specific interest , as well as the complete six—volume set.

Since the p u b l i c a t i o n  of the  R e t r i ev a l  Gu ide  Supp lement I in 1973 , much

a d d i t i o n a l  i n f o r m a t i o n  on t h e r m o p h y s i c a l  p r o p e r t i e s  has ht ’en ~i e c u m u l i t e d . Tab le  7

shows the statistical data on thermophysical properties information from the

world li tera tu re covered b y TEPIAC , listing the total number of materials in

each ma terial  group,  the total number of codification entries for each thermo—

physical  proper ty ,  and the grand totals in our  counputerized bibliograp hic in-

forma tion storage and retrieval system as of 31 December 1978.

The information on electronic properties r e s u l t i n g  f r o m  scientific documen-

tation efforts on research documents with acce ssion numbers  up to 49 , 400 Iv’ s

been pub! islied In the “Electronic Propert ic of Materi a l s : A Cii ide to the~

I.iterature , “ Volumes 1 (1681 pp. , 1965) , Vo luna’ 2 ( 1799  pp .  , 1 9 6 7 ) ,  Vo lurit- 3

(19 17 pp. , 1971 ) , and t l pdzi te (2980 pp., 1972). SInc e P173 , Iutforniati on on

e le c t r o n i c  p r o p e r t ie s  h u as  been accumulated front 26,055 add i t  lona I r e search

d o c u m en t s  coded fo r  t he  new compu te r i zed  b i b l i o g r a p hic  ln f o r u u a t  ion s t o rag e  and

retrieval system. Table 8 shows similarl y the statistical d a t a  on e l e c t r o n i c

proper  t i e s  i n f o r m a ti o n  f r o m  the  wor ld  l i t e r a t u r e  covered by IF !’  I AC as of 31

December 1978. The number  of codification entries given lu l Table 8 does not

inc lude  those f rom the 49 , 300 research documents with accession numbers lol
l 

t o

49 ,400 processed before 1973.

In t h i s  con t rac tua l per iod , the p r e p a r a t i o n  fo r  publ ication of Supp lement II

to the “Thermophys ica i Proper t ies Research Li tera ture Re triev a l Gui de ” and of the

Basic CINDAS Edition of the “Electronic Properties Research Literature Retrieval

Guide ” has been completed . The printing pages of the manuscri pts have been

prepared by comp uter pho totypese tt ing in the form of negative films . These

f i lms  w i l l  soon be shipped to Plenum Publishing Corp . in New York City fo r

prin ting . The full reference citation for the Supplement II Is as follows :

Therrnophys ical Prop er t i~ s_ R~~~ arch Literature Retri eval Guide , S”p p l enient I I
(1971—1977), Gerri tsen , .J.K. , Randas , V., and Putnam , I.M. (Ed itor- ;),
Volumes 1 to 6 , IFI/Plenum Data Co., New York , 1418 pp., 1979 .

a Accession numbers 1 to 100 have no t been assigned to any documents.

19 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ A



- ‘.~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- 
~

____

TABLE 7. STATISTICAL DATA ON THERNOPHYSICAL PROPERTIES COVERAG E OF
THE WORLD LIT ERATUREa

No. of Materials No. of Codifi cation
as of En trIes as of

Ma terial Group 31 Dec. 1978 
~~~~~~Ii~~~~~

• X1!__

Elements and compounds 12,049 Thermal conductivity

Ferrous and nonferrous  (including accommoda-
t ion coef f i c i e n t andalloys 12,784 
thermal contact

Mixtures 7,037 resistance) 67,611

Sys tems , composi tes , etc. 5,600 Specific heat 55,2 2 5

Polymers, rubbers , etc. 1,292 Viscosi ty 64 ,872
Refrac tories and slags 1,900 Thermal radia t iv e

properties 33 ,637Glasses 1,720
D i f f u s i o n  c o e f f i c i en tN a t u r a l  products  1,044 ( t o  1972) 28 , 780

Min era l s  1,043
Thermal diff us iv it y 5,984

Paints , aggregates , Prand t l numb er 1,117
cermels , etc. 2,341

C o e f f i c i e n t of t herm a l
expansion 20 ,464

______ 
Others  l4 ,I82

Grand Total 46,810 Grand To ta l 29 1 ,872

Number of Documents Coded for Retrieval 76,190
Number of Document Sources 8,360

a Systematic coverage retrospective to the year 1920 w it tu ea r 11c r ptihi1I e ~~t lo uts
as far back as to the year 1822.
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TABLE 8. STATISTICAL DATA ON ELECTRONIC PROPERTIES COVERAG E OF
THE WORLD LITERATURE8

No. of Mater ia ls  No. of C o d i f i c a t i o n
as of Entries as

Material Group 31 Dec. 1978 ~~~ 31 Dec . 1978

Elements and compounds 4,778 Absorption coefficient 9,123
Ferrous and nonferrous Dielectric constant 4,909
alloys 3,143 Dielec tric strength 890

Sys tems , composi tes, etc. 325 Energy bands 2 ,367
Polymers , rubbers , etc. 480 Effective mass 1,411
Refractories 580 Energy gap 5,772
Glasses 2 ,180 Electric hystercsls 393
Minerals 160 Energy levels 6,316
Cermets and meta l mixtures 232 Electron emission

properties 2,752
Electrical resistivity 41,760
Magnetoelectric properties 2,384
Hall coefficien t 2,949
Luminescence properties 3,663
Magne tic hys teresis 2 ,725
~lobility 3,267 

(11
Magnetomechanical

proper ties 993
Magnetic susceptibility 7,399
Photoelectronic properties 2,147
Ref rac t ive index 6,411
Thermoelec tric properties 7,789
Work function 1,843
Piezoelectric properties 588

Grand Total 11,878 Grand Total 117 ,851

Number of Documents Coded for the New Retrieval System 26,055b

Number of Document Sources 8,000

a 
Systematic coverage retrospective to the year 1950 with earlier publications

b 
as far back as to the year 1853.
Does not include 49,300 documents processed before 1973.
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This six—volume Retrieva l Guide Supplement II contains 57 , 108 e o d l f l c a t I o u i
entries on 14 thermophysical properties of 11,789 materials , c i t ing 18 ,557 ref-
erences with accession numbers up to 94,260 and with publication years to 1977.

Table 9 gives the title , number of pages, and number of reference citations for

each of the six volumes of Supplement II.

The full reference citation for the Basic CINDAS Edition of the “Elec tronic 
- 

-

Properties Research Literature Retrieval Guide” is as follows :

Electronic Properties Research Literature Retrieval Guide, Basic CINDAS
Edition (1972—1976), Chaney , .J.F. and Putnam , T.M. (Editors), Volumes ] to4,
IFI/Plenum Data Co., New York , 1533 pp., 1979.

This four—volume Retrieval Guide Basic CINDAS Edition contains 110,582 cod i f i ca t ion
entries on 22 electronic , elec trical , magne t ic , and optical properties of 9,634

materials, citing 21,808 references with accession numbers up to 103,608 and wi th
publica tion years to 1976. Table lO gives the title , number of pages , and number
of reference citations for each of the four volumes of the Basic CINDAS Edition .
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TABLE 9. THERMOPHYSICAL PROPERTIES RESEARCH LITERATURE RETRIEVAL GUIDE ,
SUPPLEMENT II

(Covering the publication years 1971—1977)

No. of No. of Reference
Pages Citations 

—

Volume 1. Elements and Inorganic Compounds 496 8345

Volume 2. Organic Compounds and Polymeric Materials 176 1917

Volume 3. Alloys, Interinetallic Compounds, and Cermets 271 2703

Volume 4. Oxide Mixtures and Minerals 150 1651

Volume 5. Mixtures and Solutions 147 1571

Volume 6. Coatings, Systems , and Composites 178 2370
1418 18557

TABLE 10. ELECTRONIC PROPERTIES RESEARCH LITERATURE RETRIEVAL GUIDE ,
BASIC CINDAS EDITION

(Covering the publication years 1972—1976)

No. of No. of Reference
Pages Citations

Volume 1. Elements 490 8021

Volume 2. Inorganic and Intermetallic Compounds 609 8750

Volume 3. Alloys and Cermets 247 2839

Volume 4. Mixtures, Rocks and Minerals,
Composi tes and Systems , Polymers 207 2198

1553 21808
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SECT I ON I I I

DATA TABl ES A C T I V I T I E S

1. UA tA EXTRACT I ON AND C O M P I L A T I O N

A-~ a result of the systematic and compr ehi-n-.lve se- ire - t i e’~ I I t e r a t u i r e - i n

the- scientif Ic’ documentation phase of t h i s  p r o g r am  de s c r i be d  e a r l i e r , the- o r i g i na l

research documents of interest to TEPIAC are uncovered . These documents are

procured and studied , from w h i c h  the dat.i are- extracted , scrutinized , organized ,

converted to be in uniform units , and homogeneously p lotted and t a b u l a t e d  in

he f o r m  ot “Tables of Origina l l)ata” which present all the avai lc  exp er  1—

me -nt-il dat i and information , as the first stage toward t he -  pre -par.t t ion ot inter—

na L i  y con s ist en t  t ab l e s  o t critical ly eva I uat &‘d ‘‘ b est  d a t , re f t  r r e d  t o  is

‘‘ I - i h l es of Recoumncnded R e f e r e n ce  V a l u e - s . ’’ Subsequent Iv , thi s Inf orma L ion is

re -v iewed and the organized data are g iven a f l n , i I c r I t I c ~u 1  e v a l u a t i o n .  At  t h i s

second s t i  ~e, the exper ime-nia I da t a  a re  ana lv zed , cur re- lat ed , and svn hes I.’ cd

and the recommended values are generated . This  t w o — s t a g e  d at ~u p r o c e s s i ng  is

found by TEP IAC to be tht- most log lea I app roach  lending it se - If to gre a ter c-f fcc

tiveness in bringing to the user the results of this type of p a i n s t a k i n g  re search

in the sho r tes t  possible time .

The detailed procedures which TEPIAC follows in dat i e-om pilat iou i as well

as in data analysis and synthesis are not necessarily a m atter of est ablished

routines and do vary from property to property and from one - group of m a t erials

to another. There are certain principles which must be followed , howe ver ,

Irrespective of the type of data or materials involved . For examp le: (a) the

data shou ld be extracted directly f rom their original sources to ensure t reedom

from errors of transcription; (b) the characterization and p hv s i c i l and chemical

conditions of the test specimen should be specified as clearly as possible so

as to f u lly iden tif y the materials tested ; ( c )  especially fo r  s ol i d s , the

source of the material , me thod of fabr ica t ion , therma l h ist o r y , h u e ut , mechanIe~ i I ,

irradiative , and other treatments of the specimen and t he’ m t -i- - or  l og  tiuc- th o l :ind

conditions should be noted ; (d) if a comparative measurement method i s  eust -d ,

the material  used as comparative s tandard and i t s  property values should he

cited ; (e) the accuracy and precision of the data reported shou ld  he s e ’p i r a t e l v

denoted ; (f) the complete reference to the ori gina l work should alway s he cit e d

with the data; etc. Whenever some of the above crit eria cannot be satisfi ed
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be cause  of absen ce-  of ne ces sary  i n f o rm a t  ion in the ori gina l work , an at temp t Is

made to contact the author , if possible. In the cases where data cannot he

adequatel y evaluated by lEP IA C due to lack ot required information , such data

are appropriately “f l a gged ”.

In connec t ion  w i t h  i t s  activiti es in data processing, TEPIAC has e s t ab l i shed ,

through experien ce- , appropria te- procedures of operationa l practice which lend to

good organ iza t ion ut work , uniform recording and filing, and oth er procedures

of “good housekeep ing,” thus assuring read y tr ,ictahilitv ot original records of

l)roce~ssed data , which are- permanen t  w o r k i n g  records  f o r  r e f c ’re -nc e  a t  any t ime

in the  f u t u r e .  Every e f f o r t  has been made and a l l  necessary steps have been

taken to ensure that the dat a  t ab l e s  production r at e  is the maximum possible’

consistent with TEPIAC ’s high professiona l standards.

W i t h i n  each data  tables p ro j ec t  t h e r e  are four major tasks : (a) data

extraction and comp ilation , (h) data evaluation , ana lysis , synthesis , and gen—

i - r a t i o n  of recommended re fe rence -  va lues , ( c)  t e x t  p r e p a r a t ion , and (ci ) prepa-

ra t ion  of a manuscr i pt f o r  p u b l i c a t i o n .

The s t a t i s t i c a l  summary  of a c c o m p l i s h m e n ts  of the task on data extraction

and comp ilation for all material properties are- presente-d in labl e’ II , which

shows t h a t  in t h i s  24—month con t rae tua I per h od 7 , Ill research doe ument s hav e

been processed fo r  d a t a  ex t r a c t i o n , y i e l d i n g  2 , 985 dat a  sour - c ’ r e f e r e nt - e s ,

and 7 ,488 da t .-i sets  have been comp i led . These make a grand total of 42 ,707

research docume-nts processed for data extraction , yielding 19 , 654 dat . i  source

re f erences , and TEPtAC has comp iled a to ta l  of 91 ,038 data scis in its data

f i l e .  It  is impor tan t  to note  t h a t  da ta  e x t r a c t i o n  and comp i l a t i o n  Is only  one

of the tasks and a small part of the total efforts.

TABLE 11. STATISTICAL SUI~ThIARY OF ACCOMPLISHNENI’S 01-’ l)ATA
EXTR ACTION AND COMPI LAT iON

Total as of This Total is of
31 Dec. 19Th Period 31 flee , 1978

No. of documents processed 35 , 394 7 , 313 42 , 707
No. of documents accepted as data sources 16,666 2 ,988 19,654
No. of materials compiled 10,226 373 10,599
No. of data sets comp iled 83 , 550 7 ,488 9 1 ,038
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in many of the research documents dat~i are pre-sented in  grap hs onl y . Mor ’

than ten years in the past a Gerber Electronic Digit ize-r ti d been u s e d  a t  TEPIAC

to read data points oft graphs. Recentl y the Ce-rher Dig it ize-r has be-en rep lac -ed

by a higher speed and more versatile Tab s Electronic Digiti? e-r/DEC Minic omputer—

Data Processor for performing di gitizing and more ’ advanced  d- at~i processing . th e

new equ ipment , which was purchased by funds provided by Purdue’ tniversitv , is in

full operation. Whenever the graph is too small to give accurat e readings , an
attemp t is made to contact the author for origina l data iii tabular t orm .

2. DATA EVALUATION , CORR ELA T 1ON , ANALYS1S , SYNTHESIS , ANI) GENERATION OF
RECO~~-1ENDED VALUES

Owing to the difficulties encountered in t h e accurate mea seirerne-o t of the

properties of materia ls and in the adequate characterizati on of test specimens ,

espec ially solids , t h e  p r o p e r t y  da ta  recorded in the scientific and t e c h n i c a l

I iter at t ir e - are - often conflicting, widely d i v e r g i ng ,  and s u b j e c t  to large- uncer—

ta inty. Indiscrim in ate- use - ot liter atur e data for eng b ee- c ing and d e s i g n  cal-

culations without knowing theIr rel i abilit y is dangerous and may cause  i n e f f i —

c ienc y or produ c - t t all Lire - , wh I cli  a t  t imes can he cli sas t rotis . Conse-quent I y

on lv c r it ica 1 ly eva Iu a ted dat a  should 1-ver he used . Anothe r important TEP I ’c( ’

ask is , therefore • to cr1 t lea  l i v  e v a l u a t e - and aria lyze the available ’ da t  a and

inf ormation , to give judgment on the reliabilit y and accuracy ot the data , and

to generate recommended value’s.

The procedure involve~s c ri t i c a l  evaluation ut the validity of the dat,i

and re-la ted information , resolution and recon ciliat ion ot disagre-ements in con-

flicting data , corre lition of data in terms of va r ious  c o n t r o l l i n g  p ar a m e t e r s ,

c u r v e - f i t t i n g  w i t h  t h e o r e t i ca l  or e m p i r i c -a l  e qu a t i o n s , compirison of re’sults

w i t h  t h e o r e t i c a l  p r e d i c t i o n s  or w i t h  results de’rived from theoret ical relation-

ships or f rom general ized empi r i ca l  co r re la t ions, e tc . Besides c r i t i c a l  e’va l —

u a t i o n  and a n a l y s i s  of existing data , theoretical methods and semiemp iric~il

t e c h n i ques are emp loyed to f i l l  da ta  gaps and to synthesi ze’ fragmentary dat i

so that the resulting recommended values are internall y con sist ent and cover

as wide a range of each of the controlling parameters as possibl e .

Considering the thermal conductivity data for examp le , in  t h e ’ c r i t i c a l

evaluation of the validit y and re l iability of a particul ar set 01 experimental

data , the temperature dependence of the dat a i s examined and any i n e i s u a l  dependenc e

26
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or anomaly is cart-full y invc:ti gated . The experimental techni que is reviewed

to see whether the actual boundary conditions in the measurement agreed with

those assumed in the theore t i ca l  model used to d e f i n e  the property. It is ascer-

tained whether all the stray heat flows and losses were prevented or minimized

and accounted for. Furthermore , the reduction of data is examined to see whether 
- 

-

al l  the necessary correct ions  were app rop r i a t e ly  app lied , and the es t imat ion of

uncertainties is checked to ensure that all the possible sources of errors,

p a r t i c u l a r l y  systemat ic  e r rors , were considered by the au tho r s .  Since the

primary factor contributing to unreliable and erroneous experimental results is

the systematic error in the measurement , exper imen tal da ta can be j udged to be

r e l i ab le onl y if all sources of systematic error have been eliminated or mini-

mized and accounted for. Major sources of systematic error may include unsuit-

able experimen tal me thod , poor experimen tal techni que , poor ins trumen ta t ion and

poor sensitivity of measuring devices , sensors , or c irc ui ts , specimen and/or

thermocouple contamination , unaccoun ted for  stray hea t f lows , incorrec t form

fac tor , and , perhaps most important , the mismatch  between ac tua l  experimental

boundary conditions and those assumed in the theoretical model used to derive

the value of thermal conductivity. These and other possible sources of errors

are carefully considered in critical evaluation of experimental data. The un-

cer tain ty of a set of da ta depend s, however , not only on the estima t ed error

of the data but also on the adequacy of characterization of the material for

which the da ta are reported .

Besides evaluating and analyzing individual data sets , correla t ion of da ta

in terms of various controlling parameters Is a valuable technique tha t is

f r equen t l y  used in data analysis. These parameters  may include purity, compo-

sition , residual electrical resistivity or electrical resistivity ratio (if a

metal) , density or porosity,  hardness , crystal  axis orien tat ion , degree of cold

working,  degree of heat t reatment , etc.  App lying the princip le of corresponding

states , reduced property values may be correlated with reduced temperature ,

pressure , and other reduced parameters.

Several properties of the same material can also be cross—correlated . For

instance, thermal conductivity , specific hea t , and density can be correlated

with thermal diffusivity , and viscosity and specific heat of a gas can be cor-

related with therma l conductivity through the Chapman—Enskog theory or through

the experimental data on the Prandtl number. For a fluid , the prope r ty of the
sa tu ra ted liquid can also be correlated with that of the saturated vapor.
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It is important to note  t h a t  i r r e s p e c t i v e -  of how much  e x p e r i m e n t a l  d a t - i

are av a i l a b l e, reliable i n f o r m a t i o n  exists only after t h- e-x~~- rime!1 ta l d a t a  tiad

been critically evaluated and recommended valu e-s generated. Fi gures 2 to 9

serve to illustrate t h i s  p o i n t .  Fi gure  2 presents the exper i- c t it: u l data and

the recommended values on t h e- therma l conductivity of titanium carbide and sh ows

that th e lower two sets of experimental data are utterly errone-ous , being abou t

f ive t ines too low at 800 K and ten times too low at 1350 K. Yet the lower t w o

sets of da ta were publ ished by an in terna tionall y well—known s c i en t i s t  and were

ob tained by using two comple te ly  d i f f e r e n t  e x p e r i m e n t a l  method s for measurement.

Titanium carbide has been extensively used to make machine tools. If machine

tool designers blindly use the lower data for design without knowing t h a t  t h e

data a r e  er roneous , o r ’  can imag ine the ser ious  consequence .

Figure 3 presents the experimental data and the recommended values on the

thermal cond uctivi ty of platinum (60%) + rhodium (40%) a l loy . This figure shows

that the higher experimental data are utterl y erroneous , being about l40~ too

high at 550 K.

Fig ure 4 presents the experimental data and the recommended values on the

t h e r m a l  c o n d u c t i v i t y  of t u n g s t e n  and shows t h a t  most of the  e x p e r i m e n t a l  d a t a

are er roneous , c o n f l i c t i n g ,  and widely diverging. It has been estimated that

the cost of experimental research (around 1968) was about $30,000 per p ubl ished

research paper .  Since the number of p u b l i s h e d  pape r s  r e p o r t i n g  e x p e r i m e n t a l

resu l t s  on the thermal  c o n d u c t i v i t y  of t ungs ten  is l a rge r  t han  100 , a total of

over $3 ,000 ,000 research funds  had been spent to produce  the confusion of ex-

perimental data shown in Figure 4. It can apparentl y be seen from Figure 4 that

it was not until TEPIAC critically evaluated the discordant experimental data

and generated the recommended reference values that the true values of the

thermal conductivity of tungsten were know-n .

Figure 5 presents the experimental data and the recommended values on the

thermal diffusivity of tungsten. It shows that the lower three sets of data

are utterly erroneous, being about five times too low. The recommended curve

shown in the f i gure generated by TEPIAC not only indicates where the true thermal

diffusivi ty values of tungsten are but also gives tIle values  cover ing the f u l l

range of temperature , going f a r  beyond the l i m i t e d  range covered by the exper-

imental  d a t a .
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Figure 8. Experimental data  on the absolute the rmoe lec t r i c  power of nlckel+copper
alloys. These experimental raw data  are very l imi t ed , f ragmentary , and
conf l ic t ing .
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Fi gure 9. Recommended values fo r  t h e ’ absolute  t h e r m o e le c t r i c  po~ er of nick el4 pper
alloys. These recommended v a l u e s  are generated th r o u g h d a t a  ev a l u a t i o n ,
correlation , analysis , and synthesis I i  ~‘rn tile ve r y 1 Lm ~ ted vxpe ’r i - -~ - n t - i 1
raw data shown in Fi gure 8.
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Fi gure 6 pre sents all the available experimental data on the therma l

F 

conductivity of aluminum + copper alloys , which are very limited , fragmentary ,

and conflicting. Throug h data evaluation , a n a l y s i s , sy i it he ~s i s , and seml—theor et ical

c a l c u l a t i o n s  based on some of the d a t a  s e l ect e d  f rom those  shown in Figure 6 and

on the available data on the electrical r e s i s t i v i t y ,  recommende -d v a l u e s  wer-

generated which cover the full range of temperature and alloy composition as

presented in Figure 7. It should be apparent f rem t Ii is and o the r  i l l u s t r a t i o n s  t h a t

data eval ua t ion , analysis , and synthesis is a very powerful tool which not only

can clean up a body of conflicting and confusing date , but also can create new

knowledge heretofore non—existent.

Figure  8 shows all the a v a i l a b l e  e x p e r i m e n t - i l  da t a  on t h e  ab s o l u te  thermo-

e l e c t r i c  power of n i c k e l  + copper a l l o y s , w h i c h  are h l k e w i s -  v er y  l i m i t e d ,

f r a g m e n t a r y ,  and c o n f l i c t i n g  - F i g u r e  9 presents he recommended va h u e s  f o r

the  absolute thermoelectric power of nicke l + copper  . 1 l I I v s  c o v e r i n g  the  f u l l

range of temperature and a l l o y  compos i t  ion , wh l i i i  were - ge nera  t &-d t h r o u g h cr it I cal

eval u a t i o n , c o r re l a t i o n , ana l ysis , and synth~ sis Ill the I m l  ted experimental

da t a  shown in Figure- 8.

3. RANI)ROOKS AND DA’l’A BOOKS a

‘fhe phenomena l growth  of science and t e-cl ino l o gy  in r e cen t  decades has

broug ht  about a un iversal  a p p re c i a t i o n  of the f a c t  tha t t h e  av a i l ab i l it y of

adequate reference dat~ for various properties of materials is essential to

nationa l progress , economy , and d e f e n s e .  To this end , T E P T A C has been con-

tr ib ut ing grea t ly thro ugh t he generation of reference d a t a  t a b l e s  and the  design ,

p r e p a r a t i o n , p u b l i c a t i o n , and ma in t en ance -  of dat a  hooks and handbooks , which

is the p r i n c i p a l  means of s a t i s f y ing user r e q u i r em e n t s  fo r  comprehens ive  and

a u t h o r i t a t i v e  data  and i n f o r m a t i o n  on m a t e r i a l  p r o p e r t i e s .

The monumental  14-volume Tbc rmop,~~ s f c a l  P r op c rt ie s  of Ma t  t er  - The TPRC

Data Series has been comp leted (see T a b l e  l~ fo r  a summary of statist i c a l d a t i )

and the 1, 786—page Vo lume  1 1 was pub 11 shed in  De-cemb e r 19 7 7 .  For t In -  u s er

convenience and for promoting the sale of the Data Series , Master I n d e x  t o

Materials and Propert_les for the  C-n t ire Ser is ’s h is been p repared  fo r  p u b  I I —

cation. This Master Index contains 197 pages and l i s ts slp hahe t ieallv .il I t h e

materials contained in the 13 volumes and give the vol ume numb er and page

a 
The work on handbooks and data books has been jointly sponsored by l)l.A
and other agencies and organizations .
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TABLE 12. SU1-2(ARY OF STATISTICAL DATA ON “cHI-:RIIOPIIYSI,M PROPER Thl-~ el-
MATTER - THE TPRC DATA S E R I E S ”

~ i) , 0 R - f e r ’ I s  es

No. of No. of \o .  of To To Data
Pages Data Sets M a t e r i a l s  F t - x t  Sou r ce s lot i i

Volume 1. Therma l
Conductivity — Metallic
Elements and Alloys 1595 5539 892 - - i 33 101 3 144 6

Volume 2. Thermal
Conductivity —
Nonmetallic Solids 1302 4627 812 -~ l~ i 598 1(137

Volume 3. Therma l
Conductivity -
N o n m e t a l l i c  Li quids
and Gases 707 1505 170 681 725 140€

Vo]ume 4. Sp e c i f I c H e a t —
Metallic Elements and
Al loys  830 1186 322 6 1 -~28 789

Volume 5. Specific Heat—
Nonmetallic Solids 1737 1009 550 61 457 518

Volume 6. Specific Heat —

Nonme ta l l i c  Liquid s
and Gases 383 863 56 70 595

Volume 6 Supplemen t 169 726 107 0 878 878

Volume 7. Therma l
Radiative Properties —

Metallic Elements and
Alloys 1644 5130 2 4 2  149 371 520

Volume 8. Thermal
Rad iative Properties —

Nonme tallic Solids 1890 4971 782 121 455 576

Volume  9. Thermal
Radia tive Properties —

Coa t ings 1569 5269 1161 180 295 475

Volume 10. Thermal
Diffusivity 760 1733 445 253 315 568

Volume 11. Viscosity 801 1803 188 1218 377 1595

Volume 12. Thermal
Expansion — Metallic
Elements and Alloys 1440 4253 672 91 781 872

Volume 13. Thermal
Expansion — Nonmetallic
Solids 1786 4990 815 101 1112 1213

Index Volume . Master
Index to Materials and
Propert ies  197 — — — —  6362 — —— — — — —

Total 16810 43604 ISiS 8400 
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number tor each property of each of the materials listed . ‘l’his Index vo lume

is now in press and should he ome iv - i i la b le from Plenum Data Co . in  early 1979.

As the TPRC Data Series is comp l- t ed , a new plan f o r  t h e  continuing data

tables gene ra t ion and publication with an even greater scope has been developed

and is be ing  implemented . In t h i s  new p lan a 40—volume CINDAS Handbook Series

of M at e r i a l_ Pro~~~rt i e s  w i l l  be prepared  and published. Volumes in the new CINDAS

Handbo ok Ser ies w i l l  primarily be a p p l i c a t i o n  ( m a t e r i a l )  o r i e n t e d , In c o n t r a s t

to the discip line (property) oriented structur e of th e I11RC Data Series. In

other words , each volume in the new CINI)AS Handbook Series w i l l  c o n t a i n  dat a  on

all the important physical properties of a wroup 01 materials , r-’~tIn’r than con-

taining data on only one property of many materials such as t h e  vo lume  in the

old TPRC Data Series. In present ing the property data in each volim e , all pos-

sible steps will be taken to reduce the buck of the presentation by limiting

the content to essential elements of information without s~u- n t  icing the’ infor-

mation essential for scientific and technical usage of the data presented . In

other words , the volumes will comprise mainly the recommended reference values

or selected data.

The structure of the new CINDAS Handbook Series of Material Properties

has been revised twice since the initial conceptua l presentation in 1977. At

this time a realistic structure has been attained and it is contemplated that

CINDAS Handbook Series will consist of some 41 volumes comprising approximatel y

14 ,000 pages. The revised tentative structure and scope of the new Handbook

Series is presented in Table 13. The revision of the structuring of the Handbook

Series has been mainly the combination of volumes previously conceived . For

examp le , the previously conceived two volumes: one on “Nonstainless Alloy Steels ”

and the other on “Carbon Steels and Cast Irons” will be comb ined to become a

larger volume entitled “Nons tainless Alloy Steels , Carbon Steels , and Cas t Iron s” ;
the comp letion of this new volume will therefore actually be the comp letion of

previously conceived two volumes on alloys. The previously conceived volume

on “Alloys of Hafnium , Molybden um , Niobiu m , Tantalum , Titanium , Tungs ten , and

Zirconi um” will combine with three other volumes on alloys to become a much

larger volume entitled “Selected Transition—Metal Alloys ,” the completion of

which will actually be the completion of four volumes on alloys.

Table 14 shows the properties to be covered by the volumes of the new

Handbook Series. The proper ties include eleven thermophysical arid seven elec trical ,
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TABLE 13. TENTATIVE STRUCTURE AND SCOPE OF “CINDAS HANDBOOK SERIES OF
MATERIAL PROPERTIES”

SERIES I. THEORY , EST IMATION , AND MEASURE MENT OF PROPERT I ES

Vol.  1. Transport Properties of Fluids
Thermal Conduc tivity
Viscosi ty
Diffusion Coefficient

V o l .  2. Transport ir ~1’ c r t i cs of [ ~ lids
Therma l Conductivi ty
Electrical Resistivity and Dielectric Constant
Thermoelectric Properties

V o l .  3.  Thermody namic Properties of Solids
Spec ific Heat
Thermal Expansion

Vol .  4.  Therma l Radiative Properties of Solids
Metallic Solids
Nonmetallic SolIds
Coatings and Thin Films

SERIES II. SPECIAL TOPICS

V o l .  1. Therma l Ae~ orr?: da tion and Adsorption Coefficients
Vol. 2. Ph ysica l ~r~~- er t ies  of Rocks and Minerals
V o l .  3. Optica l Pro~~ i-t -~cs
V o l .  4. Therma l Rad -~a~~~’c Prc ~n~ rr iea cf  Coatings

Pigmen ted , C o n t a c t , and Conversion Coatings

SERIES III . PROPERTIES OF ELEMENTS

Vol. 1. Selected 7C1’1~C)US A Uoy ing EZ cr ~enr ~
(Cr, Co , Fe , Mn , NI , and V)

V0l. 2. Nonmetal l i c Pl uid Elemen ts
(Ar , Br , Cl , F, He , H2, I , Kr , Ne , N2, 02, Rn , and Xe)

Vol. 3. Se7e~’tcJ E ef1 ~?~ tory E € n ~i~~t~
(Hf , Mo , Nb , Ta , Ti , W , and Zr)

lal. 4. Liquid Metal Ele-nei ~ts
(Li , Na , K , Rb , Cs , Fr , Hg,  Ga , and In)

Vol. 5. Selected Nonlerrous Alloying Elements and l~~ye~~ous !-~c t a l c
(Al , Be, Cd , Cu , Pb , Mg, Sn , Zn , Au , Ir , Pd , Pt , Re , Rh , and Ag)

Vol. 6. Rare-Earth and Radioactive Elements
(Sc, Y , La , Ce , Pr, Nd , Pm , Sm , Eu , Gd , Tb , Dy, Ho, Er , Tm, Yb ,

Lu , Tc, Po, At , Rn , Fr , Ra , Ac , Th , Pa , U , Np, Pu , Am , Cm , Bk,
Cf , Es , Fm , Md , No , and Lw)

Vol. 7. Selected Semiconduct-ina, S i~r :ct ~~llic ’, Nonmetal i f o  S o lf ~~, avid
Other Elements

(Ce , Po , Se , Si , Te , Sb , As , Bi , At , B, C, P , S, Ba , Ca , Os,
Ru , Sr , and Ti)

SERIES IV - PROPERTIES OF ALLOYS MID CERI-IETS

V o l .  1. Sta in 7e ’~ ~~~~~~~
Vol. 2. N~’zstainZcss i~ l 7 ii ~~

‘ ‘  - 7s , C - Ion Steel ci~ C-ic — i- - :c
Vol. 3. Seleatco’ Tr- - i i - -n- ’~’taZ AZ ?- -’ s

(Alloys of Cr , Co , Hf , Mn , Mo , Ni , Nb , Pd , Pt , Rh , Ta , TI , W ,
U , V , and Zr)
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Vol. 4. Selected NQntransition-Metal Alloys
(Alloys of Al , Sb , Be, Bi , Cd , In , Pb , Mg,  Sn , and Zn)

Vol. 5. Copper, Go ld, and Silver Alloys
Vol. 6. CermetA

SERIES V. PROPERTIES OF FLUIDS AND FLUID MIXTURES

Vol. 1. Inorganic and Organic Fluids
Vol. 2. Commercial Refrigerants and Fluid Mixtures

SERIES VI. PROPERTIES OF OXIDES AND OXIDE MIXTURES

Vol. 1. Rare-Earth Oxides and Actinido Oxides
(Oxides of Sc, Y , La, Ce, Pr , Nd , Pm, Sm, Eu , Gd , Th , Dy, Ho,
Er , Tm, Yb , Lu , Ac , Th , Pa , U, Np, Pu , and Am)

Vol. 2. El ectronic Oxides
(Oxides of Cr, Co , Cu, Fe , Mn , Ni , Ti , V , and Zn)

Vol. 3. Selected Nontransition-Metal Oxides
(Oxides of Al , Sb , Ba, Be, Bi , Cd , Ca, Cs, Fr , Ga, Ge, Au , In ,
Pb , Li , Mg, Hg, Po , K, Ra , Rb , Ag,  Na , Sr , Ti , and Sn)

Vol. 4. Selected Transition-Metal Oxides and Oxides of Seteotcd Nonmetallic
Solid Elements

(Oxides of Hf , Ir , Mo, Nb , Os, Pd , Pt , Re , Rh, Ru , Ta, Tc , W ,
Zr , As, B, P. Se , Si , and Te)

Vol. 5. Comp lex Oxides
Vol. 6. Oxide Mixtures
Vol. 7. Ceramics and Glasses

SERIES VII. PROPERTIES OF COMMERCIAL GRAPHITES, COMPOSITES , AND SYSTEMS

Vol. 1. Commercial Graphites and carbon-Carbon Composit cs
Vol. 2. composites (Other Than Carbon-Carbon)
Vol. 3. Systems

SERIES VIII. PROPERTIES OF NON—OXIDE INORGANIC COMPOUNDS AND INTERMETALLIC
COMPOUNDS

Vol. 1. Halides (Bromides, Chlorides, Fluorides, IodiJ c-~ )
Vol.  2. Borides, Carbides, Hydrides, Nit rides, and Si licfdes
Vol. 3. Arsenides, Phosphides, Selenides, SuZfides, and Tc l urides
Vol. 4. Carbonates, Nitrates, Phosphates , Silica tes, and Sulfates
Vol. 5. Intermetallic Compounds

SERIES IX. PROPERTIES OF ORGANIC COMPOUNDS , POLYMERS , BU ILDING MATERIALS ,
FOODS , AND BIOLOGICAL MATERIALS

Vol. 1. Organic Compounds, Foods, and Biological Materials
Vol. 2. Polymers
Vol. 3. Bui lding Materials
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TABLE 1—i . PROPERTIES COVERED BY “CINDAS HANDBOOK SERIES OF
MATERIAL PROPERTIES~

Id

I. PROPERT IES PRESENTED AS A FUNCTION OP ONE OR MORE VARIABLES

A. Thermophysical Properties

1. Thermal Conductivity 7. Thermal absorptance

2. Specific heat 8. Thermal transmittance

3. Thermal linear expansion 9. Solar absorptance to emittance ratio

4. Thermal diftusivity 10. Viscosity
b

5. Thermal emittance 11. Prandtl number

6. Thermal reflectance

B. Electrical , Electronic , Op tical , and Magnetic Properties

12. Electrical resistivity 15. Hall coefficient

13. Thermoelectric power 16. Optical constants (absorption index

c and refrac tive index)
14. Dielectric constant

17. Magnetic susceptibility

II. PROPERTIES PRESENTED AS A SINGLE VALUE OR FOR ROOM TEMPERATURE

A. Thermophysical Properties

18. Density (at NTP) 24. Magnetic transition temperature

19. Normal melting point 25. Superconducting transition temperature

2C. Normal boiling point 26. Debye temperature (at T)

21. Triple point 27. Heat of fusion (at NM?)

22. Critical temperature and pressure 28. Heat of vaporization (at NBP)

23. Phase t ransi t ion temperature 29. Vapor pressure (at T)

B. Electrical and Electronic Properties

30. Dielectric strength 32. Energy gap

31. Mobility 33. Work function

C. Mechanical Properties

34. Elastic constants (cij) 42. Shear modulus

35. Tensile strength 43. Bulk modulus

36. Yield strength 44. Poisson’s ratio

37. Compressive strength 45. Hardness

38. Shear strength 46. Toughness

39. Impact strength 47. Creep rate

40. Young ’s modulus 48. Velocity of sound (longitudinal and
transverse)

41. Compressive modulus

Data on some of the properties are presented only for selected materials.
Presented only for materials which are fluid at NT?.
Presen ted only for long wavelengths (A > 100 pm),
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I t~c tron Ic , optical , and m -t cnL- t ic propert i~-~- which are t o  be pr - s - n t  as a

function of one or more va r iab les  such as t t -~~~~ r a tur t- , pr~ ssu rt , wa\- &-lc ’iCt tI , etc.

and xur t hcr  include twelve additional t -r : ip SILal pro~ t - r t u s , for~r add it fonal

e l e c t r i c a l  and e lect ro n ic  p rope r t ie s , and f i t  t e t - n  m e - t a n i c a l  pr op- rt I L -s w h i c h

are to be given for room t e m per a  u~ c or a~; s i n c  I~ - valu es . It is Important to

no t e  that the propert ies covered inc I t i de  no t  o n l y  a l l  t h e  i mp o r t a n t  t h e r n o —

pilysi ll, e l e c t r o n ic , ele ctr ical , ma c i t  Ic . and c)~it ica l properti es hu t  also

a l l  t he inipor tant re m— t empt - rature mechanical prope rt it-s. -\l thoug h me chanical

propertie s Irt- outside the scope of TEP 1 \C , it is hel~~eved that it would not

be too difficult to obtain their r o o m — t e m p e r a t u r e  valuec alone and tha t the in-

clusion of a t a r e number of r i e ch a n  i - a  I pr op irt ic- s (even w i t h  values given fo r

room temperature only) would increase t he  u s e f u l n e s s  of the  volumes in the new

h andbook Ser ies si gn if ic i f i t  v

I n t he work on the  new h!an dh ook ~;er i es , e I forts have been co n cen t r a  ted in

the p r e p a r a t i o n  of t he  lot  l o w i ng  f o u r  v o l u m e s :

(1) Series Il—V olume 1. Therma l Accommodation and Adsorption Coefficients

(2) Series Ill—Volume 1. Selected Ferrous Alioy~ n~ Elements
[Cr , Go , Fe , Mn , \i , V~

(3) SerIes il l— Volu m e 2. Nonmetal lie Fluid E l e m e n t s
[Ar , hr , CI , F, He , H , I , Kr , Ne , N , 0, Rn , X e J

~ +) Series [V — V o l u m e  1. Stainless Steels

t h e  manuscript of the first volume listed above has  been comp l e t e d  and t b

manu scripts of the second and third volumes are nea r comp letion . When t b  t’.~ -~ ng,

graphing, and composing work on these manuscri pts -ire finished , rhe camer~-t— r - ad v

manuscripts will be shipped to the publisher in New York City for pr intini~. The

preparation of the fourth volume is in full progress.

In the meantime the following f o u r  vo lumes are also be ing work ed on:

(5) Series I—Volume 1. Transport Properties of Fluids
Thermal Conductivity
Vi se o S ~ ty
Dif f u sion Coef f i c i e n t

(6) Series I—Volume 3. Thermodynamic Properties of Solids
Spec ific Heat
Therma l Expansion

(7 )  Series I—Volume  4. Therma l Radiative Prop ( rtf (s of Solids
M e t a l l i c  Sol ids
Nonmetallic Solids
Coatings and Thin  Films

(8) Series lI—Volume 2. Physical Properties of Rocks and Minerals
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- . .  S i A I t- :— oI- —— 1111:—AR R I - : I ’ O K l S , C R I F l . : . \ 1 RI-Al 1-IWS , - \ N I )  i l - C I I N O I  OCY ; \sSI~~~P~t I - N

l i t  o r der  L i t  ke eji i t ~~~i - e t  i t t  ( l i t ’  tist i lii ((iS Iii i - t a t  l e n t  I t ’  i i c i t ~ h i t  i t t - s t

t e c h l l i t i  I t i ~ v and l i i i  o i i i i ; i t  [t i n  • TI- P I A ( isi s prt ’pat ~-d and I usiti d s L i t  i — c i t  — t  i ’ — ; i i ~ t

rt ’pci r t  , ci I It . l I t- t ’V I t ’ws , and t cc line logy - i s - S - c - l i t  - i t t  s , wi t  i i  Ii ii 0 .1 1 1 s t e -c .1 I

t i e l l f l  I i i  I ri -po rts it - s t i l t ed , t t i ; l n e -t lvt I v , I r e nt i - e m ç ’ t t i I t ’I ls  lvi S t  id i i i ;  • e x t  i - i t , ;  ha-

c r  I Ic  - I i i  •v I -s- ,; , ; , i id si to  r t e on tp; i  r a t  I ye i t s  ic  551 ti lt ( 5 t i t  t 1l t ~ I - i t  ii I h— tnt i - r i -

eehti io I i t g v  m d  h u t  o r m i t  I I i - i t t .

In ( I i  Is etiu t r u- ( c i i I PCi I et ~I 0111- u i  i i i  I t - t i i t i  I iS i  I i i - p i t t s ’ l~ ; p u t t  I i

t our  m i  t o t  t t ’ch i t i  h e , i  I ri pe rtu wi - i t ’ i - rip l e t  i’d i n i l  i i - l i - t u e - I  h i  t h t ~~; !  ils ’ eh lit l ew .

c_ I )  ‘‘ I i i er m o p h i v 4 1 c ; 1 l t’ t e i p e - r t  I i i :  i i i  Se - l e - i t e e ]  \ . - i  t t c p t t - e - N i t c i  i , i  I s .  I’ ,i i — t  I :
T i t t ’r n t o p h y s i i - t  I [‘ r o p e - i t  i t ’ , ;  cit St- con M i t t - i  I i t s , ” P u c c i n i - I n i v , - i  - i - i t t  v • t i  I’ h A t f
C l  NI t A S ~~~~~~ PP~ 

, 1977 .

‘ft ~~i report cciii t - i f i t s  t i n ’  me, ;  t contprc - t i i - t1 ; I V t  l v  t e m p I led e 
~~~~~~~~ 

m e - i t t  ~i I
d;i t .1  ; t r te j  [ I I I cr 1151 I I c i i i  till I I V t  t i i e c t i i t , 1t i t v  l i i i  p i i t ~ m- i t  ~c~~; it I - ; * ‘ v i ’t t i t  I ~
- i i  - re up. t i e  - mat t - t 1. 1  I s - i t id p r e , ; e  - ft t h e  ret  onmmt ’ t tc i t~~i V .  I t i e  - S i i  - ; i i  1 t l i i i  I I iii

i t  i t  t e a l  ‘- v t  Iti.i t [tin , t i t i I v s i s , t i m e ]  , i v i l t  Iii ’s Is c i t  ( i i i ’ l v i i  t attl e - e i . i t  ; i m i i i
I t O  ornsit l o u . l i i i - lvi ’ L h i c r m c i p l i v s  u n  I p i - e p e - i  I I c O  l i e  I h t i m  i I ~ eu d u t i v  i t v
spec It Ic hei t , i u ’n i t  c i t  t i t s  (on , t l i t ’  i n s t  I 1 t i i c ’a r  exp ins i c-in , uticA t h e r m .i  I d it —

I t i s i v i t v .  l i m e  , ; I ’V i ’ t i  selected mat er ha Is l i i -  ni l i ti mi h tuini I civ 2 h . ’ -i  • A l  S I i l l - i
s t ; i l u l t - ,;s St  i -e l • l’ vi cic,-r im c _t~t ’ r i i  t u g  9fO )ft~ • s i l i c o n  t i l t  t i d e  (S 

~~~ • heron
t i t t e r  t p e ~ n v t - e t - i i p c i - ;  i t  e , g la ss  I I h e r  i -pe ~~ V c e u i i p c i s  I t  e , . i n e h  ~~~i ip i t i  t o  I I h e i

e p i ,~\v  compo ; i t  e . [‘li t s r c - tv w . l 5  pmmi ~ I I S i l iS t  i i i  ,i I i i  r~t — u i — u n i t  book I era , i t ~~~ i

- o p h e ;  W O l e ’ .iv .i I l iii I t ’ I c i i -  t l j ~~t r h l i t t t  t o u t  In  Iti lv l~ i i .

( 2 )  “ 1 i ’ i I i ~ r ~- t i t u .i I (A :~ i d o  t o  i - t- : u t A t :  l) ci t ’ i t n u o n t  i t t  c i i i ) , ” P u i d u t - Sn Ivt ’ mii I t ~
C i  N l 1 ~\S Rt ’ por t  I , I i ’  1 pp .  ,

li i i , ;  sp ec i d  t i -po r t was t h e  re - s i t  I t  cit a t ’onup r~’ I t i ’ i i ; l v i  st  u d v  t or
I I ud i t , t h i t ’ m o s t  e l  I I t  I t t i t  w;iv t or I lit ’ ej ’t u at [ciii i t t  t he ’ I I I ’  I A S i i ’ I o u t  i t  I t
di ’, ut t~ent . i l  ion arid ( l i e  re - sul I i t t  ext ens i \- i rev I s  h i m  i t t  ( l ie ru I i -, ; d ue l  pm c-

~
-
~ ‘diii ~~- ,n u se - el in  l i i i ’  p.1s t t or t h e  ecieh l I h i - i t  ion c i i  i c ue - i r i l u  t i o c t i n i e t i t  S.  It

clt ’u~-ri l ’ t ’s tilt ’ new opt - i t t lug c it i e s  ;inth pi t i i - h i m , , ;  t o m  t l - h ’ l - ’e ’ , ; s ~ b u t  I t  i i
dcie’i i tt i eiit , i t ion amid t’od i t j i l t  t on  .111th O i l y  i- - i ;  is i s o t - k i t i C  ~~t t  I e ] e  t o t  - ; t  l u s i , i r d —

s in g  t hi’ work c i i  .11 1 s t a t  I En order t o  tlssut e lie u n  i t  i - i t - rn I t  v .me] i fe I c - i  -i ’
the ~ I I I e ’ i e ’iii V i t out pitt . I t also s e r v o s  i s  .1 ( m l  ( ‘ m i n t ’ t o o l  I i ii  ne’s-
pc - t s ’ t l n e ’ I

I’) “IlIi ’ i i  r [i ’ i l  Ri’s i ; I iv  I t v i t t  t ep 1te t • Ce I t t  • P it  1 l iii tutu , i n t e l  S I I v e t  . 
“ IS i t dint -

ttni v t• rsitv . CINI ) -\S Report - i i i , 18’-) pp., l~~i7.

h i t s  t .’i -lmnhi - ,i I report t ’en t l h i s  t he  nte, ;I i’onmpr eiit ’tr sivi ’ lv e - t l t npl h- el
t i s - f t  - t I d i  it  m u  t n t  i t i r n i  t Ion on I Iii i - I i ,  I i Ic .  I I m t 1st I t_ I t  V ot  t ’ i i p p  - t

i~ e hi • pa I I i , I  I tin , • ;u ie l  s I I V i i  and ~t i e ’ - i -i t t (lii ’ i ,- , ti t ii t e u u , l ~,i l i t  i ’i, ’ti , ‘. 1  l i i . ’’
f rom ~- r l t  l i i i t ’v ;u l e i a t  t o u t , i n l i v i n i e , t o e ]  ; V f l t h ue - , ; i 5  i- i l t h e -  , t v , i i  i . i i t l , -

mel l i t  l o t  i i t t  1 t n t  .me] 1 I no I t on i t h , knew I t - t h e - ci ii t he ’ I t i e - t ’ m v  i t t  c l i  I i l e t 1
t . ’ , - ; I u (  l v i  tv. l i i . -  r i ’i - i , i i i n i e u u d e t i  v.1 l i i i ,; l i i i  l i i i ’  h i t  . 1 1  i ’It ’e t  t t i  I i e u i , ; t  i t _ - i t  v

L - 

‘
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c tt_ ’ei- t ime i t i l  I m mgi - itt I e i n p e r l I  c i t - c I r ei m i m 1 K I ‘ we I I h ’’ \ ‘ ‘ m u c h  ( l i t ’ t i l t  i t  l u g
1mi,it lot bi tt It sd Id ninth miii I ~ui stat i - - i; . l i t  . icl d i t  l o u t , tt ’e - ic uui m iii ’,tt le’ d v .iI i n-~-;
I c i t  I lit ’ tnt r (us I t ’ t i c - c t  r I c . i  I i t - ~~l s t i v  ( I  V .1 C i-  I i r t - s .1~t (‘ci I c i t  I b t i sit I i d  t roiti
c ’ u v i t p e ’ m i  i i - teun per .itit i ’ - t o  I li e i i u i ~ I t  ~~ p i t i t i t

c _ - I ) ‘‘ h ’htt’ rimtop liv s it - I  I • E l t - e t  i - t eal , and Opt It ’s I P r i i p er t  I t -u ci t Sci l i ’’’t  ccl N e t  i l —
N , ’ t n - i t e - t  a t  I u auisl I t e n t  M , i t e r ! n u  Is: (:ttt ttprebieu t sive It t lil Ie u pt - .ipi tv w i t h  Ivp i i i
Ih ~ i , Pu i ’ti ue - E t n i v e m , ,  I I v , C l  N l ) AS R e p o r t  ‘it) , I i - u  h ij i . • l i t/ N .

Th i s  I t’chi nlc. u 1 ic -p o r t  p r e sen t s  .i e - e t t i u l t ! e i u e l i s i v i ’ h i h I  h c ’ p u ’n i p l i v  c i m i  t t.it’ Iv’-
t l m e rm mi o p l i v s h c i  I , elect u l c a l  • and op t  l i - t i  p r o p t ’r t  l e o  i - i l  I w i ’ l v i -  - i ; e ’ I i ’c t e d

utlt ’t  ,nl—noniut ’t i I t r , t t i , ; i t ion m u n m t t ’ r i u l s .  I v p b i ; i I chit ,i t i i i  i - u t - h i  p r ep c l ’ t v of
each c - i t  t h e  twe’I v t ’ u t , t t t ’ t t ;i1~ n I t a - p r o v t d e i h , I t  ct _ - i i h~~h 1 e - . Th e tu e h v t ’
I-i rttp~ rt I i ’S c o v e r e d  i t t  I i i e r n u ;I  I t ’o u i dt ic  I l v i  t v  , ;p t -e ’ I f  I c ’ I t t - a t  , thi , ’r n tn t  1 1 1 ilt -;lt

t ’xpn lns  i out , t hmt’ rmnni I d i t  I us lv i  t v • t lmer ;muz i I eut u l t t tt li’ e ’ , I li e rumu n i I re -fl c ’t’ t S l i c e ,
h er im ia l a i t s c i r p t a n i - i - , t l t e rmm ia i Ir ;i n smmm h t t , i t i i - e’ , t ’ I c ’t t r l i ’,i I resist lv i t

dii ’ h - ct  r i -  i i ) m m-i t an t  , n l b s o r l i t b i t  e ’ i t c ’ I  t I c  i t ’n t  , nu tc h  m i t  m t  t lvi ’ i ut de -’n . ‘ t h e
t w e l ve  st h o o t e d  ntt ’ t - t l — u i t m u m i t ’ t , u l  t t a r t ,-; I t  i o t m  u l m a t t ’!’ b n i  I s  i t e v ;uui :id i u u r u m  d f eix ide
(Vt ) , ) ,  v , l m l lcI  i c t i m i  s i ’s qu i o x l e i t - (V , 0 ) , t_ ’ u i , i c i  I t i t ut ot ’ s q u m l e - i x i c l c ’  c l t i pt ’cl w i t h

c ’ l t r e u i b u m i i , v , i i i . i t l t u t u  n ; c - - i~q m t i o x 1 d e  i l e p i d w i t  It I I t  -un i i t u m t , t i hv ;innid iu i f l  p e n t e x  i d e
(V t O e ) ,  t t t , i u t i e m n i  s e s i j i t i e ~~~ld t ’ (‘i i - t 1  • ut l oh i ut t i ii  j e s f e i t - (N bc ) , ) ,  i ’ e t r c t p b u r n t

i n o t l e i x  id , (u- :uio) , si -i l hunt t u i t 1 c t e t i  brcinn ’e ’ (~~. t ~~W t S , ) , it b t ’kt ’l  imu c in o s m i  l i t t l e  ( N I S )
uf i ke 1 d i s u I 1 IcR’  ( N  i S  , , In t l  s l u u , t m  I eiu it iitormo ;tt 1 I tilt ’ (SmtiS~ . l i i i ’ l i i i  e ’r u i u ; 1 t. ion

- : i ’ m i  t he i ci m i - I  cm l o t  i t ’ s c i t  [ l i e  st 1 t ’e~ t i’d is , i  t i - r I  .i Is • t b t e  tm , It ilrc’ itt  (lit’ h ut’ t n t  I —

-

~ 
- l i i ) u m n u & ’ t  n i l  t e - , i u i s  i t  I otis in t i l t ’ se l e t - t cud i~~ I E  icr  h t l  s , 1, 1, 1 1 t u e  I t  t i t ~~- i t  I ‘ ‘ t u  I cnl hier—

t I  i l t i l i  du el l~~ ’5~0Ut ’~ is , I I 5 e ’ C l v i ii iii t l u t ’ r t ’ l i e t r t

— 
- ( ‘ i )  ‘‘ St ’ [c - i - I t ’d h- h i t  r h - , i  I ,it id I’I m eriu m; i I I’ t tt pc’r I Ii’s of tt ii t lt- i j~c ’d N I i k e  I t)x hilt ’ ,’’

P u r d u e - ¶ I n l v e r , ;  I t  v , C INI)AS Report -i .’ • 78 pr -i . ,

~~~ Ii Is Let ’hu ii - ;t I rt’pot- t t - e ’ m l t  i I n s  t i t t ’ i i i i ’ ; t  i e t u u l p r t ’ i i e - t l s  ly e  l v  conl p I
t - -s~’c ’r irn ental e I , i t , t  mu d m t  o u t wi t ion on t he ’ eli - , t i li ’S I m a -s 1st, lv i t v • t h i t ’ t m i m o —
c ’ l et ’ t r I t  p l i w e - m , op t ’ I t  I c  h ea t  • t hie rn ini I i - o n c i u t c  t 1 v i t  v , cc 1 l ot  b e ’ t ’t in st ;nit  s

‘~ utiedu 1 its , a m i d  t h m t ’i’ nt ni  1 _ ‘x p n i t i s t c t i  c i t  h o t  it s t 1 l1 ’, i t ’ c’ i V O (  a I , t m i t i  po I v —
c i  v - - I  . t  h I l i i i ’  i t u c h i ’ p c ’ct n i  eke  I c lx  It ic ’  ( N i  0)  C u d  p t - , -se n -ii t l ie m e ’, - c iu m i m m ie t i e l e d  v i  I cu e s
I t m  I lm t ’s e  pr ope ’r t  t i - i t  w i t  I c l i  we re  ~ c ’ r t i -r ; I t t ’d I r c - inm or  it l o u t  t -v a  I c t ;l t b i t , I l l s  I vs  I s ,

n m - I  sv i i t l s ’s  i s  ~t f  t I i c ’ ,Iv,I I l,ii l c ’ cin l I n t  n i n th I t O  orn t : it  lout ;n i e t  . 11  Si’ I i eu i i  I I t t ’
I, t o w  I c d - ~ t cut  t lie l i c e - i -v i - i f  t l ie propei’t h-s.

t h i N  I’ l l’ i~R 1 ;l- :tt N I N l - C IC ,’u l .  h t .-VI -\ S h O R - \ g l - :  AN ti Rl- ~’l’iU l-:\’A l, S Y S t E M

A It h ou ig li l’l’T I AC 11 5; 1 Ouig ttt ssc ’ssed a t nI l v Contpiit er i ctl 1~i hi I e~ i apIi I c

l o t  i n i .  t t b u m  S t e t i t Oe ’ anti Re Lu I’ -v ,  I I S v o l  I ’ll c c  ‘ i l - i  h e  i - i t  I n o t  , t  11 r e ’ t r I eva I t i I ,i I I

k [ntI s u t  l i i  h I  I ogr ;ip h : I c  I i t t  i e u ’ n u ; l t  t e t i , t l i t ’ Cci ttu p i i t  i - i I ;‘ e ’ih N t t i i i e i I i ’s I flat a St i - i t , t 5 e ’ .111th

Re I r I c - V u I Sv ot  em is  St I I I c l u t c h ’ r d vi’! c-ipitien I

h i  - eit’ve I opmen I t - i  I [ I i  h o  niluiut ’r 1 , - i  I t l - I t  i i  -i n v ;  t t ’ t i i  w.i -i ; - i i i  i p p e t t ’ t t ’t i nuil I I I ! \ t I i t ’i t e t g ht

other som i r u t’s . ‘I’hi It ; Ci tuti p ut i ’l l se ’cl N u i n t i ’ i -  I c -S I l ) .i t .1 St  e — t , u 5 e -  a nd  Ri - I C c t _ - i I Svot c iii
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~ ill comprise two dat a flies (dat a banks) : out - l e e r  ev t t i  t t  i t  i’d numerical d~i is

recommended va I c u t ’ s )  , i u i c l  t he c i t  he r  for emneva m a  ted n ct u n er  I tsr I d a t a  ( r a w  t,’ xpe r  I—

mental d~~~t , t )

For the  c v ii  m a ted  n u m e r ic a l  data bank , t i l e t t v c - r S L  1 dc’s I gui of t h e  d a t a  bank

and of t he  d a ts  c a p t u r i n g  sch em e ’  has long  hot ui t’ontp I t ’t  e d  and t i r e ’  c o m p u t e r  p r c - i —

gramni ing  for  s t o r i t i g  the d i t a  h a s  been fIni sh -~l . Nciw i ’ve ’r , u i t t l c ’ l i  t t ’ i i t , I l i i S  t o  be ’

c lou t ’ , espec Ia I l y Lu t he comilputer progranitni rig 1)11:1St’ of d;i I .t  r e t  r I eva 1 ,ir id unn u t i  i p—

ii 1st Ion.  Eva lua ted da t n t  e x t ra c t  ice] f rotu 5t ’Vc ~t i  t i -i - i i  dii Is  S C m  F - - e r et  e rer tee ’s have

been s to red  on magne t  Ic tapes in t h i s  bank , wh I cii c’urrt ’tit I y cont. n i l  is 4 , 2h5

evaluated dat a  s e t s  (con ip r is ing  69 , 4 3 9  d a t a  p o i n t s )  on 15 pr op~- r t ~ Ic is  of 1, 7(14

m a t e r  is i s .  D e t a i l e d  s t a t i s t  i c ’ i l  data on the eva l u st  Oci data a v a i l a b l e  ar c -  g i ven

iii Table 15.

For the uneva I unit ccii dni Ia f i ii’ ito work  has yet hi - i-ti d one

‘hi t Is du_ ’vc I c ip u t t e n  t We) r k was h a l  tech  a I I I r e  end it f~ 1~377 p en ch l l t p ,  t li e ’ c ’Ot l I h u t i a —

it Ion ii i fundin g .

‘I’hils compti t icr I zed nettite ri cnu I d:i tnt svo t e a , when  conip 1 e ted , h4hlO U l I t  eve f l ic ini  liv

he ,-ib icc t i - i  p e r f o r m  :i I least tIm e foll ow ing I eei ct ions:

( I )  Store  and r e t r  ieve rec ommended r ef  erence- c I t  t n t  I e e l  her  wi I i i  i u i f o r u n a —
ion ci u i mater is I i den t  j i l t - n u t  Ion arid t ’ l lnl  m i d - t ic r i za t ion  n i n e ]  en d i La

u n c e r t a i n t y .

( 2 )  Store  and rc’t r  i ev c  ex p e r i m e n t a l  d a t a  t c - i g e t l t e r  w i t Im in i t - i rma t ion oui
specimen spec- i f  b a t  ion arid c1t ni  r ae  Li ’ r I ~ n l t Ion and on measuremi ’n t net  hod
and c o n d i t i o n .

( 3 )  Mani p u l a t e  data fo r  data  nin a l ys is , ccii’ r t ’ 1st iOn , di - r iv  n i t  i ott , en  ry t’

f i t t i n g ,  t’te ’ .

(4 )  I’r epare  t a b l e s , p r ap i r s , a m i d l i s t  of  Cd t e ’renlce ’s by c o m pu t e i ’ f o r  pub—
1 b o a t  ion and for answer i t i p  t i - c hi u i l o l l  I n q e i l  r ue s

(5)  Search for  mat er m i  is wi  t i c  g iven r , t t i i ’cs c i t  val cit -s c i t var lotus p r o I - i t ’r t I t ’s .

(1) Be used for on— I Inc  i’ eiin h l cr t yr sen ir ch i

- ‘t i - i

- 



TABLE 15. s’rA’i ’ls’l ’IcAI. DATA ON EV ALUATED NUMERiCAl .  DA’l’A BANK

O V E RA L L  STA’l’ l S’I’l CM, DATA NUMBER OF’ MATER IAL S IIAV I NC
Tota l  number  of m a t c r l ; i l s  

- - 

1, 76 4 t  ONE OR MORE I’ROPERT I I-IS
Total  numher of hata sets 4,268 Number  of Number  of P r o p e r t  t i c s
To ta l  number  of da t a  I ) o in tS  69 , 439 M a t e r I a l s  f o r  G iven  M a t e r i a l
Total number ~~~~~~~~ pert1cs l5 1009

462 2
144 3

DISTR I BUTION OF MA’I’ERIALS BY SUB—GROUPS 50 4
Numbe r of 57 5

Ma ter ial Cr~~~~ Materia 1s~ 19 6
A l l o y s / I n te r m e t al l i c s  960 6 7
Compounds(so l ld  at N . T . P . )  565 1 8
F lu l d s ( l i qu id  or gas i t  N.T.P) 161 8 9
E l em en t s ( i n c l et d [n ~~~th e lr s ’s) 126 

- 
8 10

- 
l-’R t-~~i I F ~~CY OF MATER 1AL SUB-GROUPS FOR EACh PROPERTY 

- -

Al loys! Compoun d s F l u i d s
Inter — ( s o l i d s  n i t  ( I  E q .  / gas

It ropc’r ty  Elements  Me t , i I . N .T . P . )   a t  N.T .P . )  T o t a l
S p e c i f i c ’ Heat 119 ‘

~ II) 404 140 1193
Therma l I , I n t ’ar  Ex p a n s i o n  99 294 208 601
Therma l Linear  Expansion

Coef  t i c  t e n t  90 2 83  169 542
Thermal Conductlvity/

-
_ D i f f u s i v l t y  199 162 56 63 417

Electrica l Conductivity !
R e s i s t i v I t y  12 15? 164

V lo cc i sity 13 12/4 1 17 13 7
Density 123 1 2 1
S u r f a c e  ‘t ens Ion  105 105
Ref r n ic  t ive index  arid

- 
D e r i v a t i v e s  

- -~~~~~~~~~~~~ 60 
- - 

hO 
-

Th~ t o t a l s  of these columns are rio t equal due to ove r l ap  in certain sub—groups
of m a t e r i a l s .

47



- - -  - - - -. - - - - - - - - --- -~~~~~~~~~--~~ - - ~~~~~~~~~~~~~~---‘~~~~~~~~~~~~~~~~~~ - ----—~~~~--

S l -I ( ’’ FI ON I V

I NQU I RI 5 1-1KV 1 Cl-I S

‘I’ I -P lAC ‘ s d a y — b y — d a y  c’ on t r i b u t  I c u t s  i n  I uqu I rv  si -rv  I ces  t o  I uid Iv  l e l n a  I u s e r s

h at_ -it’ been pri maril y In the n a t u r e  oh ci~~t’~ I n c  I I zt ’d :udv I i  r v  and techi n I cal coim—

suiting, data  rc’t ’c imm en i d at i on  and p r e d i c ’t i o n , and s p e c i a l  b i b l i o g r a p h i c  and d a t a

searches .  Dur ing  t h i s  24—m i ion t h i  c o n t n a c tm i : t l p er Iod  1041 i r i q e i i r i i ’ s  have been

responded , of wh ich 889 came f r o m  4h s t , i t e ’s and t he  District of Columhi~ and

152 from 22 foreign countries. II i s  no ted  also that 145 c i i  t h e  1041 i n q u i r i e s

came from government agi’ttc i e.’s , 222 from academic lnst itt. rtions, and 674 f rom
induot r liii organizat i c i u i e  . I ) t ~t a i  led  stat 1st l i nt 1 sumliniarie’s of i n q u i r y  responses

f o r  1977 and 1-178 arc ’  p r esen ted  s c c I ) a r n l t c c  I y In  ‘ lab li’s 16 and 17. T a b l e s  18 arid

19 g I v e  b reakdowns  on t h u e  ge ’t )graph l  ~ ii I di st r I hc t t  Ie ) n  cit I nqu I rv  r i ’ s p i - i u i s t’ n-u sep-

a r a t e l y  fo r  1977 and 1978. \ summary of i n q u i ry  r e sp o nn i ’s  fu r  t h e  l a s t  16 \ ‘oars

s ince 19611 i s  p re sen ted  l i t  Fi gure  10.

Over t h e  years  TEl’ IA C has d e v e l o p e d  a most t ’f f i t .’ ient w~u v  I o r r e s p o n d i n g  to

technical and b i b l  iognap h ic  i n qu l  r t i ’ ,-i . ‘th is is t i l e .’ reset  i t  of t t u r  c - i  f i c i e n t

‘‘ U s e r  S e r v i c e -  C o n t r o l  Sy s t e m , ’’ w h i c h  ~s based on l i i i ’ co ri i ’ept  cit having one s ta f f

member to  he respons I h i t ’ f o r  c e n t r a l  IZ1 ’ cl coot me - i l nine ] c ’ c t er d  i u i , i t  Ion of r e q u e s t s

and responses and t u e  j u g  t I r e  contribut Ions frouii var icitu s s t , i I  I miie’mhers Whose c’x—

per t  ises are in time a reas  of the  r c c q c t e s t s  . F u r r t i i e r n i o r e  , In  c i r c l e r to t ’x pe ’cI i t  ing

tht-  sic rv ice , 1’EP LA C a c cep t s  au t l ior  I xii I I out t t - i  r rt ’q et c ’ s I s for uiorumt .i 1 tee ’ I t o t i’ii I

and h ib I log rap li I c tnqu I r I es by t u - i  i’p hi ont ’  - i - ;  w e l l  - u s  by  1e~ t t e’r i t t  pu t  r c l i ,  1st ’ o r der .

I h - i - u n  I c - i l  [11( 111 1 ry rc ’’;p ttm isi -e i re ’ ree’oriie’th  i - i v  t hu e  ‘;t ’t I i  I u iit n tb er , e l i t e , imi . i I vs t

(pe r sons  cur t  t r i h u t  log to answer  l u g  q uI t ’  ry  ) , t o t  .1 1 ho u rs , set h I ccc I c_ et ch i’ , t i c

c h ua rg e d  or service’  code’, user c ’ode’ S , - int l  ma I I I  t ip  add r i  ss. t h e Se ’ u i’~ o u 1 1  i - i t  , i

are ’ ve ry  u s e f u l  f o r  us e ’r scc r v i t .’i’ c o n t r c - i l  :111th sr i ’ i l so u- e l - i - i t - I  ice] l i t  t h e  s p c t t i - u ~~t

In  t he  Q u a r t e r l y  R & D  C o n t r ,w - t S t n i t u t s  R e p o r t s .

I n o rde r  to assess lie e t s , - f t i l n t ’ss o f l F P I A ( ’ s iu q e tit \ , i  v le t - , I t i e l t i ,

degree of user  s : t t i s f , i c ’t I c - i t t , , i  sho r t  p t t - ; t  I e - i titi , t l r c -  I - - - - t I l t t o  i - i, I t  h u l u l u u i  r -

together w i t h  t h e  inquiry l i ’Sj- ii - i uis t’ ( c i e t ’ i\ppt ’uith ix I t i - i t  i e c ’ ~ ’V - i t  I I  l ’ l -\i k ’ l i m i t

I n q u i r y  Q ct e ’s t l o n n a i r c )  . 11 shoer Id he’ i t - i t  i’ti tha t h i t  Is o l n u i t l i ’ 1 i t i - i t Ionua jt i a n

i - ic’ c , i -u  i l y and q u i c k l y f t  I led out hv si m i- i hi ’ -i i t t - i -k s  or sh o r t  , l n - n w e t S I ci c l i i i  - -
~ I l out s .

The i n f o r m a t i o n  f r o n u  t h i c ’  r e t u r n e d  qu est  I c i n u t u i m i ’ is t u s e d  u ;  , u  , ‘c - c l h t  ~ t o ou r

User  S e r v i c e ’  C o n t r o l  Sys tem t o r  c e - i t i s t  an t  l v  lmp r c i v  cu p  t hit ’ qua l i t  ~ ci t  TEP I -\ e ‘ S

i n q u i r y  service .

- ‘5
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‘I’ABLE 16 . STA’l’ I S1’ 1 CAl.  SUMMARY OF I NQ U I RI RE SI’ONS 1.5 l”OR 1977

l u -u t  ornta t Ion Pub I i  c ’S t ion ‘icc hut i e’a 1 Ii lb  i i  ograp h I c 
~~ ~~~ ~Rc’qeue ’st Re ’qcie - st Quest ion ’s S t - a r c - I t

DOMESTIC

(;iivc’rr ’uunent 16 5 37 3 6 1
Industry 97 1 1 116 1 5 2 77
U n i v e r s i t y  36 12 39 13 100

S u b t o t a l  45 I t ~(1 51 438

F O R E I G N

Gove’ruiuiue’ui t 1 7 1 1) 1 3
I r t t h i t s t r v  8 7 6 24
U n I v e r s i t y  12 5 7 0 24

S u b t o t a l  2 3  19 16 3 61

‘tOTAl , 172 67 2 116 54 499

Inc lui d 1mg da t a  nina l y s i s  nind t e c i r n i c n i  I r ev iew .

TABLE 17 .  Si’A I’ 1 5 1 1  CA I - SUMM ARY 01 1 Nu ~t I R\’ R - SION S i-I S FOR 1978

I u i f o r n t , i t  ion h’cihl j c , l t  li - in I’t’t’hr u tic ah Bi b i ic - i pr , up li i c ‘l’(Vl’At
Re qcut ’u - c t Re ’ques t Ques t  j Of l hl Sea r t ’ hm

Govern tr t en t  21 ‘c 10 7 4?
Industry 1 - c. ’ 4 1 111 t t l  1 3 3

H Univer sity 30 10 21 IS 76

S u b t o t a l  19 1 55 14 ?  61 451

FORE IGN

Government 10 8 4 7 21’)

Ind ustry 22 6 c~ -.0
Un ive r s  ~ 

4 8 9 1 2?

S u b t o t a l  Il - i  22  22 I i

TOTAL 22 9 77 l i t - c  72 542

inc lu d in g  da ta anni ly s is  and technic ’n u 1 r ev iew .
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IM31 II 18 . Gt’I(X RA I’III CAI 1itSI ’R l l’.tl’I’ION Ut-’ INQU I RY R l S I ’ I I N S I ~- h - t l l - ~ 1 9 / 7

N i -i , ot
1 u iqui Ir ies

A 1, 1 It , uum u , u 3
-\m i ,‘o ii , c c

Arkansas
C u lit omnla 80
( ‘ ci l o r n u t l c i  - t
I e)ulfle’c’ I i c ’i i t  10
Di’ I . u w . u r i ’ I
1)1st r i t t  c l  (~~) 1 tltt ul ) i S I S
F l o r h h , i  3
t cot p I n t -c

I d a l u c - i
I I I  Iuic is - i l - i
I tie] i~ina
K c r i l t i c L v  I
I,o~i t s i , t n t ~u
M,i l ute-

~‘ t , i t \ -  l n l e t c l  17
i 1,t55 , i ~~h m u ~5~ t t 5 1 /
Michi igani 1 3
M in n e s ot a
Mi ssIs~ 1pp i -‘I

M i  tis s u e  r I
Nebraska 1
N t - v , u ~i, u I
N c ’w , lc, ’r et ’v  I ?
Ne w l b u m p s h  I ru ’  2
Ne w ‘li x l e o  S
New \‘ork - , 2
Nc r ( h i  ( , t  u’ c i l  l i i i 3

t ) i u  I _ -i 34
Ok I i i c e - i t l t . i  I
( i r e ’gcul
h’ c ’u t t i  u-t v Iv an i a
Sout Ii h ) ,i k o t , i  I
I c l i n i c ’s si t -  6
texas -~

I tahi I
V irg [i i i - t  6
W i s h  i tigtoni 1?
W i s c o n s in

4 38

1”o re’ I gu i  (:01111 t t’ i c S  61

T0’I’AL 4 e 3 i 3

ij)
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I’ABLI’ 19 . l- OGRAPhlIt- \i. I)IS1’R I BU’h’I ON OF IN tPh R y R h I 5 h u t ) N S I . I S  FOR l ’~ 78

No . t f

Inquiries

Al abam a 2
Ar I .~c in i , u  6
(Is I I f o r r - u l , i  70
C o l o r a d o  13
Cc - i u u t i e c t  ic ’iit 19
De l , iw are  4
1)1st r j e,’ t of (Is Itamb is 10
F l o r i d a  10
Ce- c - i t’g I a 2
Idaho I
I l l  in i o i s  2 1
In d iana 25
I owa
K ,in is .r s  2
Ki ’n’t t  t i e  kv I
l . i t i i  1’; l an a
M ,u u v m u t e ]  I 2
N.m s s , uc  t u t u St t I s 28
M i c h i gan I i

~t i u~~~ u-~ - i t
M h s ~~o i u r i  6
N i - i t t  t ar ia  2
Nt -b r a s  kni
Nt ’ v .u i l , m  I
N t ’w J e r s e y 20
New l l n m np  sIt i m u ’ I
New M c i x  I c e - i  - -i

New Y o r k  47
N o t  t i i  ( l i t  -i - i l  I nni  I
Nc ’r  i i i  i ) n u k t t  a 1
Oh Is  30
Ok I,ihu csn.u 3
tr . ’cont 4
Pi ’u i u i sv  I v a u t  i . i  2 ’ -i
Rhode I s land
Sotuth Dakota

4
Texas 13
U t a h  2
Vermont  1
V I r g i n i a  19
Washington 1
West V i r p i n l n u
i4lse’onsin

- 45 1

I - u - i t  i _ I  p u t  Count ri c’s

l u )  h A l  ‘ - i - c .’

-
‘ 1 
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be twe’e’n 1 July It) 77 and 31 Di’c ember 1978 , 819 qire ’ s t I ont i t i  I r i -s  were ’ S e n t  h e - i

l t t c i t u l  r er s  w i t h  our response -s to  t h i e i  r i n q i u l  r Ii ’s. A t o t n i  I of 198 c’otmi p I t’te’ h

quest I onna i res were r . ’ t e l  rue d t o  ‘l ’EP I A(: . ‘Ilie m u t  e c i i  re -t el rn w i s  an  cni t. s t antI lug

24 pe-rt ’ent most survey  r u - se a r ch e r s  woci Id cons ide r  a I f )  pt ’ r t’c’nt r e t u r r n  h e )  be

icxc’e 1 l e n i t .  The s u r vi -v r e s u lt s  f r o m  11w r i ’tu ru ie d  qcu i : s t  ionina i res  are p r esen ted

in A p p e n d i x  2. I t  is v e r y  encourag ing  to  note f’rom tlue surv ey resetlts that more

than  20 p er c e n t  of t h e  u s e r s  of 1’EPIAC tec -hnlcal It iqeel rv sc ’rv i c e s  were  “ r u - p c - n i t

cu s t o m e r s ’’ . N o t e  a l s o  t h a t  att o t  leer  23 p i c r c e ’f lt  u se r s  we ’re n i w : u r ~- ci i 1 l I P  I AC t h r u ueg le

t h e i r  c o — w o r k e r s , w h o  m u s t  have ’ g iven to t h em good re c omtu u ne nd at  Ions ah out  ‘I ’El’JAC .

Most u t se ’rs  were p leased wi  t i i  TEP1AC responses to their inquiries , as more than

4 SiI use rs r a t e d  t h e  ‘I’I-:I ’ I A ( I  r e sponses  t o  he’ “ve ry  gt.- i u - i d ’’ wi t  i icc  cmlv 14 pe r ceu i t

users consIdered t he’ ri’sI-ionses to h)i’ of ntarg im t a I v,i lu ti’ . Ah~ u tt ~~ pt Sr ( ’ een t  of

t lie rep l ies mi ted t Iii’ ‘lEt’ I AC I uiq u i u v  ,st -rv  li-ic is promp t , iu id  h i s  c l int  mgi ’s r e n e s o n —

able , arid only 7 perceu l t c ons Id e’r ecl the cliii rgc 5 t t) hi ’ t so i i i  ghi a n t i  2 p c - r e en

couiside’re’d the’ c l e a r g e s  c - i t - i  low . P e r h a p s  t l i t -  u uuc ) s t  i u u u l ) O r t a t ’et  I n  format I tin c i h t u l  reed

from tile-se qere st b outs i m t - s  was t h u e ’ va I t ee  of  t i m e  h E P  I AC re spoutsi ’s to 1 lie ci s ir s

The survey r~-su its indicate - t h at 14 pc -rce ’u i t  c f  l iii’ r e sponse’s s , t v i ’cl t lie ’ users

5 hours  or less (tlee ’se Inc lu ,rde ’ th e resI)otiSI~’s in for utu iutg t lm i’ usc’rs  t m e t  rio data !

informat ion are uncovered froumi our vxhacnst lye se,irt’ii for I 1w propert Ic ’ s c i t

nuaterin ils requested) , 26 percent of the re’sponses saved time ut si ’rs 40 h o cu r s  or

more’, 11 percent of the r espon-ises saved t h e  use rs  20 to  10 h o u r s , a n o t h e r

11 percent saved the users 10 to 5 hours , auttl 8 1-ie ’ ree ’ii t of t h i S  r e s p c it i s c-s saved

the u s e r s  30 to 20 h o u r s .  Those ’ l a r g e r  savin igs  ( f a r  c’x c t ’c’ cI j ug  -‘tO h-u oetrs) we ,-r e

from I n q uir y  responses t h a t  p rov ided  the  u s er s  w i t h  n i u u u i i ’ r i c a l  pr opc’rty data

r a t  hu e -r  t h i an  b ib  1 i og r a ph i  I c  1 n f o r u u t a t  i ot i  . I ’ p ic ’s I cou tiui ue’ u i t  s o t  t15 i ’ t S  i)tl I E P  I ,\(‘

inquiry se’rvices are a l s c - i  listed in Appendix 2.

It is important to note’ that even though I’i-d I A C  h u n t s  p r c i \ ’  i d c ’d i-x c ’e.’ l Ie ’ti t

i n q u i r y  services to the  u s t ’r s , t h e se’ s e rv ices  i m p o r t  ou i lv i r e m i t  i v e lv  sm,-u l  I

p a r t  of  the  t o t a l  i n f o r m at  Ion and d, - e t  a t h a t  T I - P I A C  l i n u s  provided to  t h e  u s e r s .

The major  pa r t  of the  i n f o r m a t i o u t  and d a t a  are ’ p r o v i d e d  t o  the’ Lu S t I S  th ir oc ig h u

TEPIAC ’ s major publicat jolts. For examp le , t w c - i  et s er s  comment e d  “we are ’ regu I a r  lv

using Volumes 1—13 of the Thern op ht y s ic a l  ~~~j~er t I e s o f M a t t e r — J~i~ ~ P1’l~(1

1),ita Sen-ii’s ; these volumes  u r e -  e x t r e m e l y  e u s e f u  1 lit our resu ’,u re - it ” . Of cou r se ,

t h e r e  are numerous o t h e r  u n r e p o r t e d  t’:Ises where  u se r s  use  t h i c  d a t , u  and infor-

mation contained in this and other major publ ie’ations of TI -TIA C . C on s i d e r  t h I s

S_ I
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1 3 — v o l u m e  16 , 810—page TPRC I)ata Ser ies  a l o ne , of w h i c h  more than  1, 000 se ts  have-

been so ld .  I f  i t  Is assut u ned t h a t  each vo lume is used oi led ’  a month by only one

of the  eng ineers or s c i e n t i s t s  in at i o r g a n i z a t i o n  w h o  w o u l d  s , ev e 40 h e o c ir s  ( at

$25 per hour)  each t i mme e  by o b ta i n i n g  and using the’ data stud in i f o r m a t l e u r t  f r u i t ,

the  TPRC Data  S e r i e s , the’ total savings would he $156 ,000 ,000 per  y e a r .  l I ve n

if each vo lume is used on ly  once a y e a r  b y onl y one person , t h e e  t o t a l  s a v i n g s

wou ld be $13 ,000 ,000 per year. If each volume is used by several persons , mi tch

larger savings to engineers and s c i e n t i s t s  would  be au ’h iev c -d . Adding a l l  the

savings from all the major publications of ‘h’EPLAC over the vc-ar s , one would

realI ze- how great a coiitrih ittion TEPIAC has m a d e .

TE PIA C has been m a i n t a i n i n g  a sound “ S e r v i ce  C h e a r g e -  Sy s t e m ” i n c l e r d i n g  an

au d i t a bl e  de ta i l ed  f l i t -  of c h a r g e s  and ci scr s , and has been se - i - k i n g  i t s  c o n t i n u a l

improvement. The nornit iel u-barges for TEPIAC products and services are’ as follows:

1. B i b l i o g r a ph i c  sea r c h .  The n o m i n a l  c h u a r g e  fo r  ne s i nc le  h i h i  i ogr a p hi ic

se a r ch  is $35.  A s i n g l e -  b i b l i o g r ap h i c ’ se - a r c h  is dc ’f i r ie d  as a s i n e r e l u

for a maximum of five properties of one material for any tempe’r.itirrt-

range and s u b j e c t  area. The number of referen-o s retrieved are  re-

s t r i c t e d  to  50 c i t a t i o n s,  in t h e  cases  oh e x t e n s i v e  s c - n t r e t u c - s  (over 50

c i t a t i o n s  p€- r s t i r - h  or a l n i r % t  n u m b e r  of m a t e r i a l s )  or f o r  s p e c in e l

s t a r c h  requirements , pri ec ’ quotations arc g iven .

2. T e c h n i c a l  c o n s u l t a t i o n , d a t a  r e c o m m e n d a t i o n , d a t a  s y n t h u e s i s  and pre-

d i c t i o n . M i n o r  t e c h n i c al  a s s i s t a n c e  are p r o v i d e d  a t  t i t e ’  r a t e  of S2 5

per hou r .  P r i c e  q u o t a t i o n s  are given f o r  e x t e n d e d  t e t - I t n i c t u l  s e rv ices .

3. P u b l i cat i o t i s .  Brochures  ‘ - o n t a i n i n g  i n f o r m a t ion on t h e  c o n t e n t , avai l -

ability, pri c e - , etc. are sent to requestt’rs for information on m a j o r

book and repor t  publ icat ions. Cop ies u - i f  reprints of jocurnal articles

wri tten by TEPIAC staff , i f  a v a i l a b l e, ar t ’ sent to requesters free

of charge .

4.  Reprod uctions. The charge for microf iche reporduction is $2.00 per

fiche if they are requested with a hih-liograph ic search order amid

$2.50 per fiche without a search order. Hard copy reproduction is

charged at $0.35 per page. A $3.00 special hiandling ebia ret’ wi l l 1-ic’

added to thi -  t o t a l  charge ’  f o r  an order under $10.00.

5. PromotIona l and c u r ren t  aw,-l r e u l e - s s  p r o d u c t s  and gen e r a l  in f o r mat ion on

TEPIAC . These are provided  t t  no -i - c - i t - u t .
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Most rou t  in t e  u sers  of Sc ’ ier t I t  b e ninth tecltnie’al infcrmeuat Ion g en e r a l l y  o rde r

,ulteh pan  f o r  I l-I l’ I Ac ‘ s prochut ’ Is and -id - r v  I c e s  hrou gh  liii ’ I r 1 oc’a I technical library

or t h ro u g h th eir se’ lent If Ic ,und t e c ’h n l c a  1 informa t Ion off li-c’. ‘I ’EP IA C has t I l e ’

fol lciw i uic ~ f l e ’x l h  I i ’ p z u y u tm c ’ui t opt  tons , e v n l  I [nu b ii ’ :

h’ re ’—paltl ,ee c ouuit . l ’ h ej s  p ;ly me ’t l t  o p t i on  n i l  lc iw ~ ami t i r gnt ni z n u t  i o u  t o  t h e ’ po s i t

funds w I t h  ‘U E P IA C / P e i r d u e  U n i v e r s i ty .  When ‘I l - Il’ I Al l el i’1 iv er s  p r o d u c ts  or

se’ m v i c ’ e’s in response to orders  p l aced b y or -i n iz at ion ’s a u t h o r i z e d

emp hci v ei-s , i t  w i l l  deduct the c ’S - i t s  f rom the c l e p c - i s i t  a c c o u n t .  Tb”

requester will he i n f o r m e d  of t i l e -  r ema i n  ini g d o l l a r  h a la n e ’e e-ach t i m e

c’ e i t u  L e n t  I serv i - i - c is p rov ided .

2. ~e lephone/  l e t t c ’i a c e t b u o r i z a t  lout , p l y  later. A u s e r may grant approval

by t e le p h i ou e or l e ’t t c - r t s r  t h e  p e r f o r m a n c e ’  of se -rv  icc-s for a spec i f  I e, -J

nomina l do l  i a r  v a l u e .  TEP lA G p rov ides  the t e c h n i c a l  services  to the

r e q ue s t e r , and P u r d u e  lJn l e e r s  i t y  issues nm i n v o i c e  soon af  t e ’r , makin g

ri-t i - r u -ne ’ e t 0 thee ’ p u r e ’ h uas i ’ o rde r  n i e n m h t -  r , I f avnl  f l u b  l e ’ , cur t c ’ t l ie

m el t h ucir I _~e I on c - ,l i I t-ir li -h t icr nind t h e  nni nte~ u t  tmt rt h ot’ I z I leg In te l iv I c i t e , i  I

3. .\ ee e- i e eti t wIt h t Ile N e t  It - i u i e l  ‘I’ e ’ci en lc - nu l Ini f c tru nne ti ciue Servi ce ’s (\[IS).

‘t ’E P I A C  u i - u  ,u t i  , i c r c - c - t ~c u ’ u t t  w i t h u  NtIS which at lows u t s e ’~ t ’r c ,it ii z ,ut h e - i n s  h e ’

c l u , u r e~t - t i t e - i r  N t I S  i e e e - e d i t  ~c r  T E P I A G  p r o d u c t s  nnnd s e rvice- s i t  t~~u e ”. 5c

C l t c - i o S u ’ . The t e  ~ue st  icr is r em i n d e - ci , iuoweve’r • t ha t N IS wi l l  .~ehd ,e

sce r c l i , i r c ’t’ tc - i t i e ~ ‘rE P IA G Se - i ~ \‘ i e e~ l ice ’ In h i  1 h u g  the ’ e u sho u l t e ’r ’ S : i e c c i i e u l t  .

l b i s  s u m ~ - u t  ge i s  e t c  r re -n i t l v  a h u - i u  t t Vi ’ pi ’ r e  i’flt  .

4 . St ninel i ng circler, h i t i - u  p m m  - l e n t  h e i r  izes c u e  o r g a u u i z a t  io tt  t o  c - x p u ’i t d a

spec ified amount ot funds by ut evo u le’ i rom t h e ’ o r C n u u l i z a t i o n  or b y

spec i fled pi’rs oueui e ’ I c m l v  over a spec i f  it’d per iod . As prod en c ts and

Sc ’ r v  ices t i re ’ r~’n ch er eci , Fl IP  I AC in i vc i  l e i c s  t u e  o r g a n iz a t i o n  t h r o u g h  P c r r u i u e ’

l ’ ui iv ersi tn against t h u s e s t a b l i sh ed st a n d i n g  cu ’ J t- r .

S. Blanket p u r c h a se  ag r i ’eun ent  (B P A)  cm m i l i t a r y  d e p o s i t  a c c o u n t .  DOD

nlgi’nc ies  t i n e ’ t h i s  ar r au lg emen t  w i t h  a Dl) Forum 1155 (order for su p p i  t ics

and se-rv ices) . A RP .\ accord ing  t c-i the Armed Service-s Procurement

Regulations (ASPR) is a “slmp t h f l - i ’eh met hci cl cit filling antici pat ed

repetitive needs for small quantities of supp l ies etr ni ’rv i ”e -s by

estab i i s h in g  ‘c harge ’ ae ’ c o u i t i t u - u ’ w i t h u  q u a l i f i ed soure ’t - s of suipp ly

B l a n k e t  purchase ’ nu ~’ r c - e ments  a re  t i es  I gt t e ’cl t o  r e d u t c ’e- a dm l u i i  s t n a t  ive

- u - - i t s  in accomp lIshing small p crrc h as i ’s by e l i m i n a t i n g  the need fo r

issuing individual purchase doceements.” itt addi t Ion , BPA ’s a l low f o r

timely fuel fi ll m eui t of order.
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It is t u t e r e n t  ing anti i u f s r u u i n e t  IVe ’ t O  n o t e ’ t c u t s - i c  - r~ ’ i- ie: u t i e - s ac id n u e n e t e r i a l s

out w h u  j e l i  in t e i r u i h u t  ion is most f r e ’ q u e e - u e  t l v  request tel by i nq u i  r i - c s . l u t e - r e - i t u t e - , a

st~meIy of t h e ’ I n i t er e st  p r o f i l e  of a l l ,  t h e  tedu n i~ ni l i me ~~ i i r h e ’ s  In  tI e is t w c - i — ’ y i - l r

per j oel Is utn uehu ’ and t h u e ’ I I rid bu g s  Ire ’ pre - ‘ie u t  t eel in ‘tab Ic’ 2Q , 1 t ‘ m a  h ue- observed

f t o r n I’ d - i  h e ’ 20 t h a t  over 65~ ‘ - i i  l i e u - ieeq t e I r l e ’s ~~e ’ t t -  otu t lie u - p  f I V e ’  u u t  t i r e -  36

propert ies and op f o u r  o t  t l m ~ n m n a t e r  i , ,u i  ~ I’ e - i t u l - i ’. listed .

S lice  uttos t users contac hee l F l-I l - i l A l l  fo r  da t a  and h - u  ~u r u , t  ion e- i . i  t l i i  t i I ~-p h usmii-

L EI ’[AC lm , m ~ in s t a l l ed  a n a t i o n a l  ‘e~,-\IS line IN s . l- - SuG— -,28— 7tu 75 ) to make it easier

o r - i l l  e e - i u e - r s  to c a l l  I l - P IAC to ll free ’ . I’I-I P I Ac has -itt t rip ted ,e number i - it inno-

vations j u t  netting the word out and the \~AT S l ine ’  is one c - i  t h e  c o n t r i b u t i o n s

t i -i i ’nt - i b l ish a better and e n d S  i c r  commufli c’:et ion.

A l i s t  of o r g a n i  ~at  io ns in the U r i j t e -J St at e s  u s i n g  TEP I A I  inquiry se-mv ices

in the per tod 1 October 1975 to 31 l)i’i’e’mhe- r leh B in  piven In c A ppendIx 3.
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1’ABLE 20.  l N 1 1 1 - I R h - I S h P R O F I L E  OF TEC IIN I CAL. I N i l  I E l  h - S

(in t ine Period 1 J a n c n a r ~ H U to 31 I)e’ceumbe ’r 1 c178)

A. h’ rt -i jucrti es (listed in thee  o rder  of i n t e r e s t )

1. t h e rma l C o n d u c t i v i t y  .  . 2 4 . 0 %  14. M a g n e t i c  Sus u - e’pt ib i  l i t y  ,   0 .7%
.1. S p e c i f i c  Heat  16.0111 15. Absorption Coefficient .   0 . 611.
3. t’lue ’ru n mn il Linear Expansion .13.0% 16. Tleeruuioe -1c ’etr ic Properties   0.6%
4 . I . l e , tri e , tl R e s i s t i v i t y    9.1% 17. Magnetic Hyster es is 0.3~1
5. The rma l D i f f u s i v i t y  . .   6 . 7 %  18. M o b i l i t y  0 . 3 1 1~
5 . Viscosity 5 .5% 19. Therma l V i - i l u m e t r i e ’  Expans ion  0 . 3 %
7.  h - ; m i t t a e u c e  4 , 5 1 1 1 20. Energy  Leve ls  0 . 2 %
8. Retra ctive’ Index 3 . 7 %  21. ‘I!ei- rmne l Contact Resistance  0.2%
9. Ri’ f l t ’ e t : u u i c e  3 . 4 %  2 2 .  Ene rgy  Hand s 0 . 1 ”.
10. Ab scrpi~ c- e 3.1% 23. Energy Cap 0.1%
11. ‘I’rauismittance 2 .1% 24. Work Function 0.111
12. D i e l e c t r i c  Cons tan t  . .   1.7% 25. l’iisc .(9 Electrical + 3 Thermo.)  2 . 9 %
13. l) i elec tn ic  S t r e -n r ~t I u  . .   0 .8%

-: B. N a t e r i ,-u l s  (listed in the order of interest)

1. I n o r g a n i c  Compound s . .  . 2 7 . 6 %  9. Minerals 4.811
2 .  E lement s  16.5% 10. Organic Compounds’t 2.711.
3. Non Fer rous  A l l o y s  6, 11 11 . h y d r o c a r b o n s  -

4 . Fe r ro u s A l l o y s  8 .5% 12. So lu t ions  and l’hix tu r c ’s 0%
5. Intermetallics 5.811. 13. Food s 0 . 7 %
6. Cormmpos ites and Systems   5.6% 1- c . (lermui ets 0.5%
7. Polymers 5.4% 15. Coatings 0.3%
8. Glasses , R e f r , u i -t o r i e s , e t c  5. 1111 16. Miscell ani-outs 1.7%

- ì  h- .x c lu d ing hydrocarbons .
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SI - I t  h eN ‘c-

t C R R I - N h  ‘W-\Rt ~N i-SS A N t- ‘I~u uMe l I O N  i-li -I NlETS

l i me ’ ‘ I ’ h m e ’ u u u i t ’p h i v - i r  I i - ;  m u n c h  h - l i e - c f  r ou i  I c - i n  N e ’wn ;  l , t  l e t  ‘‘ l e . t - i ;  hu t ’e ’ m u I e n ; i e u ’th hi h n t o t t l  h u h

I t i c u ’ I , i m i t m . u t  v 1072 ( t e  . e  c h i  c i t  I - ut e e ’ t i I I - i t t  c i i  I i l ’ i  ‘ed t t - i ; e ’ t . u t m u l  I - i c - i t  u ’ t i t  e a I h O c - I  S

i- .1 l h i u ’ , i t i O  ot  k c u ’ h ’ I u u S  C h m u ’t t i , i h n e ’ , u n ; t  c - i l n ; h - u r  c i  I e , u n n t  cb vu ’ h o h i t uu eimt - i i  h i d  cc ’ u t I f l u l  ,- v e - i u t

h u e  e i ’ , e I I . t h e  I I I t  v 1 i  t e e  Intl , - i u l r . t  t h - u  j i m - i l  h - i t n h - i  I I c , i (  I , - i t c ;  , I hut ’ u r e I t i t t  l e c t i  e ’  I t i e  I,

R ‘c I t  
~~~~~~~~~~~ 

.l ul c l  c i i  t b - i ’ , i \  nil l e b I H i  v e e l  p r c - i u h m t c t  t ;  . i u m c i  ~i ’u  v i c e ’ - - h u nt I I  ‘ l A d .

‘ l I m e ’ t u i e r d ’e ’r c i i  n , u t l t e ; m u  t h i s ’ uu e , e i I t e t p .  h i ’  I l i t ;  l - i - i’e ’ i t  l j m c ’ u e ’ u - i u i r l  t i e - s l y  , iut cl i c - n c  h u t ch

l b  , I1 t ) t t  t e ’ce ’n ~ l v .  I u i  I h u h ;  c o mi C r i d  t i e !  I - i c r h e - el 17 j ’ ;,, ti u’n ‘ I  C I t t ’ \ , u - i i e ’I  f e - n - t l , t v e

‘u ’ e ’t l  t ’ e ’ I ‘ , i , ;t ’cI w e t  Ii . i  t c i !  a I ~ i S - i  • ‘ o l d )  c ol-i I c t n  c l i  i t  u h h u t  I u ’eh

‘t h e  u h e ’ v u ’ h c ’ p n i e ’ t t t  ee l  t i m  c u m  l u  t e e - cl . i t o t  c e ’n l p t l t  c i i  cc cl i .e I I h i t  I i t  t o n  I l - i ’  I 2cc

e m s e ’ m m e l  pot  c - n i t  - t I - O t t  S l i i ~ c ’ Ot t  t i l i m i t !  e t le t ’ h u t  I’ t c - i t ’ i  e S ,  , ,\ S I t t t p  I e ‘ u  -i I I h e ’

c ’ e c hc ’ I s  d~ t v e ’ mu [ - i - i  ~‘.i cd u m u i r - i  ,~~ tIm e ’ n u , t  I I i t i c ’ I t o t  - i - - i  t h u i t  t h u - i - -i ‘rip E c - u  , - , e u u  !~~ n ie - m  0 1 -

c i  c e ’ I ( V i ’ i t in l  I I h i t ’, 1 1s f  s I i c ’ru I t t t a - ; l  e m  I I I t ’ . h ’ h i u ’ t l e ’u ~ n u ; i  I I m m i i ’, 1 I - - u  l i e u e l  e ’ l e  tue - i t

cm l v  c - v  - c - , .1  ‘ I  c u t e r  ~e c ’ r c - u u l . m g - i ’ e e l  l l - t ’ h - \ t ’ - I c O i l  n i t i c h  I t - m i c e - , l e n t  t I c - i ’  i l  hews

t I m e ’  h n i c ’ I , t t l i e u  c - i l  n e ’ I e c t  e e l  , i  I u - i - t i - i ;  cii C l i i i  , u m t e h l - i ’ ui c ’ t ’ c - i t ~h t e ’c i _ u I h e - c t  nu , u e  I I t ’ , ,

w h i l e - l i  i e e e  J i ’ , i ;e ’ i  f l i t ’ ~‘ l  1 , -c I h v u ’n u c ’ c c  c- i t  I l n c  mmm l I h h m i g  , i t u e l  s ty ’ s n l i i  ntc - i u u e ’~ I n  -i l l - i ; —

Se nt I u m. u I h e ’ l l  c e i S  t - it

I n  cm h i - n  t c ’ ‘uoet r u  C l t , u  t ‘CIII’ I Ac - u t  - e u - e u - I  p e t  t e ’t i  t e , u  I t i - -i - m I -i - ~~5’, i t  e - e ’ I t t u e -

t e ’n I t - u  • t i e e ’ ~‘n 
, -i cleec t -t a tm - il - m v  I c e O  i c c i  1 , - u  . , imu d I t ic  l - e - t m e ’ m  I I ‘; C ci h e~’ u -i - _ u  I h , ‘ e ’el

h u m  , ‘ u i c ’ l  t e e O c ’ e e l  I hue Ce ’ u I t  -i - u • p m  ‘ t i e - i l  I sic  t I H , -i , ’ I u u u  ‘ n , . t u i c h  i ’ ;, - r cii l e t u ’ - i t  e p e n ’ i c c l  i -

e a h I v I - t i e - i - i - n i - i l  c l i  ot  m u h e,  m l  eel , I mu me Id h I , i m i  I , ‘ I l i e  - 1 u - i t t  i ’ i i ’  e e l  t - -i i i  c i t  I t ,  - I - i r s  ‘tu Ii I v

N e ’W~ l~ ’t  t e l  . l w - i - i  t u e -cs ’ 1e t - ee m u lo t  e , ‘ u i . t  I h - i t  c - i c l u t m ’ , ’ - i ; , - u i , - I S  ‘ l i e ’S ,tuu,I I ti e ’ e e l  l u - i - n  “ i t - il- i ’.

e’c ’ i c - -i r c e e h i e c e ’d h u m  C l i i ; ce e m i t  m , u c  t u u , i  I p e t  l c ’ , h . u m u ~l C h c e t t ~~. i t i e h~ ‘I , ‘
~~

‘ cc l i l y , ’ hc ’ e ’ t e

c l i  - i t t  1 I l e n t  eel t o  t m i , i L e ’ t I m e  u t u e ’ m n i  u n i t !  ‘cO c ’ u m t  j u l  i t s - i l nc I - i - i t I c - u  i c~ e i . u  m t  -i -~h o h  C i t  I’ l l ’  I AC ’

I title ’ I I c m i  s • c mp i l - i  I I h t h ’ - i ;  , t i c  h u t  t c . u  I . u n o ;  I of  . 1 m m - i  , - • l ’ i e ’ c h u e  u - ; , .  i t t - i l - i n - i- u  v I c c - i n  .

I n  I he  I :; _ ‘ -i ’ - ’ t t m c e u i t  lu 1- it ’ m  I c O t  ‘I l - I C ’ I c - p e - i t u ’ ;  e m  , ‘ ,l I l i e ’ I i 1 1 u ’e ’ hut l i i i  c t u , u  C l c u u . i  I

l’ h i e ’u ’ uiu a I i e ’ u i c l e t c t  i v  l i v  & c i e t t  e ’ u e m i c t ’ , u u u c t  l i i ’ ’  S ‘ i i i  I t O  -i - u c t  C t o u u , t I ~~ - ‘ h p ’s u u u:c ou t fli ,- u umi . u I

h- I~~p u i m n ; I o t i .  l: u m u - t h u t ’ m i t c i u  e , I t  ‘ I  ‘cc ’ o f  m l  I , , ‘ ,c h i e , i oh , e d i e t I e e ’ u l m  Se ’ ou t  ( l e e - u u t t c e l e l l v - i ’  e e , u I

p i o h c I  I h e ’s , !‘. u~’ c I c ’ i t i  - ; c ’ h t t i t t , u m  sin f l e e ’ r e t  e , ede ’ I , ’e ’ v ‘i c h i t  , u d i i  h i e t t  h e ’ t i , , t t i  i i  V - d o ,

tm - i l n v  i t t  hi ~~s I n-i • l i m e 1 I~’ in - u  i c  i l’ - ’  I e e l  h i m  t I t e -
‘ 

- i I - ‘i h u t  - u c - - i t t  , i c - i t —  e - - i t  _ i  i i , l t u i e ’ c ’ I  h u t  

1 i - i ; I e e l ( l i e  - i i ’ 2 , ’ , c ‘mit e - t e - t i , ’ ’ ’ . u m md i t t , ’ , - C h u m  e - - I n ;  g e c- -i - i i  h a  1 - il ’ I e -
‘

S e~~~—— ~~~~~~~~~~~~~~~~~ ~~~~~~~



‘F A B L , h -  2 1 .  CON 1- ’I - R h - I N C I - ’S \ N I )  MI - ’h - I ’ C ’ I N C S  h eAR ~F I C I  l ’A I ’ l - l l )  RY ‘I ’l ’Ih’ I ,\ C St A F F  M I - I N D I E S
iN ‘I ’blh’I PE R 1 01) 1 ,IAN 1IARY 1q 7 7  ‘0 I i  I )iN ’l-IMBER 1978

Name’ ‘ c - i t  I c - i t t  l i t e

001) l i n t or’,uma t I c — n i  M a t m , e u ’ u ’rs ‘ C l i i  , ‘ n n ’ - i , I L  I ’ e ’h , 28~~t,i t’e ’ I i  1 , 1077
Poem I e r e n u e ’u ’

Sc ’ h ot c ’ , ’ I u h o r u n m a t I on ( ‘s u i t  e ’ t ’ e ’ m i c ’ e ’ l I I i  i i  n i c h e ’  l 1th I i  • PA N. e u - c - h i  10 —-I l . 10)7
Oh ‘‘ C n ice ’tt t i ves f o r  Lhe&’ ( N ’ t i e ’ t , i —

I IOU , 1)1 n - iS t ’t t i  I n a t  lon t  , j i i , i  L~ ,c ’ of
S- i - i ent I I  Ic u nree l  ‘l’ & c ’ h u i  i - i t t  I
I nf ee rt um .ut lout ’’

(It)1)A h’A ‘I’ nisk (it’ ci ulp oil hraus l- i c ’ t I  N e W  ‘i c i r k , N Y M e u e ’ ht  2 1 2 2 , 19 / 7
I’ r c - i p e ’r t 1, - n-i M e e t  I h g

Se ’Ve ’i i (  II  2 c I ’ i l I ’. S v u i i p c o ;  l i u t u m  ciii P i t t  h i i ’l ’ s h i l t s l , M I )  l ’l , i \  hi t — I — , I~~~~ , i

‘I’huer ntt - i p l t vn- u i c - i l  Pt ’c ’pc ’r t  l e n ;

Mu ’ c ’t  i n c ’ of Nt i t t i c ’rlc ,u I I), u C , u  W , m s h m i n l t c - i tt , DC .Cul v 1 1 — 1 4 . l c l i l
Ach y Isc rv hoar d and Ii .5.
Ne t  i c t u , u  I (2ct mumm it t ee I - i t t ’  Pt i l ) \ l ’ ,\

I” ! f t  e ’ e t u  hi I n i t  c - r m u n l  I I c e n m , u  I l i e - u  i i i , i  i I I ;uc ~, u , (lt u n t , i - i !uu ‘ c c i ) ’ , , ‘‘c— ,’6 , 1 977
t$ o t i c h u e t ’ I I v  I t  -i-i’ ( l o mi  I e r e ’n e ’i’

S i x  t h i  h u i t  en ’ t t , l t  i c — m i t t  Svum ipoo [mint Ic - -i h u t  I s  l ; m u i c l  , \ - i u i ’, . , ‘)— h i  , h 9 7 7
, n  I ’he -m’ tt , m I Ex p an i s  I c~~ M e t i  I t c’h ,l , t ’a n , e c l , u

Iwe ’ li t l m I t i t - r - i - i c i c i e- t v  l i t c t p v  l~’ i s l m i n g I  c - i t t , t iC ‘c u p  . 2S—~’u ’pt . 2 , I OU
— ( Ic - i m i v e ’  u s  i c - m i i -ti p I nicer 111) 1

Cccii i e’r e u i c ’e’

C om m I c - r i - m i c e ’  ou t 1-11 , -c t u I c,u 1 C c - i l  i e u u t h - i m i s , ( i l l  Se p t  , 7 s0  • I’ l l 7
I’ m - ui n - i p c - i t  t un t i l  Op t  I e’ , m 1 l ’ r - i p —
eu t ic - i ;  0 I i i h c ’ u m i e - i i l c ’t i e ’ c - i t  - ‘: M u - i l I i

For ti u ’ t’ \SIS Auinieu ,uI N e t t i n g  C I i I c ’ m p c i , C I .  Si ’ l e t  . , ‘i — O e t .  I . 1 9 7 ;
O h m  “ I n  I c ’ n uuu; mt I on 1’1 un ,uge ’uumi ni t itt
t h e  1 Q80’-c ”

ASM N.m t e t ’  i i  I n—u Sluow ;in icl t I l t  It ,h’ e ’ . II , (‘le t . ~~~~~~~~~~~ , I ‘17
M,m t e’r ha is Couif,-m’ ,’muc e ’

Slion ’ ( I c ’ t u r n u u ’ c-in i ’ lue rnto p h i v i - ; i e i  I W e st  l e t  ,mvc t C - i - . C N N - i- i v . / 1t ) , I 0 ,’ /
i’ m- c — i - ic r t I i’S

M t m t e r  h i t s  ‘I’ e ’elin eel cipv C e e u i t  c - r u - l i c e ’ Wish hn p t ouu . l IP  l - ’c b . 2 ! — -’ 1 , 19 7 5

h e b y - i t  ics Sc ’m l n t , i r  on FI t e~ At i ,m to utuv St,irrs , ( I I ’  M , i r e l e  7” . I~~ 15
of Ph yslc ’ni I I)at , m inch t li i ’ h l ,et , m
h - l v , m I cia t ion , A n . t  I v n-i I u-i , i n-il
S\’mi I l i e ’s I n t~

’

Sc ’u t u tn .mr on N t huodo  h - i g v  cO ‘i t  ‘,onnc’. I I .\ h -i r I I I . I ei7~
I i i  1 .i iv. i lie u t I on • A n t i  I v t  I : ;  • tin - il
Si-nt )ic’ nc Is , u t iel R e t  e ’r e ’ u u , - e I)- i t ,u
Ct ’ m m e r , j (  b u m  I’ t o p r . u t t t  c - i l  I l - h ’ i . -\ t ’ ’’

-5- --5- - - -  —-‘- --5 - - -  - ‘ “ -~~~~



N .nuit ’ c- i c - i t  h i t  le .e t e

St ’ t t i j t t , i i  on ‘‘ A e t ,t t cii i ’,’ ‘ u h ’ hi ~~~t c ’ n m l  tI e - i l h c - e ’, c Park • ‘i i’ \~~u i  I -i h , 19 7 8
Ott t ;m and Me - i t hi odo I cigv c i t  R u t  -

b-ly e I i t , m t  u ‘ c u t , Are _ i 1 vs is , t i t l e l
Svn u t li e -is is ”
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‘I ’EPIA C has m a i n t a i n e d  p e r i o d i c  c o n ta c t s  w i t h  a n u m b e r  cit uttu t lo ret m i ul u i d

i n t e r n a t i o n a l  e x p e r t s  in  the field of thermop h uy sl -i-s and t hiermop hiysical and

e-l ectr ont [c properties and has developed coopera t ive  w o r k i n g  ~e r r a n g e m en t s  w i t h

a number of national and int ert-~ationa 1 laboratories and institutions engaged in

t h t e r m o p h y s Ii ’~m l  and/or  e l e c t r o n i c  p r o p e r t i e s  r e sea rch  fo r  t he  exchange  of ideas ,

t e c h n i c a l  i n f o r m a t i o n , and r e sea rch  r e s u l t s .

As p a r t  of the  e-o n t i n iu i ng  e f f o r t  to bring abou t improve’cl awareness of the

need and value of using evalua ted  ri ’fcr i -t ’cce data versius data directly taken

from the open literature and of tIme benefits to be realized thro ng h the use of

In f o r m a t i o n  Analys i s  Centers  such as TEPIAC , u d o c u m e n t a r y  f i l n i  e n t i t l e d  “The

Anatomy of Data ” was produced . “The Anatomy of I) a ta ” po in t s  out  and stresses

the serious discord that i’xlsts annomig the nun i e r i e ’n u l d a t a  of s c i e n c e  and t echno logy

as reported in the open research l i t e r a t u r e .  Through  o n — l o c a l  ion i n t e r v i e w s  w i t h

prominent s c i e n t i s t s  hig h l y  kmiowledgeahl e in this field , and using examplu ’s drawn

from our files , the film illustrates t h e  ser ious  p i t f a l l s  an e’ngineer or scien-

tist may fall Into unless he uses  criticall y evaluated e I ; u t ; i  p r epa red  by such

National Information Ana lysis Centers nns TEPIAC . The role and uscfulnuess of

data svuithesis is also stressed and demonstrated . ‘i’Cuis movie’ has been shown

to about 150 organizatIons in this contry ac-id abroad .
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TABLE 22. STATIS’I’ICAL SU1-i~ 1ARY OF COVERAG E OF “MASTERS THESES I N  ‘I ’IIE
PURE AND APPLIED SCIENCES”

No. of
Volume Publication Thesis No. of Contribut ing No. of Thesi s
No. 

- 
, Date Yt-n i r P~~~ s Inst it uc t l cu ts  - F l  t i e ’s  Re1or t i c 1

1 Oct. 1957 1955 108 9 3 1 ,002
1956 93 1, 027

2 Aug. 1958 1957 104 154 1 ,727

3
a 

Oct. 1959 1958 500 139 3 ,716

4 Dec. 1960 1959 443 162 4.984

5 Dec. 1961 1960 443 183 5,708

6 Aug. 1966 1961 127 186 5,911

7 Aug. 1966 1962 1 1 3 186 6,321

8 Aug. 1966 1963 143 175 6,505

9 Jan . 1968 1964 146 174 6,940

10 Jan. 1968 1965 156 170 7,310
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12 July 1968 1967 148 167 6,909

13 July 1969 1968 166 174 7 ,802

• 14 ,Ian. 1971 1969 151 175 7,161)

15 Ju ly 1971 1970 151 183 7 ,413

16 Ju ly 1972 1971 152 182 7,170

17 ~Ju1 y 1973 1972 179 250 5,513

Dec. 1974 1973 251-i 251 10, 181

19 Dec. 1975 1974 285 229 10,045

20 Dec. 1976 1975 291 267 10,37-c

21 Nov . 1977 1976 290 24-’m 10 ,’t5~

22 Oct. 1978 1977 305 255 10 ,l--iS8

a Volume 3 includes also doc to ra l  d i s s e r t a t i o n s  fo r  19 56—57  a c n u e l e n n t i c ,’ vu ’,tr ,

b c i t i n g  2846 t i t l e s  f rom 103 u e m i i v e ’r s l t i e s .
E f f e c t i v e  w i t h  Volume 18, the coverage has bc-en u’xte ’u t eie- i ch I c - i  inc l ude Canad ian
un ivers I t i e s .
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l’ -\Bl,E 2 m . A (’ADI’IMI ( ’ I ) I S ( ’ I P L I N I - .S (;OVERED BY TU 1’I ‘‘MASTERS ‘ I ’ I l l -I S I - ,S I N  Ti l l -
Pu Rl-; A N D  API’ I ,  I El) SCI ENc I - S ’”’

I . Ac ’ r - i - i s p~lc - c - Rug m u t er I me g
2 . -\gr I cci it mcm l Economics , Sc ienci’s Inch h - lug i u u e e  r I nig
I. Arc - lu te’c’t u i r , i l l-ng l m m - i ’e ’r lug and Ur h n uut Plauu ni i ntg

- . . Astroui emniv

5 . -\ st rop h m y s l c s
o . Ce rami~- Rug i u te ’ e ’ C n u m g

7 . Chu euttlc~u 1 Eitg i n e e r i u u c ’
8. Cheuttistry and B ic - t c’hme nm u i str
9. C ivil Englu ’ue’i’ring

10. Commun i cat  ions Eng inc- icr  t ug  and Comi mpu t e -r  Sc iencc
I I  . Cr  coge nt ~e’ Eng iu ut ’u’r i t t g

12 . 11 1cc ’ I r ic ,ml Eng inee r tug
13 . Eng ineering N e c l i , e n i c ’s
i - c . E n g i n e e r i n g  Ph y s i c’s
IS . Eng iuu i ’i’r lug Se’ it - nice
16 . E i t c ’ l ~~, C o m b u s t i o n  and Air P o l l u t l o n t
17 . Cc - l ie’ r ~i l and Fnv I roniuten t a! Engineering
18. Ce ’o, ’ i t i - i t j s t  rv ,mu u c i Soil  S c i e n c ~-i
19 . Geolog i ca l  Sc’ ience ’s and Geop hys ic ’, e I 1’ngin u eer i  t tg

20. Gt e- l ogy
21  . Cu ’c - ip ltvs ics
2 2 .  1 n dm us  t r i a l  Eng inuec ’r lu g  n mmiel Opera t jolts R esea r m ,’hu
23. tm igat ion i’Imig imieer tug
24 . N ir inc and Ocean Plu g I l ie- icr Ing

• 2 N . Ma t i’r i a Is Sc ’ i c u t e ’ t ’ timid Eng in e e r i n g
2 1- i . Mei’h u t m n i e ’n i 1 E n g i n u e e n i n g  and Bloeng ineer  tri g
27. Met,m llurgy
28. N~’ t i - e u r o  I ogy n m t u - i I  Atmosp heric Se’ I eute’u ’s

29. l’l i tue rnml ogy amid P e t m ’c - i I o g y
‘30. M i r e  ing  and Met - ill  u u r g i  cal Emigineer lug
I I .  M i s s i l e  and Space Sy s t e m s  E n g i n e e r i n g
32.  Nu u c  lear  Eng I a e er l nt g
3 3 . N ice I e n m r  P i m y s i c s
14 . N i c e ’ lear Sc’ I u - i Uc ’ u ’
35 . (1’ e’ , m m t c ) g r n u  i - I c y  and Mar Lute Sc lenci ’
36. Pet roleum amid Na tura 1 G u s  En glnte e’r  ing
37. Photogrammetr i c  amid Ccodc ’t ic Eng i n eer i n g
35 . ‘ l e y s i e s  and Bi ophysics
39. Plastics Eng ineering
cC . Wood Tei’h ur.ology, h- c- ri-i- i - it ry and “crest Sc I u’nc ’e’

- - i i. R c , u c  t c u r  Science
e 2 .  S u u u i t a r y  Eng ineer ing  and Wate r  P o l l u t i c i m u
ti. tex tile Technology

- c 4 . Transportation 1-Nig ineering

N u t  i t e n t i t  i c a l  and t i , -i t - i t  l i f t -i sc ie’nces have been C x c ’ Icm ded  on a pu re l \ ’  ar t -t i t r , i r v

basis simp ly to l imit t h e’ se’ope u 1  the work.

L ..
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SE C I  I ON Vii

(IONCI,IIS I ONS ANI ) F U T U R h -  l’l.ANN I NC

i’h I s Eiiia 1 Report heas cove-r e d a 11 t h e t t u s k s  n u t i c l  ~Ic  t lvi t It’s of thte I’huenc umo —

phys La I and il k-ct ron Fe Prope’rt l et - n Information Au,e I ~-sis Center In the con tm nm u ’t ual

p c ’r lod 1 ~January 19 77 t c- i  31  Dei’emie h , er 1978 and has c o n t n e  m e d  d e t a i l s  of a l l  t e c h —

n lcnm I work nmccomp ii shied amu ~I inf oruti nm t l out  g n u  i ned in t lie performance of the contract

‘l’l- C’ lAG I e nu s  ma In  La i nt eel .m e’onup r~- l c- mi a lye au I l ion  It n u t  l v , .- • n m ntd up— to—date national

d a t a  I-i , i t - i i~ on t lie ’rmop hvs ic - i l  , c-i lectronic , c l e c ~ tr Ictu I , mmuagn ct ic , tim id opt teal prop—

i t t  I c - S  cii  iii impor taut mutater l i i  s , and h as di  ssemlreat ed the re’su i t  lug  d a t a  t end

informni t i on  to  t h e ’  genera l t u S e ’ rs  i t  I nu rge  t hu r oi cgh pub 1 1 sIt I mig umt a j or re - l i -re-mm - i - c’

works  ami d o t her  t e e’ h u n  L- ,u I 
~ 
rodunc Is t i r e d  ,u t t hue s , uuui e  t In c  li nu s p r ( uv  I tied t lie d ;u  I a

and i n t o r m a t  ion d i  m’ ce’t ly to m d  I v i d u n i  1 u s e r s  through te’c’hmn Ic ’j 1 and bib I lograp hic

I n q u i r y  se ’r v i c c ’s. A- i - i t h e ’ o b j e c t  lV e ’ of TE P IAC c -p c - m i t  b u s  i s  to Increasi - thi e

pro dut ’ t i v i t y  of sci i ’nt 1st s , i’ngim’uee rs , and i-chunici ans enguge’d in se lemiti lie

t ire d eng i nee r i n g  p r o g r am s  I or t he  D e p a r t m r - i e n t  of C) e fen se  by u u t a l n t ,’u im ’c i mig  a t’cimprc’—

hensivi ’ and up—to—da Li’ nat t ona l base fo r  u se by the  e n t i r e  1)01) c om m u n i t y  and

by p r o v i d i n g  a u t h o r i t n m t lvi’ in f o r m a t i o n  and ch a t a  anal ys i s  se ’ rv ic - c’s , i t  i s  ob v i o u s

tii m I I hu e ’ objec t ive lu ,-us bee n , u c ’ l u  i ey e d  v er \ -  sui’ ce s s fu u l  1 y . In  f n m c  t , t i me  accom—

p 1 Ishme- int ‘n of l’EP LAG hmavi ’ f u r  c’xc m- ieded the requ I remmu en -et s  of ti m e i’ont ract

I - i - i  t l ie cx ti- mit that ‘l’EF C AC ’ --i i - i - I iv I t I i ’ s con s t  I t i c  t e’ a c-ou t  i mitt trig program ,

t lie p 1 nn n n i uig c l i  Its cc t iv ! t, it’s hn -~ i - i t t - i t t  g ea red  t o  lb t he shuci r t, r , u m ige ’ n ms w e l l  as

long r utug , ’ go c Is • t hins leach lug to ci I cc t ly e  t n t  I I  I : ’ n e LI on of hot ii l u t e ’  l l u ’ e ’ tua I

t im id I I Sc tI 1 r e s ou r c ’ t ’--i . \ s  Cl Nl ),-\S c- i pe’ r e t c’s t h u n ’ c i u i g hi t l i e - i  mi t  I t ip  I t ’  spon sorsh i  I p of

c l rgifl j t ,  i t  butts Iu,iv tug ,u c ommon interest , t lie r i - s ic  i t  n-n ob t nu I mit- id from t Ile -i s u p pc - i r

provided by one g roup  hc ’mit ’ f i t s  t i l l  c i t  h e r s .  Thus t h e  supports front null other

sources  h a v e ’ bend i t t - i t t  thu is c’ontt rae t g r e a t  l v .  Si nice ’ t he’ supI-ort from other

sciu trc - e- s hi nt s hc’e’mt uppr ox m ini t c - I  V c ’u l t e , u  1 L u  t ha I f r o m  Dl ,,-\ , ‘FLIP I AC/Cl NDA S me t u r ns

to D 1 \  the  r e - su i t s  of two do Ilu rs of r e s e a r ch  f o r  e -vc-rv d c l  I n u r  in v c s te ’cI by the

I)LA .

In t u t u r e ’ vt - i r s l I - l I ’IA C  w i l l  cent  inuc to b~’ opera ted  n u s  a fu i 1—ser ~~ice 1)00

in f o r m a t  Ic - t nt analysis c-cut ter using t h e  me thods  and pro ce ’dcur es developed and fu l l \ ’

i’s t ,uh t I l~ b me ’d ut CI N D - \ S  over t I - i t ’ vt -i rs slni c’e 1960 for  the nc - i n - n t efficient and

effective service ’ to the ht c ’p n i r t m n e n t  of D e f t ’u t s c -  ,unti h i t s  sc le nt i f ~ c ’ and t e c l t m t  i cnu 1
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conimnul ty . blue - i past suce’e’ssf ul p e ’rforn n a ntc i ’ of ‘I’EP lAG assu r -s continued i u t  l u T e ’

sum (’ce’ss In achieving its object lvi’ cinch acc ’otiupl ishinig all i t s  t t sk s .

Aun ong the e  t a sks  of ‘I’l- P I - \ ( l  , tIme prepa ri t I on timid pub l iccu l omi of vii i ml uu it ’s i n

lie’ new h andbook Si-r i t - -c I s  one t h a t shuou Id gal it mm i ct i  g r e -ru t C r  mommme ’nt utmn , as

I I-ll’IAC/CENI )AS hints nm lw cm ys felt that the maximum opt inm izat ion of i t s  e f f o r t s  in

serving the end users of data and informal ion can host be’ rca Ii Zc ’eI throug h the’

publicati on of major reference works. flue to t h e low fu t ie l i ng level of t h i s

program in re-i c-c ult years , t h e level of effort that e m  he devoted  t o  th is impor-

tant  t a sk  is heiiev~ d L nr  t oo  low . 1 t is e n m r m t c ’st ly hmop e ’ d t h u r m t  t h e  l e v e l  of

e f f o r t  f o r  t h e  Handbook p r e’pri r n i t i o n  c ’n un  he ’ i m i c r t ’, e s c ’ cl so t l i n t lucre ’ v o l u m e s  c i t

t ime ’  m iew F la mudho o k Ser ies  can he p r o d u c t -id ii i  a t i m u n e  lv  uu tau mi e ’r
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A P P E N D i X  1

TEPIAC ‘h ’h- IClIN ICAL I N (~I I I RY QI,TESTI (iNN ~\I RE

QUESTIONNAIRE 

.

(REQUIRED BY ChNDAS SPONSORS - PLEASE RETURN )

- l l , - i ~ it - i ~~-~~‘ !nd nut ,,hout -i- ia ” f - i  - i -o -i p r c s t - i~cr , ,- ,-r nlri et , a cc - i — II l I  ‘cC i % c ’, , c I , I t •  - I, ,\ - i nu,i l 11. -po rt , , ~~~~~~~~~ ~~~~ 
_____________ aj inc*hc-r -,‘ nier . cc’ enm ‘ t - i t ’ CIc’ , illO fl. , ‘thc ’ r ( ~:x pu ~~ln  t ern ‘ I - i , - tc ’w ) _____________ Z

2 h i d  mb , - i t , - ,  ,n,, * t , - i n ’-i Iaia ,‘n ,-i ,-ist ’d s3 i isf y i- ai r nc- rd .? \ ,- r c  gea d. - ,~~ ~~ 
—

-‘, , ) , - - i 1 - i - i , t t ’, M,-irglnil ___________ 
w ,?‘ ,,~ ~

a, ‘A as tb, 1 ,1 , ’,  mauI,.,, dam . t inu- i l y 1.-i i - i , - ,~~- f u l ”  _Y e . . ~~~~ be— C...) ~-4 c , c u a e :  
______

4 ,  ‘, ~~ nc , -h how- niuch m i m&- hd th c  cnc Ii*.e’d in fo ,  rn ,-, t I , - i , t  dj t , ,  scIc -e
your , - ‘ ,, j , ,  h g ’ ~-iup ’ vms- r e t han 40 . 4 t 1 - tO hour • . . t m ’ - 20 - —hi-ru’-. , __ 21’ - nut h ,-airp . _ no- ~-i hc*c -i a~ - - - 0 h,~ i, • —

5, i- i - i - ,-rx-lo s c ’d m l,’, m ’ mIc-n/ ’ Iama ~ mi hi’ u,ct ’,i In, ,_ un l , c- c e - t ’. , t’.,c’a rch 
~ 

2 ~ ‘~ ~a -ir o,,n, am , — 
m t I I l , - i -v  pru.~ -i a ma , ~t~~-i -r- pri.c,~ am. , I l l - - n 

— 

o “ ‘

,-qu - i I-m r -n i a~l cle.Ign t- i r ,,,, -i -i nba , 
- — 

rn . - i u , - r l s la ~c’le’t’ I I o ~ . - — -i [aj t t O Z 
a 

- -
l, rgt -r  cr-at’,, , e’h ~mud)cs . ‘cup uro , u ,n-ho,,,, i! , •‘~~t- ,- -i i-h , 

- - 
,n. - ic r I i I  I—,

f: ’ i~a hl ,c ’mlon . p roptwi -i ’C -i ep— ra ,  ,,,n , - ‘ uht ’ r ( ) ‘c~- iu . -i -i-i c-n, ti C,, ~
LAJ~~~~~6, A -i e i-cat •~n cx, - Nt ’wa le l t c - i  M a i l i n g  t ‘a t’  ~~ cc u n,r ’ .,‘ncj ur~ a

im to me. No. add my non-u,’ to your l u a u  - u - i i  -i - ium ’hr’ fol lnwln ~ :
• - (i- her ,-,‘rnm,u, -i t-,lIons - i r  n ut ’ , eat 

- 
A n,,ua l lU- port . S pt’cI,’l C.#) ~.nn,an-it t -n i r - - i cs  on rub!), t , -i, ’c , 1- a t ,.pe o , t i ther (I ~ 1-it , t n  (0

-u - nm ~ tx-tow )
\ ,-iv r Pr,-fc ’c~ t~’,,am fIr ’ !d:

C. Type Industry: 
- __________

d, Organl ~ allona l function , 
-— ___________________ - -

(I: ’ca rnp lt ’a: (‘ ci rp Officer , l’ r,~~- ct  Manag . m.’nt , CCC)

7. II a -~ t ,ur c-ha rgc’ ri-a ‘c - i ‘nablc- I,,, I hi- , ‘t- , i c - i  - c - I product ) pro , ,dt ’d ?
- r~ hug h. 

,,,,
,,,, It,-as,mn~ hle, Too low- .

N , i l - I t t  u t - n d Comnx-nts:
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SLIRV I)’ I~i -~-;t i, ’l’S Fi -i Iti~l I’ l l’l ~\I i}; (I! l\ lt \I. I “, t ) j  Ri ‘1 s i  l t l \ ’ - i . \ I R F

IIi’twt’e’n I I t c h y  l 1 /  ,u u ~ b 1 )  l)e ’c ’ t ’ u u t hi , - m l’) ,’S ( h H  i t s ’ u t i i - - b , s l )  b ’IAC i’e’u ’hlui i e r u l
liuqu i i ry l 1 c i e ’S t  joflfl,e j i e — ;  St u d - d j l l  h i’cl omi t ~~I I I ,  i u u h u u i r v  u - - s i  l u - - c - s  i c - i  I t u q i e  i u - i - u s .  ,\

Lot i i  e ) t  198 quest t o n u m , m  ir e ’s ‘,~ c ’ t - i  n - i - I u neel ; I - i t s  Is .u ,‘ -, .2  - i c i c -nut r e t  tern . Flier , -
Ire ’  i-i ig li t quest ions L is t t’ ,l ju l tIme qlu-s t i om u m u , ii , ( s et ’ A 1- ip c  mud i ‘. I ) , ‘h ’ h t t ’ re’~ p - ilumsu - s
to eric hi of t ue- i e - i glut qlce -n - ; t ions , t  mc - ii  - - t a i I t -id he ’ I ow.

Flow d id V O t t  fIflch oue t a -i ‘ ‘i t  us

F r om -i c o — w o r l ~ e r  ,
~5 (~~ . 7 , ;.)

F’rom a h re- v ici tc s contact -‘il (2(1 . 7 % )
I”ronru TEP lAG Newsl etters I (It - i , 7I~)
Fr om TEP IAC r e - -i - em i t publ i cat tents -i (12. 1 ~)
K - i - b  e ’r r n c l  front tmm i ot h er centte’r —-- 12 (11. 1%)
Front (II ND,\5 A n u m i t s e  1 Rep orts ( I .
Fro u uu o t h e r  s o u r c e-n - n IS I - ~. 21

lo t - t  I 198

I v p i c n u l  -i o t b i e ’ r s - i t u e , ’ i -S ” g i v e - u t  c m i  t i m e -i r - i -- - p u u i s t ’s i r e ’:

‘‘O ucm ju t I o r inhi t I t - i n  g h ’O t t p ’’
‘‘Refe-reiice- I ih r ru r l i i i ’’
“l-’re - c l c - ic ’ut t misc c i t  s e - I c r  p i tH i cat te t nis ”
‘‘ llre e - l u m er e’s ma! led to nme ’’
‘‘ (:1 Nl ),\S I- rot ’ h i t  m’ t’s’’
‘‘ N I l  S h,moi’huu’e- ’’

“Cr I I t e nt I s u m r v t -v oh e l m t - - son r i-i -i ’s N P S  (lice . 7 5 1 -- i

I i c u l c  iSsu e  o h  k/h) run tn - (nl ; : bi te ”

‘‘ CRC hand h ’ocik
‘‘A I’S Ic - e l a t e  r out n u e e l l - , e I p h v s 1 c ’~~’’
‘‘AS h -IRAE fundauutentais hook’’
“Kru znt s l- utcvclopedi a of In tfc u- r. t ion Sys tems an t - i l ~~-rv i c-i’ s ’’
‘‘ \ t  ,-\SM Chic u ge’ iieet iu i~ 1q77’’

“Via North Arni-r jean i h c - i ’ r n v n i l  \n.i lys~ s Soc he -tv (N-\ lAS)”
“User Gcm ide — DOD imtf ormim a t ion Area lv s  i s  ( c u t e r ”

2 .  D i i  the in f o r m a t  i o n/ d a t a  c u t e  losed sat  i~~fv  voemr needs?

Very good 81 (~c5 .  3 1 )
Aehcqu~~Lc 73 (~c O . 81- )
‘ I , r ~ in :i l 2 5  (13. 9~,- )

l ot - i ti 179 a

3. Was the lnform ,tt Lon/dat ,u t imely tO be ’ m i s e f u  1?

Yes 1 56 ( d l  I . 2 ’ - )
Nc -i (bec~ tu~ e- no ml ,i t , u t ire- ;u vnm i lahic) 15 ( 5 . -iS -~

Iot. i I ill ” 

--~~~~~~~~~~~~~ -_*---- - — _ _ _ _ _ _ 
_ _
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- ‘ .- q - i p ro - i~ i i ~c nu t e - i 1y  how m u c h m  t ime did the c-ru e losed information/data
5 , i v c -  voter uc -n -ne -i n erch grounp ?

5—0 h o u r s  34 (37 .
M e - i r e ’  t h e a m i  -40 luci urs 16 (25 . 9%)
20—10 huoecrs 11 (12 —

)

10—5 hours 11 (12. 2Z)
311—2 0 I I - i I I L r n - -  ~3 ( n-L~~%)

to tal

5. ‘rh~- enc loseel i n t crn t n ut Iott /dnctti w i l l  he ’ used jut :

S c cp p o r t  i t t—house  n -si -a rc h  A )  ( I A . 7 Z )
C i v i  liaui  equ i p me nt  and desi gn p rog r ams  3 +  ( 1 7 .  I l)
Input t ‘ l ar ~;c ’r re-se -i nur e - I t studies 29 (11+ .6,;)
M e t  ~-rla Is se-li -ct ion 21 (10.61)
Miii t nlr\’ u n r o grnc’In - ; 21 ) ( 10. 11)
5 I~- i t C e -i pr ograms iS ( 7
U n i v e r s i t y  re ’se - n m r c h u  p rog r anu  13 ( 6 .6 1 )
‘l,ute rjtm l for pubi ic - i t t ion 10 ( 5. 1 1)
I r ~- ipe- i s’.i 1 pr e-pn ir ret iont 1-il )

- i  1 198

Art’ c- c - i i i  on otn r N ’ -s- s h - I t t ’ r Ma ii i  ng l i s t  I

n iihcl my n;e uuui ’ t votur list 1 , ) ,  ( 7  I . 2,1
Yes , cont (nice ’ sending it to me 51 (28.5

Total 177
a

7 ,  ~ Is  c i me r  - n n - ernt’ r e ’ r m n - n u n , u h l e ’ for t h e service - ~prodtnc’ t) prov ide -i d?

S- i i s-i ’u u , u 1’ It ‘°5 b ~~ 1 . 3~~)
lou  h i g h 8 ( 7 . 0 1- )
Le o  low 2 ( 1 . 71~)

Tot-i l ll5
tt

8. Ad11 i t  I i ‘t r e at s

Fv pi - i- i  I ‘‘add it i om t ; m i  , - , ‘ n n l n n c u l t  s given in the i’d -sp ouses ar c :

‘‘ I was  s i u r p r i s e - el t h n u t  the lutformation i- iris found - u t i l l  —

ic-i t alone - quic’kI n-- ’’

“ I received a ve ry quie’k answer to  u’Iv request for dat,i ciii
thue rmtu l expansion 01 s t e e l”

“\‘er compre ’iie ’ulsive work in voter ,m re ’,t ”
“A tremendous cumo cunt of savinc’,s in time cnum t be re-ni l i ;‘cel with

t h i e  p r o p e r  use of t I - i  i n - n  valuable resource ”
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