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NATIONAL BUREAU OF STANDARDS

The National Bureau of Standards ' was established by an act of Congress March 3, 1901. Today,
in addition to serving as the Nation’s central measurement laboratory, the Bureau is a principal
foca) point in the Federal Government for assuring maximum application of the physical and
engineering sciences to the advancement of technology in industry and commerce. To this end
the Bureau conducts research and provides central national services in four broad program
arcas, These are: (1) basic measurements and standards, (2) materials measurements and
standards, (3) technological measurements and standards, and (4) transfer of technology.
The Bureau comprises the Institute for Basic Standards, the Institute for Materials Research, the
Institute for Applied Technology, the Center for Radiation Research, the Center for Computer
Sciences and Technology, and the Office for Information Programs.
THE INSTITUTE FOR BASIC STANDARDS provides the central basis within the United
States of a complete and consistent system of physical measurement; coordinates that system with
measurement systems of other nations; and furnishes essential services leading to accurate and
uniform physical measurements throughout the Nation’s scientific community, industry, and com-
merce. The Institute consists of an Office of Measurement Services and the following technical
divisions:

Applied Mathematics—Electricity—Metrology—Mechanics—Heat—Atomic and Molec-

ular Physics—Radio Physics >—Radio Engineering *—Time and Frequency 2—Astro-

physics *—Cryogenics.?
THE INSTITUTE FOR MATERIALS RESEARCH conducts materials research leading to im-
proved methods of measurement standards, and data on the propertiecs of well-characterized
materials needed by industry, commerce, educational institutions, and Government; develops,
produces, and distributes standard reference materials; relates the physical and chemical prop-
erties of materials to their behavior and their interaction with their environments; and provides
advisory and research services to other Government agencies. The Institute consists of an Office
of Standard Reference Materials and the following divisions:

Analytical Chemistry—Polymers—Metallurgy—Inorganic Materials—Physical Chemistry,
THE INSTITUTE FOR APPLIED TECHNOLOGY provides technical services to promote
the use of available technology and to facilitate technological innovation in industry and Gov-
ernment; cooperates with public and private organizations in the development of technological
standards, and test methodologies; and provides advisory and research services for Federal, state,
and local government agencies. The Institute consists of the following technical divisions and
offices:

Engineering Standards—Weights and Measures — Invention and Innovation — Vehicle

Systems Research—Product Evaluation—Building Research—Instrument Shops—Meas-

urement Engineering—Electronic Technology—Technical Analysis.
THE CENTER FOR RADIATION RESEARCH engages in research, measurement, and ap-
plication of radiation to the solution of Bureau mission problems and the problems of other agen-
cies and institutions. The Center consists of the following divisions:

Reactor Riadiation—Linac Radiation—Nuclear Radiation—Applied Radiation.
THE CENTER FOR COMPUTER SCIENCES AND TECHNOLOGY conducts research and
provides technical services designed to aid Government agencies in the selection, acquisition,
and effective use of automatic data processing equipment; and serves as the principal focus
for the development of Federal standards for automatic data processing equipment, techniques,
and computer languages. The Center consists of the following offices and divisions:

Information Processing Standards—Computer Information — Computer Services — Sys-

tems Development—Information Processing Technology.

THE OFFICE FOR INFORMATION PROGRAMS promotes optimum dissemination and
accessibility of scientific information generated within NBS and other agencies of the Federal
government; promotes the development of the National Standard Reference Data System and a
system of information analysis centers dealing with the broader aspects of the National Measure-
ment System, and provides appropriate services to ensure that the NBS staff has optimum ac-
cessibility to the scientific information of the world. The Office consists of the following
organizational units:
Office of Standard Reference Data—Clearinghouse for Federal Scientific and Technical
Information *~—Office of Technical Information and Publications—Library—Office of
Public Information—Ofiice of International Relations.
‘Hea(ixluarter;—u—ml Laboratories at Gaithersburg, Maryland, unless otherwise noted; mailing address Washington, D.C. 20234,

2 Located at Boulder, Colorado 80302,
# Located at 5285 Port Royal Road, Springfield, Virginia 22151,
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1. Hydrogen Properties

1.0 Personnel contributing during this period were R, D, McCarty
and H, M. Roder,

1.1 Tables for Parahydrogen

1.2 Tables for Equilibrium Hydrogen

As mentioned in the last progress report we have completed
and checked the computer decks that describe the properties of hydrogen,
both in the para and in the equilibrium modifications, We have mailed
out copies of these programs in both the CDC and the IBM machine
versions to the following:

Westinghouse Astronuclear Laboratory (CDC)

Aerojet-General Corporation (IBM)

North American Aviation/Rocketdyne Division (IBM)

General Dynamics/Fort Worth Division (IBM)

There are several tasks that remain to be done, some are
partially completed, some are only started, We will continue to report
progress on these tasks under the section on consultation and advisory
services, The tasks are:

a, TAB code decks of the "L'" factors;

b. An updated description of the decks similar to NBS report

9288; and

c. Further consultation as required

The "L'" factors are a particular combination of variables
useful in a variety of heat transfer problems., Specifically,

"L'" factor = K°*© Cpo’4 / °**. We have the PHLFAC program nearly

completed, and work on the others started.




2, Cryogenic Properties of Solids

2,1 Thermal Conductivity of Solids
2.1,1 General Comments
The objective of this project is to measure the thermal
conductivities of several standard reference materials and to study the
conduction mechanisms in alloys from 4 K to 300 K,

Personnel contributing during the current reporting period
were J. G, Hust, R. L. Powell, and L., L. Sparks.,

2.1.2 Program Status

During the current reporting period measurements
have been completed on the second specimen of austenitic stainless
steel, Data analysis has begun on these data and preliminary indica-
tions are that this material will make a suitable low conductivity, low
temperature standard reference material, The conductivities of the
two specimens measured differ by less than 1 percent, suggesting very
little material variability, We will obtain additional specimens of
austenitic stainless steel from OSRM (Office of Standard Reference
Materials) for further material variability study to establish it as a
standard reference material,

A random sample of SRM (Standard Reference Material) iron
specimens, designated SRM 1265, has been obtained from OSRM.
Electrical resistivity measurements have been done on four of these
specimens; these measurements indicate a material variability of only
about 1 percent. The present plans are to establish this SRM iron
as a thermal conductivity standard in the medium-to-high conductivity
range, The distribution of SRM iron and SRM steel will be handled
by OSRM. A report on these measurements will be published in the

near future,




During the next reporting period we will complete the mea-
surements and analysis on SRM iron and SRM steel, This will complete
the standard reference material phase of our program. In the next
period we will also begin the nickel alloy (Inconel 718) and Lorenz
ratio study as proposed.

At the 9th Thermal Conductivity Conference at Iowa State
University in October, 1969, preliminary discussions were held to
set up an informal information exchange between the more active
researchers in the field. Although significant communication does
take place at these relatively infrequent conferences, it is hoped that
more can be accomplished between the times of such meetings,

At the WANL Radiation Effects Meeting in October, specimens
of Armco iron and of austenitic stainless steel were requested for use
by WANL, ORNL, and BMI as standard reference specimens, The
Armco iron specimen has been forwarded to Payton Moore (ORNL)
and the stainless steel specimen to Peter Gaal (WANL), The ice point
resistivities of these spécimens were remeasured before shipment,
and the agreement with previous measurements was within 0.1 percent
indicating no change within experimental uncertainty,

At the WANL meeting, we offered assistance to Bruce Morrison
(LASL) in the analysis of some ATJ Graphite data with which he was
having difficulty. Results of this work are indicated partially by the
four curves which follow, Another joint effort, with Paul Wagner

(LLASL), is nearing completion; the paper is in editorial process.
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2.2 Electrical Resistivity
2,2.1 General Comments

The objectives of this project are to measure the low
temperature electrical resistivity of selected alloys needed for cryo-
genic design and to study their material variability, and also to per-
form precision measurements of resistivity of a few pure materials
to improve understanding of the basic electron scattering mechanisms
and improve the reliability of standard reference data,

A paper reporting the results and interpretation of the
engineering resistivity data has been submitted to Cryogenics for
publication. Initial planning for the material variability studies has
begun., Further precision measurements were made on the copper
samples, preliminary results are reported, and a computer program
for data reduction has been written,

Personnel contributing during this period were A, F.
Clark, O. J. Berven, M, B. Kasen, and W. H, German.

2.2,2 Program Status

The progress report presented at the 1969 Cryogenic
Engineering Conference has been accepted for publication in Vol, 15
of "Advances in Cryogenic Engineering.'" The paper reporting the
complete results and containing the detailed analysis and interpretation
has cleared NBS editorial review and has been submitted to ""Cryogenics"
for publication, This completes the engineering resistivity data phase
of the program. Planning for the reliability and material variability
study using the engineering resistivity measurements of a large statis-
tical sampling of common aerospace alloys has begun, Samples will be
purchased from different melts of the same alloy, from different parts
of the same melt, and from different manufacturers and measurements

performed on each, Similar tests will be done for various heat treat-




ments, Thermal conductivity measurements on some of the same

alloys will be performed by J. G. Hust for correlation of these results
to the thermal conductivity by the Lorenz ratio.

More data have been accumulated on the precision
resistivity of the pure copper samples and some preliminary curves
are shown in Figure 2.2, 1 with only representative data points shown,
More data have to be taken over the entire range although the range
around the ice point and room temperature is reasonably well covered,
A preliminary interpolation to the ice point (273,15 K) yields a value
of 0,015445 yOm where the previously accepted value has been 0.01545
MOQm which is excellent agreement,

Several problems have occurred which have been
remedied, The germanium thermometer current supply had some subtle
instabilities and a significant a.c. output. Redesign of the circuit has
eliminated the problem. The mechanical automatic current reversing
switch has been replaced with an electronic one for the sample current,
A wider range of precision resistors were calibrated and installed in
the same circuit for a more accurate determination of the sample
current,

A computer program was written, debugged, and is
now operational for data reduction, The program calculates the resis-
tance and resistivity and the standard error for the measurement, It
automatically makes the calibration corrections for the six-dial poten-
tiometer and thermal contraction correction for the resistivity calcula-
tion, The program also determines the temperature from the resistance
thermometer readings using an interpolation program of J, G. Hust.
The thermometer calibration tables were also converted from the old

temperature scales, NBS 55 and IPTS 48, to the new IPTS 68,




The techniques of the aluminum sample preparation
have been worked out by M. B, Kasen and W, H, German and work
on the final samples has begun,

In the next reporting period plans for the material
variability will be complete, stock material purchased and sample pre-
paration begun. The precision resistivity of copper should also be

completed,
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3, Consultation and Advisory Services

3.0 General Comments
Consultation and advisory services have continued in two NASA
program areas: Centaur (funded separately) and NERVA,
3.1 Centaur Program - R, W, Arnett and R. O. Voth,
3, 1.1 Stratification and Pressurization
Work is continuing on the preparation of a final report
and the prediction of pressure rise by use of the computer program for
a coast phase condition,
3.1.2 Test Assistance
No work has been done in this area during the report-
ing period due to delays in the test program at the Plumbrook facility.
3.2 NERVA Program - A, F. Schmidt, R. D, McCarty, H, M,
Roder, R, V. Smith, R, L., Powell, J, G. Hust,

A significant amount of time has been spent on the low tempera-
ture NERVA turbine and the question of hydrogen properties used in its
design. Closely spaced tables from the TAB Code programs were turned
out for the temperature and pressure ranges of interest, and an error
analysis of H and S was accomplished showing that the nominal 1 percent
error of the TAB Code may affect the turbine design, On November 19,
Smith and Roder visited AGC and discussed the turbine problem, heat
transfer problems, and the problem of errors. At a later date it
appeared that the functions used by NBS to generate values for the
grid of the TAB Codes would be useful to Aerojet; McCarty spent
December 29-30 in Sacramento assuring compatibility of the generating
functions with the Aerojet IBM computer,

On October 23-24, Powell and Hust attended the Radiation
Effects Meeting at Westinghouse Astronuclear Laboratory. Several
action items resulting from that meeting are described in Section 2 of

this report.
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NBS TECHNICAL PUBLICATIONS

PERIODICALS
JOURNAL OF RESEARCH reports National

Bureau of Standards research and development in
physics, mathematics, chemistry, and engineering.
Comprehensive scientific papers give complete details
of the work, including laboratory data, experimental
procedures, and theoretical and mathematical analy-
ses. Illustrated with photographs, drawings, and
charts.

Published in three sections, available separately:

@ Physics and Chemistry

Papers of interest primarily to scientists working in
these fields. This section covers a broad range of
physical and chemical research, with major emphasis
on standards of physical measurement, fundamental
constants, and properties of matter. Issued six times
a year. Annual subscription: Domestic, $9.50; for-
eign, $11.75%,

® Mathematical Sciences

Studies and compilations designed mainly for the
mathematician and theoretical physicist. Topics in
mathematical statistics, theory of experiment: design,
numerical analysis, theoretical physics and chemis-
try, logical design and programming of computers
and computer systems. Short numerical tables.
Issued quarterly. Annual subscription: Domestic,

$5.00; foreign, $6.25%.
® Engineering and Instrumentation

Reporting results of interest chiefly to the engineer
and the applied scientist. This section includes many
of the new developments in instrumentation resulting
from the Bureau’s work in physical measurement,
data processing, and development of test methods.
It will also cover some of the work in acoustics,
applied mechanics, building research, and cryogenic
engineering. Issued quarterly. Annual subscription:
Domestic, $5.00; foreign, $6.25%.

TECHNICAL NEWS BULLETIN

The best single source of information concerning the
Bureau’s research, developmental, cooperative and
publication activities, this monthly publication is
designed for the industry-oriented individual whose
daily work involves intimate contact with science and
technology—/for engineers, chemists, physicists, re-
search managers, product-development managers, and
company execulives. Annual subscription: Domestic,

$3.00; foreign, $4.00%,

¥ Difference in price is due to extra cost of foreign mailing.

Order NBS publications from:

NONPERIODICALS

Applied Mathematics Series. Mathematical tables,
manuals, and studies.

Building Science Series. Research results, test
methods, and performance criteria of building ma-
terials, components, systems, and structures.

Handbooks. Recommended codes of engineering
and industrial practice (including safety codes) de-
veloped in cooperation with interested industries,
professional organizations, and regulatory bodies.

Special Publications. Proceedings of NBS confer-
ences, bibliographies, annual reports, wall charts,
pamphlets, etc.

Monographs. Major contributions to the technical
literature on various subjects related to the Bureau’s
scientific and technical activities,

National Standard Referemce Data Series.
NSRDS provides quantitive data on the physical
and chemical properties of materials, compiled from
the world’s literature and critically evaluated.

Product Standards. Provide requirements for sizes,
types, quality and methods for testing various indus-
trial products. These standards are developed coopera-
tively with interested Government and industry groups
and provide the basis for common understanding of
product characteristics for both buyers and sellers.
Their use is voluntary.

Technical Notes. This series consists of communi-
cations and reports (covering both other agency and
NBS-sponsored work) of limited or transitory interest.

Federal Information Processing Standards Pub-
licatioms. This series is the official publication within
the Federal Government for information on standards
adopted and promulgated under the Public Law
89-306, and Bureau of the Budget Circular A-86
entitled, Standardization of Data Elements and Codes
in Data Systems.

CLEARINGHOUSE

The Clearinghouse for Federal Scientific and
Technical Information, operated by INBS, supplies
unclassified information related to Government-gen-
erated science and technology in defense, space,
atomic energy, and other national programs. For
further information on Clearinghouse services, write:

Clearinghouse
U.S. Department of Commerce
Springfield, Virginia 22151

Superintendent of Documents

Government Printing Office
Washington, D.C. 20402

USCOMM - ERL





