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PREFACE

Standard Reference Materials (SRM's) as defined by the
National Bureau of Standards are "well-characterized mate-
rials, produced in quantity, that calibrate a measurement
system to assure compatability of measurement in the nation."
SRM's are widely used as primary standards in many diverse
fields in science, industry, and technology, both within .the
United States and throughout the world. In many industries
traceability of their quality control process to the national
measurement system is carried out through the mechanism and
use of SRM's. For many of the nation's scientists and tech-
nologists it is thHerefore of more--than passing interest to
know the details of the measurements made at NBS in arriving
at the certified values of the SRM's produced. An NBS series
of papers, of which this publication is a member, called the
NBS Special Publication - 260 Series is reserved for this
purpocse.

This 260 Series is dedicated to the dissemination of
information on all phases of the preparation, measurement,
and certification of NBS-SRM's. In general, much more de-
tail will be found in these papers than 1is generally allowed,
or desirable, in scientific journal articles. This enables
the user to assess the validity and accuracy of the measure-
ment processes employed, to judge the statistical analysis,
and to learn details of techniques and methods utilized for
work entalling the greatest care and accuracy. It is also
hoped that these papers will provide sufficient additional
information not found on the certificate so that new appli-
cations in diverse fields not foreseen at the time the SRM
was originally issued will be sought and found.

Inquiries concerning the technical content of this
paper should be directed to the author(s). Other questions
concerned with the availability, delivery, prlce, and so
forth will receive prompt attention from:

Office of Standard Reference Materials

National Bureau of Standards
Washington, D.C. 20234

J. Paul Cali, Chief
Office of Standard Reference Materials
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THERMAL CONDUCTIVITY OF ELECTROLYTIC IRON,

SRM 734, from 4 to 300 K¥

J. G. Hust and L. L. Sparks

Institute for Basic Standards
National Bureau of Standards
Boulder, Colorado 80302

Thermal conductivity data are reported for a specimen
of electrolytic iron, SRM 734, for temperatures from 4 to
300 K. Variability of this iron was studied by means of
electrical residual resistivity ratio measurements on 63
specimens. This study showed that with a two-hour anneal
at 1000 °C one can obtain a thermal conductivity Standard
Reference Material that has variability of less than 1% in

thermal conductivity.

Key words: Cryogenics; electrical resistivity; electro-
lytic iron; Lorenz ratio; Seebeck effect;
thermal conductivity; transport properties.

¥This work was carried out at the National Bureau of
Standards, Boulder, Colorado under the sponsorship of the
NASA-Space Nuclear Propulsion Office, Cleveland, Ohio, and
the National Bureau of Standards Office of Standard Refer-
ence Materials (NBS-OSRM), Washington, D.C.



INTRODUCTION ,

This report results from a program to establish several
thermal conductivity Standard Reference Materials (SRM's).
Measurements are planned for Standard Reference Materials in
the high, médium, and low conductivity ranges. The material
reported on here, electrolytic iron SRM 734 [1], is. in the
high—to-medium range of conductivity.

Design and development engineers in the aerospace indus-
try continue to have urgent need for thermal and mechanical
property data for new materials. For most materials, espe-
cially new or uncommon alloys, measured values of thermal
conductivity are not available and predictions cannot be
made with adequate confidence. To help satisfy these needs,
we have constructed an apparatus for the simultaneous mea-
surement of thermal conductivity, electrical resistivity and
thermo-power. Another phase of this program, to establish
standard reference data on several Standard Reference Mate-
rials, has begun. We intend to measure several specimens of
materials that appear to be useful as standards. Standard
Reference Material data are useful for intercomparison of
existing thermal conductivity apparatus, for debugging new
apparatus, and for calibration of comparative apparatus.

The apparent large differences among the results of various
investigators for a given material (50% is not unheard of)
is evidence of the need for intercomparisons, calibrations,
and standardization. The availability of Standard Reférence
Materials will result in more accurate and more permanent
transport property data for technical;y“important solids.

-The basic characteristics of a thermal conductivity
Standard Reference Material are that it be: (a) stable and

Arggrggggiplgﬂunder_the”conditiensﬁof*use;"fbj‘uﬁifdfm__

'throughout a single specimen and from specimen-to-specimen,
(¢) similar in property value to the material that is to be
determined in terms of it, (d) readily machined and fabri-

cated in appropriate size and shape, (e) chemically inert to
o R A



the materials in the system to which it will be exposed, and
(f) usable over a wide range of temperature. Electrolytic
iron, SRM 734, does not satisfy (e) and (f) as well as

might be desired; however, its availability from the Office
of Standard Reference Materials (OSRM) in a large homo-
geneous lot and the past use of a similar iron as a thermal
conductivity standard is considered sufficient justification

for this work.

APPARATUS AND DATA ANALYSIS

The apparatus 1s based on the axial one-diméﬁsional heat
flow method. The specimen is a cylindrical rod 3.6 mm in
diameter and 23 cm long with an electric heater at one end
and a temperature controlled sink at the other. The speci-
men is surrounded by glass fiber and a temperature control-
led shield.  Eight thermocouples are mounted at equally
spaced points along the length of the specimen to determine
temperature gradients in the range 4 to 300 K.

The experimental data are represented by arbitrary
functions over the entire range and smooth tables are gener-
ated from these functions. The number of terms used to
represent each of the data sets is optimized, through the
use of orthonormal functions, 5o that hone of the precisionh
of the data is lost by underfitting, nor are any unnecessary
oscillations introduced by overfitting. A detailed descrip-
tion of this apparatus and the methods of data analysis are
given by Hust, et al. [2]

SPECIMEN CHARACTERIZATION
Density as measured by air and water weighings (see
Bowman, et al. [3]) is 7.867 + 0.005 g/cms. Rockwell hard-
ness and grain size are B23.5 and 0.0507 mm, respectively.
The grain size was determined by the American Society for
Testing and Materials (ASTM) comparative methqd. Each of
these values is for the material in the annealed state as
described later. The purity of this electrolytic iron is

3
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99.9 + wt. percent. The material is similar in composition
to SRM 1265, electrolytic iron, which is certified for its
chemical composition. The certificate of analysis for SRM
1265 is shown as Appendix I.

Electrical resistivity, p, and thermal conductivity,
A, bf metais, especially pure metals, are intimately re-
lated. Thils relationship exists because most of the heat
transfer in a metal is cdused by the electrons. Some heat
is also transported by the lattice vibrations. The total
conductivity is therefore the sum of the electronic, Ae,
and the lattice, Ag, (the German word for lattice is Gitter)
components. ‘

A=A+ A (1)

In most pure metals Ag is small compared to Ae; but in
transition metals Ag may be as large as 20% of Ae. For pure
metals and dilute alloys, the relationship between p and A

at both high and low temperatures is reasonably well described
by the Wiedemann-Franz-Lorenz (WFL) law:

p)\_ _ -8.,2..-2
7 = L, = 2.443 x 107°V°K (2)

For dur purposes the ice point is a sufficiently high tem-
perature and liquid helium is a sufficiently low temperature
to satisfy the WFL law.

In metals ﬁhere are two mechanisms that account for most
of the scéttering of electrons: the interaction of electrons
with chemical impurities and physical imperfections, and the
interaction of electrons with the thermal vibrations of the
ions of the lattice. The former mechanism is independent of
temperature while the latter is temperature dependent. If
we assume that each of these mechanisms is independent of

the other, we may_assign a-separate resistivity to each.

) The resistivity arising from impurity and imperfection scat-

tering is usually referred to as the residual resistivity,



Py while the resistivity due to thermal scattering is
called the intrinsic resistivity, pi(T). The total resis-
tivity, p(T), may be written as the sum of these two terms:

p(T) = Py t pi(T) (3)

This separation of the total resistivity into a constant
term (po) and a temperature dependgnt term (pi(T)) is known
as Matthiessen's rule. Although Matthiessen's rule is not
strictly valid, it is a sufficiently good approximation for
our purposes.

At ambient temperatures the residual resistivity is a
negligibly small fraction of the total resistivity; con-
sequently; the total resistivity, p(T), is nearly equal to
the intrinsic resistivity, pi(T), and therefore a charac-
teristic of the metal itself. As the temperature approaches
~absolute zero, however, the intrinsic resistivity becomes
very small and the total resistivity is essentially the
value of Py- The temperature at which p(T) becomeé con-
stant depends upon the purity of the sample, but for most
materials available at the present time, the intrinsic re-
sistivity will be negligible at 4 K (the boiling point of
helium).

The residual resistivity which is caused primarily by
impurities and imperfections, provides a good indication of
a specimen's purity and freedom from strain. Rather than
using the residual resistivity itself for this purpose, the
usual procedure is to determine a specimen's resistance at
R273, and at 4 K, Ry, and to calculate the
ratio between these two, R273/R4. This is nearly equal to

the ice-point,

the ratio of the resistivities at the same temperatures as
the geometric form factor nearly cancels in the ratio. The
geometric form factors are not quite the same because of
thermal expansion, which is seldom over 0.5%. This ratio
is called the residual resistivity ratio, RRR, and its
magnitude is an indication of the purity and physical per-



fection of a specimen.[4] Thus the variability in RRR for
various specimens in a given lot of material is an indica-
tion of the variability in chemical impurity concentration
and physical imperfection concentration in the lot. Such
variability also affects the thermal conductivity as indi-
cated by the WFL law. Therefore, a determination of RRR
variability will directly indicate thermal conductivity
variability. The determination of RRR is considerably
easier than the determination of A.
An extensive resistivity variability study was con-
ducted on this electrolytic iron, the object being to de-
“termine if it could be heat treated in such a manner that
the thermal conductivity variability would be acceptably
small. This was achieved with a 2-hour, 1000 °C ahneal in
either a vacuum or helium atmosphere. The'results of this
study are shown as residual resistivity ratios in table 1.
The ratio given is resistivity at 273.15 K to resistivity
at 4 K. Specimens labeled C2T, A6L, C5L, AlL, and AST were
obtained from the 6.35 mm diameter rods; the remaining
specimens were machined from 31.8 mm diameter rods. Based
on the 63 residual resistivity ratio measurements made on
these specimens in various stages of heat treatment, the
foilowing is concluded: The specimens machined from the
large diameter rods are significantly different in residual
resistivity ratio from the unmachined specimens in the as
received condition. The ratio of the unmachined rods is
22.01 + 0.20 while the ratio of the machined rods is 19.52 +
0.44

Various heat treatments were tried to remove the dif-

ferences in ratio of the two sets of rods. After heat treat—_r

different (ratio of unmachined rods = 23.53 + 0.20; ratio of
machined rods = 22.14 + 0.34). Raising the temperature to
1000 °C for 2 hours produced rods which are indistinguish-

able, (ratio of unmachined rods, 23.39 + 0.28; ratio of
' . 6

ing-at -500 °C—for- 1-hour, the ratios increased but were still



machined rods, 23.29 + 0.20; ratio of all rods, 23.33 + 0.24).
The variation shown is 2s, where s is the estimated stand-
ard deviation and includes material and measurement variabil-
ity. To study the possibility of a change in these ratios
with age, one set of rods was measured after about 50 days
from the 1000 °C treatment; no significant change was de-
tected (23.40 + 0.20). .

These measurements show that electrolytic iron SRM 734
can be used as a thermal conductivity standard below room
temperature with an estimated material wvariability of about
+ 17 if annealed at 1000 °C for 2 hours. ’

RESULTS
The thermal conductiVity of specimen AS5T was measured.
The experimental data were functionally represented with the
following equation: |

n
inx = al4nT]

i=1
where A = thermal conductivity and T = temperature. Temper-
atures are based on the IPTS-68 scale above 20 K and the NBS
P2-20(1965) scale below 20 K. The parameters, as, determined
by least squares, are presented in table 2. Further details

of this procedure are described by Hﬁst, et al. [2] The de-
viations of the experimental data from these equations are
given in' figure 1. Calculated values of A are presented in
table 3 and in figure 2.

A detailed error analysis for this system has been pre-
sented previously by Hust, et al. [2] Based on this analysis
of systematic and random errors, the uncertainty estimates
(with 95% confidence) are as follows:

2.5% at 300 K, decreasing as Tu to 0.70% at 200 K,
0.70% from 200 K to 50 K, iﬁcreasing inversely with
temperature to 1.5% at 4 K.



- SUMMARY
We have established low temperature thermal conductivity
standard reference data for electrolytic iron SRM 734. Ther-
mal conductivity measurements have been made on this iron
from 6 to 300 K. These data were fitted to an empirical
equation that was used to generate tabular values. Mate-
rial variability is estimated to be less than + 1% in thermal

conductivity, and measurement uncertainty is less than 2.5%.
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FOOTNOTES AND REFERENCES

This SRM is available in the form of rods of two differ-
ent diameters and may be ordered from the Office of
Standard Reference Materials, National Bureau of Stand-
ards, Washington, D.C. 20234. SRM 734-S is a rod 6.4
mm (1/4 in.) in diameter and 305 mm (12 in.) in length.
SRM 734-L1 is a rod 31.8 mm (1 1/4 in.) in diameter and
152 mm (6 in.) in iength; SRM 734-L2 is the same diameter
but 305 (12 in.) in length. Longer continuous lengths
can be obtained by special order to the OSRM.

Hust, J. G.; Powell, Robert L., and Weitzel, D. H.,
Thermal Conductivity Standard Reference Materials from

4 to 3QO XK: I. Armco Iron:‘ Including Apparatus De-
scription and Error Analysis, J. Res. Nat. Bur. Stand.,
(U.S.), 74A(Phys. and Chem.) 673-690(1970).

Bowman, H. A., and Schoonover, R. M., Procedure for High
Precision Density Determinations by Hydrostatic Weighing,
J. Res. Nat. Bur. Stand., (U.S.), 71C(Engr. and Instr.)
179-198(1967).

Since the specimens were in the annealed condition the
RRR value should indicate the effective chemical purity
(electrical purity) of the specimen. Using the spe-
cific resistivities listed by Blatt [5] and the mea-
sured chemical composition of this iron we obtain a
residual resistivity of 5 nfim if all of the impurities
were 1in solution. Since the measured residual resis-
tivity is 4 n@m, the electrical purity is-essentially

the same as the chemical purity, 99.9%.

Blatt, F. J., Physics of Electronic Conduction in Solids,
p. 199 (McGraw-Hill Book Co., Inc., New York, N. Y.,
1968).
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THERMAL CONDUCTIVITY (W/m-*K)
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Figure 2. Thermal conductivity of electrolytiq

iron (SRM 734)
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Table 1. Residual resistivity ratio (pgsax / p4ax) of electrolytic
iron SRM 734

Specimen Ratio
As 500°C | 500°C 1000°C 400°C Aging

received ] hr 8 hr 2hr 2idays | 50days
Cc2T 121.97(2) | 23.53 [ 24.12 | 23.31(e)| 24.84 25.00
A6L 22,16 | weeee | --e-o 23.22(f) | 24.85 24.97
C5L 21,94 | oo | oaoas 23.40(f) | ----- 23.47
AlL 22.04 | -e--- | ----- 23.59(c)} —---. 23.52
A5T 22.03(b) | oo | ----- 23.42(f) } .- 23.42
2A-1-1 [19.35 | 21.96 | 22:32{-23.47te)| 25,12 | 25.24
2A-1-2 }19.50 | ----- | ----- 23.31(c) | —-o-- 23.35
2A-1-3 }19.30 | cceee | mocas | cmcas | emeae ] aeea
2A-1-4 {19.38 | -e-on | —oca-- 23.2708) | oo | ao---
2A-3-1 {19.77 21.83 | 22.25 | 23.20(e)| 24.94 25.01
2A-3-2 }19.92 | ---ec ] —a--- 23.20(¢c) | —---- 23.25(d)
2A-3-3 19,73 | -eeen | mmeem ] e b eeee ) e
2A-3-4 19,93 | acaco | mtcee | mmmee ] meeee ) aeae-
2C-1-1 19.42 21.70 22.00 23.23(e)| ----- - 23.44
2C-1-2 119,12 | -=ecc | -o--- 23.41(c) | ----- 23.40
2C-1-3 19.46 | ---e- | mecec ] meeee | mmeee ) mmea-
2C-1-4 19.56 ] oo | mmmman } mamee ) mmmee b o
2C-3-1 19. 34 21.93 21.99 23.27(€){ --~--" 23.40
2C-3-2 119.49 | cmmen | mmeoo | eeeos | aeeen b ol
2C-3-3 19.57 | ccene | mecae | ceme | meeee [ eeme-
2C-3-4 19.40 | -e-ee | e | mmeee ] meeee } eeaem
(a) repeat measurement, 21.91
(b) ratio of A5T thermal conductivity specimen, 21.89
(c) these were heat treated in vacuum, the remaining were

heated to 1000°C in a helium atmosphere (1 atm pressure).
(d) repeat measurements, 23.39, 23.31
(e, ) these were done in separate heat treatments to detect

reproducibility of heat treatment

12



Table 2. Parameters for equation (4)

[

a,

1
-1.48463068 x 10*
6.93779265 x 10*
-1.13470636 x 10°
1.01420592 x 10°
-5.68004853 x 10!
.10770015 x 10
-5.27537674 x 10°
8.81839451 x 10~}
-9 43950407 x 10°°
5.85191930 x 1072
-1.59785857 x 107

— OO 0 JgO0 U b W
o

[ —
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Table 3. Thermal conductivity of electrolytic iron (SRM 734)

Thermal Thermal
Temp  Conductivity Temp  Conductivity

(K) (Wm™ K1) (K) (Wm™* K™%)
6 38.8 75 132

7 45,3 80 127

8 51.8 85 122

9 "~ 58.2 90 117

10 647 95 14—

e

12 77 4 100 110

14 89.7 110 105

16 101 120 101

18 113 130 98.3

20 © 123 140 95.8

25 146 150 93.8

30 162 160 92.0

35 171 170 90. 3
40 173 180 88.9
45 ' 171 190 87.5
50 167 200 . 86.2
55 160 220 84.0

60 153 240 82.3

65 145 260 80. 8

3

70 139 280 79.

14
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information on the elements not initially certified may be of importance in the use of the material.
Although these are not certified, upper limit values are presented in the following table for the
remaining elements. (Some may be certified at a later date.)

Elements Detected (ppm by weight)

Upper (Estimated
Element Limit value) Method
W <1 (04) Neutron activation
Sn <5 (2 ) Spark source mass spectrometry
Nb <05 (<0.1) Spark source mass spectrometry
Ag < 0.2 ( 0.02) Spark source mass spectrometry
Zn <3 (2 ) Spark source mass spectrometry
N <20 (V11 ) Distillation-photometric
Ge <50 (~14 ) Spark source mass spectrometry
0 ' <70 (63 ) Vacuum fusion

H <5 (1 ) Vacuum fusion

Elements Sought But Not Detected (ppm by weight)

Upper _
Element Limit Method
Ta <0.5 Neutron activation
Zr <0.1 Spark source mass spectrometn
Sb <0.5 Neutron activation
Bi <0.1 Spark source mass spectrometry
Ca <0.1 Atomic absorption
Mg <0.2 Atomic absorption
Se <0.1 Spark source mass spectrometry
Te <0.1 Spark source mass spectrometry
Ce <0.05 Spark source mass spectrometry
La <0.05 Spark source mass spectrometry
Pr <0.05 Spark source mass spectrometry
Au <0.02 Neutron activation
Hf <0.2 " Spark source mass spectrometry

Nd <0.05 Spark source mass spectrometry



Form NBS-T114A (1.71)

u.S. DEPT. OF COMM. T. PUBLICATION OR REPORT NO.
NBUO%%%?“CDATA Spec. Publ. 260-31
T

3. Recipient’s Accession No.

4. TITLE AND SUBTITLE 5. Publication Date

Thermal Conductivity of Electrolytic
Iron, SRM 734, from 4 to 300 K

November 1971
forning r ez

7. AUTHOR(S)
J. G. Hust and L. L. Sparks

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. Project/Task/ Work Unit No.

NATIONAL BUREAU OF STANDARDS

3020585

DEP ARTMENT OF COMMERCE 11. Contract/Grant No.

WASHINGTON, D.C. 20234

12. Sponsoring Organization Name and Address 13. Type of Report & Period
Covered

Same

15. SUPPLEMENTARY NOTES

16. ABSTRACT (A 200-word or less factual summacy of most significant information. If document includes a significant

bibliography or literature survey, mention it here.)

Thermal conductivity data are reported for a specimen of

electrolytic iron, SRM 734, for temperatures from

Variability of this iron was studied by means of electrical
residual resistivity ratio measurements on 63 specimens. This
study showed that with a two-hour anneal at 1000 °C one can
obtain a thermal conductivity Standard Reference Material

that has variability of less than 1% in thermal conductivity.

4 to 300 K.

17. KEY WORDS (Alphabetical ordet, sepatated by semicolons)Cryogenics; electrical resistivity;
electrolytic iron; Lorenz ratio; Seebeck effect; thermal con-

ductivity; transport properties

18. AVAILABILITY STATEMENT 19. SECURITY CLASS 21. NO. OF PAGES
(THIS REPORT)
19
[x ] UNLIMITED.
UNCL ASSIFIED
FOR OFFICIAL DISTRIBUTION. DO NOT RELEASE 20. SECURITY CLASS 22, Price
E]TONgg.GA S (THIS PAGE)
35¢
UNCL ASSIFIED

USCOMM=DC 66244-P71

% U. S, GOVERNMENT PRINTING OFFICE : 197%  4g1-326/82



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. Ilustrated 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; $2.25
additional for foreign mailing.

e 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-
ty, logical design and programming of computers
and computer systems. Short numerical tables. Issued
quarterly. Annual subscription: Domestic, $5.00;
$1.25 additional for foreign mailing.

¢ 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; $1.25 additional for foreign mailing.

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 executives. Annual subscription: Domestic,

$3.00; $1.00 additional for 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 Reference Data Series.
NSRDS provides quantitative 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 co-
operatively with interested Government and industry
groups and provide the basis for common understand-
ing 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
Publications. 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.

Consumer Information Series. Practical informa-
tion, based on NBS research and experience, covering
areas of interest to the consumer. Easily understand-
able language and illustrations provide useful back-
ground knowledge for shopping in today’s technolog-
ical marketplace.

NBS Special Publication 305, Supplement 1,
Publications of the NBS, 1968-1969. When order-
ing, include Catalog No. C13.10:305. Price $4.50;~
$1.25 additional for foreign mailing.

Superintendent of Documents

Government Printing Office
Washington, D.C. 20402



UNITED STATES

GOVERNMENT PRINTING OFFICE

PUBLIC DOCUMENTS DEPARTMENT
WASHINGTON, D.C. 20402

OFFICIAL BUSINESS

PENALTY FOR PRIVATE USE, $300

POSTAGE AND FEES PAID
U.S. GOVERNMENT PRINTING DFFICE




