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and 0.062 inch thick. Before determining the magnetic properties of
the specimens, they were subjected to four different heat treatments
which were designed to obtain different combinations of relief from
mechanical strains, recrystallization effects, and elimination of non-
metallic impurities through the action of hydrogen at high tem-
peratures.

The results recorded in table 9 show that prolonged annealing at
high temperatures, where recrystallization was complete and elimina-
tion of nonmetallic impurities by hydrogen probably occurred, pro-
duced better magnetic properties than were obtained from duplicate
specimens which had received only a strain-relieving anneal at low
temperatures. The beneficial effect of annealing at intermediate
temperatures sometimes is neutralized by other factors, perhaps by
structural differences, such as preferred orientation. There is no
apparent relation between purity and permeability or coercive force.

The highest maximum permeability, 88,400, was obtained on a
specimen of ingot 4 annealed at 1,450° C. This specimen had a
coercive force of 0.045 oersted, a residual induction of 11,830 gausses
and a hysteresis loss of 150 ergs per cubic centimeter per cycle, all
for a B, of 15,080 gausses.

TaBLE 9— Mazimum permeabilily amé coercive force of NBS high-purity iron
(Cioffi)

Maximum permeability

Heat treatment (in hydrogen) Iron 4 Iron 12 Iron 14 Iron 18
18 1OUTS 86 880° C_vooemmecceciamiamemcmeecameemmecens 68,100 69,100  18,4C0 25, 600
ity o 450 LA UL R 49,700 | 62,300 | 36,800 44,100
it T oA 2 D A AP 47,500 | 69,500 | 61,400 61,100
i MRS S IR RL S 88,400 | 87,600 | 65,400 80,100

Coercive force (Bmax about 15,500)

Ocrsted Oersted Oersted QOersted
18'hours at 8802 Q- C3ie coa ot pnk e 205G, gy 0. 0946 0. 0931 0. 130 0. 260

4 hours at 1,200° C

st B L nd AT SO s s ook 004 L0961 0961 0946
20 hours at 1,200° C

1 i €0 } ................................... .109 .0848 L0863 . 080
18 hours at 1,450° C

ket GG o i R A 0450 0526 0481 . 0536

A comparative evaluation of these results is impossible because
these properties are properties of the specimen, not of the material,
and are pronouncedly affected by factors such as the shape and size
of the specimen, the previous thermal and mechanical treatment, the
structure, including the size and orientation of the grains, and the
condition under which the determination is made. Adcock and
Bristow [4] reported values ranging from 14,360 to 31,400 for the
maximum permeability and 0.115 to 0.271 oersted for the coercive
force of their high-purity iron. The variation in magnetic properties
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and the lack of correlation with purity were similar to those encountered
in the present work. These properties of high-purity iron are superior
to those of ordinary magnetic iron, which, according to Cioffi, has a
maximum permeability of about 7,000 and a coercive force of about
1.0 oersted. However, the values for maximum permeability obtained
from our high-purity iron and from that of Adcock and Bristow are
far from being the highest that have been reported for iron. Maxi-
mum permeabilities in excess of 200,000 were obtained from thicker
specimens of polycrystalline iron by Cioffi [33] and by Yensen and
Ziegler [34]. Even higher values have been obtained from single
crystals of iron—for example, Cioffi and Boothby [35] obtained a
maximum permeability of 1,450,000 in the direction of the cubic axis
of a single crystal of ‘“hydrogen-purified’”’ carbonyl iron.

The results obtained from the high-purity irons confirm the belief
that such magnetic properties as permeability and coercivity are
influenced by factors other than purity, and hence are not satisfactory
criteria of purity in iron.

IX. SUMMARY

The results of the determinations of properties of the Bureau’s
high-purity iron (0.01-percent total of impurities) may be summarized
as follows:

Densityeat 200@ s T e e e 7.874 +0.001 g/em3.
Brecangepaint g sie . o Do e s 1,5639° +1° C.
Acgbransformation = p .- ke RSl 910° to 910.5° C.
AT A EANSTOFIARUION ehep 2o ol i about 8° C lower than Acs.
Coeflicient of linear thermal expansion at

QORI o QBB - T IR, Sl TE s 11.7+0.2X10-%/° C.
Ultimate tensile strength, fully annealed

(50 43 LB 3 (000 gt gt A bl SR o oo At i g 28,000 to 30,000 1b/in2.
Yield strength, 0.29, offset__ . ____________ 6,000 to 8,000 1b/in2,
Roduction=jn@ea - - - DLHonin: (o ciiaa, more than 909%,.
Vickers or Brinell hardness, fully annealed

(10 7000 LT TR G 5 el Ty ] bt [ SO SRt 49 +3.
Modiulus of elasticity L. - i i = 27.2 to 30.0X 108 1b/in2.
Electrical resistivity at 20° C_____________ 9.71 +0.01 microhm-cm.
Temperature coefficient of resistivity,

(&t AT A L g s e s ss o i 0.00651 + 0.00001.

Thermal electromotive force against NBS

platinum standard Pt 27 at 0° and 100° C_ 1,980 -+ 3 microvolts.
Magnetic saturation induetion_ _ _ _________ 21.58 4 0.01 kilogausses.
Highest values obtained for maximum per-

T oy ik R S G e P O R B LR S T 88,400.
Lowest value obtained for coercive force

(45 Sae= 10910 L2 T ARS8 Sl Ll 0.045 oersted.

The effect of variations in the amounts of individual or total impuri-
ties, within the range of composition of these ingots, was less than the
experimental error of the determinations that were made. Variations
in the composition of this high-purity material could not be correlated
with variations in the results of any of these determinations.

The authors acknowledge their indebtedness to the many workers
at the Bureau and elsewhere, as indicated in the text, who contributed
to this determination of the properties of high-purity iron.
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NATIONAL BUREAU OF STANDARDS,

WASHINGTON, D. C.
Send me the Mathematical Tables marked X below.

I enclose remittance ! to cover the cost.

Mark X

Title of publication

Price

United States and
its possessions,
and countries ex- | Other countries
tending franking

Amount enclosed

MT1. Table of the first ten powers of the integers from 1 to 1000 _____________
MT2:.Tables of the-exponentialéfiiinetionef®c s 2o o v oon. Sieivie om0l s
MT3. Tables of circular and hyperbolic sines and cosines for radian arguments___
MT4.: Tables of sines and cosines for radian arguments_______________________
MT5. Tables of sme, cosme, and exponential integrals, volume I_______________
MT6. ‘;Tables of sine, cosine, and exponential integrals, volume IT______________
MT?7.3 Table of natural logarithms, volume I________________________________
MTS8. Tables of probability funetions, volume I_.____________________________
MT9. Table of natural logarithms, T N R e 5 L ST R ey
MT10. Table of natural logarithms, volume ITT___ ___________________________
MT11. Tables of moments of inertia and section moduli______________________

Total remittance i -ci-1ohs & (o o0 L Z b el s e e e e

privilege
$0. 50 $0. 65
2. 00 2. 50
2. 00 2. 50
2. 00 2. 50
2. 00 2. 50
2. 00 2. 50
2. 00 2. 50
2. 00 2. 50
2. 00 2. 50
2. 00 2. 50
1. 25 1. 50

(Cut here)



MATHEMATICAL TABLES

Attention is invited to a series of publications which is being prepared by the
Project for the Computation of Mathematical Tables conducted by the Federal
Works Agency, Work Projects Administration for the City of New York
under the sponsorship of the National Bureau of Standards.

To date, eleven tables have been made available through the National Bureau
of Standards. These are listed below:

MT1. Taste or THE First TeN Powers or THE INTEGERS FROM 1 TO 1000:
(1938) VIII--80 pages; heavy paper cover. 50 cents.

MT2. Tastes or THE ExponenTIAL FUNCTION €%:

The ranges and intervals of the argument and the number of decimal places in the entries
are given below:

Range of x Interval of x Decimals given
—2.5000 to 1.0000 0.0001 18
1.0000 to 2.5000 .0001 15
2.500 to 5.000 .001 15
5.00 to 10.0 .01 12

(1939) XV 535 pages; bound in buckram, $2.00.

MT3. Tasres or CircurLar aND Hypersoric Sines ANp CosiNes FOR RADIAN ARGUMENTS:

Contains 9 decimal place values of sin x, cos x, sinh x and cosh x for x (in radians) ranging from
0 to 2 at intervals of 0.0001.
(1939) XVII4 405 pages; bound in buckram, $2.00.
MT4. Tasres or Sines AND CosiNes FOR RADIAN ARGUMENTS:

Contains 8 decimal place values of sines and cosines for radian arguments ranging from 0 to 25
at intervals of 0.001.
(1940) XXIX+ 275 pages; bound in buckram, $2.00.
MTS5. Tasres or Sive, CosiNg, AND ExponeNTIAL INTEGRALS, VOLUME I:
Values of these functions to 9 places of decimals from 0 to 2 at intervals of 0.0001.
(1940) XXVI+- 444 pages; bound in buckram, $2.00.

MT6. Tasres or Sing, CosiNg, AND ExpPoNENTIAL INTEGRALS, VOLUME 112

Values of these functions to 9, 10, or 11 significant figures from 0 to 10 at intervals of 0.001,
with auxiliary tables.
(1940) XXXVII+ 225 pages; bound in buckram, $2.00.
MT?. Tastz or NaTURAL LocariTEMS, VoLumE I:

Logarithms of the integers from 1 to 50,000 to 16 places of decimals.
(1941) XVIII+501 pages; bound in buckram, $2.00.

MTS8. Tasces or ProBasiLity Funcrions, Vorusme I:

Values of these functions to 15 places of decimals from 0 to 1 at intervals of 0.0001 and 1 to
5.6 at intervals of 0.001.
(1941) XXVIII+ 302 pages; bound in buckram, $2.00.
MT9. Taste or NATURAL LoGARITHMS, Vorume I1:

Logarithms of the integers from 50,000 to 100,000 to 16 places of decimals
{1941) XVIII+ 501 pages; bound in buckram, $2.00.

[Continued on page 4 of cover)



MT10. Taste or NaTurAL Locarrrams, Vorume I11:
Logarithms of the decimal numbers from 0.0001 to 5.0000, to 16 places of decimals.

(1941) XVIII+ 501 pages; bound in buckram, $2.00.

MT11. Tasres or THE Moments orF INerTiA AND Section Mobpurr or OrDINARY ANGLES,
CuANNEeLs, AND Burs Ancres witH CerTAIN Prate CoMBINATIONS.

(1941) XIII+ 197 pages; bound in green cloth. $1.25.

Payment is required in advance. Make remittance payable to the ““National
Bureau of Standards”, and send with order, using the blank form facing page
3 of the cover.

The prices are for delivery in the United States and its possessions and in
countries extending the franking privilege. To other countries the price of
MT1 is 65 cents; that of MT2, MT3, MT4, MT5, MT6, MT7, MTS8,
MT9, and MTI10 is $2.50 each; and that of MT11, $1.50; remittance to be
made payable in United States currency.

Copies of these publications have been sent to various Government depositories
throughout the country, such as public libraries in large cities, and colleges and
universities, where they may be consulted.

A mailing list is maintained for those who desire to receive announcements
regarding new tables as they become available. A list of the tables itis planned
to publish will be sent on request.



