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INTPCLUCTION AYD THFECKRY

It has Leen krown for some time that the energy required to magnetize
single crystals of ferromagnetic muteriels depends on the engle ietween
the wagnetization vector and the crystslogrephic axes% This energy must

heve the same symmetry as the crystalogrerhic lattice. Thus for a

. . 2 2 2 2 2
cubic lettice: [ = KO + K' (iaz-'- az a3 + as Q| ) (1)
+ KelafaZa?+ --- ) +---

where the K;s are cajled the anisotrory constants end the C!;s are
the directional cosines of the magnetization vector with respect to
the crystallogrephic axes. The terms containing K; and Ky are the only
terns of the series which are normally required to represent experimental
results. In certair situations the term contairing Ko is often neglected.

This thesis reports the results of measurements of the temperature
depencence of K; in single crystals of nickel and iron. The theory
cf the experimeg; has beer discussed by Morrisonjand theretore, only
a brief sumrary of the theorv will be given here.

If the magnetizaticn vector lies in certein planes in the crystal
the expression for the anisctrouy energy is greatly simplified. 1In the
(1¢C) plene a': cCoS 9 . az =s8in 0' asz 0’ where 9 is the anrle
betwecen the magnetization vector and an easy directicn of magnetization,
If the magnetic field is of sufficient strength to slirn Lhe margret-
ization vector parallel tc the magnetic field in a semple in which the

magnetic field lies in the (10C) plane, the torque which arises from the
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anisotropy energy is given ty:

L=— 9E_= —a(K, sin’8 cos?B) = K, sinab @)
a0 06 2z

This torque can be obtained by meesuring the twisting of a fiber atteached
to the sumple. The torque can therefore be expressel as T’¢ where ’I'] is
a constant charecteristic of the fiter and ¢ is the engle through which

the fiber is twisted, Evaluating the derivative of the torque at 9=0

we get:_d_lL = _a__(_ﬁ5|n49) = 2K|
98(6=0) 08 2 (=)

alro al— a”’¢ = 17 _a_¢i (4)
28 (0=0) 06(6=0) 08 (6=0)
therefore K| = 1]5¢
2 96 8=0)
¢

VWIHET € e 18 the slcope of the torque curve, I 9 aad ¢ are  expressed

d

in the same units the slope of the curve can be meusured cdirectly from an

(3)

(5)

experimentsl torque curve on which ¢ is plottea es a functicn cf 9 .
The exjerimental tcrque curves for nickel are stiosn in Figures (6) and
(7 and the curve for irou in Figure (). If the expressicn conteain-

ing K, is neglectec, Kl in & (11C) plane has the same expression ns givcn
<

in equaticn five.,



EXFERIVFITAL AP FARATUS AND PRCCLIUKE

The apparatus for obtaining the torque curves is essentially the same
as used by Morrison. In orcer tc improve the accurascy of the tcrque curves,
a torque ma~netaneter wes designed and built which utiliz«d a rotating readar
mecnet, Although this magnet hed a field of 2,000 ocersteds, this was in-
sufficient to insure the parellelism of the mspgnetization vector and the
external magnetic field in the ssmples of the shape used in this experiment.
This was shown by a shift in the maxima and minima of the torque curves of
the (1CU) plane, causing the positive and nepative slopes at ¢=o to
differ by an amcunt in excess of the experimental error. Since it would
be sonewhet cumbersome to construct a rotating magnet capsble of producing
sufficlently larrve fields, the rotating sample method of obtaining the
torque curves was adopted. The field used in this case wss 8,C0U ocersteds
and was supplied by a large electromagnet.

Owing tc the various sizes, materials and crystallographic planes
cf the semples, it was necessery to use varicus diameters of fibers to
obtein satisfactory torque curves., It wes found that guitar strings served
the purpose very well,

Although the method of herting was the same as described by Morriscn,
the technique of meesuring the temperature of the sample diffured. The
copper-constantin thermocouple w-s placed in direct contact with the sample
and rctated with it as shown in the section drawing in Figure (3!, The
e. m. f. was reed, befcre and after the slope ¢a 0 was plotted, by
attaching two clips frum the potentiometer to the free ends of the thermo-

couple,
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PREFARATION O SEMELLES

Crys*tuls of ..rmco iron which hus a purity of ¥Y.J4 per-cent were ob-
tained from Virginis Institute for Scientific Research in the ferm of rods
three-eighths of an inch in diameter and about l; inches long. When the
rods were etched in a ten per-cent solution of nitric acid in water it wns
fcune thet the rods contained many crystals, the largest of which was sbout
two inches long. The crystals of nickel were obtaine? from Herizons In-
corporuted; Princetoun, New Jersey, and were reported 4,50 per-cent pure
by the suprlier. They were in the form of rods one-halt inch in diameter
and astout t'ive inches long, the single crystal runuing the entire length
of the rod.

From these rods it was necessary to cut out slices in the (1C0) or
(110) plane. To do this it was necessary to find the orientation of the
cubic lattice in the rod. It wes relatively easy to find a rough orien-
tation in the cese of iron by observing the light reflacted frcm the (1Ul)
planscs. A more precise determination of the crystallographic orientation
was made by the back reflection Laue X-ray technique. The crystal wus
clamred in a rod holder, the base of wnich was roughly norral to a coll-
imeted X-ray beam. A colliretor was used which had an end diameter of
oue-fourth inch. A one-fourth inch hcle was cut in the filr holder and
this slippred over the collimator. The Laue patterns obtaineil are in the
form of intersecting hypertolas s shown in Figures (L-a) and (5-a).

The rod wes then adjusted until the point of intersecticn coincided with

the hole in the film. The reflecting plene, in this position, was then



BACK REFLECTION

CUBE SHOWS LATTICE POSITION
IN RELATION TO PATTERNS

FIG. 4b T RANSMISSION

LAUE PATTERNS OF IRON WITH THE (ill) PLANE
PARALLEL AND X-RAY BEAM NORMAL TO THE PAPER




BACK REFLECTION
D CUBE SHOWS LATTICE POSITION

IN RELATION TO PATTERNS

FIG, 5b TRANSMISSION

LAUE PATTERNS OF IRON WITH THE (100) PLANE
PARALLEL AND X-RAY BEAM NORMAL TO THE PAPER




(1C)

~&8lso normul to the X-ray teem. The rod hclder vas noﬁ clempec in a Di-
Vet cutting sew and a slice of atout .050 inch was cut out. A .02C inch
ebrasive wheel was used,

The orientation of the nickel crystal was somewhet more difficult
due to the fact that no etching sclution cculd be found which produced
etch pits with any clarity, Therefore the X-ray back reflection orien-
tation was basically by trial and error. The rod was adjusted until a
point of intersection was coincident with the hole in the film; with the
nope thut the svmmetry of spot putterns would Le four, two, or three foli
indiceting a (1C0), (110), or (111) plane, respectively. Considering thlere
ere eight (111) plenes, six (100) planes, and six (110) planes in & cubic
lattice, the author wes amazed at the nunber of planes which gave centered,
intersecting patterns with no recognizaule symmetry.

when a spct puttern ~as obtained wiiich appearcd to give tne proper
symmetry, the orientation was checked by rctating the crystal in a place
parallel to tie lines of symmetry the proper number of degrees to bring
other known planes norral to the beam., If these also gave the correct
symmetry the crystal wes uniquely oriented,

Since the rod holder was nct accurutely oriented with respect to the
beam and since the process of transferring the rod from the X-ray unit
to the saw introiuced errors, a final orientation was made by Laue trens-
mission patterns. To accurrtely position the sample holder normel to the
X-ray beem, transmission pictures of cleaved rock salt were taken with

the rock salt ocourying the samples position. The sample holder wsas



(11)

adjusted until the spct putterns trom tre rock s=2lt were symmetric about
the centrel dot.

The semples were sanied with ccnsecutively finer sandpeper and etched
with nitric =acid solutions to a depth of .0C%5 inch. This removed any strains
introduce ! .v s.wing., A suanple wus then placed in the holder, X-rsyed,
aud the resultin - pattern observed. If the spot pattern did not have all
corresponding . ots equidistant from the central dot, and in the (10C)
and (111) planes, equidistent from each other, as shcwn in Figures {! -t
and (g, the oriertation was corrected by pret'erential sanding of one
surface. Therefore, when the oriented side of the sample becuame parallel
with the desired crystallograrnic rlanre the semple was wedge-shaped, This
was corrected by sanding the other surface and checking with a micrometer
until the two surfuc:s were parallel. The samples of iron were then about
.0l0 inch thick and the nickel about .020 inch thick. In this msnner sam-
rles viere oriented which were sccurnte to within one degree,

The noxt tesk was to form the samples into approximate oblute spheroids.
The first ster was to solder the semples to the end of a brass rod. Wcods
metel, which has a low meltings point, was used to eliminute any straains
induced by excessive localized heating., The samples were then mmchined
circular using a very sharp tool, An oblste sphercid was aprroximated by
filing the corners with a fine toothed file eund sandirg with fine sand-
paper while the sample was turuing in e lathe, A final etch was given to

remove the streined materiel introduced by the sanding.



RESULLS

The results o!f the experinent are summarized 1a the two rraphs
in Figures 77 and 10!, The temperature depsu.snce of K, in ircn
ohtained 1. this axperiment spreed very well with the velues given by Honda,
Kava, and Haswncno.z The resuits for nickel, howaver, 7iffer congsilersviy

)

From the values obtainei by Honda, Masunoto, und Shirazswa.” They huve
indicetad a positive velue for K1 in the tempsrature raange fro: 100 to
300 degrees Centegrale whereas our results show Kl aprrosching zero asymp-
totically ani never taking on positive values.

Meusurements of K2 from sumples in the (111) plane was attempted,
In the iron the torque in this plane was so small that it was considered
negligible. The nickel sample producsad a torgue curve of roughly the pro-

per shape, (s|n69 ), but the curve was erratis so that no quantitative

results could he obtained.
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TEMPERATURE DEPENDENCE OF K, IN IRON
SAMPLE IN "100" PLANE
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