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M The objectives of this resesrch contract are to equip a laboratory
VD for magnetic measurements in very intenss magnetic fields, to deviss a new
M technique for the measurement of volums zagnetostriction waing resistance
strain gauges, and to make mesasurements of this quanilty on various ferrousgnetic
metalz aiad elloy=. To dats. the first two objectives have been essentially

?é completed. The success c¢f the method which wc have devaloped suggests that a
(\\’- great deal of interesting inforsation will be obtained on the nature of the
fsrromaznetic interaction as 2con gs further ssgsurements are made on the
various alloys under investigation. Thisphase of ihe task crder has already
been initiated and wwe have preliminary results.

1. The Magmeiic Laboratory. In the spring of 1951, a lirge
elestromagnet that had been purchased by Carnegle Instituie from the Airthur D.
Little Compeny wes delivered. The major portien of the ysar 1951 wes apant
getting the magnet and laboratory into operation. Contrel sguipment for the
magnet was denigned and built with funds mede availabla bty ONR under this

contract.the control equipment 15 &
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attached to this repori. Some difficulties havs besen sxperienced in the
operation ¢f the magnet and the control equipment. The formsr is a result

of faulty design by the manufacturer; the latter,in ccnsequence of the difficulty
of providing a unit which wuld make possible stabiiity at ail fields as wsll

as continuous control of the fizid current. UJome minor modifications are

contemplated but on the whole the iaboratory is in satisfactory ogeration and
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being used g maximun number of hours on the various ONR sponsored programs.

2.Mathod for Measurszent of Volume Magnetostrietion., Tha Lethod

vwhich we havo dsvised for the measurement of the volume magnetostriction has
bean perfeciad. By use of i'egiot.anco strain gaugea mounted in each of the thres
principal directions of a rect;ngular paralleliniped and by connesting the

three gauges in series in one arm of an extrsmely sensitive Wheatstone Bridge,
it is poasible to simplify considersbly the measuring technique and improve

ths accuracy tc an arpreciable extent. The principal difficulty has been to
maintain the temperature constant during a measurement since a very swall change
in temperature is equivalent to & volume change iarger than that vhich we seek
to measurc. The advantagens cf the method are as follows: (a.) By using a

DC amplifier as the detecting slement in the bridge, very great sensitivity

may be obtained. (b.) The method is electrical 2o that a continuwous record

of the changes in rasistance cf the active gauges can be obtinsd. In this way,
we can be crriain of weasuring equilibrium properties and minimizing errors

due %o therye! drift or expansion due to magnetocaloric effsct. (e) The high
sensitivity of the method makss possible measurements as a function of field
and simultaneons elimination of effects due to longitudinal magnetostriction.
(d.) Using a special technique whiich ws have devissd and which will bs described
in more thorough detall at n later date, we can make measurements while the sample
;mdor consideration i= part of a continuous magnetic ciréuit. This elminates
completely em;'s dus to form effect which arise when there are pcles present

&t the extremitice of the sazple and which in all other methods of massureasnt
have tc bLe corrected for At the same time this makes possidble z mere rapid
sapproach to therwsl egulliibrium than is possible with a liquid dilatoceter.

3. Measurements on Ferromsgnetic Metalsz and Alioys. Accurate

Feisursments have already been mede on a sample of pure nickel. “e have made
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thesa measurements as a functicn of fie.d znd agreement with the unly availavle
data at the one value of field which the aarly investigators employed is good.
Measurszents on this cample are continuing in an endeavor to cover a widsr range
of flelds and temperatures. We have taken steps to obtain other metals and
alloys on which we hope tc make measurements. In addition to the measurements
on iron, hexagonal cobalt and face--centered cobalt, we contemplaie measurements
on & nickel-manganese alicy, Heusler alloy and Gadolinium.

4. Hiscsilansous Activitles. Measurements have continued on the
study of the single crystal magnetostriction constants of iron-eobalt. alioys.
For the reglon in composition where no single crystals are available, e havs
been employing a technique suggestsd by Batas of sbtaining the single orystal
data from measuremsnts on polycrystalline materials. Migs Helen M. A. Urguhart
has been working on this problem. She has been supported by an Allegheny-! . ium
felicwship but has availed herself of the facilitlies made available by this
sontract. In connectisn with her thesis, she has also been investigating
dipole-dipole interactions in antiferrcmagnetic lattices and the possibility
of an antiferromagnetostriction. Thia has necessitated the investigation of
the potentialities of strain gauges at low temperatures.

Dr. K. Azsumi of Tokyo is now with us for a year as a visiting
physicist and will investigate the temperature dependence of the lengitudinal
and volume magnetostriction in single crystals of copper-nickel alloys in which
the Curle temperaturs has been depressed so that itis close to room tempesrature,

Vie have had the benefit of the consultations with several of the
distinguished Europsan vislitors who cams to this country in connection »dth the
ONR sponsored Confsrence on Magnetism held at the University of Maryland in
September. In particular Professors Bates, Stoner and Sucksmith visited the
laberatory

The writer, with suppert {iom this contract, contributed to ths
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organigation of the program for this conferencs, suthared a paper presented
there, and helpsd to edit ths procesdings for publicetion.

5. Pergonnel: The following people have contributed in some
msasure to the work supportad by this contract as full, part-time or summer
esployoes:

Helen M.A. Urquhart (Graduate Assistant, part-tims)

E. Anolik, {Graduate Assistant, full tims to August,i951)

C. Psters, (Lsboratory Assistant)

Ho. Lefke (Machinist, part-tims)

W, Bitler (Graduate Assistant, summer)

Margaret Schaeffer (Secretary, part-tims)
H. Weinehanker (Gradiuste Assistant)

Respectfully sutemitted,
(ot e nne
Ve
J4/E, Gdldman
5;40 vestigator



Appendix I

Tho current control system for ths new ADL msgnst has been completad
and test runs on stsbillity and reproducihility obtained. An additional unit has
been added to the starting system to avoid heavy overloads of the mstor windings
during starting. A briesf description of the magnet current regulating system
is included in this reyert, the details will be pressnted 2t a later date.

The ADL magnet is powered by a 135 KW, 24 XV Allis Chalmers generator
with a separataly excited field. Cuwrrent control is obtained from the closad
loop servo system shown in the accompanying block diagram(Fig.I). The neart
of the control unit is the aignal resistor R,, (Leeds and Morthrup smumt .001.L
.500 amp) vhich iz placed in seriess with the magnat. The voltage across R,
proportional to the total magnet current, is compared with ths voltage cod
in the field control box. The difference hetwsen these two woltages (the error
signal) is fed to the remote controls for proper polarity and is then supplied
to the DC breaker amplifien Here the signal is cenvarted to A.C., umplified
(10%) and rectified with the proper polarity and phase. The pulsating D.C.
output {208~ i= fed thru a biasing batiery B, to the grids of s largs bank
of 1625 bean power pentodes (96 tubes in iJel). These tubes, uvperatsd so
that parasitiec oscillations ar2 suppresssd, Dumish the current for the gemerator
excitation fisid thru the remotely controlled polarity awitch which,in turn,
tauses the generator output current to vary in such a way tnat the voltage
across is exactly equal to a given preselected value chosan from the fleld
control « The maximum tube current of 12 smps is sufficient to produce maximum
ocutput of the generator. Hunting i3 prevenisd by a feedback voltage from the
generator via the remote controls {for polarity) tc the amplifier.

For protection of these tubes, a safety circuit i» included to
limit the maximum grid voltage in case of fallure of any part of the systea.
The bias battery by fixesn the grid voltage for low power opsration shen the
pafety circuit locks out because of an overlocad. The common for the appropriate
circuits 1s placed at -110V DC, so thai the available DC power could be utilized
for the 1625 tube bank resulting in considersble sccnomy for plats, screen and
filsment power supplies. The remote controis and field control are groused
together near a laboratory bench so that the operator may readily control the
aagnet while making measurements during an experiment.

Test results, obtained by commecting a poriable Rubicon potentio~
mater acrosa a 1200 a=s  100mw shunt in serdes wilh ths msgnet; and using @
single feedback system gave the following results for the current veriations
in the magnet:

a) Reproducible currents tc 1 part in 2000 or better with higher
reproducibility at higher powers.

cr
L N

Maximum variations of current lsss than 1 part in 2000 over
entire rarge of currents.
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Using a Rawaon Rotating ccil flux meter, meesurements wire
taken of the magnetic field at the various powir levela., %With
proper cycling, the fields were reprodurible ar closely ae
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couid bv cread on tho meter (three places). Furilisr teeta will
be run when ¢ proton rescnance probe is avaliabls,

Note that the above tasts were made with currents up ic 260 anps cerresponding
to 2 power of about 35 Kv.

vihere higher stability is desired, there are severul methods which
can be used at a sacrifice of osse of operation and versatility. The shunt,
Re: may be changed depsnding on the current required so that a saxim:s aignal
voltage is obtained in each range. By this means a factor of about i0 ssnsi-
tivity can be obtained. Of course, for low powers, a further socdification
wald bs to place in an oil bath at constant temparature. Sincs the induci-
anco of the magnst varies considerable over the operating range, a number of
different feedback networks maximized ovyir a limited power range could be used
to decrease the maxdmum varistion of curiynt in the magnet. Finally, several
methods of using ihis magnetic Tieid to furnish a signal for contiel can ba nsed,
This cculd be applied to the gensrstor or to the special control soils (a set
of high resistance, low current coils included in the yoke assembly) by means
of appropriate amplifying and feedback systems, Ths above modificuations all
have certain sdvantages when operating over a limited powsr rengs or at 2 fiwed
field; however, the complexity and lack of flexibility of such systems have
limited their use. Sufficient lattituds 43 sllowed in the design, that 1f &
special protlem arises which has more stringent requiremsnts, all sbave
modificaticns may be included if desirable. Mr. 5. Foner who was supported
on snother ONR contract, assisted in designing and building the comtrol equipaent..
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Muﬂ;)REH)POTSM'GR\« fo cortrol polority of generator
° excitation field, ervor , feedbnck, and generotor
(b) Remote overfood ndicator.
(c) Emergency stop switch.

Note2: Common is 10V DC.
Note 3¢ Ninety-six 1625 fubes in poroliel .
Figure M-I



	0004
	0005
	0006
	0007
	0008
	0009
	0010



