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Tha objectives of this research contract are to equip a laboratory 

for magnetic measurements in very intense magnetic fields, to derlse a ne«* 

technique for tha measurement of volume ssagneiostric^ion using resistance 

strain gauges, and. to make measurements of this quantity on various ferromagnetic 

*^«4 eetals and alloys.-.    To date, the first two objectives have been wssentlaliy 

X        completed e    The success of the method which ws have developed suggests that a 

(vY        gr^a*- deal °* interesting infGraatien will be obtained on the nature of the 

ferromagnetic interaction a? soon as further a«asur«aent8 *r« made on the 

various alloys under investigation*    This phase of the task order has already 

been initiated and w« have preliminary results- 

1»    l&L Magnetic Laboratory.    In the spring of 1951 > a l^ga 

electromagnet that had been purchased by Carnegie Institute from the Arthur $« 

Little Company *as aeljversa..    The major portion of the year 1951 urns spsst 

getting the magnet and laboratory into operation..    Control equipment for the 

magnet was designed and built with funds made v*ailabls by QMR under this 

contract The control equipment Is described in som* detail in an Appendix 

attached to this report-.    Some difficulties have been experienced in the 

operation of the magnet and the control equipment      The former is a result 

of faulty design by the manufacturer; the latter,la consequence of the difficulty 

of providing a unit which vould sake possible stability at ail fields as wall 

as continuous control of the field currant.    Some minor modifications are 

contemplated but on the whole the laboratory is in satisfactory operation and 
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being used s maximun number of hours on the rariuus ONR sponsored programs, 

2.fothod for Hessurssgnt of Voltaeg yiagaetogtrictlon,.    Ths _athod 

which ve hsim devised for the neasureaent of the volume magnetostriction has 

boon perfected.    B7 use of resistance strain gauges mounted in each of the throe 

principal directions of a rectangular psrallelipiped and by connecting the 

three gauges in series in one era of an extremely sensitive "Wheat stone Bridge, 

it is possible to simplify eonsid.erp.bl7 the measuring technique and improve 

the accuracy to an appreciable extent      The principal difficulty has been to 

maintain the temperature constant during a measurement since a very small change 

in temperature is equivalent to a volume change larger than that which we seek 

to measure.    The advantages of the method are as follows:  (a.)    By using a 

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

may be obtained .    (b.)    The method is electrical so that a continuous record 

of the changes in resistance of the active gauges can be obtinsde    In this way, 

we can be certain of measuring equilibrium properties and minimising errors 

due to there*! drift or expansion due to magnstocaloric effects    (e)    The high 

sensitivity of the method makes possible measurements as a function of field 

and simultaneous elimination of effects due to longitudinal magnetostriction ? 

(d.)    Using a special technique which we have devised and which will be described 

in more thorough detail at a later date, we can make measurencmis while the sample 

under consideration is part of a continuous magnetic circuit.    Tale elulnatss 

completely errors due to form effect which arise when there are poles present 

at the extremities of the sample and which in all other methods of measurement 

have to be corrected fon At the same time this makes possible a mere rapid 

approach to thermal equilibrium than is possible with a liquid dilatesjstsr=, 

3-    Measurements on Ferromagnetic Metals and Alloys. Accurate 

msiisurtAsnts have already bean made on a sample of pure nickel,    V.'e have made 
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these measurements as a function of field and agreement with the only available 

data at the one value of field which the early investigators employed is good; 

Measurements on this sample are continuing in an endeavor to cover a wider range 

of fields and temperatures.   We have taken steps to obtain other metals and 

alloys on which we hope to sake measurements,.    In addition to the measurements 

on iron, hexagonal cobalt and face-centered cobalt, we contemplate measurements 

on a nickel-manganese alloy, Heusler alloy and Gadolinium. 

4.   Miacexlaneous Activities.    Measurements have continued on the 

study of the single crystal magnetostriction constants of iron-cobalt alloys. 

For the region in composition where no single crystals are available,    v«e have 

been employing a technique suggested by Sates of obtaining the single crystal 

data from iiseasureaaents on polycrystalline materials,    Miss Helen MA   Urquhart 

has been working on this problem.    She has been supported by an Allegheny- T odium 

fellowship but has availed herself of the facilities made available by   this 

contract.    In connection with her thesis* she has also been investigating 

dipole-dipole interactions in antlferromagnetic lattices and the possibility 

of an antiferromagnetostrlctlon.    This has necessitated the investigation of 

the potentialities of strain gauges at low temperatures 

Dr. K„ Asumi of Tokyo is now with us for a year as & visiting 

physicist and will investigate the temperature dependence of the longitudinal 

and volume magnetostriction in single crystals of copper-nickel alloys in which 

the Curie temperature has been depressed so that it Is close to room temperature. 

We have had the benefit of the consultations with several of the 

distinguished European visitors who cam* to this country in connection with the 

OMR sponsored Conference on Magnetism held at the University of Maryland in 

September.,    In particular Professors Batest Stoner and ^ckamith visited the 

laboratory,, 

The write;r5  with support from this contract,  contributed to the 
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organisation of the program for this eonfscenes* authored s paper presented 

there, and helpsd to edit the proceedings fcr publication. 

5- Personnel?    The foiXcvlng people have contributed in sose 

asasure to the work support-ad by this contract as full, part-time or si 

employees: 

Helen M..A   Urquhart (Graduate Assistant, part-tins) 
B. Anolik;  (Graduate Assistant, full vims to August,1951) 
G   Peters,  (Laboratory Assistant) 
He Lefk© (Machinist, part-tlae) 
W„ Bltier (Graduate Assistant, sisaaer) 
Margaret Schaeffer (Secretary, part-tims) 
H. Vietnehanker (Graduate Assistant) 

Respectfully submitted, 

^//EyQoldaan 
Sftttefvinve st igat o r 

mas 
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The current control system for ths new ADL magnet has been completed 
and test runs on stability and reproducihiilty obtained  An additional unit ha* 
been added to the starting system to avoid heavy overloads of the motor windings 
during starting., A brief description of the magnet current regulating system 
is Included in this report, the details will be presented at a later date. 

The AOL magnet is powered by a 135 R*» 24 KV Aills Chalmers generator 
with a separately excited field  Current control Is obtained from the closed 
loop servo system shown in the accompanying block diagram (Fig,. I), ?he heart 
of the control unit is the signal resistor R8, (Leeds and Northrup shunt .001-A- 
,500 amp) which Is placed in series with the magnet* The voltage across R-, 
proportional to the total magnet current, is compared with ths voltage produced 
in the field control box- The difference between these two voltages (the error 
signal) Is t^i to the remote controls for proper polarity *r*d is then supplied 
to the DC breaker amplifier. Here the signal is converted to A.C., amplified 
(3.0°) and rectified with the proper polarity and phase. The pulsating O.C. 
output (208<~} is fed thru a biasing battery BS to the grids of a large bank 
of 1625 beam power pentodes (96 tubes in parallel), These tubes, operated so 
that parasitic oscillations are suppressed, fuivii»h the current for the generator 
excitation field thru the remotely controlled polarity switch which,In turn, 
causes the generator output current to vary in such a way tnat the voltage 
across R. is exactly equal to a given preselected value chosen from the field 
control box. The Maximum tube current of 12 asps is sufficient to produce uaxiKUK 
output of the generator, Hunting is prevented by a feedback voltage from the 
generator via the remote controls (for polarity) tc the amplifier. 

For protection of these tubes, a safety circuit is included to 
liait the maximum grid voltage in case of failure of any part of the system - 
The bias battery fig fixes the grid voltage for low power operation when the 
safety circuit locks out because of an overload. The common for the appropriate 
circuits is placed at -1107 DC, so that the available DC power could be utilised 
for the 1625 tube bank resulting in considerable economy for plate, screen and 
filament power supplies  The remote controls and field control are grouped 
together near a laboratory bench so that the operator may readily control the 
magnet while making measurements during an experiment. 

Test results, obtained by connecting a portable Rubicon potent!©- 
m*t*r Acroe? a 1200 asp, lOOsrv shunt in series with ths a&graei; an" using a 
single feedback system gave the following results for the current variations 
In the magnet: 

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

b) Maximum variations of current less than 1 part in 2000 ever 
entire rarge of currents. 

c) Using a Rawaon Rotating coil flux meter, measurements were 
taken of the magnetic field at the various power levels, With 
proper cycling, the fields were reproducible as closely as 
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could bo --#ad on the meter (three places) „ Further tests will 
be run %*hen ? proton resonance probe is available*. 

Mote that the above taste were made with currents uc to 260 aaps correspondine 
to a power of about 35 KV.' 

vmere higher stability is desired, there are several methods which 
can be used at a sacrifice cf «s»o of operation and versatility. The shunt, 
HSJ say be changed depending on the current required 90 that a saxiarus signal 
voltage is obtained in each range. By this means a factor of about 10 sensi- 
tivity can be obtained. Of course, for low powers, a further modification 
would be to place E. in an oil bath at constant temperatureo Sines the induct- 
ance of the magnet varies considerable over the operating range, a number of 
different feedback networks maximised ov*r a limit-id power rang;.! could be used 
to decrease the maximum variation ©£ cur, 9nt in the magnet. Finally several 
met he-da of using the magnetic field to furnish a signal for control can be used* 
This could be applied to the generator or to the special, control soils (a set 
of high resistance, low current coils included in the yoke assembly) by aeans 
of appropriate amplifying and feedback systems „ Ths above modifications all 
have certain auv&ntaeea when operating over a lifted powr r»nge or at * fixed 
field; however, the complexity and lack of flexibility of such systems have 
limited their use. Sufficient lattitude is allowed in the design, that if a 
special problem arises which has more stringent requiresanta. all above 
modifications say be included if desirable. Mr. S. Foaer who was supported 
on another OUR contract, assisted in designing and building the control equipment. 
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BUOCK   OAGRAM-ADL MAGNET  CURRENT CONTROL 
RBIKJII hdbctcr end 
raw HffK* 

-HOV0C 

Note I!  Remote oontfoli indudt 
(o) 3 DPDT Switches ganged to corttro! polarity of _ 

cxcnunon Tttn,  tffOf stgrn, veeoDncK, ana gtnwoior 
voltage output Mfeotor* 

(b) Remote ovtrlood indicator, 

(c) Emergency slop twitch. 

Note2>   Common is   IK)V DC. 
NottS*    Ninety-six   1625 tubes in parolW 

Figure M-! 
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