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X* INTRODUCTION: 

The magnetic properties of paramagnetic salts cooled to 

temperatures below Q.I°K. have been the object of study at 

the Bice Institute for several years. The present thesis is 

a continuation of this program. There is same doubt regard¬ 

ing our understanding of the process of magnetic cooling 

because the state of magnetisation of these salts is not 

fully essplained and because results from different labora¬ 

tories are not in accord. During the past two years in 

this laboratory, Dr, Berapesy and Dr, Sapp-*- have studied the 

magnetic properties of two paramagnetic salts: 

Fe(B%)(804)2*12 HgO 

Cr(CHg MH3)(S04)2*12 HgO 

The work reported in this thesis is a similar study of a 

pressed powder of one of these salts, namely 

Gr(BH3 0H3)(S0^)2*12 HgO, and of Cr K(304)2* 12 HgO. The 

apparatus for producing the large magnetic fields and for 

carrying out the thermodynamic operations leading to tempera¬ 

tures close to 0.01°K. is new and shall be herein described. 

As background for the problem under study one should 

recall the early ideas by Bebye^ and others^ on the statis¬ 

tical thermodynamics of the magnetic cooling process. The 

paramagnetic properties of the chromic alums are due to the 

^ 4- 

Cr ion. In each Cr ion are a group of electrons ishoae 

total angular momentum has the value 3 = 3 = 3/2, The 
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orbital angular momentum la said to be "quenched“ by the strong 

electric field of the ionic lattice. An ideal paramagnetic 

description (i.e. of non-interacting ions) adequately explains 

the magnetic behavior at 1°K. The spin system at this temper¬ 

ature has the entropy value S = R In 4, which completely ob¬ 

scures the little entropy remaining in the lattice vibrations 

of the solid salt* When one applies a large magnetic field to 

the salt, the 2S + 1 energy levels undergo a Seeman splitting, 

fhe electrons drop out of the higher energy states in assuming 

an equilibrium distribution, giving off energy in the process. 

At equilibrium, the lowest energy state will be most heavily 

populated, most of the electron spins being aligned with the 

field. This state of order is preserved if one demagnetises 

at constant entropy, and the temperature of the system becomes 

exceedingly small. The only magnetic field present is that of 

one Cr ion dipole on another. Thus, some cooperative interaction 

through these local fields may be expected to preserve the low 

entropy brought about by the large magnetic field at 1°K. By 

studying the state of magnetization at these very low temper¬ 

atures in zero external field and in small (0.5 gauss) measur¬ 

ing fields, some understanding may be gained of the cooperative 

state that exists. 

At temperatures well below i°K. properties such as 

hysteresis curves, remanenee, and complex susceptibilities are 

observed vihich are more usually characteristic of ferromag¬ 

netism and antiferromagnetism at higher temperatures. In 



this region Bempesy and. Sapp found in Or(GHg MH^KSOJI) *12 HgO 

a long relaxation time for magnetisation of the salt in 

snail (approximately 0.3 gauss) external magnetic fields* 

'This effect was observed below the so-called Heel point 

(S/R < 0*53) where the cooperative nature of the salt is 

manifest* Since the unusually long relaxation time was 

observed in a single crystal it was decided to see if this 

same effect occurred in a pressed powder specimen* In addi¬ 

tion a similar study was made on Or K( 804)3*12 

With the exception of the Clarendon laboratory at 

Oxford, most laboratories in the world utilise an iron magnet 

to produce cooling. The magnetising field is thus at right 

angles to the field used to make magnetic measurements. 

With the new Bice institute solenoid it is possible to make 

magnetic measurements in the same direction as the magnetis¬ 

ing field* and with the moving coil apparatus, to measure 

magnetisation remaining in this direction when'all external 

fields are reduced to sero. 



II. EXPERIMENTAL APPARATUS: 

The magnetic cooling of paramagnetic alums below one 

degree Kelvin and the measurement of their magnetic proper¬ 

ties require the followings 

1* A cryostat in which the alum can be cooled to 

approximately 1°IC. and then thermally isolated, 

2, A device enabling one to males magnetic measurements 

on the salt, 

3* A magnet capable of producing magnetic fields of 

sufficient strengths to cool the alum into its cooperative 

region. 

In these experiments two separate experimental arrangements 

were employed. The first of these was described by C. W, 

Bempesy in a Rice Institute thesis.^ The second arrangement 

was built this year and is described in the following para¬ 

graphs, 

1, The Magnetic Cooling Cryostat: 

A schematic diagram of the cryostat is shown in figure 1, 

An overall view is pictured in plate 1. The sample chamber 

assembly is mounted on the top side of a 7“ brass tee which 

forms the cryostat head. To the opposite end of this tee is 

bolted the helium dewar which is vacuum sealed by means of 

an *0® ring. A liquid nitrogen dewar surrounds the helium 

dewar and is suspended by means of brass wires. Both dewars 

are tapered so that the outer diameter of the nitrogen dewar 
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Is•only 2!S at the tail. The upper part of the nitrogen- 

dewar widens to almost 6”-making the capacity of liquid 

nitrogen enough for a day*s run. The third opening of the 

tee connects through a 4“ line to an HB-200 Consolidated 

Vacuum diffusion pump and a 5 horsepower Kinney pump. With 

this pumping arrangement the helium bath may be pumped 

down to a temperature of approximately 0.926oK, with both 

pumps operating* and 1,089°K. with the Kinney pump alone. 

A 2" Kinney valve and two Hoke bypass valves located between 

the Kinney and diffusion pumps enable the pumping speed to 

be adjusted so that any temperature between the normal helium 

boiling point of 4,2 and l#089°K* may be obtained, Vapor 

pressures from atmospheric to a few millimeters of mercury 

are measured on a U-tube mercury manometer, ©re mercury 

levels are read by a cathetcmeter calibrated to 0,05 mm, A 

McLeod gauge is employed to measure vapor pressures lower 

than a few millimeters. ' 

An inlet valve is placed between the diffusion pump 

and cryostat head to provide a means of flushing the system 

with helium gas before precooling and to provide an exhaust 
' • ; \ 

vent when transferring liquid helium, A glass tube whose X 
" ■. ... X'. * \ 

WU €& fwyw^f %/M «3NJ»4T JU 4W*U UiiV^ f;, ^ 

■ ■ « \ V 

system vihen the helium is boiling off at atmospheric pressure, \ 
i'‘M 

A high vacuum pumping line is connected to the sample ; \ 

\ 
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chamber assembly through a B150 Veeco valve, This line 

connects to a Consolidated UCF-300 diffusion pump through 

a liquid air trap and a General Electric duo-seal fore- 

pump, the pressure can be measured by an ionisation gauge 

mounted between the Veeco valve and the diffusion pump, 

During the magnetisation process, when it is desired to 

isolate thermally the salt from the helium bath, the Veeco 

valve is opened, Pressures as low as 3 X HT^ mm, of 

mercury can be obtained. Since the ionisation gauge is 

several feet away from the sample chamber and close to the 

pumps, the pressure at the salt could be slightly higher 

because of the pressure and temperature gradients between 

the sample and gauge, 

The sample chamber assembly along with the drop coil 

mechanism, shown in figure 2, has been described by 0, W, 

Dempesy.3'*^ The sample chamber is made of a 15“ length of 

3/4" nickel-silver tubing. The drop coil is wound on a 

5” length of dilecto tubing, t/hoae inside diameter was 

machined 0,015" over 3/4" so as to slide easily on the sample 

chamber, The coil consists of two series opposed windings, 

each with 2940 turns of #40 wire and each being 2" long. 

The coil is supported by four silk strings which converge 

into a silk string above the radiation trap by means of a 

brass ‘'spider". The single string connects to the dropping 

mechanism, which controls the motion of the coil on the 
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chamber* 

The dropping mechanism consists basically of a bellows 

whose motion is controlled by a cam. A l8o° rotation of the 

cam produces a vertical motion of 0.60‘} in the bellows, 

which is transmitted by means of a gear and rack arrangement 

to the coil supporting string. The rotation of the cam is 

performed by a selysn motor which is coupled to the cam 

axle, The dimensions of the assembly are such that the 

string unwinds 2 and 1/8 inches during the bellows move- 

raent, which produces a corresponding movement in the drop 

coil. Two brass rings attached to the sample chamber serve 

as stops for the coll movement and also center the sample 

chamber in the helium dewar tail, 

A slight modification of the radiation trap was neces¬ 

sary because of the introduction of supercurrents in the 

solder Joints after demagnetisation in a longitudinal field. 

A solder composed of approximately f0 cadmium and 30$ sine 

was used rather than the previous lead-tin mixture. This 

solder was also used in attaching the plug at the bottom 

of the sample chamber where the sample is inserted. 

2, The Measuring Circuit? 

A schematic diagram of the measuring circuit is shown 

in figure 3, The primary circuit consists of four six-volt 

storage batteries connected in series, a switch, a variable 

resistor, and a coil containing 2540 turns of #36 copper / 
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wive, fh© field of this coil was calculated to be 81.3 

gauss per ampere* The 40 cm, length of the coil provides 

an almost constant field in its center. 

The secondary or “drop11 coil Is connected through a 

shunt to a ballistic galvanometer of period 4,8 seconds with 

a critical damping resistance of 13 ohms. Sine© the drop 

coil has a resistance of 14 ohms at liepid helium temperatures 

the galvanometer Is slightly underdamped when taking measure¬ 

ments* 

The sample is mounted inside the sample chamber so that 

it is in the middle of on© of the secondary colls at each 

extremity of drop coil position, The movement of the drop 

coil through a constant external field produced by the primary 

coil thus induces a current in the drop coil proportional to 

the magnetisation of the salt, This magnetisation is measured 

by observing the deflection of the ballistic galvanometer* 

The shunt used in the secondary circuit enables one to 

compensate for the greatly increased deflections when the 

salt is magnetically cooled and its susceptibility Increases, 

The shunt positions have the following relative sensitivities; 

“Off” 
ii f a 

“ A “ ,f B “ 

1.000 
0.551 
0,1627 
0,0903 

The scale upon which galvanometer deflections are observed 

is placed about 3 meters from the galvanometer and can be read 
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to within one half a millimeter. Since most deflections are 

adjusted to 10 cm. or more, the error introduced is less than 

one half of one percent. 

3, The Solenoid and Associated Apparatus? 

The field used for the magnetic cooling process is ob¬ 

tained from the new Rice Institute 21 l&logauss solenoid. 

This magnet was designed by and constructed under the super¬ 

vision of Dr. C. F. Squire in 1957.** The solenoid consists 

basically of three coils connected in series and mounted 

along a common axis. They are separated from one another by 

0*25" textolite spacers and are enclosed by a cent rdfugally 

cast brass cylinder. The coils are wound from 3"X 0.20" 

continuous copper strips. My Ion thread is wrapped around 

these strips to provide electrical insulation and to enable 

the coolant to flow freely between the windings. The upper 

and lower coils have 79 turns each and the middle coil has 

78 turns. The outer diameter of the coils is 10" and the 

inner diameter 2,25", 

The solenoid assembly is mounted on a steel “shoplifter" 

or hoist, which enables the magnet to be raised or lowered 

more than 20", The 2 and 1/16 inch inside diameter of the 

solenoid permits the tail of the nitrogen dewar to fit inside. 

During a magnetization, the magnet can be raised so that the 

whole tail is inside this high field region, Upon demagneti¬ 

zation the solenoid can be lowered so that itis 6" or more 
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from the bottom of the dewax* tail* 

Power for the solenoid is provided by a 270 kilowatt 

diesel driven direct current generator* Under maximum field 

conditions the solenoid draws 2400 amperes at 103 volts* 

which approaches the maximum power output of the generator. 

A 21*6 kilogauss field is obtained with this current, the 

solenoid is connected to the generator through six 500 ampere 

cables* Recently a switch capable of handling 2400 amperes 

has been installed to allow rapid shut down of the magnet to 

ssero current after the field excitation of the generator 

has been turned off, She current is measured by a General 

Electric ammeter and shunt (3000 ampere* 0.050 volt), 

An elaborate cooling system is required to dissipate 

the large quantities of heat generated in the solenoid. 

Distilled water used as the solenoid coolant is brought to 

approximately 40°F* in a heat exchanger before entering the 

solenoid. Two 3000 gallon insulated tanks supply 4o°F. water 

to the heat exchanger and thus act as a heat sink. The tem¬ 

perature of the exhaust water is approximately 98°F, under 

maximum power operating conditions* i*e, 240 kilowatts. The 

coolant is forced through the coils under a pressure of 25 

pounds per square inch* the exhaust pressure being 13-14 psi, 

The solenoid was calibrated by means of a Ryna-lab gauss- 

meter (Mod, B-79). This instrument is capable of measuring 

longitudinal magnetic fields up to 30 kilogauss. 



Ill. EKPERIMEMfAL TECHNIQUE: 

1. Preparation of Samples: 

the pressed powders are prepared % grinding the salt 

with a mortar and pestle until a Pine powder is obtained* The 

powder is then placed In a steel mold and compressed by use of 

a standard bench vice* A filling factor (i.e, the ratio of 

sample density to single crystal density) of 0,93 can be ob¬ 

tained in this way. The resulting cylindrical pills are 

then filed into a 2s1 ellipsoid, cardboard templates being 

used as a guide. To protect the samples from effloresence 

they are covered with stopcock grease and stored at aero de- 
* - - ; ' * * i ' * 

grees centigrade until use, JUst preceding an experimental 

run the specimens are mounted in a glass tube by means of 

light nylon thread as described by Dempesy.^ 

2, Preooolingg 
i . • , ■ 

At the start of an experimental run the glass sample 

tube containing the ground ellipsoid is inserted in the sample 

chamber and the plug is attached with the cadmium-sine solder. 

Great care must be exercised to ensure that this Joint is 

vacuum tight, as the pressure cannot be tested until the salt 

has been cooled to liquid nitrogen temperatures* It has been 

found helpful to coat this Joint with a Sow liquid silicone 

oil, which solidifies at low temperatures and provides a fur¬ 

ther protection against vacuum leaks. 
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The sample chamber is mounted on the cryostat head and 

after the necessary connections are made, the helium bath 

space is pumped out* The Hoke valve connecting the sample 

chamber to the bath space must be closed in order that the 

salt not be pumped on. The pressure should decrease to 10-20 

microns of mercury if the system is vacuum tight. Helium is 

then admitted to the bath space through the inlet port until 

the pressure is a few centimeters above atmospheric. 

After checking to see if the drop coil motion is smooth 

and if there is electrical continuity in the primary and 

secondary circuits, the nitrogen dewar is filled with liquid 

nitrogen. It has been found that in order to cool the sample 

chamber sufficiently, a small amount of nitrogen gas. has'to be 

admitted to the helium dewar Jacket, In this manner the 

central chamber can be cooled to liquid nitrogen temperatures 

in slightly more than one hour, The temperature of the sample 

chamber is estimated by measuring the resistance of the drop 

coil* At room temperature its resistance is approximately ^ 

1300 ohms, while at liquid nitrogen temperature the resistance 

decreases to 160 ohms, v 

When the system has reached liquid nitrogen temperature,^ 

the Yeeco valve connecting the sample chamber to the high l 
' V \ \ 

' '■ \ 

vacuum line is opened and the MOF-300 diffusion pump is turned 

on* About 45 minutes is required for the pressure to reduce 

to less than IQ"-* millimeters of mercury, The Yeeco is then \ 
i 
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closed and a snail amount of helium gas is admitted to the 

sample chamber by way of the Hoke valve connection to the bath 

space. The pressure in the sample chamber, read by means of 

the thermocouple, is adjusted to approximately 750 microns, 

while the sample chamber is being evacuated the helium 

dewar jacket can also be pumped out.with a Cenco Hyvac fore¬ 

pump, The pressure in the vacuum jacket should reduce to less 

than one micron when read on the thermocouple gauge in the 

pumping line. After the above steps are carried out, the 

liquid helium can be transferred, 

3, Calibration: 

After the transfer of liquid helium approximately one 

hour is required for the sample to reach the bath temperature. 

Baring this time the selsyn motors which drive the drop coll 

are activated and final checks on drop coil motion and electri¬ 

cal continuity are made. 
• \ 

Drop coil deflections are observed as a function of tem¬ 

perature for measuring fields in both directions, A measuring 

field of 5*7 gauss is used for the calibration. Temperatures' 
\ \ 

are maintained constant at each point by controlling the pump-4 

ing speed with the two bypass valves. Calibration points are \\ 

usually taken at approximately the following temperatures: \ ■ M 
• \. 'MX 

A,2, 2,18, 1.8, l.,089°K, The drop coil motion from the upperV V\ ^ 

to lower positions is always used In taking readings. Zero \ \ i 
A A 

measuring field deflections are also taken at each point to \ 
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compensate for any stray fields* Ballistic readings are 

similarly recorded at each temperature. In the latter case 

the drop coll is in the upper position and the deflection is 

observed upon sending a current through the primary coil. 

Deflections are plotted as a function of I / T- 0 , where 0 

is the Curie-Weiss 0 , A typical calibration curve is shown 

in figure 4. The value of 0 in the Iiorentz field approxima- 

tion is given by 

e« (?-*)« 

where oC — demagnetisation coefficient, f» filling factor of 

the salt, and C = Curie constant* Since the magnetization 

and hence the susceptibility Is proportional to the deflection 

5 , we can write 

&- 6 A* = — 
C T-e 

The constants k and B can then be determined from the straight 

line graph of S versus I / T- 0 * In comparing results with 

other laboratories X must be converted to the susceptibility 
of a spherical specimen ( % sph. ) by the relation^ 

With the completion of the calibration the magnetic cooling 

cycle can be initiated* 
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4, Magnetic Cooling Cycle: 

The final entropy of the sample* calculated from the 
q 

well known Brilloin function, is determined toy the ratio of 

the magnetizing field and initial bath temperature* Tables 

of this ratio and the corresponding entropy are given in the 

literature.^ For all tout the lowest attainable entropies 

the initial bath temperature is that attained toy using the 

Kinney pump alone (i.e, 1.089 K„) The magnetic field is 

hence the adjustable parameter in determining a final entropy* 

With the exchange gas adjusted to a pressure of about 

15 microns, the solenoid is raised to a position such that 

the sample is in the middle of the windings* The current 

through the solenoid is then adjusted to give the desired 

field. It is important that the galvanometer toe disconnected 

at this time so that the huge deflections caused toy the 

increasing magnetic field will not cause any damage. About 

10 minutes is required for the heat of magnetisation of the 

salt to toe transmitted to the helium bath. The Veeeo valve 

is then opened and the sample chamber is pumped out. The 

MB-200 diffusion pump is wanned up at this time and after 

the Veeco has been open for about 20 minutes is turned up so 

as to pump on the helium bath. The reduced bath temperature 

will further decrease the pressure in the sample chamber* 

•6 
The chamber pressure should reduce to less than 5 X 10 

millimeters of mercury within 30 to 40 minutes, as measured 

on the ionisation gauge in the high vacuum line. The Veeeo 



21 

valve Is then closed and the current through the solenoid is 

reduced to zero. At the same time the solenoid is lowered 

away from the dewars„ If it is desired to compensate for 

ary stray fields, the compensating coils are placed around 

the salt and adjusted to the appropriate value of field. If 

compensation coils are used, they must, of course, be in 

place during the calibration. Galvanometer deflections are 

then observed as a function of time after demagnetization. 

At the conclusion of talcing readings, the MB-200 pump is turn¬ 

ed down so as not to pump on the bathj and exchange gas is ad¬ 

mitted to the sample chamber in preparation for the next cycle 

At the end of a run, the helium bath is allowed to return 

to atmospheric pressure. This is accomplished by shutting off 

the pumping line and either letting the bath temperature in¬ 

crease by itself or introducing helium gas through the inlet 

port. It is necessary that the Hoke valve connection between 

the bath and sample chamber be closed if the latter method 

is used. It is possible for hot gas entering the sample cham¬ 

ber to cause a violent boiling off of the remaining helium' 

due to the narrow constriction In the tail of the helium 

dewar. For tills reason it is best to keep the Hoke valve 

closed during the wannup and let the sample chamber come to 

atmospheric pressure only after all the helium has boiled 

away. ■ • v 

: \ 
V 



IV. RESULTS MB DISCUSSION; 

1* Relaxation Effects; 

When galvanometer deflections ( S ) are plotted versus 

time after demagnetisation, a 

curve as shown in the accompany¬ 

ing diagram is usually obtained. 

The negative slope is due to the 

fact that heat is being absorbed 

by the sample, causing a decrease 

in the susceptibility. (See 

Appendix for a discussion of the 

form of this curve when the en¬ 

tropy is below the Reel point,) 

The curve is extrapolated to obtain the zero time deflection from 

which the magnetic susceptibility can be calculated. 

The time relaxation phenomenon mentioned in the introduc¬ 

tion is characterized by a 

graph of S versus time which 

has the form shown In the dia¬ 

gram to the right. The arrow in¬ 

dicates the time of application 

of the measuring field. If one 

plots the logarithm of the dif¬ 

ference between the deflections 

/ 
/ 
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and the extrapolated curve (AS in the accompanying diagram) 

versus time, a straight line is obtained* This indicates an 

exponential growth of the magnetisation of the sample. 

Beaipesy and Sapp found a relaxation time {'t ) of approximately 

38 seconds for this exponential curve for a single crystal of 

chrome methylamine alum* There was, however, a dependence of 

this relaxation time on entropy, decreasing slightly for 

higher extroples. 

We have observed a similar increase in deflections using 

a powdered sample of CrM aim with filling factor of 0,9-0* 

The time of application of the primary field was not recorded 

so an accurate value of the relaxation time could not be ob¬ 

tained. An estimation of the time the current was sent through 

the primary, however, gives a value of Z > 30 seconds. It 

appears that the value of Z for a pressed powder is not appre¬ 

ciably different from that of a single crystal. The measure¬ 

ments of the CrM alum were taken using the 21 kilogauss iron 

magnet* 

Since the relaxation effect was observed in the pressed 

powder specimen of CrM alum, an ellipsoid of CrK alum was pre¬ 

pared with a filling factor of 0,91. The chrome potassium 

alum was chosen for a number of reasons: First of all, to 

investigate the possibility that this effect is one character¬ 

istic of chromic salts. Secondly, the magnetic properties of 

these two chromic salts are similar in the cooperative region 
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iri that both exhibit a sharp peak in the susceptibility ver¬ 

sus entropy curve at the Neel point. Further, it has been 

shown by Beun, et al./° that the ballistic measurements of 

the susceptibility of CrK alum below the Heel point is depen¬ 

dent on the period of the galvanometer. Measurements made 

with a ? second and a 1*3 second galvanometer gave differences 

of a few percent in the susceptibility. It was suggested by 

the authors that this might be caused by some relaxation 

phenomenon in the salt. They maintain, however, that the 

associated relaxation time would have to be on the order of 

-2 
10 seconds, which was in disagreement with the less than 

IQ'*3 second values they calculated from a.e. measurements, 

The sample of CrK alum was used both with the iron 

magnet add the solenoid. {The sample used with the iron mag¬ 

net had a filling factor of 0.91j the one used with the sole¬ 

noid had a filling factor of 0.93)« -in both cases no appre¬ 

ciable time effect was found. The experimental arrangement 

prevents a drop coil measurement until about 8-10 seconds 

after the application of the measuring field. Hence, any 

relaxation times shorter than this could not be observed, 

2, Solenoid Measurementas 

Several problems arose during the first experimental 

run with the solenoid magnet. Since the direct current gen¬ 

erator was connected directly to the solenoid windings, the 

diesel engine had to be completely shut down before any drop 

coil readings were taken. This required from 1.5 to 3 minutes. 
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It was questionable whether accurate susceptibility values 

could be obtained with such a long extrapolation; A com¬ 

parison of the results on CrIC alum are shown in figure %■ 

using the iron magnet and the solenoid magnet. Included 

also are the results of Beun, et al.^ It will be noted that 

at the higher entropies, when the shut down time of the 

diesel engine was fastest, the experimental points agree. 

At lower entropies however, when the diesel required about 

3 minutes to stop,the solenoid susceptibility values are 

much lower. With the switch Just installed it is possible to 

take readings after approximately 30 seconds. The excessive 

amounts of steel in the shoplifter upon which the solenoid 

rests and in iron connections to the solenoid tend to pro¬ 

duce quite large stray fields, on the order of 2-2,5 gauss. 

It is thus difficult at the present time to make magnetic 

measurements of remanent moments, since the specimen must be 

in aero external field, The comparatively large value of 

these stray fields makes compensation difficult, \ 

After adiabatic demagnetisation of OrlC alum., in a longi- 
\ 

tudinal field* zero field readings were taken with the drop! 

coil for various entropies. Preliminary results indicate ! 

that no large permanent moments exist in this salt either \ 

above or below the Heel point, Tills is evidenced by the fae^ 

that no unexplained sero-field deflections were observed. 
\ 

... \ 
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F. AFPEKDXXs 

Bhen tsha sample is below its Heel point and blue sueeep® 

tibility increases with increasing temperature* on© would 

©sheet's curve of 5 versus time to have a positive ©lope 

{!#©* deflections increasing wibh time). For most salts# 

however# this is not the case, fill© feature has been es* 

plained by Daniels and iDurti^ as a growth of a warn layer 

around the salt due to the unavoidable boat leak* Sine© 

the thensal conductivities of these salt© is so low at these 

temperatures# this heat is not transmitted through the whole 

sample. She decreasing deflections are thus due to the 

growth of this warn surface layer which completely masks 

the ©low increase of susceptibility of the colder portion. 

Sn measurements on CMS alum it was found by Berapesy and Sapp 

that after the initial sharp rise due to the relaxation 

effect the deflection© continued to increase. fhis occurred 

for all entropies in the cooperative region except those 

very close to the Heel point and at the very lowest entropy 

values# where the deflections decrease with time. At the low 

entropies the diffusion pmp is turned on to pump on the 

bath before the magnetic cooling cycle# resulting in a greater 

heat leak* fh© tom of the S versus time curve thus 

seems to depend on the rate at which heat is transferred to the 

maple# Hi© fact that deflections decrease for entropies 
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near* the Neel point In QxH alum, however* requires a different 

explanation. In €rK aim and Ferric aim where no apparent 

relaxation effect is observed* the deflections decrease for 

all entropies. 
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