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A. MAGNETIC DIPOLE INTERACTIONS IN CRYSTALS

In the measurement of mutual inductance, it was found that the measured output of

the coil could not be balanced by any constant external voltage, but that the output was

modulated with an unsteady signal of an approximate 2-sec period. This modulation

was traced to a crossmodulation in the selective amplifier between the 300-cycle har-

monic of the line frequency and the 267 2/3- and 333 1/3-cycle harmonics of our oscil-

lator frequency, all of which were picked up by the coils in the circuit. Since the line

frequency varied somewhat from 60 cycles, the resulting signal varied somewhat from

33 cycles. The beats measured were then those between this signal and the signal which

it was actually desired to measure. A rejection filter centered on 300 cycles placed at

the input of the selective amplifier cured this trouble. It is now possible to detect signals

of less than 0. 1 pv. Both the noise pickup and the drift are, however, of the order of a

few tenths of a microvolt or the equivalent of approximately 1 percent of the change in

mutual inductance between 4 °K and 1. 3 °K.

Though the coils constructed according to the plan given in the Quarterly Progress

Report, April 15, 1952, fulfilled all requirements at room temperatures, they did not

fulfill them at low temperatures. A large imaginary component of mutual inductance

between the dc field solenoid and the secondary of the measuring coil was found at low

temperatures. This change was attributed to the fact that the resistance of the primary

becomes of the order of its reactance at helium temperatures, whereas at room tempera-

ture, the resistance is large compared to the reactance. It was imperative, therefore,

that no 33-cycle current be permitted in the outer solenoid. A parallel resonant circuit

was ruled out, for it would require a coil of prohibitively large Q. Work is progressing

on a feedback amplifier which will reduce the alternating current in the solenoid by a

factor of approximately 500. An amplifier has been designed which fulfills this require-

ment when applied to the solenoid alone. Refinement is necessary for use when the

solenoid has external resistance in series. This resistance is necessary for convenient

adjustment of the direct current.

L. D. Jennings, Jr.

B. DETERMINATION OF THE THERMODYNAMIC TEMPERATURE SCALE AT VERY

LOW TEMPERATURES BY A MAGNETIC METHOD

The low-temperature limit of the pumping system described in the Quarterly
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Progress Report, April 15, 1952, has been improved by the substitution of an MB200

diffusion booster pump in place of the original pump, which was the only one available

at the time. Also, the dewar length has been increased, providing a longer path for

undesired thermal conduction to the helium bath.

Growth of single crystals of potassium chrome alum is being investigated by

H. Kolm. Meanwhile, an ellipsoidal sample of this salt has been turned on the lathe

during an investigation of machining technique for the salt.

J. W. Wright

C. THE RESISTANCE MINIMUM IN METALS

The measurements of the electrical resistivities of specimens of magnesium con-

taining various impurities proposed in the Quarterly Progress Report, April 15, 1952,

have been partially completed. The resistivities of specimens of magnesium from four

different sources have been measured over the temperature range of 0. 9°K to 35 0 K.

The mutual inductance method described in the Quarterly Progress Report, October 15,

1951, and January 15, 1952, has been used. The resistivity in the temperature range

of 4.2"K to 35"K was obtained in the manner described in the Quarterly Progress Report,

April 15, 1952. The results for the four original specimens are shown in Fig. IV-1.

All specimens show a minimum in the resistivity, although this behavior is more
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pronounced in specimen A than in the other specimens. There is a regular relation

between the temperature at the minimum and the residual resistivity, in agreement with

the results obtained at Leiden on gold (1). A specimen with a lower residual resistivity

has a lower minimum temperature. Above the minimum, Matthiessen's rule is obeyed

to a good approximation. The deviations reported in the Quarterly Progress Report,

April 15, 1952, were dile to an error in the calculation of the resistivity of specimens

B and C, now corrected in Fig. IV-1 of this report. The resistivity for these four

specimens in the temperature range above the minimum can be well represented by a

power law, p = pr + ATb, with b t 4.

Specimen D was chosen for further investigation. This specimen had the lowest

value of residual resistivity and was therefore presumably the most pure. Four modi-

fications of this specimen were manufactured from the source material of specimen D.

The table below gives the modifications for these specimens.

Specimen Table

Designation Modification

D Original specimen. Machined from ingot supplied
by the AEC.

D 1  AEC specimen annealed for 6 hours at 350 ° C.

D 2  AEC specimen melted and recrystallized.

D 3  AEC specimen into which approximately 0. 005
atomic percent of aluminum was introduced.

D 4  AEC specimen into which approximately 0. 008
atomic percent of manganese was introduced.

The modified specimens were produced in the furnace used previously for the growth

of aluminum crystals. (See the Quarterly Progress Report, April 15, 1951.) All speci-

mens were cooled slowly in a temperature gradient and contained only a few large

crystals running the length of the specimen. All of the modifications were carried out

in iron crucibles in an argon atmosphere.

The results of the resistivity measurements on these specimens are shown in

Fig. IV-2. The behavior of the modifications DI, D 2 , and D 3 is similar to that of the

original specimen D. The residual resistivities differ, but the general behavior is the

same. The resistivities are nearly constant in the liquid helium range. Specimen D 4,
however, shows quite a pronounced rise in resistivity in this range. Measurements on

this specimen above 4. 2 0 K show that the minimum in the resistivity has now been

shifted to approximately 11 OK.
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Fig. IV-2

The resistivity of the modified D samples as a function of temperature

in the range of 0. 9"K to 4. Z2K. The resistivity scale has been broken

to show the variation in more detail.

An analytic expression has been fitted to the resistivities of specimens A and D 4 in

the liquid helium temperature range. The resistivity of each of these specimens can be

represented by p = pr + B e - T , with I/a Z2K for the two specimens.

It therefore seems probable that manganese impurity in the amount of approximately

0. 01 atomic percent is the cause of the resistance minimum in magnesium. Our results

seem to indicate that the rise in resistivity below the minimum is due to a reduction in

the mean-free path rather than to a reduction in the number of conduction electrons.

Experiments recently performed (2) on the specific heat of magnesium also support this

conclusion. Magnesium apparently has a normal electronic contribution to its specific

heat below 4. 2*K.

The detailed results of this investigation are to be reported in a paper to The

Physical Review and are also to be made available in a Research Laboratory of

Electronics technical report.

At the present time, further experiments are being performed to determine the influ-

ence of manganese impurity in aluminum. Experiments on the resistivity of specimens

of magnesium containing various percentages of manganese are also to be carried out.

H. E. Rorschach, Jr.
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D. SPECIFIC HEAT OF MAGNESIUM

The calorimeter described in the Quarterly Progress Report, April 15, 1952, has

been completed. It has not shown any of the faults of the earlier models. No leaks

occurred, and the sample remained rigidly supported at very low temperatures. How-

ever, the heat leak was too large even at pressures of 5 x 10-7 mm Hg, measured out-

side of the low-temperature region. Only order-of-magnitude calculations could be made

concerning the specific heat.

It is believed that the heat leak was mainly due to conduction through the rarified gas

in the calorimeter, since the temperature relaxation time increased considerably with

a decrease in pressure. Also, an order-of-magnitude calculation shows that the heat

leak due to conduction through the gas at a pressure of 10 - 6 mm Hg is about twenty times

that due to conduction through the tungsten wire supports. A new calorimeter, which

will have a sealed vacuum with a getter of porous carbon, is being built in an effort to

improve the vacuum. Precooling will be accomplished by tipping the dewar system and

allowing the sample to come in contact with the calorimeter wall under the action of

gravity.

E. E. Huber, Jr.

E. THERMAL CONDUCTIVITY OF MAGNESIUM

In order to cut down the amount of heat required to produce a reasonable temperature

drop along the sample of magnesium, a new sample was constructed with a smaller

cross-sectional area and of approximately the same length. A new fastening (Fig. IV-3)

was used which takes advantage of the high thermal coefficient of expansion of magnesium

to insure a good thermal contact between the case and the sample.

Since carbon resistors, when used as resistance thermometers, have a much greater

sensitivity than phosphor-bronze thermometers
dk~ i.L

anlu at:re nonIUiiInductive, caiuurbon thermometers

were used in connection with the new sample

of magnesium.

LE The above-mentioned changes increased the

reliability of the data taken, and the use of
R-TO-GLASS
SEAL carbon resistance thermometers increased the

sensitivity of the temperature-measuring equip-

ment so that an extra order of magnitude was
CUP obtained in the accuracy of measuring both the

temperature adifferences and tneir magnitudes.

Fig. IV-3 Using the equipment in its present form, one

Detail of the connection of the is able to obtain values for the thermal con-

magnesium sample to the container. ductivity when the temperature drop along the
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sample between the two thermometers is of the order of 1/20 0 K.

The data taken during any one run are reasonably reproducible during that run and

from day to day, provided one makes no changes in such things as the heat input to the

sample at any one temperature; the light falling on the carbon resistors; the magnitude

of the pressure in the high-vacuum insulating jacket around the sample; the sensitivity

of the temperature measuring equipment; and the method of obtaining a balance in the

bridge.

The effect on the thermal conductivity of varying the conditions mentioned above has

not been determined with sufficient accuracy to permit one to find the agreement or dis-

agreement of the data taken when various of these conditions have either changed or been

changed.

One difficulty that has arisen is the leakage of a ground-glass joint used in the

system, when the helium bath surrounding it is below the X-point. This leakage tends to

introduce errors due to conduction of heat away from the sample by the gas.

Since temperature stabilization has been provided adequately by the barostat avail-

able in the laboratory, work upon a different type of temperature stabilizer has been

held up until there is a greater need for it. The barostat does not regulate the bath

temperature easily at approximately 4 0K, but data taken so far seem to indicate that

this difficulty will be unimportant, since variations in atmospheric pressure from day

to day cover the range of pressures that are difficult to regulate with the barostat.

A new vacuum pump in use in the laboratory offers promise of reaching 1 °K in the

bath temperature without the use of booster pumps, which have been necessary hereto-

fore.

A battery operated pre-amplifier was tried in order to increase temperature-

measuring sensitivity, but it was found that the pre-amplifier had a noise level that made

it more difficult to determine balance than when the extra gain of the pre-amplifier was

not used. This noise level in the pre-amplifier was approximately 1 tv when referred

to the input. This compares unfavorably with the equivalent noise input to the frequency

selective amplifier of approximately 0. 5 v. A high-impedance input transformer was

then tried in order to achieve additional gain without additional noise. With the avail-

able transformers, an essentially noiseless gain of about seven was obtained. In order

to obtain even more gain, two of these transformers were used, coupled together with

a battery-operated cathode follower. This follower made the impedances match quite

well and introduced very little noise. The noise level at present is approximately 4 v,

when referred to the twin-T frequency selective amplifier input, but the gain of approxi-

mately 30 between the bridge and the twin-T amplifier input makes this a very tolerable

noise level.

E. G. Sharkoff
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F. THERMOELECTRIC FORCES

The helium thermometer described in the Quarterly Progress Report, April 15, 1952,
has been tested and calibrated. The modification of installing capillary tubing has

reduced the diffusion of gas through the oil as anticipated. With this modification, cali-

bration values of the external-internal volume ratio agree within + 1/2 percent at cali-
brating temperatures ranging from 90 0K to 4°K. Also, these values agree within this

error with the value obtained by direct measurement of these volumes.

The potentiometer has been built, and the galvanometer-amplifier system used as

the null detector has been refined to read differences of 0. 01 v. The 10-ohm resistor

shorting the galvanometer gave varying emf' s as high as 0. 2 v and was replaced by a

straight-wire shunt. With this alteration, the reversing switch indicates that the poten-

tiometer is free from stray emf's to within 0. 01 v. However, the thermocouple leads

produce varying emf's as high as 0. 05 v, and it is doubtful whether these can be

removed, although they do diminish when the thermocouple is placed in liquid nitrogen.

The magnesium wire has been cast in lead to make electrical and thermal contact,

since lead has a high coefficient of expansion. Sometimes this technique results in very

good contact, because the magnesium diffuses into the lead. However, attempts to

copper-plate the magnesium will continue because soldering to the copper plate is a

more reliable method of obtaining a good junction.

Progress in assembling the low-temperature portion of the apparatus has met with

a persistent succession of reverses.

R. D. Maurer

G. STUDY OF THERMAL PROPERTIES OF SOLIDS BY A PULSE TECHNIQUE

Microphonic noise in the amplifier system, reported in the Quarterly Progress

Report, April 15, 1952, was overcome by the combination of spring-mounting for the

amplifier plus one of Raytheon's "ruggedized" tube types, the CK5654. Sixty-cycle pick-

up in the first stage, sufficient to blanket the signal, was eliminated by total magnetic
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Fig. IV-4

Heater and thermometer arrangements.
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shielding of the amplifier. With all auxiliary apparatus functioning, it becomes possible

to check details of the thermal experiment.

At the time of the last Quarterly Progress Report, one-dimensional transient flow

was attempted by the arrangement schematized in (a) of Fig. IV-4. As indicated, the

thermometer is in series with the heat path. The temperature response matches its

theoretical shape, showing that this interruption of the heat path has little effect upon

the transient in the upper portion of the sample. However, the thermal resistance of

the sandwiched thermometer causes the steady-state temperature of the upper sample

to rise. In calculations, the whole sample is assumed to return to the helium bath

temperature between pulses. Since the assumption is invalid, the results are of uncer-

tain value. This difficulty is augmented by the fact that thermal properties change

rapidly in the temperature region used.

Another method of following temperature response is shown in (b) of Fig. IV-4,

where a carbon resistor on bakelite backing is in contact with the side of the sample.

Measurements on the bakelite, using arrangement (a) for step functions and steady state,

show that its thermal conductivity is a factor of 105 smaller than that of the sample.

Hence there is negligible distortion of linear heat flow due to parallel flow thru the

thermometer. With this method there arises the question of whether or not the thermo-

meter can respond rapidly enough to follow the transient. Adequate response time

depends upon the heat capacity being small. The measurements given above show that

the specific heat of bakelite is large compared to that of the sample. Consequently,

future thermometers will be prepared on more refractory material.

A problem common to both of these arrangements concerns transfer of energy from

heater to sample. The interface can be represented by a temperature drop proportional

to the heat flow across it. The above experiments show that this temperature drop

equals 0. 002 0 K times the magnitude of heat current in ergs/sec-cm . The voltage pulse

applied to the heater is intended to create a 6-function of temperature in this resistor.

The mathematical analysis assumes that this temperature peak appears instantaneously

in the surface layer of the sample. Arrangement (b) is being used, with the thermom-

eter at various loci, to determine the delay and distortion caused by the interface.

As seen from the diagram, the heater is backed by an insulating block. This is

necessary so that pressure may be applied to the heater-sample junction. However,

this construction introduces error, since the portion of energy flowing into the backing

material causes another ambient temperature uncertainty. In addition, it becomes

difficult to determine what fraction of energy pe: pulse enters the sample.

This problem of energy division may be avoided by a symmetrical sample, as in

(c) of Fig. IV-4. This arrangement has not heretofore been tried because of the

mechanical difficulties of constructing such a sample. Both ends of the sample must be

in good thermal contact with liquid helium, yet one end must be free to move in order to
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contraction of the sample.

accommodate thermal contraction of the sample. Simultaneously, longitudinal pressure

must be applied to insure good contact of heater to sample. The whole must be in a

vacuum chamber. Such a sample chamber, shown in Fig. IV-5, is now being con-

structed.

S. Waldron

H. PRESSURE DEPENDENCE OF SECOND-SOUND VELOCITY

IN THE DEMAGNETIZATION REGION

The apparatus described in the Quarterly Progress Report, April 15, 1952, has been

completed. Some measurements have been made above 0. 95°K for the purpose of

checking the apparatus, and these agree with the results of Maurer and Herlin of this

laboratory.

V. Mayper, Jr.

I. SECOND-SOUND PULSE AMPLITUDES IN LIQUID HELIUM II

A larger pump for the helium bath has been used in an effort to lower the bath tem-

perature further. Pulses of second sound are expected to have larger amplitudes at

lower temperatures and are also of greater interest. The low temperature obtained

was 1. 4"K. Little improvement in the pulse shape is noted over pulse shapes observed

above 1.6°K reported previously. However, if the pulsewidth is reduced from 1000 tsec
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to 200 jisec, the waveform does seem to become much better and appears as in Fig. IV-6.

The pulse of Fig. IV-6 yields a first echo, which has undergone two reflections and two

more tube transits, as shown in Fig. IV-7. Further lowering of the liquid helium tem-

perature is contemplated.

At present, work is being done to reduce the noise and hum in the amplifier. Direct

oscilloscope measurements of pulse heights may then be possible with some accuracy.

Use of the keyed amplifier will be deferred until the direct oscilloscope measure-

ments are made. Before it can be used successfully, the keying pulse will have to be

reduced to 25 psec, at most, and the temperature stabilization will have to be improved.

A calculation of the pulse shape was attempted on the basis of the transient partition

of the heat generated in the carbon transmitter between the liquid helium as second

sound and the backing material of the transmitter. However, the lack of data on the

thermal conductivity and specific heat of the backing material leaves the calculation

difficult to interpret.

B. Bernstein

J. THERMOMECHANICAL EFFECT

The present apparatus for measuring the thermomechanical pressure in liquid helium

II utilizes a Corning glass-fritted filter with 1. 2-i pores. The filter is mounted in the

base of a vertical glass tube with a small hole at the top. For some time this glass

tube had been 50 cm long because the liquid bath level varied by more than 35 cm during

a run. Radiation caused the upper end of the tube to be warmer than the lower end.

When the heater was excited, the liquid in the tube rose and entered a warmer region.

The process continued until the liquid reached the top of the tube. The liquid then

remained there as radiation heat balanced the flow to the bath. The small hole had been

provided at the top to allow some vapor to be pumped off, but if this hole were made big

enough to lower the liquid level from the top of the tube, then excessive heat would have

to be added for measureable temperature differences when the liquid was at the bottom.

A copper radiation shield was installed, but it increased the heat leak to the bath

excessively. The glass tube was therefore reduced to 15 cm in length and provision was

made for vertical movement so that (a) it can follow the helium level as the liquid is

boiled away, and (b) it can be cooled to bath temperature periodically by dipping it in

the bath. A vacuum jacket was added to the tube in an effort to reduce the power

required by the heater to produce a given temperature difference, but the heat trans-

ported through the frit was very large compared to that conducted through the glass

wall.

Several runs have been made and the results, together with data being taken

currently, will be included in the next Quarterly Progress Report.

D. H. Rogers
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K. VISCOSITY OF LIQUID HELIUM

Measurements made with the mica-lined oscillating disk yielded damping factors of

the same order of magnitude and scattering, and proved that the excessive viscosity is

not simply related to the surface of the disk. The observed excessive viscosity below

the X-point is in qualitative agreement with oscillating disk measurements made in

helium II at considerably lower frequencies and recently reported by Hollis-Hallet (1);

this investigation showed increases in the apparent viscosity with amplitude as well as

frequency (i. e. with velocity) and indicates that, in helium II, departure from logarith-

mic damping has no connection with turbulence.

In the light of these observations it seems of interest to devote some effort to a more

fundamental investigation of the extent to which the classical viscosity concept applies

to liquid helium, both above and below the X-point; and to perform measurements which

will yield the true viscosity, independent of any assumptions concerning the effective

density. The ideal instrument for such an investigation is clearly the conventional

constant-rotation viscosimeter, which measures the torque between two concentric

cylindrical surfaces in relative rotation. Unfortunately the construction of such an

instrument suitable for use in helium II presents such difficulties that investigators in

the past have always resorted to other methods. An exception is Hollis-Hallet (2), who

has recently pointed out the advantages of this method and has apparently succeeded in

developing a purely mechanical constant-rotation viscosimeter.

Preliminary experiments (as yet too incomplete to report in detail) with an electro-

magnetically coupled constant-rotation viscosimeter indicate that it may be possible to

construct such an instrument with sufficient torque sensitivity to permit operation at

very low speeds (of the order of 0. 1 cm/sec), even in a medium with as low a viscosity

as 1 micropoise, and without introducing excessive heat leakage into the helium bath.

H. H. Kolm
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