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ABSTRACT
‘ Measurements of critical current as a function of applied magnetic
field were made on wire samples of Nb 25 a/o Zr alloy at 4.22°K and 2,24°K. |
Curves are plotted for the cases for which the applied magnetic field is parallel
to or pérpendicular to the current direction. At 4.22°K, H c-u"' 0)’ for H
perpendicular to 1 is found to be 70 kgauss, whilé for H parallel to I, it is

found to be 82 kgauss. 'Reduction of the temperature to 2.24°K results in an

increase of 13 kgéuas in both cases. For V_H perpendiéular to I, current

| densities of 4.4)(104 amp/cz'nvz are observed at 60 kgaues and 4.22°K, and at

73 kgauss and 2.24°K. The effective demagnetization factor of the current
carrying elements is 0.6n, All measurements were made in a dc ‘magnetic
field with quasi-dc currents by observation of the first resistive voltage to

appear across the sample.

/
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- INTRODUCTION

Berlincourt, Hake, and Leslie, ! Kuniler, ?_.and Aron and l-B.tc.:hn;:ock'3
‘have recently repo.rtet.:l high supe_iconducting current deﬁéities exhibited at high
- magnetic fields by certain fnembe‘rs of the Nb-Zr alloy system. These :ep@rts
have stimulated great interest and ixave indicated the need for extending thé
range of measuremehts of the properties of these materials.‘ In this laboratory,
we have measured tﬁe superconducting-to-normal behavior of QOZS-cx"n-diam.
hard-drawn (> 99% reduction) wire sample’e of a Nb 25 a/o Zr alloy.

The method of measuring the critical current as a function Qf the applied
magnetic field was chosen for this work. The critical current is that current at
which the first reaisfive voltage appears; the-effécf on the results of choosing a
resistance-ratio criterion is also discussed, Measurements were made at
4.22:&0.0_10-_1{ and Z.Z@*0.0lol{.‘ witfx the applied magnetic field o‘riented both
parallel and thex; transver.se to the current direction. The measurements of
critical current have been extended beyond the "knee, "i.e., the region of
magnetic field where the critical current is rapidly famng. At 4. ZZOK. for a
transverse field, H (I~ 0) is found to be 70#2 kgaun. while £or a parallel field

it is found .to be 822 kgause. Reduction of the temperature to Z 24°k resulta in an
increase of 13 kgausa in both cases. In a transverse field, current densxt}.es-of as
high as'4.4><104 amp/cmZ are observed at 60 kga;ueﬁ and 4.2;°K and at.73 kgauae'

and 2,24°K.
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APPARATUS

The measurements were made in a conventional uquid-nitrogén-jacketed,
glass, helium dewar placed coaxially in the 93.5-kgauaé. 12-cm-~i.d., air-core |
solenoid of the Low Temperature Laboratory, College of Chemistry, University
of California. 4 The potential appearing across the sample was amplified by a
Beckman Model 14 amplifier ‘and fed to the y-axis of a Moseley Model 3s X~y
plotter. The current was supplied to the sample from a storage battery and
controlled by a transistorized Bériea amplifier, The current was measured by
taking the signal frdm a standard resistor in series ﬁth the current leads
-and applying it to the x-axis of the plotter. Thus a f)lot of the voltage as a
function of the applied current was obtained. The system noise level in most
cases was < 0.2 Qv. |

Two types of sample holder were used. The first consisted of two
l.5-cm;thiclg blocks of copper cut in the form of segments of a 6-cm-diam circle
which were separated by and rigidly attached to a 1.5-cm-wide block of Micarta.
The sample was placed in a groove milled on a principal diameter of this
assermbly. In this manner the sample was supported against ele.ctro-mechanical
forces during the measurement, The samplevwaa'soitasoldered‘ to the dbépér
over a length of 2.5 cm at each contact after being ultrasonically tinned at
| approximately. 400°C in a Bi-Cd mixture for apprqximate'ly'ls sec. Fotential
leads consisfed of a twisted pair of Formvar-insuléted BSWG No. 30 copper wires
indium-soldered to the sample 1 cm apart. The curregt‘ was _aupplied through'

a twisted pair of No. 10 Formvar-insulated copper wires, each soldered to
100 strands of No. 30 copper wtre twisted and in turn soldered to the copper
blocks on the side opposite to that of the sample. This enabled the sample
assembly to be mounted so that it could be rotated without disturbing the

soldered joints.
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The second sample holder was similar in design, though it had no
provision for rotating the sample. The contact length was shorter (1.5 cm),
although the aamp'le length remained the same (6 cm) and the potential leads
were 2 cm apart, In both holders, a 0.005-chm constantan shunt was soldered to
the blocks to prevent destruction of the sample when it went normal at high
currents, Potential leads were soldered to this wire so as to detect any

current that might flow in it rather than through the sample. In no case was

it found to be carrying more than one part in 104 of the total current. Further, .

the cutting of this shunt fajled to change the results of the measurements in

: any way.

At this point, so?ne discusajion of the problems involved in malking
current contacts to the sample is in order. In the sample geomeiry we have
chosen, we must consider the temperature rise due to ohmic heating in the
éopper surrounding the sample and associated heat t?anofer to the helium bath.
On the assumption that the current passes directly frotﬂ the copper to the
superconducting sample over the length of the contacts uaed. temperature

-4 °K can be expected for a current of 200 amp

differences of no more than 10~
between the sample and the bath in the geometry used. Therefore, the contact
problem reduces to a consideration of the effects of a high resistance film
between the copper and the superconductor.

For the sample geometry chosen, it is meaningful to idealize to the case
of a‘heat-gen‘eraﬂng source on the axis of a cylinder, the outer surface of which

is in contact with the bath. Fourier heat conduction gives,

2 B
- RI = ZﬂKATL ‘ o ()

L r
o)




PR . UCRL-9939

Extrapolation from experimental data® on heat tranefer to: iiquidv
He indicates that in the range of interest‘(O.DOIoK < ATz < 0.Z°K). the heat
tranéfer may be characterized by | | | |
Q 1.7 _ I°R |
A= 7.35 (;‘\"I‘z) = 5L ¢ : (2)
Here AT, 1is the difference in temperature betwe_en the sample and the surface
of the cd_pper. 4T, is the difference in temperature between the surface of the
copper and the bath, R/L 'is the reaiktance of the film per unit length of
- contact, r {a the x;adius ot" the copper & is tlie radius of the supeﬁrconductor. ‘
¥ is the thermal conductivity of coppez, and I is the currént. The units
used are wafts. olims, amperes, centimeters, and ’degreies ‘Kelvin.A
In our case, we have AT, = 0.516 AT10'56, Because 7T, is less A
than 1 ?K 'in thve cage of interest, ATZ is the dominating temperature.drop
in this SValuatiOn of contact performance. Ae the ratio of the curré'nt thtough‘__'
~ the 0.005-oam shunt to the current through the sample was in no case greater
~ than 10 4. the contact xesietance must be less than 5)\10 -1 ohmn. Lvaluation

of Fiq. (2) for the geometry at hand gives _A’I‘z & 10 K for a current of 200

amp.
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.EXPI«.:RIM'&NTAL TECHNIQUE

"LJhe.mounted .Isample was cooled to the bath temperéture in the earth's
field only. The magnetic field was then raléed to a valﬁe g_i'eater than the |
HC(I - 0). The current was raised alowly'and a véltage méamﬁréd across tl;e
sample; then the current was reduced to zero. The field wae then reduced until
a superconducting-to-norinal transition was observed as the current ;was increased
from zero. 7Thd current Qas taen rapidly reduced to zero and a new _low;er field
value set. This procedure was continued until the field was rediuced to the earth's
field or until a critical current of greater than 200 amp wa‘s observed, at which
point the run wz;\s terminated. In several cases, thé measurement was begun
at zero field and continued to high field values. No differences were noted be-
twee# the two results. | |

For measurements with the field parallel, the sample was warmed to

‘room temperature, the sainplé carrier was rotated without disturbing the

solder jéints, and the saraple was recooled to the measurement te;‘hperature.
It should be noted that at each field value at least three measurements of the ‘

critical current were made. The rate at which the current was raised varied

from approximately 20 amp per min to as high as 400 amp per min without

significantly changing the value at which the resistive transition occurs--within

the limitations imposed by the time constants of the measuring system, of course,
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RESULTS -

The resg\tlts are summarized in Figs. 1 and 2, Comparison of the ‘
parallel- and tranéverae_—ﬁeld cases indicates an efi;cctive demagﬁetization
factor of 0.67. This sample showed no bigniﬁcanf scatter in  the values of
the transition current observed either during a single run or after warming
to room temperature and resoldering to a different sample holder. Though
the value of the critical current seems to be falling very rapidly at the 'knee}
~ attempts to determine whether the curve was approaching some value
asymptotically or whether one could, with apparatus of sufficient sensitivity,
observe supcrconducting behavior at higher fields failed to give any groundu for
choosing between the alternatives. In contrast to the transitions at currents
above 10 amp, the transitions ix; the low-current regions are very broad in
current, and the first appearance of the voltage cvr‘iteria 'ceéaea to be very precise.
rThé applicatio-n of a reéistance'-ratio criterion to tlﬁs regi'on'only served to
raise the currents somewhat in the very steep por.tioﬁ of the cufve and,
consequently, affected its shape in no meaningful way. The rcaistlvity of this
. sample was measured at 4. 2°K with an applied field o!’ 93 5 kgauss and found to
be 1.5X10° Q,cm. |

In some samples just prior to the first definite resistive transition, . |
resistive precurse‘ra appevaAred in the ﬁé_ld regions _ﬁtb&n five to 10 kgauss of
the limiting fields. These voltageé'.were between 0.1‘.uv‘ and 100 yv in

6 and 2x10"% The

amplitude, corresponding to resistance ratios of 2X10
voltages approlached zero as the current was further raised, showing true
negative-resistance behavior. After a small increase in currenﬂ the full
_transition occurred. It should be noted that when these voltages appeared,

tixe plotted values of critical current corresponded to the first appearance

of the precursor, not the full transition.
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LEGENDS

Fig. 1. ~Critical current density vs applmd magnetic field for Sample 1(0 025-cm-
diam) with H perpendicular to I, (0) 4.22°K, (8) 2. z4° '

' Fig. 2. Critical current density vs applied magnetic field for Sample 1(0 025-cm-

diam) with H parallel to 1, (0) 4 22°k, (A) 2. 24 K. ' |
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