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Abstract 

' . * PSEUDO-REVERSIBLE MAGNETIZATION OF Nb: 

Harley C. Hitchcoclt 

Lawrence Radiation Laboratory 
University of California 

Berkeley, California 

May 13. 1963 

, ABSTRACT 

One o£ the striking features of the magnetization of bull< samples of defect

saturated, second-group superconductors is a quasi-perfect diamagnetism fo1• 

certain regimes of the flux penetration •. This effect is seen. typically, in the 

magnetization o£ a long cylinder in a uniform, a..··dally parallel magnetic field 

afte:z.· "£lux jumps" and on changing the sign of the field rate_ o£ rise for an already 

penetrated specime_n. The effect is also seen when the sample is cooled in' the 

field. In the case of zero cooli11g field, there is a small, reversible penetration 

to the point where the applied field reaches some value which we associate with 

the lower critical field of the Ginzburg•Landau-Abrikosov-Gor'kov (GLAG) theory; 
' . . 

above this value the irreversible, almost quadratic penetration predicted by the 

Bean theory commences • 

. ·We have measured the reversible flux penetration in specimens o! Nb in the 

above geometry as a ~unction of the cooling field, temperature, a.nddegree of cold 

work. The measurement was made by integrating dB/ dt from a coil surrounding 

.the sample, and the apparatus was sufficiently sensitive to resolve a change in 

p~netration of 3 X 103 quanta. Designating. the field for the onset of irreversibility 

as H:irr and the coolitlg field as Hcqol' we have •4'li'M=Hirr-Hcool' 
. . 

.The locus of these points, when plotted in the 4n-MH plane.; reveals a mag-

netization cha1·acteristic of the negative .. surface free•energy theories superposed 

on a. eyn~met:t:ic (diamagnetic-paramagnetic) magnetization e>..-pected for the defect 

structure. The net diamagnetic area enclosed by this pseudo-reversible curve is 
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equal t~ the free energy of condensation. The upper and lower. critical-field 
. . . 

values defined by these measurem.ents are in qualitative accord with the result. 

anticipated for Nb, namely, a decrea~e in the ~iectronic mean free path associated 

· . with an increase in the intensity. of the defect structure~ 

This result suggests that the relation of the GLAG structure to the defect-

·flux structure, in terms of an 11ef£ective·tt free energy, is one of simple super-. ' . 

position. and that the two coexist u1. this regime of pen.etration. 

. . . 
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·· Work done under the auspices. of the U. S. Atomic Energy Commission. 
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