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NOTES:  
1. This play borrows heavily from Ted Berlincourt’s “Type II Superconductivity: Quest for 
Understanding,” IEEE Trans MAG 23(2): 403-412, online at <http://mcaf.ee/tqc23>, thanks to Paul 
Grant - scroll down to the next-to-last listing under “Classic Superconductivity Papers.”  
 

2. The following pages are scanned copies of transparencies shown in the pre-PowerPoint era at 
seminars at Indiana University in February 1989 and UC-San Diego in July 1989. I thank Peter Lee of 
the National Magnetic Field Laboratory for his invaluable assistance in processing this pdf.  
 

3. The adjective nutty is applied to: (a) George Ynetma on page 14 and thereafter; (b) Ted Berlincourt, 
Don Leslie, and Dick Hake on page 15 and thereafter; (c) Bruce Goodman on page 21 and thereafter. 
Here nutty is used because most observers erroneously thought that George, Ted, Don, Dick, and 
Bruce were nutty because of their unorthodox activities and viewpoints. 
 

4. The reference is: Hake, R.R. 2011. “Early History of High Field Superconductivity: 1930-1967 - A 
Tragicomedy in Twelve Acts,” scanned transparencies from seminars at Indiana University and UC-
San Diego in 1989; online as ref. 65 at <http://bit.ly/a6M5y0>.  
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"It was extremely nice of you to senti 
me a copy of your own paper, as well as i 
translation of ShubnH:ov's paper published 
in 1937. This is indeed of considerGble 
help in assesSiftg the ~ar1ier developments. 
At that time the Stalin Purge was 001)' 
beginning. and I was Vfry puzzl@d at tM 
blanks 1 drew in trying to get in touch 
wi th Shubnikov. In lS~7 landau i ntroduc.ed 
me in "ioscow to Shubni kav' 5 wi dow, 

who olso is a physicist. 
had us! 
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'So in the early 1950' s there was a 
certain amount of conflict which wasn't 
hel ,incidental by the fact that 

he wanted to a 
factor of (say) 1.6, and Landau kept on 
telling him he couldn't just put in 
arbitrary numbers, and muttered darkly 
about gauge 1nvariance going wrong if you 
did.- . 
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K «I based on the ,-,rrw. 
(wnm l. is the Gi ~ITS rNII,.,'1I 
~ ~! d n ~ I 
~mr-n;mmr~ sYrfac. energy S I () rN !. 

should negative under these ccnc:!itions. ... 
Intuitively it was felt that in this case 
the phase transition in a magnetic field 
would always be of second order, IfId this 
was in fc1Ct what lavaritski obser,ed. II 

"When I calculated th'! depenGeflce of 
the critical field on the effective 
thickness with K> 1/1/2. it ap;-e .... d that 
the theory correspond E'd to the eXDerllRfnta 1 
data. This gave me the courag€ tD state in 
my article of ' 1952 contciniD9 . this 
calculation that apart frm GT'dinary 
superconductors whose properties were 
familiar, there exist i~ Ilit.Y [1> 
sueerconducting suBstancEs pi anQiifi~vpe. 
wnl ch I ro66sed t o ca TT su rc r.age rs of 

e ec n rou now ca I 
supercon uc ~s . . e W1S10n between the 
fnst Arid t second group was defineG by 
the relation between th~ quantity ( and its t; critical value 1/ ~ .• 

I 1I.#. ,4J,,·I4S.v) 1974-

~SJ.()rN·/I4. #£r'/"S6V) Z>4~;;'f #L-~cI Jl/dvi. f/$SR 1', "ft~ (~S-.z) 
~~ ~ ~~4 ~ 
"At this time· 1 became ill and had to 

shy In bed Tor a lmos t fh r ee months .. One 
day landau visited me. The conversatl0n, 
as in most cases, concerned every~h in g but 
phys i cs and landau sipped with g rea t 
pleasur~ from a glass of gliihwein, which 
was not at all like him. And then suddenly 
J destrc'tIed all this paradise by telling 
hin. what I had invented for the mixed 
state namely. the ~lementary vortices. ~ 

·and~' eves fell on the london . i n 
unct on on e r19 t~ and side, 

DU e. e mer; ng 
t a an 1 erson should not be bothered; 
he took possession of himself and said, 
'When you recover we shall diSCUSS it more 
thoroughly.' Then he hastily bade farewell 
and disappearea .' , 

MHe did not come to me any more. When 
I felt better and appeared at th n te 
an r m i fl t the 
v , he swore rat er lngen10US v' ~t 
t a time 1 ~as s El 11 very young and dld 
not kno .... ' . the temper of my teacher well 
enough. He .had seen in .his l~fe many kin~s 
of ps'eudoscience, and . thlS made hlm 
suspicious toward unusual . statements. 
However; by ma~ing some effort and 
disrcQarding the noise which he made, one 
could'. always 'drag! him through any 
reasonable ;oea. But at that time I sadly 
put my calculation! ib my p ulE drawer 
' Urib i Detter b mes. Ii 

Feynm~n's 

ng 
different. I 'We then, look., please, I 
said, and produced my cal~ula~;ons fro~ the 
drawer. Tb aS time no Obt ectj ens ~Q)] owed. 
We discusse tne suBJec very t oroughly 
and Landau's remark.s were very us eful." 
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~ote Added - 6 Ocl 2011 : I was recently asked to explain the heading "Nulty George." 
George Yn~tiha and I Qverlapped in the superconductivity group at the University of Ill inois in 
the 1950's, George as a postdoc and I as graduate student. Most people in that group thought 
George was Ilutty - ever si nce the work at Leiden and Kharkov in the 1930's (see page 4) it had 
been well know by the cognoscenti that superconductors could flot be used to make useful 
superconducting magnets! 
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CRITICAL.FIELD FOR SUPERCONDUCTIVITY IN NIOBIUM-Tlli 

R. M . Bozorth, A. J. Williams, and D. D. Davis 

~f t'c.Md 
b l ~tJfo~H. 
e~&f t. , 

Bell Telephone Laboratories , Murray Hill, New Jersey 
(Received July 20. 1960) 

6M~ft (1T) 
I 4. Z.~)-

It is well known' that Nb,Sn is a superconductor 
with a high critical temperature , lB°K. The meas­
urements here reported show that it has also an 
exceptionally high critical field , about 70000 
oersteds at 4.2°K, necessary for the suppression 
of all superconductivity. 

The material was prepared by melting together 
niobium and tin in the argon -arc, and the button 
so obtained wa& formed by grinding into a rod 
about 2 em long and 4 mm in diameter , with 
rounded ends. The magnetic moment per gram, 
O was measured by pulling the specimen from g' 
one search coil to another in a constant field, the 
two search coils being · connected in series oppo­
sition to a ballistic galvanometer. Calibration 
was with nickel of high purity. 

Measurements were made in increasing fields, 
after cooling in zero field to liquid helium tem-. , 
perature. Results are shown in Fig. 1. The in­
itial points (circles) follow accurately the line 
for B;O (H;-4nogd, where d is the denSity, 8. 9) , 
and then begin to deviate at about 4000 to 5000 
oersteds. The variations in the readings in fields 
from 5000 to 20000 oersteds reflect the well­
known irregular changes in magnetization result­
ing from changes in domain structure in the inter­
mediate state, as observed by Schawlow et al.' 
and others. The general shape of the magnetiza­
tion curve is that observed in a hard supercon­
ductor. POlishing, or annealing the specimen at 
110QoC for several hours, made no essential 
change in the character of the curve. 

When the field was decreased from its maxi-
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FIG . 1. Magnetizati oD of "1l:= as dependent oo ·:i 
field strength. sbawing BU~rcomuct1on in entire "'i1 
specimen to about 5000 oersted!; zlld suoerconduct1oei 
in Bome parts of specimen 10 Ihout '10 000 oers~£~ 

4 
mum value (points marJred ~ BqlW"es) SOmfi~ 
of the flux was frozen in, am! irregularities ~ 
again Observed. ~_I·-

The authors are indebted til E. Corenzwit'tor 
preparation of the materizl, to W_ E. Henry ai.. 
the Naval Research Laboraiory for deWls of tilt 
method of measuremeDl, """ to li. W_ Dati fori 
assistance with the expetimm. The field WaB,l 
produced in a B!tifr coli e>.clted ~ a motor·1 
generator with a JlOminal power r.otiJlg of one H. 

j!j 
megawatt. ~ 
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£ltperim~nt~llY o~ed CU~ (t;:itiol rn~ic fidd VI critical 
current) of the Q,(Xli-<:m dlam Mo.Re ""rt a.'Rd for the IOlenoid T 
m~inetic fidd was externa!l~ ~pplied to, a ttrailtbt mea: 01 the wire a~d t~e 
IKlInt! corre!pond to the InItial d~ectlOn of resistana. T~ kn~! . he 
curve! with H .li at both l.soK and •. 2°K arc typical of bl=ha,';o ~ t e 
in senral materials. Data {or ach ~rve ~ tHeI by sUrtin r ~"~h~ed 
srn~lIest value of current .a nd repeatm, ~ i:litial point aller the' pe~tin~~ 
:<nes wa! complete. Thl. WlU dOM to uc:ctaiD tilat no annealin had 
occu ~red when the sample '4'2' driveD into the Darmalltate at bi,h c~rre 
denSity. nt 

Figure 3. Photograph of 15 kgauss superconducting 
solenoid made in 1960. The solenoid diamete r is .i ightly over 
3/4 inch and is wou nd with 0.003 inch dia. Mo-Re wire using gold 
plating for insu lation between turns within each layer. 
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FlG . 2. Criti cal current vs applied magnetic field 
for Nb-clad cores of .. Nb~Sn." The o. d. of the cores 
was about 0 . 015 em and the o. d . of the Nb jackets was 
about 0 . 038 em ... + 10% Sn" in tbe table legend means 
10 wt. % more Sn than is required to form Nb3Sn as ­
Burning no reaction with the hTb tube. The m agnetiC 
field was rpendicular to the current dlrection. Each 
experiment point represents the maximum current, 
at the value of magnetic field indicated., for which no 
voltage drop along the sample was observed, the 
smallest detectable voltage being a few hundreths of 
one microvolt. 

Although the per!in~Hi. ~::ysics of the 

situatlnn Is not yet clear , It is 

tentA.!.~ -- ~~1 v con eluded u. t _ u.a the 

condihom;: of preparation of the 

clad samples are such as to lead 

tG a structure contaLnlng" large 

numbers ,of ',{Haments," att4f=""""' 
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FIG. I . Critical current densIty, J c' for restonUlon 
or the f1nrt observable resistance VB S lied trPDWw 
~ field. 1!" for Nb-2S at.% Zr alloy specimens 
1 to 9 at diBerent temperatures and field orientations 
parallel III I) and perpendicular 1IlJ.) to the rolled faces 
of the specimens . For specimen 1. which was ground 
to thickness. Bmax and HmJn designate field direct10DS 
such thatJc is, respecttvely . a maximum and a mJn­
mum at 30 kgiwsa and 4 . 2'"K. For source m21erlal. 
fabrication method, and cross-sectional dlmensloDS 
of the specimeDa see Table I. 
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e

, fan __ 
of the f1.rst observable ~ n awliec1 ~erae 
magnetic fleld, H, for Nb-12 at.% Zr.uo, ~_ 
10 and 11 at dJfferent le1lljiel_ and fleJll oriematI_ 
parallel III I) and perpeed!cnlar (8.1) 10 1he roIled face 

. of the specimen. For IIpOdmeo 10, wbIch .... cmmd 
to thickness. Hm:a. andBmm destgnte fWd G!rec:t1aa. 
such that J cis. respecttYely. a mn1mym .., a JDizli­
mum at 30 kglwas and 4.n, For II<>Gr'Ce JIIOU:r1al 
fabrication method, and Cl'UH-RCtioaaJ. c!tmr~ d 
the specimens see Table L The IlDeL anIl,.-p, 
Q, R, S are e>plalDed III tile Iat, 
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Figure 6. ~Pholograph showing coils of compasit~ wire 
fabricated by the process described in Fap.r: S. Also Uaw:n is a 
4 in. diameler, 70 kgauss superconductiot IOlenoid. Tbt ~~n is 
formed within the core of the "wire" by acauqm abou11000·C 
a fter the solenoid is wound. 
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UPPER LIMIT FOR THE CRITICAL F1ELD IN HARD SUPERCONDUCTORS @ A. M. Clogston 

Bell Telephone Laborato ries, Murray Hill, New J ersey 
(R"eceived August 9, 1962) 

Recently a number of reports have been made 
of extre me ly high c ritical fie lds observed in 
ce rtain hard supe r conduc.tors.t - t It is gene r a lly 
beli eved tha t these high c ritical fi e lds arise 
{roni some sort of filamentary structure of the 
h9J'd supe r conductors, pos sibly a s sociated with 
d islocations. i - 10 '_ .. . _ '_ " " . ~ • • 

We wish to point out that the critical fie lds 

observed and pr edict ed for var ious superconduc ­
tors are so high that they are appr oach ing a 
limit that will exist even in the limit of no Meiss-
ner eflect. - " , . - - -
If this condition is realized in practice, in the 
absence of any Meissner effect, we should write 
in place of Eq. (1) at absolute zero, 

FN- hpHo'=FS' (2) 

In this equation we ignor e the presence of any 
orbital paramagneti s m that wil l be essentially 
the same in the normal and s uperconducting 
s tate. In t erms of the density of states N (O) , Xp 
= 2/-< B'N {O) , assuming a g fa ctor equal to 2. 
According to the BCS th eory" the fr ee - energy 
difference FN-FS=Yv(O)Eo' (O) , wher e '0(0) is 
the ener gy gap at T = O. Equation (2) th erefore 

becomes 

or 

with he density of s tates cancelling out. If we 

assume 2<0(0) =3 .5kTc ' Eq. (3) yields 

H = 18400 T gauss. ~ ~ (4) o c 

;;; V,::SG; ;h-;l;~ii ;;\ by Eq. (4) may have al -
r eady been r eached. An interesting application 
of Eq. (4) has been made by Berlincourt and 
HakeH to the low current density critica l fi elds 
of various transition meta l a lloys. 

A NOTE ON TH E MAXIMUM CRITICAL FIELD OF 
HIGH-FIELD SUPERCONDUCTORS 

.i {;lir number of superconduccocs , mostly alloys 
of the tt.ln sition metals, are now known (0 exhibit 
: ~ fI.) r~ sistance in applied ma gnetic fields liP70 
100 ~G or more. I Ie has become increasingl evi· 
Jeoc ,' .m'ainly at a re sult of (he work of Berlincou; t 
anJ JiOlKe , l that the maxImum field H mat which a 
~i\' c n alloy sti ll exhibits superconductJVlty (as 
inJie.Hcd by zero ref'iscance for current der'.3~des 

!e""s t h.10 10 A/cm 2) is a tcue parameter of the alloy, 
iO'!£Q£oJ£m of its d.5 i ree of cold work. They ,hXve 
.Iho sho'qr,'n that H m peaks sharply be tween 4 and 5 

We conclude that t~e critical fields that obtain 
lor the iJ -wolfram compounds are so high that 
they may be effectively limited at low tern e;:a­
tures by the normal-state Raramagnetism. If 
this is the case, critical fi e lds higher than about 
300 kilogauss will not be r ealized unless materi­
als can be discovered with higher transition t em ­
peratures. 
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c!cClruns/ :l(om. reachi 08 foc example a value of 
~ l·l).-G for Ti·Nb. 

Th e exis tence of superconductivi ty at very high 
t~ is probably ~ue, as has _be..!n -Suggesced: by 
u'o'cr.ll au thors . 'J." to a "filamentary" struc2 c, 
.. -jell at least one cha racteristic dimension small 

e~r:trted to the penetra tion de th. ~ ;;~ ~ 0ne would 
t ere ore expect t at when die magnetic energy 
2p.H (where p. = the Bohr magneton) becomes compa­
rable to the energy gap 6. ( ..... 3.5 kT c at jow temper ... 
atures) superconductivity will be desuoyed. Thi s 
leads to the felation H O"n ~ 2.6 x 10 4 T{ , .. <~_= 
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The di scove ry and emergence of Nb-Ti as a high field superconductor is reviewed. The 
pre history and selling for its discovery a re described, and an anecdotal history follows its 
development up to the first successful large scale apRlications. 

Despite the obvious impOrlance of Nb-Ti the story 
of how it emerged from among the thousa nds uf known 
sUperconductors to hecome the most widely utilized has 
not been written in any systematic fashion. Indeed . some 
modern accounts of high magnetic field superconductivity 
SIm ply dismiss early Nb-;Tj activi ty wjlnJu.eJcn!.n.c.e..o.r...tWD 
to an early Nt>-Ti sup-crm'!gnct ~otent by Manhias' • ..QIJ.O 
aJ~!~!"by Hulm ond Blaugher which first reported the 
S~OiuIucting..transition_tcmp.e ratu te,-of...N~Tj alloys. Jl 
'll..lP.-early papers by Hake and mY$ Jf'-' 0 the upper ' 
critical fields and cri tical current densi ties or Nb-Ti olloys • • 
~~ the early commercial suppliers of Nt>-Ti wires. This 
leaves unsaid much that is of interest concerning the 
motivati ng ci rcumstances during those times and 

which acted as barriers to 

~ress made. In what follows. I ane mpt 10 fill In 

some of the missing background , to convey some of the 
~.t.nt , ur"ency. suspe nse and fru strat ion of "those 
times , and to describe some of the missed clues. the 
serendipitx and the behind·the·seenes activity -; , - . === . .. •.. 
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. "Although it is .lleged that the 
·~ndependence -of· Hr··(IIi - Jol,. J and rolling 

plane at 10.,,' current supports the GlAG 
theory, thi s fact Call . ust as . we 11 be . 
explilined by t he filiDE'lttary theory. At 
t he very low cur rent a;;Sltles. where all 
filaments call be active and where the 
important fac:t is tbe best existing 
filaments and not their number, t here will 
alwa s be some filaments ro erl or- n cr 
(ara e to tea ied field that will 
Yle d t e same cnile! if d Hr regardless 

of orienUition . As iI IIiIUer Df fact. this 
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Figure 4. I llustrations of independence of low­
current-density resistive critical fields upon cold 

. working and relative orientations of magnetic field 
(H). current (J). and rolling plane (RP) defect 
structure. Ratios ' indicate cold-rolling thickness 
reductions . (After Berlincourt and Hake, 1962) . 

also · explains. why the number 10 amp.!crr,2 
cannot be taken fqr all alloys as this 
number wi 11 dep~nd on the dt:gree of 
anisotropy. number of filaments, etc. 
Fi , ure 2 can be explained by the 
f1 amentlry theory as well Hf = k He .".here 

Hi is the fi larnentary critical fi~ld. He 

' '' the bulk crltital ' fleld "nd ·'f. constant. 
dependihg on the size of the filaments. the· 
coherence le.ngth and the penetration dep.th. 
As Hc p .. ks between 4 and 5 f/a 50 wIll Hi' 
Finally , pl".enomena such as flux trapp ing, 
an i sotropy, peak effect .can be explained by 
the n iameT1 tar~ t heory and no t bt tHe GLAG 
\ heory. · Actua Iyo . . .. . . tHe Gl A fheoncs 
and f jl amentary mode ls may both be corrt:ct 
but the GlAG mode 1 fits the more 
homogeneous ~~a so r t ha rd superconductors. 
There 1S r.o s hilrp i,ne and negat iv e surf ace 
energ y n:ay be needed to rea h ze the 
fi l amentary structure. " 
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Figure 5. Experimentally determined tra~sition field, 
Hr versus composition for Ti-Y alloys, compared \'d.th 

~heoretical values for Hc2 (from GlAG theory) and for 

Hp (the paramagnetic limIting field) . (After 
Berlincourt and H;ke. 1952). 
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the hc31 c:Ip3.dty oj V,Ga in fields of D. 40. 
';0 kKauss . The dashed line represents the extrapolzed 

'~bchavior l'~pcL:lt!d for the nonnal state ,based OD meas­
urements above the critica1 temperature (l·LGtr'K)~ 
The pC'I'SiHtcnce of the heat capacity peak in thC ~ 
J\l'( ic fi~'1 d and the ,;mallncss of the intcrcL-pf. at «rK 
cump3.rccl with l' tstrai,ght line} arc' evidence for 2 br:e 
dl:J.! I'cc of superconductivity in high magnetic fields. 

!tAll of the re!;ults reported here can 
be .int.erpreted by assuming that the sample 
contii1 ns larQe nUlllber of f11Ulents 
{p.robabl dlS oeat ons W ose e 
diameters are sufficient aT e but .less 
t n he enetratlon eta 
the sampl~ appears SUperconducti n9. 
Sccause of the structure and l ow 
compre!.si bility of ~3Gal thls assur;ptlon 

has been shown to be reasonable by Hauser 
and He I f and. However I H 1 S ex E'ctt!d t ha 
a perfect single crysta 0 V~Ga free of • 
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Figure 7. 1riangular "fares. lattice for "type II 
superconductor as revealed h:y ~gnetic decoration 
technlque . (After Essmann ~ lrauble, 1967.) 
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