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In the 1ntroduction the following topics ere briet&y ﬁbﬁtiqa?@éﬂ;
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1.7
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l.i. Fhat'is gugercggduct;v;t! : ; {  = "fgﬁ
: | Soue metals and alloya when cooled below their critical tem~"
'perature loose ‘their electrical resistance and exnel the applled T
' static mamnetic field 1f the magneeic fiéld 13 of walue 1eea than ﬁc
"“f;thich is the‘crituwﬂ.valua, Jhere Ho denends on the matertnl aud thﬁ
5; fggometric properties or the aannls; i _ b ',“'; “.“ﬁ-* M

(Vhat is Buperconductivity ,55; ? f;~L~Vﬂ-"ﬁ"f i%fﬁi
F &
|

,Masnetoresistance R I -7Q;5' ‘n}:gfﬁj“u*t
~ Diamagnetism Ty 3 '?f:f :i Vi
35,

"BuC.B. (Mieroacoplic) Theory of BupercondnctIVity }:{?if
’Some Applications of Superconductivity Ay "f‘j”{s
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Discovery and Origin of the»Superconducttvo rhgnnmeﬁ; |

g : r, J
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Distribution of Superconductivity amoﬁg the‘elamentﬁqxﬁ

Phenomenological Theories of auperconductivlty jﬁi/eﬁjﬁ

e |

1.8a) Electromagnets R r },;31{}.
1,8b) buspeﬂsion Systéma | Ar ' ;:fﬁﬁpjﬁai}%
- 1.8¢) Electrieal Switching Elemente | ‘ g
1.38a) Peraiatent current-stor&ge'
' 1,8e) iSupefééndqctingvboieﬁeters' _‘ ff:x“l {fr
1.8¢)  Bhe Heat Valve . Ak

di o .'4-_‘1
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auperconduetivity is bouudod abava‘b? sppratimately °K. Tq obmaln

Atemperaturea belsw 209K‘the speeiﬁen und%r 1rw65t1gation 13 thmégsaﬂ. 7

1n 11qu1d hydrogen cr liquid helium evaporatlng at a hiven preaaure
which determines 1ts temperature. Liquid Helium is seneraliyii'fffu

) .,4:?- |

;sr“{z;;f used and 1ts boilinm temperature at atmaspherie preadura A

.‘13 4,29, To lower the bolling teaperature the prassuré 1& decreaue&'e

_1.2. Diseovery gnd Origin of the Suoercggdgct;ve ngnggegg

Onnes, the Lelden Physicist, was able to liquify helium ,’F?

in 1908 and obtalined speciments that are cooled 1o temneratures 1n ;fff

the neighbourhood o6f the bolling point of 11qu1d helium (4 2°K).
First experiments bv Onnes lead to the result that: The'~‘4

reeistance of very purse platimum became constant 1nstead or oassing

5 through a minimum or tending to vanisah at abaolute Zero. ~:old be~;»f;

¢ a4
_haved the same way. K. Onhes ex;e@ﬁx‘th&t be would find the bﬁaiaaglg-

tance of the eample will g0 down to zero when extrapolated to zarn '52?

degree Kelvin. This was not the case and he concluded tbat the

residual resistance was due to the 1mour1t1es vresent in the apeoimen.

His next try was ta use highly purified mercury and his experimentz7ffl

with mercurj showed that at 4,2°K the resistance had tecome 500 times

less than that of the solid wire at the melting point of mercury. Q”}E

This experiment showed that at very 1ow temperature metals can behave

quite strangely, 1n particular exibtting the 99 called swpqreenﬂuctive

......

'behaviour._. _ ’ |
The origin of superconductivity has long been suepected to bé
8 quantum.mechanical mnchanlem whieh prevails at very low Lempergtureu

:?LA model Luvqiving thg éondensaticn of p&ia or canduetibﬁ lodtrqnﬂ.ot

;;":7, m@ﬁthéﬁm 1‘5#?“ ]..D"er eneréx St&w was am& ‘t,o I,QO’J‘JI}‘ fﬂr mos\‘.
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out being scatzered. e
,gsuparconduetOPB 1n ths pure auperconductlng state. e ahamiﬁhsvg ‘
more to say about zhe mechanism which is responsible of the ﬁupeﬂ-

_ciductive behaviour later on.

1.3. Magnetoresistance |
K. Onnes in 1913 found out that a cprf@nt exqeed;ng5th§‘;'  

eritical value will render a superconductor normal. The'aupercbﬂ~' ,

dueting specimen can also be rendered normal by the applloation of

-an external magnetic field greater than He, where He in the critlcal

field that would just accomplish the superconducting to normal tran~:xf

sition, We can see straight away that' there are two cond;tions;foﬁ'; 

’the oersistance of superconductivity:

a) 'Phe current through the speciment must be 1esa than' 1c
where 1, 1s the crltical gurrent,

b) The external field must be less than He. |

In 1916 ailsbee guggested that the current 1nduced transitlcn

gould as well be & snecial case of the field 1nduced transition,

then the current 1nduced transition can be explained on the gronnds,f
that when current throush the wire reaches a valus tnat would pro-iii‘i
-'duce a magnette 1eld of strenzth He on the eurface then the trauei~ Vi

‘tion takes place.; This condition 13 known as_the Silspee eonditiam, 3
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a negative 1nduoed magnetlc moment.K This magnetic moment oppasgk
 the applied field, and the T AR is called diamagnetiam. ﬁg;?j ' 
Applicatlon of a magnetic field to non—ferromagnetie uetal
induces eddy currents at the surfaee 80 as tc shiald“ the interior. 1
These currents are due to a change 1n the magnetic field aﬁd 1n the
'steady state they do not exist (they dEcay) and~tha magnetic field b &
18 uniforn - everywhere 1nside and outside.' :
| In the case of a nerfect conduetor tbo eddy cnrrsnts wrll
nét decay and the interfor will always e shielded" *rms is 1
observed in sunerconductors with the nroviso that at the surface' /J1
tpe;magnetic rield.does not exceed the value‘of Hes Yet auperecn;ﬂifii
: ductors differ frqm:the perfect conductor Tundamentally.v Since,;“':"
For & perfect conductor: if an appliedﬁeiternal:fleld;is:;QQ”fv
removed one would expect permanent eddy currents generated to ka@ﬁjyf
the internmal field constant, | .V_.. a;;;;fﬁgw
For a super conductor: the nagnetic field 1nside & bedv 15;RTL
expelled during the transition from normal=-to- auperconductlng stnt&.;ii
This effect was discovered by Meissaner and Ochsenfeld in 1933, and :- L
1s called the Meissner effeet. .What ‘eissner and Ochsenfeld actuall? J
found was that the field distribution around a homogeneous surer-' ¥ |4
conducting body of low demapnetisina factor always correspond to a.L J
zers internal field, whatever its magnetic and thermal story. In. ;

other words, 1f a body in a magnetic field is cooled down to a

temperature to atfain superconductive properities it expels the

magnetic flux abruptly.as the norﬁal»to-sﬁpefconduct1ng‘tranaitloﬁ“f?‘

- takes place.’
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Sucerconductivity cccurs 1n metallic elements and their
.alloys. Over 20 metallic elements, can acauire the aupérconductivs :*Zl
behcviogr.' These elements are non-;erromagnspic and’ have 25t0w8_
valencéielectrcns. _ 5 - : % ,  ,’ch

in generalreuperconductors are dviacd into two categories f:c

as Class I superconductors and Class 11 supercchductors. ‘ 5.

‘ Clasgs I: 'These are known4as the sofc.éuperconductcéac Tbeiri‘;

chief characteristics are that they are not sensitive to straine aﬂwjéi

1mpurities because they can anneal at room temperatures.' They - alaa  -

| neve low meluing points as expected from the creviouq characterzstléa';
‘Tbese supercondUctors show sharp transitions and | exhibit the .

Meissner Effect. .

e Class IT: These are caelled the hard superconduetors. In :;ﬁ

'conticSt to soft superconductcrs they havé 1gh,me1t1ng noints and
'their vroperities depend strongly on thelr 11cur1ty content. Théy ,f»f

are not perfectly diamsgnetic and have road magnetic transitions.

s
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'bFIGURE 1.1. ° CRITIGAL FIELDS AND TEMPERATUEE% or
Y s ELEMENTAL AND SOME COMPOUND CUPERGONDUCTORS
e 25 Sl - W.K, BEAM > 298

In: 1911 when F Onnes first observed the phenomenon of
s superconductivity in mercury Quantum Nechanics was nou- etistont

intraductlon of Quantum Mechanicsa 1nto the«scientific thought

c ror‘sha ebsa'

{.

thla period

of 46 years phyaicists triod to: accoun
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'explaining the observed facta 1n terms of theoretieal fgrmalism. fuf"

A ”f t1v1ty will be very briefly stated. Mosg or the attﬁntion 1éfnai¢
5‘to the ruadamental equat:ons Qf this theory. _ |

< following the Londons' theory two other thoorieé which are raglly:
: modiflcatlons on the Lnndon two fluid theory are mentionedA, Thbﬁﬁ

T by

"fana they obtained the followins set. of relatlons to explain the:

- . e % ——— - g -

‘i'ioccaaionally have the power tq predict related phenomena besidos {i;w

Among tbeae theorien one by Landon Broth&ra 13 comparativﬁly

‘simple and covers 2 wide area: of‘the field concerned .fiﬂ,7°-‘5'f1

=33 the followins paragraohs Londené' tbeory of suuereanau;

~. non-local thaory of superconductivity..,.'“jip ﬁ_; *‘

Londons

the Pro. of Royal. Soc. (London) 19358, under the title' "The

Electromagnetic Equatlons of the bupraconductor NACp this bhearx

B, and F. London ‘pevliced

_ S e e s el
séﬁ ‘ , : 1, ¢ s
- where Ny = density of superelectrons

= current density due to. supérelectrons
= magnétic flux density
M= effective mose of electrons

=.e1eotroni- charge

e VO : Pt A

e



later on.

where | 0"‘:: nenduetivit.v (nomal)
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acattered by the lattice. 

The gigzbﬁrgjhwndwu Theo&y : :

The London theory ie etact for ‘4<$L{
-freqvuencles. The followine theory is valid for R e the 1t 1s ’
modified forw of’ Londons theory.

Gibbs free energy for a superconductor iw nagnetic field

iven by v : } ; 'A | >
Gsﬁa>’v=:»de<o)j+* B2,
Lo s ‘ st i ]
.r& QB(H) 1& Gibba frbe amnygy ner Anit volune._ e ,‘?f ;7~f




\V: 1& t.he order paramter
M.a egn e 1denur1ea with n

- 3 3 p riiiy

i 1 \ § 3 ¥ L5

Gs(o} 13 t.aken as

i i O 16) v “""""2"2 ‘“W .
t.,':; 1{ "Yn 18 t.he aqullibrj.um value of «F B e R ; % ?r_ o
f"-*""i;‘ng: 2 G;,Li}a) o ,for H ‘3 :

AL | gL s ,
: % ean be obtained as

-

i K N NS e A
and ¥ Gs‘LO) “‘bn“c}j Tl it

.

‘41 o

. therefore — T -g-' /YT B

Where He 1s the themodyvamio eritical field for & bulk aunerconduc-r ‘

: ‘_‘:‘~t0r 1 i

3o0lutl on . of. Lq £ 54 7 gilyes the frndansntal sequatlons ofithe J

'_f":inzbursz-L&?“(’ﬂu theorj‘ s Rk g T e e S0 TG
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;It is ﬁii’f‘icult to pelieve that the addition of smau amua-.s af‘

oy byi

A A

TR i X ,
s,'y.‘ X7 T . 22

- vThe P;gpard Non-Logal zhgp_y

UK eBe Pippard discovered that the: additien of Iess bh&n ‘ﬂ~QT«\

,:‘lndtvm to pure tin produced ) subatantial 1norease in: the penatratian,

a&
"dep&h-of the applied magnetic~fleld whlch is sivon as the funetiaﬁf

3

-_of effactive electron. mass and density by the ‘London 2 fluid\theovyk .

"f,.‘. 3 x; )

‘to causge a substantial change in the penetration depth. Pippar&
4 realizing that this cannot be explained in zarms of tho Loh&bn 2 flulé

ey

'-';'theory modlfied the following Lnndon equatlon

CA T)Vﬁjs-\-w—- Tiof c./l(T)

~ where g i’ U ke

Iiﬁ} usutjj‘) Y'“-A( )'r 0‘ 

With (1;8),and thé;following empirical relation 5
TR 7

surrounding redius over which A'is averapged,

I

‘where

|
mean free path of electrone % . M,j
- - r 4 ‘

|

- auge Of coberence ror the pure metal

i??g*hr*a1nﬁ

an empirical constant : 6'7'7; .




IRESIS
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Pippard was able to acceunt for the. Variamioh»of“&he penetra-
tion depth for varying concentvation or 1mnur1ties, s T$¢7,ﬁf,“

with the experimental observations. This was about evarything
expected from the previoualy mentioned thaories. For a'mioﬁoacopic

theory the same requiraments hold true and in addltion the theory iﬁ q

to explaln the origin, tbe mechaniam of superconductivlty, Fbr%horw“)
more, ‘a microseop;q thaory muat have the pouer to prediet,“related

i .q':'»

nzw phgnomena. o S .'-: i W  ““j,‘ : '!‘35'\2"Ml;”' *f

¥

i

: ‘ The f&cts to be explainsd by a microscopic ﬁheory ‘of. sup£r~ifg
: conductivity are siven by Bardeen, Cooper aud Schrieffér'aa° ,‘;:.;;f;
a) A second-order phaae transltion at tho critical | g
»4 s temperature (Tc) B ' : '__

b). An elactronic specific heat varying as egp (“hl)Ageaﬁs
. zero degrees Kelvin, ', | TR et g f : 7‘ ;
A'c) ‘The Meigsner effect | | . |
' a) Infinite conductivity

e) The dependence of T, on isotopic mass s | '~1ﬂ}?~

J. Bardeen, L.¥., Cooper, and d Rty Schrléffer preséntééAa
theory which can account for the above experimental o“servations and
which *1ves good quant‘ta*ive agreement for specific heats, uenétra».
s {tipn-depth and their dependence on temperatures.

y A = & i b
By L P fii s ‘ 2 5 g 53
- AL = il N " g 1 T h |




potnn o LB LS

RO’BBR‘!’ COLLEGE GRADUATB SCBOOL

BEBEK, ISTANBUL » : PAG? Az

In tneir calculationa Ra“deen, Cooper and Schrieffer disrea‘“g
“xarded the band structure of allowed energiee of electrone 1n metala.;
LffThis is the case where no periodic notential exists 1nside of t“rkigbﬂ
: bulk metal. It 13 a well known fact that. without taking the geriaﬂ!~ |
".city of’ the: lattice Anto account one cannot ge v°ry far when nor&&l

'Vtemperatures are concerned, yet the Bau.s. theory 8/ suoceqé 13 §n0-~ﬁf

minant The. auooeas Qf the theory ean’ be attributed tkohat is 5
‘ called uhe prinoiple df simllarity o or ;omthe raet that thﬁlcumvbs*

7
such.as H. ya.T tor all snparconduotora have bbe same sbapa.~ i

1n~1955 cooper ahoued that. pairs.éf élactrons coulﬁ _QW;;_ .

-

PIGURE ‘1.2, = DENSIDY OF STATES CURVES AND ELECTRO
T ‘ ENERGY ~ DISTRIBUTION

§
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nomzni' éo!.t:ﬁen cuanm'm scaoox,

.‘*;effective.‘ Having this 1n mind the raaaen rar<£he currant 2p

'fgi,nosligible

; n;znxnt,ls-rmm | U o a SE AT
: i : & |

a)  Normal Metal at room temperature Vo

k)  Normal metal at abaoluto zero R
¢)  BiC.5. model superconductor at absolute Zera. Llfg ;7ﬂ$€

W

_As Bhown in Fisure Ly ?(c) there 18 an energy gap of widﬁﬁ;ﬂ

(2€,) centered around the Ferai level. At T = o all the electrona .{
have energies equal or less than (Ef - &) and are counlea as virtual4'
nairs.' For higher temperatures some electrons are excited aero&a ﬁhe :
energy ¢ap but the total number of states below Ef (Ferml 19ve1) ‘§
remains unchenged. In aupezsonduoting atate the enérsy reéﬁirad:to

disrupt a Cogper palr and excite theun to- tne normal,band i$ equql taﬁ

the gap. energy (QEa) Consequently,a Eooper pair to e scattﬁﬂld‘b

‘.the lattice requires an energy of 26, . T probability of th;alf

'fonla at Velocitles higher than & certain value this*ﬁtoﬁéb&iﬁﬂﬂ%iﬁiﬁ§% 

~ transition.

- elties are

thererore the resistance apgears to be zero., Bu% as

scatterinL interactions and the superconductingoto-normal trans&tien

takes place. ‘ | v | 4 : .fﬂ}i“w~.;,'
1,8, Sgme Agglzcgt;ons of Supe rconouctiz;t, : ! i'.l  "f%sﬁ

In the following paragrapba some application of sunercanduc- -
tivity will be described or stated very briefly. It i not poszible
to aisouas the full signlfiuance of these applications at thls e&age 4
’_,since very littls theoretical backgrcund is provided up to now 1f nob
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ring-remaihs'for a long time wlthbut decaylng. This broparty of,>

i o 1;8a. gp;pmetera ook of f.'ui~;ri Ao ;,’A 'j;§>k.«5
CAiSy (S ' ‘ 3

A bolometer-is a radiation detector whoae oparatian éagpnﬁg'

&

At -

‘temperatures are .preferred for sensitivity reasons. eince at" Law

A : 3
ek R [ " > N . y X 4
¥ % I v 5 & ) v - * E
TP LW e 5 % ' 4%, SN : i 1
' oy ARt ) 4 " \ : o, | gl & Py e

L A - : r 4 J!
- ‘on the Variation ‘of the reaistance with the temperature or a.ﬁon&uﬁé«

,tor exposed to ‘he heating effect of inuident radiatlon. fﬁﬁﬁéigﬁT“F;'

v-temperaturel the thermal noise level which sets the 11m1t or -Q-5}@
"sensitivity 13 lower, Aleo the specific heat of maﬁeria*s decreaaev5‘

",hwith decreaeing temperaturee ‘which also helps. Ior the sensitivity.rﬂy

lsuperconductors can be used in the manory of a eomputer.ﬁ The i‘g“vi,a
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It may be worthwhile to note that usins & emall £ilm ef a'eunereon~
ductor as the detecting elemen‘t. 1@ was possible to detect radiaticm

power of 107+ Watd. . 5 ey ,' . _ '>‘1  ~ﬁ”f_:f3

— W —

1.8f, The ﬁgt_var

tancé in the superconducting

state. to_its ezt resistance_in its

normal state has & value about 100, This charavterlstic5suégests

)

the use as & heat ¥R1VeE, with a distingulshing charaeterisbic or.nm

moving parts. Working with refriperation systems. designed te obt&i

NG » wAPy 3 o e
1 Lo e e § &
e ;,«“v 40 : T A
ol v o W # b e
w 1.7 b -‘u [ e YW 2
sl 1‘4 .‘ T |_u_l' ' - e 2 U S PITREC g AN
i———— 2 o - : - W -
T : S Rt ol ¥ : g i 3 g W 3 sy ?
I iy 3 - 3 b - L M
s l A s s S WL et [ 5
- .

temperatures below 0,3%K a heat valve with movin@ part can produae 5

substantial heat by friction so.as to 11m1t the lowest temuergtuﬁa
attainable by the systca,

The suvércondueting heet we ﬁf eaeily

extends thié 14imit,

g
A
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¥ SRR
~ - ey
F L e - ‘




.‘?  magnetic 1nduction 18 constant in'time.- Now we may note'that t‘

C L ACRABRER I

‘ THEORIES oF sUPEchngGT;virx‘-w)"

p

An the suverconducting st ate are laid down hrieflg. s '
U of tbeories of sunerconductivitj are stabed and soNe~or tﬁeéisyarﬁ

F AW

 ‘ app‘lcatiana of metale in tne sumereonﬁacting ststcwgré ment&oﬁéﬂg
' In this section the theories of anperconductiiity w1$1 be;

v.‘

‘worked ouvt somewhat An‘detall in the fallowins crder.,

L3

L ;hernodynamlcé of the | uperconduftlng State
2. London Two Fluid Theory 4%

=z S R B - |
-

00 e PRy Theorv of :ude"eon&vctivlty

Bele Thermodgnamics of the oupercogductigg Sgat

evidence of the fact that the supércon ducting phase 13 & $1nglé¢ 
 ‘ard 1t is stable.: Infinite conductivity shown by exnerimcﬁts'impli

that the electrio field inaide e sdgercondueoor is Zero and the‘i

(Ho<;Ii) and at temnerature T, where H, and Ty are the crftivaf _
1fle1d andithe crifical temperature reSpective¢y. ._, ih ;
a) Lfor T-)‘T the samnle may be placed in & magnetic field:‘ |

H and temperature T is reduced uO a va*ue lower tban T




& J «: ‘-: e m:_y pAEL R gl g Pl St £ ; g d l ; A‘; : ‘2,‘1 y '.*‘ e
BT AR R ;_{A‘,:“‘; tnmu:frxn;hdn<nmbm¢18SEHBOL , Db e
PO S B RS xﬂm Fa R e U A R
A e ,7; s T : . S .

“samnle is ho, for the ‘case (b) the 1nduction 1n Lhe samnle 15 zero.‘

G .“-,
&

hese results can be reasoned out as follows. g Yol st )
¥ Y P \
Case §a1 Nagnetic field: H 15 aet up in the materlal 1n tﬁbig

normal: state and that remains to be the case after the trana*tibnu J,i 

Cass (b)i When Hg is. switched on the sample 1s alreaﬁy ia%ﬁ“f;

‘the superconductling state and the nnn-decaying eddies keep the “ﬁﬁ‘ msf

netic field out of the meterial. We sée thet 1t 18 posaib;a to pr&-ﬁ
pare a superconducting soecimen wlth a given value of H (H | %
nresent 1naide the Specimen. ) {
of aupercenductiv;ty. Herice the methods of equilibrtum thﬁrmodynipt;'q

cannot be abpliéd

that the suﬂerconductive state is & slmole stable state (field 1n51ﬂ§ g

54.

18 zero whatever the history of the specimen) and the methqu of -“397

~eqidlibrium thermodynamlcs can Ye used with confidence, ,qﬂfﬁ.;gif
, T

We must note that the remarks up to now strictly speakins

applles for a slender cylinder with axis along the applied magnetic

field,. : : ¥ _ 55 ;4?;"-‘

The total free energy in fields greater than H,(T) 1s glven I

by ‘ | I o ¢
Gn + Em ;

Gn = energy of normal state ' AP | L T

En = the energy with no specimen Iin the field.

For flelds H. < H, the specimen behaves like & perfect diaé»~fj*
megnet and the magnetic moment of the specimen is
' 4T

]
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where

V = volume of the spgcﬁmen' '
Therefore for the magnetic énergy we have

E_ i VH2 /81T

arngd for

B B (T)

Gult) = B+ VEE 55
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‘Using 2.2 and‘é.ifQQ dhtain Ok A ey )
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In order to account for the terns on thé.R,H{S of relatien é j y@
' reason &s followa, ‘ ' =

We know emprically that the epeclflc heat of & subereonduuteri__
decreases a8 fast as T-. We also know that the lzttice contribution
1s ag T2's; therefore C,. (of electrons) must decrease at least. ae i

fast g T°,  Gonsegtentlys the first term on the R.H.8. of 2.3 ehould

be the speslfic heat of the electrons in the normal state f{ﬂﬁf

&,

(et Lo
g s T e
W

But for the specific heat of electrons in the normal state is ),'rﬁ;\;
”
glven by R~

R Vo ‘F « ’
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Thererore, we cah 1dent1fy -ld’ e '

An the normal atate.

For the derivatlon of the tkermodynamieal results in tha
previous sectlion a narrow cylinder placed 1n a magneﬁic rield psralkpjf‘
to its axisg 18 considered, The resson for this was te avnid thai ¢ o
penetration depth and the intermediate state ginece ‘for tbat parti;
lar geometrv thie penetration depth.1is negliglble and the tranaitlbn,J T;
from normal-to-éuparconducting state and vice verss is completa.,‘
In other words we have assumed that the whole of the specimen 18
elther in the supercond eting or in the normal state, however, this
is not the case always and some parts of the samvle can be 1n the ff:

superconducting state while other partis in the normal state and thiéjni
con8titudes the Intermediate State. Intermediate State 1is clearly-i
not a new state, but =a cbmbination of the two states 1ﬁ the same
body. . ‘
| In order to see how the intermediste state arises consider th&?
followling example: : |

A_supefconﬁucting gphere.at’ temperature T (T<T,) and $n .8

.
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(H > H;) 88 in Figure 2.1,

FIGURE 2,1

'fieation the field there can exceed the cri*ical value causing the

metal at the equator t6. remain normal. Therelore, the metal at‘the
equator turns to normal but then flpx ‘can penetrate in and thisn*”;
lowers the Qoncentration of the force lines at the equator resulttns
in the éctioh that the metal at the equator returns to,the super~}f 
conducting state. The following graéh_relate& the magnetic momeni

_of & sphere to the applied magnetic field,
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y the~ penetrauon starts an& wit.h further 1nereasa m I-Ltﬁe

panaxlgl to the aﬁplﬁed magnetic field andAbranches out 1nto,f1h

L .v.aolq"*k; - ¥
laminae nesr the—surface. . The branching out~1nto finer laminﬁt~n§§§fja

-~
indvuction B can.be used to describe the magnetic field inslae the
sweéimen. The actual-’ laminae structure 1s not 1mnortant here sinwej”
_wa use the mean values for flux.

 4 . mhe following re;ation ean be, uaed to fina the microaeopiw fig

uavugﬁig»field 7 within the sneciment fffiyﬂ;j“«lfiﬁgs ¢‘1~F? :
*";4-,;4‘,, i e e e i e ‘
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" where

G = free energy

follows let ”;

v‘-a = the fraction_of the specimen thax 18 normal

the traetlon of the eneciment that 1&-aupercbnduotin

contrlbuhaon of supercondueting laminae to frea enavsg'dcn

a)%AQ

19 sivan as

butTon & the, free energy density 3 ‘7ﬂf¢
(? 2 %sw)f /mr
For the total free energy desmity of the speciment we have

4 ; t ~ ‘ AP -_Z- “[ \
Lot ts (359 alr) He /477 |

where Lr) is the fraction of the normal material at the macro-'

- \ !
acopic point [ . . But {.c."\f} 1s related to the average B(p through
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of thg superaonductlng state are~stated.

g'Eon&ons start with the rolluwing twn statGMants,~v~b

T o

: 1; The aecaleraticr equatlon (to be modified)
- Meissner and Ochsenfeld Erfect
The-accelerationAequation ia Bt A i A

A -!A " v ; ¥ : ¢ q ELAAE
AEaE s Gl ASTE A

where n mass of electron

3 | - e :[ng-ga :
gk iie m ] HEeE iy ot °1?cwm mﬁu\c\m\\:&mﬁ%‘@m@%
I s R, electronlc charge’ Lo S i 2 ;i 7E

'E.Jn‘;.;gi;‘Thia equation 1mnliee that 1ﬁ aupereonduetors the?e 13 ﬁo

Lé motioﬁ in the

gu&@tion

X

or friation (scattering) for”qgggﬁron‘
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1attice, but, then electron oan accelerate cont 1nuously whidﬁ'ms; :
plausiole at all Usinb tae accelerat*on eqnatlon as it stanﬂs
Lo ' conjunction with the haxwell's equationa lead theorytitiana

"aondons

a number of difficulties.

conaistent set of equations explainlng %he eleatromasnetic;

% “:h.

o

of the suherconductora.

The deve]opment was ae followa*—-ffm*

S

But from Maxwells equaticns we have the rab

“,-.f ¥

therefore we oan obtaln g

wheve - <

b4

‘].z current density

Q,: velocity Qf 115&? v

being auare of thla,MOﬂffin 3 E?£Ji
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“from 2.6 -and 2.7 we have . : ' o e
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but J =8

S S

1% |

and "V,AH:‘-O v : $5 5

2h §
=

- therefore using 2.9, 2.

0. on 2.8"we gét.' _
Ac VH H

Intenrating “.11 W, r 3 - time we have 7 s Vo, (2 R ;;~ﬂl

A e V 2 (H g’) H"‘Ho i F“
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where oy )\1: Z\ C.l , g Aeann g

H "= external fleid

H,-= fleld preseut lpn the hypothetlical body when its reeiéJ'W

1
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tence fell to-zerqs.
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Relation a.éﬁ 13 valid whiet Ver there is a hole
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the surface bouﬂded by C;
the surface boUnded by (:
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nega&ive or' zero.' Thls cleaﬁly represeﬁ a“f‘
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bodyq This wa s about all that was sa&éfhbd&
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masnetic field of H, at the eqnator say Hoo.:
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- side of the 1nvernhase 1s also ZE€r0,

We have the general relation for the magnetiy fields viz.
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tien mlght ruin everything, (1f not t.rue).k

‘ Mééhkovsky shower‘ t}"at the domain gizeg are gf‘t
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| g ey
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' .f E;me % CP,(T‘)
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Equations

‘applicable.
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-,:feld 1nside the sphere

fi_éld near the equa't.or

fiéid near the 901€ '

the  tsanatisation ..
» 8} Hi= 0 f’éi:‘ A Bl< % H
b) H, =K for |H {>2/.4 Hc‘
}‘c)& By = Hl fo'r h_‘ ‘}‘/J




H parallel to the boundaries‘

E normal~to'the'boundar1ea _

c) Flnally wé ‘assume that the‘J
boundaries exlst 1n an apnroximately

‘yarallel orieztatidn aa‘shown 1n the

figure. Then the two flelad veétqns"

arb perpendicu‘ar to each other as

E=aE
b=aH
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U 13 mhe enerby
F'is the HeLMholtz free energj

H is the entholpy
G 18 the
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‘région.- Relation V\ E

it We know that. v x E = 0 therefore B
and electric field E exists in the

normal region as shown, Therefore, we.

see t.hat an electric field nust exiat ‘ :
on the svperconducting side .80 tha‘ the _
aboVe conditione are satisfied

- We also note that due to the hyxmmetry we have no . ﬂ.‘

-~ i aE
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