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2218|2019 . 1 INTERF&REMCE

it S

Intevference:

TIntevfevernce. can be .defined as (—be intexaction
between kWO Of Move. waves | of  the ame or very

close Ereguencies emitied Fom coberent SOUCES.

where tne LoaveEToNEs are  combired acodirg

to the principle of saper,position -
In optcs, the intevfeverre eans the superpation

Of two OV move waves - cohich  Tesults N ae

new LCO\/Q F(ltte'fn o b Lo leiseu’{mnces
The wesulting vediation in.  the e
pvoo{ucecl by the wnves is lled the m&e"‘r Y

' Pat&e'm
Supe*rposnhzm
suPe/posnton is ther vectmnl acb\tbm’) by Loaves

(electiic field toove) - B0 S

(obeyent Sowrces :

‘ Iﬁ)tevFefence Fat-i:em eoill
1 the . .Souvees. cve cobever)t Too ‘souvces of Light
ove  aid D be cobever)& H‘- Hye_q eroit unves of the
9 the .same
ierence

be: obsewed .oPY

e fraguency (o wavefengeb),
amplitude ard . noalntafr) a constant  phase.
betieen them . No .su.me. is  penfectly: eobevent -

G*xamples of cohétent: souiace : Lasers, ., Ne lamP,- -

e
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Ly ye

e onnot  houg peffecﬂ;j (DT Lo
of be fllpwing FwFOsOTE,
-Upce*ftamtrj Porirf.xge

~ AF = ioR
A F= >~
7 e - N
] hsv >_b
DAk

’ HQiDtdﬂl‘nﬂ a (orstark Pbg;_e differnte
Mctm*am:na a (onskant Drﬂf A AT
d: Fﬁwlb b&auxz woe ERYE¥ WOovE IS i corArumds

Cobe"rence_
(ohererce. i3 & P'm-(ty of waves  Hok

i-e.. be Interferernee

getting stationary intevterence, I-€.,

=

r/—'ﬁ -Jd '6

P
—~

oz

céhiéh"ts 6émpcrra[l9 ord, spobally nsont
cohevene. of o wavwe deperds- oy He Crg:r_g_gf—gr;;t;';
of iks source.

1. ’férr)po*ral cobevence (related to hmy
e A mreOsSure of the correlabon

I ,..pfrf
betweep T2 P

“of a uave(light) atd'“e@"’: poirts alorg. oS
Aivection of wave. propagofon -
. vy ; o s SIirA
* IF ‘the phase differente o the ‘woove (TR
of VoA

Fre two points lying. clong the ditection
Propagation is mdependent Of Hroe, 2D ‘e ol
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aaid  bhavé Eempo'ral cobeyerxe -

e Also known Qs (or)ﬁitudim( cohevepce . .

o Scveen  should ' be . plated at a distaxe  [esg
than cobevent plane- ‘

2. Spatial- (oherence (velated to Spacﬁ)

"o A tpeasune - of-  the corelation betu.)EeD the quges
of a wave(lght) at diecerent Poxpts Ak”lrar)svevse to

the divection of [vmpn%ahcs‘o |

- oTf. the Phose d‘(’(:erence ofF H‘i_’ waoves crossmg
the two points lyivg cm G plane Pe“lpeml\culo\“f to
‘e divecion, of upve ‘P'mpa%q‘hoﬂ q_s‘,\'r)d.ependeo&,
of time then the wave is said to fave  spotial vcobe‘remo_

e Also know - as latemd cobercnce ,

Coheyence. Tme, and Cbbe:ffrxe. Lfan)

fov a sigle F'reqperxg toave , Hhe hme interval
over wohich tbe phase 'remams copstant is called

A
khe cobe'ra?ca time- Tt fs @anem[fg repre sented BY 46

The . dist'ance, Emvet(ed 199 Ebe» (th(‘ PU{SE’S
dwﬂf)ﬂ the CObeTence toe 1S kno(,of) OtS coberenCe
[engeb Tt s aepresented by AL - The cotevence (ength
s also alled the spatial intenal, wbich 1S Ehe
(ength ‘over which the phase - of.the LA Temains

constant -
AL = c 4E
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Const'ruchve mte'rference - ‘ .
; woo' waves aré nct drisplaced  with Yes
pobe

o eoch othey or wbhen they are ~Aisplaced &bm"ﬁb
ap integral pumber: OF wavelepgths, comstruttive,

takes Place Bﬂgbt- bands: are observed at those, POmf&

Path anFever)ce r;( r)/\

ﬁ)eshuchve InteTFEYeDce
. obep two woaves are dusplqced with” Yespect ko
eocb OU?eY b'j an odd numbey ef bale - mave‘eogtbs/

ol(fst'mchve mteveeverxe ’resultg Bar(k bands ‘of: Ucabt e
observed  at those pomts

fath leFP.YeDCQ X = (Qm‘)i J
Rastially deSHuchVe o CODS("YUCHVQ J?ﬁe’rfle
e o Cons rene
Ruti occ
o al inteyberenye. oS whep ke LoV \
me - fy % X )
fgether by, &:) J1.grat COVERNID apd e &,WQ
tughs go o ATE adg ey
ighs o e o o ed So Hhe C 0
desﬁ'ruch = 0P this iy betiq )
Lciv Dtevter, i3 '&QQD DSM
» l - Ve amg)
'“0679 IS Pp a
ed'st'”buhon o Z‘Oductmn, . o | ,
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czq\%w Interfevence In Thin Films — Reflecked System

onsidey transpovent- - thin. film  of ?’echhve
index. “p " and thicknes “t ..,

Consider A fraapoF (lghe AB  faling ov the
. upper surfoce oé’- the. Glip at op amle . A

 pagt of the gagkeyetﬁ veflected and  the other

= poat gels yefvacted along BDat an angle 7. A

Point &, the wave pp 13 agam partly eflected

Bom the secomd  surface along € and pavitly €MEIFS

ted
Cut alomy AH - Thus, inteerence occurs betwoeen. meflec

Waves BR g and EF. aed—also—betuween—the
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oM = 2tes7 — O
cup. © 10 © = &= HLQthQ

s Calleo( cosme (aw

- This . ob o
Aipg O e[echromagne&ic. tHe ge;ts sz::;
g | occ when Ltaht g
vex Teversal UL ) 490
densev ”)Ed,l .
\“ . to be. Tep\dced with BNtTE
BN has o P&
Te actuetl pCiH') Aseference 1S
e : “
8':-— QH‘:’LOS'T-*%. ‘,
) (i
ik I S=0N ,Const'fuch\re nt—e'rEe-(ence_ (,oh{—
‘ P\ &Ud the, il . wnl\ G\FP€CL"( b'na
ace
"‘.'.2_\- = ﬂ)\ : ;
thwsw 5 :
Qp%coS"J — DAY 5

(conclition for bright)

UA Jestruckve ke
v davk.

will take place orpQ the. Filmw will apper

_ A = (DA

B 9

fevence
whepn &= (20

2 bcosy

' A
9 pkcosy = DA+ _g_ ,h%;
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opteosT = (N+DA
When 2ptosY is ‘an 'ir)&egm\ mulk

Ple
the flm  will appew' davk. o )

g Why do scap bubbles aod oil sllcks QPPGOC:
- colouweol"?

The co’rﬂiﬁof) RJY clestmchve n’)te'tEeme i
ap\:cos'n DA - So, the H’)lckness ot soap bubHe qu

vy from point to PO'Db h)avele.ngtb A omd] Cngle Yy
Aals0 thapaes - White Rigbt consists o & Mange of

Loavelengths and- for SPGClFlC values of ‘t apd v
waves of ofly certain wavelengths ColoUr constmcty
ml;e'rfae TBeTe&mz ,only those colours A% present iny
eflected lgnt . othes Loavelepaths intevfere olestiudivey

i‘md byggéeﬁ absent: - Hence, the. film ok a paaticulas point
_AIR € ‘appeons tolouved .
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B dark pand, 2ptcs™ = DA
wbeo indident potmally, i=o and 7 tents tu zewm
opt=0A

for oir, p=!
9k=DA

¢ P& be the. rosition of Mt dawk finge

Le
ond Rs corresponds to N doak finge.
E‘l = ANt
%2 :rlQEaOS

tp_- tl = C'Xp_“’xl.) tane

tane = -t | (),)\-—-\'Y))) = (n-m) A
Ap—%] XD (—AD

-4 _ B (band wiclth )
n—-

C ng = N
<P
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‘.G\= ‘anazz\i) -

U el
& How will you  check. the planeness of a gfass plog
Using - inteyferometric.  technique 9
Tre planeness of a'suvface can be SLUSN
inspected  visually by keeping an optical Plat oy
the comporent at> an angle and  iluminating it
| with & momechyomabic light. IF the glass plate
i IS Yequloy, povallel stiight Lne fringes are
| Obtained . ITf the Oﬂnges ave cuved towads the
| ©otact edge , the surface is concave and| it the
. Tinges. cuwe. auny, it s comvex.

i9lakoq
— 'NEwTON's . RINGS.

¥ |
L

g '—l‘/"\\\
;5 /f S -
ri ‘\ S -
| \

T

. V’
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e a plano- convex lens  is. Placed ovey g
flat glass plate., thep a tnin. aly layer is formed
eed glass plate ‘ond & CoDVEX lens.

i« obtained: from bottom suvface

betw
TIntevference
of lens and top suvfae of glass -

For destiuctive superposition.
apkeos Y = PA
=0, (’,OS:T:\ / H:l

ot = DA
As we wmove (o centve , the 'Tiocjs will appeax

closey and clocer - This is berause. the thickness

is not unifovm throughout

OB EC% OCF
| 2
(R-4 % =R
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‘ - neglected .
o £ s very gpall, £ @ be 1N&j

ot = To
R

T2l R
(Tr) 4DR)\ l N

Equation to Find )\ in Lab

Dy = SJORA

By, = 2{HIRA

A (D+ORY — 4NRA

fgn 3 '90
kRA
A)MK g W 2 2]
A = Bfﬂ*h— 54 ‘1
4kR |

F
&: Bplain how will you find vefractive index ©

S
a Haospa'reot Liquid usmg ‘Newttns 17

!
l
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Refrackive index, p = Velodty of light in alr .
Velouta of lighs 1 rpediury

o ter \ be.
let A be wave\er)g}:h 0. ot Ql’ld X

p= PX
A
- A
)k\
Ae Bt - Ro
4kR
.
AR
: 2 2
Ae e = A
4k R
(2% e L
A - '@ngq_ = '&D
P akR
2 2 2.
TR ¢ 4kR
H 5 &Dik"‘ DD(L#_
N 2 E\f-}Z
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o Q .
ANTIRRFLECTION COATINGS 3

o b aa . tin
oflechior Atings Alls

wqeflection ¢OC ot

Aot pist et

COQUI')%}S oF CPUQ’\\ thick

e iyodes (O SHpPRY
u iy ordes to :
savelength - gvev on o suvfae |
LA *\CL |
\ » s -
qelblections oM the ST »
&
\ o |
i{‘\\s 7 --'l‘
r\.{‘\ Y {)
“\\‘\ }
Wy s I
H9 |

o ’ be
W e the thickness of. the 6w and W
the Film-roiteeiz))

inkerfeve destwctively, |

Let |

e vefvactve incedt of
The two WAVES

o, 2pbcosY = (*2(')1—1’]3; i,

ot = (2041 %,

the thicl:béss. .é@'the Eilmo i rpibiwmm,

Sine,

=0 r
.Q]J{' — _/\__ : ;\'
9 i

ps A

4t

b= A

AP
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DIFFRACTION

Pifiaction poenomenon is A comnon choackeritic
o€ all Kinds of waves- 1Wben waves pass peary an |
Ohstacle, they tend tp berd avound the. edeps op
the obstacte.

| The phenomepon of  bending of ligbt arurd
| the edcaeg ct an obstade eov the encrcachyept of
| light within the Cjeomehﬁca[ shadow is knowrn as
Aiffrodion .
Fespel and: Fraunbotfey Qiftvaction
Fresnel Riffvaction \ Faunhot-fer. Bi eackion
° Souvce, of Light and the \"TBe souvee. of Light-cindl the
aceen are ok Pini&edistd;xg\,smeen ane. ok infinite distanes
fom the aperture. from the apevture-
e Roys ave not ponallet: \o Rigs ave. porallel-
e Tncident wave font 1S ot e Tnciderk tave EYonE as
such is. plare-
o The phase of secondary |eThe secorrlony wavelets,
vaveleks 15 ok the some at leohich ovigipate Bvom the

all points 10 the Planéo? unblocked  portions oF the

wOavefyont, ade in S pha:
o This is simpe {2 bawdie
mathematially because e
wwys are paaliel:

plava-

the obstacle .
e Tt 1S experimentally simple

but the amlysic pwves o
be very complex.
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AN = (a-tb) siN®

\EQS‘“G D)\ X(coosﬂuchve"' "lr)(:er(?dence)

Ca+b) e colled grahng elerent -

- o)x
6\09 C—.j

1 -N.-=Do.0F gmhng _P?'T um{-
a+b -

s is alledl qatiog eqpebion: o

. T L] ‘\ ,. A
-\. 1]
N7 T ‘
. | . \ -
y. -
P, ] & \ \'-.
2% e 1 ' \ -
N F O . ™~ !
<, N ‘ —_ Sl
i z3 i ; | . ~ :V./
- | ) > '\" ]
- | i Y
. o ¥ '
\
X
Y
I
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REDLVING POWER:
Resolving ‘power is the copbilityot an

optiaal instrument k0 produce 'c[emlg separate
images. OF ko cbjects situated very clese. to
eachother, |
Rayleigh's  Criteion: o o

- The  theowy lof optical instyuments is bcuecP
on the -bws of geomet'ﬁcal gph’c'._s cmd: .7ectl'(un¢av‘
propagation of Lght. These laws e 'on%rj app?ozrrdaj
e, while. a beam O light fromn a poipt oaz
POSSEs tnough the objective  of- a telesops,

leps acts Uke

o dittaction pAEeT? -

Ths diffrackion patteyn s khowr as AlTYs (sc .
|

Tf theve. aque two
diffraction patterns are P'ftﬂuced , ehich My
each othey and it may be Aifficalt
To obtaip the

& an objective lers,

close poipt objects then two

ovevlop on
o distinquish them as seporate -
rosve of e esolving pOUET 0 .
aeich qupested o cateion knoop @3 F9lE3

cvikevion
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S e R IPSNSSSe=

According bo Ragleigh  cri€erion, ipoidet to see b
gpectral lines ac Sepavathe. the Nt priccipal roxinur
of the higher covelemgth  Should tall ‘atedst an the
Avsk secondarrg inium  attey the ptb prinaipal
Merimum of the lowey wavelength- This 'fs ecl;uvaler)e
to the cowhhmn that Ebe distane between  the
Ceotevs o€~ the Pateems Skl be: ol b the wadius

Of the Arrgs dlsc This ls cafleol as Eagfagbs (Anmt
of 'reso(uhon '
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Resolving  Bwer ok qudﬁT)j

The spectial yesolvirg, pouser of a graling
is the smuollest wavelength to%eﬂb.ﬂ (o\)D that cap

be detected by it Ir 1s tbe abuhttj of gnating fo
Aistinctly sePa'rate two very dose spectyall lines -

RESD\Vmg Powewr R= 55' ,

tbeve A\ is the differne of WO unvelengtbs

which a g‘latmg can (Tesolve.

’\}, g M
Consider o panallel beanp of Ught of wavengths

Aand XidA inddent nomoally on the Hane

tvans mission cjrahr)g having grating element CO‘HD

and tota] bumbey oF lines “N.. |
The two waelasths A and erdX) colll be
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jue esdved iE the follocoingy tuoo equalions age
sotished -
Fc;y the PnDC\PQ mcmmum/
_ C0+b)s\r)9 0()\+OUD
| For Se,coudaag mitmun,
(9S00 = n)\+_%\\l_

(o]

wheve, A — poth ditference behneef) Sewoo\amg
b wavelets from  fu. suecessive Suts-

% At A = DA+ DAA

No
N = Dd)\
No
._)\_ — DNO
AA
Resolving powey,,
o |
R= A _ ONo|
| O\/\ g

(

Thus, the Yesoivmg powey of a gating deperols oV

the total nuwbes o ¢ lines and the ‘ordey of the
Speckyum -
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Pispersive, - fower. of enating, . .
Qispersive powoer s the chame in the
angle. of- Aiffraction pev wnit change in coavelenyth .
The difyaction of the N order pPrincipal MU,
(@+B)sin® = NA
Rifferentiating,
(a+B)cosd = NAA

N=
€
wobherve, i

Tnkensity Ridibation oue to NS

e {y
1 L
- »k"";‘\ . . .
f/‘ ’\\1..-}( ‘ \\' . 4 ] { (V"'.! ‘4-)C (\';{ t\
/‘ o POAIIA
/ \ - fof "\P=d \ .
f ! \‘ \.-l \ L
' \ K
: \ SECoNIiY) ;
/ | S reralilN, ’ }
i \ / ‘ “
fi { : ( -&{\ | \ 3 1 t E
| AN | L
[ ([INN ] /(’ TERYAVE “ ‘ s
9 /i . o
&
‘)f}:'\gv@”#j wty ‘
r o i
al ;’c)
. tote] OC°C 7
‘\JC_ C - -‘
0 h),,jﬁt,‘;'
(Np-
(; ' \ Y Y12 \
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MAGNETISM AND ELECTROMAGNETIC THEORY

Magnetism
mndamenta\ forces
of nomre =
Gnavitatonal Weak nucleay 6\6(:h0mﬂ3m %;an] ‘
force FDYCQ FDTlCQ tovce
Becttic Magr)ehc.
Porce Coyce -

Magnetic dedinaﬁop:‘

Angle  befween nﬁg}ﬁac and  geometTic axes
whch vames with Plc;ces—
Magnetic inclination: ©

The argle bt the nﬁaaﬁ)eﬁc'-ﬁe[d at a
place makes with the horizontal .

Magnetic Felol:

Magretic €ied aan be defined as a
vectoy field producs| by a noving chavge or
Q mqgneﬁzed matevial 11 cobich another movirg
Charge experiences a force oy o Magnetic dipole
expeviences O toue.

g
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The stiength of magnehc fied is q}oohfahve(ﬂ
expresse] by the vectoy qpantity , magne.hc

incuction CMag;ehc Fue pensity”), B

Magnebic. Flux Oensity /ngneﬁc Tnducho
' Megnetic induckion at a point- is oleqined]
| as the Plu'x Passing &mjugb' unit afreci - avoand
the POlD% Tts anit is I/Ob/m2 oy Tesla .
. Magpetizing. Field CH) L
The magnehc (-re(d in coblch a mateml |
B kep&: i aqlled magnehmnca ﬁeld H . It‘ Wm
 the stvength of the nmgetic field. Units of H
ave Affo iD ST system [B= ok
Mc:zgneﬁzaHOD/"M 3 | | .
Te is defired as the Magnetic Aipole
momenk pev Unit volume df:\,e(oped inside. a solid -
Tts up\t iS A/m i
T MH
M= XH

where, X s the. proportiorality constant

and s known as mc}gneﬁc susceptibility .

e
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Magnetic susceptib"UtB (70 N |
v is the Mo of -magnetization M b the
h’E(gnEﬁZiDﬁ' Feld #- e
‘?C":“M; J

Magnehc F?evmeab10t9 |
Te ability ©F mate'na] fo SUFPO7fT the
formation of ragnetic ﬁebI wlthlf) [SE gn/en
- pemeabitity (1)- Tts, Volue denotes the eqse wt&b

wohich Hoe magl)Ehc ﬁe!cﬁ, Q}ﬂe PQSS ébm?'? H7C’
mabeml "

) P‘Iagnehc peYmiabi| ity, M of @ matetiaf s
efived s the aatio of resullan ¢ Moghetc, el

B inside the material o e -mﬁﬂeﬁz@ Pl

T

Tts  anit i hemg/mewe. (H/YY))
Relative PQ'“Y)ECLb\U tg P“Y
Boony
B = Mol

BxH
B= pH

Me
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BV
Bo ‘ﬁ; Py,

Relation - copnetting B, an 1
"' - B popiylt |
B ot
B‘“H?*!(wyﬂ_)
Bepeh (14 ).
K= ) o
Mo = 4mxid” Hivo. . |
GAUSS" LAW FOR MAGNETIC FLUX OENSITY. |
Magne.‘h’c Flux thvough a small elemental
avea, d%_—_@o@ -
 Total wagretic A, dg= [BIE
Magpetic. Flund is scatmr q;mr)h@ ond 1 un\% is
weber (WB) . Setsibs,
1 Wb= 1Tw* = \NrO'/A |
Gouss’ fow in magnetism dotes ot 1€
ret mqf]nehc Elux Ehough cny  closed ﬂfﬂeacﬁ :
ZeTo .

Cba = @)'g.o@:@.
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This means £ 18 impossible hDAZISD lte the
moepetic. poles and the sirpplest magreb c
styucture that @0 exist is " a "maig,béﬁc,dfpdel

Fop the eguation,, it s e~ ok the
noagpetic ried Limes alwoadp me elosed ,QEQPX

PIFFERENTIATION OF SCALARS. ARD VECTORS
Siv Hamilton  intooluéed: 4 oliffervential
cperatoy v (del) which s, copable of diffeventit,
both Scelor and  vectoy at; equal ease. Tt s Q
| ngtot‘rcn((g' Tepresented as-. -

S Y SZ.

1. GRABENT

IF Py, s a- alog Funchon ,Hoen the
product oF v and ¢ s Called gm'érsg’o'@‘
Scalor function . ' -
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qedt=V-¢ = /T‘a“’drj*_ct foe

e Vs avetoy @A&m@ﬁ&oaﬁmo
e Graodient of a scalag, function gives H;gunlci}ie-

thechO\’) n UJthb H")e GUDQhOT) Qhoﬂgeg most
qa‘p\dhﬂ

€9, TE ¢p s temperatuse , then qudient OF
¢ Yepiesents the. tenpevatute gradiept- Tt gives
the. nNet Tote of C?)C\r)ge Oe EBW)P@Y‘QWYQ wth

position coordinates  and its divection ges the
divection in whith this Chamge s maximum -

Pngsiml Signiticance -

oTts magnitude, ls equal to max. Yate of 1se
of- «alav field

o Nivected a[or)g the divection in which Mmax.

change occus -
° Grodient 'Tepfe_sfr)b the combmahor) of ~ate of

change in ay,z ab Ao given point 10 tovee o
higher dimepsionod cuve -

Consider a scalos Fuocﬁon@(’? ) g

RSO T u s IR NS
wbeve, @=X1+Y] 2K
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T o sunfoe (f)m, D»c (“h(\t))f) H’TIUU()") (”)(j

point such “’)Cl(" the function has
@vngwbene o th( WC’ e is alledalevel sugo,
of fbc Funchon b | '

Lel" P('f?) |7C c\ pomt- on

omd A CRAY ) o poink, on ner]hbmmmfj level susfoe.
Y |

some value

g one ((’VC[‘QKLD(\C*(CC’

N/

Ny

’/ dd O(Pd.-,( 3 ad’ d"J + Bcf)dz

&

a(b Fa)
CP +J ¢+QK%C%

WA O\T“ |Ol'1 4- O|9+Qc(z

Vd)d" *’aiol')(\ta‘pd%pad)otz
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vo. oy = d¢p |
- * JF QI oa FO“OF on Hne same Eve[ suyface,

Ag =0
Vd’ Adv.=0 |
e VO IS 197 (o (evel Savface -
t Considey ¢t ne. PM.L tevel suvface-

\ This shows that va is along ds oY alone £
(outuvd novmal o SuYFQCQ) -

_,.dr,?(’.a_f‘!t 9N
B

. j—\m? 'Vcbct"d szcp %—4%
A

A (indlependent of path) .
loaeol line. mkeg*fal o "the ‘gradient of A

Scaloy ﬁe(d 1S Z2eY0.

) @ vhor = §dg=0
2 DIVERGENCE -

The  dot p‘mdud‘ 0
V with o vectoy function 15 Kpow

e vector dliffevential opewttr
n as the diwrgen®

Wof- the. vecfor furction -

‘
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A a
’ c A i s H /’// ) : Ag

/ v TR YAt Ay
L} _(}I ¢ = /A ’ i . . ,E ~'—-.£“Z).,:“
' | // s
SV~ Ay Iy !
d V! . N

y 'AlOr)g %A~ Qivection, ‘ir)ﬂ'u")'(: \/?LxATéa of ABCQ |
= Vfl Al_-) AZ -

Outflax = "(vx + % A@ A(jAz

Net outflow qlon@ X— 00, -

= Outflow ~ Ipelow .

—AAAY Az
=5 A Y 2
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Abpg y-onis,
_Ne_t OQtF(ow-_-. :Q\fﬂ'_Al'xAgAz ~

oy
Along -+ z-amis,
\ [\16(" oUW -~ OV= 'A?LAgAZM
\ oz |
| 4 : Total outflow= 4% 4 oV Bv N= |
\ (VD A sy iz

Thus, divergence of a vectoy €uncion at & point
is the pet Outfow pev anit volume in upit HMe
at that point: | !

Physical stgpificance «

e Valid ok a point
o ‘Q)’Nes the TAte. peﬂ.unit wlume  at cohuch
: .' ~ ‘ . V < 6
o physical cwaohhj is emamting €om fpat Pom
» Divergente of o Vedvt fied is:
¥ positive — at souvce point
x Negative — at sink point
r * ZeD _ L\Shefe" theve 16 Peithey sink
T hor souree P e
e In Ruid dynamics f
. ' ' . — OF .
v. (#V) ST
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dlensity Uses,,
- Vo) — Fluid E’)LPOI‘ﬁLS/
o A controcks /alens\tg 156

— FHu
* Rivergente (- ve) F L
% LOjvergen€ CO7 IﬂCOmPreSS'b[e fuic (V=9)

A vectoy such as V Lohose.: olivergence. is

zen i¢ colled solenoidal

3. CORL:
The oSS Pwodud— ot Aitkerential &Pemm V with

o e
a vectoy polnt! function (s Knoum as cuyl

-~ Papckon’. N
Aql+AUJ+AZe |
{ A Q
VxR=|a 3 a_‘
on oy OZ o |
Ao Ay AZ ' Lo %4 |

347( aA

C 4R (%.flg,u _A'D

Physical Slgmﬁcomce, OG Cud g

o Measuve of, cirelotion .

o There. ave vector fields which anpot be
expressed as the grodient of, a sealor point
canctions- for ueh fields, Gne_.ipteé-ra[ along @

AR
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Tlustration:

closed path is ' ot zevo - The koo, e of
a vedor field’ concevns uch Fielols on(cj |
o ¥l of the \/ed'm Geld : Vq(ue, of the mailmum
line imtegral of a vector felol pev unit cauea al
a certain point -
e Curl A ov 70t A s asspdated  toith sone sorb
of Tekation or dreulation .
— When cuvl A s non-zevo,, tne vedtor Fietd
must have civculokion
— When curl ¥28s [vxA|=0, theve coill ke
nNo clreulafion aodklt—be vectoy feld (s
calles. as ‘friotational o non-cudl Feld -

‘ OL)(\‘
Nyt g

Vi

N
(ons dey Flow of w0

. wtdtb of the vivev: X—cms ;

rr Z a‘x\-’s

o\ePEh OF Mve | ‘
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o woat leaf Fowine dowop
Let us Visuotize a(:(oah")ﬂ I w ] |
the st'TEOd‘O | , .

Rave. o Ase of 960"PO”€D

= oWy g
o ). SRR

Tovéasech vetoutg m»umb«ier)@th on Tight Side

. of the JZeaG N \/cd + V8 doi.
ISR A O

Chaoge {0 vebouty along A-OAS

Ve _N
va +i a}; ol'l) 9

_an A’
OX

Thic will Totate the leaf about z-6od8 in

the clocknise divect100 -

¢ 6 veloddty i A~dm

I, change in velxity alony Y-axis

= 0¥ g
oy 3.».

Thi‘s‘" will votate tHg leae-,a,boﬁf z-awis D
the anticl ockwlse, Aiection -

Scanned with CamScanner



V Va + OVY o A — (Ve £ DV
. ?(.d'X"_f (3+ﬁda)43L Vy dy (V“-?,—gd@dx

:\[‘)ld'X'\'Vd "'Q\_@.o\'?(d—v de __5,1
S oA 3 9d9. A Y, _égdsd},

i _ (oYY _OVx T
N = (G5 -5

\ =
R

T¢ the cu~r\ c;P' L ved'u? is pot zero, it 1S

qotatioml 5 othertoise iryotationad -
Gauss' Aivergence Theorem

|&.a8 - |7 Zalv-

S Y,

ce integval of & vecb\oY fu o
ey o closed suvkace S 1S ecvua(

taken OV
of- the dievgene& ot the

volume @ ntexal
vecky funckion tokiep ovey the volume v bourdes

nckion A
The suvba

by the suvtece

Stokes’ Theovem :
| =5 T —
%\f‘ jwﬂﬁ-d3=(§4-dﬂ

S [
Suvface 'lr)teg'ra[ oc the cuvl of-a vecfpY -

FupionoA baken- OVER - 3u\ ‘
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funckon” A taken-‘oveY a suvbace: s egpal fo
the Upe mtegmi of the. vector function takep

© ovey the boundary Cof &be/,su*r(:ace |

EQUVATION OF COMTINULT\/

Eqpuotion oFconthtg is boseol on the
Brinciple. of osenation of chayge.

Scanned with CamScanner



~Aletos GUANTUM M?Q*ﬂ,,”“}) 1C8

Classical Mechanics. | L
s oF consenvation,, PAMEY coengt,

menturo  arol elraemJS
mechahiCs: Classicq|

that potic les are

Tre three (@ '
of Lingxy mmenfgum/;a”‘j“b’( mo
fsirred, the bosis o classical
was deiéloPEd assur'ning'

y 4
]

mechanics
localized -
Ruantum Theorq - T
T 1q00, Max Planck put forwward] 2
 yevolubionay  hypothesis that the mO‘IECUle‘S N a
sauvee emit energy nNok continubusly- put N Smafil
discrete pockets caled guanta - Magnitude gu e
racket  is given by £=hy = |
T \90S , Einsteip used this theory © expap
Pbotoelecf‘r')c effeck - In 1913, Boby made use of ‘
Plands’s hypotbesis o explain stability of ator?”

Blackbody Rodiotion -

4 petfect emitter ov absorber of radiakion
1S called a blackbady - when a Pe:rFed,’ blackbochj

s beted , it emts vadiation gt all Fraspuerxieﬁaa:,
Hhas, it I35 a 3004 radator as coell as Q aODCO
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absovrbe - The qadiation emitted by a pevfect
blackbody 1= called blackbody vadiation - Tt
depends oy on the temperature of body nok
on the shape c_md 8w oMmpasition) of the bodcj
Pe-Bioglie  Hypothesis

In | i that
Tn 1924 ,louis de B lie pwpoi@[ ba
ke TadatoD -

maker bas dual chonactey Just £
He veasoned out tat pature exhibits A great
amount of sﬂmmet“rg.TBeréoYe/ iF a light waVe
an act os a wave sometimes and as A& PCWHC le
ok othey times, then pantides  sUCh As electyons

dﬂllld also ack as uaves at Hrves - This is kbaop
as de 8f05(i€ b(:’PDthG')S |
According O de.-Broglie , av

woith o wave - The wa
' de Broatie LOAVES

y moving pouticle
ves associabed
is  associated

with Fmrticles ane knowr) a?-.

of  mnatter LOVES -

pavelength of o Photon .

E=hY
.E — mdz‘
h:')7 = 'mcz'
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be . mc

/:\ B f

1_____m__ s

tobeve, m—mass of photon
¢ — velecity of photw

{/\s b P- momentun of photon
=
Tn case of a mateyial body,
A= _b_t‘ .‘
mv |

e

Note :
We cannot measuve the wave(engHv of maCTOSCDP:c,
paaticles . WKave natuve of macvoscmplc particles (s

Slgniﬁcar)t

havelength OF an Electron

TE an electron i accelefrate& Eh'rough a
potential  of WV volt, Hhen, Y17
A v%= eV Jeules

2
v = |2eV
)
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: b — Kinetic epergy
{ T \

T ,F k | V— po k¢ r .
e Broglie. Waves ave Tosigni€icant D Case of
Macro baolies - | '

' oaves is given BJ;

. de- Bfroalie ,coavelengtb

the wavelfingtb
Ebe coavelength a3
becomé msqmﬁcanb in comp
of the bodies themselves ever X Hanc&,s
Because of the salley  MWagm itude ©

iffcant
CDDSEQO& Y ; the wave(eng&h A will be sngm
| 00(9 in case Of micro- porticles -

for example,
ith a velbeity of S‘Okm/h“f; t?)en/

i ) o
= 062X 1020 _ 15%m = 157

0-5kg x13-9m[s

nesecioted  ith maCToPa'rhc{es
otison (o the Size
ak vevy (oo veloakes -

consioler a c*nckeb ball o(l poass pooqg

flying  eol
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e , \
This wovelength is Insignitiant 1y O perris,

lo the size of the ball -

pieerg_Uretanty_Prie:

———————————————— =

T les, Wermer Heisenberg formulated  «

coherent mothematiaal stiucture, [aker kpowy o
motsix mechanics for Ebe gprontun? treovy of atay,
At avoundl the same. Bime, Schmodimgey  Viewed
the: qpastum as the appavmﬁ- atomicé@ of Mafte
ol'\sgmad Ader the umda(gi rjcj conkinucm SvaodiDaQ',
theory came o be known “as wove mechaics

. The urcettointy pririple ST that it s
'rrnp;)ss’tble_ to know both the exact position and
e'm& omentam’ of an ‘object at the SANE ﬁme-

An Ap, > B
Y

 Applications:

1~‘Abse.DC€ of elections 'lps'ide' a hucleus - o

. Unextainty 10 the Freqretry of Ught emittecl Py 27
obom — Natural Lioe Broadening -

3 Rodins ©F Bov's  Fivst Ovbit-
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pave, Fanction corie b Physical S’ﬁmﬁcaoce.

Tr;e waves ave  described - by a certain
z,vmohEg that wavies coith’ EJSlﬁm and tme .
This q;,lantieg @ is cled a roave. funckion -
ep is o nathematial  function cobich Alesciibes,

He state. of a pagticle o1 a system . It is

a CuncHon oF Posiﬁovr) co-ovdirmtes apd hmg
Tt is,in geneml, a complex function. Tt vepresent
e state of a. quantum metbarical ssten .

Pngi cal Sig nificance :

Cas it s not an oksevvable q}icmh(‘g Hoco ever,
the. value oﬁ fbe wave GmcHon (13 velated to the

probability oF Gnohpg the ,Da'rhcle at. a given
1 Place ak &, glVer) hme ' &

o or 191 'repveser)(:s ‘the PTobabvmy
denslfg oY the P'YDtZLbIUty o& (l(rx:lmg H‘)e. mef‘d@
iy ur)li- volume-

QP*“ipol’c 'represenés tbe, pTobabzhty o@
F‘”dmg the. - poticle in ol‘c vo(ume AN
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TF a chTHClC eists . | n a given 75’9?07) of

e, the tol proability of HDO'"B H’)e
In thok vegion - 15 one.

i-e; &cp*@dt»\

’%

This s calleol nomolisation ‘cendition any
o wave fonchion  that oteys this equhm i sy
b be nowrmahsed

(o _\_’pl\hof)s b be sahsﬁeal bq PY—Function
AD cxcceptable wave Qinckion P must be
nomalized ampl flfill the. fllowing: YEgeLivenents:
X @ﬁoﬂ st be single~valued : -
A fanction velaked . o o physica[

.‘ GWQ”W cannot ‘hawe more ton  one value at
that polnt: T¥ it -has, move thop ore 1alue at
o point, it means that there s ore Hoay ore
“value, of, P'mbabut,ttg oe Fmd,p(j tbe porticle at
that point-

® ¥ function must be Einite. «

TE ©® s iDﬁDibs it would mqply aY)
mﬁmkdg, [cntje P"’Otﬂbﬂl(:y of- F'deg the thclﬂ

at tpt PO\Dt This Coould violate the .uﬂit"ff‘:”ptLJ
principle . f
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e (p Runction wust be continuous:
Sinee @ is velated to ‘a physical o\}onhtg y
't cannok- have A Aisontinuity  at any Ppoint .

Trevefore, the wave'GuncHGD‘ P and i space

D0 should be continuous
Aevivakives 'am ,_59 and 29 20

ACY0SS . ONY bourx;{awg.
e (P must be m"rma(isable-

1p

\\ob’-’\“ HEDDING&R LOAVG: G&UATION

This is the Fum\aroeotal 6cvtxah

fon e fines the
guontum  mechanics - This a&::)d o mredics

paave: prroPeYhes ot electyons
therr paticle _like bebhaviouT .

Time _©ependent Ihvddinogr  hanve ecvu?tiowz

ve
consider A pcrfhc[e moving 10 pesit
Loave
x-divection - /E)!FFew‘ef)hm eqvuaho'n of-

asociated with that paatide 1S

LA

_o)
Sofution © @ = ae’(m
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This i the wave ecv,lahOY)

BiPFe'venhahng LP &”‘Ce woith rrespec% o LY

O C\GW _ R
o SIS

o Te

Ai Fe'rer)hahna @ with Yespect (o &,
09 _ ot (P
@b':,.qe‘ﬁ(*“E@x =T

)
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 aH
¢ e
Q=TT e
ke
Total evevgy ©F the poaticle 15 gIver by
- E= KE +PE
S :«é{’?&) by ——®
Xing @ by X,
EQ-= ,EZ.LP +VP
TJB%% __,&m % 3623/ A VY

_ =" 'Q_“E_ v
g - T |

e

dependent
This equation is knouon as EBme depe

Schdaingey LOQVEe EGV@HDD'
Tt ccm be wmitten as

_\_V](P_\r‘:)‘acp

arf) x*
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When exterded (o thfee-dimensional cose.

Vv =Th 9P
(B% q* 527 PV Dk
B 2 \aqp:_ oY
[%v _ o
1 q?:fﬁ_a_(_P

wheve, B i called Hamiltonian opevator any

¢ is a function of Pos'\h"cm' coordipate. and time.

Trme Todependent  Schrsdlinger  Knve  Bquation

Tn a number oF cases the- potential energy
V ot o poticle does mot depend  on time ; jt
vavies with the position of- the partide only
aol the field is said to ke statiovary . The
wave function can be 'written as o pyoduct OF furt.
b, B0 and a Funchovr) of E, (PU:) |

POLE) = ) CFC@ \>@
&FFewrenhahng it respect tp LY

oF 20
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Qifferentiating © woith Tespect €0 &,

PROE—

.

20 _ 93¢
\\ ot 9k S

Ub- @ and @ in time O*EPGDOlG,D{" Schﬁc;\[rxﬁy
eav.,l(lHOf)/

—H> 0P : v = i 2%

-—

80 o - ot

—B ¢ TP 4V Y - 129
P @ ot
2 O

* =ing thoughout by PP

b L2 + V= b 3 | 9@
' 2w @ o ¢ ot j

Heve , LHS is Q function of 2 M)(qj ano RHS
s o function OF € oply - So both Lis and RHS
should be eapal to the Same. seFowaHMD

)
constant - Lek  the squmh'op constanhk be k.
b8

2m Y oy
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P Ok
. 2, =1 kot
56 _ K st =Lkt
’C’? T T i
Ir)l?eg'mUDQJ
-1 kot
[ENE:
= =1 k¢t
Qr)WCb = |
‘Cf) = e—T'ﬁ_k& @
Sub. in ©
ab. ® v @, A ke
Pl b) = PO e’
CSARE Iy
: . 0L _ hx ~ LK
Differentiatng e Pe "
0 | Sy
ot +
k® ~ B 2% _ 153
[ ab 5t
KP = Egp
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o, -
B %P g v=¢
k @2 EFO ('P a'xQ

Xing by ¥/
Sm OA? |
2m ,,CE"\DKP:O ’.
£“

2
2 X

® 4
UL

Q
LOOVE eq,uahoo
Note* ( not e (.JUc"tl s 3 ecﬂ
l bich oY appued |
OPERMOE. an entity “ fanctiod
An © erotor 2 e @ s
s !
funch tyanstoY .
°e Oﬂ/tm A is called @G (inear Op
Ve conpliE1os
F ot sqkisfies the ollowi g
- R +A%
° /,\\CC\), ""(P?:) =
N\
° /‘:(CCP) 4 C AP - | q}lantum
v5, ATE used 17

Mechan ¢S -
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B T
SN N
s Ay
P 2 ey B
fn

Talovs:
A Troportant OPEREEE= aor OpeTOts of gyantury, g« §0
Te most P Lator, momentum

A osition © : .
mechanics ar¢ P arol Hamilonian operg,

eratoy, enerqy o
_ 152D
¢« E¥= "¢ ~
' ator .
1508 o Enerqy OPY
Heve, | SE

| :-Tﬁﬂ
o PP .

—iho = Mome Nt opemtmr
Ik

o DV
. - o5 = Kinetic Bnerqy opeator

com—

2y O+ |
0 Eﬁl 2° +\/] > { opevalov
. LA £ 5'7(2 .

210
B4 P A -
A is called Eigen value and  this egpation

is called €igen Volue eqpation -

CP——Eige,r) statG/Gicaﬁo F\m‘cﬁon

Applications OF Schrdingey EQPQH@__ T Quantury
e e ———————— M@@ggm )

—

e e—— "
e

i T T

{
{
]

T T T S AT L ,
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. futicles in_one-dlimersional box ev potential well

<

(!/[‘

4 R

A potential - well 's o potertial enegy

eyoction Vi) Hhott bas a mihinund- ConsicleY a
tp the Tegion O<x<] - Tk cav

the Tegin O<Z<L but ubject

to stong foyces ab xX=0 and =L ‘Ryeei;:; L;L y
ey nevey CYDsS tv the "ﬂ'gbt’ oF the :;eal‘,n H)e

(eft of 0. Tt Means that V=
e ano|  Tises P ‘mﬁr)ifyC\/roaD ak
situadon 1S callecl A one - dimenson]

Pﬁ"‘fﬁdé confined
MoVe P‘(@E[(j coithin

enbal box - |
PO tele Em{apeo[ {2 one»olimeosxom/
er a portic

bO’)L/ v=0.
' = 0D...
?Q-(P i 7’._'%(5'_'_ V)P
o B |

~
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e - A et T aap.,

932 iy =0
ox*

The general solution
Tk

0(1 H.)e ecl},LQﬁOT) (\S
-k

L}7‘)(=A€ +Be — 3B

At =0 ; P=0
o0=Ae + Be

O0=A+B

kO, o iKO

B--A ——0)

Sub. @) in @,

e®_ 518 9isine

(-P t Aieikx,_ e'\iklj

g - 2A0sinky

99"):_ Csin ki}

where ¢ = 24i
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Oy,

‘¢’ can be obtained fom the bormmlization

Condikon .
L I
J@*CPO{X = |
0
L
¢S ORX A2 = |
3',-—1 i
L
C'ZJS‘\T)Q Q_E()(d’)f_: \
O L 4
L A -' )
CZS [‘_ (03 QOAZ |47 = |
9 - L , .
L
_9_- Lr)('__ (S\D& >)<2m:L
>
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h R
"eaést"‘ -

& =l

, in2nh )X

; E}_ [:L" L3

- 2

&N SID 2Ny
2 =
N
c*= %
| 7
;
i 2
!C= p—— L
L

© = [2 sipOR%
¢ [2 sio 2

This is the wave funckion

:
. wobere, L- woidth of

’

1
 ope-dimensional bo

Epevay ;
K*= O _ A%
"2
| ﬂ Qm L% :

This is the energy of the. paaticle bappeJ
inside the porential coe| . : |

Erergy levels

o aHartam, Mechanies

. , the particle nmt
bave  zero enery |

SO e e
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The mMiINimum Possible eneygy g
== \— (n=1)
Ths energy is cml\eo\ ZETD- point enerqgy - The

ZeTD- Point energy IS & ©hseguene of the

uncertainty  pinciple . If the. enevgy of the particle
i ze70,its momentum also woud be z€Y0 and

the uncevlainty principle Yequires that the wavelength
A be infimbte. In such case the panvticle cannot be
cnfined  to the. boy. Thevefore, the pavticle Mmust

have a cermin minimum amount of- kinetic energy .

)
for n=2, E-= 47%h ~ A
Nyl

%Y ne 4, E4_ ‘651

These are alled the: enevgy eigenvatues -
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S| PA— —
(7(? 0 N-L

2 Quantum Mechanical tunrelling

¥ S ¥
T o0 40 ]
Tx -
=
I
¥ 0 RN
A — ¥
A l (

Even if E<V, according bo Artantum Mechanls
there. is o finite chance fyy the elecyon tp (eak
to the other side of the barviey | i-e

i

‘ is d
fnite. probabilty of fy ) Eheye js
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Mp-

-

the phenomMenty of penetration of a beorvieY
o. gpantum paticle Ts called Eunneling .

Y
f@zc_p +'2mE (=0
KoL G B
ReqioP Iz V=0
o
2 CP; N k\2@\ =0
DA \
X (| = AE
o = Ae ‘k‘u+8ek' ki ﬁ&!ﬁl
Region I
E<V
o P, 2m(E-VIR=
ot b°
o6 210 Q/—@ P, =0
oL L ot
CP _Ce 2‘7( B eszx
® +0

_Wns does r)o% TepTeseDE a movmg Pcwhcte:..
Reqion T - V=0

vl
QOA* TT
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. FeT 3 @é—fkt'x (k= |<3>
37 .
oo paticles ore veflected Sinee

. HCOCQ/ & can be T)Qa[edﬁd

Transwission Probability

Transmission  pyoleay bty
elux of pavticles emerging o flax of partide
inciden ting .

s the Yoo OF

Transmission pro mbml’&)/ ot -
T~ pexo= 1B
l\ AA¥ \A\l E

2L

T e

éxamples of- Ecmneltir)g afe  Josepbson
tunnelling , Zener breakdown |, et .
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R- Heisenter g PﬂDuPLe
Tt states tmat, certain PQ,TS OF G}uQDh('IPS
annot  be determined ;;m?u;mm@ and
geuvotely - It is an tinsic  property -
e.g. Hosition amd momentur.
AX. AR > 5
ik 0T, g
T is (mpossible to determine €he pcsiton
and noomentur  Of a subatomic pagticle

simultaneotts (g

A apd AP.( s called aapenically copjugate
vaviables -
4 3 ,2> Enefgg.arzd eme )

aa=zd
apae =B

3) Angula displacement and angulay

Ap-aT= 1
Y
OF up'ceveainbg Pdniple
[eus -

AQPUC(JHDDS

1 Absepce of efect“YODS ir)szde nuc

|

fmahus ot a v
Oncley of o onfived

08 m - -[Be.,.efme/ &)‘T an electio
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6y QS‘ o
# Up.
Mp&,-_ D

0. 10sax15" kf_—’) no!
-Relativistic, egpation Fuy ene'rgg is
o Pl mict
wheve, m%c“”/fs e rest oS _Lobeb s vey
smadl and benee. can be. neglected -
S e,
‘E =1 054 5% 3x10°

= 3162xD "%

— eV B
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ExpeTiments indicate that the electvons associqted
‘th unstable atoms Nevey have move thap «

even W
b enemy ard thus, we @an conlde

Pmcﬁc?ﬂ of &h )3
yt electrons cannot be present within nuclei -

9. Natural Lipe Byoadlening .
(UnceTtainky, D the Preq}xeoccj of L:@bt em:eted
by an a&om)

consider  the . Tadiation OF (rgbtf Prom aD

v n_ ap
woacited” atom . Such an atom Temaids T T

pg
eqcited state for about D°S

NEY 1S
‘ Uncettainty 10 meosusement of- -eneryd
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_ p-521XID
o®
| ~26
- 5.527 X0 J
';—‘7-"‘""
j E=hy
AE =hd&V

Scanned with CamScanner




~ 8 MIZ

—

it i He accuvay
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u;‘,dgh'j'n,.“g koadening of Sped:'raf Gne -
oo b be Teduced fther is knowp &5 na
Line broadening - |
&: ISEEeTmine ‘the de-Bwoglie wavelength  of AN e
having kinetic energy 1ev.

This is the TmeduciPe

[ecty)
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| stote,an electon takes 1685 Loy
in the €Negy am F"(@Cv_lencg ol

AE- At = D
4%
AE = 0~521X[6344’.
(5®
o =0-B2Ix 15%°
AE =hpay
Ay = A€
b
Py 2t
= 0.571xI0° ol A |
aesxwsh |
=T1-95x I°H> -
%8MHZ
—_—
&: Compcwe the uncevtointies In the. velocities Of
o electhhon and a pwtorn  confined  fo a box
OF 10 A°. - |
Ax-AP= b
4K

| MAZ AV=_b
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&: Calculate fyst oty enemyy velues of an electyon
i a one-dimensiom| box, of width L= 147 1p €V
Also ComPQE'E’; H?"e'. prokkility @y finding the

rxticle betweep -Zevd and -L;\‘: in the. O_,'wund, steyte

-

\

o :
g = N°A%H
om L
= ZFFh"
LK Ex 2.0 L
-3\ 2
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SU"ERCON:DULTWWY

superaond uct‘wim:

- dE s the Phenomenon n - uhich eteckrical
vesistance of watevials Suddenly, dlisa Ppect¥s below
- cortam tempetafiye. Tk ks a0 state of oaier
eahibited wsually - ak Vewy - lowo e pevatuves, eoheve
the Tesistivity of the nautevial dwops to Zevo and
becomes  perfect diamagnetic .

Superconducting state is influenced by
temperature , cuvvent  and magnetic fetd. he
low Tesistarxe for €low OF current n metals
is due to the scattering ©f the free SEEUDE

by vibyating ions of the lattie.

C'nhcal Tempe'ram're

[ retkenial

W'I‘he; tempemmve at which ‘a norma
(s called

chcmges into ' Aa wperrconcluctov

abwupﬂq
Pe'mtu*re o1 bransition tempevatue (Te) -

Critieal, te_m

MEISSNER EFFecT:

" The. e'xpu[swr) of magnehc p(u% wher) a
natevia| becomes Superconducting in o. wadgetic
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fielel s @lled Metssner effeck -
T 132, w Hans Meissner and koket Ochepfoy

found that woben supevcondudors ave cooled  Eelou
) presenc of a

te
their critical temperatur® i
magne_hc celd , the magndic  ELx (s mpeﬂezﬂ r;mz
the intevior o6 e SpecimeD ol e supercendudy

becomes o pevtect dramagf)e&

f";_/\k. /i ™
! /\ /"'1 y ‘\, :
| .
o i
. ! ! ’ { st { ol
/’ i AL : ,' :
! _ | y
| f ! | i | ‘ ‘ [ | | >
m\_\n E f ' ; ( \ ,\ ‘?.. \ ' /
e g f. | \ \\ ‘-.‘\\ .;’;f !
§ |
| -] | \ : ;
e T<Te.

- They fuather  showed that the eFFed;‘ Fi-
e &gmpé‘(@lhi‘fe lS fﬂ:used F?Dm

qevexsible = when  th
* bebowd Te, tHhe: Flay  suddenty Pe,netmtes the
anal e ma’cena[ ’remﬁms

R Ay . = s
T amn —

Speumer at T=Tc
o the normal stoke.
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Magnetic induction rside, the specimen,

B= Holwtod) = polie W

| Tn sqperconduchnq sbqte e, CLE:* T<TC/

B=0o
" Mol +MI=0
L M=oH

—

Susceptibiity , A= =71

This  Meos, the Supercondutor i GRS

te o {—be
| n & dwechoo oppest
| N)O%Deh‘ied 3 Y £ :\S. ;.(,;’[‘BU.S/

app\,fd F\eld

the substane 7= y \
-dtamagﬁﬁb T il it

g pevtect
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1. Useol to prove  ubhether. &

. Levitakion effect (a sralley

 below He and .compleeekg expel

| P'roPD‘THOD H) H')e

the supevonducting - stot

Applications: | - . *
pavticdiod materal is

a supeycopduckor or ot
ooanet e pellac by
dbigﬁey Sc.\pevcopducm vaevé'In a@ s uttlzef
in the opetation of Maglev e ins -

M SU‘ﬁﬂP;‘ ‘
TYPE-I AND TYPRE-T SeEMICONDUCTORS

‘l.'qpe—I \&xg?rcomnlcjdﬁrs::" |
¢ The tyansition ,from superond
novmal state D e presence of pe
occuvs Shavply at the critial jfape* o8 He -
péifectly” diamag petic
the mocpetic Feld

uc&'c'bcj Sto(bei Cikey
méheﬁc Geld

‘

e Type L superconductors e
Grom  the ir)té:ri&r of- the supevonducting phose -
« Mogoetization of the matedal grows 17
., ¢ o exteral Geld up to the ST
pield strength He ard then it suddenly d'mpsto
o Foor carrriers oF  electwic cuvrerk :(ﬁan.p{pw F’T’(H in
g e'ﬁ:) AL, Pbard In . ‘ | Su"{@ce fagfj)
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e Als0 < called skt superconductors -

Type =L Supercondudtoys ;

o Have two critical magnetic fields ke, orAd He, -

e Transition from superconducting state @ noireal

. Yoke ous ofraalqaw:) as the tagnetic Geld is
\neveased, Svom tey to e, o .

o Magnetration of the rotedal grows in pYopSTRion

to e exteral field tp to the lower Crtical Gied
Hd '- 'er,. e')&emal 'Péagnetic tlux i3 expelled &om
the. intevior of the maeqjal Hl Hhen - At Be - the |
magnetic teld E0es Begin penetnting the motedal.
" v Magoetc ok, tough tpe Teatenal 1565 o8
tre. ringpetic feld 13 Need funther AE “’e upper
critical Gield Hog /e, rOgpERZOtion SHSAPRETS
tﬁi&d((c:) ‘and. the extermal feld comptekeﬂg |
Penetqates and destipys the. superconduchivity .

+ O
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o Shows " perfect: dliomagpeli

o Have::only one C:nt[q’

" of %hese ‘matedals -

o Carry lavger ‘cuyments toben the Magnet,
Cied lps betwoeen Hep anol G .
s Also called hard Supevconductors.

€9, Nb,V, NbyAl, Te, B, Sy, ---

"\
’/ \

o b

T%Jpe T

Meisspey eEfect - -
behaviour -

-agnetic ﬁe[o] He -

* No mixed stat-e_ or”
mte:rmeolrafe stite” ) Cago

_‘\-—-—-—';____:__ L]

e Exbibit coroplete

Tg pe ~ JI

| 'QO Dot— exb,b,(- complefe

Melssne'r eftect

* Qo '706- s how Pe'rfed'
dfamag netic behayiou -

I Have koo C'nhcaf magrf‘”c

Fietds, He, and Hes -

Ie _M“tt’d State” oy t‘rke‘rm@d(

State is prasent. in e

- Mateyiglg:.
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» Material toses magpetiza-
tion olruptly -
o Highest valle Of He is
ot 01 We[nd -
oKppton as Sof & super-|e Known as. hm(al super -

e Materiol (oses roocyetization
apractually - - '

» Opper. critical teld is of
the ovdey & 20 wob1? -

corduc tovs - . lconduckors -
e lead), ©iM, mercuny are | Np - -8, Nb-Ti N~ AT
iexamplES‘- Va—Ga_oe exarmples

(vitical Maqnehc ﬁe[d

Toe: - toinivounm) agnetic. field cobich 1 )
pecessmy o Tegoin  the r)cmm] rressmctgl

called toe critical magnehc. Field, He
obken - the appﬁled \—r)agoehc feld exceeds

state
Hoe cntlca[ \/alue He , the superconduchr)g |
IS dPeSE‘Yoged ar)d the rmt:e"ﬂals goes into novma

state:
As €he magnehc q

kempe(atuye d_ﬁC’feaSeS The. rr)agnehc Plecf
as T appvoamfs Te -

bca[ magnehc field at Eempe*méu're T e

He(T) = H CO) [[ Tl:”

. HCCO‘);>cﬂhcal magﬂehc Geld

Scanned with CamScanner

eld increases,, the c*nﬁcql

| appmadoes %70




Bcs 'Tbeov‘r(j Of . mﬁrianducﬁ@

' Ip g7, the AmeTaD physicists, T-Boileq,
LN.Coopev anel T-R.Schrietet deveizyd b
"-owianfum theovy of ' stiperconductivity, ohich cap,
to be known ‘a3 B theory- This theory dssur,
interoction of two electiors trough - gpantoes
Ithice Vibmtions - Tt successfully expaivedt yrf:
effecte Like AED wisﬁv‘lfg,fflfisso'ev' eg{@;ﬁég_
The two prirdpal fntuves of BCS theory aic:

(i) Cooper pauirs, €€ > X ©
pvopaﬁate..tb%ughpufé the (attice”

. (i) Coopey pairs propoonte Loithous: yesismnce
as ‘the, electrons’ move in Yesornrce - coith phands

lectDn pedrs - ave formed o

Bes theory piovicles oo Tportant Teslts,
. | ramely the exstence of eneryy gap andl B
.‘é Clu ofl/uantfzaﬁon-' | g _\

e he €3 OF ‘o cooper paiy have a (owet
energy than ke’ unpalved electrons The Ehﬁﬁﬁ
preclicted the, existerke ot an epevgy gap' et
the 'c’afrouoo} state.. and. first ‘exdéed S(C(Ee The
TEIFY Fp TPrEsents, the epergy vequind to

e e—— W

EEaaat P TS SR T — SR

|
|
\
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precke 4P O cOBPET PAIT - Henee, lavger enevery qaps
Coi1€S pond o TPOTE stoble supevcorductors -

Acmdfr)g fo BCS Ebéom ﬁne_ %Y)ergcj 9ap at

ok 15 —
E(0) =9 A =3.52kTe

Hict— TEMPERATURE  SUPERCONDUCTORS -

r&gp&’fﬁe&‘.

o Brittle. in matuve: \
o Propetties of poval state oF these matevials

are highly anisotvopic -
¢ TBe Hall coefficient (atio oF Indued € to. pat o€
e dﬁDSlhj and applied B) 5 positive indlicating
| that  the chowzae avmievs are boles -
» behavioud apnok be explained by B0S theory .
¢ Isotope effect 1 absent {n .these mokerials:
* Magnetic poperties: of “these motexials ame highly
Qnisckwpic. - 3 aniien
* Tﬁjpe. T sapevconductors - ‘
' CTthCa[ “Magpetic: fie(dl. tends - fD be bgber&n

Watevials ‘with a.-bigh TC .
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stonger maghetic fields  tsan ‘magnetit cinutt
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The povmal eddy current losses andl by
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eavlier. DYCESSOTS -
) Cwotwons: | | - k
The application of & roagnete Fiell greatey

than its critical magnétic G‘e'(q'cfnnges Hr)'e o
ifdpe?fcoﬁucﬁog sote of a Supe'rcorx:fuchbﬁz,. H);“
o pormal- state A yerpoua! oFEbe Fl:;[:‘- SuD{—}S ’
material back Eom ‘Dorm:l[ s‘taf@ to | t;m:;ﬂ'ww"d&_
5%51%6- This "'Facﬁafs'w‘eo'? (N oEyeCop«lnj-crgc‘) D .

"Lv":) Maglev mm~. , '
o Most ,‘s[aefcrtaculan' applicatioD . <

e (coches of brain' do-net sliole -oveY S‘._ |
nails bat FHeat on & fouy inch Al .cuashvop )
 above the track usig superconducting @5 4
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* levitobion Effeck s utitized - ,

* Ma<e tazin tvavel much Faster smodt%ﬁ ard|
more efticient due to lack. of EvicHon between
tacks and tain -

(M] S&UINS -

A stperconducting ouiantum  intevtevente. device
(SRUIB) 15 a device ued b mease extremely
weak mogpetic Mot The beoat of a squlld 1S
A supereondu cfing wing » which contains one OF
move Josepbson janctions (superconductoy ~insulator-

super conductoy layepcsostts . Because. of khel
extyeme sensitivity , sRULESs Fiod  applications  tn mMary

fietds, engine @ing , meditine and Many other tields -

(ViR Ve79 _(m_ge' sale ~5ubpefrc‘ooiud{r)3 roagnets  onie
tsed 1o ogpets A vodynarcic (MHS) powe” plawts,
cont.‘w[\eoi fusion and éne'fét_—} stovoge -

(® Superconductons are used to pertorm (o3 o
atoye Function in COMPUEE’

) Large. saide 'mo@oeks hove ~ Qppicotions fo
leod. franspoTtadion - ‘

+ ea and
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" WANOTECHNOLOGY. i 1

Nanoscale,

T+ means a billionth (10_0’) Paﬂ“_ of a upit.
1omis one trousand, millionth of A me_fve.'

lnm IOrr) IOpm lo,q

oA Slr)gle bum:m bcw s 6’0/DODT)N> wide .
| o A Ted blood cell is 1LOOO NM wide.
* Sl lest fbmg that o bumao r)acﬁced? eye cop

& 'Yeso[ve |5 !D,ooo nr0- |
ann\ﬁcance OF Manoscake

Many ‘of e pwpemes DF SOU

- pTDPe‘Yhes
| “The aVC'YDngCj 0
the' size of-the sotid - e

ds deper:d on

cle
no Longev loovks S the. th

| = ma&eﬂods
: and smalleT: tepce ,.the lmpe’rhes ®)

m
change drstically. (N nanomere_v n?e
| Tooo pyindptel Pactors. CAUSE Pbe pvope:xtres

of Wpanomat@nq[g to - OUFFQ S’aT)IFICCIOeﬂ From

her roatenals 5 statistical mechapical effects and
quantum mecanical effects These. gagtm eap
enhance. Pﬁope%ﬁes such as Y@af‘,ﬁv'ntg/ SfYEiDg(-b and
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Surtace. fo Volume yatio

Nanomtewlals have. A veltively ATy
tp Ehe 3ane

[aTaeY
MOTE

siyface avea cohep  compared
mass OF matenal medlucc’d in the
form . This can make banomatemals
chemically ~eactive and affect theiv strength
oy electiaal properties

ARRS 3

D ———

4N/ =3
e radius B bsss .

Qvface crea, f\/D[um(i =

suvbace, o volume vatio Ases

Quaptum  Continement

‘ ) moto
Quantum conftnement IS the 'Yﬁsmdé’d tiov

' n in specfic enery
of Yandomly MOVIDY electyo P

levels, wohen the Aimension o a matevial

appmches the de-Broglie wavelength ot

electyo) .
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