“UVPHYSICS ACADEMY
STATISTICAL MECHANICS

SM(1)

Classical Thermodynamics :

First taw 5Q= dU+avy Entropy gg- % dS=0 for reversible process.

8Q= heat given to a system
(ftis not a state function)
du = change in energy (itis a
state function)

&w = work done on a system
(itis not a state function)
m = mass of substance
L = latent heat
V = vapour
F = fusion
C = heat capacity
L=Tnitial state, = final state
T = number of moles
| P = pressure

Mathematll form of second law §Q = TdS
For solids and liquids :
Q=mL; L, =538 caligm (water}  L_=80 caligm (Ice)

For an ideal gas:
ds =msIn dr =2.303 ms logmi
. T, T

daldc, .r{&)w, .,{ﬁ]

R v T, P
ds=njc, In(?' _RIP{T’LJ

ds=r{c, Ir{lJ+er{!-H i (
T v,

Polytropic process  pyn _ const

PHTT = Isothermal: n=1 Isobaric : n=0
st Isochoric ) = oo Adiabatic: n=y

|, Adiabatic process
PV" =const R

C=C, +—

V™ =const Cv 1-n
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_SM(s) ' 4
Rl mooryg C,. C, =heat capacities at
constant pressure, volume
T = absolute temperature
P = pressure
m = particle mass
N = number density = N/
N = total no. of particles

Classical equipartition theorem £ - %k'r

(dverage energy per atom per degree of freedom)

| e S 5 AR 5.
Monqatomuc gas: u=5NkT=3m($ms, (%, =ENK C, =3Nk

Ideal gas: C, =%ka =%fnR Che Nk(1+%)

2 velocity
Y= G 1+ T C, =most probable speed f=no. of degrees of freedom
G ) Cis = 00t mean square speed | | N = no. of moles
Transport properties : 1= ratio of heat capacities N =no. of molecules

R =molar gas constant
A= mean free path

1 T

l:——n _1_ a U 5= - 4 _l— _ﬂ
Jondn "‘3ka' K=2661C, =BpC, | D—3C7L-p

IR |

—
Specific heat (C)

k = Boltzmann constant

%, =mean squared particle

7= coefficient of viscocity

12 (] 12 1/2 K= thermal conductivity
= 8RT
C,. =(3"_T) . (3;—T) . T =(8k—TJ {W] ; D= coeffcientof sef ifusion
m 2 & 1’“" A d = molecular diameter
C =[XT) _(RT P=—mnC? p = density of gas molecal
5 M 3
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iM(9) - (551 ('€, = energy of hamonic oscillator )
Mantun mechanically E = N+ fo n = principle quantum number

N = number of systems
P = pressure

k = Boltzmann constant
Z = partition function

o]

. [ Bho _ Nho Bro )| p=1KT
'Nm"[zm[T]J V=73 2| F = Helmholtz function (energy)
S = entropy
v =Nk(phn)? cosech‘(m] P=0 T = temperature
s 20X U = intemal energy (mean energy)

& = heat capacity at constant volume

)

£ ;,Ef'_‘:’l-lna.-e*")]

2, =[acostfupry)

ih 1/2 particle in a magnetic field :

"= ~NKTin[2cosh{upH) = Ni{in[2cosh(uBH) - BHtanh(upE)
=Nk(uBH)* sech?(upH) ; U=-NyH tanh(upH)
Nt e Nutanh(upH)

ie's law - _E-C--_
ne's law: l—T, 3K

UV PHYSICS ACADEMY
SM(3) 3

Thermodynamic potentials :

du =TdS - PdV + pudN

H=U+PV; dH =TdS + VdP +udN
F=U~-TS;dF =-SdT - PdV + udN
G=F+PV=H-TS;dG =~ SdT + VdP + udN

S = entropy
= chemical potential
N = number of particles
H = enthalpy

P = pressure

F = Helmholtz free ener
G =Gibbs free enel

Maxwell's relations :
ary _ () (s . ﬂ) {ﬂ] =ﬁ]
Maxwell1:(ﬁl= 35),\ asav | Maxwell2: {55 =(35) | apas

s (2] ()2 v (3] (5] 25

Heat capacities :

[ -ﬂ = EJ MC, =(io-] =(1H-)=T(§J~Ideal asC,-C,=R
o) () ) o ()R vt
2
9P (v 2a
Vanderwaal gas (real gas) C, -C, = ‘7[(51[5_{)"} 5 R[1 *Wf]
s v-(Z) -2 (2) ]
Joule - kelvin coefficient (u): p= ®) G| \aT)
1
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SM(7) & S =entropy
Connection between TD & SM S=KinQ K = balzmann const,
Types of ensemble : 0 Q =no. of acessible microstates
Ensemble Type tes N = number of systems
Microcanonical Isolated (N, E, V) = chemical potential
Canonical ; Closed (N, T.V) p = density in phase space i
Grand canonical Open (1T V) E, = energy of system in state ‘s’

Volume of unit cell in phase Space v ~p; dimensions = (energy x time) 0

d
Liouville's theorem d—‘t) =b, H}+% =0
Note : This equation govens the motion of incompressible fiid in phase space.

g,
Canonical ensemble : Py = em—— = 2" : Partiion function : 2« Ze*“ ;
z o™ 7 2

s 1
p= KT
, = probability of findig the
systemin state ‘s’

Z = partition function

Gibbs entropy : S=—KZP8|"ps ; p,=-18n2)
g B oEg

Mean energy (internal energy) : -, TS= __a(;l)

s={R) .p_(A) (&
Helmhoitz free energy F =A=-KTin 2, S= Eu' i j;vm"“gﬁw
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Canonical partition function Lot ZniZeZe2,
Monoatomic partition function : Z = hl,,,“-(2xka)’“"

E,,, = rotational energy
!= moment of inertia of molecule

J = rotationat quantum number
J=0,1,23

+1)= degeneracy of J* state
M, M, = masses of two atoms

=) mm |,
m+m, |°

Diatomic molecules : Zop =2, = hlg[‘z"(ml + "'z)‘Tf =

hz

= —

A - 3
Za=) (Z’Js*1)ta"{i"l "=y @ T, 6,
ke =0

21kT

a!hlghlemperature ZM =T; genera"y Zm =2[\k_}.. En=h‘z‘,“+1)
1 hetero molecyle oA 2
o= { 2 diatomic (homo nucle, ) : B .
n ar) i =
3 molecle with ree foid systems ~ Zorto =I@+he

A . 2 1 -J(J\\l)gL
L =30y 42, Cv-fwm»*;CV(pn» Z‘,_,,:w}a:SZIH)e ]

Ortho and Para hydrogen:

Ortho : Both Spins are aligned parallel and spin wave fu

Para : Both sping are aligned antiparallej o PImeirc
Note : Rotational wave function ispasymmmmfzrm :v:na ?;{32?0?3 '; ;nnsymmetdc

anti symmetric for odg values of J.
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R = molar gas constant ‘1

K, = isothermal compressibility
C, K E K, = aditatic compresiily

Phase transitions: E,, = adiabatic bulk modulus

P e = |sothermal bulk modulus
Glbbs phass e P+ £:= C+ 2 P'=no. of phases in equilibrium

- dP _§,-§ L F = no. of degrees of freedom
: ciauslui ~ Clapayron equation i =_Z_—V, v, v, -V |C=no.of components
P = pressure
T =temperature

L = Latent heat

L
Co-existance curve P u:ex;{ )
w RT 1, 2 =initial, final states

Thermmodynamic coefficients : B,, Isobaric expansivity )
1V A o v[aP) e )

e I 2

TdS equations : 3 3\

Speclﬁc heats: C,-cy =R
" LA R o R
Ist TdS equation TdS =C,dT + 7 dv; §=S(T.V) |y=C,/C, Cy S;T S

2
2nd Tds equation TdS=C,dT-T(2v—) aP, 5=S(TP) [1=1+5  Cr=R(+112)
aT P C =£R/2
v
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SM(@)
ideal gas in C.E. : (No interaction among particles) ~ H(q. p)= Z#

b eugn Z, 1 .
Z“-FIC d7qd™p  Z,, =T“!‘=W“ dequsvp

» =V_"(2anT]m v"( ]
NI NI{2) | NI = Gibbs factor

NKT 3 3 (]
P=——, U==NKT; C, == 2
v u 2NKT Gy 2N]( A ( h )

*| 2zmKkT
h’ 32
1=KTin
[ [anKT] ] -
change in entropy of ideal gases: AS =NK In [—i.l
1

\ote : Gibbs factor represents indistinguishable character.

1
JInear Harmonic oscillator : . H=p—+-1-mm’q’
N R e 1
‘lassically 21-——(%1). Z..—(——BMJ F= NKT Inpo]

. KT
'-NK{M E)] U=NkT C,=Nk P=0
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Vibrational partition function: of @ molecule

-“_'1{ _ET v =vibrational quantum
=e ?

3
)

l-e 2 | | number

. " 1
Vibrational motion : E, =[V+—Jhw D Z =
2 znh l_e,p,,

a molecule
<E>=—NM=NKT2M. <E>=NK g‘i+ ue" o
» a 2 .y 8 =7 vibrational

0,
2 k3 8 N
Cy= NK(—OTl) . .e 7 athigh temperature - <<1; <E>=NKT+ m ;Cy =NK

&
e’ -

1
Electronic partifion funczon P2y =g +0e™ +ge 24 feming fonexttetionof

efectron to the various

-1 | levels.
with sufficient accuracy Z,, =g, +ge™ ; <E>= Na{&e*- + 1) g = respective
9,
The total temperature dependent energy of the gas: E = {-NKT +(NKT),, +(NKT),,,

‘trana

£ =L NKT ; the total specific heat C = -NK

2 ) . o
Note “There is no significant contribution from the electronic energy to the specific heat except
at high temperatures.

E,, = vibrational energy

o =angular frequency of

characterstic temp.

€ 52 energies

degeneracies
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sMi2) w_ ___
Parameter | Isobaric ~ * |isochotic | Isothermal Adiabatic
(p=const.) (v=const) | (T = const) (Q=const &s=const) .. -
;4w = | pdv=nRdT |zero nRT |,{ﬁ] ﬂ(-r' -T,)
et : v, y-1
!
T V,
B RV, 'ﬂ[;,j-) nC,(T,-T,)
e . nRT |,{&J n (T =T ) (PV, P;Vg)
; P, Y- -9
‘da mc,dT / ne,dT| mC,dT | dw zero
U dQ - Pav, mC,dT zero -dw
dQ-nRdT 1) =
Y Ll |
Equation Tl 7T, PV, =PV, PV' = const.
v P
of state o = constant T =const. | PV = const. TV =const.
P T" = const.
R I
L 4
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Maxwell Boltzmann distribution : N(c) [ 21:KT) 3 43C%C

Wien's law of distribution of energy : E, = a’ihc e™; A<k,

N(C) = no. of molecules having
om velocity C.

N = tolal number of molecules
5""0 C = velocity of amolecule

E, = monochromatic energy

] e -1 .
u = energy density

1
diffuse radiation P = ol perfect reflector P = -U (diffuse radiation);, P = u (plane waves)

Rayleigh - Jean's law: E, _——81 A>h,

Planck'slaw: E, = (valid at all wavelengths)

Avg. energy of Planck‘soscillator E e L

2

Average energy of classical oscillator ; E =KT

; Wavelength at maximum energy: A, = ﬁ

Number of modes of vibration (no. of degrees of freedom) N,dA = %dh or Ndv= Bc_m;’d“
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SM(10) ' 7
T

A magnetic dipole placed in a uniform magnetic field: Z = —Hsmh(uBH)

(" 1 = intrinsic magnetic dipole)
moment
“r 1 H = magnetic field
F=-NKkT |ﬂ[§"—H- sinh(pp H)] M= N"[““"‘WH)' ﬁ] M = total magnetic moment
" N = no. of epin 1/2 particle
<w>=7=HLlBH)  Langevin function L(x)= cothx - 1 | x= susceptiilty
X | k = Boltzmann constant

N
For N non-interacting dipoles : Z, =[[B4p_nH]5inh(ﬁuH)]

Equipartition theorgm : <p>= Mean magnetic
Hamiltonian depends quadratically on a momentum or moment
a coordinate contributes a mean energy 1/2 KT. \ /

3DHO. <E >=6x%kT =3kT ; LHO <E>=KkT;Totalenergy E=N<E>
Thermodynamlc probablllﬁes

FD: W=n—=L—g2n g _khNgiqS=k2n.lng' —g -2
l“u'(& “n)' we =KZI 2] S TR ) & )]

i n;

BE: w=gm*a-1, MB:W= le(gl) Sge =kI n,ln[g‘+l)+g,h{l L
'nl(.—1)l IRt g

~




-
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. = g, = degeneracy of i state; SSP(1) SOLID STATE PHYSICS
Quantum statistcs Y N, = number of cells in i* state; Crystalline structure :
Tk N, = no. of particles in " state; - g = . bx¢T
P> e I e volume of fnrimwe cell 1y =(axb)- Reciprocal primitive base vectors :a° = 2m-(§L=)—x’;°.? I
i o - a=-u/KT o cxa o axb i s
Quantum statistics gives M.B statistics when e 551 q = potential ; 2 QKW MEg xbh¢ @88=b-b'=F.5=2¢ 5v5‘=§-5‘=5-5‘_=0
2 P = density matrix, 7 - g~ =ty B EGLI, (Ebc I e b
Limiting case : (-LhmzKT] %>>1 <G> =expectation value of G; D Rom =12 .‘:’b bW SRk greiiajDsss
<M,> = avg. value of total magnetic Reciprocal lattice vector G,, = ha* +Kb" + ¢&* v_eciors
Non-degenerate gas Degenerate gas  \0ment expi(éu R’J: 1 Weiss zone equation : hy+ kv + ow = 0 ;ir’:it;:e :aserf«::‘::::a'
372 312 . 2
(Z“L"__ZKT_] %»1 (2 thT] _3_ s> 1 Frand canonical ensemble; ) Inter pianar spacing (general) % = Kn R,, = lattice vector
um -aN-BEg 2
I n P2 =—euﬁ. +-FD Inter planar spacing {orthogonal basis) L=h—+k—z+l—2 U v, w= integers =1
Density matrix Py (t)=§k§é:(‘)3? ®} DeRpits: d 2 p e (hki) miller indices of
2 ' pagiet 1 (em, 0 Zo= 1:6 + ze"‘*)’ --BE Note : Miller Indices are defined o that Gy, i3 the shortest | planes
electron in a magnetic Fha_ePh| g oy 3 reciprocal lattice vector normal to the (hke) planes, . = distance b
y 9 ; 2\ . ke ce between
- <6 >=Ti(po,) =Tant(BHy,) Pesmen =€/ Trace(e ™) q_—_gzmﬁ.,.aze'h) j Geometrical structure factor F = ifj elﬂq =if ehl(njhwjkmjl) (hk ¢) planes
<M >=p, <0, >= i, tanh(BHp, ) WSl i b i bl FCC:F=f[l + et ;. gisteh  iatien)
N Sl <G> Trace of (o) (h’*'k"-*l’) values for allowed reflections o l:......,]
UG ~Prasech (pHe) Trace of (p) SC: 1:2:3:4:5,6:8.9:10 BCC: 1:2:3:4:5:6:7:8:9 F=Af[l + o]
] FCC: 3:4:8:11:12:16:19:20 DC: 3:8:11:16:19 SCC: F(hk,y=f
| UV PHYSICS ACADEMY s UVPHYSICS ACADEMY
SSP(@) 1 N (5 Extinction rules for cublc crystal: = phonon angular
The latice parametersfo the reciprocal s of SC, BGC and FCC are . 1 and— Crystal  Allowed reflections ',:f:"z?g“.“ 209/ constant
respectively W B = SC for all value of (h?+k?+¢2) velacity; T'c=m;§,s.;pvv;|§:ifyse
Primitive base vectors : o' 2K (54-}) (kﬁ w vector BCC for even values of (h+k+¢) k (=2n/A)=Wave number. a = atomic
simple bodycentred | face centred '. Hon v(g;or =ph3.+ Kb* + (& FCC when h, k and ¢ are ali odd (or) all even Separation; DC = diamond cubic
A AlS 7 S CES ) ) [ e UMD DC  whenhkand ¢ are all odd (or) all even, .
Beak foslei-i] 5-2641) e [ SoEAunsiveciori " " e
2 2 & 'nl (k ¥ i) direction of incident beam = dyn(h:klr ¢) should be divisible by four
TP LY ) S i S = unit vector in the di- ce dynamics :
5-ay foglei-d) g FlE+D "dmgr"r:“ rgction of diffracted beam Monatomic linear chain: o
et K=2fei-3) 5. Fees) | o =2.—“ i+-k) | |apa are the angles biw Dispersion relation ® =(4_a] sir{ﬁJ ! L
. 2mf. - - |[Crystal plane and incident m 2 Ak o H
8, 'T(’“i*") beam, diffracted beam "2 cinfka)3 n"d"'mmn’x"""“’
« 2f - -\ | |respectively. for short wavelength limit : v, = 2= l] (_sﬂ_a_z)) v == i] cos(ka/2)
Crystal diffraction: 0 = 2-5+k) [|e, 1 g = ntegers KA a2 m
-— - o = 2
Bragg's taw in vector form 2K. G + 820 n = order of diffraction | forlong wavelength imfBfeo = ke % 'vp"ga_(i =V . :
Laue equations i(m;m':m%) = i.(’s'_§°)= 7% 5 Note : 1. Nommal modes (Do'tr)] aré equivaI::u to thegnumber of ::::
bcosp~cosB,)=b-(S - §,) =4 c(cosy ~cosy,)=c-(S - §,)=gh att:o.:ns 'or no. of l:tnit cells. 2. Under the low waveléngth limit lattice
s e B e g acts a lowpass filter on uencies 0 i
Momic facor (scattering factor) £(G)= fe"ip(r)d’r: F=uF + vb + wS G ] g [ gm e transmited,
i wl o Diatomic linear chain (m,;>m,): O =—1ia—-——sin*(ka) = 0 I
Iragy's law (condition for diffraction) 2dsing=nA  scattered intensity 1<A?|FfR o[ mm, Orcer vt dwemic iy
UV PHYSICS ACADEMY E®) UVPHYSICS ACADEMY
SSP(7) v =effectivesoundvelocity SSP(©) ' Fermigas :
Debye theory : / - N = number of atoms in the. e el o o
ks crystal e = |—=! E= = . =
Mo oy o o e ‘53 2" SolilKTI1 |V = cystal voume T ks Z.Jp(sm A 2!p(s)d£ S
3 1 2| v,=longitudénal phase 3 -
Debye frequency @ -v,(T] : where F-;Tpvl,- : véloclty Parameter 1 .- dimension 2 - dimension 3 - dimension
T * G, = heat capacily at ] 1 2z k| dn)kf
Debye Ttaw C, = ——Nk_- (T <<,) (atLowTemp) ggm'_mgm : Deralyjpt) (2x/L) @x /Ly (ZnIL}
i = density
long.and petit's law C, =3Nk (T >>0,,) (athigh temp) of states L fam\™ 2 L (2mY?
Vet n = freselectron no. density Total energy(E) 3_.(71_] £ L_%s% F(VJ &
Yo)o =—=dofor0<o<a, 0{0)dw = 0 otherwisa . a, = DC electrical 2 ) 2z p T
o 2y, 6, = conductivity 2 : g 312
Sectrons in soids 27k _| ofu) = AC electrical S .L.(_z'"z_) gr | Em -—,(@,) &
ree electron transport properties : curent density J = -nev,) conductivity Fermions(N) x b 1 3\ a
b i oo 4., | E,=Hall electic field
Yo mE, o BT o e To=Fermi temperature Number density | N/L NIL? e
1c kT " | 2 meantne 1 1 3
L T.). successive collisions TOENE il Ze, .
e e UL g L = Lorentz number Avg. energy [E‘ﬁ) 3 7" 5
A K J, = applied current density
Medemann - Franz law : —=L=—-: " 1,'= appiied cument - . o
1 of B, Roo L. Eo | W= stip tickness Fetay (mr)’{h—J mn)["—J (3nn’)”°{n—]
D e— I cmm—
‘.‘"W(ﬂmﬂm Vu‘Ruw 7" ne J,B, | B, = magnetic field ) 2m 2m 2m
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SSP(2) -y
Cubic Lattices : ¥k ¢
Lattice simple | Bdy | Face Hexagonal | Diamond . -. ..
cublc | centred | centred | closed pack
(primitive)| 1 (BCC) | F(FCC) -
Lattice parameter a a a a .a
Volume of unitcell | @ & @ @32 &
No. of lattice points| 1 2 4 8 8
per unit cell J_ J_
i a ay3 gLl a ay3
Atomic radius 2 T 202 2 Tof
a
1% nearest neighbour| a Eﬁ—g 2 a 3—4@
distance
8
2™ nearest neighbourt 442 a . a lJ; —i—_a
distance
Co-ordination numbef 6 8 12 12 4
Packing fraction 52% 68% 74% 74% 34%
Reciprocal lattice SCC FCC BCC
Note : for a close -packed spheres : The maximum possible packing fraction is _'@_’E

uvm-wsms ACADEMY
SSP() 'a ) 2 m,, m, = atomic masses
Acoustic branch : © = ;-G[F-ms‘“'(ka)] (m, >m,)
112 v L LT
(@ in= ——] ifk20; (0 = [;“2‘1] Hk=xiza | " mem, = reduced
2 mass
Optical branch : &} =— a{—-—-ﬂn'(kﬂ)] a,, o, are alternating
w2 "2 spring copstant
(0, ) =[%‘-] fk=1/28": (0,)m =[—:-‘-] ifk=0 a = atomic separation

2
Note : 1. The linear diatomic lattice behaves as a band pass mechanical filter.
2. The frequency band between the top of acoustic branch and bottom of the optical branch
is called “forbidden band” .

3. W' atoms areina pnm oeu,-Iotal no. of branches = 3n out of which

nches = 3; Optical branches = 3n - 3
Identical masses, altematmg $pring constants :
m2‘=-‘-"—+m£’—i#kf +a3 +?¢;la2 coska)‘ :

i [}
_2&,1"1““13
m'm

0.3‘1"—';91“:0

sse0 ey W PHYSICS ACADEMY

("y = electron eigen state )
8and theory and semi cond_uctofs : !ﬂ'elmn Soenaae
Bt ot i 4=l ) v i Py
Electron velocty V09= V&) E10 = ooy ot

) v(k) = electro
Effective mass(scalar) m’ = n’[ﬁ(k)] y;\):e vector‘l‘tvemwm
k, k = components of k

)

Effective mass (Tensqr) M =" [—ER—I n = particle mobility

v, = mean drift velocity
D = diffusion coefficient
n, = electron number
diensity
n,, = hole number density
u, = electron mobility
ph hole mobility

= gaturation current
\7 bias voltage

Energy E(k).K Mobilty u--g—-f%—

Net current density J = (nu, +ny)eE ;
eV
qm]' 1]

In forward bias, beyond barrier potential = 1,e*V/™" ,

for p - n junction diode current 1= I,[

+ve for forward bias
- ve for
I ==, In reverse bias, V is ~ ve, eV > kT e

Note :
ot if::;ﬂve mass is positive near the'bottom of the band and negative near the top

g
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SM(14) Phase Transitions

First Order :
Here Gibbs function w.r.t. temp. and pressure change discontinuously at fransition point.
At transition point G remains same.
G - Eatropy Vlume  Eg: Transition of water into
l/ vapour at const temperature
Transition of ice into water
at0°C and at 1 atmp.
T

Clasusius Clapeyron equation holds good.

Second Order: % -

Here there is no discontinuity of{ ] & [ aP) Second order derivative change discontinuously
P

Eg: Transition of ferromag-

netic material to paramag-
netic material at curie tem-

Valume

perature.
A= transition :
Transition of liquid helium The | point line indicates
1 to liquid helium Ii at that continuous phase transition
4.2 K is called A - transition. has occured.

‘ UV PHYSICS ACADEMY

SSP(4)
Crystal systems :
Crystal Relation Types of [No. of | Examples’
between Bravais  |Bravais :
abandc; lattices lattices
o, pandy
Cubic a=b=c SC, BCC 3 Diamond, NaCl
a=p=y=90° | FCC Zn§, CaF,
Tetragonal a=bxc SC,BCC | 2 NiSO,, SnC,
a=f=y= 90°
Orthorhombic azbzc SC,BCC, | 4 KNO,, BaSO,,
a=p=y=90° |FCC, BACC Mg,, Si0,
 Trigonal asb=c sC 1 CaS04, Calcite, quartz
(Rhombohedral) | a=p=y » 90°
Hexagonal asb ¢ SC 1 Agl, Si02
a=p=90"y=120°
Monoclinic azbzc SC,BACC| 2 F#SO,, Borax
a=y=00°p = X°
Triclinic azbzc SC 1 K,Cr,0;, CuS0,
a#Bzy=980°
% UV PHYSICS ACADEMY
Dielectrics: SSR(8) - ] N, - Avagadro number,
ne _g- N "l
Clausius - Mosotti equation 32 ~¢ 42+ “='Mi p - volume charge density,
D LA M - molecular weight,
By == i N =ta(spher) 1 finsed L B).0(tinslzb o ) | & - Molecular polarizability
D - 7 n= #p = number of
P=aE, a== i
E. molecules per unit volume
Fermigas (3D): s ¢, - dielectric constant.
v (2m, )" 3nv E,_ - local electrical field
E)e—s| —=| E7, OE N
uE) 21:’( " ] =3 E = Atomic polarizability
Ttk = Depolarizing fields
. _fan2¥3 .V, =—t Eu po g
ferrm wave number K _(3nn 7 T m, g(E) = Electron density of
R . states °
Femni energy (T = 0), Ex(0)= =50 —(3n?)*?; v, = Fermi velocity
- T,= Fermi temperature
E.(T)= E'(o{1—%(_E_(T)) } T E C, Electron heat capacity.
e\ k E £ electron energy
= = Fermi en
% =—3—9(E¢)k’f E L0 DY - Total kinetic energy (TEFp. TV
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SSP(13) 3 ( m = isotopic mass )

Nt (uaH) _ N2 j(j+1) T, = super conducting tran-
Magnetisation M= 3KgT —#“GH sition te perature

T = temperature
Susceptibilty x__-ﬂL iG+1 Cy Cs = specific heats of
3kqT normal, super conductors
Super conductivity : respectively
Isotopic effect ym T, = const 4 = energy gap (0.1 meV)
2 ¥ T, =cons G = Gibb's potential

Critical field H,(T)= Hc(o{u[

2
Specific heat difference C, -C, = .Tc(‘:n_i) oo

Specific heat of super conductor (Ca) =ae
Note : The properties of the lattice (crystal structure, Debye temp. etc) do not change when

o

dH
Specific heat of lid C=
peci at of a soli dT]

Sy S, = entropies of nor-
mal, super conductors re-
spectively

H(0O)=critical field at T=0 &
(Clanice)y = lattice specific
heat of nomal conductor
(Canice)s = lattice specific
heat of normal super
\conductor

a material becomes super conductor

SSP(11)
Effective density of states in the conduction bandN, =2{

Efecive densiyof states in the valence band N, .z[z’““n"T

Density of electrons in the conduction band at temperature T

S e -gt)ie g8

Density of holes in the valence band at temperature T

ST

n=N,

. £33 UV PHYSICS ACADEMY

2zm}) kT ]
h?

] Eg = energy gap of the

semi conductor

h = Planck constant

m, = effective massele
m, = = effective mass
of hole

k=Boltzman consatnt
n=intrinsic carrier concen-
tration

Semiconductor equation: np=n,’={$]’(m; n-;,)’" e —%} E;-E, =E,

. 372
Intrinsic carrier concentration : n, = {%} m: e ex;{.

i
m)

hence (Cusebu = (Cusa)s : Entropy of a solid S= ‘(—'J Sy- S,-—Hc drg

L ———

M e TS Lol D %
% UVPHYSICS ACADEMY
cM(1) ! CLASSICAL MECHANICS
Degree of freedom (dof): f=3N-k N= numberofpamcles k = number of constramts
Object dof

1. Rigid body 6 DeAlembert's principle : Z(F"‘ ~PJBr =0
2. Fly wheel 1

3. Simpl 1

4 gpmhg:capf;gx:;ﬁ:,m 2 Least action pnnc:ple S= IL(q,. q, t) dt

5./ An ant moving on a 8S= S

non spherical baloon 3 | .
6. Parﬁclpe inside a cone 2 Ehies Lagrange equation: E[H,J'(H)' 0
7., Compound pendulum 1 i=1,23.s
Constraints 1

Rheonomic Scleronomic | Inextemal field : L=Emv’-V(r. h=T-v
explicit time no explicit time ' aL

dependence f(r,, )  dependence fr) | Generalised momenta : "'=3qlg‘

Holonomic Non holonomic 8= virtual displacement

integrable Non integrable S =-action; q = generalised co-ordinate

f(r"l, =0 f(r, )20,n=1,2..|| q=generalised velocities

Example of constraint: L = Lagrangian

1), Two particle connected by a rod of variable len
2)| A sphere rolling down from a to

gth - Holenomic rehenomic system
p of fixed sphere - scleronomic non-holonomic system

3)| A particle moving on a very long frictionless wire which rotates with constant angutar

about a horizontal axis - reheonomic holonomic

@ UV PHYSICS ACADEMY
CM(5)

Small Oscillations:
Secular equation : |V-o?T=0, V = potential energy, T = Kinetic energy

V]ig, 9, .. q T| g 6 4,

Vi Vi - Yy ol BT ST ST N
9 Va Vp Vn q, T Ty A Ty a=|
Y Vo o Vo T T VA8 < \an

For normal modes eigen value equation is |v -0 ’Tla =
Frequencies of Normal modes:

Parallet pendula : o, =J: o, 9. & ; Double pendulum : w-]}(ZiJ— )=
2k
Linear friatomic molecule : o =0,0;= [— (,)3_ —+—
Three masses on acircle: o= ‘}(21‘/_)!( F ; Diatomic molecule &= }k("m“;m’)
e

Coupled oscillator : m-‘/mn+2m,, o' =@,

For intrinsic semlmndmoo’;s,,#‘ggm%; E- ngv +¥,nn_\

-3 UVPHYSICS ACADEMY
cM3)

L. .
Hamiltonian H=ZQ|P| =L, Hamiltons equation % = » P
et
1
Hamiltonian of a particle in an external field H=5mV’ +V(r, )=
Hamiltonian in different co-ordinate syste

S

)

oH

T+V
m

v v

Cartesian Cylindrical

H=.j;;(pf+p';’+pf)+V(x) H-—(pz +—+P,)+V(f)

2
H=L(p,’+-pl+

ST

Spherical

2
o)+

Pe

Hamiltonian for some physical system ; Simple pendulum : H =—m——mge c0s6 ;

Canonical pendulum: H=

pz - =
mé*sirfe : 2mr
p 2
A particle moving in electromagnetic field : H =M+ qb,

_[f H]+ df

Equation of motion :

mefcoss ; Sphericalpendum H = PO

i H=0id o0 o8 g
A =0t =

2

P
T+ _2mr_’:m +mgrcosf
A = vector potential
¢ = scalar potential
PB = poisson bracket,
QC = Quantum commutator

Poissons theorem f g are Integral of motion then [f, g] will be an integral of mation

df dg

ie, d—2=d—t--0=a [f g=0; Jacobi identity: [f, [g, h]] + [g, [, f] + h, If, gJl=0
% UV PHYSICS ACADEMY
cM(7) Different paths of motion of a particle .
]
Ci!cle Elfipse Parabola Hyperbola
2
E=°'E=E-HF O<e<tE=-ve e=1E=0 e>1,E=+ve
12 i 2 & a PN @i
Perihilion r,,, = KITe Apehilian ~m i :
imajor axis : k-—k— ,- L Semiminor axis : b= G
Semimajor axis : a-?E- 21ET 2 - ]

Rotating Frames:

Euler force : F‘=m@xf

dt

a =(d—F] +oxr; Coriolis force : F, =2m(@xV);
dt), \dt), L

Centripetal force : Fey =mox(@xF) ;
Rigid body dynamics:

Moment ofinertia: For discrete massdistribuion 1= Tm 7, i=123..
For continuous mass distribution [= dmr

I Zmr
Parallel axis theorem : [= =1, +Md?; K T“- Sm

Perpendicular axis theorem : I, =1 +Iy

L=ig; T=—ald

S, S = initial, reference frame )

Lﬁnding moment of inertia

[ = moment of inertia tensor
L. = Angular momentum
T = Rotational kinetic energy
K = Radius of-gyration

I, = momentofinertia pass-
ing through centre of gravity
d = distance from the centre
of gravity to the point at which




M
. Magnetic susceptibilty *& == "gn

Quantum theory of paramagnetism: Magneticmoment Hn =

SSP(12)
Magnetisim :
Diamagnetism :
__ze’8 As
Diamagnetic moment of anaom Hm =~ "gm © <

e
Intrinsic electron magnetic moment = _E._QJ

Magnetization M =Np,, ]
EALNPPLIN

Note: 1. Diamagnetic suscepfibity is independent of temperature.

2. Y4 o r* outerelectrons make larger contribution to fhe suscepibilty
Paramagnetism Langevin's qlassical theory _
Potential energy of a magnetic dipole U(magnetic) =i, B
Magnetisation M= Ny,L(x)

UV PHYSICS ACADEMY

</%> = mean square orbitaq

radius (of all electrons)

2 = atomic number

B = magnetic flux density’
N = number of atoms per
unit volume

L(x) = Langevin function

C = Curie constant

T, = Curie temperature

g = Bohir magneton

H = magnetic field strength
j = total angular Momentum
quantum number

NugB = oo TR -
M”a% where L(x) =colhx-— 3(forxs1),x- o

C. o~ MM .G
Curle'slaw:x=7.C———SKE"',Curie-WeIsslaw.x RESA

CM(4)
Poisson Bracket Properties : [x, pls =i—1h-[x, Plac

(=1 ¢=0; [ gl =[ g+ hl: If ahl=[ah+glf nl. [L gl=-[o. 1

Canonical transformation:

Lk = Boltzmann constant
_

(ToT); y#o andy#-ve

s{%)“l. =01 )

UV PHYSICS ACADEMY

Generating function H‘-H=%T Generating function
N I 7 |
F(q, Q.1 Fy(q Pt) F(p Qut) (AR
oF, ,_ -oF oF, o o -0F, o _ -oF. -oF,  _@F.
Hp% =M .22 =2 p=—2 gq=—HQ=-+
e PTam Ve TR e R

Condition for Canonical transformation:
1) Exact differentiable : Z(pdq, ~PdQ))=dF

2) Invariance of poisson bracket : {Q, Q=[P. P}=0, [Q P]=1
Qa i R
3) Q=fg p).P=f(a p) gg =1 q=1Q, P),p=f(Q, P) gg g‘; =1
w » QP

4. Bilinear condition :

CM(8)
Moment of inertia :

. Thin rod
22 il
lccntre"'l_z

Rectangular lamina

A

a= radius

b = length
NN T, et
M[a® +b? 4

Thick shell of external and
internal radii

2yl -rd)
] -r})

Euler Equations

15 = L, +oo5(l, - 1)

1, =110, + 0,05(I3 - I,)

{= MR?

Solid sphere

Y (69,00, ~Ba,dp,) = ) (BR4Q, ~30,0P,)
k k

UV PHYSICS ACADEMY

Ring
452 .
2
Elures-

Cylinder

@y Icylindrical shell MR?
“ isolidcylindrical _M;‘z

13 =303 +eyp(ly -h)

SSP(14)
London equali_ons:

2 - A 2
1"equaﬂon£:-“-="—::—5; 2™ equation va,=-ﬂ::_a

4 W2
London penatration depth A(T)= ;\(0)[1 - (?T-] ]
(4

4
Super conducting electron density n,;:u,[h—%-]
c

Order parameter

c
Note: 1.0rder parameter characterises the degree of order in
the super conducting state. i .
2. The relation between the penatration depths and number o

LI P
WeBteli- 2

i guper electrons is inversly proportional and they are
- temperature dependent.

Conerence length §=-2;—"Aia1o‘m; flux quantization ¢=%=n¢o
Josephson effect :
D.C. current [=1sing, Io=2nrH.(T);

i 2V, 28V
A.C. current I=I¢sin(ot+d), °’=T.U='—h-

%@ UV PHYSICS ACADEMY

(3, = current density of W
super electrons

n, = density of super
electrons.

E = transient electric field
arises with in a super
conductor which freely
accelerates super electrons
B = magnetic field

A(0) = penatration depth at T
=0k

T, = critical or transition
temperature

t = radius of super conduct-
ing current carrying ring

¢ = phase difference b/w
wave functions of cooper
PBL4,= he/2e = 2.07 x107
gauss - cm? (fluxoid or fi
quantum)

v; = electron velocity at
fermi surface

v =frequency of super elec-
Ltrons

Y , s
A LV PHYSICS ACADEMY
cM(2) w . -
Lagrangian in different co-ordinate system
o 3
Cartesian . Cylindrical Spheical

L=—;-m($(2+f/2+22)-v L=§nﬁ?;?¢2+é’)—wr) L=%n’(f’+r‘é’+r’sin’e@‘)—\1(r)

Lagrangian of some physical systems: Conical pendulum :

L= —;-ml2 sin?6¢? +mgecos

Simple pendulum:: L= %me’é’ -mge(1-cose) ; Compound pendulum: L = -;-Ié2 +mglcose

Spherical pendulum : L= %m(r’éz +2sin?84?) -mgrcose

yo-yo with moving support : L=%m(i’-2aié+%a’é’)-mg(z—ae)

Charged particle in an electromagnetic field : L=%mv’+3V~K-q¢
c

A particle moving in a central force : L=%m(f2 +r’é’)+—k-
r

A bead sliding on a firctionless wire in the shape of a cycloid : L=m§(1-co§i)é‘ -mgg1+cos)

i| of of
Poissons bracket : [ 81= Z[a %'-a-pT %] ;
]

;gg UV PHYSICS ACADEMY'
CM(6) ¥ Central force ¢
po M M . ) ) ‘
me+m, o mem, T mm, L=plrlh, J=pret C) Centre (>m
2 L
Gravitationally bound orbital motion : h=f29=a , ] °-m’—m>‘
dA 1, h '
areal velocity E:;r’&:;:wnstam _{1J
i 1
Equation of motion for a particle in a central field : —d—3+u = ,uz U .
\ a6’ mh’u r
- (du 2E-V)
Energy conservation : | — u==_,V=_I
(deJ = F(r)dr
Virial theorem : Fecr® or Vecr™; <K>=-n+—1<V>, <K>=l<ria\—/;
1k [ ’ 2Emh®. 7 |11 2 2
u_F—r—nE’_ T4+,1+ @ ?,GPSB ;F=E(1+ecose); p=L“hk_,g-_- 1+_E;:‘_h
" directrix

p = reduced mass of two interacting bodies; F = Force
ry f, = distance from centre of mass; | = moment of
inertiaJ = angular momentum; V = potential energy;

T = kinetic epergy; h =angulér momentum per unit mass
<K> = average value of kinetic energy; € = ecentricity
<V> = average valueof potential energy , n = integer
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I Ry UVPHYSICS ACADEMY
| AP Special theory of relahwty ¥
| — — Time diation : t, =t _, _
For discrete mass distribution For continuous mass distribution ” L) o
2
L= Zm.(r.aa -xx;) I= J.P(r)(rzﬁi,- ~xx,)dV S et Sl e oy
) J vel i
s ocity v wrt G, The rod is kept at rest in force

Principle moment of inertia tensor I=[0 1, qQ

Lorentz transformation; x'
! X =tx-v)y'=y =z d2yfy i
W=y d=z¢= {, L ?V?J t5 = time w.r.t groyng

00 I for B=v/e, x=
. X=X -Pet), y' =y 2 2 g i i
v Symmetries : PNt = yel-po) ! = tme wrt force
. : ) ‘ = ol Ty pro o]fu] 5 Sy '
l:syn['lmetnc i) Symmetic top Spherical top Rotar o By o0 ofls Eigen valties of Lorentz matrix [Y VY> 1
2l =1, L=lL=l, L=l=] h=l2lobuly=0 =y 0 0 g off,] aLLy1-p) y1ap) V1
T =Ly +@uy(l, ~ 1) Ty =lay +a,o(l, -1,) =1y +0,0y(I, - 1) n =1, "‘mz"’;("lz) ; z 0 0 01 z
T =L, +owy(l,-1,) Ty =10, +o oy, - 1,) r2 =50, +0u,(, I,) T =L, +oe,(l). it LD i/ frame
B= [3"’3*"0!“’2“:" ) =1, =L, v §?50 §2 10 By ‘o = length of the I
Y A : S §2=0 |object w.rt round.
Cone : p:]—-, lxx =]yy _& _MRZ =_MRZ szz > 77 o % Yz bt i g g A
T 0 3 s o time like : =y += length of objecﬁ‘
;= 1 1 £ ; space like light like I moving frame
: HPOP: M=nR%p, 1 =1, =E1tthp(h2+3R2), I =E7thR‘p .- ! fit <c Il;n 184 o Y = lorentz factor
' = ] Dor-le |+ ¥) ; t (S S S|
{’:’/— ey =—p & Ak . rr—t— — -"\
I
UV PHYSICS ACADEMY
CM(13) 2 ‘
Dynamics : E = me? sf panr:]i:le el | ELE(14) oPave
z | Subtractor : Adder subtgucto "
Kinematic energy ~ Rest mass m E, = myc? = rest mass| = | - 3 Vi lb:m el
' i loltage to Current  Curment tq Voltage
m-myct  myc? energy H 1 PNE
Four vectors M= et | Ve r:
o . v | 4
ATy 00 iy][x] x=yx+ipx,) =7 ! n ; 1"
o 1o 0|kt x=xx5=y6=2 i / ® L =V/R Vo =R °
Ao 01 0llx| (z )'p )] e \ Seihih KM Z-w' E:'O "
o Xy =1(x, - iBx, J icp)=(dy, 4y, &, J, ey v =
X, |[}7. 00 v]|x b i 0. fep)=(dy, dy Jy, J)) | Phase shift oscillator: p = feedback ratio = 1129, { = 1/(22J6RC) [Memutua
Charge density four vector : J, = p?, covariant form : a< =0 | Colpitt's osclilator : Hartley oscillator : inductance; p=

Position : %, = f, ict} x, = (x,, X;, X,,, =ict) Momentum P, =y, =(mi, mid, p,=(p, iE/c) =1I(2le:C—f).°r=C.Cz/(C.+Cz)lf.-1/(2RJETE).'- =L+l +2M &“ﬁf}ﬁﬁm
Low pass fitter: H(ja)=A, '(\/“('”’ )" | High pass fiter: H(jo)=A, _

@,=1RC), f, = 1/(2rRC), Ay=1+R,/ R,) f, =1/(2nRC), o, = 1/(RC); A, = gain
R

vu=(ul‘l]—(u le ),icl‘/l-—(u /et ))

4,
———-(F/Jl (272, —Fu/Jl (/e )J | =
dt | Band pass filter : H(jo) = Agltr)
e u(ia) i(1.a) 1] +H8 P+ (018, f B
| €y
| v

= 1_\17‘:2 ¢ (1_/) c(l- /) | Aa=AgAy; Ay (HPF)= 1+&IR,),

Au(LPF)=1"‘(R IR): § =1/2R,C,), 8, =2wRC)

:’“l

|
\
i)

l
LW
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ELE(12) 0 v, |  OPERATIONAL AMPLIFIER '
%Resoullion=—% , Voltage conversion resoultion = Symbol : Vee ‘ ELE(10) <
5 ZiiEo | NORGateFF: R S Q
Resoution = the we!ght of LSB (or) nput | . 0 0 lstsiale no change
Ve _ Analog full scale voltage(V;.) Vo { a 0 11 Set
~Total o, of steps -1 Nondnviriing Zut 100 Reset
AID Convertor (ADC) R = s 1 1 x  Foridden
imult P Comp O/P i = ; O ==
Simultaneous ADC o - 0 sz - Open loop vo]iage gain (A) = o | NAND Gate FF: RSa
e g Input impedence = « LG
e U VIR LA SIS S st i 1 1 lststale
Vaoviz H oL oL [Pl ump- ; n 01
V2to3Vi4 H H L AR : _ ¢ 10 i
78 vz [ comp Vi4toV H H H Zerooffsetie, V,,, = Owhere V,-V,=0 e 0 0 fobidden t 1 1  Q(oggle)toggle
a3 st iemolfe, _ Clocked RSFF:  ENS R Q, JK Master slave FF:
i 1 0 0 Qfnochange)
w“ = 1/ -0#3° 40
Ll s 2T .1101 :
Counter of RAMP type ADC : conversion time = v, 1 11 Iegal
n -» o of bits in digtal word, T, = time period of clock | 0 x x Qjfnochange) [cLK 4 K Q,,  Action
pubs. Max convaistn tie = §, = (2" - 1) clock cycle [~ END Q, t 00 Q no change
e 0 Q (tast state]
Average conversion time = —2-=2" ! ! > (;‘ on(| ) I :J ; (1) :eetSet
©) Dual slope type ADC =V, =NV,, /2™ 18150 £ 1 1 Goggeytoogle




- Relativistic addition of velocities: Ug =

ELE(9)

UV PHYSICS ACADEMY

CcM(12) s
F

1+(uvic?)

b4 .
Relativistic addition of velocities

Frame, velocity both
are moving away from

Frame is moving away from the
the ground but particle is moving

the ground towards ground in that frame
o U s L
14 (uvic?) € - (uyv/c?)
Velocity components u,
h———-—l S
Paraliel Perpendicular 4' 1= (u,v/ch)
u -v lu U

TR )

-
U, = velocity wrt grountﬂ

and frame
v = velocity of moving
frame

u,, u} = velocity of object
in rest frame, in moving
frame respectively

f, f'= frequency in rest
frame , moving frame re-
spectively

bt

Longitudjuab Doppler effectf=0" 0=0'{(1+)/1-P)
N

frame is moving away from

frame is moving towards

wJ_

the observer f'<f (RedShift) the observer f'>F (Blue Shift) . Bcose
Transverse Doppler effect 9:96 o= m',f(l - Bz) :
%z UV PHYSICS ACADEMY
5Lﬁ:1:'.)f - Operational Amplifier
loltage follower : Scale changer / inverter Differentiator:
. <
. R
Vi ¢ |
Reuay @ Re
Summing Amplifier:
l:we{,ting: R Vp= .&01%
' R2
z: | gainA=eR.C,
Vo e Integrator:
Recap = RlIRH[Rs|[Ry V::B}:j Ry |£L_
[L Vi, &] v _
-{—'—V+ ’V+R’V] 1+—J R1' R: R“ .
—t—t — Revap @ Ry
R, R, R "
Non-inverting 7
SOermior v. Inverting comparator V= =i IVﬂf
RlCF
gain A =fR‘:?
F

UV PHYSICS ACADEMY

Boolean Laws

A+0=A; A+R=1; A=# A+B=B+A; A+(B+C)=(A+B)+C; A+l=t:
A@B+C)=AB+AC; A+B=AB; A+AB=A; A+AB=A+B: A-0=0; A-A=0;
AB=BA‘A(BC)=(AB)C' A+BC=(A+B)(A+C); A-1=A; AB=A+B; A(A+B)=A

Kamaugh map : _ B8 B B B Ccb CD ¢cD
Al AB AB
A AB AB
AB AB
AB| AB|
Haif adder : Adds two binary digits at a time Input Output
: s S=AB+AB A B [ sum(S) camy(C)
0 0 0 0
0 1 1 0
1 0 1 0
“ull ndder Adds three digits at a time|_ 1 1 0 1
} 'r:tgerSystsm Base %xglt useinnumbersyslem 4
i Tent;yry 01,2 ' £
" Dedma 0153428700 o ]
6 Hexadecimal 0,1,2,3,4,56,78 .Q.A BCDEF )

CM(10)

Cyiinder : P= 2z la La=ly =3
M Ma® | _M_b_

Elhpse a=El =y =l = 2

Maz
Hoop: M=aR%p [, =1, -—uhR’p(h’+3R’)1,-—mR‘p :Rectangle: 1, b ['Y:T

Ellipsoide :

-Ml;w—-MR2 l,=——
2

UV PHYSICS ACADEMY

MR?
2

— moment of inertia about the minor axis ¢ = —(a 3 YT

1, = moment of inertia about the minor axis a = —(b’ +c?)

1, = moment of inertia about the minor axis a = ——(a +c?)

M
i ==
Rectangular parallelopiped P gat

Routh's rule:

(b +c*M I (2t )M (a’+b’)M
gn o Py 3

MS?
Principie moment ofinertia for simple bodies I= =
§2 = sum of squares of the semimajor axes,

of the other principle moments.
n= asmall positive integer

UVPHYSICS ACADEMY

-c}(u-3) ic’(u-a)

n : body
3 Rectangle
3 Rectangular parallelopiped
4 Ellipse
5 Ellipsoide
CM(14) .
- v, ¢ - -
acceleration : = 7 '[ atu-

F-T v

1 1
3 - - H = 2 - ____
Four vector potential : A, = (A, A, A, A) = (A, id/c) [ 2=V at’

Coulomb gauge condition : ¥.A =0

Electromagnetic fi eld four-tensor

Al Ty oo ipr][A 0o B -B -Elc
Al |0 10 0)A Fuo= -B, 0 B -{Eylc
AL 0 01 0fA B, -B 0 -iElc
Al |-iBy 0 0 y [[ible iE /c iElc iElc 0
aA
F,.m-iaﬁ'-——— F,=-F, &F, =F, =0
ox, ox,
Mechanical vs Electrical oscillator:
Mechanical| m b Jk F(t) T1 u1 F1
(mass) |(dissipative{ (force | (external Emfrz ikrz 3hi’(dissipativ
coefficient)| const.) | force) force)
1,. 1 1,
electrical {L R 1c | E® Equ E% R
circuit (q) | finductance) |(Resistance) (e.m.f)
1 R LU S C . PRI SR ST e :...-J
£ UVPHYSICS ACADEMY
ELE(11) L Registers
A group of FF’s used to slore a binary number.
Shift registers :
1. Sena serial out 3. :‘enal I n out 5. Rotate left
mhh-»_-r-»-»-»-nm.,.,. ""h""" —_—
v ¥ {omoa
2. Serial in lshlft Ieﬂl serial out 4. Parallel in parallel out 6. Rotate right
bataout 44| €] = €| € Danio T ——
Counters : Q;D
Used to count the no. of clock cycles ¥ouaca
Synchronous Asynchronous
n o HIGH, HIGH
'_“' bt I e v a T g
X Ly CLK[~——pC c
K K
DIA Converter (DAC|
Binary Ladder : (DAC) ? 2 2 2
Bit position Binary weight. output voltage
MSB n w;P 9 R IR IR IR
2rmsB 4 vi4 ® R R R ™
Nin s 10 PV % 2177 R VR: o

3
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ELE(8) DIGITAL ELECTRONICS
Logic Gates NANDGate: A B Y
ORGate :A B Y —, —
(Y=A+B) 0 0 0 a:DT-m (Y=AB) 001 ':D—-D’-'-

011 , 11

101 v 1oLl T

TR 1l 110 _
ANDGate: A B Y )
YaAR ol ol a:D“ Exclusive ORGate :

010 (Y=PB+AB)A BY

A [

100 ] 000 )

1119 011 :___)D——v
NOTGate: A Y IO i e
vam) 01 D 4 e

10 - Exclusive NORGats :
VORGate: A B Y (Y=AB+AB)JA B Y
.v.ma)g?; g 001

100 = P "

1190 1R .:)D—'
Emlmeaofposiﬁveandnegaﬁvaloglc:PoeiﬂveORﬂnegaﬁveAND.PoaitiveANDe

OR.PmNOR«mNAND.PmeANDeNmNOR

eghtive

m‘f,mnﬂ : Step up transformer Step down transformer
f . :
%--‘\5‘;'%=F; N >N, VooV, <]y N <N, Vo<Vh, Ll
Parameter HWR Centretaped FWR
LY %
D.C current (i,) = 7
V, R Vo | 2V,
- = — g L
D.C. voltage (V) x (R+R) = = (R.>R)
(R >Ry
-RMS curent (i) % %
. Y, v
RMS voitage (V, ) 2 2
AC power (P,) @I4R, +R,) (/2R +R,)
iy 4
D.C power (P,) =R, 3R
i P PIV=V, remaining
Eficiency 1= 408% 81.2% | all parameters are
Y [Pn](R”>R') same as FWR. |
Peak invarse: / v, Ny = J
| £73) UVPHYSICS ACADEMY e
EMT(1) . ELECTROMAGNETIC THEORY o !
Conversion from S.I to Gaussian units A = linear charge density)/
el 4n B = surface charge den-
et o B & = suriace chargl
P =i I _)cH sity
)L s4me g odm, H- % p = volume charge den-
' A Dﬂ sity
ST Moo 2SS
Note : The quantities p, J, E, ¢, o, P, &, & y, all are unchanged.
1
Electrostatic force : igas ~ _
doulomb‘s law F = Z:e—i;?if ; For discrete distribution of charge F=F+F,+..+F,
2 et~ QF ndgy
Continuous charge distribution F =-[‘;s—n- L—zqr
{
Llnléar Surface Volume
FaQurMEL g Q ok, o rpdv. |
F_4n.!7r' F_4 ,"[rlr' 4:5,;[:’ : !
Electric Field : F = qE . ;
5 i 1.Q.

ST
Discrete charge distribution: I-:=-4——Zq—2‘ri

. 3 "y : _= _r
iue toapointcharge 'Q' : E ——4”50 s Luy

| A i -~

¥,

i paraliel plate capacitor C=

i

UVPHYSICS ACADEMY
ELE(S)

Altemating current : {current changes in magnitude and direction sinusoidally)
K " [iug = @verage cumrent; i, = D.C current; I, = meximum)
I’ﬂ sinest - current, T = time period; z = impedence = R(for pure resis-
g =l =~ tance), reactance (x for pure induclor (L), X, for pure ca-
et pacitor (C)) ; ¢ = phase difference biw | and E. )
o
Note : Average value of A.C over one complete cycle is zero.

B
\

l:ara AC. through
etrel Ronly |Lonly |[Conly |RandlL RandC LandC
E E’. 5 E = E &
i R % e > sin{ot - ¢) = sin(ot + ¢) z sin(ot-(r/2))
o)
z |R % =ol .h;c‘ Zf“lkux: Z=‘/R’+x,’_. Z=X -X,
¢ |i&Ein |ilagsE | ileads ilagsEby |lleads E by i lags E by
o oL o 1
phase(0")|by 80° | E by 90° | tan"| =] | tan <R, | %
di .
Series LCR drcuit: Ligr +IR+ T <Exsinot; i sinfot-4); =5y /)

Impedence z = ,/R’ +(%, ~X)?

UV PHYSICS ACADEMY

ELE(2) !
Comparision biw CB, CE and CC configurations:
Parameter cB CE cC
Input resistance () |very low (20Q ) moderate (1 kQ) very high (1 MQ)
Output resistance (ro)|very high (1M Q) high (10k'Q) very low (20 Q)
curent gain a<1 high (B~ 100) highest (y=p+1)
voltage gain large (= 1500) very large (1500) =1
power gain high (30 dB) very high (40 dB) | fow (10 to 20 dB)
phase reversal 0° 180° 1
Leakage current very small very large very large
(=nA) (=100pA) (=100uA)

Note : 1. Most of the practical amplifiers work in GE mode because of its large current and
voltage gains and hence the power gain.

2. Common collector (CC) circuit is also called as emitter follower circuit.

Base resistor (or) fixed blas:

Vee = Vie + 1Ry Vi = supply voltage
= - I
- V.-V, VIaE base - emitter voltage
R, Iy = base current

Ry = base resistance

Vec and R, are fixed and V, is small

AL UV PHYSICS ACADEMY

Uniformly charged sphere (radius R) va—3_ SResil r<R
D Saesp 4ne, R 2

3q

[}

. r=R

at the centre Vv = , on the surface V= 9 8
8 ER

4n

9
4ne s

>R V=—q_.; r<R
4neR

g (r>R), V= 1o (at centre), Vi, =i(at rim)
4negr 2 gy

charged spherical shell (radius R) V =

Circular charged disc (radius R) v =

Charged circufar ring V =L LT >R, V=

angy JR2 42

. Ao (F 1 p-r
infinite fine of charge V-V, =——Ir{ -2 |; Due to dipole V,, =
ite fine of charge V;-V;, P r{l_]J p (3 aney?

. =0

q
4ne R

Capacitance :

3 . gt C =27k
Sphere (radius a) C = 4ng,ga ; biw two co-axial cylinders (a<b)

Inlb/a

a
(b-a)

k= dielectric constant
t = thickness of dielectric .
d= seperation b/w plates of capacitor

bAw two concentric spheres of radii 'a’ and ‘0’ (a< b) C = 47es,
€A

£a)
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ELE)

Time varying currents:

L - C circuit : g= charge.!a

d’q E. 1 = capacitance
WSS kAo g shit f = E = battery e
Note:Charge on the plates of a capacitor is oscillatory in nature/t = time

LCR circuit : R = resistance

99, Rdq 1 _E L = inductance
®Tat et A, A, = ampittudes (con-
Solution :

R =

1
q=q°-/\, el-«'ﬁn _Aze(-i-lu’jn . k""i- (] 7l'-=é=’
case () : k> o? over damped (dead beat) '
case (i) : k*=q? critically damped

case (i) | k% <q? under damped

stants)

o = angular frequency of
LC circuit

B = angular frequency of
oscillations in LCR circuit

\&Sa T e o

Note : In under damped case the circuit is oscillatory and in other two cases circuit is non

€% UV PHYSICS ACADEMY

’ at resonance : X =Xc 20 =
Phase o=tan"[ﬁ——;"°): = _T'
it % =X
iy if x >X, iy i % <X ﬂi). _
g::ﬂnamre is inductive X capacntlve resustge s
ilags Eby ¢ ileads E by ¢ iand E are

Note: %39 condition at which current and e.m. fare in phase is called “Resonance condition®.

Quality factor (Q):

energy stored resonant frequency

oscillatory.
2
The condition for oscillations in LCR ciruit k* <o =%< L1C
2 2
o e Y 1 ], o
enguiar frequency = I.C TR == ToRTT
UVPHYSICS ACADEMY

ELE(1) ELECTRONICS
Transistors :

CBC CEC [
‘current amplification factor “=%-%ﬂ B= D.==-9- VoY=

(3 !
Al Al Al
= — = — = Z€
Oy Al Be 2, e al,
Renge (ypically) | o, =009 100.995| B, =20 to500 Yoo =Be +1
Total output Current | I, =alg + 10 I =Plg +1ceo Ig =1, +Ic(general)
w0 = o) Te = (1+B)ly +Lcao)
;1. 1naN-P-Ntrensistor I, and I flowinko base and coliecor lmminals respectively and 1 fiows oulofeyTiter.
1. P-N-Ptransister 1. flows infoemitierand I , 1. flow outofbase and collector respectively.
Relation
between | % P.2MY op ‘ By 1a
B=ra_ | a=pi(i+):B=all-a) | y=1+BB=y~1] y=UI-aha=t-Dy

1B and y are current amplication factors in CB. CE and CC configurations respectively.
+~emitier current, 1, - basa current, 1 -collectorcurrent, 1o, -leakage cumentin CBC, L o, - leckage currentin CEC;
1BC- comman hase configuration; CEC - common emitter configuration, CCC -comman collector config.
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EMT(3)
Curlof E is dE-di=0 r

Electric Dipole: B
N P
Eg(r, 8)=

«(r 6) 4,1’

(chssn'--v-sineé) . (@isangle bw pandr)

1 =
3(p-r)r-

4ne,r’ ( p-1) p)

Torque T=PpxE ; Force acting on a dipole (in non-uniform electric field) F=V({p-E)

Eofa (pure) dipole in the coordinate free form E‘, ()=

Monopole moment Q,, = {pdV ; Dipole moment p = Zq,r (for discrete charges),
p= J'prdv (continuous charge); Quadrapole moment Q= _[—(scoie pdV

Electric potential :

VxE=0,E=-vV; Paint charge at a distance * V = —3
4neyr

Potential difference Vv, -V, = I E.di; For discrete charges V= —Z 4
For continuous charge distribution V = E I—— (1Ddg=Adl, 2D dq=cds, 3D dg=pdV)

Poisson's equation v2v =--£-, Laplace equation vy =0
&

= = = — (or) Q= -
Qe energy losed per unit period Bandwidth
-3 —(lorL -Reircutyand Q= &-—(forn C circut)
f, -resonance frequency
At monance 'CR - z e "
Series LCR - circult Paraliel LCR - circu pedence
1 R N = no. of tums in col
"= e "' Lc T 1,2 = primary, sefyond:
il vel
z is minimum (2 = R) 2 is maximum (2 = URC) :’Z:':m"::m A
current Is maximum :Jm criﬂrg'lulirtﬂum Ry
Acceptor circuit €] -
Voltage rmagnlﬁcaﬁon circuit | Current magnification (x = trangtomation i
| SUUSBERIRSS e s e ]
- =k
@ UV PHYSICS ACADEMY
ELE(3) -
Voitage divider (or) Universal blas : ) i

: = _Rl_ Ry Re
Potential drop V, across R, is Vs = Ve =2y

V.qV“W};Vs:lERE: Vee =IcRe + Ve + IR

aince fp=ly+lc s vefy small, Ig=l;

v

) v o =ply +(1+B)leso

iS

Stfn’illty factor (s) :8=

1dI

di.

ec = Supply voltage

as temperature (or) p changes I, changes olt:g eE Pt
Note : ‘s’ should be as low as possible for higher stabimy -

Feed back: Ao A ? Asih ¢ gmo:’ovgl;ege
forsve Ratback e A e bk AP n o w168 back
The factor |AB)is called loop gain = gain with feed back

Brakhausen condition for sustained oscillations

) |AB| =1 ii signal must be fed in phase with the input
feed back must be positive)

{ote: Practically o set up oscillations loop gain should be slightly greater than one (|AB|>1)

=fractional value (+ve
r positive feed back, -
for negative feed back

iy UV PHYSICS ACADEMY

Continuous distribution E =1
4ne,

Flux of E through a surface 's' §e.= J-E -da

"‘5; (1D dq = Adl, 2D dq = & ds, 3D dq = p dV)

Gauss's law: Integral form {E -da= ;. === Differential form ; V.E=-
Electric field : ’ =
uniformly charged sphere of radius ‘a' E = o r<a), E=—J_f

& B (r<a). E rzr(r>a|)

€o x*+R

At mid point of two infinite charged sheets separated by a finite distance E =27
&

uniformly charged disk of radius R E = _c‘_{1 S

Spherical shell of radius R E = L%f ;1>R E=zer0;1<R
4ng,y 1

infinite spherical shell E = ; Infinite conducting charge sheet E = 2f
2 £
Electrostatic boundary con:ﬁtions : 1. Tangential component is continuous EX

% ; Infinite charge sheet E = -2
2 2,

o = EL»:
2 Normal componentis discontinuous ES,, —EX,,, =— ; 3.Potential is continuous Vo= Voetow
&

4




UVPHYSICS ACADEMY

EMT] ;
Capacitors in series

Capacitors in paralle] Freffff delec:nc on'parak
T 1 7 T el plate capacitor:
c, i e C,=C,+C,+..C, If a dielechric is introduced
btk oo g biw plates:
s R g -
VitVp V=i V=V, =V, =V Battery Battery
G G Aty disconnected - connected
Ie =
‘" identical capacitors ¢, = i Cy,=nC g, . 'éc g, = ::g
Muttiplate capacitors: Multiplate capacitors: Vi=V/K Vi=v
C . d
c. -G L E'=E/K E =E
et =109 Conuen =(0-1C U=UiK =KU

Dielectrics:(Electric fields in matté r) §, = bound vol charge densiy, o, = bound surface charge density
Dtpolemmenlperunnvolumep np nqd (n—noofdlpouasperumlvolume) P,=-V-P, o,=P-i

D=g,E+P=¢E, = P/eoE P= =aE,; a= P/E,‘(P polarization of dielectric)
Gauss's law in dielectrics : Integral form
Image charges:

l{D 8 = Qg e ; Differential form - V.D= = Pie

Real charge, +qata distance Image point Image charge'
0" from a conducting plane -b -q
‘b’ from a conducting sphere of radius ‘a' /b ~qah

Jes UV PHYSICS ACADEMY

" electric charge densntyJ electric current density.pm -
- magnetic cumrent densﬂy

magnetic charge density,

The boundary is In finear media g
a conducting surface) (Boundary is the Egsinotmel £
(In free sapce) interface of two media) | Component of E
E-E=2 D{-Di=g,0r E" - tangential
€ —
(& Ef~e, Et = o) component of E
El-El=0 E-El-0 E-El-p B = normal
(D}-Di =P ) component of B
B/ -8;=0 B} -B; =0 B!-Bi=0 B" = tangentia
B-Bj=0 BY -B} = py(K x) HI-HL =(K x7) component of B
B gl K, = free surface
—’-(K, xn) ,
current density

Poynting vector : (Rate of flow of energy per unit area per unit time)

§=%=E nergy density u=(EE°Ez+L}
4
UV PHYSICS ACADEMY
EMT(13) Y 5
for good conductor (c>>€ 0) d= [——
h 1 J pow
Skin depth d= k— = o
£u 2 |e
Q= 1+ d=2 /&
J J = ,., for poor conductor {0 <<€ ) = J;
E . oE = . B
Wave equations; ~ V’E= =potpe—s ViB= Hothe—r

general solutions of above equations £ = E,gf=: =5 gte
If the wave is polarized in y~direction : real partdf E : E- Ege™ cos(kex - ot + 5 )y
1 .2
real part of B : E:L"”"
(0]

Note :In conductors E and B are not in phase and E lags B by 6.

Eoe™" cos(kex - 0t 45, + )z

Gauge transformations : V=V~ -Z—’: , Al=A+ V2

™ UV PHYSICS ACADEMY
AP

= pnl
along the axis (z-axis) of a-solenoid B = '"L(COSUH -Cosa,) ;

NI i ‘

“Toroid (R - radius) B = ——R s Ampere's law : B-dl=pol .,

Differential form ¥ x B = poJ ; Divergence of B V.B =0 (magnetic monopoles don't exist)

Magnetic forces :

F=Q(xB) ; Lorentz force law F = Q(E +(vxB))

Current canying conductor of length ¢ : F = I(txB)

Linear currents Surface currents Volume currents

F., =1j(dex B) - I(Exﬁ)da P = J(Exﬁ)dv
dF LI,

Force per unit length between two long parallel current carrying straight wires — 7 ";

r
Electromagnetic Induction : —_ :
(A changing magnetic field induces an electric field) E =induced electric field

K=
sity, K=dirde, =ov
J = vol. current.density i
=dilda, =pv
$

=magnetic flux density

N
n= L V{="a) volume

N= total number of turhs
€ = induced em.f.

L didg __[3B
€= at Faradays law: Integral form cfE -dl '[— da

Differential fornf VxE-———B Self inductance: L=¢/ - 31|

for a solendid ; two co-axial cables - inner radius ‘a’ outer radius ‘b’ L =-2"ilr{gl
m |

UV PHYSICS ACADEMY
EMT(11) \ &
The solutions of wave equations are: E = E, cos(kx - wt+8); B =~ B, ios(k): ~ot+38)
Monachromatic polarized electromagnetic wave E =E,e™y; B= ;(i xE)
The solution of plane po|arized wave (polarized in y -direction ———

<u>= average energy density
E =E,cos(kx - (nt+8)y.B——EQOOS(kX -ot+8)2 |<s> = average value of

EMwaves : X poynting theorem
In free space In medium 1 = intensity of EM fields
! in free space
<u>—-—EnE:=~2-umax <u>=-2—EE: in free sp:

«P> = average value of

o (s _
l=<s3= s E, momentum density

1 1= v = velocity of EM wave
(P ) ==&k (P> =——€f u, = relative permeability
& 1 12v c ¢, = relative permetivity
Y=C'= =

= permeability of medium

€ = permetivity of medium
n,, n, = refractive indeces of me-
dium 1 and 2 respectively

v, v, = velocities of EM

RE[N2=Y 2= n-n 2, T 4w, _ ‘n’,.R T=1 |wave in medium 1 and 2
Tv) Uneny )t e (meny) respectively.

R and T of an EM wave for normal incidence

, UV PHYSICS ACADEMY

EMT(15) Waveguides IO
2 2 q =cfl — | +] —
Wave guide equation : k’ _3__ t_nTﬂ_ 't nb? Guide cutoff frequency v, =¢ (Za] (Zb]
a

: V=
Phase velocity above cutoff V, e ’_ s

X
group velocity above cutoff v, = /v, =c‘jl—(v¢/ vy’ =

TE,, mode FIELD SOLUTIONS  TM,_ mode |
io ¢E
ik ¢’ 8B, iac? 9B, kg P B o 0
= & g -Joc 03, §o SimidE,
M R S e
0]
inct ik ¢* gE B, =3t
k¢ aB et E,='—',——' . e
B, = —"-"’—'L v @, & . ¥ o ¥
£ ayﬂ‘_."" I E,=0 E, = Eysin2igin 2. B, =0
B, =B, cos = cos—= E. = 25 e St b
; Al BT 2
Wave impedence  Z,; = Z, /,}I—(velv)’ Wave impedence Zyy = Zoyf1-(v.1V)

T N T
sl ZHEF oo
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EMT(8)
Scalar & vector potential : ¥xE =0' ~E-V;, V.B=0;B=VxA: V-A=0:
L ﬁ i
ViA=d: A= z ]‘J( )dV A,,,(r)- —— ; Mag.dipole moment m= Nljda Nia;
bound current density J, =V xM; Surface current densiy K, =M
Ampere’s law in magnetized materials FxH=J; (or) §H A=l HeXM
Maxwell's equations: : .
Ganeral | Infree space | Hypotnetical | In matter | In feteg
fom | (p= 0, =0)|case imegnelic ey
poles exist)
Maxwell [7.E=2 | V.E=0 VE- A
. eo v.B J v.B v.B
Maxwel 1 V’B‘:U V'-B_-‘-D V-B=HPn V:-B=0 v.-B=0
C E| o B b B 5B e D
Maxwell “IVXE="5t—' VxE:——aT—VxE-'PnJ.'E' VxE= a— VxE= q-
—_ e T«B a U«B 1 VxH=J, VxH
Maxwell V[T B = pugd + va=pqe°-a-t- VxB=pod + VxH=.l,+§a2 VxH=%—tD—
& i
Ho €9 & &
T UV PHY.
_— SICS ACADEMY
Oblique Incidence 6 <90°
_polarizaticn is E
in plane of incidence| perpendicular to the plane
of incidence
Fresnel's equations Eor= - N E
0T a"’B Em Enr— m Em
E . B-alx 1~-af
o (pm]E"' B = (Huﬁ
L (&) ’ E
Reflection coefficient (R) ;“*[*“] =[J] bt 1 aB
By B+a)| I E 1+aB
~ 7
Transmission coefficient (T) ]‘T‘=[Ei] = 4aBz —r =0
_ Lo\Ey) @B L {E, (1+mﬁ)2
=M waves in a conductor
R cos o).
o) =p0)e s k=ke +|k|"z, - total dielectric constant T 0059:
. u - p,(t); free vol. current
" k . _E 1+ qensxty of a conductor
em in a trnasient state at
any instant of time 't

% " UV PHYSICS ACADEMY
EMT(16) Polarisation of Elelctromagnetic waves

Direction of Electric field Vector E = State of Polarisaton {——‘
ED = E:I + E:I
E

Direction of Propagation = Plane of vibration
E, =nEle™

_ o~ p0i(e-kz)
E,=n,E

Plane polarisation

E(r,t) = (A Eq, +1,E )™
Phase difference between E and E, is ¢ =0 (in phase)
Circualry polarise
E(r,t) =E,(n, £if, )e"*™

E.({r,1)=E, cos(t - kz)
E,(r.t) = 7E,sin(ut - kz)

Phase difference between E;, and E , is ¢ = n/2 Left handed Right handed
and E,, = E=E, =El+E} i, +in, A
1 2

Eliptically polarised

Phase difference between E and E,, is ¢ = /2 E’ y

—L=1

and E #Ey  E(rt)=E,coslot-kz)  E,(r.)=FE,sin(ot-kz) B B
01 01
Radiation due to Rrelativistic charges v>> c:| Radiation due to Non relativistic charges v<<c:
Lienard relation y=1/,}l—p’ Poynting lheoremP— i [ ¢ sin? @
4nc’c?

2’y )
3¢ JLarmor Relatio

) 1 (2e% . 1
ower radiated P, = ——| —— [B* - ? i =L
(reng [ ) b (BxB) ] Power radiated P, = yy {

L £

Self energy of a uniformly charged sphere U __%E + Electric dipole U
) 0

UV PHYSICS ACADEMY

EMT(6)
Potential energy:

System of pomt charges U = ____Z ZB& Fordiscrete charges U= —-Zq,v‘ .

“l-t ot )

IV(r)dq Energy storedinasphericalshel U= i

Conﬁnumxsd‘strbuﬁon ofchargeU=—

BreR

Electrostatic pressure Pe
Magnetic fields

@ 1
‘2;,,’25“5

Biot-Savart's law B=-2% jl(m*') due to moving charge B =2
and 12 4n

due to thin straight conductof df finite size B =T(s‘“°‘ +5inf,)z

. 2 1
circular current carrying loop: B, =—(—a’%')‘:/—zx x>a;arcofan angle 8 :B -.4&59

Jong cylindrical tube (radius R) B ——-¢ r>R, B=zerg r<R

Solid cylinder (radius R) B =_”i¢ ¢»R; Inside solid cylinder B = "‘“ i g & <R

é%? UV PHYSICS ACADEMY
EMT(10)

equation of continuty (conservation of charge) V-J= P

at

——(uw,+u )—-V 5 .

- poynting vector

conservation of force in EM fields f= ﬁ' B p, En _d_ !5 dvi u Ht mechanical energy
density

.= electromagnetlc i

energy density

maxwell'sstresstensor
T

conservation of energy in EM fields (poynting theorem)

Note : f the ﬂelds are statlc then second term d|sappears

conservation of momentum in EM fields . v -(-] T)=——(PM+P¢,,)

Reflection and transmission of a wave in a string P_=m echanical mo-
o 2 2 i
T= ATT- ul 2%, | _ 2v, mentum density :
A, k, +k, v+, P_= electromagnetic
- 3 s momentumn density
R= Al k, -k, : V-V k,, k, = propagation
Al k) (vt constants in medium 1,2
respectively.

vV, = velocities of EM

waves in medium 1, 2
respectively.

Wave equation in 3D

UV PHYSICS ACADEMY

EMT(14)
{TP= D'Alembertain opr
J= current density
Cuulontg_gxagg condition Lorentz gal gog condition p = volumecharge density
A= = 1
Potential fields equations: VA C—
2= = P = == = OA
OA=pd O ¢‘"—“ B=VxAE=- ¢_ﬁ
at
o(r t- _] J(r,t— —]
6. 9=— j———dv Al H=r gy
0 f 4nv 1
Lienard- Wichert potentials: e ;1_,, qv ¢=_1_ q_
v

4ne, [r .;)
c

Maxwell’s Equations interms of ¢ and A:

avies LAy oo A 3.e 3

l)V¢+at(V.A)-E m)Vx(-V¢-?)=-g(va)

i) V(FxA)=0 V)V W ooy FA s
) iv) (V‘A)+”°E°at)'(v A—pneo——a‘z)=poj




ux ux —
- f1-z)

(n=ry \r-;

= Z z"L,(x); Rodrigue's formual : L, =— —-(X e™)
n=0

Generating function : °
nl dx"

(1-2)
Recurrence relation : (n+1)L,,, =(20-x+1)L, -nL,,, xL, =n[L, -L,,}, L, = -ZL,
=0
]P"‘ =0

Associated forms of equations :

d drPP
Legenders equation : K[“‘Xz) d; ] [

Recurrence relation :
=(-1)"(2m - 1)}(1- x*)™?

Polynomial : P7" =(1- )(z)""z —P, 0smse

P = (-1 (e- m)',,.n

(e+myl (€-m+)Pg =(2¢+1)x PP - (£ +m)PP,

amn: o=,

l(1 x2 \m/2 i
Generating function : i~ 5 oy = +)zz)....m ZP.".'...I
=0
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1-(1-P){1-P,) - at least one of the event happen

2,
Special Functions : Legendre's equation : (1_)(2):7!—2)(%”("”” =0

n
—if 'n'is even
Polynomial : P, (x)= Zzn_i_l_)_(z“l_z’ﬁrlxﬂr(zJ 2
o i(n-1)i(n- "
: At Iea) -rlz-lif'niisodd
Rodrigue formuta: P, (x)= FF(X 0¥ Generaﬁngfuncﬁon:(1—2xz+z’)""=iz“?n(x)
a=d

IPm(x)P,,(x)dx =0ifm=n Recurence relation :
1

Orthogonality :
x fm=n i) AP, =(2n-N)xP,,-(n-1)P,,
Bessel's equation : X — i) +Xd—z:: -ny=0 Yo B s
adx iiiy (2n+1)P, =Pl P!,
Neumann's function : N, =M iv) (n+1)P, =

- Pl ~xP!
sinnn '

y?
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MMP(18)
i 2y 3y 3 8, 3, 3, k
| A=|a, a3, ap|-rrank=r K=la, a, 8, k,|-rank=r
a4 2p 2y 3y 8y 3p Ky

n = number of un knowns, m = number of equations.

1) ¢ =, equations are consistent, no solution.

2) r=¢ =n,equations are consistent and unique solution.

3) r=r<n,equations are consistent and infinite number of solutions.

I For homogeneous equations : a,X, +8,X; +..8,X, =0,..., 8%, +8p5X; +.. +8 X, = 0
{} r=n, only trivial zero soution ; r < n, (n - r) linearly independent solution

] m < n, infinite solutions; m = n, non-trivial solution

B Properties of Dirac Delta function:

k The delta function is an even function . 8(-x)=8(x); ¥8(X)=0; X3{X—X;)=X,8(X - X,)

] £)8(x - X5) = F(Xo)8(X - X,) ; ﬁ(aX)=15(X). a>0; IS(X-b)ﬁ(a- X)dx =8(a-b)

§(x*-a )=—|-—ll5(X a)+§x+a)]; 5(x)=0 for x =0 and 5(x) = for x = 0 Such that Is(x)dx =1

¢ Bymaking change of origin :
© B(x-%)=0 for x#x, and 5(x-x,) =% for x=0 suchthatfs(x Xohdx =1

§

e e St e e et BT e P e e A AT~ 2L



£9) UVPHYSICS ACADEMY
(13) & Probability
number of cases in which event occurs
total number of cases

ability of an event =

ant oceur ‘m’ times out of ‘n’ trials, probability of event p= Lt —
Efor impossible event p=0

(For m mutually exclusive event : )

PUA, + Ay +..+ A =PIA)ER(A)+.. +PA)
P(A,A,...A,)=P(A,} P(A,):...P(A,)

)£1 for sure eventp = 1

sn-ibution
——P'(1-P)"" ,r=0,1,2..n

mial

(n r)'r! IfA, B are not mutually exclusive
son distribution :
P(A +B)=P(A) +P(B) - P(AB)
-n)—-—e!" n=0,12.. A& B are exclusive
P(AB)=0=>P(A+B)=P(A)+P(B
nal distribution : (AB) =0 = P(A+B) =P(A)+P(B)

B
P(AB)=P(A)P(K]

_

s

2
= 1 exp —.1_[.).(__"] —n<X<wo
PR
= probability of eventAto happen; P(A) probability of event A not to happen
+B) = probability of occurence of at leastA, B; P(AB) = probability of occurence of at least

.o B
3 ’{'A‘} = conditional probability for event B to happen when eventAhas already happend

€% UVPHYSICS ACADEMY
P(17) i Associated forms of equauons : o
§ L (nk)!
juere equation: X%!-+(K+1-X)9!'+HY =0: Polynomial: L} =2(—1) m

-nl(‘-x)

snerating function : [y Zz" L%(X) - Rodrigue’s formula : L =—— v ,.(X e™)

n+k)! Recurrence relation :
e-lka:Ll:ndxa'( nl) L L L“ +Ll-l

[+, =@ +k+1-x) L - (k)L
xL‘,‘=nL,,-(nl+k)L,,,,

thogonal property :

atrices: Properties

anspose : (AB)'=B'AT; Conjugate : (ABY =B'A";
Symmetric matrix. AT =A
Hermitian: A+ =A Unitary matrix : AA* =1

o _BadjA |
. - A=
~A . Inverse @ | A|

onjugate transpose: (AB)' =B*A"
nti symmetric matrix © AT =—A;

Orthogonal matrix : AAT =1

kew Hermitian : A*=
ank of a matrix :
inear equations are : @y, + 81X, +8yKy =Ky ¥ +3zXy +3n%s = Kz,

8yyX, +8pX,y +anXs = Ky .

MMP(15)

On“hogonality ) 0

. UV PHYSICS ACADEMY

Bessel's polynomial

ne2r
v X W
Potynomial: J, -Z( 1) r”_(n”“) 2] A==,

; Generating function : ﬁ["i) =$2,(x)

ifi#]
X (x)] Ax)dx={a ,
5[ (XM, () %J.’.u(l.x)ifi:.i
A,, A, are roots of J, (Ax)=0

Bessel Integral : Jacobi series :

Recurrence relation :

. d
xd, =nd, - X, : E(X"J,.) =X,

dire, n
—d;(x )= —X—"Jm‘ q "n = ;Jn =

d Pl [cos(n¢-xsin¢)d¢ .
T

Ccosx=dy—2J,+2J, ..., 8iNX =2, - 2J; +2Jg -...

d?
Hermite equation : - 2X Y rany <0 ; ; Generating function €™ ZH" t

dx* dx

Polynomial H,,=Z(—1)' e ar)l('z:()'*2 (5]

"e x d
Rodrigue's formula H, =(-1)"e w —€

Orthogonality : Ie HoH,dx =0,m=n
=2z, m=n

am(13) %

For first excited state( 4-fold) E=0,0,+3eEs,

1.0ne state paralle! to external field
2.0ne state anti parallel to external field
3.Two state with zero component along field.

Time dependent perturbation theory Figt) =P, + V(1)
- I<\y, V() v, >e""dl'

Transition probability P, (t)=|—

Transition probability for constant perturbation (P,(t))

Transition rate L= ""=—|<w,lvw 5 8, -E)

Variational principle:

1. Selection of a trial function suitable for the
given physical system  [w.)=|ws(e.0:..))

2. Calculate the energy of the system

PR 1L
CACS)
3. Minimise E, i.e————as“(:;“" )

4, Substite a,.a,..inE,&y,

n1
2

n n
—->even [—J = ———>odd
2 2

Recurrence relation :
H, = 20H, ,, H,., = 2lxH, =nH,.,]
=2xH! -2nH,, H! = 2xH, -H,,;

=0=> obtain the values of a,|Second excited state; C(Bx ' -De*

UV PHYSICS ACADEMY
Stark Effect: For ground state of H.Atom there is no stark effect

v =—1—(\v = VYao)
+ JE 00 20

1
y.= —'Z—(Wm +¥ay0)

In stark effect nth state split
into (2n+1) levels

4w VO v 5P o of o
P(t) = et L VIR
(1) o sin? >

Fermi Golden Rule
2 -
W, = =Sy | V1w >f o(E)

ﬁ'anucnﬂons

LH.O Ground state: Yo=Ac™
even parity,nonodes vanish m—n
First excited state: M'Bxé‘
odd parity, one node vanish st

H-Atom (ground state): w,=Ac™""
A




MMP(4)

Cartesian form : z = x + |y, polar !om1 z=r¢e"

n® root of unity :

Argument

Logarithmic funn\uon logz =log(x +iy) + 2inx

Ditferentiability :

UV PHYSICS ACADEMY
COMPLEX ANALYSIS

-,

z=(k)"™ 2kn

f(z,) = o 18-t f@2)-f(zg)

-cos—ﬂsmL n=0,1,2.n-1

continous

‘Complex conjugate :

Z=x-iy=re™®

{
9=mm_- |z, +zz|SlZ,|+lZ,L|Z, AR AN

function Lt f(z)=f(z,)

' Le*Bit)=Fis-a)

L[F(at)]:%FEJ

LF"t]=9'(s) - s*(0)...-17(0)

Convolution:

F(s) G(s)=L[Ft)+Gyt)

LVF(s-a))= e*Ft)
Fas)]=L1¢[ L

L' [Flas))= £ F(aJ

U Fe)= e [Fe)

e as)= IF(x)G(t-x)dx

L

e

B ot

8-a
(s~-a)®+b?

nsform
t"'
S.J o =t 2,5,

les)ae

b e o

s

L(cos at) = =
. L{e" sinbt)=
L(e" cos bt) =
L(e™ sinhbt) =

L{e® cos hbt ) =

z-2,
N, N L RE
Cauchy Riemann equation : 5 =5 & ™ gy Polarfom: Soero e
Harmonic function : V’U=%+a" =0  Cauchy's integral theorem : cj‘f(z)dz=u
f(z)dz
Cauchy's integral formula (z,)_— 2-z,
fl f! *
Taylor seres : F=f(e)+ oz + Sl iy Hdezrs..
(0
Maclaurin series : f(2)=f(°)+z IO
=t
“F
ﬁ‘, UV PHYSICS ACADEMY ,
-Laplace fransform Inverse laplace transform | Laplace transform  MMP(8)
Fs)=L[F(0)= fe-" Fdt | RO =L Fis)= [e* Figjas | L=, Let)=
0

+a’

S abiiny

(s-2)"+b?
s-a

(s-a)’+b?
b

(s-a)!-p?
s-a

(s-a)'-b?

1.
be smbt

L '[‘_‘} =e"cosbt LH(?S’JT)’J = 2—;;-("'" &t -at cos at)

MMP(12)

Tl ] o x X 2 X"
Logarithmic series : |09(1+x)-x-?+?—...+(—1) - is convergent for

Power series : a, + ax+a,x’+.8,x" +... a's are independent of 'x’

2
Exponential sefies ; e* =1+ x+%+.

Binomial series :
Converges for |x|

Logarithmic test

,E. [nlog

UV PHYSICS ACADEMY

Harmonic series : 10018

—_—

et U

(1+x)"=1+nx+"(";l“1?xz+

<1

u_Jk
uml

Failsif k=1

Cauchy's root test :

Lt =p E

converges if A <1
diverges if &> 1

divergesif k<1

converges if p> 1

.. converges for all 'x'

.

Lthﬂ[
e u||

series diverges

diverges if p<1

~1<x<1

.+n(n-1)..‘."(n—r+1)x,+ -

nverges if k> 1 D'Alembert's ratio test

Zu,, converges if A <1

n

Zu,,diverges ifA>1

Lebinitz's st : An allenatig series converge i
i} u, <u,, i) . Lbu =0 iy if Ly =0

Gradient

MNP(2)

of &,aflq,af

vl ;
h! ah h] m)

b, o,

: UVPHYSICS ACADEMY

Cartesian coordinate sysetm
Volume element :dxdydz

Metric.clement : (k,,h,,h,)=(LL})

Rectangular (x,y,2) Cylindrical (p,4,2)

Spherical (r.0.9)

of .

Vf—£x+£y+—z Vs Ot
& oy° oz

MY

af
dz

Vf=—r+——0+
o

of. 1o~ 1

r o

Divergenge

VA =?h'1,—[ 2 (ahnh )+ (i )+—(A h h,)]

Volume element: pdpdédz

Cylindrical cordinate system

Metric element(h,,h,,b,)=(1,p,1)

Rectangular (x,y,z) Cylindrical (p ¢»z)

Spherical

() 9.¢)

a9, on L a(r’A)

1 9pA, ) L 104, aA

| olAsind)
o

aA,

4+
ox dy dz p o p % az

rsm9

) rsin@ &

&lhl ;hhl ilhl
013q, 9lq, 8ldq,
hIAI hlAl h]Al

Curl 1
VxA=
hjh,h,

Spherical coordinate system
Vol element: r'sinBdrd0d¢
Metric element:(h,,h,,h,)=(1,,r5ind)

Spherical (r,6.6)

Rectangular (x,y,z) _Cylindrical (p,4,2)

x y z
0/ax 0/3¢ d/02

slr
a/0¢

i/r'sin @ 8/(rsin 0) .
élor 0/06

ple & ilp
210p 3104 9/dz
A

A, pA, A,

A

v

TA ,sin @

L(e")= —,L(smm)_—a !

: UVPHYSICS ACADEMY
Lineardifferential q...wn d—+P(x)y Q(x) y(iF)= IQ(x)([F)dx-l»c [F=c/e MMP(E)

Bemoulis equation ; E+P(x)y =Q(x)y" sol: ——+(1 n)P(x)t = Q(xKl-n) LF=g-Re

Roots of equation

1) m,, m,,... (real & different roots)

2) m, m m,... (two real & equal roots)

3) a+ip a-ip,m,. (a pair of i imaginary roots)

Differential equation in operator form : ¥, = P(D)

) Qix)=e=, y, =}(';_m,-‘ {If P@)#0=y, = %a)-e“

1i) Q(x) = const(k), y,
ii) If () =sinax or cosax

If g(-a%) 20 = yp = ——(x)
If 9(-a?)=0, .,,I(-,z)fo__?,,, =

s Uop s
PD) a

vi)

vi)

1
D' +a?

vii)

Qx)
gl(-a?)

P(D+a) X

4 . 1
WIEQX)=€"X, y, =—r—e"X =e™
o) -2

MMP(10) it
X]

If P(a)=0 but Pl(a)=0 :y,_—e

V)Qx)=xV=>y, -—-xV

1 18
D’ +a*

k
e ——e

Complimentary function
ce™
(C, +c,x)e™ +c,e™ 4 .

=(c, cospx + c, smﬂx)+c e 4.
4) £ iB, o+ iB,ms....(two pairs ofimaginary roots) ¢ “[e, + cpx)cos px + (¢, + ¢,xJsin x J+ c e

Qx); PD)=D" +a D" + .ta,

+C.8™ ..

—1—aQ=e" fome=ax

'()

[

(D) P(D)

sinax=—
R

X)o7
C0Sax = —-Sin.
% ax,

m ,f(8)=0

UV PHYSICS ACADEMY

Finite number of
discontinuties in any
period

Periodif:, single valued
finite

Fourier integral : w!f(x) il Ef(t)[ £cos u(x - t)du]dt

Foreven: f(x)==
functions, function

In complex form ! f(x)=— _E **du _Ef(t)e"‘du
Fourier Transform :

W
Must have finite

number of maxim

and minima

Po)] 1
] P(D) D)

fr(t)dt f cosutcosuxdu; Forodd : f(x)==> f fieydt f sinutsinux du

Fourier transforn

Inverse Fourier transform

Flfeo)= f<§>=72';'— [Foxgemax
Cosine F,[f(x)]= ‘(-3- fé(x)cos sxdx =£,(5)

Sine F.[f(x)]=J;2: L “f(x)sinsxdx = £, (5)

F(s)=—‘/§_t— [toe=dx=£(-3)

Inverse sine f(x) = F E’,(E)sinsxds f
R

Inverse cosine f(x):J%-L‘F‘(E)cossxds '

[
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MP(1) . MATHEMATICAL PHYSICS =
ECTOR CALCULUS: C|er=L
salar product : a-b=|a|lbjcosé, vector product axb=|a| |bjsingi V?-;
r coplanar vector [a b ¢] =0 : :-
sctor triple product : ax(bxc)=(a-c)b~(a-b; s
: a(Eobo(abic V(if)=dr
zalar product of four vectors : (axb)-(cxd)=(a-c)(b-d)-(a-d)(b-c) ) -2r
o )=
sctor product of four vectors : (axb)x(cxd)=[abd]c- [abcld r
. [ | v(Fre)=4ms(r)|
eciprocal system of vectors : (a-al)=(b-b')=(c .c')=1 ! -
o] i
I bxc j_Cxa _ axb [V =n(n+1y"? - V(l/r)f-F.
labc] ~ [abc]  [abe] V(F) =G0y | vy
()=fvg +gvf ] |
{fA)=fv.A+avs;  v(VxA)=0]Gauss divergence theorem : HA-ds: H Idiv Adv

x(fA)=fVxA+(V6)xA; vx(7f)=0
x(Txa)=v(v.A)-7A
(AxB)=B(VxA)-A(VxB)
x(AxB)=A(7.8)-B(V.A)+ BV)A - (o V)

Stokes theorem : HCUl’l A d.S=IA -drfl :

s : ]c H
Green's Theorem [[[(%, V¥, - ,9*¢,)ix dy dz |

(AB)=Ax(7xB)}+(AT)B+Bx(VxA}+(BVIA

H(f#, gad ¥, - ¥, grad¥)ds ||

‘UVPHYSICS ACADEMY
P(5) U MATHEMATICAL PHYSICS
jidues :
iimple pole : Resf(z)= :I_.'t‘.(z-zo) f(z); If f(z)=% &qz)=0 memff(z):%

qm-1

u [.d_.[(z-z,,)"'f(z)]]; Atinfinty: Resf(z)= Lt [-zf)]

1
(m—-1)! =-zo| dz™*
+t [-zf(z)] does not exist, Res f(z) = negative of coefficient of 1/z in expansion of fg)

roforderm>1: Bfgf(z):

Jchy Residue theorem : r{f(z)dz= 21:i23_e§ f(2)
[T P
a) [ntegral form If(sin(-)cosB)dB pute® =z

Integral of the form If(x)dx—» Canbesolvedas Lt Jf(x)dx
R

m
Evaluation of inﬁn’fe 'integrél when lntegran'd has pole on real axis : t ,//t\ —S
4 ;
P

iluation of definite integrals

e we delete the region indenting the contour. '
Evaluation of integral involving many vatued function : / N\

/
Ry

Integral of the form f x*lg(dx  canbesolved as |
] IXHS(X)GX =_l’ix_§7l‘J. ‘\—/"/

°

LNP(’)
'j ._=ﬁo_-- Y, X . Fy) = NPT QIy
Pef.. (%) > +;a,,oos-r+;b,,sin—L-,Oomplexfom f(x) c.,+;b,,e"‘ +;cﬂe

|1
L

35; UV PHYSICS ACADEMY

Fourier Series:

L h 2L 2L
°1f(x)dx a[.{{ oosd bn{»{ iy

| E i 2
=(0, 2)> 5, =% If(x)dx, a, =% If(x)cos I‘Lﬁdx. b, =% J'f(x)sin“—L“iax
] 0 N 0 [

{ +L L L
i 1 1 nnx 1 . nAx
o=(-L, L)1, =i—:[f(x)dx, LT [eCroos . b, = -L—:!f(x)sm =

R

if f(-x) = —f(x) then,

)=, sinﬂl-_"’-‘
=l

dx

If (-x)=1(x) then,
=2, %5 o™
fx) 2 +;a,,cosll_
2 2 omx 2% . nRx
ao_._jf(x)dx,a__-L-!f(x)cos i LY --L—J:f(x)sdex

This is a sine series

0
his is a cosine series
Dirichlets condition :
Any function f(x) can be writen as fourier series

| 1)y #1+P+Q=0thene*isapartofCF.;
=] Ifa’+Pa+Q=0thene"‘is§'banofC.F; 4) fP+Qx=0thenxisapartof C.F

UV PHYSICS ACADENTY

MMP(3)
Standard Integrals

dpmes( Lol [omax=2
Ixe dx=e (. l,) Ib dx inb (b>0)

Error function erf{x): ;,zr_:jcxp( ~t})dt

Complementary error fucntion: -%_—chp(l-lsl)d.t
T .

! ix=-tin 2% Gamma function T(x) =£!"'e"dt (x>0)

x(a +bx) a X vl

] ) 1
j'n-lm =-b_u‘(”b‘)f

d =I?In|x’ ta’l

I X __4 -l I <
«'xa')  An-lx'ta))"' Jia?

[ —

A - 11
X" ™ dx=0 Ifnisodd je""dx= E]
a

SR =J"—1.3.;' (2n-1)

"y

I(_x?il'.T“ﬂnhux’ £a1)"|

I—'I dx= Ll % J—x dx=(x? £a')"? r"'(“")“d“ P __ (o qintegers >0)
X ra) o jeea| Jdxa)? . (p+a+in ™
Series Expansions
. x x X ® x 1+x ¥ ox' oy
e =laxs—t—t. Ing+x)=x-—+—-—+. T P MO T
2 3 2 3 4 1-x 1255087
S ¥ ox ¥ 5 el
SNK) =K bt COS(K) == Rt ot
() "l RN )=l e : =T
i 3x* x? i 17x ) 0 !
CSOR) = b b b g {EN(R) =X F b o LA LA,
x 6 360 15120 (x) 3 15 315 cotte) x 3 45 945+

L] n . 2 a, n N 1y
zi=5 0+ E.PJT("”)I Lit=gr @+ 007 +30 -1 E%ﬂ_%ﬁ?_:"_h_ Z%
$i=SenEnen 3lonl il X

6 ST 4 916 6

UV PHYSICS AGADENY

“MMP()

. dy . o S S
Equation of the form : Wﬂoa-ﬂd“':(x) . solution I8y =Yg £ ¥y} s
Ye = CiYy{X)+Co¥o(X), ¥ = Ay, (x)+By,(x]

Vi V2 FEx)yax) o Flx)ys(®)- 4
W(y,. ;)= SyYh -y A=-{SHEidx | B=|onttel dx
e R e e St v

R d" % '
Legendre's near equation: (ax+bf S0-+Poax+b) T R) =000

! put (ax + b) = e we can reduce it into linear differential equation.

d’y

: .
| Linear differential equation with variable coefficients: B—’+P(x)d—y+ Qx)y=R(x)-

X X
Finding a part of complimentary function (C.F) L
2) If1 -P+Q=0thene>isapartof C.F

5) If2 +2Px+ Q2 =0 thenx?is partof C.F; 6) Ifm(m—1) + Pmx+ Qx2=0,x"is partof C.F.

Laplace Transform : i) L{ IF(X) d‘x} =‘%L[F(t)] i ter]= e dl;;L[F(t)] _
0

TR e i L1 1 oSk U, viy Llsit-a)]=e™
m)]_[_t_]= JF(x)dx w)]{f_x_dx};ma;w){lj’f—;—dx]-zslog(s +1), vx)l.{&_(t ;Ix)] e
\

UV PHYSICS ACADEMY

MMP(11) e
IREFAEE

Linearity property : Flaf(x) + bg(x)}=a Fls)+ bG(s) _
Flf(x ~a)]=¢= F(s) F %;_f. =(-is)" F]f(x)} Convolution theorem: Flia )= FiialF o]

1
Modulation theorem ; Flf(x)cosax]= E[F(s +a)+F(s-2)]
1
Note : Fourier cosine transform F,[f (x)sin ax]= E[F’(s +8)-F,(s- a)]
Fourier sine transform :

Fourier sine transform : !
E[f(x)sinax]:E[F‘(s ~-a)-F.(s+ a)]

F,[f(x)cosax]=—;-[F‘(s +a)+F,(s- a)]

. e gtht>0
Relation between Fousier and Laplace transformations If f(t)= 5 Teo then FIf(t)] = L{g(t)]

Series:

Infinite series : Tu, =Y, +Up+..Up +..0 u, u,.. be real number

Sumoffirstnterms: §, =Uy+Uy +..+Up = U, Geometric series :
Asn->o 141+ 4.
. v converges if | r{<1
8, — finite limit s, > 1© s, does nottend to diverges ifr21
unique limit, Tu, is oscillates ifrs -1

“Tu, is convergent XU, i divergent
. oscillatory (or) non-convergent
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Yo MECHANICS (€= Kngic énergy ) . UVPHYSICS ACADEMY
DeBroglie Wavelength : E; = rest mass energy
Charged particies 1 T absolute temperature 2”& ricl i JD'be) VIX) = potential energy
Noén relatlvistic (E,‘<E°) Relativistic case (EtzE,,) K = boltzmarjn cohstant =~ P v, = wave function of nt" stat
A =J_“A A= wymznT:lengm V(x)=0; 0sxs<L \LLD Vas E"=energyofnth state
‘/z E’+2 y=1/y1-(v*ic e veo L = box length
2::5" =5 0.286 < | = Magnitude of wave vector V== x<0 &x>L o L -
12.26 2 A Alw = angular frequen 2 2,2
Af= A= W angula O 2 . nnx nnn
4 JA\: , 1'0:""" E(eV) h= 3 v, v, = phaJ;e.q group veloth L VeSS E, =S M=120.
A 1012 = Reldebrogli wavelengin |
Agl= L, i . J dn _
‘/ 21 V i 3 ' Density of states : € E
Nedtral particles in 3D A = ,/_ Exd KT Neutral gas : 3= E=KT i o n’
s E do dE Zmﬂ PR i Expectation values : (x)-— {x )' 3 e (P0=0, ()= 5
2 g 0 OB Gl =Py WYon
Group and phase velocity ; Y, = Ko Vo =T dp i Ve=Vetk & V=Y, =} T | A fres partis i 1D box (symmetnc) 3 =
for relativistic particle v, v, = ¢2 ; for free particle Vo= 2y, i ] 0 hz
ium < ‘ ) SN wﬂ:J%—cosnT"x, n=135.. vy, = stm ,N=246.. E,,- u o "
Nop dispe‘ksive (dv,/dr=0) Dispersive (dv,/dA#0) - et ] = nay a2 n? ;
v Ey g .__'M'__'"x_"z-=__’LLL_
o % { o, B &, | /| Afreeparticlein 3Dbox: W"—l}abcs"{ = ]s:{ : Jstr{ ) B -
Vg =V, —AT Vo=V, #AE L Y ! "
. (normal dispersion) o, (Anamolous dlsperswn) : i forcubicbox a=b=¢, E= - r:a‘ hz +n? +ﬂ,z]
¥ - X
i, ‘ IR AL oy ! .
: ~ : T N o e
& I —"“Vi\\ r ; [ p—
. uvpnvsrcs ACADEMY - . uv PHYSICS ACADEMY
Qi) V=0, §<og N Bound states - el ;

Potentlal Barrl =V, -a<x<i
-

Bound statés
—O x>a e

e 2oy

- -k,a k,acotk,a i

L 16!5(\/2-151e

4E(EV>

T = transmission coefficient -

The energy spectrum The energy spemrurr
is abounded continum| is a un boundey”

with ak, & ak, lies on, contmuum with ak, & 3 |
a circle ' OcreZ #5BS<1 |

I

0<r<g #ABS:O

'%‘«ﬂ"#saé:s E"<r<%" #ABS=2

(ky @)+ (k, 8)’~r2-2[nVa m

2mE 2m(E-V) EC
k=5, g2 4ME-V)
SRl S E>v (n-1)’L'; <V'<T N
ma?
k2 2NV-E) o
AR

BS ,ABS = Symmetric antlsymmetnc bound

B,

E’otal number of bound state = n,

tate respectively,

o

-
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Hydrogen Atom

| 1(1)”’ B
)‘V'u:—'_ €

T

iy ; (Y 1er 2P} -
=F—=|—| re70gngetie | (39 = (—J [27-—+—]E"°
prmassl) v ) et

a; (0.53 A) = Bohr radius,
T = radius of hydrogen atom

32
3p) Wy = l] [6——] 'a—e 3" singe™

1
31y/3_1|:- [ao 2,

rz);‘z_’[sn' +1-3¢(+ D2
1 an? - efe+1)]

I 2
“[3“ - e+ D, <r—’>=n’ciz+1izt+lig

1 2
2

Yilul= -’FJ—T— (sin B)e**
. 8n

A n- 2
Coulomb degeneilacy = 3 (2+)=n
=0
Including spin degeneracy = 2n2.

'F) .’e(z +1e+)ae+ ) aht
-% Yio —J4i—cose
“‘";J—‘ ——(sin20)e™*

5
Yoo Va0 = E(:«1cos’e-1)

15 o oan s
= J——(sin’ B)e
Ya 321r( 4

Llnear Harmonic Osclllator (LHO)

V(x)-—kx’ -mm’x’ [X]>0; v,(x)= he’ Hn(ux). E,
1 ]} "ade R

- _”1 d 4.‘1,2
H, (ux) CIyer Jﬁ(mwi—lﬁ,lh#(mmiﬂﬁx)
N} @ . ma

— ?
e
b ftersiot] o 4]
a+— (=t aa*-—
‘{ 2) “{a 2}
<(@+a>=2:n+1: <(@+8)*s'=6n?+6n+3

=-fina*; fIEY H] =hoa; H,,(ax) = Hermite polynomial o=
Isotropic harmonic oscillator

1
=[“+'2'J"“’, n=0,1,2,.

‘Ladderoperators: a- =

Aa‘-l‘n>=J'_n'_+'1’_[n‘+1>; .é[n'3=‘/ﬁ|n_1> IN=&3 H=p
<@ +3f>=0ifn=135,:
N &l=-a [N &)=5: .y
"LHO -

- Symmetric Unsymmetric
o m vay ZD(m o, =0)H- o +?'—+—k(x’+y)
E= nm(n,+ny+1)
0 . 0 D= gl e . E=
E=0+t12ho (203 @rzyne|° P = 0 =0, ‘;’)' Aol +ny 41 +3/2)
n=012. n=012. H= ;;;—{—H—w-k(: )
VIX)=(172k¢, | x|>0 V(X)=w, x50 |Degeneracy of n®exciad st = =(N+1)(N+2)/2
VO)=(112K2, x>0‘ N-n+ln-0,,2..

2

é% UVPHYSICS ACADEMY
am11)

i di o
Scattering :Assymptotic form : y = A [e" + f(e)”r—J ;édf(ﬂ. OF . oqrop

Born approximation: f(8) = ~f—z" J'r‘V(r')sin( qr'ydr'; c=% §(2f+ Dsin’§,
¢ =0

Partial wave analysis : f(e)=2@sins,e“ﬂ(cose)
0

Optical theorem cr=-111mf(0)

Py ((6,8) = scattering ampitude

SV E-EFre
[m_emmm

Breit Wigner formula : o*
Af(6,4) 7 = out going wave

Ag®

+1for cyclic = incident wave

T(o)=0 ["n“ J Ziey 0, eg=1-1foranticyclic do/dQ =differential scattering
0 oth n
T[.0)=2, o0 =20+q) OMETWIEE .| roe) s8cton :
o = total cross section
% =TIcos @ +iosin@ [6,&,&]=2iix& k = wave vector

Imf(0) = imaginary part of
scattering amplitude
T = width of resonant curve

E =resonant energy
) )

0,=Ux+icy;c,=u,—icr o, =0, tic, o, '=0=0?

GAGB)=AB+is{k B) o0 =240,

N
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@ UV PHYSICS ACADEMY

Qu(2) -
‘2(4)P A (R = reflection coefficient Wavefunouun and Schrodinger's equatlon [ = hamitonin o the systerﬂ
p w°l entia Vi) =0,2<0 T = transmission coefficien dy(x) E = energy eigen value
4 =0, ) 2mE : x) and —— = i
V(X) =V, X2 0 k= (€S V,E>V,) ; t— w(x) F must be*q v twave function of the
| finite single valued comlnuous syf L .
1| lw u K= 2m(V0 -E) E<Vy) [ 4 3‘41 J = current density
=& — 9V is continuous * = compl i
i Energy- ! : Zm(E V) \ i Ty ) co p lex conjugate of v
3 Eby, K= 7 A ESV,) 1 ‘ Schrodinger equation I.P = imaginary part
; 2 2m(E+V) | ; v I | Re = real part
dy, , 2mE v,=0 | y, oy,  2mE w s =Tt [ Time independent Time dependent e
G2 T : W= h R .2 . p = charge density = y"
xR EA A J H\u=E\u(-:H=-h—V’+V) iﬁﬂﬂ-hp g 9 vy
'y, 2m(V,-E) 2y,  2m(E-V,) 2m a
T Ty =0 g SR =0 ‘ . 10 RS | (1] PR
axt h e B . | Current density : Jf-ﬁ[\v Vy - yVy ], J=HEP of\qu/]. J=;\V Py +(y'Py)
—————e— E ]
It ;
ey wnp ) [k kz] oty ’V\/\/\/'" Equation of continuity : V.J+%’=
= 2 - - - . - -
w . itk (ko) = muin Operators : Linear : Ofay +b¢)=a0y+bO¢; Hermitian : A" =A, (w|Ay) = (Ay|y)
tential well : ’ Y 5 Projection : P, =| wz(w ; Completeness rule : Zl yXy|=1; momentum : -V
—: V) =-V, X <a, =0, K>a f 3 e,y =Y
W\/\‘WWW ¢ o M | Kinetic energy : _za;'V A " Triangle inequality: (¥ + @1y + 0 S Jwlv) + (ol e
wl | 1] V2 : ‘ Parity © Pulx)=+y(lx): X=i=—— . L 2
Ly E>V : =1+ [E(E v)]sm 2k,a | ty : Py(x)=2y(~x) ap, Cauchy-Schwartz inequality: 1(@|¥){"< (ylv)ele)
e meeeea YRS S J y;
s S s ~— " B~ b
| [
£73) UVPHYSICS ACADEMY L
ame) % Angular momentum : | ) UV PHYSICS ACADEMY
L=rxp L,|em)= nfie-m)esm+D)|em+1)  L2|e,m)=4" ¢+ D]em) . g;ﬁ:;utators IT) Avg. value of kinetic energy; <V> = Avg. value of olental energy; n = ntager ”

C=R+0+0

L |em)= nJermxe-m+1)em-1)

PO - - DA " g L ol -
AL =9p,-38, |{B)=(5)=(E —L;)=-2—[l((+l)—m’] L, Gl |f ©)=-L,| |

ll'v =if), —Xp, [f’x' f"]=ih[‘.‘.v§z +f’,£, _i‘xﬁ\‘_ﬁ!l“x] ty' I:,]:i}ﬂ.. k‘y' t;]:-ilil:
Loig, b, | o =i, oLa-Lo-it] | L)l B, D]oi]
el seet 20| <ol =L, trdbot] oA B O] | Lo, |
Spherical Harmonics i
. =—0 d e 9 .0 o e )
L, =if —+cotfeos¢—| | L, =iff-cos¢—+cotdsing— L, =-ih—

. l[sun¢ + ¢a¢] : I[ ¢ae+ ¢a¢] =

5a109( 2 0 AR o] 8 ] 1 & £,=~h;-la ino 1__aq
V=g arkr ar) r2sind ae\ L r?sin? 8 39 \_ eae( I in’6 39" |
. 3 3 d ||ey = 1 foreven permutation
L,=he* —+icote—] L-=—ne'"[——icot6— = -1 for odd permutation

L& % ® % =0 if any two are equal
gé,g UV PHYSICS ACADEMY

Qam(12) Perturbation Theory

Time independent perturbation theory : H = H, + H,

non degenerate perturbation : H, |9, >=E® |4, >

Parameteqf Non degenerate perturbation Degenerate perturbation H-E|=0

E E") < Illl |W(m) E,= [H #H [ |H,,|]

. ,
T e
Wa 17 ZF"(a) E(L A a, N 7; b ‘/E ! +|H'4

A 2
Second order correction to energy : E? = Z‘i‘tm_(!nvv'_?n';i
men En _Em

WKB method : It is useful for a system with slowly varying potential.
It is semiclassical approximation .

Zeeman Effect: Perturbation H _—(B L) represents theenergy (-M B)of magnetic dipole with M-_ZuL

First order energy correction term E, =<m| —BL |m >--:Emh

in
E, = energy of n" state; E! = first order energy carrecnon Y, =
w',,. v, = first order correction to wave function; H, = non perturbed term;

H, = small perturbation; v, =w; +v},; E, =E; +EL;

wave function of n'" state

]
|
|

o
!
|
¥
\
\

(AB]=AB-BA[A Bl=B. Al [ABC)=[A BIC+BIA C|:[ABC]=AlB,C1+A CIB

[A [B C]]+[B[C A]+[C [A B]] 0; e"e‘—eMJ_ [f(A) B] [A B] f(A)
.5 ZA“""[APJA’ (A.B= ZB'IA BB . (5 B,]=15,,)=[2. B =in

[ ]:-- [f(x)-&]-——f(x‘); e*Bet =B+[A, B]+—;T[A,[A, Bl +..

Uncertanity Relation: 8 & = (A"}~ (&Y' ; A& Aﬁ:%([i\, 1"3]) :

A particle in 1 Dbo>1 Ax= L‘} o Ap, :n:

LHO: A% Aﬁ,z(2n+1)—2-

, : . w101y
For Gaussian wave packet AX AP, =% Expectation value : ( )_ < ) :

®) q,.

Eqnofhotin :%((?)ni!h—([é, l:l]>+ %(O) . Eherenfesttheorem:dit(f)

Virial theorem : F e (or) Vo 1™ ; (K) “”(v),(K)f.;_,%

¥ [A Bl 0 then they commute each other & A, B canbemeasured accurately, have same eigen functions |

p 4

UV PHYSICS ACADEMY

Spin angular momentum :

m_s,mo
2 20

Qwm(10)

For spin 1/2 particle;

he, Q1 ho, 10 -
§ =20 .8 =y o1 =
"2 2(1. o)vsv 2 'z[i OJ;sz

Pauli spin matrices: (o

o

=

|
\

)
0.9, = =1~ 1, a(jo), 11 ),'J

. Eigenvalues = 1
| i Elgin vector — For spin 1 @rﬂcl:[:o
5 |x?)=1(‘J i i’ Sf%zi' o!
w0l ) T
e 7 (0 -i 0
R gl ) sl
| y 1 . 00
s ot sl fl]
7 L 0) S,=ho,=H0 0 0
lo)= - B 1 ¢ !
— )'@’ ‘l’ |°>=Ti’ |°)=[:)] Eigen values of : ‘
) J o, =-v2(|-1), o(o). v2({1)
0
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AMP(1) ATOMIC AND MOLECULAR PHYSICS ANP() Di iti
; ipole pectral
BOHR MODEL: m = mass of the electron LS couplin i 3 s
Quantisation condition : | = myr = na Z= atomic'number L Equivalent electrons :
deBroglie hypothesis :  2ar,=na 1 = principle quantum number single electron multi electron 1. Largest multplicy fles lowest
P B R_— Rydber_g constant transition atoms 2. For a given multiplicity, largest ‘L’
Radius : r, = —— 0'529(? A : o zmcm c:sasrge Al=11AJ=011  AL=0414S=0, value lies lowest.
i’ Al=0,£1, (0> ) 3. Less than halt filed subshell -

. I £ o subshell : The
Viooly: Vo2 dne,hn 22!10‘(%J e r g mdi:;ggfﬁyztgrzgnera)t::ﬁ L An=arbitrary(in one level with lowest ‘)’ values lies lowest
i G; i) r e H = g eleict:'lon :;c;m AL=0 4. More than half filled subshel : The

Tequency : f=————_ Energy: F=—mc 2 __1362° ., o g ks level with highest !
rer e o ot eV; R=-E/ch ,for LS coupling : J = IL-§] L~ S|#1,... JL+S) (Ground S::lgehzzte:tl‘av:’elﬁllsl?;g;lea
, A9 or an atom as a whole AJ=0, +1 (0> 0)
Time period : T, =1.51"'0-“(n_ ; Wave number : R i O Seniiees 'm j o~ “He, ‘Be, "Mg, “Ca, *Zn, *Hg
7 U= %R R YN 1.097x10'm 5ok 9_{ 4j=0,1 for jumping electron | T SiSEIZniRHO 5 s
Series : 4j=0 for all other electrons C'R INo's,, '0-p,
17
Lyman : n,=1n=23,. Balmer : n,=2,n=34,. Paschen : n,=3,n=4,5. Interaction =l el SsF *Coy: Sus
Bracket: n,=4,n,=56. Plund:n =5n =86,7,. Humphry : n,=8,n, =7, 8 v v
Finite nuclear mass opproximation : ~ ' fapeanl Ty o E'm",{ magnetic dipole Hyperfine
H . — . el . = | '
Radius 17, =,/ ; Energy : E, ~E,u/m Rydberg constant : R, =R,Ji(1+ (m/M,)] 8Er =5 [+ )-LL+)-5(5+1) 8y =241 +1-Jd+1)
Positronium atom (Positron + electron): E,, =E,,/20° =—6.8/n%V L, =2, =1.05&@%A° F=J+1, A=fine structure coupling 2

. " - AE, =A(l

Muonic atom (p + &):  E,, =(-186E,/n%); E,=136eV, Ty =(0.52907/186)A ] L il e 0, =A$(F++]{)

¥ = vibrational quantum
number

k = force constant
§u=(v+%)6wcm".ﬁm = Ome 1 kip; e(o)=%_

£:3 UVPHYSICS ACADE
AMP(T) aman%% AD ,MY )
Raman scaftering Selection rule : AJ = 2 (stokes line)
AJ = -2 (anti-stokes line)
Rayleigh line Raman lines Pure vibrational Raman spectrum :

(coccur due to elastic  (occur due to inelasti 1 1\ "
scattering biw photon ~ scattering b/w photon (v)={ v+ fo.- Vi | oXems, s

AMP(B)
Vibrational spectra : 2
E, =(v+(1/2))ha,, Joules, o, =yk/u; v=012.

m'xl
uC  2nC ~4  |€(0) = zero point energy
Maximum number of vibrational level below the dissociation limit X,= anharmonic constan

Voo =(1/2%,)~1; D, =, /4x, -a,X, /4 D, = dissociation energyl and molecule) and molecule)
Vibrational - Rotational Spectra : = AaiLEZ. . on'
R +(v+ I ) ‘ [Av=:tl, N=-2 -1 0 1 2 vy,  Antistokesline  Stokes ling eSO fho, = ey e
=30 g Branch= 0 P Q R §) v, > U, v, <y, _5__=(-0___m- exp( m]
Selection rules : (SHO):AI=#1, Av=tl; (Anharmonicoscillato): AT = £142,43...., Av=11 Stoke line has more intensity than anti-stokes |ineI A8 ML iz
4 = +1(absorption spectra), Av = -1 (emission spectra) Raman spectrum fes in visible region Sl
~2(0-branch),  Ago(d V)=, -20,%, -2B(2+3), J=0,12.. 3o e A ey ol
~1(P-branch),  Ae,(d ¥)=0,-20,,~28(J+1), J=0,12.. e Spectra: .
AJ= 9 oQbranch),  4sq =0, -20,%, Change in rotational energy for Rayleigh line : Ac(d) =0, o, = o, ¥ = Vibrational quantum
1(R-branch), Agy(J, v)=0,~20.x, +2B(J+1), J=0,1,3,.. For stokes line o_ = 0, ~2B(2J+3)cm!, J =0, 1, 2... " number
g 2(S- branch), Agg(J, v)=0, ~20,x, +2B(2J+3), J=0,1,2,.. For anti-stokes Iiae ‘“zs =a, +2B(2J-1)em™, J=2, 3, 4... k = force constant
G, = +28m, m=0,£1.., m=0(Qbranch), m=1,2,..(Rebranch) , m = —1,~2,..(P-branch) Seperation between two consecutive rotational Raman line = 48 £(0) = zero point energy

Bufmex ntense) = G, + 28(dum +1); B(me Intense) = &2 +9 Total no. of symmetric spin state = (21 + 1) (I + 1)
Total no. of anti-symmetric spin state = (2 + 1) 1.

x,= anharmonic constar
D, = dissociation energ

2 sty

% UVPHYSICS ACADEMY

NP(13) PARTICLE PHYSICS
Spin 1/2 Baryon :
Mass Mean Life time;  Typical Quark
Particle | mevicyy | Strangeness (sec) decay | content
p 938.3 4} Stable - uud
n 939.6 0 886 p+e +y, udd
A0 1116 -1 263x10™ | p+n(or)n+x’ | uds
Tt 1189 -1 8.02x10™" | p+=for)n+x* | uus
30 1193 -1 7.4x102 Ry uds !
N 197 -1 1.48x10™ T dds
=0 1315 -2 2.9x107" Al uss
= 1321 -2 1.64x107™ N dss
Interactions :
c P T CP CPT
Strong Y Y Y Y Y
EM. Y Y Y Y Y
Weak N N N N Y '




AMP(4)
Al =11, AJ=0,+1, AS =0, An = arbitrary

UV PHYSICS ACADEMY

Transition rules

Transition Rule

v v Y
Normal Zeeman Paschen back effect Anomalous Zeeman Hyperfine
effect (Strong B) (Strong B, 1=0) effect
am, =0, £1 Am =041, Am¢=0  Am,=0,%1 AF=0, 1

(m-0-— m= 01 AL=0) (m-0=—> m-0FAI=0) (F=0-—F=0)

Magpnetic field (B) = {

AE,; = gBem, |

Lambshift : Due to the mteractmn petween the electron and electromagnetic radiation field

—3 No. of Paschen back level =

Strongand S= [ Normal Zeeman effect
Strong and S#0 — Paschen Back effect
Weak and S =0 — Anamalous Zeeman effect

(2L+1) (25 +1)

te eramy sl 25, ,is 0.035 cm™" higher than that of 2 P,

he 1234.5

X-rays: Mo =6V, ko

Frequency : u-£=Cu =RC(z- b)’ -
n n

2
v =wave no.; V potential; v, = maxumum frequency; z = atomic no.;C = velocity of light

ANP() Line width

1
Natural fine width : 8v, = _L{l,,__]

2n|t %
0.83v, [2RT

Lo [RT,,
CYM
‘ c M .
vy, < Uy, 8uuucﬁ'_. 5"»“7&-" BUp X Vi

Avp =7.16x107 uag Hz

Collisional Broadening . Avc =
=aPy, Py = NgkT

Doppler line width : v,

duy =

1 |8RT
nty, ¥ oM

<z = ——v-—nm : Intensity distribution : I(A) =K
Mosley's law : v =a(z-b), b =1 for K- shell, b = 7.4 for L - shel

c c
A.,,,,‘ x’

 Energy : E=hv =RCh(z-b) [__nl]

5 ACADEMY'

Laser
"
Stimulated absorption : 3™~ B,N(v)
. 1
Spontaneous emission: —= = ANGA =—
dt T
dP,
Stimulated emission : —Et!L =B,Nw(v)
CZ
Gain coefficient =57y (N2~ N)Az

Gain must be positive
N () =N, (0 e 1, =1/A,
Stablhly condltlon for optlcal resonator :

nC
PR P PR AP I
OS( R,I R,] =2

Relativechange in frequency Av, /v, =-Ap/p

tl' 'k
=gas constant, T = temparature; ¢, =
eonstanl dP/dt = probability rate; i, k =
i spontéhuous emission, induced absgrption.

mean life time of initial and final state ; @, v, vy = frequency; M = molecular weight;
meanfreepath P, = partial pressure; k = Boltzmann
initial, & finat state A, B, = Einstein coefficient for

N = no. of atoms, 1= pumpmg rate

P = -

UV PHYSICS ACADEMY

AMP(2)
Selection rules : Ll
Electric dipole Magnetic dipole
Rules AJ=0,£1(0——>0) AJ=0,£1(0——> 0) < = ,W 20
with negli- | Parity change No parity change o parity chang
glble c&?nﬁ- oneZlectron no change in electron | no changg in electron|
guration jumping with configuration i.e, conﬁgurauoq (or) '
interaction | A?=#1 for all electron one electron jump with
i = =0 Al=0,%£2,
An arbitrary Af=0,4n i
L.S coupling | AS=0 AS=0 AS=0
AL=0,+£1(0 ——> 0) AL=0,A)=%1 AL=0,£1£2
(0= 0,0~>1

SternGerlach experiment :

Force exerted on electron

T

9= 200+

pg =eh/4mm= 9.27 x 10 AM?, , = gNe]HIZm,.

|J|’-ILI’-|SI

Jd+)+SE+)-LL+Y) -

dB,
B gm; —rpgd?

Fop,—
p’l al
YAm?

o= Ry l(E+ Mol =

B, / 0z = rate of change of
b zm——ZE— |feld n 2 - drecton

pg = Bohr magneton
Orbital,nuclear

magnetic dipole moment re-

2F(F+1)

F_(E:_l)ﬁ(_ﬁl)_‘(lﬂ spectively
% 95,909 = Lande, nuclear,
hyperfine g-factor resp.

o U\‘APHYSIgs ACADEMY
TotalenergyE=E +E, +E, (E,>E, >E)
Molecular Spectra
v v v
Rotational Spectrum . Vibrational Spectrum Electronic Spectrun
1. Transition between Transition between Transition between
rotational energy vibrational state of molecule two electronic
states when. electronic configuration energy states
remain same
2, Levels are separated by Levels are separated by Levels are separated
order of 10V order of 10~'eV by orderof 1eV-10eV
3. Lies in microwave Lies in near Lies in visible and UV
{or) far IR region IR region region
Rotational spectra :
£ h KT 1
E,=J0+D¥ /2D, B=h/@'IC)em, 0= JJ+Dem” ; Ja =J— -—
Type of molecule C) 2peC-2
! 1 1 For non-rigid rotor :
Symmetric top Asymmetric Spherical | e(J)=BJ(J+1)-DJ*J+1) +...
I, 2L =1, 1, %1, #1, Leb=ll 1 -
| [1=moment of inertia; T= temp. | D= @ =5 i 4=
Prolate  Oblate | G = vibrational frequency;

1, <l,=1, I, =1, <1]J=motational quantum no.=0, 1,2..., K= Boltzmann const.
B = rotational constant; De = oenmfugal distortion constant

% UY PHYSICS ACADERY

NP(14) S PARTICLE PHYSICS
Spin 3/2 Baryons :

Particles | Strangeness| Quark content

A 0 uu

& 0 uud

A0 0 udd

A 0 ddd

hI -1 suu

¥o o |- uds

¥ -1 dds

= -2 Ssu

= -2 dss

1 e




'p(ﬂ : .. NUCLEAR PHYSICS :

ass defect AM=N(A'Zj <A~ -~ Nisclear Properties - (P« =9 n: *Z; il
Blnding energy B.E = AMC? , AM =M, + NM, -M(A.2) ; Packing fraction === .

Seperation energy S, =hE(z XA)-BE(,_, YA )J: 8 = [B,E(Z XA)-BE(,YA™ )] :
Radius R =R,A", Density D = 10" gm/cc

Rest energy (eV)

Particle Rest mass in kg Rest mass in amu
Electron (m,) 9.109x 10 5.48580x10™ 5.11003 x10:
Proton (M 1.6726x107 1.0072765 9.38280 x 1 0.
Neutren(M,) 1.67495x107 1.0086650 9.39573 x10

1u=931.502 MeV, 1m = 107"*m, 1 bam = 10%m? R = 1.2 1.4 fm
Magnetic moment  Quadrupole moment A = mass number

1 o -3(2j-1) 2,273 [M(A, Z) = atomic mass
TERpC j-—]+é py o Q=3Z0-rf 2ot AT e veloity oflight
J )= : R, = nuclear radius
A X1 3 M, = nuclear magneton
g"(”i) g, ()= gRA™ =5.0571x1074/T
N Gala G+ 2+D j = nuclear spin

Nuclear shape[s

n: 8¢ =1, 85 =5.59, p, =27792 ¥ v v
E;fzi.‘;,f“g, ;’dg,’gs 258 ", 1913 u, Spherical (Q =0) oblate (Q <0) Prolate (Q> 0)

=

ggg UV PHYSICS ACADEMY

NP(5) DEUTERON PROBLEM

Constituents 1p&1in mass  2.0147324u Ground state Ji= 1t
Rms seperation 4.2 fm spin 1h  Quadrupole momerit2.73x10~3 barn
Binding energy 2226MeV  Magnetic moment  0.85793 HN

Ground state Wave furiction of deuteron v, = ”°T") Yh, +"’T(" Yini (3S,(96%)+° D,(4%) )
Nuclear forces : Properties.

Charge symmetry : (n-n) = (P-Plye

v ;
Spin dependent nature Charge independence : (n - n) = (PP =(P-n)
short range
non - central attractive repulsive

Volume energy E,=3dA,
Surfaceenergy E, = -2 A%

Coulomb energy E.=-a, %2

for aligned spins  for antiparallel spins

» NUCLEAR MODEL
Semiemperical mass formula : s . 9
Binding Energy = aA-a A% —gay -a, _(A—TZZ) +8

L2 Asymmetry 5—%-‘%’:
. ARR A energy
1= =
Stable isobar 2= o 2s B pen Paiing grery g = a, A~
; i 3 — —
Shell model - v=—1-kr2+ar.-§ 4 a, =0.016919 u,a, =0.0191144y,
1 2, =0.0007626 U, a, = 0.02544
<¢.s>=5D(j+1)_z(z+1)-s(s+1)]n’ ; a, =0.036u
AE=<t.5> | -<t.s> ;AE=a(l+-1—)f)2 8=1 for even-even
[ ktez 2 0 for even-odd/odd-even
]
b i
UV PHYSICS ACADEMY
NP(9) PARTICLE PHYSICS
Strong interaction : AS =0, Al = Al =0
Leptonic d = =
Neak decay : [ eptonicdecay AS=+1 AQ=4S
Non leptonic decay AS = £1|AS|=[All=| AL |
teaction threshold kinetic energy
¢, =-Q total mass of all particles involved in }eaction
h 2xmass of target particle
ype of interaction : .
Interaction Characteristic Strength Range | Typical |Life ime
constant ross-section
%
Strong el 1~10 1073 em | 10®cm? | 1072 gec
ez
EM. o= 137 w 102¢m? 1016 sec
g _Smic
Weak raaars 105 107%%cm | 10%8cm? | 10-10 gge
Gm?
ravitational Fhch 107 ® - -

1

y

RADIOACTIVITY

" 1. N 1 N
Carbon dating : t=x '"“No‘ Uranium dating : i l“[“*N‘”J
(Tijp of C" =5760 yrs ) 5 y

a-decay: ;X 37 Y +iHe ; KE, = Q[ﬂ:l i KE, = Q[i}
A A

Gieger's law : R = gg*2 &Rocv?; forEin Mev & Rin cm = a=0.315
Gieger — Nuttal law : logA=A+B log R
Tunnel theory of ¢ - decay :

Decay constant: =N T

Q= energy released or
obsorbed in the reaction,

N =no. of times per sec an
a-particle strike the barrie
in a nucleus

T = transmition probability of
the particle.

V= a-particle velocity when it
leaves the nucleus

R, = nucleur radius

Gamow - Teller Ty nsition

48=1,A0=1, An=no change
electron and antineutrino spins
are parallel.

Collision frequency : N=_Y_

Bdecay:p':Q=(M,-m k% g q- (,-M, -2m, ) 2

Electron capture : Q = (u, —M,)c2
Transition rules :

Fermi Transition
AS=0,A1=0,An=no change
electron and antineutring

spins are antiparallel.

UVPHYSICS ACADEMY
-

Mean life time of excited state ¢ =-l’z—
O OO, 0™ =nh’Y (20+D[1-n, [
=0

o () = elastic scatter
cross-section p

unit solid angle
f(6) = scattering

® 1 ) amplitude
o™ =m’Y (2 +1X1~|n, [}) n, =1 for elastic scattering El= elastic,
= Re = reaction

7, = 0 for shadow scattering

n, < 1 for reaction scattering R = radius of nucleus

a, = triplet scattering ler
a, =singlet scattering le
o

Shadow scattering : o =™ =x x’Z(zgn):nRz ;O =21R?
(=0
Optical theorem : o™ =%Im £(0)

O'rtho Hydrogen : Two protons has spin in same direction

-3 for single

Para Hydrogen : Two protons has spin in opposite direction GG, =
Sacttering length : a= am +a,m, 1 for triplet
1
Projection operators : , = :1-[3+0’" -o,]; = ;[1—0,, -cp]
1 2 2 1 2, Conto _ 8(“: -a
<s,,,,,“,=z[3aI +a,] +2(a, -a,)%, - =z[3a, +a,] 3 Cortho > Openy ,—6” =1+ ——(%l =
i

-

ﬁg UV PHYSICS ACADEMY

NP(11) PARTICLE PHYSICS
Elementary particles and forces :
Particles Weak| E.M. | Strong
Quarks Y, Y Y
Charged leptons Y. \Yj N
Chargeless leptons | Y N N
Quarks :
Symboll Q/e | Spin |Baryon NoJ Strangenes§ Q-1
u 213 112 113 0
d =113 172 13 0
c 213 12 13 0-
s -13 112 13 -1
t 213 112 13 0
b =13 12 13 0
Quarks Structure :
Quarkgy  Q 1 I, S| B Y
u 23e | 112 | 12 0] 131 113
d ~13e| 12| <12 0f 13| 13
s ~13e| © 0 =1 13| -2/3




I = width ot tne level
$ = flux of the beam
Ax = vol. of the sample

Non mirror decays are GT — dominant (2 98% Gl)
B - decay mechanism and parity (transition from j—f)

N T
- x == Acitivi A=Ag™- A
Npo 2 & Tz Y HE G=giga

i Successwe disintegrations: A-—J—-»B-—-»C

= j gy vy, dt (integrand must have: even parity) o = cross-section

v parity Multipole radiation : W
Scalar scalar spatial part is constant | same parity Electic : Parity = =(-1)"
Scalar spatial part is polar vector ¢ different pgrity Magnetic: Parily & = (-
Axilar vector  Eg: #=Txp same parity | |L = 1(dipole),
Pseudo Scalar (scalar product of polar and different parity | | = 2(quadrapole),

axial vector) ] L = 3(octopole),
Vector same parl L = 4 (hexa decapole)

ydecay : (No change in Z, NorA),

. - In
Intensity of y — rays : 1=1,€™ pn= L PR
112

3 A1 ol
no. of a particles = 2

number of a - particles : W

r
Transition probabili =—=—
% b Lads T h no. of p particles =
Mean free path A =—, Reaction rate 2 _¢nle.n' =nAx| Z-2,-2(no. of @ pamcles)]

UV PHYSICS ACADEMY
\ PARTICLE PHYSICS

P(8) | = isospin
; - 197MeVfm M= multiplicity
ange of interaction : Ax=——— Q = charge of particle
E— Elementary particles Q = average charge of the
b group
Leptons Quarks S = strangness number

e T W v '
o ) [U } (0 ] Measons (2Q) Baryons (3Q
R i ] R

k3 K n Nucleons Hyperons
n* v ZI' !’ ¥

B 2 (K P =
S EE 0 e E e

5

spton no. : 1 for leptons Baryon no. : 1 for baryons
L= |-1forantileptons = -1 for anti baryons

0 all others 0 all others

ospin : M =21 + 1; third component ofisospin : [, = Q-Q
)J elliman & Nishijiman relation : Q = I+

-
2 Hypercharge: Y=S+B

% UV PHYSICS ACADEMY

IP(12) PARTICLE PHYSICS
Anti | .
Quarks Q | G R $ B Ys Particle Parity
u =23 |12 =12 0 |13 [~113 Nucleon <} even
d 113 |12 |12 0 |-13 |-113 Mesons odd
s 13 0 0 1| -3 |23 Hyperons | even

fesons (spin = 0):

o 135.0 0 8.4x10™ 1+ ut, dd
o 1396 0 26x10° K+, ud
n 139.6 0 2.6x107° i) ud
K* 493.7 1 1.24x10° iy, us
K- 4937 -1 1.24x10° K+ | Us
1° 547.3 0 =107 t  |ui,dd s§

Halflife Tz =22, Meanlife 1=—=144Tu,
1

X; = c_iéc'a;/ constant of B
dps = decay per second,

N
—2 = ratio of ¢ at time of

AN, M death to C** at time of finding
= L, . t, =—— I =
N, T [exp( A1) - exp( lt)] l ] o

Secular : T, of parent >>>T,,, of daughter AN, =4N,
EqRT [Transient iy ,12 of parent >T,, of daughter ENL T}—T.
Branching of radioactivity : '{:* 5
| curie (Ci) = 3.7x10" dps, 1Becquerel = 1dps, 1Rutherford (Ru)=10°dps
Series | Name Parent End product Half Life
4n Thorium wTheE uPb™ 14 Gyrs
4an+1 | Neptunium «Np™ =B 2.1 Gyrs
lan+2 | Uranium <U™ 2Pb™ 4.47 Gyrs
4n+3 | Actinium 2U™ P 0.7 Gyr

UV PHYSICS ACADEMY
NP(6)

Ae,=10(20+HAT? MeV Magic numbers : 2, 8, 20, 28, 50, 82, 126 and 184
Nuclear spin = J, . = paxity = (- -1
Nordhiem number : N=j, = €, +j,— £, (Itis used to determined spin of odd-odd nuclei)

It L.=‘3,.+5&J,=l,-§ —»N=0 or vice versa

Nordhiem’s rule ) 1 1 1
|f1n='in+§&1.,—' s (o) h=t-7 &j=t,-7 ; N=xt
Strongrule: N=0,1= Ii,.-i,,li Weak rule: N=%1, J=ll,,-l,,l or l]"+jp|
Finding Spin | Coulomb energy =

3 1 ze

5 4ne, LA
J = nuclear spin

¥ 1 \
N & Z both even For odd A, I is determined Forodd Z &N, Lis
J=0 by j value of last odd found by nordhiem
nucleon ! rule
Reactions

v Y A Nuclear reaction :
Exoergic (Q > 0)  Elastic scattering (@=0) Endoergic(Q<0) | X+x—->Y+y

M M |2 Q=M +M, -M, -M,
Q- E,[n-“ﬂ—e,[ —mv-]—M—y,{M,lvn,E,Ey cos@

Threshold kinetic energy : E, =| Q|[1+—r'a-]

ggg UV PHYSICS ACADEMY

NP(10) PARTICLE PHYSICS
Mediating particle :
Interaction Exchanging mass ,| Charge | Spin.
i particle
Strong Gluons 0 0 1
EM. Photons 0 0 1
Weak W*, 81 GeVic? te 1
z° 93 GeVic2 0 1
Gravitationat Gravitons 0 0 2
Leptons :
Particle Name' Bymbol Anti particle | Mass Life time Principlal
(MeV/c?) (sec) decay mode
Electron e e* 0.511 stable
Electron neutrino v, 0, <3x10° | stable
Muon - * 105.7 - -
‘ i W 2.2x10 (@ 5u0,)
Muon neutfing: A v, v, <0.19 stable
Tau T T 1777 2.9x10™ (45, 0,/€5,0,;
-| Tau neutrino v, v, <18.2 stable .




