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ELECTRIC CHARGES AND FIELDS

| BasicPropertiesof | | CoulombsLaw i1 ElectricField: Electric | i Electric Dipole: Every dipoleis | | Electric Flux : Electric |
. H . . . . - I 3 I
i Charges i : B o 1 q49, - for like chare : L field intensity at a : : associated with a dipole moment : i flux overanareainan |
TT 1 & "y A sl point distant r froma | ! 7 whose magnitude is equalto ! | electric field represents |
i Ty |7, i i il !
[ a4 i i pointchargeginairis | ! the product of the magnitude of | ! the total number of !
i = E2— 7, for unlike charges 1 . I & : : either charge (g) and the distance : i electric field lines |
i dmeg |7y | i b= 2 I I 2@ between the charges, i.e | 1 crossing this area. |
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! uantization of charge : I e R e e 5 e g i o o e o S
[ i | i Field lines start i l S . _,.._‘._.._.._.._..$._.._._..__._.._.._.._..,_
! Total charge o_n a body is _a.lwa)'rs an ! | Boin pedtive: | P e i Two field i i Dipole in an external field !
i integral multiple of a basic unitof ;| ¥ ; " B N, i 1. i ! i !
I charge denoted by e and is given | | | CUSIEESANC. Ly { h a;sm ti | lnescan | TR ... B—
! b _};_ e || | endat negative | Aractenistiey” 1 never cross | ¢
B o Xﬂ: e i charges_ i i, l = i each other. i - -—-—,-I»‘h-——-—-w———— —rimimiin
R ! i e T ey 4 I Orque I
: Conservation ofcharge ! i — ; : T=FxE or T = pE sin®. :
_»i Total charge of an isolated system | : Electrostatic field : R v
i 1 ! . . ! e e e e e
| remains unchanged with time. | | linesdouor iGm. ) | Gauss’s Theorem : Total normal |
0 o i Mt ' e i AR W o e s | 1 d 100 s, | i |
\ ¢ e e = i electric flux over a closed surface § |
| Additivity of charge : ! T e i T T { in vacuum is 1/¢, times the charge :
| Total charge of a system is the i 7o Using N\ (7 ‘Electric ﬁe[d\"{_'" : (Q) contained inside the surface. :
i algebraic sum (i.e. sum taking into ; i Superposition " due to dipole ; i o (JS 43 Q [
: \ S i " E — as==. ;
| account with proper signs) of all : \ Principle / N A ! E— 1y & :
5% A il £
I individual charges in the system. i Bge o e e l— G
o 8 o | The vectorsum | |  Force between two | | On Equatorial line : : On Axialline : Avpplications
N ! ® : I | (Broad on position) i i (Endon position) | i
+ 4 )+ i of forces would | | charges is unaffected | ¥ L i
+ A+ | give us the total | | by the presenceofthe | | p__1 P i1 p_ o |
— R i N L e M o
+\ \:4_\ i force. i other charges. P 0or i ey !
++ + i Gaussian surface
s 1
Ty l q
A : linear charge density, A =—
: q & Y;
1 @ | volume charge density, p = V L
E
| Electric field due to a uniformly charged thin spherical shell i
i i
! - - . l R3 W i | R e e
| Ata point outside the shell i.c. 7> R, E = iz _Pp 1t Electric field due to L Electric field due to an :
; 4TEy r*  3gyr” | auniformly charged | | infinitely long thin uniformly |
i 1 g i | infinite thin plane sheet, o charged straight wire, |
! On the surfacer=R, E= = ] & 4 N :
(@) i ) . 47580 R : i E=— i F= 5 i
Foruniformlycharged spheicalshell | Insidetheshellie,r<RE=0 il % 01
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_. Electrostatic Potential
i

lW{)rk done per unit positive lesl'
icharge by an external force in!
nbimgﬂmgj a unit positive L,hdlgel
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" Electrlc fleld E between plalu ;

¥

Area A i
émununﬂ:

r Electric Potential Enel’gyl.‘._.

|
|
!
, For a system of two charges g
|
I
|

r Capacitor and Capacitance /

'(,apaumr is used to slme,
; ' electrical energy. Capacitanceis i
i defined as the ratio of thc-..I

I
—_ S
]tl'OIn lllﬁﬂltv to a p{)lnt in the . (f] fiz | Charge on the inside of each plate: : : L‘hﬂi’gt‘ Store(l o th&' pOtEn“l‘ll i
,pI‘EQEHL{: ofanothu pOlI'I[ :.harge i : U= e ! +@Q on the top, —Q on the bottom i i between the plates. !
i ; W _ g i TEH N2 ‘ "“““""_'""“_‘_”.g"’f Q !
i = i e = |
i qQy  4mey i v i\
ot .__._.._._.._.._.._._..\ S TR A R
~ Equipotential Surface I ok« Electrostatic Potential Due P
ic Di mbination o Capacitorj
1 Surface having same electrostatic : to an Electric Dipole
i 1
putﬂltldldt every puml = P P — pcos[: ; -
! . \/’Sgn‘es combil;;t.i‘:)'ff ;
i® e 4 L i
i i izt B i [ ) ] \
| s L4 !
f‘ ,E At axial point V = N : : 7 7_/."
i i B4 S s 2
: '8 W R
L] 1
i - e _
! u al ! e "~
i ., Tqupoteshs @ 4 At equatorial point V=0 j;‘ s s
s S Pai e e - ‘“"H..\l
#" Do not int:‘sfct each \‘/ s s - \-’ Parallel combination “-.\
b other o H g o : i - t
Mg oL i i Potential energy of a dlpﬂic in : 5 “Pacallel plate ™, o GEhivly
% i i i 1field ! \, capacitor with uclulru slab™- ., -
r./“' " - ""-\‘/ icxtcrna fie ! f of thickness 1 '\ e, RS
; Al every poin * e = 32 [ i . e A i
"x. E | surface 4 ! L(B) PE (cos BU cost) ! 6% C r” 1" X
o -t | — When initially at 0, = 90° : T doil-) 7 | Flectrostatic Shielding
e - i ) ol i et v -
~"W o i '“-/i =T F=NL | T )
;7 Work donein movieg ¢ S—— )\ W R W S I o e I i To shield an e]eclrmncT
., achargeiszero W , =0 . Ol i B
o i ~ P faralipl p ate 6.1 i circuit from external !
B e - R ~. /| \""L.zpdul()]' nuted with dielectric® ; ey
- " 2% 7 Air filled paralle] ™~ v T J I field by surrounding it i
mel\ spaced in lhe 4 — F" plate capacitor X \ g e o & I ; i
‘-. region of strong field and ._l" X \ R A ) S, o d o " !LWlth c()nductmg walls. i
el viceversa, o 1 S E=8 s e
i ; Sl = o ~Paralle] plate ™~ /
Flectric Potential due to Uni- : ] = s /\’_‘J .‘apsrimr with me\;nilic "~ Lightning Conductor /
i -~ B conductor inserted init 1 | i
form Cl‘la.rgtd Spherical Shell g \/' Spherical capacitor * \ gyd 7 i
ly P ] i N w—n .- ilightning conductors |
R 7 P e i ; !
N~ Outside the shell ™ o~ i fitted above the highest !
4 pis [ e | i . P :
V= s R i
%, 4, 1 - ipart of a bulllclimg_; to !
i protect a tall building from |
. |- : :
) ( betiugstrickby hghtuiing. |
~
\ . Energy Stored in a Capac:torl - Energy Density [,
i : i i I
Electric Potential Due to a @ U= C1{,271(2‘{,7](23 ‘I e u Ia g2
Non-Conducting Solid Sphere £ g 37 2 | 1 R 2 |
R e My il 0 DA ol R |
‘_,."{ outside the sphere .I\"“_ (.."’- on the sphere i.e l ~ -~ inside the sphere ' L
\ ; q - p_ 1 8 {1 qBR* - :
\ V=—-=L r>R i \ = ir=R i V=L RS
L 4me, r i \.\-- 4ne, R L \_\.‘ dng, R} ."_./
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CURRENT ELECTRICITY

Variation of Resistance with Temperaturel_. e

e [ B @CEFIC CURTENE f-—-— o

-
: |
: i [
_49_ne - i Ry —R !
o J=5=="F ! ’ o T t fficient of resistance, o = —2 L |
‘ { { : '_ Electrlc Power /_l _’: empera ure coefticient of resistance 0= RI(TZ — Ti) :
' @ In case of an electron revolving in a circle of radius r with ; i i l i
! i = i Re=)
speed v, period of revolutionis 7" = 2?’ i : : [fT,=0°Cand T, = T°C then a.= Roi or Rp=R, (1 + 0:1")
2 ! i [
i o _ . ‘ | e e e e
'~ Frequencyofrevolution v=~——
i 2mr ! =
i _ N e ev ! e Wheatstone Bridge /—-—--—“—--—--—-‘v-‘i
. ® Currentatany point ofthe orbitis / = 7= 9 : ‘ i
s e o ot G oo ol - ® Tt calculates the unknown B i
;
l : resistence by balancing two p Q |
|
I . . . H
-~ Ohm's Law, Resistance and Resistivity I - i — legs of the bridge circuit |
| | Kirchhoff’s Laws / ; Tat . C@ ‘ :
o V=R 7 ! _ | Q S |
- ® Resistance of uniform conductor of length [ and Cross | : e Law of conservation of charge applied at a! : | 4 R S Y i
' sectionalarea A, R =%’ | i junction,ie,ZI=0 | D :
[ ; i | i
_— W ) RA i ‘ ® Lav of toniervaic: or enerzy apolied n! ; | € i
| ® Resmtwlty Orspeaﬁc resistance, p = T i cdoNdld P U 1T i
[ 2 T I I e .|
' @ Effective specific resistance in series combination is . ie,Xe=XIR : &
i O 0202 (4 came | i< Emf, Internal Resistance, Currentincase J
j I +1, R | of Grouping of Cells !
- ® Effective specific resistznce i:;parallel combination is i Drift Velocity and Mobility of Charge l e Emfofacel e= E
+ : \ i
(A + 4)pipy (lissame). b i . T i o ) !
Apa + AP, 1 o Driftsoeed. v, = ek . . | ® Terminal potential difference where current is being drawn from |
SRS SNBSS SO S NGRS M S S : Peet: Va = ! thecel, V=¢-F :
2 1 H
l : e Mobility, d ‘ . ® Terminal potential difference when the cell is being charged :
| e i i V=e+lr !
‘ | L ~ !
e — Current Den5|ty, c‘).nflUCtance e, | ® Current in terms of drift velocity, : ' ® Internal resistanceofacell, » = R[E V} !
; and Conductivity i ) j | v |
‘ ne? ATE Vi e Groupingofidentical cells: i
i . I =nedv, = = nedW L = nedAl, '
i @ Conductance Gfl b e I et = 24l o Eelleibseies ne 1 !
1 *r=ap - i | b} eamsenea,[:R+W (n cells) :
P 1 ! | | e Intermsofrelaxation timeT : ; ME " |
i ® Conductivity, 0 =—=— i i i = 1 CE !
| Y o~ RA i | § ) Cellsin parallel — (m cells) i
| ® Currentdensity, 7 =1 — gE = e | i R=——andp= nz | | o Cellsin mixed grouping, 7 = — "¢ |
: P e i ne TA ne’t i | mR + nr |
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iPitch (p) = =Z-cos@!
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5 '.i'm arbitrary angle 0 (< 90‘; i .
= qvB sinB and charge will attam ] =
~  helical path -

.

qB

3 :
i Magncnc fnld atthe centre of a.
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l-'ur v B,0=90° "mu zpB ~
N Lhmge will attain circular path

. L

1

: Magnetic Force

i A charge g moving with velocity
: ¥ ina uniform magnetic field B
i such that v makes an angle 6

: with B, then magnetic force

i experienced by the charge is

| given by ~
: F,,=q(vxB)

i

i
I
|
I
i
I
1
I
i
I
I
|

! circular coil

i I I

i gt \ !

| =5 i

. 4 v — !
e n, Fwm=(n

i Magnem field at a point on the

axis of the circular current Fiii st

i carrying coil

i
i InuNia? \
i B:B_ﬂ 2nNla

]

7 ] 35372
4“((:‘ Fa“)e

~~"Biot Savarts Law ~~< /&

o S 1

Magnetic Foce on a Current
Carrying Conductor
M}e(ﬁ;r X !—3'} = [fiUL::(Af] % B
=(JA)xB=1I(xB)
arbitrary shape of wire,

F=Y I(dixB)

I
This force acts through the centre of the rod.

:
NIV S mT

"
B

e . Magnetic field varies directly with ™ %
current and length element and inversely *

\ with square of the distance. ! '
i si 7
e dh’:ih”“"“g P
e m 2.

rai Torque on a current carrymg l

i coil placed in a uniform magnetic ﬁeld i
e B NIAB sin 8 = MR sin H

-

Conversion

_-~"Moving Coil Galvanometer
# ' Current [ passing through the -]
/" galvanometer is directly proportionalto 1
| its deflection (8). | =< 6 or I=G6.
G R K
. \_“]ML G= VA

= galvanometer constant .~
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MOVING CHARGES

AND MAGNETISM

i( Galvanometer mtu Ammeter "i
i i b
i - & i
e L £-1G i1 P
1 i H
I (I-1p) Pl
! £7 ¢
| O—LH
Mo 1_ """"""""""" 0
i A
E Galvanometer into Voltmeter :
| R=1—G (D) B |
! Iy P g L
: ol
E Current sensitivity: [ = ol = NAB
| / k
; 0 NAB
| Voltage sensitivity: F - sep =

e e

77 Forv||B,A=0°(F=0) ™,
\"-.‘ no force is experienced _,./'

S, "

Iy Parallel currents ‘oL
F j, attract while
antiparallel
currents repel

—— =

i ThL force of attraction or repulsion acting on |
| !'each conductor of length I due to currents in |
]iﬂ J_.} !‘-1 &y I

| | two parallel conductoris /* = ,
4T r i

e

Motion of Charge in Uniform
Transverse Magnetic Field

'e Magnetic force on moving charge is given

'e Radius of circular path

_my_p \Lmth = v,.mq\f’

T gB " qB qB qB
recyoc P o \IIE oc \f’c:

i1 Time period of revolution

_2nR  2mm 2, b (i, (B0 .
1% tﬂj‘ V@)B

=

X
-
XX
&

L ‘A_mpcre's Circuital Law - N
The line integral of magnetic field is equal™,
to [t times the current passing through | —

3 area bounded by closed path. &
S g'wdf =l ¥

E n wplr o :

i Magnetic field due 5 5 FRa

i T 2ra !
i toan infinitelylong F i /
i straight wire of p- ;‘L I
! radius a, carrying 25d :

i e e / I
i current Jata point Ho i

! o r>ai

i 2m ‘
N i i i -

Magnetic field due to a current gau}rmg

solenoid ;
i
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— | THE BAR MAGNET | GAUSS’S LAW IN MAGNETISM ||

Bar Magnet as an Equivalent Solenoid ‘— - Mégnetlsm and Gauss's Law
\‘ ' For solenoid of length 2/ and radius a consistingn | !

turns per unitlength, the magnetic field is given by

The net magnetic flux through any closed surface is zero.
op=2,A05=) B-dS=0
all all

3 e Incoming magnetic flux = Outgoing magnetic flux
4m —n @) I (na?) S REERECE

:

' B= Ho2m (where m = magnetic moment of solenoid

i

' * le The Gausss law of magnetism
shows that isolated magnetic
poles (monopoles) does not exist.
There are no sources or sinks of B.
A dipole or current loop is the
simplest magnetic element.

Magnetic Dipole in Magnetic Field
Torque on magnetic dipole, M
T=MBsinf \C‘”’
'Torque on coil or loop, B (uniform);
-} P ¥ ¥ ¥
T=Mx B, here M = NIA,
— — = -
T=NI(AxB),t=BINA sin o [T oo et ot
0= 90° =1, =BINA Magnetnc Hysteresis
0=0"0r180° =1 . =0 ! I Hysteresis is the phenomenon of lagging of magnetic induction
Boatential energyogzagneticdipole (B) or intensity of magnetisation (I) behind the magnetising
s 3 ; | field (H), when a specimen is taken through a cycle of
U__MB "05‘9_ -M-B : magnetisation. From the hysteresis loop of material, we can

L
i
i
I
I
I
I
\
L
i
i
I
I
|
1
1
I
I
i

: study about retentivity, coercivity etc. of the material. The study

I
]
|
|
: of these characteristics enables us to select suitable materials for |
|
]
|

Magnetlsatlon and Magne i= ntersity |
Relatmn between B, y,,,and H [

\\A: B Bﬂ‘f'}J.OI N X

B=y(H+1) (2 By=ligkD

dif erent | urj os a.

B (+)ve saturation

"
ﬁigc- <

y

A

B:unil b %n,)fzf:p}_f s .;-:me-}?)
p-uop, Uo (1 lx,,,) :;pr—l +Xm i

1
!
d !
|
(-)ve saturation i

Diamagnetic | 3 " Ferromagnetic |

| Poor magnetisation in oppositci‘ CLASSIFICATION OF } i Strong magnetisation in same |

| direction. | MAGNETIC MATERIALS | direction. Here B,, >>> B,

| Here B,, < B, : | == |

B - | ==

; — s Sl - i —— = i

i ‘[,f I_\\\‘—>_— | .r.. —— — s A e e S o O et o et gt e et e Aol | 1 e s A e A A S s i R R st st

i —\\_ﬁ\—-’IT//A:‘ L Paramagnetlc ——— ~ === l

i —_—— : !

i = ] i : Poor magnetisation ____,_.—a’tL [ e R R e
! insame direction. =T - rrn - l\’ ery] larg;ﬁv Fosm"e and |
| HereB,,>B, ____r___ﬁ_;__;—__ i empera ui'i. dependen |

o . . T R WO S T O A o : x” o (CUI']E-WY&'iSS ]a“r)
: Xm — gmall i l T -Tg

A o e ~¥e —_—— I
negative and ' Xm — Small, positive and varies 1, i (for T'>T¢)

:

I ]

! 1

; temperature | . | inversely with temperature :
i independent = i 1 o Ti
| 6 i 1 Xmoee — (Curie’slaw)

i Xmee T - 1

%~ &
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" Magnetic Energy

/ ® Energy stored in an inductor,

j 1 s
I LIH = LI-
i 2

i & Energy stored in the solenoid,
|

Uy = — B*Al
2,
. e Magnetic energy density,
) U B
g = L-—
Vv 21y 7

L

Induced Electric |
Field |

e It is produced by change in |
magnetic field in a region, This !

is non-conservative in nature.

=—-A—=0 |
dt ‘

e This is also known as integral |

form of Faraday’slaw.

i b e L s o b e o Wt i i et

' Energy Consideration
: in Motional emf
i @« Emfinthewire,e=Bvl

: £
"¢ Inducedcurrent, ] = = =
!

Byl
R

! @ Forceexerted on the wire,

i
o B0 N
: P = R l ® F—bf-
(S
R
i o Power required to move the
i 2722 '
i wire, P = BTy
; R

Itis dissipated as Joule’s heat.
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l'e  Onastraight conducting wire. & = Byl
l'e Onarotating conducting wireaboutoneend, € =
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" Combination of Inductors !

e Inductorsinseries, Lg=1L, + L, £ 2M
L,L, — M?
L +L,+2M |

e Ifcoilsare faraway, then M=0. |

e Inductorsinparallel, L, =

FEYE :
‘ So,Lq:L1+L2andLP: I
i ' Ly +1L,
Inductance

e  Emfinduced in the coil/conductor, ¢ = —L d—!
; dt
i e Coefficient of selfinduction, f= £¢” e T
[ I dl [ dt

. X ; N%A
s Selfinductance ofalongsolenoid, L = pyu n°Al = Bobyoy |
AT —_— p—.

"o Mutual inductance, M — Nab, _ o (S &

I, (dl,/dt) (dl,/dt)

Mutual inductance of two long coaxial solenoids,
L, NN, A
M = pop, iyl = Bally Il ‘i
! ; . M
o Coe'rnzientc coupling } =- L
8L

For perfect coupling, k=150, M = \/'L]_];

*

Magnetic Flux and Faraday's Law

' »  Magnetic flux ¢4 = B- A = BAcos0
| ¢ TFaraday’s law : Whenever magnetic flux linked with a coil

changes, an emfisinduced in the coil.

+  Inducedemf, ;= _N _dq)ﬁ
dt
(—d¢g / dt)
R

*+  Inducedchargeflow, AQ = At = —N%(E—B-

g
. Induced current, [ = — =N

Motional emf

Bl

Here, B, 7(= wrv) and | are perpendicular to each other.

‘e The direction of the induced'

Application of
Lenz’s Law

When a north pole of a bar
magnet is moved towards a coil,
the current induced in the coil
will be in
direction (and vice versa) as
shown in the figure.

anti-clockwise

Lenz's Law |
current is such that it opposes !
the change that has produced it.

e If a current is induced by an|

increasing(decreasing) flux, it:
will weaken (strengthen) the
original flux.

'e Itisaconsequence of the law of !

conservation (}fenergy.

AC Generator '
Mechanical energy isi
converted into clectrical;
energy by virtue of clccl‘m—;

P - [
magnetic induction. i

Induced emf,

€=NABw sinwt =gpsinwf '

Induced current, :
NBA® N

Fi= sinwt = J,sinwt |
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+ep-1 —— ;
el i AC voltage Current which changes : :
Tems = T : ; ; e Transformerratio
ol < continuously in magnitude
/ n 3n2 2n e s i Eg JTP NS
EOU i 3 ot _ and periodically in direction. . T T k
TEms — \/5 MI N P IS f\;p
=0 Chse e dasl: o Efficiencyofatransformer,
& One full cycle
L output power  €¢l¢
n= =
input power eplp
Alternating voltage — Step-up transformer,
€ = g sin w! £5>Ep, Ig< Ii,n.nd Ng>Np. |
. | Step-down transformer,
Applied across  Applied acrossresistor Applied across | s <ép s> Ipand Ny<Np.
‘capacitor inductor
Purely capacitive circuit Purely resistive circuit | Purely inductive circuit
Current leads the voltage by a| | Alternating voltage is in Current lags behind the voltage by a
phaseangle of /2. phase with current. phase angle of m/2.
I=Iysin(ot+71/2); 1, = ;—U =0Cey, I=¢/R=Iysinwt I=Ipsin(wt-1t/2); Iy = 8/ Xy = gy/wL
where Xp=1/0C i where X; =L
con bini i¢ LCt in s ries
Series LCR circuit |
Power in accircuit | o &=gysinwt, I=1I;sin(0f-0) ! e Circuit diagram
x B & / > 1
Averagepower (P,,) Impedance of the circuit: 7 — \/Rz +(Xp —Xc) =P R = c
Pm‘ = EF'F’HJJP'HTS cos i V\"hC[C, _}i', =L, ‘_\’F = (;)_C
goly e Phase difference between currentand voltage is ¢ e
=——cos¢ X X 7
[ tangp = —L_—C I is same for R, L and C.
e TorX; > X, ¢ is+ve. (Predominantly inductive) e Phasor diagram
Power factor . : : 2z Vi
e For X; <X, ¢is—ve. (Predominantly capacitive) _ I
K N #
e Powerfactor: cosd = — sl v
0 i
e [n pureresistive circuit, ) —l | i T
g Resonant series LCR circuit | ®If V> Vi then
¢p=0%cosdp=1
; ; I Vi-Ve
e Inpurelyinductive or When X; = X, Z=R, current HE I
capacitive circuit . becomes maximum. ; ! Ve
= e[fV.>V, then
= G e Resonant frequency ©, = —; G L
e i ( L R 7 Vi
i i
e [nseries LCR circuit, V= Vi
Atresonance, X; = X Quality factor
= = ” U (. s r 3
- Z=R and 0=0°cos¢=1 It is a measure of sharpness of
resonance.
' 1 i
Q==
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Displacement
current
R # It is the current which is Modified
.'/ \-’ produced when electric field e :E
- W % : ) i Ampere's law
Ampere's - A and hence electric flux ) v _
Sl P N T L This law implies the fact that not
circuital law = ’ changes with time. ) i
The line integral of magnetic 7/ ~ I, = oy By M eoncte lom EnseEat iut 4
feld d losed pathi /.' '-\ o= %0 dt displacement current, associated with a
. aro'un dnl) e -pa “]n /-' ELECTROMAGNETIC % hanging electric field, also produces a
vacuum is equal to AHU times the . WAVES \.. sunenctichiold
A total current passing through 7/ . . . \
Properties of " An electromagnetic wave is a wave radiatedbyan ™, B-di=tn(l-+I
2 that closed path. 7/ : s N > -di =yl +1p)
electromagnetic waves »¥ accelerated charge as coupled electric and magnetic field . o
. . 1
e Do not carry any charge. @B -dl = pyl ‘./ oscillating perpendicular to each other and to the direction of \! = “ﬂ(fc +8g d&E J
e It is not deflected by electric and #  propagation of wave. N 4 .
magnetic field. 4 r '\
o Travel with speed of light in vacuum. ‘ ‘. : Maxwell’s four
® Frequency does not change when it goes from " ../ equations
one medium to another, but its wavelength % V4 . .
. n =
changes. \. ,- 1 @ E-ds=-1 2 qE ds=0
-\ . g £q =
o Transverse in nature. .. AR P 7 i
e Do not require any material - \_ Mz 3 itude o1 tand 5 arvela saas ‘L‘J:( /" 9 # E'Ej=ﬁ
medium for propagation. Ny ¥ 0 Z : dt
2, eedof inele trom; jne icwa einfre - o 4 ¥ 1+1
. . ' ¥ - +
‘-\spacmsgi\'cm{\' 4 4’ hotlc +Ip)
Electromagnetic " X 1 4 =il Tt ﬁ
\ c= K Ho| fe+eo—,
spectrum ¥ VHoE '
The orderly distribution of \.. s ( dr \
Electmnmgnetic waves in 2 \.. /" =lg IC P, £y EdSE 'd-§J
—s £ s -
accordance with their
wavelength or frequency into
distinct groups.
Infrared Ultraviolet
e s e Can cause many chemical

molecular structure. 3 a ray:
& Radar communication = . ® Detected by stimulating Gamma rays

i Penetrate matter (e. -..m;lmgm ohy)
o Useful for haze s Braph

the human skin. .
- -
lonize gases. In the treatment of

L ]
e Analysis of fine details of nerve endings of human B .
_— ) T B o lonize atoms in atmosphere, o £
Raduwaves molecular and atomic photography. retina. rc;ultLing_in the mnm'\p\ltcr; 5 e Causefluorescence. cancer and tumours.
Uses ® Used in radio structure. e Can cause chemical e Cause photoelectric emission from
communication reaction. metals,
hY
Wi WLiNi NN
\ /
t e v f \
/ s T \ Y i \/" * J
. Nt \/ N J V \ \/
Radiation Type Radio Microwave Infrared Visible Ultraviolet X-rays Gamma rays
Wavelength (m) > 1071 10 to 10 10 t0 106 7% 1077 to 4 x10~7 4107 to 1.5 x10° 109 to 10-12 <1012
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RAY OPTICS AND OPTICAL INSTRUMENTS

'0PT|CAL FIBRES

i are used for transmitting optical
. signal through long distance.
| Optical fibres based on the
i phenomenon of TIR.

B s s i G D A e S

TDTAL ]NTERNAL REFLECTION |
TIR conditions

@ Light must travel from denser to rarer.
® Incidentanglei> criticalanglei,

Relation between [Land iz 1 =

Sini,

REFRACTION OF LIGHT

{Refractiveindex,

velocity of light in vaccum ¢

velocity of light in medium v

Real and apparent depth
real depth (x)

Snell's law: When light travels from

: : l,  smj
'medium a to medium b, ‘1, = Bp =—
i p, smr

- apparent depth ()
1

| REFLECTION OF LIGHT
10 According to the laws of reflection, :
| fi= iy '
® If a plane mirror is rotated by an
angle 0, the reflected rays rotates b) :

[
]
I
I
I
i
I

anangle 20. !

SIMPLE MICROSCOPE
Magnifying power
e For final image to be formed at D
(leastdistance) M =1 + 2

e For final image formed al‘inﬁnily

)
M—l

REFLECTING TELESCOPE |
Magnifying power @
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Deviation
of red light(6z)

Deviation of

Angular
spread

R violet light (8y) Ni""--___ X

Sn_m.n Q

REFRACTION THROUGH PRISM

Relation between pand g,

. (A+8,) [where,
-t P J 0, =angleof minimum
Pt deviation

51N (ﬂ] A =angle of prism
2
or 0=(w—1)A (Prism of small angle)
Angular dispersion
=8y -08p= 1y — Hp)A

Dispersive power,
) L
w=— Y o F
5 p—1 i
< |
Mean deviation, 5 = 2V O i
2 i
o 5 5 o £ B [
I
A i
i ‘ 1

RAY OPTICS

AND OPTICAL
INSTRUMENTS

TELESCOPE

Astronomical telescope

i ® For final image formed at D (least

distance) M :—L(] | —f‘—)
JeN D

'® In normal adjustment, image tormed

M=-f (]

atinfinity

POWER OF LENSES
1
/(in m)

Combination of lenses:

Power: P= P, + P, - dP,P,

(d = small separahon between the
lenses)

For d = 0 (lenses in contact)
Power: P= P, + P21 Py +

Power of lens: P =

THIN SPHERICAL LENS |
Thin lens formula: 1— l = I :
v u f ,

h

. . LI
Magnification: m = —=—-

distance (v) and refractive index (1)

M denser )
5
Li ns maker’s formula

REFRACTION BY SPHERICAL SURFACE
Relation between object distance (u), image

i
H rarer = Hdenser ~ Hrarer (Holds for
u R’

any curved
spherical

surface.)

s S R R

'REFLECTION BY SPHERICAL |

MIRRORS
i Mirror formula, & + % = l— - 2 :
u v | R |
Magnification, m = = & :
u h, i
COMPOUND MICROSCOPE

Magnifying power, M = m,x m,,

!
e For final image formed at D (least !

L(,. D
/l'i A .ir:’ e

® For finalimage formed atinfinity !
M = P

iz

distance) M =

TERRESTRIAL TELESCOPE
fo

For normaladjustment M =

Distance between objective .md
. eyepieced=f, +4f+f,
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i Huygens principle : According to Huygens principle,

i e Every point on given wavefront (primary wavefront)

I acts as a fresh source of new disturbance, called sec-
ondary wavelets.

® The secondary wavelets spread out in all the directions
with the speed of light in the medium.

® A surface touching these secondary wavelets tangen-
tially in the forward direction at any instant gives the
new (secondary) wavefront at that instant.

e Law of reflection /i = /r & law of refraction 2L —

= :

——
=

o
=

i INTERFERENCE OF LIGHT I
‘ |
i @ The superposition of two coherent waves resultingin a |

pattern of alternating dark and bright fringes of equal width.|

e Position of bright fringes x,, = ”?}D :

E H

. Su=1AD :

! @ Position of dark fringes x}, = % :
: o &

| @ Fringe width i = AD : |

[ d 5 I A i

ATDB PDFZ

i 5 e Ratio of slit width with intensity : = =
can be explained by Huygens wave theory. SHLT 1 io of slit width with intensity w, iy a2 L
i " B e e e e e e et
/" CoMEmenTSOURCEs | {  ADDITIONOF |
i The source which emit | ! COHERENT WAVE !
| continuous light waves of same | | ® Intensity distribution : If a, b are |
i wavelength, same frequency il the amplitudes of interfering waves !
R | | and in same phase are coherent | | due to two coherent sources and o !
- Forward moving i sources wpl  is constant phase difference between !
\ Yoo wavefront i Incoherent Souices i | the two waves at any point P, then !
- ~ H :
- *y I Two soutces of light which do [ the resultant amplitude at P will be l
5 % = : |
. | : : 14 . . | I = = ==
e . | not emit light v\. l_\.u’t'.\ with a P R:\fa'+b)+2abc0=;(|) :
*s c | constant phase difference are ; i
. 3 -
HUYGENS ! o | called incoherent source. j-! :' Resultant intensity i
VE TH ¥ s b i i v B =
E\‘fé oint nEnoaRwave— R \ : ; Light | M=t iad s Nh_l v :
Sy X % 5 1‘:1“15 ; Ba rierjwith joearaie j® For bright fringes, [
H [ i Ja ele 1 BRSY P ' :
g marbegoniii . ) ngaanalit B | L= (31 #4f1)? at ¢=0°,2m, 4m... |
a source of secondary | o -
ic o B ' Single Slit :® For dark fringes, i
spherical wavelets which ¢ > il oy /n \ﬁ}z ato =1, 3m, 51
S F Ll ir =\ - 0. e g = JL, Jity L.,
spread out in the forward | ; Diffraction : ! i o :
> ) < o g s s [
direction at the speed of / H ey, Slp =T eyt 2 i
|
light. The new wavefrontis * - : B 2 i
the tangential surface to ' Backwave (absent) i I, (\J L + ir-'1) !
; g . (With zero intensity) ' IR . v 3
all of these secondary i i e r 2 !
: min = i
wavelets at a later  ,* ,’ ' (“”' 13) !
¢ i 4
s s s : e e e R T
i FRESNEL'S DISTANCE [ o e e e e e e .

i Rayopticsasalimiting case of wave optics i | DIFFRACTION

| @ Diffraction at circular aperture | ngleslitesperiment

i Linear spread, x= 78 J 1.22) 1 i I ® Angularposition of n'" minima, 0, = rg_ |
_— s LHIGHE B Skl :
| - gy B 2 & [ 2 [
i Arealspread, x*=(Z6) l J i | ® Angularpositionof n'h maxima, 9:,=L—“” <23
: e Fresnel’s distance ;: Distance at which i | 2a :
| Pl e I e H 2D |
i diffraction hpre.l(‘_zl;}h equal to the size i | ® Width of central maximum B, =2p = _JEA. !
:  ofaperture, Zp= 2~ + IS
i ® Sizeof Fresnel zone, ap= fAZ |
T R M s

WAVEFRONT

® The locus of all particles of the medium vibrating in the same phase at a given instant is known as wavefront.

— Spherical wavefront : When the source of light is a point source, the wavefront is spherical.
— Cylindrical wavefront : When the source of light is linear, the wavefront is cylindrical.
— Plane wavefront : When the point source or linear source of light is at very large distance, a small portion of spherical or cylindrical

|
|
i @ Depending on the shape of sources of light, wavefront can be of three types
|
|
|
I wavefront appears to be plane. Such a wavefront is known as plane wavefront.
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Photoelectric Cell

' Electron Microscope |
Photocell » An electrical device » Electron microscope is a
Rmmmf“"gy /fg::'l:'h“tlﬁ" which converts light device designed to study
= energy into very minute objects, Bt SLLE el T
electrical energy, is = Based on principle of de de-Broglie Wavelength
:};{:"ﬁc called as photocell Broglie wave and the fast a=lt
Posiiive or photoelectric cell. moving electrons can be P

For electron having K.E. (K) is

|

l

I

|

h i
A=———,herep=+2mK :
|

|

|

|

I

I

|

terminal Current ® 1t works on the

Mo o principle of a same way as beam of
photoelectric light is focussed by glass y2mK

I
|
|
o IS
focussed by E or B field in [€————i
1
|
1
]
I

's Fora charged particle
i, accelerated by potential V' is

~

electrons, . h
- k= ,here p=+2gmV

..___.._._.._.‘_.‘_.‘_.._.._.._.._‘._:.._“.”_._‘._‘._‘.___.._.._.._. & \/QT

emission of lenses.

P e 1 e 8 e s,

DUAL NATURE OF

Wave Nature
of Matter

* Particle Nature
of Radiation

RADIATION AND MATTER

saAep 21|6oag ap
J0 uoneoiddy

Photoelectric Effect

« Variation of stopping potential

[e The phenomenon of emission of | V_ with frequency v of incident | de-Broglie Hypothesis
I electrons from a metal surface when | railiation: | * Due to symmetry in nature,
an electromagnetic wave of suitable | PR | the particle in motion also |
frequency is incident on it is called | possess wave-like properties. |
photoelectric effect. Siorling | And these waves are called |
pote. i Moal 4 | matter waves. \
(Vo) : :
vy Metal B
" . v >0f {
Einstein’s Photoelectric Equation i F'eql‘_fj;’l’igi‘zﬁ)“'e“' F=rs L

le  E=Kmnax + $p» Where ¢y = work function, « Variation of photocurrent with .- The wave packet description of an electron : The !

| \

| J

| i

| |

i E = energy of incident light, i collector plate potential for : wave packet corresponds to a spread of
! K = maximum KE of ¢ ; different intensity of incident | | wavelength around some central wavelength (and |
< ' T, : radiation : i hence by de Broglie relation, a spread in |
i = ho =5 MVmax+ huy i T { momentum). Consequently, it is associated with |
: | : i an uncertainty in position (Ax) and an uncertamty

= Emvﬁm: h(v - vy) \ thotoarsestll o h S h ! in momentum (Ap). \
s s S S VA A e L S P i s e B i ) I i
ﬁ 7 i ‘
Stopping Saturation 1 i
potential \‘ Current : ‘
-2 a0
/ F " \ Retarding Collector plate I =7 uf-\ ‘
Experimental Study and Conclusion *— poertal  powentsl —F i \/ U U \J |
of Photoelectric Effect « Variation of photocurrent with : - ‘
« Atconstant frequencyvand potential V collector plate potential for i (a) Alocalised wave packet |
(Photo-current) i, o= I (intensity) different frequencies of incident | i®The matter wave corresponding to a definite :
; : : iation : I momentum of an electron extends all over space. |
s At constant frequency and intensity, the J radiation : i Tn thi % Bak :
minimum negative potential at which the T ! ; _]18 cas;,m \
photocurrent becomes zero is called Photoelectric : AL TR o 2 |
stopping potential (V). current i :
_| = Atstopping potential Vi, K. of e-=eV, T : /_\ [\ /\ /\ \
N 1 . - —— Uy > V3> Saturation ]
e For a given frequency of the incident s current ! ‘
radiation, the V, is independent of I. i i : . ‘ 1
¢ g : - (b) An extended wave with fixed wavelength |
{* The Vvarieslinearly with v. , Ru.m.img Collector plate e R R e e L S S R
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Scattering angle

Rutherford’s Model of Atom

Alpha particle’s Impact

\
| I
| 1
4 £y articles & 1 2 ﬂ-:E»J trajectory parameter
<« * K.E.of t—particles, K = ~my S |
1 2 . SR SN L J/____}
I o b I
: source . | ® Distance of closest approach, | ST 7. i \
. : i Nucleus :
~ o1 o2zd 1 o4zdlo
Detector Lead—" Qr ! ’ e, K amey mv: | o
‘j" e Impact parameter, Important Expressions from Bohr’s
0 0 i
| Zecot | Zécot Atomic Model
Drawbacks of Rutherford’s atomic b= . 2 _ . 2 | Electron orbits and their energy
model 41ig, K ane, 1 oo e Radius of permitted nth orbits,
2 .

2
n’h?
r}l = 2 2
4m“mkZe

e Velocity of electron in nth orbit,

e According to electromagnetic
theory, an accelerated charge particle
always radiates energy. Electrons
loses its energy and its radius of orbit

2
» Conclusion : An atom consists of a small and = r,ocn
massive central core in which entire positive

charge and whole mass of atom is

; . : 2
decreases continuously and finally it concentrated " 2ntkZe i 1
. . s 5 = oo —
would spiral into the nucleus. But in ' " nh A
practical atoms do not collapse. e Energy of electron in n'? orbit
; e : DI,
e An electron revolving in any orbit —2mimic 72t 1
emits continuous radiation of all .= 22 = Eyo=—
n°h n

wavelengths. Actually the elements |
are found to emit spectral lines of
definite frequencies and not all of
them.

where the symbols have their usual
meanings.

' lonization Energy and lonization
Potential
i Ionization energy and potential of

' an electron in hydrogen atom for n® j
state.

L

bohr's Mol el o £ 5i:
e Johi deviivped a dicory of Liydrogen and
hydrogen like atoms which have only one |
orbital electron. !

° Angular momentum of the electron in a |

=y |
. AT ; : s ) 136 %"
stationary orbit is an integral multiple of | | ¢ Tonization energy = ————e
> 2
h/2m. i n?
! 2
: i i o ‘ 13.6Z
: i T nh P nh . o lonization potential = \'
: Radiated light of every shorter A ] 21T 2 270 kA n?
: ! : .
: Atomic Spectra [
: Maxim
I Initial Final Wavelength First member- Series limit wnvelenu;h :.; i::;
i state state formula second member | m;—> < ton, (n+1)ton, in
(b) ; - — mewlml From 2 to |
H‘=2,3, =1 o —naee b A L=— =4 ¥
T T 1 fi, 45,6, Y A [11 ) | m=3tom=1 R o T e e
' Line Spectra of Hydrogen Atom | A=91LA | A=1216A
e While transition between different ! ; - n—ttom—y | From=t02 | Fom3to2 )
: 2 : X 2l g n=3,4, n=2 S Bl St i I A 3=38 Visible
| atomic levels, light radiated ini | 2 5,6,7, i O [FTI m=41w0n=2 R SR region
! . . ! ! ‘ A=13646 A A=6563 A
i various discrete frequencies arei
i . 1 From = to 3 From4to3
i called spectral series of hydrogen | § m=45 | . _s 1_o(1_ 1Y) | m=4ton=3 s oD 144 R
- i & | ens. s AU\ a2 | m=Ston=3 R A=7R | region
i atom. i A=8204A | A=18753A
I R e !
i ® Rydberg formula: tE [ Fromwto4 | From5tod
! 1 1 1 ! g ",=516; ”f=4 l:R L_L n1=5wnf=4 = l—ﬂ IR
I Wavenumberyp = — = s IR 7.8, 9, P n=6ton. =4 R =R region
i U= Rl—-—|i | & t A=14585A | A=40515A
1 L ”" ﬂ‘ 1
i - = I i o From e to 5 From 6 to 5
i R=Rydberg's constant i E n=81, g 1 g1 n=6ton,= o 25 " 900 Far IR
i ; o ] i # 8,9, 10, 4 A g m=Tton=5 R 1R region
| = X Al g g 1 = an A =T4583 A
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TYPES OF SEMICONDUCTORS

Extrinsic Semiconductors J

» 'The semiconductor whose conductivity is mainly
due to impurity. On the basis of doping there are
two type of extrinsic semiconductors.

— p-type semiconductor (1, >> n,) :
Obtained by doping a trivalent impurity atom.
- n-type semiconductor (11, >> n,) :
Obtained by doping a pentavalent impurity atom.
| = Electrical conductivity, o = e [n,u, + n,1;,]

Intrinsic Semiconductors

The pure semiconductors having thermally
geuerated current carriers.

n, = ny, = n;; where, n, = Electron density,

n, = Hole density, n; = Density of intrinsic
carriers.

Formation of p-n Junction I

» Due to high carrier concentration difference,

holes diffuses from [0oO -+ ®®@ ()
-side to n-sideand ,|(C® O = YO
p . "loooi-i+e0w|”
electron  diffuses |@ooi--e @0
from n-side to : = E
p-side,  produces b £
diffusion current. =5
- R 2E
» Due ta barrier Depletion region or 5 =

potential, majority Transition region
charge carriers are forced to move to other side of
the junction and such movement produces drift
current.

[ Semiconductor Diode

« P-N Junction Diode : In layman language, when
a p-type semiconductor is brought into contact
with an n-type semiconductor such that structure
remains continuous at boundary, p-n junction
diode is formed.

« Forward bias characteristic
— Width of depletion layer decreases
- Effective barrier potential decreases
— Low resistance offered at junction and high

current flow of the order of mA.

« Reverse Bias Characteristics
- Width of depletion layer increases
- Effective barrier potential increases
- High resistance offered at the junction and low

current flow of the order of HA.
~ Reverse break down occurs at a high reverse
biased voltage where the ordinary diodes get

‘ damaged.

"he mos iaportant characteristic of a p-n
junction is its ability to p[: n
conduct current in one
direction only.

« In the reverse direction, it offers very high
resistance.

Rectifier

Used to convert ac signal into dc signal.

Half Wave Rectifier I

= € max . I
e ey g o
» Output frequency I kVL,
= Input frequency 7 y
p q } Li%f 0| t

P,.
- Efficiency = —9€ = 40.6%

ac
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I Forward Biased ‘
(2 [[n] ot
e

Ii!i‘f

» Effective barrier potential decreases.
« Depletion width decreases.
» Low resistance offered at junction.

« High current flows through the circuit.

Full Wave Rectifier

,=SH¢ g _2Imax
max (rj +RL) » Lge _—E
pu

« Qutput frequency
= 2 x Input frequency @H —
B V}o A
. Efficiency= 4 =812% t

ac




