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Biot-Savart Law

Then according to Biot—Savart law

up idf X T
41t I3

dB =
L, — Permeability of Free Space

Ly =4m X 107 Tm/A
——

ST unit of magnetic field (§) is Tesla (T)
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Smaller unit of magnetic
field (§) is Gauss

1Gauss =10"*T
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Magnetic Field Intensity due To Straight Current Carrying Wire
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In this case Magnetic field lines Mol
are circular with their centres on B = ATiR —— (sinB; + sinb,)
the wire.

R is perpendicular distance

Magnetic field lines form of P-Eam e

continuous closed loops.
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MF| Due To Semi oo Wire
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MF| Due To oo Wire
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Graphs
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Magnetic Field at Centre of Current Carrying Circular Loop
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Magnetic Field at the Centre of Current Carrying Circular Arc
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MF| on the Axis of Current Carrying Circular Loop
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Ampere’s Circuital Law
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MF| due to Current Carrying o Long Hollow Cylinder
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MFI due to Current Carrying «o Long Solid Cylinder
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Q) Find B inside long cylindrical cavity in long solid cylinder.

Mad' 11l ]
2ok Ma;f b -4 2 -
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Long Solenoid

Solenoid’s length 1s large compared
to its radius (L>>r ).

. ()
@@ @ @@@@@/

-9'"*; ELLIELES

MY,

n' turns per unit length.

MPFT 1inside 1s uniform
and axial B = pyni

MFI outside solenoid 1s
Zero. :
ni

MPFTI at ends is HOT

e ——

M"""———___
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FLV Magnetic Force on a Moving Charge Particle I

m@/

F = q(V X B) = Ile = qvBsin6

As per the equation

F1v F.B
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D= F-v=0
Work done by magnetic force I:"m = q(V X ﬁ)
1s always zero.
Flv

That means speed of a
particle moving in magnetic
field region alone remains
constant.
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Case 1: Motion of particle in plane 1 to B

xB X X X X = 1V
=25
X V X X
x x x _ Z2mR _ 2mm f_%
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» ><(q g( v qB
X X X 2t B
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Magnetic Force on a Moving Charged Particle \

Case 2: If V isnot L to B 21tm
T
P +ch Radius of Helix (R) is radius of
g circular component of motion.
/} |/ / / } J ) mv mvsing

\\\\\\ R=qE:’:qu

Pitch = (v cosO) T
0 e £ —>B
: — l 2mtmv cos 6

V|| = v cosb v = vsinb
1 qB
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Motion of Charged Particle in Presence of Both E and B

-3 o

F=Fg + Fg

F = qE + q(V X B)

Lorentz force
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Cyclotron frequency

I

Cyclotron

Deflection Plate 2T[m

Exit Port

" Cyclotron uses the fact that
frequency of revolution of

- Dy . charged particle in magnetic
field 1s independent of its
speed or radius of orbit.

‘ : . ) . ) fOSC = fC

Oscillator | £, Resonance Condition
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Magnetic Force on a Current Carrying Wire Kept in
Magnetic Field

B is Uniform and Wire is Straight

B@p OBNO = PP
dﬁ = m
OB OINO
F =if xB
))QBSimSl

Get it on

Get Top Ranks in IIT-JEE/NEET with eSaral APP P Google Play



\/

PHYSICS o
rDeewana
© BANA DE ¥

B Uniform and Arbitrary Shaped Wire

X X
. o F =i1¢ XB
|—>Vect0r joining end
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X X

i Getiton
Google Play

Get Top Ranks in IT-JEE/NEET with eSaral APP



\J,

?h\}s’CS;AHJ
e Decwwana
¢ BANA DE ¥

KEY POINT

Net magnetic force on
closed loop due to uniform

q -
B 1s zero.
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Magnetic Force Between Two Current Carrying Wires

Case 1 When wires are parallel to each other

F Lol 1
: Q- 1 :
T
o . §

Key Point '
Same direction currents

A c_l """ g attract each other and A c_l """ >

i i opposite direction currents | i
repel each other.
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Case 2 When wires are perpendicular to each other.

Magnetic Force Between Two Current Carrying Wires
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Magnetic Moment

Il = N i A—>Area vector of the loop

|

Magnetic Moment of the loop
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Key Point

Magnetic field try to align g
along B from smaller angle side.

=)
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Magnetic Moment due to Rotation of Charge

u Q

= —> Holds for all uniformly
o charged and mass bodies
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T = NIAB = k6

NIAB
Deflectionin G 6 = ——

- *@2 8 _ NAB

P Current Sensitivity = ‘B

k
Cylindrical soft iron core Voltage Sensitivity = = = _NAB
makes field radial and also v kR

RIS ) sl Total Resistance of Coil
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Magnetic Field Lines

/Kji\\
The magnetic field lines The magnetic field lines of
of a magnet form a solenoid form continuous
continuous closed loops. closed loops.
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Magnetic Field Lines

The magnetic field lines do not intersect.

ore dense

'm‘I 13 [> st)
! Less
dense

Magnetic field lines always form closed loops.
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Electrostatic Analog
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Electrostatic Analog
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Dipole in Uniform Magnetic Field
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Q) A magnetic needle of magnetic moment 6.7 X 10~% Am? and moment of
inertia 7.5 X 10~ Kfl_lp_f is performing simple harmonic oscillation in a
magnetic field of 0.01 T. Time taken for 10 complete oscillations is

(1)6.98s (2)8.76s (3)6.65s (4)8.89s JEE Main 2017

Sol. 1 O

[—
T =21 [—

mB
\./‘L’/
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Magnetisation

My et __ Net Magnetic Moment

M = g
Vv Volume
Magnetisation
— Mnt
-— —> — —>
— == =5 —
—> —_—> —_— —
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. — \/
= Net Magnetic Field B, = External Magnetic Field

B
,..-?; §m = Magentic Field contributed by the material core

— —) B
JOR e
> B
; m 60
1, = Permeability of Vacuum B=y,(1+ XH
H = Magnetic Intensi = m/--—’
- 5 ty B = u[) ur H
M = Magnetisation - —s
B=uH
X = Magnetic Susceptibility

1. = Relative Permeability of medium w.r.t. vacuum

1 = Permeability of Medium
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Classification of Magnetic Materials

My= 1L M= My
Mo
Properties Diamagnetic Paramagnetic | Ferromagnetic
( X ) il < X< 0 0 < X<K B
L, O ={lA< 4 1<p<1+k n.>> 1
H < U L= Hy L >=> U
Magnetisation| Weak Weak Strong
Magnetisation | Magnetisation Magnetisation
in opposite in Same in Same
direction direction direction

T =B JR B ST )
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Properties Diamagnetic Paramagnetic | Ferromagnetic
Movementin | (Weaktendency)| (Weak tendency)|(Strong tendency)
magnetic field | From strong to From weak to From weak to

weak magnetic | strong magnetic| strong magnetic
field field field

Magnet Weak Repulsion | Weak Attraction | Strong Attraction
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Properties Diamagnetic Paramagnetic | Ferromagnetic
E.g. Bi, Au, Pb, Si, Al, Na, Ca, Fe, Co, Ni,Gd
H,0, NaCl, N, O,(STP)
(STP)
Magnetic D a»' —
. . > >
Field Lines =3 ﬁ%
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Q) _Mg_g_rlg_l:ic susceptibility is negative for: NEET 2016

Mmagnetic material only

(2) Paramagnetic material only
(3) Ferromagnetic material only
(4) Paramagentic and Ferromagnetic Materials

Ans 1
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Q) A diamagnetic material in a magnetic field moves AIPMT 2003

_(BrFrom stronger to the weaker parts of the field
(2) From weaker to the stronger parts of the field
(3) Perpendicular to the field
(4) In none of the above directions

Ans 1
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Q) There are four light—weight rod sample A,B,C,D separately by threads. A
bar magnet is slowly brought near each sample and the following

observations are noted:— AIPMT (pre) 2011
(i) A is feebly repelled (ii) B is feebly attracted
(iii) C is strongly attracted (iv) D remains unaffected

Which one of the following is true?

(1) B is of a paramagnetic material (2) Cis of a diamagnetic material
(3) D is of a ferromagnetic material (4) A is of a non—magnetic material
Ans 1
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Paramagnetic

T T A~ L uin
Curie Law

C = Curie’s constant
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Ferromagnetic

At high enough temperature, a Above Curie Temperature in
ferromagnet becomes a paramagnetic phase,
paramagnet. 1 1

This temperature of transition X & T—T X & T T>TC
from ferromagnetic to T

paramagnetic is called Curie = C X 1
Temperature T,. T-—T: T —

—_—

B Getiton
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Q) A paramagnetic material has 1048 atoms/m?. Its magnetic
susceptibility at temperature 350 K is 2.8 x 10™* . Its susceptibility

at 300 K is : JEE Main 2019 (12 Jan Shift 2)
(1)8.6%2 X 108 (2) 3.726 XJidmta (3) B Giex 10atmm(4) 2802 x 10

1 Curie law for Paramagnetic

. X
U Tc substance

u_Tc,
X2 Tc,
Ans 3
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Q) Nickel shows ferromagnetic property at room temperature. If the
temperature is increased beyond Curie temperature then it will show :

(1) Diamagnetism (2) Paramagnetism AIPMT 2007
(3) Anti ferromagnetism (4) No magnetic property
Ans 2
Get iton
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Magnetic Hysteresis 3

Retentivity (or Remanence): The
value of magnetic field (B) at H=0.

_Coercivity: It is the value of H

applied in opposite direction to
destroy residual magnetism.

Coercivity

Get Top Ranks in [IT-JEE/NEET with eSaral APP  P® Google Play



\/,

?hQSPCS;AHJ
e Deewana
¢ BANA DE ¥

Permanent Magnets

B High Retentivity

Eighteel
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Electromagnets

E Low Retentivity _—
Low Coercivity /
7 E.g. Soft Iron
/ 7 > H Uses: Electromagnet, Transformer,
L Motor, Generator Cores.
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Hysteresis Loss

B Hysteresis Loss: It 1s the energy
lost in form of heat during a
complete cycle of magnetization

/ and demagnetization.
w /3B - |
L Bl Area of hysteresis loop 1s
proportional to the energy loss per

unit volume.
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Q) Hysteresis loops for two magnetic materials A and B are given below. These
materials are used to make magnets for electric generators, transformer core and
@ electromagnet core. Then it is proper to use. = [y

_(1)B for electromagnets and transformers. JEE Main 2016

A for electric generators and transformers.
A for electromagnets and B for electric transformers.
L)F)’\A for transformers and B for electric generators.
B B
A

Ans 1 A

i e /7

(A) (B)

> H
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Earth’s Magnetic Field
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Z
Angle of dip (inclination) tan [ = H_E
E
W Hg Horizontal
I component of e
i Earth’s magnetic I
-
Z field X
Vertical component of Earth'’s
magnetic field
Getiton
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Elements of Earth’s magnetic field:

1) Declination (D)
2) Angle of dip (1)
3) Horizontal component of Earth’s field (Hy)

Hg
|
Ve
Bg ¢
/lj>\
Magnetic Geographic
meridian meridian
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Electromagnetic Induction

The phenomenon in which electric
current 1s generated by varying
magnetic fields 1s called
Electromagnetic Induction (EMI).
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Magnetic Flux

Magnetic flux through If Bis uniform

an area A 1s given by ¢ n B.%

¢ = fﬁ- dA = ‘_B)‘x\m‘ cosO
SI unit of ¢ is weber (Wb)

or Tesla meter? (T m?).
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Faraday’s Law of Induction

do
‘13— I,
EMF Induced

dé
IfNt : = NJ|—
urns, & =N =
Ad
e — A_t
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Q) Find instantaneous EMF if ring is rotated about it’s vertical diameter with
angular speed w rad/sec.

X X X
X X X
X X X
¢ = BAcoswt
X X X X X X I

Sol.
le| = BAwsinwt
Get it on
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X X X X B
X X
: Jat
L
X X
X X X X
Charge flown in time t, [Q = b | -
arge flown in time t, R }K s lSJCOU“\
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Lenz’s Law

Induced emf opposes its
cause of generation.
Lenz’s law 1s based on

X X X XB 2.1 law of conservation of energy.

X X 5 \[ ":

L - do |
X = dt L N S
X X X X \’
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Motlonal =MIE
X X X X
1? V
X X X X
X X X X
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Q) Find the induced current in the circuit.

X x B x X x
><{)§ X X X X
R —>V .
>< X X X X BP\J — g
¥
X % X /f<
Sol.
. Btv
'T R
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Force and Power Analysis

X X B X X

1 — ]

i L

X i X X X

3R ~ \'
X i X X

1 Fa,,,r_—_—,p
X X X x
it
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EMF due to Rotation of Wire
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Eddy Currents
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Induced Electric Field

X X
3
X X
* Produced by the changing magnetic
~__ field
X X X X » Non-electrostatic and non-
conservative in nature
. — —dog * Cannot define a potential for it
%E it = dt * Form closed loops. No source and
sink
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Self Inductance

SI unit of L is henry (H)
1 Weber

1 Ampere

1 henry =

\/,

Flux through a coil having current ‘i’
due to its own current is ¢ then

=1L
|—> Self Inductance of Coil

L depends on

++ Geometrical construction of coil
== e —

¢ Intrinsic material properties
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Q) Solenoid of length ¢ is given. n is the no. of turns per unit length , A is area
of cross section, and its radius is r. Find its inductance.

4
4 ———————————————— >

“AOAANAM )

A= Tre

Sol.| L = pgn” A¢

= [gh* Tred
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Symbolic Representation of Inductor

L

>60000000—

L

¢ = Li

L di
©7 @
\
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Growth of Current in LR Circuit

I, R
——— AWV
" 1T 263
\L | 1
3 I
E = () AV

>t

i=g<(1><_§) L_-‘“- %(li{

1 Time constant 't’ = =
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Circuit Analysis

Att = 0, Open the inductor

R
_WWV_
(=0
- R I
— 00000 AW vV

At t = oo, Short the inductor

i = V/K

>

<

= —
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Energy Stored in Inductor
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Magnetic Energy Density

Energy Per Unit Volume [
2 M
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Decay of Current

A —— ”ﬁ'(k
U/OO = “\}D L \__
R bo
i
I _t 18
iy 1=1,e L

>t After 11, current decays by 63%.

i
i
-
T
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Mutual Inductance
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1
ﬁ P
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Inductors in Series

Ll L2 L'eq
—000080e STTT0NT— ——UI——
Leq=L1+L3
1 L
Vv Vv
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Inductors in Parallel

P
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I= |I
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AC Generator
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Alternating EMF
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Alternating Current i
A

If the direction of current
changes alternately, it is /\ /\ /\ |
called Alternating Current. 0 \/ \/ e

MWWy

)
N

V =V, sin (ot)

———
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Pure Resistive Circuit

AW i=1i, si

Vo : Vims
"1 lg = E Irms = R
V= VO Si@ irms = 1_0 Vrms = —
V2 V2
.V V;sin(ot)
o R R _In pure resistive circuit V and i
are in same phase. i
Getiton
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Pure Capacitive Circuit Lo _\%
C
— w (1
i 4 C s = U U BT
@ XC @%pacitive reactance)

V =V, sin(ot) ?@J)a{oﬂ\

’) R &S K In pure Capacitive circuitrrent

=R " 1-[ T[
1=1p SIn (mt + E) leads Voltage by phase —

~_ 47/ N 2

——
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Pure Inductive Circuit

T

S o m '
1 = 1pSIn (mt 2)

—— GITT—
in & E i — rms >< L
0 XL rms XL L : w F' 3

()

X1 = oL (inductive reactance) &

V =V,sin(wt)
{where X; unitis Q}
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Pure Inductive Circuit

> L
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Keypoint

= . - . 1-[
V = VO Sll’l(ﬁ)t) i =iy sin ((Dt = -E)

In pure Inductive circuit Voltage

T
leads Current by phase >

I3
—— (YTRTRTR—
14
o
) 4

V =V, sin(wt)
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Power Analysis
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V =V, sin(ot) V=V, sin(ot) V =V, sin(ot)
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2 1=K

A kK

)

R

AW

Q)

\ 4
V =V, sin(ot)

1
X T o
. VO
g = —

0 XC
C
¥
| 1
1A
=

V =V, sin(ot)

VI‘I‘I’!S

irms — t%- i0 —

Vo

14

\/

V =V, sin(wt)

T Impedance = Unit is Q
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L—C—R Circuit XL X
Vi, — Ve, ¢
0
XL XL.
R C L
—AWWW— [—TTTTTR— )¢ > Vg,
A
1 =1i,sin(mt) | v . v
@ Iy = ? lrms = %

V =V,sin(ot + ¢)

X, —Xc
R

z:J(XL—x(Q)Z +R%Z tan¢ =
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L—C—R Circuit
X %
‘o ya (
—— AW\

Ti= iysin(mt)
&

V =V sin(ot + ¢)

\/

wL > —
wC

[fX; > X circuit is predominantly
[nductive (V leads i)

[f X; < X, circuitis predominantly
Capacitive (ileads V)
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Power Delivered by Source
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2 V2 : E | W>w,
11 =iysin(ot) -
() L > M
V =V,sin(ot + ¢) UUD ,——:Q-I—C 2)1 (ZO (,02>

At Resonance - @

R F
1) iy will be maximum 2 Tesonant requency
1
e o) o
= ) ) ° " 2nvIC
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Quality Factor

Quality factor Q : Q-factor of AC
circuit basically gives an idea about
stored energy & lost energy.

f 1 Wo = ,I___
©oCR ﬂﬁ
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LC,
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Transformers
Primary Secondary
col . [J— 2
E 1]
Vf’ A E Vo If Ng > Np : Step-up Transformer
—

If N¢ < Np, : Step-down Transformer

t

p gl

[

Vi, = Vi
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