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5 Electricity and Magnetism

5.1: Electrostatics

Coulomb’s law: F = 1“0 Ly ) —
Electric field: E'[?"] = lMD 47 371-.. E
Electrostatic energy: U = ln](_o 12
Electrostatic potential: V' = ﬁ%
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Electric dipole moment: 7= gd g _d.. ota
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Potential of a dipole: V = Jncnp—mf—ﬂ Loy (r)
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Field of a dipole: Lo
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Torque on a dipole placed in E: 7 =7 x E

—

Pot. energy of a dipole placed in E: U= —p-
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5.2: Gauss’s Law and its Applications
Electric lux: ¢ = f}:.z-'-dg
Gauss'’s law: f}f" ds§ = in, €0

Field of a uniformly charged ring on its axis:
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E and V of a uniformly charged sphere:
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E and V of a uniformly charged spherical

0 forr < R .
C= ' E
E { ﬁ% forr >R o
V= ﬁ% forr< R v _
= L forr>R ;
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Field of a line charge: £ = h-:Dr

Field of an infinite sheet: E = gi

Field in the vicinity of conducting surface: F' = %

5.3: Capacitors

Capacitance: C' = g/V
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Parallel plate capacitor: C' = e d/d
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Spherical capacitor: C = o

Cylindrical capacitor: C = ﬁ%

Capacitors in parallel: C.q = ) + C5 o %c, Loy
B-
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Capacitors in series: ol el o PR

Force between plates of a parallel plate capacitor:
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F= ZAey
2
Energy stored in capacitor: [/ = 1(__1'2 = Q(— = %QV
Energy density in electric field E: U/V l— - 2

Capacitor with dielectric: C' = iﬂ%

5.4: Current electricity
Current density: j=i/A =0oF
Drift speed: v; =
Resistance of a wire: = pl/A, where p=1/0
Temp. dependence of resistance: R = Ry(1 + aAT)
Ohm’s law: V =ik

Kirchhoft’s Laws: (i) The Junction Law: The algebraic
sum of all the currents directed towards a node is zero
e, Ynodeli = 0. (ii)The Loop Laow: The algebraic
sum of all the potential differences along a closed loop
in a circuit is zero i.e., EapAV; =0,
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Resistors in parallel: R =t Ry $Ra
B

Resistors in series: H.q = R, + s R1 Ra
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Wheatstone bridge:

Balanced if Ry /R; = Ry /R,.
Electric Power: P=V?/R=1"R=1V
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Galvanometer as an Ammeter: I 4,

igG = (i —ig)8

Galvanometer as a Voltmeter:

Vap =ig(R+G)

" c
Charging of capacitors:
v
a(t)=CV [1— e
C
Discharging of capacitors: g(t) = qoe~ FT alt)
R
Time constant in RC circuit: 7 = RC
Al _ Peltier heat

Peltier effect: emf e = a0 tharge transferred -

1T

To Tn T:

Seeback effect:

1. Thermo-emf: e =al + %b]"g

2. Thermoelectric power: de/dt = a + T
3. Neatral temp.: T, = —a/b.

4. Inversion temp.: T; = —2a/b.

AH . Thomson heat

Thomson effect: emf ¢ = A0 = tharge translerred = oAT.

Faraday’s law of electrolysis: The mass deposited is
m = Zit = +Eit
where i 1s current, ¢ is time, Z 1s electrochemical equiv-

alent, E is chemical equivalent, and F = 96485 C/g is
Faraday constant.

5.5: Magnetism

Lorentz force on a moving charge: F = qv = B+ qE

Charged particle in a uniform magnetic field:

Force on a current carrying wire:

B
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F=ilxB
Magnetic moment of a current loop (dipole):
ByaA T
g=i
-»t

Torque on a magnetic dipole placed in B: 7=jix B

—
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Energy of a magnetic dipole placed in B:
U=—ji-B

Hall effect: V,, = 2L

e

5.6: Magnetic Field due to Current

- i, ® B
H . 0 _ poidlxf :
Biot-Savart law: dB = £ +~5+ o
dr
r"I2

Field due to a straight conductor:

B= %’}[ms B — cos fa)

B = Boi

Field due to an infinite straight wire: =

Force between parallel wires: 4 — £oiiia
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Field on the axis of a ring: J L = o v
Il\1 L
_ _ ppia® '
Bp = gz oy
Field at the centre of an arc: B = “l?:: Bele }“-
ﬂl “

Field at the centre of a ring: B = %‘i‘f
Ampere’s law: § B.di= polin

Field inside a solenoid: B = jgni, n = —}‘r— (UL

Field inside a toroid: B = £
Field of a bar magnet:
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B, =“—D%.~ B, =
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Angle of dip: By, = Beoséd

By B
Tangent galvanometer: By tanfl = % i=K tan#
Moving coil galvanometer: nidAB =kf, i= ?{:Hﬁ

Time period of magnetometer: T = Qr.v.- ﬁ

—

Permeability: B= H
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5.7: Electromagnetic Induction ¢ R

Z
RC circuit: i 5w | &
Magnetic flux: ¢ = § B-dS . 7
e sin wi
_ 7 T . _ 1
Faraday’s law: ¢ = — 32 Z =R+ (1JwC)?, tand = ;zq
Lenz's Law: Induced current create a B-field that op- L R R
poses the change in magnetic fux. LR circuit: i @ wn | 2
i Z
+ en sin wi
i Z=vVR:+Ww'L?, tang =4k
Motional emf: ¢ = Blv ! T
- L ¢ n I
LCR Circuit: | “ z o —wl
Self inductance: ¢ = Li, e¢=—L% ’ © Ll R
dt ep sinwt
: s 1. T — B2 /o 2 il
Self inductance of a solenoid: L = pgn”(7r=l) 7= V'RJ + (ﬁ —wL)?, tang = =T
' . “ . ) R -1 f 1
Growth of current in LR circuit: i = 5 [1 —€ m} Vresonanee = 27 \( TC
L R . Power factor: P = e,paipms cosod
. '|'_ 0.6345 s ,Jr_-—-""
- : J. ¢ Transformer: %1- = ZL, e1i] = eqiy e @| N2 ez
& Tf N €2 .
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Decay of current in LR circuit: i = ioe” 777 Speed of the EM waves in vacuum: ¢ = 1/, /ey
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Time constant of LR circuit: 7 = L/R

Energy stored in an inductor: [V = %Liz

Energy density of B field: u= rfr = %
Mutual inductance: ¢ = Mi, e= —.-'LI%{

EMF induced in a rotating coil: ¢ = N ABw sinwt

Alternating current: ! bf—\‘wﬁ
i=igsinfwt+¢), T =27 w

Average current in AC: i = ¢ IT:' dt =10

Energy: E =iy RT
Capacitive reactance: X, = jl"r

Inductive reactance: X; = wl

Imepedance: Z = ey/ip
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