Class 12 Physics: Formula Sheet

Chapter-4: Moving Charges and Magnetism
1. Magnetic force on a moving charge

F,=qUvxB

Or

F,, = quBsin@
2. Path of charged particle in uniform magnetic field

e Path is straight line when

0 =0° 0r 180°

e Path is circle when

0 =90°
e For any other angle, path is helix.
3. Circular path

v-B=0
Centripetal force = Magnetic force

2 B
m— = qu
r q

e Radius of the circular path (r)

mv
" 4B
e Momentum (p)
p = mv
¢ Kinetic energy(K)
p = V2mK
e Time period,
2mtm
= Ba
e Angular velocity
Bq
W= —
m
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e Frequency
Bq
/= 2mm
4. Helical path
¢ Radius of helical path
__ mvsin @
r = Bq
e Time period and
_ 2mm
=B
e Frequency of helical path
1 qB
f 2T 2um
e Pitch of the helical path
—( )T = 2mmv cos 0
p = (vcos = Bq

5. Magnetic force on a current carrying conductor

In Vector Form

—

F,,=1lxB

In Magnitude Form

F,, =IlBsinf

Here 0 is the angle between [ and B or between direction of current and

magnetic field.

6. Lorentz Force

The total force on a charge Q moving in the presence of both electric and magnetic field
is given by

F=F,+F, =Q(E +vXB)

7. Velocity selector
Path of a charged particle in uniform electric and magnetic field will remain unchanged

if,
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Free = 0 or q(qE + qvxB) = 0 or E = —vxB or E = Bxv

8. Cyclotron
e The frequency of revolution of the particle
_ 4B
~ 2mm

e The Energy Gained by Charged particles

1 1 (q*B%R?
K=-mv?== (q )
2 2 m

9. Magnetic dipole: and Magnetic dipole moment (unit Am)
o Current carrying loop is a magnetic dipole.
e Magnetic dipole moment of magnetic dipole
e Direction of M is the perpendicular to the plane of loop and given by
right hand screw law.
10. Potential energy stored in dipole

U=-M.B or U= —MBcos0

11. Work done in rotating dipole against torque
W01_>92 = Ug — Ugl = MB(COS 01 — COS 92)

2

12. Biot-Savart Law

= Mo 1dix7 _ WMo (Idlsin@
dB_Et( r3 >ordB 4-11'( r2 )

13. Magnetic field of a moving point charge
The magnetic field vector B at point P at position vector 7 from the
charge g moving with a velocity v

Ko q(?x?)] Ko (qVsin 0
— or B = ( )

B =

4| 13 41 r2

14. Magnetic field induction at a point due to a straight wire
carrying current |

e Magnetic field due at a point due to a straight wire of finite length (wire
Is held vertically)
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ol pol | . .
B = ———(sina + sin
41tXx 41tx( A)
e Magnetic field at a point due to a straight wire of infinite length
Kol
B=—
2ntr
e Magnetic field at a point due a straight wire with one end finite and other
end infinite
_1 (Hol ) _ kol
2 \2ntr 4mtr
e Magnetic field created by long current carrying wire
% r>R
Mol
B=—
2ntr
e r<R
_ lr
~ 2mR?

15. Magnetic field induction at a point due to a circular wire
carrying current |

e Magnetic field on the axis (either x, y or z-axis) of a circular loop (say, if
coil placed in y-z plane so, B, =0, B, = 0 and By

HolR?

X

2(R?% + xz)%
e Magnetic field at the centre (O) of ring (or circular loop)
_tal
2R
e |If circular loop has N number of turns then magnetic field at its centre of
radius R and carries current |
pPoNI
B="r

B,

e Magnetic field when x >> R for N circular loops on axial position

" HoNIR® _poNI (27R®\ o <2NIA> o <2M)
T 2x3 am \ x3 ) 4am\ x3 /) 4w\ a3
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e Magnetic field due to an arc of a circle at the centre(O)

LAY
8= (57)3m
16. Ampere circuital law

It states that line integral of B around a closed path is equal to u, times current enclosed
by that path, provided that electric field inside the loop remains constant.

fﬁ -di = Holnet

17. Magnetic field induction due to a solenoid carrying current |
e Magnetic field at the axis of a solenoid

1
B = Euonl(cos 6, —cos0,)

e Magnetic field at the centre (on the axis) of a long solenoid

B(centre) = puynl

e Magnetic field at ends of a long solenoid

1
B(end) = = Hom

18. Magnetic field induction due to a toroid carrying current |
e Magnetic field due to toroid

B = ”2"75] = ponl
Where
N n
"Tomr 1
e Speed of light
1
CcC =

v Ho€o

18. Force between Two Long Parallel Wires
e Force on any one wire due to other parallel wire

Ko (1112L>
F=:2
2w\ d

e £2—=2%10"7H/m

21
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19. Moving coil Galvanometer:

deflection, ¢ o current in the coil (I)|

torque-

|t =MBsin® = (NIA)Bsin6)|
This torque is balanced by spring in galvanometer, called spring torque or counter torque as

in equilibrium,
ko = NIAB

Here, k is the torsional constant of the spring. So,

'~ ()

~ \waB/?
Hence, the current I < ¢; Galvanometer constant = F’fB
20. Sensitivity of Galvanometer:

e Current sensitivity
Deflection per unit current is called current sensitivity

e ¢ NAB
current sensitivity = — = ———
I k
e Voltage sensitivity
Deflection per unit P.D. is applied across the coil
NBA
Voltage sensitivity = % = % =R

|Current sensitivity = R(Voltage sensitivity)|
21. Conversion of galvanometer in to an ammeter:
A very low resistance is connected in parallel with a galvanometer
R
Ig — I—Sh
Ry, + R,

Hence an ammeter is a shunted or low resistance across a galvanometer.
Its effective resistance is,

_ RgRsh
Rg+RSh

A < Rsh

22. Conversion of galvanometer into a voltmeter
A high resistance is connected in series with galvanometer to make a voltmeter.

V=1(R; +Ry)

And total resistance of the circuit (resistance of voltmeter) is given by-

Ry =R, + R, » R,
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23. Bohr’s Magneton

evr

2

eh
Mpyim =——1 lled Bohr' ton.
min = 7— is called Bohr's magneton
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