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CONCEPTUAL QUEST
L carryin a current i, ex
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form magnetic field "B"

g through it. Then;

Lot ere b an clestiE LS :nal to the current i through the
* The magnetic force is directly proportiona -
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® The magnetic force is dlrect::y p[oponlonal to 2)
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: ength of B;
*  The magnetic force is directly proportional to the strengt ; R
FaB .
* The magnetic force also depends on the orientation of conductor ln(:’such that:
FaSinB
Combining all the relations above; we get; L
F=kiLBSin8 : (}
Where k is a constant of proportionality and the value of k in SI system is 1; hence
Left Hand Rule

€q.5 can be written as;

Diaction =
o' Fare

F=iLBSin®

As force is a vector quantity so its direction should |
also be determined by Fleming’s left hand rule.
Fleming’s Left Hand Rule wix , o
With the fore finger pointing in the direction of the : et -lhi -
field and middle finger pointing in the direction of
current, the thumb gives the direction of the force.
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Figure with Sh.gil

wﬁ-enever two current
carrying conductors are placed
some distance apart, they exert
force on one another because
each conductor lies in the "
magnetic field set up by the other | wuegy
current carrying cenductor. If the e x
current in both conductors is in x
the same direction then theijr x

associated magnetic fields cancel X 3 L
the effect of each other in Figure with sh‘.‘Q,;ux B
between the conductors while Magnetic fields out .

by applying right hand rule it can pe shown that fos:g: ;:i-m“ductors add up. Now
ISt conductor is towards




second and force on second conductor is towards first conductor. It means that both
the conductors attract each other. This can be understood easily by the figure
shown.

Q 13.3 What is the magnitude of the force on a charge q movin
2 magnetic field B?

g with a velocity v in

:Fora PDSit_ive charge g moving with velocity v in a magnetic field of flux density
B, the force acting on the charge depends on the following factors:

Magnetic force is directly proportional to the magnitude of charge.

Fouxq 1
Magnetic force is directly proportional to the velocity of the charged par:ic)le.
Fxv (2)
Magnetic force is directly proportional to the intensity of magnetic field.
FxB (3)
Magnetic force is directly proportional to the Sine of the angle “0” between v
and B
F o Sin @ (4)
Combining above relations: FoxqvBSin8=kqvBSin®
In SI system k = 1, thus; F=qvBSinb (5)

Equation 5 gives magnitude of force acting on charged particle in motion.

Q 13.4 In a uniform magnetic field B, an electron beam enters with veloci

he expression for the force experienced by the electrons?

M : The force experienced by a charged particle in a uniform magnetic field is;
F=q(VxB)
For an electron beam
q=—ne
Hence
F=—ne(VxB)
Where n shows number of electrons contained in the beam. The —ve sign shows that
deflection of electron beam will be opposite to that of positively charged beam of
charges.

at any arbitrary angle with the field?

Wéch_argmwith velocity “v” in a uniform magnetic field B,
the magnitude of the force acting on the charge when it enters at an arbitrary angle
with the field is given by equation;

F=qvBSin®
For angle 8 = 0°0r 180° the charge particle experiences no magnetic force and

follows a rectilinear path. \ :
For angle B = 90° the charge particle experiences maximum magnetic force and

follows a circular trajectory. :
For angle 0° < § < 90° the charge particle experiences magnetic force and follows a

helical path.




13.6 An electron does not suffer any uati
- giald . 1. 1« given by the equation

harged particle is gVen 0¥

And i Magnetic force :

: The magnitude of Mag F=quBSin® icates that force will be zero
Where 6 is the angle between v and B. tic field. Magnetic fortie e
at @ = 0° or 8 = 180° even in the presence rtiCIe if direction Of motion of
sideways force. It does not affect the charged ::tic field B.
charged particle is parallel or anti-parallel to'ma-gm exists or not in
Hence we are not sure that magnetic fie

electron beam passes un-deflected.

of magne

a region where

electric and magnetig

nasses through a region of crossed

0 13.7 An electron beam
_ For what value of electron S

ields of intensity E and B respectivel

: ic and magnetic
s A charged particle is passed through a region where both electric g

fields are acting such that two forces balance each other, then;

Fs=Fe
= qvB=qE
s vB=E
= v=E/B

Such arrangement is called velocity selector because charges with velocity v given
by above equation will come out un-deflected.

13.8 Uniform electric and magnetic fields are produced

direction. An electron is projected in the direction of the fields. What will be the
effect on the kinetic energy of the electron due to the two fields?

sut: When the electron beam moves parallel to the magnetic field then the magnetic
force at 8 = 0° is given by;

F=—nevBSin0°
= F=—nevBx0
= F=0
This shows that there is no effect due to magnetic field,
When a beam of electrons is projected in 3 djr
of electric force is;

(=—ne)
(Sin 0°= 0)

ection of electric field the magnitude

F=-neE
The electron beam will be decelerateq due t (9=-ne)
. \ 0 the
Whenever there is electric field E, potentja Presence of electric field E.

dlfference will alsg exist j

given by the equation; N that region

Yo

- - d
Due to.poter:tlal'dlfferencg Ve charged Particle |ogges it kinet;
moves in a direction opposite to the electric fig|q * Kinstie €nergy because it



Hence when electron beam enters into uniform electric and magnetic fields, its
kin

etic energy decreases due to electric field only.

2 13.9 What is the cyclotron frequency of a charged particle of mass m
=2 onetic field B?

mQ!!-r—‘gln mag
. The number of revolutions per unit time made by a charged particle entering
erpgndicutar to a magnetic field is called as cyclotron frequency.

The centripetal force Pf_ ovided for the circular motion of a charged particle entering

perpendicular!y to a uniform magnetic field is given by;

Fe=Fy
= mVZ/r:qu
= mv/r=qB
= mrw/r=q|3 (V=rw)
. mw=qB
g w=qB/m
since w = 2 it f, therefore; 2nf=qB/m
= f=qB/2nm

The above expression accounts for the cyclotron frequency of a charged particle.

0 13.10 Can neutrons be accelerated in a cyclotron? Give reason.

Ans: No, neutrons cannot be accelerated in a cyclotron. Cyclotron is a type of particle
accelerator in which a charged particle is accelerated towards a target but neutrons
have no charge, so they cannot be accelerated.

p free to turn, is placed in a uniform mag
hat will be its orientation relative to B, in the equilibrium state?
M : In Equilibrium state, no net torque acts upon the current carrying loop.

Mathematical form of torque is
t = BANI Cosa

Where 0 = angle between plane of the coil and magnetic field. By putting a = 90°,

T = BANi Cosa

T = BANi Cos 90°=0
Hence torque will be zero when plane of the coil is oriented perpendicular (a = 90°)
to magnetic field. So in this state it will be in equilibrium.

oltt When current passes through a coil, magnetic field is setup around it. Direction
of field can be determined by Right hand rule which states that “Imagine to grab the
Current carrying conductor in your right hand. Point your thumb in the direction of
the current, then the curled fingers give the direction of magnetic field”.

So magnetic field lines are such that they emerge from one face and

‘erminate at the other behaving like a bar magnet.
Thus it can be said that current carrying coil behaves like a bar magnet.
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