Q 13.1 What s force that a conducto - o0 of this
i Ct'O" H iy
enetic feld BZ AP dlre in a uniform magnetic field "B,

- TTRL e
: Consider a conductor of length "L " pl:l:rough it. Then;
Let there be an electric current "i" passing | to the current i through the
* The magnetic force is directly proportiona (1)
conductor; Fai f conductor;
! , : the length of ¢ ’
* The magnetic force is dIrEC‘t::V P[ oportional to (2)
a
" ngth of B;
* The magnetic force is directly proportional to theistreng
FaB B)
* The magnetic force also depends on the orientation of conductor in : such that;
FaSinB (4)
Combining all the relations above; we get;
F=kiLBSin® (5)

Where k is a constant of proportionality and the value of k in SI system is 1; hence
Lelt Hand Rule

eq.5 can be written as;

Di=sction =

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
With the fore finger pointing in the direction of the
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.Q #1

same direction)?
:  Whenever two current e fol » » ald o
carrying conductors are placed S of o o
some distance apart, they exert 1} e . . . [
force on one another because | “an G b o "
each conductor lies in the o I VRS v L. 3
magnetic fielc-:l set up by the other rgsr x. <} x o el ko Q" " ’ﬂ - }cm:a.!
current carrying cenductor. If the x x A e
. . =
current in both conductors is in * x| 1 L
. » X X x| w x
the same direction then thejr X s lx o A5
associated magnetic fields cance| s o . X "‘ &

the effect of each other i Figure with thq,;# lx s
between the conductors while Magnh—/
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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.

mcharge q moving with velocity vin 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.

F o q 1
Magnetic force is directly proportional to the velocity of the charged part(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 “6” between v
and B
F o Sin @ (4)
Combining above relations: FxqvBSin8=kqvBSin®
In Sl system k = 1, thus; F=qvBSinB (5)

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

0 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(VxE)
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.
0 13.5 What will be the path of a charged
at any arbitrary angle with the field?
Mr a positive charge q moving with velocity “v” ina 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
Forangle 8 = 0°or 180° the charge particle experiences no magnetic force and

follows a rectilinear path. . -
For angle 8 = 90° the charge particle experiences maximum magnetic force and

narticle moving in a uniform magnetic field

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

helical path.
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Q 13.6 An electron does not suffer an dled?
Are you sure that there is no magnetic fie

e
ME magnitude of Magnetic force on .3 charg .
F=quBSin® ... _+as that force will be zero

) . :
eequatla netic field. Magnetic force is a
ghinss ction of motion of

d particle is given by the equation

Where 8 is the angle between v and B. Th
at 8 = 0° or 6 = 180° even in the presence

rticle if dire
) t the charged p3
sideways force. It does not affec magnetic field B.

charged particle is parallel or anti-Pé‘ra”el to. :ald exists or no
Hence we are not sure that magnetic field e

electron beam passes un-deflected.

t in a region where

f crossed electric and mag
peed beam will

hasses through a region 0

Q 13.7 An elearon beam
_ For what value of electron s

ity E and B res
pass un-deflected?
SUE: A charged particle is passed through a region where both e
fields are acting such that two forces balance each other, then;

lectric and magnetic

Fe = Fe
= quB=qE
= 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.

M: When the electron beam moves parallel to the magneti
gnetic field the i
force at 8 = 0° is given by; N the magnetic
F=—nevBSino°
= F=—nevBx0 (g'-—nne)
= F=0 ( in0°= 0)
This shows that there is no effect due to magnetic field
When a beam of electrons is projected in a directinn ne
ctio ic fi
of electric force is; " of electric fielg the magnitude
F=—nekE
The electron beam will be decelerated ( (q=-
. . ue to 9=—ne))
Whenever there is electric field E, potentia| the presence of electric field E.

\ : diff ;
given by the equation; érence will also exist in that region
E= Yo g

d
ue to potential differenc .
r[::oves ig a direction oppos?t: : Cr: "eed particle losses it kinet
0 the electric field etic €nerg .
X Y because it
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Hence when electron beam enters into uniform electric and magnetic fields, its
inetic enerey decreases due to electric field only.
13.9 What is the cyclotron frequen

in magnetic field B?

moVing )
M. The number of rEVOILftlonS Per unit time made by a charged particle entering
perpendicular to a magnetic field is called as cyclotron frequency.

The centripetal force PT_OVidEd for the circular motion of a charged particle entering
perpendicularly to a uniform magnetic field is given by;

Fc= FB

mv?/r=quB

mv/r= qB

ml’ll.)/l’: qB (V=ru.l)
mw=q B

w=qB/m

since w = 2t f, therefore; 2nf=qB/m

U 4 4 4

= f=qB/2mm

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

013.11 A current carrying loop, free to turn, is placed in a uniform magnetic field B.

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.
Q13.12 How does a current carrying coil behave like a bar magnet?

mt pa_,,;s 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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