Class 12th Physics Chapter-4 Moving Charge & Magnetism Revision Notes &
Important Question (www.free-education.in)

INTRODUCTION:
In our childhood, we all might have experienced iron nails getting attracted to a magnet. We have also witnessed or
heard current carrying copper wire wound around iron acting as a magnet in a science project. That time all of that
seemed magical, although it is all science. It is due to magnetism.

Magnetism is a phenomenon due to which moving charges (or magnets) attract ferromagnetic objects and repel
diamagnetic objects.

This diagram below shows that when iron nails are brought closer to a magnet, they get attracted and stick to the
magnet
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OERSTED EXPERIMENT:
o Oersted in 1820 accidentally found that current and magnetism is closely related
o He observed a deflection in a magnetic needle when brought close to a straight wire carrying current
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o Hethen experimented on this phenomenon rigorously to found that the needle deflection was always in the
direction of a tangent to a circle drawn with current carrying wire in the center and the wire being
perpendicular to the plane of circl
e

o When the current direction in the wire was reversed, the deflection in the needle also got reversed
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o Also, the deflection increased when a) the current got higher, b) the compass brought closer to the wire,
carrying current. The deflection decreased on reducing the current or taking compass farther away from the
wire

o On scattering iron fillings around the wire, they got oriented in a concentric circles,having wire as their center

when scattered around a magnet
o So, Oersted observed, for the first time that current (charge in motion) creates magnetic field around it.

MAGNETIC FIELD:

o Magnetic field is an effect around a permanent magnet or a moving charge due to which ferromagnetic objects
like some metals get attracted, and diamagnetic substances gets repelled, when placed in the magnetic field.

A charge in motion generates magnetic field, just like a charge at rest generates an electric field

Magnetic field at a point ris denoted by B(r). It is a vector quantity, just like electric field E(r)

Magnetic field can change with both distance and time

Magnetic field due to more than one source can be obtained by vectorial addition of all sources. This is
principle of superposition. This characteristic is also similar to electric field.

o O O O

Lorentz Force and Magnetic Force:

o Leta point charge(q), at any instant, is placed at distance(r) and is advancing with velocity(v) under the
influence of electric field(E) and magnetic field(B). Then the net force on the charge is given by:

FnetzFE+FB=qE+q(VxB)

Here F¢ = Force on charge due to electric field, Fg = Force on charge due to magnetic field

This net force(Fne:) Which is the vector sum of forces due to electric and magnetic fields are called as Lorentz Force,
named after the scientist Lorentz, who calculated it experimentally.

Force due to magnetic field is: Fz = g(vxB) = qvB(sin8)F
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Hendrik Lorentz

o The direction of force will be given by the cross product of vand B, and is represented by a unit vector 7. If we
use our palm and curl it into a fist making the thumbs up sign, then if the direction of curling is from v to B,
then our thumb will point towards the direction of force as shown in the picture.Here symbols have their usual
meaning.

o The force due to magnetic field depends on the charge g, velocity of charge v, the magnetic field B, and the
angle & between v and B.

)
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o Keeping the v and B constant, If & changes, the sine value of it will change, and so does the force. The value of
force will be maximum when & = 90° (v and Bat right angle). The force will be minimum (Fg = 0) when & =
0° or 180°(v and B parallel or anti-parallel to each other respectively)

o For calculating the force due to magnetic field B on a current carrying conductor of length /, and total number
of charge moving from one end of conductor to another in time tis q:

F = quBsin® = q(I/t)Bsin® = (q/t)IBsin® = iIBsin®

.Fg = iIxB = ilB(sin8)F

o Here i= current flowing across the said wire, il = current displacement

Numerical Problem:

1) Find the magnitude of magnetic force per unit length on the wire carrying current of 8A, and making angle 30°
with the direction of uniform magnetic field of value 0.15T

Current 8A e B

Solution: Given, i = 8A, 6 =30°, B=0.15T

We know that force on a current carrying wire in external magnetic field is given by:
F =iLBsin®

So, force per unit length will be:

F/L =iBsin® =8x0.15xsin30° = 0.6N/m (ans)
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2) A wire of length 3cm, and carrying current of 10A, is placed inside a solenoid normal to its axis, having uniform
magnetic field of 0.27T. Find the magnitude of force on the wire.

Solution: Given, L=3cm, i = 10A, 6 =90°(normal), B=0.27T

So, the force on the wire will be:

F =iLBsinB® = 10x.03x0.27xsin90° = 0.081N (ans)

MOTION OF A CHARGE IN A MAGNETIC FIELD:

o For acharge g moving with velocity v in the presence of magnetic field B, force Fz is given by:
Fz = q(vxB) = quvB(sin9)r

o Case-1 (charge moving perpendicular to the magnetic field):When motion of charge v and the magnetic
field B are at right angle (90°) to each other, the charge will follow a circular path with forceFg always acting
towards the center (Centripetal force) and the velocityvacting tangentially to the circle

A A A A A A X N A N A XN XN KN K

Direction of magnetic field (B) is normal to the plane of paper and inwards

o Case-2 (charge moving at an angle & to the plane of magnetic field):When a charge in motion moves such that
the angle between the moving charge and the plane of magnetic field is &, then the velocity (v) of charge has 2
components, one component along the direction of magnetic field (vcos®), and the another perpendicular to
the magnetic field (vsin9)

o The component of velocity (vcos®) along the magnetic field direction, is responsible for the uniform motion of
charge along the direction of magnetic field

o The component (vsin®) perpendicular to the magnetic field will make the charge to follow a circular pathdue to
centripetal force Fg (just as in case-1)

o These 2 mutually independent motions will cause the charge to move in a helical path as shown below
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o To find the radius r of the helix, we can use the centripetal force Fc which is provided the force due to magnetic
field Fg:

Fc=Fg

mV’/r = quBsind

mv/r = gBsind

.« r=mv/(qBsin?d)

o Tofind the angular frequency wof the motion of charge:

V=wXxr

w = v/r = qB(sin%)/m

o Tofind the time T of each revolution:

T =2n/w = 2rtm/(qBsin9)

o NOTE: The above equations prove that frequency(w) or time period(T) doesn’t depend on the velocity v (or
energy) of charge particle

o To find the pitchp of helix, we can use the component of charge velocity along the magnetic field (vcos®), and
the time for each revolution T:

p =v(cos3) x T = vcos® x 2nm/(qBsin9)

.« p = 2nmv(tand)/qB

Numerical Problem:

1) A uniform magnetic field of 6.5G (1G = 10™*T) is maintained. An electron is shot normal to the field with velocity
of 4.8x10°m/s. Will the motion of electron in the magnetic field be circular, if so, why?

Find the radius and kinetic energy of the electron.

Solution: We already know now that the force of moving charge in an external electric field is:

—_ - —>
F=q(vxB)

The direction of force(cross product of v and B) will always be normal to the plane of magnetic field lines, and also
normal to the motion of charge (always). And the in the uniform circular motion, centripetal force is also always
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normal to the motion of object. Hence, the charge will execute a circular motion with force acting as centripetal
force.

Radius of circular orbit will be given by: r = mv/(gBsinB)

m =9.1x10'kg, q = 1.6x10™°C, v = 4.8x10°m/s, B = 6.5x10™T, 8 = 90°
~r=(9.1x10*'x4.8x10°)/(1.6x10"°x6.5x10™) = 0.042m = 4.2cm (ans)

Kinetic energy of electron will be:

K =% mv’ = (9.1x107'x(4.8x10°)°)/2 = 1.05x10™"") (ans)

MOTION IN A COMBINED ELECTRIC AND MAGNETIC FIELD:

o We already know that when a moving charge is acted upon by electric and magnetic fields, the charge
experiences a force called Lorentz force, which is a vector sum of forces due to electric and magnetic fields.

o When the electric field, the magnetic field , and the motion of charge are mutually perpendicular to each other
(as shown in the image) , then they are called as crossed fields, and forces due to electric and magnetic fields
will act in the opposite directions. So, the Lorentz force F will be:

F = qEi+(qvi x Bk) = qEj - qVBi = q(E - vB)j

A o When the strength of electric and
Y www.free-education.in magnetic fields are varied to get the forces due to
electric and magnetic field to be equal(Fg = Fg),
then the charge can move in the field without any
deflection.
qE =qvB
~v=E/B
o This special case shown above is used
V when we need charged particles of certain velocity
(of value E/B) to pass through the crossed fields
undeflected, and this phenomenon is called
as velocity selector. It was applied by J.
Thomson to evaluate the charge to mass ratio in
1897
o This concept of velocity selector is also
used in mass spectrometer, where charged objects
are distinguished as per their charge to mass ratio.

/7
Vv
X

CYCLOTRON:

o Cyclotron is a device used to accelerate charged bodies to very high velocities (or high kinetic energies) using
crossed (or mutually perpendicular) electric and magnetic fields

o Cyclotron is based on the independency of frequency (of rotation of charged particle) on the energy (velocity)
and radius (of revolution) of charged particle. The motion of charge, electric field, and the magnetic field are
mutually perpendicular(9=90°), so:

f.=1/T = qB(sin8)/(2rm) = gB/(2rnm)

o Cyclotron is made up of 2 hollow metallic discs D; and D,, semi-circular in shape and an oscillator.

o The discs(D) perform mainly 2 functions: a) to block(shield) electric field inside it (known as electrostatic
shielding) b) act as a capacitor outside the region between the 2 discs to provide some electric field
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o The oscillator’s job is to reverse the direction of electric field at the time interval of eachrevolution of charge,
meaning frequency of oscillator f, should be same as the frequency of cyclotron f,.It is because when the
charge moves from one D to another, the direction of electric field should always be such that the charge
always accelerates(and never decelerates)
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o So, each time the charge moves from one D to another D, its energy(or velocity) always increases because of
acceleration due to force of electric field.And during its motion inside the Ds, its energy is fixed (since no
electric field inside the Ds).

We know that for a charge moving at right angle to magnetic field, its velocity in circular path of radius ris given
by: v =qBr/m

So, the kinetic energy K will be given by: K =mv?/2 = ¢°B’r*/(2m)

o The above equations clearly show that on increasing the velocity (or energy) of charge, the radius of circular
path where charge revolves goes on increasing and finally, a highly energetic charged particle is collected
through the exit port

o These highly energized particles are used in medical science for treatment, to study nuclear reactions in
radioactivity, in particle accelerator and many other fields of study.

Numerical Problem:

1) The frequency of oscillator of a cyclotron is 12MHz, and the radius of Ds is 70cm. Calculate the operating
magnetic field for accelerating electrons. Also find the kinetic energy of electron beam accelerated by the
cyclotron.

Solution: Given, f.=12MHz, r=0.7m, m, = 9.1X10'31kg, q= 1.6x10°C

Time period of revolution inside cyclotron is given by: T =2nmm./(qB)

~f.=qB/(2rnm,)

B = 2nm.f./q =2mx9.1x103'x12x10%/(1.6x10™")

B =4.28x10"*T = 4.28G (ans)

To find the kinetic energy of accelerated electron:

v =qBr/m.

-~ K=mv?/2 = ¢’B’r*/(2m.)
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K = (1.6x10°x4.28x10x0.70)%/(2x9.1x10*') = 1.26x10™"*J (ans)

BIOT-SAVART LAW:

o We already know now that current carrying conductor generates magnetic field around themselves. Biot-Savart
law just mathematically states the intensity of this magnetic field at a point.

o According to the Biot-Savart law, magnetic field dBdue to current element idl, at a pointP situated at
distancer from the current element idl,is:

i) directly proportional to the current element idl, ii) directly proportional to the sine of the angle (&) between
current element and r, and iii) inversely proportional to the square of the distance r between current element
and the point

dBoddl (sin®)/r
dB = (u./4n)xidlx(sin%)/r’
dB=idlxr/r
Direction of /, Angle between
/ current element and

current element
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/
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Here proportionality constant is p./4m = 107Tm/A, and p,is the permeability of free space (vacuum)

COMPARISON BETWEEN BIOT-SAVART LAW AND COULOMB'’S LAW:

Similarities:

o Both magnetic and electric fields at a point are inversely proportional to the square of the distance between
the field source and the point in question

o Electric field due to a point charge (Coulomb’s law) is : E = (1/4n&,) x (q/r°)

o Magnetic field due to a moving charge (Biot-Savart law) is: B = (u,/4m) x idl(sin8)/r’

E (along the

Point 7
charge @ . > e S plane having
) P point charge
and point P)
Current
D) - B (normal to the
R P plane having

carrying
‘ current and point

wire
P, and inwards)
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The first diagram shows the electric field (E) due to a point charge (q)

The second diagram shows the magnetic field (B) due to current carrying wire

o Both laws works on the principle of superposition (resultant field due to more than 1 sources is the vector sum
of all the sources independently)

o Both magnetic and electric fields have sources that are linear in nature (both, the current element idl and the
electrostatic charge q)

Differences:

o The source of electrostatic field is scalar in nature. Whereas, the source of magnetic field, which is current
element (idl), is vector in nature.

o Electric field always acts along the plane containing distance (r) between point charge and the point where
electric field is to be calculated. But, the magnetic field acts in the plane perpendicular to the plane of
distance(r) between the current element and the concerned point.

o Magnetic field depends on the angle () between the current element(idl) and line joining the point and
current element. However, electric field doesn’t depend on angle(d).

MAGNETIC FIELD DUE TO A STRAIGHT CURRENT CARRYING WIRE:

Current carryin
= For infinitely

wire
long wire

‘ angle B8 with
7 point P

> \ ',v-""becomes =To)d

daB

Y

According to the Biot-Savart law, magnetic field dB at point P due to current element idl in the above diagram is
given by:

2 B = f(u,/an)idlcosd /X = (Uo/AT)[idICOSS /X e (i)
dB = (u./4n)idl sin(90°-9) /%* = (u./4n)idicosd /x°

o Considering triangle ABN:cos® = AN/d|

AN =dl cos9

o Considering triangle ANP: sin(d8)"d8 = AN/x

AN = x(d9)

o Using the value of ANfrom the above 2 equations:
dlcosd = Xd.........ccueerevernnns (ii)

o Considering triangle AOP:cos® = r/x

X =1/COSTunnnrrnrenenn (iii)

o Using the values of dlcos® from eq.(ii) and x from eq.(iii) in eq.(i):

B = [(uo/4n)ixd /5%’ = [(u./4n)id9/x = [(u/4n)i(cosS)dx/r

.+ B = (u/4n)(sind, + sind,)

o For infinitely long wire (&, = 90° 8, = 90°):The above equation becomes
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-* B = poif(2nr)

Numerical Problem:

1) A long straight wire is carrying a current of 50A in the plane of paper in north-south direction. Find the
magnitude and direction of magnetic field at a point 2.5meast of the wire.

Solution:

S50A . { ® >
Y 2.5m

Given:i=50A,r=2.5m

The magnetic field due to long wire is given by:

B = W,i/(2mr) = 4mx107x50/(2mx2.5) = 4x10°°T = 0.04G (ans)

The direction will be given by cross product of current element and position vector of point from the current
element (idl x r), which isgiven by Fleming’s right hand thumb rule, and it will be normal to the plane of paper
coming outwards ().

MAGNETIC FIELD ON THE AXIS OF A CIRCULAR CURRENT LOOP:

N
1 www.free-education.in
idl r dBcos®
(>
i 9 ——
L ) X - T dBsind
— I

s ]

T A\ 4
— dBcos®

Magnetic field dB at point P due to current

element idl, making right angle to the line joining point P and current element, will be given by Biot-Savart law as:

dB = (u./4n)idl sin(90°)/¥ = (u./4n)idl/r¥

o As we can see in the diagram, the magnetic field dB will have 2 component, i) the vertical component dBcos®,
and ii) the horizontal component dBsin®

o Itisalso evident from the diagram that the vertical component dBcosdwill be cancelled by the equal and
opposite component due to current element at the opposite of the above current element (due to symmetry).

o So, the total magnetic field will only be due to the horizontal component (dBsin®) along the positive x-axis

dBsind = (u./4n)idl(sin8)/r’

sin® =R/r = R/V(X* + R?)

dBsin® = (u./4r)iRdl/(x* + R*)*/*

o So, the total magnetic field will be:
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: o iRdl
dB sin @ = o 3
(x2 + R2)2
= Ho iR S
Biotar = dB sinf = e = dl
(x2 + R2)z 70
£ iR . M, iR?
“ Brotar = 5 3 2R = 5
(x2 4+ R2)z 2(x2 4+ R?)z

o For magnetic field at the center of current loop(x = 0):

HolR? _ MoIR?Z | poi
2R3 2R

Biotat = 3
2(02 + R2)2

Numerical Problem:

1) A circular coil of wire has 100 turns of radius 8cm, and carrying a current of 0.4A in clockwise direction when
viewed from the right side. Find the magnitude and direction of magnetic field: i) at the center of coil, and ii) at a
distance of 20cm from the center of coil towards the right and normal to the coil.

Solution: Given, N =100, r =0.08m, i = 0.4A, x=0.2m 0.2m
1. i) Magnetic field at the center of circular coil is given by:
B = WoNi/(2r)

B = 4nix107x100x0.4/(2x0.08) = 3.14x10™*T = 3.14G _(ans)

Direction of magnetic field will be normal to the plane of coil, and from right to leftt side of coil.
1. ii) Magnetic field at an axial distance from center of coil is given by:

B = woNiR%/(x* + R})¥/?

B = 4mx107x100x0.4x0.0064/(0.0064 + 0.0400)*? = 3.22x107/0.00999

- B=3.22x10"°T = 0.322G (ans)

AMPERE’S CIRCUITAL LAW:

o Ampere’s circuital law states that line integral of magnetic field forming a closed loop around the current(i)
carrying wire, in the plane normal to the current, is equal to the u, times the net current passing through the
close loop.

ﬁcﬁ= Hof

Here u, = permeability of free space = 4nx10"°N/A?
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o This law is based on the assumption that the closed loop consists of small elemental parts of length dI, and the

total magnetic field of the closed loop will be the integral of magnetic field and the length of these

$B.dI.

elements

This closed loop is called Amperian loop

o Further, this integral will be equal to the multiplication of net current passing through this closed loop and the
permeability of free space(u,i)

Proof-1(Reqular coil):

Net current passing
through the closed

/\/ Amperian loop

Amperian loop /\

To prove: JB.dI = u,i

Starting from the left hand side, we can see in the diagram that angle between the element dl and magnetic

field Bis 0°

B.dl = | Bdl coso =B di

We know that magnetic field due to a long current carrying wire is:

B = u,i/(2nr)

Also, the integral of element will form the whole circle of circumference (2nr):

fdl=2nr

Now putting the value of B and f dl in the equation, we get:

Bf dI = p.i/(2mr) x 2mr = w,i
<fB.dl = p,i

www.free-education.in
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Proof-2(Irreqular coil):

Net current passing
through the closed
\ Amperian loop

Amperian loop /\

www.free-education.in

To prove: JB.dI = u,i

Starting from the left hand side:

JB.dl; = fu,i/(2rry) x dl,

We know that: d&; =dl,/r;

fUoi/(2rtrs) x dly =poi/(2r)[dO; = poi

JB.dI = p,i

Note:

o The above two derivations proves that magnetic field at a point doesn’t depend on the shape of the Amperian
loop.

o Magnetic field is same at every point in the Amperian loop (magnetic field possesses cylindrical symmetry)
Direction of magnetic field at any point on the Amperian loop is tangential to the circle formed at that point
with wire passing through the center, and the direction could be calculated by right hand thumb rule where, on
holding the current carrying wire such that the extended thumb shows the direction of current in the wire, then
the curling of rest of the 4 fingers represent the direction of rotation of magnetic field.

THE SOLENOID:

mmmmm

Current (i) flowing
through the solenoid

o The figure above shows a solenoid, which is actually a wire, twisted in many close circularturns, and when the
length of solenoid is large compared to the radius of circular turns, then, that solenoid is known as long
solenoid. We are going to discuss long solenoid in this section.
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o Taking a small element dx from the solenoid of n number of turns per unit length, at a distance x from the
pointP inside the solenoid where magnetic field due to current i is to be calculated

www.free-education.in

>

o Number of turns inside the element dx will be nxdx

o We already know that magnetic field on the axis of circular loop is given by:
dB = (Wo/2) in(dx)R%/(x* + R?)*?

o From the above triangle, we can write:

tand = R/x

x =R cotd

o On differentiating: dx = -R (cosec’3) dd

o Putting the value of x and dx in the equation of dB, we get:

i) —Rcosec?0d6 U, inR3cosec?d
dB = —inR? X ==
5 2 R3cosec30

3
(R?+ R?cot?0)2

6,
o —'Lﬁinf sin@df = —‘u—oin(— cosB)g2
2 9 2 -

1

& B = %in(cos 6, — cos6,)

o Putting the values of 8, =180°, and 0, = 0°, we get:

B = (Uo/2) in(cos0° - cos180°) = (u./2) 2in = uyni

<+ B = uyni

o For magnetic field at the end (corner) of the solenoid (8, =90°, 8, = 0°)

. B = u,nif2

o Note: In the above equations n = number of turns per unit length

o For any point outside the solenoid, the magnetic field is O(for ideal solenoid)
o Solenoids are used in electromagnets, transformers etc.
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THE TOROID:

o Atoroidis simply a solenoid bent into a closed circular loop

o Astoroid has no end points, magnetic flux leakage (loss) is minimized, and hence flux linkage is maximized as
compared to a solenoid.

Toroid

o Case-1:Magnetic field at a point in the empty space inside the toroid. We will take an Amperian loop (loop 1).
By the Ampere’s circuital law:

q'EE} = ﬁof

We can see in the diagram above that current passing through the inside of the loop 1 is 0

JBi.dl =pu,x0=0

<B;=0

o Case-2:Magnetic field at a point inside the toroid (between the turns). We will take another Amperian loop
(loop2) of radius r,. By the Ampere’s circuital law:

Bo.dl = ﬂaf

We can see in the diagram above that net current passing through the inside of the loop 2 is Ni, where N is the total
number of turns in the toroid

B,fdI = p,xNi

B,2mr; = u Ni

- By = poNi/(2mr;) = poni

Here n = number of turns per unit length of toroid = N/(2nr,)

Note: The equation of magnetic field due to toroid is same as that of magnetic field due to solenoid.

o Case-3:Magnetic field at a point outside the toroid. We will take another Amperian loop (loop3) of radius r;. By
the Ampere’s circuital law:

4_18)3.;1 = ol
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We can see in the diagram above that net current passing through the inside of the loop 2 is 0 (Ni current going out
of the loop, and Ni current entering the loop, so net current is o)
JBs.dl =u,x0=0
. B3 =0
o Toroid are used in toroidal transformers, toroidal inductors etc.

Numerical Problem:
1)Using Ampere’s circuital law, derive the magnetic field inside the solenoid of length L, carrying current i and
having N number of turns.

Solution:
Amperian loop
4 <
Current coming
. - . e T
Current going out from the
inside the O - paper
paper \

Using Ampere’s circuital law:
i, = iNIl/LConsidering the Amperian loop abcd of sides | each, current passing through the loop will be:

b JB.dl +“.fB.dl +° fB.dl +°4fB.dI = u,Nil/L

Blcos0 + Blcos90 + 0lcos180 + Blcos270 = u,Nil/L

Bl = u,Nil/L

. B = u Ni/L = uni

2)A closely wound solenoid has length of 80cm, and radius of 0.9cm with 5 layers of windings of 400 turns each.
The current flowing through the solenoid is 8A. Find the magnitude of magnetic field inside the solenoid: i) at
the center, and ii) at an end of solenoid.

Solution: Given, L=0.8m, r =0.009, N = 5x400 = 2000, i = 8A

Number of turns per unit length (n) = 2000/0.8 = 2500/m
1. i) Magnetic field at the center of solenoid is given by:

B = poni = 4mx107x2500%8 = 0.0251T = 251G (ans)

1. ii) Magnetic field at one end of the solenoid is given by:
B = l,ni/2 = 0.0251/2 = 0.01255T = 125.5G (ans)

3) A toroid has inner radius 25cm and outer radius 26cm, with 3500 turns and 11A current flowing through it. Find
the magnetic field:i) inside the core of the toroid,ii) outside the toroid and iii) in the empty space surrounded by
the toroid.

Solution: Given, r;=25cm, r, = 26cm, N = 3500, i = 11A
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R=ry+(r,—r1)/2 =25 +(26-25)/2 = 25.5cm
Number of turns per unit length (n) =N /(2nR)
~ n=3500/(2rx0.255) = 2184.5/m
i) Magnetic field inside the core of toroid is given by:
B = pohi = 41tx107x2184.5x11 = 0.0302T = 302G (ans)
ii) Magnetic field outside the toroid is zero because net current through the Amperian loop(1) is zero, hence, by
ampere circuital law:
B =0 (ans)
iii) Magnetic field inside the empty space surrounded by toroid is zero because net current through the Amperian
loop(3) is zero, hence, by ampere circuital law:

B=0 (ans)

FORCE BETWEEN TWO PARALLEL CURRENT CARRYING WIRES:

Case-1: Parallel wire carrying currents in the same direction

Wire A with

current iA

Wire B with

current i3

e F,
Magnetic field due B . Magnetic field due
to current at wire

A

to current at wire
B

A : B,

www.free-education.in

o When 2 parallel, current carrying wires are placed at some distance r from each other, they will experience a
force on each other, due to magnetic field produced by each other

o Letthe wires A and B, carrying current iy and ig respectively are placed r distance apart and parallel to each
other

Magnetic field(Bg) at any point on wire A due to current iz on wire B will be perpendicular to the plane having both

wires and in the upwards direction (direction given by right hand thumb rule)

BB =”oiB/(2nr)

Force per unit length (Fa/s)on wire A due to magnetic field (Bg) produced by wire B will be given by:

Fa/5 =iaBg Sin90° = ixBg

=% Fa/s =Hoinis/(2rr)

The direction of F4/s will be perpendicular to wire A and towards wire B (by using Fleming’s right hand thumb rule
to find cross product direction, already discussed)

Magnetic field(B,) at any point on wire B due to current i, on wire A will be perpendicular to the plane having both

wires and in the downwards direction (direction given by right hand thumb rule)

BA = ”oiA/(znr)

Force per unit length (Fg/s) on wire B due to magnetic field (B,) produced by wire A will be given by:

Fg/a = igBs 5in90° = igB,
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- Fazs = Uoiaig/(2mr)

The direction of Fg/, will be perpendicular to wire B and towards wire A (by using Fleming’s right hand thumb rule
to find cross product direction, already discussed):

o Note: Both the forces Fa/3 and Fg/aare equal and towards each other, meaning the both the current carrying
wires will be attracted towards each other

o Inthe above equation of force F, putting iy =iz =1A,and r=1m

F = pox1x1/(2nix1) =p,/(2r) = 4nx107/(2n)

< F=2x10"N/m

o So, we can define ZAmpere current as the amount of current flowing in the 2 parallel straight wires
placed Imeter apart, when the force acting on each wire per unit length is equal to the 2x10”N/m

Case-2: Parallel wire carrying currents in the opposite direction:

Wire A with

current I'A

'Magnetic field due

\/ == / to current at wire
_;PFD/A B

Magnetic field due Fass

A

B wire B with
/ ‘ current ig

o On proceeding in the similar manner as the first case, we will find that the values of forces will be the same,
only their directions get reversed (refer the diagram above)

o The forces will be equal but this time away from each other, i.e., the wires will move away from each other
(repel each other)

Numerical Problem:

1) Two parallel straight wires A and B, of length 10cm are carrying currents of 8A and 5A respectively in the same
direction. The distance between the wires is 4cm. Find the force acting on wire A due to wire B. Will the force
acting on wire B due to wire A be the same as the above answer?

Solution: Given, L=0.1m, i, = 8A, iz = 5A, r =0.04m

Force between two straight, parallel current carrying wires is given by:

F = WoiaisL/(27r) = 4mx107"x8x5%0.1/(2mx0.04) = 2x10°N

~.F = 2x10°N, directed towards wire B (ans)

Yes, the force acting on wire A due to wire B will be equal to the force on wire B due to A.
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TORQUE ON A CURRENT LOOP:

o We already know that a current carrying wire experiences a force when placed in external magnetic field (in
direction other than the magnetic field lines). In this section we will discuss what happens when a current loop
is places in the external magnetic field

o Arectangular loop of vertical dimension b and horizontal dimension a, carrying currenti, is placed in an external
magnetic field B as shown below:

Magnetic field B

9<~r—>' %
N T\ /F
Magnet’ P sk Magnet

.
A
A

Current carrying Anticlockwise

rectangular loop

rotation of the
current loop
due to torque

Force on a current i carrying conductor of length I making an angle & with the external magnetic field B is given
by: F = ilBsin®
For section pq of wire, length = b, current =i, angle 8 = 90°. So, force will be:

F,, = ibB sin90° = ibB(perpendicular to the plane of paper inwards)

For section gr of wire, length = a, current =i, angle & = 0°. So, force will be:

Fy = ibB sin0° =0

For section rs of wire, length = b, current = i, angle & = 90°. So, force will be:

F,s = ibB sin90° = ibB(perpendicular to the plane of paper outwards)

For section sp of wire, length = a, current =i, angle & = 0°. So, force will be:

Fs, = ibB sin0° =0

Hence, the net force on the current loop pgrs will be:

Fet = Fpq + For + Frs + Fop, = ibB + 0 + (-ibB) + 0

"'Fnet =0

o Hence, no net force acting on the rectangular loop

o Butthe force on pq and rs are equal and opposite and acting on 2 different points of a body so together they
constitute a couple. Hence, the net torquewon the loop pqgrs due to couple will be:

v = Fxa = i(ba)B = iAB = mB
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Here, A = ab = area of the loop pgrs, and m = magnet moment = iA(having direction same as the area vector of the
loop, i.e. perpendicular to the plane of paper outwards)

'F

d

If the plane of the loop is rotated by angle 0 in clockwise direction from bottom, then the area vector (or magnetic
moment vector) would make an angle 6 with the magnetic field lines, then the torque would be given by:

E

20 - & F
a sind —_—
I ——B >
> 4
F
N/ www._free-education.in

v = Fxasin® = i(ba)B sin® = iABsin® = mBsin%

>

ST =mxB

The above equation shows that torque depends on the angle & between magnetic moment and magnetic field.

o Torque will be maximum when & = 90°(magnetic moment is normal to the magnetic field)
Torque will be minimum (o = 0) when & = 0° or 180° (magnetic moment is parallel or antiparallel to the
magnetic field). In this case, the system is said to be in equilibrium.

o Inthe case of & = 0°, the system will be in stable equilibrium, i.e. if the loop is given a small angular
displacement, the loop will come back to the initial position and angle will be 0 again

o Inthe case of & =180° the system is said to be in the unstable equilibrium, i.e. if the loop is given a small
angular displacement, the angular displacement will increase further

Note: For N number of turns, the magnetic moment will be given by:

m = NiA
o The above equation of torque on a loop in a magnetic field is comparable to the torque on a dipole in an
electric field:

—_ > = —> —>

v=mxBs=pxE
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o Hence, we can see that current loop behaves as a magnetic dipole with when viewed as anticlockwise current
loop representing north pole, and when viewed as clockwise current loop representing south pole

Numerical Problem:

1) A square coil of side 10cm, having 20turns and carrying a current of 12A, is suspended vertically, and normal to
the plane of coil makes an angle of 30° with the uniform magnetic field of 0.8T. Calculate the magnitude of
torque experienced by the coil.

Will the answer change if square coil is replaced by any other coil of same area, other values being fixed?

Solution: Given, L=0.1m, N =20, i=12A, 06 =30° B=0.8T

The torque experienced by the coil is given by:

T = NiABsinB = 20x12x(0.1x0.1)x0.8xsin30° = 0.96Nm

~0v=0.96Nm (ans)

The answer will still be the same if shape of coil is changed, because torque depends on the net area of loop (which
is fixed).

CIRCULAR CURRENT LOOP AS A MAGNETIC DIPOLE:

o After the above discussion, now we know that current loop
behaves as a magnetic dipole. In this topic we will discuss about the
circular current loop

o Magnetic field at a distance x on the axis passing through the i
center of the of the circular current(i) carrying loop and normal to
the plane of loop is given by:

B = p,iR%/2(x* + R?)*/?

o If the pointis very far from the current loop (x >> R), then the
magnetic field will be:
B = piR’/(2x)
Multiplying numerators and denominators by m:
B = pinR*/(2nx’)
B = u,iA/(2r0C) =p,m/(2nx’)
= B = p,2m/(4nx’)
o Comparing the above equation to the electric field E due to electric dipole of moment p at an axial point:
E = 2p/(4n€,x)
o We can observe that
1. magnetic dipole moment m and electric dipole moment p are comparable
2. permeability of free space u, and inverse of permittivity of free space 1/€, are comparable
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o Using the above comparison, we can also use the value of electric field E due to electric dipole of moment p at
an equatorial point to evaluate the magnetic field at the equatorial point

E = p/(4n€,x)

=+ B = pom/(4nx’)

MAGNETIC DIPOLE MOMENT OF REVOLVING ELECTRON:

o Weall know that a moving charge constitutes current. Same can be said about an electron revolving around a
nucleus

The cross here
representing the
direction of
magnetic

o For an electron of charge e revolving around a nucleus of charge Ze at an orbit of radius r, with
velocity v magnetic moment y; is calculated by the following method:

First, we will find the current i due to electron revolution:

i=e/T

T=2nr/v

<i =ev/(2nr)

Now, we know that magnetic moment y; is given by:

oy = iA= in?

W = ev/(2nr) x i = evr/2

On multiplying and dividing by mass of electron m,, we get :

W= emevr/(zme)

Here, m.vr = L (angular momentum of electron, perpendicular to the plane of paper outwards)

i, = -eL/(2m,)

Where, minus sign signifies that angular momentum’s direction is opposite to the magnetic moment’s direction.

o Note: The above equation can be rearranged as:

w/L=e/(2m,)

o Here, the ratio ul/L is a constant (evident from left hand side of equation, which is also a constant), and this
ratio is known as gyromagnetic ratio (8x10™°C/kg).

MOVING COIL GALVANOMETER:

o Moving coil galvanometer is an electromagnetic device that can measure small values of current. It is also
known as Weston galvanometer.

o It works on the principle that when a current loop is placed in an external magnetic field, it experiences torque,
and the value of torque can be changed by changing the current in the loop

o Moving coil galvanometer consists of permanent horse-shoe magnets, coil, soft iron core, pivoted spring, non-
metallic frame, scale and pointer
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o We know that a current loop having N number of turns,and the cross sectional area A, carrying current i, when
placed in and along the direction of external magnetic field B, experiences a torque given by:
v = NIiAB

Current

carrying coil

Spring

\“

Non-metallic__

frame

74l

Radial magnetic

field

The pivoted spring of spring constant k would oppose the above torque with restoring torque C given by: C = k®

Here, @ is the angular deflection of spring

o Both, the torque, and the restoring torque would be equal:

k® = NiAB

@ = NiAB/k

o Inthe above equation, except for current, every other quantity on the right hand side is constant for a
galvanometer, hence:

O xi

o So, the angular deflection ® produced in the pointer could be measured in terms of current in the scale
calibrated on the basis of above equations.

o To use galvanometer as an ammeter (to measure higher values of current), we need to connect a shunt wire,
with very small resistance(R;), in parallel with the galvanometer (which have very low resistance of R,

— Ammeter

Equivalent resistance R of ammeter will be:
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R=R,R/(R, +R,)

R, >>R;

<R =R,R/Ry =R

o So, the equivalent resistance of ammeter is very less, which is a must for sensitivity of ammeter to be higher.
Also, most of the current will pass through the shunt, thus protecting the galvanometer from any damage.

o Ammeter is connected in series with the circuit where current is to be measured

o Current sensitivity(deflection per unit current) of galvanometer is given by:

®/i = NAB/k

o To use galvanometer as a voltmeter, we need to connect a wire, with very high resistance(R,>>R,), in series
with the galvanometer to ensure that our voltmeter equivalent resistance is high and so that it will draw a very
small current. Equivalent resistance will be given by:

R=R,+R, =R,

b

R R <——Voltmeter

WA

Voltmeter is connected in parallel with the circuit where voltage is to be measured
o Voltage sensitivity (deflection per unit voltage) of galvanometer is given by:
@/V = NAB/(kR)

Numerical Problem:
1) 2 moving coil galvanometers M; and M,(having the same spring constants), have the following specifications:
R; =100, N; = 30, A; = 3.6x10°m?, B; = 0.25T
R, = 140, N, =42, A, = 1.8x10°m’, B, = 0.5T
Find the ratios of current and voltage sensitivities between the 2 galvanometers.
Solution: current sensitivity is given by:
/i = NAB/k
(D/i); = (30x3.6x107°x0.25)/k
(D/i), = (42x1.8x10°%0.5)/k
~(®/i)o/(D/i); = (30x3.6x107°x0.25)/(42x1.8x10°x0.5) = 5/7 (ans)
Voltage sensitivity is given by:
®/V = NAB/(KR)
(®/V); = (30x3.6x10°x0.25)/(kx10)
(D/V), = (42x1.8x107x0.5)/(kx14)
(V) /(D/V), = (30x3.6x10°x0.25x14)/(42x1.8x10°x0.5%x10) = 1 _(ans)
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Access Solution for NCERT Exemplar Class 12 Physics Chapter 4
Multiple Choice Questions |

4.1. Two charged particles traverse identical helical paths in an opposite sense in a uniform magnetic field

B = Byk

a) they have equal z-components of momenta

b) they must have equal charges

c) they necessarily represent a particle-antiparticle pair
d) the charge to mass ratio satisfy: (e/m)1 + (e/m)2=0
Answer:

d) the charge to mass ratio satisfy: (e/m)1 + (e/m)2 =0

4.2. Biot-Savart law indicates that the moving electrons produce a magnetic field B such that
a)B Ly

b)B|lv

c) it obeys inverse cube law

d) it is along the line joining the electrons and point of observation

Answer:

a)B Ly

4.3. A current circular loop of radius R is placed in the x-y plane with centre at the origin. Half of the lop with x >
0 is now bent so that it now lies in the y-z plane.

a) the magnitude of magnetic moment now diminishes

b) the magnetic moment does not change

c) the magnitude of B at (0,0,z),z >> R increases

d) the magnitude of B at (0,0,z),z >> R is unchanged

Answer:

a) the magnitude of magnetic moment now diminishes

4.4. An electron is projected with uniform velocity along the axis of a current-carrying long solenoid. Which of
the following is true?

a) the electron will be accelerated along the axis

b) the electron path will be circular about the axis

c) the electron will experience a force at 45° to the axis and hence execute a helical path

d) the electron will continue to move with uniform velocity along the axis of the solenoid

Answer:

d) the electron will continue to move with uniform velocity along the axis of the solenoid

4.5. In a cyclotron, a charged particle

a) undergoes acceleration all the time

b) speeds up between the dees because of the magnetic field
c) speeds up in a dee

d) slows down within a dee and speeds up between dees
Answer:

a) undergoes acceleration all the time

www.free-education.in Page 25




Class 12th Physics Chapter-4 Moving Charge & Magnetism Revision Notes &
Important Question (www.free-education.in)

4.6. A circular current loop of magnetic moment M is in an arbitrary orientation in an external magnetic field B.
The work done to rotate the loop by 300 about an axis perpendicular to its plane is

a) MB

b) v3 MB/2

c) MB/2

d) zero

Answer:

d) zero

Multiple Choice Questions Il

4.7. The gyro-magnetic ratio of an electron in an H-atom, according to Bohr model is
a) independent of which orbit it is in

b) negative

c) positive

d) increases with the quantum number n

Answer:

a) independent of which orbit it is in

b) negative

4.8. Consider a wire carrying a steady current, | placed un a uniform magnetic field B perpendicular to its length.
Consider the charges inside the wire. It is known that magnetic forces do not work. This implies that

a) motion of charges inside the conductor is unaffected by B since they do not absorb energy

b) some charges inside the wire move to the surface as a result of B

c) if the wire moves under the influence of B, no work is done by the force

d) if the wire moves under the influence of B, no work is done by the magnetic force on the ions, assumed fixed
within the wire

Answer:

b) some charges inside the wire move to the surface as a result of B

d) if the wire moves under the influence of B, no work is done by the magnetic force on the ions, assumed fixed
within the wire

4.9. Two identical current-carrying coaxial loops, carry current | in an opposite sense. A simple amperian loop
passes through both of them once. Calling the loop as C,
a)

/, Jrf.fH — _—-—"2;!!”1’

b) the value of

/ B.dl

is independent of sense of C
c) there may be a point on C where B and dl are perpendicular
d) B vanishes everywhere on C
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Answer:
b) the value of

¢ B.dl

is independent of sense of C
c) there may be a point on C where B and dl are perpendicular

4.10. A cubical region of space is filled with some uniform electric and magnetic fields. An electron enters the
cube across one of its faces with velocity v and a positron enters via opposite face with velocity —v. At this
instant,

a) the electric forces on both the particles cause identical acceleration

b) the magnetic forces on both the particles cause equal accelerations

c) both particles gain or lose energy at the same rate

d) the motion of the centre of mass (CM) is determined by B alone

Answer:

b) the magnetic forces on both the particles cause equal accelerations

c) both particles gain or lose energy at the same rate

d) the motion of the centre of mass (CM) is determined by B alone

4.11. A charged particle would continue to move with a constant velocity in a region wherein,
a)E=0,B=%0

b)E#0,Bz0

c)E£0,B=0

d)E=0,B=0

Answer:

a)E=0,Bz0

b)E£0,B%0

d)E=0,B=0

Very Short Answers

4.12. Verify that the cyclotron frequency @ = eB/m has the correct dimensions of [T]™.

Answer:

The path traced by the particle in a cyclotron is a circular path in which magnetic force acts as a centripetal force
mv*/R = evB

eB/m=v/R=

B = F/ev = [MLT?)/[AT][LTY] = [MAT?] [®] = [eB/m] = [v/R] = [T]™

4.13. Show that a force that does no work must be a velocity dependent force.
Answer:

dW —*—? 0

— . —=dt =0
F 1"
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4.14. The magnetic force depends on v which depends on the inertial frame of reference. Does then the magnetic
force differ from inertial frame to frame? Is it reasonable that the net acceleration has a different value in
different frames of reference?

Answer:

The net acceleration can have a different value in different frames of reference as velocity depends on frame of
reference.

4.15. Describe the motion of a charged particle in a cyclotron if the frequency of the radio frequency (rf) field
were doubled.

Answer:

When the frequency of the radio frequency field was doubled, the time period of the radio frequency is halved
which results in half revolution of the charges.

4.16. Two long wires carrying current 11 and 12 are arranged as shown in the figure. The one carrying I1 is along is
the x-axis. The other carrying current 12 is along a line parallel to the y-axis given by x =0 and z = d. Find the
force exerted at 02 because of the wire along the x-axis.

h
d

Answer:

The magnetic field B on a current-carrying conductor is given as F = I(LxB) = ILB sin®

0, and |, are parallel to the y-axis and are in the direction of =Y

I, is parallel to the y-axis and is along Y-axis therefore, the angle between |, and B, is zero. The magnetic force F, is
given as F, = B4l,L; sin 0°=0

Therefore, the force on O, has current |, zero.

Short Answers
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4.17. A current-carrying loop consists of 3 identical quarter circles of radius R, lying in the positive quadrants of
the x-y, y-z, and z-x planes with their centres at the origin, joined together. Find the direction and magnitude
of B at the origin.

Answer:
The vector sum of the magnetic field at the origin due to the quarter is given as
1 ..p'uf ; : A
- =-—=(—=)l1+7 —-—_f.'}l
B net -1 2 .'fi;

4.18. A charged particle of charge e and mass m is moving in an electric field E and magnetic field B. Construct
dimensionless quantities and quantities of dimension [T]™.

Answer:

mv%/R = evB

eB/m=v/R=

B =F/ev = [MA'T?] [&] = [eB/m]=[v/R] = [T"]

4.19. An electron enters with a velocity v = v0i into a cubical region in which there are uniform electric and
magnetic fields. The orbit of the electron is found to spiral down inside the cube in the plane parallel to the
x-y plane. Suggest a configuration of fields E and B that can lead to it.

Answer:

The configuration of the fields E and B are the spiral path.

4.20. Do magnetic forces obey Newton’s third law. Verify for two current elements

dly = dli

located at the origin and

dly = dlj

Answer:
The magnetic forces do not obey Newton’s third law if there is no current flowing in the conductor which is placed
parallel to each other.

located at (0,R,0). Both carry current I.

4.21. A multirange voltmeter can be constructed by using a galvanometer circuit as shown in the figure. We want
to construct a voltmeter that can measure 2V, 20V, and 200V using galvanometer of resistance 10Q and that
produces maximum deflection for a current of 1 mA. Find R1, R2, and R3 that have to be used.
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R, R, R
G AW T W

o] O O O
2V 20V 200V

Answer:

ic(G+R1) = 2 for 2V range
ic(G+R1+R2) = 20 for 20V range
ic(G+R1+R2+R3) = 200 for 200V range
Solving the above, we get
R1=1990Q

R2 =18kQ

R3 =180 kQ

4.22. A long straight wire carrying a current of 25 A rests on a table as shown in the figure. Another wire PQ of
length 1 m, mass 2.5 g carries the same current but in the opposite direction. The wire PQ is free to slide up
and down. To what height will PQ rise?

=0

Answer:
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Magnetic . v
r

field

F.B.D. of
wire PQ

mg

-
-

«Y
25A

The magnetic field produced by a long straight current-carrying wire is given as
B = pol/2mh

Magnetic force on the small conductor is F = Bll sin 8 = Bl

F = mg = pol’l/2mh

h=0.51cm

Long Answers

4.23. A 100 turn rectangular coil ABCD is hung from one arm of a balance. A mass 500 g is added to the other arm
to balance the weight of the coil. A current 4.9 A passes through the coil and a constant magnetic field of 0.2
T acting inward is switched on such that only arm CD of length 1 cm lies in the field. How much additional
mass ‘m’ must be added to regain the balance?
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F
.’ XN KK X ::l
AN X XN X,
e - -
Answer:
When t = 0, the external magnetic field is off.
Mgl = Wcoil l
0.5gl =W |

Wecoil=0.59.8N

Let m be the mass which is added to regain the balance
When the magnetic field is switched is on,

Mgl + mgl = (ILC)I

m=1g

4.24. A rectangular conducting loop consists of two wires on two opposite sides of length | joined together by
rods of length d. The wires are each of the same material but with cross-sections differing by a factor of 2.
The thicker wire has a resistance R and the rods are of low resistance, which in turn are connected to a
constant voltage source Vo. The loop is placed in uniform a magnetic field B at 450to its plane. Find T, the

torque exerted by the magnetic field on the loop about an axis through the centres of rods.
Answer:
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P

Front view Side view

Force and torque on the first wire is given as

F, =i;l Bsin 90° = V,/2R IB

T;=d/2v2

F1=VoldB/2v2 R

T=1/4vV2 V,AB/R

4.25. An electron and a positron are released from (0, 0, 0) and (0, 0, 1.5R) respectively, in a uniform magnetic
field

B = By
v each with an equal momentum of magnitude p = eBR. Under what conditions on the
direction of momentum will the orbits be non-intersecting circles?

Answer:
z
A
1.5R]et
-R\.E
- Cp ’Cr
[0,-R sin B,{1.5R - R cos &) L7 [0, R sin 6, R cos O
&',
#
,
e A >y
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When the centres are greater than 2R, then the circular orbits of electron and positron shall not overlap.
Let d be the distance between Cp and Ce

Then d” = 4R” + 9/4R” — 6R” cosB

As d is greater than 2R,

9/4>6 cos 6 orcos 6<3/8

4.26. A uniform conducting wire of length 12a and resistance R is wound up as a current-carrying coil in the
shape of i) an equilateral triangle of side a; ii) a square if sides a and iii) a regular hexagon of sides a. The coil

is connected to a voltage source V0. Find the magnetic moment of the coils in each case.
Answer:

a) An equilateral triangle with side a
No.of loops =4

Area of the triangle A = v3/4 a’
Magnetic moment, m =1a2v3

n=4

b) For a square with sides a
Area, A = a’

No.of loops = 3

Magnetic moment, m = 3la®

n=3

c) For a regular hexagon with sides a
Area, A = 6V3/4 a*

No.of loops =2

Magnetic moment, m = 3v3a’l

n=2
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4.27. Consider a circular current-carrying loop of radius R in the x-y plane with centre at the origin. Consider the
line integral

I/
-m.]:/ B.dll
J-=L .

taken along z-axis.
a) show that

3(L)
monotonically increases with L
b) use an appropriate Amperian loop to that

I;-.!_Il'l O ) — ‘H”I
where | is the current in the wire
c) verify directly the above result

d) suppose we replace the circular coil by a square coil of sides R carrying the same current I. What can you say
about

S(o0) and S(L)

Answer:

_\Circular coil
9 > X

l

oL

a) Magnetic field due to a circular current-carrying loop is given as
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+ I
3(L) / Bdl = 2BL
J-1I

It is a monotonically increasing function of L
b) The Amperian loop is given as

.
(o) = 7[ i ol
— a0 » {

c) The magnetic field at the axis of the circular coil is given as p0I
d) When a circular coil is replaced with a square coil, it is given as

i

I\Sil.x"').‘lq“ﬁ.'f = ¥ 00) circular coil

4.28. A multirange current meter can be constructed by using a galvanometer circuit shown in the figure. We
want a current meter that can measure 10 mA, 100 mA, and 1 A using a galvanometer of resistance 10Q and
that produces maximum deflection for a current of 1 mA. Find S1, S2, and S3 that have to be used.

53
Wy

S, S
G AM——Wh

O O O Q
10mA 100mA 1A

Answer:
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: I-1) s i

: > Wy :

A R o) W N

5 L \—/ :
\ Ammeter

I, is measured as = 10 mA = 1gG = (I; — Ig)(S1 + S, + S3)
I, is measured as = 100 mA = Ig(G+S1)=(I-15)(S5,-Ss)

I3 is measured as =1 A = Ig(G+5:+S;)=(l3-15)(S3)
$i=1Q

$,=0.10Q

S$;3=0.010Q

4.29. Five long wires A, B, C, D, and E each carrying | are arranged to form edges of a pentagonal prism as shown
in the figure. Each carries current out of the plane of paper.

a) what will be magnetic induction at a point on the axis O> Axis is at a distance R from each wire

b) what will be the field if current in one of the wires is switched off

c) what if current in one of the wire A is reversed
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A

Answer:

The magnetic induction at a point on the axis will be 0 which is represented by R as A, B, C, D, and E are
perpendicular to the plane of paper at the given locations.
b)
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A This is the direction of
magnetic field due to wire
placed at A

—

remaining

This is the direction of
resultant magnetic field

due to wires placed
atB,C,DandF

When the current in one of the wires is switched off, the field po/2m i/R will be perpendicular to AO towards left.
c)

A The direction of
magnetic field due to wire
placed at A is reversed

—

remaining

This is the direction of
resultant magnetic field

due to wires placed
atB,C,DandF

If the current is reversed, then the total magnetic field induction at O is po/4nR 2I/R
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Moving charges and magnetism helps establish a relationship between magnetism and electricity. These moving
charges are responsible for the effect of magnetism, however, a charged particle without acceleration can
produce an electrical and magnetic field.

Some of the concepts that are introduced in this chapter are:

Ampere’s circuital law

The Solenoid and the Toroid

Moving Coil Galvanometer

Magnetic Force

Magnetic Field

uhwnN e

1 Mark Questions

1. State two properties of the material of the wire used for suspension of the coil in a moving coil galvanometer?
Ans. (a) Non-Brittle conductor

(b) Restoring Torque per unit Twist should be small.

2. What will be the path of a charged particle moving along the direction of a uniform magnetic field?
Ans. The path of a charged particle will be a straight line path as no force acts on the particle.

3. Two wires of equal lengths are bent in the form of two loops. One of the loop is square shaped whereas the
other loop is circular. These are suspended in a uniform magnetic field and the same current is passed
through them. Which loop will experience greater torque? Give reasons?

Ans. since [ =NIAB

Since Area of —circular loops is more Than of a square loop
== Torque experienced by a circular loop is greater.

4. A cyclotron is not suitable to accelerate electron. Why?
Ans. A cyclotron is not suitable to accelerate electron because its mass is less due to which they gain speed and
step out of the dee immediately.

2 Marks Questions
1. A steady current flows in the network shown in the figure. What will be the magnetic field at the centre of the
network?

0

Ans. Zero, because magnetic field at the centre of the loop is just equal and opposite i.e. magnetic field due 1- PQR
is equal and opposite to that of PSR.

2. An — particle and a proton are moving in the plane of paper in a region where there is uniform magnetic
field B directed normal to the plane of paper. If two particles have equal linear momenta, what will be the
ratio of the radii of their trajectories in the field?
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v

Ans. Since radius of the path (R) = Bg

1
oC —
=>R g
Rx gp e 1
L RP g 2 2
=>R :Rp=1:2.

3. Give one difference each between diamagnetic and ferromagnetic substances. Give one example of each?
Ans. Diamagnetic substances are weakly repelled by a magnet eg. Gold.
Ferromagnetic materials are strongly attracted by a magnet eg. lron.

4. Write the expression for the force acting on a charged particle of charge g moving with velocity is in the
presence of magnetic field B. Show that in the presence of this force.

(a) The K.E. of the particle does not change.

(b) Its instantaneous power is zero.

Ans. SinceF=q (¥ xB)

(a) Since direction of force is perpendicular to the plane containing (v xB )
=>w-=Fs cosE" (=50")

w=Fs €os90° _ g

=>KE=0

- KE will not — change

(b) since p = Fvcos & = Fvcos80" =g
=> Instantaneous power is also zero.

5. An electron of kinetic energy 25KeV moves perpendicular to the direction of a uniform magnetic field of 0.2
millitesla calculate the time period of rotation of the electron in the magnetic field?
Ans.B=0.2T=0.2 #10°T
2aM

Time Period T = OB
_2x3.14x9.1x107

16x107 %0.2x107
T=1787x 10" second

6. It is desired to pass only 10% of the current through a galvanometer of resistance 90 €2 How much shunt
resistance be connected across the galvanometer?
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E G=9002
Ans.|G=10%of = 100
Exg{g

IsG 1y
I-Ig j_ﬂ
S= 109

o7
1071

s= 10
907 19

s_ 907

> 5=100Q

3 Marks Questions

1. Derive an expression for the force acting on a current carrying conductor placed in a uniform magnetic field
Name the rule which gives the direction of the force. Write the condition for which this force will have (1)
maximum (2) minimum value?

Ans. A conductor is placed in a uniform magnetic field B \which makes and angle Zwith & . Let I current flows

through the conductor.
Area [A)

If nis the no. of electrons per unit volume of the conductor, then Total no. of electrons in small current element d £
= nAdl

=>5=Ne

=>& =nadle

! be the force experienced by each electron
7. 6dxB)

Force experienced by small current element
dF =neAdl (vd xB)

dF = neAvd dI B sin @

(I=neAvd)

=> df = IdIBsin &
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Hence total force experienced
[dF= [IdBsin&

F= = o

F=IB 1 Siﬂg

In vector form £ =| (7 =B)

(a) Force will be maximum when & =90°

(b) Force will be minimum when F=q°

2. A straight wire carries a current of 10A. An electron moving at 10 m/ s i at distance 2.0 cm from the wire.
Find the force acting on the electron if its velocity is directed towards the wire?
Ans. Here | = 10A

V=10"m/s
R=20cm=2*10"m
Force acting on moving electron (F) = qVB sin &
027
4T r

_ 10 ><2’><10= 104

2107 tesla and —to the plane of paper and directed downwards.
Now F =16x107F 1072107 5in 90°

F=16x10"" Newton.

3. State Biot- Savarts law. Derive an expression for magnetic field at the centre of a circular coil of n-turns
carrying current - I?

Ans. Biot — Savart law states that the magnetic field db due to a current element dl gt any pointis
iedB * |
dB * dI
dB = sinf
1

dB‘I }":

Combining all we get
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Idisin &
dB * }‘:
. 0 Idlsin®
,Q'B = ’&r_ =
4T ¥
Consider a circular loop of radius r carrying a current I.

Sincedl — ¥
= 6=90°
Applying Biot Savart law
10 Idl sin 90°
For entire closed circular loop
*2" 10 Idl sin 90°

=

Bz O 4r ¥
’H_I:I { l a'li'_& inT}f
B = 4 41 r
B—’HU 2l
For n turns of a coil 4o

4. What is radial magnetic field? How it is obtained in moving coil galvanometer?
Ans. A radial magnetic field is one in which plane of the coil always lies in the direction of the magnetic field. It can
be obtained by

Soft-iron
core

(a) Properly cutting the pole pieces concave in shape.
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(b) Placing soft iron cylindrical core between the pole pieces.

5. Two straight parallel current carrying conductors are kept at a distanced r from each other in air. The direction
for current in both the conductor is same. Find the magnitude and direction of the force between them.
Hence define one ampere?

Ans. Consider two parallel conductors carrying or current L& 1 and is separated by a distance ‘d’.

( —to the plane & Downwards () )
Since current carrying conductor is placed at right angles to the magnetic field

=>F=pl| sin 90"
F=BII
=> Force experienced per unit length of conductor —-(2)
Is F,=RB1I]1
L0 21 1,
Fi_4r d —-(2)

Fleming’s left hand Rule says F is directed towards conductor (1)

0211,
Similarly 4T d (Directed Towards conductor (2))
Since fyand, & are equal and opposite so two parallel current carrying conductor attract each other.
w0[ 21 1)
— L1
Since F = 4rld )
1= 1 _1ad=1m
F=2x10""m.

Thus one ampere is that current which is flowing in two infinitely long parallel conductors separated by a distance

. . Ly -7 .
of 1 meter in vacuum and experiences a force of F=2%107 1. on each meter of the other wire.

6. A circular coil of wire consisting of 100 turns, each of radius 8.0 cm carries a current of 0.40 A. What is the
magnitude of the magnetic field B at the centre of the coil?
Ans. Number of turns on the circular coil, n =100
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Radius of each turn, r=8.0cm =0.08 m
Current flowing in the coil, I=0.4 A
Magnitude of the magnetic field at the centre of the coil is given by the relation,

Ly 2l
Bl= 47 7
Where,
_—1ﬂ"><1[:|_-><2>{35
T 47x02
=3.5%107°T

Ho Permeability of free space
=4nx107 TmA™

4rx107 L 27%100x04
|B|= 47 0.08
=3.14x107'T
Hence, the magnitude of the magnetic field is = 3.14x107°T .

7. A long straight wire carries a current of 35 A. What is the magnitude of the field B at a point 20 cm from the
wire?

Ans. Current in the wire, / =35 A

Distance of a point from the wire, r=20cm =0.2 m

Magnitude of the magnetic field at this point is given as:

M 21
g 4T r
Where,

4 < permeability of free space = = 41107 TmA™
2- 472107 % 2x35

4702
=3.5x107°T

Hence, the magnitude of the magnetic field at a point 20 cm from the wireis = 3.5%10°T

8. A long straight wire in the horizontal plane carries a current of 50 A in north to south direction. Give the
magnitude and direction of B at a point 2.5 m east of the wire.
Ans. Current in the wire, / =50 A
A point is 2.5 m away from the East of the wire.
- Magnitude of the distance of the point from the wire, r=2.5 m.
a2
Magnitude of the magnetic field at that point is given by the relation, B dmr
Where,

7 . -1
He - Permeability of free space = 4T = 10T mA
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_—L-Txl[]'_ w2 2w A1)

C 4mx25

=4x10"°T

The point is located normal to the wire length at a distance of 2.5 m. The direction of the current in the wire is

vertically downward. Hence, according to the Maxwell’s right hand thumb rule, the direction of the magnetic
field at the given point is vertically upward.

B

9. A horizontal overhead power line carries a current of 90 A in east to west direction. What is the magnitude
and direction of the magnetic field due to the current 1.5 m below the line?

Ans. Current in the power line, /=90 A

Point is located below the power line at distance, r=1.5m

Hence, magnetic field at that point is given by the relation,

_ 2
B B 4
Where,

H Permeability of free space = 47T * 107 I'm A7
A= 107 %250
T 47x15
1.2x107°T
The current is flowing from East to West. The point is below the power line. Hence, according to Maxwell’s right
hand thumb rule, the direction of the magnetic field is towards the South.

10. What is the magnitude of magnetic force per unit length on a wire carrying a current of 8 A and making an
angle of 302 with the direction of a uniform magnetic field of 0.15 T?

Ans. Current in the wire, /=8 A

Magnitude of the uniform magnetic field, B=0.15T

Angle between the wire and magnetic field, g =30°,
Magnetic force per unit length on the wire is given as:
f=Blsin &

-0 15x8x1xsiniQ"

- 06N m!

L
Hence, the magnetic force per unit length on the wire is 0.6 N m™

11. A 3.0 cm wire carrying a current of 10 A is placed inside a solenoid perpendicular to its axis. The magnetic
field inside the solenoid is given to be 0.27 T. What is the magnetic force on the wire?

Ans. Length of the wire, /=3 cm =0.03 m

Current flowing in the wire, /=10 A

Magnetic field, B=0.27 T

Angle between the current and magnetic field, & =90°
Magnetic force exerted on the wire is given as:

F=Bll sin &
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=027T=x10x0.03 sin90°
_ B1x107°N

Hence, the magnetic force on the wire is 8.1x107N  The direction of the force can be obtained from Fleming's
left hand rule.

12. Two long and parallel straight wires A and B carrying currents of 8.0 A and 5.0 A in the same direction are
separated by a distance of 4.0 cm. Estimate the force on a 10 cm section of wire A.

Ans. Current flowing in wire A, 1,= 804

Current flowing in wire B, I,= 504

Distance between the two wires, r=4.0cm =0.04 m

Length of a section of wire A, /=10cm =0.1m

Force exerted on length / due to the magnetic field is given as:
B AL ZIAIEF

4mr
Where,

5 = permeability of free space = 47 * 10T mA™
_ 4rx107 x2x8x 5x0.1

4= 0.04
=2x10"N

B

2oy =Far
The magnitude of forceis ~— ~ #1077 N . This is an attractive force normal to A towards B because the direction of

the currents in the wires is the same.

13. A closely wound solenoid 80 cm long has 5 layers of windings of 400 turns each. The diameter of the solenoid
is 1.8 cm. If the current carried is 8.0 A, estimate the magnitude of B inside the solenoid near its centre.

Ans. Length of the solenoid, /=80 cm =0.8 m

There are five layers of windings of 400 turns each on the solenoid.

Total number of turns on the solenoid, N =5 x 400 = 2000
Diameter of the solenoid, D =1.8cm =0.018 m
Current carried by the solenoid, /=8.0 A
Magnitude of the magnetic field inside the solenoid near its centre is given by the relation,

AT
B —’“}

Where,
5 = permeability of free space = +77 % 107 T m A7
2 _47x107 x2000%8

0.8

grx10~°
=2.512=107T
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Hence, the magnitude of the magnetic field inside the solenoid near its centreis = 2.512x10°T

14. A square coil of side 10 cm consists of 20 turns and carries a current of 12 A. The coil is suspended vertically

and the normal to the plane of the coil makes an angle of 30% with the direction of a uniform horizontal
magnetic field of magnitude 0.80 T. What is the magnitude of torque experienced by the coil?

Ans. Length of a side of the square coil, /=10cm =0.1 m

Current flowing in the coil, =12 A

Number of turns on the coil, n = 20

Angle made by the plane of the coil with magnetic field, g= 30°

Strength of magnetic field, B=0.80 T

Magnitude of the magnetic torque experienced by the coil in the magnetic field is given by the relation,
T=n BIA sind

Where,

A = Area of the square coil

= Ix]=01x0.1=0.01m"

T =20x08x12x0.01x sin30°

=0.96 Nm

Hence, the magnitude of the torque experienced by the coil is 0.96 N m.

15. (a) A circular coil of 30 turns and radius 8.0 cm carrying a current of 6.0 A is suspended vertically in a uniform

horizontal magnetic field of magnitude 1.0 T. The field lines make an angle of 60% with the normal of the
coil. Calculate the magnitude of the counter torque that must be applied to prevent the coil from turning.
(b) Would your answer change, if the circular coil in (a) were replaced by a planar coil of some irregular shape
that encloses the same area? (All other particulars are also unaltered.)
Ans. (a) Number of turns on the circular coil, n =30
Radius of the coil, r=8.0cm =0.08 m
— e — o o . o 2
Area of the coil ~ €% 1y
Current flowing in the coil, I=6.0 A
Magnetic field strength, B=1T

Angle between the field lines and normal with the coil surface, g= 60°

The coil experiences a torque in the magnetic field. Hence, it turns. The counter torque applied to prevent the coil
from turning is given by the relation,

T =nilBAsind (i)

= 30x6x1=0.0201 = sinb0"

=3.133Nm

(b) It can be inferred from relation (i) that the magnitude of the applied torque is not dependent on the shape of
the coil. It depends on the area of the coil. Hence, the answer would not change if the circular coil in the above
case is replaced by a planar coil of some irregular shape that encloses the same area.

16. A magnetic field of 100 G 1G=10"1) is required which is uniform in a region of linear dimension about 10

cm and area of cross-section about 107 7 | The maximum current-carrying capacity of a given coil of wire is
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-1
15 A and the number of turns per unit length that can be wound round a core is at most 1000 turns ' .,
Suggest some appropriate design particulars of a solenoid for the required purpose. Assume the core is not
ferromagnetic.

-4
Ans. Magnetic field strength, B =100 G=100x10""T

o -1
Number of turns per unit length, 7= 1000 turns m
Current flowing in the coil, /=15 A

-7 . -1
Permeability of free space, “2= 4T x 107 T m 4

Magnetic field is given by the relation, B =l

Sond =E

e
100107
47%107
~ 80004 /m

If the length of the coil is taken as 50 cm, radius 4 cm, number of turns 400, and current 10 A, then these values are
not unique for the given purpose. There is always a possibility of some adjustments with limits.

=7957.74

17. A toroid has a core (non-ferromagnetic) of inner radius 25 cm and outer radius 26 cm, around which 3500
turns of a wire are wound. If the current in the wire is 11 A, what is the magnetic field (a) outside the toroid,
(b) inside the core of the toroid, and (c) in the empty space surrounded by the toroid.

=25 r
Ans. Inner radius of the toroid, h=s2cm _ 0.25m

=T
Outer radius of the toroid, =26 cm =0.26 m

Number of turns on the coil, N = 3500

Current in the coil, I=11 A

(a) Magnetic field outside a toroid is zero. It is non-zero only inside the core of a toroid.
(b) Magnetic field inside the core of a toroid is given by the relation,

N7
B —”F

Where,

-7 S|
Ho _ Permeability of free space = 47 * 107 T m A4
| = length of toroid

-
o ol
=2m| L J

e

= ,-T['_D_ES+G_26_‘I
= (37
47107 350011
051x
+3.0x107°T
(c) Magnetic field in the empty space surrounded by the toroid is zero.

S B=
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18. Answer the following questions:

(a) A magnetic field that varies in magnitude from point to point but has a constant direction (east to west) is set
up in a chamber. A charged particle enters the chamber and travels undeflected along a straight path with
constant speed. What can you say about the initial velocity of the particle?

(b) A charged particle enters an environment of a strong and non-uniform magnetic field varying from point to
point both in magnitude and direction, and comes out of it following a complicated trajectory. Would its final
speed equal the initial speed if it suffered no collisions with the environment?

(c) An electron travelling west to east enters a chamber having a uniform electrostatic field in north to south
direction. Specify the direction in which a uniform magnetic field should be set up to prevent the electron
from deflecting from its straight line path.

Ans.(a) The initial velocity of the particle is either parallel or anti-parallel to the magnetic field. Hence, it travels
along a straight path without suffering any deflection in the field.

(b) Yes, the final speed of the charged particle will be equal to its initial speed. This is because magnetic force can
change the direction of velocity, but not its magnitude.

(c) An electron travelling from West to East enters a chamber having a uniform electrostatic field in the North-
South direction. This moving electron can remain undeflected if the electric force acting on it is equal and
opposite of magnetic field. Magnetic force is directed towards the South. According to Fleming’s left hand rule,
magnetic field should be applied in a vertically downward direction.

19. A straight horizontal conducting rod of length 0.45 m and mass 60 g is suspended by two vertical wires at its
ends. A current of 5.0 A is set up in the rod through the wires.

(a) What magnetic field should be set up normal to the conductor in order that the tension in the wires is zero?

(b) What will be the total tension in the wires if the direction of current is reversed keeping the magnetic field

same as before? (Ignore the mass of the wires.) g =98ms .

Ans. Length of therod, /=0.45m

Mass suspended by the wires, m=60g = 60107 " kg

Acceleration due to gravity, ¥ ~ 08 ms

Current in the rod flowing through the wire, /=5 A
(a) Magnetic field (B) is equal and opposite to the weight of the wire i.e., Bll + mg
_mg
Il
_ 60 <107 %98
3x0.45
A horizontal magnetic field of 0.26 T normal to the length of the conductor should be set up in order to get zero
tension in the wire. The magnetic field should be such that Fleming’s left hand rule gives an upward magnetic
force.
(b) If the direction of the current is revered, then the force due to magnetic field and the weight of the wire acts in
a vertically downward direction.
~Total tension in the wire = Bll + mg

0.26x5x0.45+(60x107 |x9.8
=1.176 N

=0.26T
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20. The wires which connect the battery of an automobile to its starting motor carry a current of 300 A (for a
short time). What is the force per unit length between the wires if they are 70 cm long and 1.5 cm apart? Is
the force attractive or repulsive?

Ans. Current in both wires, / =300 A

Distance between the wires, r=1.5cm =0.015m

Length of the two wires, [=70cm =0.7 m

Force between the two wires is given by the relation,

I
F=tk

2y
Where,

: ,, .
Ho Permeability of free space = 47 * 107 T m A4
47%x107 %(300)
F= -

2rx0.015
=1.2 N/m
Since the direction of the current in the wires is opposite, a repulsive force exists between them.

21. A circular coil of 20 turns and radius 10 cm is placed in a uniform magnetic field of 0.10 T normal to the plane
of the coil. If the current in the coil is 5.0 A, what is the

(a) total torque on the coil,

(b) total force on the coil,

(c) average force on each electron in the coil due to the magnetic field?

(The coil is made of copper wire of cross-sectional area 10%m” , and the free electron density in copper is given

to be about 107 m1™ J)
Ans. Number of turns on the circular coil, n = 20
Radius of the coil, r=10cm =0.1m
Magnetic field strength, B=0.10T
Current in the coil, I=5.0 A
(a) The total torque on the coil is zero because the field is uniform.
(b) The total force on the coil is zero because the field is uniform.

(c) Cross-sectional area of copper coil, A = 107 m”
Number of free electrons per cubic meter in copper, N = 107 ™

- 18
Charge on the electron, €= 16=10"%C

Magnetic force, F=Bev;

Where,

Y4 = Drift velocity of electrons Ned
_ Bel
"~ Ned

_0.10=3.0

T 10% %107

5x1077°N.
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Hence, the average force on each electron is > 107" V.

22. galvanometer coil has a resistance of 12 €2 and the metre shows full scale deflection for a current of 3 mA.
How will you convert the metre into a voltmeter of range 0 to 18 V?

Ans. Resistance of the galvanometer coil, G = 12 02

e

Current for which there is full scale deflection, E= =3mA= 3x107°4
Range of the voltmeter is 0, which needs to be converted to 18 V.
SV =18F
Let a resistor of resistance R be connected in series with the galvanometer to convert it into a voltmeter. This
resistance is given as:

v
R=—n-G

e
&

18
T 3%107
_ 59880)

-12=6000-12

59880 .

Hence, a resistor of resistance is to be connected in series with the galvanometer.

23. A galvanometer coil has a resistance of 15 €2 and the metre shows full scale deflection for a current of 4 mA.
How will you convert the metre into an ammeter of range 0 to 6 A?

Ans. Resistance of the galvanometer coil, G = 15 0
Current for which the galvanometer shows full scale deflection,
IE =4 mA = —1><1|:|_3;i
Range of the ammeter is 0, which needs to be converted to 6 A.
- Current, /=6 A
A shunt resistor of resistance S is to be connected in parallel with the galvanometer to convert it into an ammeter.
The value of S is given as:

1G
§=_%
I-I,
4107 x15
6—4x107
_ 6x107  0.06
6—0004 5.006
= 0.010=10m0)
10m)

Hence, a shunt resistor is to be connected in parallel with the galvanometer.

5 Marks Questions
1. (a) What is cyclotron? Explain its working principle?
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(b) A cyclotron’s oscillator frequency is 10MHz what should be the operating magnetic field for accelerating
protons? If radius of its dees is 20cm, what is the K.E. of the proton beam produced by the accelerator? (
e=16x10"¢ mp=1.6x10" kg 1Mev=1602x10"J),

Ans. (a) It is a device used to accelerate charged particles like protons, deuterons, * — particle etc.

It is based on the principle that a charged particle can be accelerated to very high energies by making it pass

through a moderate electric field a number of times and applying a strong magnetic field at the same time.
(b) v=10MHz = 10 * 10° Hz

e=16x10"¢
mp=16x10""kg

r=20cm = ZUXIU_:J?‘:‘

Q':B:}‘:
KE= 2m
Using v= i
2am
g 2mmV
g
P 2%3.14%1.6x107 %10’
1.6x107
B=0628T
(1.6x107°) %(0.66)" x(0.2)
KE: . J . -_‘_ . .
2x1.67 =107

KE= 133%5= 107
1.602x107" Joules = IMeV

120210 Aol
. = 17 N2 -13 a5 ~ _155-{9]‘:
Since == 12.02x 1077] 160210

KE =83MeV

2. (a) Draw a labelled diagram of a moving coil galvanometer. Prove that in a radial magnetic field, the deflection
of the coil is directly proportional to the current flowing in the coil.
(b) A galvanometer can be converted into a voltmeter to measure upto

(i) V volt by connecting a resistance R, series with the coil
Roand R,

¥ R,
(ii) /-( volt by connecting a resistance ~ * in series with coil Find R in terms of ~! -required to convert — it
into a voltmeter that can read upto ‘2v’ volt.

Ans. (a) When a current | is passed through a coil two equal and opposite forces acts on the arms of a coil to form a
couple which exerts a Torque on the coil.

-> T =NIAB sin#
i 6 - an: [_5:’?:-9[]‘ = 1_]
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Undform radial
mognetic feld

 is the angle made by the normal to the plane of coil with B
T =NIAB —-(1)
This is called as deflecting torque
As the coil deflected the spring is twisted and a restoring torque per unit twist then the restoring torque for the
deflecting & is given by
Tk —)
In equilibrium
Deflecting Torgue=Restoring Torgue

NIAB = K?
K¢
T
|= NAB
K
=G ¢ where G= VAB (galvanometer constant)
>l xg
Thus deflection of the coil is directly proportional to the current flowing in the coil.
I
(b) We know Ig = R+Rs
I
=>Ig= R, +R, ——(1)
v
3
= (2)
And Ig = R+ R,
Equating (1) & (2)
v
4 B

R+R, R,+R,
Jo R+ Ry = 2(R,+R,)
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R;= —2R,+ R,
2
For conversion Ig = R +RC’
-
> g R1+R. R+R;

Jg= 2R+ 2R, =R + R,

R = 2R+ R,
R = 2R+ R - 2R,
R=3R -2R,

3. Two moving coil meters, M; and M, have the following particulars:
R =100 N,= 30,

A4=36x10"m* B =102
R,=140) N,=42,
4=18x10"m’ B,=050T

’

L

T

(The spring constants are identical for the two meters).

M,and M.
Determine the ratio of (a) current sensitivity and (b) voltage sensitivity of 1, and M,

Ans. For moving coil meter My:

R =100
N, = 30,
A= 36 =107 n

pr -
Magnetic field strength, Bo 0@ T
Spring constant K=K
For moving coil meter M,:
R,=140)

T A
Number of turns, Ny=42.

Resistance,
Number of turns,

Area of cross-section,

Resistance,

A= 18 x 107w

Magnetic field strength, B,=050T

=K

Area of cross-section,

Spring constant, K,

(a) Current sensitivity of M, is given as:
N B 4,

J T v s |

= K,

And, current sensitivity of 1, is given as:
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N B A
;=B
5 K:
I_: _ _“I\'_:B:.ri:Kl
IV Ratio I:.' JK-:'-|I"._].Bl";'11

_ 42x035x1.8x107 xK _1
K%30%025x3.6x107

Myto M,

Hence, the ratio of current sensitivity of 1.4.

(b) Voltage sensitivity for M, is given as:
_ _“I"‘_:B:.l'-l:

2T KR,

e M, .
And, voltage sensitivity for 1 is given as:

g 1G=10"T)

4. In a chamber, a uniform magnetic field of 6.5 is maintained. An electron is shot into the field

with a speed of 4.8x10°m 5™ 1ormal to the field. Explain why the path of the electron is a circle.
Determine the radius of the circular orbit. (e = 16x10C , M= 91x10~ kg )

Ans.Magnetic field strength, B=6.5G = 6.5 x 10°T

Speed of the electron, v = 48x10°m/s

1%
Charge on the electron, e = 1.6x107°C

2 -a
Mass of the electron, "'~ 91107 kg

Angle between the shot electron and magnetic field, g= 90°

Magnetic force exerted on the electron in the magnetic field is given as:

F=evB SE

This force provides centripetal force to the moving electron. Hence, the electron starts moving in a circular path of
radius r.

Hence, centripetal force exerted on the electron,

st
="
-
In equilibrium, the centripetal force exerted on the electron is equal to the magnetic force i.e.,

F=F

v .
—  =—pvBsind
.
v
PE=—
Besinf

9.1x107 % 4.8x10°
6.5%107 x1.6x107" xsin 90°
2x107%m
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=4.2cm
Hence, the radius of the circular orbit of the electron is 4.2 cm.

5. In Exercise 4.11 obtain the frequency of revolution of the electron in its circular orbit. Does the answer depend
on the speed of the electron? Explain.

ek A
Ans. Magnetic field strength, £=06.5x10""T

-

Charge of the electron, e=16x10"7"C
_ -3

Mass of the electron, m,=9.1x10"" kg

Velocity of the electron, ¥= 48x10°m/s

Radius of the orbit, r=4.2 cm =0.042 m

Frequency of revolution of the electron = v

Angular frequency of the electron = &' =2nv

Velocity of the electron is related to the angular frequency as:

v=r@

In the circular orbit, the magnetic force on the electron is balanced by the centripetal force. Hence, we can write:
ag ="
.JI

m m
el =—|ro|=—r2mzv)|
¥ Fo ’

Fe
V=
2mm
This expression for frequency is independent of the speed of the electron.
On substituting the known values in this expression, we get the frequency as:

6.5%x107 x1.6x107F
2x3.14%9.1x107"
=18.2x10° Hz
=18 MHE
Hence, the frequency of the electron is around 18 MHz and is independent of the speed of the electron.

6. Two concentric circular coils X and Y of radii 16 cm and 10 cm, respectively, lie in the same vertical plane
containing the north to south direction. Coil X has 20 turns and carries a current of 16 A; coil Y has 25 turns
and carries a current of 18 A. The sense of the current in X is anticlockwise, and clockwise in Y, for an
observer looking at the coils facing west. Give the magnitude and direction of the net magnetic field due to
the coils at their centre.

Ans. Radius of coil X, n=16cm =0.16 m
Radius of coil Y, n=10 cm =0.1m
)y = ¥
Number of turns of on coil X, m= 20
75

Number of turns of on coil Y, =

I[=164

Currentin coil X, !
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Current in coil Y, L=184

Magnetic field due to coil X at their centre is given by the relation,

gt ndy
g

Where,
% = permeability of free space = 47 * 107 T'm A7
47x107 x20x16
2x0.16
=4xx107*T

B =

(towards East)

Magnetic field due to coil Y at their centre is given by the relation,
_ 4rx1077%25%18
2x:0.10
_ -4
=9mx=10 I_(towards East)
Hence, net magnetic field can be obtained as:
B=E8,-B
=9 107 — 47 =107
=57x107'T

=157=107°T (zowards west)

B,

7. For a circular coil of radius R and N turns carrying current /, the magnitude of the magnetic field at a point on

its axis at a distance x from its centre is given by,
JR'N

B = JL{—_-‘-

2(x*+R*)?

(a) Show that this reduces to the familiar result for field at the centre of the coil.

(b) Consider two parallel co-axial circular coils of equal radius R, and number of turns N, carrying equal currents
in the same direction, and separated by a distance R. Show that the field on the axis around the mid-point
between the coils is uniform over a distance that is small as compared to R, and is given

B _ 07y MeBN

by, R , approximately. [Such an arrangement to produce a nearly uniform magnetic field
over a small region is known as Helmholtz coils.]

Ans. Radius of circular coil = R

Number of turns on the coil = N

Current in the coil =/

Magnetic field at a point on its axis at distance x is given by the relation,

IR N

B= -
2(x*+R?)?
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Where,

Hy Permeability of free space
(a) If the magnetic field at the centre of the coil is considered, then x = 0.
RN M IN
2R 2R
This is the familiar result for magnetic field at the centre of the coil.
(b) Radii of two parallel co-axial circular coils = R
Number of turns on each coil = N
Current in both coils =/
Distance between both the coils = R
Let us consider point Q at distance d from the centre.

L B=

H
—+d
Then, one coil is at a distance of = from point Q.
-~ Magnetic field at point Q is given as:
1, NIR?
Bl - r - -1=
2| 2] <r
AT
R
=-d
Also, the other coil is at a distance of = from point Q.

-~ Magpnetic field due to this coil is given as:

NIR*
B = — ] —3
o[ R gl ire |
22
Total magnetic field, B =@, +5
R 17 . Y ¢
_ | Z_d| +R [ Zid| +R |
2 |12 ] (2 .
'_ ]
=HIE R LRl - R R
2 |74 ' '
L i
\ B " 2 L3
wiR [(SREVI[ 4d_4d)? [ 44 4d)°
N Y i SR® 5R) | SR SR, |
ﬂ'-:

For d << R, neglecting the factor R™ we get:
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|-.1|l1.l

IR (SR 4dVT () 4d)
2 L4 ) | srR) L sR)
RN (43 . 64 .6d]

%’&L‘ — x| — | ><'1——+1—|
R \s) 77 s sR|

4 -? H,I_"._ ) I_...H: I"n.-

K07

R U R

R o

Hence, it is proved that the field on the axis around the mid-point between the coils is uniform.

8. An electron emitted by a heated cathode and accelerated through a potential difference of 2.0 kV, enters a
region with uniform magnetic field of 0.15 T. Determine the trajectory of the electron if the field (a) is
transverse to its initial velocity, (b) makes an angle of 302 with the initial velocity.

Ans. Magnetic field strength, B=0.15T

Charge on the electron, €=1.6x10" "C
Mass of the electron, "'~ 9.1x10" * kg
Potential difference, V=2.0 KI"' = 2x10° ¥
Thus, kinetic energy of the electron = el’

.1,
= el =—pmv
¥

el

Where,

v = velocity of the electron

(a) Magnetic force on the electron provides the required centripetal force of the electron. Hence, the electron
traces a circular path of radius r.

Magnetic force on the electron is given by the relation,

Bev

MV

Centripetal force F

My
S.Bev=—

From equations (1) and (2), we get
1

m | 2el” |2
=

Be| m |
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1

__ 91x107  [2x16x107Fx2x10° \F
0.15x1.6x107% | 9.1x107" J
=100.55x107
=1.01x10"m
=1mm
Hence, the electron has a circular trajectory of radius 1.0 mm normal to the magnetic field.
o
(b) When the field makes an angle of 30 with initial velocity, the initial velocity will be,
V, = vsin 7
_my

B =—
From equation (2), we can write the expression for new radius as: Be
_ mvsin @

Be
. - - Lk
9.1x107! (2x1.6x10F%2x10° 12 . _ |
=—— = ¥ — | *sin30
0.15=1.6=x10 Q=10 ]

=0.5x10"m
=0.5mm

Hence, the electron has a helical trajectory of radius 0.5 mm along the magnetic field direction.

9. A magnetic field set up using Helmholtz coils (described in Exercise 4.16) is uniform in a small region and has a
magnitude of 0.75 T. In the same region, a uniform electrostatic field is maintained in a direction normal to
the common axis of the coils. A narrow beam of (single species) charged particles all accelerated through 15
kV enters this region in a direction perpendicular to both the axis of the coils and the electrostatic field. If the

Fx7 gua-l
beam remains undeflected when the electrostatic field is 2-010~ V m , make a simple guess as to what
the beam contains. Why is the answer not unique?

Ans. Magnetic field, B=0.75T

Accelerating voltage, V= 15 <F =15x10°1

Electrostatic field, E = 9.0x10°V m™
Mass of the electron =m

Charge of the electron = e

Velocity of the electron =v

Kinetic energy of the electron = eV

1 .
= my =el

2

e_v:
w2V )

Since the particle remains unelected by electric and magnetic fields, we can infer that the electric field is balancing
the magnetic field.
eE=evB
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E
Vv=—
B ... (2)
Putting equation (2) in equation (1), we get
(EY
e VANEB).Cc E*
m 2 F 2VE
(9.0x10° _|'
~ 2x15000(0.75
=48x10"C kg

This value of specific charge e/m is equal to the value of deuteron or deuterium ions. This is not a unique answer.

Other possible answers are He™ Li™ , etc.

10. A uniform magnetic field of 1.5 T exists in a cylindrical region of radius10.0 cm, its direction parallel to the
axis along east to west. A wire carrying current of 7.0 A in the north to south direction passes through this
region. What is the magnitude and direction of the force on the wire if,

(a) the wire intersects the axis,

(b) the wire is turned from N-S to northeast-northwest direction,

(c) the wire in the N-S direction is lowered from the axis by a distance of 6.0 cm?

Ans.Magnetic field strength, B=15T

Radius of the cylindrical region, r=10cm =0.1m

Current in the wire passing through the cylindrical region, /=7 A

(a) If the wire intersects the axis, then the length of the wire is the diameter of the cylindrical region.

Thus, /[=2r=0.2m

Angle between magnetic field and current, 6= 90°
Magnetic force acting on the wire is given by the relation,

F=Bll sind
= 1.5x7=0.2xgin 90°
=2.1N

Hence, a force of 2.1 N acts on the wire in a vertically downward direction.

(b) New length of the wire after turning it to the Northeast-Northwest direction can be given as:
[

sin &

Angle between magnetic field and current, & = 45°

Force on the wire,

e Bl sin&

=BIl

=15xF=02

=2.1N

Hence, a force of 2.1 N acts vertically downward on the wire. This is independent of angle & because /SinE s

fixed.
(c) The wire is lowered from the axis by distance, d =6.0 cm

I, =
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Suppose wire is passing perpendicularly to the axis of cylindrical magnetic field then lowering 6 cm means
displacing the wire 6 cm from its initial position towards to end of cross sectional area.

i 0

x=~J10% — 6
=8cm

Thus the length of wire in magnetic field will be 16 cm as AB= L =2x =16 cm
Now the force,

F=itB 51907 a5 the wire will be perpendicular to the magnetic field.

F=7x0.16%1.5=1.68 N The direction will be given by right hand curl rule or screw rule i.e. vertically
downwards.

11. A uniform magnetic field of 3000 G is established along the positive z-direction. A rectangular loop of sides 10
cm and 5 cm carries a current of 12 A. What is the torque on the loop in the different cases shown in Fig.
4.28? What is the force on each case? Which case corresponds to stable equilibrium?

1 sl ] to

i L G

L)
a) (b) (<)

(d) (=) (N

Ans.Magnetic field strength, B =3000 G = 3000x107 T 03T
Length of the rectangular loop, /=10 cm

Width of the rectangular loop, b =5 cm

Area of the loop,

A=Ixb 2 10x5=50 em’ _ 50x10™ *m’

Current in the loop, /=12 A

Now, taking the anti-clockwise direction of the current as positive and vise-versa:
(a) Torque, r=IA4AxB
From the given figure, it can be observed that A is normal to the y—z plane and B is directed along the z-axis.

T =12x%(50%107) Fx03k
1.8x1072 N m
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The torque is 1.8x107 Nom along the negative y-direction. The force on the loop is zero because the angle

between A and B is zero.
(b) This case is similar to case (a). Hence, the answer is the same as (a).

(c) Torque r=14xB
From the given figure, it can be observed that A is normal to the x—z plane and B is directed along the z-axis.
S T=—12%(50%107%) /= 0.3k

1.8%107% Nm

The torque is 1.8x107 Nm along the negative x direction and the force is zero.

(d) Magnitude of torque is given as:

r|=I4F

=12x50x107* %03
18107 Nm

Torque is 18107 N at an angle of 240° with positive x direction. The force is zero.
(e) Torque r=14x3

=(50%107x 12} kx0.3k

=0

Hence, the torque is zero. The force is also zero.

(f) Torque r=Ild4x3

=(50%107x 12} kx0.3k
=0
Hence, the torque is zero. The force is also zero.

In case (e), the direction of I4 and B is the same and the angle between them is zero. If displaced, they come
back to an equilibrium. Hence, its equilibrium is stable.

Whereas, in case (f), the direction of I4 and Bis opposite. The angle between them is 180°. If disturbed, it does
not come back to its original position. Hence, its equilibrium is unstable.

12. A solenoid 60 cm long and of radius 4.0 cm has 3 layers of windings of 300 turns each. A 2.0 cm long wire of
mass 2.5 g lies inside the solenoid (near its centre) normal to its axis; both the wire and the axis of the
solenoid are in the horizontal plane. The wire is connected through two leads parallel to the axis of the
solenoid to an external battery which supplies a current of 6.0 A in the wire. What value of current (with
appropriate sense of circulation) in the windings of the solenoid can support the weight of the

wire? g=98 ms™

Ans.Length of the solenoid, L=60cm =0.6 m
Radius of the solenoid, r=4.0 cm =0.04 m
It is given that there are 3 layers of windings of 300 turns each.

Total number of turns, = 3:300 Z 900
Length of the wire, /=2cm =0.02 m
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78 -3z
Mass of the wire, m=2.5g= 2.3 =107 kg
Current flowing through the wire, i=6 A

g=98m/s’

()

Acceleration due to gravity,

Magnetic field produced inside the solenoid,
Where,
=7 |
#5 = permeability of free space = 47 » 107 T m 4
I = Current flowing through the windings of the solenoid
Magnetic force is given by the relation, F = Bil
gl ,
L L
Also, the force on the wire is equal to the weight of the wire.

Lol
L

Somg=

_mgL
- il
2.5%x107 x9.8x06
= — =1084
47107 =900=0.02=6
Hence, the current flowing through the solenoid is 108 A.
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