Magnetic Effects

of Current

In the year 1820, Oersted realised that electricity and magnetism were related
to each other. He showed experimentally that the electric current through a
straight wire causes noticeable deflection of the magnetic compass needle held
near the wire.

This shows that the magnetic field is associated with a moving charge or a

current carrying conductor. The branch of physics which deals with the
magnetism due to electric current is called electromagnetism.

Magnetic Field

The space around a magnet, moving charges or current carrying conductor in
which its magnetic effect can be experienced, is called magnetic field (B). It is a
vector quantity. The SI unit for magnetic field is tesla or weber/m? and its CGS
unit is gauss (1 tesla = 10* gauss) or maxwell/cm?.

Rules to Find Direction of
Magnetic Field
- Right Hand Palm Rule If we spread our right hand in such a way that
thumb is towards the direction of current and fingers are towards that point
where we have to find the direction of field, then the direction of field will be
perpendicular to the palm.
;
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conductor
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- Maxwell’s Right Handed Screw Rule If a right
handed cork screw is rotated so that its tip moves in
the direction of flow of current through the conductor,
then the rotation of the head of the screw gives the
direction of magnetic field.

%

- Right hand thumb rule If a straight current
carrying conductor is held in the right hand such that
the thumb of the hand represents the direction of
current flow, then the direction of the folding fingers
will represent the direction of magnetic field lines of

force.
i
B
B .
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Note (i) If magnetic field is directed perpendicular and into the plane of
the paper, it is represented by ®(cross) whereas if magnetic
field is directed perpendicular and out of the plane of the paper,
it is represented by © (dot).

(i) Im Magnetic field is away from the observer or perpendicular
inwards.

Out Magnetic field is towards the observer or perpendicular
outwards.

Clockwise

i B
Out ((;)ut
Biot-Savart’s Law

This law deals with the magnetic field produced at a
point due to a small current element.

Anti-clockwise

According to this law, the magnitude of the magnetic
field dB at the point P due to the small current element
of length dl is given by

Wy idlsin®

|dB| =
2

47
where, [, 1s a constant and is called, magnetic
permeability of free space.

o =41 x 107 Wh/A-m

The value of % in CGS is unity.
7

Y- Current
’ element

Its direction is perpendicular to the plane containing dl
and r.

In vector form, Biot-Savart’s law can be written as
o i(dlxr)
|rf?

W, idlxr
- Mo 200

dB

4m r

The direction of dB is represented by the right hand
screw rule or right hand thumb rule.

Similarly, magnetic field induction at point P due to
current through entire wire,

B:J-@.i(dlxr)
Y

r3

) id [sin®
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or B:I% .

Biot-Savart’s Law in a Medium

If the conductor is placed in a medium, then vector form
of magnetic field is given as
_ W i(dlxr)

an ¢

_ Mg, i(dlxr)

41 r’
where, i, = relative permeability = il
Mo

and u = absolute permeability of the medium.

For air or vacuum ., =1.

Biot-Savart’s Law in Terms of Current Density J
_idA idl)

dp= Mo UX1) oy ( _ b _ A
3 A Adl dV

4t r

Biot-Savart’s Law in Terms of Charge q and its
Velocity v

A moving charge constitutes current and hence,
associated magnetic field is given as

dB = Mo a(v xr) (-‘-idzzqdzzq‘il:qvj
4m r’ dt dt



Applications of Biot-Savart’s Law

Let us consider few applications of Biot-Savart law
(1) Magnetic field due to a straight current

carrying conductor is
Ao

i, .
B::ﬂ:—()d(sme1 + sin6,)

+ For an infinitely long straight wire,

91 =62 ? 900
= B:M
2nd

+ When wire is semi-infinite (at the foot of long
wire),

. T
0,=0 and62=5

B= Mol
4nd
- For axial position of wire, i.e. point P lies on
axial position of current carrying conductor, then
Bat P is zero.

=

+ For an infinitely long straight wire, B < é

= B-d graph is a rectangular hyperbola as
shown below

B

d

(i1) Magnetic field at the centre of a circular

current carrying coil

idl &

B tol
2na
+ Due to whole circular loop, direction of this field is
outward perpendicular to the plane of the paper.
If the loop have N turns, then magnetic field,
p= N,
2na

- Magnetic field due to an arc of a circular current
carrying coil at the centre is given by
i

0 g

® Inwards
@)

()2

Here, 0 is to be substituted in radians.

(i11) Magnetic field on the axis of a circular coil

having N turns is
- MoNiR2
2(R2 + x2)3/2

Here, R = radius of the coil,
x = distance of point P from centre

and ¢ =current in the coil.
- At the centre of the loop, x =0

BZMONi
2R
- Forx>>R,x%+ R%=x>
w,NiR? 1
B=""""" = Boe -
23 %

« B-r graph shows the variation of magnetic field
at various position on the axis of circular current
carrying coil. Magnetic field is maximum at the
centre and decreases as we move away from the
centre on the axis of the loop.

Al ‘ Point of inflexion
| | (point of change of
3 3 curvature)
-r -2 r=0,_2 r
r=5 r=7

The magnetic field lines due to current carrying
circular coil form closed loops and is shown as
follows



Example 1. Anelement AL = Ax-i is placed at the origin

and carries a large current | =10 A. The magnetic field on the
Y-axis at a distance of 0.5 m is (Ax =1cm)

{1

— AX —

(@ 2x107°T (b)6x1078 T

(© 8x107°T d)4x10°T
Sol. (d) According to Biot-Savart law,

| dB| = Wo idlsin®
an 2

Given, Ax=d/=10"2m, =10 A,r=0.5m=y

0=90° sin6=1
-7 -2
|| =10 x10 X107 X_lo —4x107°T
25x10

Example 2. The magnitude of the magnetic field at the
centre of an equilateral triangular loop of side 1T m which is
carrying a current of 10 A'is [Take, uy=4m x 10~ "NA™?]
[JEE Main 2019]
(@9ur
(©3uT

by 1uT
(d18uT

Sol. (d) For a current carrying wire, from result obtained by
Biot-Savart’s law, magnetic field at a distancer is given by

ES
—
N

B= ”‘0 (
4mr

sin0; + sin 6,)

Now, in given case,

Due to symmetry of arrangement, net field at centre of triangle is
B.: =Sum of fields of all wires (sides)

=3 x 2% 6ing, +sin0,)
4mr

Here, 6, =0, =60°
i=10A, 20 _1077NA2

sin®, =sin 0, = ﬁ
2 4n

and r =% x altitude

-1 X ﬁ x side length

1

=—=xI

=—=m
243 5
3x107 x10 ><2[23]

(25

Example 3. One of the two identical conducting wires of
length L is bent in the form of a circular loop and the other
one into a circular coil of N identical turns. If the same
current is passed in both, the ratio of the magnetic field at the

So, Bt = =18x107°T

= Brer =18 1T

centre of the loop B; to that at the centre of the coil B, i.e. E—L
C
will be [JEE Main 2019]
1
— b) N
(@) N (b)
© () N

Sol. (c) Let consider the length of first wire is L, then according to
question, if radius of loop formed isR,, then

For first wire,

L=2nR, =R, = L
The magnetic field due to this loop at its centre,

Mo Moy on 0
2R, 2L

Now, second wire is made into a coil of N turns.

m u

——H—+o D
2

(Ro=radius of coil
having N loops)

L

L
Thin, L=NQ@2nR,) =R, =——
2T N
The magnetic field due to this circular coil of N turns,
BC = E N:N.M ..(ii)
2R, 2L
. . . . B .
Using Egs. (i) and (ii), the ratio ofB— is
'
Loi Wol
N B R "M
B i N
Bc Nﬂ M.Qn)[\]z N

2R, 2L



Example 4. A wire A, bent in the shape of an arc of a
circle, carrying a current of 2 A and having radius 2 cm and
another wire B, also bent in the shape of arc of a circle,
carrying a current of 3 A and having radius of 4 cm, are
placed as shown in the figure. The ratio of the magnetic fields
due to the wires A and B at the common centre O is

[JEE Main 2020]
(d) 2:5

(@ 4:6

Sol. (c) For wire A,

0, =360° —90° =270° =37”rad
iy=2A
R,=2cm=2x10"m

B

3A

For wire B,
o o o STE
6z =360° —60° =300 =—3 rad

ig=3A
Rg =4 cm=4x10"7%m
So, the ratio of magnetic fields due to wires A and B at the
common centre O is
HoOaia
4mR,  0,iARg
BpigR 4

Ba _
Bg 1oOgip
4nRg

37"><2><4><10‘2

%”xa x2x1072

12 6
10 5
So, B,:B;=6:5
Example 5. The magnetic field B due to a current carrying
circular loop of radius 12 cm at its centre is 0.5x 10™* T. Find
the magnetic field due to this loop at a point on the axis at a
distance of 5.0 cm from the centre.
(@3.9x107°T (6)0.5x107*T
(©)3.9x10*T (©1.0x10*T

Sol. (a) Magnetic field at the centre of a circular loop, B, = %

2
and that at an axial point, B, = Mo iR
B___ R
B (R*+x)
Substituting the values, we have

B,=(0.5x 10‘4){

Thus,

(12)°
(144+ 25)%?
=39%x107°T

Ampere’s Circuital Law

It states that, the line integral of B around any closed
path or circuit is equal to u, times the total current
bounded or threaded by that closed path provided the
electric field inside the loop remains constant. Thus,

_[B -dl = “‘O(inet)
Its simplified form is Bl = Wi,

This simplified equation can be used under the following
conditions

(i) At every point of the closed path, B|| d1.

(i) Magnetic field has the same magnitude B at all
places on the closed path.

(ii1)) Ampere circuital law holds for steady currents
which do not change with time.

Magnetic Field due to a Cylindrical Wire
+ Outside the cylinder (- > R)

In all the cases, B, . = Mot
2nR

G |6

(a) Solid cylinder

Smens

(¥
(c) Thick hollow cylinder

- Inside the hollow cylinder (r < R) Magnetic field
inside the hollow cylinder is zero because no current is
enclosed by Amperian loops as shown below

Amperian loop
(b) Thick hollow cylinder

(@) Thin hollow cylinder



- Inside the solid cylinder (r < R) Current i enclosed
by Amperian loop is lesser than the total current i.

O’i 77777777 777777777 } |Oop
Amperian i
loop p '

At inside point, §Bm~ dl=py’
Ho ir
= o
By 2n R?

- Inside the thick portion of hollow cylinder Current
enclosed by the Amperian loop of radius r is given by

B = Mol (r*-R})
"o2mr (R -RY)

Variation in Magnetic Field with Radius

+ The variation in magnetic field due to infinite long
solid cylindrical conductor along its radius is as shown
in figure

Bmaxloooooooo .

2
r<R |

0]

r=20 r=R r>R

< erl

+ The variation in magnetic field due to infinite long
hollow cylindrical conductor along its radius is as
shown in figure

Solenoid

It consists of a long wire wound in the form of a helix,

where the neighbouring turns are closely spaced. The net

magnetic field is the vector sum of the fields due to all
the turns.

Amperian

Magnetic field due to a straight solenoid can be

given as
e
/' (iQ_ ®®® é}

- Finite Length Solenoid If N = total number of

turns, /= length of the solenoid and n = number of
turns per unit length = N/, then

Solenoid

OOOOOLOOOE®

T \\\\ a ,,// i
r B .- !
Sl
P |

SIS
Magnetic field inside the solenoid at point P is given by
B= uOnl

[sina + sin 3]

- Infinite Length Solenoid If the solenoid is of infinite
length and the point is well inside it,
i.e. o=p=(n/2)
SO, En = Moni
If the solenoid is of infinite length and the point is near
one end, i.e.o. =0 and p = (n/2), so
1
( Bcnd = 5 Bm)

Variation in magnetic field with distance d from its
centre

1 .
Bcnd = 5 (MOn’I’)

B

S e N

1
|
1
|
L

End of solenoid «<~d— End of solenoid

Toroid

It is a hollow circular ring in which a large number of
turns of a wire are closely wound.

It can be viewed as a solenoid which has been bent into a
circular shape to close on itself as shown below

Magnetic field due to toroidal solenoid can be given
as
- In the open space, exterior of toroidal solenoid,

B=0



- Inside the toroidal solenoid, Sol. (a) In case of solenoid, the field at a point on the axis as
AL shown in figure is given by B = Ko ymni (sin o+ sinf)
9 4n
nr
where, N = total number of turns = 2nrn.
Then, B=pyni

Note Ampere's law is valid only for steady current. Further, it is useful
only for calculating the magnetic fields of current configurations with high

degrees of symmetry, just as Gauss's law is useful only for calculating the OOOOOOOOOOOO 0000000000000
electric fields of highly symmetric charge distributions. (a) a=
(o)
Example 6. A long, straight wire of radius a carries a k3 °°°°°°°°°°°°
current distributed uniformly over its cross-section. The ratio NG 1e
. I
of the magnetic fields due to the wire at distance gandZa : B IE
respectively, from the axis of the wire is [JEE Main 2020] i L i
3 2 1 0000000000000,
@ - (b) 2 (0 = (d) = a=0
2 3 2 ©
Sol. (c) By Ampere’s circuital law, magnetic field inside and Here, n= N _1000 _ 2.5 %103 turns m!
outside a wire carrying a uniformly distributed current are 0.
= (D) So, B=10"" x2m x 2.5 x10> x5 x10*(sin ot + sinp)
2nr
o ir e B=25mx107%sina+ sinp)
B =20." (i)
" 2m R? So, (a) when the point is at the middle on the axis o = with
sina = sinB:—L
V2 + 4r?
_ 0.4 _ i
(0.4) + 40.3)* 72
Then, B=2.51 x1070 x2 x
7.2
=8.7x107°T
In given case, radius of wire is a. So, magnetic field due to wire at and (b) when the point is atLthe end on tfg)e4ax15 *= 04W]th
; a sinf = = - =—
a distance 3 from centre, \/LZ = \/(0.4)2 ~ 032 5
'@j ’. Then, B=2.51x10™° x 2 =6.28 x10-°T
=l A3/ B [from Eq. (ii)] >
2n a 6ma E le 8 . J i has i
and magnetic field at a distance 2a from centre, ’“,’mp e 8. A coil wrappe argund a toroid has inner:
Wi Wi ' radius of 20.0 cm and an outer radius of 25.0 cm. If the wire
) = 23 = ama [fromEq. )] wrapping makes 800 turns and carries a current of 12.0 A.
. ) ) Find the ratio of maximum and minimum values of the
Ratio of fields will be o oy .
Wy magnetic field within the toroid.
B, @) 2 (@) 2 (b) 1.25 (3 (d) 4.29
B, (ﬂj 3 Sol. (b) Let aand b denote the inner and outer radii of the toroid,
4ma then maximum value of magnetic field,
-7
Example 7. A solenoid of length 0.4 m and diameter Brax =Woni = BN ;_ 4m x10 _ x800 X_l 20 ( n= ﬁj
0.6 m consists of a single layer of 1000 turns of fine wire 2ma 2m x200 x10 2mr
carrying a current of 5 x 107> A. Calculate the magnetic field =96x107° T=96mT
on the axis at the middle and at the end of the solenoid. o - . Ni
. . Minimum value of magnetic field, B,,;, =i =uy —-
(@ 8.7x107°T,6.28 x10°°T , 27nb
-6 -6 4nt x107" x 800 x120 -
(b)6.28 x107°T, 8.7 x107°T B = HX10 X800 2020 766510707 =768 m1
(©)5.7%x107°T,6.28 x10°°T T X250 x10
() 8.7 x107°T,8.28 x107°T = Biax/Byin =9.6/7.68=1.25



Force on a Moving Charge
in a Uniform Magnetic Field

For a particle carrying a positive charge ¢ and moving
with velocity v enters a magnetic field B, then it
experiences a force F,, which is given by the expression

F,, =q (v xB)

Motion of Charged Particle in a
Uniform Magnetic Field

When a charged particle q is thrown in magnetic field B
with a velocity v. The magnetic force acting on the
particle is given by F' = Bqu sin6, where 0 is the angle
between the velocity and the magnetic field.

Depending on the initial conditions, the charged particle
can follow different trajectories in a region of uniform
magnetic field.

Casel When6 =0°or 180°
The magnetic force is F' = 0.
Hence, path of the charged particle is a straight line

(undeviated) when it enters parallel or antiparallel to
magnetic field.

CaseIl When6 = 90°
The magnetic force is F' = Bqu.

This magnetic force is perpendicular to the velocity at
every instant. Hence, path is circle. Then,
mv _ 429 Vm

- Radius of the circle, r =
Bqg Bq

2
Here, K = kinetic energy of particle = zp— or p=~2Km
m

where, p = momentum of particle.

+ Time period of the circular path, T = 2£m
q
+ Angular speed of the particle,
oo Ba
m
+ Frequency of rotation, f = Bq
2nm

Case ITII When 0 is other than 0°, 180° or 90°,

then velocity of charged particle can be resolved in two
components one along B and another perpendicular to B.

— B vsin®

v cos 6

vy=vcosO and v, =uvsin®
Hence, the resultant path will be helical. Then,
+ The radius of this helical path,
mv, _ muvsin®
‘Bq  Bg

r =

2nm
Bq
Bq

2nm

+ Time period, T =

- Frequency, f=

- Pitch is defined as the distance travelled along
magnetic field in one complete cycle.
2nm v cosH

i.e. P=U||T= B
q

Example 9. A charged particle carrying charge 1 uC is
moving with velocity 2i + 3} +4k) ms~". If an external
magnetic field of (51 + 3} —6k) x 1072 T exists in the region,

where the particle is moving, then the force on the particle is
Fx1 079 N. The vector F is [JEE Main 2020]

(@)—030i + 032j — 009k
(b) -30i + 32j — 9k
(c) —300i + 320j — 90k
(d)-30i + 32j —09k
Sol. (b) Force on a charged particle moving in region of a
magnetic field is given by
F=q(vxB
q=1uC=1x107°C,
V= (2Ai + 3} + 4IA() ms™'
and  B=(5i+3j-6kx107T

So, force on the particle is

Here,

i j k
Fx1072 =1x107% 2 3 4
5x107% 3x107° —6x1073
ij k
=107%(2 3 4
5 3 -6
= F=-30i+32j-9k

Example 10. A proton, an electron and a helium nucleus,
have the same energy. They are in circular orbits in a plane
due to magnetic field perpendicular to the plane. Letr,, r,
and r,, be their respective radii, then [JIEE Main 2019]
@ 1, < 1, =rye
(b) re > 1, =rye
(©) 1y < 1, <fye

(d) re> 1y >nge

Sol. (c) When a moving charged particle is placed in a magnetic
field B, then the net magnetic force acting on it is

F, =q(vxB)

F,=qvBsin0
Here, 0=90°

F,=qVvB



Also, due to this net force, the particle transverses a circular path,
whose necessary centripetal force is being provided by F,,, i.e.

——=qVB
r
2
mv:  mv
= =——=—=ro«m
qvB gB
myv
So, for electron r,=—%-orr, c<m,
eB
mpyv
For proton f,=——0rr, «<m

P~ aB p p
4mpv _ 2mpv
2eB eB

e > 1y (" hye =2r,)

wm, =10""kg,
m, =107 kg

Example 11. A beam of protons with a velocity
4x10°ms" enters a uniform magnetic field of 0.3 T at an
angle of 60° to the magnetic field. Find the pitch of the helix.
(Take, mass of the proton =1.67 x 107 kg)

(@) 2.35cm (b) 5.35 cm

(c) 4.35cm (d) 6.35 cm

For He-particle 1, =
Clearly,

and we know that, m, >m,

Iy >l = Ihg >1y > 1,

Sol. (c) When a charged particle is projected at an angle 6to a
magnetic field, the component of velocity parallel to the field is
v cos 6 while perpendicular to the field is v sin 6, so the particle
will move in a circle of radius
pomv sin©
qB
167 x107% x 4 x10° x (+/3/2)
1.6 x107"7 x 0.3

:ix10’2m: 1.2 cm

V3
vsin®

/ /

5 ) ) y
vcos 8 J X J X J
— P

2nr 2mx1.2x1072

As, = = =2.175%107"s
vsin® 4 x10° x (/37

So, pitch, P=vcosG><T=4><105x%x2.175><10"7

ie P=4.35x10"2m=4.35 cm

Lorentz Force

Motion of a charged particle in combined electric and
magnetic fields.

If a charge ¢ is moving with velocity v enters in a region
in which electric field E and magnetic field B both are
present, it experiences force due to both fields

simultaneously. The force experienced by the charged
particle is given by the expression,

F =q(vxB)+q¢E=F, +F,
Here, magnetic force F,, = q(v x B) = Bqu sin6 and electric
force F, = qE.

This force is known as Lorentz force.

The direction of magnetic force is same as v x B, if charge
is positive and opposite to v x B, if charge ¢ is negative.

Case I When vB and B are all collinear.
In this, magnetic force on the particle will be zero. So,
9E

m

a=

The particle will pass through the field following a
straight line path with change in its speed.

Case I When v, E and B are mutually perpendicular.
In this, F=F, +F,=0
or a=0

The particle will pass through the field with same
velocity without any deviation in it’s path.

Thus, F,=F,
E

or v="—
B

This principle is used in velocity selector to get a charged
beam having a specific velocity.

Example 12. An electron is moving along +x-direction
with a velocity of 6 x 10° ms™". It enters a region of uniform
electric field of 300 V/cm pointing along +y-direction. The
magnitude and direction of the magnetic field set up in this
region such that the electron keeps moving along the
x-direction will be [JEE Main 2020]

@ 3x107*T, along + z-direction
(b) 5x107° T, along — z-direction
(© 5x107% T, along + z-direction
(d) 3x107* T, along — z-direction
Sol. (c) Given that, v =6 x10° i m/s,
E=300j V/cm =3 x10*j V/m

Fmagnetic
E
-
—v
¢ Felectric
To keep the electron moving along xdirection,
Fnel =0
or Felectric + Fmagnetic =0
gE+qg(vxB) =0
or E+vxB=0

It is possible when magnetic field B must be along + z-direction
and magnitude is
g_E_3x10%

= 6A=5x10‘3|2T
vV 6x10°i



Example 13. A particle having the same charge as of
electron moves in a circular path of radius 0.5 cm under the
influence of a magnetic field of 0.5 T. If an electric field of
100 V/m makes it to move in a straight path, then the mass of
the particle is (Take, charge of electron =1.6x 10™"° C)

[JEE Main 2019]
a)1.6x 107" kg
b)1.6x 107 kg
09.1x 103" kg
d)2.0x 107%* kg

(@)
(b)
(
(

Sol. (d) According to given condition, when a particle having
charge same as electron move in a magnetic field on circular
path, then the force always acts towards the centre and
perpendicular to the velocity.

X X
X X
X X
X X
X X
X X
Here, B=0.5T

R =radius of circular path =0.5cm =0.5 x10? m

Now, the magnetic force is

F.,=qlvxB =qvBsin90°

F,=qvB ()
When the electric field applied, then the particle moves in a
straight path, then this is the case of velocity selector.

T ]1+Q

- - - - -1-Q
Here, the electric force on charge,
[ ...(ii)
In velocity selector,
Fn=F,
= qvB=qf = v=E/B ...(iih)

Initially particle moves under the magnetic field, so the radius of
circular path taken by the particle is
_mv
gB
From Egs. (iii) and (iv), we get
qBR

E
1.6x1079%0.25%x 0.5% 1072
m= 102

.(iv)

m=2x10"2*kg

Cyclotron

It is a device used for accelerating positively charged
particle (like a-particles, deutrons, etc.) with the help of
uniform magnetic field upto energy of the order of MeV.

/\/A
High frequency l S

oscillator

The period of revolution is given by

po 1 _2mm

v, ¢B
or e = 9B
2nm

This frequency is called the cyclotron frequency.
The frequency v, of the applied voltage is adjusted, so
that the polarity of the dees is reversed in the same time
that it takes the ions to complete one-half of the
revolution. The requirement v, = v, is called the
resonance condition.
The velocity of the charged particle or ions when it leave
the system via an exit slit,
gBR
m
where, R is the radius of the trajectory at exit and equals
the radius of a dee.
The kinetic energy of the ions,
212 p2
E-lp2_9BR
2 2m
Maximum energy of charged particle is

2p2
By =[q B ]
2m

where, 1, is maximum radius of the circular path followed
by positive ion.

Important Points Related to Cyclotron

+ Cyclotron is suitable only for accelerating heavy
particles like proton, deutron, a-particle, etc. Electrons
cannot be accelerated by the cyclotron because the
mass of the electron is small and a small increase in
energy of the electron makes the electrons move with a
very high speed. As a result of it, the electrons go
quickly out of step with oscillating electric field.



- When a positive ion is accelerated by the cyclotron, it
moves with greater and greater speed. As the speed of
ion becomes comparable with that of light, the mass of

the ion increase according to the relation
m
0

=

where m, = the rest mass of the ion,

m = the mass of the ion while moving velocity v
and ¢ = velocity of light.
Now, the time taken by the ion to describe semicircular
path is

m =

_mm _ m mg

qB_qB . 02
)

C

From the above relation, we can conclude that, the 1on
cannot move with a speed beyond a certain limit in a
cyclotron.

Force on a Current Carrying
Conductor in a Magnetic Field

When a current carrying conductor is placed in a magnetic
field, the conductor experience a force in a direction
perpendicular to both the direction of magnetic field and
the direction of current flowing in the conductor.

The magnetic force is

F =1ilBsin0

F=i(lxB)
B = intensity of magnetic field,
i = current in the conductor,
[ =length of the conductor

and 6 = angle between the length of conductor and
direction of magnetic field.

In vector form,
where,

There arises two cases

« If6 =90° or sin6 = 1, then F = ilB (maximum).
Therefore, force will be maximum when the conductor
carrying current is perpendicular to magnetic field.

- If0=0° or sin® =0, then F=i/Bx 0=0.
Thus, the force will be zero, when the current carrying
conductor is parallel to the field.

The direction of this force can be found out either by
Fleming’s left hand rule or by right hand palm rule.

Rules to Find the Direction of Force
- Right hand palm rule If we stretch the right hand
palm such that the fingers and the thumb are mutually
perpendicular to each other and the fingers point in the
direction of magnetic field and thumb points in the
direction of motion of positive charge, then the
direction of force will be along the outward normal on
the palm.

Force F

Current or motion

Field B I /' of positive charge

- Fleming’s left hand rule If we spread the
forefinger, central finger and thumb of our left hand in
such a way that all three are perpendicular to each
other then, if forefinger is in the direction of magnetic
field, central finger is in the direction of current, then
thumb will represent the direction of force.

(Direction of force on conductor)
F Thumb
m

B

(Direction of magnetic field)
i orl Forefinger
(Direction of current)
Central finger

Note Tolearn this rule, remember the sequence of Father, Mother, Child.
Thumb — Father — Force
Forefinger — Mother — Magnetic field
Central finger — Child — Current of direction of positive charge

Magnetic Force on an Arbitrarily Shaped
Wire
If the current carrying conductor in the form or a loop of
any arbitrary shape is placed in a uniform field,

F =§§ide B= i[§de B
and as for a closed loop, the vector sum of dL is always
Zero.
So, F = fidLxB=i[fdLx B]

i.e. the net magnetic force on a current loop in a uniform
magnetic field is always zero.

Example 14. A straight wire of length 30 cm and mass
60 ug lies in a direction 30° east of north. The earth’s
magnetic field at this site is horizontal and has a magnitude of
0.8 G. What current must be passed through the wire, so that
it may float in air?
(@ 10A
(c) 40 A

(b) 20 A
(d)50 A



Sol. (d) As shown in figure, if a currenti is passed through the
wire from end A towards B it will experience a force Bil sin 6
vertically up and hence will float, if

Bilsin@=mg
mg 60 x107° x10

i=——2—= — — =50 A
Blsin® 0.8x107* x30 x107"x1/2

Force between the Two Parallel Carrying
Current Conductors

If two infinitely long parallel conductors carrying the
currents i, and i, respectively and are separated by a
distance d, then magnetic force experienced by length L
of any one conductor due to the other current carrying

conductor is F,, = 20 .t . T,
2n d

The force F,, per unit length, f,, = MZLadlb
b
The direction of force depends on the direction of current

in them as

(1) attractive, if current flow in same direction.
(i1) repulsive, if current flow in opposite direction.

Definition of Ampere

One ampere is the current which flows through each of
the two parallel uniform long linear conductors, which

are placed in free space at a distance of 1 m from each

other and attract or repel each other with a force of
2x107"N/m.

Example 15. The force between two parallel current
carrying conductor is F. If the current in each conductor is
doubled, then the force between them becomes
(a) 4F (b) 2F (o F (d) F/4
Sol. (a) The force between two parallel current carrying
conductor is
F _Ho hly x|
4n d
When currents in each conductor are doubled, then force will be
probo2hx2ly o e
2n  d 2n d

Example 16. Two wires A and B are carrying currents i,
and i, as shown in the figure. The separation between them is
d. A third wire C carrying a current i is to be kept parallel to
them at a distance x from A such that the net force acting on it
is zero. The possible values of x are

A c B

d [JEE Main 2019]

Sol. (d) Net force on the third wire, carrying currenti in the
following first case is

A B

|
d
|
|
|
|
|
|
|
|

= X —d-x—|
|
|
1 3 2
Fs+F3=0
Using thumb rule, direction of B at inside region of wires A and B
will be same.

P«o"1"+ Moip

=0
2nx 2w (d-X
= by g5 ho b
x d-x x x-—d
or (x—d)iy=xi, = x(,—iy)=di
i .
= X = (])

(i1 - 12)
Second case of balanced force can be as shown

LA B
k—— d —|

Iy

|
|
|
|
|
|
|
X
|
‘K;*d—x
3 1 2
Using thumb rule, directions of B at any point on wires A and B
will be opposite, so net force,
Mold Mol _
2nx 2n(d + X




i i
or 12

x d+x x d+x

= d+ X iy =xi,
= i, — i) x=diy

i -
= X=- -d - (i)

(i — 1))
From Egs. (i) and (ii), it is clear that
x=t ¢

(i1 - 12)

Magnetic Force between
Two Moving Charges

Consider two charges ¢; and ¢, are moving with
velocities v; and v, respectively and at any instant, the

distance between them isr.
Vi Vo
Fe Fm le Fe
o A\

Gy ——r——i0G,

A magnetic force F,, will appear between them alongwith

the electric force.

: Mo 9193 U1Vs

i.e. F =" ===
" 4m r2

Torque Acting on a Current
Carrying Coil
Torque acting on a current carrying coil placed inside a
uniform magnetic field is given by
7= NBiA sin 0

where, N = number of turns in the coil,

B = magnetic field intensity,

i = current in the coil,
A = area of cross-section of the coil

6 = angle between magnetic field and normal to
the plane of the coil.

and

Moving Coil Galvanometer (MCG)

It is a device whose principle is based on the torque on a
current carrying loop. When a current flows through the
coil of a galvanometer, a torque acts on it. This torque is
given by T = NiAB.

Torsion head

Phosphor
Bronze strip

| — Concave mirror

Soft iron core
A D /

|
Ty ::.' A ka7 Hair sori
|l air spring
o @elling
Screw
[ =2
U U

Call

In equilibrium, deflecting torque = restoring force
ko = NiAB
where, kis the torsional constant of the spring.
Due to this torque, a deflection ¢ is indicated on the scale
by the pointer attached to the spring as
Sco
k
where, N = number of turns in the coil,
B = magnetic field intensity,
A = area of cross-section of the coil

and 0 = angle of twist.

Current Sensitivity The deflection produced per unit
current in galvanometer is called its current sensitivity.
. 0 NBA
LS = - = —_—

i k
Voltage Sensitivity The deflection produced per unit
voltage applied across the ends of the galvanometer is
called its voltage sensitivity.
Voltage sensitivity, V, = 9 NBA
\% kr
where, R is the resistance of the galvanometer.

Current sensitivity,

Therefore for a sensitive galvanometer
« N should be large,

« Bshould be large,

- A should be large

- and & should be small.

Example 17. A moving coil galvanometer has a coil with
175 turns and area 1 cm?. It uses a torsion band of torsion
constant10™® N-m/rad. The coil is placed in a magnetic field B
parallel to its plane. The coil deflects by 1° for a current of T mA.
The value of B (in tesla) is approximately [JEE Main 2019]

(@) 1073 (b) 1074
(© 107" (d) 1072

Sol. (a) In a moving coil galvanometer in equilibrium, torque on
coil due to current is balanced by torque of torsion band.

As, torque on coil,

C =NIAB sino

B = magnetic field strength,

i = current and N = number of turns of coil.

Since, plane of the coil is parallel to the field.

. 0=90°=1=NIiBA

Torque of torsion band, T =k6

where, k=torsion constant of torsion band

and 0 = deflection of coil in radians or angle of twist of
restoring torque.

BiNA =k6 or B:ﬁ .. (i)

iNA
k=10"®N-m/rad,
i=1x107% A,

N =175,
A=1cm?=1x10"*m?

6=1°=Lrad
180

where,

Here,



Substituting values in Eq. (i), we get
B 107°x22
T 1x107% x175%x7 x180 x10~*
=0.998 x1073
=1073T

Conversion of Galvanometer to
Ammeter

A current measuring instrument is called an ammeter. A
galvanometer can be converted into an ammeter by
connecting a small resistance S (called shunt) in parallel
with it.

If G is the resistance of a galvanometer and it give full
scale deflection for current i,, then required low
resistance S, connected in its parallel for converting it
into an ammeter of range i is given by

________________________________ \/—Amme’[er
| ; 3
L (=io) MWW |
_____ | |
| |
° ' ) ' ~
Ac i j @ ! B
\ g )

g xG=(@{-1,)%x8S

= S=(.lg,JG
l—lg

Note (i) Percentage error in measuring a current through an ammeter is

=|—4 |x100
R+ Ry
(i) Resistance of ammeter, R, = GS
G+ S

Conversion of Galvanometer to
Voltmeter

A voltage measuring device is called a voltmeter. It
measures the potential difference between two points. A

galvanometer can be converted into voltmeter by connecting

a high resistance R in series with it.

If a galvanometer of resistance G shows full scale
deflection for current i,, then required high resistance R,
connected in series for converting it into a voltmeter of
range V is given by

Note (i) Percentage error in measuring the potential difference by a

voltmeter =

1+ L
Ry

(i) Resistance of voltmeter, R, = R+ G

Example 18. The resistance of a galvanometer is
50 Q and the maximum current which can be passed through
it is 0.002 A. What resistance must be connected to it in order
to convert it into an ammeter of range 0-0.5 A?
[JEE Main 2019]
(@0.2Q
(c) 0.002 Q

(b) 0.5Q
(d) 0.02Q

Sol. (a) Ammeter circuit is shown in the figure below

So, G =(-i) S

i, =0.002 A,
i=05A,

G=50Q

So, shunt resistance required,

G  0.002x 50

S= = =0.2Q

i—i; (0.5-0.002)

Here,

Example 19. A moving coil galvanometer has resistance
50 Q and it indicates full deflection at 4 mA current. A
voltmeter is made using this galvanometer and a 5 kQ
resistance. The maximum voltage, that can be measured using
this voltmeter, will be close to [JEE Main 2019]

(@) 40 V (b) 10V (© 15V (d) 20V

Sol. (d) Given, resistance of galvanometer, R, =50 Q

Current, i, =4mA =4 X107 A

Resistance used in converting a galvanometer in voltmeter,
R=5kQ=5x10’Q

Wy o
o1 A R
Voltmeter

~.Maximum current in galvanometer,

Lok
=

R+R,
E=iyR+Ry

=4x107°x (5 x10> + 50)
=5050 x4 x1073

=202V
=20V



Practice Exercise

Topically Divided Problems

Magnetic Field, Biot-Savart’s Law
and its Applications
1. Which of the following graph represents the

variation of magnetic flux density B with distance r
for a straight long wire carrying an electric
current?

B B

(a) (b)

(© (d)

r - T

. Biot-Savart law indicates that the moving electrons

(velocity v) produce a magnetic field B such that

(a) BOv [NCERT Exemplar]

() Bllv

(c) it obeys inverse cube law

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

. Find the magnitude and direction of magnetic field

at point P due to the current carrying wire as
shown in figure.

——a——

2

~
~

[ -
/
/

/

N

P p—
/

N
A
N
N

/
=
/

-

() B:% [-1/2 -/312]
(b)B:%[l 12 + /312
© B=% [-1/2 +/3/2]

@ B=Y 1 o+ B
4Ta

4. A horizontal overhead power line carries a current

of 90 A in east to west direction. What are the

magnitude and direction of the magnetic field due

to the current 1.5 m below the line? [NCERT]

(a) 1.2x 107° T, perpendicularly outward to the plane
of paper

(b) 1.9x 107° T, perpendicularly outward to the plane
of paper

(¢) 2.6x 107° T, perpendicularly inward to the plane of
paper

(d) 2.6x 107 T, perpendicularly inward to the plane of
paper

. Two wires PQ and @R, carry equal currents i as

shown in figure. One end of both the wires extends
to infinity JPQR= 6. The magnitude of the
magnetic field at O on the bisector angle of these
two wires at a distance r from point @, is

Mot . © Mo 1

Ll — 2~ cotB

(@) 41t smz (b) 4nrco

© Mo ¥ tang ) Mo i +~cos6/2)
41 2 2t r  (sinBR)

. A pair of stationary and infinite long bent wires are

placed in the xy-plane. The wires carrying currents
of 10 A each are shown in figure. The segments L and
M are parallel to X-axis. The segments P and @ are
parallel to Y-axis, such that OS =OR =0.02m. The
magnetic field induction at the origin O is

Y | o0

(@ 10T () 4x102T () 2x10T () 10T



7.

10.

A length [ of wire carries a steady current i. It is
bent first to form a circular plane coil of one turn.
The same length is now bent more sharply to give
three loops of smaller radius. The magnetic field at
the centre caused by the same current is

(a) one-third of its initial value

(b) unaltered

(c) three times of its initial value

(d) nine times of its initial value

. Equal current i flows in two segments of a circular

loop in the direction shown in figure. Radius of the
loop is r. The magnitude of magnetic field induction
at the centre of the loop is

(a) zero (b) Hoi®
31

@ Mol on-g
21 1

Mo @0
© o~ (mM=9

. A current path shaped as shown in figure produces

a magnetic field at P, the centre of the arc. If the
arc subtends an angle of 30° and the radius of the
arc is 0.6 m. What is the magnitude of the field at
P, if the current is 3.0 A?

p {'j 30°

(a) 2.62x107°T
(¢) 3.62x107"T

(1)2.62x1077 T
(d)2.62x1078T

A current loop, having two circular arcs joined by

two radial lines as shown in the figure. It carries a
current of 10 A. The magnetic field at point O will
be close to

i=10A
() 1.0x1077T
(d) 1.5x10° T

(@) 10x107° T
(¢) 1.5x107"T

[JEE Main 2019]

11.

12.

13.

14.

Magnitude of magnetic field (in SI unit) at the
centre of a hexagonal shaped coil of side 10 cm, 50

. . . . i
turns and carrying current i ampere in units of Ho?

Tt
is [JEE Main 2020]
(a) 2504/3 (b) 5043
() 5003 (d) 543

The magnetic field normal to the plane of a wire of
n turns and radius r which carries a current i is
measured on the axis of the coil at a small distance
h from the centre of the coil. This is smaller than
the magnetic field at the centre by the fraction

(a) @/3)r¥hn?

(M) @/2)r4h?

(¢) @/3)h%r?

(d) B/2)h%r?

A very long wire ABDMNDC is shown in figure
carrying current i. AB and BC parts are straight,
long and at right angle. At D, wire forms a circular
turn DMND of radius R. AB, BC parts are
tangential to circular turn at N and D. Magnetic
field at the centre of circle is [JEE Main 2020]

D C

i
(b) oR

Mot L
4 Eo¥ - L
@ 2o ﬁg
The magnetic field at the centre of the circular loop
as shown in figure, when a single wire is bent to

form a circular loop and also extends to form
straight section is

@ 2o e

© ;—On; (m+1)

(a) Mol

2R R§+n\1/§§
@l 1

Mo 1 Kot
© mgl nﬁ@ @5




15.

16.

17.

Two concentric coils, each of radius equal to 21 cm,
are placed at right angle to each other. Currents of
3 A and 4 A respectively, are flowing through the
two coils. The magnetic induction (in Wbm ™ or T)
at the centre of the coils will be

(Take, iy =411 x 1077 Wb (Am) ™)

(2) 5x107° (b) 7x107°
(¢) 12x107° (107
A hair pin like shape as shown in figure is made by

bending a long current carrying wire. What is the
magnitude of a magnetic field at point P which lies
on the centre of the semi-circle? [JEE Main 2021]

<@%§@—m <m%%@+m

(@%§a+m (@%%@—m

The magnetic flux density B at a distance r from a
long straight rod carrying a steady current varies
with r as shown in figure.

B B

(a) (b)

© (d)

VAN

r r

Ampere’s Circuital Law and Solenoid

18.

19.

A current of i ampere flows along an infinitely long
straight thin walled tube, then the magnetic
induction at any point inside the tube is

(a) infinite (b) zero
Ho2i Mot
T d =*=T
© = (d) oy
A solenoid of 1000 turns per metre has a core with

relative permeability 500. Insulated windings of
the solenoid carry an electric current of 5A. The
magnetic flux density produced by the solenoid is
(Take, permeability of free space = 41t x 107" H/m)
[JEE Main 2021]

(b)2x1073 T
(d) 10™mT

(a) T
T
(c) 5 T

20.

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. [NCERT]
(a) 1.5x 1072T, opposite to the axis of solenoid

() 2.5x 1072T, along the axis of solenoid

(¢) 3.5x 1072T, along the axis of solenoid

(d) 1.5 % 1072T, opposite to the axis of solenoid

Force on Charged Particle in
Electric and Magnetic Fields

21.

22.

23.

An electron is projected with uniform velocity along

the axis of a current carrying long solenoid. Which

of the following is true? [NCERT Exemplar]

(a) The electron will be accelerated along the axis

(b) The electron path will be circular about the axis

(¢) 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

An electron gun is placed inside a long solenoid of
radius R on its axis. The solenoid has n
turns/length and carries a current I. The electron
gun shoots an electron along the radius of the
solenoid with speed v. If the electron does not hit
the surface of the solenoid, maximum possible
value of v is (all symbols have their standard
meaning) [JEE Main 2020]

R
>
Z \_)_/
SN
y B
S
X
\_)_/
R < =
2e
(a) zeponth
m
®) epgniR
4m
© eponlR
2m
) eponlR
m
A particle of charge g and mass m is moving with a

velocity —vi(v #0) towards a large screen placed in
the YZ-plane at a distance d. If there is a magnetic
field B = Byk, the minimum value of v for which the

particle will not hit the screen is [JEE Main 2020]

@) qdB, ®) 2qdB,
3m m

© qdBy @ qdBy
2m



24.

25.

26.

27.

28.

An electron moving along the X-axis with an initial
energy of 100 eV, enters a region of magnetic field
B=(15x107T) kat S (see figure). The field

extends between x =0 and x =2 cm. The electron is
detected at the point @ on a screen placed 8 cm
away from the point S. The distance d between P
and @ (on the screen) is

(Take, electron’s charge = 16 x 10™'° C, mass of
electron =9.1 x 103! kg) [JEE Main 2019]
l

IR
o

8cm

(a) 11.65 cm
(c) 1.22 cm

(b) 12.87 cm
(d) 2.25 cm

In an experiment, electrons are accelerated, from
rest by applying a voltage of 500 V. Calculate the
radius of the path, if a magnetic field 100 mT is
then applied. (Take, charge of the electron

=16 x107"° C and mass of the electron

=91 x107% kg) [JEE Main 2019]
(@) 75x107m () 75x107" m

(¢ 75x107 m (d 7.5m

A proton and an a-particle (with their masses in
the ratio of 1 : 4 and charges in the ratio of 1 : 2)
are accelerated from rest through a potential
difference V. If a uniform magnetic field B is set up
perpendicular to their velocities, the ratio of the
radii r, : 7, of the circular paths described by them

will bév [JEE Main 2019]
(@)1:42 (b)1:43
(1:3 (d1:2

A deuteron of kinetic energy 50 keV is describing a
circular orbit of radius 0.5 m, is plane
perpendicular to magnetic field B. The kinetic
energy of proton that describes a circular orbit of
radius 0.5 m in the same plane with the same
magnetic field B, is
(a) 200 keV

(c) 100 keV

(b) 50 keV
(d) 25keV

An electron and a proton enter a magnetic field
perpendicularly. Both have same kinetic energy,
which of the following statement is true ?

(a) Trajectory of electron is less curved.

(b) Trajectory of proton is less curved.

(c) Both trajectories are equally curved.

(d) Both move on straight line path.

29.

30.

31.

32.

33.

34.

A charge @ is moving d1 distance in the magnetic
field B. Find the value of work done by B.
[JEE Main 2021]

(a1 (b) Infinite  (c) Zero (d) -1

Two charged particles M and N enter a space of
uniform magnetic field, with velocities
perpendicular to the magnetic field. The paths are
as shown in figure. The possible reason (s) is/are

« M N

(a) the charge of M is greater than that of V

(b) the momentum of M is greater than that of N
(c) specific charge of M is greater than that of N
(d) the speed of M is greater than that of V

An electron, a proton and an alpha particle having
the same kinetic energy are moving in circular
orbits of radii r,, r,,, 7, respectively, in a uniform
magnetic field B. The relation betweenr,, r,,, 1, is
[JEE Main 2018]
®)yr,<r,=ry
dr,<ry<r,

@r,>r, =1y
©r,<r,<r

A proton of mass 1.67 x 1027 kg and charge

1.6 x 107°C is projected with a speed of 2 x 10°ms ™

at an angle of 60° to the x-axis. If a uniform

magnetic field of 0.104 T is applied along y-axis,

the path of proton is

(a) a circle of radius = 0.2 m and time period
=2mx107"s

(b) a circle of radius = 0.1 m and time period
=2mx107"s

(c¢) a helix of radius 0.1 m and time period
=2mx107" s

(d) a helix of radius 0.2 m and time period
=2mx107" s

A beam of protons with speed 4 x 10° ms™* enters a

uniform magnetic field of 0.3 T at an angle of 60° to
the magnetic field. The pitch of the resulting helical
path of protons is close to

(Take, mass of the proton = 167 x 10727 kg and
charge of the proton = 1.69 x107'°C)  [JIEE Main 2020]
(a) 2cm (b) 4 cm

() 5cm (d) 12 cm

The figure shows a region of length / with a
uniform magnetic field of 0.3 T in it and a proton
entering the region with velocity 4 x 10° ms™
making an angle 60° with the field. If the proton
completes 10 revolutions by the time it cross the



35.

36.

region shown, [ is close to (Take, mass of proton
=167 x 10727 kg, charge of the proton

=16x107* C) [JEE Main 2020]
B
—_—
—_—
—_—
_
— |
l P
(a) 0.11 m (b) 0.88 m
() 0.44m (d) 0.22 m
A particle of mass m and charge ¢ is in an electric

and magnetic field is given by
E=2i+3j,B=4j+6k

The charged particle is shifted from the origin to

the point P(x =1; y =1) along a straight path. The

magnitude of the total work done is  [JEE Main 2019]

(@) 0.35¢ () (015) ¢
(c) 2.5¢ (d) 5q
A particle of charge g and mass m starts moving

from the origin under the action of an electric field,
E = E,1and B = B, 1 with a velocity, v = v, j. The

speed of the particle will become %vo after a time

muy muy

@ 5 ® o5

© f’"”" (@ Yomu
qE 2qF

Force on a Current Carrying
Conductor/Coil in a Magnetic Field

37. Along horizontal wire P carries a current of 50 A.

38.

It is rigidly fixed. Another fine wire @ is placed
directly above and parallel to P. The weight of wire
Q is 0.075 Nm ™ and carries a current of 25 A. Find
the position of wire @ from P, so that wire @
remains suspended due to the magnetic repulsion.

1 _2 1 _2
a) —x10“m b) = x10“m
()2 ()3

1 _2 l _2
(c)4><10 m (d)5><10 m
A metal wire of mass m slides without friction on
two rails placed at a distance [ apart. The track lies
in a uniform vertical magnetic field B. A constant
current i flows along the rails across the wire and
breakdown the other rail. The acceleration of the
wire is

(a) B;"i (b) mBi
Bil mil
(©) ; (d) E

39.

40.

41.

42.

A current i, carrying wire AB is placed near an
another long wire CD carrying current i, as shown
in figure. If free to move, wire AB will have

D

it A—m—B

C

(a) rotational motion only

(b) translational motion only

(¢) rotational as well as translational motion
(d) neither rotational nor translational motion

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.
(a) 1.5x 10°N (b) 2x 107N

(¢) 4x 107N (d) 3.2x 10°N

In the given diagram, two long parallel wires carry
equal currents in opposite direction. Point O is
situated mid-way between the wires and the

XY -plane contains the two wires and the positive
Z-axis comes normally out of the plane of paper.
The magnetic field B at O is non-zero along

i Y

(a) X,Y and Z-axes
(c) Y-axis (negative)

(b) X-axis (positive)
(d) Z-axis (negative)

A rigid square loop of side a and carrying current i,
is lying on a horizontal surface near a long current
i, carrying wire in the same plane as shown in
figure. The net force on the loop due to the wire will
be [JEE Main 2019]
I

\ a

(a) repulsive and equal to %

(b) attractive and equal to %

(c) zero

(d) repulsive and equal to %



43. Two very long straight parallel wires carry currents 48. An ammeter has resistance R, and range I. What

i and 2i in opposite directions. The distance between resistance should be connected in parallel with it to
the wires is r. At a certain instant of time, a point increase its range by nl ?

charge g is at a point equidistant from the two (a) Ry/(n-1) (b) Ry/(n+1)

wires in the plane of the wires. Its instantaneous (© Ry/n (d) None of these

velocity v is perpendicular to this plane. The 49. A moving coil galvanometer allows a full scale

magnitude of the force due to the magnetic field

-4 . . .
acting on the charge at this instant is current of 107" A. A series resistance of 2 MQ is

required to convert the above galvanometer into a

3l IqU
(a) zero () % W voltmeter of range 0-5 V. Therefore, the value of
U, iqu U, iqu shunt resistance required to convert the above
(c) Ho 1qv (d) Ro 1qv galvanometer into an ammeter of range 0.10 mA is
mnr 2 r [JEE Main 2019]
44. Two parallel long wires A and B carry currents i (a) 100 Q (b) 500 Q
and i, (< ). When 7, and i, are in the same () 200 Q (d 10Q
direction, the magnetic field at a point mid-way 50. A galvanometer having a coil resistance 100 Q gives
between the wires is 10uT. If ; is reversed, the a full scale deflection when a current of 1 mA is
field becomes 30 uT. The ratio, i,/i, is passed through it. What is the value of the
(@) 1 () 2 resistance which can convert this galvanometer
(¢ 3 (d) 4 into a voltmeter giving full scale deflection for a
I o .
45. Two parallel long straight conductors are placed at pOtZr;tllilz difference of 10 V 10kQ [IEE Main 2020]
right angle to the meter scale at the 2 cm and 6 cm (a) 8. (®)
marks as shown in the figure. If they carry currents () 99 kQ @ 79 kQ
i and 3i respectively in the same direction, then 51. A voltmeter has resistance of 2000 Q and it can
they will produce zero magnetic field at measure upto 2 V. If we want to increase its range
i 3j by 8 V, then required resistance in series will be
| (a) 4000 Q (b) 6000 Q
I T T
01234567 89101112131415 (c) 7000Q (d) 80000Q
4 4 52. A galvanometer of resistance 100 Q has 50
(a) zero mark divisions on its scale and has sensitivity of
(b) 9 cm mark 20 pA/division. It is to be converted to a voltmeter
(¢) 3 cm mark with three ranges of 0-2 V, 0-10 V and 0-20 V. The
(d) 7cm mark appropriate circuit to do so is [JEE Main 2019]
46. A square coil of side 10 cm consists of 20 turns and © Ay R R
carries a current of 12 A. The coil is suspended Ry = 2000 Q
vertically and the normal to the plane of the @) Ry = 8000 Q
coil makes an angle of 30° with the direction of a R3 = 10000 Q
uniform horizontal magnetic field of magnitude 2V 10V 20V
0.80 T. What is the magnitude of torque
experienced by the coil? [NCERT Exemplar] —@—%Ag/v\,——«g/w— R, = 1900 Q
(a) 0.96 N-m (b) 2.06 N-m ®) ! 2 3 R, = 9900 Q
(¢) 0.23 N-m (d) 1.36 N-m Ry = 19900 Q
. . 2V 10V 20V
Moving Coil Galvanometer, Its R, R A
Conversion into Ammeter and O W 00
Voltmeter © R, = 8000 Q
47. A galvanometer having a coil resistance of Rs = 10000 Q
100 Q gives a full scale deflection when a current of 2V 10V 20V
1 mA is passed through it. The value of the
resistance which can convert this galvanometer o R R R, = 19900 Q
into ammeter giving a full scale deflection for a @ ! 2 M 9900 O
current of 10 A, is [JEE Main 2016] RZ — 1900 0
(2) 0.01 Q (b)2Q °

() 0.1Q d3Q 20V 10V 2V



and (ii) into a voltmeter of range 0 to V (V = Gji,) by
connecting a series resistance Ry, to it. Then,
[JEE Main 2019]

(a) RyR, :GQEZ"’I;L?%&\ 4 2a- %7%

@%_ - %
54. A moving coil galvanometer, having a resistance G,

3 (©) RyR, =G* %E and

53. A microammeter has a resistance of 100 Q and full
scale range of 50A. It can be used as a voltmeter
or as a higher range ammeter provided a resistance
is added to it. Pick the correct range and resistance
combinations
(a) 50 V range with 10 kQ resistance in series
(b) 10V range with 200 kQ resistance in series
(¢) 10 mA range with 1 Q resistance in parallel
(d) 10 mA range with 0.1 Q resistance in parallel

®) R,R, =G” and

produces full scale deflection when a current i
flows through it. This galvanometer can be

converted into (i) an ammeter of range 0 to (d) R4R, =G?and Ry _ .lig.
ip(iy > i,) by connecting a shunt resistance R, to it v (g —ig)

Mixed Bag

%E

ROUND Il

Only One Correct Option
1. A current i flows along the length of an infinitely

4. For the arrangement as shown in the figure, the
magnetic induction at the centre is

long, straight and thin-walled pipe, then

(a) the magnetic field at all points inside the pipe is
the same, but not zero

(b) the magnetic field at any point inside the pipe is zero

(c) the magnetic field as zero only on the axis of the pipe

(d) the magnetic field at different at different points
inside the pipe

90°

2. A rectangular loop carrying current is placed near a @ 3u0m ®) (VY 1+
long straight fixed wire carrying strong current AT
such that long sides are parallel to wire. If the U i 3Wi
current in the nearer long side of loop is parallel to © ﬁ (d) =2

current in the wire. Then the loop

(a) experiences no force

(b) experiences a force towards wire
(c) experiences a force away from wire
(d) experiences a torque but no force

. Three infinite straight wires A, B and C carry

currents as shown in figure. The net force on the
wire B is directed

1A 2A Y3A

(a) towards A

(b) towards C

(c) normal to plane of paper
(d) zero

. Four wires each of length 2.0 m are bent into four

P,Q, R and S and then suspended into a uniform
magnetic field. If same current is passed in each
loop, then

Q

(a) couple on loop P will be maximum
(b) couple on loop @ will be maximum
(¢) couple on loop R will be maximum
(d) couple on loop S will be maximum

6. An electron is revolving around a proton in a

circular path of diameter 0.1 nm. It produces a
magnetic field 14 T at a proton. Then the angular
speed of the electron is

(a) 8.8x 10° rad s*

() 4.4x 10'® rad s!

(¢) 2.2% 10" rad s7!

(d) 1.1x 10 rads™*



7. A pulsar is a neutron star having magnetic field at

10.

11.

12.

10'% G at its surface. The maximum magnetic force
experienced by an electron moving with velocity
0.9 cis

(a) 432N
(c) 4.32x10° N

(b) 4.32x 10 N
(d) zero

. An electron is shot in steady electric and magnetic

fields such that its velocity v, electric field E and
magnetic field B are mutually perpendicular. The
magnitude of E is 1 Vem ! and that of Bis 2 T. Now
if it so happens that the Lorentz (magnetic) force
cancels the electrostatic force on the electron, then
the velocity of the electron is

(a) 50 ms™* (®) 2 cms™!

(¢) 0.5cms™ (d) 200 cms™

. An electron having kinetic energy E is moving in a

circular orbit of radius R perpendicular to a
uniform magnetic field induction B. If kinetic
energy is doubled and magnetic field induction is
tripled, the radius will become

(a) RJ9/4 (b) RJ3/2
© R\2/9 (d) RJ4/3

Two coaxial solenoids of different radii carry
current i in the same direction. Let F, be the
magnetic force on the inner solenoid due to the
outer one and F, be the magnetic force on the outer
solenoid due to the inner one. Then, [JEE Main 2015]
(a)F, =F, =0

(b) F, is radially inwards and F, is radially outwards
(c) K, is radially inwards and F, =0

(d) F, is radially outwards and F, =0

Two identical current carrying coaxial loops, carry
current i in an opposite sense. A simple amperian
loop passes through both of them once. Calling the
loop as C, [NCERT Exemplar]

(a)IBI]il =2,
C
(b) the value of J’ BH]1 is not independent of sense of C
C

(c) there may be a point on C where B and dl are
perpendicular.

(d) B vanishes everywhere on C
A particle of mass m and charge g released from the
origin in a region occupied by electric field £ and
magnetic field B,

B=-B,}E=E;i
The velocity of the particle will be
(a) 29E, () ak,

qk,

© 2m

(d) None of these

13.

14.

15.

16.

Consider the following statements regarding a
charged particle in a magnetic field
(i) starting with zero velocity, it accelerates in a
direction perpendicular to the magnetic field.
(ii) while deflecting in the magnetic field, its energy
gradually increases.

(iii) only the component of magnetic field
perpendicular to the direction of motion of the
charged particle is effective in deflecting it.

(iv) direction of deflecting force on the moving
charged particle is perpendicular to its velocity.

Amongst these statements,

(a) (11) and (iii) are correct

(b) (i11) and (iv) are correct

(¢) (@), (111) and (1v) are correct

) (), (i) and (iii) are correct

When a current of 5 mA is passed through a
galvanometer having a coil of resistance 15 Q, it
shows full scale deflection. The value of the
resistance to be put in series with the galvanometer
to convert it into a voltmeter of range 0-10 V is

[JEE Main 2017]

(b) 2535 x10° Q
(d) 1985 x10° Q

(a) 2045 x 10° Q
() 4005 x 10° Q

An equilateral triangle of side [ is formed from a
piece of wire of uniform resistance. The current i is
fed as shown in the figure. The magnitude of the
magnetic field at its centre O is

V3 1,i ENEYTI
@ ®) =
Mol
(c) ord (d) zero

Consider a wire carrying a steady current, i placed

in a uniform magnetic field B perpendicular to its

length. Consider the charges inside the wire. It is

known that magnetic forces do no work. This

implies that, [NCERT Exemplar]

(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, then
work is done by the magnetic force on the ions,
assumed fixed within the wire



17.

18.

19.

20.

Two wires A and B carry currents as shown in
figure. The magnetic interactions

Y
Bii2
A

I

X

(a) push i, away from i;
(c) turn i, clockwise

(b) pull i, closer to i,
(d) turn i, counter-clockwise

A current i carrying circular wire of radius R is
placed in a magnetic field B perpendicular to its
plane. The tension 7T along the circumference of
wire is

(a) BiR (b) 2MBiR
(c) MBIiR (d) 2BiR
Two very long, straight and insulated wires are

kept at 90° angle from each other in XY -plane as
shown in the figure.

| y
hd p

P
d

These wires carry currents of equal magnitude i,

whose directions are shown in the figure. The net

magnetic field at point P will be [JEE Main 2019]
+Uol A

b) ——9°

(b) - (2

(a) zero

_Loi < + v d M < + v
(c) 2T[d(x y) ()2T[d(X y)
A straight wire of mass 200g and length
1.5 m carries a current of 2 A. It is suspended in
mid-air by a uniform horizontal magnetic field B.

The magnitude of the magnetic field is [NCERT]
1
-1
mg ®B
[e——]—l
(@) 0.35T (b)0.65T (c) 025T (d)0.88T

21.

22.

23.

24.

25.

A galvanometer of resistance G is converted into a
voltmeter of range 0-1V by connecting a resistance
R, in series with it. The additional resistance that
should be connected in series with R, to increase
the range of the voltmeter to 0-2V will be

[JEE Main 2020]

@ R, -G

A uniform electric and magnetic fields are produced
pointing in the same direction. If an electron is
projected with its velocity pointing in the same
direction, [NCERT Exemplar]
(a) the electron velocity will decrease in magnitude

(b) the electron velocity will increase in magnitude

(¢) neither (a) nor (b)

(d) None of the above

(@ R +G (b R (© G

Net magnetic field at the centre of the circle O due
to a current through a loop as shown in figure
(6<180°)

(a) zero

(b) perpendicular to paper inwards

(c) perpendicular to paper outwards

(d) perpendicular to paper outwards if 90° <6 <180°

A particle of mass m and charge ¢ has an initial

velocity v = voj. If an electric field E = Eoi and
magnetic field B = B,i act on the particle, its speed
will double after a time [JEE Main 2020]

@) 3muy, () \/gmvo
qE, qE,
© 2mu, ) «/vao
gk, qE,

A conductor lies along the Z-axis at — 1.5<2<1.5m
and carries a fixed current of 10.0 A in — a,
direction (see figure). For a field

B=3.0x10"e" O'zxay T, find the power required to
move the conductor at constant speed to x =2.0 m,
y=-0in5x 1073 s. Assume, parallel motion along

the X-axis. [JEE Main 2014]

(2) 1.57 W
(c) 14.85 W

®)2.97 W
(d)29.7 W



26. In the figure, ABCDEFA was a square loop of side /,

but is folded in two equal parts so that half of it lies
in the XZ-plane. The origin O is centre of the
frame also. The loop carries current i, the magnetic
field at the centre is

/F A
z

Hol 4 3 Mol , 5 %
@ G- OFACEy!
© —ﬁn‘l‘oi G+ @ J%O‘m G+

27. A thin ring of 10 cm radius carries a uniformly

distributed charge. The ring rotates at a constant
angular speed of 40Ttrad s about its axis,
perpendicular to its plane. If the magnetic field at
its centre is 38 x 107 T, then the charge carried by
the ring is close to (1, = 411 x 1077 N/A?%).

[JEE Main 2019]
(@) 2x107°C
(b) 3x107° C
(¢) 4x107° C
(d 7x107%C

28. Two long current carrying thin wires, both with

current i, are held by insulating threads of length L
and are in equilibrium as shown in the figure, with
threads making an angle 6 with the vertical. If
wires have mass A per unit length, then the value
of i is (g = gravitational acceleration)

[JEE Main 2015]

(a)sin® | 8L (b) 2sing | L
M, cos O M, cos O
(c)2 TeL tan © (d) L tan ©
Ho Ho

29.

30.

31.

As shown in the figure, two infinitely long,
identical wires are bent by 90° and placed in such a
way that the segments LP and QM are along the
X-axis, while segments PS and QN are parallel to
the Y-axis. IfOP = OQ = 4 cm and the magnitude of
the magnetic field at O is 10 T and the two wires
carry equal currents (see figure), the magnitude of
the current in each wire and the direction of the
magnetic field at O will be
(Take, p, = 41 x 1077 NA™?)

S

[JEE Main 2019]

y

L P

0
o4 T

N

(a) 40 A, perpendicular out of the page
(b) 20 A, perpendicular into the page
(c) 20 A, perpendicular out of the page
(d) 40 A, perpendicular into the page

An elliptical loop having resistance R, of
semi-major axis a and semi-minor axis b is placed
in a magnetic field as shown in the figure. If the
loop is rotated about the X-axis with angular
frequency w, then the average power loss in the
loop due to joule’s heating is [JEE Main 2020]

Y

ma?b*B%uf
@ ——7—
2R
(b) zero
© TabBw
R
ma’b?B4Y
R

(d)

A square loop of side 2a and carrying current i is
kept in XY-plane with its centre at origin. A long
wire carrying the same current i is placed parallel
to the Z-axis and passing through the point (0, b, 0),
(b>>a). The magnitude of the torque on the loop
about Z-axis is given by [JEE Main 2020]

2 3 2 2
(@) 2 uOIZa ®) 2 pola
b 110)
2.3 2 2
(o Kol (@ ol
21D 210



32.

33.

34.

35.

Two identical wires A and B, each of length I, carry
the same current i. Wire A is bent into a circle of
radius R and wire B is bent to form a square of side
a. If B, and By are the values of magnetic field at
the centres of the circle and square respectively,

then the ratio B—A is

B [JEE Main 2016]
T i
— b
@3 ®) ovz
T T
o d)
© 16 ( )8«@

Proton with kinetic energy of 1 MeV moves from
south to north. It gets an acceleration of 10'2 m/s?
by an applied magnetic field (west to east). The
value of magnetic field (rest mass of proton is

16 x107%" kg) [JEE Main 2020]

(a) 71 mT (b) 0.071 mT
(¢) 0.71 mT (d) 7.1 mT
An infinitely long wire carrying current i is along

Y-axis such that its one end is at point (0, ) while
the wire extends upto «. The magnitude of
magnetic field strength at point P(a, 0) is

X
ii
}A(0, b)
- < P(a, 0)
Mol O b O Hoi O p» O
LILI, L LILE s L
@ g Ol ) e ek
Kot a O Hoi O a O
Pl 2 7 @Hlgs 0
g et U e s

A straight rod of mass m and length L is suspended
from the identical springs as shown in figure. The
spring is stretched a distance x, due to the weight
of the wire. The circuit has total resistance R. When
the magnetic field perpendicular to the plane of
paper is switched ON, springs are observed to
extend further by the same distance. The magnetic
field strength is

L1

mgR
LE

2mgR

mgR ) mgR
LE

®) oLE E

(a) (¢

36.

37.

38.

39.

A thin disc having radius r and charge q distributed
uniformly over the disc is rotated n rotations per
second about its axis. The magnetic field at the
centre of the disc is

n n n 3 n
(a) HOq (b) qu (C) qu (d) qu
2 r 4ar 4r
A particle of charge + ¢ and mass m moving under

the influence of a uniform electric field Eiand a
uniform magnetic field Bk follows a trajectory from
P to@ as shown in figure. The velocities at P and @
are vi and —2vi, respectively. Which of the following
statement(s) is/are correct?

y

£

V@B

—o—i+

Q

X
|¢—2a —>l
2v

20
() E :E@D
4 Oga O

(b) Rate of work done by the electric field at P is

1

"40a DO

(c) Rate of work done by the electric field at P is zero.
(d) Rate of work done by both the fields at @ is zero.

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, [NCERT Exemplar]

(a) the electric forces on both the particles cause
identical accelerations

(b) the magnetic forces on both the particles cause
unequal accelerations

(c) Both particles gain or loose energy at the same
rate

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

A square loop of side 2a and carrying current i is kept
in XZ-plane with its centre at origin. A long wire
carrying the same current i is placed parallel to
Z-axis and passing through point (0, b, 0), (b >> a).
The magnitude of torque on the loop about Z-axis

will be [JEE Main 2020]
.9 9 -2 2
(@) 2l a ®) 2H%L a l;
b m(a” +b%)
.9 9 -2 2
(C) |J.012a b2 (d) uol a
21(a” +b%) 21h



40. A straight conductor of mass m and carrying a

41.

current i is hinged at one end and placed in a plane
perpendicular to the magentic field of intensity B as
shown in the figure. At any moment if the
conductor is left free, then the angular acceleration
of the conductor will be (Assume gravity free
region) will be

@B
m

2m
(¢ L73

The region between y =0 and y = d contains a
magnetic field B = Bk A particle of mass m and
charge g enters the region with a velocity v = vi. If

d= % then the acceleration of the charged
q

particle at the point of its emergence at the other

side is [JEE Main 2019]
. 1.0 . 0
@ PBEBLLH q”B%i—@jD
m I]Z 20 O
0
© B i+ig @ B &D
m 02 O m 042 0

42. An infinitely long current-carrying wire and a

small current carrying loop are in the plane of the
paper as shown in figure. The radius of the loop is a
and distance of its centre from the wire is d(d >> a).
If the loop applies a force F on the wire, then

[JEE Main 2019]

2
(a)FDgﬂD
0 0

© FOEE

(b) F=0

d FO %g

43. A charged particle of mass m and charge g moving

under the influence of uniform electric field Eiand
a uniform magnetic field Bk follows a trajectory
from point P to € as shown in the figure. The
velocities at P and @ are respectively, vi and 20]

44.

46.

Then, which of the following statements (A, B, C, D)
are the correct? (Trajectory shown is schematic and

not to scale)
y

e

Q«—v»——T

«—2a—[Q

Ono?

Bi

qa

II. Rate of work done by the electric field at P is
3 Onv30

— 00—
4 0a O

III. Rate of work done by both the fields at @ is zero.

IV. The difference between the magnitude of
angular momentum of the particle at P and  is
2 mav. [JEE Main 2020]

(a) L, IILIV

© T 1II, II1, IV

ILE=

NP
O
[

M) 1, I1, 111
(@) II, 11, IV

A thin strip 10 cm long is on an U-shaped wire of
negligible resistance and it is connected to a spring of
spring constant0.5 Nm ! (see figure). The assembly
is kept in a uniform magnetic field of 0.1 T. If the
strip is pulled from its equilibrium position and
released, the number of oscillations it performs
before its amplitude decreases by a factor of eis N. If
the mass of the strip is 50 g, its resistance 10 Q and
air drag negligible, N will be close to

|

10cm
[JEE Main 2019]
(a) 1000 (b) 50000
(c) 5000 (d) 10000

Numerical Value Questions
45.

Two very long, straight, parallel wires carry steady
currents i and —i, respectively. The distance
between the wires is d. At a certain instant of time,
a point charge q is at a point equidistant from the
two wires, in the plane of the wires. Its
instantaneous magnitude of the force due to the
magnetic field acting on the charge at this instant
i8S eeenenns .

A galvanometer coil has 500 turns and each turn
has an average area of 3 x 10™* m2. If a torque of
1.5 N-m is required to keep this coil parallel to a



47.

magnetic field when a current of 0.5 A is flowing

through it, the strength of the field (in T) is ........... .
[JEE Main 2020]

In a square loop PQRS made with a wire of

cross-section current i enters from point P and
leaves from point S. The magnitude of magnetic

field induction at the centre O of the square is ...... .

Q««——a———R

49. An electron moves straight inside a charged
parallel plate capacitor of uniform surface charge
density 0. The space between the plates is filled
with constant magenetic field of induction B, as
shown in the figure. If the gravity is neglected,

then the time of straight line motion of the

B
electron in the capacitor will be EO—, where the

value of x is

x0

48. In the following figure, the magnetic field at = X X
. Ep——e
the point P will be % JTE + 4, where the value X X
of Pis ............ . 7 i
Answers
Round I
1. (c) 2. (@) 3. (c) 4. (a) 5. (d) 6. (c) 7. (d) 8. (c) 9. (b) 10. (a)
11. (c¢) 12. (d) 13. (a) 14. (b) 15. (a) 16. (b) 17. (d) 18. (b) 19. (a) 20. (b)
21. (d) 22. (c) 23. (c) 24. (*) 25. (b) 26. (a) 27. (c) 28. (b) 29. (c) 30. (c)
31. (b) 32. (c) 33. (b) 34. (¢) 35. (d) 36. (b) 37. (b) 38. (¢) 39. (¢) 40. (b)
41. (d) 42. (d) 43. (a) 44. (b) 45. (c) 46. (a) 47. (a) 48. (c) 49. (*) 50. (c)
51. (d) 52. (c) 53. (b) 54. (b)
Round II
1. (b) 2. (b) 3. (a) 4. (d) 5. (d) 6. (b) 7. (b) 8. (a) 9. (c) 10. (o)
11. (¢) 12. (@) 13. (¢) 14. (d) 15. (d) 16. (b) 17. ) 18. (@) 19. (@) 20. (b)
21. (a) 22. (a) 23. (b) 24. (b) 25. (b) 26. (c) 27. (b) 28. (b) 29. (b) 30. (a)
31. (b) 32. (d) 33. (¢) 34. (b) 35. (b) 36. (b) 37. (d) 38. (c) 39. (a) 40. (b)
41. (%) 42. (d) 43. (b) 44. () 45. 0 46. 20 47. 0 48. 3 49. 1




Solutions

Round I

1.

Magnetic field induction at a point due to a long current
carrying wire is related with distance r by relation

BOL
r

Therefore, graph given in option (c) is correct.

. According to Biot Savart’s law, the magnetic field B at a

point distance r from a charge ¢ moving with a velocity v
is given by
g (vxr)

_H
B=Fo 4V

4m r
_ Mo qusin®

or
4m r?

The direction of Bis along (v X r), i.e. perpendicular to
the plane containing vand r. B at a point obeys inverse
square law and not inverse cube law.

. As, B= Hot. [sin6; + sin By]
4T

Here, 6, =-30°,0, =60°

sin 6; :—% and sinB, :?3

Putting these values, we get

B=Ho -1 2 + 3]

4Ta

Given, 1=90Aandr=15m

Here, point P is below the power line, where we have to
find the magnetic field and its direction.

The magnitude of magnetic field,

p=Ho

4 r
Overhead line
90 A
West i East
11.5m
i
2
:M: 1.2x107°T
1.5

The direction of magnetic field is given by Maxwell’s
right hand rule, so the direction of magnetic field at
point P due to the flowing current is perpendicularly
outwards to the plane of paper.

. Perpendicular to O from PQ or QR,

. 0
a=rsin—
2

Magnetic field induction at O due to current through
PQ and QR,

6.

B=H0 " [4in©0° -0/2) +sin90°] x2
41 a

El b
cos
_Mo i 2

21'[ rsm 2mr 9
2
Total magnetic field induction at O,
B=B;p + Bgp + By +Bgg
=0+ h i +0 + & i :HJ &
2nr 2nr 2mr
-7
_2X1077 X210 _, o
0.02

Magnetic field induction at the centre of circular coil

. 2mni .
carrying current, B = Ho T[nz’ i.eBOnlr
4 r
But, 2T|T:3><2Tr10rr1=§

3xr _
R
B, =9B

The magnetic field at the centre caused by the same
current is nine times of its initial value.

B, n T
So, 1— —1 =

Magnetic field induction at O due to current through
ACBis B, =0
410

It is acting perpendicular to the paper downwards.
Magnetic field induction at O due to current through
ABD is

B = )
2 4m r
It is acting perpendicular to paper upwards.

O Total magnetic field at O due to current loop is

_ _Hp 1 Ho 1
B=B,-B == —@n -2 —-0
2 Yanr @rn-9 - 4t r
_Ho
m-9
Com 7 )
Magnetic field at centre of the circular loop,
_ HolVi
2R

Magnetic field due to an arc of a circle at the centre,
ool R
miUR
Here,6 =30°andi =3 A, R=0.6 m

2= o

1077 x3xm
0.6%x 6

=2.6x107 T



10. From the given figure as shown below

Q
2cm
7

i=10A

The magnetic field at point O due to wires PQ and RS
will be zero.

Magnetic field due to arc @R at point O will be
-9 %oig
mH2a
Here, 6=45° :g rad, i =10 A

anda—SCm—leo m
TU D X D
D u() 0 D

0 B, = =
2mx4 2 x3x10"“0
Mox5  _5xp, x10°
2x12 x10"* 24
Direction of field B, will be coming out of the plane of
figure.

Similarly, field at point O due to arc SP will be

@Eﬁ re
"2 x(2+3)><1o 2

My x 107
"
Direction of B, is going into the plane of the figure.

0 The resultant field at O is

0 0
B=B -B,=tg 2 _ W g
2H2x102 ax10°0
-4mx10 x10_2 01x 107° T
12 x10

11. Magnitude of magnetic field due to one side of
hexagonal loop at the centre is

B, :Mmsin(p
41r

a=10cm

Here, r =10 cos 30°cm =10 x1072 X? m

=53 x102m

So, B, = Mot X2s1n 30

4T3 x107%) (- 9 =307)

So, magnetic field due to complete 1 turn of loop of six
sides is
6 Uyl X2sin30°
B, =6B, —“0—_2
4T3 x107%)
Magnetic field of 50 such turns at centre is
B, =50B, = _ 50 %6 Xt XZsiI;SO
4T(53 x107%)

=5003 @%’@T

=500+/3 in units of Hot
b

211 21nir
12. B =Ho 2 . =0
! r 2Tan (% + R
5 0 o732
So, Bs = 2 rz:a/zzm“'hﬁD
B (r°+ h%) o r*0

Fractional decrease in the magnetic field will be
=B -8, _§ _Bf

B O B

0 0 hQD_g/ZD
=[1—[1+—2D O
H g r°0 H
a 20 2
:1—[][—%D:%
o 2r°gd r

13. Given arrangement consists of two current carrying
wires and one current loop as shown in the question
figure.

For wire ABN, magnetic field at O is given by

B, :u—oxé(sin(g +sin @)

4m
Here, @ =+90°and @, =-45°
K—R*)lo
45°
90°
B

Hence, magnetic field of wire,

B, :ZT?[ Xé [sin 90° + sin(—45°)]

= 7‘101 Q - LQD
4RO 2
Also, field of wire BDC at O,

[ S I—
Pz




14.

15.

B, = Uo (sm(ﬂ +sin @)
Here, @ =45°and @, =90°

O BZ:—L‘;; 12+1@®

Magnetic field of circular coil at O,

B, =M
2R
Hence, net field at O,

B, =B, O+ B,Gt B3®

=f%;§ f@ QI %
_ Mol 1 1 1 1@

2R2m 2@n 22n 2n
= oo ot b= e B H

Negative sign is taken for outward field.

From the figure, magnetic field due to AB,

Moi O, T O Wi
ln* Sln
TR BT 4H anr

Magnetic field due to circular loop,

B2 — UOL
2R
Magnetic field due to straight wire BC,
_ Mol .
=—% Sin— +sin—
B =k & &
_ Mgt 10

OResultant magnetic field, B=B, + B, + B,

% nt }ﬁ

where, R is radius given, R=2Tiem =21 x 1072 m

Y

21

Bx:b U 5
2 21t x10
i; =3A

16.

17.

18.

19.

20

21.

22.

2
O Bx=“270§’;7w=3x10‘5T
Il

B =Mog b

y — Bi_z,i2:4A
2 2mx10
B, =4x107 T
— 2 2 _ 2 2 -10
0 B, =B + B2 =3 +4% x10

B, =5%x10° T

As, total magnetic field is due to two straight paths and
the circular loop.
Btotal =2x Bst + Bloop
= 240l Kol %}@
41r 2r 121
Hol @+m
w
Magnetic flux inside rod, B O r and outside the rod,
B0 Therefore, the graph shown in option (d) is
r
correct.
For a point inside the tube, using Ampere law,
J'BI]il =H,i. Here, we have i =0 for inside the tube.
O B=0
Magnetic field inside solenoid is
B=pnl =pou,nl =41 1077 %500 x1000 % = niT
The length of solenoid, / =80 cm = 0.8 m

Number of layers =5

Number of turns per layer =400
Diameter of solenoid = 1.8 cm
Current in solenoid, i =8 A

OThe total number of turns, N =400 x5 =2000

2000

and number of turns/length, n = 3 =2500

The magnitude of magnetic field inside the solenoid
B=pyni =4 x3.14 x1077 x2500 x8=2.5x 10" 2T

The direction of magnetic field is along the axis of
solenoid.

There is a uniform magnetic field B inside the current
carrying long solenoid acting along the axis of solenoid.
The magnitude of force on the electron of charge (- e)
moving with velocity vin a magnetic field Bis

|Fl=-e|lvxB]|

Here angle 6 between vand B is zero, i.e. 8 =0° and
sin©® =0. Therefore, F' =0.

= —evBsinB

It means the electron will continue to move with a
uniform velocity along the axis of the solenoid.

In given arrangement, electron gun shoots electron
perpendicularly to the direction of magnetic field.



23.

24.

Here, we are showing cross-section of solenoid.

d .« Cross-section
e Of solenoid

*— Path of
electron

As electron is moving at 90° to magnetic field, its path
is a circle. Maximum value of radius of path taken by
electron, such that it does not collide with solenoid

wall is —.
2
SO, Tax = E = %
2 eB
Here, B=pynl
So, e ReB _ epgniR
2m 2m

As we know that, if a charge particle moves in a uniform
magnetic field, then its path is always circular.
Considering the charge positive,the direction of
magnetic force acting on it, has been shown by dotted
line.

Screen

As, charge particle should not hit the screen this
means radius of circular path must be less than screen
distance d.

i.e. R<d
0 0
O mv a4 B _mv H
qB, 9B,
or v< M
m
Maximum value of v = 4Byd
m

f—— —

When electron enters the region of magnetic field, it
experiences a magnetic force which rotates electron in
a circular path of radius R.
So, magnetic force acts like a centripetal force and we
have

2

—— = Bquv
R q

where, m = mass of electron, g = charge of electron,
v = speed of electron, R =radius of path

and B = magnetic field intensity.
Radius of path of electron,

Now, from geometry of given arrangement, comparing
values of tan 0, we have

tane :£ :i
R D
0 d= Q = Bq LD
R mv
O q=BaLD (- mv = 2mK)
2mK

where, K =kinetic energy of electron

Here, B=1.5x107° T,

q=1.6x10"C, L=2%x102m, D=6 x10"2m,

m=91x10"3kg, K =100 x16 x107 J

g= L5 107% x1.6 x107™ x2 x1072 x6 x107?)

J@x9.1 %107 x100 x1.6 x107'%)

=5.34cm

No option is matching.

So,

25. During the circular motion of accelerated electron in the

presence of magnetic field, its radius is given by

L 2meV
Be eB

where, vis velocity and Vis voltage.

After substituting the given values, we get
_2x9.1x107% x1.6 x107** x500
- 1.6x107 x100 x107

_ 1 2X91x500
H 16 B’

r=75%x10"*m

26. Radius of path of charged particle ¢ in a uniform

magnetic field B of mass m moving with velocity vis

_mu _ m@2qV Im)

_Bq Bqg
g rD@
Ja

So, required ratio is



N2mE _ \2mE,

27. As,r=
Bq Bq
or B =TE @M 5016V =100 keV
my my
28. As,E:lmu2 or v=1§
2 m
and r="0 - BEim
Bg Bqg
2 E
or r:morrﬂm
Bq

Now, m, <m,, sor, <r,.
Therefore, trajectory of proton is less curved.
29. The force on a point charge @ in a magnetic field is
F=Q(vxB)

Its direction is perpendicular to direction of motion of
charge, so work done,

W =F [ =Fscos90° =0

30. In magnetic field, the radius of circular path,

r=0 - U e r01/(q/m)
Bgq B%@

So, the specific charge of M is greater than that of N.
2
31. From Bqu = ﬂ, we have
r

L V2mK
Bg  Bg
where, K is the kinetic energy.

As, 1y <1y

As, kinetic energies of particles are same.

r—
q
i o _Ame M Ay,
TpilyiTy = : :
e e 2e

Clearly, r, =1, and r, is least
So,

(- m, <my)

T, =Ty >T,

32. Since, the proton is entering the magnetic field at some
angle other than 90°, its path is helix. Component
velocity of proton along X-axis,

1 -
v, =vcos60°=2 x10% x= =10° ms™"
Y
v
B
0
X

Due to component of velocity v,, the radius of the helix
described is given by the relation,

_mo, _ 1.67x 1077 x10° _

=—= 5 =0.1m
gB  1.6x1077 x0.104
NOW, T:ﬂ:%:znxloqs
Uy 10

33. Pitch of helical path shown below is given by

Pitch =T [ cosO = 2mn (D cosB
Bq
- N
vsing
60° > v'cosle
s eep (1
Pitch

2x314 %167 x107%7 x4 x10° xcos60 °
(0.3)(1.69x 10719)
=004 m=4cm

O Pitch =

34. As v is not perpendicular to B, so path of particle is
helical in magnetic field as shown in figure,

B

v sin 60° ¢

oY
By/ vco\s/GO"\) U UFL
/

v

Let T be the time to complete 1 round, then

So, total time to cross the length / of region of magnetic
field is
21m
Bq

t=107T =10 x

Hence, length of path,

=gpeed X time = vcosO x ¢

=vcos60° x10 x 21un
q
4x10° x 2 x10 x211 x167 x10%7
O I= 2 -
03 x16 x10
=0437=044 m
35. Here,

E=2i +3}, BZ4fi +61:1, where
q =charge on a particle.
Initial position, , = (0,0)
Final position, r, =(1,1)

Net force experienced by charge particle inside
electromagnetic field is

F,.. =qE +q(vxB)= q(2i + 3}) [here, vx B =0]
=(@2q¢i+3q])



36.

37.

38.

39.

a dw =F,, Odr

net

]
0 IdW=J’(2qi+3qj)Eﬂdxi+dyj)
Ul

[here dr = dxi + dy j]

1 1

O W =2q( dx +3q[ dy
feeray

or W =2q+3q or W =5¢q

Here, E and B are acting along X-axis and v is acting
along Y-axis, i.e. perpendicular to both E and B.
Therefore, the path of charged particle is a helix with
increasing speed. Speed of particle at time ¢ is

v= u§ + v? ...Q0)
E 5
Here, v, = vy ; v, =q—tandv:£ Vo
m 2
. . . _ mu,
Putting values in Eq. (1), we get t = ——
2qFE

As force per unit length between two parallel current
carrying wires separated by a distance d is given by
dF _ Yo 2y

dL 4m d

——Q——

P |
| > ]
| /'2 |

and is repulsive if the current in the wires is in
opposite direction (otherwise attractive).

So, in order that wire @ may remain suspended, the
force F' on it must be repulsive and equal to its weight,
i.e the current in the two wires must be opposite
directions and

Wo 20aiy _ Mg ) dF _ o 24,1,0

or S, =
am d L BdL 4am d H
or d:10_7><72x50x25:1x10_2m
0.075 3

0

Force on wire, ' = Bil sin90° = Bil. It acts
perpendicular to the magnetic field as well as the
length of wire. The acceleration in the wire,
F _Bil
Q=—=—+
m m
Since, the magnetic field due to current through wire

CD at various locations on wire AB is not uniform.
Therefore, the wire AB, carrying current i; is subjected

s, Mg _ 0.075 Nm™' 2
S B

to variable magnetic field. Due to which, neither the
force nor the torque on the wire AB will be zero. As a
result of which, the wire AB will have both
translational and rotational motion.

40. Given,i, =8A,i,=5Aandr=4cm=0.04 m

Force per unit length on two parallel wire carrying
current,

7=Ho %il O,
41 r
107" x2 x8 x5
0.04

=2x10"*N

The force on A of length 10 cm, F* = F x 0.1
(- 1m =100 cm)
0 Fr=2x10"*x0.1=2%x10" N

41. Asthe currents are in opposite directions, the magnetic
field induction due to current in each wire will add up
at O. The direction of magnetic field is perpendicular to
XY-plane and is directed inward, i.e. along negative
Z-axis.

42. Force on a wire 1 in which current i, is flowing due to
another wire 2 which are separated by a distance r is
given as

F=1,(xBy)
or F=Holt2 gging @ B, = M@
2mr 2mr
Thus, the given square loop can be drawn as shown
below
P
Iy .
B I2 C
Fpc
Fep
Fag
A TF AD
Q(— a — D

Fp= ;0—11 Ooa (away from wire PQ) (.6 =90°)
T

Fge =F4p =0 (-6=0°)
— u()il — o
Fqp = 0 -0 =90
D" on 2a) 20 ( )

= Hola G.a (towards the wire PQ)
4T
O Foet =Fap —Fep

=Hoh's _Hohlz (away from wire)
21 41

= % (repulsive in nature)
s



43.

44.

45.

46.

The magnetic field induction at P due to currents
through both the wires is

2/

R e

— —>
r/2 r/2

ATt r/2 4m r/2  4m r

_&xlzi
4T 1

acting perpendicular to plane of wire

inwards. Now, Band vare acting in the same direction,
i.e. 6 =0°
Force on charged particle is F' = quBsin 0 =quB x0 =0.

Mot 24 _Ho 28y _qg .y ()
at r 4m r
Ho 24 4 Mo 28y g5 p ..(iD)

41T r 4m r
On solving Egs. (i) and (ii), we get
i, =20Aand i,=10A,s0 L =2
)
Distance between two linear conductors =6 —2 =4 cm.

Let the distance of the point on scale from conductor
carrying current i be x cm, where resultant magnetic
field is zero. Then, the distance of this point from other
conductor is (4 — x) cm. As per question,

Ho 21 _ Mo 2@31)
4T xx 1072 4T (4 -x)1072
or 3x=4-x
or x=1lcm

O Location of point on scale =2 + 1 =3 cm mark.
Given, side of square coil =10cm = 0.1 m

Number of turns, N =20

Current in square coil, I =12 A
Angle made by coil, 8 =30°
Magnetic field, B=0.80 T
The magnitude of torque experienced by the coil,
T=NIABsin®
=20 x12 x (10 x10™%)? x0.80 xsin30°

T=2.4% 0.80 sin 30° :w =0.96 N-m

47. Maximum voltage that can be applied across the
galvanometer coil =100 Q x10™ A =0.1 V.

/ Ammeter

——
H

If R, is the shunt resistance, then
R, x10A =01V
o R, =001Q
48. Given, i, =i,G =R,

I=ni+i=(n+1)i

: =G iRy _Ry
I-i;, (W+1i-i n
49. Given data,
i=107* A,
Ry =2MQ =2 x10°Q,
Vo =5V

max

Let internal resistance of galvanometer is R;;.

i i Re Rs |
Voltmeter
Then, ixRg+ixR; =V, ..
O 2x10%x107™* +10™ xR, =5
O 10* R; =5 -200 = -195
or R; =-195 x10*Q

Resistance cannot be negative.
O No option is correct.

50. Here, i, = full scale deflection current
=1mA =1 x10%A
R

lg

- A% :
A B
Vg =full scale deflection potential =10 V
G = Galvanometer resistance =100 Q

If R =resistance used in series for converting
galvanometer into voltmeter, then from above circuit

diagram,
i, G+R)=V
O 1073(100 + R) =10
0 R =10000 —100=9900 Q =9.9kQ
51 Asiy=—2 =1
2000 1000
Now for range, V =8V+ 2V =10V
O R:K—G: 10 —-2000 =8000Q

oo



52.

53.

54.

Given, divisions in scale of galvanometer,
n =50
Sensitivity of galvanometer,

i
-£ =920 pA /division

n
O Current in galvanometer,

Ig
I, =—= xn =20uA x50
n

g
O I, =1000 pA =1 mA
Now, for R, it should be converted into 2V voltmeter.
O Vi=i, (B +G)
2=10"%(R, +100)
0 2000 = R, +100
O R, =1900Q ...0)
For R,, it should be converted into 10V voltmeter.
O Vo =i, (B + Ry) +G]
0 10=10" [(R, + R,) +100]
O 10000 = R, + R, +100 =2000 + R,
0 R, =8000 Q .. (i)
For R;, it should be converted into 20V voltmeter.
O Vo =L [(R, + Ry + By +G]
O 20 =107[1900 + 8000 + R, +100]
O 20000 = R; + 10000
O R, =10000 Q ...(ii1)

From Egs. (i), (i1) and (iii), it is clear that option (c) is
correct.

To convert a glavanometer into a voltmeter, a resistance

R= K — (G is connected in series with it.

lg

To convert galvanometer into an ammeter, a resistance,
S=i,G/(@i—i,) is to be connected in parallel with
galvanometer.

Therefore, the combination should have a range of 10 V
with connection of resistance 200 kQ in series.

To use galvanometer as an ammeter, a low resistance in
parallel is used.

In ammeter, if lg = full scale deflection current, then
equating potential drops across points marked AB, we
have

VAB = lgG
=@y —ig)Ry
iy G .
0 RA =- - (l)
g — lg

Here, G =resistance of galvanometer coil.

When a galvanometer is used as a voltmeter, a high
resistance (Ry,) in series is used.

Iy S

AV
b Al-ly R B

Equating potential across point AB,
Vap =G + Ry) i,

But Vg = i0G (given)
So, i0G=@G+Ry)i,

G
0 R, =0 WG ..Gi)

lg

From Egs. (1) and (ii), we have

a igG a
R, _ Dok
R, G -i)G
ig
o g
(lO ig)z
and RA X RV =— LgG' X (LO _'lg) G :G2
(g = 1g) Iy

Round IT
1. Figure shows infinitely long straight thin walled pipe

carrying current /.

T

~

Let P be any point at a distance r from the axis OO, of
the pipe. Let Bbe magnetic field at P. Consider a closed



7.

. Magnetic field at the centre, B =

circular path passing through point P as shown in
figure. From Ampere’s circuital law PBI]il = Mot

i = current through the closed path. Obviously, i =0
O 21MRB=00r B=0
The magnetic force on AB and CD are equal and

opposite due to symmetry and opposite currents in
these sides. The magnetic force on AD,

A B
i
D C
— X o|—b>|

F = M, attractive
2Tx

Magnetic force on BC

Mot

F,=——""—— repulsive
2T on+ by P

As F > F,, so magnetic force will be experienced
towards wire.

. Force on wire Bdue to A,

= M = Ho towards C

F
ba 21r s

Force on wire B due to C,

Fpe = Mo X2 %2 = 3Ho towards A
2mr s

Clearly, Fpo > Fpy, therefore net force on Bis directed
towards A.

Hot® _ Mol 3TU_ 3ol
4ma  4T@ 2 8a

. Torque on the loop, T= NiABO A

For a given periphery, circle has maximum area.

Here,2r =0.1 nm=0.1x 10°m =10"""m;

1= £ where, w =angular speed.
T 21
Now, _Ho 211 _ Hg new
4T 1 mn r
or w:Bﬂ Elr—
Mo ne
-10
—14x 1 « (107) /2
107 1.6x107"
=4.4 x10'"%rad /s
Maximum value of force, .. =evB

max
=(1.6x1079) x (0.9 x 3 x 10%) x(10%)
=4.32x107°N

8.

10.

11.

12.

13.

As,eE=evB 0 v=

oy | &

Here, E=1Vem™'=100Vm™, B =2T
a v=@ =50 ms™!

2 2 2 1
As,E:qu orr= 2mE

2m Bq
So, rOJE /B

. g:/ﬁgéz\/?
n E 3B \9
SO
9 9

Consider the two coaxial solenoids. Due to one of the
solenoids, magnetic field at the centre of the other can
be assumed to be constant.

)

Due to symmetry, forces on upper and lower part of a
solenoid will be equal and opposite and hence
resultant is zero.

Therefore, F, = F, =0.

Consider a simple amperian loop passing once through
both the identical current carrying coaxial loops.

(1) According to Ampere circuital law,
jSC Bl =p,( -1) =0.

(i) As fc Bl =0, therefore fc BULl is independent of

sense of C.

(ii1) The value of B does not vanish on various points
of C.

Since, the magnetic field does not perform any work,
therefore whatever has been gain in kinetic energy, it is
only because of the work done by electric field. Applying
work-energy theorem,

W =AE

1
qE, :§ml}2 -0

or v= %
m

In magnetic field, the force on charged particle
F =q(wxB). When particle accelerates from rest, its
acceleration 1is perpendicular to the direction of
magnetic field. When charged particle is deflected by
the magnetic field, its speed does not change but
direction of velocity changes because the deflecting
force acts perpendicular to vand B. Only the component
of magnetic field perpendicular to the direction of



motion is effective in deflecting the particle. Also, while
deflecting in the magnetic field, its energy gradually
decreases.

14. Suppose a resistance R, is connected in series with
galvanometer to convert it into voltmeter.

g Rs
v
i, G+R)=V
O R= Z -G
lg
a R =1985=1985kQ
or R=1985x10° Q
15. Magnetic field at O due to PR,
Q

2i/3

B :&m/s

) [sin30° +s1n 30°]
m r

_Ho 2i
41 3r

It is directed outside the paper. Magnetic field at O,
due to PQR (i.e., for the wire PQ and QR)
3
B, =2 xH0 555 [6in30° + 5in 30°]
4T |
_Ho 2
T4m3r

It is directed inside the paper.
O Resultant magnetic field at O
B=B, -B, =0
16. (a) Motion of charges inside the conductor is affected by
magnetic field B, due to magnetic force F given by

F=q(vxB)

(b) Due to magnetic force, some charges inside the
wire move to the surface of wire.

(c) The force on wire of length /, carrying current
when subjected to magnetic field Bis,
F =1 (1 x B). It acts perpendicular to the plane
containing 1 and B and is directed as given by
Right Hand rule. If the wire moves under the
influence of B at an angle 6, where 6 #90°, then
work done, W = Fscos0, can not be zero.

(d) When wire moves under the influence of B, then

displacement of the ions is perpendicular to the
magnetic force F. Therefore work done is zero.

17. Magnetic field at point P due to i, B :% upward
™

perpendicular to plane of paper. Therefore, magnetic
force on element P

Fp = Bjidx = Holaty dx, along X-axis
210
Magnetic field at point @ due to i;,
B, = % downward perpendicular to plane to paper.
e
Magnetic force on element @,

Fy=Byiydx = Hohly dx, along (+) X -axis
210

So, wire i, will turn counter-clockwise.

18. For small element of wire,

T T cos db
T sin d6
folc]
R
T sin d6
T
T cos d6

2T sind6 =2R d6 iB
2Td0 =2RiBd®6
T =iRB
19. Magnetic field due to an infinitely long straight wire at
point P is given as

i °P
|
b—r——
i
|B|:“L
2mr

Thus, in the given situation, magnetic field due to wire
1 at point P is



‘ So, the only force which is acting on electron in the
[ direction, is electric force which reduces its speed.

20.

21.

22.

d
P
: 23. The current through loop is in anticlockwise direction.
d Hence, magnetic field at the points within the loop acts
777@ (0.0) o perpendicularly outward to the plane. The magnetic
field lines form a closed path. A tangent to the field lines
gives the directions of forces at same point. Thus,
| @ magnetic field at O is perpendicularly inward to the
! paper.
B, = Ho T .0 24. Acceleration produced by electric field,
2nd E,:
a=270]
Similarly, magnetic field due to wire 2 at point P is m
B. = Ho ¢ 5 After time t, velocity of the particle,
> ond v=u+at
Resultant field at point P is 0 v= Uoji + %Eotg [cu=v= Uoji]
m
Bnet = Bl + B2 .
Since, | B,| =| By, but they are opposite in direction. So, speed of the particle,

Thus, B, =0
O Net magnetic field at point P will be zero.
Applying Fleming’s rule, we find that upward force F' of

magnitude /B acts. For mid-air suspension, this must
be balanced by the force due to gravity.

a mg=1lB
] B:m7g
1l
Given, m =200g=0.2kg, g=9.8m/s?

I=2A,1=15m
0.2x9.8
2x1.5

we have, B= =0.65T
According to question,

i G R
O A A ——o 1V

From Ohm’s law, V = IR

O (B +G)=1V ...Q0)
Let x be the required resistance.

Now, i,(B +G+x) =2V

/g R1+G X
O— > WWWN—— MWWWN—O
2V

Using Eq. (1) in above equation, we get
1 R+G+x =2
R, +G)
R +x+G =2(R, +G)
x=R +G
Since election is moving parallel to the magnetic field,
hence magnetic force on it. F,, =0

E
—
F=eE

Now, given | vl =2y, after time ¢, so

2y, = 0(2) + %q—Eotg
m
a 403 = vg + %Eotg
m
O 31)3 = wg
m

x@mvo
qE,

Here, we must note that no change in magnitude of
velocity is caused by a perpendicular magnetic field.
So, we are not taking effect of magnetic field while
calculating change in speed.

So, time interval, ¢ =

25. Force exerted on a current carrying conductor,
F.. =B(x)iL
Work done

Average power =—————
Time taken

1 2
P:;j'oFexth
- ’BwiLd
_?Io (x)iL dx
1

2
“sx107 o3 107" x10 x3 dx
X

=9[1-e%

10
=9 g -
e0.4a
=2967=297TW



26. From the figure, due to FABC, the magnetic field at O is
along Y-axis and due to CDEF, the magnetic field is

27.

along axis. Hence, the field will be of the form A(l + _])
C B

F ~A

Calculating the field due to FABC
Due to AB,

(sin45° + sin45° )1 =2 0 Mol

B =
'AB a1l

41

Mot

Due to BC, B, = oo T

(sin0° + sin45°) =

4rr10é2£@

_ Mot
B,,=_Fro
'AB 2\/5_’_[[

Hence, the field due to FABC,

B _Hei U1 1 fIZIA
FABC —
22 N
i g
0 BFABC - “0

Similarly, due to CDEP we have

I“OZA
U

BCDEF -

0 B,

NERTIN AP
et = Brapc + Beprr = T;lo i+j)
Given, B, =4T x1077 N/AZ

w=40T1rad/s
B

at centre =3.8 X10_9 T
and R=10cm=01m

Now, we know that, magnetic field at the centre of a
current carrying ring is given by

_ Mot :
B="-
2R ®

Here, i can be determined by flow of charge per
rotation, i.e.

...(i1)

Here, T=

...(iid)

28.

29.

By putting value of i from Eq. (iii) to Eq. (i), we get
_ HQw . Q=2BRx2n
2R %21 H o
_2x38x107% x0.1 x27

At x1077 x40
_ 2x38x0.1 x 1072

2 x40T1
=0003022 x1072 C
=3022x107° C
or Q=3x107°C

Consider free body diagram of the wire.

As the wires are in equilibrium, they must carry current
in opposite direction.

d Tsin®

mg=»\g

Here, I = L;(;le where [ is length of each wire and d is

separation between wires.
From figure, d =2Lsin 0

T =cos® =mg =Alg  (in vertical direction)...(i)

Tsin® = F, = “Oi(m horizontal direction) ...(ii)
41l sin 0

From Egs. (1) and (i),

T'sin® _ Woi’l

T cos® 4mlsin 0x Alg

2
0 ;= 4TIALg sin” 0 —94inb TIALg
Mo cosO Mo cosO

There is no magnetic field along axis of a

current-carrying wire.
Also, magnetic field near one of end of an infinitely
long wire is Hot tesla.

41r

Hence, magnetic field due to segments LP and M@ at ¢
O is zero. Using right hand rule, we can check that
magnetic field due to segments PS and QN at O is in
same direction perpendicularly into the plane of page.
_ Kol | ol _ Mol

Hence, B, = are A om

Bpg + By =
_2mrB,

Ho
Here, r=OP =0Q =4cm and B, =10"*T.
Substituting values, we get
_2mx4x1072x107*

411077
a i=20A
Also, magnetic field points perpendicular to the plane
of page.

So,

ad




30. Average power developed which eventually gets lost as
heat due to resistance of loop is given by

P = VI'ZHlS — (Vmax /\/5)2 = VI?IHX
R R 2R
Also, V.. =NBA®
In given loop, N =1, A = Tb
2 2.2 2,9

o, Py, = (BAw)” _ B’a’b*w}

2R 2R
31. Torque (1)=M x B

Here, M = 2a)? x I :4a2lj

and B :u—oli
210

I ~ =&
O T=4 QIXHL 1 X1
a 2T[b(J i)

2 9
X 11| = 2u0la
b

32. Magnetic field in case of circle of radius R, we have

_ Mot

B, =Fo’

47 2R

0}

As, 2TR =1, (where 1is length of a wire)
1

R=—
2m ) )
O BA = 7“07’1 = HotTt (l)
2 X — 1
21
Bg T
a
459725° l

Magnetic field in case of square of side a, we get

BB:4><@X

B, = 4”“[0 :pozﬁl
BT 2T an

As, 4a =1, a:l
4

O

82 Ui ..
0 Bp=—--0"
B - (i1)
Dividing Eq. (i) by Eq. (i1), we get

B,

By 82

33. Given, proton is moving from south to north and
magnetic field is directed from west to east.

N

v

A
w P, £

S

As v B, force on the charged particle,
F =Bqu
If m =mass and a = acceleration of the particle, then

F =ma

So, ma = Bqu
or p="2 6

qu

If K =Kkinetic energy of the particle,

then K= %mv2

O u:\/E ... (ii)
m

From Egs. (1) and (i1), we get

ma m>

o [PE - ax 2K
m

m =16 x10"%" kg,
a=10"%ms™?
qg=16x10"°C,
K =1MeV
=1x10°% x16 x1071%J
=16x1071%J
Substituting these given values in Eq. (ii1), we get
16 x 10—27)3/2 x 102
T 16x1070 x (@ x16 x10713)2
o7 xS
162 x10 2 x10%
(1.6)3/2 x 21/2 x 10—19 x 10—13/2
= % X 10'3

=0.71 mT

B=

...(iii)

Here,

34. As shown in the figure, consider an element dI at C of
wire, where OC = 1.

Let PC=r
and AOPC =@



According to Biot-Savart’s law, magnitude of magnetic
field induction at P due to current element at C is

dB = Ho Ldls;nG

4t r
Here, 0=90°+ @;r =asec @
and l=atan @
g di=asec?@d@ (after differentiating)

. 2 . °

O dB:&La(sec (p;i(p)szm(90 +Q

41t a“sec” @

=Ho L oog ode
4 a

The magnetic field induction at P is
= ¢ Hol R
B I dB ‘[900 i cos@d@ i [—sin @]

—Ho _ Kot

o i H b H
21 -si E Ll I [
ana "7 g BT

35. In the absence of magnetic field,

mg = 2kux, ...Q0)
BLE

OMagnetic force on the rod is F,, = BiL =

kX 0 kx 0 ZKXO ZKXO

1 1 1 1
l l

mg mg

In downward direction,

BLE

0 2kx, =mg + ...>11)

From Egs. (i) and (i1); we get, 4kx, =2kx, + BLE

5o 2k%R _mgR
EL ~ LE

36. Consider a hypothetical ring of radius x and thickness

dxof a disc as shown in figure.

37.

38.

Charge on the ring, dg = iz x 210 dx)
w

Current due to rotation of charge on ring,
._d d 2x d
dlziqziq = qzinqﬁ x
T 1/n r
Magnetic field at the centre O due to current of ring
element is

odi _Wong2x dx _Hon dx

u .
dB = = .. @
2x r2(2x) r? ®
Integrating Eq. (1), we get
B
I dB=(" p.0n2dx
0 o r
ad B= 2 J'O dx O B 2

Therefore, total magnetic field induction due to
current of whole disc is
leio’zlq = Hoq
r r

Increase in kinetic energy of particle

2 2

=1m(21))2 —lmv =§mv
2 2 2

Work done by the uniform electric field, E in going
from Pto @ = (qE) x2a =2qEa

2

Hence, 2qEa = gmv (by work-energy theorem)

3mu?
or =

4qa
Rate of work done (i.e. power by the electric field),
P=F=qE D =qEi®Di =qEv
2 2
O Power at @ = qFE i EQ—Zvj) =0
At @, rate of work done by both the fields is zero.

Acceleration of electron due to electric field 1is
ap =—eE/m.

Its direction is opposite to the direction of E.
Acceleration of positron due to electric field 1is
ay = eE/m. Its direction is along the direction of E.
Thus aj, # ag.

Magnetic force on electron, F = — ¢ (v x B)
F _ e(vxB)

Acceleration of electron, a,, = — =
m m

Magnetic force on positron, F' =e (- v xB) = —e (v xB)

. . F - x B
Acceleration of positron, aj, = — = — L
m m
0 a,=a'



39.

As both the particles (electron and positron) are of same
mass and same charge in magnitude having same
acceleration due to magnetic field, hence they gain or
loose the energy at the same rate.

Due to electric field, net electric force on
electron-positron pair, = — ¢E + eE =0.

Net magnetic force on electron-positron pair
=-e(vxB) +[-e(v xB)]=-2e(v xB)

Therefore, the motion of the centre of mass (CM) is
determined by magnetic field alone.

According to question, the situation can be drawn as

Force of a current carrying conducting wire,
F =Bilsin 6
So, force acting on wire AB and CD are zero
(-8 =0°andsin0°=0).

Only sides BC and AD will experience force due to
current carrying wire.

Force on side AD = Force on side BC = F (say)
Net force on loop, F' = Bil,,, sin 90°

- ot eq

)
p=—Hotd (- d=1Ja®+b?)
mja® + b®

Fcos 6

Force on AD and BC acts in two different directions as
shown in above figure, so torque is produced in square
loop.

OTorque on loop = F cosB x2a
-2
__Hpla b x9a
Tr\/a2 + b \/(12 +b°
_ 2pyi%a%
m(a® + b?%)
If b >>a, then a? + b% = b2
_ 2%’
T

d

40. The force acting on the elementary portion of the

current carrying conductor is given as,
dF =i (dr) Bsin90° 0 dF =iBdr

dF
0 1
ES——

The torque applied by dr about O, dt = rdF.
0 The total torque about O =1 :J’ dF :I r (iBdr)

2
ad T= lBI rdr = Bz
The angular acceleration, a = n (where, MI = moment of
inertia)
. ZD ZD .
ad o= le/ IDD a:%
0200380 2m

41. Situation given in question is shown below

Y-axis
Path of charged particle
e o y=d
d (®Bk
0 VPV
9 ' y=0
= 90™9 0 9 Xaxis
r—-d 0
C \ Vyf ,\ Vs

90°-0
Centre of circular path

Path taken by particle of charge ¢ and mass m is a
circle of radius r, where

_mu

" Bg
Here, final velocity

vf(—fi) =vcos60° i—vsin60°fi
= U%l ——_]Ij

So, change of velocity of charged particle is

O
Av = /3 V—U%l——_][l vi
20

Vf = foi +

A A0
=-v %i+ﬁjD
® 2 0

If ¢ =time taken by charged particle to cross region of
magnetic field, then

_ distance OP
speed in direction OP
J3 mu V3
e
_ 2 _Bg 2 _ J3m
v v 2Bq




42

43.

So, acceleration of charged particle at the point its
emergence,

2 A0
_"%“g% 0i .0
=Av. =BRL | me
AL N3 m m 03
2 Bq

None of the option given matches with answer.

Suppose the effective length of this dipole be I. Thus,

the top view of the condition can be shown in the figure
given below.

Magnetic
field of { gy /
the wire J

Now, the net force on the loop (i.e. at the two poles)
due to the wire is given as,
F .=2F cos®=2mBcos 6
where, m is the pole strength.
From the figure, we have
l l

-2 _ _
x

ZZ
+i

Since, the magnetic moment of a loop of radlus ais

cos 0

m=iA=ima® ..(i)
and magnetic field due to a straight infinitely long
current carrying conductor at a distance xis
_Mo?' (i
= ...(111)
2mb

O Using Egs. (11) and (ii1), rewriting Eq. (1), we get
iyl

4[I

Charged particle follows trajectory as shown in the
figure.

Y
P N .

4 vi Ei

(® Bk
a
Q
P—> X
2a

44.

As magnetic field is perpendicular to the velocity of
charged particle, work done by magnetic field is zero.

So, work done by electric field = change in kinetic
energy of charged particle

a E2a == m 2v)° - m v
q 5 @uv)* 5 )
3 mv® .
a E=—— (statement I is correct)
4 qa

Rate of work done = Power = F v = qu Cvi

2
=qEv=q£ﬂﬁb
4 qa

(statement II is correct)

At point @, both electric field and magnetic field are
perpendicular to velocity of charged particle, so work
done by both E and B at @ is zero.

(statement III is correct)
Angular momentum about origin at P = muai.
Angular momentum about origin at @ = —4muaj.

Difference between magnitudes of angular momentum
at P and @,
AL=Ly -Lp
=4mva — mva

=3muva (statement IV is incorrect)

Thus, option (b) is correct.

There are two forces on slider.

x x x
R % x
<

Bil¢«— % x
x x x

Spring force = kx
where, k = spring constant.

As the slider is kept in a uniform magnetic field
B =0.1T, hence it will experience a force, i.e.

Magnetic force = Bil
where, [ =length of the strip.
Now, using

Fnet =ma
We have,
(=kx) + (=Bil) =ma
O - kx Bit m& 0
272
ad —kx—B ! @ -ma =0 leihg
R
2
and acceleration, a = ﬂ;
dt
Hence, the modified equation becomes
2 272
0 mdx+ﬂ¥§+kx:0
dt* R Uat



45.

46.

47.

This is the equation of damped simple harmonic
motion.
So, amplitude of oscillation varies with time as
B%?
=
A=Aje B

. A
Now, when amplitude is =2, then
e

Ao 4

. = P - (as given)
e?Rm
0O 22
0 BB H =1 t:”?’;
2RmO Bl

According to the question, magnetic field B=0.1T,
mass of strip m =50 x10~% kg, resistance R =10 Q,
1=10ecm =10x10"*m

_2Rm _ 2x10x50 x107®
0 T op22 2 —-2\2
B> (01)?x(10x107%)

—%:10000s

Given, spring constant, £ =05 Nm

Also, time period of oscillation is

T=2n\/E
k

Com 50x107% _ 2m g
05 <10
So, number of oscillations,
_t :10000 ~5000

T

Since, the currents are flowing in the opposite
directions, the magnetic field at a point equidistant
from the two wires will be zero. Hence, the force acting
on the charge at this instant will be zero.
Torque, T = BINA sin 0
Here, 6 =90°
0 sin6=1,T=15N-m

A=3x10""m% N =500and i =05 A

=.T _ 15 _4=20T
iNA 05x500x3x10

So,

The resistance of arm PQRS is 3 times the resistance of

arm PS. If resistance of arm PS = r, then resistance of
arm PQRS =3r.

Q —R
N /
\ /
\ /
N /
\ ,
\ /
N /
N 7
AN
X I
I ,¢\O 2
RN
PN
RN
’ a \
/ ! N
’ I N\,
e ! AN
Pl v s

48.

49.

Potential difference across Pand S = i;r =i, X3r
Magnetic field induction at O due to current through

arm PSis B, = Ho [sin45° + sin45°] acting
4T a

perpendicular to the loop upwards.

Magnetic field due to PQ and RS are equal and
opposite.

Therefore magnetic field due to QR,
B, = Ho Eﬁ [sin45° +sin45°]
41T a

perpendicular to the loop in downward direction.
O Resultant magnetic field at centre, B=B, + B, =0

Bp=B))p + By)p + Bs)p +Byp +Bs)p

(semi-finite wire)

_ Mol - _
B,y = -k), =0
By)p 4(3(1/2)( ), By)p
_ Mgt T
B,y = -k
Byp 13a/2) -k
0 Bp=—2—()
41 %@
N B :\/(34 - By)* +(B; —B,)*
\/g% g E Polg Uol 4
6a
O P=3
The net electric field,
E=E, +E,
O E = i + i = g
28, 28, €,

The net force acting on the electron is zero because it
moves with cosntant velocity

Fnet = Fe + Fm =
O |F, |=|F,]
or ek =evB
E )
or V=—=——
B ¢,B
. S . _ [ _gyB
OThe time of motion inside the capacitor, t = — =——.
v O

O x=1



