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JEE Advanced

Single Correct Answer Type

1. A magnetic needle is kept in a non-uniform magnetic field.

It experiences

a. aforce and a torque

b. a force but not a torque
¢. atorque but not a force

d. neither a force nor a torque (IIT-JEE 1982)

2. A conducting circular loop of radius r carries a constant

current i. It 1s placed in a uniform magnetic field B, per-
pendicular to the plane of the loop. The magnetic force
acting on the loop is

a. irB, b. 2mrB, c¢. zero d. mrB,
(IIT-JEE 1983)
. A rectangular loop carrying a current i is situated near
a long straight wire such that the wire is parallel to one
of the sides of the loop and is in the plane of the loop. If
steady current / is established in the wire as shown in the

figure. the loop will

rotate about an axis parallel to the wire

move away from the wire

move toward the wire

remain stationary (IIT-JEE 1985)
. Two thin long parallel wires separated by a distance b are
carrying a current / ampere each. The magnitude of the
force per unit length excrted by one wire on the other is

L bl
b* 2rth 2nh 2nh-

(IIT-JEE 1986)
. Two particles X and Y having equal charges, after being
accelerated through the same potential difference, enter
a region of uniform magnetic field and describe circular
paths of radii R, and R,, respectively. The ratio of the mass
of X to that of Y is

a. (R/R,)" b. RJR,

aproe

¢. (R/R,’ d. R/R,
(IIT-JEE 1988)

6.

7.

8.

A current / flows along the length of an infinitely long,

straight, thin walled pipe. Then

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

b. the magnetic field at any point inside the pipe is zero

¢. the magnetic field is zero only on the axis of the pipe

d. the magnetic field is different at different points inside
the pipe (IIT-JEE 1993)

A battery i1s connected between two points A and B on

the circumference of a uniform conducting ring of radius

r and resistance R. One of the arcs AB of the ring sub-

tends an angle @ at the center. The value of the magnetic

induction at the center due to the current in the ring is

a. proportional to 2 (180° - 6)

b. inversely proportional to r

¢. zero, only if 8= 180°

d. zero for all values of 6 (IIT-JEE 1995)

A proton, a deuteron and an o-particle having the same

Kinetic energy are moving in circular trajectories in a

constant magnetic field. If r,, r, and r, denote, respectively.

the radii of the trajectories of these particles, then

b. r,>r,>r,

C. ry=r,>r, d.

a. ro=r,<r,
r=r,=r,

(IIT-JEE 1997)

9. Two particles, each of mass m and charge g, are attached

10.

to the two ends of a light rigid rod of length 2R. The rod
Is rotated at constant angular speed about a perpendicular
axis passing through its center. The ratio of the magnitudes
of the magnetic moment of the system and its angular
momentum about the center of the rod is

a. g/2m b. g/m c. 2g/m d. g/mm
(IIT-JEE 1998)
Two very long, straight, parallel wires carry steady
currents / and -/, respectively. The distance between the
wires is d. At a certain instant of time, a point charge ¢ is
at a point equidistant from the two wires, in the plane of
the wires. Its instantaneous velocity v is perpendicular to
this plane. The magnitude of the force due to the magnetic

field acting on the charge at this instant is

Holqv b. Molgqv i 2uylgv d. 0
2nd nd nd

(ITT-JEE 1998)
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11. A charged particle 1s released from rest in a region of
steady and uniform electric and magnetic fields which
are parallel to each other. The particle will move in a
a. straight line b. circle
¢. helix d. cycloid (IIT-JEE 1999)
12. A particle of charge ¢ and mass m moves in a circular
orbit of radius r with angular speed @. The ratio of the
magnitude of its magnetic moment to that of its angular
momentum depends on
a. wandgqg b. w.gand m
¢c. gand m d. wand m
(IIT-JEE 2000)
13. Anionized gas contains both positive and negative ions. If
ILis subjected simultaneously to an electric field along the
+x direction and a magnetic field along the +z direction,
then
a. positive ions deflect towards +v direction and negative
1ons towards -y direction
b. all 1ons deflect towards +v direction
¢. all ions deflect towards -y direction
d. posiuve ions deflect towards —v direction and negative
ions towards +v direction (IIT-JEE 2000)
14. Two long parallel wires are at a distance 2d apart. They
carry steady, equal currents flowing out of the plane of the
paper, as shown (see figure). The variation of the magnetic
held B along the line XX is given by

a. x *"’J \: \’ H
. e \n/
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Y,
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(IIT-JEE 2000)

I3, An infinitely long conductor POR is bent to form a right
angle as shown in the figure. A current / flows through
PQR. The magnetic field due to this current at the point
M s H,. Now, another infinitely long straight conductor
@S is connected to Q so that current is //2 in OR as well

as in QS, the current in PQ remaining unchanged. The
magnetic field at M is now H,. The ratio H /H, is given by

LM

R
1O oc Y 1O o=
3 W e
P / 0 A}

Y
Rimm
a. 1/2 b. | c. 2/3 d. 2

(ITT-JEE 2000)

16. Two particles A and B of masses m, and m,, respectively,
and having the same charge are moving in a plane.

A uniform magnetic field exists perpendicular to this

plane. The speeds of ® ° ® e o
the particles are v, and 4

vy, respectively and @ @ ® ® O
the trajectories are as g 5 ® } ®
shown in the figure. /'\

a. myv, <myy, PY ® @ ® o
b. m,v,>my,

c. my<myandv, <v,

d. m,=mgandv, =v, (IIT-JEE 2001)

17. A non-planar loop of conducting wire carrying a current
I is placed as shown in the figure. Each of the straight
sections of the loop is of length 2a. The magnetic field
due to this loop at the point P(a, 0, a) points in the direction
a. _|_(_,.++£) A=

V2

b. —l-(—}+£+f)

NE

C. J—-(}+§ +;)

V3

i —Cab)

Np)

(IIT-JEE 2001)

18. A coil having N turns is wound tightly in the form of a

spiral with inner and outer radii a and b. respectively.

When a current / passes through the coil, the magnetic
field at the center is

9 r
a. Ho N b Mot
b a
N ’
. Ho : InE d. Hol InE
2b-a) a 2(b-a) a
(IIT-JEE 2001)

19. A particle of mass m and charge ¢ moves with a constant
velocity v along the positive x direction. It enters a region
containing a uniform magnetic field B directed along the
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20.

21.

22.

negative : direction, extending from x = a to x = b. The
minimum value of v required so that the particle can just
enter the region x > b is

a qbB b. qlb-a)B
m m
. 4aB i g(b+a)B
m 2m
(IIT-JEE 2002)

A long straight wire along the z-axis carries a current / in
the negative z-direction. The magnetic vector field B at
a point having coordinates (x, y) in the z = 0 plane is
Hol (i - x)) b Hol(xi+y))
2r(x? + y?) 2r(x° + %)

Uol(xj— yi)
27 (x? +_1'2}

C.

. 1ol (xi— yj)
2?1'(.1‘2 + y'."}
(IIT-JEE 2002)

The magnetic field lines due to a bar magnet are correctly
shown in

N N
a. b.
S S
N N
C Y d Addl
AY \Y
(IIT-JEE 2002)

For a positively charged particle moving in a x-v plane
initially along the x-axis, there is a sudden change in its
path due to the presence of electric and/or magnetic fields
beyond P. The curved path is shown in the x—y plane and
s found to be non-circular. Which one of the following
combinations is possible ?

Yi

(IIT-JEE 2003)
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23. A conducting loop carrying a current / is placed in a
uniform magnetic field pointing into the plane of the paper
as shown in the figure. The loop will have a tendency to

AY

dRhW

B

®

a. contract

b. expand

¢. move toward +ve x-axis

d. move toward -ve x-axis (IIT-JEE 2003)
24. A current carrying loop is placed in a uniform magnetic

field in four different orientations; I, I, IT1, and IV, arrange

them in the decreasing order of potential energy.

> B
A - C_l_)
n

and - » B

=)

b=

I v

a. |=MI>11>1V b. I>II>1II>1V

c. [>IV>I1>11 d. II>IV>1>1]
(IIT-JEE 2003)
25. An electron travelling with a speed u along the positive
X-axis enters into a region of magnetic field where B = -B,
k (x> 0). It comes out of the region with speed v. Then

e

(o )
E

X —r

a. v=uaty>0
c. v>uaty>0

b. v=uaty<0
d. v>uaty<0
(IIT-JEE 2004)
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26.

A magnetic field B= Bn_:r' exists in the region a < x < 2a
and B = =B,/ in the region 2a < x < 3a. where B, is a
positive constant. A positive point charge moving with a
velocity v =v,i, where v, is a positive constant, enters
the magnetic field at x = a. The trajectory of the charge
In this region can be like

B

B,

-t

27
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(IIT-JEE 2007)
A steady current / goes through a wire loop PQR having
shape of a right angle triangle with PQ = 3x, PR = 4x. and
QR = 5x. If the magnitude of the magnetic field at P due
Mol
48mx
b. 8

to this loop is k( ] the value of & is

C. 7 d. 10

(II'T-JEE 2009)

a. 5

+ Athin flexible wire of length L is connected to two adjacent

fixed points and carries a current / in the clockwise direc-
tion, as shown in the figure. When the system is put in a
uniform magnetic field of strength B going into the plane
of the paper, the wire takes the shape of a circle. The ten-
sion in the wire is

a. IBL b. -I—Bi
4

o 8L d. BL  (uT-JEE 2010,
2 ar

29. A long insulated copper wire is closely wound as a spiral

31.

of N turns. The spiral has inner radius a and outer radius
b. The spiral lies in the X-Y plane and a steady current /
flows through the wire. The Z-component of the magnetic
field at the center of the spiral is

a. HoN 1 ln(-é]
2(b-a) a '
b_ ﬂﬂﬂi‘l’ Iﬂ[b""ﬂ] .
2(b-a) b-a
N
sty

2% a

(ITT-JEE 2011)

N
d M, f]n(bﬂ:‘.')

A loop carrying current / lies in the x—y plane as shown
in figure. The unit vector k is coming out of the plane of

the paper. The magnetic v
moment of the current loop
IS
a. alk /
S
~ X
b. (-‘g—ﬂ]az!k

e —(£+I]a:f£
2

d. (2r+1)a’lk (IIT-JEE 2012)

An infinitely long hollow conducting cylinder with inner
radius R/2 and outer radius R carries a uniform current
density along length. The magnitude of the magnetic field,
|B| as a function of the radial distance r from the axis is

best represented by

A &
a. lEi/—\‘ b. B _k
e .
R R R'2 R
A A
C. E’ /k d. B A
| . r - -r
R2 R R2 R
(ITT-JEE 2012)

=
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Multiple Correct Answers Type

1.
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A proton moving with a constant velocity passes through a
region of space without any change in its velocity. If £ and
B represent the electric and magnetic fields respectively,
this region of space may have
a. £E=0,B=0 b. E=0.B#0
c¢. £E#£0,B=0 d. E£0.B#0

(IIT-JEE 1985)

. A particle of charge +q and mass m moving under the influ-

ence of a umiform electric field Ei and uniform magnetic
field Bk follows a trajectory from P to Q as shown in
the figure. The velocities at P and Q are vi and -2v/
which of the following statement(s) is/are correct?

2
a. £E= -31 Y
4l ga _
; o N m’
b. Rate of work done by the electric field at Pis E[——]
a

¢. Rate of work done by the electric field at P is zero
d. Rate of work done by both the fields at Q is zero
(ITT-JEE 1991)

. H’, He’, and O*" all having the same kinetic energy pass

through a region in which there in a uniform magnetic
field perpendicular to their velocity. The masses of H".
He*, and O are 1. 4. and 16 amu, respectively. Then.
a. H" will be deflected most

b. O* will be deflected most

c. He® and O*" will be deflected equally

d. All will be deflected equally (IIT-JEE 1994)
A long current carrying wire, carrying current such that it
1s flowing out from the plane of paper, is placed at O. A
steady state current is flowing in the loop ABCD. Then,

a. the net force i1s zero
b. the net torque is zero

¢. asseen from O, the loop will rotate in clockwise direc-
tion along axis OO’
d. as seen from O, the loop will rotate in anticlockwise

direction along axis OO’ (IIT-JEE 2006)

S. A particle of mass m and charge ¢, moving with veloc-

ity V enters Region Il normal to the boundary as shown
in the figure. Region II has a uniform magnetic field B
perpendicular to the plane of the paper. The length of the
Region Il is /. Choose the correct choice(s).

Regron | Region |l Region 111
X X X X
X X X X
9_"'_" X X X X
' X X X X
x X X X
- -

/

a. The particle enters Region III only if its velocity

v} q!_ﬂ
m
b. The particle enters Region III only if its velocity
V < ﬂ
m
c¢. Path length of the particle in Region II is maximum
: /B
when velocity V = L
m

d. Time spent in Region Il is same for any velocity V as
long as the particle returns to Region |
(ITT-JEE 2008)

. An electron and a proton are moving on straight parallel

paths with same velocity. They enter a semi-infinite region
of uniform magnetic field perpendicular to the velocity.
Which of the following statement(s) is/are true?
a. They will never come out of the magnetic field region.
b. They will come out travelling along parallel paths.
¢. They will come out at the same time.
d. They will come out at different times.

(IIT-JEE 2011)

. Consider the motion of a positive point charge in a region

where are simultaneous uniform electric and magnetic
field £ = Eﬂ}' and B = Bu}. Atume r =0, this charge has

velocity v in the x-y plane, making an angle 6 with the

x-axis. Which of the following option(s) is(are) correct

for ume 7> 07?

a. If 6 =0°, the charge moves in a circular path in the
x-z plane

b. If 8 =0° the charge undergoes helical motion with
constant pitch along the y-axis

c. If 8= 10°, the charge undergoes helical motion with
its pitch increasing with time, along the y-axis

d. If 8=90° the charge undergoes linear but accelerated
motion along the y-axis (IIT-JEE 2012)
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8. A particle of mass M and positive charge Q, moving with a
constant velocity u, =4ims”', entersa region of uniform
static magnetic ficld normal to the x-y plane. The region
of the magnetic field extends from x =0 to x = L for all
values of y. After passing through this region, the particle
emerges on the other side after 10 milliseconds with a
velocity u, =2( J3i+ }'}m s”'. The correct statement(s)
is (are)

a. The direction of the magnetic field is —z direction.
b. The direction of the magnetic field 1s +z direction.

S50nM .
units

¢. The magnitude of the magnetic field

d. The magnitude of the magnetic field is mgHM units

(JEE Advanced 2013)
9. A steady current / flows along an infinitely long hollow
cylindrical conductor of radius R. This cylinder is placed
coaxially inside an infinite solenoid of radius 2R. The
solenoid has n turns per unit length and carries a steady
current /. Consider a point P at a distance r from the
common axis. The correct statement(s) is(are)
a. In the region 0 < r <R, the magnetic field is non-zero
b. In the region R < r < 2R, the magnetic field is along
the common axis.
¢. Intheregion R < r<2R, the magnetic field is tangential
to the circle of radius r, centered on the axis.
d. In the region r > 2R, the magnetic field is non-zero.
(JEE Advanced 2013)
10. A conductor (shown in the figure) carrying constant

current / is kept in the x-y plane in a uniform magnetic

field B. If F is the magnitude of the total magnetic force
acting on the conductor, then the correct statement(s) is

=Y

:
a. If Bisalong Z, Fe< (L+R)
b. If Bisalong x, F=0
c. If Bisalong Y, Fe< (L + R)
d. IfBisalongz, F=0 (JEE Advanced 2015)

Linked Comprehension Type

Paragraph for Questions 1 and 2 Tc(B)
Electrical resistance of certain ma-
terials, known as superconductors,
changes abruptly from a nonzero value
10 zero as their temperature is lowered
delow a critical temperature 7 (0). An 0 B
mteresting property of superconductors is that their critical
emperature becomes smaller than 7 _(0) if they are placed in a
magnetic field, i.e., the critical temperature 7 (B) is a function

Te(0)

of the magnetic field strength B. The dependence of 7 (B) on B

is shown in the figure. (IIT-JEE 2010)

1. Inthe graphs below, the resistance R of a superconductor 15

shown as a function of its temperature 7 for two different

magnetic fields B, (solid line) and B, (dashed line). If B,

s larger than B,, which of the following graphs shows the
correct vanation of R with T in these fields?

R4

2. A superconductor has 7.(0) = 100 K. When a magnetic
field of 7.5 T 1s applied, its T, decreases to 75 K. For this
material one can definitely say that. when
a. B=5T, T(B)=80K
b. B=5T,75K<T(B)< 100K
c. B=10T,75K<T.(B)< 100K
d. B=10T,7,=70K

Paragraph for Questions 3 and 4

The figure shows a circular loop of radius a with two long par-
allel wires (numbered 1 and 2) all in the plane of the paper. The
distance of each wire from the centre of the loop is d. The loop
and the wires are carrying the same current 1. The current in the
loop 1s 1n the counterclockwise direction if seen from above.

0; S
Wire | L—doid—d—ﬂ Wire 2

i iR (JEE Advanced 2014)

3. When d = a but wires are not touching the loop. it is
found that the net magnetic field on the axis of the loop
1s zero at a height h above the loop. In that case
a. current in wire 1 and wire 2 is the direction PQ and
RS. respectively and h = a

b. current in wire | and wire 2 is the direction PQ and
SR, respectively and h = a

¢. current in wire 1 and wire 2 is the direction PQ and
SR, respectively and h = | .2a

d. current in wire | and wire 2 1s the direction PQ and
RS, respectively and h = | .2a
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4. Consider d >> a, and the loop is rotated about its diam-
eter parallel to the wires by 30° from the position shown
in the figure. If the currents in the wires are in the oppo-
site directions, the torque on the loop at its new position
will be (assume that the net field due to the wires is con-
stant over the loop)

2 2 r S
o Uol~a b. Mol a
d 2d
) ﬁuu‘.:ﬂ: a ﬁﬂgfzﬂ:
) d ' 2d

Paragraph for Questions 5 and 6

In a thin rectangular metallic strip a constant current / flows
along the positive x-direction, as shown in the figure. The
length, width and thickness of the strip are /, w and d, respec-
tively,

- —" -— - 5
| S— T
— Mo
P Q :

A uniform magnetic field B is applied on the stnp along the
positive y-direction. Due to this, the charge carriers experience
a net deflection along the z-direction. This results in accumula-
tion of charge carriers on the surface PQRS and is appearance
of equal and opposite charges on the face opposite to PORS.
A potential difference along the z-direction is thus developed.
Charge accumulation continues until the magnetic force is bal-
anced by the electric force. The current is assumed to be uni-
formly distributed on the cross section of the strip and carried
by electrons. (JEE Advanced 2015)

5. Consider two different metallic strips (1 and 2) of the
same material. Their lengths are the same, width are w,
and w, and thicknesses are d, and d,, respectively. Two
points K and M are symmetrically located on the oppo-
site faces parallel to the x-y plane (see figure). V, and V,
are the potential differences between K and M in strips |
and 2, respectively. Then, for a given current / flowing
through them in a given magnetic field strength B, the
correct statement(s) is (are)

a. Ifw,=w,andd, =2d,, then V,=2V,
b. If w,=w,andd, =2d,, then V,=V,
¢. Ifw =2w,andd, =d,, thenV,=2V,
d. Ifw =2w,andd, =d, thenV,=V,

6. Consider two different metallic strips (1 and 2) of the
same dimensions (length /, width w and thickness ) with
carrier densities n, and n,, respectively. Strip 1 is placed
in magnetic field B, and strip 2 is placed in magnetic
field B,, both along positive y-directions. Then V, and V,
are the potential differences developed between K and M

in strips | and 2, respectively. Assuming that the current
[ 15 the same for both the strips, the correct option(s) is
(are)

a. IfB =B,andn, =2n, then V, =2V,

b. If B,=B,andn =2n_ thenV,=V,

¢. ItB,=2B,andn, =n,, thenV,=05V,

d. If B, =2B,andn, =n, then V.=V,

Matching Column Type

1. Two wires, each carrying a steady current /, are

shown in four configuration in Column I. Some of the
resulting effects are described in Column 1I. Match the
statements in Column I with statements in Column II.

Column 1 Column 11

i. Point P is situated midway between | a. The
the wires. magnet-
--------- o e ic fields
Pe (B) at
P due
to the
currents
| inthe
wires
are in
the same
direc-
tion.

= q

ii. Point P is situated at the midpoint | b. The
of the line joining the centers of the magnet-
circular wires, which have same radii. ic fields
e (B) at
f ( P due
| to the
currents
in the

i

4 / |

| I :

L 1 :

[ | f
Y l wires

\ are in

o g opposite

direc-
tions.

lii. Point P is situated at the midpoint | ¢, There
of the Jine joining the center of the 1S no
circular wires, which have same | magnetic

ficld at

o

L}
' | ]
L
]
&
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iv. Point P is situated at the common | d. The
center of the wires. . wires

(IIT-JEE 2007)

2. Six point charges, each of the same magnitude g, are

arranged in different manners as shown in Column II. In
each case, point M and line PQ passing through M are
shown. Let E be the electric field and V be the electric
potential at M (potential at infinity is zero) due to the
given charge distribution when it is at rest. Now the whole
system 1s set into rotation with a constant angular velocity
about the line PQ. Let B be the magnetic field at M and u
be the magnetic moment of the system in this condition.
Assume each rotating charge to be equivalent to a steady
urrent.

Column Column 11

=y —— —

i.l| E=0| a.|Charges are at the corners of a regular
hexagon. M is at the center of the hexa-
gon. PQ is perpendicular to the plane of
the hexagon.

PQ at equal intervals. M is the midpoint

between the two innermost charges
. IP

et SRl SR SEE SR SRS TESY SR

Get More Learning Materials Here : &

iii.( B=0| c.|Charges are placed on two coplanar

insulating rings at equal intervals. M is

the common center of the rings. PQ is

perpendicular to the plane of the rings
@

iv.| ##0| d.| Charges are placed at the comners of a
rectangle of sides a and 2a and at the
midpoints of the longer sides. M is at the
center of the rectangle. PQ is parallel to
the longer sides

* -
® * - )
1
— & ¥
P M Q
|
~———o “

| .

e.| Charges are placed on two coplanar, iden-
tical insulating rings at equal intervals. M
is the midpoint between the centers of the
I rings. PQ is perpendicular to the line join-
ing the centers and coplanar to the rings.

(IIT-JEE 2009)

Integer Answer Type

1. A cylindrical cavity of diameter a exists inside a cylinder of

diameter 2a as shown in the figure. Both the cylinder and

the cavity are infinitely long. A uniform current density J

flows along the length. If the magnitude of the magnetic
N

field at point P is given by 1_"”“ alJ, then the value of N

B (IIT-JEE 2012)

=
paal
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2,

Two parallel wires in the plane of the paper are distance
X, apart. A point charge is moving with speed u between
the wires in the same plane at a distance X, from one of
the wires. When the wires carry current of magnitude /
in the same direction, the radius of curvature of the path
of the point charge is R, In contrast, if the currents / in
the two wires have directions opposite to each other, the

—Y% =3, the value
|

(JEE Advanced 2014)

radius of curvature of the path is R,. If

nf-&- 1S

.

Assertion-Reasoning Type

Mark your answer as

a.

b.

¢
d.
1

Statement | is true, Statement 2 is true; Statement 2 is the
correct explantion for Statement 1.

Statement [ is true, Statement 2 is true; Statement 2 is
NOT the correct explantion for Statement 1.

. Statement | is true but Statement 2 is false.

Statement | i1s false but Statement 2 is true.

. Statement 1: The sensitivity of a moving coil galvanometer

i1s increased by placing a suitable magnetic material as a

core inside the coil.

Statement 2: Soft iron has a high magnetic permeability

and cannot be easily magnetized or demagnetized.
(IIT-JEE 2008)

Fill in the Blanks Type

1.

Get More Learning Materials Here : &

A neutron, a proton, an electron and an alpha particle
enter a region of constant magnetic field with equal
velocities. The magnetic field is along the inward normal
to the plane of the paper. The tracks of the particles are
labelled in the figure. The clectron follows track and

the alpha particle follows track
X X XeX X XX

X X )(A}C xX X X

X X XX X x X\p

(IIT-JEE 1984)

A wire of length L meters, carrying a current i amperes. is
bent in the form of a circle. The magnitude of its magnetic
moment 1s in MKS units. (IIT-JEE 1987)
In a hydrogen atom, the electron moves in an orbit of radius
0.5 A making 10'® revolutions per second. The magnetic
moment associated with the orbital motion of the electron
IS . (ITT-JEE 1988)

A wire ABC‘DEF (with each side of length L) bent as

shown in the figure and carrying a current / is placed in
a uniform magnetic induction B parallel to the positive

y-direction. The force experienced by the wire is

in the direction. (IIT-JEE 1990)
Zi »
"'*/ A
.
] 'E——ll
— )
8 = ‘

X

S. The wire loop PQRSP formed by joining two semicircular

wires of radii R, and R, carries a current / as shown in
the figure. The magnitude of the magnetic induction at
center C is (IIT-JEE 1990)

S R C o P

. A metallic block carrying current / is subjected to a

uniform magnetic induction B shown in the figure.
The moving charges experience a force F given by
which results in the lowering of the potential of

the face . Assume the speed of the carriers to be v.
(ITT-JEE 1996)

A

-\

————

. A uniform magnetic field with a slit system as shown in

the figure is to be used as a momentum filter for high-
energy charged particles. With a field B tesla, it is found
that the filter transmits a particles each of energy 5.3 MeV.
The magnetic field is increased to 2.3 tesla and deuterons

are passed into the filter. The energy of each deuteron
transmitted by the filter is MeV. (IIT-JEE 1997)

ONONONONONONOR
ONOBOMONMCMONO
@@@@@@@
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True/False Type

L.

No net forces act on a rectangular coil carrying a steady
current when suspended freely in a uniform magnetic field.

(ITT-JEE 1981)
There is no change in the energy of a charged particle
moving in a magnetic field although a magnetic force is
acting on it. (IIT-JEE 1983)
A charged particle enters a region of uniform magnetic
field at an angle to the magnetic line of force. The path
of the particle is a circle. (LIT-JEE 1983)
An electron and a proton are moving with the same kinetic
energy along the same direction. When they pass through
a uniform magnetic field perpendicular to the direction
of their motion, they describe circular paths of the same
radius. (ITT-JEE 1985)

Subjective Type
1. A potential difference of 600 V is applied across the

plates of a parallel plate condenser. The 09 v
separation between the plates is 3 mm. .
An electron projected vertically, paral- i
lel to the plates, with a velocity of -
2 x 10° m s moves undeflected :T__
between the plates. Find the magnitude T -
and direction of the magnetic field in =
the region between the condenser plates.

(Neglect the edge effects. Charge of the electron =
-1.6x 107 C.) (IIT-JEE 1981)
A particle of mass 1 x 107 kg and charge +1.6 x 107 C
travelling with a velocity 1.28 x 10° m s™ in the +x direc-
tion enters a region in which uniform electric field £ and
a uniform magnetic field of induction B are present such
that £, =E =0,E. =-1024kVm~'.and B,=B. =0, B,
= 8 x 107°. The particle enters this region at time r = 0.
Determine the location (x, v, z coordinates) of the parti-
cleatr=35x 107 s. If the electric field is switched off at
this instant (with the magnetic field present), what will
be the position of the particle at 1 = 7.45 x 10® §?

[+ + + 4+ + + + +

(HT-JEE 1982)
. A particle of mass m and charge +g
enters a region of magnetic field \@ ®
with a velocity v, as shown in the F
figure. ® &
a. Find the angle subtended by the ® ®
circular arc described by it in the y/f‘
magnetic field. ®» ®

b. How long does the particle stay
inside the magnetic field?
c. If the particle enters at £, what is the intercept EF?
(IIT-JEE 1984)

Get More Learning Materials Here : &

. A beam of protons with a velocity 4.0 x 10° m s™ enters 2

uniform magnetic field of 0.3 T at an angle of 60° 1o the
magnetic field. Find the radius of the helical path taken bs
the proton beam. Also, find the pitch of the helix (which
is the distance travelled by a proton in the beam paral-
lel to the magnetic field during one period of rotation).

(IIT-JEE 1986)

. Two long straight parallel wires are 2 m apart, perpen-

dicular to the plane of the paper.
The wire A carries a current of -
9.6 A, directed into the plane of
the paper. The wire B carries a
current such that the magnetic
field of induction at point P, at a
distance of 10/11 m from wire B l

f

IS Zero.
Find: -
a. The magnitude and direction
of the current in B.
b. The magnitude of the magnetic
field of induction at point .
¢. The force per unit length on wire B.
(IIT-JEE 1987)

. Two long parallel wires carrying currents 2.5 A and /

(ampere) in the same direction (directed into the plane
of the paper) are held at P and Q, respectively, such that
they are perpendicular to the plane of paper. Points P and
Q are located at a distance of 5 m and 2 m, respectively
from a collinear point R (see figure).

% Sm —

a. An electron moving with a velocity of 4 x 10° m s~

along the positive x direction experiences a force of
magnitude 3.2 x 10" N at the point R, find the value
of 1.

b. Find all the positions at which a third long parallel wire
carrying a current of magnitude 2.5A may be placed,
50 that the magnetic induction at R is zero.

(IIT-JEE 1990)

. A pair of stationary and infinitely long bent wires is

placed in th» x—v plane as "
shown in the figure. Each 1P
wire carries current of 10 E

A. Segments L and M are :

along the x-axis. Seg-
ments P and Q are parallel
to the y-axis such that OS
= OR = 0.02 m. Find the
magnitude and direction
of the magnetic induction at origin O. (IIT-JEE 1998)
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10.

12.

13.
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A wire loop carrying a current is placed in the x-v plane
as shown in the figure. If
a particle with charge
+() and mass m 1s placed
at the center P and given
a velocity v along NP,
find 1ts instantaneous
acceleration. (b) Iff an
external umformm mag-
netic _induction field
B =Bi is applied, lind
the force and torque acting on the loop. (I1T-JEE 1991)
A straight segment OC (of length L metie) of & circuit
carrying a current / amp is placed along the v-axis. Two
infimtely long straight wires A and B, cach extending
from : = —eo 10 +eo are fixed at y = —¢ metre and y = +a
metre, respectively, as shown in the figure. If wires A
and B each carry a current / amp into the plane of ihe
paper, obtain an expression for the force acting on seg-
ment OC. What will be the force on OC if the current in
wire B 1s reversed? (IIT-JEE 1992)
An electron gun G emits electrons of energy 2 keV trav-
clling in the posiuve y-direction. The electrons are
required to hit the spot § where GS = 0.1 m, and the line
G5 makes an angle of 60° with the x axis as shown in the
figure. A uniform magnetic S
field B parallel to GS exists
in the region outside the elec-
tron gun. Find the minimum
value of B needed to make
the electrons hit §. (II'T-JEE 1993)
A long honzontal wire AB. which is free to move in a
vertical plane and camies a steady current of 20 A. is in
equilibnum at a height of 0.01 m over another paralle!
lorig wire CD which is fixed in a horizontal plane and
carries a steady curren: of 30 A. as shown in the figure.
Show that when AB is slightly
depressed. it executes simple
harmonic motion. Find the © - O
period of oscillations., (IIT-JEE 1994)
An electron in the ground state of hydrogen atom is
revolving in anticlockwise direction n a circular orbit of
radius R (see figure)

a. Obtain an expression for the orbital

mag-netic moment of the electron.
b. The atom is placed in a uniform 30°

magnetic induction B such that the
normal to the plane of electron’s
orbit makes an angle of 30° with the i
magnetic induction. Find the torque
expenenced by the orbiting electron.
(IIT-JEE 1996)
Three infinitely long thin wires, each carrying current i
in the same direction, are in the x—y plane of a gravity

A - -—= B

s B
4

14.

15.

16.

17.

free space. The central wire is along the y—axis while the

other two are along x = td.

a. Find the locus of the points for which the magnetic
field B is zero.

b. If the central wire is displaced along the z-direction by
a small amount and released. show that it will execute
simple harmonic motion. If the linear density of the
wire 18 /, find the frequency of osciliation.

(IIT-JEE 1997)

A particle of mass m and charge ¢ is moving in a region

where uniform, constant elecinc and magnetic fields

E and B are present. £ and B are parallel to each other.

At time 7 = 0, the velocity v, of the particle is perpen-

dicular to £ (Assume that its speed is always << ¢, the
speed of light in vacuum). Find the velocity v of the
particle at time r. You must express your answer in lerms

of 1. g, m, the vector v,.F and 8 and their magnitudes
Vo, £ and B. (IIT-JEE 1998)

A uniform. constant magnetic ficld B directed at an
angle of 457 to the x-axis in the x—y plane. POKS is a
ngid, square wire frame carrying a steady current /., with
Its center at the origin O. At 4,

time 7 = 0, the frame 1s at rest / R

in the position shown in the °

figure, with its sides paraliel io0 /'

the x- and v-axes Each side of 7

the frame is of mass M and /

length L. P

a. Whatis the torque 7 about
O acung on the frame due
to the magnetic field?

b. Find the angle by which the frame rotates under the
action of this torque in a short interval of time Az, and
the axis about which this rotation occurs. (At is so short
that any variation on the torque during this interval
may be neglected). Given. moment of inertia of the
frame about an axis through its center perpendicular
to its plane is (4/3) ML". (ITT-JEE 1998

The region between x = 0 and x = L is filled with uni-

form, steady magnetic field B, k. A particle of mass m.

positive charge ¢ and velocity v,/ travels along x-axis

and enters the region of magnetic field. Neglect gravin

throughout the question.

a. Find the value of L if the particle emerges from the
region of magnetic field with its final velocity at an
angle 30° to the initial velocity.

b. Find the final velocity of the particle and the time spent
by it in the magnetic field. if the field now extends up
tox=2.1L. (IHHT-JEE 1999)

A current of 10 A tlows around a closed path in a circun
which is in the horizontal plane as shown in the figure
The circuit consists of eight alternating arcs of radii »
= 0.08 m and r, = 0.12 m. Each arc subtends the same
angle at the center.

=
paal
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18.

19'.-

20.

a. Find the magnetic field produced by this circuit at the
center.
An Infinitely long straight
wire carrying a current of
10 A 1s passing through the
center of the above circuit
vertically with the direction
of the current being into
the plane of the circuit.
What i1s the force acting
on the wire at the center due to the current in the
circuit? What is the force acting on arc AC and the
straight segment CD due to the current at the center?
(IIT-JEE 2001)
A rectangular loop PORS made from a uniform wire has
length a, width b and mass m. It is free to rotate about the
arm PQ, which remains hinged along a horizontal line
taken as the y-axis. Take the vertically upward direction

as the z-axis. A uniform magnetic field B = (3i + 4k) B,
exists in the region. The loop 15 held in the x—y piane and
a current / i1s passed through it. The loop is now released
and 1s found to stay n the horizontal position in equilib-
rnum.

a. What is the direction of the current / in PQ?

b. Find the magnetic force on the arm RS.

¢. Find the expression for / in terms of B, a,  and m.

(IIT-JEE 2002)

A ring of radius R having < 0 -
uniforml distributed | —————— |
charge 5 iIs mounted on _5/;;4,;;! e ‘?H‘J
a rod suspended by two ' |
identical strings. The ten-
s1on 1n strings in equilib-
rium is 7,. Now a vertical
magnetic field 1s switched
on and ring is rotated at
constant angular velocity
@. Find the maximum @
with which the ring can be rotated if the sirings can with-
stand @ maximum tension of 37,/2. (IIT-JEE 2003)
A proton and an a-particle are accelerated with same
potential difference and they enter in the region of con-

21.

22,

stant magnetic field B perpendicular to the velocity of
particles. Find the ratio of radius of curvature of proton
to the radius of curvature of a-particle.
(IIT-JEE 2004)
A moving coil galvanometer has a coil of area A and
number of turns N. A magnetic field B is applied on it.
The torque acting on it is given by 7= ki where i is cur-
rent through the coil. If moment of inertia of the coil is /
about the axis of rotation
a. Find the value of X in terms of galvanometer parameters
(N, B, A).
b. Find the value of torsional constant if current i,
produces angular deflection of 2/2 rad.
¢. Ifacharge Q is passed almost instantaneously through
coil, find the maximum angular deflection in it.
(IIT-JEE 2005)
A circular loop of radius
R is bent along the
diameter and given a
shape as shown in the
figure. One of the semi-
circles (KNM) lies in the
x—-z plane and the other
one (KLM) in the y-:
plane with their centers
at the origin. Current / is
flowing through each of the semicircles as shown in the
figure.
a. A particle of charge q is released at the origin with a
velocity v = —v, i. Find the instantaneous force F on
the particle. Assume that space is gravity free.

b. If an external uniform magnetic field B}' 1s applied,.

e

determine the forces F, and F, on the semicircles

KLM and KNM due to this field and the net force F
on the loop.
(IIT-JEE 2006)

A slightly divergent beam of charged particles acceler-
ated by a Potential difference V propagates from a point
A along the axis of a solenoid. The beam is brought into
focus at a distance / from the point A at two successive
values of magnetic induction B, and B,. Find the specific

ANSWER KEY

JEE Advanced

Single Correct Answer Type
1. a. 2 G 3. c.
6. b. T d. 8. a.

Get More Learning Materials Here : &

charge g/m of the particles. (ITT-JEE 2007)
4. b. LY.
9. a. 10. d
&
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11. a 12, C. 13. €. 14. b. 15: ¢
16. b. 17. d. 18. c. 19. b. 20. a
21. d. 22. b. 23. b. 24. c. 25. b
26. a. 21, © 28. c. 29. a. 30. b
31. d.
Multiple Correct Answers Type
1. a.b,d 2. a,b.d x R WY. 4. a.c
5. a,c.d 6. b.d y A 8. a, ¢
9. a.d. 10. a.,b.,c.
Linked Comprehension Type
1. a. 2. b. 3. c. 4. b.
5. a.d. 6. a.c.
Matching Column Type

1. 1. & b.,c.in.—a., . —b.,c.iv. > b.
2. I.—a.c.d i —=c.,d. . =a. . b.eiv.=c..d.

Integer Answer Type -
1. (5) 2. (3

Assertion-Reasoning Type
1. €.
Fill in the Blanks Type

1. D,B 2. e

ar
True/False Type
1. True 2. True 3. False 4. False

3. ILBsin® 7. 0158 ¢V

Subjective Type

1. 0.1 T (perpendicular to paper inwards)

2. (64m,0.0).(64m,0,2m)

3. a.0.14m, 45° b.4.712x10%s

4. 1.2x107°m.4.37x 107 m

5. a. 3 A, perpendicular to paper outwards
b.13x10°T c. 2.88 x 10° N/m

6. a.4 A
b. At distance I m from R to the left or right of it, current
1s outwards if placed to the left and inwards if placed to
the nght of R.

7. 107 T, perpendicular to paper outwards
8. a. IO (S 5i) b, zero. (061/a°B)]

2am
9. F= %?;;In[-r +:u‘ ]f zero 10. 473 x10°T
a
11. 0.2s
eh ehB ; 7 -
12. a. M = 2 b.r e perpendicular to both M and B
m m

d i f#o
- o« A= = : : - W = :t— h'q- =
13. a.x=0 and 0, x J—j f >xd \ 1A

([ — =)

14. :=rm(i€r]n;1+(i:)(zu+ sin(qﬁr] X 4a

m m ; B
\ )
= ) 3/.,B 3
15. a. Itl=1,"B b. 9=;—_-:}-tmr
16. a. L =0 b. v, =-vyi.1= 20
2Byq Byq
17. a.6.54 x 10 T (Vertically upward or outward normal to
the paper)
b. zero, zero, 8.1 x 10°° N (inwards)
18. a.P1 b. /bB,(3k —4i) ¢. -T8_
a.PioQ B, i) ¢ 6bB,
DT, 1
19. w—0 20.
Vs BOR® 2
21. a.k=BNA b. K= 23;”"‘ c. 0 Bf’:”
22. a. F=ﬁﬂﬁj—:9—£ b. F. = F, = 2BIRi, F =4BIRi
q 8-V

m  I*(B. - B,)

=
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HINTS AND SOLUTIONS

JEE Advanced
Single Correct Answer Type 3. c. is the correct option. Part AB of the rectangular loop will get
| attracted to the long straight wire as the currents are parallel
1. a. Inanon-uniform magnetic field, the ncedle will experience both and in the same direction whereas
a force and a torque. part CD will be repelled. But since l A - ¢
2. ¢. The magnetic field is perpendicular to the plane of the paper. Let this force F o< (1/r), where ris the
us consider two diametrically opposite elements. By Fleming's distance between the wires.
left hand rule on element AB. the direction of force will be Therefore, there will be a net au- - -
leftward and the magnitude will be ractive force on the rectangular 4 .
dF = Idl B sin90° = dIB ou: L
i B x 4.b. Force per unit length between two wires carrying currents i, and
X X X X i, at distance r is given by
X ot bh
{f 2x r
X Here, i, =i,=i and r=b
F o p,i
X X PRy
X X X X X / b
On element CD. the direction of force will be toward right on
the plane of the paper and the magnitude will be dF = 1dIB. 5.c. R= Zg¥m or Re Jm
These two forces will cancel out. Bq
Similarly, all forces acting on the diametrically opposite elements R,

will cancel out in pair. The net force on the loop will be zero.
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6. b. Using Ampere's circuital law over a circular loop of any radius

7.d.

8. a.

9. a

Get More Learning Materials Here : &

less than the radius of the pipe, we can see that net current
inside the loop is zero. Hence, magnetic field at every point
inside the loop will be zero.

Magnetic field at the centre due to current in arc ACB is
B, = y 283 © (directed upwards)
dr r 2x

Magnetic field at the centre due to current in arc ADB is

B, = e o813 2% (directed downwards)
4 r n

Therefore, net magnetic field at the centre
Ho 2nl, @  p, 271, (27 -6)

B= 2
a7 r 2 4rm r 2n
KU T s g IS
R, plL/A pré
pod o Eu B
R: p‘lljfd‘ ﬂr(ZH - 8}
polo[EA 0 B4 ex-9)]
| pr® r pr(2m-0) r

(d) is the correct option.

The centripetal force is provided by the magnetic force
2
— =quB = = - qB
r r
mv p
= r=—=<"= |[vp=mv
2B 4B [~ p ]

a

But KE=-‘2P— = p=+2mKE
m

Here, KE and B are same for the three particles

re Jm

q

=\:I_-J2-'Jj=l:ﬁ:l

l"‘,lf‘:fﬂ

= r,=r,<r,
(a) 1s the correct option.

Current, i = (frequency) (charge)

= (-@-](Zq)= o
2r n

10. d.

11. a.

12. c.

13.c.

(g. m)
Magnetic moment,

'/ 4

M = (IXA) = (‘“’“’) (%) = (qaak)

Angular momentum, L = 2/@ = 2(mR*)®

M qwR’ _q
L 2mR )M 2m

Net magnetic field due to the wires 4

will be downward as shown below in

the figure. Since angle between ¥ and Q)

B is 180°, therefore magnetic force -
!

P mq(Gx B)=0

F, = qE (Force due to electric field)
F, = quB sinf= quB sin0 = 0 (Force due
to magnetic field) ——
Force due to electric field will make the ™
charged particle released from rest to
move in the straight line (that of electric field). Since the force
due to magnetic field is zero, therefore the charged particle will
move in a straight line.

(a) is the correct option.
The angular momentum L of the particle is given by L = mPw
— where @ =2mn

2n
Magnetic mmanM=H=;j- X nr
n
2 2
=24 _ M_ e LA,
2 L 2mrw 2m

Case of positively charged particle: Two forces are acting on
the positively charged particle (i) force due to electric field in
the positive x direction, and (ii) force due to magnetic field.

F =gq(0 x B)
= F=gqVixBk] = F=qVB(ixk)
=  F=quB(-))

This force will deflect the positively charged particle toward - y
axis.,

Case of negatively charged particle:

Two forces are acting on the negatively charged particle

(1) due to electric field in the negative X direction, and

(i1) due to magnetic field

= F:-—q[ﬂxﬁ)
=  F=quB[ixk]

F = —g{u(=i) x B(k)]

—
= F =qu3{-_})

=
paal
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Same direction as that of positive charge. (¢) is the correct
answer.

14. b. The wires sre at A and B perpendicular to the plane of paper
and current is toward the reader. Let us consider cernain points.
Point C: The magnetic field at € due to A {ﬁu} 1s in upward
direction but magnetic field at C due to B is in downward direc-
ton. Net field is zero,

Point E: Magnetic field due to A is upward and magnetic ficld
due to B 1s downward but ’ﬁul < I‘éﬂl

Net magnetic field is in downward direction.
Point D: |Bp,|>|Bps| = Net field upward.

Similarly, other points can be considered.

Bpa, 5
1Eﬁ?q“‘ I
& Bea
Fo 4°D C| E[ "8 G
jﬂ'u 1
T -' ‘
B'H ba

Y
Bea
15. c. Case 1: Magnetic field at M due to PQ and OR is

1‘ *M

[
;."f‘.'_'f-__..____?_ }L s
0 )
e
le l ‘u_ﬂf 4 ﬂ:..‘u_o_{.
2| 2nR 4nR

Case 2: When wire Q is joined
H. = (Magnetic field at M due 1o PQ)
+ (Magnetic field at M due to QR)
+ (Magnetic field at M due to Q5)

2 J_[nnf‘mi Hol/2] _ 3ul
2 2| 2rR | 8=mR

16. b. When a charged particle is moving at nght angle to the magncuc
field. then a force acts on it which behaves as a centnpetal force
and moves the particie in circular path.

17. d.

18. c.

19. b.

20. a.

<z

Similarly, for second particle moving with half radius as

compared to the first onc, we have

megVv m.v mev
88 _ g = Da¥a _MeYs
’ 2r r

= my,=2mgv,

= my,>my,
Correct option 1s (b).

If we take individual length for the
purpose of calculating the magnetic
field in a 3-dimensional figure, then it
will be difficult.
Here, a sman choice is to divide the loop
mto two loops. One loop is ADEFA 1n y-:z plane and the other
loop will be ABCDA ir: the x—v plane.
We actually do not have any current in the segment AD. By
choosing the loops, we find that in one loop we have to take
current from A to D and in the other one from D to A. Hence,
these two cancel out the effect of each other as far as creating
magnetic field at the concerned point is considered.
The point (a. 0. a) is in the X-Z plane.
The magnetic field due to current in ABCDA will be in positive
z direction. Due to symmetry, the y-components and x-compo-
nents will cancel cut each other.
Similarly, the magnetic field due to current in ADEFA will be
in x direction. Y e

The resultant magnetic field willbe B = —= (i + k)
Correct option is (d) V2
Let us consider a thickness dx of wire.
Let it be at a distance x from the centre O. /’\

A

dx
Number of turns per unit length )
= N
b-a b//
Number of turns in thickness
N
dx = dx
b-a

Small amount of magnetic field produced at O due to thickness
dx of the wire

_ My M dx
2 (b—a) x
On integrating, we get
g [ Mo M _d_py NI _(Pd
o 2 (h=-a) x 2 (b-a)da x
U, NI Ho NI b
— log. x| = log, —
> gy L% ey - >,

Correct option is (c).

Width of the magnetic field region (b - a) < R where ‘R’ is its
radius of curvature inside magnetic field,
R=Z =(b-a) = Vs = (O=dig”
g8 m

(b) is the correct option.

: 5 Ho! ;
Magnetic field | B|= =, Unit vector ndicular

- 2#:;111 + ) aalh
to the position vector is el)
Q,I' v of
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21. d.

22.b.

2. b

24, c.

J
N
o

20, 8.
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B ¥ 0 )
2n{x" +y°)
(a) is the correct option.

Option (d) is the correct option. A Y
Magnetic lines of force form closed
loops. Inside 1nagnet, these are
directed from south to north pole.
The velocity at P is in the x direction
(given). Let V = mi.

After P. the positively charged
particle gets deflected in the x—v plane
toward —v direction and the path is non-circular.

= q(V x B)

—

Now, F
= g[mi x (ck + ai)] [for option (b)]
- q[mcE x k + mai x ;'] = mrq{—;'}

Since in option (b) electric field is also present, i.e., E = ai,
therefore, 1t will also exert a force in the +x-direction. The net
result of the two forces will be a non-circular path.

Only option (b) fits for the above logic. For other options, we
gel some other results.

According to Fleming's left hand ruie, LY

it i1s clear that a force acts radially out- >/\<’
- - X

wards. The magnetic field is imposed at
right angles to loop. The loop will have ,;B\_ _,< )

a tendency to expand under ihe force I F,.®8
acung along outward drawn normal.

U =-M-B=-MBcos@

Incase I: 6= 180°, U =+MB

Incase II: 6=90°, U=0

In case III: @is acute, U = -ve

In case IV: @1s obtuse, I/ = +ve
[>IV>1 >

. The force acting on the electron will be perpendicular to the

direction of velocity till the electron remains in the magnetic
field. So, the electron will follow the path as given.

}Y X 8

Using F=gv x B . the force on the charge in the region
a < x < 2a must be in the direction 7 X j. that is. in +2 direc-
tion, which is verticaily upward. And in the region 2a < x < 3a.
the force on the charge will be in -z direction. which is verti-
callv downward.

For a < x < 2a. path will be concave upward.

For 2a < x < 3a, path will be concave downward,

Moreover, there must not be any link in the path at x = 2a.

27.¢c. B=

o [cn553“+cn537“]=?[ o )
4 12x 48mx
5
k=7
6

28.c. 2T sin = BIRdO

29. a.

31. d.

<z

7 cos(d@'2) ! q Tcos (dB2)
r: 1 de’ # T

Tsin(@@82) ¥ Tsn(d82)

Td6= BIRd® (for @small)
T=RBIR= fﬁ
2n

Take an element of thickness dr at a dis-
tance r from the center of spiral coil.
Number of turns in spiral = N

Number of tums per unit thickness

B N
h—a
Number of turns in element dr is, dN =

Ndr

b-a
Magnetic field at the center of the spiral due to current in ele-
ment dr is

dp = Ho 2XdNl _ ol ., _ Bol [ o ]

ar r 2r 2r\b-a
_H! N dr
2 (b-a) r

Total magnetic field at the center of the spiral due to current
through the wire is

h . b
B=j HoINdr — pyIN Idr___ HoIN In[-"‘l)
‘2b-ar Ab-a), r 2Ab-a) \a
. Area of the loop &

| n(?j) . 3 J'l'ﬂ': A
A=lag” +4 x 1" k=la* +— |k

-

L .
Therefore, the magnetic moment of the current loop is

4w=f}(,4=f"ﬂl +K—::]£=Ll+x]fazf

5

Case 1: _;qﬁ
2
IBl=0
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|B|2rx = p, Jr.r?-—n{—g} J

jBi:%"i[II_R J

2x 4
Case Ill: x2R
J'fi-df = U,/

. (RY]
3I3J‘1’.‘r=yu!—ﬂ.‘?' —H{E} JJ

Y g Jen
|B|:E£-__ .

2x 4

2

| By= 2tk

8x

S0
BlA

A

-\
R

(SR ] .

Multiple Correct Answers Type

1. a,b,d.

a. When E =0, B = 0 no force acts on proton.
Velocity therefore does not change.

b. When £ = 0, clectrical force 1s zero.
When B # 0 but it acts in the direction of motion of proton,
magnetic torce 1s zero. Velocity. therefore, does not change.

¢. When £ = 0 but B = 0, the proton will be accelerated or
retarded under electrical force. Velocity will therefore change.

d. When E 2 0. the velocity of proton will change.
When B # 0. the magnetic force may counteract the electri-
cal force. The magnitudes may be equal. Velocity of proton
does not change.

2. a, b, d: In going from P 1o Q. increase in kinetic energy

I i 1 5 1 =
— | 1 L] = — — ." el ™
= —m(2v) Sy = m(3v)

2 2 2
= work done by the clectric field

o
émr‘ =FEyx2a or E= o .o
2 4

ga )
The rate of work done by E at P = force due 1o £ x velocity

V aif 2y 3

; 1 .
b= ol 3[™ :;(ﬂ_\
4| ga | -4 ﬂJ

3\

At Q. v is perpendicular to £ hence
no power or rate of work done by
electnc ficld. Rate of work done by
magneuc held is always zero.

3. a, c¢: When the charged particles enter a

magnetc field, then a force acts on the
particle which will acts as a centripetal
force. X X x X

gquB = = r=— (1)

mv° = yU=-— (n)

= He™ and O" will be deflected equally.
H" wili be deflected the most since its radius is smallest.
(a), (c) are correct options.

4. a, c: Net force on AB und CD wili be zero because magnetic field due
to /,1s along these parts. Force on BC due to /, will be outwards
and on AD will be inwards. This will provide clockwise torque
as seen from O,

5.a,¢,d: v LB in region lI. Therefore. path of particle is circle in
region Il. Particle enters in region I11. if radius of circular path.

T T
my Bql |
or — >/ or v>— .
Bq - R\
« 2/
Bgql mv , : =~
If v=—— r=— =/ partcle will um back and | > * |
m By o Byl
path length m
will be maximum. If particle returns to region 1. time spent in
region [T will be
{ = £ = ﬂ‘ which 15 independent of v
l Byg
20xR, 2 v 2
6.b,d: 1, = OxR. _20xmy 20m,

v eBv eB

;- (2mr-20)x R, (2x-20my (27 —-20)m,
s y eBv eB
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7. ¢, d: If 8= 0° then due to magnetic force path is circular but due to . 2
force gE, (T) g will have accelerated motion along y-axis. So B o=
combined path of g will be a helical path with variable pitch so
(a) and (b) are wrong. Mol
If 8= 10°, then due to v cos 6, path is circular and due to gE, Buires =2 X mcus 0
and v sin 6, ¢ has accelerated motion along y-axis so combined o *
path is a helical path with variable pitch (C) is correct.

2B,cos @
3 — —
'\ 8|6
E A
B,A i ..fd1+£1f,--" =
I
- 8 ) l'ec--l--- e e s L
If 6=90° then F, =0 and due to gE, motion is accelerated along . o ia* i d
y-axis. (d) o | " 2 (h+at ) T L
8. a, ¢: So magnetic field is along —ve, z-direction.
2
i = = . —=>ra=2Jh’+a’
2(h* +a”) m(a~+h*)
= a=————=h=12
(" —4)
4.b. B= z(ﬁi)
2rd
2
» T=ina’ %sin (30°) = %
Time taken in the magnetic field = 10 x 107" = % o
.a.,d.9gVB =
o EM___1000TM _ S0mM el e gVl = Eg
6x107°Q0  60Q 30 E=VB i=neAVd
9. a., d. Due 1o field of solenoid is non zero in region 0 < r < R and e i B
non zero in region r > 2K due to conductor. " ngeA
10. a., b., c. As B is uniform iB
=> Wire can be replaced by a straight current carrying conduc- o= nye(Wd)
tor.
= Potential difference : V,,, = W.E.
=5 F=i(lxB)
=(2(L +R)i x B) V.=£(-I-J
if B is along x-axis = F=0 e\ 21
otherwise F o< (L + R) V. = iB (1
T mgel\d,
Linked Comprehension Type v o4
1. a. Larger the magnetic field, smaller the critical temperature. h Vv, - d,
J.c. The net magnetic field at the given point will be zero if. 6. a., c. As done in the above question
B B = () anayy= (1)
. : . ; me\ d, mye\ d,
The direction of magnetic field at the given point due to the
loop is normally out of the plane. Therefore, the net magnetic v
ires s ' + v case. o B
ficld due the both wires should be into the plane. For this cur- In this case, TR
rent in wire / should be along PQ and that in wire RS should be 2 M
along SR. Hence (a) and (c).

=
paal
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Matching Column Type mu

r-i-n-

" gB
l. i. = b, c._ii. —a., ili. = b,c.iv.—=b | Honcusais ol vadtin
a. According to nght hand rule the magnetic field at P due to R R.
upper wire is into the plane of paper while due to lower wire L= —s
the magnetic field 1s away from plane of paper or opposite to Ry &
each other. As the magnitude of current in both wires is same Case |
hence net magnetic field at P should be zero. B - Hol | ' 1) - Eﬂi{ A _—L]= Sug!
Hence i. = b.. c. | EE\ WXy ) 2m iy, 2x, ) 4nx,
b. Point P is zero at axial position of both the nings. The direc- Case 1l
tion of magnetic field at P can be find by again nght hand J“n*'( | ; 9l R, B.
rule. By right hand rule it is clear the direction of magnetic B, = ' | x ¥ . ]= - = R B 3
field due to both the rings is in right direction. T Ak . T8
Hence n. — a., . .
¢. The magnetic field at P due to both the rings is equal and ASSETthﬂ-REﬂSO“IHg Type
opposite hence net magnetic field at P is zero. . ¢ co=BINA
Hence ni. — b, c. ( BNA
d. The direction of magnetic field at P will be opposite direc- o= -— ]!
tion as the direction of current are opposite. Hence iv. — b \ e )

2. i. — a.. c.d.ii. = c., d. §ii. — a., b.. e. iv. — c.. d. Using iron core, value of magnetieield increases. So,
When the Ehﬂl’g-ﬂh are distributed 5}fmmclricall}' about a pﬂil‘ll. chﬂtﬂiﬂﬂ INCIEAses fﬂ!‘ the same current. Hence, sensitivity
E =0. If they are symmetrically distributed and the distances of INCTERSES. . ‘ ' |
the positive and negative charges are also the same. only then Softiron can bc eagily magnetized or demagnetized.
V=0. Soo correct option 1S (C).

a. £ =0 for p. r and s only because all positive charges and s

negative charges should separately be symmetric about the Fl" n the Blanks T)’PE

given point. For g. this is not true. 1. D, B: According to Fleming's left hand rule, the force on
¢. When OPPDS“C Chﬂl‘gtﬂ are !'l‘l-ﬂ\'il"lg n L‘rpp()!iill: directions, elecurons will be toward ngh] (.

with the same radii, there will be no resultant 8. This is the Also, by the same rule we find that the force on proton and

case when p, g and r. For r and s, the resultant flux is not a-particle is toward left.

Zer0. Now, since the magnetic force will behave as centripetal force
d. The magnetic moment i # 0. only in the case of r and 5. One v oy -

can confirm that if there is no resultant B, there can be no =3 =quB = ‘q_B L L R ;

resultant magnetic moment also. I 4

For proton re - =1, For o-particle rec — =2

Integer Answer Type | 2
. Radws will be greater ior a-parucle

‘IJS} H! - ,uﬂ.!.?fﬂ' iy anﬂ B ﬂu.hr[m.?l' - ”nJﬂ - ﬂ-p'-.lﬂiﬂ'lf will take pu:h B //“'"'_-'\,r\
2ra 2 - 2r(3a/2) |2 L /r \
2. Mer=L. = r= — ( "
B -B.= HyJa _ HyJa 2 \ |
I - = - * . '
) = " E i titae T { ) k—'/
:(Pujf,J(l_l]=£{p“Ja]=5p“a; s r:aﬂlcurce-m-'--m:—--a
n 2
- 6) 6\ 2 12 Magnetic moment of a loop in which current i lows is given by
N p2
¥ 15 Hot/ .-tf=m='f—
= T
N=5
g ne 10" 49 ~
_ X, _2X,  iz==—= X 1.6X1077=1L6x10"A
2.(3) X,=—and X, = - root 1
: M=ixA=im =1.6x10"x3.14 x (0.5 x 10 ¥
: : =1.25x 107" Am’
1k v/ 4. We use the formuls F =/(/ »B) = F=IlLBsin#
P For sides FE und BA. the angle will be 180° and 0°, respectively.
-h--*-...-...
i I.l lI;I F=0
For sides DFE and CR, the forces will be .
IL.B but opposite in directions. in +X and 4 T
| —-X direcuons. respectively. u:/T |
(= e e The net force due to these two sides wil! * ;':_".__:_
Case | Case 11 be zero. o’ ) -}
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The force due to current inside DC will be /LB sin 90° = = /LB in
+Z direction (according to Fleming's left hand nue).

S0 net force on the wire is /LB in positive z direction.

The effect of current ir PQ and RS for-producing magnetic
field at centre is zero.

Magnetic field due 10 cur-
rent in semicircular arc QAR

lrﬂn f-l

= — L—— e J directed towards the
!

reader perpendicular to the plane of

paper.
Magnetic field due to current in semicircular arc SBP

2
the plane of paper.

| |
Net magnetic field = ;[E;— -;;—] - %[ﬂ;— R—!-]
- i . I

(directed towards the reader perpendicular to plane of paper).

_ Ml | 1
4 |R R,

F=qg(lxB) = qUB sin@=F
=. F=euBsin9%° =e¢euB
Since current is in positive x-direction, so electrons will be
moving in negative x-direction. Due to Yhis, force ¢ on electrans
will act towards the face ABDC. Hmf.e this surface ABDC will
have lower potential.
The positively charged particle enters the uniform magnetic field

at right angle. Therefore. the force acting on the charged particle
in the magnetic field acts as centripetal force.

— ¥
-

l /
= — |:£_:?- ] directed away from the reader perpendicular to

B

-
#

= mv=qrB’

= mV.=q¢rB = p=q¢r¥

Bu KE= £
2m
(KE)2m = ¢'r's
r 1s same for both particles,
(KE),2m,  q,r'B
(KE),2m, q;r°(2.3B)
3.3 4 4 I
X == — X ,

= (KE),=14.0185 ¢V

True/False Type

1.

2.

Get More Learning Materials Here : &

True: Net force on a current carrving closed loop in a uniform
magnetic field is zero.

True: The magnetic force acts in a direcuon perpendicular to
the direction of velocity and hence it cannot change the speed of

; s .
the charged particle. Therefore, the kinetic energy k = — mv"

b,
does not change. - 'J

False: The velocity component  ¥; 1 Vsin 6 T F
v, will be responsible in —
moving the charged particle by = Veos @ \ o
in a circle. / J J

2

ek

The velocity component v, will be responsible in moving the

- charged particle in horizontal direction. Therefore, the charged

particle will travel in a helical path.
mKE Jm

S e ——
< 48 q
Here, 4 is the same for electron and proton
Therefore. radius of proton will be more.

False: r = [for constant KE and B]

Subjective Type

. The force on electron will be toward the lefi plane due to elcc-

tric field and will be equal to F, = ¢F.

For the electron to move undeflected between the plates, there
should be a force (magnetic) which is equal to the eiectric force
and opposite in direction to electric force. So the force should
be directed toward the right as the electric force is toward the
left. On applying Fleming's left hand rule., we get that the
magnetic field should be directed perpendicular to the plane of
paper and inwards. Therefore,

Force due to electric field = Force due to magretic field

. f %
eE =evB |- E= "-l
’ L d
E Vid

B =

Vv V

180kmh™' = S0m s’

" o
1

—— '

> =
-
>
-
|

J
et

[+ + 4 + 4
-
=
>
|
L »
e

2
™

%\

where V = potential difference between the plates, and
d = distance between the plates

Bl 600/3x 107 600
2x10° 3x10x2x10®

= B=0.1T

2. The Lorentz force on the charged particle is

F=q(f’ + v X é}
The clectric force on the charged particle, F, = gE. which acts
toward negative = direction.
Path of particle

T ._onx-:plane
/

4°
qv.8, Reos@|
| e
R »
v 4F- g \
»
: X
- £
X=X, +Rsin@
The magnetic force on the charged particle. F, = gv B..
@R www.studentbro.in



4.

As velocity of charge 1s in +x direcuon and magnetic field 15
along +v direcuon, from nght hand rule the magnetic force acts
along +: direction. The resultant force,

F=F,+F,=q(E.+VvB)

=q[-1024x10°+1.28x 10°x8x 107°] =0

During time r =0 to 1, =5 x 107, the resultant force on the
particle is zero, it moves with uniform velocity v,. The position
of the particle (X,. Y|, Z,) after uime 1, is

X, =v,1,=(1.28x 10" x(5x10%)=64m
When electric field is switched off, the particle circulates in
xz-plane under the influence of magnetic field.
Radius R of circulation is

mv, 10" x128x10°
R: — 9 ~ =lm
gB, 16x107"" x8x10°°

AP, _ v, —1) (1.28x10°)x(2.45%10™°)
R R !
= 3.136 = mradian

The coordinates of the particle are

X;=X,;+Rsm =X +Rsinr=X,=64m
and Z,=R-Rcos@=R-Rcosa=2R=2m
Note that @ = rimplies that 1, = 772, where 7 is time period of
circulation. We could have written the result directly.

. The particle circulates under the influence of magnetic field.

As the magnetic field is uniform, the charge comes out sym-
metncally. The angle subtended at the center 1s (180 - 26).

The length of the arc traced by the particle, | = R(m - 28)

-9 ,
Time spent in the field, r = i: R(x - 20) and R = =~
v 1V Bq
which gives r= " (1~ 26)
Bg
As iime period: T = z—mﬂ hence 1 = LA (r-26)
Bg 2n

We can generalize this result. [f @ is the angle subtended by
the arc traced by the charged particle in the magnetic ficld, the

ume spentist=T (i)
2n
¢. Intercept EF = 2R cos 8
The radius of helical path r = dt
Bq
_ mvsin @ _(1.67 x 107 N4 x 10° )(sin 60°)
Bq (0.3)(1.6 x107'%)

=1.2x107"m

Get More Learning Materials Here : &

<z

Pitch of helical pathp=v, x T
p= [‘Z.rr_m] (v cos 6)
Bg
_ (22)1.67 x 107" )(4 x 10° )}(cos 60°)
(0.3)(1.6 x107'%)

=437x10"°m

5.a. Direction of current at B should be perpendicular to paper

outwards. Let current in this wire be i,. Then

Hg 1y = 0 ig
“
2n[2+]|?) 2 (1011)

or 1 = E
i, 32
1@
or  iy= Exi1=ﬂx9.6=3ﬁ LN
32 32 !
b. Since AS® + BS® = AR’ R
~ASB = 90° |
AL S: B, = Magnetic field due to i, : 909 s
I

Mo iy (2x1077)(9.6)

2m16 1.6 @ P

—
m——

=12x 07T
: 3
B, = Magnetic field due to i, = Ho Ip _ (2x1077)3)
2 1.2 1.2
=5%x10°T

Since B, and B, are mutually perpendicular, net magnetic field
at S would be:

B= B} +B} =J(12x107)* +(5x107)
=13x107T

¢. Force per unit length on wire B:

F _ Ho ifig (r=AB=2m)

[ 2n r

_(2x1077)9.6x3) _

1

L

88 x I0°Nm™!

6. a. Magnetic field at R due to both wires P and Q will be downward

as shown in the figure. Therefore. net field at R will be sum of
these two.

B=8,+B,

Fufr+ﬂnf{?=ﬂn(£+i)
2 S 2 2 2\ S 2

Bo(141y=107+1)
an

Net force on the electron F = Bgv sin 90°
or  (32x10%) =107 )+ 1) (1.6 x 1074 x 10*)
or I+1=5 . [|=4A
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b. Net field at R due to wires P and Q 1s
B=107(+1)T=5x10"T

Magnetic field due to third wire carrying a current of 2.5 A should

be S x 10 7 T in upward direction so that net field at R becomes

zero. Let distance of this wire from R be r. Then,

38 _ean (2x1077)(2.5)
er r r

or r=1m

=5x10""m

So, the third wire can be put at M or N as shown in the figure.

If it is placed at M, then current in it should be outwards and if

placed at N, then current will be inward.

7. As point O is along the length of segments L. and M, so the field

at O due to these segments will be zero. Also, point O is near

one end of a long wire.

The resultant field at O, B, = B, + B, this field will be into the

plane of paper.

— Bl=__+__

X
ar  0.02 0.02

8. a. As in casc of current-carrying straight conductor and arc, the

magnitude of B is given by

{
B, = Kol (sin a+ sin ff) and B, = #o 0
And T 4nr

So in accordance with nght hand screw rule,

(B.) = ’
41!' (acos60”)

My 2a | 2r

% 2 sin 60“{-11] and

and hence net B at P due o the given loop

B=B_ +B B=le =Rt 8.2 L}
wTo = 4n a[ 3]( )

(1)

Now as force on charged particle in a magnetic ficld is given by

F= q(F X E)
so here, F = qvB sin 90° along PF
ie. F=£0 Qvi ]:f- E] along PF

47 a 3
and 50 g = L 1077 20vI [J_ - E] along PF
m ma 3

b. As dﬁ=fd£x§,suﬁ=jfdfxﬁ

s

As here / and B are constant

=[f§:dﬁ]x B=0

Further as area of coil,

V3

S = ]n.'a —l 2asin60° x acos 60° k=a’ -
3 2 3
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10.

.
e o

Let us take an element of thickness dx at a distance x from
origin on the wire OC. Magnetic field B, produced at P (x.0,0)
due to wires placed at A and B are
= UJI2RR, By= U 2R
Components of B, and B, along x-axis cancel, while those
along y-axis add up 1o give total field,
21! x pgf X

B= 2( Ho! )c: 0= =
2aR 2tR R 1 (a® +x%)
The force dF acting on the current element 1s

dF = 1(dl x B)
ap= B ¥ [+ sin90°=1]
b 4 a"+.r:

Hence. net force on wire OC., F = JdF

Y &L

2 4 2 2, g2
Le., F= Hol I ;‘it #o; In2 tL along -z direction.
T 2

0

a +x a

If the current in B is reversed, the magncetic ficld due to the two
wires would be only along x-direction and the force on the cur-
rent carrying wire along x-direction will be zero.

Kinetic energy of electron, K = % me =2 keV
-16
. Speed of electron, v = 2K _ 12%2x1.6x10 e
m 9.1x10™

=265%10'ms™’
Since the velocity (v) of the electron makes an angle of

8 = 60° with the magnetic field B . the path will be a helix.
So, the particle will hit § if GS = np; Here.n=1,2.3, ...

vcoséo

p = pitch of helix = 2nm
gB

m @R www.studentbro.in



11.

Gs=" 21T mvcosh

p—1
gRB
— pg=n"n 2m mvcos @
g(GS)
But for B to be minimum. n = |
B = 2nrmvcos® -
" q(GS)

Substituting the values. we have

(27 )9.1 %1077 )(2.65 rlﬁ?}( I ]
B = 2

(1.6 x 10 "7 )(0.1)
or B, =473x10"T

Let m be the mass per unit length of wire AB. At a height x
above the wire CD, magnetic force per unit length on wire AB
will be given by

F. = _2‘5;_”% (upward) (i)
s F,,
A S Bi;=20A §
' x=d=00Im
Fy l
G e D

Weight per unit length of wire AB is
F.=mg (downwards)
Here. m = mass per unit length of wire AB

Atx =d, wire is 1n equilibrium, i.e..

When AB is depressed, x decreases therefore. F,_ will increase,

while F_remains the same. Let AB'be displaced by dx down-
wards. Differentiating Eq. (i) w.rt. x, we get

fﬂ =—££ﬂ—{€-it.— "'_u.n l.lr-u

dx 2r x° Eﬂj?dr
= dF_:-lﬂ’i]m (ii)
d . .

L.e., restoring torce, dF, o —dx
Hence, the motion of wire is simple harmonic.

Acceleration of wire g = ﬂ- = - (g-]-dr
m d
Hence, period of oscillation
Ta yp [r dx| _ - /| displacement |
\‘. a \ 'accelergtion |
=
or T=2n 5{:'2:: w or I=02s
g 0%
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12. a. In ground state (n = 1) according to Bohr's theory:

13. a.

<z

h h
mvR= _—_ ory=
Py o 2memR

2R 2nR _.4.ﬂ'2mR2
v hi2rmR k|
Magnetic moment M =i A

Now time period. T =

charge e eh
Whtl‘t f = ” = . - 5 1 — 3 3
time penod An"mR”  Ax“mR-
h
and A= nR’ .
M = (nR%) ( fh : ] or M=_S
4n mR- 4nm

Direction of magnetic moment M is perpendicalar to the plane
of orbit.

f=MxB
|7 =MB sinb
where @ is the angle between Af and B8 6= 30
r= (i)w;sinmﬂ ...
\4rm Sam

The direction of 7 is perpendicular to both M and A.

Magnetic field will be zero on the y-axis i.e..
x=0=;
y
|
I il 11
I !

v @ Z-Axis

-

X= -d 0
' v= +d

magnetic ficid cannot be zero in region / and region IV bec-ause
in region / magnetic field is along positive z-direction due to
all the three wires, while in region IV magnetic field 1s along
negaiive z-axis due to all the three wires. It can be zero only in
region Il and ITi.

| :
r’+ i4 ‘I"E ”J‘
x=-d 7 _*
7 i |
— dex 4
QO ® 0

Let magnetic ficld be zero on lin€ (= 0) and x =x. Then magretic
ficld on this line due to wires (1) and (2) will be along negative
z-axis and due to wire (3) along positive z-axis. Thus.

Bl+lﬁl=81 L
ot Ho 1 Mol _He i

2nd+x 2mx 2md-x

| l ]
or L Y B

d+x x d-x

. L d =
This equation gives x = + — where magnetic field is zero.

NE
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b. In this part we change our coordinate axes system just for better

14.

Get More Learning Materials Here : &

understanding.

There are three wires (1), (2) and (3) as shown in the above
figure. If we displace wire (2) toward the z-axis, then force of
attraction per unit length between wires (! and 2) and (2 and 3)
will be given by

— e . .
-

TP
}
b
'@

jl

nr

The components of F along x-axis will be cancelled out. Net
resultant force will be towards negative z-axis {or mean position)
and will be given by

F =

rJ l;;;

F,_,=ﬁ h{?_cnaﬁl- I -L = b 1’-1, :
r r 1 r R (z°+d°)

I-J
- I n

If:<<d thenZ' +d =d and F_ = -[ Eﬂj——}:

T d°
Neguative sign implies that F_ is restoring in nature
Therefore, F o -2
i.e., the wire will oscillate simple harmonically.
Let a be the acceleration of wire in this position and A is the
mass per unit length of this wire then

25 {
F.=Aa=- [&J £1 ]L—' or a= —| ~ 1.2
T d ) \ .rr.i.d'J

Therefore, frequency of oscillation

'r’:-—- E:——— /E f___

2n 2n d \| mA 2nd ‘I:A
j=—E or E:;zlg.i:ﬂlxﬂ“
E B 'In'ﬂ 'i'ﬂs

Force due to electric field will be along y-axis. Magnetic force
will not affect the motion of charged particie in the direction of
electric field (or v-axis ) so.

F‘
a = fqu‘
m m

v,=al - ) ‘
Eand B
=71 G I
m
The charged particle under »
the action of magnetic —— |

field describes a circle in
x—Z plane (perpendicular

o B)withT= ¥ o °
Bg
— 2.’1‘___93
T m

Initially (7 = 0) velocity was along x-axis. Therefore, magnetic
force (F‘_') will be along positive z-axis [F‘m = g(Vy % E‘)],-Ltt

it this force makes an angle 8 with x - axis at time r. then

0= ax
qB .
V, =V, COS GX = v, COS| — 1 (1)
m
V. =V, SINGX = v, sm(i‘E r] (i)
m

From Eqs (1). (1i), and (iii)

V=vi+v, j+v.k

T 3 T R
E F:vums(ﬁrj L +q£f : +Pusin[£r) X2
m Vo m \ E m Vo B

Or E=cna(£r)(l )+(irJ(F)+5m(qBr][‘hxa]
m m m B

Note: The path of the particle will be a helix of increasing pitch. The

axis of the helix will be along y-axis.

15.a. As magnetic field is in x—y plane and subtends an angle of 45°

with x-axis,
B, =Bcos45°= B/\2

and B =Bsin45°= B/\2

SO, In vector form B-:(EIJ—)+;(BIJ_)

and M =/[,5k=1,Lk

= f=l«?x§=fﬂf,:kx(—€-;+£}]
. |

= dol - Y
= = HJE X (=i + ) 4/,
l.e., torque has magnitude /,L°B and S£H «— ¥
s directed along the line QS from Q . (4:“ "
to S. or's,.

. By the theorem of perpendicular axis, ~ "n.T
moment of inertia of the frame about P %
QS.

l 1[4 » 2 )
los= 41 =—[—m:]_—m-
=27 23 3
as r=la = u=£="“r1ﬂx3=§.-’iﬁ
/ 2L°M 2 M
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16. a.

17. a.

As here a 1s constant. equations of circular motion are

valid. Hence, from 8 = @y + -!; ar, with @, = 0, we have

. [,B . )
xt _-_l[i —'ﬂ_]{ﬂ”" =.3...{E£m"
4 M

As the initual velocity of the particle is perpendicular to the field,
the particle will move along the arc

of a circle as shown in the figure. 4 >
If r is the radius of the circle, then
mv: my
0 =gqv,B, = r=— r
r g8,
Also, from geometry, L = r sin 30°
=9 re2l, v
or st . 0
2 248,
Y Imv
In this case, x = 2.Imv, >r
298
o —

Hence, the particle will complete semi-
circular path and emerge from the field .
with velocity =v, 1 as shown in the |
figure. Time spent by the particle in the

magnetic field Vol @—
o T _nm
Vo 4B,

The speed of the particle does not change due to magnetic field.
Magnetic field at the center due to the straight parts is zero.
Magnetic field due to the arcs of radius r;;:
=4(u) / 2r M 1/8) = (i / 4r))
Similarly, the magnetic field due to the arcs of radius r,:
= (yi/4r,)
= Net magnetc field
= (Uoil8) (Vr + Vr,) =654x 10°T
i. As the current in the wire at the center is antiparallel to the
direction of magnetic field. the force on the wire everywhere
will be zero.

ii. Further due to the current at the center, the magnetic field
at AC will be tangential and hence the force on AC will be
ZEro.

r

ili. ForceonCD = ol fd_rsz"_ln(_-]
2nx n n

=8.11 x 10°N
(Vertically downward)
Torque due to weight of coil,

- [a= - .
r=[5i]><t—mgkl=mg-§tf}

For the equilibrium of loop. Zs
torque on 1t must be along
negative v-axis. Let the
magnetic moment of loop be
k. As the loop lies in x-y P Q
plane. 1ts magnetic moment

vector (from nght hand thumb o
rule) either points up or down.

Get More Learning Materials Here : &

Torque due to magnetic force,
Fo =i x B=pkx(3i+4k)B, =3uB,
If it is in negative direction. g must point downward. So, the

current in the coil must be from P to Q.
b. Force acting on arm

RS = I(I x B) =1 [(-bj)x (3i + 4k) B, )
= 1B (3k - 4i)

¢. Inequilibrium i"',ﬂ“h.ﬂr:1f + Ty =0
Hence, 3(abl)B, = 28 or 12 XE
2 68,b
19. In equilibrium,
2T, = mg
oo T,=ZE (i)
2
Magnetic moment. M = iA = [-91 QJ{ TR*)
2r
2
r= MB sin 90° = LBOR

2

Let 7, and T, be the tensions in the two strings when magnetic
field is switched on (7, > T,)
For translational equilibrium,

T,+T,=mg (i1)
For rotational equilibnum
s D _ - wBOR*
2 2
or T,-T,= “’Bg”' (iii)

Solving Egs. (11) and (iii) we have

Tim mg wBOR"
2 2D
As T, > T, and maximum values of 7, can be 37,/2, we have

O ey BOR’ (ina-&: “]

20. ev=%mr;1 =V,= ,ﬁ‘i
- m
I [2mV

B ¢
'|4m‘.=' p _

____l
e ”.v'.:t 75

,.F=_”'1r_:
eB

Similarly r, = -:—j—

21. a. The torque acting on the coil of moving coil galvanometer is

T= NIAB
Given t=ki
ki=NiAB = k= NBA
b. If Cis torsional consiant of the spring of galvanometer, then
r=(6

NigAB = C[’—;] = C= 2“’2‘4"’
e €3
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c. If g, is the maximum deflection, then from conservation of

R 1 I
-C8 ==l = 9,,,=J:m (1)
2 2 C

We have 7= NIAB

Put 7 = -‘-:'E where L is angular momentum.
[

fﬁ: N(ig-]dﬂ or dL= NAB dQ
di di
L Q
Integrating de_ = NAB IdQ = L =NABQ
0 0

If @1s angular velocity,

put L=lw
I = NABQ
W= MIHQ (ii)

Substituting this value in Eq. (i), we get
- \F NABQ = NABQ Jnma
c I {wm ipf} 21i;
4

22. R = Radius of circular loop. Given that semicircle KNM lies in
the x—=z plane while the semicircle KLM lies in the y—z plane.
Both the semicircles have their centers located at the origin.

a. Charge on the particle released at the origin = g
Velocity of the particle, v = —rn;
Magnetic field at center O due to current carrying loop KLM
lying in y—: plane.
EI = ‘;L;[-};_ The direction of ﬁ, will be along —ve x-axis.
Similarly, magnetic field at center O due to current carrying loop
KNM lying in x~: plane. B, = %{fh
Thus, the two fields at O are mutvally perpendicular in vector
form. Total field at O can be expressed as
B AL ply = 2
B=-iB + jB, =——|-i+
BT IB =R ( /)
(front view) 4442 i
v | v
P r—b =
7« 2 M ‘ _:': R o
F
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Hence, instantaneous force acting on the charged particle,
released at O.

b. External uniform magnetic field E’m = B}

As semicircular wires are placed in uniform magnetic field, these
loops can be reduced to straight wires each of length 2R placed
along z-axis (by joining initial point K and final point M),
Frim = Fxwuv = Fxy = BI2Ri
Net force due to both the wires :
F = Frim + Fxay = 4BIRi

. Let us first calculate the velocity of the particles from the

energy equation,

lmu':r:'l«’q = v= yﬁ
2 'J m

Since the charged particles are slightly divergent, they will
follow a helical path. Let 8 be the small angle made by a par-
ticle with B cos 8 = |

p (pitch of the particle) = v, x T
Znm _ 2;mvm
gB B
Particles are focussed if / contains integral number of pitches.

Il=np = p=lin=110213, ..

For two consecutive focussings (as B increases, p dec-

reases)

= vCos 8 x

[ = 2mmy e [ 2nmv

qB, - 98,
or B=2T"™ .nd B,=dEMV
q ql
or B,-B = it or B,-B, = 2n E‘i
' qf gl N m
o q _ : 8n-b :
m (B, - B))
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