MOVING CHARGES ¢

AND MAGNETISM

IMPORTANT FORMULAE

1.

10.

. Magnetic field due to a straight current carrying wire,

Biot—-Savart Law: Magnetic field due to a current element

72 ! Fj,’xﬁ
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where g, and g, are the angles substended by ends of the cund}lctm at the
o
reference point with the normal. For infinitely long wire B = 2; o d >
. Magnetic field due to a current carrying circular coil
Uy NI
(1) At centre B =
2R

2
Q(Mé’fk; e (where a = radius of coil) and x 18 the distance of the
a” +x

(11) At a point on the axis B, =
polint)

. Ampere’s circuital law: Iﬁ.df = 1]

. Magnetic field strength within solenoid

B = ny nl where n = number of turns per metre length.

. Magnetic field due to toroid

(i) Within the coils g = Ho N1
21y

(11) Outside the toroid B = 0.

. Magnetic force on a moving charge in a magnetic field

—qvXB
. Magnetic force on a current carrying conductor
F =I[lxB
. Force per unit length between parallel currents:
F ks
Mﬂ 1V/m
/ 21y

Torque experienced by a current carrying loop in a uniform magnetic field

T=NIAXB=Mx#H
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11. Magnetic moment of a current loop

M = NIA ampere X metre”

12. Deflection in moving coil galvanometer

b= Nf.i.ﬁ /
C

* 4 - b o IFAB
Current sensitivity of a galvanometer § = IE = &(,

13. For conversion of galvanometer into ammeter,

CH
-1, = ke

14. For conversion of galvanomter into voltmeter,

: . . V
Series resistance required R=—-G

L

Shunt resistance required S =

MULTIPLE CHOICE QUESTIONS

Choose and write the correct option in the following questiﬂns.

1. Ifa conducting wire carries a direct current through it, the magnetic field associated with the
current will be

(@) both inside and outside the conductor (b) neither inside nor outside the conductor
(¢) only outside the conductor (d) only inside the conductor

2. A compass needle 1s placed above a straight conducting wire. If current passes through the
conducting wire from South to North. Then the deflection of the compass

(a) 1s towards West (b) 1s towards East

(c) keeps oscillating i East-West direction (d) no detlection

- & & & -+ [ ] B Y & F
3. Wihen a charged particle moving with velocity v 1s subjected to a magnetic field of induction
B . the force on it 1s non-zero.

This implies that
(a) angle between 1s either zero or 180°
(b) angle between 1s necessarily 90°

(¢) angle between can have any value other than 90°

(d) angle between can have any value other than zero and 130°

4. Consider the following two statements about the Oersted’s experiment.

Statement P: The magnetic field due to a St.raight current carrying conductor i1s 1n the form of
circular lc:rc}ps around 1it.

Statement Q: The magnetic field due to a current carrving conductor 1s weak at near points
from the conductor, compared to the far points.
(@) Both P and Q are true (0) Both P and Q are false

(¢) P is true, but Q is false (d) P 1s false, but Q 1s true

5. Consider the following statements about the representation of the magnetic field
Statement P: The magnetic field emerging out of the plane of the paper i1s denoted by a dot (O).
Statement Q: The magnetic field gomg mto the plane of the paper 1s denoted by a cross (®).
(@) Both P and Q are true (b) P 1s true, but Q 1s false
(¢) P 1stalse, but Q 1s true (d) Both P and Q are false
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10.

11.

12.

13.

14.

Two charged particles traverse identical helical paths in a completely opposite sense in a
uniform magnetic field B = B k. INCERT Exemplar|
(a) They have equal z-components of momenta

(b) They must have equal charges

(¢) They necessarily represent a particle, antu-parucle pair

: : 4 e\ _
(d) The charge to mass ratio satisty: (E)I + (EL =0

Biot-Savart law indicates that the moving electrons (velocity v) produce a magnetic field B
such that INCERT Exemplar|
(@) B 1s perpendicular to

(0) B 1s parallel to v

(¢) 1t obeys iverse cube law

(d) 1t 1s along the line joining the electron and point of observation

An electron 1s projected with uniform velocity along the axis of a current carrying long
solenoid. Which of the following is true? INCERT Exemplar|
(@) The electron will be accelerated along the axis

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

(¢) The electron will experience a lorce at 45" o the axis and hence execute a helical path

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

A micro-ammeter has a resistance of 100 QQ and a full scale range of 50 pA. It can be used as a
higher range ammeter or voltmeter provided resistance 1s added to it. Pick the correct range
and resistance combinations.

(@) 50 V range and 10 kQ resistance in series

(0) 10 V range and 200 k) resistance 1n series

(¢) 5 mA range with 1 Q resistance 1n parallel

(d) Both (b) and (¢)

A current carrying circular loop of radius R 1s placed in the x-y plane with centre at the origin.
Half of the loop with x > 0 1s now bent so that it now lies in the y-z plane.

INCERT Exemplar|
(@) The magnitude of magnetic moment now diminishes.
(6) The magnetic moment doces not change.
(¢) The magnitude of B at (0,0, z), 2> >R mcreases.
(d) The magnitude of B at (0,0, z), 2>>R 1s unchanged.

A current carrying loop is placed in a uniform magnetic field. The torque acting on it does not
depend upon the

(a) shape of the loop (b) area of the loop

(¢) value of current (d) magnetic field

A circular coil of 50 turns and radius 7 cm is placed in a uniform magnetic field of 4 'I normal
to the plane of the coil. If the current in the coil is 6 A then total torque acting on the coil 1s

(@) 14.78 Nm (b) 0 (¢) 7.39 Nm (d) 3.69 Nm
The gyro-magnetic ratio of an electron in an H-atom, according to Bohr model, is
(a) independent of which orbit it is in (b) negative

(¢) positive (d) both (a) and (b)

The sensitivity of a moving coil galvanometer increases with the decrease in:

(a) number of turns (b) area of coil

(¢) magnetic field (d) torsional rigidity
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16.
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22,
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26.

217.

A voltmeter of range 2V and resistance 300 () cannot be converted to an ammeter of range:
(@) 5 mA (0) 8 mA () 1 A (d) 10 A

In an ammeter 4% of the mains current is passing through galvanometer. If the galvanometer
is shunted with a 5 () resistance, then resistance of galvanometer will be

(@) 116 €2 (b) 117 O (¢) 118 £2 (d) 120 Q
The ST unit of magnetic flux density 1s
(a) weber (b) tesla (¢) maxwell (d) gauss

Newton meter per ampere is the unit of

(@) magnetic induction (b) magnetic susceptibility

(¢) magnetic permeability (d) magnetic flux

A moving electron enters normally into a uniform magnetic hield; its

(a) direction of motion will change (b) speed will increase

(¢) speed will decrease (d) velocity will remain the same

In a magnetic field acting along x-axis, a conductor carries a current along the y-axis. The
force experienced by the conductor is along

(a) the +ve z-axis (b) the —ve z-axis

(¢) the —ve x-axis (d) the —ve y-axis

For conversion of a galvanometer into an ammeter, one should use

(@) a high resistance 1n series (b) a high resistance in parallel

(¢) a low resistance 1n series (d) a low resistance 1n parallel

The time rate of work done by a magnetic field on a charged particle moving on a helical path
1S

(@) ¢B (b) qBfv” (¢) gBv” (d) zero

In a certain region of space, electric field E and magnetic field B are perpendicular to
each other. An electron enters perpendicularly to both the fields and moves undeflected. The
velocity of electron 1s

E

(b) EXB (¢) E.B (d) F

(@)

t'm|b::1

A deuteron of kinetic energy 50 keV i1s describing a circular orbit of radius 0.5 m in a plane
perpendicular to the magnetic field B. The kinetic energy of the proton that describes a
circular orbit of same radius and inside same B is

(@) 25 keV (0) 100 keV (¢) 200 keV (d) 50 keV
Current sensitivity of a galvanometer can be increased by decreasing

(a) torsional constant K (b) area A

(¢) magnetic field B (d) number of turns N

An electric current passes through a long straight copper wire. At a distance 5 cm from the
straight wire, the magnetic field is B. The magnetic field at 20 cm from the straight wire would
be

B B B |
@ 5 ®) < © T d) 5

o

A wire in the form of a circular loop, of one turn carrying a current, produces magnetic
induction B at the centre. If the same wire 1s looped into a coil of two turns and carries the
same currenti, the new value of magnetic induction at the centre 1s

(a) 4B (b) 2B (¢) B (d) 88
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33.

34.

35.

36.

37.

38.

39.

A circular coil of radius a carries an electric current. The magnetic field due the coil at a point
on the axis of the coil located at a distance r from centre of the coil, such that r>>a varies

, 1 1 |
{\ﬂ') 3/9 (b ) —t;, (6 ) 9
¥ ¥ }

A solenoid has 1000 turns per metre length. If a current of 5 A 1s flowing through 1t, then
magnetic field inside the solenoid is

1
d)

(@) 2 X 107°T (b) 47 x 10°T () 2m X 107°T (d) 47 x 10°T
If distance between two current- carrying wires 1s doubled, then force between them 1s
(@) halved (b) doubled (¢) tripled (d) quadrupled
The coil of a moving coil galvanometer 1s wound over a metal [rame 1n order to

(a) increase moment of inertia (b) provide electromagnetic damping
(¢) reduce hysteresis (d) mcrease sensitivity

If in a moving coil galvanometer, a current / in its coil produces a deflection 0, then

(@) 1 o tan (b) T «B° (c) I x40 (d) I 6
'The ratio of voltage sensitivity (V) and current sensitivity (/) of a moving coil galvanometer
1S
() =, ) G c) G* d) e
] G r ( : T ( . GE

Two thin, long and parallel wires separated by a distance ‘d’ carry a current ‘2° ampere each.
'The magnitude of the force per unit length exerted by one wire on the other 1s

”{Ji? ) ! P’UEIE 2 L
@) 5. ®) g () omed? (d) -

Two parallel wires carrying current in the same direction attract each other due to
(@) magnetic force (b) electric force

(¢) mutual mduction (d) electromagnetic emf

A strong magnetic field 1s applied to a proton at rest. Then

(a) the particle moves in opposite direction of the applied field.

(b) the particle moves in the direction of the applied field.

(¢) the particle continues to be at rest (consider the proton as a charged particle only).

(d) the particle executes circular motion in magnetic field.

A charge of +5 mC enters a uniform magnetic field parallel to the direction of the field. What
will happen to the motion of the charge’

(@) It will move undedicated.
(6) It will perform circular motion in a plane parallel to the field.

(¢) It will perform circular motion in a plane perpendicular to the field.

(d) It will continue to move in the field direction with acceleration.

Which one decides the direction of magnetic lines of force due to a ﬁtraight wire carrying
current?

(@) Right hand thumb rule (0) Fleming’'s left hand rule
() Ampere’s rule (d) Fleming’s right hand rule

A small bar magnet held vertically is allowed to fall from a height through a metal ring of
radius 0.1m. The acceleration of the magnet shall be

(@) greater than g (0) equal to g

(¢) zero (d) less than g
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The expression for magnetic force per unit charge f}m , when a charge ¢ moves with a velocity
v in a magnetic field B is given by

—_

@ F, = @.B) () F, = @xB) © Fy=p@xB) @ F =q@xE)

-1

i

The force between two parallel current carrying conductors separated by a distance x 1s F. If
the current in each conductor 1s doubled and the distance between them is halved, then the

force between them becomes

(@) F (b) 8F (c) 4F (d) 2F

Time period of a charged particle undergoing a circular motion in a uniform magnetic field is
indcpendent of

(@) speed of the particle (b) mass of the particle

(¢) charge of the particle (d) magnetic field

A current loop in a magnetic field

(@) can be in equilibrium i two orientations, both the equilibrium states are unstable.

(b) can be in equilibrium m two orientations, one stable while the other is unstable.

(c) experiences a torque whether the field 1s uniform or non uniform in all orientations.

(d) can be 1n equilibrium m one orientation.

Two circular coils 1 and 2 are made from the same wire but the radius of the [irst coil 1s twice
that of the second coil. What ratio of the potential difference (in volt) should be applied across
them, so that the magnetic field at their centres is the same?

(@) 2 (b) 3 (c) 4 (d) 6

A square current carrying loop is suspended in a uniform magnetic field acting in the plane
of the loop. 1f the force on one arm of the loop 1s F , the net force on the remaining three arms
of the loop is

(@) -F &) —-3F ) F d) ST

A particle of mass m, charge Q and kinetic energy J enters a transverse uniform magnetic field

of induction B. After 3 seconds, the kinetic energy of the particles will be:

(@) 3] () 2] () ] (@) 4]

A galvanometer has a coil of resistance 100 Q2 and gives a [ull scale deflection for a current of
30 mA. If it is to work as a voltmeter of 30 V range, the resistance required to be added will be

(@) 500 O (b) 900 O (c) 1000 Q (d) 1800 Q

—
When a charged particle moving with velocity 7 1s subjected to a magnetic field of induction

—

B , the force on it 1s non-zero. This implies that

— —

(a) angle between v and B can have any value other than zero and 130"
o —

(b) angle between v and B 1s either zero or 180°
. e . .

(c) angle between v and B 1s necessarily 90°
— —

(d) angle between v and B can have any value other than 90°

Two particles and of masses m, and mg respectively and having the
same charge are moving in a plane. A uniform magnetic field exists
perpendicular to this plane. The speeds of particles are v, and v,

respcctively and trﬂj{-:ctnries are shown 1n ﬁgurﬂ. Then

(@) my vy < My Vg (0) m v > mpug

(¢) my <mpg and v, vp (d) my = mp, vy = vp
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51.

i

53.

54.

56.

A coil having N-turns is wound tightly in the form of a spiral with inner and outer radii ‘e’ and
‘b’ respectively. When the current ‘I’ passes through the coil, the magnetic field at the centre is

w, NI o N
@) — ©) —5
W, V1 b A h
loo — d l T
2 2(b-a) V5w () b—a Sea
A particle of mass m and charge ¢ moves with a constant velocity Y4
v along positive X-axis. It enters a region containing a uniform 5 & B
magnetic field B directed along the negative Z-axis, extending
from x = a tox = b. The minimum value of v required so that the
particle can just enter the region x > b 1s
qbB qg(b—-a)B
(ﬂ’) ;M {b) it
qaB q(b+a)B — -— X
(E-:) 11 (d ) 2?}! X=d x=bh

A proton of mass 1.67 X 10747 kg and charge 1.6 X 107 Cis projected with a speed of 2 X 10°
m/s at an angle 60° with x-axis. If a uniform magnetic field of 0.104 T is applied along y-axis,
the path of the proton is:

(a) a curcle of radius 0-1 m and tme period 21 X 107 s

(b) a circle of radius 0-2 m and time period 15 X 1075

(¢) a helix of radius 0-1 m and time period 2n X 107 s

(d) a helix of radius 0-2 m and tune period 4n X 107 s

Two thin metallic strips carrying currents in the direction shown, cross each other
perpendicularly without touching but being close to each other, as shown in fig. The regions
which contain some point of zero magnetic induction are:

I i Il
| — —
111 ¢ IV
(@) T and II (b) T and III (¢) II and III (d) I and IV

Two particles having masses in the ratio 1: 1 and charge 1: 2 are projected into a uniform
magnetic field perpendicular to field with speeds in the ratio 2: 3. The ratio of the radii of
circular path along which the two particles move is

(@) 4: 3 (&) 2:5 e) Bz 1 (d) 1: 4

A long wire carries a steady current. It is bent into a circle of one turn and the magnetic field
at the centre of the coil 1s B. It is then bent into a circular luup of n-turns. The magnﬁ'tic field
at the centre of the coil will now be

(a) nB (b) n°B (c) 2nB (d) 2n

'Iwo long conductors separated by a distance ‘d’ carry currents /;, and /, in the same direction

and exert force I on each other. Now the current in one of them is increased two times and its

direction 1s reversed. The distance is also increased to 3d. The new value of the force between
them 1s

2F
3

(@) — 2F ) = © -
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59.

60.

61.

62.

86

Wires 1 and 2 carrying currents z; and 2, respectively are inclined
at an angle 0 to each other. What is the attractive force on a small
element dl of wire 2 at a distance r from wire 1 (as shown in fig.) due

to magnetic field of wire 1.
1y, dpdl tan O
27

1y iodl cos B

()

(c)

21tr

(b)

(d)

oty odl sin O

2y

Lot dl sin 0

4mr

A long strﬂight wire alnng z-axis carries a current ‘2’ in the negative z-direction. The mﬂgnetic

el

vector field B at a point having coordinates (x,y) onz = 0 plane is

u(;?‘(.}’;_?j)
27 (" +37)

(@)

e
0

il 771
27 (xE + _f_r-z)

(c)

(0)

(d)

uﬂi(xgnL y})

oM (x* + _}12)

o1 (x° + y°)

A conducting loop carrying currcnt [ is placed 1n a uniform magnectic ficld
pointing into the plane ol the paper as shown in fig. The loop will have a
tendency to

(a) contract

(h) expand

(c) move towards positive x-axis
(d) move towards negative x-axis
A uniform magnetic field B = — B,__ exists in the region x > 0. An electron with velocity u
travels along the positive x-axis. When the electron emerges out of the field, its y-component
and velocity v will be

.

R A
p | el el g
M M M N
MM M X X
P X X
MM e X M X

@) yv>0, v>u
) v<0, v=u

G)yy<0,v>u
(d)yy>0, v=u

Two particles each of mass mm and charge g are attached to the two ends of a light rod of length
2R. The rod 1s rotated at a constant angular speed about a perpendicular axis passing through
its centre. The ratio of the magnitude of the magnetic moment of the system and its angular
momentum about the centre of the rod 1s

q 1

2 o q
®) m

©) (d) ™

Q1

(@)

'Two concentric coils each of radius equal to 27 cm are placed at right angles to each other.

Currents of 3 A and 4 A are flowing 1n the coils respectively. The magnetic induction in
Wb/m* at the centre of the coils will be (1, = 41 X 107" Wb/A-m)

(@) 107 b) 12 x 107
(€) 7 x 107 (d) 5 x 107
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64.

65.

66.

67.

68.

An infinitely long conductor PQR is bent to form a right angle as ' M

shown in fig. A current I flows through POR. The magnetic field
due to this current at M 1s B, Now another infinitely long straight P :
: .1 . I Q
conductor OS 1s connected at Q, so that current is o In OR as well
as in S, the current in PQ remaining unchanged. The magnetic R
B

1

field at M is now B,. The ratio B 15
2

2
@) 5 ®) 1 © 5 d) 2
A square loop ABCD of each side i1s formed of wire ABC of resistance r and ADC of resistance
2r. The magnetic field B at the centre O of the loop is

ﬁu{}f EHD{- 2 ﬁﬂmf‘
(¢) (d)

(@) U (0)

AT I

A moving coil galvanometer has 150 equal divisions. Its current sensitivity i1s 10 divisions per
mA and voltage sensitivity is 2 divisions per mV. In order that each division reads 1 volt, the

resistance in ohm needed to be connected 1n series with the coil will be

(@) 105 O (b) 103 Q (c) 9995 O (d) 99995 O

A galvanometer has a resistance 100 {2 and it requires current 100 LA for full scale deflection.
A resistor 0.1 2 1s connected to make it ammeter. The smallest current in the circuit to produce

full scale deflection is

(@) 1000-1 mA (6) 1-1 mA (¢) 10-1 mA (d) 100-1 mA

Two small magnets, each of magnetic moment of 10 A-m? are placed in end on position 0-1 m
apart from their centres. The force acting between them 1is

(@) 06 X 10’ N (b) 6 X 10’ N (c) 0-6 N (d) 0-06 N

Two short magnets are placed on a piece of cork which floats on water. The magnets are so
placed that the axis of one produced bisects the axis of the other at right angles. Then the cork

(a) rotates only

(b) moves along a straight line only
(¢) has rotational as well as translational motion

(d) has neither translanonal nor rotational motion
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69. A long solenoid has 200 turns per cm and carries a current i. The magnetic field at its

88

70.

71.

T ae

73.

centre is 6:28 X 10~ Wb/m*. Another long solenoid has 100 turns per cm and it carries a

1

current of —. The value of the magnetiu ield at its centre 1s

3
7} Vo X T Wb/ m”© -Uo X : )/ 1m°
(@) 105 X 10~ Wh / m~ (b) 1-05 X 10° Wb / m”
e o X Wb/ m” )y 105 X B )/ 1m-
(¢) 1.05 X 10> Wb/ m"~ (d) 1:05 X 10* Wb / m"

A horizontal overhead power line is at a height of 4 m from the ground and carries a current

of 100 A from east to west. The magnetic field directly below it on the ground is

(Lo =4n X 107 Tm A™)

i AN
1/41;
e
S -
Verllcall 5
—»
STB 'S
(a) 5 X 107" T southward (b) 2-5 X 107" T northward
(c) 2:5 X 107 T southward (d) 5 X 10° T northward

A particle of mass m and charge ¢, moving with velocity v enters region 11 normal to boundary

as shown in fig. Region II has a uniform magnetic field B, perpendicular to the plane of the
paper. The length of the region II is l. Then which of the following 1s incorrect.

Regionl [* X X X
g Region |l
X X X X
—_— X X X X Region Il
v X x xBx
X X X X
X X X X
X X X X
. . - a8
(@) The particle enters region III only if its veloaity 1s v > ——.
‘ | | qlB3
(b) The partcle enters region IIT only it v < —-—.
T . g'5
(¢) Path length of parucle in region II1s maximum when velocity v = —-—.

(d) Time spent in region II 1s same for any velocity v as long as the particle returns to region I.

A charged particle with charge g enters a region of constant uniform and mutually orthogonal

fields E and B with velocity " perpendicular to both £ and B and comes out without any

change in magnitude or direction of v . Then

. FxE . ExF
(ﬂ-) Th— E2 {EJ') i — EE
- BxE - T XB

A charged particle moves through a magnetic field perpendicular to its direction. Then

(@) both momentum and kinetic CNCIZY of the pﬂrticlcs arc not constant

() both momentum and kinetic energy of the particles are constant
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74.

75.

76.

77.

78.

79,

(¢) kinetic energy changes but momentum remains constant

(d) momentum changes but kinetic energy remains constant

A long straight wire of radius a carries a steady current i. The current is uniformly distributed

: "S-~ . . a .
over 1its cross-section. The ratio of the magnetic field at — and 2a is

2

(@) 4 (b 1 € 5 d) -+

4

Two long parallel wires are at a distance 2d apart. They carry steady currents flowing out of
the plane of paper as shown. The variation of the magnetic field B along the line X'X 1s given

by
B B
(@) HJ+ o X (b)  x——8 %L X
:4: d—»le—-0d h:r \L{ o—»la—d ..J
B | £
(€) x (’:) \~4/ (Ib X (d) x

A thin flexible wire of length . is connected to two adjacent fixed points and carries a current
I in the clockwise direction as shown in Fig. When the system is put in a uniform magnetic
[ield of strength B going into the plane of the paper, the wire takes the shape of a circle. The
tension in the wire 1s

X X X x
X X
x x xB
X X X
X x x
IB1. IBIL
(a) IBL (b) IBL/m (¢) o (d) P

A moving charge produces
(@) clectric and magnectc ficlds both

(0) clectric ficld only

() magnetic field only (d) neither electric nor magnetic field

A proton charge (+e coulomb) enters in a magnetic field of strength B (tesla) perpendicular to
the magnetic lines of force, with speed v. The [orce on the proton 1s
(a) evB (d) evB/2

(b) zero (c) %0

A proton charge (+e coulomb) enters in a magnetic field of strength B tesla making an angle
30° with the direction of magnetic field with speed v. The magnetic force on the proton is
(@) evB (d) evB/2

(b) zero (¢) oo
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80.

81.
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83.

84.

85.

86.

87.

A charged particle enters in 2a magnetic field perpendicular to the magnetic lines of force. The
path of the particle is

(a) straight line (b) circular

(¢) elliptical (d) spiral

A charged particle enters at 30° to the magnetic field. Its path becomes

(@) crcular (b) helical

(¢) elhpucal (d) straight lie

A current carrying wire produces

(a) only electric field (b) only magnetic field

(¢) both electric and magnetic fields (d) no tield

Two parallel wires carrying currents in the same direction attract each other because of
(a) potential difference between them (0) mutual inductance between them
(¢) electric forces between them (d) magnetic forces between them

A uniform electric field and a uniform magnetic field are produced, pointed in the same
direction in a certain region. An electron 1s projected with its velocity pointed in the same
direction

(@) the electron will turn to 1ts left
(0) the electron will turn to 1ts right
(¢) the electron velocity will increase i magnitude

(d) the electron velocity will decrease in magnitude

A conducting circular loop of radius r carries a constant current i. It is placed in a uniform
magnetic field B such that B is perpendicular to the plane of loop. The magnetic force acting
on the loop 1s

(a) Buwr (b) 2m wrB
(¢) O (d) wuB
When a straight conductor is carrying an electric current
(a) there are carcular magnetic lines of force around it.

(b) there are no magnetic ines of force near 1it.

(¢) there are magnetic lines of force parallel to conductor along the direction of current.

(d) therc arc nlagnctic lincs of force paralh:l to conductor DppDSitC to the direction of current.

Which of the following correctly represents the variation of magnetic flux density B with
distance rof a lﬂng strﬂight wire currying a sleady current?

A A
(@) B b) B

A A
(c) B (d) B
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88.

89.

90.

91.

92.

93.

94.

There i1s a magnetic field acting in a plane downward perpendicular to sheet of paper (Fig.).
Particles in vacuum move in the plane of paper from left to right. The path indicated by an

arrow could be travelled by

(a) proton () neutron

(¢) electron (d) a-partcle

A stream of electrons is projected horizontally to the right. A straight conductor carrying a
current 1s supported parallel to electron stream and above it. If the current in the conductor
is from left to right, then what will be the effect on electron stream?

(a) The electron stream will be speeded up towards the right.

() The electron stream will be retarded.

(¢) The electron stream will be pulled upward.

(d) The electron stream will be pulled downward.

—

The Lorentz force experienced by a charged particle of charge g, moving with velocity v ina

magnetic field ﬁ is given by

(@) F=¢(@ +B) (b) F=q@ xB)
€©) F=q(Bx0) ) F=vxB/q

The force on a charged particle in a magnetic field 1s maximum when the angle between the
direction of motion and the magnetic lield 1s

(a) 0° (b) 90°

(c) 43° (d) 180°

Two magnetic lines of force

(a) intersect at the neutral point (b) mtersect near north or south poles

(¢) cannot intersect at all (d) depend on the position of the magnet.

'The radius of the path of a charged particle moving in a magnetic field is proportional to
(@) mass (b) charge

c) ener d) momentum of the particle
(¢, gy P

A rectangular loop carrying a current : 1s situated near a long straight wire such that the wire
1s parallel to one of the sides of the loop and 1s 1n the plane of the loop. If a steady current I is

established in the wire, as shown 1n fig., the loop will

A
' L
r4 IK »!
Y
r 3
1 ‘
N i M
B
(a) rotate about an axis parallel to the wire (b) move away from the wire
(¢) move towards the wire (d) remain stationary
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95.

96.

97.

98.

99.

100.

101.

102.

103.

92

In the adjoining figure, PQ is a long current-carrying wire which is placed near
a current-carrying coll. The direction of the force acting on PQ will be:

(a) parallel to PO towards P

(b) parallel to PQ towards Q 1
(¢) perpendicular to PQ towards right
(d) perpendicular to PQ towards left Q

Two thin, long, parallel wires separated by a distance b are carrying a current ¢ each in the
same direction. The force per unit length exerted by one wire on the other is

.9
(@) s N/m (repulsive) (b) ﬂe‘z N/m (attractive)
anﬂ pul ompy LV five
. .2
Ho! . to! .
(¢) > N/m (repulsive) (d) 5 N/m (attractive)
2mh 21h*°

A charge moves with velocity v ina region where electric field £ and magnetic field B both

exist. The force on the particle is

(a) q(;xﬁ) (b) qE+q(;x§)
© qF +q(B x7) d) gE+q(Ex0)

'The magnetic force acting on a charged particle of charge -2uC moving with velocity
(2i + 3j) X10° ms™ in a magnetic field of 2 T directed in y-direction is

(a) 4 N 1n z-direction (b) 8 N 1n y-direction

() 8 N in z-direction (d) 8 N 1 negative z-direction

The magnetic field is made radial in a galvanometer

(@) to make field stronger (b) to make field weaker

(¢) to make scale linear (d) to reduce 1ts resistance

The magnetic dipole moment of a current carrying coil does not depend upon

|[CBSE 2020 (55/1/1)]
(@) number of turns of the coil. (b) cross-sectional area of the coil.

(¢) enrrent flowing in the coil. (d) material of the turns of the coil.

An electron is released from rest in a region of uniform electric and magnetic fields acting

parallel to each other. The electron will [CBSE 2020 (55/2/1)]
(@) move in a straight line. (b) move n a circle.
(¢) remain stationary. (d) move m a helical path.

A straight current carrying conductor is placed inside a uniform magnetic field. The force per
unit length acting on the conductor 1s [CBSE 2020 (55/2/3)]
(@) maximum when the conductor 1s perpendicular to the direction of magnetic field.

() maximum when the conductor 1s along the direction of magnetic field.

(¢) minimmum when the conductor 1s perpendicular to the direction of magnetic field.

(d) minimum when the conductor makes an angle of 45° with the direction of magnetic field.

A region has a uniform magnetic flield in it. A proton enters into the region with velocity
making an angle of 45° with the direction of the magnetic field. In this region the proton will

move on a path having the shape of a |[CBSE 2020 (55/3/1)]
(@) straight line (b) curcle
(¢) spiral (d) helix
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104. An isosceles right angled current carrying loop POR is placed in a uniform magnetic field B
pointing along PR. If the magnetic force acting on the arm PQ is I, then the magnetic force
which acts on the arm QR will be |CBSE 2020 (55/3/1)]

. R
B A
P
@ F @ — ) V2F (d) -
V)
105. A current I flows through a long straight conductor which i1s bent into I
circular loop of radius R in the middle as shown in the figure.
The magnitude of the net magnetic field at point O will be
[CBSE 2020 (55/4/1)] E}___R___
ol
(a) zero (b) 5 R (1+m)
(ﬂ) 4?'[ H (d) (l = )

106. A current of 10 A is flowing from east to westin a lmlg straight wire kept on a horizontal table.
The magnetic [ield developed at a distance of 10 cm due north on the table is:

[CBSE 2020 (55/4/1)]
(@) 2 X 107 T, acting downwards (b) 2 X 10° T, acting upwards
() 4 X 10° T, acting downwards (d) 4 X 107 T acung upwards

107. An electron and a proton are moving along the same direction with the same kinetic energy.
They enter a uniform magnetic field acting perpendicular to their velocities. The dependence
of radius of their paths on their masses is: |CBSE 2020 (55/4/2)]

1 1
a) recm by reym (@) P (d) r o« ——
t ) ( ) 11 ) m

108. A charge particle after being accelerated through a potential difference ‘P’ enters in a uniform
magnetic field and moves in a circle of radius r. If V is doubled, the radius of the circle will
become |CBSE 2020 (55/5/1)|
(@) 2r b) V2r () 4r (d) riy2

Answers

1. (¢) 2. (a) 3. (d) 4. (¢) 5. (a) 7.(d) 7. (a) 8. (d)

9. (d) 10. (a) 11. (a) 12 (b) 13. (d) 14. (d) 15. (a) 16. (d)
17. (b) 18. (d) 19. (a) 0. (D) 21. (d) 22. (d) 23. (d) 24. (b)
25. (a) 26. (¢) 27. (a) 28 (b) 29. (a) 30. (a) 31. (b) 32.(d)
33. (a) 34. (a) 35. (a) 36. (¢) 37. (a) 38. (a) 39. (d) 40. (b)
41. (b) 42. (a) 43. (b) 44, (¢) 45. (a) 46. (c) 47. (b) 48. (a)
49. (b) 50. (¢) 51. (b) 52. () 53. (d) 54. (a) 55. (b) 56. (v)
57. (¢) 58. (a) 59. (b) 60. (¢) 61. (a) 62. (d) 63. (¢) 64. (¢)
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65. (¢) 66. (d) 67. (c) 68. () 69. () 70. () 71. () 72. (d)

73. (d) 74. (b) 75. () 76. (c) 77. (@) 78. (@) 79. (d) 80. ()
81. (b) 82. () 83. (d) 84. (d) 85. (c) 86. () 87. (d) 88. (c)
89. (b) 90. (b) 91. () 92. (c) 93. (d) 94, (c) 95. (d) 96. (b)
97. (b) 98. (d) 99. ()  100.(d)  101.(a) 102.(a) 103.(d)  104.(d)
105. ()  106.(a)  107.()  108.(b)

CASE-BASED QUESTIONS

Attempt any 1 sub-parts fmm each questiuﬂ. Each questiﬂn carrtes 1 mark.
1. LOUDSPEAKERS:

A common application of the magnetic force on a current carrying wire is found in loudspeakers.
The magnetic field created by the permanent magnet exerts a force on the voice coil that is
proportonal to the current 1n the coil; the direction of the force 1s either to the left or to the
right, depending on the direction of the current. lhe signal coming from the amplitier causes
the current to oscillate in direction and magnitude. The coil and the speaker cone to which it 1s
attached respond by oscillating with an amplitude proportional to the amplitude of the current
in the coil. Turning up the volume knob on the amphfier increases the current amphitude and
hence the amplitudes of the cone’s oscillation and of the sound wave produced by the moving
cone.

The force 1s always perpendicular to both the conductor and the field, with the direction

determmed by the same right-hand rule we used for a moving positive charge. Hence, this force

can be expressed as a vector product, just like the force on a single moving charge. We represent

o aa —
the segment of wire with a vector ! along the wire 1n the direction of the current, then force F

on this segment 1s

—

-»> —
F =1l xB (ie., magnetic force on a straight wire segment)

Rigi{l
speaker B field of

PETHIE’t nent
ﬂ’lﬂgﬂ el

Magnets

i

Signal A

from
ampher

Basket

Direction
of motion

(1) Loudspeaker works on the principle of
(@) detector (b) generator
(¢) amplifier (d) motor

(i1) Electrodynamic speaker can handle which type of audio power relative to permanent
magnet type speaker?

(@) Lower (0) Equal
(¢) Higher (d) Both (a) and (b)
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(111)

To increase the power handling capacity in loudspeakers which type of magnet is used?
(@) Temporary magnet (b) Permanent magnet

(¢) Electromagnet (d) None of these

(iv) A horizontal wire 0.1 m long carries a current of 5 A. Find the magnitude and direction of

the magnetic field, which can balance the weight of wire. Given the mass of the wire 1s 3 X
107° kg/mand g = 10 m/s”.

(@) 6 X 107 T, acung horizontally perpendicular to wire

(b) 6 X 107 T, acting vertically upwards

(c) 6 X 10T, acting vertically downwards

(d) 6 X 107 T, acting horizontally perpendicular to wire

(v) A square current carrying loop 1s suspended 1n a uniform magnetic field acting in the

Answers

—n

plane of the loop. If the force on one arm of the loop 1s F , the net force on the remaining
three arms of the loop is

@) F &) -F
(c) F (d) -8 F

I. (1) (d); A common application of the magnetic force on a current carrying wire is found in

lﬂudspeakers as siumilar case 1n motor 1n which current Eﬂl‘]‘}-’iﬂg coil E}{p&l‘i&l‘lce force m
presence of magnetic field.

() (¢); It1s a type of higher audio power relative to permanent magnet type speaker.

(222) (¢); l'he electromagnet 1s used to increase the power handling capacity in loudspeakers.

(iv) (a); Here, mass of wire, m = 0.1 X (8 X 107) kg

In equilibrium position, ¥ = /IB = mg

g _ (0.1x3x107) x 10
e 5x0.1

The weight i1s wire be 5111}13{31“[&(1 b}? force F if it acts ‘.’El‘ti{:ﬂu}’ u pwardS. It will be so if the

= —6x107°T

e
cirection of B 1s horizontal and perpendiculm‘ to wire Earr}'ing current.

(v) (0); As clear from hgure, force on arm PS and arm R0 1s zero. P . S
— —
It F 1s torce on arm RS, the force on arm PQ 1s - F . F
Therelfore, net force on the remamming three arms of the I/ >
—> /1
loop=- F. F
Q < R

2. VELOCITY SELECTOR:

In a beam of charged partcles produced by a heated cathode or a radioactive material, not

all particles move with the same speed. Particles of a specific speed can be selected from the

beam using an arrangement of electric and magnetic fields called a velocity selector. A chargec
particle with mass m, charge ¢ and speed v enters a region of space where the electitc and
magnetic fields are perpendicular to the parucle’s velocity and to each other. The electric field

— —¥
E 1s vertically downward and the magnetic field B 1s 1nto the plane. It q 1s positive, the electric

force 1s downward with magnitude ¢I7, and the magnetic force 1s upward with magnitude guB.

For given field magnitude E and B, for a particular value of v the electric and magnetic force will
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be equal in magnitude the total force is then zero, and the particles travels in a straight line with
constant velocity. For zero total force, ZFy = 0, we need —gE + quB = 0. Solving for the speed v
for which there 1s no deflection, we find

E
)= —
"
. . E . .
Only particles with speeds equal to R can pass through without being detlected by the fields.

By adjusting £ and B appropriately, we can select particles having a particular speed for use 1n
other experimments. Because ¢ divides out, a velocity selector tor positively charged particles also
works for electrons or other negatively charged particles. Theretfore, from the above discussion,
a velocity selector 1s a region 1 which there 1s a uniform electric field and uniform magnetic
hield. The helds are perpendicular to one another, and perpendicular to the imual velocity of the
charged particles that are passing through the region.

Source

(a) (b)

(1) An electron 1s projected with umform velocity along the axis of a current carrying long
solenoid. Which of the following is true?
(a) The electron will continue to move with uniform velocity along the axis of the solenoid.

(6) The electron will experience a force at 45" to the axis and hence execute a helical path.

(¢) The electron path will be circular about the axis.
(d) The electron will be accelerated along the axis.

(1) 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
(@) the motion of the centre of mass (CM) 1s determined by B alone.

(b) both particles gain or loose energy at the same rate.
(¢) the magnetic forces on both the particles cause equal accelerations.
(d) all of the above

(111) A charged particle would continue to move with a constant velocity in velocity selector,

where in
(@) E=0,B=0 OYE=0,B=0
(¢) both (@) and (b) (d) none of these

(iv) A charged particle goes undeflected in a region of velocity selector containing electric and
magnetic field. It is possible that

(@) E is not parallel to B and v (b) E | g, 0 I E
(¢) ; I g but E is not parallel to E (d) E | E but z_; is not parallel to E
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(v) A charged particle with charge ¢ enters a region of constant, uniform and mutually
orthogonal field £ = 50 NC™' and magnetic field, B= 2.5 X 10~ weber m™ with a velocity v
perpendicular to both E and B. It comes out without any change in velocity with a magnitude

of
(@) 0.5 X 10° m/s (b) 10° m/s
(c) 2 X 10° m/s (d) 2.5 % 10° 1m/s

Answers

2. () (a); The Lorentz force acting on a charged particle in a magnetic and electric field i1s

— — - —
F=g|E +v x B]. As thereis no E, force due to electric field is zero and force due to B 1s

perpendicular to the direction of v and B which will be perpendicular to the direction of
motion (v), so, will not affect the velocity of moving charge partcle.
& + * L L] ] L] L] B L]
(it) (a); AsF = g(v x B),te.. Fis perpendicular to velocity and magnetic field, so particle revolves
— >
perpendicular to both Band v with uniform speed. But magnitude of acceleration by
—  — —

magnetic field 1s equal as magnitude of charge, v, E and B are constant. So, it gain

or loose the energy at the same rate. There 1s no change i centre of mass of partcle
therefore the motion of centre of mass 1s determined by B alone.
(221) (c); When a single moving charge i1s placed with some uniform electric and magnetic fields

In space, then they experience a torce called Lorentz force given by £, =gE +g(vx B).
Force experienced by charged particle = due to electric field, F, = ¢g&
Force experienced by charged particle due to magnetic field, F,, = ¢ (v X B)

The particle is moving with constant velocity that means acceleration of particle is zero
and also it 1s not changing its direction of motion. This will happen when the net force

IS Zero i.e.,
() It £ =0,and v| b ,thenF_, =0
(b) It E = 0, and B# 0, and E, v and B are mutually perpendicular.

(zv) (b); A charged particle will go undetlected 1 an electric field it the direction of force on
particle due to electric field only acts in the direction of motion of the particle z.e., the
charged particle moves parallel to the electric field. A moving charged particle cannot
be detlected while passing through a region if the force on 1t due to electric field 1s
equal and opposite to the force due to magnetic field. It will be so if magnetic field 1s
perpendicular to electric field and 1s perpendicular to the direction of motion of charged
partcle.

(') (¢); When charged particle goes undeflected then,

E
gk =gquB= v = B
50 NC™*
o= =2x10° m/s
D %

L 0=2x10°m/s
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ASSERTION-REASON QUESTIONS

In the following questions, a statement of Assertion (A) is followed by a statement of Reason (R).
Choose the correct answer out of the following choices.

Both A and R are true and R is the correct explanalion of A.
Both A and R are true but R is not the correct explanation of A.
(c) A islrue bul R is false.

(d) A is false and R is also false.

1. Assertion (A)
Reason (R)
2. Assertion (A)
Reason (R)
3. Assertion (A)
Reason (R)
4. Assertion (A) :
Reason (R)
5. Assertion (A)
Reason (R)
6. Asscrtion (A)
Reason (R)
7. Assertion (A)
Reason (R) :
8. Assertion(A) :
Reason (R)
9. Assertion (A)
Reason (R)
10. Assertion (A) :
Reason (R) :
Answers
1. (d) 24 0d}
9. (a) 10. (¢)

98

(a)
(b)

: Magnetic field due to a current element I dl 1s db =

. The resistance of an i1deal voltmeter should he infinite.

erent from the

Motion of electron around a positively charged nucleus is di

motion of a planet around the sun.

: The force acting in both the cases i1s same in nature.

: When a magnetic dipole 1s placed 1n a non uniform magnetic field, only a torque

acts on the dipole.

: Force would not act on dipole if magnetic field were non uniform.
: Magnetc field lines always lorm closed loops.

: Moving charges or currents produce a magnetic field.

Galvanomecter cannot as such be used as an ammeceter to mcasurc the valuce of the

current in a given circuit.

: It gives a full-scale deflection for a current of the order of micro ampere.

: Magnetir: lines of force form continuous closed lGDpS whereas electric lines of

force do not.

: Magnetic poles always occur in pairs as north pole and south pole.

: N[ﬂgnctir: ficld 1s caused b}* currcnt clement.

—_—

— Ky FEC}X?
4 9

: A charge, whether stationary or in moton produces a magnetic field around it.

[AIIMS 2009)

vaiug chal‘ges pr{:}duce mﬂ}f electric field 1n the 5111‘1'01111[1'1113; space.

If a proton and an a-particle enter a uniform magnetic field perpendicularly
with the same speed, the tune period of revolution of a-particle is double that of

proton. [AIIMS 2010

: In a magnetic field, the period of revolution of a charged particle is directly

proportional to the mass of the particle and is inversely proportional to charge
of particle.
[AITMS 2011

: The lower resistance of voltmeter gi‘ves. a 1‘&ﬂ£1i1'1g lower than the actual pmten[ial

ditference across the terminals.

Magnetic field cannot change kinetic energy of a moving charge. [AIIMS 201 8]

Magnetic field cannot change velocity vector.

3. (b) 4. (a) 5. (a) 6. (b) 7. (d) 8. (a)
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HINTS/SOLUTIONS OF SELECTED MCQs

o d
L © B,=0.8,=g-

, where r = radius of cross-section loop

2. (a) According to right hand thumb rule, magnetic field produced along East to West.

e

3. d) F= ql?xﬁ = F=¢gVBsinb
For £ # 0. 0 lies between 0 to 180°.

4. (¢) P 1s true and the magnetic field due to a current carryimg wire 1s strong at near points from
the conductor as compared to the far points.

Omtmv cos B
qbB

6. (d) For given pitch d, d =

{ Omtu cos f

So, charge by mass ratio, — =
50, charge by mass ratio, — 5

Now, change partially traverse identical helical path in a completely opposite direction 1n a

magnetic field B. 'Two particles should be same and ot opposite sign. theretore,

; & & ;
2 + =
ey ( e )1 (m )E* L

— —
7. (a) In Biot-Savart’s law, magnetic field B parallel to ! Xr and :dl due to flow of electron is in
—

—
opposite direction of v and by direction of vector product of two vectors, B L v

8. (d) Magnetic Lorontz force, electron 1s projected with uniform velocity along the axis of
: s f > — -

a current carrying long solenoid £ = — ¢l’B sin 180" = 0 and also (8 = 07), as B ||v.
1The electron will continue to move with uniform velocity along the axis of the solenoid.

9. @) R, ,=R+r= T;—’ and s = };(J
s |
dg
By checking the option (b) and (¢), has satisfied thewr range.
v 10
b): R = — = -~ 200 kQ
&) L 50%107°
(c); § = ;f)(} = 1= ;O“ = 1= 5 mA
- —1 — -1
50 x 107 50 % 107°

10. (a¢) The magneuc moment of crcular loop and the net magnitudes of moment of each semi-
circular loop of radius R lie in x-y plane and y-z plane.

So, M, , =M%+ M? =/2M =2 14 = J21(u?)/4
where, M = I(TEI‘E), so, M .. <M.
11. (@) Tt = MB sin 8 = NIAB sin 0.
Hence, T acting on 1t does not depend upon shape of the loop.
12. (b) t=MBsin 0 = NIAB sin 0° = 0, as (8 = 0°)
13. (d) The gyro-magnetic ratio of an electron in H-atom 1s negative and independent ot orbit
which electron revolves around it.

Bu
14. (@) Sensitivity, § == 5

Hence, § mcreases when K 1s decreases.

, where K = torsional rigidity
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2 2 20)

M @) 4= 5pp T mop A =g

As range of ammeter cannot be decreased but increased only. So the mstrument cannot be
converted to measure the range 5 maA.

mA = 6.67 mA

16. (d) Shunt is a low resistance connected in parallel with the galvanometer or ammeter.

4 r _
. : Where! =4%of I
Ty g  ad (l(“j)jfl _ 46 et =
Ma BT Ty T Y 4\ 96 -
r-{yag 100
96 X 5
or G = QGL} L = 120Q

21. (d) Shunting (a low resistance in parallel)

23. d) E =cB
. g . ; :
24. (b) K= o = Ko = K, = 100 keV
! 1 B %920
26. (f‘) B_QTE’}” :'?BCET:} Bl, = r —?
B _ _bB
B, = 4 = B, = 1
bl @
27. (@) B = B = = 48

2r 2(r/2)

29. (a) B—p nl —AnX107 X5x1000— 2 X107 T

iody 1ol |
30. (a) Fm= o7 ,]ﬂﬁ_c:cz

31. (b) Arrangement provides electromagnetic damping due to production of eddy currents

I vV

. /7: ¥ i
W ) KT

3

34. (b)) Wek hat = Mol _ #o” I, =1 =i
: N\ - I T2 — — i = Jq = i
(b) e know tha Z omed ord 114 o = 1]

37. (a) As0=0° =>F=¢lVBsinb =0
39. (d) Lessthangasa, ., =g-a

Py Ll
41. (b) F = e
o Ko E‘*‘1'?32'J _ o
9
2|
2,
27Tm
42, 1=
@ T="%

43. (b) 8=0" & 180°
44. (r) l.ef the radii of the two coils he 22 and a, then their resistances will he 2R and R respectively.

Given B; = B,
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45.

46.

47.

48.
49,

50.

51.

53.

54.

Koy Mol

or =

I X 2
e

o M ke 1

or _—=—
4a 2R 2a R
"

or —=4

I

=

(@) Net torce on a square circular loop in a uniform magnetc field is zero.

e .

E+F+E+F =0

—g il —> —
:;‘F2+F3+F4:(*F1):‘F

(¢) K.E. of charged particle remains unchanged in a uniform magnetic field.

__ ¥
©) YT RTG
; 5 30
30 x10 = R+ 100
R + 100 = 1000
= R =900 Q
(a) For non-zero force sin 0 # 0 or 6 # 0° or 180°

Mo
() r=—Foamu;, As r,>r, = m,v, > myv

g8 A~ B B

(¢) The spiral may be supposed to be formed of a number of thin charged rings.

. : o . N
Consider a ring of radius x and thickness dx then dN = ( )d.:r:

h—a
N dx
1, dN! IJ‘U( b—a ) !
2x 2x
h w NI b . NJ
0 (dx () h
B = |dB =- — = log e—
!f 2m-m)g~x Oh—a) Bfa

(b) For entering the particle 1n the region x > b, the radius of arcular pathx 26 —a

gB (b —a)

min Hi

Hv
or —=2((b-a) = v

qb

(¢) The path of particle 1s a helix of radius

musin® . 27mm

B 1T B

.}1 e

O LB7X107% x2x10°%x/3
y = : 19 —=0.1Im
1.6 X107 % 0.104%2

¢ - -27 .
T — 2nx1.67X%X10 B B s

1.6x10"x%0.104

(d) Inregions I and IV, the magnetc fields due to two currents are opposite.

mo N m

o M & q?_,] (2 2)_1
(@) "_{IB:*?_;E_?H Uy T X,B “\7 3

2 2
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55.

56.

51.

58.

59.

60.

61.

102

(0)

)

o/
2;'"1

It », is new radius, then

Initially B =

r
S e . )
Zml = M.ZHJE = =
, o
wond  won~l 5
Finally, B = = =n“B
e 2?;1._, Q'li
URE
F=— N/ m
P11l
Now II’= ~2l and d = 3d

L mCM
o 9n3d) 3

= m* L
Component of current element ¢, d/ parallel to wire.

= 15 dl cos O
1Loiy 1yl cos 0

F (attractive) =

21y
[ " = ] . ] _'h " ]
The direction of magnetic field B 1s shown 1n fig.
YA
= , i 7
B=Bsinbi-Bcosh
P(x. y)
B = ,sin@='—,,ca:jsﬂ=%; r @ B
QTE'F ) } N A
- > X
r = 1/ X~ + f
— 1-1[)?: 2 &
B = sinB7 —cos0
27y ( J)

ol (7 = ))

= HUE {.}] v X ﬂ:]
oy Lr ' T J

By Fleming left hand rule, magnetic force on any current element is directed radially
outwards, so loop has tendency to expand.

In a uniform magnetic field the velocity of charged particle remains unchanged.

: =
Magnetic force on electron (= gv X B)

=—¢(Wi)X(—Bk)=-euvB |
As force 1s along negative y-axis, so y-coordinate will be y < 0 and v = w.

Magnetic moment of system

q q
M=1IA= (—+—
T T

2T

T

Angular momentum about axis of rotation
L =1w= (THRE + HIRE) ® = 2mR*®

):IIRE = = 4R" = wgR"

M RS g
L IR 0 2m
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r f Mol Moly ko (I 15

— 2 2 = s T o T !

62. (d) B\/B]+BE\/( 2?1)+(21:,-. ot Y
O )

4n><w""'\/( 3 ﬁ')2+(’ $ )
9 orx1072/ \2nx107>

=5 %X 107 Wb/m"
63. (c) A point M, no magnetic field is caused due to OR.

5 ol ? ol i o /2) By 9
— — : — = — 1_
L 4nd” > 4nd 4md b5;
. . . . , . H Py B
64. (¢) If¢; and i are currents m arms ABC and ADC respectively, then — = — = 1 and
, 2 y i
i+ 1y = 1.
g &, . l .
y =g and o = 5

Magnetic field due to ABC,

Koty . e : .
— (sin 45 + sin45°)
Bl = 2 (1
4Tl o
<
E—— downwai

Magnetic field due to ADC,
B ‘/Q Kolo

BE - Ta
Net Magnetic field,

V2, V20, /3)  V2m,i

, upward

b= (4 —1y) = Ta - AT
~
65. (¢) i, = 11‘2? mA = 15 mA,
1 N
U, = % mV =7>omV

V=150x1= 150V
0% -

& /Db mA

Y = = = = B

R T TP N

&=

Series resistance,

o 150
R=—-G=——"—-5=99950
? 15%x10~
i 1
g S
W B T 1se
WO L PO Rl ———
= | = R L, = 01 X 100 X £
= 100.1] mA
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67.

68.
69.

70.

71.

72,

3.

74.

104

(¢) Magnetic force between two magnets

i, Omom,

F= e =0-6N

(d) The internal interaction can not cause external motion

(@) For a solenoid
b = pgne

BE n, | E-E ' ", \ Eé
= — = S A B{} — — - 5]
Bl ", h < CHAY)

I'.

_(10“) (”B)xr 28 % 1077
~\200/°\ R

:(G-QBXIU‘E

O
Lol 4 x 107 x 100 -
(a) B_QHJ'_ o 4 =hHX107 T
Direction of B
aw B D i { )
4?[ r,—'j

= B=(-ix-k=- f (or southward)

n

6) r= Cf_ﬁ For entry in region II1,» > [

I B!

= —>[ = v >— [Choice (a) is correct.]

4B m
Maximmum path length 1n region I1
L]"ﬂ?}:{ — TEI‘]HHE — TUI
fo

It 1s the case for v = —— [Cholce (¢) 1s correct.]

The particle transverses half the circle, when it return to region 1.

T 1]2mm no.
f e = ( . ) = (independent or r)

2 2\ ¢b B r;_B
[Choice (d) 1s correct.]
So, (b) 1s Incorrect answer.
d) gE +qu XxB=050vXB=-FE

— = -

B > xﬁ) — _B XF

e A

or B-B)u—-(B -v)B=E XB

— el il

_+ ] ]
= As B 1s perpendicularto v ;B -0 =0

) =1-05%x10~ Wh/m"

—_—  —
- FEXB
U = _
BQ
(d) Magnetic force changes the direction of particle, so momentum of particle changes.
{a
g Wodl = ; ;
W B W, 2x 0\ 2 . ! Iy B,
;l - p — - \ 9 — ) — —
L on,? It < 2mx  2n(2a) B,
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75. (b) By Maxwell rnght hand rule the magnetic field to the loop of wire 1’

. . s T ol . ) . b . il sy e . - ]'
will be downward and to the right of wire 2" 1t 1s upward (._B o ?) .On 10 O 2
the right of wire ‘1" 1t 1s upward and on the left of wire ‘2" 1t1s downward. - 20—

The field between the two wires at the centre 1s zero

76. (c) TGDS(d—;) - —— e Tcns(d—;]
: ; -
;
o
QTSin( 5 ): BI(Rd0)
0
For small 40: QT( 5 ) = BIRd0
=% “T'= BIR
But R = 2‘;
.. BIL
2= 27

78. (@) F=q@ xB) = quBsin® = ¢ x vB X sin Y0° = evB
1

79. (d) F = quBsinf = evBsin 30° = £} evB

80. (b) arcular at 90°
8l. (a) At any angle except 0” & 90 the path 1s always helical.
84. (d) Asforce by electric field on electron 1s apposite to motion so velocity will decrease.

85. (¢) F=uUBsmm0O Here =20

87. @) Bax

89. (b) Electron stream will be retarded as force 1s acting opposite to the motion of electron.
91. (b)) B =90"F = guB sin B, sin B (max) = 1 at B = 90°
nu 4

= = Yooy

=q_B qb

94. (¢) Move towards the wire as force on KL & MN are equal & opposite so cancel each other while

93. (d) r

force on KN 1s more than LM towards the wire from Flemin g left hand rule.

— —»

98. (d) F =q(v xB)
= _2x10°(©2i+37)x10°%x2] (- B=2])
= _ 8k =8N (-k)

104. @) Fp,=1l,,B
F.@f =% ZQHB sin 0
B = 45°

Log = J/2 lpo

1 ;
75 = B =Fpg

Since FOR and FPQ have opposite direction FOR = -F.

Fop= 1 {21558

] Charges and Magnetism | 105



105. (d) Magnetic field due to straight part of the wire is,

Ry 7

B =5 R

normally mto the plane of paper.

Magnetic field at the centre O due to the current loop of radius R is

ol .
B, = Sp > normally into the plane of paper.
Resultant field at O is B= B, — B ﬁp‘”f( =
esultant field at O1s B= 8, - B, = oR ]AE
106. (@) d = 0.1 m Pe
Maguetic field at P is,
" 1! 10 cm-0.1 m
- ond
= 10 -
— ¥ / ¥ —
2x10 01 10 A
-9 x 10°T, acting downwards.
om
107. () r= B
2 V2
L. muT (mv)
hﬁ_-ﬁl " 9m
mv = v 2mKE
o VomKE o
= 7B = ra4ym
. J?mE
108. (6) Radius of circular path r = LA k
gb qb
L, =el = -;*'{:::\/I-_*”
v _ (7
r VYV

As 1" =2V
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