Chapter 14. Moving Charges and

Magnetism

An arrangement of three parallel straight wires
placed perpendicular to plane of paper
carrving same current “/” along the same
direction as shown n figure. Magnitude of
force per umt length on the nuddle wire “5°
1s given by
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A long wire carrying a steady cumenil 18 bént
into a circular loop of one turn; The magnetic
ficld at the centre of the loop 188, It'1s then
bent into a circular co1l af s The magnetic
field at the centre of this o1l of» turns will be
(a) nB (bY n*B
(¢) 2nB (d) 2n*B
(NEET-IT 2016)

An electranis moying n a circular path under
the inlluenee of a fransverse magnetic field of
3. 57«0 IFthe Value of e/m 1s 1.76 = 101 Clkg ™',
the Treguency of revolution of the electron 1s
(a) 1GHz (by 100 MHz
(c) 62.8 MHz (d) 6.28 MHz
(NEET-II 2016)
A long straight wire of radius a carnes a steady
current /. The current 1s uniformly distributed
over ils cross-section. The ratio of the

_ 22 a
magnetic fields B and B’, at radial distances =

2

and 2a respectively, from the axis of the wire 15
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A square loop ABC'D carrving a current 7. 1s
placed near and coplanar with a long straight
conductor XY carrying & ewrent /, the net
force on the loop will be
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(NEET-1 2016)

A profon gimd an alpha particle both enter a
region of uniform magnetic lield B, moving
al right angles to the field B. If the radius of
circular orbits for both the particles 15 equal
and the kinetic energyv acquired by proton 1s
I MeV. the energy acquired by the alpha
particle will be
(a) 1.5MeV (by 1MeV
(c) 4MeV (d) 0.5MeV

(2015)

An electron moving 1n a circular orbit of
radius # makes » rotations per second. The
magnetic feld produced at the centre has
magnitude

uﬂnze (b) WUyie
@) r 2r
(c) “2{;::: (d) Zero

(2015 Cancelled)
A wire carrving current [ has the shape as
shown 1 adjoming hgure.

>y

Linear parts of the wire are very long and
parallel to X-axis while semicircular portion of
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10.

11.

radius R 1s lying in -7 plane. Magnetic field
at pomt (J 1s
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(d) 8= AT R L (2015 Cancelled)

A conducting square frame of side "¢’ and a
long strarght wire carrying current / are located
i the same plane as shown in the figure. The
frame moves to the right with a constant
veloeity 17, The eml induced mn the frame will
be proportional to
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In an ammeter (0.2% af maimn current passes
through the
galvanometer 13 Grpothe resistance of ammeter
will be
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2014)

Two identical long conducting wires AOR and
COD are placed at nght angle to each other,
with one above other such that @ 1s therr
common point for the two, The wires carry /[,
and /5 currents, respectively. Pomnt P 1s lying
at distance d from O along a direction
perpendicular to the plane containing the wires.
The magnetic held at the pninl P will be

Wy (1
() m{g] (b) 52501+ 1)

galyvanonmeter [f resistance of
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When a proton 1s released [rom rest i a room,
it starts with an 1imutial acceleration a, towards
west. When it 1s projected towards north with
a speed v, 1t moves with an mnitial acceleration
3a, toward west. The electric and magnetic
fields in the room are
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() o ost, 2 down  (NEET 2013)
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A lung stenght wire carmies a certain current and
produces a magnetic field 2 x 107" Whm? at a
perpendicular distance of 5 em from the wire. An
electron situated at 5 em from the wire moves
with a velocity 10 m/s towards the wire along
perpendicular to it. The force experienced by the
electron will be (charge on electron 1.6 x 1077 C)
(a) 3.2N (b)y 32x 10N
() 1.6 x10"N (dy zero

(Karnataka NEET 2013)
A circular coll ABCD carrying a current *i° 1s
placed m a unmilform magnetic hield. I the
magnetic force on the segment AB1s g . the force
on the remaming segment BC/A 1s 4

it |

(@) =F

(by 3F D i

(¢) —=3F

(dy E C
(Karnataka NEET 2013)

. Two similar coils of radius R are lying

concentrically with their planes at nght angles
to each other. The currents flowing in them
are [ and 2/, respectively. The resultant
magnetic feld induction at the centre will be

VB! Vgl
2R R
Hol Mol )
(c) R (d) R (2012)
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16.

17.

18.

19.

20.

A mull voltmeter of 25 mulli volt range 15 to be
converted mto an ammeter of 25 ampere range.
The value (in ohm) of necessary shunt will be
(a) 0.001 (h) 0.01]

(¢c) 1 (d) 0.05 (2012)

An alternating electric held, of frequency v, 1s
apphied across the dees (radius = R) of a
cvelotron that 1s being used to accelerate
protons (mass = m). The operating magnetic
field (B) used m the cyclotron and the kinetic
energy (A) of the proton beam, produced by
it, are given by

(a) B= MY nd K = 2mmeu-R>
e
(b) B= 2 and K = m~muR-
¢
(¢c) B= S and K = 2mm*v*R>
¢

(d) B=""and K = m*nuR>
¢

(2012)

A proton carrying 1 MeV kinetic energy 1s
moving n a circular path of radius & m umidrm
magnetic field What should be the enérgy of
an o-particle to deseribe a circle of same radius
in the same field?
(a) 2MeV

(¢) 0.5MeV

(b) 1MeV
(d) 4 MeV

(Mains 2012)
A current carrying closed loop in the form of a

right angle 1sosceles triangle ABC 15 placed n
a uniform magnetie feld acung along AB. If

—

the magneti¢ foree on the arm BC i1s F, the
torce onthe arm. A0 15 A

(@) —J2.F

(b) - F . 1
(¢) F

(d) J2F (2011)

A umiform electrie field and a umform magnetic

ficld are acting along the same direction 1n a
certain region, If an electron is projected in
the region such that its velocity 1s pomnted
along the direction of fields, then the electron
(a) will turn towards right of direction of
motion

speed will decrease

speed will increase

(b)
(c)

21,

22.

23.

24.

(d) will turn towards left of direction of motion
(2011)

A galvanometer of resistance, (7, 1s shunted
by a resistance S ohm. To keep the mam current
m the circutt unchanged, the resistance to be
pul in series with the galvanometer 1s

. G s°
£ b

@) G+9 ®) B+0)
- _SG G2
3 (d)

® (5+6) (5+G)

(Mains 2011)
Charge ¢ 1s umformly spread on a thin ring of
radius 8. The rnng rotates about 1ts axis with a
uniform frequency f Hz. The magnitude of
magnetic induction al the center of the nng 1s

@ Ul by Holl
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(Mains 2011, 2010)

A square loop, carrying a teady current /. 18
placed in a honizontal plane near a long straight
conductor carrying a steady current / atl a
distance d from the conductor as shown 1in
figure. The loop will experience

[
ok
Voo
h_
v
=
[
(a) a net attractive force towards the
conductor
(b) a net repulsive force away from the
conductlor

(¢) a net torque acting upward perpendicular
to the honzontal plane
(d) a met torque acting downward normal to

the horizontal plane (Mains 2011)

A galvanometer has a coil of resistance
100 ohm and gives a full scale deflection for
30 mA current. If 1t 1s to work as a voltmeter of
30 volt range. the resistance required to be
added will be
(a) 900 L2

(¢) 500€2

(b) 1800 €2

(d) 1000€ (2010)
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an,

26.

27.

28.

A square current carrying loop 15 suspended
m a uniform magnetic Neld acting n the plane
of the loop. If the force on one arm of the loop
15 the net force on the remaimng three arms ol

the loop 1s

(a) 3F (b) -F
(¢) -3F (d) F
A current loop consists of two identical
semicircular parts each of radius R, one lying
i the x-y plane and the other in x-z plane. If

the current 1n the loop 1s i. The resultant
magnetic held due to the two semicircular parts

(2010)

al their common centre 18

“Df HD‘:
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& Wl o Mot
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(Mains 2010)

A closely wound solenoid of 2000 turns and
area ol cross-section 1.5 » 107 m* carries a
current of 2.0 A, It 1s suspended through its
centre and perpendicular to 1ts length, allowing
it to turn 1n a honizontal plane in a uniform
magnetic field 5 = 107 tesla making an angle
of 30% with the axis of the solenoid. Thetorgque
on the solenmd will be
(@) 3= 10°Nm

(¢) 1.5=x10*Nm

(b) la= 10" Nm
(d) 3710 Nm

(NMains 2010)

A particle having a mass of 10 kg carmies a

charge of 5 x 10-*C. The particle 15 given an

mnitial horizontal veélecity of 10° m s in the

presence ol eleelfie field Eand magnetic field

B. To keep the particle moving in a horizontal

direefion, it is necessary that

(1) Bshould be perpendicular to the direction
of velocity and E should be along the
direction ol velocity

(2) Both Band E should be
direction ol velocity

along the

(3) Both Band E are mutually perpendicular
and perpendicular to the direction of
veloeity.

(4) Bshould be along the direction of
veloeity and E should be perpendicular

lo the direction ol velocity

29,

30.

J1.

32,

33.
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Which one of the following pairs ol
statements 1s possible?
(a) (1)and (3)
(¢) (2)and (3)

(b) (3)and (4)

(d) (2)and (4)
(Mains 2010)

A galvanometer having a coil resistance ol 60 £2

shows full scale deflection when a current of

1.0 amp passes through it. It can be converted

mto an ammeter Lo read currents upto 5.0 amp

by

(a) putting in series a resistance of 15 £

(b) putting in series a resistance of 240 Q

(¢) putting in parallel a resistance of 15 Q

(d) putting in parallel a resistance of 240 £

(2009)

The magnetic force acting on a charged
particle of charge —2 fIC 1n a magnetic field of
2 T aernmg n p direction, when the particle
veloeity is (27 +3/)x10° ms™! s

(d). 4N in z direction

{6} 8N in y direction

{€) ® N in z direction

[ 8 N in -z direction (2009)

Under the influence of a uniform magnetic field,
a charged particle moves with constant speed v
m a cirele of radius K. The time penod of rotation
of the particle
(a) depends on R and not on v
(b) 1s mndependent of both v and R
(¢) depends on both v and R
(d) depends on v and not on R

(2009, 2007)
A particle of mass m, charge O and Kinetic
energy 1" enters a transverse uniform magnetic
field of induction g . After 3 seconds the kinetic

energy of the particle will be

(a) I (b) 4T
(c) 3T (dy 2T (2008)
()
P/
£ € = F

Fy

A closed loop PORS carrying a current 1s
placed i a vmtorm magnetic field. I the
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34.

36.

37.

38.

magnetic lorces on segments PN, SR and RO
are K, I, and F_ respectively and are in the
plane of the paper and along the directions
shown, the force on the segment OF 15

@ J(FR-FY-F (b F,-F +F,
(d)\[(F, - F)? + F)?
(2008)

(¢) F,—F —F,

A galvanometer of resistance 30 £ 1s
connected to a battery of 3 V along with a
resistance of 2950 Q in series, A full scale
deflection of 30 divisions 1s obtained in the
galvanometer. In order to reduce this
dellection to 20 divisions, the resistance 1n
sertes should be
(a) 6050€

(c) 50508

(b) 4450 €2

(d) 55508  (2008)

The resistance of an ammeter 15 13 £ and 1its
scale 1s graduated for a current upto 100 amps.
After an additional shunt has been connected
to this ammeter 11 becomes possible to measure
currents upto 750 amperes by this meter. The
value ol shunt-resistance 1s
(a) 28 (by 0.2Q
(¢) 2k (d) 208

(2007 )

When a charged particle moving with velocity
v 18 subjected to a magnelie field of induction
B . the force on it 1§ non-zeror This implies
that
(a)
(b)
(c)

angle between 1§ eifher zero or 180°
angle between is necessarily 90°
anglebefween can have any value other
than 90°

angle between can have any value other
than zero and 1807,

(d)

(2006)

Two circular coils 1 and 2 are made from the
same wire but the radius of the 1* coil 1s twice
that of the 2™ coil. What potential difference
in volts should be apphed across them so that
the magnetic field at thewr centres 1s the same?
(a) 2 (b) 3

) 4 (d) 6, (2006)

A very long straight wire carries a current /., At
the instant when a charge +() at point P has
velocity v, as shown, the force on the charge
15

39.

40,

41.

42.

43.

(a) along Oy
(c) along Ox

(b) opposite to Oy
(d) opposite to O,
(2005)

An electron moves 1 a cmweolar orbit with a
uniform speed v. It produees a magnetic field
B at the centre of the gurele. The radius of the
cirele 1s proportional to

(@) /B/u (b)y B/v
(¢) Jw'B (d) v/B (2005)

A galvanemeter of 50 ohm resistance has
25 twiSions, A current of 4 < 104 ampere gives
a deflegtion of one division. To convert this
galvanometer into a voltmeter having a range
of 25 volts, 1t should be connected with a
resistance ol
(a) 2500 €2 as a shunt (b) 2450 €2 as a shunt
(¢} 2550 £ 1n series  (d) 2450 £ 1n senes
(2004)

To convert a galvanometer mto a voltmeter one
should connect a

(a) high resistance n series with galvanometer

(b) low resistance in series with galvanometer

(¢) high resistance 1n parallel with
galvanometer

(d) low resistance 1n  parallel with
galvanometer

(2004, 2002)

A charged particle moves through a magnetic
field i a direction perpendicular to it. Then the
(a) speed of the particle remains unchanged
(b) direction of the particle remains
unchanged

acceleration remains unchanged
veloeity remains unchanged

(€)
(d)
(2003)

A long solenoid carrying a current produces a
magnetic field B along its axis. I the current 1s
doubled and the number of turns per c¢cm 1s
halved, the new value of the magnetic held 1s
(a) B/2 (by B

(c) 28 (d)y 45 (2003)
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44.

46,
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48,

49,
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A charge ¢ moves mm a region where electrie
ield and magnetic field both exist, then force
on 1t 1s

(a) g(VxB)

(¢) gE+ ¢ (BxV)

(b) f;E'+q(i=xﬁ}
(d) gB+g(ExV).
(2002)

The magnetic field ol given length of wire lor
single tum coul at 1ts centre 1s A then its value for
two turns coil for the same wire 1s

(a) B4 (b) B2

(¢) 48 (dy 28 (2002)

If number of turns. area and current through a
coil 1s given by n, A and i respectively then 1its
magnetic moment will be
(a) miAd (b) wid
) ni
Ja -
An electron having mass m and Kinetic energy E
enter in uniform magnetic field A perpendicularly,
then its frequency will be

(¢) nid? (2001)

ek 21m
{El} q vB {h} eB

ef 2m p—
(©) 2Tm (d) eBE _f?ﬂﬂﬂ
The magnetic field at centre, P will b&

S50A4 F' b S
S.m |

. Ho Ho
@) S ®) 3
(c) % (d) 4pqm. 2000)

Magnétie Tield due to 0.1 A current flowing

through a circular coil of radius 0,1 m and 1000

turns at the centre of the col 18

(a) 6.28 x 10T (by 431 x10-T

(€) 2x10°'T (d) 981 = 104T
(1999)

A straight wire of diameter 0.5 mm carrving a
current of’ 1 A 1s replaced by the another wire
of 1 mm diameter carrying the same current.
The strength of the magnetic field far away 1s
(a) one-quarter of the earhier value

(b) one-half of the earher value

185

(¢) twice the earhier value

(d) same as the earlier value (7999, 1997)

If a long hollow copper pipe carmes a current,
then produced magnetic field will be

(a) both mside and outside the pipe

(b) outside the pipe only

(¢) 1nside the pipe only

(d) neither mside nor outside the pipe (71999)

Magnetic field intensity at the centre of coil of
50 turns, radius 0.5 m and camying a current of
2 A, is "

(@) 3% 30T (B 125 = 10°T

() 0.5x10°T (@ 4= 10°T (1999
A charge having e/m equal to 10* C/kg and with
velocity 3 = 10" m/s enters into a uniform
magnetic field B = 0.3 tesla at an angle 30° with
direction of field, Tlte radius of curvature will be
(a) 401 ¢m (b)y 0.5 ecm

(@ | Cm (dy 2 ecm (1999)

54: Twae long parallel wires are at a distance of

| metre. Both of them carry one ampere of

current. The foree of attraction per umt length

between the two wires 13

(@) 5= 1078 N/m (b) 2 = 10°% N/m

() 2 = 1077 N/m (d) 1077 N/m
(1998)

A galvanometer having a resistance ol 9 ohm
1s shunted by a wire of resistance 2 ohm. Il the
total current 1s 1 amp, the part of it passing
through the shunt will be

(a) 0.2 amp (b) 0.8 amp

(c) 0.25 amp (dy O5amp (1998)

A coil of one turn 1s made of a wire of certain
length and then from the same length a coil of
two turns 1s made. If the same current 1s passed
i both the cases. then the ratio of the magnetic
inductions at their centres will be

(a) 4:1 (b)y 1.4

(e) 2/+1 (d) 1:2 (1998)

. Two parallel wires 1n [ree space are 10 em apart

and each carries a current of 10 A in the same
direction. The force exerted by one wire on
the other, per metre length 1s

(a) 2 x 107N, repulsive

(b) 2 x 107N, repulsive

(¢) 2 x 107N, attractive

(d) 2 > 107N, attractive. (1997)
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58.

60).

61.

62.

A positively charged particle moving due Hast
enters a region ol umform magnetic held
directed vertically upwards. This particle will
(a) move ma circular path with a decreased speed
(b) move n a circular path with a uniform speed
(¢) get deflected 1n wvertically upward
direction

move 1 circular path with an increased

speed.

(d)

(1997}
Tesla 18 the umit of
(a) electne field
(c) electric flux

(b) magnetic field
(d) magnetic Tux.
(1997, 1988)

Two equal electric currents are [flowing
perpendicular to each other as shown m the figure.
AB and C'D are perpendicular to each other and
symmetrically placed with respect to the currents.
Where do we expect the resultant magnetic field
to be zero? C I

(a) On CD A
(b) On AB "
(¢) On both QD and BO D
(d) On both AB and CD. B \
(1996)

The magnetic field dB due to a simall current
element dl atadistance F anddeleivent carrying
current / 15

4n
3. Mo Xr
I IB""—'T'I—iI i| —
(b) « ( p 1
; = W .| dl xF
(c) dB—4HI[ = J

(1996)

A 10 eV electron 1s circulating m a plane at rght
angles to a umform field at magnetic mduction
10~ Wh/m® (= 1.0 gauss), the orbital radius of
electron 1s
(a) 11 em
(c) 12em

(b} I8 cm

(dy l6em.  (1996)

63.

64.

67.

68.

69.

70.

A beam of electrons 1s moving with constant
velocity in a region having electric and
magnetic fields of strength 20 Vm™ and 0.5 T
at right angles to the direction of motion of the
electrons. What is the velocity of the electrons?
(a) 8 ms™ (b) 5.5 ms™!

(¢) 20 ms™! (d) 40 ms™'. (1996)

A circular loop of area 0.01 m* carrying a
current of 10 A, 1s held perpendicular to a
magnetic field of mtensity 0.1 T. The torque
acting on the loop 1s
(a) 0001 Nm

(c) zero

(b B.RN m
(dy 01 Nm.
(1994)

A charge moving with velocity v in V-direction

15 subjected to a field of magnetic induction

in negative Yadirection. As a result, the charge

will

(a) wemain mnaflected

(B) Stam moving in a circular path Y-7 plane

(&) rétard along X-axis

(d) mowving along a helical path around Y-axis
(1993)

A coil carrving electrie current 1s placed n
uniform magnetic held

(a) torque 1s formed

(b) em.f 15 induced

(¢} both (a) and (b) are correct

(d) none of these (1993)

To convert a galvanometer into a ammeter, one
needs to connect a

(a) low resistance in parallel

(b) high resistance in parallel

(¢) low resistance 1n series

(d) high resistance in series (1992)

A straight wire ol length (.5 metre and carrying
a current of 1.2 ampere 158 placed m unmform
magnetic field of induction 2 tesla. The
magnetic field 15 perpendicular to the length
of the wire. The force on the wire is
(a) 24N (b) 12N

(¢) 30N (d) 20N

The magnetic held at a distance r from a long
wire carrying current /15 0.4 tesla. The
magnetic held at a distance 2r 1s

(@) 0.2 tesla (b) 0.8 tesla
(¢) 0.] tesla (d) 1.6 tesla

(1992)

(1992)

A uniform magnetic lield acts nght angles to
the direction of motion of electrons. As a
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71.

72.

result, the electron moves n a circular path of
radius 2 em. If the speed of electrons 1s
doubled, then the radius of the circular path
will be

(a) 2.0cm
(¢) 4.0cem

(b) (0.5 ¢cm

(dy 1.0em (199}])

A deuteron of Kinetic energy 50 keV 15
describing a circular orbit of radius 0.5 metre
mn a plane perpendicular to magnetic field 5.
The kinetic energy of the proton that describes
a cireular orbit of radius 0.5 metre in the same
plane with the same B 1s

(a) 25 keV (b) 50 keV

(¢) 200 keV (d) 100 keV (1991)

The magnetic induction at a pont pomnt P
which 15 at the distance of 4 cm from a long
current carrying wire is 103 T. The field of

13

74.

187

will be
(@) 3.33x 104T
() 33 = 10°3T

(b) 1.11 = 10T
(d)y 9= 10°T
(1990)

Energy mn a current carrving coil 1s stored in
the form of

(a) electrie field only

(b) magnetic field only

(¢) dielectric strength

(d) both (a) and (b) (1989)

A current carrying coil 1s subjeeted to a uniform

magnetic field. The coil will orient so that its

plane becomes

(a) nclined at 452 W thesmagnetic field

(b) nclined at any affadfary angle to the magnetic
field

(¢) paralle] to the mdgnetic field

11.
21.
31.
41.
51.
61.
71.

induction at a distance 12 em from the current (d) perpéndieular fo magnetic field — (1988)
{:Answer Kayj

(¢) 2. (b) 3. (a) 4 (a) & (¢) 6. (b) 7. (b) 8 (@ 9. (b)) 10. (c)
@ 12, () 13. b) 14. @ 15 (@ 16. @ 17. (©) 18. (b 19. (b) 20. (b)
@ 22.(b) 23. (@) 24. (@) 25. (b) 26. (@) 27. (© 28. (& 29. (© 30. (d)
(by 32. (a) 33. (d) 34. (b) 35. (a) 36. (d) 37. (¢) 38. (a) 39. (¢) 40. (d)
(a) 42, (a) 43. (b) 44. (b) 45. (¢) 46. (a) 47. (¢) 48. (¢) 49, (a) 5§50. (d)
(b) 52, (b) 53. (d) 54. (¢) 55. (b) 56. (b) 57. (c) 58. (b) 59. (b) 60. (b)
b) 62. (a) 63. (d) 64. (c) 65. (a) 66. (a) 67. (a) 68. (b) 69. (a) 70. (c)
(dy 72. (a) 73. (d) 74. (b)
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1. (¢): Force between wires
A and B = force between wires B and

B i o
-E‘:_i !Ij )
a0 B
Finyd
(&)
o)
F.. =K = ol ™1
a2 AR ETEH

As. F P F g et force on wire B,

V2,15
FI.’].E[ — @Fﬂf = El:tfi,‘.l

) a
R udl L o Faet o Mol

" V2nd l J2md

2. (b): Let / be the length of the wire. Magnetic
field at the centre of the loop 1s
- -HLI:-
2R

ml
B =10
/
g - bond _ pgnt

5 L)
2N .

“ﬂ”znjr
[
['rom eqns. (1) and (11), we get
B'=wh
3. (a):Hewe.B=357%10°T.

B =

(1)

= = 176 « 10" C kg

m
Frequency of revolution of the electron,
L bigec ¥ 1)
e T — 11
Tr 2mnr {'
2
mv” v eB
Also. =¢vB = —=— ..(11)
r room
From eqns. (1) and (11),
1  ¢B " 5
V=—1xX x 1,76 x 10" x 3,57 x 107*

2 m = 233,14
=1¥Hz=1GlHz

4. (a) : Magnetic field at a pomnt inside the wire at

(' [=2nR) ROR

: a . o
distance r[ = E] from the axis of wire 15

! I /
B= “U"r=iﬁ}{£=&
2ra” dna- 2 4ma

Magnetic ficld at a point outside the wire at distance
r(= 2a) [rom the axis ol wire 18

B;:J-'-{l-r:ﬂufx L Hol _ E:[
2nr 2m 2a

4Tt . {

5. (c¢) : Force on arm A8 due 1o current in
conductor X'} 1s

_ b 2HL 0 ugl

Tam(B4Y) n

acting towards XY in the plane of loop.

Fy

Force on arm €' due to current in conductor X1 15
o _Mp 2HL uppli
= eMmAML/2) 3m
deling away from XY n the plane of loop.
& Net force on the loop = F, - F,
ol 1] 2y
T 3L 3

6. (b) : The kinetic energy acquired by a charged
particle i a uniform magnetic field B 1s

qlBIRE [ nmy \!ZmK.
K= as R= =
2m qB qB

where ¢ and m are the charge and mass of the particle
and R 1s the radius of circular orbit.
The kinetic energy acquired by proton 1s

2 p2p2
_5B°R,
P
EJ‘HF
and that by the alpha particle 1s
2 pip2
K — 'EFEI!.H Rl!.t
-
2m,,

Hy, m!’ I
Here, F.'F =]l MeV,==2=2 ——=—
q, m, 4
R
and —==]
R

P
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K,=I(l Me\f}{i}:( %J{l]z =1 MeV

¢
7. (b) : Current in the orbit, IzF

e me (2mn)e
- (27/m) 2 2n
Magnetic field at centre of current carrying circular
coll 1s given by

Mol _ Mgne

/

= ne

B=
2r 2r
8. (a) : Given situation 1s shown n the figure.
sz

!
;\3 -

Parallel wires 1 and 3 are semi-infinite, so magnetic
eld at 2 due to them

Il R

= H f Fu
By=By=——L
4R
Magnetic field at @ due to semi-circular arc in
. _ . D an A
YZ-pl: enby By=———1i
plane 1s given by 5 AR
Net magnetic field at pomnt @ 15 given by
H-. = E| + Bz T .&3
| T A I &
= - “i k - “f_' [ — “{_}k
4R 4R 4nR
= H—”I[HF + 2 .?c}
4R
9. (b) : Here, PO=RS=PR=0S=a
— =y
P R
I B,
B, ®1 —>y
Q S
« 5

il
Emf induced 1n the frame
£ = Hl(PQH'— B,(RSI”

= Ho! aV — Ho! aV
2(x—ald) 2r(x + al2)
2 ~
... - laV
2 | (2x—a) (2x+a)
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LN i av
27 (Zx—a)2x+a)

|
oo
(2x—a)2x+a)
10. (e) : Here, resistance of the galvanometer = G
Current through the galvanometer,

v 02 |
= ) e i — —
1. =02%of! l{lﬂf fiﬂ{]f
Current through the shunt,
B B | 499
fg—f—fﬁ—f q[}[]f—gﬁ—.}*f
499,

500 ﬁ

N BN
[ 1 I
500
AS shant and galvanometer are 1n parallel
LG=1S
. : i
[-]—-f]ﬁz[ﬂ].ﬂ or S:i
500 500 499
Resistance of the ammeter K 1s
11,1 1 1500
R, G § G & G
499
1
R, = ﬁﬂ

I1. (d) : The magnetic
field at the pomnt P, at a
perpendicular distance ¢

d from () in a direction

: . v/,
perpendicular to the -
plane ABCD due to A

- B
currents through AOB I 0
and oD are
perpendicular to each
other. Hence, D
5 512
B=(B] +B)"? =|(Bo 2 | +[“_ﬂ3*'z]
4t d T d

-
27td

12. (d)

(I + 13"
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13. (b) : The situation 1s as shown in the ligure,

| i t'l—ﬁ* [l
M—5Scm —M

Here.v=10"m/s. B=2 % 107 Wh/m®
The

electron 18

magnitude of the force experienced by the

I = evBsinl)
(-. v and B are perpendicular to each other)
=evBsin90° =16 x 107" x 107 x 2 x 107 x |
=32x10"N
14. (a):The net magnetic A
force on a current loop 1n a f
uniform magnetic feld 1s
always zero.

F,-m + Fpepa =0 :

FECDA — _F.-’I.H =-F

B,
2] ’mf
15, @) : |0

|

Magnetic field induction due (6 vertical loop at the

centre (J1s
_ “mf
B =

[t acts in horizontal direction.
Magnetie field induction due to horizontal loop at the
centre (J 18

= 2R
It acts in vertically upward direction.
As B, and B, are perpendicular to each other,
therefore the resultant magnetic held mduction at
the centre O 1s

o A uEf]j
:m B]+B \,[231}4' .:SR

By = 52 1 + (2 __M

V
16. (a): S=— 8
(I1-1,)

Neglecting /_

Ve 25x107°V

S=—+ = =0.001€
I 25 A
. eB
17. : Fre Y, V=——
7. (¢): Frequency =
or B= 2y (1)
E’
As MY p
——— ¢BR _ e2mmuR (Using (i))
" me
= 2muk (1)
— 1 . 1 3
Kinetic energy, K= - ma*= = Em(,?mjﬁ)“'
(Using (11))
= 2mmur k-
18. (b) ¢ Kinetic energy of a charged particle,
| K
K= lmzrz or v= &
2 n

Radius of the circular path of a charged particle 1n
uniform magnetic field 1s given by

_muv JEK N2mK

Hq Hq m By
Mass ol a proton, m_= m

Mass ol an -particle, m = 4m
Charge ol a proton. q,=e

Charge of an o -particle. g = 2e

\/Zm oK, JZmK .

Bqlu Be
R = JZJ'HLIKH - ,fZ(éL.'n)Ku _4J2mK,,
and Ba=TH T T B@e) | Be
i, 100
R-ﬂ KI’I
As RP =R (given) K, = KP =1 MeV
19. (b): Here, Fye =F

I'he net magnetic force on a current carrying closed
loop 1n a uniform magnetic feld 1s zero.

::" F‘ - F‘HE (.-.

AC™ Fap=0)
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20. (b) : FForce on electron due to electric leld,
FE - t‘E

Force on electron due to magnetic held,
F’H =—¢(ixB)=0

Since vand B are in the same direction.

Total force on the electron,

FafldBymnef
Electric field opposes the motion of the electron,
hence speed of the electron will decrease.

21. (d) : Let resistance R 1s to be put in series with
galvanometer GG to keep the main current in the

circuil unchanged. R @
O3 R0 vl
G+5 g
GS G2 +GS -GS
R=G-———_sR=
G+S G+5
G+5
22. (b) : The current flowing 1n the ring 1s
I=gqf (1)
The magnetic induction at the centre of the ring 1s
Up2rl — pgq f —
B= = 1 Tsine
4mR 2R (Usmg ()

23. (a)

24. (a) : llere,

Resistance ol galvanometer, (r = 100 £2

Current for full scale deflection, /= 30.mA
=30% [=A

Range of voltmeter, I'= 30V

To convert the galvanometer uite anwvoltmeter of a

given range. a resistance R 1$.connected 1n series

with it as shown in the'figure

Iy E
P 40— NN—
-+ ' v >
From figure, | =4 (G + R)
v 30
=) w @ =2—=-100Q
or K .I'I{ G ) x 1n,_3

= 1000 = 100 = 900 £2
25. (b)

26. (a) : The loop mentioned in the question must

look like one as shown in the hgure.
AlY

[

-

s 4

r
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Magnetic field at the centre due to semicireular loop

1( ny ;
lying in x-y plane, B,, =§[;—Dﬂ] negative z

direction.
Similarly field due to loop in x-z plane.

1

]

B,.
wANER
Magnitude of resultant magnetic field,

and Y-
- 2| Byt !
B= By + B '\/ 41-:] +[%RLJ

_ Mg

Mol g5 - Mol

4R 2V2R

27. (c) : Magnetic moment of the loop.
M=NIA=2000x 2 = L5 x 107=06 J/T

Torque T =AMsin30°

in negative y direction,

=ﬂ-ﬁa¢-5:~:1l]‘3x%= 1.5 10°Nm

28. (¢)

29. (@) : iG = (I — NS where (7 15 the galvanometer
resistance and 5 1s the shunt used with the ammeter,
1.0 = 60 = (5= 1185 where § 15 the shunt used to read a
5 A current when the galvanometer can stand by
1 A

1.0 % 60 :
y= =15 L2 in parallel.
30. (d): 1
I
> R
[

Lorentz force = g(v x B)

= (=2x107%) [(2/+3 )x10°%x 2 j]1=-8 k N.
=8 N i —z direction.
31. (b) : For the circular motion in a cyclotron,

a
my- m X 2T

gvB = = ¢B=mn=

2am . _
 T=2" g independent of v and r.

qB
32. (a) : When a charged particle having a given
K.E. T"enters 1 a field of magnetic induction, which
1s perpendicular to its velocity, 1t takes a circular
trajectory, It does not increase in energy, therefore 7'

15 the K E.
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33. (d): F, 0
Fysm0
P M
F —> i‘\\
‘ " F,cos 0
§ R

e B S

F sinO=F,
.’* u:w[l—{f - )

|
. F, =Ju1—m-+f?

For a closed loop there 1s no translation

34. (b) : Total initial resistance
=R_+R =(50+2950) Q= 3000 Q
e=3V

. Current = =1%107 mA

3000 €2
If the deflection has to be reduced to 20 divisions.

i 2 i . )
current =1mA K; as the full deflection scale for

1 mA = 30 divisions.

2
AV=30002 % | mA=X QKE mA

=5 .r=3{]ﬂﬂx]:<%=45(l{}ﬁ

But the galvanometer resistance = 50 @
Therefore the resistance to be added
= (4500 = 50)€2 = 4450

35. (a) : Let the shunt resistance be S
Given: =750 A. ] I R,
L=100A, Ry=13 @ ~—= '@—?ﬁ;
From the higure, -4y ¢ L
LRg=W— &8 ~AMA

or 100 x I3 = [780 - 100]8
or 1300 = 63l §
S = 1300650 = 2 Q,

36. (d) : Force acting on a charged particle moving
with velocity v 1s subjected to magnetic field B 1s
given by

F=qg(vxB) or, F=gvBsind
(1) When 0 =0°, F'= gvBsin0° =0
(1) When 0 = 90°, F' = guBsin90° = gvB
(m) When 0 = 180°, F' = gvBsim180° =0
This implies force acting on a charged particle 1s non-
zero. when angle between v and B can have any
value other than zero and 180°.

37. (e) : Question 1s not correct.
The magnetic field at the centre of the coil.
I

e T—

2r
where r 15 the radwus. E/R =1

Roe 2mr = R = c¢r, where ¢ 1s a constant,
In the first coil.

_Monty  pgnE ppnkE
Y2 26(eR) 2cr’
If 7 =2rs, Bi= l-'-i}”El? _ “”HEI::
2e(2rn)"  20+4p
B l-’-n”%
- 2en

As B will not be equal To B, unless £, is different
from k-, £, and Es will not be the same.

It is wrong t&'ask wlidt potential difference should be
applied across them. Tt should be perhaps the ratio of
pﬂ[ﬂﬂli&] difterences.

In that gase; B, = B,

L,

| d8. (a) : According to Fleming’s left hand rule

direction of force 1s along Oy axis which 1s
g
perpendicular to wire,

!
......... ’‘—p
.r.l
/
F = E(ﬁxﬁ'].

B due to i 18 acting inwards 7.¢, into the paper. v 18
along Ox.

ik
F=Q"|v 0 0 |= F=0'-j(-vB)+0]
0 O =B
= +0OvB } i.e. 1 Oy direction.

39. (e¢) : The magnetic field produce by moving

an

electron m cireular path B = ——

where f—ﬂ=i3’“
t 2nr
. B= Huf.”' \/_
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40. (d) : The total current shown by the galvanometer
=25 %4 x 10 A
I, =107 A
The value of resistance connected 1n series to convert
galvanometer mto voltmeter of 25 V 1s

Rt G 50 = 24500

I, 107

41. (a) : Voltmeter 1s used to measure the potential
difference across a resistance and 1t 1s connected n
parallel with the circuit. A high resistance 1s connected
to the galvanometer in series so that only a small
[raction ) of the main circuit current (/) passes
through 1t. I a considerable amount of current 1s
allowed to pass through the voltmeter. then the reading
obtained by this voltmeter will not be close to the
actual potential difference between the same (wo
points.

s high resistance

voltmeter

42. (a): [f'a moving charged particle is subjectéd tod |

perpendicular uniform magnetic [ield, thernmaoeording
to /= gviB sin 0, 1t will experience a maxinmum [orce
which will provide the centripetal foree teparticle and
it will desceribe a cireular pathavith uniform speed.
43. (b) : Magnetic field mduction sCpont inside the
solenoid of length /. havingme ttens per umit length
carrying current £ 1s givén By

B = ugm
If # — doubled =3 halved then B — remains same
44. (b) : TheToceexperienced by a charged particle
moving i gpace Where electric and magnetic field
exists 18 called Lorentz force.
When a charged particle carrying charge q 18
subjected to an electric field of strength E .

experiences a force given by F, = gE whose direction
1s same as £ or opposite of £ depending on the
nature of charge, positive or negative.

[f'a charged particle 1s moving 1 a magnetic field of

strength B with a velocity v it experiences a force

givenby F, = q(v X B) . The direction of this force
is in the direction of vxB ie. perpendicular to
the plane containing v and B and 1s directed as

given by night hand screw rule.
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Due to both the electric and magnetic hields, the
total force experienced by the charge ¢ 15 given by

F=F, +F, =qE+q(VxB).

45. (¢) : The magnetic field B produced at the centre
ol a circular coil due T.D current / flowing through

HoN
2:

r1s radhus of the coil, Here B = p‘”! -[N=1].

this 1s given by i = . N 18 number of turns and

L) (b)

2 » 2m" = 2mr (same length). =12
Magnetie field at the centre for two turns
(N = 2) 1gqg1ven by
B’=£‘5EH _uu::-:"!! dp,d =45,

2r 2ri2  2r
46, (@) Magnetic moment M = niA
17 (€) : The frequency of revolution of charged
parficle in a perpendicular magnetic field 1s
U:iz I - '|,.-'='|.='}{¢-’B=¢*B
T 2mr/v 2mr 2m myv 2nm:
T llu 4
BN} B S AR Ay 2 )
_Hp 4 ol - _ﬂ
o= i{ 5.0) T

—ve sign show that 5 1s acting inwards i.e. into the
planc

49, (a) :

WoNi _ 4mx107" x1000x0. 1
2r 2x0.1

50. (d) : Diameter of first wire () = 0.5 mm.
Current in first wire (/)) = 1A Diameter of second wire
(¢f1) = 1 mm and current mn second wire (/5) = 1A
Strength of magnetic field due to current flowing n

a conductor, (B) = ﬂx— or B e [.

ar a
Since the current in both the wires 1s same, therelore
there 1s no change in the strength of the magnetic

field.

B= =6.28x10" T

S1. (b) : Use Ampére’s law

#’B*‘”‘ = Ky fﬂnuh:ﬁcd‘
Outside | foelosed 7 0 (some value) = B #0
[nside = ieloed =0 = B =0,
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52. (b):
_ BN 4rx107 X50%2 1 hepo gy
B= B o %03 =1.256x10" T
53. (d) : gvBsinG = %
Re MV 3x10° o
gBsind IGHKD.E’:H%
w2405
54. (¢): F_-'-ln -
9

= 10 HZI[I]KH) =2%107" N/m
55. (b) : The shunt and galvanometer are in parallel.

F. 1.1 18

srplnre —— =—+ — . o ﬂ
Therelore, R, 5 O R, Thaat
Using Ohm’s law, I"'= IR, = lx%=ﬁ V.
V
Current through shunt = R
=IEH] _ 9 ~ 0.8 amp.
2 11
56. (b) : Magnetic field at the centre of the c6il,
g=Ho M
2n a

Let / be the length of the wire, then,
_Hy Ix/ =l-1t}"

"om li2m
Wy 2xI 41-’-&"':
B—. ——— . —
MR O Tm
. B 1 |
Therefore, —=— m. ¥y | B, =1 : 4.
B, 4&

57. (¢) : Distamee BEtween two parallel wires
(x) = 10 wr= 0.1 nor,

Current 11 gach wire =/, =/, =10 A and

length of wire (/) = 1 m.

7 i , l"l'[]fl . .|"-1| H.’
IF'orce on the wire (/) = -
2T x
(4mx1077)x10x10x] )
B =2 % 107 N.

2tx 0.1

Smce the current 15 lowing 1n the same direction,
therefore the force will be attractive

58. (b) : When a positively charged particle enters in
a region of umform magnetic field, directed vertically
upwards. 1t experiences a centripetal force which will
move 1t 1 circular path with a umiform speed.

39. (b)

60. (b) : The direction of the magnetic field, due to
current, 1s given by the nght-hand rule. At axis AB,
the components of magnetic field will cancel each
other and the resultant magnetic field will be zero.

61. (b) : According to Biot-Savart's law,
dgmi[fﬂ-}ﬂ:]_ uﬂf[ df’x;-]

P T dn pd

l
62. (a): Kinetic energy of electron [E X my’ ]: 10 eV

and magnetic mduction (B) = 10=* Wb/m-*.

| &N |
Therelore ;(‘Jﬁlxlﬂ '“)‘“ = W06 1071

, 2x10x(1L.6x10™) ]
or, V' = %= 352 x 10
9.1x10™

or, v=1876x I m.

3

) . == m
Centripetal foicés —— = Bev.
r
0.1%107" )x(1.876x10°
Theréfore rz””"z( ~ ) — )
Be 10 x(l;ﬁ}clﬂ )

=11 x 102 m=11 em.

63. (d) : Electric field (£) = 20 V/m and magnetic
field (B)=05T,
The force on electron 1 a magnetic held = evB
Force on electron on an electne field = ek
Since the electron 1s moving with constant velocity,
therefore the resultant force on electron 1s zero.
ie, el =evB = v=FE/B=20/05=40 ms"
64. (¢): Area (1)=0.0] m-, Current (/)= 10 A,
Angle (¢) = 90° and magnetic field (B)=0.1T
Therefore acutal angle 8 = (90° = ¢) = (90° = 90°) = 0°,
And torque acting on the loop (1) =148 sm 0

=10x 001 x0.1 x s 0°= 0.
65. (a) : The lorce acting on a charged particle in
magnetic held 1s given by

F =q(vxB) or F=qvBsinb
s F=0
when angle between v and 515 1807,
66. (a) : A current carrying coil has magnetic dipole
moment. Henee a torque p_ =« B acts on 1t n magnetic
field.
67. (a) : To convert a galvanometer into ammeter, one
needs to connect a low resistance in parallel so that

maximum current passes through the shunt wire and
ammeter remains protected.

68. (b): F=ilxB=12x05%x2=12N.
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M gl
2mr r

When r 1s doubled. the magnetic field becomes

69. (a): B

halved 7., .now the magnetic held will be 0.2 T,

_mvy ,

As v 1s doubled, the radius also becomes doubled,
Hence radius =2 % 2 =4 ¢cm.

71. (d) : For a charged particle orbiting in a circular
path in a magnetic field

195

B g  xr*
? ¢
For deuteron, EII - R

2% 2m
For proton, E1 = M
2 2m
E 50keV |

72. (a) : B == 1/r. By Ampére’s law.
As the distance 1s increased to three times, the
magnetic induction reduces to one third.

Hence B= %}: 107 tesla = 3.33 ® 10 tesla

73. (d) : When current flaws m-acoil, its electne
field 1s perpendicular te the magnetic held always.
Therefore (a) and (b).

74. (b) : The plape of coil will orient itself so that
area vector aligns itsell along the magnetic field,

2
{n) =Bvg = F=_ﬂqr
r m
mv= = Bgvr
olee s ol _n.r Bgr _B¢r’
Ey B i _Eﬁqw_ Bq.i' m  2m
®
L

[
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—
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