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ELECTROMAGNETISM

Biot — Savart’sLaw and Ampere' s Circuital Law

In the given circuit for ideal diode, the current through the battery is

1) 05A 2)15A 3)1.0A 4)2A 5)25A

The statement “Polarity of induced emf is such that it tends to produce a current which opposes
the change in magnetic flux that produced it” is known as

1) Faraday’slaw 2) Gauss's law 3) Coulomb’slaw 4) Lenz'slaw

A wire carrying current | and other carrying 2i in the same direction produce a magnetic field
B at the mid — point. What will be the field when 2i current is switched off?

1) B/2 2) 2B 3)B 4) 4B

The distance at which the magnetic field on axis as compared to the magnetic field at the

centre of the coil carrying current | and radius R is1/8, would be
)R 2) V2R 3) 2R 4) 3R

The current in straight wire if the magnetic field 10™°Wm 2 produced at 0.02m away fromiit is
1)0.1A 2)1A 3) zero 4)10A
An dectric 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 20cm from the straight wire would
be

B B B B
1) 5 2) 2 3) 3 4) >
For the magnetic field to be maximum due to a small element of current carrying conductor at
a point, the angle between the element and the line joining the element and the line joining the
element to the given point must be
1) 0° 2) 90° 3) 180° 4) 45°
A solenoid of 1.5m length and 4.0cm diameter possesses 10turns/cm. A current of 5A is

flowing through it. The magnetic induction at axis inside the solenoid is

1) 2 x107°T 2) 2 x10°°T 3) 2 x1073G 4) 2nx107°G
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A square conducting loops of side length L carries a current I. The magnetic field at the centre

of theloopis
1) independent of L 2) proportional to L2
3) inversely proportional to L 4) linearly proportional to L

A solenoid of length 50cm and a radius of cross — section 1cm has 1000 turns of wire wound

over it. If the current carried is 5A, the magnetic field on its axis, near the centre of the
solenoid is approximately (permeability of free spacep, = 4t x10 ' T —mA™)

1) 0.63x107°T 2) 1.26x107°T 3) 251x10°°T 4)63T

Mark the correct statement

1) For long parallel conductors carrying steady current, the Biot — Savart law and Lorentz force
yield results in accordance with Newton’ s third law

2) For long parallel conductors carrying steady current, the Biot — Savart law and Lorentz
force, Newton' s third law does not hold good

3) For long parallel conductors carrying time varying currents, the Biot — Savart law and
Lorentz force, Newton’ s third law holds good

4) Both (@) and (c) are correct

A helium nucleus makes full rotation in a circle of radius 0.8m in 2s. The value of magnetic

field B at the centre of the circle, will be (n, = permeability constant)

—19 —-19
py 22107 2) 2x10°%°) 3) 10, 520

Ho Ho

A winding wire which is used to frame a solenoid can bear a maximum 10A current. If length

of solenoid is 80cm and its cross — sectional radius is 3cm then required length of winding wire

is
(B =0.2T)
1) 1.2x10°m 2) 4.8x10°m 3) 2.4x10°m 4) 6x10°m

Assertion (A) : A proton and an apha particle having the same kinetic energy are moving in
circular pathsin auniform magnetic field. The radii of their circular paths will be equal

Reason (R) : Any two charged particles having equal kinetic energies and entering a region of
uniform magnetic field B in a direction perpendicular to B, will describe circular trajectories of
equal radii

1) Both A and R are correct. R is the correct explanation of A.
2) Both A and R are correct. R is not the correct explanation of A.
3) Alistrue, but Risfase 4) Both A and R are false
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An electric current passes through a long straight wire. At a distance 5cm from the wire, the
magnetic field isB. Thefield at 20cm from the wire would be

1) 2B 2) B/4 3) B/2 4)B

A wire iswound in the form of a solenoid of length | and distance d. When a strong current is
passed through a solenoid, there is atendency to

1) increase | but decrease d 2) keep both | and d constant

3) decrease | but increase d 4) increase both | and d

A closely wound flat circular coil of 25 turns wire diameter of 10cm which carries current of
4A, the density at the centre of a coil will be

1) 2.28x10°T 2)1.678x10°T  3)1.256x10°3T  4) 1.572x10°T

Two long straight wires are set paralel to each other. Each carries a current in the same
direction and the separation between them is 2r. The intensity of the magnetic field mid — way
between them is

g g ol
4r
Two concentric circular loops of radii R and 2R carry currents of 2i and | respectively in
opposite sense (i.e, clockwise in one coil and counter — clockwise in the other coil). The
resultant magnetic field at their common centreis
i 5i 3i [
D po IR 2) U, IR 3) Ko IR 4) Ko 5R

A charge g coulomb makes n revolutions in one second in a circular orbit of radius r. The
magnetic field at the centre of the orbitin NAm™ is

1) Ko 2) 3) zero
r

1y 2MN 107 2) (@j %107
q r

3) [@) %1077 4) (@j 107
nr r

Magnetic field at the centre of a cail in the form of a square of side 2m carrying a current of
4.414A is

1) 8x10°T 2) 5x10°T 3) 1.5x10°T 4) 6x10°T
Which of the following relation represents Biot — Savart’s law ?
1)dB=bdlxr 2)dB:bd|>2<r
AT r A 7
3) dg = Lo AXT 2y dp =t A XT
A 7 A 7

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 is B. It is then bent into a circular loop of n turns. The magnetic field at
the centre of the coil for same current will be

1) nB 2) n°B 3) 2nB 4) 2n’B
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The phenomenain which proton flipsis

1) nuclear magnetic resonance 2) lasers

3) radioactivity 4) nuclear fusion

A solenoid 1.5m long and 0.14cm in diameter possesses 10 turns per cm length. A current of
BA fallsthrough it. The magnetic field at the axis inside the solenoid is

1) 2nx10°°T 2) 2 x10°°T 3) 4nx107°T 4) 4 x107°T
A long straight wire of radius a carries a steady current 1. The current is uniformly distributed

. : . - a .
across its cross — section. Theratio of the magnetic field at > and 2ais

1 1
D 2) 4 31 9%

Two concentric coils each of radius equal to 2r cm are placed at right angles to each other. 3A
and 4A are the currents flowing in each coil respectively. The magnetic induction in Wbhm ™

at the centre of the coils will be ( 1, = 4nx10"Wb A‘lm‘l)

1) 12x10™° 2) 107 3) 5x10™ 4) 7x107°

Assertion (A): The magnetic field produced by a current carrying solenoid is independent of its
length and cross — sectional area
Reason (R) : The magnetic field inside the solenoid is uniform

1) Both A and R are correct. R is the correct explanation of A.
2) Both A and R are correct. R is not the correct explanation of A.
3) Aistrue, but Risfase
4) Both A and R arefalse
Two identical wires A and B have the same length L and carry the same current |. Wire A is
bent into acircle of radius R and wire B is bent to form asquare of sidea. If B, and B, arethe
values of magnetic induction at the centre of the circle and the centre of the sgquare
respectively, thentheratio B, /B, is

TCZ 7_[2 TEZ TCZ
Vg 2 8\/2 16 K 16v2

The magnetic filed at the centre of a circular current carrying conductor of radiusr is B, . The
magnetic field on its axis at adistance r from the centreis B, . Thevalueof B, : B, will be

1)1:\@ 2)1:2\/5 3)2\/5:1 4)\/5:1

A vertical straight conductor carries a current upward. A point P lies to the east of it a small
distance and another point Q lies to the west at the same distance. The magnetic field at Pis

1) greater than at Q 2) sameasat Q 3) lessthan at Q

4) greater or less than at Q depending upon the strength of current

Two concentric circular coils of ten turns each are situated in the same plane. Their radii are
20cm and 40cm and they carry respectively 0.2A and 0.3A currents in opposite direction. The
magnetic field in tesla at the centreis

1) 5y, /4 2) 1,/80 3) 7p,/80 4) 3uo/4
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Two long straight wires are set parallel to each other at separation r and each carries a current |
in the same direction. The strength of the magnetic field at any point midway between the two
wiresis
1) Hol 2) 2ol 3 Mol 4) zero

mr mr 2nr
A long solenoid has20turnscm ™. The current necessary to produce a magnetic field of 20mT
inside the solenoid is approximately
1) 1A 2) 2A 3) 4A 4) 8A
A long solenoid carrying a current produces a magnetic field B along its axis. If the current is
doubled and the number of turns per cm is halved, the new value of the magnetic field is
1) 2B 2) 4B 3) B/2 4)B

Two identical coils having same number of turns and carrying equal current have common
centre and their planes are at right angles to each other. What is the ratio of magnitude of the
resultant magnetic field at the centre and magnetic field due to one of the coils at the centre?

1) 1:+/2 2)\2:1 31:1 42:1

A straight wire of mass 200g and length 1.5m carries a current of 2A. It is suspended in mid —
ar by a uniform horizonta magnetic field B. The magnitude of B (in teda) is

(Assumeg = 9.8ms ?)
1)2 2)15 3)0.55 4)0.65

A solenoid of length 0.5m has radius of 1cm and is made up of 500 turns. It carries a current of
5A. The magnitude of magnetic field inside the solenoid is

1) 6.28x10°T 2) 5x10°T 3) 3.2x10°°T 4) 1.5x10°T
For the magnetic field to be maximum due to a small element of current carrying conductor at

a point, the angle between the element and the line joining the element to the given point must
be

1) 0° 2) 90° 3) 180° 4) 45°

Biot — Savart’sLaw and Ampere's Circuital Law

KEY
2 d 3 c¢c 4 d 5 a 6 b 7 b 8 a 9 c

11) a 12) ¢ 13) ¢ 14 c 15 b 16 b 17) ¢ 18 a 19 c
2) a 22) c 23) b 24 a 25 a 26 c 27 c 28 b 29 b
3) b 32 d 33 d 34 d 35 d 36 b 37)d 38 a 39 b
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SOLUTIONS
R=R +R,=5+5=10Q
i:\izgzlA
R 10
Ho 2 Ho 4
=% —and B, =2 —
B 47 R B, 47 R
Mo 2
-B =2 —=8B
B -8 A r
B, =2B,
2B,-B =B
.. B =B
_ U, 27R°
At centre
y78
Bcentre: 20R
2
Divicing, e = —HlR__ 2R
centre Z(X2 v RZ) :uol
R 1
(x2+R2)3% 8
Or R ]/2—1
(x2+ RZ) 2
:>x:\/§R
gty 2
Ar a
_7 .
0620 X2X1 6
0.02
B:’u—0I or Boc1 or E:i
2nr 2 B
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B_5_1 . _B
B 20 4

_ U, idising

dB =
Ar  r?

Thisis maximum when sin@=1=sn90°

6=90°

B=uni=4rx107" x5x1000 = 27 x107°T

_ Mo,
s (L/2)

[sin45°+sin45°]

_ Mo 2\/2i
A L

Field at centre due to the four arms of the square

B=4Bl=&><2—\/§|
T L
"Bet
L
B = y,ni

Here u,=4rx10"TmA™"

1000 .
50%x 1072’
B=47x107" x 1000_2
x10
B=1.26x107°T

The magnetic field at the centre of acircleis given by

_ Hol
2r

where, i is current and r the radius of circle

Also, i:g
t

For helium nucleus, g = 2e
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2
t
or B Ho-28 _ HoX 2x1.6x107° _ 1079
2rt 2x0.8x2 °
U N .
13. B= T where N = total number of turns, | = length of the solenoid

_ 4rx107" xNx10
0.8

= 0.2

_ 4x10*
T

= N

Since N turns are made from the winding wire, so length of the wire (L) =2nr XN [2zr =

length of each turng]

4x10*
T

= L=27rx3%x1072 = 2.4%x10°m

B U2l
47y

15.

Whenr=5cm

e B = ’Llo—2|
47(5)

When r=20cm

B
From Equations, (i) and (ii), B'= 2
18.  Atthemidpoint, BB,y = Bag + Bp

_ Mol ol ol

T2 r
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Uy X 2 Uy
19. o= =fo
B 2% R 27 4R
Hol Mol _ 3ty
™ R 4R 4R
4x u 1 . .
21. B =—"9%%_— _(sin45+sin45°
centre 471_ (a/Z)( )
_4><&X2_Ixi
Ar a \/E
_ Arx107 x1.414x 2x~2
X 2x1072
= 8x10°T
25. B =yl

Here n=10turnscm™! =1000turnsm™, | = 5A

B=47x10"" x1000x5

= 2rx107°T

. 1
26.  Current density J =—

wa

From Ampere’ s circuital law

Cf B.dl ::u'lenclosed

Forr<a

Bx 27T = yx I x 7ir?

Ho!
755

;
ma 2

= B=
At r=a/2

A

B 4ra

Forr>a
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Hol
Bx2r=ul =>B=—"
Ho 27t

27, B =thl2

_4rx107 x4
2x0.027

=4x10°Wbm™

_ :uoll
B 2R

_ 4rx107x3
2x0.027x

=3x10°°Wom™
. B=,/B5+B3

- \/(4><10—5)2 +(3x10°%)"

= 5x10°Wbm™
U, 2rl
29. Bl = 4—70[ X ?

_&x27l'| X 27
4r L

(-~ L=27R, for circular loop)

Mo, |
%= 0 @)

where a=L/4

[sin45°+sin45°] x 4

B, = Hol X 8x 4x

4rl [T ﬁ}
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Ul 64
_X_
ArL " /2
2
Hence1 E:[&]Xm/ﬂol Xﬁ
B, \4z/° L /4L 2
2
o B_ 7
B, 2
Magnetic induction at the centre of the coil of radiusr is
B — unl
©

Magnetic induction on the axial line of acircular coil at a distance Xfrom the centreis

L,nr?l

B =—_+to" ' _
2(r2+x2)3/2

a

Given X=r

_Her®l
© 2(2r2)*

From Equations (i) and (ii), we get

B, 22
B, 1
B unl
2r
For first coil, B, = HoNly
2r,
For second coil, B, = ’u°—n|2
2r,

Resultant magnetic field at the centre of concentric loop is

:aonll _ :uonl 2

22,

But,n=10, I, =0.2,r, =20cm=0.20m
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I, =0.3A r,=40cm=0.40m

[10><O.2 10><O.3} 5
B=u, -

2x02 2x04 | 4'°
B =yl
or 20x107° =47z x107" x 2000 |
__ 20x10°
471077 x 2000
= | =8A
B o ni
LB _ni
B, nl,
Here n, =, nzzg, l,=1,1,=21,B,=B
. é:%xﬁzl
oo B,=B
B =B’ +B? = /2B
Hence, the required ratio will be
B
= =2
Magnetic force on straight wire

F =BIllsngd=BIlsin90° =B,

For equilibrium of wirein mid —air

mg _ 200x107°x9.8
I 2x15

s B= =0.65T
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Number of turns per unit length

n= 500 _ 1000turnsm™
05

Given | =0.5m, r =0.01m

[
Since —=580,i.e,|l>>a
a

Therefore, B = u,ni = 47x107" x10° x5

B=6.28x10"°T

MOTION OF A CHARGED PARTICLE IN A MAGNETIC FIELD

The total energy of electron in the second excited state is -2E. What is its potential energy in
the same state with proper sign?

1) -2E 2) -4E 3) 4E 4) —E

Two particles A and B having equal charges +6C, after being accelerated through the same
potential difference, enter a region of uniform magnetic field and describe circular paths of
radii 2cm and 3cm respectively. The ratio of mass of A to that of B is

1) 4/9 2) 9/5 3) Y2 4) 13

A metallic rod of length R is rotated through with an angular frequency ® with one end hinged
at the centre and the other end at the circumference of a circular metallic ring of radius R,
about an axis passing through the centre and perpendicular to the plane of the ring. Thereis a

magnetic field B, perpendicular to the plane of the ring. The emf induced between the centre
and the metdlicring is

BR’w
2

The path of a charged particle in a uniform magnetic field, when the velocity and the magnetic
field are perpendicular to each other isa

1) circle 2) parabola 3) helix 4) straight line
A proton travelling at 23° w.r.t the direction of a magnetic field of strength 2.6mT

experiences amagnetic force of 6.5x10*" N . What is the speed of the proton?

1) 2x10°ms™ 2) 4x10°ms™ 3) 6x10°ms™ 4)

6x10°ms™

What uniform magnetic field applied perpendicular to a beam of electrons moving at
1.3x10°ms™, is required to make the electrons travel in acircular arc of radius 0.35m ?

1) 2.1x10°G 2) 6x107°T 3) 2.1x10°°T 4) 6x10°G

1) Bsinwt 2) 3) 2BR’0 4) BR’0
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A uniform electric field and a uniform magnetic field are acting along the same direction in a
certain region. If an electron is projected in the region such that its velocity is pointed along the
direction of fields, then the € ectron

1) speed will decrease 2) speed will increase
3) will turn towards |eft of direction of motion
4) will turn towards right of direction of amotion

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

1) 200 keV 2) 50 keV 3) 100 keV 4) 25 keV

A charged particle enters a magnetic field H with its initial velocity making an angle of 45°
with H. The path of the particle will be

1) straight wire 2) acircle 3) an ellipse 4) ahelix
A charged particle moving with velocity 4x10°ms™ enters perpendicular to a magnetic field
B = 2Wbm™. It movesin acircular path of radius 2cm, and then charge per unit massis

1) 10°Ckg™ 2) 10°Ckg™ 3) 10°Ckg™ 4) 10°Ckg™

An electron of mass m and charge q is travelling with a speed v along a circular path of radius
r a right angles to a uniform magnetic field B. If speed of the electron is doubled and the
magnetic field is halved, then resulting path would have aradius of

r r
1) — 2) — 3) 2r 4) 4r
)4 )2 ) )

A charged particle moves along a circle under the action of magnetic and electric fields, then
the region of space may have

1)E=0,B=0 2)E=0,B # 0 3)E#0,B=0 HE#0,B#0

An dectric field of 1500Vm *and a magnetic field of 0.40Wbm™ act on a moving electron.
The minimum uniform speed along a straight line, the electron could haveis

1) 1.5x10"ms™ 2) 6x10 ¥ ms™ 3) 3.75x10°ms™ 4)
3.75x10°ms™

Two particles of masses m, and m, same charge are projected in a perpendicular magnetic
field. They travel along circular paths of radius r, and r, such thatr, > r,. Then which istrue?

Dmy,>my, 22m>madyv,>V, 3)m=m andV,=V, 4) myv, > myv,

A charge +Q is moving upwards vertically. It enters a magnetic field direction to north. The
force on the charge will be towards

1) north 2) south 3) east 4) west

A proton enters a magnetic field of flux density 1.5\WWbm™ with a speed of 2x10'ms™ at
angle of 30° with the field. The force on a proton will be

1) 0.24x1072N 2) 24x10?N 3) 24x1072N  4) 0.024x10*N
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The magnetic force acting on a charged particle of charge —2uC in a magnetic field of 2T
acting in y — direction, when the particle velocity is (2i +3j)x 10°mstis

1) 8N in—zdirection 2) 4N in zdirection 3) 8N iny direction 4) 8N in zdirection

In amass spectrometer used for measuring the masses of ions, the ions are initially accelerated
by an electric potential V and then made to describe semicircular paths of radius R using a
( chargeontheion)

L massof theion J Wi,

magnetic field B. If V and B are kept constant, the ratio

proportional to

1 1 5
1) R 2) =z 3) R HR
A beam of electrons is moving with constant velocity in a region having electric and magnetic
fields of strength 20Vm™ and 0.5 T at right angles to the direction of motion of the electrons.
What is the velocity of the electrons?
1) 20 ms™ 2) 40 ms™ 3)8ms 4) 55ms*
A charged particle with velocity v=Xi+Yy] moves in a magnetic fildB=yi+X .
Magnitude of the force acting on the particleis F. The correct option for Fis
i) No force will act on particleif X=Yy ii) Force will act longy —axisif y < X

iii) Forceis proportional to (x2 - y2) if X> Yy iv) Forceis proportional to (x2 + y2) if y>x

1)l andii aretrue 2) l andiii aretrue 3)ii andiv aretrue 4)iii andiv aretrue
A charged particle entersin a strong perpendicular magnetic field. Then its kinetic energy
1) increases 2) decreases

3) remains constant 4) first increases and then becomes constant

A cyclotron can accelerate

1) B - particles 2) a - particles

3) high velocity gammarays 4) high velocity X —rays

An o - particle and a deuteron projected with equal kinetic energies describe circular paths of
radii r; and r, respectively in auniform magnetic field. Theratio r, /r, is
1

1)1 2)2 3) 5 4) 2

When a positively charged particle enters a uniform magnetic field with uniform velocity, its
trajectory can be

i) astraight line ii) acircle iii) ahelix
1)ionly 2)iorii
J)iorii 4) any oneof i, ii and iii

Proton and o - particle are projected perpendicularly in a magnetic field, if both move in a
circular path with same speed. Then theratio of their radii is

112 2)2:1 3)1:4 4)1:1
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A particle mass m, charge Q and kinetic energy T enters a transverse uniform magnetic field of
induction B. After 3s the kinetic energy of the particle will be

1) 3T 2) 2T 3T 4) 4T

A proton, a deuteron and an o - particle with the same kinetic energy enter a region of
uniform magnetic field, moving at right angles to B. What is the ratio of the radii of their
circular paths?

1)1:\/5:1 2)1:«/5:\/5 3)\/5:1:1 4)\/5:\/5:1

Freguency of cyclotron does not depend upon
1) charge 2) mass 3) velocity n 4
m

Under the influence of a uniform magnetic field a charged particle is moving in a circle of
radius R with constant speed v. The time period of the motion

1) dependson v and not on R 2) depends on both R and v

3) isindependent of both R and v 4) depends on R and not on v

Which of the following while in motion cannot be deflected by magnetic field?

1) Protons 2) Cathode rays 3) Alpha particles 4) Neutrons

A proton is moving in a magnetic field B is a circular path of radius a in a direction
perpendicular to z — axis along which field B exists. Calculate the angular momentum, if the
radiusis a charge on proton ise
Be
1) — 2) eB%a 3) a’eB 4) aeB
a
The magnetic force on a charged particle moving in the field does no work, because
1) kinetic energy of the charged particle does not change
2) the charge of the particle remains same
3) the magnetic forceis paralel to velocity of the particle

4) the magnetic forceis parallel to magnetic field

A charged particle (charge q) is moving in a circle of radius R with uniform speed v. The
associated magnetic moment p isgiven by

2
1) CILZR 2) qvR? 3) qv; 4) quR
The path of an electron in a uniform magnetic field may be
1) circular but not helical 2) helical but not circular
3) neither circular nor circular 4) either helical or circular

The figure shows three situations when an electron with velocity v travels through a uniform
magnetic field B. In each case, what is the direction of magnetic force on the electron?

1) tvez —axis, -ve X —axis, +vey — axis 2) —vez —axis, -ve x —axis and zero
3) tvez —axis, +vey —axisand zero 4) —ve z — axis, +ve x —axis and zero

A beam of protons with velocity 4x10°ms™ enters a magnetic field of 0.3T at an angle of
60° to the magnetic field. Find the radius of the helical path taken by the proton beam

1) 0.2cm 2)1.2cm 3)2.2cm 4) 0.122 cm
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A charged particle moves through a magnetic field in adirection perpendicular to it. Then the
1) acceleration remains unchanged 2) velocity remains unchanged

3) speed of the particle remains unchanged

4) direction of the particle remains unchanged

An electron is travelling along the x — direction. It encounters a magnetic field in the y —
direction. Its subsequent motion will be

1) straight line along the x —direction 2) acirclein the xz — plane

3) acirclein theyz — plane 4) acirclein xy —plane

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

1) Trajectory of electron isless curved 2) Trajectory of protonisless curved
3) Both trgjectories are equally curved 4) Both move on straight line path

When a charged particle moving with velocity v is subjected to a magnetic field of induction
B, theforce on it isnon — zero. Thisimplies that

1) angle between v and B is necessarily 90°

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

3) angle between v and B can have any value other than zero and 180°

4) angle between v and B is either zero or 180°

When deuterium and helium are subjected to an accelerating field simultaneously then
1) both acquire same energy 2) deuterium accelerates faster

3) helium accelerates faster 4) neither of them is accelerated

An electron revolves in a circle of radius 0.42\ with a speed of 10° ms™*. The magnitude of
the magnetic field, produced at the centre of the circular path due to the motion of the electron,
inWbm™ is

1) 0.01 2)10 3)1 4) 0.005 5)5

A plane metallic sheet is placed with its face parallel to lines of magnetic induction B of a
uniform field. A particle of mass m and charge q is projected with a velocity v from a distance
d from the plane normal to the lines of induction. Then, the maximum velocity of projection
for which the particle does not hit the plateis

2Bqd 2 Bqd 3 Bqd 2) Bgm
m m 2m d

An electron moves at right angle to a magnetic field of 1.5x10°T with a speed of
6x10" ms™. If the specific charge of the electron is 1.7x10"Ckg™, the radius of the
circular path will be

1)29cm 2) 3.9cm 3) 2.35cm 4)2cm

If velocity of acharged particle is doubled and strength of magnetic field is halved, then radius
becomes

1) 8times 2) 2times 3) 4 times 4) 3 times

A charged particle enters a uniform magnetic field with a certain speed at right anglesto it. In
the magnetic field a change could occur in its

1) Kinetic energy 2) angular momentum  3) linear momentum 4) speed

1)
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Cyclotron isadevice which isused to

1) Measure the charge 2) measure the voltage
3) accelerate protons 4) accelerate electrons
In acyclotron, if adeuteron can gain energy of 40 MeV, then a proton can gain energy of
1) 40 MeV 2) 80 MeV 3) 20 MeV 4) 60 MeV

An electron, moving in a uniform magnetic field of induction of intensity B, has its radius
directly proportional to
1) itscharge 2) magnetic field 3) speed 4) None of these

An electron projected in a perpendicular uniform magnetic field of 3x107T, moves in a
circle of radius 4mm. The linear momentum of electron (inkg — ms‘l) is

1) 1.92x10% 2) 1.2x10°% 3) 1.92x10% 4)1.2x10%

MOTION OF A CHARGED PARTICLE IN A MAGNETIC FIELD

KEY
2 a 3 b 4 c¢c 5 b 6 c 7 a 8 c 9 d 10 d
12) b 13) a 14 a 15 d 16 b 179 b 18 a 19 a 20) b
22) b 23y ¢ 24 d 25 c 26) c 27) a 28) ¢ 29 c 30 a
32) a 33 a 34 d 35 d 36 b 37 c 38 d 39 a 40 b
42) ¢ 43) b 44) ¢ 45 c 46) ¢ 47 c 48 b 49 c 50 c
SOLUTIONS

—2E+x=2E

X=4E

x=-4E

W J2mgVv =\/2mV

qB aB?
L /ﬂ
P m,
mo_r
m, rzz
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1
The emf induced between the centre and the metallic ring = = BR?@

@=23°, B=2.6mTl =2.6x10°T and F =6.5x10'N
But, F = qvBsinég

6.5x107Y =1.6x10 ¥ xvx 2.6 x107° x sin23°

6.5x10°Y
V= 6 _19
2.6x107° x1.6x107 x0.39

v=4x10°ms™

mv
r=—— or
B

5= MV_ 9.1x10* x1.3x10°
a  1/6x10%x0.35

= 2.1x10°T

2
qu:m
r

_mv_ 2mE
Bq qgB

(= V2mE  (2mE,
- Bqg  Bg

o E = ME_(2m)

=-—=x50keV |- m=2m |=100keV
T [ ]

r=4r=r,=4r
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13. gE =qvB
Ve E 1500
B 040
= 3750ms™

v=3.75x10"ms™

14, r,=_b%
gB
And 1, = bV
B
But, r, > 1,
. mava > rr'oVb
B aB
or myv, > my,

16. F =qvBsing

-~ F :(1.6><10-19)x(2><107)><1.5sin300
_12 1

F=16x10 ><2><1.5><§

F=24%x10"7°N

27. gqvB = L ¢
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2
29 ——=Bqv or R:ﬂ
Bq
T:27[R
Vv
5 2
= 9 r T=Lm
v Bqg

It isindependent of both R and v.

31.  Under uniform magnetic field, force evB acts on proton and provides the necessary centripetal

force mv? / a

Angular momentum
J=rxp

Here J=axmv

~J=ax m(ﬁj = a’eB
m

1)
33. | =gf =gx—
qr =q or

\%
But w=—
R

where R isradius of circle and v is uniform speed of charged particle

| =

Therefore,
27R
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Now, u=IA=Ix7zR?

or ﬂ=%Xﬂ'R2 = %QVR

m(vsing)

36. Radius of the helical path r = )

Here m=1.67x10"?"kg
v=4x10°ms™
6 =60°
q=16x10"°C
B=0.3T

167x107 x 4x10°x(+/3/2)

. r= = =12cm
1.6x107x0.3

38. F=qvxB
Here v=V,i and B-=B, ]
o R=ev,B,(ixj)=evBk

Hence, subsequent motion of the charged particle will be acirclein the xy - plane.

39. qvB = w

Now Kinetic energy of the particle
1 >
K==—mv" = mv=+2mK

Therefore, Equation (i) becomes

VZEK or 1 ec /m
q
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Asm,<my,sor,<fr,

Hence, tragjectory of electron isless curved.
F =qvBsing

If €=90° or 180°, then Sin@=0

.. R=qvBsind=0

Since, force on charged particle is non — zero, so angle between v and B can have any value
other than zero and 180°.

=t
Arc v

Ho _ 107, q=1.6x107°C
47

v=10°ms

(o]
r=04A=04x10""m

1.6x107° x10°

- B=10"x =1Wom™
_10)\2
(o.4><10 )
2
qusinzzm
2 r
nmv
= r=—
Bq

The particle does not hit the plate if

r<d
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Bqd
Yo = T
4. r= % S (i)
(n)e
6x 10’

. r =2.35cm

T 1.7x10%x1.5%1072

2
45, gqvB = UL

mv
= r=—
B
1—m:ZBV—4r
a 2
46. F=quxB ... Q)

From Egs. (i) and (ii), B = = linear momentum
rq charge

2

48. F=qvB= LLL S centripetal force
r

2.,,2.2
Maximum energy E:EB qr
2 m

o]

E (g )(m)
€, g,/ m,)

2

E, = 80MeV

o)

22
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where, r isradius of circular path.

Equating Eqg. (i) with Eq. (ii), we get

" r:ﬂzﬂz p=eBr
eB eB

5 p=16x10""x3x10°x 4x10°=1.92x10 *kg—ms™

FORCE AND TORQUE ON A CURRENT CARRYING CONDUCTOR

An electron is accelerated under a potential difference of 182V. The maximum velocity of
electron will be (Charge of electronis 1.6x10°C and its massis9.1x1073'kg)
1) 5.65x10° ms™ 2) 4x10°ms™  3) 8x10°ms™t  4)16x10°ms™*
Magnetic flux of 10uWb is linked with a coil, when a current of 2mA flows through it. What

is the salf inductance of the coil ?
1) 10 mH 2) 5mH 3) 15mH 4) 20 mH
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Pick out the true statement from the following
1) The direction of eddy current is given by Fleming’ sright hand rule

2) A choke coil isapure inductor used for controlling current in an AC circuit

1
3) The energy stored in a conductor of capacitance C having achargeqis E qu

. 1
4) The magnetic energy stored in acoil of self —inductance L carrying current | is 2 LI?
5) Induction coil is powerful equipment used for generating high voltages

The torgue required to hold a small circular coil of 10 turns, area 1mm? and carrying a current

of (21/44) A in the middle of along solenoid of 10°turnsm™ carrying a current of 2.5A,
with its axis perpendicular to the axis of the solenoid is
1) 1.5x%10°N -m 2)15x108N-m 3)15x10°N-m 4)15x10"®N-m

Magnetic field at the centre of acircular loop of area A is B. The magnetic moment of the loop

will be
BA? BAY? BAY? 2BAY?
1) — 2) 3 —7 4 ——5
HoT HoT HoT HoTt

3A of current is flowing in a linear conductor having a length of 40mc. The conductor is
placed in a magnetic field of strength 500 gauss and makes an angle of 30° with direction of
thefield. It experiences aforce of magnitude

1) 3x10*N 2) 3x10°N 3) 3x102N 4) 3x10*N
Two thin long parallel wires separated by a distance b are carrying a current i ampere each.

The magnitude of the force per unit length exerted by one wire on the other, is

.2 . . .2

b? 2nh? 2nh 2nb
A coil in the shape of an equilateral triangle of side 0.02m is suspended from its vertex such

that it is hanging in a vertical plane between the pole pieces of permanent magnet producing a
uniform field of 5x1072T . If a current of 0.1A is passed through the coail, what is the couple
acting ?

3

1) 5J/3x10'N-m  2) 5/3x10°N-m 3)?><10‘7N—m 4) None of these

Assertion (A): Torgue on the cail is the maximum, when coil is suspended in aradial magnetic
field
Reason (R): The torque tends to rotate the coil on its own axis

1) Both A and R are correct. R is the correct explanation of A.
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2) Both A and R are correct. R is not the correct explanation of A.
3) Aistrue, but Risfase 4) Both A and R are false
A sguare current carrying loop is suspended in uniform magnetic field acting in the plane of

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

theloopis

1) 3F 2)—F 3)-3F 4 F

A wire of length L is bent in the form of acircular coil and current i is passed through it. If this
coil is placed in a magnetic field then the torque acting on the coil will be maximum when the
number of turnsis

1) aslargeaspossible  2) any number 3)2 41

A coil of 100 turns and area 2x1072m? is pivoted about a vertical diameter in a uniform
magnetic filed and carries a current of 5A. When the coil is held with its plane in north — south
direction, it experiences a couple of 0.33 Nm. When the planeis east — west, the corresponding

coupleis 0.4Nm, the value of magnetic induction is (Neglect earth’s magnetic field)

1)02T 2)03T 3)04T 4)005T

Two long straight wires are set parallel to each other at separation r and each carries a current i

in the same direction. The strength of the magnetic field at any point midway between the two

wiresis

) Mol 2 2l
nr nr 2nr

The ratio of magnetic field and magnetic moment at the centre of a current carrying circular

loop is X. When both the current and radius is doubled the ratio will be

1) x/8 2) x/4 3) x/2 4) 2x

3) Mol 4) zero

In moving coil galvanometer, the magnetic field used is

1) Non —uniform 2) radial 3) uniform 4) None of these
What is shape of magnet in moving coil galvanometer to make the radial magnet field?
1) Concave 2) Horse shoemagnet ~ 3) Convex 4) None of these

Calculate the current which will produce a deflection of 30° in atangent galvanometer, if its
reduction factor is 3A

1)1.732 A 2)0.732 A 3)3.732A 4)2.732 A

A copper rod is suspended in a non homogeneous magnetic field region. The rod when in
equilibrium with align itself

1) in the region where magnetic field is strongest

2) in the region where magnetic field is weaker and parallel to direction of magnetic field there
3) in the direction in which it was originally suspended

4) in the region where magnetic field is weakest and perpendicular to the direction of magnetic
field there

In amoving coil galvanometer, to make the field radial
1) coil iswound on wooden frame  2) magnetic poles are cylindrically cut
3) ahorse—shoe magnetisused  4) the number of windingsin the coil is decreased
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A wire of length | carrying a current | A is bent into a circle. The magnitude of the magnetic
moment is

NI o Nl Nl
2n 4 2n A

The magnetic dipole moment of current loop i, independent of

1) magnetic field inwhich it islying 2) number of turns

3) area of the loop 4) current in the loop

A straight wire of mass 200g and length 1.5m carries a current of 2A. It is suspended in mid —
air by auniform horizontal field B. The magnitude of B (intesla) is (assumeg = 9.8 ms2)

12 2)15 3) 0.55 4) 0.65

Two streams of protons move paralel to each other in the same direction. Then these

1) do not interact at al 2) attract each other

3) repel each other 4) get rotated to be perpendicular to each
other

Consider two straight parallel conductors A and B separated by a distance X and carrying
individual currents |, and |g respectively. If the two conductors attract each other, it
indicates that

1) the two currents are parallel in direction

2) the two currents are anti — parallel in direction

3) the magnetic lines of induction are parall€el

4) the magnetic lines of induction are parallel to length of conductors

A proton with energy of 2MeV enters a uniform magnetic field of 2.5T normally. The

magnetic force on the proton is (Take mass of proton to bel.6x10%'kg)

1) 3x10%N 2) 8x107°N 3) 8x107N 4) 2x107°N

Currents of 10A and 2A are passed through two parallel wires A and B respectively in opposite
directions. If the wire A is infinitely long and length of the wire B is 2m, the force acting on
the conductor B which is situated at 10cm distance from A will be

1) 5%10°N 2) 4 x10""N 3) 8x10°N 4) 8t x107'N
Two free parallel wires carrying currentsin the opposite directions

1) attract each other 2) repel each other

3) do not effect each other 4) get rotated to be perpendicular to each other

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 the loop. The magnetic force

acting on the loop is
1) IrB, 2) 2nlrB, 3) nlrB, 4) zero
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A proton moving vertically downward enters a magnetic field pointing towards north. In which
direction proton will deflect ?

1) East 2) West 3) North 4) South

Graph of force per unit length between two long parallel currents carrying conductor and the
distance between them s

1) straight line 2) parabola 3) dlipse Arectangular hyperbola

A coil in the shape of an equilatera triangle of side | is suspended between the pole pieces of
a permanent magnet such that B is in plane of the coil. If due to a current i in the triangle a
torque 7 actsonit, theside | of thetriangleis

) 1(1)”2 2 2(Z) . Z[L)M Al

J3\Bi J3\Bi J/3Bi J3 Bi
Two parallel wires carrying currents in the same direction attract each other because of
1) Potential difference between them 2) mutual inductance between them
3) electric force between them 4) magnetic force between them

The force on a conductor of length | placed in a magnetic field of magnitude B and carrying a
current i isgiven by (8 isthe angle, the conductor makes with the direction of B)
i2
e . . : I .
1) F =ilBsin® 2) F =i4B?sin® 3) F =ilBcosb 4) F:IEsme

FORCE AND TORQUE ON A CURRENT CARRYING CONDUCTOR
KEY
2 b 3 b 4 b 5 d 6 c 7 d 8 a 9 b 10 b
12 d 13) d 14 a 15 b 16 a 17) a 18 d 19 b 20) d
22)d 23 c 24 a 25 c 26 c 27 b 28 d 29 a 30 a
32) d 33 a
SOLUTIONS

lv=ev
2

%x Ix10° 3 xVv? =1.6x107° x182

9 1.6x10"° x182x 2

_ 2
0.1x103 64x10°
v=8x10°ms™
¢=Li
-6
L:Q—w:5x10‘3:5mH

i 2x10°°
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2

19
Energy = EE

Wehave M = NIA
B=p,nl

Torque, C=MB

Here, C = (|, A)( ol ,)

= (10><%><10—6) [4x§x10—7 ><103t2,5) =15x108N-m

oo o2t _ fil
A v 2r
280
My
12
Also, A=7r? or r:(éj
T
2Br  2BA (A)Y? 2BA¥?
Magnetic moment, M = |[A=——A= —x(—) =—
Ho Ho 72 ,Uoﬂl/
F =Bilsiné

= 500><10‘4><3><(40><10‘2)><%

= 3x107%N

The magnitude of magnetic field B at any point on Y due to current i, in X is given by

B ok
2z b
) ) i
F=iBl=i (&ijl
2 2\ 27D
Force per unit length is
F_4l,
| 27 b

Given, i; =i, =1, therefore,
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F_ i
| 27 b

8. Torque 7=iABsing, i = 0.1A, 6=90°

A= %x basex height

1 a3

or A=—ax——
2 2

_ V3 _/3x(0.02)°

4 4

= /3x107*m? ; §=90°
7=0.1x+/3x10* x5x1072sin90°
= 5/3x10'N-m
11.  7,,=MB
OF Ty = Nizr’B
Let number of turnsinlength | isnso | =n(2zr)

1
o r=——

- 27n

_nizBI?  I%B
= e = A7°n®  4mn

min
Mrmin

= N,,=1
12. NBIASNG =1

N, B, i and A are constants

2. Sin@e< 0.3

cosd =< 0.4
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tan6’=§ and siné?:§
4 5

B T
NiAsing
_ 0.3x5 . _ 0.05T
100x5x2%x10“ %3
13 B= ”O'r
Zﬂ'(zj
82: ﬂOIr
Zﬂ(zj
So, B =0
14 B_&(Z_ﬂ _ Mol
4\ a 2a
M :i(ﬂaz)
'E:’u—"lx—l = _Ho = X (given)

"M 2a ira® 27a°
When both the current and the radius are doubled, the ratio becomes

Mo Mo

X
2r(2a)° 8(27a°) 8

20. 27r =|

112
Magnetic moment = |1A=—
¥4

22. Magnetic force on straight wire
F = Bllsind= BIl sin90° = Bl
For equilibrium of wirein mid —air

F=mg
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Bll =mg

mg _ 200x10°x9.8
I 2x15

~ B= =0.65T

25. Energy of proton = 2MeV
= 2x1.6x10*°x10°J
= 32x107%J
Magnetic field (B) =25T

Mass of proton (m) =1.6x107°"kg

Energy of proton E = %m\/2

Magnetic force on proton

F = Bgvsin90° = Bgv

-13
- F=Bg| 2= = 25x1.6x107%°, [2X32X19 7 g, 102N
m 1.6x10

06, F=to 2hly
Ar r

[, =10A, I2:2A,I:2m
R=10cm=0.1m

2x10x 2% 2

~ F=10"x = 8x10°N
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