BRIEF REVIEW

Magnetic Force

If a charged particle having charge ¢ enters a magnetic field

B with a velocity v, it experiences a force F =¢ (y, X g)

Note that this principle is used in Television Receivers to
deflect electrons. The SI unit of magnetic field is Whm™? or
Tesla (7). The CGS unit is Gauss = Maxwell/cm?

1 Gauss= 10T

If both electric and magnetic fields are present, the net
force acting on the moving charged particle is given by
Lorentz force

F =9E tq(v X B)
This method is employed in J.J. Thomson’s experiment

to find e/m.

If velocity of the charged particle is always
perpendicular to the magnetic field then it will describe a

circle of radius R such that

my
R = qu as the force is radial. The force helps to

change the direction only and does no work. [See Fig. 23.1]

v

v
v

Fig.23.1 Principle of cyclotron illustration

27R  27mm
Time period of revolution 7= , = q—B
1 qB
and cyclotron frequencyfc = ? — %

If the charged particle enters obliquely into a magnetic
field B, the velocity can be resolved into two perpendicular
components: one along the field and other perpendicular to
the field. The perpendicular component describes a circle
and parallel component causes linear motion. As a result the
charged particle describes helix. See Fig. 23.2 (a) and (b).

vy:vsinﬂ

[

v =vcos &

S AEWAEIE Oblique projection of a charged

particle
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Pitch

Fig.23.2 (b) BAEDS

Pitch of helix The linear or horizontal distance moved in
one complete rotation is called pitch of the helix.

Pitch of the helix = v,. T=v, | 22
qB

Magnetic force due to a current-carrying conductor
when placed in a uniform magnetic field B is

dF =14l x B
The direction of magnetic force is given by Fleming’s
Left hand rule.

Note F =1] x B if the conductor is straight.
Otherwise F = J'I(jlx ]_T?)

Torque acting on a current-carrying loop when placed
in a uniform magnetic field is 7 = n/ (Z X 1—5’)

where n is number of turns in the coil or loop and area
vector A is perpendicular to the surface. For a rectangular coil
A =1b
and for a circular coil

A = m?. We can also write

T nI(ZXE) = M xB Where 37 = pur4 is

magnetic dipole moment.

Note that the coil will be in stable equilibrium if =0
and coil will be in unstable equilibrium if = 180°. Torque is
maximum if & =90°.

If the magnetic field is non uniform then coil will
experience torque as well as linear motion.

Biot Savart Law The magnetic field produced dueto a
current-carrying element of length dl at any point P is given

. Idlxr .
by 4B = 4, - (SeeFig.23.3)

dl 14

WX Biot savart law
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Moldlsin@
4rzr?
where u is permeability of free space and u, = 47> 10
" Wb (A—m)~' or Henry m™'.

The direction of magnetic field is given by Right hand
thumb rule as illustrated in Fig. 23.4

or |dB| =

Fig. 23.4 (a)

o | >

w &

Fig. 23.4 (b) lllustration of direction of magnetic field

Magnetic field strength due to straight current-carrying
conductor at a point P

m Magnetic field due to finite straight

conductor

From Fig. 23.5 magnetic field strength at P is

7N i
B = 47gd (cos 8 —cos 8)
_ IuOI ’
= and (cos 6, + cos 0;)

1
= f;d (sin a+ sin f)

The direction of magnetic field is given by Right hand
thumb rule. From Fig. 23.4(a), it is clear that magnetic field at
P is perpendicular inwards the plane of paper and magnetic
field at S is perpendicular outwards the plane of paper.




Magnetic field strength at point P on a perpendicular
bisector is

Hola
27dNa* +4d?
%AI
l o)
T < d » P

%
l

S XN I Magnetic field at perpendicular bisector

Magnetic field strength at point p due to a long current-

Mol
2rd

Magnetic field strength at the center of a circular loop
carrying current /

carrying conductor is B=

Mol
B =
2r

dl

S AVENEN Magnetic field due to a circular loop at its

centre

The direction of magnetic field is perpendicular
inwards the plane of loop if the current is clockwise and
perpendicular outwards if the current is anti-clockwise.

Magnetic field strength due to a circular arc of radius r
at the centre

AR I Magnetic field due to a circular arc
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See Fig. 23.8 and take fin radian.

#_of(ij
To2r\ 2z
Thus for a semicircular loop

1
B = £ asf=r
4r
Magnetic field strength at any point on axial line of circular

ring carrying current /

i dB
1 0 P 4
I ’
a
ks VAN
i
1 < X > .
r i N
1 \<
" dB
]

Magnetic field due to a circular loop at
any point

Holr ’
B = 2(r2 +x’ )3/2
where r is radius of the circular loop.

The direction of magnetic field is same as for circular
coils.

Special cases Magnetic field at a very large distance from
the centre i.e. x >>r
mlr® (7)o M
2x° 27y’ 4rx’
That is, coil behaves as a magnetic dipole.

B =

PN |
At the centre of the loopx=0; B = N
r
Ampere’ s Circuital law
[ﬁB.dl = u,l

See Fig. 23.10.

|

m Ampere circuital law illustration

If I, and I, are taken as positive and /, as negative then
I =1 +1I,—1 and then

[iBdl = u(1,+1,-1)
Physics by Saurabh Maurya (lIT-BHU)



730

Note that any current outside the loop is not included
in the right hand side in the current.

Note that mB .dl = p I can be applied even to a long
conductor.

Magnetic field due to a long solenoid at the axis of the
solenoid

B=nuJ where n is number of turns per unit length

SR REIN Solenoid

Magnetic field outside the coil is zero.

Magnetic field at any point P in the solenoid as shown
inFig. 23.12is

B nl[cos@ —cos 0]

o ot

1
Atpoint ForE B= 51“0”] [see Fig. 23.12]

'C

XA VE Magnetic field inside the solenoid at any
point

Magnetic field at any point P (acting tangentially) on a toroid

S AVEXNEN Toroid

. Mo NT
FromFig.23.13 B= ——
2xr

where N is total number of turns.

Magnetic force between two long, parallel current-carrying
conductors

If d is the separation between two long current-carrying
conductors carrying currents /, and /, as shown in Fig. 23.14
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«—d —»
IlA A12
B[] —»F F<—®B

m Force between two long current-carrying

conductors

df ul 1

Th 2 Holits
AT 2nd

Note that the force is attractive if the conductors carry
current in the same direction. Force will be repulsive if they
carry current in opposite directions.

Magnetic field due to a moving charge at any point P distant
r from the charge.

s (vxr)

3

_ Hyqvsin®

B 5 Or g =

drr Arr

Magnetic force between moving charges: If two charges g,
and ¢, are moving with v, and v, parallel to each other at a
separation 7 then

_ Hd 92V
mag 4rr?

Even the like charges moving in the same direction will
repelas F, > F g

q,A Aq,

m Magnetic force between moving charges

Since electric force is repulsive and magnetic force is
attractive, the net force is repulsive. Note the force will be
attractive only if charges are unlike.

SHORT CUTS AND POINTS TO NOTE

1. Cyclotron is normally used to accelerate positively
charged particles though it can accelerate negatively
charged particles except electrons. Electrons are
accelerated using betatron.

2. The principle of mass spectrometer (to measure
mass of atoms/molecules) is same as that of
cyclotron.
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m - where KE, and KE, are kinetic energies for the two
1 1

Here mw = assuming they were monovalent/ particles respectively.
: ’ 10. No magnetic field occurs on a point P on the current
carrying conductor or an any point S or R which lie

on the extended part of the conductor as shown in

divalent/ trivalent ions and enter the magnetic field
with same velocity. Note that discovery of isotopes

was made using mass spectrometer. Fig. 23.18
3. F =4(v*B) /
- -@---- > e - ---
or dF = i(4]* B ) represent Ampere’s force. o P R
4. Magnetic flux = IB.ds is scalar m
5. A cylindrical coil or a circular coil carrying current ie.B=B,=B,=0
behaves like a bar magnet. A clockwise current 11. Magnetic field intensity at the centre of a loop made
generates S-pole and an anti-clockwise current will with a uniform cross-section wire and uniform
generate N-pole. density is zero irrespective of its shape provided

current enters from a point and leaves from another
point on the conductor as shown in Fig. 23.19.
1
1

F|g 23 L[:B Direction of magnetic field illustration

6. Magnetic field lines make closed loop. Unlike m
electric field, lines representing monopole cannot
exist. 12. Ifmagnetic field and electric field are perpendicular
to each other and a charged particle enters
perpendicular to both electric and magnetic fields, if
charged particle goes undeviated then,

E =B =—
vorv=
13. Magnetic field intensity in a thick current-carrying
Fig. 23.17 conductor at any point x < r (inside the conductor)

as illustrated in Fig. 23.20
7. When current passes through a spring it shrinks as |
all the rings in it carry current in the same direction

and are attracted towards one another.

8. Momentum of a charged particle in a cyclotron

p =Bqgr=./2 (KE )m where KF is kinetic energy of
the particle.

9. In cyclotron when KE and magnetic fields for two Fig. 23.20
charged particles are equal then,

A
5L 4 m .
nToa\m T
If only magnetic field is same for the two charged i
. L ooq, M (KEI) i
particles then P = q_1 m = > x

Fig. 23.20 (b)

Physics by Saurabh Maurya (lIT-BHU)
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Ix
inside - % fOr xX<r
; r
Mol
Bsurfacc = 27[’, fOrx: 4
Mol
Boulqidc = 2_ fOr x=>r
i TX

14. While finding magnetic force on the curved part of
a conductor use displacement as length and then F'
= [IB is valid where / is displacement between the
extreme points of a curved part. For instance in Fig.
23.21 the force due to curved partis 2 /RB as [=2R
is displacement.

LA,
® B
Fig. 23.21

15. Under the action of magnetic field alone, speed or
KE of the charged particle remains unchanged.

16. Cyclotron principle can be used to detect leak in
high vacuum system. For this purpose He" ions are
used. A very small magnetic field is required which
makes the leak detector a compact device.

17. Magnetic dipole moment M = /4. While finding
torque on a coil carrying current due to a dipole if
the (angle) is given between area vector 4 and

magnetic field B (Area vector is normal to the plane
of the surface of coil) then 7= I4B sin 6. If angle
between plane of the coil and magnetic field is known
then 7= 14B cos 6.

18. Potential energy U= Ir.dﬁ =—IAB cos 0=—)f B.

19. Note that in parallel conductors carrying current

h d_F _ sl 1,
youhave —r= ==
To find force, multiply with the length or integrate
appropriately.

If the case is as shown in Fig. 23.22 (b) where the
magnetic field varies at every point, assume an
element. Find force on the element and then
integrate.
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20.

21.

22.

23.

24.

25.

F =q4v*xB),
dF = 1(dlxB)

For a straight conductor /' = [l x B integrate
otherwise.

mE.dl: 0 because force is conservative but

mB.dl # (. Rather DjB.dl =, as B.dlisnot related

to work. Moreover, the current is enclosed in the
loop.

A moving charge produces both electric and

gV X T

magnetic field g = o
r

A stationary charge produces only electric field.

The magnetic field due to a short solenoid is
illustrated in Fig. 23.23.

Ay 2r

Note that magnetic field is nearly half the value at
the centre. r is radius of the coil.

Fig. 23.24 illustrates the method of retaining ionised
gas particles having temperature ~10° K which
would vaporise any material container. Such a
system is termed as magnetic bottle.

SNOW rule can be applied if a current carrying
conductor is placed over compass needle.



CAUTION
1. Considering physical length of the conductor to be
taken as
F = [idl xB

= Shortest distance between the end points be taken
as the length.

2. Considering magnetic field exists on a (thin) current-
carrying conductor or on its extended part.

= Magnetic field does not exist on the conductor or
on its extended part. Thus magnetic field at 4, P
and X is zero.

Y~

coo Soooo
A

Fig. 23.25 -1

3. Considering [[]B.dl = 0 on the lines of [[|E.dl =0

e
S

= Note that [[]E.dl = 0 because it represents work
done in conservative force. mB .dl does not define

work and hence mB.dl = u,l

4. Confusing work is done by magnetic force.

= Magnetic force only changes direction. Work done
is zero. Hence speed and KE do not change.

5. Considering magnetic field to be zero only along
the axis of a hollow cylindrical conductor carrying
current.

= Magnetic field is zero at all points inside a current-
carrying hollow cylindrical conductor. However,
magnetic field is zero along the axis of a solid
cylindrical conductor carrying current.

B_ ... (Solid cylinder)

HyIx
27’

6. While finding direction of force with moving charged
particle and applying Fleming’s left hand rule.

= We can apply Fleming’s left hand rule if we take into
account the appropriate direction of current a +ve
or a—ve charge will form during motion. Conventional
current direction be taken.

7. Not considering perpendicular distance due to
straight conductor while finding magnetic field. For
example as in Fig. 23.26 taking perpendicular distance
rfor AB.

Magnetic Effects of Current 733

= Take perpendicular distance rcose if 2 is the angle
made by 4B at the centre.

8. Considering no force will act on current-carrying
conductors placed transverse to a long current-
carrying conductor as shown in Fig. 23.27.

dy |
«— x —
«— y —

55 4F M

A

= In such a case magnetic field at every point will
vary, therefore take an element dy at a distance y

x+/

d
J‘ Yl 1Oggx—i—l
. 27 X

Mol i1,

then F = Py

9. Considering magnetic moment A shall depend upon
the shape of the current-carrying conductor.

= Magnetic moment M = /4 or nlA is independent of
the shape of the conductor if their areas are equal
and number of turns are also equal.

10. Considering that if plane of a coil is parallel to the
magnetic field the net force acting on the coil is
ZET0.

= If the magnetic field is uniform the statement is
correct. If magnetic field is not uniform then both
torque and a net force are present.

11. Considering magnetic field is zero at the centre of a
loop if current enters from a point and leaves at the
other.

Physics by Saurabh Maurya (lIT-BHU)
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(d) aforce and a torque.

[AIEEE 2005

(Solution JC
A charged particle of mass m and charge ¢ travels on a

circular path of radius r that is perpendicular to the
magnetic field B. The time taken by the particle to

complete one revolution is

27q’B 27rmgq
@ 1= (b) =5

2rm 27qB
© g5 @ =

[Solution O]

Two concentric coils each of radius 2 7cm are placed at
right angles to each other. 3A and 4A are the currents
flowing in them respectively. Find magnetic induction

in Wb/m? at the centre of the coils.

[AIEEE 2005]

(a) 10°5 (b)12x10°
()7 %10 (d)5x10°

perpendicular, so are the magnetic inductions.

Mo 2 2
Bnct - BIZ+B22 - 2]” 11 +12
47 %107

2 2
= 2(27x107) e

=5x107° Wb/m?

Two thin long, parallel wires separated by a distance d
carry a current i each in the same direction. They will

Hot”
2rd

(a) repel each other with a force

2
Hyl

27d

(b) attract each other with a force

Solution QR

1
(d) B = % Since the two coils are

734 Pearson Guide to Objective Physics
= This statement is true if the loop is made with a where inside the coil.
single wire of same material of uniform cross-section
and uniform density. If however joining parts X1Y =
and X2Y are of different materials or one of them is B = ﬂo—y
thinner than the other (though they are of the same 2(;’2 1 xz) :
material), then magnetic field is non-zero at the centre.
i T
S e v g 2, 2\2
12. Considering B = 2(r2 o )A can be applied any- 47z(r +x )
can be applied along the axis only.
SOLVED PROBLEMS
A magnetic needle is kept in a non-uniform magnetic Lo
field. It experiences (c) repel each other with a force 5 Od 3
7
(a) neither a force nor a torque 5
(b) atorque but not a force (d) attract each other with a force 2'%; 5
(c) a force but not a torque 7
[AIEEE 2005]

df L,  u’
2rd 2rd
Since currents are in same direction they attract each

other.

A uniform electric field and a uniform magnetic field
are acting along the same direction in a certain region.
If an electron is projected along the direction of the
fields with a certain velocity then

(a) its velocity will increase
(b) its velocity will decrease
(c) it will turn towards left of its motion
(d) it will turn towards right of its motion
[AIEEE 2005]

BRI (b)Since F=q[F +(v x B)]

= gq(y x g)=0as y, and g are parallel

mag

Since electron is moving along the field, force gFE is
repulsive and hence it will slow down.

The Fig. 23.29 shows an infinitely long current-carrying
wire out of the plane of paper (shown by (+)). A current
carrying loop ABCD is placed as shown. The loop

B

C
Fig. 23.29
(a) experiences no net force

(b) experiences no torque



myv m .
[Solution G IS q_B as ; is constant . r o

(c) turns clockwise as seen by an observer at (+)
position

(d) turns anticlockwise as seen by an observer at (+)
position

[IIT 2006]

(a), (c) Magnetic force due to 4B and CD is
zero (- 8= 0° or 180°). Magnetic force on BC'is upward
and on DA is downward. These two forces will tilt loop
in clockwise direction when seen from () position.

A very long straight wire carries a current /. At the
instant when a charge +Q at point P has velocity 7, , as
shown in Fig 23.30, the force on charge is

[CBSE 2005]

(a) along oy (b) opposite to oy
(c) along ox (d) opposite to ox
y
1A

+0

—=>

Pv 0 ¥

Fig. 23.30

(a) The magnetic field at P is inwards due to a
straight long conductor. Fleming’s left hand rule gives
the direction along oy.

An electron moves in a circular orbit with a uniform
speed v. It produces a magnetic field B at the centre of
the circle. The radius of the circle is proportional to

B
o
(©) \/%

B
(b) .

v
@
[CBSE 2005]

v

A circular loop of wire 4 cm in radius carries a current of
80 A. Find the energy density at the centre of the loop.

(a) 7l/m? (b)27I/m?
(©)0.17zIm? (d)0.27Im>
B 8= and energy density 1= —
B @B-= 5, and energy ensity u = 2
2.2
_ Hyl _ ,Lloiz
B 4r2(2,u0) g2
47x107 %(80)°  4rx8x.8
u = =
8(4x107) 8x16

0.27=0.628 Jm™
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10. The adjacent Figure shows lines of a field. It cannot

11.

represent

Fig. 23.31
(a) an electrostatic field (b) aninduced electric field
(c) a gravitational field (d) a magnetostatic field

[IIT 2006]

(a), (c) Electrostatic and gravitational field do
not complete the loop.

An o—particle enters at the middle as shown in Fig.
23.32with 10° ms ™. In which direction will it bend?

34 A AlA

a.v

d/2 d/2

Fig. 23.32
(b) Towards 4 A wire

(c) Upwards the plane of wires

(a) Towards 1 A wire

(d) Downwards the plane of wires

Solution U

12.

A particle having mass m and charge ¢ is released from
the origin in a region in which electric field and magnetic
fields are given by B = —BO} and E = EolAc . Find the
speed of the particle as a function of its z coordinate.

qEz 2(qvB+qE)z
m m
—qvB+qFE)2z 2qEz
m m
E 2gFE
(D) v*=2az a:q—orv: 7=
m m

An electron has a speed /2 x 10°ms'at 4 as shown in

Fig. 23.33. Find the direction and magnitude of magnetic
field so that electron reaches B following a semicircular
path.

()1.6x 10°T®
(©)3.6x10°T®
10 an

)4
eI
A<
Fig. 23.33

Physics by Saurabh Maurya (lIT-BHU)

(b)1.6x10*T[
(d) none of these

> B
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my
(a)r=>5cm= 4B

mv. 9x107 xy2x10°  9v2x107
or B =—= —19 o
er 1.6x107" x5x%10 8
= 1.6 x 10T direction perpendicular inwards the plane
of paper.

14. An electron in the beam of a TV picture tube is
accelerated by a potential difference 2 kV. Then it passes
through a transverse magnetic field to produce a circular
arc of radius 0.18m. Find the magnetic field.

(2)6.38x 10T (b)7.68 x 10T
(c)8.38x 10*T (d)8.98 x 10T

my
SolutionJRCTaEe"
mv  2eVm 2Vm
or B = —= = 3
er er er
\/2><103><2><9><10'31 \/10‘5
or B = 19 I
1.6x1077 x10 4x36
107°
= =8.38x10*T
14.4

15. Fig. 23.34 shows a thin 50 cm long rod resting on two
metallic supports in a uniform magnetic field of 0.45 T.
Find the maximum voltage which can be applied without
breaking the circuit. Mass of the rod is 750 g. Take

g=10ms?
(@)83.3V (b)833V
(c)833V (d)0.833V

4| v 250

B
I><><><><><><I

X X X
Fig. 23.34

14
B (omg=1iB or mg= EZB

mgR ~ 3x10x25
B 4x.5x.45

16. A wire along x-axis carries a current 3.5 A. Find the
force on a 1 cm section of the wire exerted by

B =074Tj —036Tk
@259k +126J (b) 126k —2.59J

=833V

or Vo=

(©)-2.59k —1.26J (d)-126k +2.59 )

BIM] @ F=1(7*xp)
= 350102 x(74 ] —0.36 k)]
— (259% +126 j)x 102
Physics by Saurabh Maurya (lIT-BHU)

17.

18.

19.

An electron and a [Li nucleus enter a magnetic field

with same velocity. Find the ratio of number of
revolutions per second of the two.

(a)2.44 x 10° (b)4.24 % 10°
(c)3.24 % 10° (d)5.42% 10°

by /e 28

®)f= 2rm
L G my Tx16x107
fii 3¢/ 3m, 3x9x107

27

A thin uniform rod of negligible mass and length / is
attached to the floor by a hinge P. The other end is
connected to a spring of force constant k. Rod is in a
uniform magnetic field B pointing inwards the plane
of paper. A current / is passed through the rod. Find
the torque acting on the rod due to magnetic force when
the rod makes an angle 53° as shown in Fig. 23.35.

x10*=4.24 x 10

k
®B
V
53°
P
Fig. 23.35
(a)IPB (b) I;—z B
(c) 311523 (c) ?IlzB
(b) F=kx=1IB
I’B

r = jdr:jUBdl:T

Two long parallel wires are hung by 4 cm long cords
from a common axis. The wires have a mass 0.0125 kg/m
and carry equal currents in opposite direction. Find the
current in each wire if the cords hang at 6° with the
vertical as shown in Fig. 23.36 (a).

Fig. 23.36 (a)
(@ 112A (b)223 A
(©)717A d)71.7A



aF ol
ERIER ) % rep—2g(2q) - Tsin6
mg_ . o Ml
4 - Tcos 6 tan 6° = 4zdmg
\/tan6°(4ﬂ4sin6°)mgx102
[ =
Hy
(1)’ x4z x4x.0125x10x1072
= = =223A
47 %10
60
4c
FI’E
" d =4 sin 6°
mg (b) ()
Fig. 23.36
¢ o . 6°*6X”* {
an 6°=sin 6° =~ ==

20. Aninfinitely long wire carries a current i (see Fig. 23.37).
Find magnetic field at p.
1

»> <4“— a —PpeP
I
Fig. 23.37
Mol 2 Mol
@2 (b) E
za dra
ol M OI
© dra (d) 4\/57m
_ _ Hyl .
B (©B=B+B8,=0+ [sin 90+ sin 0]
dra
_ Mol
dra

21. A wire bent as shown in Fig. 23.38 carries a current /.
Find the magnetic field at P.

Fig. 23.38

22.

23.
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#l 3!
@ 4R RAEY:
Tl Mol
© <r @ 2R

Myl Z

(d)B=B +B,+B,=0+Hp| 7o, [T0

Mol

8R

A wire bent as shown in Fig. 23.39 is oriented along yz
plane. Find the magnetic field at and P,.

la
ol iyl 7 . -
_ = b) = 2, 2
@ 4a ’ 2zx ()4a’27r(x +a)
Py —r

(d) none of these

© 4q ’ 2maNx* +d*

AY

Fig. 23.39

1
(©)B,= % along —x

1ol (2a)

Bpy = 2zx\4a® +4x° along y

[use magnetic field at perpendicular bisector]

Hyla

N 2rxNa* +x*

[only contribution is from straight wire — a to + a along
z axis]

along y

A square loop of side a is placed at a distance a away
from a long wire carrying a current /,. If the loop carries
acurrent /,as shown in Fig. 23.40 (a) then the nature of
the force and its amount is

IUOIIIZ . /'1011]2 .
(a) ra attractive (b) Ar attractive

/'1011]2 . IUOIIIZ .
(c) Ar repulsive (d) dra repulsive

Physics by Saurabh Maurya (lIT-BHU)
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2

(a)
Fig. 23.40
[AFMC 1998, CEE Delhi 1997, 2000]

B (b) F, and F, cancel one another. 7, is attractive
F,isrepulsive. But /| > F,

Force is attractive

FZ
1 AIZ
I\ Fe— > F
F,
(b)
Fig. 23.40 (b)
_ sl 1, _ RS
F = 2ra (@), F,= 4ra (@)
_ _ i1,
Fnet - Fl 7F3 - 472-

24. Fig. 23.41 shows a circular wire of radius 7 carrying a
current i. The force of compression on the wire is

i

X X
B
Fig. 23.41
(a)2iaB (b) iaB
(c)2maB (d) none of these

F = [idl B=iaB
Physics by Saurabh Maurya (lIT-BHU)

(b) dF = idIB

25. A square coil of edge / having » turns carries a current
i. It is placed on a smooth horizontal plate A magnetic
field B parallel to one edge is applied. The total mass of
the coil is M. The minimum value of B for which the coil

will tip over is
F
F
Fig. 23.42

Mg Mg
@ lin ®) 2lin

2Mg
(©) Iin (d) none of these

(b)F=IlinB+IlinB

Mg=2linBorB= Mg
g=2linBorB=", .
26. A particle of mass M and charge O moving with a

velocity , describes a circular path of radius R when
subjected to a uniform transverse magnetic field of
induction B. The work done by the field when the
particle completes one full circle is

(a) zero (b)BQ2R

MY?
() BQv(27R) (d) ( R j (2 7R)

[AIEEE 2003]

(a) As displacement is zero.

27. A particle of charge ¢ = 16 x 10"* C moving with
10 ms™ along x-axis enters a magnetic field of induction
B along the y-axis and an electric field 10* Vm™ along
negative z-direction. If the particle continues to move
along x-axis then the strength of magnetic field is

(a) 10° Wbm (b) 10" Wbm
(¢) 103 Wbm™ (d) 10* Wbm™
[AIEEE 2003]

E__ 10
(d)v="—=— =10 .. B=10 Wbm
B~ B

28. A conducting loop carrying a current / is placed in a
uniform magnetic field pointing into the plane as shown
in Fig. 23.43. The loop will have tendency to
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104,
(a) zero (b) Rl(47r)(.2)

\ 204,
> X (d) none of these

© (R +R,)(87)

4
\1\/ EMTYY  (2) Because current in the loop is zero.

31. The magnetic field strength at O due to current / in the
Fig.23.461s

X

Fig. 23.43

(a) contract (b) expand
(c) move towards positive x-axis
(d) move towards negative x-axis
[IIT Screening 2003]

m (b) Using Fleming left hand rule you find that
the force is acting outwards.

29. In a square loop made with a wire of uniform cross-

section current / enters from point 4 and leaves from Fig. 23.46
point B. The magnetic field strength B at the centre of
the square is 7 ol 15u,1
@ J6r ®) Ter
11y, 134,
© 3R @355

Tl

I3 alfL
Solution LTI R b o Py B

32. Two long wires carrying current are kept crossed (not
joined at O). The locus where magnetic field is zero is

Fig.23.44
12~/2 I
(a) zero (b) 122 o
4ra
42 p,1 22u,l 2 4
) ——— (d) —== ,
4ra 4a
BT (2 See shorteut (3).

30. In the Fig. 23.45 shown below each battery has emf Fig. 23.47 (a)
=5 V. Then the magnetic field at P is

x y
| | @5L=7 1, (b)1,= =1,
| |
| |
| | ©1=1, (d)1,=-1,
§ R % R, % R, B  (2) Magnetic field could be zero in 1st or 3rd
] quadrant.
| | | | “10 cm_’| P
L L Ml Hol,
10 cm 10 cm 27x 2zy
. x
Fig. 23.45 or I ==1,

Y
Physics by Saurabh Maurya (lIT-BHU)



740 Pearson Guide to Objective Physics

33.

34.

Solution G Rewrae

Fig. 23.47 (b)

A long solenoid has magnetic field strength of
3.14 x 10 T inside it when a current of 5A passes
through it. The number of turns in 1 m of the solenoid is

(a) 1000 (b)3000
() 5000 (d) 10000

B 314x107  10°
=7 =————=—=5000.
©)n Mol 47 x107 x5 20
A particle of mass m and charge ¢ is projected into a
region having a perpendicular magnetic field B. Find
the angle of deviation as it comes out of the magnetic
field if the width d of the region is very slightly less

v
than 24B
(a)30° (b) 60°
(c) 90° (d)45°

mvsin @ my
" 2¢B

or

1
i.e.sin §= 5 or 8=30°

Two metal strips each of length / as shown are kept b
apart and connected to a battery of emf & through a
resistance R. A wire of mass m lies on it. Metal strips
are smooth but floor has coeff of friction x. Find how
far the wire will land after leaving the metal strips after
the switch is made ON in Fig. 23.48.

T
i

— > —p

v

< /

Fig. 23.48
eb’B X &I’B
(a) LiRgm (b) Rmg
&lbB
©) LRmg (d) none of these
=% p-mpanda- 2 -2
(C)iR s AANG e T R

V*=2al=2ugx if x is the distance moved on floor

ebBI
HRmg

TYPICAL PROBLEMS

36.

A thin disc (or dielectric) having radius » and charge ¢
distributed uniformly over the disc is rotated » rotations
per second about its axis. Find the magnetic field at the
centre of the disc.

Hogn Hoqn
(@) = (b) =
a 2a
Hoqn 3pqn
© 4a (d) 4a

(a) Surface charge density o= ﬂiz

4 2 7oxdx

Charge on the hypothetical ring = o

di

N

4
:%:nq

37.

@

G

Fig. 23.49

Magnetic field due to the element

Hydl My 2xdxqn _ Hyqndx
e a(2x) T2

dB =

B

0

Hogn e HoGn [ o Hoqn
Jam =S ] e =S bl =5

Find the magnetic field intensity due to a thin wire
carrying current / in the Fig. 23.50 (a)



~

'

/TN

Fig. 23.50 (a)

(a) 2’;"; (7-a+ang)  (b) 5 é (7-a)

Hol
2

Ho
27R

© 2L (2t 0) @

+ g—
IR (7+ a—tanq)

Lol
m (a) Barc = 47;)-R (272-_ 2a)’

38.

] (sina +sina)

line

4rRcosa

{

a
d

}

d=Rcos a

Fig. 23.50 (b)

Mol
= —a+ .
B, IR (7— a+tana)

Electrons emitted with negligible speed from an electron
gun are accelerated through a potential difference ¥
along the x-axis. These electrons emerge from a narrow
hole into a uniform magnetic field of strength B directed
along x-axis, Some electrons emerging at slightly
divergent angles as shown in the Fig. 23.51. These
paraxial electrons are refocused on the x-axis at a
distance

S - ~

~
- ~
- ~
N - ® »>
~ -

. e Xx-axis
|‘ || B
| | Vo
Fig. 23.51
@ 8z mV ) 27tmV
a
eB’ eB
© Ar*mV ) 27°mV
c
eB’ eB’
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1
Solution JRGEVEE Ratg
or mv. = \2emV

The electron will be refocussed after travelling a distance

= pitch of helix pitch
_ 2zmV \/47r2><2emV B \/87[2mV
qB &’ B? eB’

39. A uniform current of density J flows inside an infinite
plate of thickness 2d parallel to its surface. Find the
magnetic induction induced by this current as a function
of distance x from the median plane of the plate. The
magnetic permeability is assumed unity both inside and
outside the plate.

EIMYY] We assume that the current flows
perpendicular to the plane of the paper.

x=0
A i A 4
Fig. 23.52
2Bdl = u (2xdl)J
or B = ppJfor x| <d
Outside 2Bdl = u 2ddlJ]
or B = pdjkl=d.

40. Consider a solid sphere of radius R and mass m having
charge Q distributed uniformly over its volume. The
sphere is rotated about a diameter with the angular speed
@. Show that the magnetic moment M and the angular
momentum L of sphere are related as

_92
M ==L

ERIMYY  The magnetic moment acts along the axis of
rotation. Consider a volume element dV. It contains a

charge dV and current constituted by the

ﬂ7rR3
3

element is
Physics by Saurabh Maurya (lIT-BHU)
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42. The length of conductor ab carrying current /, is /. Find
the force acting on it due to a long current carrying
conductor as shown in Fig. 23.55 (a). The mid-point of
wire ab is distance x apart from long wire.

rd@

sin @

- o

Fig. 23.53
PR R p— {
= R 5, and magnetic momen
Fig. 23.55 (a)
M = I sin? 0= —2 v 2 mosin g
# 4rR’ 27 ERIMTYY Consider a small element dy at a distance y

from the long conductor. Force on this element

T ¢R 3 W .
M :Io Io g (27* sin 8dOdr) (?I’zsmzﬁj

ArR’ e
Yo
[ A L, &
30 o R 4 ORw ‘ a—>—H—1
= X X — X — =
2R’ 2 5 3 5 «— y —»
L = 2 mR? @ x+1/2 >
5
L L Fig.23.55 (b
Ro = —.HenceM:Q— g (b)
2m 2m
41. Inside a long straight cylindrical wire, there is a long dF = Holdy
round cylindrical cavity whose axis is parallel to the 2my
axis of the wire and displaced from the latter by a ] 7
distance /. A4 direct current density J flows along the Fo= o J' wirdy ol log X+1/2 .
2y 2 T x—1)2

wire. Find the magnetic induction inside the cavity. What 27

. o . JDOS
will be the magnetic induction at /= 0? 43. Find the magnetic field intensity at a point O. Assume

linear parts to be long and the curved part has the radius

R.
A
a
(2 1 N »y
1
X
Fig. 23.54 Fig. 23.56

B Assume that uniform current flows in the w1
_ 0 . .
MY B.= | along—z-axis due to horizontal part

cavity superposed on actual current. 47R
= -t - _ - !
B = 5 (4P —PC) = P l B, = % along — x-axis due to semicircular part
if/ =0,B=0.

Physics by Saurabh Maurya (lIT-BHU)



s . .
B, = AZR along — x-axis due to the vertical part

B = B +B,+B,

_wd(R) () ()
47R 4R 47R

44. Find the force acting on the conductor carrying current.

I ® R
«— | —> B «— | —>
Fig. 23.57 (a)
(@) ud 21+ uR)B (b) u [(21+R)B

(©) u 21+2R)B (d) none of these

90
m (C)Fnct:F+F+ J’o 2IE Cos g

90
1B + IIB + jo 21 R décos 0

21IB+2IRB

Short cut F = F + F + IB (displacement length of
curved part) = [IB + [IB + IB(2R) = 21IB + 2IRB.

dF, cos §  dF,cos 0

B

F .
dF, sin F sin 0
F NP F
«— | — «— | —>

Fig. 23.57 (b)

45. Find the magnetic field strength B of an infinite plane
carrying a current of linear density J (same at all points).

[Olympaid 1994]

Fig. 23.58

Mo
y -

[ﬁB.dl = uJ() B (2D) = p Jlor B=

Magnetic Effects of Current 743

The magnetic field intensity is horizorntal and parallel
to the plane.

46. Two parallel long conductors carrying current /, and /,
are shown in Fig. 23.59. Assuming magnetic field to be
positive pointing for up the plane of paper and /, = I,
which of the following graphs best represents the

conditions?
1A Al
< d >
@ b s
» X » x
—d—> +—d —>»
¢ (d) none of these

> x
—Jd—>
Fig. 23.59
[IIT Screening 2001]
MY (a) UseB= Hol and keep direction in mind.
4rd

47. Alongstraight solid cylinder oriented with its axis along
z carries a current whose density j is given by

Physics by Saurabh Maurya (lIT-BHU)
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Fig. 23.60

~ 21 rY |2
j = ﬂa‘){l—(;j }k forr<a

=0forr>a

a being radius of the cylinder.

Find the magnetic field in the region » <a

m del :’uOIcucloscd
r( 21 r
= ,Uojo (m_gj{l_?} 2mrdr
Moy o r’
02—
st 2-2]

Mol r?
2ra a
48. A coil having N turns is wound tightly in the form of a
spiral with inner and outer radii a and b respectively.

When current 7 passes through the coil, the magnetic
field at the centre is

BQ2m)

orB

Nyl b N pyl b+a
a) ——%—log, — b log,
@ 2 (-a) ® S b-a) " b-a
(©) 2N—’uollogeé (d) none of these
(b+a) a
b

0

Fig. 23.61

(a) Magnetic induction due to a circular

i
current-carrying loop at x is dB = g—;(dN )
Total magnetic field at the centre (due to all loops)

Physics by Saurabh Maurya (lIT-BHU)

B = [&lan
2x

v
« 2x (b—a) dx

HoiN 1 b
Z(b—a) ©8. a

PASSAGE 1

Read the following passage and answer the questions given
at the end.

Thomson assumed that each positive ion had a charge equal
in magnitude to that of the electron because each was an
atom that had lost one electron. He could then identify
particular values of q/m with particular ions. Positive
particles move more slowly than electrons and have lower
values of g/m because they are much more massive. The
largest q/m for positive particles is that for the lightest
element hydrogen. From the value g/m it was found that the
mass of the hydrogen ion or proton is 1836.13 + 0.01 times
the mass of an electron. Electrons contribute only a small
amount of the mass of material objects.

The most striking result of these experiments was that certain
chemically pure gases have more than one value of g/m.
Most notable was the case of neon, which has atomic mass
20.2 g — mol',. Thomson obtained two values of q/m,
corresponding to 20 and 22 g — mol™', and after trying and
discarding various explanations he concluded that there must
be two kinds of neon atoms with different mass.

Soon afterward Aston, a student of Thomson, succeded in
actually separating these two atomic species. Aston permitted
the gas to diffuse repeatedly through a porous plug between
two containers.

1. Using specific charge Thomson could find isotopes.
Name another method with which isotopes could be
separated.

(a) Mass spectrometer (b) Millikan’s method

(¢) Superconductivity transition
(d) Mossbaur effect.

2. A student found e/m using Thomson method for
electron. His value was 1/3 rd of the original. He
claimed to commit no mistake.

(a) Instead of electron he used quark.

(b) He took some mysterious particle.

(c) The electron was moving with relativistic speed.
(d) Hejustlied.

3. A proton is moving with 10* ms™ in a transverse
direction to the magnetic field of 0.2 T undeviated. It
is due to



(@) anelectric field of 2kVm™ along the magnetic field

(b) an electric field of 2 kVm™' along the direction of
motion

(¢) 2 kVm' electric field acting in the third
perpendicular direction

(d) none of these.
Solution RN
Solution[iEX®)
m 3.(c) E=vB=10*(2)=2kvm

PASSAGE 2

Read the following passage and answer the questions given
at the end.

Millikan and his co-workers measured the charges of
thousands of drops and found that, within the limits of their
experimental error, every drop had a charge equal to some
small integer multiple of a basic charge e. That is, drops
were observed with charges of e, 2e, 3e, etc, but never with
such values as 0.76 e or 2.49 e. The evidence is conclusive
that electric charge is not something that can be divided
indefinitely, but that it exists in nature only in units of
magnitude e. When a drop is observed with charge e, we
conclude it has acquired one extra electron; if its charge is
2e, it has two extra electrons, and so on.

1. Adrop of oil of mass 2 ng is kept stationary in between
two plates kept 2 cm apart. A potential difference is
2 kV is applied. The number of electrons it gained is.

() 16
()4

(e) none of these

(b) 160
(d) 1600

2. Anoil drop of mass 0.2 ng has lost 100 electrons. The
density of oil is 0.8 g/cc. Find the electrostatic pressure
it has.

(a)4.42x10%Pa (b)4.42 x10'°Pa
(c)4.42%x10°Pa (d)4.42x10*Pa
3.  Which process ionises the oil drops in Millikan’s

experiment?

(a) Friction (b) Photo electric effect

(c) Thermionic emission  (d) Secondary emission

4. The quarks have fractional electronic charge e/3 and
2e/3. Then why is such a fractional electronic charge
not reflected on the oil drop?

(a) Quarks cannot be gained or lost.
(b) Only electrons can be gained or lost.
(c) To lose quark, energy in Mel/ is required

(d) Single quark is unstable.

Magnetic Effects of Current 745

y
L(d)2%10°x10°x9.8=(ne) —

2x10"%x2x107%%9.8

or ne = 2000
nx1.6x101°=19.6x 10"
n = 1600
1/3 1/3
m 10°x.2
2.(a)r= =
Solution EEENCEE TN axsn
3 3
100 10°
26 M 26 ™
1
P = EgoEZ

107" x100x9x10° x2.62

(10°)

1
= —x885x 10"
2

442 x 10712 x 1440 % 6.89
= 442%10*Pa

Solution JEEREES
Solution JERE

PASSAGE 3

Read the following passage and answer the questions given
at the end.

Consider a toroidal solenoid with rectangular cross-section
as shown in Fig. 23.62. While finding the expression for
magnetic field in toroid, we considered that magnetic field
remains same in the whole cross-section. In actual practice
we know that it varies with distance. Use Ampere’s law and
consider a solenoid (toroidal) having N turns uniformly
spaced with air inside. The inner radius is a and outer radius
is b. Its height is /.

Fig. 23.62

1. The magnetic flux through the cross-section of the
toroidal solenoid is

Nih Nih(b—-

@ (o) 2olH0=)
T 2xr
Nih b NZih

(© F4 " log, ~ (@ #"log,
V4 a b

Physics by Saurabh Maurya (lIT-BHU)



746

2. The selfinductance of the toroidal solenoid described
in the passage is

N?h N*h b
(a) £ (b) £ 1og, >
2w 2 a

Nh b N*h
() 4 log, (@ #7Flog,
T a b

1. (c) Consider a small section of height # and
width dr of the total toroidal cross-section.

|l

Tt

h
s }
—>
Wt M
Fig. 23.63

[1B-dl = N,
iN
p = Htr
27y

magnetic flux d¢ = BdA through cross-section hdr of

a turn
¢penum = J.d¢ :B _[dA
AL J~b dr u,iNh ) b
2z «r 2z 0% a
m 2' (b) ¢Iotal = Number Oftums x ¢pc:rtum
UyN>hl b
= —— log. —
2r °a
. do L dl
using € = — —— =—L —
dt dt
N?h b
or L = Fol B log —
2r °a
PASSAGE 4

Read the following passage and answer the questions given
at the end.

In the circuit shown, no charge is initially given to the
capacitor. At ¢ = 0, the switch S is closed

Fig. 23.64
Physics by Saurabh Maurya (lIT-BHU)

1. When the switch is just closed
(@) ¥, reads 75V and all others read zero

(b) ¥, reads 25V and V, reads 50 V while all others
read zero.

(c) all meters read zero.
(d) V,reads 75V and all others read zero
2. After the switch has been closed for a sufficiently long
time
(a) ¥, reads25V and ¥V, reads 50V
(b) V,reads 75 V and all others read zero.
(c) ¥, reads 75V and all others read zero.
(d) none of the above.
3. The time constant of charging of the capacitor is
(a)3.75 ms (b) 11.25ms
(c) 1.5ms (d) none of these

4. The maximum charge on the capacitor at any instant
is

(2)5.625 uC (b)5.625 % 10+ C
() 5.625 % 10 C (d)5.625 me
BRI 1. (c) Charging of capacitor is ¢
q,(1—e")
V, (1—e")

2. (b) Capacitor is fully charged and capacitor
does not allow DC current to flow except during
transients.

or V

3. (a) Capacitor charge through 50 Q resistor
as coil acts like short circuit.

MY 4 () 0=V ,C=75x75uC=5.625mc
PASSAGE 5

Read the following passage and answer the questions given
at the end.

A brilliant student of physics class developed a magnetic
balance to weigh objects. The mass m to be measured is
hung from the centre of the bar. Bar is kept in a uniform
magnetic field of 1.5 T directed into the plane of Fig. 23.65.
Battery voltage can be adjusted to vary the current in the
circuit. The horizontal bar shown is 60 cm long and is made
of extremely light weight material. It is connected to the
battery via a 5 Q resistance. There is no tension in the
supporting wires. The magnetic force only supports the
hanging weight.

Variable ) 5Q
supply

X X X X BX

Fig. 23.65
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1. Which point of battery terminal is positive? 1. What is velocity selector mentioned in the passage?
()4 (b)B (a) Electric and magnetic field crossed to each other
(c) either of 4 or B (d) cannot be found and electric field parallel to motion of the particles
dE=vB
2. If V=150V, whatis the maximum mass m? an ) Y )
(b) Electric and magnetic field crossed to each other
(a) 1.3kg (b) 1.8kg and magnetic field parallel to motion of the
(©)22ke (d)2.7kg particle and v = B/E
m 1. (a) Current should enter bar from P so that (c) Magnetic field, electric field and velocity mutually
magnetic force is upwards. . 1)
perpendicular so that v= —
v B
By 2-(d)iB=mgor 5 IB=mg (d) Magnetic field, electric field and velocity mutually
B
_ 150x.6x1.5 —27k perpendicular so that v = z
or m = 5%10 =2.7kg
2. What is the separation m m,? Given v = 10° ms™',
PASSAGE 6 B =2T
Read the following passage and answer the questions given (a) 1 cm (b) 2 cm
at the end.
() 0.5 cm (d) none

A chemist faced a problem of separating isotopes of chlorine.
His friend who was studying physics suggested him to use m L.(c)

magnetic field B , a velocity selector and a photographic ﬁ my
plate as illustrated in Fig. 23.65. Allow slightly charged m 2.(b) R, ~ m,
particles (ionised) to enter the magnetic field with a selected
(predetermined) velocity, then higher mass will make a larger 35 my
radius and smaller mass will make a smaller radius. TR )
37 9B
B ’ B 35%1.6x10% x10°
i 1.6x10 " x.2
i Velocity selector = 175cm
-7 R, = 185cm
Fig. 23.65 mm, =2(R,-R)=2cm

QUESTIONS FOR PRACTICE

1. If a charged particle kept at rest experiences an 3. A charged particle moves in a gravity-free space
electromagnetic force without change in velocity. Which of the following
(@) the electric field must not be zero is/are possible?
(b) the magnetic field must not be zero ()E=0,8=0 (b)E=0,8#0
(c) the electric field may or may not be zero (©)E#0,B=0 (d)E#0,B#0.

4. A charged particle moves along a circle under the action
of possible constant electric and magnetic fields.
Which of the following are possible?

(@ E=0,B=0 (b) E=0,B#0
()E#0,B=0 (d)E#0,B#0.

5. A charged particle goes undeflected in a region

containing electric and magnetic fields. It is possible
(d) both fields can be non-zero. that

(d) the magnetic field may or may not be zero

2. [If a charged particle projected in a gravity-free room
deflects,

(a) there must be an electric field
(b) there must be a magnetic field

(c) both fields cannot be zero
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10.

11.

@EINB-vIE (b) E isnotparallel to g

(c) v || g but £ isnotparallel to g

(d) £ || B but y isnot parallel to g

If a charged particle goes unaccelerated in a region
containing electric and magnetic fields,

(a)
(b)

(c)
(d)

Two ions have equal masses but one is singly-ionised
and the other is doubly-ionised. They are projected
from the same place in a uniform magnetic field with
the same velocity perpendicular to the field.

(a)
(b)

£ must be perpendicular to 5
y must be perpendicular to g

y must be perpendicular g

E must be equal to vB.

Both ions will go along circles of equal radii.

The circle described by the singly-ionised charge
will have a radius double that of the other circle.

The two circles do not touch each other.

(c)
(d)
An electron is moving along the positive X-axis. You
want to apply a magnetic field for a short time so that
the electron may reverse its direction and move parallel
to the negative X-axis. This can be done by applying
the magnetic field along
(a) Y-axis

(c) Y-axis only

The two circles touch each other.

(b) Z-axis
(d) Z-axis only.

Let g and p denote electric and magnetic fields in a

frame S and El and Ti’l in another frame §’ moving

with respect to S at a velocity ;, . Two of the following
equations are wrong. Identify them.

vE

2 vB,
2
C

b) E, =E, -5

(a) B/ =B +

! !
() B, =B +VE, (d) E, =E +VB,
The magnetic field at the origin due to a current element

i 4] placed at a position - is

Myl dixr Myl rxdl
@) 4z 3 (b) 4r

Myl rxdl My dixr
(©)- 4r 3 (d)- 4z 53

A long straight wire carries a current along the Z-axis.
One can find two points in the X-Y plane such that.

Physics by Saurabh Maurya (lIT-BHU)

12.

13.

14.

15.

16.

(a) the magnetic fields are equal
(b)
(c) the magnitude of the magnetic fields are equal
(d

the direction of the magnetic fields are the same

the field at one point is opposite to that at the
other point

Consider three quantities x = E/B, Y= \/1/ y,&, and

1
Z= R Here, [ is the length of a wire, C is a

capacitance and R is a resistance. All other symbols
have standard meanings.

(a) x,y have the same dimensions.
(b)

(¢) z,x have the same dimensions.

(d)

v, z have the same dimensions.

The field at one point is opposite to that at the
other point.

A hollow tube is carrying an electric current along its
length distributed uniformly over its surface. The
magnetic field

(a) increases linearly from the axis to the surface
(b)
(c) iszero at the axis
(d)

A steady electric current is flowing through a cylindrical
conductor.

is constant inside the tube

is zero just outside the tube

(a) The electric field at the axis of the conductor is
Zer0.

(b) The magnetic field at the axis of the conductor is

Zero.

(c) The electric field in the vicinity of the conductor

is zero.

(d) The magnetic field in the vicinity of the conductor

is zero.

A long straight wire of radius R carries a current
distributed uniformly over its cross-section. The
magnitude of the magnetic field is

(a) maximum at the axis of the wire
(b) minimum at the axis of the wire
(¢) maximum at the surface of the wire
(d) minimum at the surface of the wire

In a coaxial, straight cable, the central conductor and
the outer conductor carry equal currents in opposite
directions. The magnetic field is zero

(a) outside the cable

(b) inside the inner conductor
(c) inside the outer conductor
(d) in between the two conductors



17. —
A B
R
Fl F2
Fig. 23.66

18.

19.

20.

21.

An observer 4 and a charge Q are fixed in a stationary
frame F'|. An observer B is fixed in a frame F,, which
is moving with respect to F,.

(a) Both 4 and B will observe electric fields.
(b)
(c)
(d)
A long straight wire carries a current along the x-axis.
Consider the points 4(0, 1, 0), B(0, 1, 1), C(1, 0, 1)
and D(1, 1, 1). Which of the following pairs of points
will have magnetic fields of the same magnitude?

Both 4 and B will observe magnetic fields.
Neither 4 nor B will observe magnetic fields.

B will observe a magnetic field, but 4 will not.

(a)4 and B (b)4dand C
(c)Band C (d)Band D
In the previous question, if the current is i and the

magnetic field at D has magnitude B,

Myl Myl
@ B=5 ®)B=5 %z

(c) B is parallel to the z-axis

d) B makes an angle of 45° with the xy plane
g yp

A straight conductor carries a current. Assume that all
free electrons in the conductor move with the same
drift velocity v. 4 and B are two observers on a straight
line XY parallel to the conductor. 4 is stationary. B
moves along XY with a velocity v in the direction of the
free electrons.

(@) A and B observe the same magnetic field.
(b)
©

A observes a magnetic field, B does not.

A and B observe magnetic fields of the same
magnitude but opposite directions.

(d)

A and B do not observe any electric field.

Fig. 23.67

22.

23.

24.

Magnetic Effects of Current 749

Two long parallel wires, AB and CD, carry equal currents
in opposite directions. They lie in the xy plane, parallel
to the x-axis, and pass through the points (0, —a, 0)
and (0, a, 0) respectively. The resultant magnetic
field is

(a) zero on the x-axis
(b)

(c) directed along the z-axis at the origin, but not at
other points on the z-axis

maximum on the x-axis

(d) directed along the z-axis at all points on the z-
axis
A
dL
i
o P X
L

Fig. 23.68

L is circular loop carrying a current. P is a point on its

axis OX. dl is an element of length on the loop at a

point 4 on it. The magnetic field at P

(a) due to L is directed along OX

(b) due to dlis directed along OX

(c) due to dl is perpendicular to OX

(d) due to dl is perpendicular to AP

A straight conductor carries a current along the z-axis.

Consider the points 4(a, 0, 0), B(0, —a, 0), C(-a, 0, 0)

and D(0, a, 0).

(@) All four points have magnetic fields of the same
magnitude.

(b) All four points have magnetic fields in different

directions.

(¢) The magnetic fields at 4 and C are in opposite
directions.

(d)

The magnetic fields at 4 and B are mutually

perpendicular.
(a) (b)
()
¢ (d)

(

Fig. 23.69
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25.

26.

27.

In the loops shown, all curved sections are either
semicircles or quarter circles. All the loops carry the
same current. The magnetic fields at the centres have
magnitudes B, B,, B, and B,.

(a) B, is maximum (b) B, is minimum
(c)B,>B,>B,>B, (d)B,>B,>B,>B,

L is a circular ring made of a uniform wire. Current
enters and leaves the ring through straight conductors

which, if produced, would have passed through the
centre C of the ring. The magnetic field at C

Fig. 23.70

(a) due to the straight conductors is zero
(b) due to the loop is zero

(c) due to the loop is proportional to &

(d)
A fiat circular coil, carrying a current, has a magnetic
moment /..

due to the loop is proportional to (7— 6)

(a) uhas only magnitude; it does not have direction.

(b) The direction of xis along the normal to the plane
of the coil.

(c) The direction of x depends on the direction of the
current flow.

(d) The direction of x does not change if the current

in the coil is reversed.

Y,

Z
Fig. 23.71

A conductor ABCDEF, shaped as shown, carries a
current i. It is placed in the xy plane with the ends 4
and E on the x-axis. A uniform magnetic field of
magnitude B exists in the region. The force acting on
itwill be

(@) zero, if B is in the x-direction
(b) ABi in the z-direction, if B is in the y-direction

(c) ABi in the negative y-direction, if B is in the z-
direction

(d) 2abBi,if B is in the x-direction

Physics by Saurabh Maurya (lIT-BHU)

28. A long straight conductor, carrying a current i, is bent

to form an almost complete circular loop of radius r as
shown. The magnetic field at the centre of the loop

Fig. 23.72
(a) is directed into the paper

(b)

is directed out of the paper

- Hol 1_lj
(c) has magnitude 2 ( .

. Ll 1 j
h tude == |1+—
as magnitude 2 ( Jn

(d)

29. A conductor 4B carries a current i in a magnetic field

B - If 45 = ; and the force on the conductor is

(@) F does not depend on the shape of AB

b) F=i(;x5)
© F=iF*7)
@ |FI=i(;-B)

30. A long, straight, hollow conductor (tube) carrying a

31.

current has two sections 4 and C of unequal cross-
sections joined by a conical section B. 1, 2 and 3 are
points on a line parallel to the axis of the conductor.
The magnetic fields at 1, 2 and 3 have magnitudes B,
B,and B..

Fig. 23.73
(@ B,=B,=B, (b) B,=B,#B,
(c) B/ <B,<B,
(d) B, cannot be found unless the dimensions of the

section B are known.

Current flows through a straight cylindrical conductor
of radius ». The current is distributed uniformly over
its cross-section. The magnetic field at a distance x
from the axis of the conductor has magnitude B.



32.

33.

34.

3s.

36.

(a) B=0 at the axis (b)B=xfor0<x<r.

1
(c)Bx < forx>r.

(d) B is maximum forx=r.

A semicircular wire of radius 7, carrying a current i, is
placed in a magnetic field of magnitude B. The force
acting on it

(a)
(b)
(c)
(d)
Two long, thin, parallel conductors seperated by a

distance carry currents i and i,. The force per unit
length on one of them is F. Then

(a) Foc (i,i,) (b) Foc (i),

can never be zero
can have the maximum magnitude 2Bir
can have the maximum magnitude Biur

can have the maximum magnitude Bir

1 1
(c)F 7 (d)F 7
A current-carrying ring is placed in a magnetic field.

The direction of the field is perpendicular to the plane
of the ring.

(a)
(b)
(©)
(d)

There is no net force on the ring.
The ring will tend to expand.
The ring will tend to contract.

Either (b) or (c) depending on the directions of
the current in the ring and the magnetic field.

A P B
¥
= T
+
o
C d D

Fig. 23.74

AB and CD are smooth, parallel, horizontal rails on
which a conductor 7 can slide. A cell, E, drives current
i through the rails and T.

(a)

The current in the rails will set up a magnetic field
over T.

(b)
(c)
(d)
Two long, thin, parallel conductors, separated by a

distance d carry currents i, and i,. The force acting on
unit length of any one conductor is F.

T will experience a force to the right.
T will experience a force to the left.

T will not experience any force.

(@) F is attractive, if i, and i, flow in the same
directions.

(b) F is gttractlve, if i, and i, flow in opposite
directions.

Magnetic Effects of Current 751

(c) F is the same for both conductors.

(d) Fis different for the two conductors.

37. AB and CD are smooth parallel rails seperated by / and

38.

39.

40.

inclined at angle &with the horizontal. If B is normal to
the plane of the rails then force on conductor EF
placed on the rails is

(@ Bil=mgtan 6
(b)
(c) Bil=mgcos ¢
(d)

Bil=mgsin 6

equilibrium cannot be reached

Fig. 23.75

AB and CD are smooth parallel horizontal rails on which
aconductor 7 canslide. A cell of emf E drives a current
i through the rails. Then

(a) the force on T 'is proportional to i
(b)

(c) if the direction of i is reversed in the circuit by
reversing £, the force on 7'will reverse in direction

the force on 7'is proportional to i

(d) if the direction of i is reversed in the circuit by
reversing E, the force on 7 will remain in the same

direction

A conducting gas is in the form of a long cylinder.
Current flows through the gas along the length of the
cylinder. The current is distributed uniformly across
the cross-section of the gas. Disregard thermal and
electrostatic forces among the gas molecules. Due to
the magnetic fields set up inside the gas and the forces
which they exert on the moving ions, the gas will tend
to

(a) expand (b) contract
(c) expand and contract alternately

(d) none of the above

Fig. 23.76

AB and CD are smooth parallel rails, separated by a
distance /, and inclined to the horizontal at an angle 6.
A uniform magnetic field of magnitude B, directed
vertically upwards, exists in the region. EF is a
conductor of mass m, carrying a current i. For EF to
be in equilibrium,

Physics by Saurabh Maurya (IIT-BHU)
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(a) imustflow from Eto F
(b) Bil=mgtan 0

(c) Bil=mgsin 0

(d) Bil=mg

41. A current i is flowing in a conductor as shown in the
figure. The magnetic induction at point O will be

Fig. 23.77
(a) zero (b)  wilr
(c) 2uilr (d) wu,ildr

42. The magnetic lines of force due to straight current

carrying conductor are
(a) circular lines (b) straight lines
(c) concentric lines (d) elliptical lines

43. The magnetic field generated along the axis of a
solenoid is proportional to

(a) its length

(b) square of current flowing in it

(c) number of turns per unit length in it
(d) reciprocal of its radius

44. The phenomenon of production of magnetic field on
passing an electric current in a straight conducting wire
is based on the law of

(a) Faraday (b) Coulomb

(d) Oersted

45. Current i is flowing in a long straight conducting wire.
The magnetic induction at a distance r from it is 0.4
Tesla, then its value at double the distance will be

(a) 1.6 Tesla (b) 0.8 Tesla
(c) 0.2 Tesla (d) 0.1 Tesla

46. On passing electric current in two long straight
conductors in mutually opposite directions, the
magnetic force acting between them will be

(c) Ampere

(a) attractive (b) repulsive
(c) Dboth attractive and repulsive
(d) neither attractive nor repulsive

47. Current i is flowing in a circular coil of radius a, then
magnetic induction at centre is B. If the current is
doubled then magnetic induction will be

(a)2B (b)B
(©)4B (d) 242

48. The magnetic induction due to a current i passed in a

straight conductor at a distance d from it is proportional
to

Physics by Saurabh Maurya (lIT-BHU)

1 .
(a) d ()dZ
(c)d (d)a

49. Current i is flowing in each of the two similar coaxial
circular coils in the same direction. If the loops
are moved towards each other, the following
phenomenon will happen

(a) current in each loop will decrease
(b) current in each loop will increase
(¢c) currentin each loop will remain same

(d) current in one loop will increase and that in another
loop will decrease

50. The magnetic field on the axis of a current-carrying
circular coil of radius a at a distance 2a from its centre
will be

(a) w,il2 (b)  14i/10\5a

(c) w,ilda (d) p,i
51. The correct curve between the magnetic field B due to
a long straight current-carrying conductor and distance

rfromit will be
Ba By
» »
(a) (b)
BA Ba
» r » r
(c) (d)
Fig.23.78

52. The magnetic induction due to circular current-carrying
conductor of radius a, at its centre is Bc. The magnetic
induction on its axis at a distance a from its centre is
Ba. The value of Bc : Ba will be

@~2:2
(©)2+/2 :1 d) 2:42

53. A 0.5 mlong straight wire in which a current of 3.2 4 is
flowing is kept at right angle to a uniform magnetic
field of 2.0 Tesla. The force acting on the wire will be

() 1:2+2



(a)2N
(12N

(b)2.4N
@3

54. The radius of each coil of a Helmholtz galvanometer is

0.1 mand number of turns in each is 25. When a current
is passed in it then the deflection of magnetic needle
observed as 45°. If the horizontal component of earth’s
magnetic field is 0.314 x 10 Tesla then the value of
current will be

(a)0.144
(c)0.424

(6)0.28 4
(d)0.074

55. Anelectron is revolving in a circular path of radius 2.0

x 1071 m with a uniform speed of 3 x 10° m/s. The
magnetic induction at the centre of the circular path
will be

(a) 0.6 Tesla
() 0.12 Tesla

(b) 1.2 Tesla
(d) zero

56. Two parallel straight conductors, in which current is

flowing in the same direction, attract each other. The
cause of it is

(a) magnetic force between the two
(b) electric force between the two
(c) potential difference between the two

(d) mutual induction between the two

57. A rectangular loop, carrying current i, is lying near a

long straight conductor PQ as shown in the figure in
such away that the wire is parallel to one of the sides
of the loop and is in the plane of the loop. If constant
current / is passed in the wire then the loop will

0

v

A

P
Fig. 23.79

(a) move towards the wire
(b) move away from the wire
(c) remain stationary

(d) rotate about an axis parallel to the wire

58. The distance between two thin long straight parallel

conducing wires is . On passing the same current i in
them, the force per unit length between them will be

Hyl Hoi’
b
(2) 27b (®) 2z
ﬂoiz
(c) b (d) zero

59.

60.

61.

62.

63.

64.

65.
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The wall of a straight tube of infinite length is thin. On
passing current i through it, the value of magnetic
induction inside the tube will be

2 2i

(@ = (b) =22
2r

(c) i (d) Zero

A proton and an electron, with same momenta, enter a
magnetic field in a direction at right angles to the lines
of force. If the radii of their circular paths arc rp and
re respectively then the value of rp:re will be

(@1:1 (b)1:2
(©)2:1 (d)4:1

A magnetic needle placed in a non-uniform magnetic
field experiences
(a) only force (b) force and torque
(c) only torque
(d) neither force nor torque,

A current i is flowing in a specific wire. It is turned into
a circular coil of one turn. Then it is turned to make a
coil of two turns and smaller radius. Now the magnetic
induction at the centre for same current will be

(a) half of its previous value

(b) one fourth of its previous value
(c) four times of its previous value
(d) =zero

Uniform electric and magnetic fields are directed along
X-direction. An electron is projected in X-direction
with a velocity v, then

(a) magnitude of velocity of electron will increase
(b) magnitude of velocity of electron will decrease
(c) electron will turn towards right

(d) electron will turn towards left

The force between two parallel conductors, each of
length 50 m and distant 20 cm apart, is 1 newton. If the
current in one conductor is double that in another one,
then their values will respectively be

(a) 100 4 and 200 4 (b) 50 4 and 400 4
(c)104and 304 (d)5A4and 254

The magnetic induction due to a straight current-
carrying conductor of infinite length at a distance d
from it will be

Hol Hot
@ 2 ®) Sz
Myl

d —_

(c) zero (d) Ard
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66. On applying a uniform magnetic field on a current-
carrying coil the coil rotates in such a way that its
plane

(a) becomes perpendicular to magnetic field

(b) becomes parallel to magnetic field

(c) makes an angle of 45° with the magnetic field
(d) makes any angle with the magnetic field

67. Which of the following quantities is not affected by a
magnetic field?

(a) Stationary charge

(b) Moving charge

(c) Change in magnetic flux

(d) Current flowing in a conductor
68. The magnetic field inside a solenoid is
(b) zero

(d) non-uniform

(a) infinite
(c) uniform
69. A current of 10 4 is flowing in a wire of length 1.5 m.
When it is placed in a uniform magnetic field of 2
Tesla then a force of 15 N acts on it. The angle between
the magnetic field and the direction of current flow
will be
(a)30° (b) 45°
(c)60° (d) 90°
70. A wireis lying parallel to a square coil. Same current is

flowing in same direction in both of them. The magnetic
induction at any point P inside the coil will be

v

e

iA Al

A

Fig. 23.80
(a) zero
(b) more than that produced by only coil
(c) less than that produced by only coil
(d) equal to that produced by only coil.

71. If the currents in two straight current-carrying
conductors, disatant d apart, are i, and i, respectively
in the same direction then they will

(a) rotate about a central axis

(b) attract each other

(c) repel each other

(d) neither attract nor repel each other

72. The correct curve between the magnetic induction (B)
along the axis of a long solenoid due to current flow i
in it and distance x from one end is

Physics by Saurabh Maurya (lIT-BHU)

Ba Ba
E » X » X
(a) (b)
By BA
' »x
(©) (d)
Fig. 23.81
73. Gauss is the unit of
(a)B (b H
()M @1

74. The correct expression for Lorentz force is

(a) g[E+(BxV)] (b) g[E +(V xB)]

(¢) q(V x B) (d) ¢E

75. The correct relation between B and M for a small
current-carrying coil is

M M

(a) B= ﬂ0x3 (b) B:"‘OT
(C) B:ﬂoj‘{ (d) B: ﬂoj\{
TX 27 x

76. A proton, a deutron and an a-particle are moving with
same momentum in a uniform magnetic field. The ratio
of magnetic forces acting on them will be

(a)l:1:2 (b)1:2:3
(©)2:1:1 (d1:1:1

77. An a- particle, a deutron and a proton are moving with
same momentum in a uniform magnetic field. The ratio
of their speeds will be

(a)1:2:4 b)4:2:1
(©)l:1:1 (d)2:2:4
78. The value of B, at the point of inflexion in B-x curve is
(a) maximum (b) positive
(c) constant (d) negative

79. The resultant force on the current loop PORS due to a
long current-carrying conductor will be, if the current
flow in the loop is clockwise,



Ampere A\
30A A A

A
=

N

“—, —>
m 10 cm

2¢c
Fig. 23.82

(a) zero (b)0.36 x10° N
(¢)1.8x103 N (d)0.5x 103N
80. A small linear segment of an electric circuit is lying on
x-axis extending from x =— a/2 to x = a/2 and a current
i is flowing in it. The magnetic induction due to the
segment at a point x = a will be

(a) ca (b) Zero

1
(c) xca e

81. The rays, which remain undeflected in a magnetic field,

are
(a) ocrays (b) f-rays
(c) y-rays (d) positive rays.

82. A currentiis flowing in a straight conductor of length
L. The magnetic induction at a point distant from its

centre will be
4y Myl
@ J5zL RNGY3
Mol
© 27l (d) zero

83. A current-carrying circular coil of magnetic moment M
is situated in a magnetic field B. The work done in
deflecting it from an angle 0° to ° will be

(a) MB (b) MB (1—cosb)
(c)-MB (d) MB (1 —sin6)

84. Same current i is flowing in two straight parallel
conducting wires situated a distance d apart. The
magnetic induction at the centre between two wires

will be

(a) zero (b) %
ALl Al

© @ 4

85. A uniform magnetic field B and a uniform electric field
E act in a common region. An electron is entering this
region of space. The correct arrangement for it to
escape undeviated is
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B
Ep
B
v v
72 Fﬂ/Z
72
» £
(@) (b)
Ea AE
N v
(© (d)

Fig. 23.83

86. A current of 30 amp is flowing in a conductor as shown
in the figure. The magnetic induction at point O will be

i=30A

Fig. 23.84

(a) 1.5 Tesla

(c) zero

(b)4.71 x 10* Tesla
(d) 0.15 Tesla

87. A current is flowing in a hexagonal coil of side a. The
magnetic induction at the centre of the coil will be

S

i

Fig. 23.85
3B, Hyl
(a) “a (b) 3 N

Mol \/gluoi
©) Pz @

88. A current i is flowing in an octagonal coil of side a.
The magnetic induction at the centre of the coil will be
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<+“—x—p
S

Fig. 23.86

Suyi
dra

S5N2p,i
@ (b) %

Mol \/g ol
c d) 4
© \/gﬁa @ 2ra
89. Two similar coils of radius R and number of turns N are
lying concentrically with their planes at right angles to
each other. The currents flowing in them are / and //3

respectively. Then the resultant magnetic induction at
the centre will be (in Wb/m?).

NI
2R

NI

@ F

(b)

NI NI
© 3 @5

90. A current of 103 4 is flowing in aresistance of 1000 Q.
To measure potential difference accurately, a voltmeter
should be used whose resistance is

()00 (b)500Q
(c) 1000 Q (d)>>1000 Q

91. A galvanometer with resistance 100 Q gives full
scale deflection with a current of 10 m 4. The value of
shunt, in order to convert it into an ammeter of 10
ampere range, will be

(a-10Q (b)1Q
(©)0.1Q (d)0.01Q

92. An ammeter gives full scale deflection with a current
of 1 amp. It is converted into an ammeter of range 10
amp. The ratio of the resistance of ammeter to the shunt
resistance used will be

(a)l:9 (b)1:10
(©)1:11 (d)9:1

93. The value of shunt resistance, in order to pass 10% of

the main current in the galvanometer of resistance 99

Q, will be
(@9.9Q (b)10Q
©11Q (doQ

94. A galvanomenter with resistance 5 Q2 can read upto 5
m A. If this instrument is to be used to read upto 100
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volt, then the value of resistance to be used in its series

will be
(2) 19.9995 O (b) 199.995Q
(€)1999.95Q (d) 19995 Q

95. Anammeter of resistance 0.2 Q) and range 10 m 4 is to
be used to read potential difference upto 1 volt. It will
have to be connected to

(a) 99.8 W resistance in series
(b) 99.8 W resistance in parallel
(¢) 0.1 W resistance in parallel
(d) 0.1 W resistance in series

96. The proper resistance to be connected in series with a
voltmeter, in order to increase its range 10 times,
will be

(2) nine times the resistance of voltmeter
(b) ten times the resistance of voltmeter

(c) eleven times the resistance of voltmeter
(d) one-tenth the resistance of voltmeter

97. The resistance required to be connected in parallel to
an ammeter in order to increase its range 10 times,
will be

(a) one-tenth the resistance of ammeter
(b) nine times the resistance of ammeter
(c) ten times the resistance of ammeter

(d) one-ninth the resistance of ammeter

98. A galvanometer of resistance 501 W gives full scale
deflection with a current of 0.5 m 4. The value of
resistance to be connected in series with it, in order to
convert it into a voltmeter of range 10 volt, will be

(a) 1,995 Q (b) 2,000 Q2
(c)19,950Q (d)20,000 Q

99. Ifonly 1% of main current is to be passed through a
galvanometer of resistance G, then the value of shunt
resistance will be

G 09
@ 3 ® %9

G 4)99 G
(c) 99 (d)

100. A current of 10”7 ampere produces 50 division
deflection in a galvanometer. Then its figure of merit
will be

(a) 10* amp/div (b) 10* amp/div
(¢) 107° amp/div (d) 2 x 10 amp/div

101. A voltmeter of 1000 Q can read potential difference of
1.5 volt. What resistance will have to be connected in

series with it, in order to measure potential difference
upto 6 volt with the help of this voltmeter?



102.

103.

104.

105.

106.

107.

108.

109.

(a) 3000 Q (b)500Q

(c) 1,000 Q (d) 10,000 Q

The figures of merit of two galvanometers, whose
resistances are 100 Q and 20 Q respectively, are
1710 amp/div and 2 * 10~ amp/div respectively. The
galvanometer, whose voltage sensitivity is more, is
(a) nothing can be predicted (b) second

(c) both (d) first.

A resistance of 900 Q is connected in series with a
galvanometer of resistance 100 Q. A potential difference
of 1 volt produces 300 division deflection in the
galvanometer. The value of figure of merit will be

(a) 102 A/div (b) 1073 A/div
(c) 10 A/div (d) 107 A/div
A proton, a deutron and an a-particle are accelerated
through the same potential difference and then they
enter a uniform normal magnetic field. If the radius of

circular path of proton is 8 cm then the radius of circular
path of deutron will be

(1131 cm (b)22 cm
(c)5cm (d)2.5cm
A proton and an o-particle enter a uniform magnetic
field at right angles to it with same velocity. The time

period of a particle as compared to that of proton, will
be

(a) four times
(c) half

A charged particle with charge ¢ is moving in a uniform
magnetic field. Ifthis particle makes any angle with the
magnetic field then its path will be

(b) two times
(d) one-fourth

(a) circular
(c) helical

A proton is moving with a velocity of 3 x 107 m/s in the
direction of a uniform magnetic field of 0.5 Tesla. The
force acting on proton is

(@)2N (b)4N

(c)6 N (d) zero

The work done by a normal magnetic field in revolving
a charged particle ¢ in a circular path will be

(a) zero (b) MB (1-cos6)

(c) MB (d)—MB

An electron is moving vertically downwards at any
place. The direction of magnetic force acting on it due

to horizontal component of earth’s magnetic field will
be

(a) towards east

(b) straight line
(d) parabolic

(b) towards west

(c) towards north (d) towards south

110.

111.

112.
113.

114.

115.

116.

117.
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A positive charge is moving towards an observer. The
direction of magnetic induction will be

(a) clockwise
(c) towards right

(b) anti-clockwise
(d) towards left

Two parallel wires P and Q carry electric currents of 10
A and 2 A respectively in mutually opposite directions.
The distance between the wires is 10 cm. If the wire Pis
of infinite length and wire Q is 2 m long, then the force
acting O will be

()4 x10°N (b) 8x10°N
()4 x10°N (dON
A proton with kinetic energy 8 e} is moving in a uniform

magnetic field. The kinetic energy of a deutron moving
in the same path in the same magnetic field will be

(a)2elV (b)deV
(c)6elV (d)8elV
Two wires carry currents of 100 4 and 200 4 respectively

and they repel each other with a force of 0.4 N/m. The
distance between them will be

(@1m (b) 1 cm
(c)50cm (d)25cm

A current of 2 4 is flowing in a wire of length 50 cm. If
this wire is lying in a uniform magnetic field of
5 x 10* N/A—m making an angle of 60° with the field,
then the force acting on the wire will be

()433x 104N (b)4N
(c) 4 dyne (d) Zero

In the following figure, three paths of a particle crossing
a nucleus N are shown. The correct path is

/VN/-\
(b)
e
()

Fig. 23.87
(a)aand ¢ (b)aand b
(¢c)a,b,and ¢ (d) only a

The ratio of magnetic force (Fm) and electric force (Fe)
acting on a moving charge is

8% cY
o e
14 o<

© - A 5

A charge 0f 0.04 coulomb is moving in a magnetic field
0f 0.02 Tesla with a velocity 10m/s in a direction making
an angle 30° with the direction of field. The force acting
on it will be
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118.

119.

120.

121.

122.

123.

124.

125.

(a)4x10° N

(c) zero

(b)2x 103N
(d)8x103N

An electron is moving in a perpendicular magnetic field
of strength 4 x 10~ Tesla with a velocity of 4 x 107
m/s. The radius of electron path will be

(2)0.056 m (b)0.056 m

(c)56m (d)5.6m

The magnetic moment of an electron with orbital angular
momentumJ will be

@ < (b) <~
m 2m
2m

(© o] (d) zero

The correct statement about magnetic moment is:
(a) It is a vector quantity. (b) Its unit is amp-m?>.
(d) All of the above.

The use of Helmholtz coils is to produce

(¢) Its dimensions are AL

(a) uniform magnetic field

(b) non-uniform magnetic field
(c) varying magnetic field

(d) zero magnetic field.

The magnetic induction due to a straight current-
carrying conductor of infinite length at a distance r
from it proportional to

()i (b)i
()i (d)

Ifaload is suspended from a spring and a direct current
is passed through it then the spring gets

(a) stretched

(b) compressed

(c) sometimes stretched and sometimes compressed
(d) neither stretched nor compressed

The correct expression for Ampere’s law is

(a) [[|Bdl=3i (b) [|BdI= é

>
Bdl= u,%i d) [[|B.dl===
(©) [f|Bl= p,%i @ [f .

0

The magnitude of magnetic induction for a current-
carrying toroid of uniform cross-section is

(a) uniform over the whole cross-section
(b) maximum on the outer edge
(c) maximum on the inner edge

(d) maximum at the centre of cross-section
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126. If a positively charged particle is moving as shown in

the figure, then it will get deflected due to magnetic
field towards

AY
B
q > O v > X
Fig. 23.88
(a) + x direction (b) + y direction

(b) — x direction (d) + z direction

127. A current-carrying loop lying in a magnetic field

behaves like a
(a) magnetic dipole (b) magnetic pole

(b) magnetic material ~ (d) non-magnetic material

128. The ratio of magnetic induction due to a bar magnet on

its axial point and equatorial point will be
(al:1 (b)1:2
(©)2:1 (d)1:4

129. Two insulated wires of infinite length are lying mutually

at right angles to each other as shown in the figure.
Current of 2 4 and 1.5 4 respectively are flowing in
them. The value of magnetic induction at point P will be

Fig. 23.89

(a)2 x 10°*N/A-m
(c) Zero

(b) 2 x 10° N/A-m
(d)2x 10* N/A-m

130. Two current-carrying parallel conductors are shown in

the figure. The magnitude and nature of force acting
between them per unit length will be

4 Ampere 4 Ampere

¢ 10 cm

Fig. 23.90
(a) 8x10®N/m, attractive
(b) 3.2x 107 N/m, repulsive
(¢) 3.2 x 107 N/m, attractive
(d) 8x10®N/m, repulsive



PASSAGE 1

Read the following passage and answer the questions given
at the end.

To detect leaks in a vacuum system He" ions are used. Since
there is no helium in ordinary air, helium sprayed near a leak
in a vacuum system will quickly show up in the output of a
vacuum pump connected to such a system. You are assigned
the job to design a leak detector that uses He*ion and a mass
spectrometer. The He* ions emerge at a speed of 10° ms™
from a velocity selector. They are curved in a semicircular
path by a magnetic field p’ and are detected at a distance
10.16 cm from the slit. The magnetic field in velocity selector
is0.2T.

1. What is the strength of electric field in the velocity
selector?

(a)2x 10°NC! (b)2 x 10°NC!
(c)2x10°NC! (d)2 x 10*NC!
2.  What is the strength of magnetic field g’ ?

(2)0.082T (b)0.041T
(c)0.164T (d) none of these
1.(d)v= E
Solution ERNCISE
or E = Bv=02x10°
= 2x10*NC!
my
Solution JEXOR Sy
my 4%1.66x107 x10°
I- 1 = T =
° B" T 4R T 16x10 " x5.08x10°
= 0.082T

PASSAGE 2

Read the following passage and answer the questions given
at the end.

To impress your kid of class four, you take two long metal
bars and connect them with battery of emf V. You then place
a thin wire of mass m and length d on the bars. The two bars
are separated by d. The length of the bars is L. You apply a
magnetic field first outwards and then inwards and the wire
moves forward and back ward. The resistance of the wire is
r and that of the bars is negligible. Coefficent of friction
between the bars and the wire is u.

Fig. 23.91

Magnetic Effects of Current 759

1.  Ifthe direction of magnetic field is not varied how long
will the wire move after leaving the bars?

V,IB V,IB
(a) L (b) -1
umrg umrg

V,IB
(c) +1|
Hmrg

2.  What is the acceleration of the wire?

)L

V,IB V,IB
(@) (b) —ug
rm rm
V,IB—ug
©ug @ =

3. Ifinstead of changing the direction of magnetic field,
the direction of battery is reversed, what effect will
you note?

(a) The wire can be moved backward or forward by
changing the direction of battery.

(b) The wire will continue to move in the same
direction.

(¢) The magnetic field will reverse.
(d) None of these.

Solution JENCRSSTAN:

(o #2)
=2 nr HE | L=2 ugx

VB
Solution IEENORES

=ma

V,IB
or a =

mr

V,IB

A =~ —HE

mr

Solution JEKACY
PASSAGE 3

Read the following passage and answer the questions given
at the end.

Magnetic forces acting on conducting fluids provide a
convenient means of pumping these fluids. For example,
this method can be used to pump blood without damage to
the cells that can be caused by a mechanical pump. A
horizontal tube with rectangular cross-section (height 7,
width w) is placed at right angles to a uniform magnetic field
of magnitude B so that a length / is in the field. The tube is
filled with a conducting liquid and an electric current of
density J is maintained in the third perpendicular direction
as shown in Fig. 23.92.

Physics by Saurabh Maurya (lIT-BHU)



760

Fig. 23.92

1. Find the difference in pressure between the vertical
plane ab and vertical plane cd.

I ) S8
@ (b) =
(c)JIB () %

2.  What current density is required to provide a pressure
difference of 1 atm between these two points if B =
22T and /=35 mm

(a) 1.4 x 10° Am?
(¢) 1.3 x 10° Am>

B 1. (c) AF=1iB,and

(b) 7.2 x 106 Am
(d) 1.3 x 10° Am™

AF
A= T B
Ap 10°
2.(d)J=—"F7 = ——————
(Solution| (d) B 22x35x107
= 1.3 x 10° An>
PASSAGE 4

Read the following passage and answer the questions given
at the end.

A particle with mass m and positive charge ¢ starts from rest
at the origin shown in Fig. 23.93. There is a uniform electric
field F in the + y direction and a magnitic field B directed
outward the plane of the page. It is shown in more advanced

books that the path is a cycloid whose radius of curvature at
the top points is twice the y-co-ordinates at that level.

Fig. 23.93
1. The speed at any point is

3qE f E

(a) qry (b) qry
m m

E 2gF

© 5 @ o
m m
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2.  What is the speed at the top?
£ o E

@ ®) 55
o2

3.  What is the nature of motion?

2F
(© B

(a) periodic (b) aperiodic

(c) SHM

(e) none of these

/2qu
or vV = —
m

(d) oscillatory

qE 2qgEy
1.(d)a=— V=2qy= ——=
( ) b y

qvB - qE
my’
r
Fig. 23.94
mv’
MY 2- (o) Attop =qvB—qE
r
g - ™ D)
s = = qr = 2ym q
2F
or qvB = 2qEorv= B
Solution JEXT
PASSAGE 5

Read the following passage and answer the questions given
at the end.

A long horizontal wire AB rests on the surface of a table and
carries a vertical current /. Horizontal wire CD is vertically
above wire AB. It is free to slide up and down on the two
vertical metal guides C and D as shown in figure. Wire CD is
connected through the sliding contacts to another wire that
also carries a current / in the opposite direction to the current
in wire AB. The mass per unit length of the wire CD is A.

14 { ) ]
D
h
v
I ]
A B
Fig. 23.95

1. To what height 4 the wire will stay in equilibrium?



I I’

(@) Hy (b) Hy
27Ag TAg
I I’

© Hy (d) Hy
4rlg 3nig

(e) none of these
2.  Will the wire CD execute SHM if disturbed slightly?

(a)No (b) Yes
(c) Cannot say
[ Solution IR NEVEESNES
_m Al
or B = / gor[(zﬂh) =g
_ L
or h = 27ig

g
~
=
~
~
VR
[\°)
N
—
=
+
=
~—
N—

Iu,
= Agor 2ﬂh(l+;j =g

I 2/”0 1— E — PR
or =g shows it will execute SHM
2mh h

a oc—X.

PASSAGE 6

Read the following passage and answer the questions given
at the end.

You are asked to do an experiment to study the effect of
magnetic field on charged particle. You take two long wires
having resistance 10 Q and 25 Q. Separate them by 5 cm
and keep them parallel. The two are connected to a battery
of 100 V as shown in Figure.

650kms™!

Fig. 23.96

The battery branch is kept quite far away from the two
conductors. A proton is allowed to enter the plane of the
wires directed towards the upper wire with a velocity 650
km s exactly in the middle of the wire.

1. In which direction is proton deflected?

Magnetic Effects of Current 761

(a) 10 Q side conductor  (b) 25 Q side conductor

(c) goes undeviated (d) none of these

2. The initial acceleration of the proton is
(a)2.9 x 10 ms™ (b)3.31 x 10*ms™
(¢)3.12x 10 ms™ (d) none of these

m 1. (d) Towards right
Solution JERCIET

sl il qvi,
= qv {__} = . [/,-1]

27d 27xd | 2xd

~ 1.6x1077x650x10°[10—4]x 47 x10”
27%2.5%x1072 x1.6x1077
3.12x 108 ms™

PASSAGE 7

Read the following passage and answer the questions given
at the end.

Two long straight conducting wires with linear mass density
A are suspended using cords so that both of them are
horizontal and parallel to each other at a distance d apart.
The back ends of the wires are connected by a low resistance
slack wire. A charged capacitor is now added across the wires
such that its positive terminal is connected to far end and
negative terminal is connected to near end as shown in figure.
The capacitance of the capacitor is C. These connections
are also made by slack wires. Assume that time to discharge
is negligible. Initial charge on capacitor is Q.

Fig. 23.97

1. Thewires1 and?2

(a) move apart (b) come closer
(c) remain at their position
(d) none of these

2. The initial velocity of the wires is

(a) ,UoQo2 (b) ﬂoQg
47AdRC 27AdRC
2 2
© JIRo ) 21,05
87AdRC 47ARdC
EXIMYY 1. (a) since the current in the two is in opposite
directions.
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d
Solution IR NCEEENNES RS G
or  Jav == 27d(RCY’ fe
Mol
- Il (Zﬁdj 2 —2t/Rc
3 M9y €
&l ~ " ~ 2mAd(RC) 2.
U T 2rda Q=0 (1-¢") RC
a9 O y =7 = 'UO—QOZ -20RC
E =]= R_gj e RC or VO |t:0 47AdRC =0
dv ,UoQo2 /qu
- _— —————————5 _-21RC — _ffoxo
 a " 2md(rey ¢ T Gmiare
Answers to Questions for Practioe
1. (a d) 2. (c,d) 3. (abd) 4. (b 5. (ab) 6. (ab) 7. (b d)
8. (ab) 9. (b c) 10. (c, d) 1. (b,c,d 12. (abc) 13. (b o) 14. (b, c)
15. (b, c) 16. (a) 17.  (a, d) 18. (a, d) 19. (b, d) 20. (a,b) 21. (b, d)
22. (a, b) 23. (a, b, c,d) 24. (a, b, c) 25. (a, b) 26. (b, c) 27. (a, b, c) 28. (a,b,c)
29. (a,b) 30. (a) 31. (abocd 32. (b 33.  (a b) 34. (a d) 35. (a, b)
36. (a c) 37.  (b) 38. (b, d) 39.  (b) 40. (a,b) M. (d) 42. (a)
43. (o) 44. (d) 45. (o) 46. (b) 47. (a) 48. (a) 49. (a)
50. (b) 51. (b 52.  (c) 53.  (c) 54. (a) 55.  (b) 56. (a)
57.  (a) 58.  (c) 59.  (d) 60. (a) 61. (b) 62. () 63. (b)
64. (a) 65. (b) 66. (a) 67. (a) 68. () 69. (a) 70.  (b)
71.  (b) 72.  (a) 73.  (a) 74.  (b) 75.  (a) 76.  (c) 77.  (a)
78. () 79. (a) 80. (b) 81. (o) 82. (a) 83. (b) 84. (a)
85. (a) 86. (b) 87. (d) 88. (a) 89. (b) 90. (d) 91. (o)
92. (d) 93. (o) 94. (d) 95. (a) 9. (a) 97. (d) 98. (o)
99. (o) 100.  (d) 101.  (a) 102.  (d) 103.  (d) 104. (a) 105.  (b)
106. (c) 107.  (d) 108. (a) 109.  (b) 110.  (b) 1. (b) 112.  (b)
13.  (b) 114. (a) 115.  (a) 116.  (a) 117.  (a) 118.  (b) 119.  (b)
120. (d) 121.  (a) 122.  (b) 123.  (b) 124.  (c) 125. (a) 126.  (d)
127.  (a) 128.  (c) 129.  (b) 130.  (c)
EXPLANATION
9. (a,d) tances of 1 unit each from the x-axis. Points B and D are
10. (b,d) at distances of /2 unit each from the x-axis.
7 11. (a,b)
B D
+ T 4
G D
B B
A Y 1
; l v
d Y
X ~N_ @
Fig. 23.98 Fig. 23.99

The magnitude of the magnetic field depends only on
the distance from the x-axis. Points 4 and C are at dis-

A is stationary and observes the current /. B observes
the free electrons to be at rest, but the unbalanced



15.

16.
18.

positive charges in the conductor will appear to move
in the direction opposite to that of v. Thus, 4 and B
observe the same current and hence the same magnetic
field.

(a,b,c) For B, and B, the contributions due to outer
section oppose the contributions due to the inner
sections, thus B, and B, are greater than B, and B.. For
B, there is a section with radius < b and hence it
contributes more than the semicirular section of radius
b for B,. Thus B, > B.

For B, there is a section with radius > b and hence it
contributes less than the semicirular section of radius b
does for B,. Thus B, < B,

(a,b)
(a,b,c) To find the Ampere force on a conductor of any
shape, replace the conductor by an imaginary straight

conductor joining the two ends of the given
conductor.

19.

21.

26.

29.

30.

Magnetic Effects of Current 763

(a,b,c) The field at the centre of the loop due to the
straight part is x4 i/(27r), directed into the paper, and
the field due to the loop is i/(2r), directed out of the
paper.

(a) To find the magnetic field outside a thick conductor,
the current may be assumed to flow along the
axis. As points 1, 2, 3 are equidistant from the axis,
B =B,=B..

(a,b) Current in AB and CD causes magnetic fields in
the same direction on 7, upward in this case. Hence
there is a net magnetic field over 7.

(b,d) The magnetic field over T is proportional to i.
Hence, the Ampere force is proportional to % If i is
reversed, the direction of B will also reverse. The di-
rection of the Ampere force remains the same.

(b) Treat the gas as a thick conductor carrying a uni-
form current. Apply Ampere’s law to find the mag-
netic field. Then apply the left hand rule to find the
direction of the Ampere force.






