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MAGNETIC EFFECTS OF CURRENT
AND MAGNETISM

REVIEW OF BASIC CONCEPTS a

1. Biot-Savart Law

According to Biot-Savart law, the magnetic field dB at
a point whose position vector with respect to a current

clement dl is r is given by
_ Mol (dl xr)
a3

dB (1)

where Uy =4mx 107 Hm™

2. Ampere's Circuital Law

The loop or line circuit integral of the magnetic field along
a closed curve is proportional to the current threading or
passing through the closed circuit i.e.

Cﬁﬁa = Mol

where [, is the permeability of free space.
Biot-Savart Law and Ampere’s Circuital Law are used to
find the magnetic field due to current carrying conductors.

3. Magnetic Field Due to Current Carrying
Conductors

(1) Magnetic field at point P due to an infinitely long
wire carrying a current I (Fig. 13.1)

Mol

2rr

reader) if the / is upwards and towards the reader if
[ is downwards. At points Q or S, B = 0.

B = directed into the page (away from the

(1) Magnetic field at the centre of a circular loop of

radius r (Fig. 13.2)
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___r____. ®
Q¢
Fig. 13.1 Fig. 13.2

1
B= ’L;Ldirectcd into the page if / is clockwise and
2

outside the page if / is anticlockwise.
For a coil of N turns.

B = Mo NI
2r
(ii1) Magnetic field at the centre of a curved element
(Fig. 13.3).
B = ‘u_ol X i
2r 2m

directed into the page. Here 6 is in radian.
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For a semi-circular element (8 = x)
U
4r
(iv) Magnetic field at point P due to a straight wire XY of
finite length (Fig. 13.4)
1
B = Ho (sin o+ sin fB)
4rr

directed into the page.

4
al .
............ >sp B
g o
14
X
Fig. 13.4

Special Cases

(a) If the conductor XY is of infinite length and point
P lies near the centre of the conductor (as in
Fig. 13.1), o= = 90° so

Mol

4rr

Mol
2rr

B = (sin 90° + sin 90°)

If the conductor XY is of
infinite length but point P lies
near the end X or Y as shown
in Fig. 13.5, then o= 90° and
B=0°, then

Bol
4rr

(b)

B= (sin 90° + sin 0°)

__________________

For an infinitely long straight conductor carrying
a current, the magnetic field near its centre is
twice that near one of its ends.

v/

Note

(c) If the conductor XY has a finite length L and point P
lies on the right bisector of the conductor, as shown
in Fig. 13.6, then

a=p
L2

and sin o= sin f= —
&
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(d)

v)

(vi)

IIT-PHYSICS
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OF CURRENT
__L»
5 (L)2 2| X
re+|=
2 ____________ q\ _\_‘_\p
L rBT
—— L2
Jart + 2 i
X
SO B = #_0] ._L— .
27r /4'_2 + 2 Fig. 13.6

If the point P lies on the straight conductor or on its
axis, then dl and r for each element of the straight
conductor are parallel. Therefore, dl x r =0.Hence
B =0 at point P.

Magnetic field at centre due to a wire PORST (Fig.
13.7)

Magnetic field at O due to straight portions PQ and ST
is zero and due to semicircular part QRS is

Mol

B = =% directed into the page.
4r
I R
/
r—
P / Q 0] S T
Fig. 13.7

If the current is anticlockwise, B is directed towards
the reader.
Magnetic field at Centre O of a rectangular coil
(Fig. 13.8)
2 32
2uyl . Na +b
b4 ab

B:

directed into the page.

For a square coil (b = a)

2V2 ol

ta

B:

Fig. 13.8

(vil) Magnetic field due to a hollow metal pipe of radius

R carrying current in its walls (Fig. 13. 9)
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- Mol -
At point P, B= — Current along orbit /= — =en= —
b 2rr ¢ T 2@r
R The direction of 7/ is opposite to the direction of
e TN motion of the electron. Magnetic field at O is
| _ Mol
E r P 4r
1 : M ev N .
| where /= —— and is directed into the page.
| 2y
g//\ Magnetic moment M =14 = [ X ol = %
Fig. 13.9 (x) Magnetic field due to a current carrying straight
solenoid

For a solid pipe of radius R (Fig. 13.9)

) ! . ) . In the middle region B = i n/;n = no. of turns per unit
Inside the pipe at a point at a distance » from the axis,

I length.
N 27 R? At the ends of solenoid, B = o icd
Outside the pipe at a point P at a distance » from the Foratoroid of radius R, B= piynl, where n= N_N
axis, L 2mR
I ~; N=total no. of turns. Outside the solenoid, B = 0.
B= 277 © EXAMPLE 1 Figure 13.12 shows two stationary

o - S and infinitely long bent wires POR and STU lying in the
(viii) Magnetic field on the axis of a circular coil of radius | x_y, plane and each carrying a current / as shown. Find the
R (Fig. 13.10) magnitude and direction of the magnetic field at origin O.

At point P, B = Ho M Given OQ =0T =a

ax (B> +7)Y"° y oo
A
where M = I4 = I x nR? is the magnetic moment. If ' U
current / is anticlockwise B is directed from O to P. i
For clockwise current B is from P to O. ;
, p__d @ { L .
________________ L B aoar 1 S
r |
oo
Fig. 13.10
. R 1 :
(ix) Magnetic field due to an electron (charge e) ' i
revolving in a circular orbit of radius r with speed v :
and frequency n (Fig. 13.11) Fig. 13.12
v @ SOLUTION As point O is along the line segments

PQ and ST, the magnetic field at O due to PQ and ST is
zero. The magnetic field at O due to wires QR and TU
respectively are

-<— Electron

1

C Ml il ()
47(0Q) 4 (OT)

both directed along the positive z-axis. The resultant field

atOis (~-OQ=0T=a)

IIT-NEET-PHYSICS,, A= © .
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I Ir
B=B,+B,=2x 20" (ky=£k
= 4ra 21a

@ EXAMPLE 2 Two infinitely long wires carrying
equal current / in the opposite direction are placed
perpendicular to the x-y plane. One wire is located at point
P (0, a, 0) and the other wire at O (0, —a, 0). Find the
magnitude and direction of at point A(x, 0, 0).

@ SOLUTION Refer to Fig. 13.13. Wire 1 carries a
current / along the positive z-direction and wire 2 carries
a current / along the negative z-direction.

OP=00=a,04=x,PA=QA=r.

Y
Wire 14
>

Wire 2

Fig. 13.13

Magnetic field at 4 due to wire 1 is

B Mol Mol
| =
2n(PA)  2p\a® +x7

According to Biot-Savart law, B, is perpendicular to
both P4 and wire 1 and therefore in the x-y plane.
Similarly, magnetic field at 4 due to wire 2 is

g Mol
) 27t\/a2 +x°

The y-components of B, and B, cancel each other
but the x-components add up. These components are
B, cos 6 and B, cos 6 both along the positive x-di-
rection. Therefore, the resultant magnetic field at 4 is

B =B, + B, = (B, cos 8+ B, cos 9)/i\

B Mol a
lr\/(a +x) \/a +x°

a a
weosf=—=—=
roJa* +x*

1 A
#oai

A
X1

n(@® +x)

@ EXAMPLE 3 Two wires 4 and B have the same
length L and carry equal currents /. Wire A4 is bent into a
circle and wire B is bent into a square. (a) Obtain expression

INIT-NEET-PHYSIC S,
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for the magnitude of the magnetic field at (i) the centre of
the circular loop and (ii) the centre of the square. Which
wire produces a greater magnetic field at the centre?

© SOLUTION

(a) (i) Radius r of wire 4 when it is bent into a circle is

given by
2nr=L=r= A
2r
Magnetic field at the centre of the circular loop is
i5 Ir
B= B ks (1)
2r L

(ii) Refer to Fig. 13.14. The magnetic field at O due
to wire PQ is (OT = a)

ol . :
Bpy= —— (sin 45° + sin 45°
"0 4na { )

Mol
2\/5 TTa
4 u,l L
4 e
V2 nL 8
= P 4 R

Iy \\ ;'/

L 7| 4800 |,

T 45° .71

i ¥ %

8 / ;
NEEE R
“Q |<._.L_.>| / S

8 L

Fig. 13.14

Since centre O of the square is at the same dis-
tance from each side of the square and each arm
carries the same current, the magnetic field due
to each side of the square is of the same and in
the same direction. Hence the total magnetic field

at O is
16 ol _ 82 ol
B,=4B 3
N 2)
Dividing (2) by (1) we get
B, _8V2 _8x141 _
B, ¢ (3.14)?

Hence B, > B|. The magnetic field at the centre due
to the square loop will be greater than that due to
the circular loop.
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CO) EXAMPLE 4 Figure 13.15 shows a wire loop
ABCDEA carrying a current / as shown.

Given AE=ED=aand AB=CD =a/2.
Find the magnitude and direction of the magnetic field at
point F where BF = CF = a/2.

E - D

Fig. 13.15

© SOLUTION Magnetic field at F is

B =B,z + Bgc+t Bep+ Bpp + By
Since point F' lies in line with current elements 4B and
CD,Byp=Bcp=0
Mol

Also Bpp = By 42 Ta

!
= ot (sin 0° + sin 45°) =
dra
directed out of the page and towards the reader.

JIn
Bpr = ———— (sin 45° + sin 45°
8¢~ anBcn ¢ )

directed into the page and away from the reader. Now

BC = \JBF? + FC? = \/7
EIOI )( 2):_

BB =

directed into the page.

Now Bpp + By = directed out of the page.

2\/_a

Since By > Bpp + By, the net field, B is directed into the
page and has a magnitude

_ Bl Mol =“_01(1——1 )
na 22na ma 22

© EXAMPLE 5 A wire ABCDE is bent as shown in
Fig. 13.16. The wire carries a current / and the radius of
the bent coil BCD is r. Find the magnitude and direction
of the magnetic field at centre O.

IIT-NEET-PHYSIC S,
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(© SOLUTION The straight line segments 4B and DE
are collinear with O. Hence the magnetic field due to 4B
and DE at O is zero. Angle subtended at O by arc BCD =
27— 6. The magnetic field due to BCD at O is

_ sl (22-0)
2r 2r

Fig. 13.16

The current through BCD is clockwise. Therefore, the
direction of the magnetic field at O is into the page and
away from the reader.

© EXAMPLE 6 A wire
ABCDEFA is bent as shown in
Fig. 13.17 and caries a current
I. The radius of the smaller
arc ABC is r; = r and that of
the bigger arc is , = 2r. Find
the magnitude of the magnetic
field at centre O.

© SOLUTION Magnetic field due to arc ABC at O is

B, = ,u_OI(Zn—G)

Fig. 13.17

25 2
Magnetic field due to arc DEF at O is
I
B, = Mol 6
2r, 2r

Since B, and B, are both directed into the page, the total

magnetic field at O is
2r, o
i = Ho

(1-30)

2r 4r

@ EXAMPLE 7 A long straight cylinder of radius R
carries a current / which is uniformly distributed across
its cross-section. Find the magnetic field at a point at a
distance r from the axis of the cylinder in cases (a) » > R
and (b) r <R.

2

Putting »; = r and r, = 2r, we get
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© SOLUTION Figure 13.18 shows the cross-sectional

view of the cylinder.
Amperian Loop

Amperian Loop

Cylinder

Cylinder

(a) (b)
Fig. 13.18
Case (a) > R. For this case, the Amperian loop is a circle
of radius r concentric with the cross-section [Fig. 13.18
(a)]. For this loop, L = 2 and the current threading the
loop is i = 1. From Ampere’s circuital law.
BL = uyi = B X 2mr = Uyl = B = 'u—°1
2rr
Case (b) » <R. For this case, L = 2zr [Fig. 13.18 (b)] and
the current threading the loop is
i = current per unit cross-sectional area of the cylinder
X cross-sectional area of the Amperian loop

o 2 1)‘2
nR’ -
From Ampere’s law,
2
N
B X 2mr= uyi =
0 R2
I/
= B = ( Ho 5 )r
2 R”
1
(1) Forr<R, Be<randforr>R, Be< — . Figure
r
Note 13.19 shows the variation of B with r.
g :
&
® ! Beorp
0 R r—-

Fig. 13.19
(2) For a hollow cylinder, the current flows along its
walls. Therefore, in the case » < R [Fig. 13.18 (b)], no
current threads the Amperian loop. Hence B = 0 for
points inside a hollow cylinder.

INIT-NEET-PHYSICS,
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@ EXAMPLE 8 The current density J (current per unit
area) in a solid cylinder of radius R varies with distance
r from its axis as J = kr where k is a constant. Find the
magnetic field at a point P where (a) » > R and (b) » <R.

© SOLUTION
Current / = deA = j kr x (2mrdr)

Case (a) We take the Amperian loop of radius » > R.
Since the loop is outside the cylinder, the current through
the loop is

R R 3
I= Ikr X (2rrdr) = 27rkjr2dr = i
3
0 0
27 U kR® kR?
BX2mr = pol = “TO:B=—”°3F

Case (b) For r < R, the current through the Amperian loop
is

r 3

I = [krQ@nrdr)= i
2k ki
Bx2mr =l = 'uox%:”g::uois_'

@ EXAMPLE 9 Two long wires 1 and 2 carrying
equal currents /; = I, = 9 A are held parallel to each other
6 cm apart as shown in Fig. 13.20. Find the magnetic field
at (a) point P, (b) point Q and (c) point R.

Wire | Wire 2
Ill A I2
» 3cm ‘43cm - 3cm | 3cm .
P R 0
Fig. 13.20

@ SOLUTION (a) Magnitude of magnetic field at P
due to wire 1 is
bi =7
py= Ho JIEXI0 X3 i05T
2rr 2w x3x10°

The direction of the field is perpendicular to plane of the
page and towards the reader. The magnitude of magnetic
field at P due to wire 2 is

STUDY CIRCLE
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5. — Mol _4mx107x9
o 2mr 2 x9x107
The direction of this field is the same that of B,. Thus, the
net field at P is
Bp=B,+B,=8x10"T
and its direction is towards the reader.

(b) Similarly, the net field at O will be 8 x 10~ T and
its direction is perpendicular to the page and away
from the reader.

=2%107°7T

(c) At point R, the magnetic field due to wires 1 and 2
will have equal magnitude but opposite directions.
Hence the net magnetic field at R will be zero.

@ EXAMPLE 10 Two long wires 1 and 2 are kept
8 cm apart and carry currents of /; =2 Aand /, = 10 A in
opposite directions. At what distance from wire 1 will the
resultant magnetic be zero?

(a) 1cm (b) 2 cm

(¢) 3cm (d) 4 cm
Wire 1 Wire 2
L4 11>

~— X —>

~——d—

Fig. 13.21

© SOLUTION Since the currents are in opposite
directions, the resultant magnetic field cannot be zero at
any point between the wires; it can be zero at a point to
the left of wire 1 or to the right of wire 2. Let the net
magnetic field be zero at point P at a distance x from wire 1
(Fig. 13.21). The magnetic field at P due to wire 1 is

I
By Ho 1y

The magnetic field at P due to wire 2 is

B, = #{f_x) directed away from the reader.
The resultant magnetic field will be zero if B, = B,, i.e. if
Moly Mo 1y
2w x 27 (d + x)
L _ b
- x  d+x

INIT-NEET-PHYSIC S, ,
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2 10
= X 8+x
= x=2cm
@ EXAMPLE 11 Figure 13.22(a) shows a straight

wire AB of length L carrying a current /. The magnitude
of magnetic field at point P which is at a perpendicular
distance » = L from one end of wire is

Mo ! Uy 1
Ly ®) 71
Mo ! Ho !
© SV2nL @ oz
. . _
Y [N —— P
L /

Fig. 13.22(a)
© SOLUTION Refer to Fig. 13.22(b).

Ap-sssvmesomamcencenss. P

L 4l
B
Fig. 13.22(b)
Ml
B= ——(sin o + sin f3)
4mr
Here o¢=45° and f=0°and r=L
ol , . ;
B = ——(sin 45° +sin 0°
47rL( )
_ Ml 1
4L 2

So the correct choice is (d).

@ EXAMPLE 12 Figure 13.23(a) shows a straight
wire AB of length L carrying a current /. The magnitude of

-—
IIT-NEET-CBSE
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magnetic field at point P on the perpendicular bisector of

. . L .
the wire at a distance r = E is

IIT-PHYSICS
MAGNETIC E FFECT

OF CURRENT
_ L
Vart+ 12
1 =
2 R
Mo 1 2
B= X —=
47[X§ V2

'Yy 30 2 5
TR which is choice (b).
© EXAMPLE 13 A uniform straight wire of length
L is turned into a circular wire loop of radius ». The
diametrically opposite points P and Q are connected to a
battery as shown in Fig. 13.24(a). If / is the current flowing
through the battery, the magnetic field at centre O will be

V2 u, 1 I
(a) ~—£o” (b) —=2
nL V2L
Mo !
c d) zero
© 22 7L @
\ A
L A7
2
4 b R P
L
2
Y
B

Fig. 13.23(a)

© SOLUTION Refer to Fig. 13.23(b).

A
L
2 A/ )
o
“““““ L s A &
5t
L
2
B

Fig. 13.23(b)

o Hod (sma+smﬂ)
Here o= 3,
L/2
and sin ¢=sin f= —
x
L/2

INIT-NEET-PHYSICS,
||

Mol m Ho I
(a) 3 (b) -
1
(c) _§;L (d) zero
P 0
/4

Fig. 13.24(a)

@ SOLUTION As shown in Fig. 13.24(b), current
divides into two equal parts /, = I, = /2, flowing along
semicircular wires PRQ and PSQ. These equal currents
produce equal and opposite magnetic fields at centre O.
Hence the resultant magnetic field at O will be zero.

L=1p

L=12
Fig. 13.24(b)
© EXAMPLE 14 A uniform straight wire of length L

is turned into a square. The points P and R are connected
to a battery as shown in Fig. 13.25(a). If current / flows

-—
A: P e
STUDY CIRCLE
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through the battery, the magnetic field at centre O of the
square will be

82 u, I
(a) 7L (b)

22,1
L
0 R I

42 o 1
L

(c) (d) zero

Qe

= In
1r

Fig. 13.25(a)

@ SOLUTION The current divides equally at P and R
so that current 7/2 flows in branch POR and //2 in branch
PSR. Magnetic fields at O due to currents in QR and PS
will be equal and opposite and will cancel each other.
Similarly currents in PQ and SR will produce equal and
oposite fields at O which will cancel each other. Hence the
net magnetic field at O will be zero.

i
4 I
Q - R
i i
2] o 12
P g §
2

Fig. 13.25(b)

4. Force on a Moving Charge in a Magnetic Field
The force on a charge ¢ moving with a velocity v in a
magnetic field B is given by

F =¢q(vxB)

The direction of F is perpendicular to both v and B. The

magnitude F of vector F is given by

F =quB sin 0
where 0 is the angle between vectors v and B.

(1) F=0ifv=0,i.e. acharge at rest does not experience
any magnetic force.

INIT-NEET-PHYSIC S,
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(2) F=0if0=0or 180°, i.e. the magnetic force vanishes
if v is either parallel or antiparallel to the direction of
B.
(3) Fismaximum=F, if0=90° i.e.if visperpendicular
to B, the magnetic force has a maximum value given
by
F

max

= quB
The direction of the force when v L B is given by
Fleming’s left hand rule.

(4) If v is perpendicular to both E and B and E is

perpendicular to B, then F=0 ifv = —

5. Motion of a Charged Particle in a Magnetic
Field
Case (a): If v is perpendicular to B, the particle describes
a circle in the region of the magnetic field because F L v.
(i) The speed along the circular path is constant.
(ii)
(iii)

The kinetic energy is constant.
Velocity and momentum continually change.

(iv) The radius r of the circular path is given by
2
m - quB
#
_mv 2mK
=5 —m = —_—
gB 4B

where m = mass of particle and K = kinetic energy.
If the particle is accelerated through a potential
difference V, then K = gV.

(v) Time period of revolution is 7= 2”—;"
q
N F ¢ lution i 4B hich §
(vi) Frequency of revolution is v m which is

independent of both v and .

Case (b): 1f v is inclined to B at an angle 0, the particle
mv sin 6
qB
2”—;" and pitch of the helix =v cos Ox T

moves in a helical path. The radius of helix is =

b

time period 7'=

Applications
(i) The particle moving
hori-zontally  and
entering a region of
magnetic field B is as
shown in Fig. 13.26.
The particle describes

; q
a semi-circle of radius. 90°
mo v X X X X
r= — :
gB Fig. 13.26

: i IT-NEET-CBSE
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Time spend in the region of magnetic field is

T _7mm v

t= —= B
2 qB ______ x/ X
(i1) If the particle enters the

region of magnetic field as X X

shown in Fig. 13.27, then — O
r= m_v k X X

gB

and g 20m X X

9B ¢

where 0 is in radian. Fig. 13.27

(iii) In Fig. 13.28, the particle will not be able to hit the
wall ifd > r, i.e.

qB q

Fig. 13.29

Fig. 13.28

(iv) Ifd <r as shownin Fig. 13.29, the deflection @ when
the particle leaves the field is given by

d qu
r mov

sin 8=

Linear defection x = (1 — cos 6)

© EXAMPLE 15 An electron emitted from a hot
filament is accelerated through a potential difference of
18 kV and enters a region of a uniform magnetic field of
0.1 T with a certain initial velocity. What is the trajectory
of the electron if the magnetic field (a) is transverse to
the initial velocity and (b) makes an angle of 30° with the
initial velocity? Mass of electron = 9 x 107! kg.

© SOLUTION
V=18x10°V
2eV )”

l m*=eV=v= (—
2 m

_[2x0.6x107) x A8x10%) [* _o 17
9x1073!

(a) Since v is L to B, 8 = 90°, the trajectory of the
electron is circular having a radius

INIT-NEET-PHYSIC S, ,

y-direction. A proton moving with a velocity of 10" ms™

IIT-PHYSICS
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9%x107") x (8x107)
(1.6x1077)x 0.1
=45%x10° m=4.5mm

(b) The trajectory of the electron is helical. The ra-
dius of heix is

eB

eB  eB
=4.5 mm X sin 30° = 2.25 mm

EXAMPLE 16 A long straight wire lying along

the y-axis carries a current of 10 A along the positive
I

_mo

r= — X sin 6

is at a distance 5 cm from the wire at a certain instant.
Find the magnitude and direction of the force acting on the
proton at that instant if its velocity is directed

(a) along the negative x-direction

(b) along the positive y-direction and

(c) along the positive z-direction
© SOLUTION Refer to Fig. 13.30.

y
1A
-« r »e<— Proton —x x
g
Fig. 13.30
Magnetic field at 4 is
-7
B :yol =47tX10 XI0=4x10‘5T
2nr 2r % 0.05

directed inwards along the negative z-direction
(a) 0 =90°. Therefore, force on proton is
F=quBsin@

=(1.6x 107"%) x 107 x (4 x 107%) x sin 90°

=6.4x10""N
According to Fleming’s L.H. rule, the direction of
the force is parallel to the wire and opposite to the
direction of current /, i.e. F is along the negative
y-direction
(b) 6=90°, F=quB=6.4% 1077 N. The force is directed
towards the wire, i.e. along negative x-direction
(c) 6=180°. F=gquBsin 180°=0
© EXAMPLE 17 A proton and an o-particle move
perpendicular to a uniform magnetic field. The mass of an
o-particle is four times that of a proton and its charge is
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twice that of a proton. Find the ratio of radii of the circular
path followed by them if both

(a) have equal velocities,

(b) have equal kinetic energies and

(c) have equal linear momenta,

(d) areaccelerated through the same potential difference.

© SOLUTION Given —% =4 and 2 =»
mp qp

mo m,v m,
@ r=—=>r=——andr, =
9B q,B 4o B

mo
b) 7= 22
Ll qB
2K

. 1
Kinetic energy K = —m? = v=
2 m

m

1
r=—xX e

qB

qB
o 2_fay }ﬂzzx 2 g
Te Uy my, 4

2mK

=

6. Force on a Current Carrying Conductor in a
Magnetic Field

(1) Force on a straight current carrying conductor in a
magnetic field
If a straight wire of length L carrying a current / is
placed in a uniform magnetic field B, the force on it
is given by (Fig. 13.31)
F=I(L xB)

IIT-NEET-PHYSIC S,
||

(i1)

(ii1)

(iv)

IIT-PHYSICS
MAGNETIC E FFECT

OF CURRENT
/ ¢—int0page
/Ko =
L ~B

wire

Fig. 13.31

where L is a vector whose magnitude is equal to the
length of the wire and the direction is the same that
of the current. The magnitude of F is

F=1LBsin @
where 6 is the angle between vectors L and B. The
direction of F is given by the right hand screw rule.
In the special case when L is perpendiculer to B, F
is maximum = B/L.
In this case, the direction of F can be easily obtained
by Fleming’s Left Hand rule.
Force on a straight conductor placed perpendicular
to magnetic field (Fig. 13.32).
F = BIL upwards if current / is from left to right
and downwards if / is from right to left (given by
Fleming’s Left Hand rule)

X X / °
F X X

X X X X

/

X X X X

X X I X X

X X X X

Fig. 13.32 Fig. 13.33

Force at point P on a semicircular wire of radius R
(Fig. 13.33)

F = BI(2R) = 2BIR vertically upward for clockwise
current and downward for anticlockwise current.

Force on a circular wire of radius R (Fig. 13.34)
Net force F=F, - F,=0
= BI(2R)

F, = BI2R)
Fig. 13.34
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(v) Force per unit length between two long straight
and parallel wires carrying currents I} and I, and
separated by distance r is given by

f= ﬂ;l 112

nr

and is attractive if /; and 7, are in the same direction
and repulsive if 7, and I, are in opposite directions.
Force on a segment of length / of either wire is
F=fxl.
Force on a rod carrying a current I, placed at a
distance x from an infinitely long wire carrying a
current I, as shown in Fig. 13.35.

Holidy 1
2nr

(vi)

F= og, (1 + E) vertically upwards.
X

Fig. 13.35
(vii) Force on a rectangular coil carrying a currvent I,
placed at a distance x from an infinitely long wire
carrying a current I, as shown in Fig, 13.36.

Iy — F. T
IZ Fsd— I1 4 a

W

Fig. 13.36

Force F; and F, being equal and opposite cancel and
F; and F, are given by expression above. Net force

on coil is
F=F, F,- toliha _ polilha
27nx 2r(x+ L)
R _ _pohhal
2ax(x+ L)

directed towards the wire (attractive).

@ EXAMPLE 18 Auniform wire of length /is shaped
into an equilateral triangle POR which carries a current /
as shown in Fig. 13.37. A uniform magnetic field B exists

IIT-NEET-PHYSIC S, ,
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parallel to side QR. The magnitude of the force on wire
PR is

V3BIL 3BIL
b
) 5 (b) EY:
BIL BIL
¢) — d) ——
© S5 @ =
P
_—;.B
I I
> R
e i
Fig. 13.37

@ SOLUTION F=J1xB)=1/Bsin 6.
L
Here I= 3 and 6= 120°, Therefore,
F= Ix%xBxsianO"

_ BIL
23

@ EXAMPLE 19 In Example 18 above, find the
magnitude of the force on (a) wire PQ and (b) wire OR.
@ SOLUTION (a) For wire PQ, &= 120°. Therefore,
BIL

L
F=IX—XBxsin60°=
3 243

(b) For wire OR, 8= 0°. Therefore, F =0

@ EXAMPLE 20 Alongwire carries acurrent of 10 A,
A particle of charge g = 2.0 uC travels at a velocity of
5 % 10° ms™" at a perpendicular distance 20 cm from the
wire in a direction opposite to the direction of the current
in the wire. Find the magnitude and direction of the force
experienced by the particle.

@ SOLUTION Refer to Fig. 13.38. Given 7/ = 10 A,
F=20ecm=02m,v=5x%10"ms! and ¢ =2.0 uC =
20x10°C.
The magnetic field due to current 7 at the site of the charged
particle is

_ Mpd  (dmx107)x10

2w 2rx0.2

=1.0x107°T

A | = P
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< Wire

1 into page

B

4—1‘7(]

v

Fig. 13.38

According to Right Hand Thumb rule, the direction of
the field is into the page. Hence the charged particle is
moving perpendicular to the field, i.e. 8 = 90°. The force
experienced by the particle is

F=quvBsinf
(2.0x107%) x (5 x 10°) x (1.0 x 107) x sin 90°
1.0x 10° N

According to Fleming’s Left Hand rule, the direction of
the force is to the right, i.e. perpendicular to the wire and
away from it.

Il

© EXAMPLE 21 Two thick and straight conductors
ABand CD are placed horizontally and parallel to each other
at a separation of 20 cm. They are connected to battery as
shown in Fig. 13.39(a). A straight wire PQ of mass 150 g
can slide on 4B and CD. If the current / = 2 A, g =
10 ms~2 and a magnetic field B= 1.5 T is applied as shown
in the figure, the minimum coefficient of friction between
the wire and the conductors so that the wire is prevented
from sliding is

(a) 0.1 (b) 0.2
(c) 0.3 (d) 0.4
into page
X X XP X X —B®
A B
] W X | ¥ ¥
L=20cm A 1=2A .
l i 4 W g
(8 D

0
X ¥ X X X X
Fig. 13.39(a)

@ SOLUTION The magnitude of force on wire PO
due to the magnetic field is

F=RBIL

IIT-NEET-PHYSICS,
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Fig. 13.39(b)

From Fleming’s Left Hand rule, the direction of this force
is to the left [Fig. 13.39(b)]. If the wire is just prevented
from sliding on the conductor, the force of friction (f’)
which acts to the right must be equal to F. If y;, is the
minimum coefficient of friction, then /= u,;, mg. Thus,

Hmin Mg = BIL

=5 /,1-=BIL—1'SXZXO'2—O4
" mg  0.150x10

© EXAMPLE 22 In Example 21 above, if the
coefficient of friction were one-fourth of u ;. then wire
PQ will
(a)
(b)
()
(d)

stay at rest

move to the left with an acceleration of 3.0 ms™>
move to the right will an acceleration of 1.5 ms™
execute simple harmonic motion.

0.4

1
© SOLUTION Given pu= 7 Hain = —=0.1.

Referring to Fig. 13.39(b), the net force on wire PQ will
be to the left.

Fa=BIL-umg

net

1.5x2x02-0.1x0.15x10

Il

0.6-0.15=045N

F, 4
—het _ o =3.0 ms . So, the correct
m  0.15

.. Acceleration a =
choice is (b).

@ EXAMPLE 23 A particle of charge ¢ is revolving in
a circle of radius » with a constant speed v. The ratio of the
magnitudes of magnetic moment and angular momentum
of the particle is

q 49
@ 7 ®) -
f
© 2i @) 222
m
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© SOLUTION Time period 7= 2" The particle | & SOLUTION Force exerted by PQ on 4B is
v

_ Mohi1y
passes through a given point on the circle after one Fy x AB

2wy
complete revolution. l;enceq:]he current round the circle is i I ———
T 2rx5x107
Magnetic moment M = current X area enclosed by the =2 X l(‘)‘5 N (repulsive since /, and /, are in
circular current opposite directions)
or M= lx”r2=‘1_vxmz=q_v" Force exerted by PQ on CD is
2rcr

11
. . . F,=£00%2 y op
The direction of M is perpendicular to the plane of the © 2mn

circular loop.

=7 -2
Angular momentum L = mor _ @a X107 )X5%20%5X10

-2
The direcstion of L is the same as that of M if ¢ is positive. 2rx2x10
M  qor 1 q =5 x 107 N (attractive since /, and /, are in the
L B 2 mor 2m same direction)

From Fleming’s L.H. rule, the magnetic field due to
current in PQ is directed outwards (towards the reader) and

© EXAMPLE 24  The battery of a car is connected perpendicular to the plane of the coil. Therefore, forces F;
to the motor by 50 cm long wires which are 1.0 cm apart. | and £ on BC and AD are equal and opposite and hence
If the current in the wires is 200 A, find the force between cancel each other. Therefore, the net force on coil ABCD is

So the correct choice is (¢).

the wires. Is the force attractive or repulsive. F=F,—F;=5X% 10°-2x10°=3x10°N
@ SOLUTION Force per unit length is (attractive). Hence coil is attracted towards PQ.
lohdy (4 x1077) % 200 x 200 ., | © EXAMPLE26 A paricle i
= = = =0.8 Nm ofcharge gandmass mmovingin | it l I
2mr 2r X (L.OX107) region I with a velocity v enters x x Vx
F=fx1=08x0.5=04N normally a region II of width d

where a uniform magnetic field T
B (directed inwards) exists as m o
shown in Fig. 13.41. There is
no magnetic field in regions I

Since the currents in the wires are in opposite direction,
the force is repulsive.

© EXAMPLE 25 A small rectangular loop ABCD of

sides 5 cm and 3 cm carries a current of 5 A. It is placed | 4 X X X
with its longer side parallel to a long straight conductor . ) ~—d—>
PQ of length 5 m at a distance of 2 cm from it as shown in | (2 What is the SHBALHIGN Fig. 13.41
Fig. 13.40. If the current in PQ is 20 A, find the net force speed (Vp,qy) Of the particle
on the loop. Is the loop attracted towards PQ or repelled so that it returns back in region I?
away from it? (b) What will happen if v = 2 (/.
- ARG © SOLUTION
B A \

(a) Refer to Fig. 13.42(a). The particle describes a

circular path of radius » = mv/gB in region II. It will
L=5AY \ 3cm return to region / if it describes a semicircle in region
I1. This happens if

Fy <] - Fy| r2=50m
> mov Bd
¢ ¥ § D r<d= 22 <dorv< =
n=2cm F, qB m
P L—Q
IL,=20A qBd
o5 O ==
Fig. 13.40 ==
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v O
&
¥ x
1
<
SN ©
B

Fig. 13.42

(b) Refer to Fig. 13.32 (b). If v > v,,,, the particle
is cross over to region III after describing a circular
trajectory in region Il with O as the centre. In region
I11, the particle is moved along the tangent at Q. The
particle will suffer a deviation 6.

In triangle OPQ

sin 6 = Ly
00 r
= sin 6 = 9Bd_ Umax
mo v

1
If 0 = V2 Uy, then sin 6= —= = 6=45°
max \/5
@ EXAMPLE 27 A straight horizontal conducting
rod of length 50 cm and mass 60 g is suspended by two
vertical wires at its ends. A current of 5 A set up in the rod.

(a) What magnetic field should be set up normal to the
conductor in order that the tension in the wires is
zero?

(b) What will be the tension in the wires if the direction
of the current is reversed, keeping the magnetic field
the same?

Ignore the mass of the wires and take g = 10 m/s 2.

© SOLUTION Refer to Fig. 13.43.

® B (into page)
F,=BIl

!
l

Fg=mg

Fig. 13.43

(a) Tension in the wires will be zero if
! P
= BIl = mg
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mg _ (60%x107)x10
I 5x%(50x107%)

= B = =024T

(b) If current / is reversed, force F,, acts downwards.
Hence

Tension 7= BIl + mg
=024x5%x05+60x10°x10=12N

7. Torque on a Current Carrying Coil in a
Magnetic Field

The torque on a coil of N turns, area 4 carrying a current /
in a magnetic field B is given by

T =MxB

Magnitude of torque is 7= MB sin 8 = NIAB sin 6
where M = NIA is the magnetic moment and 6 is the angle
between the normal to the plane of coil and magnetic field.

The magnitude of torque on a coil in radial magnetic
field in moving coil galvanometer is

T=ko
where £ is the restoring couple per unit twist and o is the

deflection of the coil. For radial magnetic field, o = 90°.
Then

R s s . o Pty
NAB

Current sensitivity of the galvanometer is
C, = a NAB
1k
8. Torque on a Bar Magnet in a Magnetic Field

The magnetic dipole moment of a bar magnet of pole
strength ¢ and length (2a) is defined as

=q(2a)
It is a vector pointing from the south to the north pole
of a magnet.
Force on north pole N of magnet = ¢B (in the direction
of B)

Force on south pole S of the magnet =—¢B (opposite to B)

Thus the magnetic field exerts two equal, parallel and
opposite forces on the magnet. The two forces, therefore,
constitute a coupe which tends to rotate the magnet in the
clockwise direction. The arm of the couple is 2 a. The
torque is given by

7 = arm of the couple x force
=2axgB=¢g(2a)xB

or T=MXxB

where M = g(2a) is called the magnetic moment of the
bar magnet. The direction of 7is perpendicular to both M
and B. If M and B are both in the plane of the paper then
the torque 7 will be perpendicular to the plane of the paper
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and directed into it away from the reader. The magnitude
of the torque is

T=MBsin 6

where 6 is the angle between M and B.
The SI unit of M is Nm T~ or JT™' (joule per tesla).

9. Potential Energy of a Magnetic Dipole

The magnetic potential energy of a magnetic dipole in any
orientation 6 with an external uniform magnetic field B is
defined as the work that an external agent must do to turn
the dipole from its zero energy position (6 = 90°) to the
given position. 6.

U =-MB cos 6
In vector notation,
U=-(M'B)
For stable equilibrium U is minimum. Hence 6 = 0

and 7 = 0. For unstable equilibrium, U is maximum i.e.
6=180°. Hence 7=0

10. Some Useful Tips

1. Magnetic dipole moment of a bar magnet is M =
m x [, where m is pole strength and / is the length of
the magnet. The value of M depends on the volume
of the magnet.

(a) If a magnet is cut into two equal parts by cut-
ting it by a plane along its length, its volume is
halved, Hence the magnetic dipole moment of a

piece is halved = M/2. The pole strength m = %

is also halved as length / remains the same.

(b) If a magnet is cut into two equal parts by cutting
it by a plane transverse to its length, the volume
and length are both halved. Hence the magnetic
moment becomes M/2 but pole strength m re-
mains the same.

(c) If a wire of magnetic dipole moment M and
length / is bent as shown in Fig. 13.44, the dis-

1
tance between the pole becomes ﬁ and mag-
netic moment becomes
M
M’'=m x J_ \/_

If the wire is bent as shown in Fig. 13.45, the
magnetic moment becomes

/ M
M =mX —==—1
V2

S
/4
L7 L
s o2 2
> 90°
N ya |_
L
2
Fig. 13.44 Fig. 13.45

Magnetic dipole moment M is a vector quantity
directed from south pole to north pole.

Note

2. A bar magnet placed in a uniform magnetic field
experiences no net force but experiences a torque 7
= M x B. The magnitude of 7 is 7= MB sin 6 where
O is the angle between M and B.

(a) when 6=90°, 7, = MB

(b) when 6=0°, 7;, = 0 (stable equilibrium)

(c) when 6= 180° T..in = O (unstable equilibrium)
Potential energy is U =-M.B =—-MB cos 6. When
6 = 0°, P.E is minimum U,;, = —MB. U is max
= Upax = MB when 6= 180°

(d) Work done in rotating the magnet from 6, to 6,

is
W= MB (cos 6, — cos 6,)

(e) In a non-uniform magnetic field, a bar magnet

experiences a force as well as a torque.

3. The time period of a bar magnet oscillating in a

uniform magnetic field is 7= 27r1f$ , where / is

2

the moment of inertia of the bar magnet = % .

= mass of magnet and / = length of magnet.

(a) Ifa bar magnet is cut into two equal parts by cut-
ting along its length, then each part has M” = M/2
and I’=1/2. Hence T’ =T.

(b) If a bar magnet is cut into two equal parts by
cutting perpendicular to its length, then each
part has M’ = M/2 and I’ = I/8. Hence T’ = T/2.

(c) If two bar magnets of magnetic moments M, and
M, are placed one on top of the other as shown
in Fig. 13.46, then time period is given by (since
I=1,+Land M =M, + M,)
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r=2m |-t12)
(M, — M,)B

s My — N
S M2 — N
Fig. 13.46

If the magnets are placed as shown in

Fig. 13.47, then I = I, + I, but M = M, — M, and
I +1
Tz =2r ( 1 2)
(M, - M,)B
M, (T +T;
T, and T, are related as —- = %
M, (I;-T7)
S M1 ——— N
N <—M2 S
Fig. 13.47

4. Magnetic field due to a bar magnet
(a) At a point P on axial line (Fig. 13.48)

2 M — 3
a= &2—’;2 parallelto M =mx21.
ar (r° =1°)
2M
For a very short magnet (/<<r),B,= fa) —
.
M— ’ ;
S |» -------- —B,
o 2| >
r -
Fig. 13.48

(b) Ata point Q on the equatorial line (Fig. 13.49)

_ My

——— antiparallel to M
4r (r +12)3/2 3

For [ <<r,

_ MM
4’

e
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Fig. 13.49

© EXAMPLE 28 A closely wound solenoid of 1000
turns and area of cross-section 5 cm” carries a current
of 3 A. It is suspended through its centre (a) what is the
magnetic moment? (b) What is the force and torque acting
on the solenoid if a uniform magnetic field of 8 x 107 T
is set up at an angle of 30° with the axis of the solenoid?

© SOLUTION

(a) Magnetic moment M = NI4A = 1000 x 3 x (5 x 107

=1.5JT" or Am?

(b) Since the magnetic field is uniform, the force acting
on the solenoid is zero

Torque 7= MB sin 8= 1.5 x (8 x 107%) x sin 30°
=6x1072]

© EXAMPLE 29 In a hydrogen atom, the electron
moves in a circular orbit of radius 0.5 A making 10
revolutions per second. Calculate the magnetic moment
associated with the orbital motion of electron.

© SOLUTION M=mev*=3.14x(1.6x107'%)x10'"x
0.5x% 107'%*=1.26 %10 Am?

@ EXAMPLE 30 A bar magnet is suspended at a
place where it is acted upon by two magnetic fields which
are inclined to each other at an angle of 75°. One of the
fields has a magnitude V2 x 107 T. The magnet attains
stable equilibrium at an angle of 30° with this field. Find
the magnitude of the other field.

@ SOLUTION Magnetic field B, exerts anticlockwise
torque 7, to orient M along itself and magnetic field B,
exerts a stockwise torque 7, to orient M along itself (Fig.
13.50). For equilibrium,

U]
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B,=V2x 10T as shown in Fig. 13.51. Hence 8= 90°. The magnitude of
the torque acting on the coil is
3 3
\N/M 7= MB sin 6= TIazB sin 90° = Tfa%B

@ EXAMPLE 32 A wire loop ABCD carrying a
current /, is placed on a frictionless horizontal table as
shown in Fig. 13.52. A long straight wire PQ carrying a

B, current [ is placed at a distance @ from side AB = [. Find
' the work done by the magnetic field in shifting the wire
Fig. 13.50 from position PQ to position P'(’.
MB, sin 8, = MB, sin 6, Q Q’
. — . le——— b——————»f
N Bz=B,.sm9,=\/5><1(?2><sm3O° 102 T
sin 8, sin 45°
A A - D
@ EXAMPLE 31 A uniform wire is bent into the i &
shape of an equilateral triangle of side a. It is suspended “a f a
from a vertex at a place where a uniform magnetic field B 5 C
exists parallel to its plane. Find the magnitude of the torque
acting on the coil when a current [ is passed through it. p pr
© SOLUTION Area of the coil is (4B = a, BD = a/2) Fig. 13.52

© soLUTION

| Q
| —_—
! — > B
! e 11 h
i - X [
i Yio l
! dx
: P
i Fig. 13.53
B D I (]
Fig. 13.51 Divide the loop into a large number of elements each of

a very small width dx. Consider one such element at a
A =2 x area of triangle ABD distance x from PQ [see Fig. 13.53]. The magnetic field at
1 any point on the element is
=2><(—><AD><BD) I
2 B = %directed inwards

_ \/5 a X
=4ix 5 x > ax 3 Magnetic moment of the element is
dM = I, x area of element
V3,
= T a = 12 x Idx
Magnetic moment of the loop is Since the current in the coil is anticlockwise, dM is
directed outwards. Hence angle between vectors B and
M=IA=IX£C{2 dM is 8= 180°.
4 Potential energy when the wire is a distance x from the

Since the current is clockwise, the direction of vector M | elements is
is perpendicular to the plane of the coil directed inwards dU = -dM-B=—dM x B cos
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1101

=—1, ldx X —
2mx

cos 180°
_ Mol 15l dx
2r  x

*. Potential energy of the system when the wire is at
position PQ is

#olllzliéz Holi 15! ln(é)

Upp =
e 2r 2% 2 a

By symmetry, the potential energy of the system when the
wire is shifted to position P’Q" is

UI’()’ = _UI)Q
. Work done in shifting the wire from position PQ to
P'Q is
W=~(Upg-
ol 1,1 In (2)
V4

a

Upg)

=2 UI’Q

11. Earth’s Magnetic Field

The magnetic field of the earth is described in terms of the
following three parameters.

(1) Magnetic Declination
The angle between the magnetic meridian at a place and
the geographic meridian at that place is called magnetic
declination. The magnetic meridian at a place is a vertical
plane containing the magnetic axis of a freely suspended
small magnet when it has settled in the earth’s field. The
geographic meridian at a place is a plane containing the
place and the earth’s axis of rotation.

The magnetic declination is different at different places
on the surface of the earth.

(2) Angle of Dip

The angle between the horizontal component and the total
magnetic field of the earth is called the angle of dip. This
angle is also different at different places on the surface of
the earth. Naturally, on the magnetic equator the angle of
dip is zero, because the dip needle rests horizontally at the
magnetic equator. The needle rests vertically at the two
magnetic poles, i.e. the angle of dip is 90° at the magnetic
poles. At other places, its value lies between 0° and 90°.

(3) Horizontal Component
The total magnetic field strength B at a place has a
horizontal component B, given by

By =Bcos 0

where 0 is the dip angle at that place. At the magnetic
poles, By, = B cos 90° = 0 and at the magnetic equator By,
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= B cos 0° = B. The value of By, thus differs from place to
place on the surface of the earth.

12. Neutral Points

A neutral point is a point in space where the field due
to the magnet is completely neutralized by the horizontal
component of the earth'’s magnetic field. If B, is the
magnetic field due to the magnet and B, the horizontal
component of the earth’s magnetic field, then at the neutral
point, B,, and B, are equal in magnitude but opposite in
direction.

The magnetic field due to a short dipole at a distance
on the equatorial line is given by

_Hy m

4r 3

m

where m is the magnetic moment of the magnet. On the
axial line,
e 0 B8
" Am
13. Relation between B and H

Magnetic induction field B and magnetic field intensity H
are related as
B=uH

The constant u is called the permeability of the material.
If the material is removed leaving a vacuum inside the
solenoid, the magnetic field reduces to B, given by

By = uyH

where p, is the permeability of vacuum.

The ratio pt/u is called the relative permeability of the
material:

o, = i
Ho

14. Relation between M and H

Intensity of magnetisation I and magnetising field intensity
H are related as

I=yH
where y is the susceptibility of the material.
Also u.=1+y

15. Three Kinds of Magnetic Materials

Different magnetic materials have different y values
which may vary over a very wide range. Depending on
the value and sign of y, magnetic materials are divided into
the following three categories.

(1) Diamagnetic Materials
Materials for which y is small and negative are called
diamagnetic. In such materials, the individual magnetic
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moments of the various atoms tend to cancel out completely.
So, in the normal state, the atoms of such substances (in
the absence of external field ) have no magnetic moment
at all. They have a small and negative susceptibility y. For
bismuth y=—0.00015 and i, (= 1 + ) is slightly less than
unity. Bismuth, copper, lead, water and sodium chloride
are all diamagnetic.

When a sample of a diamagnetic material is placed in a
magnetic field B, a net magnetic moment is induced in it
which is proportional to B but opposite in direction. If B
is non—uniform, the sample tends to move from the region
where the field is strong to the region where it is weak.

(2) Paramagnetic Materials

Paramagnetic materials are those whose atoms, in the
normal state, already have an intrinsic non-zero magnetic
moment, even in the absence of an external magnetic field.

1
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Examples are aluminium, sodium, copper chloride and
liquid oxygen. Paramagnetics have a small but positive
value of y . The susceptibility y satisfies the relation

. C
T
where C is a constant called the Curie constant and the

above relation is called Curie s law.

(3) Ferromagnetic Materials

Materials having a very high (of the other of 1000 or
more) and positive susceptibility are called ferromagnetic.
Examples are iron, nickel, cobalt and numerous alloys.
In such materials there are strong interactions between
the individual magnetic moments of the various atoms.
Above a certain temperature called the Curie point,
ferromagnetics become paramagnetics.

le Choice Questions with One Correct Choice

SECTION

Level A

1. A wire of length L carrying a current / is bent into
a circle. The magnitude of the magnetic field at the
centre of the circle is

71'.“01 b :u()l
(a) —7 (b) EYA
2wyl g Ho!
(c) — (d) rL

2. Apart of a long wire carrying a current / is bent into
a circle of radius » as shown in Fig. 13.54. The net
magnetic field at the centre O of the circular loop is

Mo 1 Mo 1
L b) £
@) 4r () 2r
T i
© 2oL (z+1) @ £ (z-1)
2nr 2nr
d I
1 rl
A - - B
Fig. 13.54

3. A wire is bent into a circular loop of radius R and
carries a current /. The magnetic field at the centre

IIT-NEET-PHYSICS,

of the loop is B. The same wire is now bent into a
double loop. If both loops carry the same current / in
the same direction, the magnetic field at the centre of
the double loop will be

(a) zero (b) 2B
(c) 4B (d) 8B
4. In Q. 3, if the currents / in the two loops are in

opposite directions, the magnetic field at the centre
of the double loop will be

(a) zero (b) B
B
(c) 2 (d) 4B

5. The magnetic field at the centre of a circular coil of
radius r and carrying a current / is B. What is the

magnetic field at a distance x = V3 r from the centre,
on the axis of the coil?

(a) B (b) 2B
(c) 4B (d) 8 B

6. Acoil of 50 turns and 10 cm diameter has a resistance
of 10 Q. What must be the potential difference across

the coil so as to nullify the earth’s magnetic field H
=0.314 G at the centre of the coil?

(a) 0.5V (b) 1.0V
(¢) 1.5V (d) 2.0V

-—
B

STUDY CIRCLE

ACCENTS EDUCATIONAL PROMOTERS



1.

10.

11

: i SINCE 2001..
IIT-NEET- CBSE

STUDY CIRCLE

ACCENTS EDUCATIONAL PROMOTERS

The magnetic field at the point of intersection
of diagonals of a square loop of side L carrying a
current / is

Mo 1 2py1
fo” b) 2807
(a) L (b) =
\/E,uol 2‘/_.“0
) ——== (d)
L L

Two identical coils carry equal currents and have a

common centre, but their planes are at right angles

to each other. What is the magnitude of the resultant

magnetic field at the centre if the field due to one coil

alone is B?

(a) zero (b) B/N2

(c) V2 B (d) 2B

The direction of the force experienced by a charged

particle moving with a velocity v in a uniform

magnetic field B is

(a) parallel to v and perpendicular to B

(b) parallel to B and perpendicular to v

(c) parallel to both v and B

(d) perpendicular to both v and B.

When a charged particle moves perpendicular to a

uniform magnetic field, its

(a) energy and momentum both change

(b) energy changes but momentum remains un-
changed

(c) momentum changes but energy remains un-
changed

(d) energy and momentum both do not change.

A particle is projected into a uniform magnetic

field acting perpendicular to the plane of the paper.

The field points into the paper, indicated by x which

represents the tail of the field vector. The trajectory

shown could be that of a (see Fig. 13.55)

(a) neutron (b) proton

(c) alpha particle (d) electron

X X X X

Fig. 13.55
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. A proton with kinetic energy K describes a circle of

radius 7 in a uniform magnetic. An o—particle with
kinetic energy K moving in the same magnetic field
will describe a circle of radius

m)g (b) r
©)2r (d) 4r

. An o—particle moving with a velocity v in a

uniform magnetic field is moving in a circular path
at frequency v called the cyclotron frequency. The
cyclotron frequency of a proton moving with a speed
2v in the same magnetic field will be

1% 1%
(a) i (b) 3
(c) v (d2v

. In the region around a charge at rest, there is

(a) electric field only

(b) magnetic field only

(c) neither electric nor magnetic field

(d) electric as well as magnetic field.

In the region around a moving charge, there is
(a) electric field only

(b) magnetic field only

(c) neither electric nor magnetic field

(d) electric as well as magnetic field.

. An electron is accelerated to a high speed down the

axis of a cathode ray tube by the application of a
potential difference of V volts between the cathode
and the anode. The particle then passes through
a uniform transverse magnetic field in which it
experiences a force F. If the potential difference
between the anode and the cathode is increased to
2V, the electron will now experience a force

(a) F/IN2 (b) F/2
() V2 F d)2F

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

field. It experiences

(a) a force as well as a torque

(b) a force but no torque

(c) a torque but no force

(d) neither a force nor a torque

A conducting circular loop of radius r carries a
constant . 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

(a)irB (b)2mirB

(c) zero (d) mirB

. Twolong parallel wires separated by a distance R have

equal current / flowing in each. The magnetic field of
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one exerts a force F on the other. The distance R is
increased to 2R and the current in each wire is reduced
from 7 to //2. What is the force between them now?

(a) 4 F (b) F

(c) F/4 (d) F/8

A straight horizontal conducting rod of length 0.5 m
and mass 50 g is suspended by two vertical wires
at its ends. A current of 5.0 A is set up in the rod
through the wires. What magnetic field should be set
up normal to the conductor in order that the tension
in the wires is zero? Ignore the mass of the wires and

2

take g= 10 ms™".
(@0.1T (b) 02T

(c) 03T (d) 04T

In the hydrogen atom the electron moves around the
proton with a speed of 2.0 x 10° ms™' in a circular
orbit of radius 5.0 x 10™'" m. What is the equivalent
dipole moment?

(a) 2% 107" Am’ (b) 4 x 107 Am’

(c) 8 x 1072 Am? (d) 16 x 107%* Am?

In Q. 21, what is the strength of the magnetic field at
the site of the proton (i.e. at the centre of the orbit)?
(a) 12.8T (b) 64T

(©) 32T (d)1.6T

In a hydrogen atom, an electron of mass m and charge
e is in an orbit of radius » making » revolutions per
second. If the mass of the hydrogen nucleus is M, the

magnetic moment associated with the orbital motion
of the electron is

2 2
Tner m nner M
et il By 2=
@) M ®) m
2
(c) _?A;e:”:r; (d) Tner?

A wire of length / metres carrying a current / amperes
is bent in the form of a circle. The magnitude of the
magnetic moment is

L P
= b) —
@) 27 ®) 4
21 1
- a ——
© 2r @ 4r

An electric field of magnitude 5000 V m~' and a

magnetic field of magnitude of 0.01 T exist at right
angles to each other in a region of space. With what
speed must electrons be projected at right angles to
both the fields so that they experience no net force?
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(a) 5% 10° ms™' (b) 3x10° ms™
(c) 5x 10’ ms™ (d) 3x10%ms™

Two circular current carrying coils of radii 3 cm and
6 cm are each equivalent to a magnetic dipole having
equal magnetic moments. The currents through the
coils are in the ratio of

@ V2 :1 (b)2: 1
() 2v2 :1 () 4:1
A proton (mass = 1.7 X 10°% kg) moves with a

speed of 5 x 10° ms™' in a direction perpendicular

to a magnetic field of 0.17 T. The acceleration of the
proton is

(a) zero (b) 2 % 10'? ms™2

(c) 4x 10" ms™? (d) 8% 10" ms™?

An electron of charge e moves in a circular orbit of
radius » around the nucleus at a frequency v. The
magnetic moment associated with the orbital motion
of the electron is

2
@) Tver ) R
e
Ttve 7ter2
© =¥ o)
r 1%

An electron of charge e moves in a circular orbit of
radius » around a nucleus. The magnetic field due
to orbital motion of the electron at the site of the
nucleus is B. The angular velocity w of the electron is

iy 2upeB i) = UgeB
drr

(05 = 4rrB W) = 2nrB
Hoe Hoe

The frequency of the charged particle circulating at
right angles to a uniform magnetic field does not
depend upon the

(a) speed of the particle (b) mass of the particle
(c) charge of the particle  (d) magnetic field

The vertical component of the earth’s magnetic field
is zero at the

(a) magnetic poles (b) magnetic equator
(c) geographic poles (d) 45° latitude

The angle of dip is 90° at the

(a) magnetic poles (b) magnetic equator
(c) geographic poles (d) 90° latitude

A dip needle free to move in a vertical plane
perpendicular to the magnetic meridian will remain

ACCENTS EDUCATIONAL PROMOTERS
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(a) vertical

(b) horizontal

(c) at an angle of 60° to the vertical
(d) at an angle of 45° to the horizontal

A sensitive magnetic instrument can be shielded very
effectively from outside fields by placing it inside a
box of

(a) teak wood

(b) plastic material

(c) a metal of low magnetic permeability

(d) a metal of high magnetic permeability

When a material is subjected to a small magnetic
field A, the intensity of magnetisation is proportional
to

(a) H'? (b) H

(c) H (d) H'?

The magnetic permeability of a paramagnetic
substance is

(a) small and positive

(b) small and negative

(c) large and positive

(d) large and negative.

Which of the following has the highest magnetic
permeability?

(a) Paramagnetic substances

(b) Diamagnetic substances

(c) Ferromagnetic substances

(d) Vacuum

For a paramagnetic material, the dependence of the
magnetic susceptibility x on the absolute temperature
T is given by (C is a constant)

(@ x=CT by x=C/T

(c) x=CI? (d)x=Cr>

When a ferromagnetic substance is heated to a
temperature above its Curie temperature, it

(a) behaves like a paramagnetic substance
(b) behaves like a diamagnetic substance
(c) remains ferromagnetic

(d) is permanently magnetised.

The relative permeability of iron is of the order of
(a) zero (b) 107
() 1 (d) 10°

The relative permeability of a substance A4 is
slightly greater than unity while that of a substance
B is slightly less than unity. Then

(a) A4 is ferromagnetic and B paramagnetic
(b) 4 is diamagnetic and B paramagnetic
(c) A4 is paramagnetic and B diamagnetic
(d) A4 and B are both ferromagnetic

IIT-NEET-PHYSICS,,
||

42.

43.

44,

45.

46.

47.

48.

49.

IIT-PHYSICS
MAGNETIC E FFECT
OF CURRENT

A closely wound solenoid of 1000 turns and area of
cross-section 1.5 x 10™* m?, carrying a current of 2A,
is suspended through its centre allowing it to turn in
a horizontal plane. What is the magnetic moment
associated with the solenoid?

(a) 0.3 Am? (b) 0.5 Am>

(c) 0.75 Am’ (d) 1.5 Am?

A bar magnet of magnetic moment 2.0 JT' lies
aligned with the direction of a uniform magnetic
field of 0.25 T. What is the amount of work required
to turn the magnet so as to align its magnetic moment
normal to the field direction?

(a) 0.1257J (b) 0.251]

(c) 0.5] (d) 1.0J

In Q. 43, what is the work done to turn the magnet so
as to align its magnetic moment opposite to the field
direction?

(a) 0.257 (b) 0.51]

(c) 0.751] (d) 1.0J

A magnetic dipole is acted upon by two magnetic
fields which are inclined to each other at an angle of
75°. One of the fields has a magnitude of ¥2 x 1072 T.
The dipole attains stable equilibrium atan angle of 30°
with thisfield. What is the magnitude of the other field?
(a) 0.01 T (b) 0.02T

() 0.03T (d) 0.04T

At a certain place on earth a magnetic needle is
placed along the magnetic meridian at an angle of
60° to the horizontal. If the horizontal component of
the earth’s field at the place is 0.20 x 10~ T, what is
the magnitude of the total earth’s field at that place?
(@) 02x107*T () 04x1074T

(c) 0.8x107*T (d) 1.6x107*T

A short bar magnet of length 4 cm has a magnetic
moment of 4 JT™'. What is the magnitude of the
magnetic field at a distance of 2 m from the centre
of the magnet on its equatorial line?

(a) 1077 T (b) 5x10°°T

() 107 T (d)5x107°T

In Q. 47, what is the magnitude of the magnetic field
at a distance of 2 m from the centre of the magnet on
its axial line?

(@) 1074T (b) 10°T

() 1076 T () 107" T

A toroidal solenoid has 3000 turns and a mean
radius of 10 cm. It has a soft iron core of relative
permeability 2000. What is the magnitude of the
magnetic field in the core when a current of 1 A is
passed through the solenoid?

(a) 0.012°T (b) 0.12T

() 12T (d 12T
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50. A sample of paramagnetic salt contains 2 x 10%*
atomic dipoles, each of dipole moment 1.5 x 6=
JT™'. The sample is placed in a magnetic field of
0.6 T and cooled to a temperature of 4 K. The degree
of magnetic saturation achieved is equal to 15%.
What is the total dipole moment of the sample for
a magnetic field of 0.9 T and a temperature of 3K ?

(8 31T (b) 6T
(©9oJT! (d 121!
51. A bar magnet of pole strength ¢ and magnetic

moment m is divided into two equal pieces by cutting
it perpendicular to its length. Then

(a) ¢ is halved and m is doubled

(b) g and m both are halved

(c) g is halved but m remains the same
(d) g remains the same but m is halved

52. Abarmagnet of pole strength ¢ and magnetic moment
m is divided into two equal pieces by cutting it along
its length. Then

(a) ¢ is halved and m is doubled
(b) ¢ and m both are halved
(c) g is halved but m remains the same

57. A potential difference of 600 V is applied across the

58.

59.

plates of a parallel plate copacitor. The separation
between the plates is 3 mm. An electron projected
vertically, parallel to the plates, with a velocity of
2% 10° m s™' moves undeflected between the plates.
What is the magnitude of the magnetic field between
the capacitor plates?

(a) 0.1 T (b) 02T

(c) 03T (d) 04T

Two straight infinitely long and thin parallel wires
are held 0.1 m apart and carry a current of SA each in
the same direction. The magnitude of the magnetic
field at a point distant 0.1 m from both wires is

(a) 10°T (b) V2 x10°T

(c) V3 x10°T (d)2x107°T

When a long wire carrying a steady current is bent
into a circular coil of one turn, the magnetic field
at its centre is B. When the same wire carrying the
same current is bent to form a circular coil of » turns
of a smaller radius, the magnetic field at the centre
will be

(d) g remains the same but m is halved (a) B (b) nB
53. A bar magnet of magnetic moment m is placed along B
the magnetic meridian. If the earth’s magnetic field ©) B d) n’ B
is B, the work required to turn the magnet through an n>
ang R IS. 60. A pair of stationary and infinitely long bent wires are
(a) m B sin O (b) m B cos 6

(c) m B (1 —cos 60) (d) m B (1 +cos 6)

54. A small piece of a material is repelled by a strong
magnet. The material is
(a) paramagnetic (b) ferromagnetic
(c) diamagnetic (d) non-magnetic
55. Choose the correct statement. There will be no force
experienced, if
(a) two parallel wires carry currents in the same di-
rection
(b) two parallel wires carry currents in the opposite
direction
(c) a positive charge is projected between the pole
pieces of a bar magnet
(d) a positive charge is projected along the axis of a
solenoid carrying current

Level B

56. Choose the WRONG statement. The sensitivity of a
moving coil galvanometer can be increased by

(a) increasing the number of turns in the coil

(b) inserting a soft iron cylinder inside the coil

(c) increasing the strength of the magnetic field

(d) using a suspension fibre of a higher restoring
couple per unit twist.

IIT-NEET-PHYSIC S,

placed in the x-y plane as shown in Fig. 13.56. The
wires carry a current / = 10 A each as shown.

Q

P
Fig. 13.56

The segments LR and SM are along the x-axis. The
segments PR and QS are along the y-axis, such
that OS = OR = 0.02 m. What is the magnitude and
direction of the magnetic field at the origin O?

(a) 100 Wb m? vertically upward
(b) 10°* Wb m™ vertically downward
(c) 107 Wb m™ vertically upward

(d) 102 Wb m™ vertically downward

-_—
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61. Twolongparallel wires Pand Q are held perpendicular (a) the wire oscillates
to the plane of the paper at a separation of 5 m. lf.P (b) the wire continues making contact
and Q carry currents of 2.5 A and 5 A respectively in ) . )
the same direction, then the magnetic field at a point (c) the wire breaks contact just when the current is
mid-way between P and Q is passed
3 (d) the mercury will expand by heating due to passage
(a) E”O_ (b) —”#0 of current
Uo 3, 68. A coil having N turns is wound tightly in the
(c) 2w (d) o form of a spiral with inner and outer radii @ and b
62. A proton of mass m and charge +e is moving in a res.pectlvely. When a current [ Passcs through the
circular orbit a magnetic field with energy 1 MeV. coil, the magnetic field at the centre is
What should be the energy of an o-particle (mass 4 m UoNI b 2, NI
and charge + 2¢) so that it revolves in a circular orbit @) b (b)
of the same radius in the same magnetic field? - i s
(a) 1 MeV (b) 2 MeV () #m 2 (d) 25;’—) in
(c) 4 MeV (d) 0.5 MeV Sl . _
63. At a certain place, the horizontal component of 69. A particle of mass m and charge ¢ moves with a
. o < Bt . constant velocity v along the positive x direction. It
carth’s magnetic field is V3 times the vertical enters a region containing a uniform magnetic field
component. The angle of dip at that place is B directed along the negative z direction, extending
(a) 30° (b) 45° from x = @ to x = b. The minimum value of v required
(c) 60° (d) 90° so that the particle can just enter the region x > b is
64. A proton, a deuteron and an alpha particle having (a) gbB/m (b) g(b—a)B/m
thg same ki.netic energy are mo'ving in circular (c) gaB/m (d) g(b+a)B2m
MEURGKOMES 1110, CORMM IGnee HE. .If > Td | 70, A magnet of length 10 cm and magnetic moment
and r, denote respectively the radii of trajectories 7 . p ;
« . 1 Am~, is placed along the side AB of an equilateral
of these particles, then . . .
’ triangle ABC. If the length of side AB is 10 cm, the
@) rg=r,<ry (b) rg>r4>1, magnetic field at point C is
(c) rg=ry>r, @) 1 =ry="ry (a) 10°T () 107 T
65. Two particles each of mass m apd ch.ar'ge q, are () 10°T () 104 T
attached to the two ends of a light rigid rod of . y ] .
. 71. A magnetized wire of magnetic moment M is bent
length 2/. The rod is rotated at a constant angular g ;
s ; . ; into an arc of a circle that subtends an angle of 60°
speed about a perpendicular axis passing through its ; % A
centre. The ratio of the magnitudes of the magnetic at the centre. The equivalent magnetic moment is
moment of the system and its angular momentum M b 2M
about the centre of the rod is @) T (b) T
q q
a) — b) = 3IM 4M
()2m ()m (c) — (d) —
/4 /4
(c) 29 (d) g 72. Two poles of the same strength attract each other with
m Tm a force of magnitude F when placed at two corners
66. A charged particlg is releasec} from rest in a region of an equilateral triangle. If a north pole of the same
of steady and uniform electric and magnetic fields strength is placed at the third vertex, it experiences a
which_are parallel to each other. The particle will force of magnitude
move in a
V3 F b) F
(a) straight line (b) circle (@) ®)
(c) helix (d) cycloid () V2 F d2F
67. Aloosely wound helix made of stiff wire is mounted | 73. A circular coil of radius » having number of turns n
vertically with the lower end just touching a dish of and carrying a current /, produces magnetic field of
mercury. When a current from the battery is started magnitude B at its centre. B can be doubled by
in the coil through the mercury
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(a) keeping n unchanged and changing / to 2

(b) changing n to g and keeping / unchanged

(c) changing n to 2n and [ to 2/

(d) keeping / unchanged and changing n to 2n

An electron moves with a speed of 2 x 10° ms™'
along the positive x-direction in a magnetic field B
= (i - 43— 3IA() tesla. The magnitude of the force (in
newton) experienced by the electron is (the charge
on electron = 1.6 x 107" )

(a) 1.18 x 107" (b) 1.28% 107"

(c) 1.6 x 107" (d) 1.72x 1073

A single charged ion has a mass of 1.13 x 107 g.
It is accelerated through a potential difference of
500 V and then enters a magnetic field of 0.4 T,
moving perpendicular to the field. The radius of its
path in the field is

(a) 2.1 cm (b) 2.1 mm

(¢) I.17m (d) 2.0m

A proton of velocity (3i +2 j) ms ' enters a magnetic

field of (2} + 3]:) tesla. The acceleration produced
in the proton is (charge to mass ratio of proton = 0.96
x 10% C kg™)

(a) 2.88 x 10% (2i-3j)

(b) 2.88 x 10 (2i —3j+ 2k)

(c) 2.88 x 10° (2i+3Kk)

(d) 2.88 x 10° (i—3j+2Kk)

Two short bar magnets of magnetic moments ‘M’
each are arranged at the opposite corners of a square
of side ‘d’, such that their centres coincide with the
corners and their axes are parallel. If the like poles

are in the same direction, the magnetic field at any
of the other corners of the square is

My M Ho 2M
i W aidnd b) &2
(@) A 4° () ar &
© o MY5 (@ Ho M
4 d° ar 4°

A current / flows along the length of an infinitely

long, straight, thin walled pipe. Then

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

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

(c) the magnetic field is zero only on the axis of the
pipe.

(d) the magnetic field is different at different points
inside the pipe.

IIT-NEET-PHYSICS,

9.

80.

81.

82.

83.

IIT-PHYSICS
MAGNETIC E FFECT
OF CURRENT

A power line lies along the east-west direction and
carries a current of 10 A. The force per metre due to
the earth’s magnetic field of 107* T is

(a) 10° Nm™' (b) 10°*Nm™'
(c) 10° Nm™ (d) 10> Nm™
Two straight and long conductors AOB and COD
are perpendicular to each other and carry currents
of /; and /,. The magnitude of the magnetic field at

a point P at a distance a from point O in a direction
perpendicular to the plane ABCD is

@) £ (1) + 1) (b) ;“ i
Ta
12 Ho I I,
& 1+1) W (1, +1,)

A 2 MeV proton is moving perpendicular to a uniform
magnetic field of 2.5 T. The force on the proton is

(@) 2.5%x 107N (b) 8x 107''N
(c) 25x107''N (d) 8 x 102N

A straight section PQ of a circuit lies along the x-axis
a
from x =— 5 tox = 2 and carries a current /. The

magnetic field due to the section PQ at pointx =+ a
will be

(a) proportional to a (b) proportional to a
(c) proportional to i (d) equal to zero
a

Two charged particles M and N enter a region of
uniform magnetic field with velocities perpendicular
to the field. The paths of particles are shown in Fig.
13.57. The possible reason is

(a) The charge of M is greater than that of N
(b) The momentum of M is greater than that of N

(c) The charge to mass ratio of M is greater than that
of N

(d) The speed of M is greater than that of N

X X X X X X
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The monoenergetic beam of electrons moving along
+ y direction enters a region of uniform electric
and magnetic fields. If the beam goes straight
undeflected, then fields B and E are directed
respectively along

(a) —y axis and — z axis

(b) + z axis and + x axis

(c) + x axis and + z axis

(d) —xaxis and — y axis

. The magnetic field due to a current carrying circular

loop of radius 3 cm at a point on its axis at a distance
of 4 cm from the centre is 54 uT. The magnetic field
(in uT) at the centre of the loop will be

(a) 250 (b) 150

(c) 125 (d) 72

. A wire ABCDEF (with each side of length L) bent

as shown in Fig. 13.58 and carrying a current / is
placed in a uniform magnetic field B parallel to the
positive y—direction. What is the magnitude and
direction of the force experienced by the wire?

(a) BIL along positive z-direction
(b) BI*/L along positive z-direction
(c) BIL along negative z-direction

(d) BL/I along negative z-direction

. D
z
A1
Ci
E—(——F
1 /
/
0 >y
/ ) ’
X
Fig. 13.58

A particle of charge g moves with a velocity v=a i

in a magnetic field B=»5 ] +ck where a,band care
constants. The magnitude of the force experienced
by the particle is

(a) zero (b) ga(b + c)

(C) qa(b2 _ 62)11'2 (d) qa(b2 + Cz)lﬂ

A current [ is flowing through the sides of an
equilateral triangle of side a. The magnitude of the
magnetic field at the centroid of the triangle is

IIT-NEET-PHYSIC S,
||

89.

90.

91.

92.
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3ue! IHo!
(@) 2ma ®) 2ra
© > ‘/_“0 () zero

A partlcle of mass m and charge g, accelerated by a
potential difference V enters a region of a uniform
transverse magnetic field B. If d is the thickness
of the region of B, the angle 6 through which the
particle deviates from the initial direction on leaving
the region is given by

/2
(a) sin @=Bd (zij
mV

/12
(b) cos 8= Bd (zij
mV

/2
(c) tan 6= Bd( 9 j
2mV

/2

(d) cot 6= Bd[ 1 j
2mV

A metal wire of mass m slides without friction on two
rails spaced at a distance d apart. The track lies in a
vertical uniform magnetic field B. A constant current
I flows along one rail, across the wire and back down
the other rail. If the wire is initially at rest, the time
taken by it to move through a distance x along the
track is

_ , Bld 2xm
@)1= 2xm ®) 1 BId

Bldm 2dm
t=|— d) t=,|—
© 2x @ BIx

A particle of charge g and mass m is released from the
origin with a velocity v=ai in a uniform magnetic

field B= bk . The particle will cross the y-axis at a
point whose y-coordinate is

ma 2ma

i b) y= =

(@) y= 4 (b) y= 4b
ma 2ma
=_ e d)y=- 22
(©)y= m (d)y= b

A U-shaped wire PORS of mass m carrying a current
1 is stationary above the surface of the earth in the
region of a uniform magnetic field B directed into the

page as shown in Fig. 13.59. Then
A : P nr- NEE#“CX:’S‘E
STUDY CIRCLE
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mg mg
I= b) I=
@ i=1s ) I= o B
mg mg
¢) [= ——=—— d) I= ——=—
© (24, +1,)B @ (24,-1,)B
B
TP X X X S ﬁtopage)
11} ALl

Fig. 13.59

A rectangular coil PORS of length PO = a and
breadth SP = b is suspended with is plane parallel to
a horizontal magnetic field B as shown in Fig. 13.60.

» B
S R
1
/
1/
P 5 (0]
Fig. 13.60

When a current / is passed in the coil as shown, the
coil will experience

(a) no net force and no net torque

(b) a net force FF = 2Bla will be move it is the
direction of B but no net torque

(c) a net torque 7= Blab which will rotate it in the
clockwise sense but no net force

(d) a net torque 7= Bl(a2 A= bz) which will rotate it
in the anticlockwise sense and also a net force
F = BI (a + b) which will be parallel to B.

Awire is bent into a form PORST and carries a current
I as shown in Fig. 13.61. Straight segment PQ and ST
are of equal length / and the semi-circular segment
ORS has a radius 7. The frame is placed in a region
of uniform magnetic field B directed as shown in the
Figure. The magnetic force exerted on the wire frame s

(a) 2BI (I +r) (b) 2BI (I + 7r)
(c) BI (21 +7) (d) BI (21 + r)

IIT-NEET-PHYSIC S,
||
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B (into page)

Fig. 13.61

A particle of charge — ¢ moves with a velocity v in a
magnetic field B as shown in Fig. 13.62.

B

Fig. 13.62

The direction of the magnetic field on the particle
will be

(a) to the left

(b) downward in the plane of the page
(c) out of the plane of the page

(d) into the plane of the page

Choose the only correct choice out of the four
choices (a), (b), (c) and (d) given after the following
three statements.

[. The magnetic field lines due to a current carrying

wire radiate away from the wire.

II. The kinetic energy of a charged particle can be
increased by a magnetic field.
A charged particle can move through a region
containing only magnetic field without feeling
any force.

II1.

(a) Only Statement I is true.

(b) Statements II and II are both true
(¢) Statements II and III are both true
(d) Only Statement III is true

A particle of change ¢ and mass m moves in a circular
orbit of radius » in a region of uniform magnetic
field B. The magnitude the angular momentum of the
particle about the centre of the circle is

(a) c]Bi‘2 (b) mgBr

(c) gBr (d) qur2

Two long parallel wires 1 and 2 separated by a
distance d carry equal currents / as shown in Fig.
13.63. The magnetic field at the point p which is
exactly mid-way between the two wires is

STUDY CIRCLE
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99.

100.

101.

102.

103.

_ wire 1  wire 2
(a) 2T into the page
I I .p Al
(b) ‘u"—d out of the page P
bid
I
(c) o L into the page
2nd —-—d—
(d) zero Fig. 13.63

In Q. 98 above, which of the four choices (a), (b),
(c) and (d) of Q. 98 is correct if the direction of the
current in wire 2 is reversed ?

A long co-axial cable consists of a solid cylindrical
conductor of radius R, = R surrounded by a thin
conducting cylindrical shell of radius R, = 2R, The
inner cylinder carries a current /; = I and the outer
cylindrical shell carries a current /, = //2, in the same
direction. The magnitude of the magnetic field at a
point at a distance r = 3R/2 from the centre is

Hy 1 21, 1

b 0 -

@ 37 ® 3%
(© ol @ Bl

2r R TR

In Q. 100 above, what is the magnitude of the
magnetic field at a point P at a distance » = 3R from
centre ?

i, 1 iy 1
Ho 2 b) 20—
(@) TR ®) 2r R
Hy 1 Ho !
Fo 2 d) =~ o
© 3t R @ 4 R

In Q. 101 above, what is the magnitude of the
magnetic field at the centre if the direction of current
I, is reversed?

ol Hol
Vil b) 0o
(®) 3nR ®) 6mR
Kol Hol
Ho d) Lot
© 9rR @ 127R

Figure 13.64 shows a wire PORS carrying a current /.
Portions PQ and RS are straight and QR in a circular
arc of radius r subtending an angle o at the centre
C. The megnitude of magnetic field due to PORS at
centre C is

(a) ”"—I(Hﬁ) o) ol
r 2n r

Hy T My T

Ho 7% d) B2

© 2y @ 4y

IIT-NEET-PHYSIC S, ,
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Fig. 13.64

A particle of charge +¢ and mass m, after being
accelerated from rest by a voltage V enters a region
of a uniform magnetic field in which it describes a
circular motion of radius . How much time does the
particle spend in the region of the field?

mr

1 /ZqV

2qV ®) nr\ m

m m

(c) mr [qu (d) 2rr ﬂqu

A homogeneous cylindrical rod of radius R carries a
current / whose current density .J (defined as current
per unit cross-sectional area) is constant throughout
the rod. The magnetic field at a point P at a distance
r = R/2 from the centre of the rod is

(a) 21

(a) zero ) oL
TR

u, I uy I

R il ) R
© 2t R @ 4T R

In Q. 105 above the magnetic field at a point P at a
distance » = 2R from the centre of the rod is

Mo 1 B 1
HFo o b) 20
(@) 2n R ®) 4 R
f 1 p 1
—_— d
() 8t R @ 16m R

A non-homogeneous cylinder of radius R carries a
current / whose current density varies with the radial
distance r from the centre of the rod as ./ = or where
o is a constant. The magnetic field at a point P at a
distance » < R from the centre of the rod is

Ho 17 My L7

b
(@ 2 R’ ®) 2n R®
U, I R i, I'R
Loo ™" d)y &0~
() 2wy’ @ 2 r?

A wire loop PQTS is formed by joining two
semicircular wires of radii R and 2R in two different
ways as shown in Fig. 13.65 (a) and (b). They carry

uuuuuuuuu
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the same current /. The ratio of magnitudes of
magnetic fields at centre C in case (a) to that in case

(b) is
1
1 —_
(a) (b) >
1 1
() 3 (d) 2
I
£ S
S T C O P T (o) r
(a) (b)
Fig. 13.65

109. In Q. 108 above, if B, is magnetic field in case (a)
and B, in case (b), then

(a) B, is directed out of the page and B, into the page
(b) B, is directed into the page and B, out of the page
(c) both B, and B, are directed into the page

(d) both B, and B, are directed out of the page

110. Two coils 4 and B, each having n turns and radius
r are held such that coil 4 lies in the vertical plane
and coil B in the horizontal plane with their centres
coinciding. The angle of dip at the place is 8. A current
I, has to be passed through coil 4 and a current I
through coil B in order to nullify the earth’s magnetic

field at that place. Then ratio {,//5 must be
(a) sin @ (b) cos 6

(c) tan O (d) cot 8

Two charged particles X and Y after being accelerated
through the same potential difference V, enter a
region of uniform magnetic field B and describe
circular paths of radii »; and r, respectively. Then
the ratio

I11.

charge to mass ratio of X

charge to mass ratioof ¥ ~
(w(ijé (w[iJ
) n
off] e
r h

A rectangular loop PQORS carrying a current i is
situated near a long straight wire AB. If a steady
current / is passed through 4B as shown in Fig.
13.66, the loop will

112.

IIT-NEET-PHYSIC S, ,
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(a) rotate about an axis parallel to A8
(b) move towards AB

(c) move away from 4B

(d) remain stationary

S - R

i

4 = Q B

I

Fig. 13.66
Two very long parallel wires, separated by a distance
d, carry equal current / in the same direction. At a
certain instant of time, a point charge ¢ is at a point P
which is equidistant from the two wires, in the plane
containing the two wires. If v is the velocity of the
charge at this instant is perpendicular to this plane,
the force due to magnetic field at P will
(a) accelerate the charged particle
(b) decelerate the charged particle
(c) make the particle oscillate between the two wires
(d) be zero

In Q. 113 above, if the two wires carry current / in
opposite directions, the force on the charged particle
at point P will be ( here B = uyl/nd )

(a) zero (b) %q v B

(c) quB (d) 2 guB

Two particles 1 and 2 of masses m; and m, and having
the same charge g, are moving with velocities v, and
v, respectively in a plane. They describe circular
paths of radii »; and r, in a uniform magnetic field
B which is directed perpendicular to this plane as
shown in Fig. 13.67. Then

(a) myv, = myv, (b) myv, > myv,

m [
(d) 1=
m, 0,
— B (m.;t) of page)

(c) myvy <myv,

e o

e 06 &6 0 66 o0 06

G 0 ©

Fig. 13.67

A | = P
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116. A proton moving with a speed u in the x — y plane
along the positive x axis enters at y = 0 a region of
uniform magnetic field B directed into the x —y plane
as shown in Fig. 13.68. After sometime, the proton
leaves the region with a speed v at co-ordinate y.

Then
(@ ov=uy>0 (b)) v=u,y<0

c)o>u,y>0 do>u,y<0

B (into page)

%) ¥
X X X X
X X X X
q u
*——> 7 >
X X X X
Fig. 13.68

117. A circular wire loop carrying a current / in the anti-

clock wise sense is placed in a uniform magnetic
field B directed into the plane of the coil as shown
in Fig. 13.69 The loop will tend to

(a) contract
(b) expand
(c) move towards negative x — direction

(d) move towards positive y — direction

V

X B

(into page)

Fig. 13.69

118. Figure 13.70 shows a square wire frame BCDE. A
current / enters at B and leaves at £. The magnitude of
the magnetic field due to the current in the complete

frame ABCDEF at the centre O of the square is

N uy 1
b 90 -
P L -

3u

d) zero
4\/57rr (e

IIT-NEET-PHYSIC S, ,

IIT-PHYSICS
MAGNETIC EFFECT

OF CURRENT
C D
0o
B \E
I I
A F
Fig. 13.70

119. Figure 13.71 shows an infinitely long wire ABCDE
bent such that the part BCD of the wire is a semi-
circle of radius r. A current / flows in the wire as
shown. The magnitude of magnetic field at centre O
of the semi-circular part is

Tr 4r
1 1
© L2 2r+1) d £ (r-1)
4r 4r
A &
A
,.
OX &
2
-
E I/ D
Fig. 13.71
120. In Fig. 13.72, the magnetic field at O is
My 1 My 1
a) — (r+1 b) — (27 +1
@ ,—(x+]) (b) (27 +1)
My 1 My 1
c) — d) —
© Amr (@ 4r
1 E
Fig. 13.72

121. An annular wire loop ABCD carries a current / as
shown in Fig. 13.73. O is the common centre of the
curved parts AD and BC. If OA =r and OB = 2r, The
magnitude of the magnetic field at O is

My 1 My 1

b) o

(@) 24 r ®) 12 r
My 1 My 1
ot d) Do
©) 8r ) 6r
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t
C
a a
B< -—— - - = D
a Va2 a2k a
A zjz ('1 E —Xx
1 : ; [
Fig. 13.73 - T, !
122. The magnetic field at O due to the wire loop ABCD
carrying a current / as shown in Fig. 13.74 is a a
(@) ot (b) 2ot
4r 8r G
Su I Thy ! .
Il & iy Lt Fig. 13.75
© 127 @ 16 r *
c J’ ")‘;
. V-3 Answers
I e g
B Level A
1. (a) 2. (¢) 3. (¢) 4. (a)
5. (d) 6. (a) 7. (d) 8. (¢)
A 1 D 9. (d) 10. (¢) 11. (d) 12. (b)
13. (d) 14. (a) 15. (d) 16. (¢)
h 17. (a) 18. (¢) 19. (d) 20. (b)
21. (¢) 22. (a) 23. (d) 24. (d)
. Fig 1274 | 25 (a) 26. (d) 27. (d) 28. (a)
123. The mggnltude of the magnetlc. field at the ceqtrmd 29. (¢) 30. (a) 31. (b) 32. (a)
of a triangular metal loop of side @ and carrying a
current I'is 33. (a) 34. (d) 35. (b) 36. (a)
® 3u, 1 ®) 33 u, 1 37. (¢) 38. (b) 39. (a) 40. (d)
a P —
Ama 2na 41. (¢) 42. (a) 43. (c) 44. (d)
© 32 u, 1 . ou, I 45. (a) 46. (b) 47. (b) 48. (b)
— Yy 49. (d) 50. (c) 51. (d) 52. (b)
124. A charge ¢ moves with a velocity » in a magnetic | 53- (¢) 54. () 55.(d)
field B=1i*2j +4K_If the acceleration of the particle Level B
at time 7 is a = 2i + 3j — nk, then the value of n is
(a) 1 (b) 2 56. (d) 57. (a) 58. (¢) 59. (d)
()3 (d) 4 60. (c) 61. (c) 62. (a) 63. (a)
125. Aloop ABCDEFGHA carrying a current / lies in the | 64, (a) 65. (a) 66. (a) 67. (a)
x—y plane as shown in Fig. 13.75. The unit vector kis
directed out of the plane of the page (i.e., x—y plane). 6. (o) 69. (b) 0. 48) A
The magnetic moment of the current loop is 72. (b) 73. (d) 74. (c) 75. (a)
(a) Pik (b) — (\/§+2) 21k 76. (b) 77. (a) 78. (b) 79. (¢)
5 . 80. (¢) 81. (d) 82. (d) 83. (¢)
—(V3+1) Ik d) -3 a1k
© ~(V3+1) a @ -3 a 84. () 85. (a) 86. (a) 87. (d)
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88. (b) 89. (a) 90. (b) 91. (d)
92. (a) 93. (c) 94. (a) 95. (d)
96. (d) 97. (a) 98. (d) 99. (a)
100. (a) 101. (d) 102. (d) 103. (d)
104. (c) 105. (d) 106. (b) 107. (a)
108. (c) 109. (a) 110. (d) 111. (d)
112. (c) 113. (d) 114. (a) 115. (c)
116. (a) 117. (c) 118. (d) 119. (c)
120. (a) 121. (a) 122. (d) 123. (d)
124. (b) 125. (c)

1'7-% Solutions
¢e?
o)
Level A

1. The radius of the circular loop () = 2i . Therefore,
T

g = Ho I _mpyl
2% L
Hence the correct choice is (a).
2. Magnetic field at point O due to straight wire 4B is
g - Mo 21 _ pl
1
4 r 2wr

and that due to the circular loop is
Mo !
2r
Both these fields are normal to the plane of the loop

and directed outside the page. Therefore, net field at
point O is

B, =

g I
B=B,+B,=#° 4+ Ho
2nwr 2F

Ho 1
27r

(1+m

Hence the correct choice is (¢).
3. The radius of the double loop » = R/2. Now

_ Mo I
2R

Magnetic field due to a loop of radius r at the centre
of the loop is

B =Ml _sp (o
r

Similarly for the double loop,
IIT-NEET-PHYSIC S,
|

r=R/2)

IIT-PHYSICS
MAGNETIC EFFECT
OF CURRENT

B, =2B
Since the currents in the two loops are in the same
direction, the net magnetic field at the centre = B, +
B, =4B. Hence the correct choice is (c).

4. Since the currents in the two loops are in opposite
directions, fields B, and B, are equal and opposite.
Therefore, the net magnetic field at the centre of the
double loop = B| — B, = 0. Hence the correct choice
is (a).

5. The magnetic field at a distance x = V3 ris

B - ,uolnrz _ Uy Inr?
2(r2 +)c2)3/2 2(;‘2+3r2)3/2
_Moln
16r
But gt
2r

.. B’ = 8B. Hence the correct choice is (d).

6. H=0.314 G=0.314 x 10~ T. Let the current in coil
be /. Then the magnetic field at the centre of the coil is

g Moln _ 4 x1077 x I x50
2r 2x5x107
=2xIx107*T
The value of 7 for which B = H is given by
2rIx107*=0314x 107
or/=0.05A

-. Potential difference = /R = 0.05 x 10 = 0.5 V.
Hence the correct choice is (a).

7. Refer to Fig. 13.76. Here r = OF = é
A B
45
90°
1N A
L E : o
D (o
Fig. 13.76

The magnetic field at the centre O due to the current
element AE is given by

45°

J sin@ d o

90°

B =

4 Tr
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# o
= # |cos@ o
1
= :‘0 (cos 45° — cos 90°)
nr
= Bl osas0_gy= Hol
drnr 4\2nr

It is clear that the magnetic field at O due to current
element DE is the same as that due to AE. Hence, the
magnetic field at O due to one side AD is
I 2ug I _ Vapy1
AD = 7y ﬁn’r r—

Since the centre of the square is equidistant from the
ends 4, B, C and D of each side of the square and
each side produces at the centre O the same magnetic
field, the field due to the square is 4 times that due to
one side. Hence (because » = L/2)

\/5/101 _ 2«/5;101
TTr L

B=A4Rn=

Hence the correct choice is (d).

The magnitude of the magnetic field at the centre due
to each coil is B. Since the planes of the coils are at
right angles to each other, the directions of the fields
will be at right angles to each other. Therefore, the
resultant field is

B.=\B*+B* =\2B

Hence the correct choice is (c).

The correct choice is (d) since F = g (v X B).

Since the force exerted by the magnetic field is
perpendicular to the direction of motion of the
particle, the speed of the particle cannot change but
its velocity changes. Hence the correct choice is (c).
Applying the left hand fist rule and noting the charge
on an electron is negative, i.e. F = — e (v X B), it
follows that the particle is an electron, which is choice
(d).

The radius of the circular orbit is given by

J2mK

qB

pi=

The charge of an o—particle is twice that of a proton
and its mass is four times the mass of a proton.
Therefore \/m /q is the same for both. Hence » will the
same for both particles. Thus the correct choice is (b).

. The cyclotron frequency is given by

_ 9B

2w m

IIT-NEET-PHYSIC S,

IIT-PHYSICS
MAGNETICEFFECT
OF CURRENT

It is independent of the speed of the particle and
the radius of its circular path. Now v e ¢/m. The
charge of a proton is half that of an o~particle and
the mass of a proton is one-fourth. Therefore, v will
be doubled. Hence the correct choice is (d).

14. The correct choice is (a).
15. The correct choice is (d).
16. The velocity when the potential difference is V' is

f2eV
v —4
m

and force F=evB

When the potential difference is doubled, i.e. V' =
2V, the velocity is

v,:\/ZeV =J2ex2V B

m m

:. Force F' = ev’B= 2 evB= 2 F. Hence the
correct choice is (¢).
17. The correct choice is (a).

18. The correct choice is (¢) because the magnetic field
produced by the current in the loop and the external
magnetic field are along the same direction.

19. The force per unit length is
2
F = & X i

47 R

If R is increased to 2 R and 7 is reduced to //2, the
force per unit length becomes

B 201/2)
4n” 2R
_ Mo 208 1 _F
4" R 8 8

F’ =

Hence the correct choice is (d).

20. In order that the tension in the supporting wires is
zero the downward gravitational force mg on the
rod must be balanced by an upward force B/l due to
magnetic field, i.e. B/l = mg

-3
- p=mg _30x107x10 _ .,

Hence the correct choice is (b).
21. Speed of electron (v) = 2.0 X 10% ms™', radius of
circular orbit (a) = 5.0 x 107! m.
The time period of electron motion in the circular
orbit is
2ra 2w x5.0x107"

T: —3
v 2.0x10°
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=51x107"s
Therefore the equivalent current is

_charge e 1.6x107"
time 7 S5zx107"
1.6

= x102A
Sm

Equivalent magnetic dipole moment equals current
x area of circular orbit

=Ix(mwa?)
1.6 x1072

N 5w

=8x 1072 Am?

x % (5.0 x 10712

The magnetic field at the centre of the orbit is
g Mol _ 4mx107 x1.6x107
2a 2x5wx50x107"
=128T
The charge crossing any point of the path per second,
is n times the charge e of the electron. This constitutes
the current round the orbit, i.e. [=ne. If 4 is the area of
the orbit, the magnetic moment is given by the product
IA=nenr’

Hence the correct choice is (d).

Magnetic moment m = Al = m r*I, where r is the
radius of the circular loop. Now, the circumference
of the circle = length of the wire, i.e.

2rr =1
2
2
or re= —
47?
2 2
Therefore, m = wr’l= xi 21 = I—I
4r T
Hence the correct choice is (d).
The required speed is given by
= E 3000 s 105 ms
B 0.01

Hence the correct choice is (a).
Magnetic moment m = I4 = Inr>.

2 2
m=Iirri=5Lnrr,

2 2
1L=IL=[§)=4
]2 }‘iz 3

Hence the correct choice is (d).

Force F=qvB

quB
m

.. Acceleration =

3 [
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~1.6x1077 x5.0x10° x0.17
1.7 x107%

=8x10"” ms™
Hence the correct choice is (d).
The charge passing per second through any point of
the path is v times the charge of the electron, i.e. /=
ve. If A is the area of the orbit, the magnetic moment
is

m=1I4=vem?*
Hence the correct choice is (a).
An electron moving in a circular orbit is equivalent
to a current carrying loop. As explained above, the
current is

where T is the time period of the motion of the
electron around the nucleus. If v is the speed of the
electron,

T=27rr
v
v _ew e
I—znr—% (.U—P’ﬂ))

Now, the magnetic field at the centre of the loop is

B = Mol _ Hoew

2r 4mr
4nrB
or w=
Hoe
Hence the correct choice is (c).
We have
2
mv- 0B
_mo
or r 7B
Frequency = =2« 98 _ 4B which is

2mwr 2r mvo 2nm

independent of v, the speed of the charged particle.
Hence the correct choice is (a).

The correct choice is (b).

The correct choice is (a).

The correct choice is (a).

The correct choice is (d).

The intensity of magnetisation (M) is defined as the

magnetic moment per unit volume of the material.
The magnitude of M depends upon the magnetisation
current which is proportional to H. Hence the correct

choice is (b).
A : P IT-NEET-CBSE
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Ferromagnetic substances have a very high (of the
order of 1000 or more) and positive susceptibility
(x)- Now 1, =1+ yx. Hence the correct choice is (c).

According to Curie’s law, the susceptibility y is
related to temperature 7 as

C

T
where C is curie constant. Hence the correct choice
is (b).
When a ferromagnetic material is heated above its
Curie temperature, the thermal motions at a high
temperature destroy its magnetism and the material
will behave as a paramagnet.

The correct choice is (d).
Susceptibility (y) of a paramagnet is small and
positive and of a diamagnet is small and negative.
Now relative permeability

I, =14y
Hence i, is slightly greater than unity fora paramagnet
and slightly less than unity for a diamagnet. Hence
the correct choice is (c).
The magnetic moment of the solenoid is

M =INA=2x1000x 1.5x107*=0.3 Am?

Hence the correct choice is (a).
The potential energy of a bar magnet with its magnetic
moment M inclined at an angle 6 with magnetic field
Bis

U=-MBcos 0
Potential energy when 6= 0 is

Uy, =—MB cos 0° =— MB
Potential energy when 6= 90° is

U =—MBcos 90°=0
. Work done = U’ - U, =0 - (- MB) = MB =
2.0 x 0.25 = 0.5 J. Hence the correct choice is (c).

Potential energy when 8 = 180° (i.e. M opposite to
B) is
U” =— MB cos 180° = MB
.. Work done = U” — U, = MB — (— MB)
=2MB=2x20x025=1.0J.
Hence the correct choice is (d).

Refer to Fig. 13.77. Let 6, (= 30°) be the angle
between the magnetic moment vector M and the field
vector B, (= 1.5 x 107 T). Then, as shown in Fig.
13.58, the angle between M and the other field B,
will be 8, = 75° —30° = 45°.

The field B, exerts a torque 7, = M X B, on the dipole
and the field B, exerts a torque 7, = M X B,, where
M in the magnetic moment of the dipole. Since
the dipole is in stable equilibrium, the net torque 7

IIT-NEET-PHYSICS,,
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(= 1, + 1,) must be zero, i.e. the two torques must be
equal and opposite. In terms of magnitudes, we have
mB, sin 8, = mB, sin 6,

B, sin6,

 sin 0,

~ V2 %107 xsin30°
- sin45°

or

=001T

Fig. 13.77

46. B,;=0.20x 10~ T and 6= 60°. We know that B,, =
B cos 0, where B is the magnitude of the total earth’s
field. Thus,

By
cos6

_020x107*
cos 60°

B= =040x107*T

47. Here 2a =4 cm, m = 4 JT ' and » = 2 m. Since
a << r, the magnetic field at a distance r on the
equatorial line is

n _ MM _4mx1077 x4
" 4nr®  4mx(2)

=5%10°T

48. Since a <<r, the magnetic field at a distance r on the
axis line is
_ 2pg M
amr’

B =1074T

m

49. The magnetic field in the core is given by
B=unl

where u is the permeability of soft iron and # is the
number of turns per unit length of the solenoid. Now

u 3000 3000
U, =-—andn= =
o 2rr 27w x0.1
B=u,puynl
—2000x47x 107 x 2001 — 12T
27w x0.1

Hence the correct choice is (d).
50. Initial total magnetic moment at temperature 7' =
4 Kis
1, =15%0f (2.0x 10 x 1.5x102)=4.5JT"!
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Now from Curie’s law, we have y = C/T
1 C ;
or — == i
7.7 (1)
where / is magnetization and H is the magnetizing

field. If V is the volume of the sample, then by
definition, M = I/V and Eq. (i) becomes

M = & (ﬁj = constant X (E) (i1)
Vv \T T

If M, is the magnetic moment at temperature 7, =
3 K and field H, = 0.9 T, then from Eq. (ii) M, and
M, are related as

My, 45

M, H, T,
H, T
or M,=M,x —2x-L
H T

=4.5% LA =9 JT!
0.6 3

51. The correct choice is (d).
52. The correct choice is (b).
53. Ifatorque 7is applied, the work done is

7] 7]
W= jrde - ijsinede

=—mB |cosG|g

=—mB (cos 6—1)=mB (1 —cos 0)

Hence the correct choice is (¢).
54. The correct choice is (¢).

55. The correct choice is (d) since the direction of the
field is parallel to the axis of a solenoid. Thus 6= 0.
Hence F = 0.

Level B

56. The correct choice is (d).

57. Electric field E = g

where V'is the potential difference between the plates
and d, the separation between them.

d=3mm=3x10"m

Since the electron moves undeflected between the
plates, the force due to magnetic field must balance
the force due to electric field. Thus

Bev =¢eE

IIT-NEET-PHYSIC S,
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or B =

Wires 4 and B carry current / = 5 A each coming out
of the plane of the page as shown in Fig. 13.78. The
magnitude of magnetic field at point P due wire 4 is
equal to that due to wire B, i.e.

- Mo 21
By=Bg= F—
T a
1077 x2%5 B
= """ —10°T
0.1
Ba
LN
) ) B \\
B o0\ P
// // \\
\// / \
Bg / \
/"/ \\,
/'/ \\

/ \
a=01m \a=01m
r/ \,

P \

/ \

/ \

4 \\
4’ 0.1m \

7 2\
&/ 2
A B

Fig. 13.78

The direction of field B is perpendicular to P4 and
that of field By is perpendicular to PB. Therefore,
the angle between the two fields is 8 = 60°. The
magnitude of the resultant field at P is given by

Bgi=B%+B%+2B,Bycos 6

which gives B, = 2B, cos (-Z—)

=2x10‘5x?= 3x10°T

Hence the correct choice is (¢).

1
B= ‘L;L . For a coil of n turns, 27 = n(2xr’)
i
orr’ = L8 , where 7’ is the radius of the coil of  turns.
n
B’ = Alll Ayl n’ B
27" 2r/n

Hence the correct choice is (d).

Since point O lies along the segments LR and MS, the
magnetic field due to these segments is zero at point

= i IT-NEET-CBSE
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0. As point O is close to R and S, the net magnetic
field at O due to segments PR and OS is

B=BP+BQ
. - Mol #01( +1)
47RO 4nSO 4rm \d d
=&(£)=10_7x2x10
4\ d

The direction of this field is vertically upward, i.e.
outside the plane of the paper. Hence the correct
choice is (¢).

=10*Wbm™

Mo 2,
4 n

=25A,,=5Aand r,=r,=2.5 m. Using

oy 25

61. Magnetic field B =
4r r

Given I,

these values, we get B = — ﬁ. The magnitude of B
n

is ty/2m. Hence the correct choice is (c).

62. For proton: r = mo
eB

m'v”  4mv’  2mv’
e’B  2eB eB

For a-particle " =

Given r=r". Hence v’ =

|
3
Q
s
=
&
[14°]
<
o
-
R
o
f<°]
=
&
[¢]

1
Energy of proton E =
is 2

Hence E’ = 1 MeV which is choice (a).
63. By =B cos Oand B, = B sin 6. Hence

¥ =tan 6
H

. By 1 1 .
Given — = —. Therefore, tan 6= —, i.e.
By 3 V3

6= 30° which is choice (a).
64. The radius of the circular path is given by

L s , where K = l mo’.
gqB qB 2

<

r=

Thus r < —m. Since K and B are the same for the
q

three particles. If m,, is the mass of a proton and g,

IIT-NEET-PHYSIC §,
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its charge, then m; = 2m,, and g, = g, and m, =4 m,
and g, = 2q,,. From these it follows that r,, = r, <r,
which is choice (a).

According to Ampere’s Law, the magnetic moment
of a current / flowing in a circular path of area of
cross-section 4 is given by

= 14
_ 4 ,_qr@)’
i /8

It is given that the charge ¢ is moving in a circular
path of radius 2/. Therefore, the time period 7 =
2m(20)/v. Hence

qv
2m (21)

The angular momentum L = mv(2/). Therefore,

By o 40 0
5 mo(2) 2m’

Due to electric field E, the force on a particle of
charge g is F = gE in the direction of the electric
field. Since E is parallel to B, the velocity v of the
particle is parallel to B. Hence B will not affect the
motion of the particle since v X B = 0. Thus, the
correct choice is (a).

When a current is passed through the helix, the
neighbouring coils of the helix attract each other
due to which it contracts. As a result the contact is
broken and the coils will recover their original state
under the influence of a restoring force. The contract
is made again and the process continues. Thus, the
wire oscillates. Hence the correct choice is (a).

The correct choice is (¢). For derivation of the
expression, refer to a Textbook of Physics.

The radius r of the circular path is given by (see Fig.
13.79)

T X 7r(21)2 = qul

, which is choice (a).
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or v = ﬂ (r)
m
Umin = % (Fogin) = % (b —a), which is choice (b).

70. Let m be the pole strength of each pole of the magnet
(see Fig. 13.80). The magnetic field at C due to the
N-pole is given by

Fig. 13.80

direction along AC away from C. The magnetic field
at C due to the S-pole is given by

= .E.()— . m
4n (BC)?
directed along CB towards B. Since AC = BC, B, = B,.
The resultant magnetic field at C is given by
B*= B3+ B3+ 2B, B, cos 120°
=B+ B, -B B,

2

=2B1-B =B ( B,=B))
or B=B,= Hom ha ,uon;
4 (AC) 4ra
Mo (ma) g M
4 a3 4r a3

Given: M=1Am% a=10 cm = 0.1 m. Also y, =
47x 107 TA ' m. Substituting these values in (1),
we get B =107 T, which is choice (d).

71. Let r be the radius of the circle. The length of the arc

o

= 27r) % = "7 Therefore, the length 2/ of
360° 3

the magnet is
2] = i orr= o

INIT-NEET-PHYSIC S, ,
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If m is the pole strength of each pole of the magnet,

. 6/
the magnetic moment of the arc =m X r=m X —
_3x(@ml) _3M i

T T

Hence the correct choice is (c).

72. Refer to Fig. 13.81. Let a north pole be placed at B
and a south pole at C so that they attract with a force
F. Anorth pole placed at the third vertex A4 is repelled
with a force F| by the north pole at B and attracted
with a force F, towards the south pole at C. Since all
pole strengths are equal, '} = F,, = F. The resultant
force experienced by the north pole at 4 is given by

F%= F3+ F2+2F, F, cos (120°)
=F2+F*+2F* x (—%) =F*

or F, = F, which is choice (b). (. Fi=F,=F)

Fig. 13.81
73. The magnetic field at the centre of coil is given by
B= HoIn
2r

Hence the correct choice is (d).

74. Givenv=(2 X 10° i ) ms ™. The force vector is given
by

F = g(vxB)
=g{2x10°)x (i —4j —3k)}
=2x10°%xq(4k +3j)
Therefore, the y and z components of the force are
F,=6x10°xgq
and F.=—-8x10°xgq

Magnitude of force = ,/Fyz +F?

= gJ(6x10%)? + (-8 x10%)?

—
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gx10x10°

1.6x10Yx10x10°
1.6 x 107"* N, which is choice (c).

75. = mv* =eVorv= 2ev (D
m
mv* Ber
Also BelV= U= — (2)
m

r
Equating (1) and (2), we get

_ 1 2mV
r= B" 3)

Given e = 1.6 x 107" C (singly charged ion), B =
0.4 T, ¥=500V and m=1.13 x 102° kg. Using these
values in (3), we get » = 0.021 m = 2.1 cm, which is
choice (a).

76. Givenv= (3i+2j) ms ' and B= (2j+3K) tesla.
Force experienced by the proton is

F=qg(vxB)=g 3i+2j)x(2j+3Kk)

=gq (6§xj+9ixﬂ+4}x3+6]xﬁ)
=g (6k—9]j+0+6i)

= 3q (2%—3j+2§) newton

) F
Acceleration= — =
m

= 3% (0.96 x 10%) (2i-3j+2Kk)

=2.88 x 10° (2i —3j+2Kk) ms
Hence the correct choice is (b).

77. Refer to Fig. 13.82. Let us find the net magnetic field
at corner C of the square ABCD. For the magnet at
corner B, the point C is on the axial line at a distance
d from the centre of the magnet. For a short magnet,
the magnetic field at C is given by

39 2i-35+2K)
m

_ My 2M
Yoan B
N
C d A
S
d
N
B D
S
Fig. 13.82
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For the magnet at corner 4, the point C is on the
equatorial line at a distance d from its centre. For
a short magnet, the magnetic field at C due to this
magnet is given by
g, = Ho M
ar 4°
Since their like poles are in the same direction, the
net magnetic field at C is

B=B,-B,
_ Mo 2M  pg M py M
Am & Am & 4Am &°

Hence the correct choice is (a).
78. From Ampere’s law, we have

$ B-di=pyl

Since no current exists in the medium (air) inside the

pipe /=0.Hence B=0. Hence the correct choice is (b).
79. Force F on a wire of length / = B/ l. Therefore, force

per unit length of the wire = ? =Bl =10*x10=
107 Nm™', which is choice (c).

80. The magnetic field at point P due to current /; in
conductor A0B is

Ho 4y I

B, =
2ra

and the magnetic field at point P due to current /; in

conductor COD is

B, = Mo Iy

Since the two conductors are perpendicular to each
other, fields B, and B, will be perpendicular to each
other. Therefore, the resultant field at P is

B =8} +8)" = L (i} + 1)

Hence the correct choice is (c).
81. The kinetic energy of proton is
K=2MeV=2x10eV
=2x10°%1.6x10"77=32x10"]

% mo®=32x10"

Now, mass of proton is m = 1.67 x 10 kg. Therefore,
,  2x32x1078
v= ~27
1.67 x10

or v =1.96x 10" ms™'. Now force on

=383 x 10"
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proton is
F =evB
=1.6x10"%x1.96 x 10" x 2.5
=7.84x10"*N

Hence the closest choice is (d).

82. The point x = + a lies along the line of the straight
section PQ of the circuit. Hence the magnetic field
at point x = a is zero.

83. The radius of the circular path of a particle of mass
m, charge e moving with a speed v perpendicular to
a magnetic field B is given by

2
mo~ m\ v
=evB or r=(—)—
r e) B

Thus, ris inversely proportional to (i) , the charge

m
to mass ratio. Hence the correct choice is (c).

84. The total Lorentz force on the electron is
F=—¢e(E+vxB)

The electron will be undeflected if v L B. If E
is along + z-direction, the force — e E will be
along —z-direction. If B is along + x direction, force —
e (v x B) will be along + z direction. When eE = ev B,
the electron moves along + y-direction undeflected.
Hence the correct choice is (¢). Thus, for an electron
moving along + y direction, the electric field should
be along + z direction and magnetic field along + x
direction, then the electron will be undeflected.

85. Givenx=4cm=0.04 mand =3 cm=0.03 m. The
magnetic field at a point on the axis of the loop is
given by

po1r*
22 +:2) 2

(1)

Magnetic field at the centre of the coil is given by

M, 1
B, = —=— 2
0=, (2)
Dividing (1) by (2), we get
B ___
B (r? +x?‘)3 ’
Substituting the values of » and x, we get
B _125
B 27
or BO—% B= 15 X 54 uT =250 uT

Hence the correct choice is (a).
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86. Wires AB and EF experience no forces since currents
in them are parallel to the magnetic field. The forces
on BC and DE are equal in magnitude but are directed
in opposite directions. Hence their resultant is zero.
Only force acting is on CD. Hence the correct choice
is (a).

87. F=qg(wxB)=qglaix(j +ck)}
=q(abi X 3 +aci x 12)
=q(abIA( —ac]')=qa(blA( —cj)

Magnitude of F = qa(b2 + cz)”2

The correct choice is (d).

88. Refer to Fig. 13.83. Let AB = BC = AC = a. Let
OD=r.

Fig. 13.83

The magnetic field at centroid O due to current /
flowing in side AB of the triangle is given by

B,g= Bl —— (sin o+ sin )
r

It is clear that o= 8= 60° and

B AD _ al2  _al2 _ a_

tana  tan60° /3 2\/3
B,,= ! 293 (sin 60° + sin 60°)
’ 4r a
_ 3upl
2ra

By symmetry, the magnetic fields due to current in
sides BC and AC = that due to side AB. Hence, the
magnetic field at O due to the current in the three

sides of triangle ABC is
B =B,p+t Bpct+Bcy=3Byp

Hence the correct choice is (b).
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89. Refer to Fig. 13.84. Let v be the velocity of the
particle. Its kinetic energy is

/2
lmv2=qurv= (ﬂj (1)
2 m
B (into page)
c /
NG

Fig. 13.84

The particle follows a circular path from 4 to B of
radius » which is given by

2

L =quBorr= s )
r qB
Using (1) and (2), we have
m 2qu (ZmV)”z

I ntriangle BCD, sin 6— BC = 1 Therefore,

2
/2
sin 0= Bd(ij , which is choice (a).
2mV

90. Refer to Fig. 13.85. Wire PQ of length d, the spacing
between rails carries a current / vertically downwards
in a magnetic field pointing towards the reader and
perpendicular to the length PQ of the wire. Thus
angle @ between 7 and B is 90°. The force exerted on
the wire of length d by the magnetic field is

F= BId sin 90° = Bld

Rail
[ e — |
© 0 olP ol © @« Brertcaly
<] upward
© O] O)4 ©d O © towards
© © ©) ©) '0) o reader)
Q
I / — ]
Rail
Fig. 13.85

IIT-NEET-PHYSIC S, ,

91.

92.

IIT-PHYSICS
MAGNETIC E FFECT
OF CURRENT

Using Fleming’s left hand rule, the direction of the
force is to the left. The acceleration of the wire is

_ force _ F _ Bld

Now x = % at = t= ‘/2_x . Hence the correct
a

choice is (b).

Refer to Fig. 13.86.
Since the velocity of the
particle is v = a along the
positive x-axis and the
direction of the magnetic
field B = b in the positive
z-direction, and the
charge of the particle
is positive, the path of
the particle is a circle as
shown in the figure. The

B
Origin ©
v

fe—~ ——~ —

radius of the circular path -y
e Fig. 13.86
i o B
9B qb
Thus y =-2r=-— 2ma
qb

So the correct choice is (d).

Refer to Fig. 13.87. It follows from Fleming’s left
hand rule that the wire segment PQ experiences a
force F; = B I [, directed to the right and the wire
segment SR experiences an equal force F| = B I [,
but directed to the left. These forces cancel each
other. The wire segment QR experiences a force
F = B I, directed vertically upward. The wire frame
will remain stationary in air if F equal the weight mg
of the wire frame, i.e.

Bll,=m
= 1= L , which is choice (a).
2 B
P s, &
A X X X
I, Y/ x x A I %
F
F-(—
Y Fl L T X 1 x
Q l R
| g s
———— 12 >

Fig. 13.87
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93. Refer to Fig. 13.88.

S A R
A i
il i
? i F@ out of
b ——B page
F i :
. ® ! ! \t
into | i
pec| y |
P I i 0
e A === ) -
Fig. 13.88

The current element SR is parallel to B. Therefore
6=0° Hence, force exerted on arm SR = B [ a sin
0° = 0. The current element QP is antiparallel to B.
Therefore, 6 = 180°. Hence, force exerted on arm
OP = B I asin 180° = 0. From Fleming’s left hand
rule, the force exerted on arm PS is F = B I b sin 90°
= B I b directed into the page.

The force exerted on arm RQ is also F = B I b but
directed out of the page. These equal and opposite
forces constitute a couple which exert a torque

T = magnitude of either force X per perpendicular
distance between the antiparallel forces

= FxPQ

=Blba
This torque will rotate the coil in the clockwise
sense.
So the correct choice is (¢).

94. Current segments PQ and S7 are perpendicular to B.
Therefore, the magnetic forces on PQ and ST are

F,=BIlsin90°=B1Il

Fy,=BIlsin90°=B11

and

To find the magnetic force on the semi-circular
arc QRS we divide it into a very large number of
extremeley small lengths d/. Figure 13.89 shows
one such element at 4. The magnetic force on the
element is

dF = /(dl x B ). Since 6 = 90°, the magnitude
of dF is

dF = IdIB sin 90°

= IdIB =IBrd0 (v dl =rdb)

IIT-NEET-PHYSICS, ,
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Fig. 13.89

The direction of dF is radially away from the centre
C. The total horizontal component of force on the
semi-circle is

(F3)x

Il

JdF cos@

IBr J.cose dé
0

I Br|sin6f, =0
The total vertical component of the force on the
semi-circle is

(F3)\' =

degne

lBrjmnede

0

I Br|—cos@| =2IBr

T
0

*. The total force on the wire frame is ( since /|, F, and

95.

96.

(F3), are all directed vertically upward)
F=F;+ Fy+ (Fa)y
= BIl + BIl + 2 Blr

=2 BI (I + r). The direction of F is
vertically upward.

So the correct choice is (a).

F=—¢q (v x B). The direction of (v x B) is out of the
page. Since — (v x B) = (B X v), we have

F=qg(Bxv)

The direction of (B X v) is into the page. So the
correct choice is (d).

Statement I is false. The magnetic field lines due to
a current carrying wires encircle the wire in closed
loops. Statement 11 is also false because the magnetic
force F is always perpendicular to the velocity v of
the particle. Therefore power ( and hence work done)
= F.v = 0. Since no work is done by the magnetic
force, the kinetic energy of the particle cannot
change. Statement III is true. Magnetic force is zero
if v parallel or antiparallel to B. So the only correct

choice is (d).
-
| = P e
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97. The magentic force provides the necessary centripetal

force. Therefore,
2

quB = UL —— qBr

Linear momentum p = mv = gBr
Angular momentum / = pr = gBr?
So the correct choice is (a).

98. The magnitude of the magnetic field at a point at a
distance » from a long wire carrying a current / is
given by

_ M
2 r

Therefore, the magnitude of the magnetic field at
point P due to current in wire 1 is (since » = d/2).

B Hol gyl
' 27n(d/2) nd

From the right- hand thumb rule, the direction of the

field is into the page. For wire 2,

'ULI

n
These two fields have equal magnitude but opposite
direction. Hence they cancel each other. So the
correct choice (d).

99. In this case, the two fields are both into the page and
the magnitude of the field at P is

B, = out of the page

2u, 1
B=B,+B,= a
nd
and its direction is into the page. So the correct
choice is (a).

100. Figure 13.90 is the cross-sectional view of the
cylinder and the shell.

outer cylindrical

inner solid
cylinder

Fig. 13.90

From Ampere’s Circuital law

$B.dI = pyi

IIT-NEET-PHYSICS, ,
||

IIT-PHYSICS
MAGNETIC E FFECT
OF CURRENT

The current element dl at P is parallel to B at P.
Hence 6=0 and

gSB.dl = qSBdlcos0° - Bjdl =Bx2nmr

The current through the Amperean loop is

i=1
Therefore,
BXx2mr= u,l;
= _ Mo
2w r
Putting 7, = I and » = 3R/2, we get
= M °  which is choice is (a).
kY4

7 Amperean
/ \«~— Loop
Fig. 13.91
In this case
BX2mr= pyi =ty (1), +1,)
- p= to (L+1,)
2w r
Putting 7, =1, I, = 1/2 and r = 3R, we get
_ Ml
12w R

So the correct choice is (d).
102. In this case,

B X 2mr= pyi =ty (I, — 1)

- B Ho (1, —1,)
2rr
Putting 7, =1, I, = 1/2 and r = 3R, we get

1
= HoZ ' Ghich is choice (d).
12 ZR
103. The straight portions PQ and RS do not produce
magnetic field at C. Only the curved portion QR
produces a magnetic field at C. Refer to Fig 13.92.
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Fig. 13.92

Since the current dl is perpendicular to position
vector r, the magnetic field at C by Biot-Savart law is
1 o
= Ho Idl S|r21 90
4r r
_ M, IXx(rd6) (

: . "+ dl = rd6)
T r

Iy
drr

*. Magnetic field at C due to arc QR is
B= [ap=tolfig - tulQ

ry drcr
So the correct choice is (d).
Since the particle describes a circular path, it is
obvious that it enters the region of B with velocity v
perpendicular to B as shown in Fig 13.93.

/B (into page)

104.

X X X x”
H x X X X
(0}
v rxr X b X
.
" X X X X

Fig. 13.93

Since the kinetic energy of the particle remains
constant (because its velocity vector is always
perpendicular to the force vector which is radial), it
describes a semi-circle in the region of the magnetic
field. Since its K.E. (and hence its speed v) remains
constant, the time the particle takes to describe the

semi-circle is
nr

t= (1)
v
Also, kinetic energy = gV
l 5
or —mo” = qV
> q
m
Using (2) in (1) we get
t=m |-™_, which is choice (c).
2qV

IIT-NEET-PHYSICS, ,
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105. The current density J = =y
TR

For a homogeneous cylinder, the current density J is
constant and does not depend on the radial distance »
of the point P from centre O of the cylinder (see Fig.
13.94)

Cylinder

Amperean
Loop

Fig. 13.94

Since the point P is inside the cylinder, » < R, the
current enclosed by the Amperean loop is

i = J X area of Amperean loop

I I
= ——xurt=—
T R? R?
From Amperean Circuital law,
$B.dI = Kol
2
or BX2mr= X IR—’;
Ir
= = O 0

Putting r = § in eq. (1), we get

Ho 1
4r R

106. Refer to Fig 13.95.

B= , which is choice (d).

_____ Amperean
> Loop
/, r \\\
/ \
’ \
ll ‘\
[ : Cylinder
\ !
\ 1
\‘ ’I
\\\\ //l
Fig. 13.95

In the case » > R, the current enclosed inside the
Amperean loop = current on the cylinder, i.e. i = L

Hence
L]
A: P
STUDY CIRCLE
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2w r
For r=2R,
= “o_; , which is choice (b).

107. SinceJ varies with r, to find the current / through the
rod, we divide it into thin cylindrical strips each of a
small width dr (see Fig 13.96)

Fig 13.96

Area of strip dA = (2nr) dr. So the current through
the strip is

dl=JdA=orx 2nar)dr
= 2mor’dr

Therefore, current through the cylinder is
R
I= [dI=2mo[rdr
0

= =§7r0'R3 €))

We consider Amperean loop of radius ». The current
through the loop is

. t 2
i= 271:()‘_[;‘2 dr==-mor
3
From Ampere’s circuital law,

BX2mr= pyi= yox§n0r3

= B= %uocrz )
From Eq. (1)
317
o= —— 3
2n R’ @
Using (3) in (2) we get
1 31 2
B= —u,x| ———=
3 Ha (27[R3)r
2
2 R’

So the correct choice is (a).

IIT-NEET-PHYSIC S,
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n For points outside the rod, » > R, the current
enclosed by the Amperean loop = current
Note through the cylinder, i.e. i = 1. So

BXx2mr= 1
_ M1
2 r

which is the same as the expression for a
homogeneous rod for the case » > R.

=

108. The magnetic field due to straight segments PQ and

TS in both cases in zero.
Case (a)
The magnetic field at C due to semi-circular loop of

1
radius Ris B = /fl—R directed out of the page, since

the current is clockwise.

The magnetic field at C due to semi-circular loop of
Mo I py 1

+ (2R ) 8R

page since the current now is anticlockwise.

Since B > B’, the net magnetic field at C is

B=p-p ="t ( - ) s
4 (R 2R) 3R

directed out of the page.

Case (b)

In this case, the current in both loops is clockwise.
Therefore, the magnetic field due to each semi-
circular loop is directed into the page and its
magnitude is

B=p+p=tlfl 1) !
4 \R"2R) "8R

radius 2R is B’ = directed into the

directed into the page.

B 1
Therefor, — = =, which is choice (c).
B, 3

109. The correct choice is (a) as explained above.
110. Since the plane of coil 4 is vertical, it is perpendicular

to the magnetic meridian. Hence the magnetic field
produced by current /, can neutralize the horizontal
component (Bj) of earth’s magnetic field. Similarly,
current /5 can neutralize the vertical component (B)).
Hence

uO ]A n

=B
2r "

A : i IT-NEET-CBSE
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Mo Iyn _
2r

and

L,
Dividing we get, —*

9B B\ ¢
q _ 2V
m B* ?

2). (.
(2) |

So the correct choice is (d).

5

112. The forces acting on arms QR and PS are equal and
opposite and hence cancel each other. The current
in arm QP is antiparallel to current in 4B. Hence
QP and AB will repal each other. The current in
SR is parallel to current in 4B. Hence SR and AB

will attract each other. Since force per unit length is

L it follows that fo< —1-

f= .uol

/ r

Since arm QP is closer to AB than arm SR, it follows
that the repulsive force on the coil is greater than the

attractive force. So the correct choice is (c).

113. Since the currents in the two wires are in the same
direction, the magnetic fields due to the current 7 in
the wire at point P exactly mid-way between them
will be equal and opposite. The net magnetic field at

point P is zero. So the correct choice is (d).

114. Ifthe two wires carry current / in opposite directions,
the magnetic field at P due to current / in each wire

HOI _#OI

= —— = directed perpendicular to the

2 (d/2) nd
plane of the wires. The net magnetic field at P is

/= #01+#01:2#OI:2B
nd nd wd

Force on charge g is F = g (v x B") = quvB’ sinf

=2 quBsin 6.

Since B’and v are both perpendicular to the plane
containing the wires, angle 6 between them is zero.
Hence F = 0 in this case also. So the correct choice

is (a).
IIT-NEET-PHYSIC S,

2
—] (" B and V are the same)

115.

116.

117.

IIT-PHYSICS
MAGNETICEFFECT

OF CURRENT
m v’
=quB = mv=gqrB
mv,=qriB and m,yv,=qr,B
m v, n
11 =1 <1 (... r|<r2)
m, 0, n

So the correct choice is (c).

F = g (u X B). Since force F is perpendicular to u, it
does no work on the particle. Hence the speed of the
proton remains unchanged, i.e. v =u [see Fig. 13.97]
From Fleming’s L.H. rule, the force is directed
upwards. Hence the proton, after completing a semi-
circle in the region of magnetic field emerges at
positive y-coordinate.

So the correct choice is (a).

Vi y —coordinate
X X X B
A X X x/
X X X
X X X
¢ X X X
Fig. 13.97

Since to loop carries a current, a charge (say q)
moves along the circle with a velocity (say v). The
velocity v is tangential to the circle at every point.
The direction of v gives the direction of the current
as shown in Fig 13.98.

<

Fig. 13.98

From Fleming’s left hand rule, the direction of the
force F exerted by magnetic field is radially inwards
towards O at every point. Hence the loop tends to
contract. Furthermore, since Fis perpendicularto v, the
force does no work on the loop. Hence it cannot have
any translatory motion. Thus the correct choice is (c).

: i IIT-NEET-CBSE
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The loop will tend to expand if either the
current in the loop is clockwise or the
magnetic field points out of the plane of
the coil.

v/

Note

118. Refer to Fig. 13.99. The magnetic field at O due to
parts AB and EF of the frame is zero.

From junction rule.

L+L=1 (1)
Applying loop rule to loop BCDEB, we get (here
R = resistance of BC=CD = DE = BE)

/)

Cr D
\\r 7
5 5
#0%
! /
B NJE
I h !
A F
Fig. 13.99
3RI,=RI, = 31,=1 2)
31
From (1) and (2), we get /[, = — and /, = Pk
Magnetic field at O due current /; in BC is
:u() 1 . 0 . 0 Hy II
B (sin45" +sin45") = ————
2 4 r 22w r
But /, = 1/4, therefore
Bgc= Mol directed into the page,
827 r
Similarly,
Bep = Ho ! directed into the page,
82 r
and Bpr= LS directed into the page,
827 r
3u, 1
B = 0 (3)
O oy

directed into the page.

Magnetic field at O due to current /, in BE is
IIT-NEET-PHYSIGC S
1

IIT-PHYSICS
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B o !, _ 3u,1
e 8V2mr

directed out of the page.

4)

From (3) and (4) it follows that the magnetic field at
O due to the complete frame is zero. So the correct

choice is (d).
119. Magnetic field at O due to current / in AB is
1
By= Pl (sin90° + sin 00y = Fol
' 4rr 4z r

directed out of the page. Similarly
I
Bgp= o © directed out of the page.
4 r
Magnetic field at O due to current / in semi-circular
part BCD is
u, 1
Bgep= ——
. Magnetic field at O due to ABCDE is

B= B+t Bgpt Byep

directed out of the page.

=,Uol+luol+,uol
drr 4r r 4r

!

r

(2m+ 1) directed out of the page.

So the correct choice is (¢).
120. B,z=0

I .. '
Bpp = b directed into the page
=

I . .
Bpeg = —i" directed into the page
r

,U Ii /
U,
= T+1
4 r( )

So the correct choice is (a).

121. B= #L] X i Here 8= 60" = E.Therefore
2r 2r 3
e
12r

Magnetic field at O due to current / in 4D is

B,,= —— directed out of the page.

= i nT- NEEY CESE
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Magnetic field at O due to current / in BC'is

My 1 _ Hy /
12(2r) 24 r

Bge directed into the page.

Therefore, Magnetic field at O due to ABCD is

B= B,p—Bpc
el pl
12r 24r 24r

directed out of the page. The magnetic field at O
due to straight segments 4B and CD is zero. So the
correct choice is (a).

122. Magnetic field at O due to straight segments BC
and AD is zero. For the curved part AB, 6 = 3—”
2
Therefore,
3 I
B;p= ‘l;—" directed into the page.
r
For the curved part CD, 6= - Therefore,
2
1 : :
Bep = 'u°6 directed into the page.
r
Therefore, magnetic field at O due to current / in
ABCD is
B= B+ Bep
_ 31 " Mo I _ Tpy 1
8r 16r 16r

directed into the page. So the correct choice is (d).
123. Refer to Fig. 13.100.

Fig. 13.100

Magnetic field at O due to current / in side BC is

! (sm 60° + sin 600)

BBC

IIT-NEET- FHvs’ii:s..
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125.
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By,
4r r
Now r= < tan30° = L.Therefore,
2 23
VB, Ix2¥3 3p,1
Bpe=
dr X a 2w a

directed out of the page. The magnetic field at O due
to current / in sides C4 and 4B is the same as B and
is directed out of the page. Hence, the magnitude of
magnetic field at O due to current / in ABC'is

ou, 1
21 a

B=3By.=

So the correct choice is (d).

F = g (v x B). Hence F is perpendicular to B.
Therefore,

FB=0
or ma.B= 0
= aB=0 (. m#0)

= Qi +3j-nk)o(i+2j+4k)=0

= 2+6—-4n=0

= n=2

So the correct choice is (b).

Magnetic moment M = /A

where A is the area vector. Since the current is
clockwise the direction of A is along the negative
z-axis, i.e., along —k . The magnitude of A is

A = area of square of side a + area of four
equilateral triangles each of side a

area of BDFH + 4 x area of BCD
2+ 4\/5 a2
4
a* (\/3+1)
= - (\/5+l)a2 IlA(

So the correct choice is (¢).

I

a

Il

wwwwwwwwwww
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SHE O Multiple Choice Qu

Questions 1 to 3 are based on the following passage.

Passage 1

Two long parallel wires carrying currents 2.5 amperes and

I ampere in the same direction (directed into the plane of

the paper) are held at P and Q respectively such that they

are perpendicular to the plane of the paper. The points P

and Q are located at a distance of Sm and 2m, respectively,

from a collinear point R (see Fig. 13.78).

A ,]? ——>X
|€—rp =2m —

=5m ——>

? 25A=T
le—ry
Fig. 78

An electron moving with a velocity of 4 x 10° m/s along
the positive x-direction experiences a force of magnitude
3.2 x 102" N at the point R.

1. The magnitude of magnetic field at point R is
(a) 25x107 T (b) 5.0x 107 T
(c) 5.0x10°T (d)2.5%x10°T

2. The magnitude of magnetic field at point R due to
current I’ = 2.5 A in wire P is
(@) 1x107T (b)2x107T
(b)3x107T (d)4x107T
3. The current / in wire Q is
(@) 1A () 2A
(c)3A (d) 4A
./’/"1
\, #~Z Solutions

1. The magnitude of the force experienced by a particle
of charge ¢ moving with a velocity v in a magnetic
field B is given by

F=quBsin 0
where 6 is the angle between v and B. Given
F=32x102N,p=4x 10’ ms™' and 8= 90°. For
electrong=1.6 x 107" C. Using these value we get
B=5x107"T, is choice (b)

2. The magnetic field at point R due to currect /” in wire
Pis
I B
B,=#° _4rx107" x2.5 —1x107T
2rn 2 X5

The correct choice is (a).

pstions Based on Passage

< _

3. The magnetic field at point R due to currect / in wire
Qis

_ ol

4 x107 xI
)= R =

2 x2
Both fields B, and B, will be in the downward

direction, parallel and collinear. Hence, the resultant

Ix1677T

2nr,

magnetic field at point R is
B=B,+B,=(1+D)x107T

Now B =5 x 107 T. Therefore,
A+D)x107=5x10""

orl+/=50r/=4A.
So the correct choice is (d).

Questions 4 to 7 are based on the following passage.
Passage 11
The region between x =0 and x = L is filled with a uniform,

steady magnetic field ByK . A particle of mass m, positive
charge ¢ and velocity v, travels along x-axis and enters
the region of the magnetic field. Neglect gravity.

4. The force experienced by the charged particle in the

magnetic field is

(a) along the positive y-direction

(b) along the negative y-direction

(c) in the x-y plane

(d) in the y-z plane.

If the particle emerges from the region of magnetic

field with its final velocity at an angle of 30° to its
initial velocity, the value of L is

2mo,
9B,

mu,

9B,

mu, V3 3my,

298, 298,

If the magnetic field now extends up tox=2.1 L, the

final velocity of the particle when it emerges out of
the region of magnetic field will be

(@) voi (b) — i

(a)

(b)

(©) (d)

(©) 9o} () - vy

-—
IIT-NEET-CBSE
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7. In Q. 6, the time spent by the particle in the magnetic

field is
2nrm x/§
@) t= (b) ¢= 22
9B, qB,
@ 1= J3m (d) 1=
2gB, qBo
4' >
¥-% Solutions
A

4. The force experienced by the charged particle is

given by
F =q(vxB)=q(v, i)x (B, k)
= queBy(i X k)
=quoBy(—Jj) (1)
The force is along the negative y-direction, which is
choice (b).
5. Refer to Fig. 13.101.
y B = By k(out of page)
-/
.o o of.
Voi i
5 30° > X
X
N\
© 0O
slo_ o 9
r
30°
- ©
"Tlo o o
=0 = v,
ee—L—3" f

Fig. 13.101
The particle describes a circle of radius
r=—1o )
9B,
Since the particle emerges from the region of the

magnetic field with the velocity vector making an
angle of 30° with the initial vector, it follows from

triangle ABC that
AB = AC sin 30°
[ = rsin 30° = mu,sin30°  my, 3
or 7 sin 4B, 248, (3)

Thus the correct choice is (c).

6. Comparing (2) and (3) we find that » = 2 L. Since
the magnetic field now extends up to x = 2. 1 L, the
particle will continue to move in a circular path till
it completes half the circular path and emerges out

IIT-NEET-PHYSIC S, ,

IIT-PHYSICS
MAGNETIC E FFECT
OF CURRENT

of the region of the magnetic field with a velocity
—v,i moving along the negative x-axis as shown in
Fig. 13.102.

Fig. 13.102

7. Distance travelled by the particle in the magnetic
field = half the circumference = mr. Therefore, time
spent in the magnetic field is

[Use Eq. (2)]

So the correct choice is (d).

Questions 8 to 11 are based on the following passage.

Passage 111

A wire loop consists of a straight segment 4B and a circular
arc ACB of radius r. The segment AB subtends an angle
of 60° at the centre O of the circular arc. The wire loop
carries a current / in the clockwise direction (Fig. 13.103).

Fig. 13.103

8. The magnetic field B, at O due to the straight segment

AB is
Mol Mol
— b
@) 2rr ©) 22mr
Mol Mol
d) Lol
© 23 r @ Arr
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. The magnetic field B, at O due to the circular arc

ACB is
(a) 51’;" (b) “—"}
3 OrI 72#01
(c) ) ST
-

The net magnetic field B at O due to the whole wire
loop is
(a) B=B, +B, (b) B=B,—- B,

(c) B= \/B? + B? (d) B= /B2 - B?

The direction of the magnetic field B is
(a) parallel to the plane of the coil

(b) perpendicular to the plane of the coil and directed
out of the page

(c) perpendicular to the plane of the coil and directed
into the page

(d) inclined at an angle of 60° with the plane of the
coil

Solutions

As shown in Fig. 13.104, the magnetic field at O due
to current / in AB is given by (use Biot-Savart law)

(0]
Iy X N
SN
AL > \B
I
Fig. 13.104
1
Bg= £ (sin o + sin )
4r x A
Here o= B=30°. Also x =rcos ox=rcos 30° = Tr
Therefore,
:u01 : o # o
B, = ——=——X(sin30° +sin30°)
' 4 x3r/2
Mol Mol
= S5+0.5)=—F1—
2 Brr X020 = 2 Ay

which is choice (c).
The direction of the field is perpendicular to the
plane of the paper directed into the page.

The magnetic field at the centre of a complete (n =1
turn) circular loop of radius » and carrying a current

lis ol
T2

IIT-NEET-PHYSIC S,
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Here loop ACB is a fraction of a circle,i.e. n<1. Since
ACB subtends an angle (360° — 60°) = 300° at O,
hence the fraction » is
300° 5
e i
360° 6
Therefore, magnetic field due to arc ACB is
5
- yoxgxl _ Sl
% 2r 12r
As the current in ACB is clockwise, the direction of
the magnetic field is perpendicular to the plane of the
paper and directed into the page.
The correct choice is (a).
10. Since B, and B, are in the same direction, the net
field is B = (B, + B,), which is choice (a).
11. The correct choice is (c).

Questions 12 to 15 are based on the following passage.

Passage IV

A moving coil galvanometer consists of a coil of N turns
and area 4 suspended by a thin phosphor bronze strip
in radial magnetic field B. The moment of inertia of the
coil about the axis of rotation is 7 and C is the torsional
constant of the phosphor bronze strip. When a current i is
passed through the coil, it deflects through an angle 6 (in
radian).
12. Choose the correct statement from the following.
The magnitude of the torque experienced by the coil
is independent of

(a) N (b) B
(c)i (d) 7

13. The current sensitivity of the galvanometer is
increased if

(a) N, A and B are increased and C is decreased.

(b) N and 4 are increased and B and C are decreased
(c) N, B and C are increased and 4 is decreased

(d) N, A, B and C are all increased.

14. When a charge Q is passed almost instantly through
the coil, the angular speed @ acquired by the coil is

N4B BAQ
(a) ol (b)
© NAIBQ @ NAQI

15. In Q. 14, the maximum angular deflection (in radian)
of the coil is

(2) Opax = \E ©) Oy = VIO

(0]
() 6, max \/g

(d) Opax = OVIC

max

sssssssssss
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12. The magnitude of torque experienced by the coil is

given by
T=iNAB sin
where « is the angle which the normal to the plane
of the coil makes with the direction of the magnetic
field. If the magnetic field is radial, the plane of the
coil is always parallel to the direction of the magnetic
field, i.e. @ =90°. Hence 7= iNAB = Ki where
K = NAB

So the correct choice is (d).

13. Let 6 be the angular deflection (in radian) when a
current 7 is passed through the coil. Then, restoring
torque = C6O. When the coil is in equilibrium,
deflecting torque = restoring torque, i.e.

iNAB = C60

3

14.

15.

IIT-PHYSICS
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... . 6 NAB
.. Current sensitivity is T ¢

Hence the correct choice is (a).

If w is the angular speed acquired by the coil when a
charge Q is passed through it for very short time Az,

then
angularmomentum /@

time interval At
_ Al . ._g
or o= TAt = KiAt = KQ ..I—At

NAB _ .
or Io= NABQ or = , which is choice (¢).

From the principle of conservation of energy, we
have

which gives 6

max

Assertion-Reason Type Questions
SECTION _pr

In the following questions, Statement-1 (Assertion) is followed
by statement-2 (Reason). Each question has the following
four options out of which only one choice is correct.

(a) Statement-1 is True, Statement-2 is True and
Statement-2 is a correct explanation for
Statement-1.

(b) Statement-1 is True, Statement-2 is True; but
Statement-2 is NOT a correct explanation for
Statement-1.

(¢) Statement-1 is True, Statement-2 is False.

(d) Statement-1 is False, Statement-2 is True.

1. Statement-1

Anon-uniform magnetic field that varies in magnitude
from point to point but has a constant direction, is set
up in a region of space. If a charged particle enters
the region in the direction of the magnetic field, it
will be accelerated at non-uniform rate in the region.

Statement-2

The force F experienced by a particle of charge ¢
moving with a velocity ¥ in a magnetic field B is
givenby F =q( 9 x B).

IIT-NEET-PHYSIC S,
||

Statement-1

A charged particle moves in a uniform magnetic field
forsometime. Duringthistime, thekinetic energy ofthe
particle cannot change but its momentum can change.

Statement-2

The magnetic force is always perpendicular to the
velocity of the particle.

Statement-1

A current carrying loop is free to rotate. It is placed
in a uniform magnetic field. It will attain equilibrium
when its plane is perpendicular to the magnetic field.

Statement-2

The torque on the coil is zero when its plane is
perpendicular to the magnetic field.

Statement-1

An electron moving in the positive x-direction enters
a region where uniform electric and magnetic fields
exist perpendicular to each other. The electric field
is in the negative y-direction. If the electron travels
undeflected in this region, the direction of the magnetic

field is along the negative z-axis.
-—
A | = P
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Statement-2

Ifa charged particle moves in a direction perpendicular
to a magnetic field, the direction of the force acting on
it is given by Fleming’s left-hand rule.

Statement-1

If a charged particle is released from rest in a region
of uniform electric and magnetic fields parallel to
each other, it will move in a straight line.

Statement-2

The electric field exerts no force on the particle but
the magnetic field does.

Statement-1

A proton and an alpha particle having the same
kinetic energy are moving in circular paths in a
uniform magnetic field. The radii of their circular
paths will be equal.

Statement-2

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.

. Statement-1

Two particles having equal charges and masses m,
and m,, after being accelerated by the same potential
difference (V), enter a region of uniform magnetic
field and describe circular paths of radii »; and r,
respectively. Then

Statement-2

Gain in kinetic energy = work done to accelerate the
charged particle through potential difference V.

L
o\ .
i'7~% Solutions
¢ ol

The correct choice is (d). If © is parallel to B, F
= 0. Hence the particle does not experience any force
and is, therefore, not accelerated in the region. It will
travel undeflected with a constant speed.

. The correct choice is (a). Since the magnetic force

is always perpendicular to the velocity, no work
is done by a uniform magnetic field on a charged
particle. Hence magnetic force cannot change the
magnitude of velocity (i.e. speed); it can only change
the direction of velocity. Hence kinetic energy

1 . »
(=Emvz) remains unchanged but momentum p

=m v will change.

IIT-NEET-PHYSIC S,
||
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. The correct choice is (a). The loop will rotate and

come to rest when the torque acting on it becomes
zero. The magnitude to torque acting on a loop of
area A and carrying a current / in a magnetic field B
is given by

T=BIAsin @

where 6 is the angle between the direction of the
magnetic field and the normal to the plane of the coil.
It is clear that 7 =0 when 8= 0, i.e. when the plane
of the coil is perpendicular to the magnetic field.

. The correct choice is (a). Because electron has a

negative charge, an electric field in the negative
y-direction will deflect it in the positive y-direction. It
will travel undeflected if the magnetic field imparts an
equal deflection in the negative y-direction. Since the
magnetic force is perpendicular to the magnetic field
and the charge of electron is negative, the direction
of the magnetic field (according to Fleming’s Left-
Hand rule) should be along the negative z-direction.

. The correct choice is (b). Due to electric field, the

force is F =g E in the direction of E . Since E is
parallel to B, the particle velocity ¥ (acquired due
to force F')is parallel to B. Hence B will not exert
any force since o x B = 0 and the motion of the
particle is not affected by B.

. The correct choice is (c¢). The radius of the circular

path is given by

2mK
qB

3
S|

~
Il

: where K = %mv2

>3]

q

Since K and B are the same for the two particles,

oo 2 Now, the charge of an alpha particle is
q

twice that of a proton and its mass is four times the

mass of a proton, \/;/q will be the same for both
particles. Hence » will be the same for both particles.

. The correct choice is (d). Kinetic energy K = ¢gV.

Therefore r

qB
I m m r )
Hence L= b % emldg,
n my my r

N2mqV \2myqV
R e and = ’—B
q

-_—
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4 Previous Years’ Questions from AIEEE, IIT-JEE,

L

JEE (Main) and JEE (Advanced)
TS —————

If in a circular coil 4 of radius R, current i is flowing
and in another coil B of radius 2R, current 2i is
flowing, then the ratio of magnetic fields B, and By
at their centre is

. A particle of mass M and charge Q moving with

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

(a) 1 (b) 2
2
1 (a) — 27R (b) zero
(c) 2 (d) 4 [2002] ‘R
2. Ifanelectron and a proton having the same momenta, (c) 2nRBO (d) 2nRBvQ [2003]
::}rllter perpendicularly to a uniform magnetic field, . A particle of charge —1.6 x 10'° C moving with
en
@ =1 . 3
(a) both will have the same curved path (ignoring the velocity 10 m 5 glong te e Stiens A SRR
seiisesofmmlitio) where the magnetic field B is along the y-axis
] and an electric field of magnitude 10* V m™
(b) they will move undeflected is along the negative z-axis. If the charged particle
(c) the path of the electron will be move curved than continuous moving along the x-axis, the magnitude
that of the proton of B is
(d) the path of the proton is more curved.  [2002] (a) 10°T (b) 10°T
3. The time period of a charged particle undergoing (c) 10'°T (d) 10T [2003]
a circular motion in a uniform magnetic field is . A thin rectangular magnet suspended freely has
independent of its a time period of oscillation equal to 7. Now it is
(a) speed (b) mass brf)k'en into two equal ha!ves ‘(each having balf II‘IG
. original length) and one piece is made to oscillate in
(c) charge (d) magnetic field the same field. If its period of oscillation is 7", the
[2002] ratio 77/T is
4. Two wires 1 and 2 carrying currents i, and i, 1 1
respectively are inclined at an angle 6 as shown in (@) 7.2 (b) 2
the figure. What is the force on a small element d/ of 1
wire 2 at a distance » from wire 1 due to the magnetic (c) 2 (d) 1 [2003]

field of wire 1?

i

(a) (11 i, dl tan 6) (b) Ho (i, i, dl sin 6)
2nr

© 2o Giiydicos6)  (d) Ho (i, i, dlsin 6)
2rr 4rr

[2002]

IIT-NEET-PHYSIC S,

. A magnetic needle lying parallel to a magnetic field

requires W units of work to turn it through 60°. The
magnitude of torque needed to maintain the needle
in this position will be

(@ 3 W

@ (2)w

(by w

2w [2003]

. The magnetic field lines inside a bar magnet

(a) are from north pole to south pole of the magnet

(b) do not exist

(c) depend on the area of cross section of the magnet

(d) are from south pole to north pole of the magnet.
[2003]
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10.

1L,

12.

13,

Curie temperature is the temperature above which,
(a) a ferromagnetic material becomes paramagnetic

(b) a paramagnetic material becomes diamagnetic

(c) a ferromagnetic material becomes diamagnetic

(d) a paramagnetic material becomes ferromagnetic.
[2003]

A current i flows along an infinitely long straight thin
walled tube of radius . The magnetic field inside the
tube is

(a) infinite (b) zero
(c) Mol @y 2 [2004]
2nr r

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 coil of
n turns. The magnetic field at the centre of the coil
will be

(a) nB (b) n°B

(c) 2nB (d) 2n°B [2004]
The magnetic field due to a current carrying circular
loop of radius 3 cm at a point on the axis at a distance

4 cm from the centre is 54 uT. What will be its value
at the centre of the loop?

(a) 250 uT
(c) 125 uT

(b) 150 uT

(d) 75 uT [2004]

. Two long conductors, separated by a distance d, carry

currents /, and /, in the same direction. They exert a
force F on each other. Now the current in one wire
is increased two times and its direction is reversed.
The distance between wires is also increased to 3d.
The new value of force between them is

(a) - 2F (b) g
oF F
(©) 3 (d) e [2004]

The length of a magnet is large compared to its width
and breadth. The time period of its oscillation in a
vibration magnetometer is 2s. The magnet is cut
along the length into three equal parts and the three
parts are then placed on each other with their like
poles together. The time period of this combination
will be

(a) 2s w)gs
(c) 2435 (d) %s [2004]

IIT-NEET-PHYSIC S,
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17

18.

19.

20.

21
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The materials suitable for making electromagnets
should have

(a) high retentivity and high coercivity

(b) low retentivity and low coercivity

(c) high retentivity and low coercivity

(d) low retentivity and high coercivity [2004]

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

b
(a) attract each other with a force of Mot
(2rd)
Hoi®
2nd)

Hoi”

(2rd?)

(b) repel each other with a force of

(c) attract each other with a force of

22
(d) repel each other with a force of /Jo_lz [2005]
(2rd*)

Two concentric coils each of radius equal to 27z cm
are placed at right angles to each other and carry
currents of 3A and 4A. The magnetic field (in
Wb m™) at the centre of the coils will be My =
4rx10° Wb A 'm™)

(a) 12x 107 (b) 107

(c) 5%x107 (d) 7x 107 [2005]
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 decrease

(b) its velocity will increase

(c) it will turn towards right of its initial direction of

motion
(d) it will turn towards left of its initial direction of
motion [2005]

A charged particle of mass m and charge ¢ travels
in a circular path of radius  that is perpendicular to
magnetic field B. The time taken by the particle to
complete one revolution is

2
(@) 21tmq (b) 2rq”B
m
27
(c) 2B @ =2 [2005]
qB

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

(a) a torque but no force

(b) neither a torque nor a force
(c) a force as well as a torque
(d) a force but no torque [2005]
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In a region, steady and uniform electric and magnetic
fields are present. These two fields are parallel to
each other. A charged particle is released from rest
in this region. The path of the particle will be a

(a) ellipse (b) circle

(c) helix (d) straight line [2006]
Needles N,, N, and N; are made of a ferromagnetic,
a paramagnetic and a diamagnetic substance,
respectively. A magnet when brought close to them
will

(a) attract N, strongly, but repel N, and N; weakly
(b) attract all three of them

(c) attract N, and N, strongly but repel N,

(d) attract N, strongly, N, weakly and repel N,
weakly [2006]

A long solenoid has 200 turns per cm and carries
a current /. The magnetic field at its center is
6.28 x 107> weber/m?. Another long solenoid has 100
turns per cm and it carries a current i/3. The value of
the magnetic field at its center is

(a) 1.05 x 10~ weber/m?
(b) 1.05 x 104 weber/m?
(c) 1.05 x 107> weber/m?

(d) 1.05 x 107 weber/m? [2006]

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

. . . . a
its cross-section. The ratio of the magnetic field at —
and 2a is 2

@ L (b) 4
4 1
© 1 @ 5

A current / flows along the length of an infinitely

[2007]

long, straight, thin walled pipe. Then

(a) the magnetic field is zero only on the axis of the
pipe

(b) the magnetic field is different at different points
inside the pipe

(c) the magnetic field at any point inside the pipe is
Zero

(d) the magnetic field at all points inside the pipe is
the same, but not zero [2007]

A charged particle with charge ¢ enters a region
of constant, uniform and mutually orthogonal field

E and B with a velocity v perpendicular to both

IIT-NEET-PHYSICS,,
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31.

IIT-PHYSICS
MAGNETIC E FFECT

OF CURRENT

5 and B, and comes out without any change in
magnitude or direction of o . Then

@ =257 (b) 5=2XE
() 5=E;ZB (d) 5=E;23 [2007]

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

(a) the momentum changes but the kinetic energy is
constant

(b) both momentum and kinetic energy of the particle
are not constant

(c) both, momentum and kinetic energy of the
particle are constant

(d) kinetic energy changes but the momentum is
constant. [2007]

Two identical conducting wires 4A0B and COD
are placed at right angles to each other. The wire
AOB carries an electric current /; and COD carries
a current /,. The magnetic field on a point lying at
a distance d from O, in a direction perpendicular to
the plane of the wires AOB and COD, will be given
by
1 I
(a) ﬁ(’_l ”2)2 ) o2+ p2y2
2r\ d 2nd
Ho Ho 2 ;2
— ([, +1 d —U,"+1I
(c)Zﬂd(l %) ()ZTCd(' 2)
[2007]

A horizontal overhead powerline is a height
of 4m from the ground and carries a current of
100 A from east to west. The magnetic field directly
below it on the ground is (1, =47 x 107" TmA™)

(a) 2.5 x 1077 T northward
(b) 2.5 x 10”7 T southward
(¢) 5% 107° T northward

(d) 5% 107° T southward [2008]

Relative permittivity and permeability of a material
are €, and u,, respectively. Which of the following
values of these quantities are allowed for diamagnetic
material?

(8) &=15;1t.=1.5
(c) &= 1'5; 1,=10.5

(b) £,=05,u.=1.5

(d) .=0.5, u.=0.5
[2008]
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Questions 32 and 33 are based on the following . B .
paragraph. :w:
A current loop ABCD is held fixed on the plane of the (b) X Q @ X’
paper as shown in the figure. The arcs BC (radius = b) and \:‘ < ,:K
DA (radius = a) of the loop are B i d d
B
& x

made by AB and CD at the
origin O is 30°. Another
straight thin wire with steady
current /, flowing out of the
plane of the paper is kept at the

origin. JE T E

P (d) X ® & x
32. The magnitude of the magnetic field (B) due to the }—4%5[

loop ABCD at the origin (O) is 1 @ L
Ul [ b—a 35. A thin flexible wire of length L is connected to two
E[ ab ] adjacent fixed points and carries a current / in the
clockwise direction, as shown in the figure. When
(b) “_01[2(1,_(,) + /3 (a + b)) the system is put in a uniform magnetic field of
4r strength B going into the plane of the paper, the wire
takes the shape of a circle. The tension in the wire is

joined by two straight wires G

AB and CD. A steady current / g & '
. . : Iy .- !
is flowing in the loop. Angle i

[2010]

(a)

(¢c) zero
[(b_a) KD MR KKK B
(d) #OzT |2009l XA R KK xx/
e X X X X X X
33. Due to the presence of the current /, at the origin: X XK X X /X X
(a) The magnitude of the net force on the loop is XXX XXXXX
given by
IBL
11 (a) IBL (b) —
L o [2(b—a) + 13 (a + b)) d
4r
IBL
(b) The magnitude of the net force on the loop is (c) E (d) % [2010]

iven b Holl, (b—a) ; o : :
& y 24ab ’ 36. Acurrent I flows in an infinitely long wire with cross-

section in the form of a semicircular ring of radius R.

%) This Towces it A5 21IC G Ee. The magnitude of magnetic field along its axis is

(d) The forces on AD and BC are zero. [2009]

34. Two long parallel wires are at a distance 2d apart. ) Uol (b) Mol
They carry steady equal current flowing out of . R 21%R
the plane of the paper as shown in the figure. The
variation of the magnetic field along the line XX” is
given by (c) #—01 (d) /1_01 [2011]
2ntR 4R
B
i T E 37. A charge Q is uniformly distributed over the surface
' ' of non-conducting disc of radius R. The disc rotates
(a) X o & X about an axis perpendicular to its plane and passing
\. o P through its centre with an angular velocity . As a

result of this rotation a magnetic field B is obtained at
the centre of the disc. If we keep both the the amount

P
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of charge placed on the disc and its angular velocity
to be constant and vary the radius of the disc, then
the variation of the magnetic field at the centre of the
disc will be represented by which of the following

figures.
f }
B B
R —» R —»
(a) (b)
} }
B B
R —» R —»

(c) (d)
[2012]

38. Proton, deuteron and alpha particle of same kinetic
energy are moving in circular trajectories in a constant
magnetic field. The radii of proton, deuteron and

alpha particle are, respectively, 7, r; and r,. which
one of the following relation is correct?

@ ra=r,=r ®) ra=r,=14

(&) rg=rs;=1ry (b) 7y =r,; [2012]

39. A loop carrying current / lies in the x-y plane as
shown in the figure. The unit vector k is coming out
of the plane of the paper. The magnetic moment of
the current loop is

(@) &Ik

WY (AL, 2
(c) (2 ) Ik

o (5

(d) 2r+1)d*Ik

1)a21ﬁ

[2012]
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40. An infinitely long hollow conducting cylinder with
inner radius R/2 and other radius R carries a unifrom
current density along its length. The magnitude of

Blas a function of the radial

the magnetic field,

distance r from the axis is best represented by

Y

A

(=)

.

()

O s

(b)

;

0 R/2

=

(c)

=
]

(=

R/2

=

(d)
[2012]
41. This question has statement I and statement II. Of
the four choices given after the statement, choose the
one that best describes the two statements.

Statement-1 : Higher the range, greater is the
resistance of ammeter.

Statement-II : To increase the range of ammeter,
additional shunt needs to be used across it.

(a) Statement-I is true, Statement-II is true,
Statement-II is not the correct explanation of
Statement-I.

(b) Statement-I is true, Statement-II is false.
(c) Statement-I is false, Statement-II is true.
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(d) Statement-Iis true, Statement-II is true, Statment-
IT is the correct explanation of statement-I
[2013]
42. Two short magnets of length 1 cm each have magnetic
moment 1.20 A m? and 1.00A m?, respectively. They
are placed on a horizontal table parallel to each other
with their N poles pointing towards the South. They
have a common magnetic equator and are separated
by a distance of 20.0 cm. The value of the resultant
horizontal magnetic field at the mid-point O of the
line joining their centres is close to (horizontal
component of earth’s magnetic induction is
3.6 x 107 Wb/m?)
(a) 2.56 x 107* Wb/m?

(c) 5.80 x 107 Wb/m>

(b) 3.50 x 10~* Wb/m>
(d) 3.60 x 10~ Wb/m®
[2013]
43. A particle is acted upon by a force of constant
magnitude which is always perpendicular to the
velocity of the particle. The motion of the particle
take place in a plane. It follows that
(a) its velocity remains constant
(b) it moves in a straight line with a constant
acceleration
(¢) it moves in a circle with a constant acceleration
(d) its kinetic energy remains constant

[2014]

\ “Z Answers

(o,"

1. (a) 2. (a) 3. (a) 4. (¢)
5. (b) 6. (a) 7. (b) 8. (a)
9. (d) 10. (a) 11. (b) 12. (b)
13. (a) 14. (¢) 15. (b) 16. ()
17. (a) 18. (¢) 19. (a) 20. (d)
21. (¢) 22. (d) 23. (d) 24. ()
25. (¢) 26. (¢) 27. (b) 28. (a)
29. (b) 30. (d) 31. (¢) 32. (d)
33. (d) 34. (a) 35. (¢) 36. (b)
37. (a) 38. (b) 39. (b) 40. (d)
41. (c) 42. (a) 43. (d)
1#-% Solutions

<°,¢'

Mgl B Mo (2i)
1. B;= ﬁ and  By=55p)
By _
BB
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. The radius of the circular path is

mv P

V= o = r

4B :q—B; p = mo.

Since p, g, B are the same for electron and proton, the
value of » will be the same for both. Since the charge
of'an electron is opposite in sign to that of proton, the
sense of revolution will be opposite. So the correct
choice is (a).

2rm

48 So the correct choice is (a).

. The component of d!/ parallel to wire 1 is d/ cos 6.

Hence the force on the element is
F =B,i,dlcos 6

where B, = magnetic field at the element due to
current in wire which is given by

o
F= oy (i) i, dl cos 0)

. When a charged particle describes a circular path,

the necessary centripetal force is provided by the
magnetic force F. Since the velocity v is always
tangential, vectors F and v are perpendicular to each
other (6= 90°).

Power = F - v = Fv cos 8= Fv cos 90° = 0. Since
power consumed is zero, the work done is zero.

. F=g(E + v xB)

Given E=—Ek,Av=v§ andBA=Bj
F=g[-Ek + (i) X (B])]
=g(—Ek +vBk)=g (- E+vB)k
Since the particle moves undeflected, F = 0, i.e.
qE+vB)k =0
= —E+9vB=0
E_10*

=5 B=—-=—=10°T
v 10

. T=2m fL
MB

where /= moment of inertia of the magnet about the
axis of rotation which is
12

1= "11—2 ;L =length of magnet,
m = mass of magnet
M = magnetic moment = pL (p = pole strength) and
B is the magnetic field.
If the magnet is broken into two parts, each of
length L/2, the pole strength p remains the same.
The magnetic moment of each piece is

STUDY CIRCLE

ACCENTS EDUCATIONAL PROMOTERS



10.
11.

I_
= SINCE 2001...
NT-NEET-CBSE

STUDY CIRCLE

ACCENTS EDUCATIONAL PROMOTERS

M = S

. .., M

Since the mass of each piece is m” = L and length
L
L= 5 , the moment of inertia of a piece is
m_ (LY

,_m&Yy 272 ml 1

I = = = = =
12 12 8x12 8

Time period 7”7 is

' 7/
T’=2n,/ £ =2n,/—8 -2 fL @)
M'B BM /2 2 \ MB

Dividing (2) by (1)
T'

_1
T 2
W= MB (1 —cos 6)
MB
=MB(l—cos60°)=T
= MB=2W
Magnitude of torque is
T=MB sin 6
. Vi i
=2Wsm60°=2W><7= w

Magnetic field lines form closed loop. Hence, inside
the magnet, they are from south pole to north pole.
The correct choice is (a).

Consider an amperean loop inside the pipe. Since the
current threading the loop is zero, from Ampere’s
circuital law, the magnetic field at any point inside
the hollow pipe carrying a current is zero.

The magnetic field at the centre of a coil of » turns
and radius R carrying a current / is

Monl
p= 2%
2R
/
For ped, Jedl )
2R

When the wire is bent into a circular coil of » turns,
the radius of the coil becomes

R’—L—E .o L_2 Rl)

2nn  n & ”
The magnetic field at the centre of coil will be
,_ Honl

B="%r
Monl
2R/n
HoIn’

=50 _,B
2R
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13. Magnetic field at a distance x from the centre of the
coil of radius R and carrying a current / is

_ HoIR
AR +x2)2

Magnetic field at the centre of the coil is (*.© x =0)

(1)

Mol
By= —— 2
0T SR (2)
Dividing (2) by (1) we get
B 2, 243/2
0 _ (R +x°) 3)

B R}
Given B=54 uT,R=3 cm =3 X 102 m and x =
4 cm = 4 x 1072 m. Substituting these values in Eq.
(3), we get

By=250 uT
14. If the length of each conductor is L, then

LLL

F = #02# (attractive)
New force is
211, L

F' = —#0(2”(3"3)2 (repulsive)
F_2 _ __oF
F 3 - " " "18§°

15. In a vibration magnetometer, a bar magnet is
suspended from a support and oscillated in a
horizontal plane. The time period of the torsional
oscillations is

1 ml?

T=2rm ; I=
MH 12

where m = mass of magnet, L = length of magnet and
M = pL is the magnetic moment; p being the pole
strength and H is the horizontal component of the
earth’s magnetic field.

When the magnet is cut along the length into three
equal parts, the moment of inertia of each part is

2
12X 3 /%2 27\12
If they are placed one on top of the other with their

like poles together, the moment of inertia of the
combination is

1(1 2) 1
’ = = —|—mlL | = =
=35 9(12 9
On cutting along the length, pole strength of each

part is p, = g If they are placed one on top of the

L]
A: P
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other with their like poles together, the pole strength
of the combination is

p'=3p =
Magnetic moment of combination is
M=pxL=M
T'=2rm L5 2r e
M'H IMH
] 1 2
= XT=7X2s=—
=3 3 "= ge

Electromagnets are made of soft iron because soft
iron has low coercivity and high retentivity. As a
result, it is easily demagnetized. So, the correct
choice is (¢).

The force per unit length between the two wires is

.2
E _ Hpl
[ 2rd
Since the current in the wires are in the same
direction, the force between them is attractive.

oA
B, = Mol _ AWXAY X3 5105 wh m
2R 2Xx2rx10™
)i =7
p,= oo _ 3mxXI0 X4 _ 4y 105 whm™
© 2R 2x2mx10”

Since the planes of the coils are perpendicular to
each other, B, and B, will be perpendicular to each
other. The net field is

= JBx107)+(4x1075)>

Force on the electron exerted by magnetic field is

=5x 10" Wb m™

=¢q (v x B) = 0 since v is parallel to B.

Force on the electron exerted by electric field is
F,=qE

Since the charge of the electron is negative, force
F, will be opposite to the direction of motion of the
electron. Hence, the motion of the electron will be
retarded. So, the correct choice is (a).

The necessary centripetal force is provided by the
magnetic force guB. Hence

”1'(]2 0

—=qvB = r=—
r ¢ qB
Time taken by the particle to complete one revolution
is
T nr 2nmy B 2rm
v vgB  ¢B

INIT-NEET-PHYSICS,
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Since the magnetic field varies with distance, the
forces on the poles of the magnet will be unequal.
Hence, the magnet will experience a force as well as
a torque.

Consider a particle of charge ¢ in a region of parallel
and uniform electric field E and magnetic field B as
shown in the figure. The electric field exerts a force

E

Je—>0

F,=qE

in the direction of the field. As a result, the particle
is accelerated in the direction of the field. If v is the
velocity of the particle at an instant of time, then at
that instant, the force experienced by the particle due
to the magnetic field is

=g (vXxXB)

Since v is parallel to B, F,, = 0. Hence, the particle
will keep moving in a straight line in the direction
of the electric field if it carries a positive charge and
opposite to the direction of the electric field if it
carries a negative charge.
The correct choice is (d).

For the first solenoid

By = pg ny i
For the second solenoid
By = g ny iy
Dividing we get,
B _R,b 100 i3 1
B n 200 i 6

I I
or By= < B = ¢ X628 102 =1.05 x 102 Wb/m?

The magnetic field at a distance » from the axis of the
wire of radius a and carrying a current i for the case
when r lies between 0 and « is given by

Hoir

B, = 3
' 27a

='u_0ix£ (forr:ﬁ)
2rna 2 2

Mol
dra

-
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For the case r > a, the magnetic field is given by

_ Kol Mol

2" 2nr  27(2a) Goin =)

The magnetic field at any point inside an infinitely
long, straight and thin walled pipe carrying a current
is zero. Hence the correct choice is (c).

The forces acting on the particle by magnetic and
electric fields are

Fm = q(©xB) and F, = qE

The direction of force F, is along the direction of
E and the direction of force F,, is perpendicular to

vectors p and B. Since the velocity of the particle
remains unchanged, no net force acts on it. Hence,

F,, = F, and the direction of F, must be opposite

to that of fg , as shown in the figure. From the left-
hand screw rule, it follows that ¢ should be directed
perpendicular to the plane of the page and towards
the reader. Thus,

B
A
Fm q Fe "
€ » E
v ® = Directed towards the reader
q(wxB)=—qE
oXB =—E
Since v is perpendicular to B, the magnitude of p
is
E
v=—
B

Hence choices (c¢) and (d) are wrong because they
B %
give v = ok Since v is directed towards the reader,

it follows that the direction of vector v is the same
that of vector (E x B) and not of vector (BxE).
Hence the correct choice is (b).

The magnetic force experienced by the charged
particle is perpendicular to its velocity. Hence, the
force does no work on the particle. Therefore, the

IIT-NEET-PHYSICS,
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speed and hence the kinetic energy of the particle
remains unchanged. Since the velocity of the particle
is perpendicular to the magnetic field, it will move
along a circular path in the region of the magnetic
field. Therefore, its velocity and hence linear
momentum will continuously change due to change
in the direction of motion of the particle moving a
circle. Hence the correct choice is (a).

The magnetic fields due to wires AOB and COD at a
point P at a distance d from O respectively are (note
that point P is perpendicular to the plane of the page)
[see the figure]

c--- ---D

B

Holy
2rd
and B, = 110_12

° 2nd
Since currents /; and /, are perpendicular to each
other, fields B, and B, are also perpendicular to each
other. Hence the resultant field at point P is

B= (B|2 +BZZ)]/2 = uOI ( +1" )l/"
2nr

Mol _ (4mx1077)x100
2rr 2w x4

B= =5%x10°T

Using the right hand thumb rule, the direction of the
magnetic field will be towards south.

For a diamagnetic material, i, < 1. For any material
€.> 1. Hence the correct choice is (c).

Bo=B,p+ Bpc+ Bept Bpy

=0—”—°1x£+0+”—°1x%

4nb 6 4ra

_/%1(__1)
24 b

So the correct choice is (d). Magnetic field at O due to
arc BC is directed into the plane of the page and away
from the reader and has been taken to be negative but
the magnetic field due to arc AD is directed towards
the reader and is taken to be positive.
C P s
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33. The direction of the magnetic field due to current
I, at wire segments AB and DC is perpendicular
to AB as well as to DC. Since the current in 4B is
opposite to that of in DC and the lengths of 4B and
DC are equal, the forces on 4B and DC are equal and
opposite. Hence choice (c¢) is wrong. The direction
of the magnetic field due to current /; at arcs AD and
BC is tangential to the arcs, i.e. 6= 0°. Hence, force
on arc AD and on arc BC is zero. So choice (d) is
correct. Since the forces on AB and DC are equal and
opposite, the net force on the loop ABCDA is zero.
So choices (a) and (b) are incorrect. Hence the only
correct choice is (d).

34. Let / be the current in each wire. Let the left wire be
located at x = 0, then the other wire will be at x = 2d.
The magnetic field in the space between the wires
due to the current in the wires will be in opposite
directions. At a distance x from the left wire, the net
magnetic field is given by

Mol = Mol %
= + s
B 27rx(’l) 271'(2a'—x)( D
I| 1 1 A
e Bt ey ()
2r | x  (2d —x)
Atx=0,B=0
At x = 2d, B — — oo and is along the negative
y-direction.

For x < d, B is along the positive y-direction.
For x > d, B is along the negative y-direction.
For x <0, B is along the negative y-direction.
For x > 2d, B is along the positive y-direction.
Hence the correct graph is (a).

35. Consider a small element of the wire of length dx.
The horizontal components 7" cos (d6) cancel each
other. The vertical components add up to 27 sin (d6)
because in the limit d6@ — 0, they are collinear. The
magnetic force an element dx is F' = B Idx vetically
upward.

T cos (d6) dx
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For equilibrium,
2T sin (d@)= Bl dx =B IR (2 dO)
where R is the radius of the ring. For small 46,
sin dO = d6.
Hence 2 Td0=2 B IR dO

T=BIR BIL (
= = = —
2r

so the correct choice is (¢).

L =2nR)

Divide the semi-circular ring into a large number of
small elements consider an element of length d/.

dl = R dO. Current per unit length is A TR

Therefore, current flowing through the element is

dl = Adl = ARd6. Magnetic field at O due to the

element is

~ Modl  pyARdO
b = nR  7#R
_ HgAdB
n

The component of dB along the axis of the semi-
circular wire is dB cos 6. Therefore, the magnetic
field due to the complete wire is

n/2
J. dB cos0
-m/2
7r/2

= /'l j cosO db
* -m/2

_ HoA _ Mol
2 2m’R

so the correct choice is (b).
Charge per unit area of the disc is 0= —5 . Divide
The disc into a large number of concentric circular
elements as shown in the figure.
E P wrned R
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Disc

Area of element = 7 (r + dr)’ — m? = 2x rdr
(5.dr<<y)

.. Charge on the element is dg
2
= 0 X 2nrdr =% X 2mrdr = —g X rdr
TR R

The magnetic at O due to the element
_Hodg | © _ podq _ o X 20rdr

dB 5
2r  2m  4nmr 4nRr
Mo Q dr
27 R?
The magnetic field at O due to the complete disc is
B~ [dB - 22 [;
0 2R,
_ M@
2R
1
Thus B < e so the correct graph is (a)
r= f% : k = kinetic energy
3q
= r= k\/E : k = constant = ,%
q 3
Jm
r,=k £
q
4 m
,‘(Z = k mp = k __p_
2q q

Hence r, = r, < ry which is choice (b).

Magn[tic Momentzﬁ =currentxareaoftheloop=/ A
=IX

a’ +7t(£) X 2]!2
2
:1a2(1+£)|2
2

The direction of area vector 4 is along k .
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40.

A

R
OP = 5.0Q=R, OS=r,
Inside the cavity

. . R
(1.e. for r lying between zero and E) “B=0

Outside the cylinder, (i.e. for » > R),

_ Mol
2rtr

. R
In the shaded rcgion,( 1.8, forE <y < R). From

Ampere’s circuital law,
B X 2mr = pyl = uyJA

1
where J = i is the current density and A4 is the area

of the shaded region. Now

&
X
)
3
Il
=
(=}
<
| R
)
S
|

Hence the correct graph is (d).

41. The resistance S to be connected in parallel with a
galvanometer so that it has a range / is

1,G

I-1,

where G = galvanometer resistance and /,= current
for full scale deflection. So in order to increase /,

-—
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the value of S must be decreased. If an additional Magnetic field due to two short magnetic
resistance S, is connected across the galvanometer,
the new shunt resistance becomes B = Mo My + b M,
S S 47[ I‘3 47[ "3
S, = ﬁ which is less then S. Hence statement-II
, ! 4 x1077
1S true. = 47rx—(01)3—[ 2+1]
The resistance of the ammeter after S, is connected ’
isR,=G+S5, =295 1F*T
The rimstance S VAL BT, i i 1B e The direction of this field is along the horizontal
1S R‘) - G + S’)
Si = g < S'-R <R.H - t1is fal component of the earth’s field. Thus,
ince S, < S; R,< R,. Hence statement I is false B, =22x10%+3.6x107
e =256x10*T
| S N | 43. The correct choice is (d). The partile move in a circle
with a constant speed and hence with a constant
a4l e B = kinetic energy.
s V]
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