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Moving
and Ma

TOPIC 1

Biot Savart’s Law and
Ampere’s Circuital Law

1

A thick current carrying cable of
radius R carries current |
uniformly distributed across its
cross-section. The variation of
magnetic field Bdue to the cable
with the distance r from the axis
of the cable is represented by

[NEET 2021]
(@) B

—
b) B

—>
© ’ \X
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(@) B

—
Ans. (¢)

Magnetic field inside the conducting
cylindrical cable,

Charges
ghetism

B = Wl r
2TR?
Here, Ris the radius of the cylindrical
cable,
ris the distance from the axis of the
cylinder,
|is the current carrying in the cylindrical
cable.
O BOr
OThe graph of magnetic field B with ris
a straight line passing through origin.
Fora point outside the cylinder,
p=Hd gppl
2TR R
The graph of magnetic field(B) with risa
rectangular hyperbola passing through
the outer surface of the cylinder.

|

r=R r—

OThe variation of the magnetic field B
due to the cable with the distance r from
the axis of the cylindrical cable is as
shown in the figure.

A'long solenoid of 50 cm length
having 100 turns carries a current
of 2.5 A. The magnetic field at the
centre of solenoid is

(Take,p, =4mx107 TmA™)
[NEET (Sep.) 2020]
(b)6.28x107° T
(d)6.28x10™ T

(a)314 %107 T
(c)314x10° T

Ans. (d)

Given,/ =50cm=0.5m,N =100 turns
and/ =2.5A

OMagnetic field at the centre of

solenoid is
=Honl =h, @,@ﬂ

=411x107 « 100 x2.5
0.5
=628%x107'T
Hence, correct optionis(d).

Two toroids 1and 2 have total
number of turns 200 and 100
respectively with average radii

40 cmand 20 cm respectively. If
they carry same current i, the ratio
of the magnetic fields along the

two loopsis [NEET (Odisha) 2019]
(a)1:1 (b)4:1

(c)2:1 (d)1:2

Ans. (a)

The magnetic field within the turns of
toroid is
B= HoNI
21U

where, N =number of turns, | =currentin
loops and

r =radius of each turn
Here,N, =200,N, =100, r, =40cm,
r,=20cm
and current/is same, then

By JBoNJ, 2T

B, 21 pN,/
Substituting the given values in the
above relation, we get



g
1
*Bonthio T 23 "

0 B,:B, =1:1

T A straight conductor carrying

current i splits into two parts as
shown in the figure. The radius of
the circular loop is R. The total
magnetic field at the centre P at
the loop is [NEET (Odisha) 2019]

) Zero

)3 H,i/ 32 R, outward
C)3p01/32R inward
)

(a
(b
(
(d

,inward

Ans. (a)

The magnetic field at the centre of an
arc subtended at an angle@is given by
B :LD,. Xi

2R 2m

Then, the magnetic field due to larger
arcABis
B1 :& X@ (I)
2R 21
which acts in inward direction
according to right hand thumb rule. And
magnetic field due to smaller arc AB is
Hoi, 90 -
, =l x i)
2R 2m

which acts in outward direction.

The resultant magnetic field

B, =B, +8,
Mol X270 | Hol, X90 [From Eq. (i)
4TIR 4TIR
and (ii)] (i)

which acts in inward direction as
B,>B,.

Two arcs can also be seen as the two
resistances in parallel combination.

So, the potential across them will be
same i.e.

VW =V2
LR, =I,R, iv)
where, R, and R, =Resistance of
respective segments
The wire is uniform so
R, _L, _Rx270
R, L, Rx90

[--length of arc =radius x angle]
From Eq.(iv), we get

0 R _90 1
i, R, 270 3
or 3i, =1, (v)

From Eq. (iii)and (v), we get
B, =Ho (-270i, +90i,)
4TIR

=Ho [270i, +90(3i)]
4TIR

=Ho (970i, +270i) =0
4TIR

A cylindrical conductor of radius R
is carrying a constant current. The
plot of the magnitude of the
magnetic field B with the distance
d from the centre of the conductor,
is correctly represented by the
figure [NEET (National) 2019]

Ans. (b)

The cylinder can be considered to be
made from concentric circles of radius

(i) The magnetic field at point outside
cylinder,i.e.d>R.

From Ampere’s circuital law,

Bl =,/
O BIdI:uUI
- — M
B2md) =p,/ O B=—°
21md
where, [, =permeability of free

space.
(ii) The magnitude field at surface, i.e.
d=R
B :LD/
2TR
(iii) The magnetic field at inside point.
The current for a point inside the
cylinder is given by I'= current per
unit cross-sectional area of
cylinder x cross-section of loop
I , _ld?
= Td
TR* “R?
0 g=Hd _ Hold® _ oyl
omd 2mR’d  2mR?
So, the variation of magnetic field
can be plotted as

B

6 Along straight wire of radius a

carries a steady current . The
current is uniformly distributed
over its cross-section. The ratio of
the magnetic fieldsBand B’ at

radial distances % and2a

respectively, from the axis of the
wire is [NEET 2016]



Ans. (b)
Consider two amperian loops of radius
%and 2a as shown in the diagram.

Applying Ampere’s circuital law for
these loops we get,

a/2

d

B.dL= uU’enc\osed
Forthe smaller loop

a | md
O BX2m= =, X XTI
2 Ho 1ok a7
1_p,l
=u./x_ =50
Mol =7,
0o B = Kol ,at distance < from
410 2

the axis of the wire.
Similarly, for bigger amperian loop.
B' x2m(2a) = p,/[total current enclosed

by Amperian loop is 2]
0 =M
4T0
at distance 2a from the axis of the wire.
So, ratio of,£=u—ol xﬂ =1
"ohma gl

A'long wire carrying a steady
current is bent into a circular loop
of one turn. The magnetic field at
the centre of the loop isB. It is
then bent into a circular coil of n
turns. The magnetic field at the
centre of this coil of nturns will be
[NEET 2016]

(a) nB (b) n’B

(c) 2nB (d) 2n°B

Ans. (b)

Keyldea B__ . = N, | (Foracircular
2R

coil)

where, n: Number of turnsin circular
coil

8 A wire carrying current | has the
shape as shown in adjoining figure.
Linear parts of the wire are very
long and parallel to X-axis while
semicircular portion of radius R is
lying in Y-Z plane. Magnetic field at
point O is [CBSE AIPMT 2015]

Z

/

R
o) Y
X
(a)B::L;[iR(nth)

=MoL ok
()8 =& —(mi 2K

Mo L ok)
4TR

Mo i Zok
(d)B_AnR(m 2k)

(c)B=

Ans. (a)

The magnetic field in the different
regions is given by

Z

ol
/HO !
7,

X
B, =Ho x (%
4 R
B, =t (4
4TR
B, = Mo ()
4TR
The net magnetic field at the centre Ois
B=B, +B, +B,
= Mol (Lopy + Bl ()
4TIR 4R
=-Hd (2k + i)
4TR

9 Anelectron moving in a circular
orbit of radius r makes nrotations
per second. The magnetic field
produced at the centre has

magnitude [CBSE AIPMT 2015]
(a) R (b) zero
2T1r
(o) e (o) R
r 2r
Ans. (d)

Asi=9. So, foran electron revolving in
t

acircular orbit of radius r

e
/
g=e andt=T
ad
e e _we :2T[ne

[ = _

=_= el =ne
T 2m/w 21 27

The magnetic field produced at the
centreis

B=

=

Hone
2r

0

N
=

10 Two identical long conducting

wires AOB and COD are placed at
right angle to each other, such that
one is above the other and O is their
common point. The wires carry [,
and I, currents, respectively. Point
P is lying at distance d from O along
a direction perpendicular to the
plane containing the wires. The
magnetic field at the point P will be
[CBSE AIPMT 2014]

(a) o h]
a) d

21d 0, 0
(0257 =) () EL 4 1)
Ans. (d)

As from question

Mo
(b)an (I, +1,)

A
I
0

I




The point Pis lying at a distanced
along the Z-axis.

P B,

B,

As magnetic field B, is given by Mol
2md

I
and magnetic field B, is given by:uil
2md

B, and B, are to each other
So, B, is given by

:P;ol(/z +12)2

net 2T[d 1 2

F When a proton is released from

rest in a room, it starts with an
initial accelerationa, towards
West. When it is projected
towards North with a speed v, it
moves with an initial acceleration
3a, towards West. The electric
and magnetic fields in the room
are [NEET 2013]
(a)%West, 2ma,

e Vo
(b)%West,%down

e evy
(C)m East,mup

e ev,

(d)%East,Mdown
e

Vo

up

Ans. (b)

Initial acceleration is given by
_ekE
0y =—
m

(F=eE)

a,m

0

e

0 ev,B+eE =3
m

O E=

0

or evyB + ek =3a,m

B M

O evy,B=3ma, —eEt

0= 3maz ma, [from Eq.(i)]
OB= 2ma, . invertically downward

evy
direction

Two similar coils of radius R are
lying concentrically with their
planes at right angles to each
other. The currents flowing in
them are I and 2/, respectively. The
resultant magnetic field induction

at the centre will be
[CBSE AIPMT 2012]

2R 2R

Hol Mol

Fo_ d)=o

(C)ZR (d) B
Ans. (a)

The magnetic field(B) at the centre of
circular current carrying coil of radius R

and currentlis B =L0’
2R

Similarly, if current is2/, then
Magnetic field = Ho?! =2
2R

So, resultant magnetic field
=,/B? +(2B)’=/6B7
= \/gB :M
2R

Two wires are held perpendicular
to the plane of paper and are 5 m
apart. They carry currents of 2.5 A
and 5 A in same direction. Then,
the magnetic field strength (B) at a
point midway between the wires

will be [CBSE AIPMT 2008]
(a) Mo T (p)Ho T
4TT 2M
GEC (@)t 1
2m 4T
Ans. (b)

According to Maxwell's right handed
screw rule, the magnetic field at right
hand of wire Tis perpendicular to the
current carrying wire in plane of paper
going inwards shown by [J. Similarly, the
magnetic field at left hand of wire 2 is
perpendicular to current carrying wire in
plane of paper opposite to first wire
shown by o. Thus, the two fields are
opposite to each other.

r

B=B, BZ_Ho'w Hols

21, 271,

At mid-point, r; =r, =r=% =2.5cm
2 2
Hence, B = Ho E"— ’LH
nor/2 r/i20
—Ho {5 2.5
2me.5 250
:IJU(Z—]):HU
2m 2m

ﬁ Two circular coils Tand 2 are made

from the same wire but the radius
of the Tst coil is twice that of the
2nd coil. What is the ratio of
potential difference applied
across them so that the magnetic

field at their centres is the same ?
[CBSE AIPMT 2006]
(a)3 (b)4 (c)6 (d)2
Ans. (b)
Magnetic field at the centre of a circular
coil is
B :HiO XL
2T 1

where, iis current flowing in the coil
and ris radius of coil.

At the centre of coil-1,

B =Ho i)
21 T

At the centre of coil-2

B =Ho x'2 i)
2m o,
but 3| =B,
0 ui’i:po Ii
21T, 2T,
1 2
As given o =2r,
0 L:ll or i] :2[2 (i)
2r, .

2 2

Now, ratio of potential differences
VZ_’ZXRZ: ,ZXRZ :1 [RI:Ir]
2i, x2R, 4

Vi i, xR,




O ﬁ:é
vV, 1

2

Note If wires are made of same
material, then resistance of coil is
proportional to the radius of coil

ie, ROIso, RO21w

A'long solenoid carrying a current
produces a magnetic field Balong
its axis. If the current is doubled
and the number of turns per cm is
halved, the new value of the
magnetic field is

[CBSE AIPMT 2003]

()28 (b)4B (c)g (d)B

Ans. (d)

For a solenoid magnetic field is given by
B=p, ni

where, n=number of turns per unit
length andi =current through the coil
or so for two different cases B [ ni

O i: M iW
BZ nZ iz
Here, n =n, nz=ﬂ,
2
i =i 1, =2i, B, =B
Hence, E=i><'f=1 or B,=B
B, nR2 2i

The magnetic field of a given
length of wire carrying a current
for a single turn circular coil at
centre is B, then its value for two
turns for the same wire when
same current passing through it is
[CBSE AIPMT 2002]

@2 B (2B (g
4 2
Ans. (d)

Magnetic field at the centre of circular
coil carrying currenti with N number of
turnsis given by

B:uDNi
2r
Casel N=1l=2mw O r=L
2m
0 B:“D””:M
2r 2r
CasellN=2,L=2x210"'
O r’:L:[ O B’:uU X2 xi
411 2 2r'

Putting the value of r"
gr=Ho X2 _ Al —4B
2x(rl2)  2r

Note Magnetic field at the centre of
circular coil is maximum and decreases
as we move away from the centre

(on the axis of coil).

Magnetic field due to 0.1A current
flowing through a circular coil of
radius 0.Tm and 1000 turns at the

centre of the coil is
[CBSE AIPMT 1999]

(@)0.2T (b)2x107T
(c)628x107*T  (d)98x10™T
Ans. (¢)

At the centre of current carrying,
circular coil, the magnetic field is,
B :M
2r
where, N =number of turnsin the coil
i=current flowing
r=radius of the coil
Given, N=1000,i=0.1A,r=0.1m
Substituting the values, we have
_ 4111077 x 1000 0.1
2x0.1
=2mx107 =628 x10™* T

B

If along hollow copper pipe
carries a current, then magnetic
field is produced
(a)inside the pipe only
[CBSE AIPMT 1999]

(b) outside the pipe only
(c)both inside and outside the pipe
(d)no where
Ans. (b)
According to Ampere’s circuital law,

J’Bml

=Ho 'enc\osed

So, B(21r) =p, %0 [i =0]
O B=0

So, inside a hollow metallic (copper) pipe

enclosed

thereisno current inside the Ampere's
surface so, the magnetic field is zero.
But for external points, the whole
current behaves as if it were
concentrated at the axis only, so outside
21
Thus, the magnetic field is produced
outside the pipe only.

0

A coil of one turn is made of a wire
of certain length and then from
the same length a coil of two turns
is made. If the same current is

20

passed in both the cases, then the
ratio of the magnetic induction at

their centres will be
[CBSE AIPMT 1998]

(a)2:1 (b)1:4
(c)4:1 (d)1:2
Ans. (b)

Magnetic induction at the centre of
current carrying coil of N turns carrying
currentis given by
g =M N i)
2r

Suppose the length of the wire be L.

Case | Forcoil of one turn, let radius be
.
O L=21r, XN
or r= L :L ([\]:'])
2TMXN 2T
Case ll For coil of two turns, let radius
ber,.
g L=2mr, xN
or p=_Lt =L ("N=2)
2TIxN 2 X2
or p=h
)

By comparing two different cases from

Eq. (i)
,

Tx 1
&:& xri or i:
B, n N, B, nx2
0 i:l
B, 4
Two equal electric currents are

flowing perpendicular to each
other as shown in the figure. AB
and CD are perpendicular to each
other and symmetrically placed
w.r.t the currents, where do we
expect the resultant magnetic field
to be zero ? [CBSE AIPMT 1996]

C

B

(a)On AB
(b)oncD
(c)
(d

On both ABand CD
)On both OD and BO
Ans. (a)
Applying right hand grip rule and
considering AB, the direction of
magnetic field due to one current is



upwards and that due to otheris
downwards. Both the magnetic fields
cancel out each other and the resultant
magnetic field is zero.

Considering CD and applying right hand
grip rule for the two currents, the
direction of magnetic field is in the
same direction in both the cases giving
non-zero resultant.

The magnetic field dB due to a
small element at a distance r and

carrying current i is
[CBSE AIPMT 1996]

(a)aB = é‘?@

b)dB = > “D 2 %Q
c)dB :“70;2 é‘ﬁg
=i
Ans. (d)

According to Biot-Savart law, the
magnetic field inductiondB(also called
magnetic flux density) at a point Pdue
to current element depends upon the
factors as stated below.

(i) dB Oi
(ifi) dB Osin®

yal

I A <—T7

dB—

(ii) dB Odl

(v} a8 0L
;

Combining these factors, we get
magnitude of dB

dB:uiﬂ.dl sin@

i.e.,
4t r?
Invector form,
dp=Ho @0 Mo _ g5 a0

4m Ein H
At what distance from a long
straight wire carrying a current of
12 A will the magnetic field be equal
to3x107° Wb/m? ?

[CBSE AIPMT 1995]

(a)8 x107% m (b)12x107% m
(c)18 %1072 m (d)24 x107% m
Ans. (a)

Total magnetic field due to current
carrying straight wire at any point Pis
given by

B =M(sinq +sin @)
4rtr
When the conductor is of infinite length
and point Plies near the centre of
conductor, then@, = @ =90°

0 B=Ho! (sing0° + sing0°)
4Ttr
:uiogi O r= l.loi
4T r 2mB
Here, current(i)=12A,

=3x107° Wb/ m’

OPerpendicular distance from wire to
4107 x12

2% Tx(3x107°)

=8x107m

magnetic field(B)

the point, r=

A straight wire of diameter 0.5
mm carrying a current of 1A is
replaced by another wire of Tmm
diameter carrying same current.
The strength of magnetic field far
away is [CBSE AIPMT 1995]
(a)twice the earlier value

(b)same as the earlier value
(c)one-half of the earlier value

(d) one-quarter of the earlier value
Ans. (b)

Magnetic field due to straight wire is
given by

B :Hio&
4TUT

From above expression magnetic field
due to current carrying conductor
doesn't depends on the diameter of
wire, it only depends on distance of wire
from the point and current in the wire
so, magnetic field reamaining same for
both wires.

The magnetic field at a distancer
from a long wire carrying current i
is 0.4 T. The magnetic field at a

distance2ris [CBSE AIPMT 1992]
(a)0.2T (b)0.8T

(c)oaT (d)1.6T

Ans. (a)

Magnetic field due to a long current
carrying wire at distance r at point Pis
given by

oo—r—>— ----- o0
r
l
P
B= uig !

sot

P
when ris doubled, the magnetic field
becomes halved.

=2 0
2

So,

e B=9%%_paT
2

The magnetic induction at a point
P which is at the distance of 4 cm
from a long current carrying wire is
107° T. The field of induction at a
distance 12 cm from the current

will be [CBSE AIPMT 1990]
(a)3.33%x107"T (D)L =107 T
(c)3x107°T (d)9x107°T

Ans. (a)

Magnetic field due to a long straight
conductor carrying currentiat a
distance ris given by

B:uio&
4TU T
Given, r, =4cm, r% =12cm.
As BO-

p
and distance becomes 3 times, field is
reduced to its one-third value.

Hence,

26 Teslais the unit of
[CBSE AIPMT 1988]
) magnetic flux
)magnetic field
)magnetic induction
)magnetic moment
Ans. (¢)

Slunit of magnetic induction is tesla(T).
Magnetic field induction at a point is
said to be one tesla if a charge of one
coulomb while moving at right angle to
amagnetic field, with a velocity of
Tms ™" experiences aforce of 1N, at that
point.

O IT=INA"m"

TOPIC 2

Magnetic Force on Charged
Particle in Magnetic Field

(a
(b
(c
(d

27 In the product
F=qgl(v ><B2 A A
=qv x(Bi +Bj +B k)
Forg=1and v=2i +4} +6kand
F =4i -20j +12k



What will be the complete

expression for B? [NEET 2021]
(a)-8i -8j -6k
(b)-6i —6j -8 k

(c)8i +8j -6 k
(d)6i +6j -8 k
Ans. (b)
Given, velocity, v=2i +4]' +6k
Force, F=4i -20] + 1%
As we know,
F=qg(vxB)
Here,g =1 (given)

Substituting the values in the above
equation, we get

47-20§+12k =()[(2i +4] +6k)
% (Bi+Bj+Bk)]

—_—

Hi i
=@ 4
B B

0 4i-20] + 12k =i(4B, -6B)
-j2B, -6B) +k (28 ~4B)

k
4i-20j + 12K 6
B

C [ |

o

Comparing the LHS and RHS of the
above equation, we get

iterms:
4B, -6B =4 i)
]'terms:
2B, -6B =20 (i)
k terms:
2B-4B=12
ad B=-6

Substituting the value of Bin the Eq. (ii),
we get

2B, -6(-6)=20 O B,=-8
Thus, the magnetic field vector,
B=-6i -6j -8k

lonised hydrogen atoms and a
-particles with same momenta
enters perpendicular to a constant
magnetic field, B.The ratio of their
radii of their pathsr,, :r, will be
[NEET (National) 2019]

(@)1:2 (b)4:1
(c)1:4 (d)2:1
Ans. (d)

The centripetal force required for
circular motion is provided by magnetic
force

mv

2
O » =Bqv

p
r

O r= (i)
gB

where, v, =perpendicular velocity of

particle and

g =charge on particle.
As, momentum, p=mv,

O r="F
gB
According to the question, moment of

both particle is same.

0 rDl

q
Forionised hydrogenatom,q, =e

and fora-particle,q, =2e

O ri:qizzﬁzgor

e q, e 1

[from Eq.(i)]

2:1

An electron is moving in a circular
path under the influence of a
transverse magnetic field of
3.57x107% T.If the value of e/mis
1.76 x10" C/kg, the frequency of

revolution of the electron is
[NEET 2016]

(a) 1GHz (b) 100 MHz
(c) 62.8 MHz (d) 6.28 MHz
Ans. (a)

As we know that, radius of a charged
particle in a magnetic field B is given by
mv .
= L (0)
gB
where, r = charge on the particle
v = speed of the particle
OThe time taken to complete the circle,

r

7=2" g =M fomEq.(i)]
v 21t gB
O w:zl[:@
T m
g=eand 2 =1.76x10" C/kg
m
B=357x1072T
g 2n_eB._1egp Q;l:f@
T m 2TTm T
=1 x176x10" x3.57 x107
21

=1.0x10° Hz=1GHz

E An alternating electric field of

frequency v, is applied across the
dees (radius =R) of a cyclotron
that is being used to accelerate
protons (mass = m). The operating
magnetic field (B) used in the
cyclotron and the kinetic energy

(K) of the proton beam, produced
by it, are given by
[CBSE AIPMT 2012]

(@)B =" andK =2mm’ V' R?

e
(b)B=2anandK =m’mR?
e
(c)B=2mvandK =2mm’ V'R’
(d)B =" and K = m2mvR?
e
Ans. (¢
Frequency,vzﬂ
KE:lmv2 and radiusR="Y
2 eB
Here, velocity, =lR :ﬁ =2TRV
TR T
0 Radius, R = T2TRY
eB
2TIMV

Magnetic field, B =
e

Kinetic energy, K =%m(2nR\))2
=2mr VR?

A uniform electric field and a

uniform magnetic field are acting

along the same directionin a

certain region. If an electron is

projected in the region such that

its velocity is pointed along the

direction of fields, then the

electron [CBSE AIPMT 2011]

(a) speed will decrease

(b) speed will increase

(c) ill turn towards left of direction of
motion

(d) will turn towards right of direction
of motion

Ans. (a)

Magnetic field (B) will not apply any

force. Only electric fieldE will apply a

force opposite to velocity of the
electron hence, speed decreases.

A beam of cathode rays is subjected
to crossed electric (E) and magnetic
fields (B). The fields are adjusted
such that the beam is not deflected.
The specific charge of the cathode
rays is given by [CBSE AIPMT 2010]

B’ 2VB?
(a)—QVEZ (b) 2
(C)ZVEZ E?

B’ 2vB’



Ans. (d)

As the electron beam is not deflected,
thenF,, =F, or Bev=Ee

_E .
or v=— 1)

B

As the electron moves from cathode to
anode, its potential energy at the
cathode appears as its kinetic energy at
the anode. If Vis the potential difference
between the anode and cathode, then
potential energy of the electron at
cathode = eV. Also, kinetic energy of the
electron atanode =% mv?. According to
law of conservation of energy,
2eV

m

. [if)

lva:e\/ orv=
2

From Egs. (i)and (ii), we have
\/H E , e_FE
m B m 2VB?

The magnetic force actingon a
charged particle of charge —2uC
in a magnetic field of 2 T acting in

y-direction, when the particle
velocity is (2i +3j) x10° ms™' is

(a)8 N in z-direction
[CBSE AIPMT 2009]
(b)4 N in z-direction
(c)8Nin y-direction
(d)8 N in z-direction
Ans. (a)
Magnetic Lorentz force, F =q(v xB)
= -2 x107°{(2i +3j) x10° x2j}
=-2x107°[2 x2 x][JBk]
=8 Nalong negative Z-axis

A particle of mass m, charge g and
kinetic energy T enters a
transverse uniform magnetic field
of inductionB. After 3 s, the
kinetic energy of the particle will

be [CBSE AIPMT 2008]
(a) 3T (b)2T

(c)T (d)aT

Ans. (¢

Magnetic field can neverincrease the
energy of a charged particle so, its
kinetic energy will remain same.

A beam of electrons passes
undeflected through mutually
perpendicular electric and
magnetic fields. If the electric field
is switched OFF and the same

magnetic field is maintained,the
electrons move[CBSE AIPMT 2007]
(a)in an elliptical orbit
(b)inacircular orbit

(c)along a parabolic path (d) along a
straight line

Ans. (b)

If both electric and magnetic fields are
present and are perpendicular to each
other and the particle is moving
perpendicular to both of them with

F, =F, . InthissituationE#Z0andB#0
andF, +F_ =0.

But if electric field becomes zero,then
only force due to magnetic field exists.
AndEis perpendicular to theBso the
charge moves along a circle.

Under the influence of a uniform
magnetic field a charged particle is
moving in a circle of radius R with
constant speedv. The time period
of the motion [CBSE AIPMT 2007]
(a)dependsonvandnoton R
(b)depends on both Randv
(c)isindependent of both Randv
(d)depends on Rand not onv

Ans. (¢)

When magnetic field is perpendicular to
motion of charged particle, then
particle performs circular motion.

So, centripetal force = magnetic force
2

i.e. mv_ - Bgv or R =mv
Bq
Further, time period of the motion
o Drnvﬁ
B
T= L or T= 2 Tun
v Bq

When a charged particle moving

with velocity v is subjected to a

magnetic field of induction B, the

force on it is non-zero. This

impliesthat  [CBSE AIPMT 2006]

(a) angle between vandBis
necessarily 90°

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

(c) angle between vandB can have
any value other than zero and 180°

(d) ngle between vandBiis either zero
or180°

Ans. (¢)

When a charged particlegis movingin a

uniform magnetic fieldBwith velocity v
such that angle betweenvandBis®,

then the chargeqg experiences a force
which is given by

F =q(v xB) =qvB sin®
If 8=0°0r180° thensin®=0
ad F =qvBsin6=0
Since, force on charged particle is
non-zero, so angle betweenvandBcan
have any value other than 0° and 180°.

Note Force experienced by the
charged particle is the Lorentz force.

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

the circle is proportional to
[CBSE AIPMT 2005]
V
1% B

Ans. (¢)

The time period of electron moving in a
circular orbit,

(a)—=

Circumference of circular path
Speed

T=

=2
v

Now, equivalent current due to flow of
electronis given by

[:Q:L:ﬂ [g=¢]
T @Qmk) 2mr
Magnetic field at centre of circle
B:L[Ji:uﬁev @ ﬂD
2r 41t 2

0 r[l\ﬁ
B

A charged particle moves through

a magnetic field in a direction

perpendicular to it. Then, the

[CBSE AIPMT 2003]

(a) acceleration remains unchanged

(b) velocity remains unchanged

(c) speed of the particle remains
unchanged

(d) direction of the particle remains
unchanged

Ans. (¢

When a charged particle moves through

a perpendicular magnetic field, then a

magnetic force acts on it which

changes the direction of particle but

does not alter the magnitude of its

velocity (i.e., speed).



[
@)

So, speed of charged particle remains
unchanged i.e., of velocity magnitude
remains constant.

Note If a charged particle moves at
45° to magnetic field, then path of the
particle will be a helix whose circular
part has radius according to relation,
;= mvsin 0

gB

A charge g moves in a region where
electric field E and magnetic field B

both exist, then the force on it is
[CBSE AIPMT 2002]

(a)g(v xB) (b)gE +q(v xB)
(c)gB+gB xv) (d)gB+q(E xv)
Ans. (b)

IfEis the electric field strength andBis
the magnetic field strength andq is the
charge on a particle, then electric force
on the charge
F, =qE
and magnetic force on the charge
F. =qg(vxB)
The net force on the charge
F=F, +F, =qE+q(vxB)
Alternative
According to Lorentz force if a charged
particle is in both electric field (E) and
magnetic field (B), force is given by
F=q[E + (v xB)]

A charged particle of charge g and
mass m enters perpendicularly in a
magnetic field B. Kinetic energy of
the particle is E, then frequency of

rotation is [CBSE AIPMT 2001]
@95 (0) 98 ()9BE (g) 95
mTt 21m 21m 2TE
Ans. (b)
Magnetic force = centripetal force
) _mv?
ie. qvB =
r
or qvB = mra
or o =08 0B
mr mr
Angularfrequency,w:@
m

If vis the frequency of rotation, then

42

V=rew) —

43

w=21v 0 v=2E

s
O V= ﬂ
21T
Note In the resultant expression 9is
m

known as specific charge. It is
sometimes denoted by a . So, in terms
of a, the above formula can be written as

w=Ba and v=7a
2T

A positively charged particle

moving due east enters a region of

uniform magnetic field directed

vertically upwards. The particle

will [CBSE AIPMT 1997]

(a)continue to move due East

(b) move inacircular orbit with its
speed unchanged

(c) move in acircular orbit with its
speed increased

(d) gets deflected vertically upwards

Ans. (b)

According to the question, the magnetic
field is perpendicular to the direction of
motion of charged particle.
Force on the charged particle is given by
F =qvB sinB =q(v xB)
where, g = charge on charged particle
v=velocity of charged particle
B =magnetic field
0 =angle betweenvandB=90°
N

© | ©°f
w E

OO
S

According to Fleming's left hand rule,
the force acts perpendicular to the
velocity of the particle. This force in
magnitude remains same but the
direction of charged particle goes on
changing and always perpendicular to
the velocity of the particle, so the
particle will move in a circular orbit. The
magnetic force does not make any
change inits kinetic energy which
implies that speed is constant or
unchanged.

Abeam of electronsis moving with
constant velocity in a region having
simultaneous perpendicular
electric and magnetic fields of
strength 20 Vm™ and 05 T,

respectively at right angles to the
direction of motion of the
electrons. Then, the velocity of

electrons must be
[CBSE AIPMT 1996]

(a)8m/s (b)20 m/s
(c)40m/s (d)% m/s
Ans. (¢)

According to Lorentz force,

F... =qlE + (v xB)]
When v,EandBare mutually
perpendicular to each other, in this
situation ifEandBare such that

F=F, +F  =0,thenaccelerationinthe

particle, a =-F =0.It means particle will

m
pass undeflected.
Here, F,=F,
=qE
So, qE =qvB [, =qf O
H, =qveH
_E
or v=—
B
Given, E=20Vm™
B=05T
d v= 20 =40m/s
0.5

A10 eV electron is circulating in a
plane at right angle to a uniform
field of magnetic induction 107*
Wb/m? (=1.0 gauss). The orbital

radius of the electron is
[CBSE AIPMT 1996]

(a)12cm (b)16cm
(c)lem (d)18cm
Ans. (¢)

If charged particle is moving
perpendicular to the direction of B, it
experiences a maximum force which
acts perpendicular to the direction of B
as well asv. Hence, this force will
provide the required centripetal force
and the charged particle will describe a
circular path in the magnetic field of
radius rand is given by

2
mv —quB

r

KE of electron=10eV

0 T mv? =10ev
2

Now,

0 %x(gﬂ x10¥)v? =10 x1.6 x107°

2 =2x10%18 x107"
9.1x10™

0 v? =3.52x10"

or v=1.88x%x10°m

g



Now, radius of circular path,
r= mv _9.1x 107" x1.88 x10° -

— NMecm
qB 1.6x107° x107¢

An electron enters a region where

magnetic field (B) and electric field

(E) are mutually perpendicular,

then [CBSE AIPMT 1994]

(a) it will always move in the direction
of B

(b) it will always move in the direction
of E

(c)it always possess circular motion

(d)it can go undeflected also

Ans. (d)

The force experienced by a charged

particle moving in space where both

electric and magnetic fields exist is
called Lorentz force.

Due to both electric and magnetic fields,
the total force experienced by the
charged particle will be given by,

F=F, +F,=qgE +q(v xB)
=q(E+v xB)
Whenv,E andBare mutually
perpendicular to each other. In this
situation, ifEandBare such that
F=F, +F, =0,thenaccelerationin the
: _F _
particle,a=— =0.
m
It means particle will go undeflected.

A charge moving with velocity v in
x-direction is subjected to a field of
magnetic induction in negative
x-direction. As a result, the charge
will [CBSE AIPMT 1993]
(a)remain unaffected
(b) start moving in a circular y-z plane
(c)retard along x-axis
(d) move along a helical path around

x-axis
Ans. (a)
Force on a charged particle in the
magnetic field is

[Fl=qglvxB| or F=qgvBsin®
when angle between velocityvand
magnetic induction Bis 180° or 0°, then
F =qgvBsin180°=0
[as sin180° or sin0°=0]

X
B«—— 0 —v

So, the charged particle remains
unaffected.

47

A uniform magnetic field acts right
angles to the direction of motion
of electrons. As aresult, the
electron moves in a circular path
of radius 2 cm. If the speed of
electrons is doubled, then the
radius of the circular path will be
[CBSE AIPMT 1991]
(b)0.5cm
(d)1.0cm

(a)2.0cm
(c)4.0cm
Ans. (¢)
The force F on the charged particle due
to external magnetic field provides the
required centripetal force (= mv?® /r)
necessary for motion along the circular

path of radius r.

2
SoguB=""" or =M
r gB

0 ad
0 rOv m = constantp
e ]

Asvis doubled, the radius also becomes
double. Hence, radius =2 x2 =4cm.

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

[CBSE AIPMT 1991]

(a)25 keV (b)50 keV
(c)200 keV (d)100 keV
Ans. (d)

When charged particle move on circular
path, the force F on the charged
particle due to magnetic field provides
the required centripetal force(= mv? /r)
necessary for motion along the circular
path.

So,

mv?

=qvB

where, m=mass of particle
v = velocity of particle
g = charge on particle
B = external magnetic field
r =radius of circular path

mv? = Bqvr
O Kinetic energy £, :% mv? :% Bqvr
22,2
= qu%: B ar
2 m 2m
22,2
For deutron, E, = Blqr (mass =2 m)
2x(2m)
2.2 .2
Forproton, E, = Blgr (mass =m)
2m

O 5:1 O BOKG\/:l
E, 2 E, 2
or E,=100keV
TOPIC 3

Force and Torque on

Current Carrying Conductor

49 A metallic rod of mass per unit
length 0.5 kgm™ is lying
horizontally on a smooth inclined
plane which makes an angle of 30°
with the horizontal. The rod is not
allowed to slide down by flowing a
current through it when a
magnetic field of induction 0.25 T
is acting on it in the vertical
direction. The current flowingin
the rod to keep it stationary is

[NEET 2018]
(a) 14.76 A (b) 5.98 A

(c) 704 A (d) .32 A

Ans. (d)

Key Concept Firstly, make a free body
diagram of the system and indicate the
magnitude and direction of all the forces
acting on the body. Then, choose any
two mutually perpendicular axes say X
andY in the plane of forces in case of
coplanar forces.
As, the system is in equilibrium,

2F, =0
or mg sin® =F cos® 1)
where, F is the magnitude of force
experienced by the rod when placed ina
magnetic field and current/ is flowing
through it.
But the force experienced by the given
rod in a uniform magnetic field is

F=ILB
O Eq.(i)becomes,
mg sin@ =ILB cosBO
o (=19 Sine=mtan6

LBcos® LB

/:gﬂggtane
L B

According to the question,

(i)




Hem_?:OBKgmﬂg:98m§4

6=30° B=0.25T
Substituting the given values in Eq. (ii),
we get

| tan30°

_0.5%98
0.25

_05%x98 _ 1
= X

025 3
=11.32 A

An arrangement of three parallel
straight wires placed
perpendicular to plane of paper
carrying same current | along the
same direction is shown in figure.
Magnitude of force per unit length
on the middle wire B is given by

[NEET 2017]
90°
d
A
:2 =2
(o)l (b)z“n—ﬂd’
:2 :2
(C)\/ﬁlo' (d) l’lDl
L] V2 d
Ans. (d)

As force on wire Bdue to Aand C are
attractive, so we have following
condition

F Resultant

21d
Resultant force on B

= JF* +F? :\/EF:\/i ><HO'Z = “012
e 2md  +2md

A square loop ABCD carrying a
current i, is placed near and
coplanar with a long straight
conductor XY carrying a current [,

the net force on the loop will be
[NEET 2016]

24, liL

i
(a) ol (b)
21 Sm
(C)uom_ (d)2uoll
2T 31
Ans. (d)
Consider the given figure,
v B C
/ C L
X A D
L/2 L

From the above figure, it can be seen
that the direction of currentsinalong
straight conductor XY and arm AB of a
square loop ABCD are in the same
direction. So, there exist a force of
attraction between the two, which will
be experienced byf,, as

u, il

ZH%Q

In the case of XY and armCD, the
direction of currents are in the opposite
direction. So, there exist a force of
repulsion which will be experienced by

CDas F, =MoL
BLO

diai

Therefore, net force on the loop ABCD

Fan =

will be
_ g litdn 1O
Froop =Fou —Fop =22 -—
oo et T Ho) L2
_ 2l
loop — 3T
A rectangular coil of length 0.12 m

and width 0.1 m having 50 turns of
wire is suspended vertically in a
uniform magnetic field of strength
0.2 Wb/m?. The coil carries a
current of 2 A. If the plane of the
coil is inclined at an angle of 30°
with the direction of the field, the
torque required to keep the coil in

stable equilibrium will be
[CBSE AIPMT 2015]

(a)0.15Nm (b)0.20Nm
(c)0.24 Nm (d)0.12 Nm
Ans. (b)

Given,N =50

B=02Wb/m’ 1 =2A

53

8=60°, A =0.12 x0.1 =0.012m”

Thus, torque required to keep the coil in
stable equilibrium, i.e.
T=NIABsin@
=50 x2 x0.012 x0.2 xsin60 °

=50x2x0.12 x0.2 xg=020

Nm

A current loop in a magnetic field
[NEET 2013]

(a) experiences a torque whether the
field is uniform or non-uniformin
all orientations

(b) can be in equilibrium in one
orientation

(c) can bein equilibrium in two
orientations, both the equilibrium
states are unstable

(d) can bein equilibrium in two
orientations, one stable while
otherisunstable

Ans. (d)

For parallel, Mis stable and for

antiparallel, it is unstable.

A current carrying closed loop in
the form of a right angled
isosceles A ABCis placedina
uniform magnetic field acting
along AB. If the magnetic force on
the arm BC isF, the force on the

arm ACis [CBSE AIPMT 2011]
A
B c

(a)-F (b)F

(c)N2F (d)-v2F

Ans. (a)

ForceonABisgivenby,F,; =0



According to the question,
v B C

F,=0

O Fy+Fy +F, =0

Fye +F, =0
F,=-F, =—F

CA BC

E A square current carrying loop is

suspended in a uniform magnetic
field acting in the plane of the
loop. If the force on one arm of
the loop isF, the net force on the
remaining three arms of the loop

is [CBSE AIPMT 2010]
(@)3F  (b)-F (c)-3F (d)F
Ans. (b)

When a current carrying loop is placed
ina magnetic field, the coil experiences
atorque given by T =NBi Asin6. Torque
is maximum when®=90° i.e., the plane
of the coil is parallel to the field.

1, =NBiA
F1

Fy4

Fo

ForcesF, andF, acting on the coil are
equal in magnitude and opposite in
direction. As the forcesF, andF, have
the same line of action, their resultant
effect on the coil is zero.

The two forcesF, andF, are equal in
magnitude and opposite in direction. As
the two forces have different lines of
action, they constitute a torque. Thus,
if the force on one arc of the loop isF,
the netforce on the remaining three
arms of the loop

is—F.

E A closed loop PORS carrying a

current is placed in a uniform
magnetic field. If the magnetic
forces on segments PS, SR and RQ
are F,,F, and F_ respectively and
are in the plane of the paper and

along the directions shown in
figure, the force on the segment
OPis [CBSE AIPMT 2008]
Q

—)Fg

(a)Fs_Fl -
(b)(F,=F )V +F;

3

()IF, —FVF —FZ

(d)F,—F +F,
Ans. (b)

As the net force on closed loop is equal
to zero. So, force on QP will be equal
and opposite to sum of forces on other
3 sides.

F1 : Fa

Fo
So, from vector laws,

Foo =AIF, =F)7 +F;

A coil in the shape of an
equilateral triangle of side I'is
suspended between the pole
pieces of a permanent magnet
such thatF is in plane of the coil. If
due to a currentiin the triangle a
torque Tacts on it, the side | of the

triangle is [CBSE AIPMT 2005]
1/2

2 Ot 2 Ot
lo) = %Q (b)ﬁ%g
(c)2 Qg ()X

V3BiO V3 Bi
Ans. (¢

Torque acting on equilateral triangle in
amagnetic fieldBis

T=MxB 1 =iABsinf
Area of ALMN

V3

A= "1?and®=90°
4

[iA=M]

[l =sides of triangle ]

Substituting the given values in the
expression for torque, we have

\, =

/

90° \

Sl s

M N
Normal
T=i xglz B sinEJD":ﬁiI2 B
(sin90°=1)

0 < [I/z

Hence, =2 %%
i

58 Currentis flowing in a coil of area

A and number of turns N, then
magnetic moment of the coil, Mis

equal to [CBSE AIPMT 2001]
Ni

NiA b)—

(a) Nf ( )A
|

c)— d)NZAi
( )JZ (d)NZAf
Ans. (a)

If there are N turnsin acoil, iis the
current flowing and A is the area of the
coil, then magnetic dipole moment or
simply magnetic moment of the coil is
M=NiA
As we know when velocity of charged
particle entering to magnetic field
region is perpendicular toB, then it
follows circular path.

59 Two long parallel wires are at a

distance of 1 m. Both of them
carry 1A of current. The force of
attraction per unit length between
the two wires is [CBSE AIPMT 1998]
(a)2x107N/m  (b)2 x10°N/m
(c)5x10¥N/m  (d)107 N/m
Ans. (a)
Magnetic force between parallel wires
per unit length is given by

Folo i

[ 21 r

1 2

i i

r

where, i, andi, are the currents in wires
1and 2 respectively and ris the distance
between them. Since, it is given that
between two wires there is a force of



attraction, so, the direction of currents is 20 div/V. The resistance of the Equivalent resistance of ammeter,

in both will be the same. galvanometer is [NEET 2018] L
Given, i]ziz =1A, I’=11’1’1, (a) 250 Q (b) 25 Q R G [
o =41x 107 T-m/A (c) 40Q (d) 500 Q 0 1.1, 1 gp=0C
0 Foamx10” 1o 07 Nym Ans. (a) R G G/499 500
/ 21 1 s . . —
Note When current is in same direction ;;;;iliﬁg?:r'tilsvfhyeog:fﬂgﬁgr?(g)ogler 64 Amillivoltmeter of 256 mV range is
in both the wires there will be attraction unit current () flowing through it, i.e. to be converted into an ammeter of
and if.current iln opposite direction | _6_NAB () 25 A range. The value (in ohm) of
there is repulsion. Sk necessary shunt will be
E A straight wire of length 0.5 m and where, N =number of turns in the coil, [CBSE AIPMT 2012]
carrying a current of 1.2 A is A =Area of each turn of coil, (a)0.001 (b)0.01
placed in uniform magnetic field B =magnetic field (e) (d)0.05
of induction 2 T. The magnetic k =restoring torque per unit twist Ans. (a)
field is perpendicular to the length of the fibre strip. The full scale deflection current
of the wire. The force on the wire Similarly, voltage sensitivity is the j =25mv
is [CBSE AIPMT 1992] deflect|oen per Lgrgt v,oltagz,BLe. 9 G
(a)2.4N (b)1.2N (c)3.0N (d)2.0N Vg :V = QVTQV:W i) where, G is the resistance of the meter.
Ans. (b) g The value of shunt required for
Force on a current carrying conductor where, R is the resistance of the converting it into ammeter of range 25 A
placed in a magnetic field is given by galvanomet-er. - isS = i,G 0sS=j ] (asi>>i )
F =i(l xB) =il B sin® From Egs. (i)and (ii), we get -, 9 g
where, 8 = angle between current R, =2 i) So that,
elements and magnetic field. Vs 8:25 mV£:25mV -00010
If linear conductor carrying current is Here, |, =5div/mA=5 x 107 div/A G i 25
placed perpendicular to the direction of and V, =20div/V E The resistance of an ammeter is
magnetic field, (0 =90 °) it will Substituting the given values in Eq. (iii), 13Q and its scale is graduated for
experience maximum force. we get ; a current upto 100 A. After an
ie., F, =ilB R, =2210" _959 additional shunt has been
Given, i=12A, I=05mandB=2T 20 connected to this ammeter it
0 F=2x12%x056=12N 0 The resistance of the galvanometer becomes possible to measure
61 15250 Q. currents upto 750 A by this meter.

61 A current carrying coil is subjected / g
The value of shunt resistance is

to a uniform magnetic field. The 63 Inan ammeter 0.2% of main [CBSE AIPMT 2007]
coil will orient so that its plane current passes through the (2200 ()20  (c)020Q (d)2KkQ
becomes [CBSE AIPMT 1988] galvanometer. If resistance of Ans. (b)
(a)inclined at 45° to the magnetic galvanometer is G, the resistance i t‘. be th ¢ flowing th o
field - eti, be the current flowing throug
- . of ammeter will be ammeter andi be the total current. So,
(b) inclined at any arbitrary angle to [CBSE AIPMT 2014] acurrenti —i, will flow through shunt
the magnetic field (a)LG (b)ﬂG resistance ‘
(c) parallel to the magnetic field 499 500 Potential difference across ammeter
(d) perpendicular to magnetic field ( )LG (d)@G ; :
c and shunt resistance is same.
Ans. (¢) 500 499 e i xR =(i-i ) xS
The coil must orient so that its Ans. (¢)  RCRCITRISSEEEIIREES :
magnetic moment becomes parallel to For ammeter, —— - @ '
the field. So that the magnetic force on b la !
the coil is zero. 0.002 / G Y=y
TOPIC 4 B o
: S
' ' 0.9988 | 5 Shunt
Moving Coil Galvanometer AV “ioh reading ammeter
rS
— _ _ iR .
62 Current sensitivity of a moving coil 0.0021%6 =0.9981 xr, or S= A1)
galvanometer is 5 div/mA and its 0998 Given. i =100 Ai=750 AR =130
voltage sensitivity (angular ' C : '
9e y(ang . o r. =0.002004G=— xG Hence, § = 10013 _
deflection per unit voltage applied) 499 750 = 100



