Magnetic Effect of Current

Oersted found that a magnetic field is established around a

current carrying conductor.

Magnetic field exists as long as there is current in the wire.

Magnetic lines of forces

Biot-Savart's Law

Biot-Savart’s law is used to determine the magnetic field at

any point due to a current carrying conductor.

This law is although for infinitesimally small conductor yet it
can be used for long conductors. In order to understand the
Biot-Savart’s law, we need to understand the term current-

element.

Current element

It is the product of current and length of infinitesimal

segment of current carrying wire.

The current element is taken as A

a vector quantity. Its direction is

same as the direction of current.

—

Current element AB = idl

According to Biot-Savart Law, magnetic field at point ‘P

due to the current element idl is given by the expression,

idlsing . = (a5 Mol [dlsing.
2 nalsoB_IdB_4ﬁ.j 7 n

dB =k

INnC.G.S. k=1andinS.l.: k =0
A

where u, = Absolute permeability of air or vacuum
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Vectorially, dB =~ MAIxD) _ 1o idlxr)
’ Az r? Az 1l

Direction of Magnetic Field

The direction of magnetic field is determined with the help

of the following simple laws :

(1) Maxwell’s cork screw rule : According

to this rule, if we imagine a right handed

Fig. 21.3
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screw placed along the current carrying linear conductor, be
rotated such that the screw moves in the direction of flow of
current, then the direction of rotation of the thumb gives the

direction of magnetic lines of force.

(2) Right hand thumb rule : According
to this rule if a straight current carrying
conductor is held in the right hand such

that the thumb of the hand represents the

direction of current flow, then the direction

Fig. 21.4

of folding fingers will represent the

direction of magnetic lines of force.

(3) Right hand thumb rule of circular currents : According to
this rule if the direction of

current in circular conducting -/ w/B/

coil is in the direction of _,J Ry
folding fingers of right hand, ’ i
then the

magnetic field will be in the

direction of
Fig. 21.5

direction of stretched thumb.

(4) Right hand palm rule

If we stretch our right hand
such that fingers point towards
the point. At which magnetic field
is required while thumb is in the = <
direction of current then normal to
the palm will show the direction of

magnetic field.

Meaning of Cross ® and dot ®

If magnetic field is directed perpendicular and into the plane

of the paper it is represented by ® (cross) while if magnetic field

VAN P
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® ®
Out In In Out In Out
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is directed perpendicular and out of the plane of the paper it is

represented by © (dot)

In : Magnetic field is away from the observer or

perpendicular inwards.

Out : Magnetic field is towards the observer or

perpendicular outwards.
Ampere’s Law

Amperes law gives another method to calculate the

magnetic field due to a given current distribution.

Line integral of the magnetic field B around any closed
curve is equal to u, times the
net current / threading through
the area enclosed by the curve

Le.

§B-di= o Ti=pao iy +iy —i)

Fig. 21.8

Also using B =y0ﬁ (where H = magnetising field)
f,uoﬁ.ai = [pZi= fﬁ&i =i
Total current crossing the above area is (i, +i; —i,). Any

current outside the area is not included in net current. (Outward

® — +vg Inward ® - — ve)

Table 21.1 : Biot-Savart's law v/s Ampere's law

Biot-Savart's law Ampere's law

this law is valid for all current | This law is valid for symmetrical

distributions current distributions

This law is the differential form of | Basically this law is the integral

B or H from of E or ﬁ

This law is based only on the | This law is based on the

principle of magnetism principle of electromagnetism.




Magnetic Field Due to Circular Current

If a coil of radius 7, carrying current /then magnetic field on

it's axis at a distance x from its centre given by (Application of

Fig. 21.9

2xNir?
A4z " (x2 41227

(1) Byis = o ; where M= number of tumns in coil.

Ho 27Ni _ p4Ni

centre = 4 r 2r =B

(2) Atcentre x=0 = B

max
(3) The ratio of magnetic field at the centre of circular coil

2 3/2
e e B entre X
and on it's axis is given by —#HE-=|1+—
i r
axis

o 2 Nir? _ My 2NiA

axis —
Y4 8 3

AHIfx>r= 1B =,
X dr X

where A = 72 = Area of each turn of the coil.

(5) B-x curve : The variation of magnetic field due to a

circular coil as the distance x varies as shown in the figure.

B varies non-linearly with distance x as shown in figure and
is maximum when x? =min =0, /e, the point is at the centre of

the coil and it is zero at x=+ oo.

x=—72 x=0 x=/2

Fig. 21.10

(6) Point of inflection (A and A) : Also known as points of

curvature change or points of zero curvature.
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(i) At these points B varies linearly with x = j—B:

X
2

constant = d—E’ =0.
dx

(ii) These are located ?‘* X = i% from the centre of the coil

'

4 i Ni

5v51

and the méaqnetlc‘neld': at’Xx=—is B =
Vo 2
A

(7) Helmholtz coils

(i) This is the set-up of two coaxial coils of same radius

such that distance between their centres is equal to their radius.
(i) At axial mid point O, magnetic field is given by

B—M:0.716”0T'\“:1.4325,where B:“ZO—R':“

 5/5R

(iii) Current direction is same in both coils otherwise this

arrangement is not called Helmholtz’s coil arrangement.

(iv) Number of points of inflextion = Three (A, A, A”)

(Resultant field (Uniform)

/\/\
I | \ : :
LY ot [T |
1 o 0. o 0 o =
+ + a a
_ X =-— X =
_ ; 5
Fig. 21.11

Magnetic Field at Centre O in Different Conditions
of Circular Current

Condition Figure Magnetic field
;
—
Arc subtends B :&.H_i
S @ 7 4z r
angle @ at the (?/ r
o
centre
;
—_—
Arc subtends
<
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angle 2z - 6)

at the centre

4y (27-0)i
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opposite

direction

Concentric

loops but their
planes are
perpendicular

to each other
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=%,/if+i§
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planes are at
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with each

other
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/[
) —
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<L
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co-planer

circular loops
carries

current in the

Distribution of
current
between any
two points on
the

circumference

Magnetic Field Due to a Straight Wire



Magnetic field due to a current carrying wire at a point P

which lies at a perpendicular distance r from the wire as shown

is given as yID/A

U

i . .
B =% —(sing, +sin
yy r( 2 $,)

From figure a =(90° —¢,) a .

_ o]
and £ =(90" +4,) Fig. 21.12

Hence B :ﬂ—".l(cow—cosﬂ)
4z r

(1) For a wire of finite length : Magnetic field at a point

which lies on perpendicular bisectc))/r-af finite length wire

b =¢, =9 \‘¢ o N
. P
So B=*2 L(2sing) l— F =
Az r

Fig. 21.13

(2) For a wire of infinite length : When the linear conductor
XY is of infinite length and the point P lies near the centre of

the conductor ¢ = ¢ = 90°.

So,B = Ho T sin90° +sin90° :
A r[ ] Y

_ M 2
Az r /

X Fig.21.14

(3) For a wire of semi-infinite length : When the linear

conductor is of infinite length and the point Plies near the end Y

v
or X ¢, =90° and ¢, =0°
So, B= &l[sinQO" +5in0°]
A r .
/
_ Mol e - p
Anr Fig. 21.15

(4) For axial position of wire : When point P lies on axial

position of current carrying conductor then magnetic field at P
/

pr—— e EEEEEEEER] *p

Fig. 21.16
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B=0

Magnetic Field Due to a Cylindrical Wire

Magnetic field due to a cylindrical wire is obtained by the
application of Ampere's law

(1) Outside the cylinder

I'—)

(A) Solid cylinder

(C) Thick hollow cylinder
Fig. 21.17

In all above cases magnetic field outside the wire at P

fBdi= i = BJdi= i = Bx2m=si = By, =25
ar

ol
27R
(2) Inside the hollow cylinder : Magnetic field inside the

In all the above cases B ;.. =

hollow cylinder is zero.

B=0

(A) Thin hollow cylinder
Fig. 21.18

(B) Thick hollow cylinder

(3) Inside the solid cylinder : Current enclosed by loop (/) is

lesser then the total current ()

Loop

Fig. 21.19
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' 2
Current density is uniform ie. J=J = i'=ix % = |[%)
Hence at inside point fB_,,:dr =i = =t

2 ?
(4) Inside the thick portion of hollow cylinder : Current
' 2 _pe2

enclosed by loop is given as i'=ix A ix%

A (Rz —Ry)
Q. Loop

>
Fig. 21.20

5l (R
2 (RE-R)

Hence at point Q fE.dr =l =

Magnetic Field Due to an Infinite Sheet Carrying
Current

The figure shows an infinite sheet of current with linear
current density j (A/m). Due to symmetry the field line pattern

above and below the sheet is uniform. Consider a square loop

of side /as sMown in the figure. &
E . giTTTTTTTTT d
}/ : ¥
! HEEEEREE R
pe—

Fig. 21.21

b— —

B+ [ Bai+[ Bai+ [ Bdi=ui (ByA s |

| B. +L . +L . +L dl =i (By Ampere’s law)
Since B L d/ along the path 6 —» c and d — g, therefore,

C— — a— —

Bdl=0; f B.dl=0

b d

Also, B || d/ along the path a > b6 and ¢ —» d thus

b— — a — —
JB. |+j B.di = 2Bl
a d

The current enclosed by the loop is 7/ = jI Therefore,

according to Ampere’s law 2Bl = 44, (jl) or B = ”70]

Solenoid

A cylinderical coil of many tightly wound turns of insulated
wire with generally diameter of the coil smaller than its length is

called a solenoid.

2000000000

Fig. 21.22

SQnlennid

A magnetic field is produced around and within the
solenoid. The magnetic field within the solenoid is uniform and

parallel to the axis of solenoid.

(1) Finite length solenoid :

If NV = total number of turns, /= C;}@@@@ @@@_@

length of the solencid, n = Iy - p

number of turns per unit length P

_N clelellalalalalel)
! Fig. 21.23

(i) Magnetic field inside the

solenoid at point Pis given by B = Zl—o(erni)[sina+ sing]
T



(i) Infinite length solenoid : If the solenoid is of infinite

length and the point is well inside the solenoid ie.
a=p=(xl2).
So B, =mpni

(iii) If the solenoid is of infinite length and the point is near one
end /je a=0 and pg=#x/2) so Bgy =%(,u0ni)

1
(Bend :EBin)

Toroid
A toroid can be considered as a ring shaped closed

solenoid. Hence it is like an endless cylindrical solenoid.

Fig. 21.24

Consider a toroid having n turns per unit length. Magnetic

field at a point Pin the figure is given as

g=*o Ni
27

= u ni where n= N
Ho oar

Force On a Charged Particle in Magnetic Field
If a particle carrying a positive charge g and moving with
velocity venters a magnetic field B then it experiences a force F

which is given by the expression F- q(\7 x_é) = F=qvBsing

where v = velocity of the particle, B= magnetic field

x x x x X = X
x x x x V x B x
q,m )
X X X X X X
X X X X X X
Fig. 21.25

(1) Zero force : Force on charged particle will be zero

(e. F=0)if

(i) Nofield .e. B=0= F=0

)
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(i) Neutral particle ie. g=0= F=0

(iii) Rest charge .e. v=0= F=0

(iv) Moving charge i.e. 6=0°0or = 180°= F=0

(2) Direction of force : The force Fis always perpendicular

to both the velocity v and the field B in accordance with Right

Hand Screw Rule, though \7 and E themselves may or may not

be p¢ —h other. -
Fmn ’ Fim
= =
B - B
{ v 90
! .
Fig. 21.26

Direction of force on charged particle in magnetic field can

also be find by Fleming's1Lgft Hand Rule (FLHR).

Fig. 21.27

Here, First finger (indicates) — Direction of magnetic field

Middle finger — Direction of motion of positive charge or

direction, Opposite to the motion of negative charge.

Thumb — Direction of force

Trajectory of a Charged Particle in a Magnetic
Field

(1) Straight line : If the direction of a v s parallel or
antiparallel to g , =0 or 6= 180° and therefore F= 0. Hence
the trajectory of the particle is a straight line.

6= 0c

d—

@]

o 9q

6= 1800

Fig. 21.28
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(2) Circular path : If v is perpendicular to B ie 0= 90v,
hence particle will experience a maximum magnetic force
Fmax = qvB which act's in a direction perpendicular to the motion

of charged particle. Theretpre fhe trajegtoryx of the particle is a

circle. x *
( F JJ
Fig. 21.29

(i) In this case path of charged particle is circular and
magnetic force provides the necessary centripetal force /e.

mv

qvB = = radius of path
r

LM _p _JonK i\/va

B o8 g8 BY g

where p = momentum of charged particle and K = kinetic

energy of charged particle (gained by charged particle after

accelerating  through  potential  difference ¥  then
=+/2mK =,/2mqV

(i) If T'is the time period of the particle then T = 2—71;“ (ie.,
q

time period (or frequency) is independent of speed of particle).

(3) Helical path : When the charged particle is moving at an
angle to the field (other than 0°, 90°, or 180°). Particle describes

a path called helix.

>
N B
/ v vsing
AN X
g m
7/ vcosd
Fig. 21.30

(i) The radius of this helical path is r = ""(Lé”‘”
q
(ii) Time period and frequency do not depend on velocity
and so they are givenby T = 2z m and v = 4B
2zm

(iii) The pitch of the helix, (i.e., linear distance travelled in

one rotation) will be given by p =T(vcosd) = ZﬂﬂB(V coso)
q

(iv) If pitch value is p, then number of pitches obtained in

length /given as

Number of pitches = ! and time required t =
p v cos

Lorentz Force

When the moving charged particle is subjected
simultaneously to both electric field E and magnetic field E
the moving charged particle will experience electric force
E; = qE and magnetic force E :q(\7x§); so the net force on it
will be F = q[E +(\7><§)] . Which is the famous ‘Lorentz-force

equation’.

Depending on the directions of \7,E and B following

situations are possible

(i) When QE and B all the three are collinear : In this

situation the magnetic force on it will be zero and only electric

force will act and so a = F = 9E
m m

(i) The particle will pass through the field following a
straight-line path (parallel field) with change in its speed. So in
this situation speed, velocity, momentum and kinetic energy all

will change without change in direction of motion as shown

Fig. 21.31

(iii) V,E and Bare mutually perpendicular : In this

situation if E and B are such that E:€+En::0 ie.,

a=(F/m)=0 2y
Fe

+ g 4 +q X

—_— oo —_—

Fig. 21.32



as shown in figure, the particle will pass through the field
with same velocity, without any deviation in path.

And in this situation, as F, =F,, ie, gE=qvB v=E/B

This principle is used in ‘velocity-selector’ to get a charged
beam having a specific velocity.
Cyclotron

Cyclotron is a device used to accelerated positively
charged particles (like, a-particles, deutrons efc.) to acquire
enough energy to carry out nuclear disintegration efc.

It is based on

the fact that the

electric field i
High frequency
accelerates a onillatar Dy
) E i
charged  particle b eraete

roton heam

and the magnetic Target

field keeps it

revolving in circular

Fig. 21.33

orbits of constant

frequency.

It consists of two hollow [shaped metallic chambers D
and D: called dees. The two dees are placed horizontally with a
small gap separating them. The dees are connected to the
source of high frequency electric field. The dees are enclosed in
a metal box containing a gas at a low pressure of the order of
10-3 mm mercury. The whole apparatus is placed between the
two poles of a strong electromagnet NS as shown in fig. The

magnetic field acts perpendicular to the plane of the dees.

(1) Cyclotron frequency : Time taken by ion to describe a
semicircular path is given by t = zr_zm
% gB
If 7 = time period of oscillating electric field then
2zrm 1 Bq

T = 2t = —— the cyclotron frequency v = — = ——
gB Y a y T 2am

)
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(2) Maximum energy of particle : Maximum energy gained

qZBZ
by the charged particle E,,, :( 5 ]rz
m

where 1 = maximum radius of the circular path followed by

the positive ion.
Hall Effect
The Phenomenon of producing a transverse emf in a

current carrying conductor on applying a magnetic field

perpendicular to the direction of the current is called Hall effect.

Hall effect helps us to know the nature and number of
charge carriers in a conductor.
Consider a conductor having electrons as current carriers.

The electrons move with drift velocity v opposite to the

direction of flow of current

Fig. 21.34

Force acting on electron F, :—e((f ><§). This force acts
along x-axis and hence electrons will move towards face (2) and

it becomes negatively charged.

Force On a Current Carrying Conductor In
Magnetic Field
In case of current carrying conductor in a magnetic field

force experienced by its small length element is dF =idl xB ;

idl = current element dF = i(dr X g)

x X X X X X X
x X X X X X X
x X X X X X
dF Vi
-
x X X X x X X
, B
) T
al
x x x x x x x

Fig. 21.35
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Total magnetic force F = IdE - I i(dl’ x B) . If magnetic field

is uniform /e, B = constant F = i[jai]x B =i(L x B)

f dl = L'= vector sum of all the length elements from initial
to final point. Which is in accordance with the law of vector
addition is equal to length vector L joining initial to final point.

(For a straight conductor F = Bilsing)

Direction of force : The direction of force is always

perpendicular to the plane containing idl and B and is same

as that of cross-product of two vectors (Kx Ei) with A =idl .

>
aF
N -
- j dif
id,~" 9 B p<l 5
%
| -|
aF
Fig. 21.36

The direction of force when current element id_i and B are
perpendicular to each other can also be determined by applying
either of the following rules

Fleming's left-hand rule : Stretch the fore-finger, central
finger and thumb of left hand mutually perpendicular. Then if the
fore-finger points in the direction of field B and the central in

the direction of current / the thumb will point in the direction of

force.

Fig. 21.37

Right-hand palm rule : Stretch the fingers and thumb of
right hand at right angles to each other. Then if the fingers point
in the direction of field B and thumb in the direction of current /

then normal to the palm will point r&grg]jﬁection of force

Magnetic <
finlA /

Fig. 21.38

Force

Force Between Two Parallel Current Carrying
Conductors

The force on a length /of each of two long, straight, parallel

wires carrying currents /4 and £ and separated by a distance ais

:ﬂ.%“ : ;
47 a
h b
Hence force per wunit length
F_po 2, (N OrE_ 2i,i, (dyne ,—
| 4 a m | a cm : :
Fig. 21.39

Direction of force : If conductors carries current in same

direction, then force between them will be attractive. If

conductor carries current in opposite direction, then force

: )(:1)( x

1tHem will be*n:émsive.

. x x

betwflee
.1




Force Between Two Moving Charges

If two charges g1 and g2 are moving with velocities 1 and

v respectively and at any instant the distance between them is

r, then

F g L K

— B —_— s - —
— g— —— @

Stationary charges Moving charges

Fig. 21.41

Magnetic force between themis F, = &.M ()]

Az r?
1 09,9,

and Electric force between them is F, = e (i)
drey

. . . F
From equation (i) and (ii) F—m = uygoV? but pys, = = ;
c
e

2
where cis the velocity of light in vacuum. So o _ (Xj

As v<cso Fn< Fe

Standard Cases For Force on Current Carrying
Conductors

Case 1 : When an arbitrary current carrying loop placed in a
magnetic field (L to the plane of loop), each element of loop
experiences a magnetic force due to which loop stretches and

open into circular loop and tension developed in it's each part.

i |

P Ve TN 5 s
/ ®B <« }/‘O —>
/= / N
| |

Fig. 21.42

Case 2 : Equilibrium of a current carrying conductor : When
a finite length current carrying wire is kept parallel to another
infinite length current carrying wire, it can suspend freely in air

as shown below
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—  —> Ei
Movable (i . Fixed ey
X, vl )
h
[ ;
! =
""" = ===~ Movable
Fixed fs X , Y

Fig. 21.43

In both the situations for equilibrium of XY it's downward

weight = upward magnetic force .e. mg = %ZI%I

Case 3 : Current carrying spring : If current is passed

through a spring, then it will contract because current will flow

through all the turns in the same direction.

Spring g
m

If current makes to flow through

If switch is closed then current start

spring, then spring will contract flowing,  spring  will  execute

AnAd Aiakt B#E Gn

Fig. 21.44

Case 4 : Tension less strings : In the following figure the
value and direction of current through the conductor XY so that

strings becomes tensionless?

Strings becomes tensionless if weight of conductor XY

balanced by rréargnnetic force (F,) .
tring LA

x x x x x x x Fm
B
x x x x x x x i
T s—1—= « |k X = Y
m Y
x x x x x x x mg
Fig. 21.45
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Hence direction of current is from X — Y and in balanced

conditon F, =mg = Bil=mg = i:%

Case 5 : Sliding of conducting rod on inclined rails : When a

conducting rod slides on conducting rails.
B \ 3

Insulated

Fig. 21.46

In the following situation conducting rod (X, Y) slides at
constant velocity if
. . . mg
Fcos@ =mgsind = Bilcosd =mgsind = B = Ttan o
i

Current Loop as a Magnetic Dipole

A current carrying circular coil behaves as a bar magnet
whose magnetic moment is M= NA;, Where N =Number of turns in

the coil, /= Current through the coil and A= Area of the coil

Magnetic moment of a current carrying coil is a vector and
it's direction is given by right hand thumb rule

| =

N
Current
S N . —_— - —)—-f{‘m"»—)
*\ * L m
AN Pie 1
____________ ~
Fig. 21.47

(1) For a given perimeter circular shape have maximum

area. Hence maximum magnetic moment.

(2) For a any loop or coll B at centre due to current in loop,

and M are always parallel.

.M

A

D E—

B, B
\q

oS
e
M
e

Fig. 21.48

Behaviour of Current Loop in a Magnetic Field

(1) Torque : Consider a rectangular
current carrying coil PQRS having N turns (I P B
and area A, placed in a uniform field B,in S| ! 1

such a way that the normal (7) to the coil Vo A

makes an angle @ with the direction of B. —O)
R
the coil experiences a torque given by 7= Fig. 21.49

NBIAsing . Vectorially 7= M x B

(i) zis zero when & = 0, /e, when the plane of the coil is

perpendicular to the field.

(i) zis maximum when @ =90°, /e., the plane of the coil is
parallel to the field 7, = NBiA
(2) Workdone : If coil is rotated through an angle 8from it's

equilibrium position then required work. W = MB(1 —cosé). lt is

maximum when 6 = 180° = Whax = 2 MB
(3) Potential energy: U=- MBcosf = U= -M.B

Moving Coil Galvanometer

Scale-

— Restoring

Permanen - \ tAarniia

t mannat 2 n \

Magnetic (5
fiald v ) . '
Pivoted coil ~ Soft-iron -”I, v ;, Magnetic
~ora fiald tarnna
QY , (B)
Fig. 21.50

In a moving coil galvanometer the coil is suspended between
the pole pieces of a strong horse-shoe magnet. The pole pieces

are made cylindrical and a soft iron cylindrical core is placed



within the coil without touching it. This makes the field radial. In
such a field the plane of the coil always remains parallel to the
field. Therefore @ =90° and the deflecting torque always has the

maximum value.

Ter =NBIA L (i)
Coil deflects, a restoring torque is set up in the suspension

fibre. If ais the angle of twist, the restoring torque is

Trest = Ca (“)
where Cis the torsional constant of the fibre.

When the coil is in equilibrium NBIA= Ca = i=Ka,

where K = % is the galvanometer constant. This linear

relationship between / and « makes the moving coll

galvanometer useful for current measurement and detection.

Current sensitivity (S) : The current sensitivity of a
galvanometer is defined as the deflection produced in the

galvanometer per unit current flowing through it.

a NBA

Si=—=—n
i C

Voltage sensitivity (SV) Voltage sensitivity of a

galvanometer is defined as the deflection produced in the

galvanometer per unit voltage applied to it.

a S, NBA

-2
V iR R RC

T Tips & Tricks

&5 The device whose working principle based on Halmholtz
coils and in which uniform magnetic field is used called as

"Halmholtz galvanometer".

& The value of magnetic field induction at a point, on the
centre of separation of two linear parallel conductors carrying

equal currents in the same direction is zero.

& If a current carrying circular loop (7= 1) is turned into a

coil having n identical turns then magnetic field at the centre

UMVERSAL
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of the coil becomes 22 times the previous field i.e. B @ wm = r?

B(sing/e tfurn)

& When a current carrying coil is suspended freely in
earth's magnetic field, it's plane stays in East-West direction.

& Magnetic field (E) produced by a moving charge g is

given by E:ﬂq(v:r):&q(vzxr);

A7 r dr r
charge and v << c(speed of light).

where v = velocity of

£ If an electron is revolving in a circular path of radius r
with speed v then magnetic field produced at the centre of

. vV v
circular path B=to & o |¥

4z r? B
£ The line integral of magnetising field (ﬁ) for any closed

path called magnetomotive force (MMF). It's S.I. unit is amp.

&5 Ratio of dimension of em.f. to MMF is equal to the

dimension of resistance.

& The positive ions are produced in the gap between the
two dees by the ionisation of the gas. To produce proton,
hydrogen gas is used; while for producing alpha-particles,

helium gas is used.

& Cyclotron frequency is also known as magnetic

resonance frequency.

& Cyclotron can not accelerate electrons because they

have very small mass.

& The energy of a charged particle moving in a uniform
magnetic field does not change because it experiences a
force in a direction, perpendicular to it's direction of motion.
Due to which the speed of charged particle remains

unchanged and hence it's K.E. remains same.

& Magnetic force does no work when the charged particle



="
UNMIVERSAL
SELF SCORER

===2""1186 Magnetic Effect of Current
is displaced while electric force does work in displacing the

charged particle.

& Magnetic force is velocity dependent, while electric force
is independent of the state of rest or motion of the charged

particle.

& If a particle enters a magnetic field normally to the
magnetic field, then it starts moving in a circular orbit. The
point at which it enters the magnetic field lies on the
circumference. (Most of us confuse it with the centre of the

orbit)

& Deviation of charged particle in magnetic field : If a
charged particle (g, m) enters a uniform magnetic field B
(extends upto a length x) at right angles with speed v as
shown in figure. The speed of the particle in magnetic field

does not change. But it gets deviated in the magnetic field.

Deviation in terms of time t; 0 =wt= [ﬂ]t
m

Deviation in terms of length of the magnetic field;

0= sin‘l(i] . This relation can be used only when x < r.
r

For x,i:g the: deyfation will 9e 180‘1 as; shown in1 the

X

following figdfe -z /AL ;

I>< X X X
x 1 x A
H x X X
x X ¢ I
q m y > v ' B * 4 V X X
T le—x X.x_): X le—— —_—
X X X X

> /
£ If reagnetic field

a circle as in it'Syadjace

£ In the following case if wire XY'is slightly displaced from

its equilibrium position, it executes SHM and it's time period

is givenby T —Zﬂ\/E.
g

£ In the previous case if direction of current in movable wire

is reversed then it's instantaneous acceleration produced is 2g

L.

& Electric force is an absolute concept while magnetic

force is a relative concept for an observer.

& The nature of force between two parallel charge beams
decided by electric force, as it is dominator. The nature of

force betyeen two parallel cuTrre+nt carryiTnp+wires decided by

magnetic force. 5 + >
+ +

+ +

Fret= Fmonly Fe — repulsion

Fm — attraction

Fnet — repulsion (Due to

& If a straight current carrying wire is placed along the axis
of a current carrying coil then it will not experience magnetic
force because magnetic field produced by the coil is parallel

to the wire.

& The force acting on a curved wire joining points g and b

as shown in the figure is the same as that on a straight wire

joining these points. It is given by the expression F=iLxB
X X X X X X X X X X 1} X X X X X X X X X X l;
B R
x x
.5
X X ,X j— X X X X X X




&

If a current carrying conductor AB is placed transverse to

a long current carrying conductor as ghown then force.

Experienced by wire AB A b

Hohly X+
F=—""=log,| —
2w ge( X j

T Ordinary Thinking
Objective Questions

Biot-savart's Law and Ampere's Law

A length L of wire carries a steady current /. It is bent first
to form a circular plane coil of one turn. The same length
is now bent more sharply to give a double loop of smaller
radius. The magnetic field at the centre caused by the
same current is [NCERT 1980; AlIMS 1980; MP PMT 1995, 99]

(a) A quarter of its first value
(b) Unaltered

(c) Four times of its first value
(d) A half of its first value

A vertical straight conductor carries a current vertically
upwards. A point Plies to the east of it at a small distance
and another point Q lies to the west at the same distance.
The magnetic field at Pis [MNR 1986; DPMT 2004]
(a) Greater than at @

(b) Sameasat Q

(c) Lessthanat Q

(d) Greater or less than at Q depending upon the

strength of the current

If a copper rod carries a direct current, the magnetic field

associated with the current will be
(a) Only inside the rod

(b) Only outside the rod

(c) Both inside and outside the rod

(d) Neither inside nor outside the rod

)
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[CPMT 1984]
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il

If a long hollow copper pipe carries a direct current, the magnetic
field associated with the current will be

[CBSE PMT 1999; AFMC 1999;
CPMT 1984, 2000; Pb. PET 2000; JIPMER 2002]
a

b

C

~

Only inside the pipe

=

Only outside the pipe

~

Neither inside nor outside the pipe

(
(
(
(d) Both inside and outside the pipe

The magnetic field dB due to a small current element dl at a

-
distance I' and element carrying current 7is,

or
Vector form of Biot-savart's law is

[CBSE PMT 1996; MP PET 2002; MP PMT 2000]

(@) dB=%0j di xr. ) dB=*0j? dlxr.
4z r 4z r
= Uy dl xr = U dl xr
dB=—=i"| —— d) dB==*>i
) 4z r? @ 4z r

A charge g coulomb moves in a circle at n revolutions per second
and the radius of the circle is r metre. Then magnetic field at the
centre of the circle is

(@) 27 x107" Mamp/metre  (b) 2m %107 Mamp/metre
nr r
27nq -7 27
() ——x10"" Mamp/metre (d) —— Mamp/metre
r r

An infinitely long straight conductor is bent into the shape as shown
in the figure. It carries a current of i ampere and the radius of the
circular loop is r metre. Then the magnetic induction at its centre

will be [MP PMT 1999]
Ho 2
@ 2B _
-
2i
6 2oZ@- /
T r ' o
() Zero ]_) —— .-
(d) Infinite

A current 7 ampere flows in a circular arc of wire whose radius is R
which subtend an angle 37 /2 radian at its centre. The magnetic

induction B at the centre is

ol
(@) 5
: i
Hol , E
(b) IR il ’i L w2
2 o )
Ho
(c) R
3l
(d) R

A current 7/ ampere flows along the inner conductor of a coaxial
cable and returns along the outer conductor of the cable, then the

magnetic induction at any point outside the conductor at a distance
r metre from the axis is

(a) oo (b) Zero
Ho 2 Ho 271
© Az r @ A r

A straight section PQ of a circuit lies along the X-axis from

a . . .
X=—— to X= 7 and carries a steady current i The magnetic
field due to the section PQ at a point X=+ a will be

(@) Proportional to a (b) Proportional to a’

(c) Proportionalto 1/a (d) Zero

A helium nucleus makes a full rotation in a circle of radius 0.8
metre in two seconds. The value of the magnetic field B at the
centre of the circle will be

[CPMT 1988; KCET 1998; UPSEAT 2001]

1071 _
@ = (b) 107 44
0
-10
€ 2x1070y, (d) 23107
Ho

A solenoid of 1.5 metre length and 4.0 cm diameter posses 10 turn
per cm. A current of 5 ampere is flowing through it. The magnetic
induction at axis inside the solenoid is

[CPMT 1990]

(@) 27x107Tesla (b) 27x107° Tesla

(c) 4rx107% Gauss (d) 27x107° Gauss

The magnetic induction at a point P which is distant 4 cm from a

long current carrying wire is 1078 Tesla. The field of induction at

a distance 12 cm from the same current would be
(@) 3.33x107° Tesla (b) 1.11x107* Tesla
() 3x107% Tesla (d) 9x107%Tesla

The strength of the magnetic field at a point r near a long straight

r
current carrying wire is B. The field at a distance — will be

B B
(@) ) (b) n
() 2B (d) 4B

Field at the centre of a circular coil of radius r; through which a
current / flows is [MP PMT 1993]
(@) Directly proportional to r
(b) Inversely proportional to /

(c) Directly proportional to 7

(d) Directly proportional to 1

A current of 0.1 A circulates around a coil of 100 turns and having a
radius equal to 5 cm. The magnetic field set up at the centre of the
coil is

(g =47x 1077 weber / ampere —metre) [MP PMT 1993]

(@) 4zx107° tesla (b) 8zx107°tesla

() 4x107° tesla d) 2x107° tesla



20.

21.

22.

The magnetic field B with in the solenoid having n turns per metre

length and carrying a current of 7 ampere is given by

[MP PET 1993]
ni .
@ == ()  spni

(c) Amuyni (d) ni

The magnetic induction at the centre O in the figure shown is

Ml 1 1
@ 4[R1 sz

o 25w -
1 2 R
= —

(©) “TOi(Rl “Ry) 0

@ R +R,)

Field inside a solenoid is [MP PMT 1993]
a) Directly proportional to its length

b

=

(
(b) Directly proportional to current

(c) Inversely proportional to total number of turns
(d) 1Inversely proportional to current

In the figure, shown the magnetic induction at the centre of there
arc due to the current in portion AB will be

Hol
(a) TO —
Hol /
b) L0
®) 2r =
A B o C D
Hol
) 4r
(d) Zero

In the above question, the magnetic induction at O due to the whole
length of the conductor is

[MP PMT/PET 1998; RPET 2002]

#oi /Uoi
O ®) X

Hol
© d z

In the figure shown there are two semicircles of radii I; and I, in
which a current 7 is flowing. The magnetic induction at the centre

O will be

@ )
(b) #TOI (r,—1p)

© y_oi(rl+r2J =

4 nr,
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@) “—“i{—rz ‘“J
4 { nn,

23. The

il

moment of a current carrying loop s

magnetic

2.1x107% ampxm? . The magnetic field at a point on its axis at

a distance of 1 A is

(@) 4.2x102weber /m?  (b) 4.2x107°weber /m?

a
[T 1988; KCET 2002]

() 4.2x107*weber /m?  (d) 4.2x10°° weber /m?

24.  Two straight horizontal parallel wires are carrying the same current
in the same direction, d is the distance between the wires. You are
provided with a small freely suspended magnetic needle. At which of
the following positions will the orientation of the needle be
independent of the magnitude of the current in the wires

(a) Atadistance d /2 from any of the wires
(b) At a distance d/2 from any of the wires in the horizontal
plane

(c) Anywhere on the circumference of a vertical circle of radius d
and centre halfway between the wires

(d) At points halfway between the wires in the horizontal plane

25. A particle carrying a charge equal to 100 times the charge on an
electron is rotating per second in a circular path of radius 0.8 metre.
The value of the magnetic field produced at the centre will be

(1y = permeability for vacuum)
[CPMT 1986; KCET 2001; BHU 2001]

1077

(a) (b) 107 4,
Ho
() 1074 (d) 107" 4
26. A circular coil of radius R carries an electric current. The magnetic

field due to the coil at a point on the axis of the coil located at a
distance r from the centre of the coil, such that r>> R, varies as [EAMCET 198;

1 1
a) — b
(@) ; (b) 372
1 1
) — d) —
( ) rz ( ) r3
27.  In hydrogen atom, an electron is revolving in the orbit of radius

0.53 A with 6.6 x10" rotations/second. Magnetic field produced
[MP PET 2003]

(a) 0.125wb /m? (b) 1.25wb/m?

at the centre of the orbit is

() 12.5wb/m? (d) 125wb /m?

28.  The magnetic induction due to an infinitely long straight wire
carrying a current 7 at a distance r from wire is given by

_[(#o)2
o 161-{2)2

© |B|:(4—”j3i
My ) T

[MP PET 1994]
b | Bl=| | "
®) 1Bl [471'} 2i

Az \r
(d) lBl_(#_oJE

29. Magnetic effect of current was discovered by [MP PET 1994]
(a) Faraday (b) Oersted
(c) Ampere (d) Bohr

30. Two concentric circular coils of ten turns each are situated in the

same plane. Their radii are 20 and 40 cm and they carry respectively
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3

32.

33.

35.

36.

0.2 and 0.3 ampere current in opposite direction. The magnetic field

in weber /m? at the centre is

[MP PMT 1994]
35 Ho
el b) L0
@) 7 Ho (b) 80
7 5
- 4 =
() 80 Ho (d) 2 Ho

A long solenoid has a radius a and number of turns per unit length
is n. If it carries a current j, then the magnetic field on its axis is

directly proportional to [MP PMT 1994]
(@) ani (b) ni
@ X2 d ndi

a

A cell is connected between two points of a uniformly thick circular
conductor. The magnetic field at the centre of the loop will be

(a) Zero ®) 20-h)
(©) %(imz) @ oG +iy)
a a

(Here i; and i, are the currents flowing in the two parts of the
circular conductor of radius ‘4 and 14, has the usual meaning)
A long solenoid is formed by winding 20 turns/cm. The current

necessary to produce a magnetic field of 20 millites/a inside the
solenoid will be approximately

(f—o =107 tesla—metre / ampere) [MP PMT 1994]
Vs

(a) 80A (b) 40A

() 20A4 (d) 10A4

A battery is connected between two points A and B on the
circumference of a uniform conducting ring of radius r and
resistance R. One of the arcs AB of the ring subtends an angle 6 at
the centre. The value of the magnetic induction at the centre due to

the current in the ring is [NT 1995]

(a) Proportional to 2(180°—0)
(b) Inversely proportional to r
(c) Zero, only if 8 =180°

(d) Zero for all values of &

A current of 1 ampere is passed through a straight wire of length 2.0
metres. The magnetic field at a point in air at a distance of 3 metres

from either end of wire and lying on the axis of wire will be

o o
@ 2 ®) Ar
o ero
(c) Y. d) z

A long copper tube of inner radius R carries a current i The

magnetic field Binside the tube is [MP PMT 1995]
Hol Ho
to by £
@ 27R ) 47R

37.

38.

39.

40.

41.

42,

43.

(@ L

IR (d) Zero

A straight wire of length (7[2) metre is carrying a current of 24 and

the magnetic field due to it is measured at a point distant 1 cm from
it. If the wire is to be bent into a circle and is to carry the same
current as before, the ratio of the magnetic field at its centre to that
obtained in the first case would be

(b) 1:50
(d) 1:100

(a) 50:1
(c) 100:1
The direction of magnetic lines of forces close to a straight
conductor carrying current will be

[RPMT 2002; RPET 2003; MP PET 2003]
a) Along the length of the conductor
b) Radially outward
c) Circularin a g‘lﬁne perpendicular to the conductor

(
(
( MP PMT 19
(d) Helical
If the strength of the magnetic field produced 10cm away from a
infinitely long straight conductor is 10~ Weber /m?, the value of
the current flowing in the conductor will be

[MP PET 1996]
(@) 5 ampere (b) 10 ampere
(c) 500 ampere (d) 1000 ampere

Due to 10 ampere of current flowing in a circular coil of 10 cm
radius, the magnetic field produced at its

3.14 x10~ Weber /m?. The number of turns in the coil will be

centre is

(@) 5000 (b) 100
(c) 50 (d) 25
There are 50 turns of a wire in every cm length of a long solenoid. If
4 ampere current is flowing in the solenoid, the approximate value

of magnetic field along its axis at an internal point and at one end
will be respectively

[MP PET 1996]

(a) 12.6x107°Weber/m?, 6.3x10° Weber/m?
(b) 12.6x107°Weber/m?, 25.1x10" Weber /m?
() 25.1x107°Weber/m? 12.6 x107° Weber / m?

(d) 25.1x107°Weber/m?, 12.6 x10"° Weber /m?

A solenoid is 1.0 metre long and it has 4250 turns. If a current of
5.0 ampere is flowing through it, what is the magnetic field at its

_ -7 _
centre Rfi; ﬁ;ﬁ'ﬁ ;5%0 weber /amp —m]

[MP PMT 1996]

(@) 5.4x102weber /m?  (b) 2.7x1072weber /m?

() 1.35x1072weber /m? (d) 0.675x107?weber /m?

A vertical wire kept in Z-X plane carries a current from Q to P (see
figure). The magnetic field due to current will have the direction at
the origin O along

(@) OX
(b) OX'




45.

46.

47.

48.

49.

50.

() OY
(d) oy

One metre length of wire carries a constant current. The wire is
bent to form a circular loop. The magnetic field at the centre of this
loop is B. The same is now bent to form a circular loop of smaller
radius to have four turns in the loop. The magnetic field at the
centre of this new loop is

(@ 4B (b) 16 B
() B/2 (dy B/4
In a hydrogen atom, an electron moves in a circular orbit of radius

5.2x10™™ m and produces a magnetic induction of 12.56 T at its

nucleus. The current produced by the motion of the electron will be
(Given 11y =47 x107" Wb/ A—m)
[MP PET 1997]

() 6.53x107% ampere (b) 13.25x107%° ampere

(¢) 9.6x10°ampere (d) 1.04x107% ampere

V4
An arc of a circle of radius R subtends an angle — at the centre. It

carries a current 7. The magnetic field at the centre will be

Kol Kol
(a) IR (b) 8R

ol 2Hol
© 4R @ 3R

At a distance of 10 c¢m from a long straight wire carrying current,
the magnetic field is 0.04 7. At the distance of 40 cm, the magnetic

field will be [MP PMT 1997]
(@) o001 T (b) 0.02 T
(¢) 0.08T (d) o6 T

A uniform wire is bent in the form of a circle of radius R. A current
I enters at A and leaves at C as shown in the figure :

If the length ABC is half of the length ADC, the magnetic field at the

centre O will be [MP PMT 1997]
(@) Zero B
() Mo S — ¢

2R ATAL <
© Lol "o

4R

| =G

Ho D
d .
(d) oR

The magnetic induction at any point due to a long straight wire
carrying a current is [MP PMT/PET 1998]

(a) Proportional to the distance from the wire
(b) Inversely proportional to the distance from wire

c) Inversely proportional to the square of the distance from the
y prop q
wire
(d) Does not depend on distance

The expression for magnetic induction inside a solenoid of length L
carrying a current /and having A number of turns is

Ho N

@

(b) NI

51.

52.

53.

54.

55.

56.

57.

58.
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Ho N
c) —NLI d —1
(c) ar (d) 4o L
In a current carrying long solenoid, the field produced does not
depend upon [MP PET 1999]
(@) Number of turns per unit length
(b) Current flowing
(c) Radius of the solenoid
(d) All of the above three
The earth's magnetic induction at a certain point is
7x10°Wb/m?. This is to be annulled by the magnetic
induction at the centre of a circular conducting loop of radius 5 cm.
The required current in the loop is
[MP PET 1999; MP PMT 2002]
(a) 056 A (b) 56 A
(c) 028 A (d) 28A4
Magnetic field due to 0.1 A current flowing through a circular coil of
radius 0.1 m and 1000 turns at the centre of the coil is
@ 2x107'T (b) 4.31x1072T
(c) 6.28x107*T (d) 9.81x107*T
Magnetic field intensity at the centre of coil of 50 turns, radius 0.5
LMP PET 2003‘1 .
m and ¢arrying a current of 2 A is
[CBSE PMT 1999; BHU 2002]
(@) 05x107°T (b) 1.25x107*T
) 3x107°T d) 4x10°T
A circular coil ‘A’ has a radius R and the current flowing through it
is / Another circular coil ‘B has a radius 2R and if 2/ is the current
flowing through it, then the magnetic fields at the centre of the
circular coil are in the ratio of (ie.B, to Bg)
(@ 4 (b) 2:1
() 3:1 (d) 11
The magnetic field at a distance r from a long wire carrying current
7is 0.4 Tesla. The magnetic field at a distance 2ris
[CBSE PMT 1992; DPMT 2004]
(@) 0.2 Tesla (b) 0.8 Tesla
(c) 0. Tesla (d) 1.6 Tesla
A current / flows along the length of an infinitely long, straight and
thin-walled pipe. Then [NT-JEE 1993]
(@) 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
() The magnetic field is zero only on the axis of the pipe
(d) The magnetic field is different at different points inside the
pipe
The magnetic field at the centre of current carrying coil is
[CPMT 1996; RPET 2002, 03]
ni ni
kNt o Ao
[MP PMT/PEF 1998) 2T r
ni )
© 2= @ soni

ar
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59.

60.

61.

62.

63.

64.

65.

66.

67.

A straight wire of diameter 0.5 mm carrying a current of 1 A is
replaced by another wire of 1 mm diameter carrying the same
current. The strength of magnetic field far away is

[CBSE PMT 1997, 99]
(@) Twice the earlier value
(b) Half of the earlier value
(c) Quarter of its earlier value
(d) Unchanged

A neutral point is obtained at the centre of a vertical circular coil
carrying current. The angle between the plane of the coil and the

magnetic meridian is [SCRA 1998]
@ o (b) a5
(c) 60° (d) 90°
One Teslais equal to [AFMC 1998]
() 107 gauss (b) 107* gauss
(¢) 10* gauss (d) 1078 gauss
A current carrying wire in the neighborhood produces
[AFMC 1999]
(@) No field
(b) Electric field only
() Magnetic field only
(d) Electric and magnetic fields

Tesla is the unit of [AIIMS 1999]
(b) Magnetic flux

(d) Magnetic field

(@) Electric flux
(c) Electric field

The magnetic induction in air at a point 1cm away from a long wire

that carries a current of 14, will be

[BHU 1999]

(@) 1x107°T (b) 2x10°T

() 3x10°T (d 4x107°T

The magnetic field at the centre of coil of n turns, bent in the form

of a square of side 2/, carrying current j, is

[AMU (Engg.) 1999]

\/E,uoni \/E,uoni

b
(@) A (b) o
V2 i 2ppni
NeHo T gy St
(c) A (d) "
Which of the following gives the value of magnetic field according
to, Biot-Savart’s law’ [BHU 2000]
iAlsing My 1AlSing
By Lo 210
@ 2 v Ll
My 1AlSing Ho oy s
— d) —=iAlsin@
© 4z r? @ 4

A toroid has number of turns per unit length 7, current j then the
magnetic field is [RPET 2000]

(@) Honi (b) 4N’

68.

69.

70.

7.

72.

73.

74.

() wpiln (d) None of these

Magnetic field due to a ring having n turns at a distance x on its

axis is proportional to (if r= radius of ring) [RPET 2000]
@ S
a
(X2+r2) (X2+I’2)3/2
nr? n’r?

(X2+r2)3/2 (X2+r2)3/2

A and B are two concentric circular conductors of centre O and
carrying currents i and i, as shown in the adjacent figure. If ratio
of their radii is 1: 2 and ratio of the flux densities at O due to A and

B is1: 3, then the value of i, /i, is [KCET 2000]

1
(a) r 5
1 A
Y RN
1 o)
(c) 3 " A
1
(d) 7

A long straight wire carries an electric current of 2A. The magnetic
induction at a perpendicular distance of 5m from the wire is

@) 4x10°°T (b) 8x107°T

() 12x1078T (d) 16x107°T

A straight wire carrying a current 10 A is bent into a semicircular
arc of radius 5 cm. The magnitude of magnetic field at the center is

@@ 1.5x10°T (b) 3.14x10°T

(c) 6.28x107°T (d) 19.6x10°°T

A long solenoid of length L has a mean diameter D. It has n layers of
windings of N turns each. If it carries a current ‘7 the magnetic field

at its centre will be [MP PMT 2000]

(a

) Proportional to D
(b) Inversely proportional to D

(¢) Independent of D
(d) Proportional to L

A circular loop of radius 0.0157m carries a current of 2.0 amp. The

magnetic field at the centre of the loop is
(1y =47 x107" weber /amp —m)
(@) 157x10 Sweber /m? (b) 8.0x10 ®°weber /m?

() 2.5x10 *weber /m?  (d) 3.14x10 ®weber /m?

A long solenoid has 200 turns per cm and carries a current of 2.5 amps.

The magnetic field at its centre is (1fy = 47 % 107" weber /amp -m)

(@ 3.14x10 *weber /m?

(b) 6.28x10 2weber /m?



75.

76.

77.

78.

79.

80.

(c) 9.42x1072weber /m?
(d) 12.56 x102weber /m?

Two concentric coplanar circular loops of radii I; and I, carry

currents of respectively i; and i, in opposite directions (one
clockwise and the other anticlockwise.) The magnetic induction at

the centre of the loops is half that due to i, alone at the centre. If
r, = 2r;. the value of i, /i, is

[MP PET 2000]
(@ 2 (b) 12
() V4 (d 1

PQRS is a square loop made of uniform conducting wire the current
enters the loop at P and leaves at S. Then the magnetic field will be

[KCET 2000]

“n

P

a) Maximum at the centre of the loop
b

c) Zero at all points inside the loop

Zero at the centre of loop

=

(
(
(
(d) Zero at all points outside of the loop

Magnetic fields at two points on the axis of a circular coil at a
distance of 0.05m and 0.2/m from the centre are in the ratio 8 : 1.
The radius of the coil is

[KCET 2002]
(@ 1om (b)
(¢) 015 m (d)
An electric current passes through a long straight wire. At a distance

5 cm from the wire, The magnetic field is B. The field at 20 cm
from the wire would be

0.1 m

0.2 m

[CPMT 200%; Pb PET 2002]

@ (b)

() ()

w|lmw o|m
v |

A closely wound flat circular coil of 25 turns of wire has diameter of
10 cm and carries a current of 4 ampere. Determine the flux density
at the centre of a coil

[A1IMS 2001]

(@) 1.679x10°tesla (b) 2.028x10“tesla

() 1.257x10tesla d) 1.512x10°tesla

The dimension of the magnetic field intensity Bis

[MP PET 2001]
@ MLT?A™? (b) MT?A™

() ML’TA™? d) MZLT2A™

81.

82.

83.

84.

85.

86.

87.

88.
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A current of 2 amp. flows in a long, straight wire of radius 2 mm.
The intensity of magnetic field on the axis of the wire is

(a) (ﬂ—oj x10° Tesla

2

®) (”—Oj x 103 Tesla
T

(c) (Zﬁ}x].()a Tesla (d) Zero

T

The magnetic field at the centre of a circular coil of radius r
carrying current /is B, . The field at the centre of another coil of

radius 2 rcarrying same current /is B, . The ratio —L s
2

@ < ®)

(€) 2 d) 4
1A current flows through an infinitely long straight wire. The
magnetic field produced at a point 1 metres away from it is

[MP PMT 2001]

(@) 2x107Tesla (b) %Tesla

() 2x107" Tesla (d) 27x107 Tesla

Two infinitely long parallel wires carry equal current in same
direction. The magnetic field at a mid point in between the two
[MP PMT 2001]

wires is
(@) Twice the magnetic field produced due to each of the wires

(b) Half of the magnetic field produced due to each of the wires
(c) Square of the magnetic field produced due to each of the wires
(d) Zero

A wire in the form of a square of side ‘d carries a current i Then
the magnetic induction at the centre of the square wire is (Magnetic

[EAMCET 2001]
i 2
@) ;_0 (b) HolW e
ma na

2\/5/'10' (C]) #OI
nia \/Ezra

What should be the current in a circular coil of radius 5¢m to annul

permeability of free space = £, )

(c)

By =5x 10°7 [DCE 2001]
(a) 04 A b) 4A
() 40 A d) 14

A current of 0.1 A circulates around a coil of 100 turns and having a
radius equal to 5cm. The magnetic field set up at the centre of the

coil is (1 = 47 X 10" weber/amp-metre)
[DPMT 2002]

(@) 2x10° Tesh (b) 4 x10° Tesh

() 8w x 10" Tesla (d) 4mx10 Tesla

An electron moving in a circular orbit of radius r makes n rotation
per second. The magnetic field produced at the centre has a
magnitude of

[KCET 2001; UPSEAT 2001, 02]

2
Lohe son’e
0 (b) 0

@) 2r 2r
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90.

18

92,

93.

94.

95.

(© =

- (d) Zero

A long solenoid has n turns per meter and current / A is flowing
through it. The magnetic field at the ends of the solenoid is

@ (b)

nl
2 Ho

(c) Zero (d) 2uynl

A wire carrying current i is shaped as shown. Section AB is a
quarter circle of radius . The magnetic field is directed

[KCET 2002]

i

(@) Atanangle 7/4 to the plane of the paper

(b) Perpendicular to the plane of the paper and directed in to the
paper

(c) Along the bisector of the angle ACB towards AB

(d) Along the bisector of the angle ACB away from AB

Two long straight wires are set parallel to each other. Each carries a
current 7 in the same direction and the separation between them is
2r. The intensity of the magnetic field midway between them is

[Kerala PET 2002; DCE 2002]

(@) moilr

(b) Aduyilr P.
(c) Zero

(d) pildr

A magnetic field can be produced by  [AIEEE 2002]

(a) A moving charge (b) A changing electric field
(c) None of these (d) Both of these

Unit of magnetic permeability is [AFMC 2002]

@) Amplmetre (b) Amp/m?

() Henry (d) Henry/metre

A long straight wire carries a current of 7amp. The magnetic field
due to it will be 5x107° weber/m? at what distance from the
wire [, =permeability of air]

[MP PMT 2002]

4
(a) 10* M, metre (b) 10 metre
Ho
6
(c) 10° M, metre (d) 10 metre
Ho

When a certain length of wire is turned into one circular loop, the
magnetic induction at the centre of coil due to some current flowing

is By 1f the same wire is turned into three loops to make a circular

coil, the magnetic induction at the center of this coil for the same
current will be

[MP PMT 2002]
a) B b) 9B
[MP PMT( 22)01; MlP PET 2002] ®) !
() 3B, (d)y 27B;
96.  Gauss is unit of which quantity [MP PET 2002]
@ H (b) B
© ¢ () 1
97.  On connecting a battery to the two corners of a diagonal of a square
conductor frame of side @ the magnitude of the magnetic field at
the centre will be [MP PET 2002]
(@) Zero (b) Lo
na
2 4
7a 7a
98.  The ratio of the magnetic field at the centre of a current carrying
coil of the radius a and at a distance ‘a’ from centre of the coil and
perpendicular to the axis of coil is
[MP PET 2002]
1
@ = ®) V2
V2
1 \/—
© —= d) 2v2
242
99. A part of a long wire carrying a current 7 is bent into a circle of
radius r as shown in figure. The net magnetic field at the centre O
of the circular loop is [UPSEAT 2002]
Hol
a
@) 4r
Hol . .
b LY 7 7
) 2r
i i i
() £o (r+1) A = = = B
2nr
i
@ 21
2nr
100.  The current in the windings on a toroid is 2.0A4. There are 400 turns
and the mean circumferential length is 40cm. If the inside magnetic
field is 1.0 7, the relative permeability is near to
(@) 100 (b) 200
(c) 300 (d) 400
10l.  “On flowing current in a conducting wire the magnetic field
produces around it.” It is a law of [RPET 2003]
(@) Lenz (b) Ampere
(¢) Ohm (d) Maxwell
102.  The magnetic field near a current carrying conductor is given by
(@) Coulomb’s law (b) Lenz’ law
(c) Biot-savart’s law (d) Kirchoff's law
103. A current of 104 is passing through a long wire which has

semicircular loop of the radius 20cm as shown in the figure.
Magnetic field produced at the centre of the loop is

[Orissa JEE 2003]
a) 107zuT

PN

(
(b) SmuT 20 e n/
A
(c) 4mul = f —
(

2 mul



104.

105.

106.

107.

108.

109.

no.

m.

A wire in the form of a circular loop of one turn carrying a current
produces a magnetic field B at the centre. If the same wire is looped
into a coil of two turns and carries the same current, the new value
of magnetic induction at the centre is [CBSE 2002; KCET 2003]

(@) 5B (b) 3B
() 2B (d) 4B
A long solenoid carrying a current produces a magnetic field B along
its axis. If the current is doubled and the number of turns per cmis
halved, the new value of the magnetic field is

[CBSE PMT 2003]
(@ B (b) 2B
(c) 4B (d) B2
A long straight wire carrying current of 30A is placed in an external

uniform magnetic field of induction 4 X 10°7. The magnetic field is
acting parallel to the direction of current. The magnitude of the
resultant magnetic induction in tes/a at a point 2.0 cm away from

the wire is [EAMCET 2003]
(@) 10° (b) 3x10
() 5x10 (d) 6x10

The earth’s magnetic field at a given point is 0.5 x10°*Wb-m=.

This field is to be annulled by magnetic induction at the center of a
circular conducting loop of radius 5.0cm. The current required to be
flown in the loop is nearly [AIIMS 2003]

(@) 02 A (b) 0.4A
(c) 4A (d) 404
A coil having N turns carry a current / as shown in the figure. The
magnetic field intensity at point Pis
[BHU 2003; CPMT 2004]

1, NIR?
(a) 2, o 2\3I2 :
2(R“+x7) R;
JZl "
(b) 2R /L --------------- '9:
NIR? E
© o |
(R+x) :
— —
(d) Zero

Two similar coils are kept mutually perpendicular such that their
centres coincide. At the centre, find the ratio of the magnetic field
due to one coil and the resultant magnetic field by both coils, if the
same current is flown

[BHU 2003; CPMT 2004]
@ 12

() 21

(b) 1:2

d 3:1
In the figure, what is the magnetic field at the point O
[MP PMT 2004]

Hol

(a) yp ll‘
Mol | 1ol

b) L0 L0 -

®) 4at 2 2

@ Hol, Ml —r>¢0
4r  4ar :

@ sl ot
dr  4ar

The magnetic moment of a current (i) carrying circular coil of

radius (r) and number of turns (n) varies as [ATIMS 2004]

(@ vr (b) v r
(0 r (d r

n2.

n3.

14.

5.

n6.

nz.

n8.

no.

120.

121.

122,
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[S—
A current flows in a conductor from east to west. The direction of

the magnetic field at a points above the conductor is ...
(a) Towards north (b) Towards south
() Towards east (d) Towards west

A long wire carries a steady current. It is bent into a circle of one
turn and the magnetic field at the centre of the coil is B. It is then
bent into a circular loop of n turns. The magnetic field at the centre
of the coil will be [AIEEE 2004]

(a) nB (b) nB

() 2nB (d) 2nB

The magnetic field due to a current carrying circular loop of radius
3 cm at a point on the axis at a distance of 4 c¢m from the centre is
54 uT. What will be its value at the centre of the loop

(@ 250 uT (b) 50T

() 125uT d) 75uT

The magnetic induction at the centre of a current carrying circular
of coil radius r, is [) & K CET 2004)]
(@) Directly proportional to r

(b) Inversely proportional r

(c) Directly proportional to r

(d) Inversely proportional to r

The current is flowing in south direction along a power line. The

direction of magnetic field above the power line (neglecting earth's
field) is

[Pb. PMT 2004; Kerala PMT 2004]
(@) South (b) East
(¢) North (d) West
Two wires of same length are shaped into a square and a circle. If
they carry same current, ratio of the magnetic moment is
(@ 2:7x (b) m:2
() 74 )

When the current flowing in a circular coil is doubled and the

4 : 7

number of turns of the coil in it is halved, the magnetic field at its

centre will become [DPMT 2003]
(@) Four times (b) Same
() Half (d) Double

An electron is revolving round a proton, producing a magnetic field
of 16 weber/m in a circular orbit of radius 1A. It’s angular velocity

will be [RPMT 2002]
(@) 10" rad/sec (b) 127 x10° rad/sec
(¢) 2 7 %10 rad|sec (d) 4 mx10 radsec

20 ampere current is flowing in a long straight wire. The intensity of

magnetic field at a distance 10 cm from the wire will be

(@) 4 x10° Wb/m (b) 9 x10° Wb/m

() 8x10° Whb/m (d) 6x10° Wb/m

The field due to a long straight wire carrying a current / is
proportional to [MP PMT 1993]
@ 7 b) I

© 1 d 1/1

Two concentric coils each of radius equal to 277 CM are placed at
right angles to each other. 3 ampere and 4 ampere are the currents
flowing in each coil respectively. The magnetic induction in
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123.

124.

125.

126.

Weber/m? at the centre of the ©coils will be

(1o =47 x 107 Wh/Am) [AIEEE 2005]
@ 5x107° (b) 7x10°°
() 12x107° d 10°

A wire carrying current / and other carrying 2/in the same direction
produces a magnetic field B at the mid point. What will be the field

when 2/ wire is switched off [AFMC 2005]
(@) B/2 (b) 2B
() B (d) 4B

Two long parallel wires Pand Q@ are both perpendicular to the plane
of the paper with distance 5 m between them. If P and Q carry
current of 2.5 amp and 5 amp respectively in the same direction,
then the magnetic field at a point half way between the wires is

H
@ = ®) =
3t Ho
@ - @ o
© B
T

The direction of magnetic lines of force produced by passing a direct

current in a conductor is given by [) & K CET 2005]
(@) Lenz's law (b) Fleming’s left hand rule
(c¢) Right hand palm rule (d) Maxwell’s law

For the magnetic field to be maximum due to a small element of
current carrying conductor at a point, the angle between the
element and the line joining the element to the given point must be

@ o (b) 90°
() 180° (d) 45°

Motion of Charged Particle In Magnetic Field

A proton moving with a constant velocity passes through a region of

space without any change in its velocity. If E and B represent the

electric and magnetic fields respectively, then this region of space

may have
[ITJEE 1985; AMU 1995; AFMC 2001;
Roorkee 2000; AMU (Med.) 2000]
@ E=0,B=0 (b) E=0,B=0
(¢ E#0,B=0 d) E=#0,B=0

A uniform electric field and a uniform magnetic field are produced,
pointed in the same direction. An electron is projected with its
velocity pointing in the same direction

[NCERT 1980; CBSE PMT 1993; JIPMER 1997;
AIEEE 2005]

a) The electron will turn to its right

b

The electron will turn to its left

=

(
(
(c) The electron velocity will increase in magnitude
(d) The electron velocity will decrease in magnitude

Two particles X and Y having equal charges, after being accelerated
through the same potential difference, enter a region of uniform

magnetic field and describes circular path of radius R; and R,
respectively. The ratio of mass of X to that of Vis[IIT-JEE 1988; CBSE PMTi995; M

R 1/2 R
(@) (—1J b £

RZ Rl
R, Y R
R R
(c) (sz (d) R,

A beam of ions with velocity 2x10°m /s enters normally into a
uniform magnetic field of 4 %1072 tesla. If the specific charge of
the ion is 5x107 C/kg, then the radius of the circular path

described will be [NCERT 1983; BVP 2003]
(a) o.iKegzla PMT 2005] (b) 016 m
() o0.20m (d) o025 m

The radius of curvature of the path of the charged particle in a
uniform magnetic field is directly proportional to

[MNR 1995; UPSEAT 1999, 2000]

o
~

The charge on the particle

o
=

The momentum of the particle
The energy of the particle

d) The intensity of the field

An electron has mass 9x1073* kg and charge 1.6x107°C is

ﬁﬁﬁﬁ
= 2

moving with a velocity of 10°m/s, enters a region where

magnetic field exists. If it describes a circle of radius 0.0 m, the
intensity of magnetic field must be

[NCERT 1982; CPMT 1989; DCE 2005]

@ 1Bg4%erToos] (b) 5.6x10°T
() 14.4x10°T (d 1.3x10°°T

A proton (mass m and charge +e) and an « —particle (mass 4m

and charge +2e) are projected with the same kinetic energy at right

angles to the uniform magnetic field. Which one of the following

statements will be true [NCERT 1983]

(@) The «—particle will be bent in a circular path with a small
radius that for the proton

(b) The radius of the path of the o — particle will be greater than
that of the proton

(¢) The «a—particle and the proton will be bent in a circular path
with the same radius

(d) The o —particle and the proton will go through the field in a
straight line

A charged particle moving in a magnetic field experiences a resultant

force [MP PMT 1994]
(@) In the direction of field
(b) In the direction opposite to that field

b)
(c) In the direction perpendicular to both the field and its velocity
d) None of the above

(

If the direction of the initial velocity of the charged particle is
perpendicular to the magnetic field, then the orbit will be

or

The path executed by a charged particle whose motion is
perpendicular to magnetic field is

[MP PMT 1993; CPMT 1996]
a) A straight line An ellipse
@) ght (b) An ellip
(c) Acircle (d) A helix



If the direction of the initial velocity of the charged particle is
neither along nor perpendicular to that of the magnetic field, then
the orbit will be [MP PET 1993]

(@) A straight line (b) An ellipse

(c) A circle (d) A helix

Particles having positive charges occasionally come with high velocity
from the sky towards the earth. On account of the magnetic field of
earth, they would be deflected towards the

(@) North (b) South
(c) East (d) West
A 2 MeV proton is moving perpendicular to a uniform magnetic
field of 2.5 tes/a. The force on the proton is
[CPMT 1989]

@ 25x10°N (b) 7.6x10™ N

() 25x107%N (d 7.6x1072N

A charged particle moves with velocity vin a uniform magnetic field

B . The magnetic force experienced by the particle is
(@) Always zero

(b) Never zero

(c) Zero,if B and v are perpendicular

(d) Zero, if B and V are parallel

A proton is moving along Z-axis in a magnetic field. The magnetic
field is along X-axis. The proton will experience a force along

(@) Xaxis (b)
(¢) Zaxis (d) Negative Z-axis

A proton of mass m and charge +e is moving in a circular orbit in a

magnetic field with energy 1 MeV. What should be the energy of
o — particle (mass = 4m and charge = + 2e), so that it can revolve in

Y-axis

the path of same radius [BHU 1997]
(@) 1 MeV (b) 4 Mev
(c) 2 MeV (d) 0.5 MeV

An electron is moving with a speed of 108 m/sec perpendicular

to a uniform magnetic field of intensity B. Suddenly intensity of the
magnetic field is reduced to B/2. The radius of the path becomes
from the original value of r

[MP PET 1993]
(b) Reduces to r/ 2

(d) Stops moving

(@) No change
(c) Increases to 2r

A proton and an « —particle enter a uniform magnetic field
perpendicularly with the same speed. If proton takes 25 1 sec to

make 5 revolutions, then the periodic time for the « —particle

would be [MP PET 1993]
(@) 50 u sec (b) 25 1 sec
() 10 u sec (d) 5 p sec

A proton (mass =1.67 x107% kg and charge =1.6x107" C)

enters perpendicular to a magnetic field of intensity 2 Weber /m?
with a velocity 3.4 %107 m/sec. The acceleration of the proton

should be [DPMT 1999]
(@) 6.5x10% m/sec? (b) 6.5x10" m/sec?
(c) 6.5x10" m/sec? (d) 6.5x10% m/sec?

An @ —particle travels in a circular path of radius 0.45 m in a

magnetic  field B=1.2Wh/m? with  a  speed of

2.6x10" m/sec. The period of revolution of the & — particle is

20.

2L

22.

23.

24.

25.

26.

27.
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@) 1.1x107°sec (b) 1.1x107°sec
() 1.1x107" sec d) 1.1x107%sec

A uniform magnetic field B is acting from south to north and is of

magnitude 1.5 Wb/ m? . If a proton having mass =1.7 x107% kg

and charge =1.6x10"9C moves in this field vertically
downwards with dNFEFEI2), then the force acting on it will be

(@) 7.4x10% N (b) 7.4x1072 N

() 7.4x10®° N (d) 7.4x107° N

A strong magnetic field is applied on a stationary electron, then [BIT 1989; MP

(@) The electron moves in the direction of the field

(

b)
(c) The electron remains stationary
d)

(

A unifdGBSERgfergoofield acts at right angles to the direction of
motion of electrons. As a result, the electron moves in a circular
path of radius 2 cm. If the speed of the electrons is doubled, then
the radius of the circular path will be

The electron moves in an opposite direction

The electron starts spinning

[CBSE PMT 1991]
(@) 2.0 cm (b) 0.5 cm
() 4.0 cm (d) 1.0 cm
A deutron of kinetic energy 50 keV is describing a circular orbit of
radius 0.5 metre in a plane perpendicular to magnetic field g The
kinetic energy of the proton that describes a circular orbit of radius

0.5 metre in the same plane with the same B is
(@) 25 keV (b) 50 keV
(c) 200 keV (d) 100 keV

If a proton is projected in a direction perpendicular to a uniform
magnetic field with velocity v and an electron is projected along the
lines of force, what will happen to proton and electron

(@) The electron will travel along a circle with constant speed and
the proton will move along a straight line

(b) Proton will move in a circle with constant speed and there will
be no effect on the motion of electron

() There will not be any effect on the motion of electron and
proton

(d) The electron and proton both will follow the path of a parabola

An electron is travelling horizontally towards east. A magnetic field
in vertically downward direction exerts a force on the electron along

(@) East (b) West
() North (d) South
Lorentz force can be calculated by using the formula

[MP PET 1994, 2002, 03; CBSE PMT 2002]

(1) F=q(E+VxB) ) F=q(E-vxB)

() F=q(E+v-B) (d F=q(ExB+v)
A magnetic field [MP PET 1994; Pb PMT 2003]
(a) Always exerts a force on a charged particle

(b) Never exerts a force on a charged particle

(c) Exerts a force, if the charged particle is moving across the
magnetic field lines

(d) Exerts a force, if the charged particle is moving along the
magnetic field lines
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29.

30.

31

32.

33.

A proton enters a magnetic field of flux density 1.5weber Im?

with a velocity of 2x10" m/sec at an angle of 30° with the
field. The force on the proton will be

[MP PET 1994 ; Pb. PMT 2004]
(@) 2.4x1072N (b) 0.24x1072 N
() 24x1072N (d) 0.024x1072 N
If a particle of charge 107* coulomb moving along the
X — direction with a velocity 10°m/s experiences a force of

107 newton in ¥ — direction due to magnetic field, then the
[MP PMT 1994]

() 6.25x10°%tesla in Z — direction

minimum magnetic field is

(b) 107% tesla in 2 — direction
(6) 6.25x107 tesla in Z — direction

(d) 1073 tesla in 2 — direction

If a proton, deutron and o —particle on being accelerated by the
same potential difference enters perpendicular to the magnetic field,
then the ratio of their kinetic energies is

[MP PMT 2003; ] & K CET 2005]
(@ 1:2:2 (b) 2:2:1
() 1:2:1 d) 1:1:2
Which of the following statement is true
[Manipal MEE 1995]
(@) The presence of a large magnetic flux through a coil maintains
a current in the coil if the circuit is continuous
(b) A coil of a metal wire kept stationary in a non-uniform
magnetic field has an e.m.f. induced in it
(c) A charged particle enters a region of uniform magnetic field at
an angle of 85° to the magnetic lines of force; the path of the
particle is a circle
(d) There is no change in the energy of a charged particle moving
in a magnetic field although a magnetic force is acting on it
An electron and a proton enter region of uniform magnetic field in a
direction at right angles to the field with the same kinetic energy.
They describe circular paths of radius I, and I, respectively. Then

(@ r=r
(b) r.<r
() > [
(d) r, may be less than or greater than I, depending on the

direction of the magnetic field

A proton of mass 1.67 x107% kg and charge 1.6 x107° C s

projected with a speed of 2x10°m/s at an angle of 60° to the

X — axis. If a uniform magnetic field of 0.104 7es/a is applied along
Y —axis, the path of protonis  [IITJEE 1995]

(@) A circle of radius = 0.2 m and time period 7x107"s
(b) A circle of radius = 0.1 m and time period 27x107"s

(c) A helix of radius = 0.1 77 and time period 27%x107"s

(d) A helix of radius = 0.2 77 and time period 47x107s

34.

35.

36.

37.

38.

39.

40.

A proton and a deutron both having the same kinetic energy, enter
perpendicularly into a uniform magnetic field B For motion of

and R,

proton and deutron on circular path of radius Rp
respectively, the correct statement is

[MP PET 1995]

() Rs=v2R, b) Ry=R,/v2

() Rq=R, d) Ry=2R,

A proton (or charged particle) moving with velocity v is acted upon
by electric field £ and magnetic field B The proton will move
undeflected if

[MP PMT 1995, 2003; UPSEAT 2002; DPMT 2003]
(@) Eis perpendicular to B
(b) Eis parallel to v and perpendicular to B

() E Band vare mutually perpendicular and v = E

(d) Eand Bboth are parallel to v

A proton and an electron both moving with the same velocity v
enter into a region of magnetic field directed perpendicular to the
velocity of the particles. They will now move in circular orbits such
that [MP PMT 1995]

(@) Their time periods will be same

(b) The time period for proton will be higher
(c) The time period for electron will be higher
(d) Their orbital radii will be same

A charge + @Qis moving upwards vertically. It enters a magnetic field
directed to the north. The force on the charge will be towards[MP PMT 1995; Al

(a) North (b)
(c) East

South
(d) West

An electron is moving on a circular path of radius r with speed v in
a transverse magnetic field B. ¢/m for it will be

[MP PMT 2003]

B

@) — b) —
B[KAanipa] MEE 1995] rv

vr

(©) Bur @ 5

A beam of well collimated cathode rays travelling with a speed of

5x10°ms™ enter a region of mutually perpendicular electric and

magnetic fields and emerge undeviated from this region. If

| B| =0.02T, the magnitude of the electric field is

@) 10°vm™ (b) 2.5x108vm™

(¢ 1.25x10%°vm™ d) 2x10%vm™

An electron having charge 1.6x107° C and mass 9x107% kg

is moving with 4x10°ms™ speed in a magnetic field

2x107  tesla in a circular orbit. The force acting on electron and
the radius of the circular orbit will be

[MP PET 1996; JIPMER 2000; BVP 2003]

(@) 12.8x10™N,1.1x10*m



41.

42.

43.

45.

46.

(b) 1.28x107N,1.1x10°3m 47.

() 1.28x10%N,1.1x107°m

(d) 1.28x1072N,1.1x107*m

An electron enters a magnetic field whose direction is perpendicular
to the velocity of the electron. Then

[MP PMT 1996; CBSE PMT 2003]

a) The speed of the electron will increase
b

c) The speed of the electron will remain the same

=

(
(
(
(d) The velocity of the electron will remain the same

An electron is moving in the north direction. It experiences a force
in vertically upward direction. The magnetic field at the position of
the electron is in the direction of

[MP PET 2003]

(@) East (b) West
() North (d) South 49
A current carrying long solenoid is placed on the ground with its
axis vertical. A proton is falling along the axis of the solenoid with a
velocity v. When the proton enters into the solenoid, it will
(@) Be deflected from its path
(b) Be accelerated along the same path
(c) Be decelerated along the same path 50.
(d) Move along the same path with no change in velocity
A charged particle of mass m and charge g describes circular motion
of radius rin a uniform magnetic field of strength B. The frequency
of revolution is [MP PET 1997; RPET 2001] 51,
Bqg Bg
@ - (b) ———
27m 2arm
27m Bm
(€ —— (C)
Bq 2mq
An electron is accelerated by a potential difference of 12000 volts. 1t 52.
then enters a uniform magnetic field of 10T applied
perpendicular to the path of electron. Find the radius of path. Given
mass of electron =9x107% kg and charge on electron
=1.6x10°C [MP PET 1997]
(a) 36.7 m (b) 36.7 cm
() 3.67m (d) 3.67 cm
53.

The charge on a particle Vis double the charge on particle X. These
two particles X and Y after being accelerated through the same
potential difference enter a region of uniform magnetic field and

describe circular paths of radii R; and R, respectively. The ratio

R 2
o (7]
2

2R
2 @ —*
2R R,

of the mass of Xto that of Vis

The speed of the electron will decrease 48.

[MPPET1997] %

55.
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A particle with 107 coulomb of charge and 107" kg mass is

moving with a velocity of 108m/s along the y-axis. A uniform
static magnetic field B = 0.5 Tesla is acting along the x-direction.

The force on the particle is [MP PMT 1997]

(@ 5x107" N along i (b) 5x10° Nalong k

(©) 5x10™ N along =] (d) 5x107* N along —Kk

A particle of charge g and mass m moving with a velocity v along
the x-axis enters the region x > 0 with uniform magnetic field B

along the Kk direction. The particle will penetrate in this region in
the x-direction upto a distance d equal to

mv
(@) Zero (b) q_B
(c) 2mv (d) Infinity

gB

A charged particle is moving with velocity v in a magnetic field of
induction B. The force on the particle will be maximum when

(@) vand Bare in the same direction
(b) vand Bare in opposite directions

() vand Bare perpendicular

(d) vand Bare at an angle of 45°

A charged particle enters a magnetic field / with its initial velocity
making an angle of 45° with 4. The path of the particle will be [MP PET 1999;

(b) A circle
(d) A helix

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

(@) A straight line
(c) An ellipse

(@) Trajectory of electron is less curved
(b) Trajectory of proton is less curved
(c) Both trajectories are equally curved
(d) Both move on straight-line path

A charged particle moves in a uniform magnetic field. The velocity
of the particle at some instant makes an acute angle with the
magnetic field. The path of the particle will be

[MP PMT 1999]
(@) A straight line
(b) A circle
(c) A helix with uniform pitch
(d) A helix with non-uniform pitch

An electron is moving along positive x-axis. To get it moving on an
anticlockwise circular path in x-y plane, a magnetic filed is applied
(a) Along positive y-axis (b) Along positive z-axis
(c) Along negative y-axis (d) Along negative z-axis
A moving charge will gain energy due to the application of

[CPMT 1999]
(@) Electric field

(c) Both of these

(b) Magnetic field
(d) None of these

A proton, a deuteron and an « — particle having the same kinetic
energy are moving in circular trajectories in a constant magnetic

field. 1f o fg and I, denote respectively the radii of the

a

trajectories of these particles, then
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58.

59.

60.

61.

62.

63.
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[T 1997 Re-Exam]

(@ 1, =1, <Iy b) r,>rg>r,

€ r,=rg>r, d rp=r=r,

When a magnetic field is applied in a direction perpendicular to the
direction of cathode rays, then their

[EAMCET 1994; BHU 2005]
(@) Energy decreases
(b
(

¢) Momentum increases

=

Energy increases

(d) Momentum and energy remain unchanged

A charge moves in a circle perpendicular to a magnetic field. The
time period of revolution is independent of

[RPET 1997; AIEEE 2002]
(b) Charge
(d) Velocity of the particle

(@) Magnetic field
(c) Mass of the particle

A proton of energy 200 MeV enters the magnetic field of 5 7. If
direction of field is from south to north and motion is upward, the

force acting on it will be [RPET 1997]
(a) Zero (b) 1.6x107°N
() 3.2x10°%N (d) 1.6x10°N

An electron enters a region where magnetic (B) and electric ()

fields are mutually perpendicular to one another, then

[CBSE PMT1993]
(@) 1t will always move in the direction of B
(b
(

c) It always possess circular motion

=

It will always move in the direction of £

(d) Tt can go undeflected also

A charge moving with velocity vin X-direction is subjected to a field

of magnetic induction in the negative X-direction. As a result, the

charge will [CBSE PMT1993]
(@) Remain unaffected

(b) Start moving in a circular path Y-Z plane

(c) Retard along X-axis

(d) Move along a helical path around X-axis

An electron and a proton with equal momentum enter

perpendicularly into a uniform magnetic field, then

[BHU 1997; AIEEE 2002; MH CET (Med.) 2000]
(@) The path of proton shall be more curved than that of electron
(b
(

c) Both are equally curved

=

The path of proton shall be less curved than that of electron

(d) Path of both will be straight line
A positively charged particle moving due east enters a region of

uniform magnetic field directed vertically upwards. The particle will
(@) Get deflected vertically upwards

(b) Move in a circular orbit with its speed increased

() Move in a circular orbit with its speed unchanged

(d) Continue to move due east

A particle moving in a magnetic field increases its velocity, then its

radius of the circle [BHU 1998]
(b) Increases

(d) Becomes half

(a) Decreases

(c) Remains the same

64.

65.

66.

67.

68.

69.

70.

7.

72.

73.

A particle is moving in a uniform magnetic field, then

[BHU 1998]

Y
~

Its momentum changes but total energy remains the same
Both momentum and total energy remain the same

Both will change

—_~ o~ S~
o
=

ol
— ~—

Total energy changes but momentum remains the same

If an electron is going in the direction of magnetic field B with the
velocity of V then the force on electron is
[RPMT 1999]

(@) Zero (b) e(VE)

() e (\7 X E) (d) None of these

One proton beam enters a magnetic field of 107 normally,

Specific charge = 10™ C/kg. velocity = 107 m/s. What is the

radius of the circle described by it [DCE 1999]
(@) o1 m (b) 1m
() 10m (d) None of these

In a cyclotron, the angular frequency of a charged particle is

independent of [CPMT 1999]
(@) Mass (b) Speed
(c) Charge (d) Magnetic field

A charged particle is moving in a uniform magnetic field in a
circular path. Radius of circular path is R When energy of particle is
doubled, then new radius will be

[CPMT 1999; Pb. PET 2002]

(@) RyV2 b) RV3

() 2R (d) 3R

The radius of curvature of the path of a charged particle moving in
a static uniform magnetic field is [Roorkee 1999]

(@) Directly proportional to the magnitude of the charge on the
particle

(b) Directly proportional to the magnitude of the linear

momentum of the particle
(c) Directly proportional to the kinetic energy of the particle
(d) TInversely proportional to the magnitude of the magnetic field

A proton moving with a velocity, 25x10"m/s, enters a

magnetic field of intensity 2.57 making an angle 30° with the
magnetic field. The force on the proton is

[AFMC 2000; CBSE PMT 2000]

@) 3x107%N (b) 5x1072N

) 6x102nN (d 9x1072N

Maximum kinetic energy of the positive ion in the cyclotron is
2 2

Br,

(a) 4 Bl (b) BT,
[ZBSE PMT 1997] 2m
2p2,.2

B“r

© @ 28

2m 2m?

A charge g is moving in a magnetic field then the magnetic force
does not depend upon [RPET 2000]

(a) Charge
(c) Velocity

(b) Mass
(d) Magnetic field

An electron is travelling in east direction and a magnetic field is
applied in upward direction then electron will deflect in



74.

75.

76.

77.

78.

79.

80.

8.

82.

(@) South
() West

(b) North

(d) East

A charge of 1C is moving in a magnetic field of 0.57esla with a
velocity of 10m/sec Perpendicular to the field. Force experienced is

(@ s N (b) 10N

() 05N d) onN

An electron of mass m and charge g is travelling with a speed v
along a circular path of radius r at right angles to a uniform of
magnetic field B. 1f speed of the electron is doubled and the
magnetic field is halved, then resulting path would have a radius of
[Kerala PMT 2004; KCET 2000, 05]

(@) % (b) %
() 2r (d) 4r

If an electron enters a magnetic field with its velocity pointing in the
same direction as the magnetic field, then

[MP PMT 2000]
a) The electron will turn to its right

b

C

The electron will turn to its left

=

The velocity of the electron will increase

—~ =~ =
~

d) The velocity of the electron will remain unchanged

A particle of mass m and charge g enters a magnetic field B
perpendicularly with a velocity v, The radius of the circular path
described by it will be [MP PMT 2000]

(@) Bg/mv (b)
(¢) mB/qv (d)

An electron moving towards the east enters a magnetic field directed
towards the north. The force on the electron will be directed

mq/Bv
mv /Bq

(b) Vertically downward
(d) Towards the south

9.0x 107 kg and

(@) Vertically upward

(¢) Towards the west

An electron (mass = charge

-1.6x107¥ coulomb) is moving in a circular orbit in a magnetic

field of 1.0 x107* weber /m?. 1ts period of revolution is

@) 3.5x107 sec (b) 7.0x107" sec
() 1.05x107° sec d) 2.1x107° sec

An electron (charge ¢ coulomb) enters a magnetic field of H
weber /m? with a velocity of VM /S in the same direction as that
of the field the force on the electron is [MP PET 2000]

(a) HgvNewton’s in the direction of the magnetic field

(b) Hgvdynes in the direction of the magnetic field

(c) Hgv Newton’s at right angles to the direction of the magnetic
field

(d) Zero

5
A homogeneous electric field £ and a uniform magnetic field B are

pointing in the same direction. A proton is projected with its
-

velocity parallel to E . 1t will [Roorkee 2000]

(@) Go on moving in the same direction with increasing velocity

(b) Go on moving in the same direction with constant velocity

() Turn to its right

(d) Turn to its left

The radius of circular path of an electron when subjected to a
perpendicular magnetic field is
[Pb. PMT 1999; DCE 2000; MH CET (Med.) 2000]

83.

84.

85.

86.

87.

88.

89.

90.
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mv me
a) — b) —
@) o (b) Be
mE Be
(S d) —
(o) —B['RPe 'MT 2000] (d) mv

Cyclotron is used to accelerate  [AIIMS 2001; BCECE 2004]

(a) Electrons (b) Neutrons
(c) Positive ions (d) Negative ions

Two particles A and B of masses M, and My respectively and
having the same charge are moving in a plane. A uniform magnetic
field exists perpendicular to this plane. The speeds of the particles

are V, and Vg respectively, and the trajectories are as shown in the

figure. Then
[NTJEE (Screening) 2001]

(a) MV <MgVg ) . . . . . . .

L] L] L]
(b) mpv, >mgvg

L] L] L]
() my<mgandv, <vg .
(d) mA :mBand VA :VB ) . . . . . . .

A proton and an alpha particle are separately projected in a region
where a uniform magnetic field exists. Their initial velocities are
perpendicular to direction of magnetic field. If both the particles
move around magnetic field in circles of equal radii, the ratio of

P
momentum of proton to alpha particle (P—p] is
a

(@ 1 (b)

(C) 2 [MP PET 2000] (d)

Bl N

A particle of mass 0.6 g and having charge of 25 nC is moving

horizontally with a uniform velocity 1.2 x10*ms™ in a uniform
magnetic field, then the value of the magnetic induction is

(@=10ms?) [EAMCET 2001]

[MP PET 2000; Pb PET 2003]

(@) Zero (b) 10T
() 20T (d) 2007
An ¢ particle and a proton travel with same velocity in a magnetic
field perpendicular to the direction of their velocities, find the ratio
of the radii of their circular path

[AIMS 2004; DCE 2001, 03; Kerala PMT 2005]
(@ 4:1 (b) 1:4
() 2:1 (d) 1:2
Motion of a moving electron is not affected by

[AMU (Engg.) 2001]

(@) An electric field applied in the direction of motion
(b) Magnetic field applied in the direction of motion
(c) Electric field applied perpendicular to the direction of motion
(d) Magnetic field applied perpendicular to the direction of motion
When a charged particle enters a uniform magnetic field its kinetic

energy [MP PMT 2001; MP PET 2002]

(a) Remains constant (b) Increases
(c) Decreases (d) Becomes zero

If cathode rays are projected at right angles to a magnetic field, their

trajectory is [JIPMER 2002]
(a) Ellipse

(c) Parabola

(b) Circle
(d) None of these
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92.

93.

94.

95.

96.

97.

98.

At a specific instant emission of radioactive compound is deflected
in a magnetic field. The compound can emit

(i) Electrons (i) Protons

(i) He?

The emission at the instant can be

(iv) Neutrons

[ATEEE 2002]
@) i, i, ii (b) i, i, iii, iv
(e) iv (d) i, iii
Which particles will have minimum frequency of revolution when
projected with the same velocity perpendicular to a magnetic field

(@ Li (b) Electron

(c) Proton (d) He?

Mixed He® and OZ'ions (mass of He* =4 amu and that of

02" =16 amu) beam passes a region of constant perpendicular

magnetic field. If kinetic energy of all the ions is same then
(a) He™ ions will be deflected more than those of 0%

(b) He™ jons will be deflected less than those of 02
(c) All the ions will be deflected equally
(d) No ions will be deflected

An electron (mass = 9% 10°kg. Charge = 1.6 X 10"C) whose kinetic
energy is 7.2 X 10" joule is moving in a circular orbit in a magnetic

field of 9 x 10* weber/m. The radius of the orbit is

(@) 125 cm (b) 2.5 cm
(¢) 12.5 cm (d) 25.0 cm

An electron enters a region where electrostatic field is 20V C and
magnetic field is 57 If electron passes undeflected through the
region, then velocity of electron will be

[DPMT 2002]

() 0.25ms™ (b) 2ms™

() 4ms™ (d 8ms™

A charged particle is released from rest in a region of steady
uniform electric and magnetic fields which are parallel to each other
the particle will move in a

[NTJEE 1999; DPMT 2000; UPSEAT 2003]
(b) Circle
(d) Cycloid

A particle of mass M and charge @ moving with velocity

(a) Straight line
(¢) Helix

>

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

(1) BQu2zR () [MF\;ZJZﬂR
(c) Zero (d) BQ2aR

A particle of charge —16x107® coulomb moving with velocity
10 ms™ along the x-axis enters a region where a magnetic field of
induction B is along the j-axis, and an electric field of magnitude
10* V/m s along the negative z-axis. If the charged particle

x-axis, the magnitude of Bis

(b) 103Whb/m?

continues moving along the

@ 10°Wb/m?

99.

100.

101.

102.

103.

104.

105.

106.

107.

10"®Wb/m?
1 and charges 1 :

(c) 10°Wb/m? ()

Two ions having masses in the ratio 1 : 2 are

projected into uniform magnetic field perpendicular to the field with

speeds in the ratio 2 : 3. The ratio of the radii of circular paths

along which the two particles move is

[EAMCET 2003]
(@ 4:3 (b) 2:3
() 3:1 (d) 1:4
An elefa-gys a ij%Etfmﬁl]hng along the x-direction. It encounters a
magnetic field'in the y~direction. Its subsequent motion will be

(@) Straight line along the x-direction
(b) A circle in the xz-plane
(c) A circle in the yzplane
(d) A circle in the xy-plane

?l:n Z::&%nsﬁi?%:?e é)ggc;?csaa\:y'ei:zi‘lkinetic energies. They enter in
[UPSEAT 2003]

(@) Both will follow a circular path with same radius

(b) Both will follow a helical path

(c) Both will follow a parabolic path

(d) All the statements are false

field of

1.5x10°2 Tesls with a speed of 6x10'mM/s.If the specific
[MP PMT 2002]t

Electrons move at right angles to a magnetic

charge of the electron is 1.7 x10™ CJkg. The radius of the circular

path will be [BHU 2003)
(@ 29 cm (b) 3.9 cm
(¢) 2.35 cm (d) 3cm

The cyclotron frequency of an electron grating in a magnetic field of
1 T'is approximately [ANIMS 2004]
(a) 28 MHz (b)
() 2.8 GHz d)
In the given figure, the electron enters into the magnetic field. It
[Orissa PMT 2004]

280 MHz
28 GHz

deflects in ...... direction
(@) + ve Xdirection
(b) - ve X direction

(c) + ve Ydirection

(d) - ve Ydirection

A proton of energy 8 eV is moving in a circular pathAin a uniform
magnetic field. The energy of an alpha particle moving in the same
magnetic field and along the same path will be

(@) 4ev (b)
(c) 8eV (d)
An electron, a PI‘CJ&)ITE,EE 3%8Lron and an alpha particle, each having
the same speed are in a region of constant magnetic field

2 eV
6 eV

perpendicular to the direction of the velocities of the particles. The
radius of the circular orbits of these particles are respectively R, R,

R and R, 1t follows that
@ Re= Rp (b) Rp =Ry

(©) Ry=R, d Rp=R,

An electron moving with a uniform velocity along the positive x-
direction enters a magnetic field directed along the positive )~
direction, The force on the electron is directed along

TRIEEE 2005]

(a) Positive y~direction (b) Negative y-direction
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(c) Positive z-direction (d) Negative zdirection

An electron is projected along the axis of a circular conductor
carrying some current. Electron will experience force

(@) Along the axis

(b) Perpendicular to the axis
(¢) At an angle of 4 with axis
(d) No force experienced

A very high magnetic field is applied to a stationary charge. Then
the charge experiences [DCE 2004]

(@) A force in the direction of magnetic field

(b) A force perpendicular to the magnetic field

(c) A force in an arbitrary direction

(d) No force

A electron (g = 1.6 x 10- C) is moving at right angle to the uniform

magnetic field 3534 X 10° 7. The time taken by the electron to

complete a circular orbit is [MH CET 2004]

(@) 2ps (b) 4us
(c) 3us (d) 1 s

In case Hall effect for a strip having charge @ and area of cross-
section A, the Lorentz force is [DCE 2004]

(a) Directly proportional to Q
(b) Inversely proportional to Q
(¢) Inversely proportional to A
(d) Directly proportional to A

A charged particle of mass m and charge g travels on a circular path
of radius r that is perpendicular to a magnetic field B The time
taken by the particle to complete one revolution is

2709B 2rm
@ & ® =
m gqB
2rmq 27 q°B
© @ 1=
B m
A very long straight wire carries a current |. At the instant when a

charge +Q at point P has velocity V, as shown, the force on the

charge is [CBSE PMT 2005]
E Y
Q
I T -------------- P o X
(a) Opposi’:(e to OX (b) Along OX
() Opposite to OY (d) Along OY

The electron in the beam of a television tube move horizontally from
south to north. The vertical component of the earth's magnetic field
points down. The electron is deflected towards

(a) West (b) No deflection

(c) East (d) North to south

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
[CBSE PMT 2005]

@ - (b)

v
R
v B
© |3 @ \E

the circle is proportional to

6.

n7.

ns.
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An electric field of 1500 V' /m and a magnetic field of  0.40 weber

/ meter act on a moving electron. The minimum uniform speed

along a[m%;ire the electron could have is

(@) 1.6x100m/s (b) 6x10-m/s

() 37510 m/s (d) 375 x10 m/s

An electron (mass = 9.1x107% kg, charge = 1.6 x107% 0
experiences no deflection if subjected to an electric field of

3.2x10° V/m, and a magnetic fields of 2.0x10™> Wh/m. Both
the fields are normal to the path of electron and to each other. If the
electric field is removed, then the electron will revolve in an orbit of

radius [BCECE 2005]
(@) 45 m (b) 45 m
(c) 045 m (d) 0.045 m

An electron, moving in a uniform magnetic field of induction of

intensity é, has its radius directly proportional to

[DPMT 2005]
(b) Magnetic field
(d) None of these

(@) 1lts charge
(c) Speed

Force and Torque on a Current Carrying Conductor

Two free parallel wires carrying currents in opposite direction
[CPMT 1977; MP PMT 1993; AFMC 2002; CPMT 2003]

(@) Attract each other

(b) Repel each other

(c) Neither attract nor repel

(d) Get rotated to be perpendicular to each other

A recta ﬂﬂ-}ﬁﬁ L%%%]can'ying a current 7 is situated near a long straight
wire such that the wire is parallel to the one of the sides of the loop
and is in the plane of the loop. If a steady current /is established in
wire as shown in figure, the loop will

[T 1985; MP PET 1995; MP PMT 1995, 99; AIIMS 2003]

(@) Rotate about an axis parallel to the wire
(b) Move away from the wire or towards right
(¢) Move towards the wire

(d) Remain stationary

A circular coil of radius 4 ¢m and of 20 turns carries a current of 3
amperes. 1t is placed in a magnetic field of intensity of 0.5

weber /m?. The magnetic dipole moment of the coil is

(a) 015 ampere—m? (b) 0.3 ampere —m?

() O4RCEMRBEE —M” (d) 0.6 ampere —m?

A conducting circular loop of radius r carries a constant current 7. It

—

is placed in a uniform magnetic field B, such that B s
perpendicular to the plane of the loop. The magnetic force acting on

the loop is
[BIT 1992; MP PET 1994; 11T 1983;
MP PMT 1999; AMU (Engg.) 2000]
(@ irB (b) 2ariB
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(c) Zero (d) ﬂf|§
5. Two thin long parallel wires separated by a distance b are carrying a

current 7 amp each. The magnitude of the force per unit length
exerted by one wire on the other is

[CPMT 1991; 1T 1986; Bihar MEE 1995; RPMT 1997;
MP PET 1996; MP PMT 1994, 96, 99; UPSEAT 2001, 03]

,Uoiz ,Uoiz
(@) 2 (b) o
Hol Hol
© 2 @ w2

Through two parallel wires A and B 10 and 2 ampere of currents are
passed respectively in opposite direction. If the wire A is infinitely
long and the length of the wire Bis 2 m, the force on the conductor

B, which is situated at 10 cm distance from A will be [CPMT 1988; MP PMT 1994]

(@) 8x10°N (b) 4x107N

() 4x10°N (d) 4rx107N

If two streams of protons move parallel to each other in the same
direction, then they [MP PET 1999; AlIMS 2004]

(@) Do not exert any force on each other

(b) Repel each other

(c) Attract each other

(d) Get rotated to be perpendicular to each other

A straight wire carrying a current i amp runs along the axis of a

circular current i, amp. Then the force of interaction between the

two current carrying conductors is

(@) oo (b) Zero
© Ho2hbk gy @ 2z /m
Az r r

Two parallel wires are carrying electric currents of equal magnitude
and in the same direction. They exert

[CPMT 1990; MP PET/PMT 1988;
Orissa JEE 2003; AFMC 2003]
a) An attractive force on each other

b

=~

(

(b) A repulsive force on each other
() No force on each other

(d) A rotational torque on each other

Two long and parallel wires are at a distance of 0.1 m and a current
of 5 A is flowing in each of these wires. The force per unit length

due to these wires will be [CPMT 1977]
(@ 5x10°N/m (b) 5x10° N/m
() 2.5x10°N/m (d) 2.5x10* N/m

Two straight parallel wires, both carrying 10 ampere in the same

direction attract each other with a force of 1x10°N . If both
currents are doubled, the force of attraction will be

[MP PET 1994]

(@ 1x10°N (b) 2x10°N

() 4x10°N (d) 0.25x107°N

14.

20.

A circular coil of radius 4 cm has 50 turns. In this coil a current of

2 Ais flowing. 1t is placed in a magnetic field of 0.1 weber /m?.
The amount of work done in rotating it through 180° from its
equilibrium position will be

[CPMT 1977]
(@) oay/ (b) 02/
() 04/ (d) 08/
3 A of current is flowing in a linear conductor having a length of 40
cm. The conductor is placed in a magnetic field of strength 500

gauss and makes an angle of 30° with the direction of the field. 1t
experiences a force of magnitude

[MP PET 1993]

(a) 3x10* newton (b) 3x10?% newton
() 3x107% newton (d) 3x107* newton
The radius of a circular loop is r and a current 7 is flowing in it.
The equivalent magnetic moment will be [CPMT 1990]
(a) ir (b) 2zr

. 1
(c) imr® @ =

r

A current carrying loop is placed in a uniform magnetic field. The
torque acting on it does not depend upon
[CPMT 1985; RPMT 1997; Kerala PMT 2002]
(b) Area of the loop
(d) Magnetic field

To make the field radial in a moving coil galvanometer

(@) Shape of the loop

(c) Value of the current

[MP PET 1993]
(@) The number of turns in the coil is increased
(b) Magnet is taken in the form of horse-shoe
(c) Poles are cylindrically cut
(d) Coil is wounded on aluminium frame
The deflection in a moving coil galvanometer is
[MP PMT 1993]

(@) Directly proportional to the torsional constant
(b) Directly proportional to the number of turns in the coil
(

c) Inversely proportional to the area of the coil

(d

A moving coil sensitive galvanometer gives at once much more

=

Inversely proportional to the current flowing

deflection. To control its speed of deflection
[MP PET 1985]
(@) A high resistance is to be connected across its terminals
(b) A magnet should be placed near the coil
() A small copper wire should be connected across its terminals
(d) The body of galvanometer should be earthed
In a moving coil galvanometer, the deflection of the coil € is related
to the electrical current 7 by the relation
[MP PMT 1996, 2000, 03; RPMT 1997;
CPMT 1975; MP PET 1999]

(a) ioctané (b) iocd
() ioxco? (d) i o

The unit of electric current “ampere’ is the current which when
flowing through each of two parallel wires spaced 1 m apart in
vacuum and of infinite length will give rise to a force between them
equal to

[BIT 1987; CBSE PMT1998; MP PET 1999; MP PMT 2002]

@ 1N/m (b) 2x107 N/m



21.

22.

23.

24.

25.

26.

27.

28.

() 1x10%N/m (d) 47x107 N/m

A moving coil galvanometer has N number of turns in a coil of
effective area A, it carries a current / The magnetic field B is radial.

The torque acting on the coil is  [MP PMT 1994]
@ NAZB?| (b) NABI?
() NZABI (d) NABI

A small coil of N turns has an effective area A and carries a current
I 1t is suspended in a horizontal magnetic field B such that its

plane is perpendicular to B . The work done in rotating it by 180°

about the vertical axis is [MP PMT 1994]
(@) NAIB (b) 2NAIB
() 22NAIB (d) 47NAIB

A small coil of N turns has area A and a current 1 flows through it.
The magnetic dipole moment of this coil will be
[MP PMT 1994]

@@ NI/A (b) NI?A

() NAl (d) nA
A current of 10 ampere is flowing in a wire of length 1.5 m. A force

of 15 NV acts on it when it is placed in a uniform magnetic field of 2
tesla. The angle between the magnetic field and the direction of the

current is [MP PMT 1994]
(@) 30° (b) 45°
(c) 60° (d) 90°

A rectangular loop carrying a current 7 is placed in a uniform
magnetic field B The area enclosed by the loop is A. If there are n
turns in the loop, the torque acting on the loop is given by

(3) niAxB b) niA-B

() =({AxB) (d) =(@A-B)
n n

An electron moves with a constant speed v along a circle of radius r.
Its magnetic moment will be (e is the electron's charge)

(@) ewr (b) %evr

() srlev (d) 2arev
Four wires each of length 2.0 metres are bent into four loops 7, @,

R and S and then suspended into uniform magnetic field. Same
current is passed in each loop. Which statement is correct

a) Couple on loop Pwill be the highest
b

C

=

Couple on loop @ will be the highest

o

Couple on loop Rwill be the highest

—~ o~ o~ —~

d) Couple on loop S will be the highest

A current carrying rectangular coil is placed in a uniform magnetic
field. In which orientation, the coil will not tend to rotate

(@) The magnetic field is parallel to the plane of the coil
(b) The magnetic field is perpendicular to the plane of the coil
() The magnetic field is at 45 with the plane of the coil

29.

30.

3L

32.

33.

34.

35.

36.
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(d) Always in any orientation
A current carrying circular loop is freely suspended by a long
thread. The plane of the loop will point in the direction
[MP PMT 1995]
(@) Wherever left free
(b) North-south
(c) East-west
(d) At 45° with the east-west direction

A current carrying loop is free to turn in a uniform magnetic field.
The loop will then come into equilibrium when its plane is inclined
at  [CBSE PMT 1992; Haryana CEE 1996]

(@) 0° to the direction of the field
(b) 45° to the direction of the field
() 90° to the direction of the field
(d) 135° to the direction of the field

The expression for the torque acting on a coil having area of cross-
section A, number of turns 5, placed in a magnetic field of strength

B, making an angle 6 with the normal to the plane of the coil,
when a current iis flowing in it, will be

[MP PET 1996]

(a) niABtané@ (b) niABcosé

(¢) niABsing (d) niAB

The pole pieces of the magnet used in a pivoted coil galvanometer
are [MP PET 1996]

(@) Plane surfaces of a bar magnet

(b) Plane surfacesMcrf'g T)llggﬁsiwe magnet

(c) Cylindrical surfaces of a bar magnet

(d) Cylindrical surfaces of a horse-shoe magnet

The sensitiveness of a moving coil galvanometer can be increased by
decreasing [MP PMT 1996]
(a) THmpwmirergof furns in the coil

(b) The area of the coil

() The magnetic field

(d) The couple per unit twist of the suspension

A metallic loop is placed in a magnetic field. If a current is passed
through it, then [UPSEAT 2003]

[MP(];FT ]ﬁ?é’I!PTII)gAA TilP2adl a force of attraction

(b) The ring will feel a force of repulsion
(¢) 1t will move to and fro about its centre of gravity
(d) None of these

Two parallel conductors A and B of equal lengths carry currents 1
and 10 1, respectively, in the same direction. Then
[MP PET 2003]
(@) A and Bwill repel each other with same force
(b) A and Bwill attract each other with same force
() A will attract B but Bwill repel A
(d) Aand Bwill attract each other with different forces
Three Wg‘?M's]Hg%ﬂt and parallel wires carrying currents are

arranged as shown in figure. The force experienced by 10 cm length
of wire Qis [MP PET 1997]

R Q P

< 2cm—>| |«— 10cm

20 A 10 A 30 A
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(a) 1.4x10™*N towards the right
(b) 1.4x10™*N towards the left
(©) 2.6x107*N to the right
(d) 2.6x107*N to the left

A 100 turns coil shown in figure carries a current of 2 amp in a

magnetic field B =0.2Wh/m?. The torque acting on the coil is

—_— A B ————

<« 8cm >
a) 0.32 Nm tending to rotate the side AD out of the page

(
(b
(

c) 0.0032 Nm tending to rotate the side AD out of the page

=

0.32 Nm tending to rotate the side AD into the page

(d) 0.0032 Nm tending to rotate the side AD into the page

A current of 5 ampere is flowing in a wire of length 1.5 metres. A
force of 7.5 N acts on it when it is placed in a uniform magnetic
field of 2 Tesla The angle between the magnetic field and the
direction of the current is

[MP PET 1997; Pb. PET 2003]
(a) 30° (b) 45°
() 60° (d) o90°
A conductor in the form of a right angle ABC with AB =3 c¢m and
BC = 4 cm carries a current of 10 A. There is a uniform magnetic

field of 5 7 perpendicular to the plane of the conductor. The force
on the conductor will be

[MP PMT 1997]
@ 15N (b) 20N
() 25N d) 35N
The coil of a galvanometer consists of 100 turns and effective area of
1 square cm. The restoring couple is 1078 N —m/radian. The

magnetic field between the pole pieces is 5 7. The current sensitivity
of this galvanometer will be

(@) 5x10*rad/uamp (b) 5x10°° peramp

(c) 2x107" peramp (d) Srad/puamp

A rectangular coil 20cmx20cm has 100 turns and carries a

B=05T
with the direction of magnetic field parallel to the plane of the coil.

current of 1 A. It is placed in a uniform magnetic field

The magnitude of the torque required to hold this coil in this

position is [MP PMT 1997]
(@) Zero (b) 200 N-m
() 2 N-m (d) 10 N-m

If a current is passed in a spring, it

[MP PMT/PET 1998; AIEEE 2002]
(@) Gets compressed (b)
(c) Oscillates

Gets expanded
(d) Remains unchanged

43.

44.

45.

46.

47.

48.

49.

50.

5.

A current carrying small loop behaves like a small magnet. If A be
its area and M its magnetic moment, the current in the loop will be

[MP PMT/PET 1998; RPET 2001; MP PMT 2003]

@ MI/A b) A/M

() mA d) A’M
In hydrogen atom, the electron is making 6.6 x10" rev/sec
around the nucleus in an orbit of radius 0.528 A. The magnetic
moment (A —m?) will be

[MP PET 1999]
(a) 1HAOPEE 7]

() 1x1072 (d)

A triangular loop of side / carries a current / It is placed in a
magnetic field B such that the plane of the loop is in the direction of
B. The torque on the loop is [MP PET 2003]

(@) Zero (b) B/

V3 V3

2p?2 2
(c) T” B (d) T|B|

(b) 1x107%
1x107%

Three long, straight and parallel wires carrying currents are
arranged as shown in the figure. The wire C which carries a current
of 5.0 amp is so placed that it experiences no force. The distance of

wire C from wire Dis then [AMU 1995]

D C B
(@ 9cm )
(b) 7 cm 154 5A 104
() 5cm
(d) 3cm «— x —> |« (15—

fe——— 15cm —>|
A vertical wire carrying a current in the upward direction is placed
in horizontal magnetic field directed towards north. The wire will
experience a force directed towards

[SCRA 1994]
(@) North
(c) East

(b) South
(d) West

A coil carrying electric current is placed in uniform magnetic field,
then [CBSE PMT 1993]

(@) Torque is formed

[MP(ESATI:],%%%J is induced

(c) Both (a) and (b) are correct
(d) None of these

A circular loop carrying a current is replaced by an equivalent
magnetic dipole. A point on the axis of the loop is

(@) An end-on position (b) A broad side-on position

() Both (a) and (b) (d) Neither (a) nor (b)

A power line lies along the east-west direction and carries a current
of 10 ampere. The force per metre due to the earth's magnetic field

of 10 tesla is [Roorkee 1992]
@ 10°N (b) 107N
) 10°N d) 107N

A straight wire of length 0.5 metre and carrying a current of 1.2
ampere placed in a uniform magnetic field of induction 2 7es/a. The
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magnetic field is perpendicular to the length of the wire. The force
on the wire is

[CBSE PMT 1992; BHU 1998; DPMT 2001; RPET 2003]
(b) 12N
d) 20N

(@) 24N
() 30N

Two parallel wires in free space are 10 cm apart and each carries a
current of 10 A in the same direction. The force one wire exerts on
the other per metre of length is

[CBSE PMT 1997; AFMC 1999]

(@) 2x107* N, attractive (b) 2x107* N, repulsive

(6) 2x107"N, attractive (d) 2x1077 N, repulsive

The current sensitivity of a moving coil galvanometer can be
increased by [Roorkee 1999]
(@) Increasing the magnetic field of the permanent magnet

(b) Increasing the area of the deflecting coil

(c) Increasing the number of turns in the coil

(d) Increasing the restoring couple of the coil

A circular coil of diameter 7cm has 24 turns of wire carrying
current of 0.75A. The magnetic moment of the coil is

[AMU (Med.) 1999]

(@) 6.9x10%amp-m? (b) 2.3x1072amp-m?

(¢) 102amp-m? (d 10=2amp-m?

Two long parallel wires carrying equal current separated by 1m,
exert a force of 2x107 N/m on one another. The current
[AMU (Engg.) 1999]
20x107 A

() 10A (d 1.0x107A

Two parallel beams of electrons moving in the same direction produce
[MP PET 1996; DCE 1999]

flowing through them is

(@ 20A4 (b)

a mutual force

(a) Of attraction in plane of paper
(b) Of repulsion in plane of paper
(c) Upwards perpendicular to plane of paper
(d) Downwards perpendicular to plane of paper

A circular loop of area 0.01m? carrying a current of 10 A, is held
perpendicular to a magnetic field of intensity 0.17. The torque acting

on the loop is [Pb. PMT 2000]

(@) Zero
() 0.001 A-m

(b) 0.01 N-m
(d) 0.8 A-m
Magnetic dipole moment of a rectangular loop is
[RPET 2000]
) Inversely proportional to current in loop

b

a
c) Parallel to plane of loop and proportional to area of loop

=

(
(b) Inversely proportional to area of loop

(

(d) Perpendicular to plane of loop and proportional to area of loop

If m is magnetic moment and B is the magnetic field, then the

torque is given by [DCE 2000]
- ¢
@ mB o o
| Bl
- > O
(© mxB d) [m|]|B
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What is the net force on the square coil
[DCE 2000; RPMT 2000]

10 cm
=

AR

»lzls cm

«2cmo

a) 25x107"N moving towards wire
b) 25 ><:|.0_7 N moving away from wire

(
(
() 35x107"N moving towards wire

(d) 35x107" N moving away from wire

Two long parallel copper wires carry currents of 54 each in opposite
directions. If the wires are separated by a distance of 0.5m, then the
force between the two wires is

[EAMCET (Engg.) 2000]

(a) 107°N, attractive (b) 107°N, repulsive

() 2x107°N, attractive (d) 2x107°N, repulsive

In order to increase the sensitivity of a moving coil galvanometer,
[MP PMT 2000]

one should decrease

(@) The strength of its magnet
(b) The torsional constant of its suspension

(c) The number of turns in its coil

(d) The area of its coil

A circular loop has a radius of 5 cm and it is carrying a current of
0.1 amp. Its magnetic moment is [MP PMT 2000]

(@) 1.32x10*amp-m?

(b) 2.62x10*amp-m?

(c) 5.25x10*amp-m?

(d) 7.85x10*amp-m?

Due to the flow of current in a circular loop of radius R the
magnetic induction produced at the centre of the loop is B. The
magnetic moment of the loop is

(1o = permeabilityconstant) [MP PET 2000]

(@) BR®/2mu, (b) 2BR*/ u,

() BR?/2mu, d) 2BR?/ u,

The magnetic moment of a circular coil carrying current is
[MP PET 2000]

(@) Directly proportional to the length of the wire in the coil

—
o
~

Inversely proportional to the length of the wire in the coil

(c) Directly proportional to the square of the length of the wire in
the coil

(d) Inversely proportional to the square of the length of the wire in
the coil

A long wire A carries a current of 10 amp. Another long wire B
Which is parallel to A and separated by 0.1m from A, carries a
current of 5 amp, in the opposite direction to that in A. what is the
magnitude and nature of the force experienced per unit length of B

(14y = 47 x10~" weber /amp -m) [MP PET 2000]
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67.

68.

69.

70.
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72.

73.

74.

75.

Repulsive force of 10N /m

a

~

C

(
(b) Attractive force of 107*N/m
(

Repulsive force of 27x10°N/m

N>

(d) Attractive force of 27x10° N /m

A stream of electrons is projected horizontally to the right. A straight
conductor carrying a current is supported parallel to electron stream
and above it. If the current in the conductor is from left to right then
what will be the effect on electron stream

(@) The electron stream will be pulled upward

(b) The electron stream will be pulled downward

(c) The electron stream will be retarted

(d) The electron beam will be speeded up towards the right

The relation between voltage sensitivity (o ) and current

sensitivity (0;) of a moving coil galvanometer is (Resistance of

Galvanometer = G) [CPMT 2001]

a O

® o =ov ®) =0
G G

() —=o0j (d —=oy
Oy O

What is shape of magnet in moving coil galvanometer to make the
radial magnetic field [RPET 2001]

(@) Concave (b) Horse shoe magnet

(c) Convex (d) None of these

If a wire of length 1 meter placed in uniform magnetic field 1.5 7es/a

at angle 30° with magnetic field. The current in a wire 10 amp.

Then force on a wire will be [RPET 2001]
(@ 75N (b) 15N
() o5N (d) 25N

A current i flows in a circular coil of radius r: If the coil is placed in
a uniform magnetic field B with its plane parallel to the field,
magnitude of the torque that acts on the coil is

[MP PET 2001]

(@) Zero (b) 2zriB

() #r%iB (d 27r%iB
An arbitrary shaped closed coil is made of a wire of length L and a

current / ampere is flowing in it. If the plane of the coil is

N
perpendicular to magnetic field B, the force on the coil is
[MP PMT 2001]

(@) Zero (b) IBL
(c) 2/BL () %IBL

A circular coil having NV turns is made from a wire of length L
meter. If a current / ampere is passed through it and is placed in a
magnetic field of B Tes/a, the maximum torque on it is

(a) Directly proportional to N

(b) Inversely proportional to N

(c) Inversely proportional to N 2

(d) Independent of N

A small cylindrical soft iron piece is kept in a galvanometer so that
(@) A radial uniform magnetic field is produced

(b) A uniform magnetic field is produced

(c) There is a steady deflection of the coil

(d) All of these

A, Band C are parallel conductors of equal length carrying currents
] 1 and 2/ respectively. Distance between A and B is x. Distance

76.

77.

78.

79.

80.

81.

82.

83.

between Band Cis also x. F; is the force exerted by Bon A and F

is the force exerted by Bon A choose the correct answer

(@ kR =2F A B c
b) F,=2FK ; ; 51
(0 R=F
d) R=-F

X -— X —>

A straight conductor carries a current or 5A. An electron travelling
with a Hirarliee2080110°ms ™ parallel to the wire at a distance of
0.1m from the conductor, experiences a force of

@ 8x107%N (b) 3.2x107N

) 8x107®N (d 1.6x107N

Two galvanometers A and B require 3mA and 5mA respectively to
produce the same deflection of 10 divisions. Then

(@) A is more sensitive than B

(b) Bis more sensitive than A

(c) Aand Bare equally sensitive

(d) Sensitiveness of Bis 5/3 times that of A

Two long straight parallel conductors separated by a distance of
0.5m carry currents of 54 and 8A4 in the same direction. The force
per unit length experienced by each other is

(a) 1.6x10°N (attractive) (b) 1.6x10°N (repulsive)
() 16x10°N (attractive) (d) 16x10°N (repulsive)

If the current is doubled, the deflection is also doubled in
[Orissa JEE 2002]
a) A tangent galvanometer
b) A moving coil galvanometer
c) Both (a) and (b)
d) None of these
Which is a vector quantity
(@) Density (b)
(c) Intensity of magnetic field  (d)

(
(
(
(

[AFMC 2003]
Magnetic flux
Magnetic potential

There long straight wires A, B and C are carrying current as shown
figure. Then the resultant force on Bis directed .....

A B c [KCET 2004]

14 i 2A i 3A t
(@) Towards A
(b) Towards C — I —d—
c) Perpendicular to the plahe of paper and outward
rp p pap
d) Perpendicular to the plane of paper and inward
rp p pap

Two long conductors, separated by a distance d carry current 7 and
I in thdMmPMdiaaibn. They exert a force Fon each other. Now the
current in one of them is increased to two times and its directions is
reversed. The distance is also increased to 3d. The new value of the
force between them is [AIEEE 2004]
(@) -2F (b) A3
(c) 2AMP PMT 2001] (d) -HA3
The resultant magnetic moment of neon atom will be

[) & K CET 2004]
(@) Infinity

(c) Zero
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A one metre long wire is lying at right angles to the magnetic field.
A force of 1 kg wt is acting on it in a magnetic field of 0.98 7es/a.
The current flowing in it will be [} & K CET 2004]

(a) 100 A (b) 10A

() 1A (d) Zero

A beam of electrons and protons move parallel to each other in the
same direction, then they [DCE 2004]

(@) Attract each other (b) Repel each other

() No relation (d) Neither attract nor repel
Two parallel wires of length 9 m each are separated by a distance
0.15 m. If they carry equal currents in the same direction and exerts

a total force of 30 X 10° N on each other, then the value of current

must be [MH CET 2003]
(@) 2.5 amp (b) 3.5 amp
(¢) 15 amp (d) 0.5 amp

Current 7 is carried in a wire of length L. If the wire is turned into a
circular coil, the maximum magnitude of torque in a given magnetic
field B will be [Pb. PET 2004]

LiB? Li’B
@) 5 (b) 5
L%B Li’B
© Y

In ballistic galvanometer, the frame on which the coil is wound is
non-metallic to [MH CET 2004]
(@) Avoid the production of induced e.m.f.

(b) Avoid the production of eddy currents

(c) Increase the production of eddy currents

(d) Increase the production of induced e.m.f.

Two thin, long, parallel wires, separated by a distance ‘d carry a
current of '/ A in the same direction. They will

[AIEEE 2005]
(@) Attract each other with a force of ,uoiz /2d?)

(b) Repel each other with a force of ,uoiz /(2 2)
(c¢) Attract each other with a force of /Joiz [(27d)

(d) Repel each other with a force of /Joiz /(27d)

Three long, straight parallel wires carrying current, are arranged as
shown in figure. The force experienced by a 25 cm length of wire C
is [KCET 2005]

D C G

(@ 10N 4 0 "
(b
(

) 25%x100 N
c) Zero 3 cm 2 em
d) 3x10N

) ) 30 A 0 . 204 )
A circular coil of 20 turns and radius 10 cm is placed in uniform

magnetic field of 0.10 T normal to the plane of the coil. If the
current in coil is 5 A, then the torque acting on the coil will be

(@) 314 Nm (b) 314 Nm

() 0.314 Nm (d) Zero

Magnetic Effect of Current 1205

[ & K CET 2005]

il
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SELF SCORER

il

Critical Thinking

I Objective Questions

A circular current carrying coil has a radius R. The distance from
the centre of the coil on the axis where the magnetic induction will

1
be g th to its value at the centre of the coil, is

[MP PMT 1997]
R
a) — b) R+v3
© 5 b RY3

2
© 23R d —=R

J3
The field normal to the plane of a wire of n turns and radius r
which carries a current 7 is measured on the axis of the coil at a
small distance / from the centre of the coil. This is smaller than the
field at the centre by the fraction

3 h? 2 h?
2 b £
@ 2r? ) 3r?
3 r? 2 r?
° H £
() e (d) 3 12

The magnetic field at the centre of a circular coil of radius ris 7
times that due to a long straight wire at a distance r from it, for
equal currents. Figure here shows three cases : in all cases the
circular part has radius r and straight ones are infinitely long. For
same current the B field at the centre P in cases 1, 2, 3 have the

ratio [CPMT 1989]
= =
v o p = = P
~ /
= = ;) 74
0) @) 3)

o [5a(E) i)

Two straight long conductors AOB and COD are perpendicular to
each other and carry currents i; and i,. The magnitude of the

magnetic induction at a point P at a distance a from the point O in
a direction perpendicular to the plane ACBD is

(a) g;@+w (b) g;@—w
Hy g2 212 Mo iy
(c) Py (i +iy) (d) 278 (i, +1y)

A cell is connected between the points A and C of a circular

conductor ABCD of centre O with angle AOC = 60° 1f B, and

B, are the magnitudes of the magnetic fields at O due to the

B
currents in ABC and ADC respectively, the ratio B—l is

An infinitely long conductor PQR is bent to form a right angle as
shown. A current 7 flows through PQR The magnetic field due to
this current at the point Mis H. Now another infinitely long straight
conductor QS is connected at @ so that the current is /2 in QR as
well as in @S, The current in PQ remaining unchanged. The

magnetic field at Mis now H, The ratio H; /H, is given by

[NTJEE (Screening) 2000]

1 ™
(a) E :
) 1 el
) RS 0 50° PR
(c) 3
:R
@) 2 i

Two coaxial solenoids 1 and 2 of the same length are set so that one

is inside the other. The number of turns per unit length are n; and

N, . The currents i; and i, are flowing in opposite directions. The

magnetic field inside the inner coil is zero. This is possible when
(@ i #i, and N; =N,

(b) iy =iyand N, #n,

() iy =i, and Ny =n,

(d) Ny =in,

A coil having N turns is wound tightly in the form of a spiral with
inner and outer radii @ and b respectively. When a current 1 passes

through the coil, the magnetic field at the centre is

NI 21, NI
(a) ﬂOT (b) L
a
N
@ LNk @ b
2b-a) a 2b-a) a

A non-PUARAMEIP9] conducting wire carrying a current /is placed
as shown in the figure. Each of the straight sections of the loop is of
length 2a. The magnetic field due to this loop at the point P (3,0,a)
points in the direction

[NT-JEE (Screening) 2001]

1, »
a) —(—j+k
C) JE('+)
z A Y
1 Ar ! /7Y
B =itk N
3 : Phass
B TN
—
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NE)

@ %(i +K)

(¢) (i +]+I2)

A long straight wire along the z-axis carries a current / in the

>
negative z direction. The magnetic vector field B at a point having
coordinates (x, y) in the z= 0 plane is

[ITJEE (Screening) 2002]

Ho I (y,i - X]) Ho I (X’i + y])
@ 27(x2 +y?) ® 27(x2 +y?)
1,1 (X = y1) #,1 (X1 —Y])
© 27(x2 +y?) @ 27(x2 +y?)

A particle of charge +g and mass m moving under the influence of a

uniform electric field Ei and a uniform magnetic field Bk follows
trajectory from Pto Q as shown in figure. The velocities at P and Q

are Vi and — ZV] respectively. Which of the following statement(s)

is/are correct [T 1991; BVP 2003]

2
W e 3M
4 ga
3
(b) Rate of work done by electric field at Pis %mL
a

(c) Rate of work done by electric field at Pis zero
(d) Rate of work done by both the fields at Qis zero

H*, He* and O™" ions having same kinetic energy pass through

a region of space filled with uniform magnetic field B directed
perpendicular to the velocity of ions. The masses of the ions

H*,He"and O"" are respectively in the ratio 1:4:16. As a

result
a) H*
b) O ions will be deflected least

ions will be deflected most

(
(
(¢) He™ and O™ ions will suffer same deflection
(d) All ions will suffer the same deflection

An ionized gas contains both positive and negative ions. If it is
subjected simultaneously to an electric field along the +x direction
and a magnetic field along the +z direction, then

[NIT-JEE (Screening) 2000]

(a) Positive ions deflect towards +y direction and negative ions
towards —y direction

(b) All ions deflect towards +y direction
(c) All ions deflect towards —y direction
(d) Positive ions deflect towards —y direction and negative ions

towards +y direction

An electron moves with speed 2x10° my/s along the positive x-

direction in the presence of a magnetic induction

Magnetic Effect of Current 1209

B=i +4] - 3|2 (in Tesla.) The magnitude of the force experienced

by the electron in Newton's is (charge on the electron
-1.6x107C) [EAMCET 2001]
@) 1.18x107% (b) 1.28x107%
() 1.6x107% d) 1.72x10™

A particle of mass m and charge g moves with a constant velocity v
along the positive x direction. It enters a region containing a
uniform magnetic field B directed along the negative z direction,
extending from x = a to x = b. The minimum value of v required so

that the particle can just enter the region X >D is
(@ gbB/m (b) q(b-a)B/m

(¢) gaB/m (d) qb+aB/2m

For a positively charged particle moving in a -y plane initially along
the x-axis, there is a sudden change in its path due to the presence
of electric and/or magnetic fields beyond P. The curved path is
shown in the x-y plane and is found to be non-circular. Which one
of the following combinations is possible

Y

P

~

b) E=aiB=ck+ai

(a) E=0;B=bi+ck

() E=0;B=dj+bk d) E=aiB=ck+bj

A horizontal rod of mass 10 gm and length 10 c¢m is placed on a
smooth plane inclined at an angle of 60° with the horizontal, with
the length of the rod parallel to the edge of the inclined plane. A
uniform magnetic field of induction B is applied vertically
downwards. If the current through the rod is 1.73 ampere, then the

value of B for which the rod remains stationary on the inclined

plane is

(@) 173 Tesl. (b) ! Tesl.

a) 173 Tesla —— Tesla
1.73

(c) 1 Tesla (d) None of the above

Two long wires are hanging freely. They are joined first in parallel
and then in series and then are connected with a battery. In both

cases, which type of force acts between the two wires

(@) Attraction force when in parallel and repulsion force when in

series

(b) Repulsion force when in parallel and attraction force when in

series
(c) Repulsion force in both cases
(d) Attraction force in both cases

A wire of length L metre carrying a current of / ampere is bent in

the form of a circle. Its magnitude of magnetic moment will be[MP PET 1995; M

IL IL2
@ i © 4
12 12L
© T D
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20.

21.

22.

23.

24.

A thin circular wire carrying a current / has a magnetic moment M.
The shape of the wire is changed to a square and it carries the same
current. It will have a magnetic moment [MP PET 2003; MP PMT 2004]

(@) M b 2m
T
4 T

() ;M @ M

A particle of charge g and mass m moves in a circular orbit of
radius r with angular speed @ . The ratio of the magnitude of its
magnetic moment to that of its angular momentum depends on

(a) wandq (b) wqgandm
(¢) gandm (d) wandm

An elastic circular wire of length /carries a current / It is placed in

5
a uniform magnetic field B (Out of paper) such that its plane is

5
perpendicular to the direction of B . The wire will experience

©;

@mi

00 o3 )

(@) No force (b) A stretching force
B
() A compressive force (d) A torque

A and B are two conductors carrying a current i in the same
direction. x and y are two electron beams moving in the same
direction [Karnataka CET (Engg./Med.) 2002]

a) There will be repulsion between A and B attraction between x
p
and y

(b) There will be attraction between A and B, repulsion between x
and y

(c) There will be repulsion between A and Band also xand y
(d) There will be attraction between A and B and also x and y
Wires 1 and 2 carrying currents i; and i, respectively are inclined at
an angle € to each other. What is the force on a small element d/
of wire 2 at a distance of r from wire 1 (as shown in figure) due to
the magnetic field of wirel

[AIEEE 2002]

Ho ;¢

—i, i, dltan@
(a) 2711’12

Ho &« ;
b) ——i,i,dlsin@
®) 5 i

Ho & s
—i, i, dlcos@
(c) oar 1 12

4
Ho ; 17/

d) —=i,i,dlsing
@ 5 i

25.

26.

27.

28.

29.

A conducting loop carrying a current 1 is placed in a uniform
magnetic field pointing into the plane of the paper as shown. The
loop will have a tendency to

[NT-JEE (Screening) 2003]
ry
|

® =

a) Contract

( U
(b) Expand :
(

.. ==f-- A==~ > X
) Move towards +ve x -axis |

1

1

c
(d) Move towards —ve x-axis i

'
A current carrying loop is placed in a uniform magnetic field in four

[NTJEEefSomeenirigheadohs, 111, 111 & 1V arrange them in the decreasing

order of potential Energy
[NT-JEE (Screening) 2003]

. T 2
n

@ 1>M>T>1v (b) 15N>V
(© 1-1V>1s>T1 d) M>1Vs>1>1

A metallic block carrying current / is subjected to a uniform

magnetic induction B as shown in the figure. The moving charges

experience a force F given by ... which results in the lowering
of the potential of the face ... Assume the speed of the carriers to
be v [T 1996]

(a) eVBK, ABCD
(b) eVBK , EFGH

(c) —eVBK, ABcD

(d) -eVBK, EFGH

Two insulated rings, one of slightly smaller diameter than the other
are suspended along their common diameter as shown. Initially the
planes of the rings are mutually perpendicular. When a steady

current is set up in each of them [T 1995]

(a) The two rings rotate non plane

—
o
~

The inner ring oscillates about its initial position

(c) The inner ring stays stationary while the outer one moves into
the plane of the inner ring

(d) The outer ring stays stationary while the inner one moves into
the plane of the outer ring

Two particles each of mass m and charge g are attached to the two
ends of a light rigid rod of length 2R. The rod is rotated at constant
angular speed about a perpendicular axis passing through its centre.
The ratio of the magnitudes of the magnetic moment of the system

and its angular momentum about the centre of the rod is [T 1998]



30.

31

32.

33.

35.

q q
(a ™ (b) o
@ A @ L

m zm

Two very long, straight and parallel wires carry steady currents /
and 7 respectively. The distance between the wires is d. At a certain
instant of time, a point charge g is at a point equidistant from the
two wires in the plane of the wires. lts instantaneous velocity v is
perpendicular to this plane. The magnitude of the force due to the

magnetic field acting on the charge at this instant is [T 1998]
Holqv Holqv
@ ot (b o=
2 d
2, 1Qv
- d) o
(©) o ()

A ring of radius R made of an insulating material carries a charge Q
uniformly distributed on it. If the ring rotates about the axis passing
through its centre and normal to plane of the ring with constant
angular speed @, then the magnitude of the magnetic moment of

the ring is [MP PET 2001]
() QaR? () 5QuR?
(© QuR @ %szR

What will be the resultant magnetic field at origin due to four
infinite length wires. If each wire produces magnetic field 'B at

origin

(@) 4B

© 2J2B

The ratio of the magnetic field at the centre of a current carrying
circular wire and the magnetic field at the centre of a square coil
made from the same length of wire will be

(d) Zero

z? z?

a b
()4J§ ® 82

T T
© —= d —=
22 a2
Two infinite length wires carries currents 84 and 6A respectively
and placed along X and VY-axis. Magnetic field at a point
P (0,0,d)m will be

7 Ho 1040
a) —— b) ———
) - (b) -

14 1y S Ho
c) ——— d) —
(0) o (d) o

Figure shows a square loop ABCD with edge length a. The resistance
of the wire ABC is r and that of ADC is 2r. The value of magnetic
field at the centre of the loop assuming uniform wire is

36.

37.

38.

39.

Magnetic Effect of Current 1211

i

(a) ﬁﬂo' ‘/Eﬂo' ®

3ra © ®) 3ra
o e @ g
ra ra

Figure shows the cross-sectional view of the hollow cylindrical
conductor with inner radius 'R and outer radius 2R, cylinder
carrying uniformly distributed current along it's axis. The magnetic

3R
induction at point P’at a distance T3 from the axis of the cylinder

will be
(@) Zero
5 i
© Tork
7 R
o LN
18z R R
51451
(d) Ol
367R

A long wire AB is placed on a table. Another wire PQ of mass 1.0 g
and length 50 cm is set to slide on two rails PSand QR A current
of 50A is passed through the wires. At what distance above AB, will
the wire PQ be in equilibrium

(a) 25 mm s R
(b) 50 mm & =

Q
(c) 75 mm
(d) 100 mm

—
An infinitely long, straighthonductor ABgs fixed and a cﬁrrent is
passed through it. Another movable straight wire CD of finite length
and carrying current is held perpendicular to it and released. Neglect
weight of the wire

A .

(I

e TT———
B

(@) The rod CD will move upwards parallel to itself
b) The rod CD will move downward parallel to itself

o

c) The rod CD will move upward and turn clockwise at the same
time

(d) The rod CD will move upward and turn anti —clockwise at the same
time

A steady current 7 flows in a small square loop of wire of side L in a

horizontal plane. The loop is now folded about its middle such that

half of it lies in a vertical plane. Let 4 and py, respectively

denote the magnetic moments due to the current loop before and

after folding. Then
[NT-JEE 1993]
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40.

41.

42,

43.

@ =0
(b) /Tl and ;72 are in the same direction

(c) lﬂl =2

|;71|(1J
@ Ao =
|yl (V2

A current i is flowing in a straight conductor of length L. The

L
magnetic induction at a point distant 7 from its centre will be

4 pol Mol
a b
@) T5 (b) o
(© Kol d) Zero

J2L

Two thick wires and two thin wires, all of the same materials and
same length form a square in the three different ways P, Q and R as
shown in fig with current connection shown, the magnetic field at
the centre of the square is zero in cases

- —=
P Q
=
R
(@) I Ponly (b) In Pand Qonly
(¢) n Qand Ronly (d) Pand Ronly

A particle with charge g, moving with a momentum p, enters a

uniform magnetic field normally. The magnetic field has magnitude

p

B and is confined to a region of width d where d <B—, The

particle is deflected by an angle @ in crossing the field

(a) sin6’=B—qd
p Ex X X x|
. p E>< X x ><E
b) sinfd=—— : :
®) Bqd ; E x X i x xE
g :>< X x ><E
© sin@:B—g —d—
q X ox ox

. pd
d O=—
(d) sin Bq

Same current 7 = 2A is flowing in a wire frame as shown in figure.
The frame is a combination of two equilateral triangles ACD and
CDE of side 1m. 1t is placed in uniform magnetic field B = 4T acting
perpendicular to the plane of frame. The magnitude of magnetic

force acting on the frame is

(@) 24N
A
(b) Zero x  x  x ¢ x X X
(c) 16N % 7 x x\ » =
X X X x» X X X X
X X >(\ X X / X X X

4.

45.

46.

47.

48.

d) 8N

A uniform conducting wire ABC has a mass of 10g. A current of 24
flows through it. The wire is kept in a uniform magnetic field
B = 2T. The acceleration of the wire will be

() Zero BT e

(b) 12ms2 along yeaxis

(6) 1.2x10°ms™? along yeaxis

(d) 0.6x107°ms™ along Y - axis

In the given figure net magnetic field at O will be

@ 2l 452
3ma

4+ 7°

211 2 o
Va4 (0.0)
(c) PV R / (, 0) %23,0) (3a0)

2 1o
@ FE@-x)

3ma
In the following figure a wire bent in the form of a regular polygon
of n sides is inscribed in a circle of radius a. Net magnetic field at
centre will be

Mol
® -

@ HltanZ
27a n

® M
27a n

@ 2 tnZ
7 a n
ni V1

d) — pu,tan =

(d) oa Ho n

A proton accelerated by a potential difference 500 KV moves
though a transverse magnetic field of 0.51 T as shown in figure.

The angle @ through which the proton deviates from the initial
direction of its motion is

(@) 15°
(b) 30°
(c) 45°
d) 60°

d =10 cm —)|

AB and CD are long straight conductor, distance d apart, carrying a
current /. The magnetic field at the midpoint of BC'is

—tt]
(@) Py k
) ik

—Hol ¢
(c) yper k

—ttp]
(d) Y k




49.

50.

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

(@) Yaxis (b) Xaxis

(c) VY-axis only (d) None of these

The unit vectors 1, ] and K are as shown below. What will be the
magnetic field at O in the following figure

My i T \A
2 1 2-= A
©) 47za[ 2}' j
Mo ] T\ 4
b Lo lf 2 , ?
®) 47ra[ +2JJ 'l ;
Ho i VAR '";“?0
@ (e \
z ha
Ho VAT —
(d —0—[2+—)k
4z a 2

An electron moving with a speed u along the positive x-axis at y = 0

enters a region of uniform magnetic field B = —Byk which exists

to the right of y-axis. The electron exits from the region after some
time with the speed v at co-ordinate y, then [IITJEE (Screening 2004)]

x x x x X
X X X X X
X X x x X
_ - Y X X % x X
(a) v>u y<0 X x(b)xVZxU,_}/%O
(c) v>u y>0 (d) v=uy<0

QGraphicaI Questions

Which of the following graphs shows the variation of magnetic

Magnetic Effect of Current 1213
(d) Segment OC only of line CD

Two long parallel wires are at a distance 2d apart. They carry steady
equal currents flowing out of the plane of the paper, as shown. The
variation of the magnetic field B along the line XX”is given by

—
=
=

X' X X'
L d _d ( W d__dl;
< . e |—>
(©) o ] f

YT T

DI IPE:IN —>i—>
The magnetic field due to a straight conduct

Tm cross
section of radius a and carrying a steady current is represented by

(@) (b)

-

r

a
|
Drotons and electrdns, carrying al currents
o {

= mever in

[>The protohs—and

opposite dlrectlori% P is a point on a line joining” the beams, at a
distance x from any one beam. The magnetic field at Pis B If Bis
plotted against x, which of the following best represents the
resulting curve

induction B with distance r from a long wire carrying current [NCERT 1984; MNR 1998 M]? T 1999] T
@) b) B
@ B (b) B
S
o x=—> d
AN | 0~ (c) (d) f
r r
(o & d % d2 d
o|[x—
- -

Two very thin metallic vires placed along X and Y-axis rarry equal

currents as shown here. AB and CD are lines at 45° with the axes

A long thin hollow metallic cylinder of radius 'R has™a current i
ampere. The magnetic induction 'B-away from the axis at a distance

the axis varies as shown in

rfrom
with origin of axes at O. The magnetic field will be zero on the line [MP PMT 1995; CBSE PMT 1996

(a) AB
(b) cp

(c) Segment OB only of line AB

@ , ®) ,
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(c) (d)

The correct curve between the magnetic induction (B) along the axis
of a long solenoid due to current flow 7 in it and distance x from
one end is

@ & (b) B
B
() B d) B
=aRis ‘with

A particleofchargegamd-mast m is movr
a velocity v and enters a region of electric field £ and magnetic field
B as shown in figure below for which figure the net force on the
charge may be zero

vi vi

' / q /
z. .~ E z, B
. i . yi
' d ;
(©) ) o

v I [ X v E

9 7 s B X

z B z ./

A wire carrying a current 7 is placed in a uniform magnetic field in
. [ X
the form of the curve Yy = asm(Tjo <X <2L. The force

acting on the wire is

Y
(a) ﬂ x Ix x ox x o x px
3 x x x x x x x
. 7~
(b) iBL7z x OO X X, X
(C) 2iBL g XX S x
(d) Zero X X X XN X X
The (7 - 6) graph for a coil is
@ ® .
o 0 D 4
0 90° 180° 0 90° 180°
(©) ()
T T
/0 p————————> 9

90° 180° 90° 180°

A uniform magnetic field B and a uniform electric field E act in a
common region. An electron is entering this region of space. The
correct arrangement for it to escape undeviated is

E 5 B

B 5
(@) (b) E
v v _—

(©) £ (d) B

v 76
72
B 72 -

If induction of magnetic field at a point is B and energy density is U/
then which of the following graphs is correct

(@) u (b)y u
O B O B
(©) (d)
u u

A thinOMre—efdength—bis Rarrying a c Buire is
bent to form a circular coil. If radius of the coil, thus formed, is
equal to R and number of turns in it is equal to n, then which of the
following graphs represent (s) variation of magnetic field induction
(B) at centre of the coil

@ & b) B
ot——> otY—> R
() (d)
B B
A curréh dgh a thin cyli@ s R 1f

energy density in the medium, due to magnetic field, at a distance r
from axis of the shell is equal to U/ then which of the following
graphs is correct

@) u ®b) u

0—& r
) 4

u

.
oir o,




If current flowing through shell of previous objective is equal to j,
then energy density at a point distance 2R from axis of the shell

varies according

to the graph

@ wu (b) v
o— o i
() ()
u u
A circd iplane with céh @ coil is

carrying a constant current. Assuming direction of magnetic field at

X =— 25 cm to

be positive direction of magnetic field, which of the

following graphs shows variation of magnetic field along x-axis

@) B

®) B

I
o] o]

(d) B
S

R Assertion & Reason

For ATIMS Aspirants

Read the assertion and reason carefully to mark the correct option out of

the options given below:

@)
®)
(c)

(d)
(e)

1.

If both assertion and reason are true and the reason is the correct
explanation of the assertion.

If both assertion and reason are true but reason is not the correct
explanation of the assertion.

If assertion is true but reason is false.

If the assertion

and reason both are false.

If assertion is false but reason is true.

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Cyclotron does not accelerate electron.
Mass of the electron is very small.
[ATIMS 2000]

Cyclotron is a device which is used to accelerate the
positive ion.

16.

Cyclotron frequency depends upon the velocity.[ATIMS 1997]

Magnetic field interacts with a moving charge and
not with a stationary charge.

A moving charge produces a magnetic field.

If an electron is not deflected while passing through
a certain region of space, then only possibility is
that there is no magnetic region.

Force is directly proportional to the magnetic field
applied.

Free electron always keep on moving in a conductor
even then no magnetic force act on them in
magnetic field unless a current is passed through it.

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion
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The average velocity of free electron is zero.

The ion cannot move with a speed beyond a certain
limit in a cyclotron.

As velocity increases time taken by ion increases.

The coil is bound over the metallic frame in moving
coil galvanometer.

The metallic frame help in making steady deflection
without any oscillation.

A circular loop carrying current lies in XY plane
with its center at origin having a magnetic flux in
negative Z-axis.

Magnetic flux direction is independent of the
direction of current in the conductor.

The energy of charged particle moving in a uniform
magnetic field does not change.

Work done by magnetic field on the charge is zero.

If an electron, while coming vertically from
outerspace, enter the earth's magnetic field, it is
deflected towards west.

Electron has negative charge.

A direct current flows through a metallic rod,
produced magnetic field only outside the rod.

There is no flow of charge carriers inside the rod.

An electron and proton enters a magnetic field with
equal velocities, then, the force experienced by the
proton will be more than electron.

The mass of proton is 1837 times more than
electron.

Torque on the coil is the maximum, when coil is
suspended in a radial magnetic field.

The torque tends to rotate the coil on its own axis.

A loosely round helix made of stiff wire is
suspended vertically with the lower end just
touching a dish of mercury. When a current is
passed through the wire, the helical wire executes
oscillatory motion with the lower end jumping out
of and inside of mercury.

When electric current is passed through helix, a

magnetic field is produced both inside and outside
the helix.

The magnetic filed at the ends of a very long
current carrying solenoid is half of that at the
center.

If the solenoid is sufficiently long, the field within it
is uniform.

If a charged particle is moving on a circular path in
a perpendicular magnetic field, the momentum of
the particle is not changing,.

Velocity of the particle in not changing in the
magnetic field.

If a proton and an (-particle enter a uniform
magnetic field perpendicularly, with the same speed,
then the time period of revolution of the a-particle
is double than that of proton.

In a magnetic field, the time period of revolution of
a charged particle is directly proportional to mass.

If two long wires, hanging freely are connected to a
battery in series, they come closer to each other.
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Reason : Force of attraction acts between the two wires
carrying current.

19. Assertion  : A current / flows along the length of an infinitely
long straight and thin walled pipe. Then the
magnetic field at any point inside the pipe is zero.

> o
Reason : {B.d I =gl
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66 b 67 b 68 a 69 bd 70 b
M ¢ 2 b b 7 75 d
n Swe rS % d 7 d 7 b 19 a 8 d
81  a 82 a 8 8 b 8 b
: . 86 87 ¢ 8 b 89 a 0 b
Biot-Savart's Law and Amperes Law
91 a 92 a 93 c 94 d 95 c
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1 c 2 a 3 b 4 a 5 c
6 a 7 a 8 b 9 c 10 a
1 c 12 a 13 bc 14 b 15 b
16 b

Assertion and Reason
1 a 2 c 3 a 4 e 5 a
6 c 7 a 8 c a 10 b
1 d 12 e 13 b 14 b 15 b
16 17 b 18 d 19 a

S Answers-and Solutions

Biot-Savart's Law and Amperes Law

(c) Magnetic field at the centre of current carrying coil is given by

:ﬂ.@:B(xﬁji:&xr_z'
4z r r B, N, n

The following figure shows that single turn coil changes to
double turn coil.

/ ;
( ) -
¢ #
A
N=1 N=2
r=r r=r/2
B=FB B=7?
B 1 2 1
= —:—XL:— = B, =4B
B, 2 r 4

Short trick : For such type of problems remember B, = n281

2i
(b) 1f distance is same field will be same ( B=to —J
4 r

() Magnetic field lies inside as well as outside the solid current
carrying conductor.

(b) Because for inside the pipe i =0

M _g
Y.
@ dB _ Mo |dIs;m9 — 4B Ho . |(d|3><r)
4 r 4z r
(c) The magnetic field at the centre of the circle
:&XZ_M =10~ Xm :2””_%10—7 N/ Am
dr r r r
(b) The given shape is equivalent to the following diagram
The field at O due to straight
part of conductor i 7 2
0 T
-
13

is B; :ﬂ.ﬂ ®. The field at O due to circular coil is

. r
Bzzﬂ—o.z—m(@. Both fields will act in the opposite
Az r

direction, hence the total field at O.

A _ M 2

. Ho
ie. B=B,-B, =| =% |[x(z-1)— = -1
re. 2 1 ( 47[) (: ) rar ( )
. [27: - ﬂj xi .

B:ﬂ(ZE_H)IZ& 2 _ 3u

Y4 R iy R 8R
The respective figure is shown below
Magnetic field at P due to * P
inner and outer conductors "
are equal and opposite. T I—
Hence net magnetic field at - —- - -

P will be zero.

Magnetic field at a point
on the axis of a current carrying wire is always zero.

Y
P Q M
— = ——
__4a x=2
X——E 2
19 «— x=a —>|
=9 _2x16x107 ;6 10190
T 2
_ Mol _ Hx1.6x107% 4 %108

Coor 2x0.8

B = p,Ni=47x107 x5x1000 = 27 %10~ 7esla

0% 12

Mo 2 B -
4 r B, n B, 4

= B, =3.33x107° Tesla

1 B r_2:>£ r/2

Bex—=—== =—=0B,=2B
r B, n B, r
Field at the centre of a circular coil of radius I'is B = 'uz—ol
r
: 7
B HoNi _ 47x107" x100x0.1 —Arx10°° Tesh

2r 2x5x1072
Magnetic field inside the solenoid B;, = zNi

In the following figure, magnetic fields at O due to sections 1, 2,
3 and 4 are considered as By, B,, B; and B, respectively.

4
B, =B, =0 —
i —
B,=t g
4r R,
i = =
By =L@ As|By| > E] 3
7 R,



20.

21.

22.

23.

24.

25.

26.

27.

28.
29.
30.

3L

32.

33.

Mol 1 1
So Bnet = BZ —B4 — Bne[ :TO[R—l—R—2]®

B = g ni
The magnetic induction at O due to the current in portion

AB will be zero because O lies on AB when extended.
The induction due to AB and CD will be zero. Hence the
whole induction will be due to the semicircular part BC.
B = Mol

ar

The magnetic induction due to both semicircular parts will be
in the same direction perpendicular to the paper inwards.

.'.B:Bl+BZZZ_0|+Z_0':ﬂ_O'(r1+rzj®
n P} 4 nr,

Field at a point X from the centre of a current carrying loop
on the axis is

g Ho 2M 107" x2x2.1x107%
4”' X3 (10710)3

=42%x10"2 x10% =4.2x107°W /m?

At these points, the resultant field =0

i=d —100xe
t
M, 27 p, 27xx100e
B S v Tan v
M %x200x1.6x107° 107,
4%0.8 °
D2
p-to 2NR g, L
A r r
_ Mo 27@@v)
A r
4 2x3.14x(1.6x107 x6.6x10%)
7 2
=107 x 053110 =12.5Whm

Two coils carrying current in opposite direction, hence net
magnetic field at centre will be difference of the two fields.

re. Bnet:ﬂ'zﬂN m—li :—10#0 E—E :E/JO
4r Lo 2 102 04] 4

Because B = zyni = B ocni.

See solution 34.

.. B 20x10°°
B=yhi=i=—= —
Hon  4rx107" x20x100

=7.9amp =8amp

Directions of currents in two parts are different, so directions
of magnetic fields due to these

. ; A
currents are opposite. Also 3 7

applying Ohm’s law across AB o I

iR =iLR, = il, =i,l, .:2 0 J i
A
B

ol

—
=

~ =
ol
= =

UNIVERSAL

Magnetic Effect of Current 1219 Prpis

e

Ho ik Uy ol
Also B, =—2x-+ and B, = 2 x~== cl=ro
Y an 2 2T 4 2 ( )
By _ il
"Bl

Hence, two field induction’s are equal but of opposite direction.
So, resultant magnetic induction at the centre is zero and is
independent of 6 .

The magnetic field at any point on the axis of wire be zero.

Magnetic field inside the hollow conductor (tube) is zero.

If a wire of length /is bent in the form of a circle of radius r

then 2ar =1 =
|

r=— I=7m
2z /

| 2 =24

“2r 2t 2
Magnetic field due to

straight wire B; :ZI_OAEZI:—OX%
T r T X
Ho 27 _ Ho 27x2

Az r 4z xl2

also magnetic

field due to circular loop B, =

B _1

B, 50

See the following figure

al
Plane perpendicular to

Q conductor
—)

Magnetic lines of forces

_to AL 1052107 x— 2 = i=5A
4z v (10x1072)
_ My 2N
Az r
-7
N 3.l4><1073:10 ><2><3.147>2<N><10 — N =50
10x1079)

The magnetic field in the solenoid along its axis (i) At an
internal point= g,Ni

=47x107" x5000x4 = 25.1x10*Wh/m?
(Here n =50 turns/ cm = 5000 turns/ m)
(ii) At one end

_lp _mni_251x10°°

end 2 in = 2 > =12.6 ><10’3Wb/m2

B

Magnetic field at the centre of solenoid (B) = z4ni
Where n = Number of turns |meter
B=47x10" x4250x5 = 2.7x10?Wb/m?

Use Right hand palm rule, or Maxwell's Cork screw rule or any
other.



46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

(b)

(d)

(d)

(d)

1220 Magnetic Effect of Current

B'=n’B = B'=(4)’B=B'=16B

B:'“_O_Z_’“:lz_%:lo”xﬂ
Az r 52x10™1
—=i=1.04x10"° A
g_to G _to x T _ ol
Az r 4r 2 R B8R
Bl BB 004 40 _ 5 5017

r B, n B, 10

See solution 34.

B='u—OI or Boc =
2ar

B = poni = p1g —i

Here B = yqni

N
where 7 is number of turns per unit length = T

- 77 -
ﬂXZ_ﬂI:H:(IO )><2><3.142><I=7x10,5
Ar r 0.05

. 7x0.05x107° 35
= — = =5.6 amp
2x3.142x10 2x3.142

; -7
B:,uoN|=47r><10 X1000X0'1=6.28x10’4T

2r 2x0.1

; -7
B:,uoN|=47z><10 X50X2=1.25><1074T

2r 2x0.5
Bocl
r
B ='u—°|i.e. B o« li.E.when r is doubled, B is halved.
2ar r

Applying Ampere’s law fB.d' = L4yl to any closed path inside

the pipe we find no current is enclosed. Hence B =0.

Magnetic field at the centre of current carrying coil is

_ Mg 2mni _ pgni
4z r 2r
2i
The magnetic field is given by B = o A .
4z r

It is independent of the radius of the wire.

Magnetic meridian is a vertical N-S plane, the earth’s magnetic
field (B ) lies in it. (For more details see magnetism).

To obtain neutral point at the centre of coil, magnetic field due
to current (B) and B, must cancel each other. Hence plane of

the coil and magnetic meridian must be perpendicular to each
other as shown

Magnetic
meridian

Plane of the

coil

61.

62.
63.

64.

65.

66.
67.
68.

69.

70.

7.

72.

73.

74.

75.

—
g}

)

()

()

@

(b)

()

()

(b)

(b)
(d)

1 Tesla =10* Gauss

B:ﬂ_oxﬂ 2x1
Azt 1072

Magnetic field due to one side of the square at centre O

=107 x =2x107% Tesh

g, - Ho 2isin45° _ Mo 242
YUar al2 YUar oa
Hence magnetic field at centre due to all side
B=4B, = M

7

Magnetic field due to n turns

B o220 _ pp22ni V2 pni

Bt =N ra=2l
het oy 22)) " ( )
Magnetic field on the axis of circular current
; 2
My 2/mir? Bo N
A (X2+r2)3/2 (X2+r2)3/2
L:rp=1:2 and B; : B, =1:3 We know that
_ My Zmijii_ Bn _1x1 1
4z r i, By, 3x2 6
B=107 2 2107 x2X2 _gx109 T
r 5
B=H0, M go107x 20 _gogx10°T

4z x 5x102

Magnetic field due to solenoid is independent of diameter

(Because B = z5ni).

g M2 44
Az r

7 27 %2
0.0157

200
1072

=8x10"°Wh/m?

B =uni=47x107" x x2.5 =6.28x10°Wb/m?

Magnetic field at centre due to smaller loop
Bl _ Mo ] 27211

47 n

27
Due to Bigger loop B, = Z—O 2
T

So net magnetic field at

centre

B=B,-B, =00 2
4z L on

1
According to question B = EX B,



76.

717.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

9.

(b)
(b)

(b)

(b)

(d)

o pfh ) 1, 28
4z n n 2 471' n
IL_ILZLzL:Il:_i:]_ {r2:2rl}
nr L 2r 2r r i
D2
_Ho 27NiR " 1
A (R2+X2)3/2 (r2+X2)3/2
8 (RZ+x22  (8Y"® R2+0.04
:>_=—3/2:> T T h2.00008
1 (R?+xd) 1 R“+0.0025
2
:>£:§+—O'O4.On solving R =0.1m
1 R“+0.0025
B=10"252_20 5 _p/s
r B 5
B=107 2™ _ 107 2XTX2X4 4 55751070 T
5x10
-2
F = Bil= [B]= A _MLTZ _ pr2at
[I][|] AL
Magnetic field on the axis of conductor is zero.

Bmljﬂ:r—zzgzz
r B, n r

2x1

9:10*7 - =2x107"T

r

B=10"x

At midpoint, magnetic fields due to both the wires are equal

and opposite. So B= 0.

Ho ! i o i o
By =4 x—x sin45° +sin45
i I )
=
Hy 21 2 ]
= D —x—— (0
4z a 2 450, a
459"
14i242 0 I
i L
= a2 =
B=10" 2—721; according to question B = B

S 5x10° =107 x 230 iy
5x10”
; -7
_ Mo 27Ni _ 10 ><27r><1(;O><0.1 —Arx10°5T
dr r 5x10~

Corresponding current 7= en
<o BoHo 271'(8[']) _ Hone

4z r 2r

B at ends of solenoid is . ni

Use Right hand palm rule or Maxwell’s Cork screw rule.

At P
=B =B;—B, i T

*

92.

93.

94.

95.
96.
97.

98.

99.

100.

101

102,

103.

104.

105.

106.

107.

108.

109.

(d)
(d)
@)

(b)

(b)

(d)

()

(d)

(b)
()

(b)

(d)

@

()

(b)

@

Magnetic Effect of Current 1221 m

Since |Bll = |BZ|

So, B =0

A moving charge and changing electric field both produces

magnetic field.

B0l _ 5,105 Ho T — v =10 4, metre
2z r Tor
B'=n’B=(3’B=9B

B represents the magnetic field.

B Xz 3/2 az 3/2
—°=[1+—2J :[1+—2] =@+1f"2 =22
2 a a

B

The given circuit can be considered as follows

_ Mol i \
Bloop—?Q |
7
Mol
Beonductor = ﬁ ©
Hol A _)
Bnet :ﬂ(ﬂ'ﬁ’l) ® i
i -7
:ﬂo,urN|:>1:47r><10 ><,ur><400><2:>’ur:400
27 0.4
B=107x2 107 20 _p_sar
20x10
B'=n°B=(2’B=4B
B:ﬂoni3£=£><.l: 1 x==1=B'=B
B" n i'" (/2
B, =4x107*T
B, =107 x50 _3x107T
2x10”

2
" By =4B2+B2 =5x107T

Magnetic field at the centre of circular loop

. 7 .
=’u02—m:>O.5><10’5=10 x2x3.14 xi
4z r 5x1072
i=04 A

Ho
B,=B,=B= x 0]
! 2 dr r / s
B = V2B 3 =i
3 =7
N B 1 @
Bnet '\/E



no.

m.

n2.

n3.

n4.

ns.

6.

n7.

n8.

no.

IEW

1222 Magnetic Effect of Curren

() Magnetic field due to different parts are

t

B=0
. "
B, _th Ao
4 r E —1‘_
_Ho ]
B3 —EFG 2 l, OT _L
: Mol , Hol 5
S Bpet =By + By =+ ~
net 2 3T ar 4 :)
(d M =niA= ni(ﬂrz): M oc r?
@) 5
77
ya |
w / E 4’
S
Magnetic e at the center of single turn loop
b field h f { 1
= Z‘_O . 24 , magnetic field at the center of n-turn loop
T r
n = ﬂlz_m xn:Bn:nzB
4z rin
2\3/2 2\3/2
@) Bcenter _ 1+X_ - Bcenter =1+ i :12_5
Bais r? 54 3 27
Beenter = 2504T
(b) B N
4z v r
@ Fo

S

(c) Suppose length of each wire is [ Agare = [

|2

2
|
Acirge = 712 =”[zj =i

*." Magnetic moment

M =iA

- quuare _ Asquare
M A

cirde cirde

1’116«

T 12/4x 4

B:ﬂ.m:Bocni
Az r

(b)

(@) Magnetic field due to revolution of electron

ew

o 7o)
Ho 27":#_0 2r :10,7Xe_a)

B="—+.— .
dr r A r

r

l€—— [ —>

120. ()
12 (a)
122.  (a)
123.  (c)
124. (d)
125.  (c)
126. (b)

-19
:>16:10’7xw:>w:10”rad/sec.
1x10
_Ho A 107220 _ 4,10 5Wh/m?
A r 10x10~
B=t0 .2 g
Az r

Boer = y/BZ +BZ =Z‘—Z.ZT”,/if+i§
27 __ @) +(4)? =5x10°5 wb /m?

27 %1072

When two parallel conductors carrying current /and 2/in same
direction, then magnetic field at the midpoint is

=10"" x

B-to?l _tl_tl 21
2nr 27t 2ar
L]
When  current 2/ s
switched off then
magnetic field due to ———
|
conductor carrying current /is B = a1y
27r

In the following figure magnetic field at mid point M is given
by

Bnet:BQ_BP
Mo 2.

=20 ., —i
A r(Q 2

— M

:&Xi(5_2_5):&
4z 2.5 2r

The magnetic field due to small element of conductor of length

IdIsing
2

is given by dB :Z—O
T r

This value will be maximum when

sin@ =1=sin90° or, 8 =90°

Motion of Charged Particle in Magnetic Field

L (abd)

Here the proton has no acceleration so E =B =0.

When E =0but B =0, but parallel to the motion of proton,
there will be no force acting.

When E#0and B#0and £ B and motion of proton
(V)are mutually perpendicular, there may be no net force.
Forces due to E and B cancel each other.

Since electron is moving is parallel to the magnetic field, hence

magnetic force on it Fm =0.

N
E

R




(©)

(b)

(b)

The only force acting on the electron is electric force which
reduces it's speed.

2
r v2mk 1 [2mV revm = —t (“1]

g8 BY ¢ m, |R,
5
::_: G /\:n)B B 5x1027xxlfx10*2 =0.m
r:q% = rop
g MV _ 9x107 x10° _ oo sp

qr  1.6x107° x0.1

2mK . Jm

lL.e.roc —
qB q

Here kinetic energy K and B are same.

T Jmp 20,
o ym, 9, fam, g,

=1

East, (By E:q(\Tv XE)) or by applying Fleming's left

hand rule.

F=qvB =1.6x107" { E} 2.5
m

-19 6
=4X1019\/2><2><1.6x10 x10° o oy

1.66x107%
F—q@xB);if V| B then F=0

This is according to the cross product F =(q(vx B) otherwise
can be evaluated by the left-hand rule of Fleming.

2mK @ _ K (q_pfx&

= _p
Ke o my

2
am
- Ki:[q_PJ X0 1 = K, =1MeV .

1 7 B
I’OC—I'.e—l——Z H = Xr=2r
L B B,

2
Time period of proton T, = ?5 =5usec

T 4m
By using T =27T—m = —a:&xq—p :_pxq_p
gB Tp m, 4, m, qu

= T,=2T,=10u sec.

qB  1.6x107"° x2x3.4x10’

F=ma=qgvB— a=
7 m 1.67x10 7

= 6.5 X 10:m/sec
_2im _ 2ar_ 2x3.14x0.45

T2 _ —7:1.08x10’7 sec
gB v 2.6x10

20.

2L

22.

23.

24.

25.

26.

27.

28.

29.

30.

3.

32.

(b)

(d)

@

()

(d)

(d)
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F=qvB and K=1m? = F=qB 2
2 m

2x5x10%x1.6x107%°
1.7x107%

=1.6%x107" ><1.5\/
=7.344x10"% N
Magnetic force acts on a moving charge.

r=m—\B/:rocv, =TI, =2 =2x2=4cm
q

2
_ 2mK K q
gB m
2 2
K (% Xﬂ:[lj 2.2
Ky dg m, 1 1 1

= K, =2x50 =100 keV..

Maximum force will act on proton so it will move on a circular
path. Force on electron will be zero because it is moving
parallel to the field.

Fleming's left hand rule is used to the determine the direction
of force.
Lorentz force is given by

_ —

F=F, +F, =qE+q(xB)=q[E +({xB)]

F_qvxB
F=qvBsinéd
=1.6x107° x2x107 x1.5 sin 30°
=1.6x107° x2x107 ><1.5><% =2.4x10712N
F=qvBsingd = B=——
gvsing
Brin =£ (when 6= 90)
qv
F 10710

min = =102 Tesl in 2 -direction.

Qv 10 2 x10°

Kinetic energy in magnetic field remains constant and it is

K=qV = Ko (V= constant)
LKy Ky tK, =0, 00910, =1:1:2

When charged particle enters perpendicularly in a magnetic
field, it moves on a circular path with a constant speed. Hence

it's kinetic energy also remains constant.

VJ2mK . Jm
r= ie. roc —
qB q

Here kinetic energy K'and B are same.

r m q r /m
4'__e: i x_pji: —& ( qe :qp)
rP mp qe rp mP




w
. |Eﬂ
\
g]
~

35.

36.

37.

38.

39.

40.

41.

42.
43.

(b)

(d)

@
(d)

1224 Magnetic Effect of Current

Since m < m, therefore r < r

mv sing

Path of the proton will be a helix of radius r = B
q

(where 0 = Angle between Band \7) Y T P
1.67x1077 x2x10° xsin30° v
1.6x107" x0.104 60°

=0.1m

27m  27x1.67x1077
qB  1.6x107*°x0.104

Time period T =

=27x107 sec

mv? mv _ y2m,E

T=qu . For proton Rp :q_B_ B

J2myE

and for deutron Ry =

gB
_ Re_ ﬂ:ﬁde:ﬁRp
Rp Imp

In this case | F,| =| F,| and both forces are opposite to each

other.

2 .
We know that time period T = _72;] ie. T ocm
q

(Since g and B are same)
*.* Mass of proton > Mass of electron

.. Time period of proton > Time period of electron

According to Fleming’s right hand rule.

'

myv e
f[=—= — =
eB m rB

Using eE=evB = E=VB = 5x10°% x0.02 =10°Vm™

F=evB=1.6x10""° x4x10%x2x107t =1.28x107®N

2 mv

=eWB=>r=—
eB

Also

9x107! x4 x10°

-4
= 5 —=1.1x10"m
1.6x107° x2x10

Force acts perpendicular to the velocity in a magnetic field, so

speed of electron will remain same.
By Fleming left hand rule.

Direction of motion of proton is same as that of direction of

magnetic field.

27m
Time period is given by T = ——
gqB
=F 14 1 qB
requency V =— =——
aneney T 2mm

_v2mK 1 [2mV

45. (b)r
(b) ) B\ g
1 [2x9x107%'x12000
=— 15 =0.367 m = 36.7 cm
10 1.6x10
% © ,;/MDMJE:L/&XQ_Y
BY g q r \a. m
Ro_[m 2 my R
R, \m, 1 "m, 2R}
47. () F=q( xB)=10"1(108]x0.51)

48. (b)

49. (c)

50. (d)

5. (b)

52. (c)

53. (b)

=5x107*(jxi) =5x107* N(=k)
It is easy to understand the given problem, along with the
following figure. ),T i} i} i}

d = radius of path

N

X \X X
mv \
= — \

gB x ! x
,'.
:
a

X /7 )G. X

-~ ' X

X > 0 region

— d—
Lorentz force F = q(v>< B) or |F| =qvB sing

Fwill be maximum. when @ = 90°

The component of velocity perpendicular to H will make the
motion circular while that parallel to / will make it move along
a straight line. The two together will make the motion helical.

mv? mv 2mK
or F=—=
qB qB

We have qQVB =

For same kinetic energy K, we have I oc /M

Hence path of proton will have larger r and is therefore less

curved.

When particle enters at angle other than 0° or 90° or 180°,
path followed is helix.

To move the electron in xy plane, force on it must be acting in

the y~direction initially. The direction of Fis known, and the
direction of v is known, hence by applying Fleming's left hand

rule, the direction of magnetic field is also determined.

A moving charge gains energy in electric field only because in

magnetic field energy remains constant.

Given that Kp =Ky =K, = K (say)

We know that m = m, m =2mand M, =4m and g-egq
=eand (, =2¢€



56.

57.

58.

59.

60.

61

62.

63.

64.

65.

66.

67.

68.

69.

70.

7.

2(2m K
Furtherl’z—me >0 = 2mK s Iy = ( m) =\/El’p
gB eB eB
and I =M=rp. Hence ra:rp<rd

“ (2)B

(d) Since force is perpendicular to direction of motion. energy and
magnitude of momentum remains constant.

d T=ZoTav

(b) F =qvB also Kinetic energy K = %mvz =V=, 2—K

m
* F=gq fﬁB
m

16 x1019\/2x 200x10° x 1.6 x 10729

x5

1.67x107%

-1.6x10°N

(d) The deflection produced by the electric field may be nullified
by that produced by magnetic field.

@ Fy=a( xB)
When the angle between \7 and B is180, F = 0

(¢) r=mv/gB
Since both have same momentum, therefore the circular path
of both will have the same radius.

(c) When particle enters perpendicularly in a magnetic field, it
moves along a circular path with constant speed.

(b) For motion of a charged particle in a magnetic field, we have r
=mv/gBie I ocV

(@) The charged particle moving in a magnetic field does not gain
direction of its velocity changes
continuously. Hence momentum changes.

(@ F=qvBsind=qvBsin0=0

energy. However, the

pomv_ 107
gB 10% x107*

(b) a):z—ﬂ-:ﬁz @ ocV° ‘.'Tzzﬂ
T m gB

=1m (- q/m =10 C /kg)

(a) r:“zn;K:roc\/E :Ri: %:RZ:R\/E
2
(b,d)r:mzi
gB gB

(b) F=qvBsind=1.6x10""x25x2.5x10" sin30°

F=1.6x10"""x6.25x107 x% =5x10"2N

1 gBr;
©  Koa Emv2 and I il m°
~ ok 1 [(9Br 2 _9’B%g
H ) m 2m

72.

73.
74.

75-

76.
77.
78.

79.

80.

81.

82.
83.

84.

85.

86.

87.

88.

89.

90.

oL

92,

93.

OGS
L =z
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F = qvB sin@; Independent of mass

By Fleming left hand rule.
F=0gBv=1x0.5x10=5N
r:%:%:%x%:%%x%:%
r, =4r

Magnetic force on charge will be zero.

Apply Fleming's left hand rule.

T 2m _ 2x3.14x9x107

= 5 — =35 %1077 sec
gB  1.6x107 x1x10

F= q(\7 x E) =0 asV and B are parallel.

Here magnetic force is zero, but the velocity increases due to

electric force.

mv
r=——=romv (gand Bare constant)

qB

Wy > = MV > Mg

r= % = pxg (* rand Bare constant)
q

Po % _ % _1
Po G, (295) 2

Particle will move with uniform velocity when it's acceleration

is zero.
Fn
\4

ie.| F,|=mg =mg =qvB

-3 '
—pg=m9 _ 0.6><j0 x10 =207 ’
gv 25x107° x1.2x10 mg
mv r, m, 04, 4 1 2
r=— =—X—=—X—=—
g8 r, my, q, 1 2 1

When field is parallel to the direction of motion of charge,
magnetic force on it is zero.

Since F and V are perpendicular to each other work done by

force is zero. Hence K.E. is constant.

Charged particles deflects in magnetic field.

qB q

V=——=DV X
27m m

[—j is minimum so Vit is minimum.
m )+

2mK:rm\/H et Mg
qB q Mo m

o o+

Q.+
><O

Uy
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95.

96.

97.
98.

99.

100.

101

102.

103.

104.

105.

106.

(b)

()

(d)
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= % x% = % Then will deflect equally.
J2mE  V2x9x10°% x7.2x10°18
r= _
qB 1.6x107%° x9x107°
=0.25 m=25cm
v=§=£=4m/sec

Because magnetic force on charge will be zero.

W =F.dcos90° =0

Since particle is moving undeflected.

4
So qE:qu:B:E/V:%:mSWb/mZ

mv
r=—=-=1
B 1,

MYy Gy _1x2 2 _4

myv, ¢, 1x3 1 3

F=—e(xB)= F=—e[vixBj]=evB[K]

ie. Force on electron is acting towards negative z-axis. Hence

particle will move on a circle in xz-plane.

Y
T XZ-plane

Particles entering perpendicularly, hence they will describe
circular path. Since their masses are different so they will
describe path of different radii.

7
r:m: ?jlo — =2.35¢cm
gB 1.7x10"x1.5x10
Cyclotron frequency V = ﬂ
27zm
1x1.6x107"

v= o =2.79x10"H,
2x3.14x9.1x10"

=27.9%x10°HZ = 28 GHZ

By Fleming's left hand rule.

V2mK q2

= qocvmK = K oc ——
gB m

2 2
2
3&: q_a Xﬂ:&: i X&:l
K ap m 8 dp 4m

p a p
=K, =8¢V
mv Vv

—Bz—:roc
® (G
m

) _ 1
By using I = —(q /m)

107.

108.

109.

1o.

m.
n2.
n3.

n4.

n5.

1é.

nz.

n8.

—
o
Nl

(c)

SRy =R,

By using Fleming's left hand rule.

Along the axis of coil. V and B are parallel, so F=0
F, =qvBsingd,if v=0=F, =0

_2am . 2x3.14x9.1x10°%

T = 19 =5
gB  1.6x10 x3.534x10

=1x10"®sec =1 sec.

Magnetic field produced by wire at the location of charge is

perpendicular to the paper inwards. Hence by applying

Fleming's left hand rule, force is directed along OY.

From Fleming’s left hand rule the force on electron is towards

the east means it is deflected towards east.

Electric current corresponds to the revolution of electron is
ev

2ar

Magnetic field due to circular current at the centre

2ri
gt 7l _Ho &V r:"—yo & e /1.
dr v 47 2 47 B B
When electron moves in both electric and magnetic field then

gE=qvB.
E 1500

V=—="""=3750 m/s =3.75x10°m/s.
B 040
For no deflection in mutually perpendicular electric and
5
magnetic field v = E = % =1.6x108m/s.
B 2x10

If electric field is removed then due to only magnetic field

path described by
f_mv _9.1x10" x1.6x10°
0B 1.6x107 x2x107°

radius of the electron

=0.45m

mv
f=— = oV
gB

Force and Torque on Current Carrying Conductor

3.

(b) Two wires, if carries current in opposite direction, they repel

(c)

each other.
< B c
So F> F i ==
= o = (R~ F) < T
towards the wire. -
A D

fe— 1 —>|

I Lp) 1

(b) M= NiA:ZOx%@xlO’Z)ZS =0.3A-m?



21.

22.

(b)

Net force on a current carrying closed loop is always zero, if it

is placed in an uniform magnetic field.

2i,i i2
Force per unit length :/U_oﬂ:/l_ol_
r 2z b

Foto Zhb g g g0, 2X10X2 5 _gy0oN
4r a (L0x107%)

For charge particles, if they are moving freely in space,
electrostatic force is dominant over magnetic force between
them. Hence due to electric force they repel each other.

As shown in the following figure straight wire is placed parallel

to the magnetic field produced by circular current. Hence force
on wire F=0

-

N
B
D
—— -

Two straight conductors carry current in same direction, then
attractive force acts between them.

F_ Mo 2%y 107" x2x5x5
Adr a 0.1

=5%x10°N/m

Foto 2l g3y
47 a
When current in both the wires is doubled, then

F'=ﬂ2(2|1><2|2):4><1073N
4z a

The magnetic moment of current carrying loop

M =niA=ni(r?)

Hence the work done in rotating it through 180°

W = MB(L—cos6) = 2MB = 2(nizr?)B
=2x(50x2x3.14x16x10#)x0.1=0.1J

F = Bilsing

=500x107* x3x(40x10*2)x% =3x107%N

M =izar?
Because 7 = NiABcos &

_ NiAB

1% T =60 <N (Number of turns)

Magnet provides damping.

. Co .
i=—— = i@
NAB
Force per unit length on two parallel current carrying
F i
conductor is given by — = 107 x212
F 1x1
= =107 x2x = =2x107 N/m

r=MBsing = 7, = NiAB,
W = MB(cos 6, —cos 6,)

(6=90°)

23.

24.

25.

26.

27.

28.
29.

30.

3L

32.

33.

34.
35.
36.

ORG
ORGs
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=(NiA) B(cos0° —c0s180°) = 2NAIB
Magnetic dipole moment of coil = M/A

F:Bilsin&:sin&:i:Lzl: 6 =30°
Bil 2x10x15 2

M =i(mr?) = = xar? = M e
2 2

Couple of force on loop S will be maximum because for same

perimeter the area of loop will be maximum and magnetic
moment of loop =ix A. So, it will also be maximum for loop
S.

According to the definition.

Current carrying loop, behaves as a bar magnet. A freely

suspended bar magnet stays in the N —S direction.

L
7

W7LI: s,

In equilibrium angle between™=# and B is zero. It is

happened, when plane of the coil is perpendicular to B
-

B
v
e
N
M
7
Sensitivity S 6 nBA
ensitivi =—=—
YPT T
By Fleming left hand rule.

Force on wire @ due to wire Pis

F = 1077 X%X 0.1 =6x10°N (Towards left)
Force on wire Q due to wire Ris
F, =107 x % x0.1=20x10°N  (Towards right)

Hence F, = Fy —F> =14x10°N =1.4x10*N
(Towards right)

7=NBiA=100x0.2x2x(0.08x0.1)=0.32N xm

Direction can be found by Fleming's left hand rule.

F =Bilsind =7.5=2x5x1.5sin@ = 6 =30°

According to the question figure can be drawn as shown below.

A A

[~ -
10A
10A

i
i \ -
i
3 cm \‘::\ = -
I F /
;
|

B 4 cm C B C

® B
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40.

42,
43.

45.

46.

47.
48.
49.
50.

51.

52.

53.

54.

55.

Force on the conductor ABC= Force on the conductor AC

=5X10 X (5 x10) =25 N

(d) Current sensitivity — = &
i Cc
4
35: 100x5x10 —5rad/ u Amp

i 1078
(¢) 7=NBiA=100x0.5x1x400x10™* =2 N—-m

(@) When current is passed through a spring, it gets compressed.

@ M=iA=i=M/A
() 1=6.6x10"x1.6x107%° =10.5x10*amp

A =7R? =3.142x(0.528) x10®m?

=M =iA=10.5x10"* x3.142x(0.528) x10™

=10x10"?units=1x10"Z2units

(d) Since €=90°

J3

Hence 7 = NlAB:lxlx[T

V3

=212B

4 ——

(@) For no force on wire G force on wire C due to wire D= force
on wire Cdue to wire B
2x5x10

) x| = x =9cm.

&><2><15><5><I Ho (15
-X

= =
Az X 4

d) By Fleming’s left hand rule.

—~ o~ o~ =
L L
— =

c) Force on the wire = Bi/
Force per unit length = Bi = 10 x10=10°N
(b) F=Bil=2x1.2x0.5=1.2N

@) F_to 2ii, :10,7X2><10><10
47 a 0.1

=2x107*N

Direction of current is same, so force is attractive.

NAB

0
a,b,c) Sensitivity — =
(abe) Y i C

(@) M =NiA=24x0.75x3.14x(3.5x1072)

=6.9x1072A-m?
Foouy 2ii, g 2i2 L
— =0 12 0" (=, =i
© | 4r a 47 a (b =i =1
2i?

= 2x107 :10*7XT:>i:1A

56.
57.

58.
59.
60.

61

62.

63.

64.

65.

66.

67.

68.

69.

70.

(b)

(b)

(d)

(b)

()

(b)

r=NiABsind=0 (-6=0°

M = NiA

Force on side BC and AD are equal but opposite so their net

will be zero.

10 cm

B C
2 AN A v 15 cm
<« i
Fis Feo
A D
2cm
But Fpg =107 x szxj x15x1072 =3x10°°N
2x10
and Fep =107 x 2X2X12 x15x1072 =0.5x10 °N
12x10~

= Fpo=Fag—Fep =25x10°N

=25%107'N , towards the wire.

2x5x5
0.5

=10"" x =107°N (repulsive)

F =107 2tk
a

. NAB
Sensitivity = ——

C
M =iA=0.1x7zx(0.05)
=(0.1)x3.14x25x10™* =7.85x10*amp —m?

B:ﬂ—olji: Bx 2R
2R Ho
3
BXZRXﬂRZ _ 27BR
Ho Ho

Now, M=ixA=im? =

M=NIASMxA=>Mor?  (Asl=2m=lcr)

= Moxl?

ot 2iji, :10,7X2><10><5

yy— 01 =10"*N (Repulsive)

According to Fleming’s left hand rule, magnetic force on

electrons will be downward.

7=2-2 60629
i iG v G

F =Bilsin30° =1.5 ><10><1><%z7,5N



7.

72.

73.

74.

75.

76.

77.

78.

79.
80.

8.

82.

@)
(d)

()

As shown in the following figure, the given situation is similar
to a bar magnet placed in a uniform magnetic field

perpendicularly. Hence torque on it

7=MBsin90° = (izr*)B

As shown in figure, since L =0

-

X X X B X
Cd

X X X X

X X ~ X X

X X X X

Hence according to F= I(I: X é) = F=0

Because 7, =BINA = 7 N.

_ Mo 2hiy
4r a
2
F = Ho _ 27 (Attraction)
4r X
. . .2
F, = to J2X21_ f 20 o ision)
4 2% A X
Thus F, =-F,

Magnetic field produced by wire is perpendicular to the motion

of electron and it is given by

:&.ﬂzlo”xﬁzlo’f’wwmz
4r a 0.1

Hence force on electron
F=qvB =(1.6x10"°)x5x10°x10° =8x10%¥ N

Sensitivity (S):2 = S—A=|£=§:>SA >Sg
|

Fo107 24 107 =1.6x10"° (Attractive)
a

In moving coil galvanometer i o 6.

F o iji, , so force on B due to C will be greater than that due

A. Hence net force on B acts towards C.

i
F oc 12 . Since one of the current increase two times and

. ) . 2 .
distance increases three times, so force become — times. Also

83.
84.
85.

86.

87.

88.

89.

90.

9l.

—
(ol
=

()

()

(d)

(b)

Magnetic Effect of Current 1229

due to the reversal of direction of current force becomes
negative.

Neon molecule is diatomic, so it's net magnetic moment is zero.

F=Bil=1x9.8 =0.98xix1 =i=10A

2 -2
Fo107 x 2 01 = 30x107 =107 x -2
a 0.15

x9
=i=05A

Tmax = NIAB = 1xix(ar?)x B (2721’=L, zrzi]

27
2 2.
Tmax:ﬂ{ Lj g LiB

E A

i 02 i2
E = &ZI;IZ = E = ﬂ_o . i = Hol (Attractive)
| dr a | 4z d 27d

Force on wire Cdue to wire D

Ry =107 x 239410 o5 102 =5x10 N
2x10"
D c G (towards right)
30 A 10 A 20 A
T ‘l‘—) ) T
Fo<—

«— 3 M — «—2 cm—>

Force on wire Cdue to wire G

7 2x20x10
N Slbihiiihtt

5107 x25x10% =5x10"*N
X

Fs =10

(towards left)

= Net force on wire Cis K =Fy—F; =0

Since § =0° so 7=0 (. 7= NiABsing)

Critical Thinking Questions

B 2 3/2 1
X
i) g
3/2 1/2
8 x* X’
= — = 1+_ :>2: 1+_
1 R? R

:>4=1+X—2:3=X—2:x2=3R2 = x =+/3R
R R

Ho 27N o NI
4z r 2°r
Field at a distance A from the centre

Field at the centre B, =

Hy 2mirt g nir?

_E.(r2+h2)3/2 T o h2 3/2
r3(1+j

2

rZ
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1230 Magnetic Effect of Current

2 3/2 3 h2
= Bl[l + —Zj =B, [l - E—zj (By binomial theorem)
r r

: - _3h?
Hence B is less than B by a fraction = ——-
g 2 rz
Mo ] ®
Case1: By, =—.—®
A ar'r T) '
i
Bg _t Tl ®) ¢ 0
4z 1 ;
Mo i :
B =—.—
CTaz'r

So net magnetic field at the centre of case 1

Mo 7
BlzBB_BC_BA:BIZﬁ'? .....

Case 2 : As we discussed before magnetic field at the centre O

in this case (®)
: =N
B, —&.ﬂ® ..... (i)
Az r ) .
1
=
Case 3: B, =0 *) ©
27—l 2) B
ST o
A r
Mo i ’ T
B. =2 .—-0® = ____ ., 0
€T 4n'r [ Z
® 90°
_to 87 g Z,
A 2r ©
So net magnetic field at the centre of case 3
My (37
= - —-1|® ..
T 4x r( 2 ] (i)

From equation (i), (i) and (iii)

B,:B,:B;=7®:7®

At P: B, =4B2+B2

. 2 . 2 a
_ [&ﬂj +(ﬂﬂj
A7 a Ar a @ /

_Ho (ilz_”g)uz
27ma

i . i | [2)
B= g pi pur-2_-%
4 r i, I, 6
_B_6 7 \
B, 6, i, 0(.)300
So, izgl ><9_2 - 60° .

B, g 0, :'72

6. (c)

=B, =8B,

Magnetic field at any point lying on the current carrying
straight conductor is zero.

Here H = Magnetic field at M due to current in PQ.
H= Magnetic field at M due to QR
+ magnetic field at M due to QS
+ magnetic field at M due to PQ
H, 3 Hy

=0+—+H;,=—H, = =—
2 2 H,

7. (¢ d) By =B, -B,=B,-B,=0=B, =B,

8. (c)
9 (d)
10 (a)

= B ocni. So nyiy =nyiyor Ny =ny,and iy =i,

N
Number of turns per unit width = ——

Consider an elemental ring of radius x and with thickness dx
Ndx
b-a

Magnetic field at the centre due to the ring element

Number of turns in the ring = dN =

ip_ M@ _ i Ndx 1
2x 2 '(b-a)x

.". Field at the centre

i b
=I dp = LN dx

- 2(b-a)da x
:'uO—Ni|nE.
2b-a) a

The magnetic field at P(a,0,a) due to the loop is equal to
the vector sum of the magnetic fields produced by loops
ABCDA and AFEBA as shown in the figure.

Magnetic field due to loop ABCDA will be along i and due to

loop AFEBA, along k. Magnitude of magnetic field due to both
the loops will be equal.

Therefore, direction of resultant magnetic field at P will be

1

ﬁ(nﬁ). c P

i

F
Magnetic field at Pis B, perpendicular to OP in the direction

shown in figure.

So, B = Bsindi —Bcosd

Here B:&l
2z r

sin@:x and cosezi
r r



n.

12,

1
(a, b, d) Kinetic energy of the particle at point P = 7 mv

(@ ¢ rocT:rH:rHe ==

(b)

4o 1(yi — X])

220 1 y) (@s r? =x*+y?)

S (yi — Xj) =

2

vt BN

K.E. of the particle at point Q = %I’H(ZV)2

Increase in KE. = E mv?

It comes from the work done by the electric force gE on the

particle as it covers a distance 2a along the x-axis. Thus

2 w2
2

2
=qE><2a:>E=§mv
4 ga

. The rate of work done by

mv?
the electric field at 7 = Fxv =0Exv = 34—
a

At Q, F, =qE is along x-axis while velocity is along negative

y-axis. Hence rate of work done by electric field

—_—

=FR.v =0 (~0=90° Similarly, according to equation
F, =q(v xB)

Force F, is also perpendicular to velocity vector V.

Hence the rate of work done by the magnetic field = 0

‘/H ‘/I:\/Z:ﬁzl:Z:Z
1 1 2

Radius is smallest for H", so it is deflected most.

As the electric field is switched on, positive ion will start to
move along positive x-direction and negative ion along negative
x-direction. Current associated with motion of both types of
ions is along positive x-direction. According to Fleming's left
hand rule force on both types of ions will be along negative y-

direction.

V =2x10% and B =(i +4]—3k)

F=q xB)=-1.6 x10"°[2x10%] x(i+4] — 3k)]
=-1.6x107° x2x10°[i i +4( x j)— 3G xK)]
=-3.2x10"[0 + 4k + 3]] = 3.2x 107" (-4k — 3k)

= | F|=32x10% x5=1.6x10"2N.

In the figure, the z-axis points out of the paper, and the
magnetic field is directed into the paper, existing in the region
between PQ and RS. The particle moves in a circular path of

19.

(b) f the radius of circle is 1, then 221 =L =r= ZL

[ ]
Magnetic Effect of Current 1231
[——

radius rin the magnetic field. 1t can just enter the region x > b

for r>(b—a)

1 Q s
x>b
0 SR et
P R X
Now, r = ¥ > (b —a)
gB
orv>30-38 _ Vinin _4b-a8
m m

Electric field can deviate the path of the particle in the shown
direction only when it is along negative jy-direction. In the given

options E is either zero or along x-direction. Hence it is the
magnetic field which is really responsible for its curved path.
Options (a) and (c) can’t be accepted as the path will be helix
in that case (when the velocity vector makes an angle other
than 0°, 180° or 90° with the magnetic field, path is a helix)
option (d) is wrong because in that case component of net
force on the particle also comes in & direction which is not
acceptable as the particle is moving in x-y plane. Only in option
(b) the particle can move in x-y plane.

In option (d) : Fret =QE +q(xB)
Initial velocity is along x-direction. So let V = Vi
. Fret =qai +q[(vi)x (ck +bj] = gai — qvcj + qvbk
In option (b) Fret = q(ai)+q[(vi)x (ck + ai) = gai — qvcj

The given situation can be drawn as follows

Fm cos 60°

mg cos 60° 0° 4
mg cos 60°

mg

F=ilB = mgsin60° =ilBcos60°

0.01x10x+y3
0.1x1.73

When connected in parallel the current will be in the same

=B =1T

direction and when connected in series the current will be in

the opposite direction.

> ( <

> >—‘ >
|1 Series
I r

Parallel

L
T

T



20. (d)
21 (c)
22. (b)
23. (b)
24. (¢
25. (b)
26. (c)
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w
Y4

Magnetic moment = |A =

Initially for circular coil L =2arand M =ixzr?

2 2
:i><7zL e 0)
2r 4
2 .2
. (L il
Finally fe il M'=ix|—| =— .. ii
inally for square coi x[4] 6 (i)
— >
7 *
\
é
E—

«— LA ——>

Solving equation (i) and (ii) M’ = %

. [0
The effective current | = g— and A=7r?.
V1

. 1
Magnetic moment M =1A= E(]]oz)l’2

M
Angular moment L = lo = mriop= T .

On applying Fleming’s left hand rule.

Current carrying conductors will attract each other, while
electron beams will repel each other.

Length of the component d/ which is parallel to wire (1) is
dlcos@, so force on it.

2iyi iji,dl cos &
F =40 212 (dlcosg) = L2227
T T 2ar
Net force on a current carrying loop in uniform magnetic field

is zero. Hence the loop can’t translate. So, options (c) and (d)

arewrong.
Ay -
| £ ®
1
----- E I DS ¢

=N
From Fleming's left hancl rule we can see that if magnetic field
is perpendicular to paper inwards and current in the loop is
clockwise (as shown) the magnetic force F, on each element
of the loop is radially outwards, or the loops will have a

tendency to expand.

U =-MBcosé ; where € =Angle between normal to the

plane of the coil and direction of magnetic field.

27.

28.

29.

30.

3L

32.

33.

“«— u—>

As the block is of metal, the charge carriers are electrons, so

for current along positive x-axis, the electrons are moving along

g ~

negative x-axis, ie. V. =—Vi
and as the magnetic field is along the y-axis, ie. B= B]
so F = q(\_f X g) for this case yield E =(- E)[—Vi X B])]

ie, F=evBk [Asix]=K]

|
Al = 4
Bt e B )_
—— e leeeen = @5 L —— .

i \ F v F H oz

As force on electrons is towards the face ABCD, the electrons
will accumulate on it an hence it will acquire lower potential.

=292 _99. .\ _ia=92 1% ger?
27 T T

L =2Rmv = 2RmRw = 2mR%w® (".v = Rw)
M_a
L 2m

According to gives information following figure can be drawn,
which shows that direction of magnetic field is along the
direction of

motion of charge T l
so net force on it -

is zero.

T

Direction of magnetic field (B, B, B and B) at origin due to
wires 1, 2, 3 and 4 are shown in the following figure.

2i
B,=B,=B;=B, =+t 21 _B 5o et magnetic field at
4z X
origin O

Bret = \/(Bl + B3)2 +(Bz + B4)2 = \/(ZB)Z +(ZB)2 = 2\/58

l i
3
(b) Circular coil Square coil
i
U =
— s /,’
r ! T \;\ 7
45 e
..... % 0
45° 0" s,
- e y
7 <« 3/2 =>

d
VL = %= i x zRP2also iZ%DMZ%



35.

36.

(b)

Uty 27 py 4xl
Beier =y T T4 L .
Magnetic field at the centre of square coil )
B _ Mo BN2i_p 32V2i
Y ¥ Ar" L
Hence Bcircular — 7[2
square 8\/5
38.
Magnetic field at P due to wire 1, B; = ﬂ@
4z d
p(o,0,d 4 Y
SR
@
-==> X
8A O
39.
and due to wire 2, B, = o . &
4z d
16\’ 12)°
= By =BZ+BI = |20 2| 4| Ko 22
4z d 4z d
_Ho 2,054
47 d d
According to question resistance of wire ADC is twice that of
wire ABC. Hence current flows through ADC is half that of
ABC je. I_l=l.A|so L+i,=1 =1 =2— and i, =—
B2 3 3
Magnetic field at centre O due to wire ABand BC (part 1 and
- o
0.
2) B, = B, _ Mo 2i; sin45 _ My 2\/EI1 ® 4
A al2 47 a
and magnetic field at centre O due to wires AD and DC (i.e.
part3and 4) B; =B, = to 2\/EI2
47 a
Also 7 =2/. So (B=B)>(B=B)
Hence net magnetic field at centre O
Bret =(B, +B;)—(B; +B,)
2 . 41.
Zﬁx(— ij 2ﬁ(ljx2
—oxtho 3) K 3
4 a 4 a
_Ho 4\/EI(2 )@= \/E,uol®
C4rn 3ra
(d) Byusing B= zzr(ﬁ] here r :37R a=R, b=2R 42.

Length L=27r Length L = 4a

Magnetic field at the centre of circular coil

@)

()

()

@

(d)

@
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2
(EJ _R? )
Hol 2 _ S.u

2 2 - .
27{3;] (2R*)-R 367 R

1)
|

= B=

Suppose in equilibrium wire PQ lies at a distance r above the
wire AB

Hence in equilibrium mg = Bil = mg = &[ajx il
Az r

= 10°%%x10=10"x x0.5 = r=25mm

2x(50)2

r
Since the force on the rod CD is non-uniform it will experience
force and torque. From the left hand side it can be seen that
the force will be upward and torque is clockwise.

— L —

o = i’
After folding the loop, M = magnetic moment due to each part

(L L L_n_z_ﬂ
2 )

= ﬂz:M\/E=%X\/_=%

By using B =&.l(sin¢1 +5sing,)
4z a
i T . 45 L
”—0 —L_(@2sing) 73 BN S
7 (L/4)
e
. L/2 2 Xy lT ((:, P
Also Sing = = 5
VsLi4 5 g k—L/“J—"/,f
4yl
=B= _H0T l /’,
V5L LA
In P and R loops, currents are divided in same proportion

because the branches have equal resistance. Hence magnetic
field produced at centre due to each segment is of equal
magnitude but of opposite direction, so net field is zero.

N
= . = . 0
B0 B#0 = B-0
i

From figure it is clear that

sing = 9 also I = P
r gB

" sin@ :B_qd
p
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IEW

43. (a) Fcap =Fcp =Fcep 47.  (b) According to following figure Sing = d
— r
.. Net force on frame =3Fcp =(3)(2)(Q)(4) (F=ilB)
v2mk 1 [2mV
=24 N also 1 = == [——
44. (b) The given curved wire can be treated as a straight wire as qB B q
shown
x x x x - sing = Bd,|——
D 2mv
x Sos Semx 19
aem ? e :0,51xo,1\/ 1'6X2170 -
¥ x x T 2x1.67x107" x500x10
Al =
o am = % =0 =30°
Force acting on the wire AC, F = Bil=2x2x3x107 )
- 12x1072N along y-axis. 48.  (b) The field at the midpoint of BC due to ABis (— Zl—oﬁﬁJ
T
-2
So acceleration of wire = E = & =12m/s? and the same is due to CD. Therefore the total field is
m  10x107° soi )2
. b —| £00 K
45. (b { [ - ) }

49. (a) The electron reverses it’s direction. It can be done by covering
semi-circular path in x-z or x-y plane.

i N
'u—o.—k and that due to DEis

50. d) The field at 0 due to ABis
WB X @ ‘ 4z a
z = o X0 i
2 also —.—K.
Magnetic field at 0 due to 4z a
Part 1): B; =0 i N
! However the field due to BCDis “2. —[zj k.
Y7 i dr a\2
Part (2): B, =22, ——® (along —Z-axis)
4z (al2) i 2\~
P i Thus the total field at Ois f—o — (2 +EJ k
Part (3): By =22 ——({ long — Y-axi T a
art (3): By yy (a/2)( ) (along — Y-axis)
] A
. -
Part (4): B, = 4z (3al2) (along +Z-axis) ; \L
i a0
Part (5): By = Zl—f[ 3al2) (wL) (along — Y-axis) B -")—"’:
\ 4
i, 2) wi R
BZ—B4=ﬂ.ﬂ(2——j=ﬂ—o® (along — Z-axis) D = £
4z a 3 3a 51, d) The ene of a charged particle moving in magnetic field
T8y ged p g g
1 2 i remains constant because the magnetic field does not do any
B; +Bs = f_:r . 5(2 +§] = % (‘L) (along — Y-axis) work. Therefore kinetic energy is constant i.e. U=V.

The force on electron will act along negative y-axis initially. The
electron will undergo circular motion in clockwise direction and

emerge out the field. So y < 0.

Hence net magnetic field

i
Buet = /(By —B,)? + (B + Bs)? :é‘_;a !

46. (b) Magnetic field at the centre due to one side Graphical Questions
2ising e i -
Blzﬂ—o.—where r=acosd 1 () | B|:'u—°.@:| B|oc1
LY Azr v r
B Ho 2ising  wyi tan o 2. (a) Every point on line AB will be equidistant from X and Y-axis.
So By = 47 acosd 2m an So magnetic field at every point on line AB due to wire 1 along
. X-axis is equal in magnitude but opposite in direction to the
Hence net magnetic field
magnetic field due to wire along VY-axis. Hence B, on
i
Bnetznx#—otanz. AB=0
2ma n

3. (b) If the current flows out of the paper, the magnetic field at
points to the right of the wire will be upwards and to the left



(b)

()

will be downward. Now magnetic field at G is zero. The field in

the region BX' will be upwards (+ve) because all points lying
in this region are to the right of both the wires. Similarly,
magnetic field in the region AX will be downwards (- ve). The
field in the region AC will be upwards (+ve) because points are
closer to A compared to B. Similarly magnetic field in region
BC will be downward (-ve). Graph (b) satisfies all these

conditions.

Magnetic field inside the conductor B;, oc I and magnetic field

1

outside the conductor B, oc =
r

(where ris the distance of observation point from axis)

The magnetic field at points to the right of the proton beam

acts perpendicular to the paper inwards (x). The magnetic field

at points to the left of the electron beam acts perpendicular to

the paper outwards (-).

Magnetic field at mid point M is zero.

P M e

- R _
P e
ro e
P e

D —
Magnetic field at the points closer to proton beam acts

perpendicular to the paper inwards (ie. (X)) and at the points
closer to electron beam it acts outwards ie (). In the given

options graph (c) satisfies all the conditions.

Magnetic field inside the hollow metallic cylinder B;, =0, and
magnetic field outside it B, oc =
r

Magnetic field in the middle of the solenoid’s is maximum,

magnetic field at the and B,y = % B.

The charge will not experience any force if | F,| =| K, | . This
condition is satisfied in option (4) only.

The given portion of the curved wire may be treated as a

straight wire of length 2L which experiences a magnetic force
F, = Bi(2L)
7=NBIiASIiNG so the graph between 7 and 6 is a

sinusoidal graph.

For undeviated motion | F,| =| F,|, which happened when

—

V,E and B are mutually perpendicular to each other.

(@)

UNIVERSAL
SELF SCORER
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If at a place, magnetic induction is B then energy density will

2

be equal to U = ——. It means, graph between U/ and B will
21

be a parabola passing through origin and symmetric about U/-

axis.

(b, ¢) Since length of the wire is equal to / therefore, 27RN =1 or

(b)

|
n=——.
27R
Magnetic induction at centre of a circular coil is given by
ot Zmi_wli g 1
47z R 47R R
It means, when R -0, B —>oand R >0, B -0,

Hence (b) is correct and (d) is wrong.

Substituting R = L in B= &m
2 4r R

B ocn?. It means graph between B and n will be a parabola
having increasing slope and passing through origin. Hence (c)
is correct and (a) is wrong.

When a current flows through cylindrical shell, then according
to Ampere circuital law, magnetic induction inside it will be

equal to zero. Hence energy density at I <R is equal to zero.

Therefore, (a), (c) and (d) are wrong.

When r> R, B:'u—ol.

2ar
2 U iZ
Since U = , therefore, outside the shell, U = 02 - It
Ho 8rx°r
Hoi”
means, just outside the shell, U = % and when
87°R

r—>o,U—0.
Hence (b) is correct.

Energy density in previous objective, at ' =2R, will be equal
:2
Hol
327%R?

7 will be a parabola, passing through origin, symmetric about

to U= or U oci?. It means, graph-between U/ and

U-axis and having increasing slope. Hence (b) is correct.

Direction of magnetic field at every point on axis of a current
carrying coil remains same though magnitude varies. Hence

magnetic induction for whole the x-axis will remain positive.
Therefore, (c) and (d) are wrong.

Magnitude of magnetic field will very with x according to law,

_ uNIR?
2(R2 +X2)3/2 :
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Hence, at X =0, B = /JON

and when X >0, B — 0.

345 NIR? X
Slope of the graph will be d—B =2t

dx 2(R2+X2)5/2 :

It means, at x = 0, slope is equal to zero or tangent to the
graph at x = 0, must be parallel to x-axis.

Hence (b) is correct and (a) is wrong.

Assertion and Reason

Cyclotron is suitable for accelerating heavy particles like
protons, o-particles etc, and not for electrons because of low
mass. Because electrons acquire very high velocities very near
to velocity of light and appreciable variation in their mass,
occurs.

Cyclotron is utilised to accelerate the positive ion. And
L Be

cyclotron frequency is given by v = py— It means cyclotron
zm

frequency doesn't depends upon velocity. Therefore, assertion is
true and reason false.

A moving charge experiences a force in magnetic field. It is
because of interaction of two magnetic fields, one which is
produced due to the motion of charge and other in which
charge is moving.

In this case we can not be sure about the absence of the
magnetic field because if the electron moving parallel to the
direction of magnetic field, the angle between velocity and
applied magnetic field is zero (F = 0). Then also electron passes

without deflection. Also F=evB sind = Foc B.

In the absence of the electric current, the free electrons in a
conductor are in a state of random motion, like molecules in a
gas. Their average velocity is zero. ie. they do not have any net
velocity in a direction. As a result, there is no net magnetic
force on the free electrons in the magnetic field. On passing
the current, the free electrons acquire drift velocity in a definite
direction, hence magnetic force acts on them, unless the field
has no perpendicular component.

Time taken is independent of velocity and radius of path.
gBR

However, maximum velocity will be given by V., =——
m

where R is radius of Dee’s.

Due to metallic frame the deflection is only due to current in a
coil and magnetic field, not due to vibration in the strings. If
string start oscillating, presence of metallic frame in the field
make these oscillations damped.

The direction of magnetic field due to current carrying
conductor can be found by applying right hand thumb rule or
right hand palm rule. When electric current is passed through
a circular conductor, the magnetic field lines near the center of
the conductor are almost straight lines. Magnetic flux direction

is determined only by the direction of current.

The force on a charged particle moving in a uniform magnetic
field always acts in direction perpendicular to the direction of

motion of the charge. As work done by magnetic field on the

charge is zero, [W = FS cosl)], so the energy of the charged

particle does not change.

We know that the direction of the earth’s magnetic field is
toward north and the velocity of electron is vertically
downward. Applying Fleming’s left hand rule, the direction of
force is towards west. Therefore, an electron coming from
outer space will be deflected toward west.

In the case of metallic rod, the charge carriers flow through
whole of the cross section. Therefore, the magnetic field exists
both inside as well as outside. However magnetic field inside

the rod will go on decreasing as we go towards the axis.

The force experienced by a charge particle in a magnetic field
is given by, F =q(vxB)

which is independent of mass. As g, v and B are same for both
the electron and proton, hence both will experience same force.

The torque on the coil in a magnetic field is given by 7 =

nlBA cos 0

For radial field, the coil is set with its plane parallel to the

direction of the magnetic field B then 0 = 0 and cos 0=1=
Torque = n/BA (1) = nIBA (maximum).

The winding of helix carry currents in the same direction
therefore they experience an attractive force pulling the lower
end out of mercury. As a result of this, the circuit breaks,
current becomes zero and hence the force of attraction
vanishes. Therefore helix comes back to its final position,
completing the circuit again. In this way, the process is

repeated and helix executes oscillatory motion.

For a solenoid By :%(Bin)- Also for a long solenoid,

magnetic field is uniform within it but this reason is not

explaining the assertion.

When a charged particle is moving on a circular path in a
magnetic field, the magnitude of velocity does not change but

direction of velocity is changing every moment. Hence velocity

is changing, so momentum (MV) is also changing.

Time period, T = 2zm as (mj = Z(EJ =T, = 2Tp
Bqg aJ, a/,

Also T ocm, but then T, = 4Tp which is not the case.

When two long parallel wires, are connected to a battery in
series. They carry currents in opposite directions, hence they

repel each other.

Here, both Assertion and Reason are correct and reason is the

correct explanation of assertion.
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In the hydrogen atom, the electron is making 6.6 x10* r.p.s. If

the radius of the orbit is 0.53 x1072% metre, then magnetic field
produced at the centre of the orbit is

(@) 140 Tesh (b) 12.5 Tesla

(c) 1.4 Tesh (d) 044 Tesla

A coil carrying a heavy current and having large number of turns
mounted in a N-S vertical plane and a current flows in clockwise
direction. A small magnetic needle at its cente will have its north
pole in

(b) West-north direction

(d) West-south direction

A charged particle is projected in a plane perpendicular to a uniform
magnetic field. The area bounded by the path described by the
particle is proportional to
(@) The velocity

(@) East-north direction
(c) East-south direction

(b) The momentum

(d) None of these

In figure shows three long straight wires 2 @ and R carrying
currents normal to the plane of the paper. All three currents have

the same magnitude. Which arrow best shows the direction of the
resultant force on the wire P

B / Q
@ A Qb)? B
() € ) D
A moving coil galvanometer has 48 turns and area of coil is
4x1072m?. If the magnetic field is 0.2 7, then to increase the

current sensitivity by 25% without changing area (A) and field (B)
the number of turns should become

(a) 24 (b) 36

() 60 d) 54

Figure shows a straight wire of length /current 7. The magnitude of
magnetic field produced by the current at point Pis

\/Eyoi

(¢) The kinetic energy

(a) A meeeee-- S * P
Kol i
(b) —
4
/
o Y2l
8
Mol

d
@ 2724

A winding wire which is used to frame a solenoid can bear a
maximum 10 A current. If length of solenoid is 80cm and it's cross
sectional radius is 3 cm then required length of winding wire is
(B=0.2T)

@ 1.2x10°m (b) 4.8x10°m

g7 Self Evaluation Test 21

(@) 2.4x10°m (d) 6x10°m

A current carrying wire LN is bent in the from shown below. If wire

carries a current of 10 A and it is placed in a magnetic field of 5 7' which
acts perpendicular to the paper outwards then it will experience a force

.

4 cm
10A
=
“«— 6 cm —>|
(@) Zero 4 1 (b) 5N
L
() 30N (d) 20N

A wire of length L is bent in the form of a circular coil and current 7
is passed through it. If this coil is placed in a magnetic field then the
torque acting on the coil will be maximum when the number of

turns is
(@) As large as possible
(€) 2 (d 1

A particle having a charge of 10.04C and mass 149 moves in a
circle of radius 10CM under the influence of a magnetic field of

(b) Any number

induction 0.1T . When the particle is at a point P, a uniform
electric field is switched on so that the particle starts moving along
the tangent with a uniform velocity. The electric field is

(@) 01 V/m

(b) 10 V/m x x  x
(c) 10.0 V/m X A
(d) 100 V/im ) -

‘ ] ‘ R.> ipe When
the currents are in the same direction, the magnetic field midway
between the wires is 10 17, When the direction of / is reversed, it
becomes 40 uT. the ratio i /i, is

(@ 3:4 (b) n:7

() 7:m (d 5:3

Two circular coils X and ¥, having equal number of turns, carry
equal currents in the same sense and subtend same solid angle at
point O. If the smaller coil, X is midway between O and Y, then if

we represent the magnetic induction due to bigger coil Yat Oas B
and that due to smaller coil Xat O as B, then

@ 2r-1
By y
: X
) =2 |
By 1 2r o
)
By 1 :
(c) a_z / €=--d2-=-=>
€-—=-=d m=m == >



N

A fixed horizontal wire carries a current of 200 A. Another wire

having a mass per unit length 1072 kg /m is placed below the

first wire at a distance of 2 crm and parallel to it. How much current
must be passed through the second wire if it floats in air without
any support? What should be the direction of current in it

(@) 25A (direction of current is same to first wire)

(b) 25A (direction of current is opposite to first wire)
() 49 A (direction of current is same to first wire)
(d) 49 A (direction of current is opposite to first wire)

Find magnetic field at O

@ 514416
24nr
ol

b i i

® 24nr

© 114160
24nr

(d) Zero

A square loop of side a hangs from an insulating hanger of spring
balance. The magnetic field of strength B occurs only at the lower
edge. 1t carries a current / Find the change in the reading of the
spring balance if the direction of current is reversed

Spring
balance

Insulating
hanger

:
:
L3

(@) /aB (by 2 /B

x X X

laB 3
(c) - (d) 5 laB

A charge of 2.0 4C moves with a speed of 3.0 x10%ms™* along
+ ve X-axis A magnetic field of strength B=-0.2K Tesh exists in

space. What is the magnetic force (Fm) on the charge
(@ F, =1.2N along + ve X — direction
(b) F, =1.2N along — Ve X — direction

20.

21.
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il

(¢ F, =1.2N along + ve y — direction

(d) F, =1.2N along — vey — direction

Five very long, straight wires are bound together to form a small
cable. Currents carried by the wires are |} =20A, |, =—6A,
I; =12A,1, =—7A I =18A. The magnetic induction at a
distance of 10 ¢ from the cable is

(@ 34uT (b) 74 mT

() 34mT (d) 74 uT

Following figure shows the path of an electron that passes through
two regions containing uniform magnetic fields of magnitudes B and
B. 1t's path in each region is a half circle, choose the correct option

B

s &
B is into the-page—and it 15 stronger than B

o
~

b
c

d

The square loop ABCD, carrying a current j, is placed in uniform
magnetic field B as shown. The loop can rotate about the axis XX.
The plane of the loop makes and angle € (6 < 90°) with the
direction of B Through what angle will the loop rotate by itself
before the torque on it becomes zero

=

Bis in to the page and it is weaker than B
B is out of the page and it is weaker than B

ﬁﬁﬁﬁ
=

B is out of the page and it is stronger than B

o o
(b) 90°- 0 } BT 0

() 90°+ 6

(d) 180°- 6@ °

A cylindrical conductor of radius 'R carried d current '7. The value of
magnetic field at a point which is R/4 distance inside from the
surface is 10 7 Find the value of magnetic field at point which is 4R
distance outside from the surface

4 8

(@) ET (b) ET
40 80

(c) ?T (d) ?T

Three long straight wires are connected parallel to each other across
a battery of negligible internal resistance. The ratio of their
resistances are 3 : 4 : 5. What is the ratio of distances of middle
wire from the others if the net force experienced by it is zero

@@ 4:3 (b) 3:1
() 5:3 (d) 2:3

g Answers and Solutions

b i=qv
Mol _ Qv 47x107 x1.6x107%° x6.6 x10%
2r 2r 2x0.53x107%°

_ 27x1.6x6.6
5.3

=12.518 Tesla

(SET-21)
(b)
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20K nd A=r? = A= T p i
qB q°B

(c) The forces FQ and Fy are the forces applies by wires Q@ and R

respectively on the wire P as shown in figure. Their resultant
force Fis best shown by C.

P
Fy ®e
F Fr
©)
(c) As we know
Current sensitivity S; :E

C

; N
= SIOCNS&:_l 3@;& = N2:60.

Si)2 N, 125 N,
(¢)  The given situation can be redrawn as follow.

As we know the general
formula for finding the
magnetic field due to a finite
length wire

B =ﬂ.l(sin¢1 +sing,)
Az r

Here ¢ =0°, ¢ =45°

_ \/Eyoi
7 2 8

B :ﬂ.l(sino0 +sin45°):ﬂ—°.L =B
A r 4

Ni
(c) B= ﬂOI where N = Total number of turns, /= length of the
solenoid

-7 4
:>O.2=4”X10 ><N><10:>N=4><10
0.8 Vs

Since N turns are made from the winding wire so length of the
wire (L) = 27 x N [ 22r =length of each turns]

— _4x10*
= L=27rx3x1072 x———=2.4x10°m
T
(b)  The given wire can be replaced by a straight wire as shown
below
N N
/ ! , 4 cm
10A [/ ploA, l
= T «— 6 cm—):l 10 em

| A O S e
Hence force experienced by the wire
F=Bil=5%x10x0.1=5N

(d) Trmax = MBor 7., =nizr?B. Let number of turns in

|
length /is nso | =n(2ar) or ¢ = —
2m

10.

(d)

(©)

nizBI2  1%iB
= Tmax = 7=

MG =1
47%n

=N

= Tmax €

min
47z'nmin Nrin

When the particle moves along a circle in the magnetic field B
the magnetic force is radially inward. If an electric field of
proper magnitude is switched on which is directed radially
outwards, the particle may experience no force. 1t will then
move along a straight line with uniform velocity. This will be

the case when QE=qvB = E=VvB

mv gBr
also r=—=>v=—-— x x x x
B m
v
Bzr x x
So E= g
m x X
E

~ (10x107°)x(0.1)* x10x 1072

3 5 =10V/m
1x107° %10~

Initially when wires carry currents in the same direction as
shown.

Magnetic field at mid point O due to wires 1 and 2 are
respectively

B, =t b
A7 X

and B, =f—o.ﬁ®
T X

2 . .
Hence net magnetic field at O B = ZI—OX— x(iy —1y)
T X

2, .
=10x10° =0 26 —i) .. i
Az x (1 2) 0]
If the direction of 7 is reversed then
2i
B, = &._1@)
A X

9i
and B, ZZJ—O.lQ@
T X

Hy 2

So B = E';(il +1p)

2, .
= 40x107° =0 G 4i) . (ii)
4z X
Dividing equation (i) by (i) ——==— -
h—-i, 1 I
Magnetic field at O due to bigger coil ¥,

_Hy _ 8air
4z (d*+4r?)'?

_ Mg 27(2ry
4z {d?+(@r)’P"?

Magnetic field at O due to smaller coil Xis

Y

Ho 27r My 167r

By =20 — o =f0
Car (g )7 4x (@ +ar’y?
[j +r?

2



20.

@)

(b)

(d)

()

(b)

For floating the second wire

Down ward weight
of second wire

Magnetic force
on it

o 2k =
it 200A ()
47 a me 2cm

D(EJQZA%_'z )

| 4z a mg

=mg =

2x200xi
2x1072

(Direction of current is same to first wire)

B, =B, =B; =0

=102%x9.8=10" x = i=49A
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.. Net magnetic field at O,
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Initially F; =mg + laB (down wards)

when the direction of current is reversed

F, =mg — laB (down wards) = AF =2laB
By using Em = q(\_; X E)

= Fm = 2x10°{3x10°%1 x (<0.2)k} = ~1.2(1 xK) = +1.2]

ie, 12 Nin positive y direction.

i —20-6+12-7+18 =37As0 B=*0 2
47 a

=107 x%:74x10’6T =74uT
X

Direction of field can be find using Fleming left hand rule and
roc—.

In the position shown, ABis outside and CD is inside the plane
of the paper. The Ampere force on AB acts into the paper. The
torque on the loop will be clockwise, as seen from above. The

loop must rotate through an angle (90° +6) before the plane

of the loop becomes normal to the direction of the direction of
B and the torque becomes zero.
Magnetic field inside the cylindrical conductor
2ir
B,, = o = (R=Radius of cylinder, r =
4z R

observation point from axis of cylinder)

distance of

Magnetic field out side the cylinder at a distance r' from it's
Mo 20
4z’ r

axis BOUT =
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The wires are in parallel and ratio of their resistances are 3 : 4
L . . 11
: 5, Hence currents in wires are in the ratio —: —: —
p 345
.k =
h == A 5
3 I 1
K p )
|2 = Z ; =
iy = LS I
5
Ho 2y

Force between top and middle wire F =

n

. Force between bottom and middle

4 I
(&)
wire F, =Ho NTINST A the forces are equal and
4 r,
n_»5
iteso F, =F, > L ==,
opposite so F; = F, P



