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MAGNETIC EFFECTS OF CURRENT

OERSTED EXPERIMENT
Oersted discovered a magnetic field around a conductor
carrying electric current. Other related facts are as follows:
(@ A magnet at rest produces a magnetic field around it while
an electric charge at rest produce an electric field around
it.

N

@
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() A current carrying conductor has a magnetic field and not
an electric field around it. On the other hand, a charge
moving with a uniform velocity has an electric as well as a
magnetic field around it.

(¢) An electric field cannot be produced without a charge
whereas a magnetic field can be produced without a magnet.

(d No poles are produced in a coil carrying current but such

a coil shows north and south polarities.
() ] )
]

Oersted's experiment. Current in the
wire deflects the compass needle.
(e) All oscillating or an accelerated charge produces E.M.

waves also in additions to electric and magnetic fields.

following experimental observations for the magnetic field

dB ata point P associated with a length element d7 ofa

wire carrying a steady current 1.
dB ol
dB oc d¢

1
dBox 5
ocr2

. dBinto page
dB o sin

Combining all these

K is called permeability of free space

o 107 henry/meter.
4

(1 71Tm71Wb71£ﬂN—52
Hm=1 ==l " ar 7@

Dimensions of p, = MILIT2A2)

’ 1
For vacuum : =c=3x10%m/s
Ho€o

- -
Biot-Savart law in vector form : (53 = Mol &jr)

- i !
the direction of dB is perpendicular to the plane determined
by d¢ and t (i.e.if 4y and 1 lie in the plane of the paper
then d_]; is L to plane of the paper). In the figure, direction

N
of dB is into the page. (Use right hand screw rule).

RULES TO FIND DIRECTION MAGNETIC FIELD

Magnetic induction B is a vector quantity :
Commonly it is given by the number of lines of induction
threading a unit area normal to the surface.

Unit of B : MKS weber/metre?, SI tesla,
CGS maxwell/cm? or gauss.
One Tesla= one (weber/m?) = 10* (maxwell/cm?)= 10* gauss

BIOT-SAVART'S LAW
With the help of experimental results, Biot and Savart
arrived at a mathematical expression that gives the magnetic
field at some point in space in terms of the current that
produces the field. That expression is based on the

Right hand thumb rule. If we grasp the conductor in the
palm of the right hand so that the thumb points in the
direction of the flow of current, then the direction in which
the fingers curl, gives the direction of magnetic field lines.
For the current flowing through the conductor in the
direction shown in fig. (a) or (b), both the rules predict that
magnetic field lines will be in anticlockwise direction, when
seen from above.

The magnetic field produced by a current-carrying straight
conductor is of circular symmetry.
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ugnetic field lines

(b)

The magnetic lines of force are concentric circles with the
current carrying conductor passing through their common
centre. The plane of the magnetic lines of force is
perpendicular to the length of the conductor.

(2)

MAGNETICFIELD DUE TOLONGSTRAIGHT CONDUCTOR

Consider a long
straight conductor
XY through which 1 [
current I is flowing 1
from X to Y. Let P be c
the observation point 3
at a distance 'r'

from the conductor XY.
Let us consider an
infinitesimally small
current element CD of
length d/. Let s be the
distance of P from the o,
mid-point O of the
current element.

Let 0 be the angle which OP makes with the direction of
current. The magnetic field at P due to the current element

2|

y

o Id/sin ©
CDisdB= w2 [Biot-Savart's law]
T S
The mag. field at P due to the whole of the conductor XY
ramn
B= de = I - cos0 do
g,
62
I I .
=20 [ cos0do= 1O [sin 0]
4mr "oy 4mr 1

| |
or B= Z—gr [sin®, —sin(-0,)] = :l—gr (sin®, + sinb,)

Case I : If the conductor is infinitely long, then 6, = 90°
and 0,=90°

wol { L [Eﬂ wol o 21
B=—% |sin—+sin =0 ==
4nr 2 2 4nr [ ] 4n

or B= Kol

2mnr

Case II : If conductor is of i oo
infinite length but one end is in

front of point P i.e. one end of
conductor starts from point

N then 6, =0°and 6, =90° I
Mol
B= r
4nr N -
Case III : Conductor is finite
length and point P is just in L2l e
front of middle of the conductor | ) 5:,_
i
Bzu—ol(zsine)'e =0,=0 |
4nr AR
L/2
B= L ; sinf =

275r\/L2+r2

Case IV : Conductor is of finite length and one end of it is

in front of P.
0,=0; 0,=6

Hol
r

X (sin 0)

T 0t
L B _ },l 0 IL T

sinf= ——; [
2 2 drrNL? +12

L“+r fP

Case V : When point P is along
the length of conductor.
0,=0,=0 A

B=0

MAGNETIC FIELD AT THE CENTRE OFA CIRCULAR
CURRENT-CARRYINGCOIL H
Consider a circular coil of
radius r through which
current I is flowing. Let AB
be an infinitesimally small c
element of length d/. P
According to Biot-Savart's
law, the magnetic field dB at
the centre P of the loop due to this small element d/ is

Jor

1 T
>Ow (Direction of d73

po [dlsin® ) N
= r—2 ,where 0 is the angle between qy & 7 .
B Ho. I .d/ sin 90° _Ho Ide
47 r? 4t r?

(for circular loop, 8= 90°)
The loop can be supposed to consists of a number of
small elements placed side by side. The magnetic field due
to all the elements will be in the same direction. So, the net

magnetic field at P is given by

g
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po Ide Kol
B= ZdB=Zﬁr—z == D

dnr

I
B= MOZ X 2mr or E,:”_OI
4nr 2r

(2 d¢ = circumference of the circle = 27r)

ponl
2r
Magnetic Field due to part of current carrying circular
conductor (Arc) : Consider a circular arc shape current
carrying thin wire. Let radius =r
Angle subtend by segment at the centre O = o
Current flowing through wire =1
Magnetic field at the centre O due to small element d/

Id/ sin 6
dB= o -5
4 r

B=2dB=2 5 0=00) S !

For a coil of n turns, B =

[6 = angle between 52 and 7]

Bol >de kS /
B: Zd,g [--._:a] r ‘\ "r

4mr? r \\ o ’,r’
\ol
ol L
B= o
dnr

Example1:

A circular segment of radius 0.10 m subtends an angle of
60° at its centre. A current of 3 ampere is flowing through
it. Find the magnitude and direction of the magnetic field
at the centre C of the segment.

Sol.r=0.10m, I=3A,0=60°=0/3 3A 44 3A
gt !
4 r
4nx1077 3 x
= X X —
4n 0.10 3
B: ’ 77 = 76 =
or 010 X107 T=3.14x106T=3.14 T

Applying Right Hand Rule, we find that the direction of
magnetic field is perpendicular to the plane of paper and
directed inwards.

MAGNETIC FIELD ON THE AXIS OFA CIRCULAR COIL

Consider a circular loop of radius a through which current
Iis flowing as shown in fig. The point P lies on the axis of
the circular current loop i.e., along the line perpendicular
to the plane of the loop and passing through its centre.
Let x be the distance of the observation point P from the
centre O of the loop. Let us consider an infinitesimally
small element AB of length d/.

Radius of the loop=a

dBcos 0. M
dB

G4/ dBisin o
_____ o (Q dBisin o

(ﬁév
dBcos oo N

7
According to Biot-Savart's law, the magnetic field at P due

. - pol 2 72
to this small element dB = 3 [dfx r]
dnr
Mo 1dlsin 6 1de
B-"C——— or dB- T (0-90)

4nr 4nr

N
The direction of dB is perpendicular to the plane of the

- d
current element d/ and 7 (CP) as shown in fig. by pM .

Similarly if we consider another small element just diametri-
cally opposite to this element then magnetic field due to

this at point P is dB’, denoted by PN and of the same
magnitude. dB =dB'

- -
Both dB and dB’ can be resolved into two mutually per-

pendicular components along PX and ZZ'.

The components along ZZ' [dB cosa and dB' cosa] cancel
each other as they are equal and opposite in direction.
The same will hold for such other pairs of current elements
over the entire circumference of the loop.

Therefore, due to the various current elements, the com-
ponents of magnetic field is only along PX will contribute
to the magnetic field due to the whole loop at point P.
Hence, net magnetic field at point P is

Lo Nla’

B= ZdB sin o [along OP]; B= 2(a2 N X2)3/2

Case I : At the centre of the loop, x =0

T

In terms area A (= nta2) of the circular current loop,

The quantity N I A is known as the magnetic dipole moment
M of the current loop.

The current loop can be regarded as a magnetic dipole
which produces its magnetic field and magnetic dipole
moment of the current loop is equal to the product of
ampere turns and area of current loop.
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we can write

Mo NIA py NIA
21(na’) 2m a3®
By 2NIA

or B_E 3 @

B=

a a
Soatx =+ & —= Bvaries linearly with x. These points

2 2

are called point of inflexion.
Distance in between these two points is equal to radius of

B¢

the coil B = W

X
2M 1+ —
B=H0 = k a2 J
4 a i _ . o N1
Case I1 : If the observation point is far way from the coil, Magnetic field at the centre of coil B = 2a
2 H ; 2
then a << x. So, a“ can be neglected in comparison to x-. c 8 (NI
) Atx=a/2, B= 372 or B=——
_mNla 1+1j 55\ 2a
=0 4
* - Ho 2M
In terms of magnetic dipole moment, B = A 3 Example2:
T X

po NIA py 2NTA

2n X3 4 <3

Right Hand Palm Rule. If we hold the thumb of right hand
mutually perpendicular to the grip of the fingers such that
the curvature of the finger represents the direction of
current in the wire loop, then the thumb of the right hand
will point in the direction of magnetic field near the centre
of the current loop.

B=

c o
ACW
O 6 &P
1 1
) \ lB
GRAPH OFBv/sx

As soon as x increases magnetic field B decreases,
dependence of B on x is shown in figure
Rate of change of B with respect to x is different at different

values of x
AB
/ Bmax
convex
Point of
inflexion
concave
~
X' x=-a/2 x=+a/2 X

a . a .
forx< £ E curve is convex & forx> =+ 5 curveis concave

dB 2 B
= — t. —— =0
const.  and )

a

Atx==t
)

we get

Sol.

For the arrangement made up
of two identical coils of fig-
ure determine the magnetic
field at the centre O.

The two coils are perpendicular to each other. Coil 1
produce field along X axis and coil 2 produce field along Y

axis. Thus the resultant field will be B= /B + B3

making an angle 6 from x-axis tanf= &
For identical coils, B,

R o NI
Bl—Bz—\E[ ;

a

) and hence 6 =45°

HELMHOLTZCOILS

The two coaxial coils of equal radii placed at distance equal
to the radius of either of the coils and in which same cur-
rent in same direction is flowing are known as Helmholtz
coils. For these coilsx=a/2,I; =1, =1,a, =a,=a

N\ /

X X
—a —»

Y.
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The two coils are placed mutually parallel to each other
these coils are used to produce a uniform magnetic field.
In between two coils along the axis at middle point rate of
change of magnetic field is constant so if distance
increases from a coil magnetic field decreases but distance
from the another coil decreases so magnetic field due to
second coil increases and hence the resultant magnetic
field produced in the region between two coils remains
uniform. Resultant magnetic field in between two coils

8ugnl
= 55 a orB=0.76

(B is magnetic field at the centre of a single coil.)

B

nl
Mo orB-1423 B
a

AMPERE'S CIRCUITALLAW

@

I Is

Ampere's circuital law states
that the line integral of
magnetic

field induction B around any
closed path in vacuum is
equal to p, times the total
current threading the closed
path, i.e.,

- >
$B.dl=pg 1 here P T=T,+1, - +1, -I;

This result is independent of the size and shape of the
closed curve enclosing a current. This is known as
Ampere's circuital law. Ampere's law gives another
method to calculate the magnetic field due to a given
current distribution. Ampere's law may be derived from
the Biot-Savart law and Biot-Savart law may be derived
from the Ampere's law. Ampere's law is more useful under
certain symmetrical conditions.

Biot-Savart law based on the experimental results whereas
Ampere's law based on mathematical.

Applications of Ampere's Law :

Magnetic induction due to a long current carrying wire.
Consider a long straight conductor Z-Z' is along z-axis.
Let I be the current flowing in the direction as shown in
Fig. The magnetic field is produced around the conductor.
The magnetic lines of force are concentric circles in the
XY plane as shown by dotted lines. Let the magnitude of
the magnetic field induction produced at a point P at

distance r from the conductor is B.
Consider a close circular loop as shown in figure.

(b)

- >
According to Ampere's law 36 B.d/ =1 ZI

The direction of B at every point is along the tangent to
the circle. Consider a small element d/ of the circle of

radius r at P. The direction of B and d/ is the same.
Therefore, angle between them is zero.

Line integral of B around the complete circular path of
radius r is given by

(j.)gd? = <j>Bd€cosO0 l Boch

- BgScw:szm

r —>

((j)df =2 nr = circumference of the circle.) and ZI =1

SowegetBx2mr=p,l

or B:“—OI = ﬁxg B« I and BOcl
2nr 4t r

Magnetic field created by a long current carrying

conducting cylinder : Along straight wire of radius R carries

a steady current I that is uniformly distributed through the

cross-section of the wire.

For finding the behavior of magnetic field due to this wire,

let us divide the whole region into two parts.

(a)r>Rand (b)r<R.

r = distance from the centre of the wire.

For r 2 R : For closed circular path denoted by (1) from

symmetry B must be constant in magnitude and parallel

%
to d/ at every point on this circle. Because
the total current passing
through the plane of the
circleis I.

From Ampere's Law

- > y
(J.) B.d¢ =Ko (e
or B(2nr)=pl '

I

and B _Bo 2

21
(forr=R) ... (a)

For r < R : The current I' passing through the plane of
circle 2 is less than the total current I. Because the current
is uniform over the cross-section of the wire.

Current through unit area = I/nR2

So current through area enclosed by circle 2 is

Inr? {rz\\
=32 orI:LRQJI

Now we apply Ampere's law for circle 2.

B
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©

-
g}B .dﬁ = l’l() (Inet) BA

4 Ifpipe is very thin or
thin hollow cylinder

(@ Forr=r, (b)Forr>r,

(12 B=2M0I =;LI B“Tl
B (2nr) =y, L?) I nn nr
1 =
I N/ & Example3:
or B= ( Ho 2) r A coaxial line carries the same current i up the inside
2nR o R r > conductor of radius a and down the outer conductor of

(forr<R) ...... (b)

The magnitude of the magnetic field versus r for this
configuration is plotted in figure. Note that inside the wire
B — 0 asr— 0. Note also that eq™. (a) and eq™ (b) give the
same value of the magnetic field at r = R, demonstrating
that the magnetic field is continuous at the surface of the
wire.

Magnetic field due to a conducting current carrying
hollow cylinder : Consider a conducting hollow cylinder
with inner radius r; and outer radius r, &current I is flowing
through it.

1)) Forr<r 2I=0 andhence B=0

(I) Forr,<r<r,
Now current I is flowing through area [1rr22—1tr1

_
(- 1?)
. current flowing through area in bet" r; <r <r, is
_r
(= 1?)

by using ampere's law for circle of radius r

Cj}B.dlé:uOZI or (j}B d? cos0°=p, l:w}

2]

So, current per unit area =

I'= x(nrz—nrlz)

2 2
L -5

2 2
r’ -1

or B@Sdﬁ—“o{rz rz:l
2

2 2
or B = —“0 I —r _ rl
2nr r22 - 1'12

[+ dt =2m]

Sol.

inner radius b and outer radius c. Find the magnetic
induction field at distance r from the centre of conductor
(i) whenr>a, (ii))a<r<b (iiiyb<r<c

Let the current be distributed uniformly over the cross-
sections of outer and inner conductors.

i
current density in inner conductor = 3
Ta

i
(¢ —b?)
(i) When r <a : Consider a co-axial circular path of radius
r. Let B be the magnetic of magnetic field at this distance

then
B. 2 mr =y, x current enclosed by path

( i ) ir?

20 _ Mo .
= XTr = '
Ko L a2 J 2 (using ampere's law)
Lo 5 4ir weber

:47'5 az

(ii) When a <r <b : In this case the circular path of radius
r will enclose the current passing through inner conductor.
Using Ampere's law

current density in outer conductor =

metre2

Koi) weber
B.2rr=pyi or B={5

2nr metre2

(iii) When b <r < ¢ : Here, current enclosed by co-axial
circular path of radius r = current passing through inner
conductor — current passing through portions of outer
conductor lying between radius = b and r

(Negative sign is used because the current in two
conductor are in opposite directions) By Ampere's law

. i 2 12
B.2mr=p, {l_n(cz—bz)xn(r -b )}

S M| (@ -bY)

MAGNETIC FIELD OFASOLENOID

A solenoid is a long cylindrical helix. It is made by winding
closely a large number of turns of insulated copper wire
over a tube of card-board or china-clay. When electric
current is passed through the solenoid, a magnetic field is
produced around and within the solenoid.

rvs
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Figure shows the lines of force of the magnetic field due to
a solenoid. The lines of force inside the solenoid are nearly
parallel which indicate that the magnetic field 'within' the
solenoid is uniform and parallel to the axis of the solenoid.

Let there be a long solenoid of radius 'a' and carrying a
current I. Let n be the number of turns per unit length of
the solenoid. Let P be a point on the axis of the solenoid.
Let us imagine the solenoid to be divided up into a number
of narrow coils and consider one such coil AB of width dx.
The number of turns in this coil is ndx. Let x be the distance
of the point P from the centre C of this coil. The magnetic
field at P due to this elementary coil is given by

_ po(n 8x)1a’

B=——7—+
2(a% +x2)*?2

NATm™ @

a

¥ C

RRIRR)

—dx—>

Let average distance of circumference is r and 60 the angle
subtended by the coil at P.

BN 106
AB  3x
In A ACP, we have a?+x2=r12

or  =(a2+x2)32

Substituting these values of 8x and (a2 + x2)32 in eq. (i),

_rdo
sin©

sin® =

or 0x

Ho(nr 80) I a>  pg nla’ 56

we get 6B = 3 :
2r° sin© 2r

sin O

a2

3B = % ponlsin® 80 [~ — =sin0]

r
The magnetic field B at P due to the whole solenoid can be
obtained by integrating the above expression between the
limits 0, and 0,, where 0, and 0, are the semi-vertical
angles subtended at P by the first and the last turn of the
solenoid respectively. Thus

SSUITITUITETUTOTOTEITI T ITENTITI 00070

) i) 1
B=[dB= | ~Monl sin0 do_ Lont [~ cos ]2
01 01 2 !

1
or B= EHOHI [cos0; —cos0,]

If the observation point P is well inside a very long solenoid
Then, 0, = 0°and 0, ~ 180°
B=pynl
Magnetic field at the ends of the solenoid :
At the end of the last turn, 6, =0 and 0, =90°
so that cos 0, = 1 and cos 6, = 0.
At the end of the first turn, 0, = 90°and 6, = 180°
so that cos 6, = 1.

1
Hence from eq. (ii), B= S0 nl

middle point
M‘:
ponlgend end
2 ) point “OTHI point

o —>

>
»

distance from one end

Thus, the magnetic field at the ends of a'long' solenoid is
half of that at the centre. If the solenoid is sufficiently
long, the field within it (except near the ends) in uniform. It
does not depend upon the length and area of cross-section
of the solenoid. Just as a parallel-plate capacitor produces
uniform and known electric field, a solenoid produces a
uniform and known magnetic field. The 'uniform' magnetic
field within a long solenoid is parallel to the solenoid axis.
Its direction along the axis is given by a curled-straight
right-hand rule. "If we grasp the solenoid with our right
hand so that our fingers follow the direction of the current
in the windings, then out extended right thumb will point
in the direction of the axial magnetic field".

TOROID

A toroid is an endless solenoid in the form of a ring, as
shown in figure. A toroid is often used to create an almost
uniform magnetic field in some enclosed area. The device
consists of a conducting wire wrapped around a ring (a
torus) made of a non-conducting material. Let a toroid
having N closely spaced turns of wire, magnetic field in
the region occupied by the torus = B. Radius of the Toroid
ring=R

T
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Q.1

Q.2

-> >
To calculate the field, we must evaluate q}B .d¢ over the

circle of radius R. By symmetry magnitude of the field is
constant at the circumference of the circle and tangent to

- =
it. So, qSB.dg =B/=B (2nR)

The circular closed path surrounds N loops of wire, each
of which carries a current I. So according to Ampere's law

- > poNI
$B.dl =pg () orBQ2aR)=pgNT orB=7 &

1
This result shows that B oc E and hence is nonuniform in

the region occupied by torus. However, if R is very large
compared with the cross-sectional radius of the toroid,
then the field is approximately uniform inside the torus.

N
Number of turns per unit length of torus n = 2R

B = pqnl
For an ideal toroid, in which turns are closely spaced, the
external magnetic field is zero. This is because the net
current passing through any circular path laying outside
the toroid is zero. Therefore, from Ampere's law we find
that B = 0, in the regions exterior to the torus.

TRYITYOURSELF-1

Antiparallel currents are directed so that one is out of the
page and the other is into the page. Compare the magnitude
of the magnetic field B, at any arbitrary point equidistant
from the wires to the magnitude of the field B, at that point
from one wire alone.

(A) B, > B, for all equidistant points

(B) B, < By for all equidistant points

(C) B, > By for closer equidistant points only

(D) B, < B, for closer equidistant points only

A wire carrying current I has the configuration shown in
figure. Two semi-infinite straight sections, both tangent
to the same circle, are connected by a circular arc, of central
angle 6, along the circumference of the circle, with all
sections lying in same plane. If magnetic field at centre ‘O’

Q3

Q4

Q5

Q.6

Q.7

QS8

Q.9

of the circle is zero then 0 is
(A) 2 radian (B) 4 radian
©C)n/2 (D)n/4

carrying wire will be:

(A) circular for finite length of wire

(B) circular for semi-infinite wire

(C) circular for infinite wire

(D) all of the above

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

2pgne Lone Lone
D™ B O5g p®ee
Current i =2.5 A flows along the circle
x%+y2=9 cm? (here x & y are in cm) <

as shown. Magnetic field (in Tesla) at
point (0, 0,4 cm) is

(A)(36mx 107\ k

olFa7 e wFae)en

Two long parallel straight conductors carry current i; and
i, (i; > 1,). When the currents are in the same direction, the
magnetic field at a point midway between the wires is 20uT.
If the direction of i, is reversed, the field becomes 50uT.
The ratio of the currents i; /i, is :

(A)572 B)7/3

(©)4/3 (D)5/3

Constant current [ is flowing through a circular coil of
radius R. At what distance from the centre will the magnetic
field (on the axis) be maximum :

(B)(36m x 1077 (—k)

R R
O ®) 7

(OR (D) zero

There is a horizontal straight wire carrying current from
West to East. Magnetic field due to this wire at a point :
(A) above it is towards South

(B) to the North of it is upwards

(C) below it is downwards

(D) below it is towards West

A conductor carrying current ¢ i * is bent in the form of
concentric semicircles as shown in the figure. The magnetic
field at the centre O is :

(j by 2a upto o

ETvs
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Q.11 Consider six wires coming into loop B

Hol

(A) zero (B) 6a
Hol Lol fn2
© @) = —

Q.10 A battery establishes a steady current around the circuit

shown. A compass needle is placed successively at points
P, Q, and R, just above the wire (slightly out of the plane of
the page).The relative deflection of the needle, in
descending order, is

\4

P Q R

VWV <
(A)P,Q,R (B)Q.R,P
OR,Q.P (D)Q,PR

loop C

or out of the page, all with the
same current. Rank the line

integral of the magnetic field
(from most positive to most
negative) taken counter-
clockwise around each loop

shown. loop A
(A)B>C>D>A (B)B>C=D>A
(CO)B>A>C=D (D)C>B=D>A
ANSWERS
@ © @A) (3) (D)
@ ® (3 (A) ©)(B)
M O (8) (AB) 9 ®B)
(10) (D) n ©

FORCE ONA CURRENT-CARRYING CONDUCTORINAM

> »

Current Element - Current > —>
element is defined as a vector / Idr
having magnitude equal to the > 9 g
product of current with a small /

part of length of the > >
conductor and the direction 0°<6<90°

. . . dF =B 1d/sing

in \thh the current is Directed into the page
flowing in that part of the

conductor.

With the help of experiments Ampere established that when

- -
a current element [d¢ is placed in a magnetic field B, it

. - - -
experiences a force dF=1d¢/ x B

The magnitude of force is dF=B1d/sinf

N
[0 is the angle between the d¢ and B]

(i)

When sin 6 =min=0, i.e., 8 =0° or 180°,
Then force on a current element = 0 (minimum)

> »B

v

>
>

1di .
Aq:n—bgzO B
@ 0= 180° 1d/7 %0
1df R > >B
> > 8 =90°
6 =0or 180° dF=max=BId/
dF=min=0

Directed out of page

A current element in a magnetic field does not experience
any force if the current in it is collinear with the field.
When sin 6 =max=1,1.e.,0=90°

The force on the current will be maximum (= BI d/)

Force on a current element in a magnetic field is maximum
(=BI d¢). When it is perpendicular to the field.

The direction of force is always perpendicular to the plane

containing | d7and B.

dF

()
Wy

The direction of force on current element I d/ and B are
perpendicular to each other can also be determined by
applying either of the following rules:

Fleming's Left-hand Rules
Stretch the forefinger, central
finger and thumb of left hand
mutually perpendicular.
Then if the forefinger points

F

w|

-
in the direction of field (B),

the central finger in the

direction of current I, the I
thumb will point in the
direction of force.

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 Band
thumb in the direction of current I, the normal to palm will
point in the direction of force.

Regarding the force on a current-carrying conductor in
a magnetic field it is worth mentioning that :

As the force BI d/ sin 0 is not a function of position r, the
magnetic force on a current element is non-central

[a central force is of the form F = Kf(r) n, ].

T
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b)

©

@

©

- - -
The force dF is always perpendicular to both B and Id ¢

5
though B and Id/ may or may not be perpendicular to
each other.

In case of current-carrying conductor in a magnetic field if

the field is uniformi.e., B = constt.,
- -> > -] -
F=[Id¢xB=1|[d/ |xB

and as for a conductor Jd?f represents the vector sum of

all the length elements from initial to final point, which in
accordance with the law of vector addition is equal to the

5
length vector ¢' joining initial to final point, so a current-
carrying conductor of any arbitrary shape in a uniform
field experience a force

X X g X
- - - - -
F=1 Jdﬁ xB=1/"xB x p x
XA X X

5
where ¢' is the length vector joining initial and final points

of the conductor as shown in fig.

If the current-carrying conductor in the form of a loop of
any arbitrary shape is placed in a uniform field,

- > - - o
F =<]51d!i xB=1 [Sﬁd ¢]x B and as for a closed loop,

g —
‘fd ¢ is always zero. [vector sum of all d/ ]

So, F=0 [as Sf)ld?zO]

i.e., the net magnetic force on a current loop in a uniform
magnetic field is always zero as shown in fig.

Here it must be kept in mind that in this situation different
parts of the loop may experience elemental force due to
which the loop may be under tension or may experience a
torque as shown in fig.

X X X > »>-
< < F.
IMdar=0 W i
« « = »—B
N
F M dF=0
out >> 2
N
X X X F=0
5
t#£0

If a current-carrying conductor is situated in a non-uniform
field, its different elements will experience different forces;

- -
so in this situation, F =0 but T may or may not be zero

A A D
X X X _—
A »E,
2
X X X
9 M —F,
X X X .
< I dF|  dF ¢
B B C
X X X D 1
Fr #0 Fr#0
- -
=0 t#0

A current carrying rod CD in the
field of current carrying wire AB

FORCE BETWEEN PARALLELCURRENT CARRYING
WIRES
Consider two long wires W, and W, kept parallel to each
other and carrying currents I; and I, respectively in the

same direction. 1 2
The separation between the I W A
wires is d.Con51der. asmall /131@
£ of the wire W,. I — W
The magnetic field at d/ due / dF, dF,
to the wire W is B,®
< d—N
Holy N -
B=—— ... i
I 2nd ®

The field due to the portions of the wire W,, above and
below d/, is zero. Thus, eq" (i) gives the net field at d/.
The direction of this field is perpendicular to the plane of
the diagram and going into it. The magnetic force at the
element d/ due to wire W is.

- > o Ho Ly

_ 0
dF, =1,d¢ x B, o, dF,=1,d/ red

- -
The vector product d/ x B has a direction towards the

wire W. Thus, the length d/ of wire W, is attracted
towards the wire W . The force per unit length of the wire

. o045 LD .
W, due to the wire W, is A 2md (i)
If we take an element d/ in 1 2
the wire W and calculate the L M
. . B® B.®

magnetic force per unit length /' '
on wire W, due to W,, it is 4* a7 L2 a—T
again given by eq" (ii) L

dFl _ MOIZII —d—

dt 2nd -

If the parallel wires currents in opposite directions, the
wires repel each other.

The wires attract each other if current in the wires are
flowing in the same direction.

And they repel each other if the currents are in opposite
directions.

Eyee
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Experimental Demonstration
(a) Like currents attract

L P

Ho il
27
When I, =1, = 1 ampere and r = 1m, then

(b) Unlike currents repel

Definition of Ampere : F= N/m

Mo _ 4nx1077

F= N/m=2x 10~ N/m

2n 2n
This leads to the following definition of ampere.
One ampere is that current which, if passed in each of two
parallel conductors of infinite length and one metre apart
in vacuum causes each conductor to experience a force of
2 x 1077 newton per metre of length of conductor.
Dimensional of formula of 1,

Cme Ll IR _MUTL)
F= o solnl= L] ] =[MLT2[2]
Example4:

Sol.

A wire PQRSTU (with each side of length L) bent as shown
in figure and carrying a current I is placed in a uniform
magnetic induction B parallel to positive y direction. What
is the force experienced by the wire?

If we join P to U be a straight conductor it will become a
closed loop and as in case of closed loop in a uniform
magnetic field, .

if IEW is the force on the

given network of wires

and E+ on the wire PU,

FW +F’ :0 i~e-, FW :_F’
- X
Butas F' =B 1L sin90° along negative z-axis, so

Fy = B 1L along z-axis

TORQUE EXPERIENCED BY ACURRENT LOOPINA
UNIFORM MAGNETICFIELD

Let us consider a rectangular current loop PQRS of sides a
and b suspended vertically in a uniform magnetic field B.

Let 0 be the angle between the direction of B and the
vector perpendicular to the plane of the loop.

Let us first consider the two straight parts PQ and RS.
The forces acting on these parts are clearly equal in
magnitude and opposite in direction. These forces are
collinear, so, the net force or net torque due to this pair of
forces is zero.

Q.1

Q2

The forces on the straight current segments SP and QR
are

(i) equal in magnitude

(i1) opposite in direction

(iii) not collinear.

These forces shown in figure (b). This pair of forces
produces a torque whose lever arm is b sin6.

Magnitude of each force=B I a.

AKP
\'>9 B

@) )

IDOWN

S
Tk

The magnitude of the torque T is given by
t=Bla(bsin0)

or t=BIAsin®

where A is the area of the coil.

But IA =M (magnitude of magnetic dipole moment)

. N
t=MBsin0. Invectorform,  — M x B

The direction of the torque is vertically downwards along

the axis of suspension [dotted line in fig (b)]

It will rotate the loop clockwise about its axis.

Note 1. If the rectangular loop has N turns, then the torque

increases N times and becomes N B I A sin 6.

2. eq" (i) could also be written as

- - - - o
t=1(AxB) O t=IAnxB

where 11 is a unit vector normal to the plane of the loop.

TRYITYOURSELF-2

The coil below has current
flowing clockwise as seen

from B
above. It sits in an external
magnetic field shown by the
field lines below. The coil will
feel a magnetic force that is
(A) upwards (B) downwards

(C) zero (D) can't be predicted

In the figure the force on the wire ABC  g_»T C

in the given uniform magnetic field will ~ ®

be (in newtons): 4m
A

(A) (3 +2n) 4 (B)20 T2
0)28 17 A B
© D) -

T
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Q3

Q4

Q5

Q.6

Q.7

Which of the following statement(s) is/are false?

(A) The magnetic force does zero work on a charged
particle moving in a magnetic field.

(B) Dry charged pieces of paper are attracted to stationary
magnet.

(C©) Dry charged pieces of paper experience force in the
presence of a moving magnet.

(D) The magnetic torque on a current-carrying coil of wire
has its maximum magnitude when the magnetic field is
perpendicular to the plane of the coil.

A circular coil of 100 turns and effective diameter 20 cm

carries a current of 0.5 A. It is to be turned in a magnetic

field B = 2T from a position in which 6 equals zero to 0

equals 180°. The work required in this process is
(A) mJ (B)2nJ
(©)4n (D) 8nJ

The figure shows a conducting loop ABCDA placed in a
uniform magnetic field perpendicular to its plane. The part
ABC is the (3/4)™ portion of the square of side length /.
The part ADC is a circular arc of radius R. The points A
and C are connected to a battery which supply a current I
to the circuit. The magnetic force on the loop due to the
field B is

X X X X X X X
X X X i X X X
x x| x x X\ ox o ox
[||B R B
X X X X X X X X
C D
X X X X X X X
X X X X X X X
(A) zero (B)BI!
C)2BIR D BIR
© D) /s

Imagine that a current is flowing around this test paper in
the anticlockwise direction. If an external magnetic field is
in +ve x direction, which edge of the paper would be lifted
under the influence of the torque of the magnetic field?

(A) Top edge (B) bottom edge

(C) leftedge (D) right edge

A long straight wire carries a I,

steady current [. Nearby is a S
rectangular loop that carries a

steady current I,. The '7"

[}

directions of the two currents

are shown in the figure.

Which statement is/are false ?

(A) The loop is attracted to the wire.

(B) There is no net force on the loop from the wire.

(C) The loop is attracted to the wire if [; > I,; otherwise it
isrepelled.

(D) The loop is repelled from the wire if I; > I,; otherwise
it is attracted

QS8

Q.9

A current I flows through a thin wire as shown in the
figure. If there exists an external magnetic field B in the

same plane of the wire. The torque acting on the coil is

2 \ ¥ fu

(A) 1{%%&}3

(B) 1(%+ 4a2J B

2am

() 1(rna’ +8a%)B
(D) zero ;
Figure shows four wires placed in the same uniform
magnetic field B and carrying the same current in which
case force acting on the wire is minimum

X X X X X X

x§¢
e} 1.5¢

Q.10 A circular current loop of radius « is placed in a radial field

B as shown. The net force acting on the loop is

(A) zero I

(B) 2nBalcosb

(C) 2nalBsin® NS

(D) None V
ANSWERS

1 ®B) @ ®) (3)(BD)

@ ®B) 3 ®B) 6 (©)

(7) (BCD) ® ) 9 ®B)

10)(©)

FORCE ONA CHARGED PARTICLE INAMAGNETIC FIELD

Force experienced by a current element [ d/ in magnetic
field B is givenby dF=1d/xB  ...(»0)

Now if the current element 1 d/ is due to the motion
of charge particles, each particle having a charge q moving
with velocity v through a cross-section S,

1d/=nSqv.d/=ndtqv [withvolume dt=S d/]

From eq" (i) we can write dF = n dt q (V x B)

n dt = the total number of charged particles in volume dt
(n=number of charged particles per unit volume),

rre
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@)

(b)

©

@

©

®

~ 1dF L =
force on a charged particle F = T =q(VxB)
n dt
From this it is clear that :

The force | is always perpendicular to both the velocity

v and the field B.
A charged particle at rest in a steady magnetic field does
not experience any force.

If the charged particle is at rest then V =0,s0 vxB =0
A moving charged particle does not experience any force

in a magnetic field if its motion is parallel or antiparallel to
the field.i.e., if 6=0°or 180°, then,

|F| =qvBsin0=0 [~ sin0°=0and sin 180°=0]

0=0°
qQe—»YV 1':’

B

ol

Ve——eo(
0 =180° o)
F=0

<l

F=qvB
If the particle is moving perpendicular to the field.

q
F =qvB sin®

In this situation all the three vectors F, v and B are mutually

perpendicular to each other.
Thensin®=max=1,1.e.,0=90°,
The force will be maximumF . =qvB

Work done by force due to magnetic field in motion of a
charged particle is always zero.

When a charged particle move in a magnetic field, then
force acts on it is always perpendicular to displacement,

so the work done,

- >
W= [ F.ds = [Fdscos90°=0 (as0=90°),
And as by work-energy theorem W = A KE, the kinetic

energy (= % mvz) remains unchanged and hence speed

of charged particle v remains constant.
However, in this situation the force changes the direction

of motion, so the direction of velocity V of the charged
particle changes continuously.
For motion of charged particle in a magnetic field

F=q(¥xB)
So magnetic induction B can be defined as a vector having
the direction in which a moving charged particle does not

experience any force in the field and magnitude equal to
the ratio of the magnitude of maximum force to the product

F,

max

qvVv

of magnitude of charge with velocity B=

MOTION OFA CHARGED PARTICLE INAMAGNETICFIELD

Motion of a charged particle when it is moving collinear
with the field magnetic field is not affected by the field (i.e.

if motion is just along or opposite to magnetic field) (.- F=0)
Only the following two cases are possible :
Case I : When the charged particle is moving perpendicular

to the field. The angle between B and V is 6 = 90°.

So the force will be maximum (= qvB) and always
perpendicular to motion (and also field);

Hence the charged particle will move along a circular path
(with its plane perpendicular to the field).

Centripetal force is provided % %
by the force qvB,
2 X X
So qvB= v q
ﬂ X X
=TI qB x x q x M X

In case of circular motion of a charged particle in a steady
magnetic field :

Momentum of the particlep=mv = \/2mK ,
[K =kinetic energy of the particle]
mv p

_ B _N2mK
B qB B
i.e., with increase in speed or kinetic energy, the radius of
the orbit increases.
For uniform circular motion v = or
Angular frequency of circular motion, called cyclotron or

or rcvecpoc \JK

. _v_aB
gyro-frequency. = ="~
. . 27 m
and the time period, T=—=2n—
() qB

i.e., time period (or frequency) is independent of speed of
particle and radius of the orbit. Time period depends only
on the field B and the nature of the particle, i.e., specific
charge (q/m) of the particle.

This principle has been used in a large number of devices
such as cyclotron (a particle accelerator), bubble-chamber
(a particle detector) or mass-spectrometer etc.

Case II : The charged particle is moving at an angle 0 to
the field : (B 0°,90° or 180°)

Resolving the velocity of the particle along and
perpendicular to the field. The particle moves with constant
velocity v cos 0 along the field (" no force acts on a
charged particle when it moves parallel to the field). And
at the same time it is also moving with velocity v sin 0
perpendicular to the field due to which it will describe a
circle (in a plane perpendicular to the field)

m(v sin )

. . =
Radius of the circular path B

and Time period T = 2mr_2mm

vsin® qB

=
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So the resultant path will be a helix with its axis parallel to

the field B as shown in fig.

v sin @

Helical Path

The pitch p of the helix = linear distance travelled in one

2ntm
qB

rotation p="T (v cos 8) = (v cos 6)

MOTION OF CHARGED PARTICLE IN COMBINED
ELECTRICAND MAGNETIC FIELDS
Let a moving charged particle is subjected simultaneously

to both electric field E and magnetic field B.
The moving charged particle will experience electric force

i = qf
And magnetic force F,, =q (VxB).

Net force on the charge particle
- > 5 o
F =q(E + v x B) [Lorentz-force]

Depending on the direction of v, Eand B various

situation are possible and the motion in general is quite
complex.

Casel: v, E and B all the three are collinear :

As the particle is moving parallel or antiparallel to the field.
The magnetic force on it will be zero

And only electric force will act

So, acceleration of the particle

- - E
Ao B _aE v,
dm m q
B

Hence, the particle will pass through the field following a
straight line path (parallel to the field) with change in its
speed. In this situation speed, velocity, momentum and
kinetic energy all will change without change in direction
of motion as shown in figure above.

/Fm

- ~ B
gmagnitude of E and B are such that

Casell: v, E and B are q

mutually perpendicular :
If in this situation direction and

R F

- . -
Resultant force g —f +F =0 i€, a=—= 0

m
Then as shown in fig., the particle will pass through the
field with same velocity

F,=F, ie, qgE=qvB

E
or V= B This principle is used in 'Velocity-selector' to

get a charged beam having a specific velocity.

Example5:
An electron is projected with a velocity of 10 m/s at right
angles to a magnetic field of 0.019G. Calculate the radius of
the circular path described by the electron, if
e=1.6x101°C,m=9.1 x 1031 kg.

v=103m/s;e=1.6 x 10719 C;
m=9.1x1073kg; B=0.019G=0.019x104T

Sol.

9.1x10731 x10°

=MV _
0.019%10™% x1.6x107"°

_Be

=0.299m

Example6:
A beam of protons with velocity 4 x 103 m/s enters a uniform
magnetic field of 0.3 tesla at an angle of 60° to the magnetic
field. Find the radius of the helical path taken by the proton
beam. Also find the pitch of helix. Mass of proton
=1.67x 1027 kg.

mv sin 6
Sol. r= q—B (.. component of velocity L to field is v sin 0)
1.67x1027)4x109(3/2) 2

=—F W,
(1.6x107%) 0.3 3 <107 m=12em

27r

Again, pitchp=vcos 8 x T, where T = vsin 0

cos 60°x 2t x (1.2 x 1072)
sin 60°

veosOx2mr

v sin O
=435%x102m=4.35¢cm

HALLEFFECT
When a current passes through a slab of material in the
presence of a transverse magnetic field, a small potential
difference is established in a direction perpendicular to
both, the current flow and the magnetic field.

ook}

=
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This effect is called Hall effect The voltage thus developed CYCLOTRON

is called Hall voltage. Hall effect enables us to

(i) Determine the sign of charge carriers inside the
conductor.

(ii) Calculate the number of charge carriers per unit volume.

Explanation : Letus consider a conductor carrying current
in +X direction. The magnetic field is applied along +Y
direction. Consider two points P, and P, on the conductor
and connect a voltmeter between these points. If no
magnetic field is applied across the conductor, then the
points P and P, will be at same potential and there will be
no deflection in the galvanometer. However, if a magnetic
field is applied as shown in the figure, then the Lorentz
force acts on electrons as shown in the figure. The Lorentz
force on electrons
> o>
F,, =—¢ (vgx B) acts in the downwards direction.
Now there may be two cases:
(i) If the charge particles are negatively charged, then
these negative charges will accumulate at the point P,
and therefore P, will be at lower potential than P.
(i) Ifthe charged particle are positively charged, then the
point P, will be at higher potential than P,.

Magnitude of Hall Voltage : Let w be width and A be the
cross-sectional area of the conductor. If e is magnitude of
charge or the current carrier (electron or hole).

the force on the current carrier due to magnetic field

F_ =Bevy

Here, v, is drift velocity of the current carries.

Due to the force F, the opposite charges build up at the
points P, and P, of the conductor. If Vy; is Hall voltage

developed across the two faces, then the strength of

v
electric field due to Hall voltage is given by Ej; = VH .

Here w=PP,.
This electric field exerts an electric force on the current
carries in a direction opposite to that of magnetic force.

V
The magnitude of this force is F, = Eye = —He
w
e . Vi
In equilibrium condition, F,=F_, or W e=Bev,,
or V=B v,w. Now, drift velocity of current carrier is
. J ,
given by, vy = e’ where n is the number of current
carries per unit volume of the strip.
_Bwj

\%
H  ne

Vu . )
T is called the Hall resistance.

A cyclotron is used for accelerating positive ions, so that
they acquire energy large enough to carry out nuclear
reactions.

High
frequency
oscillator

Dy

D,

Energetic
proton beam

S Target

In a cyclotron, the positive ions cross again and again the
same alternating (radio frequency) electric field.

And gain the energy each time =q V.

q=charge and . difference in bet" dees.

It is achieved by making them to move along spiral path
under the action of a strong magnetic field.

Principle : A positive ion can acquire sufficiently large
energy with a comparatively smaller alternating potential
difference by making them to cross the same electric field
again and again by making use of a strong magnetic field.
Construction : It consists of two D-shaped hollow
semicircular metal 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
103 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.

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 o-particles,
helium gas is used.

Theory : Consider that a positive ion is produced at the
centre of the gap at the time, when the dee D is at positive
potential and the dee D, is at a negative potential.

The positive ion will move from dee D, to dee D,.

The force on the positive ion due to magnetic field
provides the centripetal force to the positive ion and it is
deflected along a circular path because magnetic field is
normal to the motion.

Let strength of the magnetic field = B,

mass of ion = m, velocity ofion=v and charge of the
positive ion= q

and the radius of the semi-circular path =r

2
then Bqv= my [inside the dee D,]. Thus, r = my

r Bq

B
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After moving along the semi-circular path inside the dee
D,, the positive ion reaches the gap between the dees.
At this stage, the polarity of the dees just reverses due to
alternating "electric field" i.e. dee D| becomes negative
and dee D, becomes positive. The positive ion again gains
the energy, as it is attracted by the dee D,. After moving
along the semi-circular path inside the dee D, the positive
ion again reaches the gap and it gains the energy.(=q V)
This process repeats itself because, the positive ion
spends the same time inside a dee irrespective of its veloc-
ity or the radius of the circular path.

The time spent inside a dee to cover semi-circular path, is

length of the semi circular path ¢
t= velocity -
(_Em r m
or Bq v Bq

As positive ion gains kinetic energy its velocity increases,
due to increasing velocity, decrease in time spent inside a
dee of positive ions is exactly compensated by the in-
crease in length of the semi circular path (r o« v).

Due to this condition, the positive ion always crosses the
alternating electric field across the gap in correct phase.

Cyclotron frequency
Under the action of the given magnetic field (B fixed), the
given positive ion (e/m fixed) will cover the semi-circular
path in a fixed time only, if t in equation is equal to T/2
Where T is the time period of the electric field.

T mm

" or T

_2nm
2 Bgq

Bq

B
The cyclotron angular frequency, ©® = =4
m

__Bgqg
2t m

Also, cyclotron frequency, v

Maximum energy of the positive ions : Maximum energy
acquired by positive ions depends on the radius R of the
dees. After acquire this energy positive ion emerge out
the dees and use for hitting the target.

Let v .. be the velocity acquired by the positive ions,
when it moves along the largest circular path i.e. path of
radius equal to the radius R of the dees.

m v2 BqR

— max —
Then Bqv,, = ™ Oor Vinax "

Therefore maximum kinetic energy gained by the positive

» 1 (BqR)? 1 B2q°R?
Vinax =5 m | = = Emax:ET

ion,E = Em

The maximum energy acquired by the positive ion can be
expressed in another form as given below :

If V is the potential difference applied between the dees
and N is the number of times, the positive ion cross the

gap between the dees before leaving the dees, then
Enax =NqV
N = 2n, n = the number of rotations completed.

Example 7 :

Sol.

A cyclotron in which the magnetic flux density is 1.4 tesla
is used to accelerate protons. With what frequency the
electric field between the "dees" should be reversed ?
Given : mass of proton=1.67 x 10727 kg.

Bq 14x1.6x107"7 x7
2nm  2x22x1.67x1072

v= Hz =2.1x107Hz

Example 8 :

Sol.

22
=2 x - x 6.645 x 10727 x 8 x 100 x

Q.1

Q.2

Q3

The frequency of oscillating potential applied to the dees
of a cyclotron is 8 x 10° Hz. Determine the magnetic field
required to accelerated an a-particle.

Given : mass of o-particle = 6.645 x 1027 kg,

2nmyv

B=

m T=1.04T

TRYITYOURSELF-3
A positively charged particle has a velocity in the negative
z direction, as shown in the figure. The Lorentz force on
the particle is in the negative y direction. From this
observation alone, what can be said about the magnetic

field at this point? £

(A) Bx is positive

(B) Bx is negative

(C) By is positive Fg y
(D) By is negative -

Figure shows the path of an electron —— !
in a region of uniform magnetic field.
The path consists of two straight —_3
sections, each between a pair of 4

uniformly charged plates, and two half-circles.The plates

arenamed 1, 2,3 & 4. Then

(A) 1 and 3 at higher (positive) potential and 2 and 4 at
lower (negative) potential

(B) 1and 3 atlower potential and 2 and 4 at higher potential

(C) 1and4 at higher potential and 2 and 3 at lower potential

(D) 1and4 atlower potentail and 2 and 3 at higher potential

A charged particle is fired at an angle 6 to a uniform
magnetic field directed along the x-axis. During its motion
along a helical path, if the pitch of the helical path is equal
to the maximum distance of the particle from the x-axis
(A)cos0=1/n (B)sin6=1/n
(C)tan6=1/n (D)tan6=mn

rye
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Q4

Q5

Q.6

Q.7

Q8

Q.9

Att=0a charge q is at the origin and moving in the y-
direction with velocity v=v]. The charge moves in a
magnetic field that is for y > 0 out of page and given by
B, z and for y < 0 into the page and given —B, Z. The
charge's subsequent trajectory is shown in the sketch.

From this information, we can deduce that
(A)q>0and|B;|<|B,| y

(B)q<0and|B, |<[B,| zo|/ B® d
(©)q>0and|B, |>|B,| X
(D)q<Oand|B,|>|B, | Bz®U

A charged particle is moving in the presence of electric
(E) and magnetic (B) fields. The directions of E and

B are such that the charged particle moves in a straight

line and its speed increases. The relations amongst E,

B and velocity V must be such that

(A) E. B =0, V isarbitrary

(B) E,B and V areall parallel to each other

(CO)E.V =0,B.V =0but E.B #0

(D) V isparallel to E and perpendicular to B

A particle of specific charge o (q/ m) moving with a certain
velocity v enters a uniform magnetic field of strength B
directed along the negative Z-axis entending from x =1 to
X =r,. The minimum value of v required in order that the

particle can just enter the region X >, is :
(A)or,B (B)or,B

(D) ot} -1’ B

In order to measure the speed v of blood flowing through
an artery, a uniform magnetic field B is applied in a direction
perpendicular to the flow and a voltmeter measures the
voltage across the diameter D of the artery, at right angles
to B. If positive and negative ions in the blood are
longitudinally at rest with respect to the flow, the speed of
the flow is closet to

(A)v=V/BD (B)v=BD/V

(©)v=VD/B (D)v=B/VD

A proton and an alpha particle enter a uniform magnetic
field with the same velocity. The period of rotation of the
alpha particle will be

(A) four times that of proton

(B) two times that of proton

(C) three times that of proton

(D) the same as that of proton

Two particles having the same specific charge (q/m) enter
a uniform magnetic field with the same speed but at angles
0f 30° and 60° with the field. Let a, b and ¢ be the ratios of
their pitches, radii and periods of their helical paths
respectively,

(A)abc=1
(C)a’=c

(©)o(ry-1B

(B)atb=2./c
(D)ab=c

*

*

ANSWERS
™ (A) @ (©) 3) (D)
@ (A) () B) () (C)
M (A) ® ®B) (9) (AD)

USEFUL TIPS

Magnetic field due to various geometries
Geometry Magnetic field

@ — o P B-o

(b) :”_OL_n:“Li(@
4nt a 4a
Ko . 1 1
—— ——®
© p-tomo{L- L}
uoni(l 1)
-] —+—10
(d) B 4n a4 azJ
,H_oi[l_ij
© B= 2a T
® B= 2a n
ol [2n-60 6
(g) B: 4TE{ al +32}®

21y ~
B Blzu_oLllk
! i 4 ay
Ko 27miy ~
By ==L —2]
47 a2
[32 . n2 Mo [0 05
B= Bl +B2:7 —2 —2
a;  aj
) B=0

If in a symmetrical geometry, current enters from one
end and exit from the other, then magnetic field at the
center is zero.

=T
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1) Q @)

e 3)

B.=0 Be=0 B.=0
g AN
B.=0 B.=0

Note : In all the above cases, B-=0

* For current carrying coil M = NIA ;

Torque= =M xB

ADDITIONAL EXAMPLES

Example1:
Two infinite wires bent in the form of L carries current I as
shown in figure. What is the magnetic field at point O.

K
Al
1 0 N

————— - - === —
M r o r |

Sol. As point O is along the length of segments M and N so
the field O due to these segments will be zero.
Again as point O is near one end of a long wire,

S5 o5 Mol Mo I Hol
_ Lo _| Mol
B =B, +Bg 4nr@+4nr@orB { 2| ®

4nr

Example2:
A straight wire carries a current of 3A. Calculate the mag-
nitude of the magnetic field at a point 15 cm away from the
wire. Draw a diagram to show the direction of the magnetic
field.

Sol. I1=3A,r=0.15m

B:M_I:4fc><10_7 T &
2nr 21 x0.15

=4.0x10°T

The 'cross' ® in the fig. represents

current into the plane of the paper.

Example3:

Calculate the magnetic field at the centre of a coil in the
form of a square of side 2a carrying a current I.

The current carrying coil ABCD may be assumed to be
made of four current-carrying conductors AB, BC, CD and
DA.

Sol.

Magnetic field at O due to B R c
current-carrying conductor )
ABis:

Hol . .
B=—— 45° + sin45°
Ama [sin sin45°]

1
= B0 oginase
4ma

Mol 1

X2 % NG or =

Total magnetic field at O,

2 Mol _ V2 Hol
4na ma

or B=

4ma

B'=4B=4x

Example4:
Two straight infinitely long and thin parallel wires are
spaced 0.1 m apart and carry a current of 10 ampere each.
Find the magnetic field at a point distance 0.1 m from both
wires in the two cases when the currents are in the
(a) same and (b) opposite directions.
As the point P is equidistant from both the wires W and
W, and the distance between the wires is equal to the
distance of point P from a wire, so W, W, and P will lie on
vertices of equilateral triangle of side 0.1 m.

pe 21 ., 2x10

— —Rr=-9 = _ B, -5
By =By=B= x5 =107x == =2x10°T

Now as lines of force in case of a current-carrying wire are
circles encircling the wire
so B, is perpendicular to W, P and B, 1 W, P

Sol.

B
B A B B,
yA 1 Y 6060
B ‘3% >
B& SN
@360—@—> X @/\60 D> x
W, W, W, W,
fig. (a) fig. (b)

(a) Ifwires carry current in the same direction (say out to
the page), B, and B, will have directions as shown in
fig. (a) and angle is 60° between them. So

Br=2Bcos30= 243 x105T along negative x-axis.
(b) Ifthe wires carry current in opposite direction (say in

W, out of the page while in W, into the page), then

B, and B, will have directions as shown in fig. (b)

with £ 120° between them. So,

By =2B c0s60° =2 x 1073 T along positive y-axis.

v
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Example5:
A straight wire carrying a current of | is bent into a semicir-
cular arc of radius r as shown in fig. What is the direction
and magnitude of magnetic field at the centre of the arc ?

ol

Sol. B= ar o°Tm
If the wire were bent into a semicircular arc of the same
radius but in the opposite way as shown in figure.
The field will be of the same magnitude

o

but its direction will be normal to the plane of paper and in
outward direction.

Example6:
The radius of the first electron orbit of a hydrogen atom is
0.5 A. The electron moves in this orbit with a uniform
speed of 2.2 x 10 m/s. What is the magnetic field produced
at the centre of the nucleus due to the motion of this

electron ?
Mol _ poe 2nr o HoSV. Heev
Sol. 2r 2T ButT v 2rx21r 4qr?
4nx107 x1.6x107" x2.2x10°
B= T=14.08T
of 4r(0.5x10719)2
Example 7 :

As shown in figure, a cell is
connected across X & Y of a
uniform circular conductor.
Prove that the magnetic field
at the centre will be zero.

Sol. Let ¢, and ¢, be the lengths of the shorter and longer
segments respectively and their respective resistances are
R, and R, Resistance per unit length of wire = p

Ry =p/liandR,=p ¢,

—— WA
Ry

I, Ry

Let I, and I, be the respective current.
The shorter and the longer segments are in parallel.

. 4 7
- LR =LR, orljp o =Lp " or [{4; =1,(,

Let B, and B, be the magnetic fields at the centre O of the
coil due to shorter and longer segments respectively.

_ by L4 _ Ky Ly
NOW’Bl_Z;';T’ 2‘1;'73‘
Clearly, B| =B, . Also the direction of the fields are
opposite. So, the net field at O is zero.

Example 8 :
Calculate the field at the centre of a semicircular wire of
radius r in situations shown in figure (a) and (b), if the
straight wire is of infinite length.

I I
(a) (b)

Sol. If the conductor is of infinite length but one end is infront

(}/l() I\

of point P then magnetic field at distance r from it is L g r)

.. RATE2N
And at the centre of a semicircular coil is LWJ

hence net magnetic field at point O is ER = Ba + Eb + Bc

- Ko I @ Ko nl Ko 1
lg et g Wlg
(@) By 4mr 4n r 4nr
_ Mol
= anr [ + 2] out of the page
= _Hol g Ml Mo I
=2- @+ 2= g+ 2-0
(5) By 4mr 4n r 4n r
I
= Z—i; [w — 2] into the page
Example9:

Figure shows a current-carrying system of straight wire
and loop. Determine the magnetic field at the centre O of
the loop. Given : r is radius of loop and I is current flowing
in the system.

Kol
2nr
normal to the plane of paper and directed outwards.
Magnetic field at O due to current-carrying loop,

Sol. Magnetic field at O due to straight wire, B| =

I
B,= L;—Or normal to the plane of paper and directed
inwards.
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Net magnetic fieldatO, B=B,-B,
_ Bl _ ol

vt e

It is normal to the plane and directed inwards.

1
g bl
27r

Straight wire and loop there is no contact at point A

I I

A

Example 12 :

Sol.

At the centre O of the loop and at distance r from straight
wireB =B, + B,

I I I
orB:H—O+H—0 or B:H—0

1
1+—
2r 2mr 2nr [ J@outofthepage

Example 10 :

A wire loop is formed by joining two circular wires of radii
r; and r, as shown in fig. If the loop carries a current I, find

the magnetic field at the centre O.

Hol(2n-6) pol(2n-96)
B= 4nr 4nr

o,

Semicircular arc and straight conductor

_ Rl
4r

B

At the centre of the square B =0

Example 11 :

An electric current is flowing in a circular coil of radius r.
At what distance from the centre on the axis of the coil will

the magnetic field be 1/8th of its value at the centre ?

1
[1 + ;} ® Normal to plane of paper downward

Sol. IfB, and B, be the magnetic fields at P and C respectively,

Sol.

1
then B1=—B2
8
T
Ir? [ 1
polr™  Tho C 3 >

2% +x2)3? T8 2r

or x= rﬁ

Two concentric circular coils X and Y of radii 16 cm and
10cm respectively lie in the same vertical plane containing
the north-south direction. Coil X has 20 turns and carries
a current of 16 A; coil Y has 25 turns and carries a current
of 18 A. The sense of the current in X is anticlockwise, and
inY clockwise, for an observer looking at the coils facing
the west. What is the magnitude of direction of the
magnetic field at their common centre

(i) Due to coil X alone ? (ii) Due to coil Y alone ?
(iii) Due to both the coils ?

According to the figure the magnitude of the magnetic
field at the centre of coil X is

Ho LNy  2mx1077 1620
=— = X

_ 4
B=7 o 5 g ~4mx 10T

Since the current in coil X is anticlockwise, the direction of
B, is towards the east as shown in figure.

The magnitude of magnetic field at the centre of the coil Y
is given by

Ho IyNy  4nx107 L 18x25
YT 2 ay 2 2

- since the current in coil Y is clockwise, the direction of
field By, is towards the west (see fig.).

Since the two fields are collinear and oppositely directed,
The magnitude of the resultant field = difference between
the two fields.

And its direction is that of the bigger field. Hence the net
magnetic field at the common centre is 5 > 104 T and is
directed towards the west.

=9 x1074T

Example 13 :

Two circular coils are made of two identical wires of same
length. If the number of turns of the two coils are 4 and 2.
Find out the ratio of magnetic induction at centres of them.
L =n,2nr; = n,2mr,

 n Mo N1
=nr =nr, = -L=--2;B= 0
11 212 2
noon r
2
Bl uonli/Zrl 1'11 rzi (1’11\ :i
B2 Monzi/zrz n, 1 HZJ 1

B
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Example 14 :

Two coaxial coils of equal radii placed at a distance equal
to the radius of either of the coils and current 0.1 amp. is
flowing through them, number of turns in each coil is 25
and radius is 10 cm. Find out magnetic field intensity at the
middle point.

nl -7
Sol. B:0.76“0—=0.76X4X3'14X181 x25x0.1
=2.38 x 107 Wb./m?
Example 15:
A solenoid is 2m long and 3cm in diameter. It has 5 layers
of winding of 1000 turns each and carries a current of 5 A.
What is the magnetic field at its centre ? Use the standard
value of .
Sol. Length of solenoid, ¢=2m
Total number of turns, N=5 x 1000 = 5000
. N _ 5000
Number of turns per unit length, n= 7 = " =2500m
Now, B=pynI=4nx 1077 x2500x 5T=1.57x 102 T
Example 16 :
A conductor (shown in the figure) carrying constant
current I is kept in the x-y plane in a uniform magnetic field
B. IfF is the magnitude of the total magnetic force acting
on the conductor, then the correct statement(s) is (are) :
y
R R
I 0 o - X
¢ L pe— R —e— R —i¢ L »
(A)If B isalong 2, Foc(L+R)
(B)If B isalong &, F=0
(O)If B isalong ¥, Foc(L+R)
(D)If B isalong 2, F=0
Sol. (ABC).

F=i(/xB)=i{2(L+R)ixB}

S / /6 /4 R

L R R L

If B isalong 2, F=[i2(L+R)B](-))
If B isalong X, F=0

If B isalong §, F=i{2(L+R)B]k}

Example 17 :

Sol.

A long horizontal wire PQ which is free to move in a vertical
plane and carries a steady current of 20 A, is in equilibrium
at a height of 0.01 m over another parallel long wire RS,
which is fixed in a horizontal plane and caries a steady
current of 30 A as shown in figure. Show that when PQ is
slightly depressed and released it executes simple harmonic
motion. Find the period of oscillations.

Force per unit length between two parallel current carrying

dF  py 2L,

w1res E = 4 d

R L=30A °

and is repulsive if current through them are in opposite
directions, so for the equilibrium of wire PQ,

L - 4Tc d -------
Now if the upper wire is displaced by x towards the lower
one, the magnetic repulsive force will increase and so the
restoring force will be

Ho 1 :
F,—F,= i 2L (d X d vertically up

an 4nd(d-x) X [as fis opposite to x]

or f=—
— —=X
. 42

As the restoring force is linear, motion will be simple

[as x <<d]

harmonic with force constant k= H0. 211%

47 md?

Ho2 LI,L

Using Eqn. (1), T= 2714,
Sohere T= 21 ’00
9.8

so that T = 27'c\/E =2n

2x3.14 _ 02
313 sec

4
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Example 18 :

A circular coil of 25 turns and radius 6.0 cm, carrying a
current of 10 A, is suspended vertically in a uniform
magnetic field of magnitude 1.2 T. The field lines run
horizontally in the plane of the coil. Calculate the force
and torque on coil due to the magnetic field. In which
direction should a balancing torque be applied to prevent
the coil from turning ?

%
Sol. Let us consider any element d¢ of the coil.
> o
The force on this elementis I (d/ x B) .
[l W
A\ /I
\ Y s
For each element d/, there is another element —d/
diametrically opposite on the closed loop
Since B is uniform therefore the forces cancel for each
pair of such elements.
So, the net force on the coil is zero.
The torque 7 on a plane loop of any shape carrying a
current I in a magnetic field B is given by
T=IAAxB
[fi = unit vector normal to the plane of the loop]
For a circular coil of radius r and N turns area A=N x 72
The angle between fi and B is 90°.
So, the magnitude of torque ©=B 1 Asina
or t=1.2x10%25xn(0.06)2sin90° =3.39Nm
The direction of 7 is vertically upwards. To prevent the
coil from turning, an equal and opposite torque must be
applied.
Example 19 :
A uniform magnetic field of 5000 gauss is established along
the positive z-direction. A rectangular loop of side 20 cm
and 5 cm carries a current of 10 A is suspended in this
magnetic field. What is the torque on the loop in the
different cases shown in the following figures ? What is
the force in each case ? Which case corresponds to stable
equilibrium ?
Sol. (a) Torque on loop, T=BIA cos 0

where 0 is the angle between the plane of loop and direction
of magnetic field.

wi
—>
'y

Z
|
v A
Y .
0 0 1
X
@ X (b)
Z
[ ng
Y
(@]
X ©
Z
Al
(0]
1
©

gl

Y 0 Y

X X

(®

Here, 8= 0°; B=5000 gauss = 5000 x 10* tesla=0.5 tesla
=10 ampere, A=20 x 5 cm?=100 x 10* =102 m?

Now,1=0.5x10x102=5x102Nm

It is directed along —y-axis

(b) Same as (a). (¢) T=>5 x 1072 N'm along —x-direction

(d) =5 x 1072 N mat an angle of 240° with +x direction.

(e) tiszero. - Angle between plane of loop and direction

of magnetic field is 90°]

(f) T is zero.

resultant force is zero in each case.

Case (e) corresponds to stable equilibrium.

Example 20 :

Sol.

An electron emitted by a heated cathode and accelerated
through a potential difference of 2.0 kV enters a region
with uniform magnetic field of 0.15 T. Determine the
trajectory of the electron if the field is (a) transverse to its
initial velocity (b) makes an angle of 30° with the initial
velocity. Take mass of electron =9 x 103! kg.

V =2kilo volt=2000 volt; B=0.15T

2eV  [2x1.6x1079 x2x10°
v= = 31 m/s
m 9%10

8
=3 < 107m/s [

l Z_V
2mv =eV]

e
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(@) When the magnetic field is perpendicular to the initial
velocity : For the circular motion of the electron the
necessary centripetal force is provided by magnetic

mv
force. .. Bev=

r
~ 9x107 x8x10’ e
Be 3x0.15x1.6x10710

(b) When initial direction of the particle makes an angle
of 30° with the magnetic field
Due to component of velocity perpendicular to the
field, the electron move along a circular path and no
change in component of velocity in the direction of
the field. Due to combined effect of these two the
electron will move along helical path.
Radius of helical path,

L_mysin® _9x107'x8x107sin 30°
eB 3x0.15x1.6x107"°

= 0.5mm

Example 21 :

Sol.

In a chamber, a uniform magnetic field of 8 x 10~ T is
maintained. An electron with a speed of 4.0 x 10° m/s enters
the chamber in a direction normal to the field.

(a) Describe the path of the electron.

(b) What is the frequency of revolution of the electron ?
(c) What happens to the path of the electron if it
progressively loses its energy due to collisions with the
atoms or molecules of the environment ?

(a) The path of the electron is a circle of radius

mv _ 9.1x107 x4x10° 72
B Tex10 Pxgxiod 28X 107m

The sense of rotation of the electron in its orbit can be
determined from the direction of the centripetal force.

r=

F=—¢ (VxB). So, if we look along the direction of
B, the electron revolves clockwise.

(b)

The frequency of revolution of the electron in its
v 1.6x107"7x8.0x107*

2mr 2mx9.1x1073!
=22.4 MHz

(¢c) Due to collision with the atomic consistent of the
environment, the electron progressively loses its
speed. If the velocity vector of the electron remains in
the same plane of the initial circular orbit after
collisions, the radius of the circular orbit will decrease
in proportion to the decreasing speed. However, in
general, the velocity of the electron will not remain in
the plane of the initial orbit after collision. In that case,
the component of velocity normal to B will determine
the radius of the orbit, while the component of velocity

circular orbit v= Hz

parallel to B remains constant. Thus, the path of the
electron, between two collisions is, in general, helical.
But an important fact must be noted: the frequency of
orbital revolution remains the same, whatever be the
speed of the electron.

Example 22 :

Electron moving at right angles to the uniform magnetic
field completes a circular orbit in 10~%s. Calculate the value
of magnetic field.

T m

Sol. Period of revolution T = Be [+ T=10%5]
—31
or B=2m o _2mX9X10 7 3534, 105 ela
eT  1.6x107x107
Example 23 :

Sol.

An electron in passing through a field but no forces acting
on it. Under what condition it is possible, that the motion
of the electron will be in the (i) electric field (ii) magnetic
field?

(1) Inelectric field, there is always a force on the moving
electron opposite to the direction of field. Thus the
force will be zero only if field is zero.

(i) Inmagnetic field, the force acting on a moving electron
isF=qvBsin 6, itis zero if 6 =0° or 180°
i.e., the electron is moving parallel to the direction of
magnetic field.

Example 24 :

Sol.

The energy of a charged particle moving in a uniform
magnetic field does not change. Explain

When a charged particle is moving in a uniform magnetic
field it experiences a force in a direction, perpendicular to
its direction of motion. Due to which the speed of the
charged particle remains unchanged and work done on it
is zero, hence its kinetic energy remains same.

Example 25 :

Sol.

The region between x =0 and x = L is filled with uniform,

steady magnetic field B012 . Aparticle of mass m, positive

charge q and velocity Voi travels along X-axis and enters

the region of magnetic field. Neglect the gravity throughout
the question.

(a) Find the value of L if the particle emerges from the
region of magnetic field with its final velocity at an
angle 30° to its initial velocity.

Find the final velocity of the particle and the time spent
by it in the magnetic field, if the magnetic field now
extends upto 2.1 L.

(b)

(@) The particle is moving with velocity Vo,l: ,
perpendicular to magnetic field B012 . Hence the
particle will move along a circular arc OA of radius r
_myv
qBy
Let the particle leave the magnetic field at A.

e
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F ACDA 60° = AD_L
rom , €0s60° = CA

or L:rcos60°:% o o
L m v, x=0 , (0] (e} L
29 By 0 R
(b) As the magnetic field b o 607 0
extends upto 2.1 L 3007
i.e., L > 2r, so the >0 o
particle y
completes half cycle Voi

before leaving the

magnetic field, as

shown in figure.

The magnetic field is

always perpendicular

to velocity vector, v
therefore the i
magnitude of velocity will remain the same.

Final velocity = v, (-1) =— Vo,l:

. . . Tr Tm
Time spent in magnetic field= — =
Vo 4By

Example 26 :
A test charge of 1.6 x 10719 C is moving with velocity

¥ = (21 +3j) m/s ina magnetic field B = (2{ +3j) Wbm?.
Find the force acting on the test charge.

Sol. e=1.6x10719C; v =(2i +3])) m/s;

B=(2i+3j) Wbm™
- - -
F

=e(vxB)=1.6x10"19[(21+3)) x (21+3])]=

Example 27 :
A beam of protons is deflected sideways. Could this
deflection be caused be (i) a magnetic field (ii) an electric
field? If either possible, what would be the difference?

Sol. Yes, the moving charged particle (e.g., proton, a-particles

etc.) may be deflected sideway either by an electric or by a
magnetic field.

(i) The force exerted by a magnetic field on the moving
charged particle is always perpendicular to direction
of motion, so that no work is done on the particle by
this magnetic force. That is the magnetic field simply
deflects the particle and does not increase its kinetic
energy.

The force exerted by electric field on the charged
particle at rest or in motion is always along the
direction of field and the kinetic energy of the particle

(i)

changes.

Example 28 :

Sol.

=——ie,T “qandas LEJ(X

A neutron, a proton, an electron an o.-particle enter a region
of constant magnetic field with equal velocities. The
magnetic field is along the inwards normal to the plane of
the paper. The tracks of the particles are shown in fig.
Relate the tracks to the particles.

X x x
Bz x x
A x
X x
D

Force on a charged particle in magnetic field F = q (v x B)

For neutron q = 0, F = 0 hence it will pass undeflected.

i.e., tracks C corresponds to neutron.

If the particle is negatively charged, i.e., electron.
F=-e(VxB)

With the help of RHSR, it will experience a force to the

right; so track D corresponds to electron.

If the charge on particle is positive.

With RHSR, it will experience a force to the left; so both

tracks A and B corresponds to positively charged particles

(i.e., protons and a-particles).

When motion of charged particle perpendicular to the

magnetic field the path is a circle with radius

CREMCRE

mv m
qB

(m) _(m)
es Ug), "Ua) -

i.e., track B to a-particle and A corresponds to proton.

sor>r

Example29:

Sol.

If a charged particle is deflected either by an electric or a
magnetic field, how can be ascertain the nature of the field?
By observing the trajectory and measuring the kinetic
energy of the charged particle as in a magnetic field the
trajectory is a circle in a plane perpendicular to the field
and the KE (and hence the speed) remains constant while
in an electric field the trajectory is a parabola in a plane
parallel to the field and the KE (and hence the speed) of
the particle changes.

If the velocity of a particle remains unchanged in passing
through a certain region,

apart from E =0 and B = 0 only possible situations are:

(@) E=0 and B=0 — When v||B

(b) E£0 and B0 are possible. — When 1% - _F;I

e
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Example 30 :
A cyclotron is operating with a flux density of 3 Wb/mZ.
The ion which enters the field is a proton having mass
1.67x10727 kg. If the maximum radius of the orbit of the
particle is 0.5 m, find (a) the maximum velocity of the
proton, (b) the kinetic energy of the particle, and (c) the
period for a half cycle.

Sol. (a) For motion of a charged particle in a magnetic field,

~ 9Br,

max

mv Br
r= or V:q— So, Vinax =

q_B m m

1.6x107 x3%0.5
1.67 x 10727

=1.43 x 108 m/s

x 1.67 x 10727 x (1.43 x 108)2

bKE_l 2 l
(b) fzmv 5

1.71x 10711

H - —11 71— -
ie, KE=1.71x107"J L6x10° 108 MeV

(¢) Incase of circular motion, as

2t x 0.5

2 r
g =2.18x 10385,

v 143x10

So time for half cycle,

1 1
=7 (M= 3 (2.18x1078)=1.09x 10785

Example 31 :
A cyclotron's oscillator frequency is 10 MHz. What should
be the operating magnetic field for accelerating protons ?
Ifthe radius of'its 'dees' is 60 cm, what is the kinetic energy
of the proton beam produced by the accelerator ?
Givene=1.60 x 1071 C,m=1.67 x 1027 kg. Express your
answer in units of MeV. (Given, | MeV =1.6 x 10713 J)

C2mmv  2mx167x107%7 x10”

e 1.60x1071°
m=1.67x1027kg;e=1.60x 10719 C;
v=10MHz=10"Hz;R=60 cm=0.6 m

Sol. B =0.656 Tesla

BZe?R?

max~  2m

~(0.656)% x (1.60 x107'%)?(0.6)*
2x1.67x107%7

11.874x10713

1.6x10713
—7.421 MeV

=11.874x10°13J =

Paragraph For Ex. 32 and 33
The figure shows a circular loop of radius a with two long
parallel wires (numbered 1 and 2) all in the plane of the
paper. The distance of each wire from the centre of the
loop is d. The loop and the wires are carrying the same
current I. The current in the loop is in the counterclockwise
direction if seen from above.

Ex.32When d = a but wires are not touching the loop, it is found
that the net magnetic field on the axis of the loop is zero at
a height h above the loop. In that case
(A) Current in wire 1 and wire 2 is the direction PQ and RS,

respectively and h = a.
(B) Currentinwire 1 and wire 2 is the direction PQ and SR,
respectively and h = a
(C) Currentinwire 1 and wire 2 is the direction PQ and SR,
respectively and h = 1.2a
(D) Current in wire 1 and wire 2 is the direction PQ and RS,
respectively and h = 1.2a.
;,Loia2 2 x pypia

© -

"2@2+h2)*?  2n(a? +h?)

Sol.

a’ _2a at 4a®
va?+n? T a2+h? 2
1022 = 4a® + 4h?
6a? = 4h?

2
%:hzjh:I.Za

Ex.33 Consider d >> a, and the loop is rotated about its diameter
parallel to the w ires by 30° from the position shown in the
figure. If the currents in the wires are in the opposite
directions, the torque on the loop at its new position will
be (assume that the net field due to the wires is constant
over the loop)

2.2 2.2
Hol™a Hol™a
A B
(A) = ® =>4
() Yhol'e® () Prals
d 2d
Mol
Sol. . B= x2
o. ®) 2nd
2.2
_Bolx2 o2 1 Hol'a
2nd 2 2d
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MAGNETISM

MAGNETISM

The phenomenon of attracting magnetic substances like
iron, cobalt nickel etc. is called magnetism. A body
possessing the property of magnetism is called magnet.

HISTORICALFACTS

1)

@

C)

@

®)

©)
™

The word magnet is derived from the name of an island in
Greece called magnesia where magnetic ore deposits were
found.

Thallus of Miletus knew that pieces of lodestone or
magnetite (black iron oxide Fe,05) could attract small pieces
ofiron.

The Chinese discovered that a linear piece of lodestone
when suspended freely pointed in north and south
direction. That is why name lodestone which is given to
magnetite means leading stone.

The Chinese are credited with making technological use of
this directional property for navigation of ships.

In 1600 BC William Gilbert published a book De Magnete
which gave an account of then known facts of magnetism.
Due to their irregular shapes and weak attracting power
natural magnets are rarely used.

Lodestone or magnetite is natural magnet. Earth is also a
natural magnet.

ARTIFICALMAGNETS

(1) The permanent artificial magnets are made of some metals
and alloys like carbon-steel, Alnico, Platinum-cobalt,
Alcomax, Ticonal. The permanent magnets are made of
ferromagnetic substances with large coercivity and
retentivity and can have desired shape like bar-magnet, U
shaped magnet or magnetic needle etc. These magnet retain
its attracting power for a long time.

2 I

Bar-magnet U-shape magnet

Magnetic-needle

(2) The temporary artificial magnet like electromagnets are
prepared by passing current through coil wound on soft
iron core. These cannot retain its attracting power for a
long time. These are made from soft iron, non-metal and
alloy.

PROPERTIES OF BARMAGNET
(1) Attractive Property and Poles : When a magnet is dipped

into iron fillings it is found that the concentration of iron
filings, i.e., attracting power of the magnet is maximum at
two points near the ends and minimum at the centre.

Py

()

€)

Q)

®)

The places in a magnet where its attracting power is
maximum are called poles while the place of minimum
attracting power is called the neutral region.

Netural region

Attractive Property

Directive-Property

Directive Property and N-S Poles : When magnet is
suspended its length becomes parallel to N-S direction.
The pole pointing north is called the north pole while the
other pointing south is called the south pole.

Magnetic Axis and Magnetic Meridian : The line joining
the two poles of a magnet is called magnetic axis and the
vertical plane passing through the axis of a freely suspended
or pivoted magnet is called magnetic meridian.

— 2R —

20 Magnetic Axis H

N

=

Y=

L

Effective length =2/
Actual length =L

Effective length = 2R
Actual length =R

Magnetic Length (2/) : The distance between two poles
along the axis of a magnet is called its effective or magnetic
length. As poles are not exactly at the ends, the effective
length is lesser then the actual length of the magnet.
Poles Exist in Pairs : In a magnet the two poles are found
to be equal in strength and opposite in nature. If a magnet
is broken into number of pieces, each piece becomes a
magnet with two equal and opposite poles. This shows
that monopoles do not exist.

Us

N{) Us_ N /(S NS NY)

(©6)

Consequent-poles and No-pole : Monopoles do not exist in
a magnet but there are two poles of equal strength and
opposite nature :

@
)

Magnet with no poles

Consequent-pole
(s N

N{)

Magnet with similar poles
(or with three poles)

Eeys
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(@)

(b)

Y

@®

(C)

There can be magnets with no poles, e.g., a magnetised
ring called toroid or solenoid of infinite length has properties
of a magnet but no poles.

There can be magnets with two similar poles (or with three
poles), e.g., due to faulty magnetisation of a bar, temporarily
identical poles at the two ends with an opposite pole of
double strength at the centre of bar (called consequent
pole) are developed.

Repulsion is a Sure Test of Polarity : A pole of a magnet
attracts the opposite pole while repels similar pole. A sure
test of polarity is repulsion and not attraction, as attraction
can take place between opposite poles or a pole and a
piece of unmagnetised magnetic material due to 'induction
effect'.

Magnetic Induction : A magnet attracts certain other
substances through the phenomenon of magnetic induction
i.e., by inducing opposite pole in a magnetic material on the
side facing it as shown in fig.

S N S
Us N |)0==c§\
N S
Magnetic-induction l
N

Magnetic and Non-magnetic Materials : The substances
such as steel, iron, cobalt and nickel, etc., which are attracted
by a magnet are called magnetic while substances such as
copper, aluminium stainless steel, wood, glass and plastic,
etc. which are not attracted by the magnet are usually called
non-magnetic.

(10) Permanent and Temporary Magnets : If a magnet retains

its attracting power for a long time it is said to be permanent,
otherwise temporary. Permanent magnets are made of steel,
Alnico, Alcomax or Ticonal while temporary of soft iron,
non-metal or alloy.

(11) Demagnetisation : A magnet gets demagnetised, i.e., loses

its power of attraction if it is heated, hammered or ac is
passed through a wire wound over it.

(12) Magnetic Keepers : A magnet tends to become weaker

with age owing to self-demagnetisation due to poles at the
ends which tends to neutralise each other. However, by
using pieces of soft iron called keepers, the poles at the
ends are neutralised and consequently the demagnetising
effect disappears and the magnet can retain its magnetism
for a longer period.

Magnetic Keepers

S N
N{S

SN

N N

ATOMIC THEORY OF MAGNETISM

1)

Each atom behaves like a complete magnet having a north
and south pole of equal strength. The electrons revolving
around the nucleus in an atom are equivalent to small current
loops which behaves as magnetic dipole.

@

©)

In unmagnetised magnetic substance these atomic magnets
(represented by arrows) are randomly oriented and form
closed chains. The atomic magnets cancel the effect of
each other and thus resultant magnetism is zero.

ANEL®

In magnetised substance all the atomic magnets are aligned
in same direction & thus resultant magnetism is non-zero.
- > —
- - —
- > —>
The atomic theory explains the following facts in magnetism.
(1) Non existence of monopoles. The magnetic poles
always exist in pairs and are of equal strength.
When a magnet breaks than each part behaves like a
complete magnet.
Magnetisation of an electromagnet can be explained
as alignment of atomic magnets in direction of magnetic
field.
(iv) This explains the phenomenon of saturation
magnetisation i.e. acquired magnetism remains constant
even on increasing the external magnetising field.

(i)
(i)

COULOMB'S LAWIN MAGNETISM

my my

1 —
If two magnetic poles of strengths m; and m, are kept at a
distance r apart then force of attraction or repulsion between
the two poles is directly proportional to the product of
their pole strengths and inversely proportional to the square
of the distance between them
F o m112n2 or p= Ho Mymy
T 4r r2

where F = Z—?{ =107WbA 'm =107 henry/m where

K is permeability of free space.

MAGNETIC FLUXDENSITY

Ne P

¢ T >
The force experienced by a unit north pole when placed in
a magnetic field is called magnetic flux density or field
= 1_5 Ho m ,
: . 4 B = =—— 7
intensity at that point m 4m 2
This is the magnetic field produced by a pole of strength m
at distance r.

v
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POLE STRENGTH

()
(i)
(iii)

(iv)

Inrelation F = Ho

4 r

m; mp
2

Ifm;=m,=m,r=ImandF = 107N

then 1077 = 107 X&;n orm?=

1
or m=+ | ampere metre (A-m)
The strength of a magnetic pole is said to be one ampere
meter if it repels an equal and similar pole with a force of
107 N when placed in vacuum (or air) at a distance of one
meter from it. The pole strength of north pole is defined as
the force experienced by the pole when kept in unit magnetic

m=

field.

volllieST!

Pole strength is a scalar quantity with dimension MOLITOAL
The unit is newton/Tesla or ampere meter.

The pole strength depends on nature of material of magnet,
state of magnetisation (with an upper limit called saturation)
and area of cross-section.

The north pole experiences a force in the direction of
magnetic field while south pole experiences force opposite
to field.

MAGNETIC DIPOLEAND MAGNETIC DIPOLE MOMENT :

Magnetic Dipole : An arrangement of two magnetic poles
of equal and opposite strengths separated by a finite
distance is called a magnetic dipole.

m  Magnetic length m

€ )

magnetic
axis — |

Geometrical length

Two poles of a magnetic dipole or a magnet are of equal
strength and opposite nature. The line joining the poles of
the magnet is called magnetic axis. The distance between
the two poles of a bar magnet is called the magnetic length
of magnet. It is denoted by 2¢. The distance between the
ends of the magnet is called geometrical length of the
magnet. The ratio of magnetic length and geometrical length
is 5/6 or 0.83.

A small bar magnet is treated like a magnetic dipole.

MAGNETICDIPOLEMOMENT

The product of strength of either pole and the magnetic
length of the magnet is called magnetic dipole moment.
M =m (27)

It is a vector quantity whose direction is from south pole to
north pole of magnet. The unit of magnetic dipole moment
is ampere metre? (Am?) and Joule/Tesla (J/T). The
dimensions are MOL2TOA!L If a magnet is cut into two
equal parts along the length then pole strength is reduced
to half and length remains unchanged.

Lo m M
New magnetic dipole moment M'=m' (2¢) = e x 20 = EE

The new magnetic dipole moment of each part becomes
half of original value.

m'= (m/2), =2
—M < 2 > +m
M=m 2/ M=(m/2) x 2/'=M/2
m =m r=r
S ™S R~
% kl ]

If a magnet is cut into two equal parts transverse to the
length then pole strength remains unchanged and length
is reduced to half. New magnetic dipole moment

M’:m(%):M.
2 2

The new magnetic dipole moment of each part becomes
half of original value. In magnetism existence of magnetic
monopole is not possible. The magnetic dipole moment of
a magnet is equal to product of pole strength and distance
between poles. M=md

d . —d

—d—

As magnetic moment is a vector, in case of two magnets
having magnetic moments M, and M, with angle 0 between
them, the resulting magnetic moment.

D) 2 1/2
M =| M} + M3 +2M;M; cos6 |

‘e
with tan¢={¢}

M; +M,; cos0

Example1:

Sol.

The force between two magnetic poles in air is 9.604 mN. If
one pole is 10 times stronger than the other, calculate the
pole strength of each if distance between two poles is 0.1m?

Force between poles F = Fo

T r2

m;mj

1077 xmx 10m
0.1x0.1

or m>=96.04N’T2 or m=9.8N/T
So strength of other pole is 9.8 x 10 =98 N/T

or 9.604x107 =

ey
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Example2:
A steel wire of length L has a magnetic moment M. It is then
bent into a semicircular arc. What is the new magnetic

moment?
. M
Sol. If mis the pole strengththenM=m.L or m= T
If it is bent into a semicircular arc then L=nror r=L/n
So new magnetic moment
M':mx2r=Mx2x£=%
T T
Example3:

Two identical bar magnets each of length L and pole strength
m are placed at right angles to each other with the north
pole of one touching the south pole of other. Evaluate the
magnetic moment of the system.

S
M

N N M

M,

Sol. M, =M, =mL

M, = \/M% + M2 +2M,M, cosg =2 mL

Msin 90

tanp) = ——— =
and ¢ M+ Mcos90

ie. d=tan1 1=45°

MAGNETICFIELD
The space around a magnet (or a current carrying
conductor) in which its magnetic effect can be experienced
is called the magnetic field.
The magnetic field in a region is said to be uniform if the
magnitude of its strength and direction is same at all points
in that region.

_— e o e o o o
R e o e o o o
B ——————————_ e o e o o o

Uniform field in
plane of paper

Uniform field perpendicular
to plane of paper upwards

X X X X X X X X

X X X X X X X X

X X X X X X X X

Uniform field perpendicular
to plane of paper inwards

A magnetic field in a region is said to be uniform if the
magnitude of its strength and direction is same at all the
points in that region. The strength of magnetic field is also

known as magnetic induction or magnetic flux density. The
ST unit of strength of magnetic field is Tesla (T)
1 Tesla = 1 newton ampere ! metre ™! (NA"!m™1)
=1 Weber metre 2 (Wb m2)
The cgs unit is gauss (G)
1 gauss (G) = 10~ Tesla (T)

MAGNETIC LINES OF FORCEAND THEIR PROPERTIES
The magnetic field lines is the graphical method of
representation of magnetic field. This was introduced by
Michael Faraday.

Properties :

(1) Aline of force is an imaginary curve the tangent to which at
a point gives the direction of magnetic field at that point.

(2) The magnetic field line is the imaginary path along which
an isolated north pole will tend to move if'it is free to do so.

(3) The magnetic lines of force are closed curves. They appear
to converge or diverge at poles outside the magnet they
run from north to south pole and inside from south to north.

(4) The number of lines originating or terminating on a pole is
proportional to its pole strength.

Magnetic flux = number of magnetic lines of force = py x m
where 1 is number of lines associated with unit pole.

(5) Magnetic lines of force do not intersect each other because
if they do there will be two directions of magnetic field
which is not possible.

(6) The magnetic lines of force may enter or come out of surface
at any angle.

(7) The number of lines of force per unit area at a point gives
magnitude of field at that point. The crowded lines show a
strong field while distant lines represent a weak field.

(8) The magnetic lines of force have a tendency to contract
longitudinally like a stretched elastic string producing
attraction between opposite pole.

(9) The magnetic lines of force have a tendency to repel each
other laterally resulting in repulsion between similar poles.

Lateral expansion (repulsion)

AN

Longitudnal contraction (attraction)

(10) The region of space with no magnetic field has no lines of
force. At neutral point where resultant field is zero there
cannot be any line of force.

(11) Magnetic lines of force exist inside every magnetised
material.

v
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IMPORTANT POINTS

@
(i)

(iii)

(i)

Magnetic lines of force always form closed and continuous
curves whereas the electric lines of force are discontinuous.
Each electric line of force starts from a positive charge and
ends at a negative charge. Electric lines of force are
discontinuous because no such lines exist inside a charged
body.

In magnetism, as there are no monopoles, therefore, the
magnetic field lines will be along closed loops with no
starting or ending. The magnetic lines of force would pass
through the body of the magnet.

At very far off points, the lines due to an electric dipole and
amagnetic dipole appear identical.

MAGNETIC FIELD DUE TOASHORT BARMAGNET
(MAGNETICDIPOLE)

O

@

On axial point or end on position : The magnetic field Baxial

at a point P due to bar magnet will be the resultant of the

magnetic fields P’l due to N-pole of magnet and }§2 due to

S-pole of magnet.

m m —
—— Paxial _ .
- - - S 6) N ? é >
Baxial =B + B, W [ —p— (= 2 1
—r—
- -
v m N m R
B, =0 5 () and B, = Ho ~(-9)
an (r—10) an (r+1)
¢ m m .
Baxial = M_O > —H_O D T
4n (r=10) 4n (r+10)
_ pom 4r/ 2
4 | (r=0)> (r+10)?
—
N
__ Ky 2Mr
Baxial = E m

Magnetic field due to a bar magnet at an axial point has
same direction as that of its magnetic dipole moment vector.
For a bar magnet of very small length ¢ <<r

€)

N
= 2M
Baxial = :'_7(1 r_3

On equatorial point or broadside position : The magnetic

field Bequi at a point P due to bar magnet will be the

resultant of the magnetic fields Bl due to N-pole of magnet

and B, due to S-pole of magnet Eequi - 131 4 1;2

Ho m

4n Np? CAn r

- m
| By [= long NP
1 2+52 along

m _ Hy

S
Brl=t =
SP?  4n (2 +¢%)

along PS
4n g

g d _ -
So |B;|=|B, | Onresolving B; and B, along PX'and

PY wefind | B, | sinfand | B, | sin6 are equal and opposite
so they cancel each other. So resultant field

- - -

Bequi = B, cos0 (1) + B, cos0 (-1)
_| Mo

Ko
= + —
An (iF +0%)

————cos0 |(-T)
4m (1?2 +0%)

m

—2fe 2 B
am @) 2

RN

M

N
Ko
Bequi =

TE =
(1 +0%)?
The direction of magnetic field at a point on equatorial line
is opposite to magnetic dipole moment vector.
For a bar magnet of very small length ¢ <<r
-
-
__ WM
Bequl == 4 r3
At an arbitrary point : The point P is on axial line of magnet
S'N' with magnetic moment Mcos8. Magnetic flux density

_bg 2Mcos6
4r r3

B
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The point P is simultaneously on the equatorial line of other WORKDONE IN ROTATING THE MAGNETIC DIPOLE
magnet N"S" with magnetic moment Msin6. Magnetic flux  (BARMAGNET)AND POTENTIALENERGY

Mo Msin®
4r r3
Total magnetic flux density at P

Y O S
B= Blz+B§::l—O— 4cos® 0 +sin” O
T

1'3

density B 5=

M |
or B:M—O—3 1+3cos® 0
47 T
Mo Msin0
B 3
tane‘:—zzémir:ltane (1
B, Mo 2Mcos® 2 or 0'=tan | —tan0
4r T

TORQUE ONABARMAGNET INAMAGNETIC FIELD
When a bar magnet is placed in a uniform magnetic field
the two poles experience a force. The forces are equal in

When a bar magnet of dipole moment M is kept in a uniform
magnetic field B it experiences a torque T = MBsin6 which
tries to align it parallel to direction of field. If magnet is to
be rotated against this torque work has to be done. The
workdone in rotating dipole by small angle d0 is dW =1d6
Total work done in rotating it from angle 0, to 0, is

0
w:jaw: Gzrde
1

0
= MBIe 2 5in0d0 = MB (cosB; —cos0,)
1

This work done in rotating the magnet is stored inside the
magnet as its potential energy.

So U =MB (cos0; —cosb,)

The potential energy of a bar magnet in a magnetic field is
defined as work done in rotating it from a direction
perpendicular to field to any given direction.

- -

magnitude and opposite in direction and do not have same U=Wy-W; =-MBcos§=-M.B

line of action. They constitute a couple of forces which 2

produces a torque. The torque tries to rotate the magnet so

as to align it parallel to direction of field. iN

ﬁ ﬁ -~
/ NSe—»mB S "M N M >B
L 0 N
2/ 4 BN B
% ’ > B S
mB < Y > ° P
NZ 0=0t=1,;,=0 9=E,r:rmaX:MB
Net force on bar magnet= mB i + mB (—i) = 0 U=U,;,=-MB U=0
Torque, T = force x perpendicular distance between forces Stable equilibrium
T=MB (2/5in6) = MBsinf »B
. > o> o »
In vector notation t=MxB N Y —
O0=mt=1,;,=0

IMPORTANT POINTS U-U._ ™n
(I) When a bar magnet is kept in a uniform magnetic field it Unstatl:izxequilibrium

experiences no force.

GAUSS LAWINMAGNETISM

(2) The bar magnet experiences a torque ? — 1\_;[ % E The

direction of torque is perpendicular to plane containing g

and B. This torque produces rotational motion of magnet.

3 =1, = mB when 6 =g. The magnet experiences

maximum torque when dipole moment vector is
perpendicular to magnetic field.

@ 1= 1y, =0 when 6 = 0 or n. The magnet experiences
minimum torque when dipole moment vector is parallel or
antiparalled to magnetic field.

The surface integral of magnetic field § over a closed
surface S is always zero.

- >
Mathematically SﬁB .da=0
S

Isolated magnetic poles do not exist is a direct consequence
of gauss law in magnetism. The total magnetic flux linked
with a closed surface is always zero. If a number of magnetic
field lines are leaving a closed surface, an equal number of
field lines must also be entering the surface.

v
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Example4:
A bar magnet of length 0.1 m has a pole strength of 50 Am.
Calculate the magnetic field at a distance of 0.2 m from its
centre on its equatorial line.

1o M 5x1077

1077 x50x 0.1
.B. .=-" = =
Sol equi — 4o

3 3 3
@ +6%2 (022 +0.05%)2  (0.04+0.0025)2

or B .=5.7x107 Tesla

equi

Example5:
What is the magnitude of the equatorial and axial fields due
to a bar magnet of length 5 cm at a distance of 50 cm from its
mid-point. The magnetic moment of the bar magnet is
0.40 Am??

Sol. Here r>> (. So equatorial field
-7
Bogqui = -2 %:—10 X?A —32x107T
dn ¢ (0.5)
2M _ _
Axial field, Baxial = Z—fc —-=2x32x10 T=64x107'T
T

Example6:
Find the magnetic field due to a dipole of magnetic moment
1.2 Am? ata point 1 m away from it in a direction making an
angle of 60° with the dipole axis?

Mo M [ 5020 1077 x1.2v1+3cos? 60

Sol. B=
0 4 r3 1

-7
=w=1.59x10_7T

B

tan@’:ltane :ltan60° =—=0.866
2 2 2

So 0'=tan"! 0.866=40.89°

Example 7 :
A circular coil of 100 turns and having a radius of 0.05 m
carries a current of 0.1 A. Calculate the work required to
turn the coil in an external field of 1.5 T through 180° about
an axis perpendicular to the magnetic field. The plane of
coil is initially at right angles to magnetic field?

Sol. Work done W =MB (cos8; —cos8,) = NIAB(cos0; —cos0,)
or W = NInr’B (cosO —cos0,)
=100x% 0.1 x3.14 x (0.05)% x 1.5 (cos0° — cosm) =0.2355 J
Example 8 :

A bar magnet of magnetic moment 1.5 H T~! lies aligned

with the direction of a uniform magnetic field of 0.22 T. (a)

What is the amount of work required to turn the magnet so

as to align its magnetic moment. (i) Normal to the field

direction? (ii) Opposite to the field direction? (b) What is

the torque on the magnet in case (i) and (ii)?
Sol. Here, M=1.5JT!,B=0.22T.

(a) P.E.with magnetic moment aligned to field=—MB
P.E. with magnetic moment normal to field =0
P.E. with magnetic moment antiparallel to field =+ MB
(i) Work done = increase in P.E. =0 — (-MB)
=MB=1.5%x0.22=0.331.
(i) Work done = increase in P.E.=MB — (-MB)=2MB
=2x1.5x0.22=0.661.
(b) We have t=MB sin 6
(1)6=90°,sin0=1,1=MBsin0=1.5%x0.22 x 1 =0.33 J.
This torque will tend to align M with B.
(i1) 6=180°,sin0=0,1=MB sinf=1.5x0.22x0=0

Example9:
A short bar magnet of magnetic moment 0.32 J/T is placed
in uniform field of 0.15 T. If the bar is free to rotate in plane
of field then which orientation would correspond to its
(i) stable and (ii) unstable equilibrium? What is potential
energy of magnet in each case?
Sol. (i) IfM is parallel to B then 6 =0°.
So potential energy U=U_ . =-MB
U, =-MB=-0.32x0.15]=-4.8 x 1027
This is case of stable equilibrium
(ii) If M is antiparallel to B then 6 = nt° so potential energy
U=U,, =+MB=+032x0.15=4.8x1072]
This is case of unstable equilibrium.

CURRENTLOOPASAMAGNETIC DIPOLE
We consider a circular coil carrying current I. When seen
from above current flows in anti clockwise direction.

(1) The magnetic field lines due to each elementary portion of
the circular coil are circular near the element and almost
straight near centre of circular coil.

— -
AM=1A
CEAREA =A

(2) The magnetic lines of force seem to enter at lower face of
coil and leave at upper face.

(3) The lower face through which lines of force enter behaves
as south pole and upper face through which field lines
leave behaves as north pole.

(4) A planar loop of any shape behaves as a magnetic dipole.

(5) The dipole moment of current loop (M)

= ampere turns (nl) x area of coil (A) or M =nlA.

(6) The unit of dipole moment is ampere meter? (A-m?)

Magnetic dipole moment is a vector with direction from S

pole to N pole or along direction of normal to planar area.

)
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ATOMASAMAGNETIC DIPOLE

In an atom electrons revolve around the nucleus. These
moving electrons behave as small current loops. So atom
possesses magnetic dipole moment and hence behaves as
a magnetic dipole. The angular momentum of electron due
to orbital motion L =m_vr. >

The equivalent current
due to orbital motion

[o_&__¢v
T 2nr

—ve sign shows direction of current

is opposite to direction of motion of electron.

Magnetic dipole moment

M=IA=——  m?=-22
2nr 2
Using L = m vr we have, M = — ¢ L
2m,
- e
In vector form, M = — L
2m

€
The direction of magnetic dipole moment vector is opposite
to angular momentum vector.

nh

According to Bohr's theory L = g n=0,1,2........

M—( e\@_n( ch \—n _eh
_Lzch 21'5_ L4ﬂijJ_ UB  where UB =

4mm,

_(1.6x10717C) (6.62x107*Js)
4x3.14x(9.1x10 > kg)

is called Bohr Magneton. This is natural unit of magnetic
moment.

Bohr Magneton : It is defined as the magnetic dipole
moment associated with an atom due to orbital motion of
an electron in the first orbit of hydrogen atom. This is the
smallest value of magnetic moment.

The electron possesses magnetic moment due to its spin

—9.27x107%* Am?

- -
. e Lo .
motion also M, =—S where § is spin angular
m
5]

momentum of electron and S = i% (23)
T

The total magnetic moment of electron is the vector sum of
its magnetic moments due to orbital and spin motion. The
resultant angular momentum of the atom is given by vector
sum of orbital and spin angular momentum due to all
electrons.

Total angular momentum, j =, +§

- e )™
The resultant magnetic moment My =—g [a} J

where g is Lande's splitting factor which depends on state
of an atom. For pure orbital motion g = 1 and pure spin
motion g=2.

e L »
?
E 4 E 4 E 4 E 4 E d E 3 (b)
S ns ns ns ns ns n

In solenoid each turn behaves as a small magnetic dipole
having dipole moment IA. A solenoid is treated as
arrangement of small magnetic dipoles placed in line with
each other. The number of dipoles is equal to number of
turns in a solenoid. The south and north poles of each turn
cancel each other except the ends. So solenoid can be
replaced by single south and north pole separated by
distance equal to length of solenoid. The magnetic field
produced by a bar magnet is identical to that produced by
a current carrying solenoid.

TERRESTRIALMAGNETISM

The branch of Physics which deals with the study of earth's
magnetic field is called terrestrial magnetism.

William Gilbert suggested that earth itself behaves like a
huge magnet. This magnet is so oriented that its S pole is
towards geographic north and N pole is towards the
geographic south.

The earth behaves as a magnetic dipole inclined at small
angle 11.5° to the earth's axis of rotation with its south pole
pointing geographic north. The idea of earth having
magnetism is supported by following facts.

(a) A freely suspended magnet always comes to rest in N-S
direction. (b) A piece of soft iron buried in N-S direction
inside the earth acquires magnetism. (c) Existence of neutral
points. When we draw field lines of bar magnet we get
neutral points where magnetic field due to magnet is
neutralized by earth's magnetic field. The magnetic field at
the surface of earth ranges from nearly 30 uT near equator
to about 60 pT near the poles. The magnetic field on the
axis is nearly twice the magnetic field on the equatorial line.

CAUSE OF EARTH'S MAGNETISM
(1) Sir William Gilbert first suggested the existence of a

powerful magnet inside the earth. This is not possible
because.

(a) Temperature inside earth is so high that it will not be
possible for magnet to retain magnetism.

Evem
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C)

(b) If there was a magnet inside the earth then position of
earth's magnetic poles would have not changed.

(c) The process of magnetisation of this magnet is not
understood.

Grover suggested that earth's magnetism is due to flow of
current near outer surface of earth. These currents are
produced due to sun. The hot air rising from regions near
equator while going towards north and south hemispheres
gets electrified. These then magnetise ferromagnetic
materials near surface of earth.

According to another view earth's core has many
conducting materials like iron and nickel in molten state.
Conventional currents are produced in this semi fluid core
due to rotation of earth about its axis which generates
magnetism. (4) Another view says magnetism is due to
presence of ionised gases in atmosphere. The high energy
sun rays ionize gas atoms in upper layer of atmosphere.
The radioactivity of atmosphere and cosmic rays also ionize
the gases. Strong electric currents flow due to rotation of
earth producing magnetism. Thus most likely cause of
earth's magnetism is the motion and distribution of charged
materials in and outside the earth.

SOME DEFINITIONS

O

@
(€)

Q)

®)
©)

Geographic Axis : It is straight line passing through the
geographic poles of the earth. It is the axis of rotation of
the earth. It is known as polar axis.

Geographic Meridian : It is a vertical plane passing through
geographic north and south poles of the earth.
Geographic Equator : A great circle on the surface of the
earth in a plane perpendicular to geographical axis is called
geographic equator. All places on geographic equator are
at equal distances from geographical poles.

Magnetic Axis : It is a straight line passing through the
magnetic poles of the earth. It is inclined to geographic axis
atnearly 17°.

1 Axis of rotation of eath
'."4— Magnetic axis

Geographical
North Pole Magnetic

North Pole

NORTH

SOUTH
Magnetic
South Pole

Geographical
South Pole

Magnetic Meridian : It is a vertical plane passing through
the magnetic north and south poles of the earth.
Magnetic Equator : A great circle on the surface of the
earth in a plane perpendicular to magnetic axis is called
magnetic equator. All places on magnetic euqator are at
equal distance from magnetic poles.

MAGNETICELEMENTS

)

@

(€)

()
(i)

The physical quantities which determine the intensity of
earth's total magnetic field completely both in magnitude
and direction are called magnetic elements.

Angle of Declination (¢) : The angle between the magnetic
meridian and geographic meridian at a place is called angle

of declination.

Geographical'\v
North

~

Magnetic P|H K
North

. Tt
<
2!

Magnetic
Meridian D™
AN -

e}
B
o/

\Geographical S
Meridian

(a) Isogonic Lines : Lines drawn on a map through places
that have same declination are called isogonic lines.
(b) Agonic Line : The line drawn on a map through places
that have zero declination is known as an agonic line.
Angle of dip or inclination : The angle through which the
N pole dips down with reference to horizontal is called the
angle of dip. At magnetic north and south pole angle of dip
is 90°. At magnetic equator the angle of dip is zero.

L\ 0)Angle of
dip

0 Horizontal

Earth's magnetic

90 field
I

T

OR The angle which the direction of resultant field of earth
makes with the horizontal line of magnetic meridian is called
angle of dip.

(a) Isoclinic Lines : Lines drawn up on a map through the
places that have same dip are called isoclinic lines.

(b) Aclinic Line : The line drawn through places that have
zero dip is known as aclinic line. This is the magnetic equator.
Horizontal component of earth's magnetic field : The total
intensity of the earth's magnetic field makes an angle 6 with
horizontal. It has

Component in horizontal plane called horizontal component

B
H
Component in vertical plane called vertical component By;.
By =B sin0 By =B cos0
By
So gztane and B=B2+B
Note :

(a) If 8 and ¢ are known we can find direction of B.
(b) If 6 and By are known we can find magnitude of B.

v
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(¢) So if 0, ¢ and By are known we can find total field at a
place. So these are called as Elements of earth's magnetic
field.

(d) The declination gives the plane, dip gives the direction
and horizontal component gives magnitude of earth's
magnetic field.

(e) If declination is ignored, then the horizontal component
of earth's magnetic field is from geographic south to
geographic north.

(f) Angle of dip is measured by instrument called dip circle.

APPARENT DIP _ Bj=Bycosa
The dip at a place is o
. . . . l,' e
determined by a dip circle. o] A )
0 Y \%

(@)

(b)

It consists of magnetised 2>
needle capable of rotation B
in vertical plane about a
horizontal axis. The needle
moves over a vertical scale
graduated in degrees.

Magnetic
meridian
When the plane of scale of dip circle is in the magnetic
meridian the needle comes to rest in direction of earth's
magnetic field. The angle made by the needle with the
horizontal is called true dip.

Ifthe plane of the scale of the dip circle is not in the magnetic
meridian then the needle will not indicate correct direction
of earth's magnetic field. The angle made by the needle
with the horizontal is called apparent dip.

Suppose dip circle is set at angle o to magnetic meridian.
Horizontal component By;' = By cosa

Vertical component By,' = By, (remains unchanged)
Apparent dip is 0'

1 Bv

B t B .
tan0'= V'— = ane(tanG:—V:tmedlpJ

By' Bycosa cosa By

Note :

(1) For a vertical plane other than magnetic meridian o > 0
or cos a. <1 so 0'> 6. In a vertical plane other than magnetic
meridian angle of dip is more than in magnetic meridian.

T
(2) For a plane perpendicular to magnetic meridian o = 3

T
. tan®'= 0'=—
an o SO b

So in a plane perpendicular to magnetic meridian dip needle
will become vertical.

At magnetic equator :

Angle of dip is zero. Vertical component of earths magnetic
field becomes zero By, = B sin0 = B sin0 = 0

A freely suspended magnet will become horizontal at
magnetic equator. At equator earth's magnetic field is parallel
to earth's surface i.e., horizontal.

At magnetic poles :

Angle of dip is 90°. Horizontal component of earth's
magnetic field becomes zero. By =B cos6 =B cos 90=0

A freely suspended magnet will become vertical at magnetic
poles. At poles earth's magnetic field is perpendicular to
the surface of earth i.e. vertical.

Example 10 :

Sol.

If 0, and 0, are angles of dip in two vertical planes at right
angle to each other and 6 is true dip then prove

cot?0 = cot261 + c0t262.

If the vertical plane in which dip is 0, subtends an angle a
with meridian than other vertical plane in which dip is 0,
and is perpendicular to first will make an angle of 90 — a
with magnetic meridian. If 0, and 0, are apparent dips than

By

tan @) = ————
! By cosa

By By

tan0, = =
2 By cos(90—a) Bpysina

1 1
+
(tan®,)*>  (tan®,)>

cot® 8, +cot? 0, =

_ Bjj cos’ a.+Bjjsin’a _%_ [Bcos@)2 —cot20
BY By \Bsin®

So cot261 + cot292 = cot20

NEUTRAL POINT

When we plot magnetic field of a bar magnet the curves
obtained represent the superposition of magnetic fields
due to bar magnet and earth.

Neutral Point : A neutral point in the magnetic field of a bar
magnet is that point where the field due to the magnet is
completely neutralized by the horizontal component of
earth's magnetic field. At neutral point field due to bar
magnet (B) is equal and opposite to horizontal component
of earth's magnetic field (By;) or B=B,.

Neutral point when north pole of magnet is towards
geographical north of earth.

The neutral points N | and N, lie on the equatorial line. The
magnetic field due to magnet at neutral point is

Ko L3 . Where M is magnetic dipole moment

4 3
T2y

B=

of magnet, 2/ is its length and r is distance of neutral point.
Atneutral point B =By,.
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SO M_O L:BH

3
Tc =
(1> +0%)2

other and their like poles face each other then there are two
neutral points on a line equidistant from the axis of the
magnets.

For a small bar magnet (/2 << r2) then o M =By TANGENTLAW .
4n 3 If a small bar magnet is By  mBy
. . suspended in two 4
Neutral [?omt when south pole of magnet is towards mutually perpendicular A IN B
geographical north of earth. uniform e, "
magnetic fields B and B - >B
L4 + such that it comes to reIs{t mBM% v
making angle 6 with "‘S
L] T\ direction of field By; then mBy
[ But By B =By, tanf.
U When a bar magnet is kept in two mutually perpendicular
boe T magnetic fields then each field will exert a couple on the
magnet tending to set it parallel to itself. The torque due to

The neutral points N; and N,, lie on the axial line of magnet.
The magnetic field due to magnet at neutral point is

_ Ko  2Mr
. Mo  2Mr B
Atneutral point B=By; so - (12 = 12)? H
For a small bar magnet (/2 <<r?) then Ko 2M =By
4r T

Special Point : When a magnet is placed with its S pole
towards north of earth neutral points lie on its axial line. If
magnet is placed with its N pole towards north of earth
neutral points lie on its equatorial line. So neutral points
are displaced by 90° on rotating magnet through 180°. In
general if magnet is rotated by angle 6 neutral point turn
through an angle 6/2

NEUTRAL POINTSIN SPECIAL CASES

(@) (b)

(a) Iftwo bar magnets are placed with their axis parallel to each
other and their opposite poles face each other then there is
only one neutral point (x) on the perpendicular bisector of
the axis equidistant from the two magnets.

(b) Iftwo bar magnets are placed with their axis parallel to each

By tries to rotate the magnet in anticlockwise direction
while torque due to B in clockwise direction.
In equilibrium, torque due to By; = torque due to B

AN
mBp; xAN=mB xAS. So, B=BHE=BH tan 0

TANGENT GALVANOMETER

It is an instrument used to measure very small currents. It is
a galvanometer with a fixed coil and moving magnet. It is
based on tangents law.
Construction and working : It consists of a circular coil of
a large number of turns of insulated copper wire wound on
vertical circular frame of non magnetic material. This frame
can be rotated about its vertical diameter as axis. A small
magnetic compass needle pivoted at centre is free to rotate
in horizontal plane over a horizontal circular scale graduated
in degrees. The position of needle is read by a long
aluminium pointer attached at right angles to magnetic
needle.
Initially coil is made vertical by levelling screws and coil is
brought in magnetic meridian. Now By is in plane of coil.
As current is passed through coil magnetic field B is
produced which is perpendicular to plane of coil.
According to Tangent law
Honl
2

B=Bytan® or Tyl By tan0

or I=2_aBH tan 0 =B—Htan9 =Ktan0
npg G,
where G, = o g galvanometer constant and K = Bu
2a G,

is reduction factor of galvanometer.

If 0 = 45° then I = K, so reduction factor of a tangent
galvanometer is numerically equal to the current in ampere
through the galvanometer which produces a deflection of
45° when the plane of'its coil lies in the magnetic meridian.
K depends on geometry of coil and value of By.
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Sensitivity : A tangent galvanometer is both sensitive and
accurate if the change in its deflection is large for a given
fractional change in current.

I=Ktan6 or dI=XK sec20 do

ﬂ_ do _2do 0 sin 20 ﬂ
or I sinBcosO® sin20 or 2 |

d0 = (d0),,,,

. . T e
ifs1n29=1=sm5 SO 9=Z

The tangent galvanometer has maximum sensitivity when
0=45°.

Example 11 :
Two tangent galvanometers differ only in the matter of
number of turns in the coil. On passing current through the
two joined in series, the first shows a deflection of 35° and
the other shows a 45° deflection. Calculate the ratio of their
number of turns. Use tan 35°=10.7.

poNI
Sol. In tangent galvanometer =By tan®

Here, N oc tan® so

N; tan0; tan35 7
—=——=——=tan35=—
N, tan6, tan45 10
Required ratiois 7: 10

Example 12 :
Two tangent galvanometers A and B have their number of
turns in the ratio 1 : 3 and diameters in the ratio 1 : 2
(a) which galvanometer has greater reduction factor
(b) which galvanometer shows greater deflection when
both are connected in series to a dc source?

K _a M3y

3
2

| —

Sol. (a) K:ﬁBH )
g

K, a, n
or K, =%K2 soK;>K,.

Galvanometer A has greater reduction factor

n
(b) lVlg—nI:BHtanB so tan@ oc —
a

a
tan 0 n a 1 2 2
—1__1><_2=_X_=_
tan®, a; n, 1 3
SO tan®, > tan6, or 0,>0,

so B shows greater deflection.

VIBRATIONMAGNETOMETER
It is an instrument used to compare magnetic moments of
two bar magnets, comparison of horizontal components of
earth's magnetic field at two places and for measuring the
horizontal component of earth's magnet field.

mBpe— N

al &\

O < )N

DH‘ ~.
a ‘~~
< =

mBy

< S

Principle : When a bar magnet suspended freely in a
uniform magnetic field is displaced from its equilibrium
position it starts executing simple harmonic motion about
the equilibrium position.
The torque acting on magnet is
1=-mBy; (2/sin0) =-MB;sin0
—ive sign shows that torque acts in the direction of
decreasing 0. If 0 is small t=-MB0.
If o is angular acceleration of magnet and I is moment of
inertia of magnet about axis of suspension then
[o=-MB,0
Time period

T—2m \/Angular displacement _ oo I

Angular acceleration MBy

(1) Comparison of Magnetic Moments of Magnets of same
size: Let two magnets be of same mass and size. Let M,
and M, be the magnetic moments of the magnets then time
period of oscillation of each magnet is given by

I I
T M, ™ 2T B,

T M,

T12 M, m

T M m

So T, = M, or

(2) Comparison of Magnetic Moments of Magnets of different
sizes : Let two magnets have moments of inertia I and I,
and magnetic moments M and M, respectively.

In case (a)
S N

I +1
T, =2n P S R |s N|
\ (M; +M,) By M =M+ M,

(a) Sum Combination

In case (b)
I +1 N S
T2 =2TE # |S N|
(M, -M,) By
M=M;-M,
(b) Difference Combination
T, M;-M, T? M,-M M, T?+T?
1 ) 1 ) 1 1+ T
SO —alvgr g O 72 — 31 ng  OF s — 2 2

M,
Knowing T, and T, we can find M
2

v
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(3) Comparison of horizontal component of earth's magnetic T 1
field at different places : Let a magnet of moment of inertia T=2n i+ 1)

I and magnetic moment M be vibrated in places with
horizontal component By; and By'. Then

2MB
When polarity of one magnet is reversed, M'=2M - M =M;

[ +1

T=2n ! and T'=2n I SO T'=2n G+l )

MBy MB'y \" MB

Dividing eq". (2) by (1),
T' [By By T? \
SO T aln or - =3 T_ NERE !
T Y\By By T T ie, T'=(\/3) T =33 sec
Example 13 : Example 15:

A thin rectangular magnet suspended freely has a period
of oscillation of 4 sec. What will be the period of oscillation
if the magnet is broken into two halves (each having half
the original length) and one of the piece is made to oscillate
in the same field ?

In case of torsional vibrations of magnet ;

T=2xn L
\ MB

When the magnet is broken into equal halves perpendicular
to its length,

—

1 I 1
and, I;= o (pSO) x (£)*= (gj [asI= O (2p SO x (20)3]

Sol.

[asM=mx 2/]

o n\/ (1/8) =n\/L
M'B M/2)B MB
And then dividing eq™ (2) by (1)

T 1 T

4
?=5 ie., T'=5=5=2sec.

Note : If the magnet is broken into two equal pieces parallel
to its length, then as

M,:[%] @)= and 1'=[$) (2@2:@

So, T'=2m

So the new time period

(M/2)B \' MB

Example 14 :

Two bar magnets of same length and breadth but having
magnetic moments M and 2M are joined together pole for
pole and suspended by a string. The time of oscillation of
this assembly in a magnetic field of strength B is 3 sec.
What will be the period of oscillation if the polarity of one
of the magnets is changed and the combination is again
made to oscillate in the same field?

As magnetic moment is a vector, so when magnets are joined
together pole for pole M — M + 2M = 3M; so

Sol.

Sol.

A circular coil of 16 turns and radius 10 cm, carrying a
current of 0.75 A rests with its plane normal to an external
field of magnitude 5.0 x 102 T. The coil is free to turn about
an axis in its plane perpendicular to the field direction. When
the coil is turned slightly and released, it oscillated about
its stable equilibrium with a frequency of 2.0 s~!. What is
the moment of inertia of the coil about its axis of rotation?
Here,N=16,r=10cm=0.1m i.e., A=mn(0.1)
1=0.75A, B=5.0x102T,v=2s"ie,T=0.5sec.
magnetic moment of coil

M=NAI=16 x 1(0.1)? x 0.75=0.3768 Am?

[ 1
T=2n,— = inerti i
MB (I=Moment of inertia of the coil)

_T’MB_ 0.5x0.5x0.3768x5.0x 107

I
472 4x3.14x3.14
5x5%x3768%x5 4
:—)(10 = —4 - 2
4x314x314 1.1943 x 10" kg-m~.

MAGNETIC PROPERTIES OF MATTER

MAGNETIZING FIELD (MAGNETICINTENSITY)

The degree to which a magnetic field can magnetise a
substance or the capability of external magnetic field to
magnetise the substance is called magnetic intensity.

The magnetic field produced by the external source of
current is called magnetising field. The magnetising field
depends on external free currents and geometry of current
carrying conductor. Magnetic intensity at a point in a
magnetic field is defined as the number of magnetic lines of
force passing normally per unit area about that point taken
in free space in the absence of any substance. In vacuum
the ratio of magnetic induction (B,) and magnetic

permeability (p) is called magnetising field Hi.e. H = E
Ko

In a toroidal solenoid the magnetic induction of field
produced in material of toroid is

B
B =punl so magnetising field H= E =nl

=
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The magnetic intensity may be defined as the number of
ampere turns flowing round a unit length of toroidal
solenoid to produce that magnetic field in the solenoid.
Unitof H

In SI system
B tesla
H=—= — =ampere-meter | (Am )
B tesla meter —amp
F
B F N B
Bo Ho doVHo C(ms ) TmA™
N N _ _ _
=——=——=NWb"'=Jm™" Wb™'
In cgs system unit of H is oerested
1 oerested
-4
:1gauss _ 10°T 1000 Am-! = 80Am"!

Mo 4rx107TmA™l  4m
It is a vector quantity with dimensions MO L~! TO Al Its

direction is from north pole outwards.
B and H for different situations

(a) Solenoid B = pgnl H=nlwith n =— =no. of turns per

=z

unit length.

N
(b) Toroid B=pgnl H=nlwith n=——

2nR
) ponl nl
Pl 1B= ; H=—
(c) Plane coi R R
(d) Current carrying element
dB:p.OId€3>< T ; del(dfzr)
4mr 4nr

The magnetic intensity is independent of nature of medium.

INTENSITY OF MAGNETISATION

It is defined as the magnetic dipole moment developed per
unit volume when a magnetic material is subjected to
magnetising field.

Intensity of magnetisation

= magnetic dipole moment M

volume v
It is a vector quantity whose direction is along the direction
of magnetising field.

Its ST unit is ampere/m (A/m) and dimensions is
MOLT TOAL
The intensity of magnetisation shows the extent to which
the substance is magnetised.
M mx2/{ m
V. Ax2( A
defined as pole strength developed per unit area of cross-

. Intensity of magnetisation is also

(@)
(b)

©

(d)

section of specimen.
I depends on nature of material.
I depends on temperature.

Different relations for intensity of magnetisation

M
I=—

Volume intensity of magnetisation v

Mass intensity of magnetisation

1 (M) 1
Iinass = E (V) = E where p is density of material

Molar intensity of magnentisation
W (M) (W)
molar = |5/~ F I

p \V

where W is atomic weight of substance
Molecular intensity of magnetisation

I _ E [M] — E — Irnolar
molecular pN N mass N

I

v

where N is Avogadro's number.

MAGNETICINDUCTION ORMAGNETIC FLUXDENSITY

Let a uniform magnetising field B, represented by the
parallel lines exist in vacuum. When a soft iron bar
(ferromagnetic material) is placed inside the field it gets
magnetised. The left end becomes S pole and right end
becomes N pole. It produces its own magnetic field. At A
and B field is increased while at C and D it is reduced.

\/

A

X

7\ ~— //
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The magnetic induction is defined as the number of
magnetic lines of induction (magnetic lines inside the
material) crossing per unit area normally through the
magnetic substance.

The magnetic induction B is sum of magnetic field B, and
field pyl produced due to magnetisation of substance
B=B+pgl=p,(H+I)

Unit i tesla (T) or weber m2 (Wbm 2). These are equivalent
to Nm A1 or JA-Tm 1.

The CGS unit is gauss (G). 1 tesla = 10* gauss.
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MAGNETIC SUSCEPTIBILITY
The magnetic susceptibility of a magnetic substance is
defined as the ratio of the intensity of magnetisation to

I

magnetic intensity Yy, = ﬁ

It is ratio of two quantities with same units (Am™!) so has
no units. It gives the measure of ease with which a material
can be magnetised by magnetising field. The value of y
depends on nature of material and temperature.

If H =1 then 3, = I. So magnetic susceptibility is the
intensity of magnetisation developed in the substance
when placed in a magnetising field of unit strength.

Different relations for magnetic susceptibility are

1
(@) Volume magnetic susceptibility Xm = 0

(b) Mass magnetic susceptibility
Xm

Xmass = p = density of material

. L _ Vi
(¢) Molar magnetic susceptibility Xmolar =

W = atomic weight
(d) Molecular magnetic susceptibility

E(Xi\ _ Xmolar
NL p N

Xmolecular =

MAGNETIC PERMEABILITY
The magnetic permeability of a magnetic substance is
defined as the ratio of the magnetic induction to the

magnetic intensity so 1 = a

It is a scalar with unit weber/ampere-meter or henry/meter
or newton/ampere? and dimension M! L! T-2 A2,

It is a measure of ability of a medium to allow passage of
magnetic lines of force through it or measure of degree to
which magnetic field can penetrate through a material.
Relative permeability

number of lines of magnetic
wo= p B induction per unit area in a material
r= —_—=———
Ho By

number of lines per unit area
in vacuum

U, is a dimensionless quantity. p is always positive and
depends of nature of material and temperature.

Relation between relative magnetic permeability and
susceptibility :

When a magnetic material is kept in a magnetising field (H).
Then total number of magnetic lines of force inside the
material = magnetic lines of force due to magnetising field +
magnetic lines of force due to magnetisation of specimen

i.e. Magnetic induction (B) = B (no. of lines of force due to

H) + pgl (no. of lines due to magnetisation of specimen)

or B=Bj+pol=poH+pgl=p, (H+I)
B=py(H+D=poH1+5,)

I
as Am =ﬁ ; B=puH=pgH 1+,

or p=py(I+y,) or p=1+y_.

Example 16 :
A tungsten rod of length 10 cm and area of cross-section
0.25 cm? is placed in a magnetising field of 314 oersted,
with its length parallel to the field. The magnetic
susceptibility of tungsten is 6.8 x 10>, Calculate the
(i) intensity of magnetisation (ii) magnetic moment and
(iii) absolute permeability.

314%10° 10°

Sol. Given H=314 oersted = amp./m.= e amp./m.

T
(1) Intensity of magnetisation

-5 5
I= Xm _ M =1.7 amp./m.
H 4

(i) Magnetic moment M =1V
=1.7x0.1x0.25x104=4.25x 10 ®amp./m.
(iii) Absolute permeability u = p_ py=po (1 +5,,)
=4nx 1077 [1+6.8x 1075]=12.56 x 107 Wb/A-m

Example 17 :
A solenoid of 500 turns/m is carrying a current of 3A. Its
core is made of iron which has a relative permeability of
5000. Determine the magnitude of magnetic intensity,
magnetisation and magnetic field inside the core.
Magnetic intensity H=ni=500x3=1500A/m
p=1+y, so A = Hp— 1=4999 = 5000
Intensity of magnetisation

I=yH=5000 x 1500=7.5 x 10°A/m
Magnetic field

B=p, p,H=5000 x4 x 10~ x 1500=9.4 tesla.

Sol.

Example 18 :
An electron in an atom revolves around the nucleus in an
orbit of radius 0.53 A. Calculate the equivalent magnetic
moment if the frequency of revolution is 6.8 x 109 MHz.

2 2

e
Sol. Magnetic moment M = IA = T mevr

SoM=1.6x10"12x6.8x10%x3.14 x (0.53 x 10710)2
=9.6x 10724 Am?,

HYSTERESIS
The lagging of intensity of magnetisation (I) or magnetic
induction (B) behind the magnetising field (H) during the
process of magnetisation and demagnetisation of a
ferromagnetic material is called hysteresis.
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Important Points :

1)
@

@)

Atpoint O the magnetising field (H) is zero and intensity of
magnetisation (I) or B is also zero.

The part OA of curve shows that I (or B) increases with H.
At point A ferromagnetic material acquires the state of
magnetic saturation.

When H decreases I (or B) also decreases along AB. At
point B magnetising field H becomes zero but I (or B) is non
Zer0.

Retentivity : The value of I (or B) of a material when the
magnetising field is reduced to zero is called retentivity or
residual magnetism of the material. Retentivity is measured

@

®)

©)

™

)
©

(10)

Now H is increased in reverse direction to make I (or B)
zero. I (or B) now decreases along BC and becomes zero at
C.

Coercivity : The value of reverse magnetising field required
to reduce residual magnetism to zero is called coercivity of
the material. This is measured by part OC of curve.

When H is further increased I (or B) increases along CD. At
D material acquires state of magnetic saturation.

(D is symmetrical to point A).

Here magnetising field H becomes zero before I (or B). The
intensity of magnetisation I (or B) always lags behind H.
This is called hysteresis. The entire hysteresis loop is traced
if H is repeatedly changed between H, and —H,.

The area of hysteresis loop is a measure of energy
dissipated per cycle per unit volume of the specimen and
depends on nature of material.

In SI system area of B-H loop = p, (area of I-H loop)

In cgs system area of B H loop = 4~ (area of I-H loop)
The loss in energy appears as heat.

The slope of B-H curve gives permeability of material while
the slope of I-H curve gives susceptibility.

If A is area of loop, V is volume of material, n is frequency
then energy lost in magnetising and demagnetising
specimen for time t is E = AVnt Joule and

. AVnt .
by part OB of curve Heat produced = AL calorie
SOFTAND HARD MAGNETIC MATERIALS
Soft Magnetic Material Hard Magnetic Material

(1) These materials have low retentivity,
low coercivity, small hysteresis loss
and high saturation magnetisation

o]
/!

v

H

Soft magnetic
material

(2) These are suitable for temporary
magnetism.
e.g. Soft iron for making electromagnets,
cores of transformers, motors, generators
mu-metal for audio coils, magnetic shielding
Stalloy for pulse transformers, magnetic
amplifiers.

These materials have high retentivity, high
coercivity, large hysteresis loss and high
saturation magnetisation

A

/ :
Hard magnetic

material

B

[

These are suitable for permanent magnetism.

eg. Steel, Alnico, Alcomax and Ticonal are
used in making different types of permanent
magnets, electric meters and loudspeakers

E
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Comparison of properties of Soft iron and Steel :

1)

@
C)
@
®)

The area of hysteresis loop T

for soft iron is much smaller | SOFT IRON
than for steel so energy loss / @

per um.t VOl}lmC per cycle ‘ STEEL
or soft iron is smaller than

steel. H H—

The retentivity of soft iron is

greater than that of steel. I

The coercivity of steel is much l

larger than that of soft iron.

The magnetisation and demagnetisation is easier in soft
iron than steel.

Soft iron acquires saturation magnetisation for quite low
value of magnetising field than in case of steel or soft iron
is much strongly magnetised than steel.

Example 19:

Sol.

An iron sample of mass 8.4 kg is repeatedly magnetised
and demagnetised at a frequency of 50 cycles/sec.

3.2 x 10* Joule of energy is lost as heat in 30 minutes. If
density of iron is 7200 kg/m? calculate the value of energy
dissipated per unit volume per cycle in iron sample.

If H is energy lost per unit volume per second in iron sample
then energy lost by sample in a given time t is E = HVnt
where V is volume of sample.

E  32x10%x7200

=— =T T 3048 m™° cyclefl
Vnt  8.4x50x30x60

So

DIA, PARAAND FERROMAGNETIC SUBSTANCES
DIAMAGNETIC SUBSTANCES

1)

@

C)
@

The substances which when placed in a magnetic field are
feebly magnetised in a direction opposite to that of the
magnetising field are called diamagnetic substances.

The property of diamagnetism is found to exist normally in
substances whose atoms or molecules have even number
of electrons. The orbital motion of electrons in a pair are in
opposite direction. So each atom has net magnetic dipole
moment equal to zero.

When diamagnetic substance is kept in an external field it
causes acceleration of one electron and deceleration of
other in the pair. A net dipole moment is produced in a
direction opposite to field.

Diamagnetic effects are very weak. The diamagnetic
property is not affected by temperature of substance.
Some diamagnetic substances are Cu, Zn, Bi, Ag, Au, Pb,
He, Ar, NaC/, H,0, marble, glass etc.

PARAMAGNETIC SUBSTANCES

1)

The substances which when placed in a magnetic field are
feebly magnetised in the direction of magnetising field are
called paramagnetic substances.

The property of paramagnetism is found to exist in
substances whose atoms or molecules have an excess of
electron spinning in same direction.

@

@)

@

®)

©)

Atoms of paramagnetic substances possess a permanent
magnetic dipole moment and thus behave like small bar
magnets called atomic magnets.

In absence of external magnetic field paramagnetic
substances to not show any magnetism because atomic
magnets are randomly oriented so net magnetic dipole
moment is zero.

In presence of external field each atomic magnet experiences
a torque which tries to rotate and align them parallel to
direction of magnetic field. The substance acquires net
dipole moment and thus gets magnetised in direction of
field.

The property of paramagnetism is temperature dependent.
The thermal agitation on increase of temperature spoils the
alignment of atomic magnets which reduces net magnetic
dipole moment.

Atomic magnets External magnetic field
<—

4 X
Yoo gl |[eow-o
b B & +O- <O <0 <O
© ooy| |Ooow
g Frg| |0
Unmagnetised Magnetised

Some paramagnetic substances are A/, Na, Sb, Pt, CuC/,,
Mn, Cr, liquid oxygen etc.

FERROMAGNETIC SUBSTANCES

1)

©)

3)

@

©)

The substances which when placed in a magnetic field are
strongly magnetised in the direction of the magnetising
field are called ferromagnetic substances.

Each atom of ferromagnetic material possesses permanent

magnetic dipole moment before application of external

magnetic field.

The unpaired electron of one atom interacts with electron

of neighbouring atom through quantum mechanical

exchange interaction and align in a common direction over

a small volume of material. These small volume of uniform

magnetisation are called domains which are small in size

(10718 m3) but contain large number of atomic dipoles

(~10M

In absence of external field the domains may be randomly

oriented so that their resultant magnetic dipole moment in

any direction is zero.

If presence of external field the magnetic dipole moment

increases due to :

(a) Displacement of boundaries of domains. Here size of
domain with magnetic dipole moment parallel to applied
field increases while for others it decreases.

(b) Rotation of domains. Here domains rotate until their
magnetic dipole moments are aligned parallel to
direction of external field.

In presence of weaker fields displacement of boundaries

takes place while in stronger fields rotation of domains

takes place.
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External field
External field —

— — «—
«— — <
— -—
«— «—
— Ry —
— —
- 5 — —
——
Random orientation Displacement Rotation
of domains of domains .
of domains

(6) When external magnetic field is removed substance is not
totally demagnetised and some magnetism is left in
specimen.

(7) On heating it loses properly of ferromagnetism at certain
temperature called Curie temperature and becomes
paramagnetic. On cooling it becomes ferromagnetic again.
The Curie temperature for iron is 770°C.

(8) Ferromagnetic substances are paramagnetic substances
which acquire very high magnetism in external magnetic
field. The two differ in the order of their intensity of
magnetism.

(9) Example: Fe, Co, Ni, Cd, Fe;0,, etc.

PROPERTIES OF DIAMAGNETIC, PARAMAGNETIC &

FERROMAGNETIC MATERIALS
Diamagnetic materials

(1) The substances which when placed in a magnetising field
get feebly magnetised in a direction opposite to magnetising
field are called diamagnetic.

N PNe=SP S

(2) The substances are weakly repelled by the field so in a non
uniform field these have a tendency to move from strong to
weak field.

(3) A diamagnetic rod sets itself perpendicular to field because
field is strongest at poles.

= = T

N S

~S B

(4) A diamagnetic liquid in a U-tube depresses in the limb which
is between the poles of magnet.

(5) Intensity of magnetisation I is very small, negative and
proportional to magnetising field.

H—

(0]
!

—

I
(6) Magnetic susceptibility X, = q T H—

is small and negative (=1075) po

(7) The relative permeability Hr is slightly less than

unity. The field inside the material B is less than magnetising
field H. They have a tendency to expel lines of force.

>

>

T S~
(8) Magnetic dipole moment (M) is small and opposite to
magnetising field H. A
(9) Diamagnetic substances do not T
obey Curie's law and show no
transition at Curie temperature Xm
X, is independent of temperature.
The origin of diamagnetism is the induced dipole moment
due to change in orbital motion of electrons in atoms by
applied field.
Imp. : Diamagnetism is present in all materials and is
independent of temperature. As it is weak it is often masked
by para and ferromagnetic effects.
(11) The atoms do not have any permanent dipole moment i.e.
paired spin.
(12) Diamagnetism is exhibited by solids, liquids and gases.
(13) Ifadiamagnetic liquid is placed in a watch glass placed on
two pole pieces which are quite close to each other then
liquid accumulates at sides and shows depression in the
middle, where field is strongest.

Temperature(T)

(10)

(14) If a diamagnetic liquid is placed in a watch glass placed on
two pole pieces which are sufficiently apart then liquid
accumulates in the middle where field is weakest.

(15) Diamagnetic substances are Cu, Zn, Bi, Ag, Au, Pb, He, Ar,
NaC/, H,O0, marble, glass etc.

PARAMAGNETIC SUBSTANCES

(I) The substances which when placed in a magnetising field
get feebly magnetised in a direction parallel to magnetising
field are called paramagnetic.

N | 8= S

.
v

A 4

A 4
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(2) The substances are weakly attracted by the field so in non
uniform field they have a tendency to move from strong to
weak fields.

(3) A paramagnetic rod sets itself parallel to the field because
field is strongest near poles.

T T
v BN (s
~_, —

(4) A paramagnetic liquid in a U-tube ascends in the limb which
is between the poles of magnet.

(5) Intensity of magnetisation I is very
small, positive and directly proportional T
to magnetising field. I

(6) Magnetic susceptibility Xm = q is small and positive

(~1073 to 1079).

(7) The relative permeability Hr 0 is slightly greater than

one. The field B inside the material B is greater than
magnetising field H. They have a tendency to pull in the
lines of force.

v
— T

——»—/¥>_

Paramagnetic

(8) Magnetic dipole moment (M) is small and parallel to
magnetising field H.

(9) The paramagnetic substances obey Curies law according
to which magnetic susceptibility is inversely proportional

C

to its absolute temperature. =—=—
p Xm 0T

—

— T

(10) Paramagnetism is due to partial alignment of randomly
oriented atomic dipoles along the field.

(11) The atoms of paramagnetic substances have permanent
dipole moment i.e. unpaired spin.

(12) Paramagnetism is exhibited by solids, liquids and gases.

(13) If a paramagnetic liquid is placed in a watch glass placed
on two pole pieces which are quite close to each other then
liquids accumulates in the middle where field is strongest.

N S

(14) If a paramagnetic liquid is placed in a watch glass placed
on two pole pieces which are sufficiently apart then liquid
accumulates at sides and shows depression in the middle
because field is strongest at poles.

N S

(15) Paramagnetic substances are A/, Na, K, Sb, Pt, CuC/,, Mn,
Cr, Sn, liquid oxygen etc.

FERROMAGNETIC SUBSTANCES

(1) The substances which when placed in a magnetising field
get strongly magnetised in a direction parallel to
magnetising field are called ferromagnetic.

(2) The substances are strongly attracted by the field so in
non uniform field they have a tendency to stick at poles
where field is strongest.

(3) The ferromagnetic rod sets itself parallel to the field
immediately.

(4) When a ferromagnetic substance is liquefied it loses
ferromagnetic properties due to larger temperature.

(5) Intensity of magnetisation I is very large, positive and
varies non-linearly with magnetising field. I is saturation
magnetisation with depends on nature of material.

tH

S

_’H

(6) The magnetic susceptibility y, is very large (~103 to 10%)
and positive.

n
(7) The relative permeability Mr = E is also very large

(~103 - 10°) and varies non linearly with magnetising field.
The field inside the material B is much stronger than
magnetising field H. They have a tendency of pulling in a
large number of lines of force by the material.

—»H

(8) Magnetic dipole moment (M) is large and in direction of
magnetising field H.

Y
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©

(10)

(11)

12)
13)

(14)

15)

Q.1
Q.2

Q3

The ferromagnetic substances obey Curie-Weiss law

x i
-5 nf &
Xm—T_TC (for T>Te) |

Te —»T

T is Curie temperature which depends on nature of material
(T ofiron = 1043K = 770°C). Above Curie temperature a
ferromagnetic material behaves as paramagnetic.

1
X

m

f

Te —T

Ferromagnetism arises due to spin orbit interaction. Due to
interaction of spin of electrons of one atom with
neighbouring atom, material gets divided into small regions
called domains which are magnetised. The direction of
magnetisation varies from one domain to other. In presence
of weak external field the material is magnetised by domain
growth through wall displacement and by domain rotation in
presence of strong fields.

The atoms of ferromagnetic substances have permanent
dipole moment present in domains.

Ferromagnetism is exhibited by crystalline solids.

If a ferromagnetic powder is placed in a watch glass place
on two pole pieces which are quite close to each other then
powder accumulates quickly in the middle where field is
strongest.

N S

If a ferromagnetic powder is placed in a watch glass placed
on two pole pieces which are sufficiently apart then powder
accumulates at sides and shows depression in the middle
because field is strongest at poles.

NN I

N S

Fe, Co, Ni and their alloys are ferromagnetic.

TRYITYOURSELF
Atcos~! (1/3) to the magnetic meridian, the apparent dip
is 60°. Find the true dip.
At which place, earth’s magnetic field becomes horizontal

(A) Magnetic pole (B) Geographical pole

(C) Magnetic meridian (D) Magnetic equator
Which of the following demonstrated that earth has a
magnetic field?

(A) Intensity of comic rays is more at the poles than at
the equator.

(B) Earth is surrounded by an ionosphere.

(C) Earth is planet rotating about the north-south axis.

(D) Large quantity of iron ore is found on the earth.

Q4

Q5

Q.6

Q.7

QS8

Q.9

Q.10

Q.11

A magnetising field of 1600 Am~! produces a magnetic

flux 2.4 x 1073 weber in an iron bar of cross-sectional area

0.2 cm?. The susceptibility of the iron bar will be —

(A) 1788 (B)1192

(C)596 (D)298

Abar magnet has a coercivity 4 x 103 Am~!. It is desired

to demagnetize it by inserting it inside a solenoid 12cm

long and having 60 turns. The current carried by the

solenoid should be —

(A) 8A (B)6A

(©)45A (D)2A

A specimen of iron of permeability 8 x 1073 weber/Am is

placed in a magnetic field of strength 160 A/m. Magnetic

induction in this iron is —

(A) 0.8 Wb/m? (B) 5 x 107> Wb/m?

(C) 1.28 Wb/m? (D) 20 x 103 Wb/m?

In a permanent magnet at room temperature

(A) magnetic moment of each molecule is zero.

(B) the individual molecules have non-zero magnetic

moment which are all perfectly aligned.

(C) domains are partially aligned.

(D) domains are all perfectly aligned.

A paramagnetic sample shows a net magnetisation of

8 Am~! when placed in an external magnetic field of 0.6T

at a temperature of 4K. When the same sample is placed

in an external magnetic field of 0.2 T at a temperature of

16 K, the magnetisation will be

(A) (32/3) Am™! (B) (2/3) Am™!

(C)6 Am™! (D)2.4Am™!

The primary origin(s) of magnetism lies in

(A) atomic currents.

(B) Pauli exclusion principle.

(C) polar nature of molecules.

(D) intrinsic spin of electron.

Essential difference between electrostatic shielding by a

conducting shell and magnetostatic shielding is due to

(A) electrostatic field lines can end on charges and
conductors have free charges.

(B) lines of B can also end but conductors cannot end
them.

(C) lines of B cannot end on any material and perfect
shielding is not possible.

(D) shells of high permeability materials can be used to
divert lines of B from the interior region.

Let the magnetic field on earth be modelled by that of a

point magnetic dipole at the centre of earth. The angle of

dip at a point on the geographical equator

(A) is always zero.

(B) can be zero at specific points.

(C) can be positive or negative.

(D) is bounded.

ANSWERS
(1) 6=30° @) (D) 3 A)
@ © @A) ©(©)
M © ®®B) (9) (AD)
(10)(ACD) (11) (BCD)
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USEFUL TIPS
B on the axial line or end on position of a bar magnet
wy 2Md _Ho2p
B="——-— B=—"—
4 (d2 _fz)z (ford>> Z, Ar d3 )
B on the equatorial line or broad side on position of a bar
_Ho M B= Ho M
magnet B = y (d2 + €2)3/2 (ford>>¢, A )

Consider a material placed in an external magnetic field

= . - -~ B
By, - The magnetic intensity is defined as, H = =L,
Ho

The magnetisation pj of the material is its dipole moment
per unit volume. The magnetic field B in the material is,
B= Ho (H+M)

For a linear material M =yH . So that B=pH and y is

called the magnetic susceptibility of the material. The three
quantities, y, , the relative magnetic permeability p, and
the magnetic permeability p are related as follows:

W=Hoky 5 Ky :1+X°
For paramagnetic materials, y oc 1/T

. . 1
For Ferromagnetic materials, y,,, o

— TC

where T = Curie temperature.
The electrostatic analog

Electrostatics = Magnetism

/g, o

Dipole moment p M
Equatorial Field for fp/47'l',801'3 fpoM/4nr3
a short dipole
Axial Field for 2p/47n30r3 —uOZM/41rr3
a short dipole
External Field: torque pxE M x B
External Field: Energy -pE -M.B

ADDITIONAL EXAMPLES

Example1:

The main difference between electric lines of force and
magnetic lines of force is

(1) Electric lines of force are closed curves whereas
magnetic lines of force are open curves.

Electric lines of force are open curves whereas
magnetic lines of force are closed curves.

Magnetic lines of force cut each other whereas electric
lines of force do not cut.

Electric lines of force cut each other whereas magnetic
lines of force do not cut.

@
©)
@

Sol. (2). The magnetic lines of force are in the form of closed

curves whereas electric lines of force are open curves.

Example2:

Sol.

A 30 cm long bar magnet is placed in the magnetic meridian
with its north pole pointing south. The neutral point is
obtained at a distance of 40cm from the center of the magnet.
Find the magnetic dipole moment at pole strength of the
magnet. The horizontal component of earth's magnetic field
is 0.34 Gauss.

As the magnet is placed with its north pole pointing south,
the neutral points are obtained on the axial line. At the
neutral points the magnetic field B due to the magnet
becomes equal and opposite to the horizontal component
of earth's magnetic field i.e., Byy. Hence, if M be the magnetic
dipole moment of the magnet of length 2/ and r the distance
of neutral point from the center of the magnet, then we

Ho 2Mr
have B= 4n (r2 _52)2 =By

Given that py=4nx 107 TmA~!, r=40 cm=0.40m,
¢=15cm=0.15cmand
H,;=0.34 Gauss=034 x 1074 T

4n By (r? - 0%)?
M: _H—

Ko 2r
N 2 242
— 107 x (0.34x107")—[(0.40)" —(0.15)"] — 8.0 Am?
2x0.40
The pole strength of the magnet is ,
_M_380 =26.7A
M0 030 AT

Example3:

Sol.

The length, breadth and mass of two bar magnets are same
but their magnetic moments are 3M and 2M respectively.
These are joined pole to pole and are suspended by a string.
When oscillated in a magnetic field of strength B, the time
period obtained is 5s. If the poles of either of the magnets
are reverse then the time period of the combination in the
same magnetic field will be

(1) 343s @) 2V2's
3) 55 s @) 1s

D T=2n - o T L.E_/M
®-T=2m g T M T, ~\3Mram

orT,= 5«/§s

Example4:

Sol.

A magnetising field of 2 x 103 amp/m produces a magnetic
flux density of 8n Tesla in an iron rod. The relative
permeability of the rod will be -

(1)10? (2)10°
3)10* 4)10!
8n
_ M B _ _ 104
3). o= —=— = =10
O by po  Hpyg T %103 xdnx107
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Example5:
A north of strength 50 Am and south pole of strength 100
Am are separated by a distance of 10 cm in air. Find the
force between them. Also find the force when the distance
between them is doubled.

Sol. Force between magnetic poles in air is given by

_ Ho mymy
B 47'C r2

Given thatm; =50 Am, m, =100 Am, r=10cm=0.1 mand
1, = permeability of air = 47 X 1077 Hm™!.

g 4mx1077 50100

4 0.1x0.1
F =50x103N,r; =t
r,=2r,F,=?

=50x 103N

Now, let
Given that

K _5 s0x107 4
F2 r22 or, F2 rz =

3
F,= S0x10~ _ 12.5 x 10-3N
4

Example6:

A bar magnet of length 0.2 m and pole strength 5 Am is
kept in a uniform magnetic induction field of strength
15Wbm2 making an angle of 30° with the field. Find the
couple acting on it.

Couple acting on a bar magnet of dipole moment M when
placed in a magnetic field, is given by t=MB sin 0

where 6 is the angle made by the axis of magnet with the
direction of field.

Giventhe m=5Am,2/=0.2m, 6 =30°and B =15 Wbm™>
. 1=MBsin@=(mx2/)Bsin0

Sol.

1
=5x02x%x15x 527.5Nm.

Example7:
A bar magnet of magnetic 1.5 JT! lies aligned with the
direction of a uniform magnetic field of 0.22 T.
(a) What is the amount of work required to turn the magnet
so as to align is magnetic moment
(1) normal to the field direction,
(i1) opposite to the field direction ?
(b) What is the torque on the magnet in cases (i) and (ii) ?
Sol. Giventhat: M 1.5JT'andB=0.22T
(@ The potential energy of the magnet when its

. - .
magnetic moment vector \f makes an angle 6 with

the magnetic field is given by, U=— MB cos6
When the magnetic moment is normal to the field

i.e., 0 - 0, the potential energy is

Uy=-MB cos0°=-MB

When the magnetic moment is normal to the field
direction, i.e., 6 =90°, then potential energy is
Uy=-MB cos 90°=0.

When the magnetic moment is opposite to the field
direction i.e., 6 = 180°, the potential energy is
U;g0=—MB cos 180°=+MB

(i)  Hence, work done to turn the magnet to align its
magnetic dipole moment normal to the field
Wo_99 = Ugg —Uy=0 - (-MB)

=MB=1.5%x0.22]=0.33]

(i)  Similarly, work done to turn the magnet to align its
magnetic dipole moment opposite to the field
direction.

Wo-180 = Uygo— Ug = MB — (-MB)
=2MB=2x0.33=0.66J

(b) Torque on the magnet in case (i) ;
7,=MBsin90°=MB=0.33N-m
Similarly, torque on the magnet in case (ii) :
7,=MBsin 180°=0N-m

Example 8 :
A circular coil of 16 turns and radius 10cm carries a current
of 0.75 A and rest with its plane normal to an external
magnetic field of 5.0 x 1072 T. The coil is free to rotate
about its stable equilibrium position with a frequency of
2.0 s7! Compute the moment of inertia of the coil about its
axis of rotation.
The magnetic moment of the coil is

M=NIA=16%0.75 x % (0.1)2=0.377 Am?
if K be the moment of inertia of the coil about its axis of
rotation, then its period of oscillation in a magnetic field B

Sol.

isgivenby T=2n

MB
s 6 .1 1 |MB
or its frequency v is = T2\ K
MB
This givesK= "5 5
g )

GiventhatB=5.0 x 102 T,M=0.377 and v=2s"!

K 0.377x5.0x1072
T 4x(3.14)% x (2)?

= 1.2 x 10 kgm?
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CHAPTER 3 : MAGNETIC EFFECTS OF CURRENT AND MAGNETISM

EXERCISE - 1 [LEVEL-1]

Choose one correct response for each question.

Q.1

Q2

Q3

Q4

Q5

Q.6

Q.7

PART -2 : MOTI

QS8

PART -1: MAGNETIC FORCE

An electron is travelling horizontally towards east. A

magnetic field in vertically downward direction exerts a

force on the electron along

(A) East (B) West

(C) North (D) South

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

(A) East (B) West

(C) North (D) South

An electron (charge q coulomb) enters a magnetic field

of H weber/m? with a velocity of vim/s in the same

direction as that of the field the force on the electron is

(A) Hqv Newton’s in the direction of the magnetic field

(B) Hqv dynes in the direction of the magnetic field

(C) Hqv Newton’s at right angles to the direction of the
magnetic field

(D) Zero

A 1m long conducting 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 Tesla. The current flowing in it will

be-

(A) 100 A (B)10A

O1A (D)o

A charged particle is moving with velocity v in a magnetic

field of induction B. The force on the particle will be

maximum when —

(A) v and B are in the same direction

(B) v and B are in opposite directions

(C) v and B are perpendicular

(D) v and B are at an angle of 45°

A current of 10 ampere is flowing in a wire of length 1.5

m. A force of 15 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

(A)30° (B)45°

(C)60° (D)90°

Motion of a moving electron is not affected by

(A) An electric field applied in the direction of motion.

(B) Magnetic field applied in the direction of motion.

(©) Electric field applied perpendicular to the direction
of motion.

(D) Magnetic field applied perpendicular to the direction
of motion.

INA MAGNETIC FIELD
The radius of curvature of the path of the charged particle
in a uniform magnetic field is directly proportional to
(A) The charge on the particle

Q.9

Q.10

Q.11

Q.12

Q.13

Q.14

(B) The momentum of the particle

(C) The energy of the particle

(D) The intensity of the field

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

(A) A straight line

(B)Acircle

(C) Ahelix with uniform pitch

(D) A helix with non-uniform pitch

A positively charged particle moving due east enters a
region of uniform magnetic field directed vertically
upwards. The particle will —

(A) 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 homogeneous electric field E and a uniform magnetic

field § are pointing in the same direction. A proton is

projected with its velocity parallel to f . It will

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

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

(C) Turn to its right.

(D) Turn to its left.

A beam of ions with velocity 2 x 103 m/s enters normally

into a uniform magnetic field of 4 x 1072 tesla. If the

specific charge of the ion is 5 x 107 C/kg, then the radius

of the circular path described will be —

(A)0.10m (B)0.16m

(C) 0.20m (D)0.25m

A proton (mass m and charge +e) and an a-particle (mass

4m and charge +2¢) are projected with the same kinetic

energy at right angles to the uniform magnetic field.

Which one of the following statements will be true

(A) The a-particle will be bent in a circular path with a
small radius than that for the proton.

(B) Theradius of the path of the a-particle will be greater
than that of the proton.

(C) The a-particle and the proton will be bent in a circular
path with the same radius.

(D) The a-particle and the proton will go through the
field in a straight line.

A uniform magnetic field acts at right angles to the

direction of motion of electrons. As a result, the electron

moves in a circular path of radius 2cm. If the speed of

the electrons is doubled, then the radius of the circular

path will be
(A)2.0cm (B)0.5cm
(C)4.0cm (D)1.0cm
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Q.15

Q.16

Q.17

Q.18

Q.19

Q.20

Q.21

An a-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
(A)4:1 B)1:4

©O2:1 D)1:2

An electron and a proton have equal kinetic energies.
They enter in a magnetic field perpendicularly, Then —
(A) 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

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

(A)4eV (B)2eV
©)8eV (D)6eV
PART -3 : CYCLOTR:

The cyclotron frequency of an electron grating in a

magnetic field of 1 T is approximately

(A) 28 MHz (B)280 MHz

(C)2.8 GHz (D)28 GHz

In a cyclotron, a charged particle —

(A) undergoes acceleration all the time.

(B) speeds up between the dees because of the magnetic
field.

(C) speeds up in a dee.

(D) slows down within a dee and speeds up between
dees.

PART -4 : BIOT-SAVART LAW
A part of a long wire carrying a current i 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 —

Hol Hol

(A) ar B) S

©) ;—7‘;(75+1) D) %(n—l)

In the figure, what is the magnetic

field at the point O.
Mol Hol | Mol
— _+_
(A) 4nr (B) 4nr  2mr
Hol | Kol Mol _ ol
_+_ —_—
© 4r  A4mnr (D) 4r  Anr

Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

Q.28

Q.29

Q.30

PART -

The strength of the magnetic field at a point r near a long
straight current carrying wire is B. The field at a distance
1/2 will be

(A)B/2 (B)B/4

(©)2B (D)4B

Field at the centre of a circular coil of radius r, through
which a current I flows is

(A) Directly proportional to r

(B) Inversely proportional to [

(C) Directly proportional to I

(D) Directly proportional to 12

The magnetic field at the centre of current carrying coil
is

Honi Mo ni
(A) 2r (B) 21
Honi .
© = (D) poni

The field due to a long straight wire carrying a current |
is proportional to
A1 (B)I

©) V1 (D) 111

The magnetic field at a point 50 mm from a long straight
line carrying a current of 3A will be-

(A)0.12G B)12G

©12G (D)0.012G

To obtain maximum intensity of magnetic field at a point,
the angle between the position vector of the point rela-
tive to the element and the direction of element will be :
(A)O B)m/4

(C)m2 D)n

Due to 10 ampere of current flowing in a circular coil of
10cm radius, the magnetic field produced at its centre is
3.14 x 1073 weber/m2. The number of turns in the coil
will be

(A) 5000 (B) 100

(©)50 (D)25

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
(A)1.5x10°T
(C©)6.28x10°T

(B)3.14x 10T
(D)19.6x10>T

:AMPERE CIRCUITAL LA
Current is flowing through a conducting hollow pipe
whose area of cross-section is shown as. The value of
magnetic induction will be zero at-

oR

(A)PointP,Q and R
(C) Qbutnotat Pand R

(B) Point R butnotatP & Q
(D) P butnotat Q and R
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Q.31

Q.32

Q.33

Consider six wires into or out of the page, all with the
same current. Rank the line integral of the magnetic field
(from most positive to most negative) taken
counterclockwise around each loop shown.

(A)B>C>D>A (B)B>C=D>A
(O)B>A>C=D (D)C>B=D>A

Ampere’s law states 3[>]§.d76 = lolgye . Which of the fol-

lowing statements are true for Ampere’s law ?

(A) Ampere’s law is correct if electric field inside the
loop changes with time.

(B) Ampere’s law is applicable only for symmetric
condition.

(©) 1t is applicable for both symmetrical and
unsymmetrical condition.

(D) Ampere’s rule can be applied to find magnetic field
due to solenoid and toroid only.

PART -6 : THE SOLENOID
AND THE TOROID

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 ‘i’ the magnetic field at its centre will be

(A) Proportional to D

(B) Inversely proportional to D

(C©) Independent of D

(D) Proportional to L

Q.34 There are 50 turns of a wire in every cm length of a long

Q.35

Q.36

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
(A) 12.6 x107> Weber / m?, 6.3 x 10> Weber / m?

(B) 12.6 x10™> Weber / m?, 25.1x 10> Weber / m?

(C) 25.1x107> Weber / m?,12.6 x 10> Weber / m*

(D) 25.1x107° Weber /m?, 6.3 x10™> 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

(no =4mx 1077 weber / amp-m)

(A) 3.14x 1072 weber /m? (B) 6.28 1072 weber / m?
(C) 942 % 107> weber / m? (D) 12.56 x 10~ weber / m*

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

(A) Be deflected from its path.

(B) Be accelerated along the same path.

Q.37

Q.38

Q.39

Q.40

Q.41

Q.42

Q.43

(C) Be decelerated along the same path.

(D) Move along the same path with no change in
velocity.

The average radius of a toroid made from a paramagnetic

material is 0.1 m and it has 500 turns. If it carries 0.5

ampere current, then the magnetic field inside it will be :

(A)5x 10 % tesla (B) 5 x 1073 tesla

(C)5 x 102 tesla (D)2 x 1073 tesla

A long solenoid is formed by winding 20 turns/cm. The

current necessary to produce a magnetic field of

20millitesla inside the solenoid will be approximately

(& =107 tesla — metre/ ampere)

47
(A)8.0A (B)4.0A
(C)2.0A (D)1.0A
PART-7:FORCE BETWEENT

PARALLEL CURRENTS
An electric of 30 ampere is flowing in each of two parallel
conducting wires places 5 cm apart. The force acting per
unit length on either of the wires will be-
(A)3.6x 103 N/m (B) 3.6 x 1073 Dyne/cm
(C)3.6 x 1075 N/m (D)3.6 x 1072 N/m.
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 10~7 N on each
other, then the value of current must be
(A)2.5 amp (B)3.5amp
(C) 1.5amp (D) 0.5 amp
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
B is 2 m, the force on the conductor B, which is situated
at 10cm distance from A will be
(A)8x 105N (B)4x 104N
(C)4x10°N (D)4nx 107'N
Two long parallel copper wires carry currents of 5A each
in opposite directions. If the wires are separated by a
distance of 0.5m, then the force between the two wires is
(A) 1075 N, attractive (B) 1075 N, repulsive
(C)2x 102 N, attractive (D)2 x 10> N, repulsive
Two parallel wires are carrying electric currents of equal
magnitude and in the same direction. They exert
(A) An attractive force on each other
(B) A repulsive force on each other
(C) No force on each other
(D) A rotational torque on each other

PART -8 : TORQUE RRENT L P.
MAGNETIC DIPOLE
Q.44 If an electron is moving with velocity v in an orbit of

radius r in a hydrogen atom, then the equivalent mag-
netic moment will be :

-7
Hoe evx 10
e © 5 — D
T

cv
) ®) 5
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Q.45

Q.46

Q.47

Q.48

Q.49

Q.50

Q.51

Q.52

Q.53

On account of the orbital motion of an electron its
magnetic moment will be (h - Plank constant, e-electronic
charge and m-mass of an electron)

eh
2tm

A 2 B o2 o
()4nm ()4Tcm ()271 (D)
A5 cm x 12 cm coil with number of turns 600 is placed in
a magnetic field of strength 0.10 Tesla. The maximum
magnetic torque acting on it when a current of 107 A is
passed through it will be-

(A)3.6x 10 °N-m (B) 3.6 x 10-% dyne-cm
(C)3.6x 10°N-m (D) 3.6 x 106 dyne-m

A circular coil of diameter 7cm has 24 turns of wire
carrying current of 0.75A. The magnetic moment of the
coil is

(A) 6.9 x 1072 amp-m? (B)2.3 x 102 amp-m?

(C) 1072 amp-m? (D) 1073 amp-m?

Torque on a current carrying loop of magnetic moment

m, placed in region of magnetic field B is

ws]]

(A) T=-mx (B) T = pym x B

N | —

© i=E2(@mxB) (D) T =mxB
47

A circular coil of 20 turns and radius 10cm is placed in
uniform magnetic field of 0.10 T normal to the plane of
the coil. If the current in the coil is SA, then the torque
acting on the coil will be -
(A)31.4N-m
(©)0.314N-m

(B)3.14N-m
(D) zero

PART -9 : THE BAR MAGNET

Two identical thin bar magnets each of length / and
pole strength m are placed at right angle to each other
with north pole of one touching south pole of the other.
Magnetic moment of the system is —
(A)m/? (B)2m/

©) 2mr¢

Two similar bar magnets P and Q, each of magnetic
moment M, are taken, If P is cut along its axial line and Q
is cut along its equatorial line, all the four pieces obtained
have

(A) Equal pole strength (B)Magnetic moment M/4
(C) Magnetic moment M/2 (D) Magnetic moment M
Due to a small magnet intensity at a distance x in the end
on position is 9 Gauss. What will be the intensity at a
distance x/2 on broad side on position

(A) 9 Gauss (B) 4 Gauss

(C) 36 Gauss (D) 4.5 Gauss

A magnet is parallel to a uniform magnetic field. If it is
rotated by 60°, the work done is 0.8 J. How much work is
done in moving it 30° further
(A)0.8 x 107ergs

©38J

(D) %mf

(B)0.4J
(D) 0.8 ergs

Q.54

Q.55

Q.56

Q.57

Q.58

Q.59

Two small bar magnets are placed in a line with like poles
facing each other at a certain distance d apart. If the
length of each magnet is negligible as compared to d,
the force between them will be inversely proportional to

(A)d (B) d

(C) 1/d2 (D) d*

The incorrect statement regarding the lines of force of
the magnetic field B is

(A) Magnetic intensity is a measure of lines of force
passing through unit area held normal to it.

(B) Magnetic lines of force form a close curve.

(C) Inside a magnet, its magnetic lines of force move
from north pole of a magnet towards its south pole.

(D) Due to a magnet magnetic lines of force never cut
each other.

Abar magnet of length 3 cm has points A and B along its

axis at distances of 24 cm and 48 cm on the opposite

sides. Ratio of magnetic fields at these points will be

[e—24 cm—le———48 cm——>
(A)8 B)1/2+2
©3 (D)4

A small bar magnet has a magnetic moment
1.2 A-m?2. The magnetic field at a distance 0.1 m on its
axis will be : (py=4nx 10~/ T-m/A)

(A)1.2x104T (B)2.4x1074T
(C)24x104T (D)12x10*T

A bar magnet of length 0.2 m and pole strength 5 Am is
kept in a uniform magnetic induction field of strength
15Wbm 2 making an angle of 30° with the field. Find the
couple acting on it.

(A)2.5Nm (B)5.5Nm

(C)7.5Nm (D)9.0Nm

The magnetic field lines due to a bar magnet are correctly

shown in -
N N
S S

PART-10 : MAGNETISM AND GAUSS’S LAW

Q.60

Q.61

Gauss is unit of which quantity

(A)H B)B

© D)1

Gauss’s law for magnetism is —

(A) the net magnetic flux through any closed surface is
B.AS.

(B) the net magnetic flux through any closed surface is
EAS.
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PART -11 : THE FARTH’

Q.62

Q.63

Q.64

Q.65

Q.66

Q.67

Q.68

(©) the net magnetic flux through any closed surface is
Zer0.
(D) Both (A) and (C)

MAGNETISM

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

(A) Magnetic poles (B) Geographical poles
(C) Everyplace (D) Magnetic equator
The angle between the magnetic meridian and
geographical meridian is called

(A) Angle of dip (B) Angle of declination
(©) Magnetic moment (D)Power of magnetic field
At a certain place, the horizontal component of earth’s

magnetic field is /3 times the vertical component. The

angle of dip at that place is

(A)60° (B)4s°

(C)90° (D)30°

At the magnetic north pole of the earth, the value of
horizontal component of earth’s magnetic field and angle
of dip are, respectively

(A) Zero, maximum (B) Maximum, minimum
(C) Maximum, maximum (D) Minimum, minimum
A compass needle will show which one of the following
directions at the earth’s magnetic pole

(A) Vertical

(B) No particular direction

(C) Bent at 45° to the vertical

(D) Horizontal

PART-12:T ENTLA

The period of oscillation of a magnet in vibration
magnetometer is 2 sec. The period of oscillation of a
magnet whose magnetic moment is four times that of the
first magnet is
(A) 1 sec (B) 4 sec
(C)8sec (D) 0.5 sec
Vibration magnetometer works on the principle of
(A) Torque acting on the bar magnet
(B) Force acting on the bar magnet
(©) Both the force and the torque acting on the
bar magnet
(D) None of these

Q.69

Q.70

Q.71

Q.72

Q.73

Q.74

Q.75

Q.76

A thin magnetic needle oscillates in a horizontal plane
with a period T. It is broken into n equals parts. The time
period of each part will be

(A)T (B) T/n
(C) Tn? (D) T/n2
PART -13 : MAGNETISATI

The magnetic susceptibility of a paramagnetic substance
is 3 x 1074, It is placed in a magnetising field of 4 x 10*
amp/m. The intensity of magnetisation will be

(A)3 x 108 A/m (B) 12 x 108 A/m
(O)12A/m (D)24A/m

A magnetising field of 2 x 10% amp/m produces a magnetic
flux density of 8w Tesla in an iron rod. The relative
permeability of the rod will be

(A) 102 (B) 100

(C) 10* (D) 10!

Demagnetisation of magnets can be done by

(A) Rough handling

(B) Heating

(C) Magnetising in the opposite direction

(D) All the above

PART -14 : MAGNETIC PROPERTIES
OFMATERIALS

If a diamagnetic solution is poured into a U-tube and
one arm of this U-tube placed between the poles of a
strong magnet with the meniscus in a line with the field,
the level of the solution will

(A) Rise (B)Fall

(C) Oscillate slowly (D) Remain as such

The magnetic susceptibility is negative for

(A) Paramagnetic materials

(B) Diamagnetic materials

(C) Ferromagnetic materials

(D) Paramagnetic and ferromagnetic materials

The universal property of all substances is
(A) Diamagnetism (B) Ferromagnetism
(C) Paramagnetism (D) All of these

If a ferromagnetic material is inserted in a current carrying
solenoid, the magnetic field of solenoid

(A) Largely increases (B) Slightly increases

(C) Largely decreases (D) Slightly decreases

EXERCISE -2 (LEVEL-2)

Choose one correct response for each question.

Q.1

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

Ho Ho
(A) 27 (B) 47
© =L (D) Zero
8

Q.2

A wire carrying current i is shaped as

shown. Section AB is a quarter circle

of radius r. The magnetic field is

directed.

(A) Atan angle /4 to the plane of the i
paper.

(B) Perpendicular to the plane of the paper and directed
into the paper.

(C) Along the bisector of the angle ACB towards AB.

(D) Along the bisector of the angle ACB away from AB.
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Q3

Q4

Q5

Q.6

Q.7

QS8

Q.9

Q.10

Q.11

An a-particle travels in a circular path of radius 0.45 m in
amagnetic field B = 1.2 Wb/m? with a speed of 2.6 x 107
m/sec. The period of revolution of the a-particle is
(A)1.1x 107 sec (B) 1.1 x 10 %sec

(C) 1.1 %1077 sec (D) 1.1 x 108 sec

If there is no torsion in the suspension thread, then the
time period of a magnet executing SHM

P _1 MB
(A) T=2n /MB B)T=——\
O 1= |1

© T=2n /E _ 2
I 27\ MB

A current i is flowing in a conductor shaped as shown in
the figure. The radius of curved part is r and length of
straight portions is very large. The value of magnetic
field at the centre will be-

R P
T
To
S i
Rl | 37 Rl | 37
—| —+1 —| —-1
(A) 4nr{ 2 } (B) 4nr{ 2 }

Mol | Mol | 7
— | —+1 —| —=1
© 4mr [ 2 } (D) 4mr { 2 }
A circular arc of wire of radius of curvature r subtends

an angle of n/4 radian at its centre. If i currentis flowing
in it then the magnetic induction at its centre will be-

Mol Mol
(A) 8r (B) 4r
© & (D)0

A current of 30 A is flowing in a vertical straight wire. If
the horizontal component of earth's magnetic field is

2 x 107> Tesla then the position of null point will be-
(A)0.9m (B)0.3mm

(C)0.3cm (D)0.3m

A length L of wire carrying current I is bent into a circle
of one turn. The field at the center of the coil is B;. A
similar wire of length L carrying current I is bent into a
square of one turn. The field at its center is B,. Then-
(A) B, >B, (B)B;<B,

(© B,=B, (D) None of these

4 ampere current is passing through a coil of radius 5 cm
and 100 turns. The magnetic moment of the coil is-

(A) 3.14 Am? (B) 3.14 cm?

(C)314 Am? (D) 0.0314 A cm?

The magnetic moment of a current carrying loop is

2.1 x 10723 amp x m2. The magnetic field (weber/m?) at a
point on its axis at a distance of 1A is

(A)4.2x1072 (B)4.2x1073

(C)42x 107 (D)4.2x 107

You are given a closed

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

circuit with radii a and b as
shown in fig carrying
current i. The magnetic
dipole moment of the
circuit is-

(A) (a2 +b2)i

(B) %TC (a2 +b?)i

(C)m(a2-b?)i (D) %n (a2-b?)i

In hydrogen atom, an electron is revolving in the orbit
of radius 0.53A with 6.6 x 1015 rotations/second. Mag-
netic field produced at the centre of the orbit is

(A) 0.125 wb/m? (B) 1.25 wb/m?

(C) 12.5 wb/m? (D) 125 wb/m?

A proton of energy 200 MeV enters the magnetic field of
ST. If direction of field is from south to north and motion
is upward, the force acting on it will be

(A) Zero (B)1.6x1071ON
(C©)32x10°8N (D) 1.6 x10°°N

An electric field of 1500 V / m and a magnetic field of
0.40weber / meter? act on a moving electron. The
minimum uniform speed along a straight line the electron
could have is

(A)1.6x105m/s (B)6x1019m/s
(C)3.75%x 103m/s (D)3.75x10%m/s
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 D is then

D C B
15A 5A 10A
N (15—x)

—>

f 15cm |

(A)9cm (B)7cm

(©)5cm (D)3 cem

A straight conductor carries a current of SA. An e~
travelling with a speed of 5 x 10° m/s parallel to the wire
at a distance of 0.1m from the conductor, experiences a
force of
(A)8x1020N
(C)8x 107 18N

(B)32x 101N
(D) 1.6x 101N

An a particle is moving in a magnetic field of (31 +2])

tesla with a velocity of 5 x 10 | m/s. The magnetic force
acting on the particle will be-

(A)3.2x 10713 dyne (B)3.2x1013N

©)0 (D)3.2x10°13N

A 100 turns coil shown in figure carries a current of

EYTE
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Q.19

Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

2amp in a magnetic field B = 0.2 Wb/m2. The torque
acting on the coil is

A B p—
1
N|yE ¢t S
v
D(— 8cm =>
(A) 0.32 Nm tending to rotate the side AD out of the

page.

(B) 0.32 Nm tending to rotate the side AD into the page.

(©) 0.0032 Nm tending to rotate the side AD out of the
page.

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

In the diagram, I, I, are the

strength of the currents in the loop

& straight conductors respectively

OA = AB = R. The net magnetic Al

field at the centre O is zero. Then i R

the ratio of the currents in the .loop B) 1,
and the straight conductors is '

A r B)2n

©) I=n (D)12n

A charged particle with a velocity 2 x 103 m/s passes

undeflected through electric field and magnetic fields in

mutually perpendicular directions. The magnetic field is

1.5 T. The magnitude of electric field will be

(A)1.5x 103N/C (B)2 x 103N/C

(C)3x103N/C (D) 1.33 x 103N/C

A charged particle experiences magnetic force in the

presence of magnetic field. Which of the following

statement is correct?

(A) The particle is moving and magnetic field is
perpendicular to the velocity.

(B) The particle is moving and magnetic field is parallel
to velocity.

(©) The particle is stationary and magnetic field is
perpendicular.

(D) The particle is stationary and magnetic field is
parallel.

If a velocity has both perpendicular and parallel

components while moving through a magnetic field,

what is the path followed by a charged particle?

(A) Circular (B) Elliptical

(C) Linear (D) Helical

A solenoid has length 0.4 cm, radius 1 cm and 400 turns

of wire. If a current of 5 A is passed through this solenoid,

what is the magnetic field inside the solenoid?

(A)6.28x 1074T (B)6.28x 103 T

(©)6.28x1077T (D)0.628T

A magnet is parallel to a uniform magnetic field. If it is

rotated by 60°, the work done is 0.8 J. How much work is

done in moving it 30° further

(A) 0.8 x 107ergs (B)0.4J

(©)81 (D) 0.8 ergs

Two short magnets having magnetic moments in the

Q.26

Q.27

Q.28

Q.29

Q.30

Q.31

Q.32

ratio 27 : 8, when placed on opposite sides of a deflection
magnetometer, produce no deflection. If the distance of
the weaker magnet is 0.12 m from the centre of deflection
magnetometer, the distance of the stronger magnet from
the centre is

(A)0.06m (B)0.08 m

(€)0.12m (D)0.18m

The magnetic needle of a tangent galvanometer is
deflected at an angle 30° due to a magnet. The horizontal
component of earth’s magnetic field 0.34 x 107* T is
along the plane of the coil. The magnetic intensity is
(A)1.96x1074T (B)1.96x 10T
(C)1.96x 10*T (D)1.96x10°T

A bar magnet made of steel has a magnetic moment of
2.5 A-m? and a mass of 6.6 x 103 kg. If the density of
steel is 7.9 x 10° kg/m?, find the intensity of magnetization
of the magnet.

(A)3.0 x 10°A/m (B)2.0 x 106 A/m
(C)5.0 x 10°A/m (D) 1.2 x10°A/m

The mass of a speciment of a ferromagnetic material is
0.6 kg. and its density is 7.8 x 103 kg/m?. If the area of
hysteresis loop of alternating magnetising field of
frequency 50Hz is 0.722 MKS units then the hysteresis
loss per second will be —

Y
=—— Softiron

e
i

Y'

(A)277.7 x 107 Joule (B)277.7 x 1076 Joule
(C)277.7x 10~* Joule (D)27.77 x 10~ Joule

A circular coil of radius 10 cm and 100 turns carries a
current 1 A. What is the magnetic moment of the coil?
(A)3.142 x 10* Am? (B) 10* Am?
(C)3.142Am? (D)3 Am?

A proton beam enters a magnetic field of

10-*Wb m2 normally. If the specific charge of the
proton is 10'1Ckg! and its velocity is

107 ms™!, then the radius of the circle described will be
(A)100 m (B)0.Im
©)1m (D)10m
A positively charged disk is

rotated clockwise as shown in

the figure. What is the direction

of the magnetic field at point A

® >

in the plane of the disk.
(A) X (into the page) B) —
(C) «—— (D) (® (out of the page)

An infinitely long conductor

ey
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Q.33

Q.34

Q.35

Q.36

PQR is bent to form a right

angle as shown. A current | E
flows through PQR. The . .. QE.J
magnetic field due to the P Qrooe 8
current at the point M is H;.
Now, another infinitely long
straight conductor QS is connected at Q so that the
current is I/2 in QR as well as in QS, the current in PQ
remaining unchanged. The magnetic field at M is now
H,. The ratio H,/H, is given by —

(A)12 B)1

(©)23 (D)2

A steady current is set up in a cubic network composed
of wires of equal resistance and length d as shown in
figure. What is the magnetic field at the centre P due to
the cubic network —

B C

eoP

—
-+

21 Onl
() B o O7l

Mo 21
md Pangg OO0 O
Two particles Aand B of masses m, and mg respectively
and having the same charge are moving a plane. A uniform
magnetic field exists perpendicular to this plane. The
speeds of the particles are v, and vy respectively and
the trajectories are as shown in the figure. Then -

(A)my vy <mgvg A
(B)ymy vy >mp vy m
(C)m, <mgandv, <vg 7~ N\

(D)ym,=mg and v, =vg

A current carrying loop is placed in a uniform magnetic
field in four different orientations, I, I, IIl and IV, arrange
them in the decreasing order of potential energy :

M ﬁ‘_€ ) —B (H)?) —»s
B
(11T av) B

A)I>1I>10>1V B)I>1I>11>1V
O I1>1v>1I>111 (D)Ir>1v>1>11
The adjacent figure shows lines

of a field. It cannot represent

(A) an electrostatic field
(B) an induced electric field

Q.38

Q.39

Q.40

Q.41

Q.42

(C) a gravitational field

(D) Both (A) and (C)

The figure shows an infinitely long '

current carrying wire out of the plane @ ........

of the paper (shownasadot‘®’). O

A current carrying loop ABCD is

placed as shown in the figure. The loop C

(A) experiences no net force

(B) experiences no torque

(C) turns clockwise as seen by an observer located at
thedot (‘© )

(D) Both(A)and (C)

PQ and RS are long parallel

conductors separated by certain

distance. M is the midpoint 2A

between them (see the figure). The M

net magnetic field at M is B. Now,

the current 2A is switched off. The

field at M now becomes Q S

(A)2B (B)B

(C)B2 (D)3B

An electron enters the space between the plates of a

charged capacitor as shown. The charge density on the

plate is o. Electric intensity in the space between the

plates is E. A uniform magnetic field B also exists in that

space perpendicular to the direction of E. The electron

°
>

moves perpendicular to both E and B without any

change in direction. The time taken by the electron to
travel a distance ¢ in the space is —

o/ cB
(A)SO_B (B)Q F—
0— ® ®
go!B g/ & ®
(©) = oy @ —

A horizontal metal wire is carrying an electric current
from the north to the south. Using a uniform magnetic
field, it is to be prevented from falling under gravity. The
direction of this magnetic field should be towards the
(A) north (B) south

(C) east (D) west

Magnetic field at the centre of a circular coil of radius R
due to current I flowing through it is B. The magnetic
field at a point along the axis at distance R from the
centre is —

(A)B/2 (B)B/4

(C) B/8 (D) /3B

Two thick wires and two thin wires, all of same material
and same length, form a square in three different ways P,
Q and R as shown in the figure. With correct connections
shown, the magnetic field due to the current flow, at the
centre of the loop will be zero in case of —

B
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Q.43

Q.44

Q.45

Q.46

(A) Q and R only (B) P only

(C)Pand Q only (D) P and R only

A current I is flowing through the loop. The direction of
the current and the shape of the loop are as shown in
the figure. The magnetic field at the centre of the loop is

1
%" times........... (MA=R,MB=2R, / DMA =90°)

(A) 5/16, but out of the plane of the paper

(B) 5/16, but into the plane of the paper

(C) 7/16, but out of the plane of the paper

(D) 7/16, but into the plane of the paper

The torque required to hold a small circular coil of 10
turns, area 1 mm? and carrying a current of (21/44) A's
the middle of a long solenoid of 103 turns/m carrying a
current of 2.5A, with its axis perpendicular to the axis of
the solenoid is —

()
Axis K j
(A) 1.5 10"8N-m (B) 1.5 x 10" N-m
(C)1.5% 108 N-m (D) 1.5x 10 °N-m
A particle of charge e and mass m moves with a velocity
uin a magnetic filed B applied perpendicular to the motion
of the particle. The radius r of its path in the field is —
(A) Bv/em (B)ev/Bm
(C) Be/mv (D) mv/Be
A neutron, a proton, an electron and an a- particle enter
a region of uniform magnetic field with the same
velocities. The magnetic field is perpendicular and
directed into the plane of the paper. The tracks of the
particles are labelled in the figure. The electron follows
the track

Solenoid

()
\J

—
»B

/\Coil
—/

Q.47

Q.48

Q.49

Q.50

Q.51

Q.52

B
A D

(A)D B)C

OB DA

Magnetic field at a distance r from an infinitely long
straight conductor carrying a steady current varies as —
(A) lr (B) 1/13
(€) 1/+r (D) 1/2
In the loop shown, the

magnetic induction at
the point O is

. \\\. Ry

Bol (R +Ry) Bol( RiR, )
@A) 3\ RR, ) ® 3R, +R,)
MOI(RI_R2\

(C) zero (D) ?LW

An a-particle and a proton moving with the same kinetic

energy enter a region of uniform magnetic field at right

angles to the field. The ratio of the radii of the paths of

o-particle to that of the proton is —

(A)1:2 B)1:4

©)1:8 D)1:1

A straight current carrying conductor is kept along the

axis of circular loop carrying current. The force exerted

by the straight conductor on the loop is

(A) in the plane of the loop, away from the center

(B) in the plane of the loop, towards the center

(C) zero

(D) perpendicular to the plane of the loop

Pick out the WRONG statement.

(A) When an electron is shot at right angles to the
electric field, it traces a parabolic path.

(B) An electron moving in the direction of the electric
field gains K.E.

(C) An electron at rest experiences no force in the
magnetic field.

(D) The gain in the K.E of the electron moving at right
angles to the magnetic field is zero.

The magnetic susceptibility of a paramagnetic material

at—73°C1is 0.0075 and its value at —173°C will be —

(A)0.015 (B)0.0045

(C)0.0075 (D)0.0030

[4
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Q.1

Q2

Q3

Q4

Q5

A uniformly charged ring of radius 10cm. rotates at a
frequency of 10% rps about its axis. The ratio of energy
density of electric field to the energy density of the
magnetic field at a point on the axis at distance 20cm.
from the centre is 9.1 x 10?. Find the value of a.

A proton moves in a circular path perpendicular to a
magnetic field B. If the intensity of the magnetic field is
doubled but the radius of the circular path is constant,
then new kinetic energy of the particle becomes x times
the previous one. Find the value of x.

Consider a set of six infinite long straight parallel wires
arranged perpendicular to the plane of paper in a hexagon
as shown. The length of the each side of the hexagon is
3cm. What is the magnitude and direction of the magnetic
field at point P ? To express your answer, use the
following method. Twelve direction at consecutive equal
angles have been shown. If the strength of magnetic
field is 70uT, directed along vector numbered 8, write
your answer as 0870. Similarly if the strength of magnetic
field is 70T, directed along vector numbered 12, write
your answer as 1270.

A \2A
D — Q
\3A ®
o — ol
\2A \3A

A neutral particle is initially at rest in a uniform magnetic
field B as shown in the diagram. The particle then
spontaneously decays into two fragments, one with a
positive charge +q and mass 3m and the other with a
negative charge —q and mass m. Neglecting the
interaction between the two charged particles and
assuming that the speeds are much less than speed of
light, determine the time (in pus) after the decay at which
the two fragments first meet (use the following data
q=1pC, B=2muT, m= 1013 kg). Both the charges have
initial velocities in x-y plane.

XYyx x X

x| x x x

X X X X
positién o?zfx \'ég

neutraf patticl® X
beforecdecay x %

X X X X X X
X X X X X X

Figure shows a square loop 10cm. on each side in the
x-y plane with its centre at the origin. An infinite wire is
at z=12cm. above y-axis. What is torque on loop due to
magnetic force ? If torque is expressed as x x 107 N-m,
find the value of x.

Q.6

Q.7

Q8

Q.9

4
A

Two infinitely long linear conductors are arranged
perpendicular to each other and are in mutually
perpendicular planes as shown in figure. If I; = 2A along
the y-axis and I, = 3A along —ve z-axis and AP=AB=1cm.

The value of magnetic field strength B at P is

(ax107T) j+(bx107T) k then find the value of
a+b.

I2
e S Y ®
P A B

A uniform magnetic field of
magnitude 1T exists in region

y 20 isalong  directionas

shown. A particle of charge 1C
is projected from point i)
(—\/g ,—1) towards origin with speed 1 m/s. If mass of
particle is 1 kg, then co-ordinates of centre of circle in

(1 Jb)

which particle moves are Lgs - TJ then find the value

ofa+tb.

An insulating rod of length ¢ carries a charge q
distributed uniformly on it. The rod is pivoted at its mid
point and is rotated at a frequency f about a fixed axis
perpendicular to rod and passing through the pivot. The

1
magnetic moment of the rod system is —nqf? * Find the
a

value of a/2.
A long straight wire, carrying P

current I, is bent at its midpoint TRV <
to form an angle of 45°. Magnetic

field at point P, distance R from

point of bending is equal to

(Va = o)l
brR

then find the value ofa+b +c.

Y
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EXERCISE -4 [PREVIOUS YEARS JEE MAIN QUESTIONS]

Q.1

Q2

Q3

Q4

Q5

Q.6

Q.7

QS8

PART -A : MAGNETIC EFFECT
F RRENT
A circular coil ‘A’ has a radius R and the current flowing
through it is I. Another circular coil ‘B’ has a radius 2R
and if 2I is the current flowing through it, then the
magnetic fields at the centre of the circular coil are in the

ratio of (i.e.B , to Bg) [AIEEE 2002]
(A)4:1 B)2:1
O3:1 D)1:1

An electron and a proton with equal momentum enter
perpendicularly into a uniform magnetic field, then —
(A) The path of proton shall be more curved than that of

electron. [AIEEE 2002]
(B) The path of proton shall be less curved than that of
electron.
(C) Both are equally curved
(D) Path of both will be straight line
If a current is passed in a spring, it [AIEEE 2002]
(A) Gets compressed (B) Gets expanded
(C) Oscillates (D) Remains unchanged

A charge moves in a circle perpendicular to a magnetic
field. The time period of revolution is independent of —
(A) Magnetic field (B) Charge [AIEEE 2002]
(C) Mass of the particle (D) Velocity of the particle
A particle of mass M and charge Q moving with velocity
v describes a circular path of radius R when subjected
to a uniform transverse magnetic field of induction B.
The work done by the field when the particle completes

one full circle is [AIEEE 2003]
(M2

(A)BQv2nR (B) LTVJ 2mR

(C) Zero (D) BQ2nR

A particle of charge —16 x 10718 coulomb moving with
velocity 10 m/s along the x-axis enters a region where a
magnetic field of induction B is along the y-axis, and an
electric field of magnitude 10* V/m is along the negative
z-axis. If the charged particle continues moving along
the x-axis, the magnitude of B is [AIEEE 2003]
(A) 1073 Wb/m? (B) 103 Wb/m?

(C) 105 Wb/m? (D) 1016 Wb/m?

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
(A)nB (B)n’B  [AIEEE 2004]
(C)2nB (D)2n’B

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

centre of the loop [AIEEE 2004]
(A)250uT (B)150uT
(C©)125uT D)75uT

Q.9

Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

Two long conductors, separated by a distance d carry
current I; and I, in the same direction. They exert a force
F on cach 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]
(A)-2F (B)F/3
(C)2F/3 (D)-F/3

Two concentric coils each of radius equal to 27t 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 Weber/m? at the centre of the

coils will be (uy=4nx 107 Wb/A.m) [AIEEE 2005]
(A)5x1075 (B)7x1073
(C)12x 107 (D) 1075

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
(A) The electron will turn to its right ~ [AIEEE 2005]
(B) The electron will turn to its left

(C) The electron velocity will increase in magnitude
(D) The electron velocity will decrease in magnitude

A charged particle of mass m and charge q 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 — [AIEEE 2005]
2nqB 2nm 2nmq 2nq°B

A B) —~ C)—— (D) ———

W= ® 5 (©OF O

Two thin, long, parallel wires, separated by a distance
‘d’ carry a current of ‘i’ A in the same direction. They will
[AIEEE 2005]

2
i
(A) Attract each other with a force of Zuodz
o

2
i
(B) Repel each other with a force of ;Odz
g

2
Ho!
TC

Mo’

T
In a region, steady and uniform electric and magnetic
fields are present. These two fields are parallel to each
other. A charged particle is released from rest in this
region. The path of the particle will be a —[AIEEE 2006]
(A) ellipse (B)circle
(O) helix (D) straight line
A long solenoid has 200 turns per cm and carries a current
i. The magnetic field at its centre is 6.28 x 10~2 W/m?.
Another long solenoid has 100 turns per cm and it carries
acurrenti/3. The value of the magnetic field at its centre
is [AIEEE 2006]
(A) 1.05 x 1073 Weber/m?  (B) 1.05 x 10~4 Weber/m?
(C)1.05x 102 Weber/m? (D) 1.05 x 10> Weber/m?

(C) Attract each other with a force of

(D) Repel each other with a force of

=
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Q.16

Q.17

Q.18

Q.19

Q.20

Q.21

A long straight wire of radius ‘a’ carries a steady current

I. The current is uniformly distributed across its cross

section. The ratio of the magnetic field at a/2 and 2a is —

(A)1/4 B)4 [AIEEE 2007]

O1 (D)1/2

A current I flows along the length of an infinitely long,

straight, thin walled pipe. Then — [AIEEE 2007]

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

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

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

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

A charged particle with charge q enters a region of

constant, uniform and mutually orthogonal fields § and

B, with a velocity v perpendicular to both Eand B,

and comes out without any change in magnitude or

direction of v . Then [AIEEE 2007]
E: g BxE
(A) B2 (B) B2
g ExB G BxE
©) B2 D) B2

A charged particle moves through a magnetic field

perpendicular to its direction. Then—  [AIEEE 2007]

(A) the momentum changes but the kinetic energy is
constant.

(B) both momentum and kinetic energy of the particle
are not constant.

(C) both momentum and kinetic energy of the particle
are constant.

(D) kinetic energy changes but the momentum is
constant

Two identical conducting wire AOH and COD are placed

at right angles to each other. The wire AOB carries an

electric current I; and COD carries a current I,. The

magnetic field on a point lying at a distance d from O, in

a direction perpendicular to the plane of the wires AOB

and COD, will be given by — [AIEEE 2007]

o (1 +1 1/2
Ho( L+l
w55

©) _(11 +1)

2 2002
(I +13)

Ho
®) 2nd

(D) (11 +13)

A horizontal overhead powerhne is at a height of 4m
from the ground and carries a current of 100A from east
to west. The magnetic field directly below it on the
ground is (uy=4m x 10~ 7 TmA ™) [AIEEE 2008]
(A)5x 10°°T northward ~ (B) 5 x 10~ T southward
(C)2.5x 1077 Tnorthward  (D)2.5 x 10~/ T southward

Directions: Q. 22 and 23 are based on the following paragraph

Q.22

Q.23

Q.24

A current loop ABCD is held fixed on the plane of the
paper as shown in the figure. The arcs BC (radius = b)
and DA (radius =a) of the loop are joined by two straight
wires AB and CD. A steady current I is flowing in the
loop. Angle made by AB and CD at the origin O is 30°.
Another straight thin wire with steady current I, flowing
out of the plane of the paper is kept at the origin.

B [AIEEE 2009]

The magnitude of the magnetic field B due to the loop
ABCD at the origin O is —

(&) {Z(b a)+— (a+b)} (B) zero

Hol (b—a) (D) Mol p.OI b-a
24ab ab

Due to the presence of the current I1 at the origin :

(A) The magnitude of the net force on the loop is given

MoHl
Y 24ab (b-a).

(B) The forces on AB and DC are zero.

(C) The forces on AD and BC are zero.

(D) The magnitude of the net force on the loop is given

©)

LI T
by ;—nuo[z(b—a)+?(a+b)}

Two long parallel wires are at a distance 2d apart. They
carry steady equal current flowing out of the plane of
the paper as shown. The variation of the magnetic field
along the line XX' is given by — [AIEEE 2010]
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Q.25

Q.26

Q.27

Q.28

Q.29

A current I flows in an infinitely long wire with cross-
section in the form of a semicircular ring of radius R. The
magnitude of the magnetic induction along its axis is —

(A) Bl (B) kol [AIEEE2011]
n’R 2n°R

Mol Mol
© 2nR (D) 4R

A charge Q is uniformly distributed over the surface of
non-condcting disc of radius R. The disc rotates about
an axis perpendicular to its plane and passing through
its centre with an angular velocity ®. As a result of this
rotation a magnetic field of induction B is obtained at
the centre of the disc. if we keep both the amount of
charge placed on the disc and its angular velocity to be
constant and vary the radius of the disc then the variation
of the magnetic induction at the centre of the disc will be

represented by the figure : [AIEEE 2012]
: l
(A) ®)
R—> R—>
l !
© D)
R—>

R—»

Proton, Deuteron and alpha particle of same kinetic
energy are moving in circular trajectories in a constant
magnetic field. The radii of proton, deuteron and alpha
particle are respectively I Ty and r,.Which one of the
following relation is correct? [AIEEE 2012]
(A)rd:rp:rd (B)rm:rp<rd
(C)ra>rd>rp (D)ra:rd>rp
Two short bar magnets of length ¢ cm each have
magnetic moments 1.20 Am? and 1.00 Am? respectively.
They are placed on a horizontal table parallel to each
other with their N poles poining towards the South. They
have a common magnetic equator and are separated by
a distance of 20.0cm. The value of the result and
horizontal magnetic induction at the mid - point O of the
line joining their centres is close to —

(Horizontal component of earth’s magnetic induction is
3.6x 1075 Wb/m?) [JEE MAIN 2013]
(A) 3.6 x 10 5Wb/m? (B) 2.56 x 10~ 4Wb/m?
(C)3.50 x 107* Wb/m? (D) 5.80 x 10~ *Wb/m?

A conductor lies along the z-axis at—1.5 <z< 1.5 mand

carries a fixed current of 10.0 Ain —a, direction (see

figure). For a field B=3.0x10"*e™"?*a, T, find the
power required to move the conductor at constant speed
tox=2.0m,y=0min 5 x 103s. Assume parallel motion
along the x-axis — [JEE MAIN 2014]

Q.30

Q.31

Q.32

(A)14.85W (B)29.7W
O 1.57W (D)2.97W
Two coaxial solenoids of different radii carry current I in

the same direction. Let Fl be the magnetic force on the

inner solenoid due to the outer one and FZ be the

magnetic force on the outer solenoid due to the inner

one. Then [JEE MAIN 2015]
(A) 1_51 is radially inwards and 1_52 is radially outwards.
®B) Fl is radially inwards and 132 =0

© Fl is radially outwards and Fz =0

D)F =F, =0
A rectangular loop of sides 10 cm and 5 cm carrying a

current I of 12 A is placed in different orientations as
shown in the figures below: [JEE MAIN 2015]

Ifthere is a uniform magnetic field of 0.3 T in the positive
z direction, in which orientations the loop would be in
(i) stable equilibrium and (ii) unstable equilibrium?

(A) (a) and (¢), respectively (B) (b) & (d), respectively
(C) (b) and (c), respectively (D) (a) & (b), respectively
Two long current carrying thin wires, both with current
I, are held by insulating threads of length L and are in
equilibrium as shown in the figure, with threads making
an angle 0 with the vertical. If wires have mass A per unit
length then the value of I is (g = gravitational
acceleration [JEE MAIN 2015]

\

.
(A) 2sin® mhgl
Lo cosO
©) migl tan O
\/ Ko

(B) 2 f@tane
Ko
(D) sin6 | mhgl
Lo cosB

e
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Q.33

Q.34

Q.35

Q.36

Q.37

Q.38

Q.39

Two identical wires A and B, each of length ‘¢’ carry the
same current I. Wire A is bent into a circle of radius R
aand
By are the values of magnetic field at the centres of the
circle and square respectively, then the ratio B ,/By is

[JEE MAIN 2016]
2 7t2 TEZ 7t2
(A) 1642 (B) 16 © 2 D) Y

In a coil of resistance 1002, a current is induced by
changing the magnetic flux through it as shown in the
figure. The magnitude of change in flux through the coil

is: 0 [JEE MAIN 2017]

Current
(amp)

Time 0.5 sec
(A)225 Wb (B)250Wb
(C)275 Wb (D)200 Wb
An electron, a proton and an alpha particle having the
same kinetic energy are moving in circular orbits of radii
TeoTp T respectively, in a uniform magnetic field B. The

relation betweenr,, T Ty is: [JEE MAIN 2018]
(A) T <T,<Ty (B)re<rm<rp
(C)re>rp:ra (D)re<rp:ra

The dipole moment of a circular loop carrying a current
I, is m and the magnetic field at the centre of the loop is
B;. When the dipole moment is doubled by keeping the
current constant, the magnetic field at the centre of the
loop is B,. The ratio B; / B, is : [JEE MAIN 2018]

(A) V2 B)1/2
©2 D)3

A current loop, having two circular
arcs joined by two radial lines is
shown in the figure. It carries a
current of 10 A. The magnetic field Zcmf

at point O will be

closeto: [JEEMAIN2019(JAN)] i=10A
(A)1.0x10°T (B)1.5x10°T
(©)1.0x1077T (D)1.0x1077T
An infinitely long current carrying
wire and a small current carrying loop
are in the plane of the paper as
shown. The radius of the loop is a and distance of its
centre from the wire is d (d >> a). If the loop applies a

(0]
Q

3em/ &2 3cm
i @

\Zcm

force F on the wire then : [JEE MAIN 2019(JAN)]
(A)F o (a2/ d3) (B)F o« (a/d)
(C)F « (a/d)? (D)F=0

A circular coil having N turns and radius r carries a current
I. It is held in the XZ plane in a magnetic field Bi. The

torque on the coil due to the magnetic field is :
[JEE MAIN 2019 (APRIL) |

I 21

(A)BrIN (B) 2 Bl (70 (D) B’E

Q.40

Q.41

Q.42

Q.43

Two very long, straight, and insulated wires are kept at
90° angle from each other in xy-plane as shown in the
figure. These wires carry currents of equal magnitude I,
whose directions are shown in the figure. The net
magnetic field at point P will be

[JEE MAIN 2019 (APRIL) ]

(A) Zero

®) %ﬂ(i)

©) —”—°(x+y) (D) “—°(x+y)

A rigid square loop of side 'a' and carrying current I, is
lying on a horizontal surface near a long current I;
carrying wire in the same plane as shown in figure. The
net force on the loop due to wire will be :

[JEE MAIN 2019 (APRIL) ]

[a
Rolily
3n

I b B

| a

(A) Attractive and equal to

LI
(B) Repulsive and equal to ——— Fouz

(C) Repulsive and equal to “0 il

(D) Zero

A rectangular coil (Dimension 5 cm X 2.5 cm) with 100
turns, carrying a current of 3 A in the clock-wise direction
is kept centered at the origin and in the X-Z plane. A
magnetic field of 1 T is applied along X-axis. If the coil is
tilted through 45° about Z-axis, then the torque on the
coilis:

[JEE MAIN 2019 (APRIL) |
(A)0.55Nm (B)0.27Nm
(C)0.38Nm (D)0.42Nm

Consider a circular coil of wire carrying constant current
I, forming a magnetic dipole. The magnetic flux through
an infinite plane that contains the circular coil and
excluding the circular coil area is given by ¢;. The
magnetic flux through the area of the circular coil area is
given by ¢,. Which of the following option is correct ?

[JEE MAIN 2020 (JAN) |
(A) &> ¢, B)d;<4¢,
©) ¢;=—0, D) 6;=9,
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Q.44

Q.45

Q.46

Q.47

Q.48

Consider a loop ABCDEFA with coordinates A (0, 0, 0),
B(5,0,0),C(5,5,0),D(0,5,0) E(0,5,5) and F(0, 0, 5). Find
magnetic flux through loop due to magnetic field
B =3i+4k. [JEE MAIN 2020 (JAN) |
Avery long wire ABDMNDC is shown in figure carrying
current I. AB and BC parts are straight, long and at right
angle. At D wire forms a circular turn DMND ofradius R.
AB, BC parts are tangential to circular turn at N and D.
Magnetic field at the centre of circle is :

[JEE MAIN 2020 (JAN) |
M
N,
BEp ¢
|
Hol Hol
- i — 1
(A) 2R ' (B) 2nR (m+1)

Hol 1
TG
A long, straight wire of radius a carries a current
distributed uniformly over its cross-section. The ratio

of the magnetic fields due to the wire at distance a/3 and
2a, respectively from the axis of the wire is :

© ™"

[JEE MAIN 2020 (JAN) |
(A)2/3 (B)3/2
©)12 (D)2

An electron gun is placed inside a long solenoid of radius
R on its axis. The solenoid has n turns/length and carries
a current I. The electron gun shoots an electron along
the radius of the solenoid with speed v. If the electron
does not hit the surface of the solenoid, maximum
possible value of v is (all symbols have their standard

meaning) : [JEE MAIN 2020 (JAN) |
R
y g
eponlR eponlR
(A) = — o
2eponlR epgnlR
© == D)=, —

A small circular loop of conducting wire has radius a
and carries current . It is placed in a uniform magnetic
field B perpendicular to its plane such that when rotated
slightly about its diameter and released, it starts
performing simple harmonic motion of time period T. If
the mass of the loop is m then :

[JEE MAIN 2020 (JAN) |
©m 2nm
(A)T= ﬁ B)T= B

m _ [2m
(C)T:‘/E (D)T—\/g

Q.1

Q2

Q3

Q4

Q5

Q.6

Q.7

Q8

PART - B : MAGNETISM
A thin rectangular magnet suspended freely has a period
of oxcillation equal to T. Now it is broken into two equal
halves (each having half of the original length) and one
piece is made to oscillate freely in the same field. If its
period of oscillationis T’, the ratio T'/T is [AIEEE-2003]

(A) 12 (B)2

(©) 1/4 (D) 1/22

A magnetic needle lying parallel to a magnetic field
requires W units of work to turn it through 60°. The
torque needed to maintain the needle in this position

will be [AIEEE-2003]
3
(A)W (B) %W (C)2W (D) 3W
The magnetic lines of force inside a bar magnet —
(A) Do not exist. [AIEEE-2003]
(B) Depend upon the area of cross-section of the bar
magnet.

(C) Are from south-pole to north-pole of the magnet.
(D) Are from north-pole to south-pole of the magnet.
Curie temperature is the temperature above which —
[AIEEE-2003]
(A) A paramagnetic material becomes diamagnetic.
(B) A ferromagnetic material becomes diamagnetic.
(C) A paramagnetic material becomes ferromagnetic.
(D) A ferromagnetic material becomes paramagnetic
The length of a magnet is large compared to its width
and breadth. The time period of its oscillation in a
vibration magnetometer is 2s. The magnet is cut along
its length into three equal parts and these parts are then
placed on each other with their life poles together.
The time period of this combination will be [ATEEE-2004]

(A)2s (B)(2/3)s
2
(€) 235 D 7°

The materials suitable for making electromagnets should
have — [AIEEE-2004]
(A) High retentivity and high coercivity

(B) Low retentivity and low coercivity

(C) High retentivity and low coercivity

(D) Low retentivity and High coercivity

A magnetic needle is kept in a non-uniform magnetic
field. It experiences— [AIEEE-2005]
(A) a torque but not a force

(B) neither a force nor a torque

(C) a force and a torque

(D) a force but not a torque

Needles N, N, and N; are made of a ferromagnetic, a
paramagnetic and a diamagnetic substance respectively.
A magnet when brought close to them will -\[AIEEE 2006]
(A) attract N strongly, but repel N, and N5 weakly.
(B) attract all three of them

(C) attract N and N, strongly but repel N,

(D) attract N strongly, N, weakly and repel N5 weakly
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Q.9

Q.10

Q.11

Q.12

Q.13

Relative permittivity and permeability of a material are €,

and p,, respectively. Which of the following values of

these quantities are allowed for a diamagnetic material ?
[AIEEE 2008]

(A)e,=1.5,u,=05 (B)e,=0.5,1,=0.5

O =15,u=15 D)e,=0.5,u.=15

The coercivity of a small magnet where the ferromagnet

gets demagnetized is 3 x 103 Am™!. The current required

to be passed in a solenoid of length 10cm and number of

turns 100, so that the magnet gets demagnetized when

inside the solenoid, is — [JEE MAIN 2014]
(A)3A (B)6A
(©)30mA (D) 60 mA
Hysteresis loops for two magnetic materials Aand B are
given below: [JEE MAIN 2016]
B B
(H) (H)
(A) (B)

These materials are used to make magnets for electric
generators, transformer core and electromagnet core.
Then it is proper to use:

(A) A for electromagnets and B for electric generators.
(B) A for transformers and B for electric generators.

(C) B for electromagnets and transformers.

(D) A for electric generators and transformers.

A magnetic needle of magnetic moment 6.7 x 1072 Am?
and moment of inertia 7.5 x 1076 kg m? is performing
simple harmonic oscillations in a magnetic field of 0.01T.
Time taken for 10 complete oscillations is:

[JEE MAIN 2017
(A)8.89s (B) 6.98s
(C)8.765s (D)6.65s

A bar magnet is demagnetized by inserting it inside a
solenoid of length 0.2 m, 100 turns, and carrying a current
of 5.2 A. The coercivity of the bar magnet is :

[JEE MAIN 2019(JAN)]
(A) 1200 A/m (B) 2600 A/m
(C)520A/m (D)285A/m

Q.14

Q.15

Q.16

Two magnetic dipoles X and Y are placed at a separation
d, with their axes perpendicular to each other. The dipole
moment of Y is twice that of X. A particle of charge q is
passing, through their midpoint P, at angle 6 = 45° with
the horizontal line, as shown in figure. What would be
the magnitude of force on the particle at that instant ? (d
is much larger than the dimensions of the dipole)

[JEE MAIN 2019 (APRIL) |
< d >
I S
............... Pd\'@. .......... I
X N
™) Y
M)

(B) [%] (d2/1\;[)3 xqv

Ko M
(A) \/5[411) @d/2)> av

(H0) Mgy
O \ar) @y (D)0

The figure gives experimentally measured B vs. H
variation in a ferromagnetic material. The retentivity, co-
ercivity and saturation, respectively, of the material are:
B(T) [JEE MAIN 2020 (JAN) |

2.0 +

+ <

1.0
50,71 /7{
t—t—>H

T
150 A/m

A
1 /50
/

A

(A)50A/m, IT,1.5T (B)L.5T,50A/m, 1T
O1T,50A/m,1.5T (D)50A/m, 15T, 1T
Photon with kinetic energy of 1 MeV moves from south
to north. It gets an acceleration of 10!2 m/s? by an
applied magnetic field (west to east). The value of
magnetic field : (Rest mass of protonis 1.6 x 1027 kg) :

[JEE MAIN 2020 (JAN) |
(A)71mT (B)7.1mT
(C)0.071 mT (D)0.71 mT
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EXERCISE -5 [PREVIOUS YEARS AIPMT /NEET QUESTIONS]

Q.1

Q.2

Q3

Q4

Q5

Q.6

Q.7

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

(A) VB/v (B)B/v [AIPMT 2005]
O©)«v/B (D)v/B

A coil in the shape of an equilateral triangle of side ¢ is
suspended between the pole pieces of a permanent

magnet such that § is in the plane of the coil. If due to
a current i in the triangle a torque 1 acts on it, the side ¢

of the triangle is — [AIPMT 2005]
2 (1" (< 7
== 2

(A) NE) [B.ij ®) kﬁ Bi)

—~

o 22 oy L)
© 5 Bi) ()ﬁLB.i)

If the magnetic dipole moment of an atom of
diagmagnetic material paramagnetic material and
ferromagnetic material are denoted by p , Hp and pg
respectively, then — [AIPMT 2005]
(A)pg=0and p,#0 (B)pg#0andp,=0
(C)p,=0and pe#0 (D)pg#0and pp#=0
When a charged particle moving with velocity v is
subjected to a magnetic field of induction §{, the force

on it is non-zero. This implies that— [ATIPMT 2006]

(A) angle between v and B can have any value other
than 90°.

(B) angle between v and B can have any value other

than zero and 180°.

(C) angle between v and B s either zero or 180°.

(D) angle between v and B is necessarily 90°.

Two circular coils 1 and 2 are made from the same wire
but the radius of the 1st coil is twice that of the 2nd coil.
What potential difference in volts should be applied
across them so that the magnetic field at their centres is

the same [AIPMT 2006]
(A4 B)6

©)2 (D) None

Above Curie temperature — [AIPMT 2006]

(A) a paramagnetic substance becomes diamagnetic
(B) a diamagnetic substance becomes paramagnetic
(C) a paramagnetic substance becomes ferromagnetic
(D) a ferromagnetic substance becomes paramagnetic
A beam of electron passes undeflected through mutually
perpendicular electric and magnetic fields. Ifthe electric
field is switched off, and the same magnetic field is
maintained, the electrons moves — [AIPMT 2007]
(A) ina circular orbit

(B) along a parabolic path

Q8

Q.9

Q.10

Q.11

Q.12

Q.13

Q.14

(C) along a straight line
(D) in an elliptical orbit
A charged particle (charge q) is moving in a circle of
radius R with uniform speed v. The associated magnetic

moment U is given by — [AIPMT 2007]
(A) qvR? (B) qvR%/2
(©)qvR (D) qvR/2

Under the influence of a uniform magnetic field a charged
particle is moving in a circle of radius R with constant
speed v. The time period of the motion— [AIPMT 2007]
(A) depends on both R and v

(B) is independent of both R and v

(C) depends on R and not on v

(D) depends on v and not on R

Nickel shows ferromagnetic property at room
temperature. Ifthe temperature is increased beyond Curie

temperature, then it will show — [AIPMT 2007]
(A) antiferromagnetism (B) no magnetic property
(C) diamagnetism (D) paramagnetism

A particle of mass m, charge Q and kinetic energy T
enters a transverse uniform magnetic field of induction

B. After 3 seconds the kinetic energy of the particle

will be [AIPMT 2008]
(A)4T (B)3T
(C)2T D)T

A closed loop PQRS carrying a current is placed in a

uniform magnetic field. If the magnetic forces on

segments PS, SR and RQ are F,, F, and F; respectively

and are in the plane of the paper and along the directions

shown, the force on the segment QP is— [AIPMT 2008]
Q

Fy
S R

F,
(A)F;—F, +F, (B)F;—F,-F,

(©) J(F -F)* +F} (D) (B -F)* - F;

The magnetic force acting on a charged particle of charge

—2uC in a magnetic field of 2T acting in y direction, when
U is:

s

the particle velocity is (21 +3])x10° ms~

[AIPMT 2009]
(A)4 Nis z direction (B) 8 Nisy direction
(C) 8 Nin z direction (D) 8 Nin—z direction

A bar magnet having a magnetic moment of

2 x 10% JT! is free to rotate in a horizontal plane. A
horizontal magnetic field B =6 x 1074 T exists in the
space. The work done in taking the magnet slowly from
a direction parallel to the field to a direction 60° from the

field is: [AIPMT 2009]
(A)12] (B)6J
(€)27] (D)0.6J
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Q.15

Q.16

Q.17

Q.18

Q.19

Q.20

Q21

If a diamagnetic substance is brought near the north or

the south pole of a bar magnet, itis:  [AIPMT 2009]

(A) repelled by the north pole & attracted by the south
pole.

(B) attracted by the north pole and repelled by the south
pole.

(C) attracted by both the poles

(D) repelled by both the poles

A vibration magnetometer placed in magnetic meridian

has a small bar magnet. The magnet executes oscilla-

tions with a time period of 2 sec in earth’s horizontal

magnetic field of 24 microtesla. When a horizontal field

of 18 microtesla is produced opposite to the earth’s field

by placing a current carrying wire, the new time period

of magnet will be [AIPMT (PRE) 2010]
(A) 1s (B)2s
(©)3s (D)4s
Electromagnets are made of soft iron because soft iron
has [AIPMT (PRE) 2010]

(A) low retentivity and high coercive force

(B) high retentivity and high coercive force

(C) low retentivity and low coercive force

(D) high retentivity and low coercive force

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

the cathode rays is given by [AIPMT (PRE) 2010]
" B? ®) 2VB? © 2VE? o) E?
2VE? E? B’ 2VB?

(V is the potential difference between cathode & anode)
A thin ring of radius R meter has charge q coulomb
uniformly spread on it. The ring rotates about its axis
with a constant frequency of f revolutions/s. The value
of magnetic induction in Wb/m? at the centre of the ring

[AIPMT (PRE) 2010]
Hoqf Hod Moq Hoqf
Ao ®oawm O @R

A square current carrying loop is suspended in a uni-
form magnetic field acting in the plane of the loop. If the

force on one arm of the loop is F , the net force on the
remaining three arms of the loop is [AIPMT (PRE) 2010]

(A) 3F (B) —F

(C) -3F (D) F

A current loop consists of two identical semicircular parts
each of radius R, one lying in the x-y plane and the other
in X-z plane. If the current in the loop is i. The resultant
magnetic field due to the two semicircular parts at their

common centre is [AIPMT (MAINS) 2010]
ot Hot Hot bo!
W onr B R © %R NG

Q.22

Q.23

Q.24

Q.25

Q.26

A closely wound solenoid of 2000 turns and area of
cross-section 1.5 x 10~* m?2 carries a current of 2.0 A. It
is suspended through its centre and perpendicular to its
length, allowing it to turn in a horizontal plane in a
uniform magnetic field 5 x 102 tesla making an angle of
30° with the axis of the solenoid. The torque on the
solenoid will be [AIPMT (MAINS) 2010]
(A)3x103Nm (B)1.5% 103 Nm

(C)1.5%x102Nm (D)3 x102Nm

A particle having a mass of 102 kg carries a charge of
5 x 108 C. The particle is given an initial horizontal
velocity of 10°> ms~! in the presence of electric field

E and magnetic field B . To keep the particle moving

in a horizontal direction, it is necessary that
[AIPMT (MAINS) 2010]

() B should be perpendicular to the direction of
velocity and E should be along the direction of
velocity.

(i) Both B and E should be along the direction of
velocity.

(iii) Both B and E are mutually perpendicular and
perpendicular to the direction of velocity.

(iv) B should be along the direction of velocity and
E should be perpendicular to the direction of
velocity

Which one of the following pairs of statements is

possible

(A) (i) and (iii) (B) (iii) and (iv)

(C) (ii) and (iii) (D) (ii) and (iv)

The magnetic moment of a diamagnetic atom is

(A) much greater than one  [AIPMT (MAINS) 2010]

(B) one

(C) between zero and one

(D) equal to zero

There are four light-weight-rod samples, A, B, C, D

separately suspended by threads. A bar magnet is slowly

brought near each sample and the following observations

are noted — [ATPMT (PRE) 2011]

(i) Ais feebly repelled (i1) B is feebly attracted

(iii) C is strongly attracted ~ (iv) D remains unaffected

Which one of the following is true?

(A) Ais of a non-magnetic material

(B) B is of a paramagnetic material

(C) Cis of a diamagnetic material

(D) D is of a ferromagnetic material

A uniform electric field and a uniform magnetic field are

acting along the same direction in certain region. If an

electron is projected in the region such that its velocity
is pointed along direction of fields, then the electron
[AIPMT (PRE) 2011]

(A) Will turn towards left of direction of motion

(B) Will turn towards right of direction of motion

(C) Speed will decrease

(D) Speed will increase
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Q.27

Q.28

Q.29

Q.30

Q.31

Q.32

A current carrying closed loop in the form of a right
angle isosceles triangle ABC is placed in a uniform
magnetic field acting along AB. If the magnetic force on

the force on the arm AC is —

E

the arm BCis F

A [AIPMT (PRE)2011]
. C .

(A) \2F (B) —\2F

(C)-F (D) F

A short bar magnet of magnetic moment 0.4J T! is place
in a uniform magnetic field of 0.16 T. The magnet is stable
equilibrium when the potential energy is

[AIPMT (MAINS)2011]
(A)-0.064J (B) zero
(C)—0.0827 (D) 0.064

A square loop, carrying a steady current I, is placed in a
horizontal plane near a long straight conductor carrying
a steady current I at a distance d from the conductor as
shown in figure. The loop will experience

L

<o
—

I

(A) anet repulsive force away from the conductor.

(B) a net torque acting upward perpendicular to the
horizontal plane.

(©) a net torque acting downward normal to the
horizontal plane.

(D) a net attractive force towards the conductor.

A compass needle which is allowed to move in a

horizontal plane is taken to a geomagnetic pole. It :

[AIPMT (PRE) 2012]

(A) will become rigid showing nomovement

(B) will stay in any position

(C) will stay in north-south direction only

(D) will stay in east-west direction only

Two similar coils of radius R are lying concentrically

with their planes at right angles to each other. The

currents flowing in them are I and 21, respectively. The

resultant magnetic field induction at the centre will be:

[AIPMT (PRE) 2012]
Sppl 3upl I 1

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

Q.33

Q.34

Q.35

Q.36

Q.37

Q.38

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

(A) B=" K=2mn®?R? (B) B = 7™ K = m2nvR>
(& [§

2nmyv

(©)B=

Y K=2mm R (D) B= " K =mPrvR?
e

A proton carrying 1 MeV kinetic energy is moving in a

circular path of radius R in uniform magnetic field. What

should be the energy of an a-particle to describe a circle

of same radius in the same field ?

[AIPMT (MAINS) 2012]
(A)2MeV (B) 1 MeV
(C)0.5MeV (D)4 MeV

A magnetic needle suspended parallel to a magnetic field

requires \3J of work to turn it through 60° . The torque

needed to maintain the needle in this position will be —

[AIPMT (MAINS)2012]
(A) 243 (B)3J
© A ®) 31

A bar magnet of length '¢' and magnetic
dipole moment 'M' is bent in the form of

:\ :
", s
\ /

an arc as shown in figure. The new ot
magnetic dipole moment will be — A
(A)M/2 (B)M  [NEET2013]
©) @M (D) (2/mM

A current loop in a magnetic field — [NEET 2013]

(A) Can be in equilibrium in two orientations, one stable
while the other is unstable.

(B) Experiences a torque whether the field is uniform or
non uniform in all orientations.

(C) Canbe in equilibrium in one orientation.

(D) Can be in equilibrium in two orientations, both the
equilibrium states are unstable.

When a proton is released from rest in a room, it starts

with an initial acceleration a,, towards west. When it is

projected towards north with a speed v, it moves with

an initial acceleration 3a,, towards west. The electric and

magnetic fields in the room are — [INEET 2013]

ma 3ma ma 2ma,

(A) east, down (B) west,

up

evy evy

ma, 2ma, ma 3ma,

(©) west, down (D) east,
e CVO [§] eVO

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

up

e
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o (1))
A) 2nal T, ) (B) —(11 +1)
2 Ho 2, 2012
17 —1 — (7 +1
(C) (1 2) (D) 5= (i +13)

Q.39

Q.40

Q.41

Q.42

Q.43

F ollowmg figures show the arrangement of bar magnets
in different configurations. Each magnet has magnetic
dipole moment m. Which configuration has highest net

magnetic dipole moment? [AIPMT 2014]

N

(A)a (B)b
©c D)d
An electron moving in a circular orbit of radius r makes
n rotations per second. The magnetic fileld produced at

the centre has magnitude : [AIPMT 2015]
2
n-e
(A) Zero @) Lo ©
].J,One One
© Top D)5 =

A wire carrying current I has the
shape as shown in adjoining
figure. Linear parts of the wire are
very long and parallel to X-axis 0
while semicircular portion of I
radius R is lying in Y-Z plane.
Magnetic field at point O is —

[AIPMT 2015]

= Ko 1 2 ~ - Lo I N ~
B=—M0 " uixok Bo_Ho ok
(A) an g 2 (B) arR T

= _ Mo
© B= 4n
A rectangular coil of length 0.12m and width 0.1m having
50 turns of wire is suspended vertically in a uniform
magnetic field of strength 0.2 Weber/m?2. The coil carries
a current of 2 A. If the plane of the coil is inclined at an
angle of 30° with the direction of the field, the torque
required to keep the coil in stable equilibrium will be :

%(ni—Zl;) (D)B—4 L ik

[RE-AIPMT 2015]
(A)0.12Nm (B)0.15Nm
(C)0.20Nm (D)0.24Nm

A proton and an alpha particle both enter a region of
uniform magnetic field, B, moving at right angles to the
field B. If the radius of circular orbits for both the particles
is equal and the kinetic energy acquired by proton is 1

Q.44

Q.45

Q.46

Q.47

Q.48

Q.49

Q.50

MeV, the energy acquired by the alpha particle will be :-

[RE-ATPMT 2015]
(A) 1 MeV (B)4 MeV
(C)0.5MeV (D) 1.5MeV

Y, B C

A square loop ABCD carrying
a current i, is placed near and I Q_ L
coplanar with a long straight

conductor XY carrying a current X| A D
I, the net foce on the loop will be L2 L
[NEET 2016 PHASE-1]
(A) 3n ® 2n
© - (D) =~

Along stralght wire of radius a carries a steady current
I. The current is uniformly distributed over its cross-
section. The ratio of the magnetic fields B and B' at radial
distances a/2 and 2a respectively, from the axis of the

wire is [NEET 2016 PHASE-1]
(A) 14 B)1/2
©O 1 D)4

The magnetic susceptibility is negative for

(A) Diamagnetic material only [NEET 2016 PHASE-1]
(B) Paramagnetic material only

(C) Ferromagnetic material only

(D) Paramagnetic and ferromagnetic materials.

A long wire carrying a steady current is bent into a circular
loop of one turn. The magnetic field at the centre of the
loop is B. It is then bent into a circular coil of n turns.
The magnetic field at the centre of this coil of n turns will

be [NEET 2016 PHASE-2]
(A)nB (B)n’B
(C)2nB (D)2n’B

A bar magnet is hung by a thin cotton thread in a uniform
horizontal magnetic field and is in equilibrium state. The
energy required to rotate it by 60° is W. Now the torque
required to keep the magnet in this new position is

[NEET 2016 PHASE-2]
(AW /3 B)V3 W

«/—W

2W
D)3
An electron is moving in a circular path under the
influence of a transverse magnetic field of 3.57 x 102 T.
Ifthe value of e/m is 1.76 x 10! C/kg, the frequency of
revolution of the electronis  [NEET 2016 PHASE-2]
(A)1GHz (B) 100 MHz
(C)62.8 MHz (D)6.28 MHz
If 0, and 0, be the apparent angles of dip observed in
two vertical planes at right angles to each other, then
the true angle of dip 6 is — [INEET 2017]
(A) tan’0 = tan’0, + tan’0,
(B)cot20 = co‘[261 - cot262
(©) tan?0 = tan26 - tan292
(D)cot20 = cot261 + co‘[262

v
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Q.51

Q.52

Q.53

Q.54

A 250-Turn rectangular coil of length 2.1 cm and width
1.25cm carries a current of 85 pA and subjected to
magnetic field of strength 0.85 T. Work done for rotating

the coil by 180° against the torqueis—  [NEET 2017]
(A)4.55ud B)2.3puJ

O 115u] (D)9.1ulJ

An arrangement of three parallel B d <
straight wires placed perpendicular 90°

to plane of paper carrying same

current I along the same direction d
is shown in fig. Magnitude of force per
unit length on the middle wire B is A

given by — [NEET 2017]
21pi’ V21
(A) 20 B) oL
nd nd
-2
Hol Hoi”
C D) Kot
( )\/End (D) 2nd

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

it stationary is INEET 2018]
(A)14.76 A (B)5.98A
(O)7.14A (D)11.32A

A thin diamagnetic rod is placed vertically between the
poles of an electromagnet. When the current in the
electromagnet is switched on, then the diamagnetic rod
is pushed up, out of the horizontal magnetic field. Hence

Q.55

Q.56

Q.57

the rod gains gravitational potential energy. The work

required to do this comes from [NEET 2018]

(A) The lattice structure of the material of the rod

(B) The magnetic field

(C) The current source

(D) The induced electric field due to the changing
magnetic field.

Ionized hydrogen atoms and o-particles with same

momenta enters perpendicular to a constant magnetic

field, B. The ratio of their radii of their paths ry; : r will be

A)2:1 (B)1:2  [NEET 2019]

©4:1 D)1:4

At a point A on the earth’s surface the angle of dip,

5 =+25° Atapoint B on the earth’s surface the angle of

dip, 8 =-25°. We can interpret that: [NEET 2019]

(A) A and B are both located in the northern hemisphere.

(B) A is located in the southern hemisphere and B is
located in the northern hemisphere.

(C) A is located in the northern hemisphere and B is
located in the southern hemisphere.

(D) A and B are both located in the southern hemisphere.

A cylindrical conductor of radius R is carrying a constant

current. The plot of the magnitude of the magnetic field.

B with the distance d from the centre of the conductor, is

correctly represented by the figure : [NEET 2019]

B —\ B
(A) 5 (B) ‘ N

R d R d

B B|
© A (D) L
R d R d

4
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MAGNETIC FIELD
TRYITYOURSELF-1

» ~
B ‘-%)@.«' B

® ©.

ul ( 0 j wol
_ — +—:0 .
@ @) 2a\2n/ 4an K

(3) (D). Circular for finite length of wire

0 =2 radian

very close to wire

I
B= 0" [sin0, —sin0,]

@ ®.

Ho Ho

6 .B= ——— (i, -1,)=20; ——— (i; t1,)=50
© @) 21 (d/2) (i =1p) 21 (d/2) (i +1)
-l 2 N
i+i, 5° Treadlnggfx, X= 3
noNiR?
7 (D). B=m 5 Brax = Xpmin =0
(8) (AB). When seen from E to W megnetic line of forces are

shown

(9) (B). Magnetic field at the centre of a semicircular current

This is equivalent to a current loop of radius R

I=ne
( Magnetic) Mo [ZTCIR] _ pone
Lﬁeld “4n\ R2 ) 2R

(5) (A). Magnetic field on the axis of a circular loop

[uoj 27IR?
B=\7 )%= 337
where R = radius ofloop=3 x 102 m
2nx2.5x3% x107*
x -6
125x10

= 10—7

G6nx 107 T)k

(10

(11

ko [9_“x10‘5ij<
25

carrying conductor is given by the expression

Mo i(ma) ; _ Kol
4n 42 4a
semicircle. Note that the current in all the turns is the same
but its sense is alternately opposite and the radii are in the
proportion 1 : 2 :4: 8....... Then, the net magnetic field =

Bol 1—l+l—l+L ......
4a 2 4 8 16 ’

The terms in the bracket form a geometric progression which
adds to (2/3) and then the answer follows.
(D). By, is only because of single current.

B, is because of two currents in same direction.

By, is because of two currents in opposite direction.

(©). loop B=p 2i—i)= §B-d/

B = where a is the radius of the first

loop C =g (i—2i) = $B-d
loop A= 1y (3i~3) = $B-dr

loop D= pio (0—i)= pB-d
(C)B>A>C=D

¢
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)
@
(€)

Q)

5)

(©6)

Y

@®

(C)
(10

)
@

&)

TRYITYOURSELF-2

B)
B)

(BD). Stationary magnet generates magnetic field only which
does not affect piece of paper. When it moves, it generates
electric field also which affects pieces of paper. Torque due
to magnetic force T = MB
sin O

Here B isL to plane = parallelto pg . ©=0
1
(B). Magnetic moment of loop p=NIA=100 x 5 x 2

(Potential Energy) U=—i - B
AU=U~U;=~(-uB)—(-uB)=2uB

1 1\?
_ZXIOOXEXTC(_j x2=2n]

10
(B). Introducing two equal and
opposite current I, and also I 1 I
I, between A & C. LA 2
Il 12 D

Force on ABCA closed loop zero |
Force on ADCA closed loop zero Iy
Forceonextral; &I,
F=(,+1,) B=1/B

(C). M inside page = M x B is T direction
= left edge is lifted up

w|

(BCD).

The loops is alwsys attracted towards wire as the region
part of loop getting attracted is experiencing stronger
magnetic field.

2
Q). 7 :MXB:I|:8a2 +%}Bsin90°

(B). F=BI/ 4
©

TRYITYOURSELF-3
A).
(C). The magnetic for a on electron between (1) & (2) is
downwards and between (3) & (4) plates upwards. (From
the shape of the curve) so electric force must be opposite
the magnetic force as the path is straight line.

mOsin O
13q

The max. distance from x-axis is 2r.

(D). Radius of the helix r =

Q)

o)
©)

™
@®

©

)

@
(€)

@

®)

2 27m
Time period T = Zrm = pitch= veosO=2r
13q 13

= tanb=n

(A). F=q(VxB) ; B=B;k ;V=V]j
Force at origin is along x axis.
3 xk =1 so q should be positive.
mV
r=——
qB
(B).
(O). Radius should be r, — 1

C 1, <1 S| By [>] By |

mu

r= q_B ;-1 = ;_B’ thus u=oB (r, 1))

v v
(A).qvB=qE=vVvB= ) =>v= BD
B).T=2mm/(gB) = Txm/q
o/ Tp=(4m/m) x(g/2q)=2:1
(AD). For auniform helical path,

[B & v same]

_ 2mm

T 2mmv cos 0 _ mvsin0

9 qB

; Pitch =
qB qB

MAGNETISM
TRYITYOURSELF
Apparent dip 6 ' is given by

B B
tan0' = —YL=—"V tan
By Bgcosp cosf

or tan6=(tan0')cos § =(tan 60°) (1/3)

=3 x%:%:tan30°
- 0=230°, this is the true dip.
D)
(A). Cosmic rays are stream of charged particles coming
from outer space.

© B=M H=1600; u=E
T 024x107* 7 H
_w _B/H

He = Ho = o and thenx=p —1

(A). Coercivity has the unit of
B ponl

i Lo Mo - H=nl
(C).B=pH=8x 1073 x 160=1.28 Wb/m?
© ® (B)
(AD) (10)  (ACD)
(BCD)

©)
7
O
an
—
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O

@
©)]
“@
®)

©)

™

@®
(C)

10

1

12)

13)

(14)

15)

(16)

17

HAPTER-

: MAGNETIC EFFECTS OF
RRENT AND MAGNETISM

EXERCISE-1
(D). Fleming’s left hand rule is used to the determine the

direction of force.
(A). By Fleming left hand rule.
(D). F=q(vxB)=0as v and B are parallel.
(B). .. F=Bif or 1x9.8=098xix1=i=10A.
(C). |F| = qvBsin 6

F will be maximum. when 6 =90°
(A). F=Bi/sin0

RE
Bil 2x10x15
(B). When field is parallel to the direction of motion of

charge, magnetic force on it is zero.

. 1
=sin0= =5:>9:30°

p

(B). r= B =>rop

(C). When particle enters at angle other than 0° or 90° or
180°, path followed is helix.

(C). When particle enters perpendicularly in a magnetic
field, it moves along a circular path with constant
speed.

(A). Here magnetic force is zero, but the velocity increases
due to electric force.

v 2x10°
A). r=—2" = - w
Bq (a/mB  5x10’ x4x10

V2mK . A/m
(C). r= 1.6.T oC —
qB q

Here kinetic energy K and B are same.

. \/T) o, \/719 2qp
R R T

© r= S ey =1y =27
. qB 2 1

=0.Im

=2x2=4cm

(C) I'——:>—— =—X—=

T, m 1 2

m o me % 412
P p Ya 1

(D). Particles entering perpendicularly, hence they will
describe circular path. Since their masses are different
so they will describe path of different radii.

2mK 2
©).r= :qocx/mKDKocq—
m
2 2
N K_az(q_a\ i I K_az(zqP\ L I
Kp Lqu o L PJ 4mp
=K, =8¢V

B
(D). Cyclotron frequency V=—-—- d

(18) 27m
L, 1x16x107" 10
2x3.14x9.1x10731 =2.79x107Hz
=27.9x10°HZ = 28 GHZ
(19) (A). Chaged particles accelerate due to electric field.
(20) (O). The given circuit can be considered as :
i B
Hoi Hol
Bloop = 7 ©®; Beonductor = 2_7(_21,
i
B =L (n+1)®
27r
(21) (C). Magnetic field due to different parts are
B,=0
Ho m Ho 1
By =—.— By =—.—
2 4nr C 3 4ny ©
_ Hoi Mol
"B =By +B3 =
net 2 37 4r 4rcr
1 B1 ) B r/2
Be-=>—1=2=>—=—=B,=2B
(22) (C) * r B2 rl BZ r ?
(23) (C). Field at the centre of a circular coil of radius r is
5 Hol
2r
(24) (A). Magnetic field at the centre of current carrying coil
s g Mo 2mni _ boni
4Tt 2r
2i
25) (A).B=202 gy
4
(26) (A). We know magnetic field due to a long straight wire
Mol _ 41x107 x3 _ 7
= o —Zn 50103 (Note py=4nx 107")
=1.20x 1075 Tesla=0.12 G. [1 Gauss = 10~ Tesla]
Ko i6/sin 0
27) (C). 6B= in —rz
When 6 =90°, then sin 90° = 1
Hoid/ .
=l =maximum
(28) (0).p=to 2N
4t r
-7
- 314x1073 = 10 ><2><3.l4;<N><10
10x1077)
= N=50
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29
(30)

@31

(32

33

G4

35
(36)

37

(33%)

39

(40)

1)

“2)
“3)

10 _
T S =628x107T
5x10~

(D). Applying ampere's law at P, Q and R respectively, we
find that there is no current enclosed by the circle of
P. So magnetic induction at P is zero while that at Q
and R is non- zero.

(C).loop B =1 (2i—i) = $B.d/

(C)‘BZZ—OXEDBIIO_7X
T T

loop C = g (i~2i)= pB.d
loop A= (3i—3i) = P B

loop D=1y (0—i)= pB.d

So,B>A>C=D

(C). Ampere’s law is applicable for both symmetrical and
unsymmetrical condition

(C). Magnetic field due to solenoid is independent of

diameter (Because B = pyni).

(C). The magnetic field in the solenoid along its axis (i)
At an internal point = pni

=4 %1077 x5000x 4 =25.1x 107> Wb/ m?
(Here n = 50 turns / cm = 5000 turns / m)
(i1) At one end

_ poni 25.1x1073
2 2

1
Beng = EBin

200

(B). B=pgni=4nx107" x pEALEE 6.28x102 Wb / m2

(D). Moves along same path without change in velocity.

Ni  4nx 107 x 500 x 0.5

=5x104T

(A)-By=ho 57 = 27 x 0.1
(A). B _._B 20x1073
.B=ppnii=—=—"—77"""
Ho won 41 x107 x20x 100
= 7.9amp = 8 amp

i 4nx1077 x30%30
(A). p=Holl o pro >
2nr 2xmx5x%10
=3.6x10N/m.

-2 .2
7 2
D). F=10 7 XLXK =30x107/ :10_7xi><9
a 0.15

=i1=05A
_Mo 2y g7 2X10X2 o gsi0N
(A). F="rm— =xt (10x1072)
_7 21 7 2x5x5 _
(B). F=10 7% =107 x 05 =10 5N(repulsive)

(A). Two straight conductors carry current in same direc-
tion, then attractive force acts between them.

“4

45)

(46)

@n

48)

“9

(50

(1Y)

(52)

(53

(D). The equivalent magnetic moment is M =1iA = ef (1r2)

ev. ., ewr
= mrt=

2nr 2

(A). Magnetic moment on account of orbital motion of an
electron M = ever/2

%
but f=— - M
2nr

.- nh
From Bohr’s quantum condition mvr = o butn=1

_h evr eh

 2mm 2 4mm

Tnax = MB=niAB=ni ({ xb) B

Tyax =000 X 1075 x 5 x 1072 x 12x1072 x 0.10
=3.6x 10°°N-m.

(A).-M=NiA=24x0.75x3.14x (3.5x107%)?

vr

=69x102A-m?
(D). Torque on a current carrying loop of magnetic

moment m, placed inregion of magnetic field B is

T=mxB
(D). Torque acting on coil, T=NBIA sinf
Here 6 =0°, So1=0

©. Mt = \/EM = \/Emf- l A gy
- 1

M

(O). If pole strength, magnetic moment and length of each
part are m', M' and L' respectively then

P P
TS N B N
, m
m =? m=m
L'=L L'=L72
=M= % =>M=—
2M
(C).InC.GS. Baxia1 =9 =3 - @)
B M 8M
equaterial — W - X_3 ..... (i)

From equation (i) and (ii)
Bequaterial =36 Gauss.
(A). W =MB(cos8; —cos0,)
When the magnet is rotated from 0° to 60°, then work
doneis 0.8J

MB
0.8 = MB (cos 0° —cos 60°) :T: MB=1.6N-m

e
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(54
(35)

(56)

(7

(38)

(9

(60)
(61)

(62)

(63)

64

(65)

(66)

(67)

(68)

(69)

In order to rotate the magnet through an angle of
30°, 1.e., from 60° to 90°, the work done is

W’ =MB (cos 60° - cos90°) = MB [%— )

=%:%:0.8J:0.8x107ergs

D). F= “_0( 6MM j in end-on position.
an\ g4
(C). Inside a magnet, magnetic lines of force move form
south pole to north pole.
(A). Both points A and B lying on the axis of the magnet
and on axial position

I By (dg)’ (48)3_8

Bet—=-"2=- 2| =| — bt
& By lay) "\2a) 71
(B). B——% B:10*7><2X1'32=2.4x10*4T
4n’ g (0.1)

(C). Couple acting on a bar magnet of dipole moment M
when placed in a magnetic field, is given by
T=MB sin 0, where 0 is the angle made by the axis
of magnet with the direction of field.
Giventhatm=5Am,2/=0.2m,
0=30°nd B =15 Wbm™>
T=MBsin® =(mx2/)Bsin0

1
=5x0.2x15x 527.5Nm.

(D). Magnetic lines form closed loop. Inside magnet these
are directed from south to north pole.

(B). B represents the magnetic field.

(C). The net magnetic flux through any closed surface is
Zero.

(D). At magnetic equator, the angle of dip is 0°. Hence
the vertical component V=1sin ¢ =0.

(B). Angle of declination: The angle between the magnetic
meridian and geographical meridian.

B
(D). By; =3By, also tan@= —¥- = —— =0 =30°

1
By 3
(A). At the magnetic north pole of the earth, the value of
horizontal component of earth’s magnetic field and
angle of dip are, respectively zero and maximum.
(A). At poles magnetic field is perpendicular to the sur-
face of earth.

/Mz /
A). — T2 M, 2:>_—2;T2:1sec

(A). Vibration magnetometer works on the principle of
torque acting on the bar magnet.

(B). T= 2n,/

m/z/lz
or Tocm/

( \1/2

T | Mt
T |22 or T'=
m/

=N

(70) (O).I=XH=3x10%%x4x10=12A/m
n B 8n 4

. l"l' = —_——= = = 10

DO T Hyy 24107 xdnx107

(72) (D). Demagnetisation of magnets can be done by rough
handling, heating and magnetising in the opposite
direction

(73) (B).Because, diamagnetic substance, moves from
stronger magnetic field to weaker field.

(74) (B). The magnetic susceptibility is negative for
diamagnetic materials

(75) (A). The universal property of all substances is
diamagnetism.

(76) (A).If a ferromagnetic material is inserted in a current
carrying solenoid, the magnetic field of solenoid

largely increases.
EXERCISE-2

(0)) (D). The magnetic field at any point on the axis of wire be
Zero.

(2)  (B). Use Right hand palm rule or Maxwell's Cork screw
rule.

2x3.14x0.4 _
@ () T=2m 2 23108 Xg 2 _1.08x107 sec
qB v 2.6x10

4 A). T=2n 1

@ @ T=2m

(6))

1 Hol
By =Bpqo+ Bor * Bst:Bst= 5| op

Hol
47tr2

3
Bpo=0.Bops= X = x 2.

1 3pel i[3 1 i|3
g _ Mol SHol pot)3 11 _Rot)3m ,
0 4nr 42r 4r|2 = dnr| 2
6) (C). The magnetic induction produced due to a current
carrying arc at its centre of curvature is

Ho 1o _r

B=—"— ... 1). o= ... 2

ol m ;7 O
ol® _ Mol

Fromegs. (1)and (2), B =

4xnr lé6r

e
I 272




(MAGNETIC EFFECTS OF CURRENT & MAGNETISM)

Q.B.-SOLUTIONS

SOAL

ODM ADVANCED LEARNING

™

@®

(C)

10

1

12)

13)

(14)

15)

(16)

=107 x

D).B= 2“—0 At null point the value of B must be equal

r
to the horizontal component of earth's magnetic field
(H) but its direction must be opposite to that of H.

4 x1077 x30
H= 20 —2x1075=
onr 2XmXr

= r=03m an

Mol

2r
Circumference of the coil =2nr=1L.
Thus B; = muy /L =3.14 p, /L

For square loop

B, =22 py/L=3.60 p, IL
Thus B, <B,.
(A). m=NiA = 100 x 4 x 2
=400 x3.14 x25x 104=3.14 Am?.
(A). Field at a point x from the centre of a current carrying
loop on the axis is

(B). For circular coil B, =

107 x2x2.1x107%

_Mo 2M _
4TE.X3

(18)

=42x10722 %100 =4.2x1072W /m?

(B). m = current X area

19)

1 1 1
1(2na 2ch) 2m(a b%).

Ko 2m(qv)

©.B= 4n r

(20

2x3.14x(1.6x1071 x 6.6 x10")

0.53x1071°
(B). F =qvB also Kinetic energy

K=lm?=ve /Z—K F:q/z—KB
2 m m

~ 19 [2x200x10° x1.6x107"°
=1.6x10 77
1.67x10™

=12.5 Wb/m? 1)

(22)

(23)

x5
(24
=1.6x1071ON
(C). When electron moves in both electric and magnetic
field then qE = qvB.
E 1500
B 040
(A). For no force on wire C, force on wire C due to wire
D = force on wire C due to wire B
2x5x 10
a5- )
(C). Magnetic field produced by wire is perpendicular to
the motion of electron and it is given by

= =3750 m/s=3.75x10°m/s

INTNELIELE NPT

i N . = x=9m.

HO 2i 2><5
4t a

Hence force on electron

B="0.2 107 x =107 Wb /m?

F=qvB=(1.6x10""")x5x10° x1073
=8x10718N
D). F=q(VxB)
i
VxB=| 3 2
5x10° 0

(=R

=k (-10x10%) =(k 10
q=2e=2x1.6x10"19
=3.2x 10719 Coulomb

F=32x10"1%(k x 109)
= F=-32x1013k.

[F|=3.2%x10"13N
(A). T=NBiA =100x 0.2 x2x(0.08 x 0.1)
=0.32N xm

Direction can be found by Fleming’s left hand rule.

(D). Magnetic field at O due to circular coil and straight
conductor should be equal and opposite then the
net magnetic field at O is zero.

Mol Kolp L L _1
—= =1 = —
2R 2n(2R) 2n° 1, 2=

(O.F,=F,; evBsinO=c¢cE
E=vBsin0=2x 103 x 1.5 x sin 90°
=3x10%V/m

(A). No force acts in other cases.

(D). Parallel component drags the particle to side and
perpendicular component gives circular path. Hence
the path is helical.

D). B=pgnl (n=N/L)

—4x3.14x107 x—200 5

0.4x1072
—0.628 T

(A). W =MB (cos8; —cos6,)
When the magnet is rotated from 0° to 60°, then work
doneis 0.8J

MB
0.8 = MB (cos 0° — cos 60°) :T
= MB=1.6N-m

In order to rotate the magnet through an angle of
30°, 1.e., from 60° to 90°, the work done is

W' = MB(cos 60° — cos90°) = MB(% - )

:%:%:O.SJ:O.SXIO%@S

=
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(25)

(26)
@n

2%

29

30

(€2))

(32)

(33

(34

(35)

(36)

37

M, (4, 27 (4 )
®). g =lq,) = -2-(5%)

3.4
27012

=0.18m

(B). B=By tan® = 0.34x10* tan30° =1.96 x 10T
(A). The volume of the bar magnet is

_ mass 6.6 ><10_3kg
density 7.9 x 10’kg/m*
=83x10""m?

The intensity of magnetization is

M 25Am?

I:V:m:&OXImA/m
m
Wy, =VAR= T Aft
or Wy,=—"—=x0.722 x50
o 78%103

=277.7 %1075 Joule
(C). M=NIA =NInr?
=102x1x%3.142x 102=3.142 Am?

. mv v 10
C . = —= = =
©- "7 (@/mB aothyro™
(D). For circular wire
© ©
_ koL L
H
©. =25,
pol  mol/2 3 pel  Hp 2
H2 = = — . - —
4nL  4nL 24l THy 3

(C). By symmetry, the magnetic field at the centre P is
Zero.

(B). Radius of the circle = Ba

or Radius cc mv if B and q are same.
(Radius) , > (Radius)y
M,V > MgVy

(C). U=—-MB =-MBcos0
Here, M = magnetic moment of the loop

0 = angle between M and B

U is maximum when 6 = 180° and minimum when 6= 0°.
So, as 0 decreases from 180° to 0° its PE also
decreases.

(D). Electrostatic & gravitational field does not for m
closed loop.

(D). Magnetic force on wire BC would be perpendicular
to the plane of the loop along the outward direction
and on wire DA the magnetic force would be along
the inward normal, so net force on the wire loop is

(3%

39

(40)

(C2Y)

(42)

(43)

(44

45

(46)

7

48

49

zero and torque on the loop would be along the clock-
wise sense as seen from O.
(B).BR=B,-B,=2B-B=B.

If2B=0,B =B
v E_ o [ 4 o)
(©).qE=qvB ; B ¢,B L €0
t=t = V4 _SogB
v o ¢
80B
(©). F,,=mg
F=i(IxB); Fok, I>-];B=>1i
B
(€). B, =—S if x=R
AR

(D). Resistance of the two branches are identical in P & R

ol .
. B=—— [0Oinrad
(D) 4nr [ ]
I 3ugl
B, = Mol 3™ _ Mo
dnr 2 8r
B, =Ml m_ ol
4t (2R) 2 1lér
B, +B, =
1 2= 16

(©).1=MB=(n;1; A) (1yn, 1)
:[10x2x10_6] (4xgx10_7 x10° ><2.5]
44 7
=1.5x108N-m

mv mv

(D)'r:B_q_B_e

A). r= ? ; 1 is least when (m/q) is least

(m/q) is least for electron. i.e. path is D

Mol 1
A). B=—— : Bo-
@ 2nr -’ r
_kol g :”_OIXEZ“_OI
A B= s P17 "2 TR,

Hol
&R, °
B due to st. wire along the wire =0

\/2Em

E

u_OI(R1+R2\

B, =
2 8 U RR,

R:

mv

(D)‘ r= qB

I'OC—

/4m e
= —_— X —
m 2e

v
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(50) (O).F=BILsin0 quz 4RB?

As B and I are parallel, wEp= 5 =4Ep

6=00r180° . F=0 m

Bx2 2 2
3 @) 940 By ="0x 200 52 _ 2 0f
i 4t 3%10 \/g \/g
- 2 2 o
B= (\/(ZBI) +(2B,)" +2 (2B;) x(2B,)cos 60

1

1D

I

(B). A positive moving in the direction of electric field

(51D
gains kinetic energy while a negative charge looses

kinetic energy.

_Bm—zﬁx%xlo‘S

L ox%_T
52) A xecs ;s =
T u T
— 5 6
o  273-73 ’X_ZZE =4x10"=40x%10
0.0075 273173 ~ 0.0075 100 P _ . g _2mm, _6mm . _2mm
%=0.0150 @ 750.T=——= =T E TR T B
EXERCISE-3 As T, =3T_, They will meet at 0 = /2
. . E- Qx e ®,
(€))] 9. Electric field at P is 4r < (x2 + r2)3/2 ‘:,' O ‘ 0 -i-‘IVO
i >rmeene
Magnetic field P is Y g% 13V0
wy  2mir? ny 2nQf2 N ¥
T w2232 = 42 232 [1=Qf]
A (x7+17) A (x7+17) q=1pC,B=27muT, m=10"5kg
-15
f = frequency of revolution . T, _6mm 6xnx10
The time is = 5 "3
4 49B 4x1x10%x27x10
Electric energy density = ESOEZ X P =0.75%103S=750 uS
B2 (5) 6.cosO=—
Magnetic energy density = 75— r
2ug
5 .
Holilp
- r=,d?+2 =13em. Torque = [ 2 acosej a
Electric field density ESOE
Magnetic energy density B2 > wire BC
P F
2o _Qf
2 22
E x“c 9
=== 5 24:—2X1010 =9.1x10°. a/2 = 5cm.
c’B° 4n°frT ¢ ’19 d
R2q?B? IC S r—
(2) 4. Thekinetic energy of a proton willbe E = o a/2=Sem.
m T
. R%¢*B? FJ\@
E,=——— butB'=2B ,
2m wire DA
[ 275
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=7
_ 2x10 ><65><65><10X£X10X10,2 @)
13 13

=6x107 N-m
©) 7. Magnetic field strength at P due the I,

B @)

' 2m(AP) T 2mx1x107
Magnetic field strength at P due the I,

k=4x107T)k

@
- wol, ~ 4mx1077 x3 4 P
B, =02 j- —i=(3x107T) ] G)
2n(BP) 2t x2x10

Hence, B=(3x107T)j+(4x107T)k ©)
(7) 5. The centre will be at C as shown :
Coordinates of the centre are (r cos 60°, —r sin 60°) @)

P <

\
@B-=IT

< >X
D,

305,
(7\5 -1 ) “{C

®

mv_1><1

where r = radius of circle = B_q_m:

i.e.,
(l \/5\
272

(8) 6. Atadistance x consider small element of width dx.
Magnetic moment of the small element is

15
—.TEX2

21

dim = (dm=iA)

[, SE. [T —

(C)

0/2 o 2 2
M= [ e o0 e, g
) ’ 24

Hol

4Tc£

I
© 7.B= (sin90° +sin135°) = £ (/2 - 1)
4nR

V2 (10)

EXERCISE-4
PART -A : MAGNETIC EFFECTS
FCURRENT

Mol Bn = “'0(21)

M (D). Ba="p 22R) - BaiBp=!

©). F= I,

- P
(C)-r_qB

Same momentum and same charge
So r = constant.

(A). There is attraction between consecutive turns
carrying current in same direction so spring is

compressed.
. . 2
(D). Time period T = Uil
qB
(O).F_, Lv = Workdone =0
E
(B).qvB=gE .. B= -
Ho NI
B)-Beoil = g
For same length of wire N oc I/R
2
Beoi N
B'=n’B
( )
2
poNIR poNI 1
(4. B=—7 =5

2(R2+x2)3/2_ 2R | ( .
kHTJ
R

3

[ x2)2
B =Beentre Ll + FJ

4 D) 3/2
B = Beengre = (54uT) [1 + (g) ] =250uT

_ B LI
2T T

F F'
Cow, QI 2
proteli)h ‘g I
2 3r 3 24 2

Bo(3) 3r
(A). By =—0=
2(2nx1077) B
2
TTIC)

, = M®
22nx107%)

Bl
. B=4Bf +B3 =5x107°T

e
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(11) (D). Magnetic force=0
Due to electric force in opposite direction velocity
will decrease.
T 2nm
(12) (B). 4B
. Hoipip
13 C).F tlength= ———
(13) (©). Force per unit leng d
(14) (D). Due to electric force particle moves on straight line
and magnetic force is zero.
1s) Bsolenoid = l’lOHI
Bl _pl@r2)
(16)  (C). Binside = S R: ol
ol ml  Bap
outside 2mR 27m(2a) " B,
(17) (C). The magnetic field at any point inside the pipe is
Zer0.
(18) (A).FE +E, =0
QE+q(VxB)=0= E=Bx¥v
Now, ExB=(BxV)xB = (BB)v—(B¥)B = B*y-0
_ ExB
V= B2
(19) (A). The momentum changes but the kinetic energy is
constant.
"1 ord  ? T 2nd
B=1B?+B} = —2“°d (12 +13)"2
s
I 4nx107 x1
@) @), =t _Amx10 <1005 61 gouthward.
2nd 2n x4
(22) (©), 23) (O).
: _ (Bl _mol) 1 mol(b=2)
D BauetoaBp = | 22~ 20 | 712 24ab
(ii) Due to current I, force on DA and BC will be zero
(24) (A). The magnetic field in between because of each will
be in opposite direction
Mol s Mol =
Bin between 21X 21 (2d — X) ( ‘])
Holl 1 Mol |
T 2n ix 2d—xi(J)
Atx=d, Bin between 0
Forx<d, Bin between (J)

Forx> d’ Bin between (_])

towards x net magnetic field will add up and direction

will be (—j)
towards x' net magnetic field will add up and direction

will be (j)

1
@5 @).v=— |
(ARd6 :
dB:[—Oj— LT 9
4r) R 5 I=1Rd6 e
01
/2 /2 dB !
: _ bt l
S B= J- dBcostz— J cos0 do I
—n/2 [
_ Mot _ pol
n an
d
26) (A). dB:Migj
2r 2r
r
B-[dp= o2 Qo prdt
47'[ Tch 0 T
2nR? 2R R
v2mE Jm Jm 2m
27) @B).r= jre— ;o =k—: g =k——
3q q q q
_k\/4m _ k+/m
Iy = 2q _T rp:r(x<rd
(28) (B).B, =B, +B,+By
AN
By
N .
B,
0
N N
v S
Ho (My+M,)
Bnet:4_—3+BH
T r
107 1.2+1)
T 3 13.6x107=2.56x wb/m
017 3.6 x1075=2.56 x 104 wb/m?
Work Done _[F dx JIbe.dX

Time t t

T
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30

(€2))

(32

(33)

(34

35

2
j(m) (3) 3x1074e™ %) dx
0

5%107

2
-3 -0.2x
=%{%} —9[1-¢ 0412297 W
5%1072 | 0.

(D). Net force on each of them would be zero.

(B). Stable equilibrium M || B il

Unstable equilibrium M || (— B

(A). TcosO =Ag/

e:”_o. [x 10

2n (2Lsin0)

= I=2sin0 _mhel
Lo cosB

(©). 2R = (= R=—

Tsin

A g

2n
:H_()I: Loln
2R l
|
By = 4;(‘2/2) (sin 45° + sin 45°)
8wl By
B e By 82
A¢ Ad
B). 9= ; Area of I-t graph = R
1 Ad
—x10x0.5=——
) 100

= A(I):%XIOXO.SXIOO:ZSOWb

~mv_ 2mK
® "B g
q q
om K 2x4m. K 2m.K
I'e: eBe ’ r(X: P ’ r. = P

Comparing (1), (2) and (3), 1, <r, = I

STUDY MATERIAL: PHYSICS
|
36) (A). B, =50 m =1 (n)
2r]
g, oMl 2
y=7— s mp=I(uy)
21‘2
m 2 (r : r B r
_2232 L2J22(_1:l:\/5
m, 1 B, 1
G7) (). B “0‘ { g =3em=3%102m
r,=5cm=5x10" 2m 0=mn/4,i=10A
-7
. g 4mx10 XIO[ 1 - 1 2}(
16 31077 5x10°
- |B|=§x10_5Tz1><10_5T
(38 © (Cr
. . dB d 1 1
F:_d_U : U=-M-B : —=_[_“0 ]OC_Z
dx > dx dx\2nx/ g
2
So, Foac M [.- M = NIA] Fool
2 12
y
—>B-B}
3G9 @) *
VA
Magnetic moment of coil = NIA 3 =NI (r?) 3
Torque on loop (coil)= M x B
=NI(nr?) Bsin 90° (—k) =NIm? B (-k)
(40) (A). Magnetic field
at point P 1t d, b
_ Bl p, Mol fy_ ‘
et _2nd( k)+27Td k)=0 -~ v
Lia Q I R
\lFAt v
pek
@n ®. | POR :®
1F3
a P S

F; & F, cancel each other
Force on PQ willbe F; =1, B, a

3
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Holi , _ Molily
2 21
Force on RS will be

Bolp polily
=1 rols
B = Bya =y %
tolilo
47

Net force =F, - F, = repulsion.

42) (B).|7|=|MxB]|
T=NIxA X B xsin 45°
1=0.27 Nm

(C). As magnetic field lines always form a closed loop,
hence every magnetic field line creating magnetic
flux in the inner region must be passing through the
outer region. Since flux in two regions are in opposite
direction,

¢i:_¢0

“3)

D|(0,5,0)

C(5,5,0)

44) 175.

X

(500)

o =B-A = (31 +4k)- (251 + 25k)
0=(3 x25)+(4 x25)=175 weber

(C). We say we have 3 parts (A, B, C) B
B=B,+By+B

45)

I
= 0~ (5in90° —sin45°) ®
4nR

LRt

Hol
O+-——(sin45°+5sin90°) ©
TR O amr in90°)

ol (sin45°+m) = Bl [n + Lj
2nR

27R V2

B

AYE!
W

2a

46) (A).

AL
\/

Let current density be J.
Applying Ampere's law

2
ggﬁ-dZ:uoizBAZR%:qun[%)

Ba =——. Similarly, Bg =

Hola Hola
6 4

@n

Ba _polax4 2
Bg poléa 3
(B). Top view of solenoid

Maximum possible radius
of electron=R/2

Rmv mv

o max
2 qB e (Loni)
R epgni
Vimax = E
m

b

O

@

©)]
“@

®)

T=MxB=-MBsin0 ; lo.=-MBsin0

Forsmall 6, a=

F (i) (nR? )B _

\/ (mRz\

MB
-2
1

}21nB

PART - B : MAGNETISM

1 M

I o o

A T=2q. [— ; I'=sz,M'=
\MB 8 2

(D). W = MB (cos 0, — cos 0,)
=MB (cos 0°— cos 60°) = MB/2

3

1= MBsin60"=7MB - 3w

(C). Outside magnet N to S
Inside magnet S to N
(D). A ferromagnetic material becomes paramagnetic.
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SOAL

ODM ADVANCED LEARNING Q.B.' SOLUTIONS STUDY MATERIAL: PHYSICS
©) (B). For electromagnet, soft ferromagnetic material is qvB N
required which has low retentivity and low coercivity. (16) (D). a= o y
@) (C). A force and a torque.
8) (D). Attract N, strongly, N, weakly and repel N; weakly ma mavm m>%a W E
. . B=—= = B
&) (A). For diamagnetic 0 <p, <1 qv N
For every material € > 1
5 100 . 1.6x10727)¥2 x 1012 >
10) (A).pgH=pgnl; 3x10° =—xi=i=3A = =0.71 mT
0.1 1.6x10719v2x1x100 x 1.6 10719
(11) (C).For electromagnets and transformers, energy loss
should below. = Thin hysteris curves.
Also, B = 0 when H = 0 and | H | should be small EXERCISE-S
when B — 0. So option fulfills. mv v A
(12) (D). T = MBsin 0 = MB0 (if © is small) O O F57""s
2) (B).t=mBsin0; ¢ l
— ( mBsin0;
T=2r | = 2m |00 665 T=iAB in 90
MB 6.7x107 x0.01 .
Time taken for 10 oscillation = 6.65s. A= B B &2 2 C
(13) (B). Coercivity=H=B/ ni= N 100><52 2
. Coercivity=H=B/p, =n1=—1=—-Xx35.
0 ¢ 02 A= l(BC) (AD):l(g) 42_[£j = ﬁgz
=2600 A/m 2 2 2 4
/2
B, B 3 ( \!
net = £(13)2=i, =2 i ]
/ 4 Bi J3 Bi
B
: (3)  (A). The magnetic dipole moment of diamagnetic material
14) D). M < > > | [2m is zero as each of its pair of electrons have opposite
a2 42 spins,i.e., ug=0
Paramagnetic substances have dipole moment > 0
ie. Hp # 0, because of excess of electrons in molecules
M spinning in the same direction.
B, =2 [&) 3 Ferromagnetic substances are very strong magnets
4n/ (d/2) and they also have permanent magnetic moment i.e.
M A lJ,f¢ 0.
B, = [5—2] 2 Bet (4)  (B).Force on a particle moving with velocity v in a mag-
(a72) netic field Bis F = q (v x B)
B,=B, q
B o 1sat45° (6=45°) If angle between v & B is either zero or 180°, the
Yelocf[y o{charge and By, are parallel so by value of F will be zero as cross product of v & B will
F = q (v x B) force on charge particle is zero. be zero
1
B (5)  (A). Magnetic field at the centre of circular coil = F;—Or
1.5 e Lo
7 | Saturati . .
(15)  (C). Retentivity l_ 7 magnetization B =B, j = é 1 =205 1= 2
- 0/’('_’ . A/Ir{n .
JI Co;jpcwlty ﬁ _ ﬂ _ l . i 4
_‘:__:':,_«';’" V] ilrl 4 > V2
(6) (D). Above Curie temperature, a ferromagnetic substance

Retentivity=1.0 T
Coercivity =50 A/m
Saturation=1.5T

becomes paramagnetic.

@) (A). If the electric field is switched off, and the same
magnetic field is maintained, the electrons move in a
circular orbit and electron will travel a magnetic field
1 to its velocity.

[¢
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. qv 2,_ R
. M t t,m=IA= ——(mR")=—+
(8 (D). Magnetic moment, m T (mR*7) 5

2
2nR 2
mv —quB: T= TR _ 2mm

&)
10

v e (19)

(D). Beyond Curie temperature, ferromagnetic substances
behaves like a paramagnetic substance.

(D). Magnetic field can never increase the energy of a
charge particle so its kinetic energy will remain T.

(C). Force on QP will be equal and opposite to sum of
forces on other 3 sides

1

(12) @0)

F| F3

Fy

SO, FQP = \’(F3 - Fl )2 + Fzz

(D). F=q(VxB) =—2x107[(21+3})x10° x 2]]

@1
13)

=-2x1076(2x2x 100 k] =—8N z-axis
(B). Work done = MB (cos 0,

4 —4
=nB[1—lj=2X10 x6x10 —6]
2 2

(D). Diamagnetic substances are repelled in an external
magnetic field i.e., it is repelled by both north and
south poles of a bar magnet.

(D). The time period T of oscillation of a magnet is given

by T= 27, }L
MB

As the I, M remains the same

o ffu BB

According to given problem,
B,=24uT,B,=24uT - 18uT=6uT, T, =2s

T, = (25) 2T _ 4
6uT

(C). Electromagnetics are made of soft iron because soft
iron has low retentivity and low coercive force or
low coercivity. Soft iron is a soft magnetic material.

(D). When a beam of cathode rays (or electrons) are
subjected to crossed electric (E) and magnetic (B)
fields, the beam is not deflected, if
Force on e due to MF =Force on electron due to EF

Beu=eEor u=E/B ......... >i)
If V is the potential difference between the anode
and the cathode, then

14) —cos 0,)

15)

(16)

(22)

23

25
(18)

(26)

@7

2
—mu? =ev ; R (i)
m 2V
Substituting the value of u from eq. (i) in eq. (ii),
) e E?
we get — =
5 m ovp?

(D). Current produced due to circular motion of charge q
is I=qf
Magnetic field induction at the centre of the ring of

mo27ml _pol _ poaf

. < B=
radius R is AR TR R

B). SF=0
In this way force F acting on one side of loop and
force —F acting on remaining side of loop.

A). 2 q 8

z

Magnetic field at the centre due to semicircular loop
) —ve z direction.
2\2R

Similarly field due to loop in x-z plane,

lying in x-y plane, By = l[“—ol

1( ot
xz = E[E} in negative y direction.
Magnitude of result an tmagnetic field,

A2 N2 .
B2 +RB2 = [ Mo Mot} _ Mol
Xy + XZ 4R 2\/§R
(C). Magnetic moment of the loop.
M=NIA=2000x2x1.5x10%#=0.6J/T

1
1=MBsin30°=0.6 x5 x 1072 x 5= 1.5x 102 Nm

(O). () B and E in same direction.
F,=0;F. =20
Electric force in direction of motion.
(i) qvB=qE

(D). The magnetic momentum of a diamagnetic atom is
equal to zero.

(B). Diamagnetic will be feebly repelled. Paramagnetic will
be feebly attracted. Ferromagnetic will be strongly
attracted.

(C). B field will not apply any force. E field will apply a
force opposite to velocity of the electron hence,
speed will decrease.

(C). F=ILxB ; Fop=0; Fag+Fyc+Fcp =0

Fop =-Foc = F

e
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(28) (A). For stable equ. (36)
U=-MB=-(0.4)(0.16)= —0.064J
I (37
Lt
i ¥
29) (D). F4<—‘ > F;
b,
F, > F,. hence net attraction force will be towards
conductor.7
(30) (B).Since magnetic field is in vertical direction and

Needle is free to rotate in horizontal plane only so
magnetic force can not rotate the needle in horizontal
plane so needle can stay in any position.

_kol o me(@D
R’ ' 2R

21
By = B} +B3 :%\/1% H
RETY

2R
(32) (C). Time period of cyclotron is

(3%

31 A). B

(39

T:l:2nm :
Y c¢B e

. B:2TE_1’IIV; R=-W_P
eB eB

2rmy R =2mmvR

= p=eBR=ex

= 2n’mv?R?

(B). V2mK

(33) 5 4 =24, m, =4m

(40)
p _N2GmK R K
o 2qB 5 R(x - K’

but R=R, then K=K'=1MeV
(34) (B). W=Uyg, .~ Uinitial = MB (cos 0° — cos 60°)

1)

(42)

Fromeq. (1)and (2), t= 3J

2\/§><\/§_
—

(35) (C).Let magnetic pole strength be m then, M =m /¢

60°]
2 b

200 (1 3m/ 3M
where r(zj =¢; M :Zm[—] (_) B i
3 T 2 TC T

In new situation M’ = (m) (Zr sin

(43)

(A). For parallel M equilibrium is stable and for antiparallel

unstable.
(O). Acceleration of charged particle a = %(E +VxB)
Released from rest

=_94d% 5 _Mag
= a=EE=a0 (west) = E:T (west)

when it is projected towards north, acceleration due
to magnetic force = 2a,

2
Therefore, magnetic field = :}ao (down)
0

By

D). 1 ngl B= ,B12+B% :;_Od(112+15)1/2
T

M1=m\]5

©)- " (b) &= 1M, =0
m
m
() 30° M; =m,/(1+c0s30°) 2
3 ( )
m

=m /{H?}Z =my2++3
(d) fm 60° M, =2mcos30° = my/3

m
i= f_° . en
©. T 1/n
= equivalent current
B Hoi _ pone
2r 2r
2upl  ~
(B). Due to straight wire, B; = ﬁ(—k)
4R

I -
Due to semi-circular wire B, = Z_OR(_I)

©.7=MxB
|T|=MBsin® =NIAB sin 0
:50x2x0.12xo.1xo.2x§ "
B

=0.20Nm
mv  +/2mK

A). R=—= =R

@ qas 9B ¢ P

ey
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)

45)

(46)

“7)

48)

“9

(50)

(1)

(32)

4maka _ 4mPKP
2p2  2n2
q.B q,B

4myk, m, (IMeV)

2 2
4e (& (53)
k,=1MeV
A). FLoop - FBA - FCD - P L 37[4 - 3n
2 2
(C). Using Ampere circuital law
(54)
(3%)
(56)
R
- B,
(A). Susceptibility of diamagnetic substance is negative
while that of para and ferromagnetic substance is
positive.
_ Mol , ,
(B).B= o when made n turns radius becomes r
nx2nr’ =2nr=r’ L (57)
n
I I
Now, B' = PolD_ 2 B0t _ 42
2r’ 2r

(B). W =MB (cos 0, —cos 0,)
W =MB (cos 0—cos 60°) = MB/2 = MB =2W

1=MB sin 6=2W sin 60°= /3 W

qB  1.76x10' x3.57x1072

A). f = =10°Hz=1GHz
2mm 2x3.14
tan© tan O tan 0
_ t = =
(D). tan, coso. M2 s (90-a) sina
= sin?a + coslo =1 = co'[292 + cot20 = cot20

(D). Work = MB [cos 0, — cos 0,]
Work =MB [cos 0 —cos 180°]
W=NIiAB[l-(-1)]=9.1uJ

Holjip
2nd

©). F= = force per unit length

_ (;,Loi)i _ p,oiz _ Fy [due to wire A]

""ond  2nd 7
2
F . = }FZ I F2 _ Kol F, [due to wire C]
net 1 2 \/ETC d
(D). For equilibrium,

mg sin30°=1/ B cos 30°

(C). Energy of current source will be converted into
potential energy of the rod.

iy p/eB 2

S O = =

(A). T = B 2B’ , p/2B 1
(O). Angle of dip is the angle between earth's resultant
magnetic field from horizontal. Dip is zero at equator

and positive in northern hemisphere.

In southern hemisphere dip angle is considered as
negative.

Inside (d <R) Magnetic field inside conductor

Mo i
B=——d = i
21 R2 or B=Kd (D)
Straight line passing through origin

At surface (d=R)

MO i ..
B="—"—

R .(i)
Maximum at surface QOutside (d>R)
B=——or Bc—

o d d (Hyperbolic)

B
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