Magnetic Effect of
Current







DISCLAIMER

The content provided herein are created and owned by various authors and licensed
to Sorting Hat Technologies Private Limited (“Company”). The Company disclaims all
rights and liabilities in relation to the content. The author of the content shall be solely

responsible towards, without limitation, any claims, liabilities, damages or suits which
may arise with respect to the same.







In earlier lessons we found it easy to define to
describe the interaction between electrically
charged bodies in terms of electric fields. Recall
that 'An electric field surrounding an electric
charge. The region of space surrounding a
moving electric charge includes a magnetic field
in addition to the electric field. A magnetic field
also surrounds a magnetic material.

In order to define any form of field, we must
define its strength, or magnitude and its direction.
Magnetic field is the area surrounding a moving
charge in which its magnetic effects are
perceptible on a moving charge (electric current).
Intensity of magnetic field is a vector quantity
and also known as 'magnetic induction vector’. It
is represented by B.

Lines of magnetic field may be drawn in the same
way as lines of electric field. The field lines per
unit area passing a small area normal to the
direction of the field being equal to B. The number
of lines of magnetic field B crossing a given area

is referred to as the magnetic flux linked with
that area. For this reason,B is also called

'magnetic flux density'. There are 2 methods of
calculating magnetic field at some point. One is
'Biot-Savart' law which gives the magnetic field
due to an infinite long small current having wire
at some point and the another is '‘Ampere’ law/,
which is useful to find out the magnetic field of a
symmetrical configuration carrying a steady
current. The unit of magnetic induction is Weber/
m? and is known as 'Tesla' (T) in the SI system.

Magnet: It has always two poles. Monopole does
not exist

m - pole strength

Unit - A.m.

Cross section area
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KEY POINTS \

e Magnetic effect of current
* Magnetic flux density

* Magnetic field

e Tesla

e Biot- Savart Law

Definitions

The number of lines of I§crossing
a given area is referred to as the
magnetic flux linked with that
area. For this reason, B is also
called magnetic flux density.

s(" ~ Concept Reminder
Biot-savart’s law and Ampere’s
law both are used to find magnetic

field due to charge configuration.

Sr‘ _ Concept Reminder
Sources of magnetic fields are:
1. Magnet

Current carrying element
Motion of charge
Geomagnetism

Time varying E field

Sl i LY
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There is not physical existence of magnetic poles.
It is used for mathematical calculation only.

Properties of Magnetic field Lines:

(1) Magnetic lines are imaginary lines which
represents direction of magnetic field
continuously.

(2) Direction of magnetic field lines is from N to
S outside the Magnet & south to north inside
the magnet.

(3) M.F. lines always form closed loop or curves.

Source of Magnetic Field

E— Magnet

——>  Current carrying element
_ Motion of charge

e Geomagnetism

——>  Time varying E field

Biot-Savart Law:
'Biot-Savart law' gives the magnetic field due to
an infinite long current element. Let AB be a
conductor of an arbitrary shape carrying a current
' and P be a point in free space at which the
field is to be determined. Let us divide the
conductor into infinitesimal current elements.
Let r be a displacement vector from the element
to the point P.
According to ‘Biot-Savart Law’, the magnetic field
dB at P due to the current element dl is given
by-

dB o i(dl xr) or dézki(deF)

r3 r3

Rack your Brain

Tesla is the unit of
(1) electric field

(2) magnetic field
(3) electric flux

(4) magnetic flux

¥ . Concept Reminder

s

According to Biot savart’s law

dE - uoi(di XT)
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Xk\
o
e @
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Where k is a proportionality constant. Here length
element dl is vector points in the direction of
current i.

In S.I. system,

k=Ho _q07 Wb

—————— [u. = 4n x 107
47 amp x metre [k, ]

~ i(dl % F)

Equation (1) is the vector form of the 'Biot-Savart
Law' The magnitude of the field at P is given by
_ Y idlxsin®

S

where 0 is angle between dl and 7.

Now, if the medium is other than air or vacuum,
the magnetic field is

dB

S Bl i(dLxT)

where  is relative permeability of the medium

and is a dimensionless quantity.

&Idlsine

dB = .

4r r

dl — length of small current element.

dl - direction of dl vector is same as current.

r — distance between current element and point.
r — direction of vector is always from wire to
point not from point to wire.

0 —> Angle between dl &F.

Lo — Magnetic permeability of free space

KEY POINTS \

e Current element
Permeability of free space
Relative permeability

Rack your Brain ﬂ

A long wire carrying a steady
current is bent into a circular
loop of one turn. The magnetic
field at centre of loop is B. It is
then bent into a circular coil of
n turns. Find magnetic field at
centre of this loop.

s(" _ Concept Reminder
Relative permeability (p.) is
defined as
W = M—m(unitless)
Ho
W, — permeability of medium

Lo — permeability of free space
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B— Magnetic field or magnetic induction or
magnetic flux density.

Sl T — Tesla

CGS G — Gauss | 1T = 10*G

Relative permeability ()

B = M—m(uni‘cless)
Ho

L, — permeability of medium
Lo — permeability of free space

Magnetising field/Magnetic intensity:
B=puH

H:E (unit:AJ
n m

Note: H does not depend on medium
Important: Magnetic field on the axis of current
carrying wire is always zero.

B=0, B=0

.B:O .'/B’:O

Magnetic field Due to Moving charge:-

v
P
q
~qv =ldl
= B, - uoldls2|n6
4nr
B | Bodv sin®
P 4mr?

Sr‘ _ Concept Reminder
Magnetic field on the axis of
current carrying wire is always

Zero.

B=04 B=0

B=0 “B=0

% . Concept Reminder
Magnetic field Due to Moving
Charge: -

HoQV sin 6
Bo=|——5—
4rnr
v
e
q



Method of Direction Finding :
(1) Right Hand Thumb Rule
(2) Right Hand Palm Rule

(1) Right Hand Thumb Rule

Right hand thumb should be in direction of
current then curling figures will show the
pattern of magnetic field lines. If wire is in
horizontal, then magnetic field lines will be
in vertical plane & if wire is in vertical plane
then magnetic field line will be in horizontal
plane.

Imp. For a straight current carrying wire magnetic
field lines are in form of concentric circles.

(2) Right Hand Palm Rule
| - Thumb
Point of observation — Fingers
B — Palm

Thumb points in
direction of current

Fingers point in direction
of point of observation+—

Palm points in direction of
magnetic field

s(" . Concept Reminder
For a straight current carrying wire
magnetic field lines are in form of

concentric circles.
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Field Due to A Straight Current Carrying Wire:
When the wire is of finite length:

Take a straight wire segment carrying a current i
and there is a point P at which magnetic field to
be calculated as given in the figure. This wire

segment makes angle 0, and 0, at that point

with normal OP. Assume a length element 'dy' at
a distance y from O and distance of this element
from 'P'is r and line joining P to Q makes an angle
0 with the direction of current as given in figure.

Using 'Biot-Savart Law' magnetic induction at
point P due to small current element (idl) is given
by-

 4g 2

4B - _Oi[dysineJ
r

B

Rack your Brain %

Two similar coil of radius R are
lying concentrically with their
planes at right angles to each
other, the current flowing in
them are | and 2I, respectively.
The resultant magnetic field
induction at center will be

JEHJ JEHJ
Vo @R

Hol Hol
©®) = &)

$ . Concept Reminder

oI

Hol . .
B=——[sin0O, +sin®
4nd[ ! 2




As every length element of the wire contributes
toBin the same direction, then we have
. B .
Uol J- dysin© .
B=—0 | =2=>—
an 2 e (D)
A
From the triangle OPQ as given in diagram, we
have

y =dtan¢
or dy=dsec’® ¢do
and in same triangle,
r=dsec¢ and 6 =(90°-¢),
where ¢ is angle between line OP and PQ

Now equation (i) can be expressed in this form
.0,

B=% J. cosdpd

T
-0,

i .
or B:%[S|ne1+3m92] e (3)

Note: 0, & 0, must be taken with sign

For the case given in figure

Bat A= M—Ol(sine2 -sing,) ®
4nr

Direction of B:- The direction of magnetic field is
obtained by the cross product of the current

element idl with 7. So, at point P, the direction

of the magnetic field due to the entire conductor
will be normal to the plane of paper and going

sf" ~ Concept Reminder

v

o 6 must be taken with sign

Magnetic field at A is

B= u—Ol(sin 0, —sin6,) ®
4mr
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into the plane.

Case-1: When the point P is on the perpendicular
bi-sector:

In this case angle 0,=0,, by using result of

equation (3), the magnetic field at point 'P' is

s

A M
if
L
v
o
B = Ho g 0,
47d
. L
where sin0, =

VL2 + 4d?

Case-2: Magnetic field due to infinite wire:

If the wire is infinitely long then the magnetic
field at ‘P’ (as given in the diagram) is given by
(using 0, =60, =90° and the formula ‘B’ due to

straight wire)

I
2nr r

The direction of B at different point is as shown
in the diagram. The magnetic lines will be

. -

§ . Concept Reminder

When the point P is on the
perpendicular bisector

e
A~

it

47nd

. -

§ . Concept Reminder

If the wire is infinitely long, then

the magnetic field is

ol
2nr

B =




concentric circles around the wire (as shown

earlier).
Case-2: Magnetic field due to semi-infinite wire:

Uol . .
B=—-(sin®, +sin®
4TCd( 1 2)

0, = 90°,0, = 0

= u—"I(sin 90° +sin0)
4nd

B= u—°I(1 +sin0)
4nd

e |If the wire is infinitely long but point ‘P’ is as
shown in the diagram then direction of magentic
field B at various points is as shown in the
diagram. At ‘P’

0, =90°,0, = 0°

) upto »
f ® ®
© ®
. ®
© 90°
...................... ’
© <—r>P
®

B= M—"I(sin 0° + sin90°)
4nd
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Hol

4nr

Ex. Find magnetic field for given figure.

sol. B= 4”—7‘:;1(1 +sin0)

_ Mol 8
4dra 5

Ex. Find magnetic field at O.

Hol
B=2—
Sol. 4nd
Hol
= O}
B = 2nd

Case-3: When the point 'P’ lies along the length
of wire:

If the point 'P' is along the length of the wire (but
not one it), then as dl & r will either be parallel

or anti-parallel, i.e,, 6=0 or n, so idlxr=0

and hence using equation (1)

Rack your Brain ﬂ

A charge q is uniformly spread
on a thin ring of radius R. The
ring rotates about its axis with
uniform frequency f Hz. Find the
magnitude of magnetic induction
at center of the ring.

Sr‘ . Concept Reminder
When the point lies along the
length of wire (but not on it), then

magnetic field will be zero.

_>B

[

»
gl

A id U
E

r

10.
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Special Case:
When point is not in front of wire

uol . .
B=—(sin6, —sin®O
4TCd( 2 )

B= M—°|(1 —sino)
4nd

av3 . .
Ex. Find out the magnetic field at a point distance, T\F metre from a straight wire of

length ‘@’ metre carrying a current of i amp. The point is on the perpendicular bi-sector

of the wire.
B =X 1 sine. + sin6 X
sol. _Ea[sm , +sin6,] p T
—10_7{ i (1 " 1}} Fa e
= — Y | =T = 0f
afa/2)l2 2 a 30°(™p
(a3 /2) 308
i“ "”"_,,,
y

1.




x107'T

i

NE]
Perpendicular to the plane of figure (inward)

Ex. Find out the resultant magnetic field at ‘C’ in the figure shown.

s N R

A C Y Y a

P § Q
3a

Sol. Itis clear that magnetic field B at ‘C’ due all the wires is directed ® . Also that magnetic

field at ‘C’ due PQ and SR is same. Also because of QR & PS is equal
Bres = 2(Bpg +Bgp)

Bro = “_O'a(sin 60° + sin60°)

4n—
2

ol . .
Bgp = ————(sin30° + sin30°)
4n \/ia

= g =2(\/§Hoi L Mol ]_ Ao

2ra  2nay3 ) +/3ma

Ex. As shown in figure a square loop made from a uniform wire. Calculate the magnetic
field at the centre of the square if a battery source is connected between the points

‘A& 'Cl

A 4

A\ 4

12.



Sol.

Ex.

Sol.

EXx.

The current will be equally divided at 'A. The fields at the mid-point due to the currents
in the wires AB and DC will be same in magnitude & opposite in direction. The resultant
of these '2' fields will be zero. Same as, the resultant of the fields due to the wires 'AD'
& 'BC' will be zero. Hence, the net field at the centre will be zero.

In the diagram shown there are '2' parallel long wires (placed in the plane of paper) are
carrying currents '21' and 'l' consider points A, C, D on the line normal to both the wires
and also in plane of the paper. The distances are mentioned.

o @

221 ¢ T D
A— ------------------------ L SREEEERERR @ oooemees
< a >

Find: (i) B at A, C, D

(ii) position of point on line (A, C, D) where B is zero.
()  Let's call B due to (1) and (2) as B, and B, respectively. Then
at A:I§1 is © and §2 is ®

Ho 2l Hol
B = — B =
' 2na and "2 2n2a
3 Ul
Bres :B‘I _B2 zzn_oaQ

at C:B,is ® and B, also ®

2l | 6ugl 3l
Hoa n Hoa _ OHol _ SHo ®
o 2“5 2ra  ma

Bres = B‘I +B2 =

at D:B,is ® and B, is ©® and both are equal in magnitude.

: Bres =0

(ii) It is clear from the above result that magnetic field B = 0 at point ‘D’

In the diagram shown a large metal sheet of width ‘w’ carries a current I (uniformly

distributed in its width ‘w’ Find out the magnetic induction at point ‘P’ which lies in
the plane of given sheet?

13.
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w

Sol. To find out ‘B’ at ‘P’ the sheet can be considered as set of large number of infinitely

long wires. Take a long wire distance ‘x’ from point ‘P’ and of width ‘dx’ Due to this the
magnetic field at point ‘P’ is ‘dB’.

Mo(LdXJ
dB=—" ‘@

a 27X

oP

dx

Due to each such wire magnetic field B will be directed inwards

|2 dx | a+w
Bres :IdB:“_O j _:”_O_m_
2TW X 2TW a

X=a

Ex. A small current element Idl is placed at origin as shown in figure. Then find magnetic
field dB at position vector .

14.



Sol.

_ Yo Idlsin®
T 2

dB

4r r

r=+3a
x/Ea_ 2

sin® = —

NERE

dB:hﬂ\/g
47 322 \'3

—B_u_o|dtj><a(?+j+ﬁ)

90° J2_a

| dl

‘ﬂ

::»"\6

()

pp ldUjxa(i+]+k)
4r 3\/§a3

pp ldUjxa(i+]+k)
4r 3\/§a2

— U ldla [~ =
gg=to %2 (¢,
47’[3\/§a3( I)

15.




EXx.

Sol.

EXx.

Sol.

Current | is flowing in a long straight wire in positive z-direction and this wire is passing
through origin than find magnetic field at point (x, y).

" B éBcoselj\
9.
x (90 - 0)(<
oW
BsinO(-1)
y
(¥ 9 »X

B = Hol

21y x? +y?
X - y
c0s = ——=——=and Sin0 = ———
VX2 +y? VX2 +y?

échosej—Bsinef

=B (cos 9] —sin 6?)

_ Hol X G Y
21r\/x2 +vy? \/x2 +y? \/x2 +y?

= ol toe

B_27t(x2+y2)(xJ v

Current |, and |, are flowing in two long wires along +x and +y direction. These wires

are placed on x-axis and y axis respectively. Then find out locus where magnitude of
magnetic field is equal.

|B, | =18, |
Holi _ Hob
2ny  2mx y
Ii _ y “I ;(x’y)
- 2 3
L, X
L, "
y = —X 1
l

16.



Note: If magnetic field of both wires cancel
each other then their direction must be
opposite and magnitude must be same.

Magnetic Field at the centre of an arc:
Assume an arc of radius R carrying current i and
subtending an angle ¢ at the centre. According

to 'Biot-Savart Law', the magnetic field at the
point P is given by

_u_o}ﬂ

- 2
47:OR

Here, dl = RdO

_u_oj*iiRde

- 2
47:0 R

B

Ho i
B=-—2~
or 4n R ... (5)

If ‘ is the length of the circular arc, we have

_ ko il
B—ER—Q .. (6)

Take some special cases involving the application
of equation (5).

CASE I: If the loop is semi-circular:

In this case ¢ ==, so

% . Concept Reminder

(1) When 0 =21, B =;‘—g (field at

centre of complete circular
loop)

) When 6=n, B=2 (field at
4R

centre of a semi wire)

17.
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B:“_Oli
4t R

and it will be out of the page for anti-clockwise
current while into the page for clockwise current
as shown in the figure.

CASE II. Magnetic Field of a Current Carrying
Circular Loop :

I dl

In this case¢ =2n, So, magnitude of magnetic

5 bd

and it will be out of
2r

field at the centre

the paper for anti-clockwise current while into
the page for clockwise current as shown in the
diagram.

i |

ouT /O
p { Py
B \ B /
N et
ACW cw

Current carrying loop behaves as a magnetic
dipole.
If the loop is a full complete with N turns:

5 Mo 27N
4t R
Note:
I
o Bl ,u_o'(ij
2r 2r \ 2n
a__)u_ola B — ”Ol ol aiei d.
Anr Arc. Anr IS IN radian

Below are some examples

Sf" ~ Concept Reminder

Direction of magnetic field at
centre of circular loop.

i i
ouT /IN E
‘ P

P Y
/

1
B \ B
\»«/
ACW Ccw

Rack your Brain ﬂ

A circular loop consists of 2
identical semi-circular parts
each of radius R one lying in x-y
plane and the other in x-z plane.
If the current in loop is I. Find
out resultant magnetic field due
to two semi-circular parts at
their common centre.

18.



3.

_ Mol ™ pol
4nr 3 12r

gt 1 T
4R 2R

B=td g
8R

19.




6. = - +
12R  12(2R)  12(3R)

12R 2 3

o[ 5l
12R " 6

A\

S 600
2R.-\"~‘

7. B=4xu_0|+4 H'OI

16R 16(2R)
B £b1+ 14-1
4R 2
go 3 M
2 4R

8. Be - Bl + Barc

_ K Bl
4ra 8a

20.



:u_o'(1+1)
4da\n 2

ma

Mol ( -
Barc = é(_k)
B= B12 + Birc

Y N’
B = H_o + “'_0 =u_0| _1 +l
4na 8a a \16n® 64
Ex. Circular loop is made by a wire of length 12.5m. If current | is flowing in the loop then

find magnetic field at centre.
Mol
B=—x—
Sol. r
_4mx 107" xIn
12.5
4 x107 x|
12.5
B 4n% x 107" x|

47

=nx107"1 Tesla

Ex. Two concentric circular coils of radius 10 cm and 20 cm are placed in same plane. If
current | is flowing in both coils in opposite direction then find magnetic field at the

centre.

21.
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Sol.

Ex.

Sol.

Ex.

Sol.

ol
2x0.1 0.2

Mol _ Hol

2792502 04

Hol — mol

02 04

10 10
Ho 2 4

2 5
=10 x —=—p,!
Ho 8 2”0

For a current carrying loop number of turns

are 50 and radius is 10 cm at this place
magnitude of earth’s magnetic field

5nx107*T. If magnetic field at the centre of
loop is zero, then find | in coil.

50 x 4 x 107" x|

Brx107* =
2x0.1
—4+7
_ 5x0.2x10 _ 2 1000
5x 40 400
| =5 Amp.

If magnetic field of coil and earth cancel
each other than their direction must be
opposite and magnitude must be same.

A circular ring of 1 turns is made by a
conducting wire. The magnetic field at the
center is B, now. This same wire is bent to
form circular ring of 3 turns. Find magnetic
field at centre (current is same).

B Npl
2r
| = N(27r) S
’ N
B oc N2, B, = 9B

When current divides in any symmetrical loop.

22.



(Uniform wire)

At centre

B, = Hohoy ®
4mr

B, = Holyoty
4nr
B=B, -B,

9
B=—>(La, —lo,)
4nr

B B |10L1

00,

Angle =




B, =B,
B=B,-B,
B=0

When current divides in any symmetrical loop
made with uniform wire then magnetic field at
the centre is zero.

B=20
If wire is not uniform
R, )
l, = - x|l R, > Resistance of other part
1 + RQ
I, = T x|
2 t
R,+R, "°
net
I, R

2% "2

If cross-section area of wire are different

L L

R=p— |Rx—

pA A
R_L A
R, L A,

Below are some examples:
1.

Rack your Brain ‘

A straight wire of diameter 0.5

mm carrying a current of 1 A is

replaced by another wire of 1

mm diameter carrying the same

current. The strength of magnetic

field far away is

(1) one-quarter of the earlier
value

(2) one-half of the earlier value

(3) twice the earlier value

(4) Same as the earlier value.

24,



......................................

10 amp
Ri_A_A_1
R, A, 2A 2

2 20
|1=_ Inet=?

1 10
|2=—X|=?
B=B, -B,

_ toly _ il

4r 4r
B_5Ho

er

L
R=p—

pA
Ri_hA, 3 A
R, L, A, 1 3A

|
=1 =—
1T 2,
B=B,-B,
_ 3Moh  Hob L= =
= =1, =
8r 8r
8r

25.
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na J2

Mol ; Hol 1
. B=——0-sinf)=——|1-—|0O
3 4na( ) 2 [ J

> »

Magnetic Field At A Point On Axis Of A Circular
Coil:-

Take a circular loop of radius 'R' and carrying
current i. We have to find magnetic field at the
axial point P, which is at distance 'x' from the
centre of the loop.

dB ﬁosd)
I UB
| . L
i ¢( e 4 >
< dB sind
X
dB
dB E;OSlb

Consider an element idl of the loop as given in

diagram, and the distance of point 'P' from current
element is r. The magnetic field at Point 'P' due to
this current element (idl) from the equation (1)
can be given by-
g5 - Mo idLxF
4 r®

In case of point on axis of a circular coil, as for
every current element there is asymmetrically
situated opposite element, the component of the
field normal to the axis cancel each other while
along the axis add up.

B=Istin¢=Z—°J.|dls+esin¢
T r

e

% . Concept Reminder
Magnetic field of an axial point of
HoiR?

. i B=—0="9
circular coil is 2(R2 N X2)3/2

dB cosp
“““““ L dB
...... ¢
N
e -
R . ¢
e :
§ dB Cosp
Sr‘ Concept Reminder
. 2
Mol 3x
<< ],
o 2R 2R2>
ip2
_ KolR
2 Ifx>>R B="03

26.



Here, 0 is angle between the current element idl and ¥, which is % everywhere and

v

iR R sf" ~ Concept Reminder

Ho
B=0_ ~ | dL

4n (R? + x?)%? L .

0 Variation of B with x

Ho iR

B=————-—-(2nR
or At (R2 + X2)3/2 ( )

Ba

b 2miR? 2R

or _Ho _2TIR
4n (R? + x?)%?

If the coil has N turns, then

Wy 27NiR? X—» :
T an @D

Direction of B: The direction of magnetic field at a point on the axis of a circular loop is along

the axis and its orientation can be obtained by using the "right-hand thumb rule". If the
fingers are bent along the current, the stretched thumb will point towards magnetic field
induction.

8 i)
i p
S

Magnetic field will be out of the paper for anticlockwise current while into the paper for
clockwise current as shown in the diagram given. Now consider some special conditions/
cases involving the application of equation (4)

27.
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CASE | : Magnetic field at the centre of the coil
In this situation distance of the point P from the centre (x) = 0, the magnetic field is

B o2l _pol
i i
ouT
P
B
ACW Cw

"4t R 2R
CASE Il : Magnetic field at a point far away from the centre-

u_OQnRQi 3 1oiR?
4n X3 2x°

It means x >> R, B=

Ex. Two wire loop PQRS P formed by joining two semicircular wires of radii 'R;'and 'R,
carries a current i as given in the figure given shown below. Calculate the magnetic
field at the centre point O in cases (A) and (B) ?

s RO Q P S R« O P

(A) (B)

Sol. (a) As the point 'O' is along the length of the straight wires, so the magnetic field at
point O due to them will be zero and thus magnetic field induction is only due to
semicircular portions

1Bl= o™ o+ Mo
4an R, R,

= uo . 1 1
B|=toni| ———
or |B] . |:R2 RJ out of the page

. [
(b) |B|=M—OIT{—+R—} into the page

4r , 2

28.



Ex.

Sol.

EXx.

Sol.

A battery source is connected between 2 points A and B on the perimeter of a uniform
circular ring of radius r and resistance R as given in the figure shown below. One of the
arcs 'AB' of the ring subtends an angle 0 at the middle of ring. Find out the value of
magnetic field at the centre due to the current in the circular ring?

(A) (B)

(@) As the field due to arc at the centre is given by B=

o o g, o b2n=0)

4n r 4n r
But (V, —V,) =iR, = iR,
R L
or i, =i—=i—" [ RocL]
R2 L2

i.e., the magnetic field at the centre of the coil is zero and is independent off.

1 Coulomb charge of one coulomb is placed at one end of a non-conducting rod of
length 0.6 metre. Rod is rotated in the vertical plane about a horizontal axis passing
through another end of the rod with angular velocity 10*mt rad/second. Find the magnetic
field at the point on axis of rotation at a distance of 0.8 metre from the centre of the
path. Now, half of the total charge is removed from one end and placed on the another
end. Now, rod is rotated in a vertical plane about the horizontal axis passing through
the mid-point of rod with the equal angular frequency. Find out the magnetic field
induction at a point on the axis at a distance of 0.4 metre from the mid point of the
rod.

As the revolving charge 'q' is equivalent to a current

29.
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0.6 m
.............. . e
) 0.8m * B
. Definitions E
i=qf=gx2 =1x 0T _5,10°A
2n 2n A solenoid is a tight wound
- Mo 21iR? helical coil of wire which
Now & =7 (R? + x2)*2 contains large number of
5 ) circular loops wrapped around a
7 2nx5x107°(0.6) 3 . .
B=10" x =113x1073T non-conducting cylinder.

[(0.6)? + (0.8)%1*/?

If half of the total charge is placed at the
other end and the rod is rotated at the same
frequency with the same current.

q/2
0.3 m
———B
) 0.4 m -
q/2

i':(ﬂjf+(ﬂ]f:qf:i:5x1o3A
2 2

In this condition, R>’ = 0.3 m and x’ = 0.4 m

107 x 2m%5x 103(0.3)?
[(0.3)% + (0.4)*1¥2

=23x10°T

Solenoid :
(i) Solenoid has large number of circular loops
wrapped around a non-conducting cylinder.
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AT

7 V)

v

(ii) The winding of wire is uniform direction of
the magnetic field is same at all points of

the axis.
(iii) B on axis (turns should be very near to each
other).
B — Mo (cos©, —cos®,) (7

where n = number of turns per unit length.

coso, = ;COSP = —cos6,

’ ’
J& +R? Y2 +R?
B - HoNi L " L,

2 \/L12 +R? \/@ +R?

- “02m (cos 6, + cosp)

Derivation :-

Take an element dx at a distance 'x' from point
'P'. [point P is the point on axis at which we are
going to find out magnetic field. Number of turns
in the element is dn = ndx,

here n = number of turns per unit length]

sr

‘\\ Concept Reminder

For an ideal solenoid, length
should be very large compared to
its radius.

Rack your Brain a

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

(1) B/2 (2) B

(3) 2B (4) 4B

31.
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Magnetic Effect of Current

‘D2
_ HolR
- 2(R2 2 )3/2 (ndx)
f‘\\ Concept Reminder
(4B - oiR*ndx v
8= .[ B= I 2(R? + x2)*/? For an ideal solenoid, a reasonably
4 uniform magnetic field is present
LNi 1 L in its central region. Magnitude of
_Ho 1 2 0
) L12+R2 +l§+R2} magnetic field is |n
vacuum.

- Holl [cosB, —cos6,]

(iv) For ‘Ideal Solenoid’ :
* Inside (at the mid point)
L >> R or length is infinite

0,—>0

92—>7c
_bBoni
B= ) [1- (-]

If material of solid cylinder has relative permeability, ¥ ' then B = Hou,Ni

B HoNi

At the ends 5

(v) Comparison between ideal and real solenoid:
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Ideal Solenoid

B
A

B = p,ni
,Ni/2

end centre of sloenoid end x (distance
from centre)

Real Solenoid

B

—l72 X l/2
Ex. A solenoid of length 0.4 metre and diameter 0.6m consists of a single layer of 10° turns

of fine wire carrying a current of 5 x 1073
ampere. Find out the magnetic field on the
axis at the middle and at the ends of the

7 V-s
solenoid. (Gives Ho =4mx107 )

-m
Sol. B= %uoni[cos 0, —cos6,]

n= 1000 = 2500 permeter
0.4

i=5x10°A

0)

s, 0.2 0.2
- -
J0.32 + (0.2 ~0.13
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cosf, = 0.2
Jo.13
-
B=x(4xmx107)x2500x5x 107 x 2292
2 J0.13
-5
_ ntx 10 T

Ji3

At the end

cos0. = 0.4 =0.8

" 0.3 +(0.4)?

cos 92 =co0s90°=0

B=%><(4><n><1077)><2500><5><1073><O.8

= B=2nx10°Wb/m?

Ampere’s Law

"Ampere's circular law" is useful in finding the
magnetic field induction due to electric currents
under certain conditions of symmetry. Take a
closed plane curve enclosing some current-

carrying conductors. The line integral (ﬁé.al

taken along this closed loop is equal to Mo times

the total current crossing the area bounded by
the close curve.

ie., S[)é.al = Bl .. (8)

where i = algebraic sum of total current passing
the area.

As a simple application of Ampere's law, we can
obtain magnetic induction due to a long straight
wire carrying current i.

Definitions

Ampere’s Law -

The line integral (.]Sé.dl taken
along this closed curve is equal
to Mo times the total current

crossing the area bounded by
the curve.

ie., Cﬁéal = o
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Suppose the magnetic magnetic field at point P
at distance R from the wire is required.

Draw the circular loop through P with centre O
and radius R as given in

The magnetic field | B| at all points of loop along
this loop will be same and will be along to tangent
on the circle, which is also the direction of the

length element dl.
so, pBdl=fBdl =Bdl =Bx2R

The current passing the circular area is i.
Thus, by Ampere’s law, B x 27R = p,i
_ Hol
- 21R
Note:-

Line integral is independent of shape of path and
position of wire with in it.

The statement gSé.dT=O does not necessarily
mean that B=0 everywhere along the path but
only that no net current is crossing through the

path.
Sign of Current :- The current due to which

magnetic field B is produced in the same sense

as (i.e. Bdl) positive will be taken +ve and the

current which produces B in the sense opposite

to dl will be —ve.

% . Concept Reminder

G

¥ . Concept Reminder

. -

The statement gSé.EL:o does

not necessarily mean that B=0
everywhere along the path but it
can also mean that no net current
is passing through the path.

35.
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Ex. Find out the value of (ﬁﬁ.a for the loops L,

L,, L, in the figure shown. The sense of dl is
mentioned in the diagram.

I e Gravitation
Sol. For L1CﬁB-dl = ol = 1) e Newton’s Law of

gravitational

here |, is taken +ve because magnetic lines
of force produced by |, is anti-clockwise as
seen from top. I, produces lines of B in
clockwise direction sense as seen from top.

The sense of & is anti-clockwise as seen

from top.

Magnetic field induction due to a infinite long
straight current carrying wire:-

<y

Cﬁéa[ = ol
(j‘)B.dl cos 0 = pl
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0=0°=rcosb=1

@Bdl:ud
q.)Bdl = Hol _
B(27wr) = pel
(2mr) = Ho Magnetic field intensity at the
Kol centre of the coil of 50 turns,
B = onr radius 0.5 m and carrying current
of 2A, is
Magnetic field due to a long current solid (1) 3x107°T
cylinder:- (2) 1.25x10°*T

(1) r >R(outside) (3) 0.5x 10°T

s ey (4) 4x10°°T

chBdL = gl
B.2mr = pl

Hol
2nr

B =

(2) r =R (surface)

g Mol
2nr

(3) r < R (inside)
q}B.dl = ol

Cross section view
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(4)

distance of point from axis of cylinder.
Radius of cylinder
Current density

Magnetic field is maximum at surface of cylinder.

Magnetic Field of a Long Hollow Cylinder

Concept Reminder

Variation of Magnetic field of a
long solid cylinder with distance

38.



(1) r > b (outside)

g = Mol
2nr
(2) r = b (surface)
_ Mol
2nb
(3)r<a
| enclosed = 0
B=0
(4)a<r<b

nb? —ga? ——|
|

nb? — ra’?

r?oma? ! (rz—a2)=l'
$edl = p,

I(r? —a2)

(bQ—ag)

B Hol I(r2 —a2)
e

B.2nr = pg

If inner radius is equal to outer radius (a = b)

A

f
B
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Magnetic Effect of Current

Magnetic field line of a long solenoid (Infinite

solenoid):- KEY POINTS N\

e Solenoid

. e Toroid
(Ideal)
"""" 900l 90°
[at centre of long solenoid]
nl_ . . >

B = X% [sin 0, +sin0,] 5‘ _ Concept Reminder

_ uonl[sin90°+sin900] For an ideal solenoid, Magnetic

field at the end point of solenoid
= pohl is %2 times of Magnetic field at any

int L int
[at end of long solenoid] Internatl poin

B = Honl
2
ynl

ral N\

\

| ponl
e 2 \
end centre end

Imp.: For a long solenoid, Magnetic field at the
end point of solenoid is %, times of M.F at any
internal point. And for all ideal long solenoid, no
mutual effect considered.

. Definitions
Toroid
Toroid is an endless solenoid M.F is produce along

. . . . . A toroid is a solenoid bent
the Axis of toroid outside the toroid MF is zero.

to form a ring. Magnetic field

ne N outside the toroid is zero.
2nr
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r - MeanRadius =

Assume, we have to find the field at a point P
inside the toroid.

Let the distance of P from the centre be r. Draw a
circular loop through the point P and concentric
with the toroid. By symmetry, the field will have
same magnitude at all points of this circle. Also,
the magnetic field is every where tangential to
the circular loop. So,

c}Sé.dI: deL - BIdl — 2nrB

If the total number of turns in toroid is N, the
current passing the area enclosed by the circle
is Ni where i is the current in the toroid. Using
Ampere’s law on this circle,

(JSé.dT = o Ni
or 2nrB = Wo Ni

HoNi
2nr

or B=

Magnetic moment of Toroid is zero. It is not a
Magnetic Dipole. It produces Non-Uniform
Magnetic field.

Sr‘\ Concept Reminder

Toroidal solenoid is a case in which
magnetic field lines exist without
polarity x. No apparent north or

south pole exist.

a1.
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Infinite Current Carrying sheet:-

®

KEY POINTS

«——Ampere’s °
loop ,

Q0

Now from Ampere’s loopCJSB.dl = poil

IB.dl+ JB.dl+ j Bdl+ j B.dl = il
AB DA

BC CD

Bjdl+Bjdlcosgo°+Bjdl+3jdlcosgo° = pohl

B Hol

2

Ex. 3 identical long solenoids P, Q and R are
connected to each other as shown in figure.
if the magnetic field at centre of Pis 2 T, what
would be the magnetic field at the centre
of solenoid Q? Suppose that the magnetic
field due to any solenoid is confined within
the volume of that solenoid only.

Sol.
Q
0000000
P
——0000000—> >
7000000
R

As solenoids are identical, the currents in Q
and R will be the same and will be half of

Atomic magnetism
Magnetic moment
Bohr’s magneton

42,



the currentin P. The magnetic field induction
in a solenoid is given by B =HoNi Hence the

magnetic field in Q will be equal to the
magnetic field in R and will be half of the

field in Pi.e., willbe 1.0 T

Current And Magnetic Field Due To Circular
Motion Of A Charge:-

0]

(ii)

(iii)

(iv)

According to the theory of atomic structure
every atom is made of electrons, protons
and neutrons. protons and neutrons
(nucleon) are in the nucleus of each atom
and electrons are assumed to be moving
indifferent orbits around the nucleus.

An electron and a proton present in the
atom constitute an electric dipole at every
moment but the direction of this dipole
changes continuously and hence at any
time the average dipole moment is zero.
As a result, static electric field is not
observed.

Moving charge produces magnetic field and
the average value of this field in the atom is
not zero.

Atomic Magnetism

When electron moves around nucleus in
any orbit then a current is induced in this
orbit.

In an atom an electron moving in a circular
path around the nucleus. Due to this
motion current appears to be flowing in the
electronic orbit and the orbit behaves like
a current carrying coil. If e is the electron

s!" ~ Concept Reminder

The magnetic dipole moment of
a current loop is independent of
its shape. It depends on area of
the loop. The loop can be circular,

square or rectangle.

43.
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charge, R is the radius of the orbit and f is
the frequency of motion of electron in the
orbit, then

>

""""" e
i= ev
2nr
M
e ev
1) I=—=ef = —
M T 2nr
Holin _ MoV
B. = =
(2) B =T T a2
(3) M=1A
M = ﬂTcr2
2nr
= &V
2
(4) Relation between L & M
M=, M (L = mvr)
M = et m_9., Gyromagneticratio)
2m L 2
Lo Y\ L oy L © \d
M o M M ©

M= forall charge
2m

# For a negative charge which is moving in
circular path L and M are anti-parallel and for
a positive charge L and M are parallel.

(5) Acc. Bohr’s Theory
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(v)

(vi)

nh

L=— x=123,....
27
_eL__enh
2m  2m 2%
M = neh
4mtm
n="1

BOhr magneto M = Ug = 0.923 x 10723Am2

Magnetic moment of e~ which is moving in
first orbit of H-atom
If a charge g (or a charged ring of charge q)
is moving in a circular path of radius 'R' with
a frequency f or angular velocity @, then

(@) current due to moving charge
i=qf =qo/2=n

(b) magnetic field at the centre of ring
Mol _podf o oqo

2R 2R 9" % 4gR

O =
(c) magnetic moment
M = i(nR?) = qfnR? = %qu2

If a charge q is distributed uniformly over
the surface of plastic disc of radius R and it
is rotated about its axis with an angular
velocityw, then

(@) the magnetic field produced at its
centre will be

_ HoQo
°" 2nR
(b) the magnetic moment of the disc will
be
dM = (di) x>
= 2 dgnx? = 29 %3dx
21 R2

= M=IdM=z—2qj.x3dx
[0}

Sr‘ _ Concept Reminder

G

For rotating charged disc, magnetic

2
. ro
moment is equal to M = qT
>?

g SRR S

£+ 4t g gt b BMT

sf‘ _ Concept Reminder

eh
HB=4nm is known as Bohr’s
magneton.
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— M = Q(DR2
4

_ qo)R2
4

= M

Note: For rigid bodies
L=lw

which | = moment of inertia

L lo
e_jqu_

So, M =
2m 2m

Magnetic Lines And Their Characteristics:-

The area surrounded by a magnet or magnetic
configuration in which its effects are perceptible
is called the "magnetic field" of the magnet.

Bar magnet U-Shape magnet
(A) (B)

In order to visualise a magnetic field graphically,

"Michael Faraday" introduced the idea of lines.

According to "Michael Faraday" a line in magnetic

field on which drawn tangent represent direction

of magnetic field at that point.

For magnetic field it is worth noting that :

(i) Outside a magnet, field lines are from north
to to south pole while inside from south
to north, it means that magnetic lines are
closed curves i.e., they appear to converge
or diverge at poles.

(ii) The number of magnetic field lines of field
originating or terminating on a pole is

Definitions

The space surrounding a magnet
or magnetic configuration in
which its effects are perceptible
is called the magnetic field of
the given magnet or magnetic
configuration

46.



(iii)

(iv)

)

proportional to its strength. Holines are

assumed to be associated with a unit
magnetic pole. So, if an object encloses a
pole of strength strength 'm' total lines
linked with the body (called magnetic flux)
will be Ho(m).

Magnetic field lines of field can never
intersect each other because if they
intersect at a point, field intensity at that
point will have 2 directions which is absurd.
Magnetic field lines of field have a tendency
to contract longitudinally like a stretched
elastic

string (producing attraction force between
opposite poles) and repel each other
laterally (resulting in repulsion between
similar poles)

Attraction

(A)

Repulsion

(B)

Number of field lines of field per unit
area, perpendicular to the area at a point,
represents the magnitude of field at that

Sr‘ ~ Concept Reminder

Magnetic lines of field can never
intersect each other because if
they intersect at a point, intensity
at that point will have two

directions which is absurd.

47.
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A

point. so crowded lines represent a strong
magnetic field while distant lines represent
weak field. Further, if the field lines of
force are equidistant and straight the field
is uniform otherwise not.

Non uniform fields

v

L s
— > /'/’s —/\

Magnitude is Direction is

Both magnitude
and direction are

not constant not constant

(vi)

(vii)

(viii)

(ix)

not constant

(A) (8) ©

Uniform fields

——
—
——
—

Both magnitude and
direction are constant

(D)

In the region of space where there is no
field, there will be no field lines. That's why,
at a neutral point, where resultant magnetic
field is zero there cannot be any line of field.
Magnetic lines of field can originate from
or enter on the surface of the magnetic
material at any angle.

Magnetic field lines are exist inside every
magnetised material

As monopoles do not exist, so the total
magnetic flux linked with a closed surface
is always zero, i.e.,

Cj)é.d—s = 1p(0) =0

This law is called "Gauss’s law for
magnetism".

KEY POINTS \

e Magnetic field lines

Sr‘ _ Concept Reminder
As monopoles do not exist, the
total magnetic flux linked with a

closed surface is always zero, i.e.,
98@.6; = 1y(0) =0

This law is called Gauss’s law for
magnetism.
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Magnetic Field Line Due To Some Important
Structure:-
1. Straight Current Carrying Wire

>

2. Circular coil

3. Solenoid

(Ideal)

Magnetic Force On Moving Charge:-
When an electric charge g moves with velocity v

, in a magnetic field B, then magnetic force
experienced by the moving charge is given by
following formula:

F =q(vxB) (Put g with sign). ... (9)
v = Instantaneous velocity

= Magnetic field

o <

Rack your Brain a

lonized hydrogen atoms and
o-particles with same moment a
enters perpendicular to a
constant magnetic field B. The
ratio of their radii of their path
r, i r,will be-

Mm1:4 (2)1:2
(3)2:1 4) 4 :1
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DIFFERENCE BETWEEN MAGNETIC FORCE AND

ELECTRIC FORCE:-

(1) Magnetic force is always normal to the field
while electric force is collinear with the
magnetic field.

(2) Magnetic force is dependent on velocity,
i.e., acts only when the charged particle
is in the motion while electric force (qE) is
independent of the state of rest or motion of
charge particle.

(3) Work done by Magnetic force is zero, when

Note :

F L Vvand alsoF LB

.. F LV .. power due to magnetic force, power on

a charged particle is zero. (Use the formula of
power P =F.V for its proof)

Since the F L B so work done by the magnetic

force is zero in every part of the motion. The
magnetic force cannot decrease or increase
kinetic energy of the charged particle. It will only
change the direction of velocity.

On a stationary charged particle, the value of
magnetic force is 'O

If v|IB, then also magnetic force on the charged
particle is zero. It moves along the straight line if
magnetic field is acting only.

Ex. The charged particle of mass 5 mg and
charge q=+2uC has velocity Vv =2i —3j+4k.

Find out the magnetic force on charged
particle and its acceleration at this instant
due to the magnetic field B = 3j — 2k. Where

v and B are in m/s and Wh/m? respectively.
Sol. F=qvxB=2x10"°(2i —3]j+4k)x (3] - 2k)
=2x107°[-6i + 4] + 6KIN
By Newton’s Law
F_2x10°

a=—

o (-6i + 4] + 6K)
X

s(" _ Concept Reminder

e

When 0 =0° or 180° i.e., charged

particle moves parallel or anti-
parallel with field then magnetic
force is zero. In this case charged
particle moves in a straight line.

s(" _ Concept Reminder

When 6 = 90°
% XX
X %
X %
X X
X >
X >
X >

(i) Radius of path r = -
gB

(ii) Time period T = i
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=0.8(-3i +2j + 3k)m / 2

Ex. A charged particle has acceleration a= 2i + x} in the magnetic field
B =-3i +2j—4k. Find the value of x.
sol. =+ F LB
alB
aB=0
(27 +x)).(=3i + 2] - 4k) = 0

= -6+2x =0 = x=3.

Motion Of the Charged Particle In the Uniform Magnetic Field.

Cased WHEN THE VELOCITY OF CHARGED PARTICLE IS PERPENDICULAR TO THE MAGNETIC
FIELD

Let a particle of charged g and mass 'm' is moving with the velocity 'v' and enters at right
angles to the uniform magnetic field 'B' as shown in the figure.

The force on the particle is 'qvB' and this force will always act in the direction perpendicular
to 'v. Hence, the particle will move on the circular path. If the radius of the path is 'r' then

X

X X X X X X X

mv?

=Bqv orr = mv ... (10)
r qgB
Thus, radius of path is proportional to the momentum mv of the particle and inversely
proportional to the magnitude of the magnetic field.
Time period : Time period is the time taken by the particle to complete one rotation of
circular path which is given by,
2nr  21mm

T="o o (11
y 3B (1)

The time period is independent of speed 'v.
The frequency is the number of revolution of charged particle in one second, which is given
by,

51.
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Vv = l = ﬂ (12)
T 2mm

and angular frequency = o = 2nv

Ex. A proton (p), a -particle and deuteron (D) are moving in the circular paths with same

kinetic energies in the same magnetic field. Find ratio of their radii and time periods.
(Neglect interaction between particles).

v2mk

Sol. R=

qgB
R, iR, iRy - J2mk : J2.4mk : J2.2mk
qgB 2gB gB
=1:1:\/§
T=2mm/qgB
TT T =2nm:2n4m:2n2m

pPTa” P gB " 2gB gB
=1:2:2

Ex. A positive charge particle of charge 'q', mass 'm' enters into a uniform magnetic field
with velocity 'v' as shown in figure. There is no magnetic field to the left of 'PQ"

P ®B

Find
(i) time spent,
(ii) distance travelled in magnetic field
(iii) impulse of the magnetic force.
Sol. Particle will move in the field as shown. Angle subtended by the arc at the
centre = 20
(i) Time spent by charge in magnetic field
qgB ~ mo

ot=0=>—t=0=>t=—
m qB

(ii) Distance travelled by charge particle in magnetic field:
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2r sin@ X

- r(20) = ™ o9
qB

(iii) Impulse = change in momentum of the charge

= (-mvsin 0} + mv cos 6})

—(mv sin i + mvcos9 j) = —2mvsin@i

Ex. Repeat above question if the charge is —ve and the angle made by the boundary with

the velocity is %

sol. (i) 2n—2e=2n—2%=2n-—=_

qBt o 5tm
m 39B

=Q)t=

. 5
(ii) Distance travelled s =r(2n-26) = %r

(iii) Impulse = charge in linear momentum
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=m(-vsin 0i +vcos ej) —-m (v sin 0i + v cos 9})

. o . Tt .
-2mvsin0i :—2mvsmgl =-mvi

Ex. In the figure shown the magnetic field on the left on ‘PQ’ is zero and on the right of
‘PQ’ it is uniform.

®B

.

Q

Find the time spent in the magnetic field.
Sol. The path will be semi-circular time spent =T/2=mm/gB

—
l;
¢ u

Ex. Auniform magnetic field of strength ‘B’ exists in a region of width ‘d’. A particle of charge
‘g’ and mass ‘m’ is shot perpendicularly (as shown in the figure)into the magnetic field.
Find the time spend by the particle in the magnetic field if

. ®B
B=0§ B=0
q,m|>u
(i)d=% (ii)d<%

Sol.
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X
[oX

O] d>™ eansd>R. t=L ="M
qB 2 gB

" oo d
(ii) sme_R

0 =sin™ (ﬂ]
R

ot=0

= t="gjn" (gj
qgB R

Ex. What should be the speed of charged
particle so that it can’t collide with the
upper wall? Also find the coordinate of the
point where the particle strikes the lower
plate in the limiting case of velocity.
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sy
‘ wall

g,m !
®B 1 d

\Y
(0,0)]

Sol. (i) The path of the particle will be circular
larger the velocity, larger will be the
radius. For particle not to s strike R < d

mv
—<d

qgB
m

(i)  for limiting case v = qBd
m

2d

R=d

coordinate = (-2d, 0, 0)
Case.2 WHEN THE CHARGED PARTICLE IS
MOVING AT AN ANGLE TO THE FIELD
In this case the charged particle having charge q
and mass m is moving with velocity v and it enter
the magnetic field B at angle 6 as shown in figure.
Velocity can be resolved in two
components, one along magnetic field and the
other perpendicular to it. Let these components
are v, andv,

¥ . Concept Reminder

Path of charged particle in a
magnetic field can be straight
line, circular or helical depending
upon angle between velocity and
magnetic field.
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v, = vcosH
and V. =Vvsin6
The parallel component v, of velocity remains

unchanged as it is parallel to B. Due to the v,

particle will move on a circular path. So the
resultant path will be combination of straight line
motion and circular motion, which will be helical
as shown in figure.

Pitch

mv i
The radius of path is (r) —= = mvsin® ... (13)
qB qB

. . 2nr  2mmvsin®  2am
Time period (T) = =— = .. (14)
v, v sin0gB qgB

Frequency (f) = 2B—?n ... (15)
s

Pitch : Pitch of helix described by charged particle
is defined as the distance moved by the centre
of circular path in the time in which particle
completes one revolution.

Pitch = distance A/A, = A A, = e =vcos6.T

2tm  2mmv cos 0
Bq N qgB

If the velocity of the charge is not perpendicular
to the magnetic field, we can break the velocity
in two componentsv,,, parallel to the field and

v”.T =vcoso0

... (16)

[

s(" ~ Concept Reminder

ol

In helical motion

v
os])

v

(i) Radius of path r = el

27Tm

(ii) Time period T =

27m

(iii) Pitch P = (vcos9) =

57.
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v, , perpendicular to the field. The components
v, remains unchanged as the force qvxBis

perpendicular to it. In the plane perpendicular to
the field, the particle traces a circle of radius

mv

r= 5 as given by equation. The resultant path

is helix.

Ex. A beam of protons with a velocity 4 x 10°
m/s enters a uniform magnetic field of 0.3
Tat an angle 60° to the magnetic field. Find
the radius of the helical path taken by the
proton beam. Also find the pitch of the helix
m_ = 1.67 x 107 kg

Sol. Radius of the helical path taken by the

m(v sin®
proton beam r = m(vsin) =12cm
qgB
. . 2mr 7
Time period T=———=2.175x10""s
v sin©O

pitch of the helix p = vcos6.T

= p=4x10° x%x2.175x1o*7 =4.35cm

Motion of A charged Particle In Combined Electric
And Magnetic Field

When the moving charged particle is subjected
simultaneously to both electric field Eand
magnetic field B , the moving charged particle

will experience electric force F, =qE and

magnetic force a = q(:/ X é)

F = qlE + v xB] .. (17)

which is ‘Lorentz force equation’. Now consider
two special cases involving the application of
above equation

Note :

Magnetic force is frame dependent, Electric force
is frame dependent but Lorentz force is frame

s!" _ Concept Reminder

Lorentz force
F= q[E bV x é]
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independent. B

Case-lI: When v,E and B all the three are
collinear

In this situation as the particle is moving parallel
or anti-parallel to the field, the magnetic force on
it will be zero and only electric force will act, so

- _F _GE
m m

L —F -

Vv v,

O P cemenenein *
q

-
B

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

V,E and B are collinear.

Case-Il: E||B and uniform 00 (E and B are
constant and uniform)

A
Vv, Sinf4 Vo
/'Vo
//
e
10 H »—»x,E,B
i *E,B v,cosb

=v,cosb+at,

X

. E
along X axis: F, =qE,a = ol

1 .2
X =V, coset+5axt

Rack your Brain ﬂ

Find the magnitude and direction
of magnetic force acting on a
charged particle of charge —2uC
in a magnetic field of 2T acting in
y-direction, when the particle

velocity is (2? + 3]) x10°ms™",
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in y-z plane:

qv, sinBB = m(v,, sin 0)’ /R

mvosine
= R=——
qgB
Vv, sin®
oo Yosin® _qB
R m
=2—n=2mc
T

vV =r{(v, cos )t + %Eﬁ}f +sinotj + (R - Rcos ot)(-k)
m

_ qE - . “
vV = (VO cosH +th i + (v, sin0)cos ot}

+V, sin@sin ot —k)

é:q—Ef+w2R[—SinB]—C°SB&]
m

Case-lIl: Q,E and B are mutually perpendicular

Q,E and Bare mutually perpendicular. In case

situation of E and B are such that

|;= 'ge + 'gm = 0
ora= ££] =0, then the particle will pass through
m

the field with the same velocity. In this situation,

Fe=Fm or qE =qvB
Or v:E
B

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

Magnetic Force On A Current Carrying Wire:
Suppose a conducting wire, carrying a current i,
is placed in a magnetic field B. Consider a small

|
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element dl of the wire (figure). The free electrons
drift

with a speed v, opposite to the direction of the
current. The relation between the current i and
the drift speed v, is

i=jA=nev,A

Here A is the area of cross-section of the wire
and n is the number of free electrons per unit
volume. Each electron experiences an average
(why average?) magnetic force

f=-ev,xB

The number of free electrons in the small element
considered in nAdl . Thus, the magnetic force on
the wire of length dlis

dF = (nAdl)(—eV x B)

If we denote the length dl along the direction of
the current by dl, the above equation becomes

dF = nAevddT x B

Using (i), dF =id[ xB

The quantity id( is called a current element
F.. =J’d?=jid[xé=ijd[xé

(- iis same at all points of the wire)

If Bis uniform, then F.es = i(jd[)x B

Fes =ILxB .. (18)

es

L

\
°

Concept Reminder

Force on current carrying wire
is F=iBdl

This formula holds for straight
conductor of length | placed in
a uniform magnetic field B.

o
Y
©
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Here L = J‘d[= vector length of the wire = vector

connecting the end points of the wire.
Note:-If a current loop of any shape is placed in

a uniformB then ('Eres) onit=0 (- L=0)

magnetic
Direction of force: The direction of force is always
perpendicular to the plane containing idL and B
is same as that of cross-product of two vectors

(3xb) with 4 =idL and b=B

o
a.
T

The direction of force when current element idL
and Bare perpendicular to each other can also
be determined by applying either of the following
rules.

(a) Fleming’s Left-hand Rule : Stretch
forefinger, central finger and thumb of left
hand mutually perpendicular. If the fore-
finger points in direction of the field 'B' and
central in direction of current i, the thumb
will point in direction of the force.

Left Hand Rule

Sr‘ . Concept Reminder

Force on a closed loop (of any
shape) placed in a uniform
magnetic field is zero because

lw =0
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(b) Right-hand Palm rule : Stretch your fingers
and thumb of right-hand at the right angles
to each other. If the fingers point in direction
of current i, and the palm in the direction of
field B then thumb will point in direction of
'Force.

Point Of Application of Magnetic Force

On a straight current carrying wire magnetic force
in a uniform magnetic field can be assumed to be
acting at its mid point.

. [

I, —m |

®B /2

This can be used for the calculation of torque.

Force Between The Two Long Straight Parallel
Current Carrying Conductors

Let us consider Two very long parallel straight
wires carrying the currents i, and i,. Each wire is
placed in the region of the magnetic induction
of other and hence will experience the force.
The net force on the current-carrying conductor
due to its own field is '0. So, if there are two
long parallel current-carrying wires '1' and '2' (as
shown below), the wire 1" will be in the field of
wire '2' and vice versa.

sf‘ _ Concept Reminder

Parallel current carrying
conductors attract each other
while anti-parallel current carrying

conductors repel each other.

e

$ . Concept Reminder

Force per unit length acting on
Mol

both conductor is &

63.

Magnetic Effect of Current



Magnetic Effect of Current

The force on dl, length of wire-2 due to field of
wire-1, dF, =i, dL, B,

Ho 2k, Ho 2
dF, = ——= B, =——
> 4n d LB, 4n d:|
dF, _u_02i1i2
Or sz 47[ d “ee (19)

It will be true for wire 1" in the field of wire '2'. The
direction of the force in accordance with right-
hand screw rule will be as shown above. So, force
per unit length in the case of two parallel current-
carrying wire separated by a distance ‘d’ is

F 1o 2,
dL  4n d

If ', and 'i,’ are along the same direction, forces
between the wires is attractive in nature and if i,
and i, are oppositely directed, force is repulsive.
The direction of the forces is given by Fleming’s
left-hand rule.

Sr‘ .. Concept Reminder

If wires were able to move freely,
they would gain kinetic energy
at cost of electric field not by
magnetic field. Work done by

magnetic field is still zero.
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Definition of ‘ampere’

dF _ po 20,

We have dL  2rn d

If

i, =i, =1A;d = 1m;dL = Tm;then

dF =2 x107"N

Hence, ‘ampere’ is defined as the current passing through each of two parallel infinitely
long straight conductor placed in the free space at the distance of 1 metre from each other
produces between them force of 2 x 107 N for 1 metre of their length.

Ex.

Sol.

Ex.

A wire is bent in form of the equilateral triangle PQR of side 10 cm and carries a current
of 5 Ampere. It is placed in magnetic field 'B' of magnitude 2 T direction perpendicular
to the plane of the loop as shown in figure. Find the forces on the three sides of the
triangle.

The field and the current have directions as shown in figure. The force on PQ is
IE1 =il xB
or F,=50Ax10cmx2.0T="10N

The rule of vector product shows that force F, is perpendicular to PQ and is directed
towards inside of the triangle.
The forces IE2 and IE3 on QR and RP can also be obtained similarly. Both the forces are

1 Newton directed perpendicularly to the respective side and towards the inside of

triangle. The three forces F,,F,, and ?3 will have '0' resultant, so that there is no net
magnetic force on triangle. This result can be generalised for any closed current
loop, placed in a homogeneous magnetic field, does not experience a net
magnetic force.

As shown in the figure, two long metal rails placed horizontally and parallel to each

other at a separation | . A uniform magnetic field B exists in vertically downward
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Sol.

Ex.

direction. A wire of mass m can slide on the rails. The rails are connected to the
constant current source which drives a current i in the circuit. The friction coefficient
between the rail sand the wire is 1.

(@) What should the minimum value of 'n' which can prevent the wire from the
sliding on rails?

(b) Describe motion of the wire if value of 'n' is half the value found in the previous
part

(a) Force on the wire due to magnetic field is
F=ilxB
or F=ilB

It acts towards right. If wire does not slide on the rails, the force of friction by rails
should be equal to 'F' If 'Ho' be the minimum coefficient of friction which can prevent

sliding, this force is also equal to Mo mg. Thus,
pomg =ilB
_iB
or Ho mg
Lo iLB
(b) If the friction coefficient is M = o - 2mg » the wire will slide towards the right.

The frictional force by the rails is
ilB
f=umg= - towards left.

. ilB ilB . . . iLB
The resultant force is ilB - |7 = % towards right. The acceleration will be a = I2_m The

wire will slide towards the right with this acceleration
As shown in the figure a semicircular wire is placed in a uniform B directed toward
right. Find the resultant magnetic force and torque on it.
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Sol. The wire is equivalent to

forces on individual parts are marked in the figure with and . Though symmetry

their will be pair of forces forming couples.

Ex. Find resultant magnetic force and torque on loop.
Sol.

and

using the above method
Ex. Find the resultant magnetic force and torque about ‘C’, and ‘P’ as shown in the figure.

Sol.
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_’B

®B
i Coe 0
R
wire is equivalent to
P 2R Q

Force on each element is radically outward: 1 =0
about point P

p— I:[i / (Rd0)Bsin90°] Rsin 6 = 2I1BR?

Ex. Find the magnetic force on loop ‘PQRS’ due to straight wire.
Hol12 a(- ) Hol1 () Ho 2( I)

Fo.=
Sol. Tres =75 o on(2a) =
Q—2
> Yy
|1 A|2 Y |2
< X
«——3 S

Ex. As shown in the figure wires AB and PQ carry constant currents 'l" and 'l,' respectively.
PQ is of uniformly distributed mass ‘m’ and length ‘'’ AB and PQ both are horizontal and
kept in the same vertical plane. The PQ is in equilibrium at the height ‘h’. Find
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—>
I
P——e
h
Ao — Y. B

(i) ‘h’is terms of L, L, m, g and other standard constants.
(ii) Ifthe wire PQ is displaced vertically by small distance, then prove that it performs
SHM. Find the time period in terms of 'h' and g.
Sol. (i) Magnetic repulsive force balances the weight.
Hohly | _ g o = Mol
27h 2nmg

(ii) Let the wire is displaced downward by the distance x (<< h). Magnetic force will
increase, so it goes back towards the equilibrium position. Hence it performs
oscillations.

_ Hohil, l-mg
¢ 2n(h - x)
_ mgh —mg = mg(h —h + x)
h-x h-x
_m_gx ;m—gxforx <<h

h-x h
Toon M _on P
mg/h g

Imp. If direction of current is same in parallel wires they will attract each other end if
direction of current is opposite then they will repel each other.

Ex. Find force per unit length on wire 2.

M @) ©))

2A+  4A+  BAS

A
A

1241 po8i

. F
Sol. F 2nd 2nd
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- 2nd

nd m
Ex. Find force on wire number (2)

(1) ,

. Ly o(2)
|1A= X »dXx
2 e L >
Sol.
B, = Hoh
27X

F= I2lB1 sin90°

dF =1,dxB,

dF =I(dX x B)
a+l 1l

=1, [ Her2 gx
a 21X

—Ho L
o bl log, (x)**

_ Hohb a+l
on  \OZ, —

Free-wire Balancing

L1111

v-=

A AN

«— >

mg
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Fn _mg

L L

Hohly _ m
21th g [k - Tj
Hohly
0712 _ g

2nth g

F— Hokbl — pohbl Ho|1|2l[1 _ 1 }
a a+l

2ra  2n(a+l)  2n a

_bolblja+l-al _ tolyl?
2n | a(@+L) 2n(a)(a + L)

_ Mo|1|2l2
- 2n(a)(a +L)

Ex. Two wires are in stable equilibrium. If
direction of current is reversed in one wire
then find instantaneous acceleration of
wire.

Sol. a=2g
F,=F,

After reversing the direction
Fnet = I:m +mg
=2mg
a=2¢g

Current Loop In A Uniform Magnetic Field
Magnetic Dipole Moment:-

According to magnetic effects of current, in case
of current-carrying coil for axial point,

5_ Mo 2nNiR?
4n R? +x%)?

1o 2mNiR?
3

when x >>R, X >> R,B =
4t X

If we compare this conclusion with the field due
to a small bar magnet for a axial point, i.e.,

s(" ~ Concept Reminder

If a charged particle projected in
a gravity free room deflects, then
both fields cannot be zero, both

fields can be non-zero.

1.
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5_ Mo 2M

4 x3

Where 'M' is magnetic dipole moment of bar
magnet.

We find that a current-carrying coil for a distant

point behaves as a magnetic dipole moment
M = NizR? = NiA ... (20)

where A is area of the loop. So the magnetic
moment of the current carrying coil is defined as
product of current in the coil with the area of coil
in vector form.

Magnetic moment of the current carrying loop is
the vector quantity and direction is perpendicular
to plane of the loop. its dimensions is [L?A] and
units is A-m?2.

—

M

Magnetic dipole moment in case of the charged
particle having charge 'q' and moving in a circle of

1
radius 'R' with speed 'V' is given by Equ

As we know, the equivalent current i = gf = q2V—R
T

and | A |= nR?

- 1
M=i|A|=—qgVvR
| A 5

Torque on A Current Loop:-

Take a rectangular coil CDEF of length L and width
b is placed vertically, while a uniform magnetic
field B passes normally through it as given. The
coil is capable rotate about an axis O, O,

Ifthe loop is placed in the magnetic field induction
such that the perpendicular to plane of the coil
makes an angle '0' with the direction of B, then

the torque experienced by the loop is

Rack your Brain ﬂ

A coil in the shape of an
equilateral triangle of side | is
suspended between the pole
pieces of permanent magnet
such that B is in plane of the
coil. If due to a current i in the
triangle a torque t acts on it
then find slide | of the triangle.
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A /P o

olf o8 o | ©
O . — N '1';'- ----------
01 |",' @ E @ :,’ b O2

; ® | ©

v'® : v®

Fo j7E

® ® )

T= %(iLB)sine + %(iLB) sin®

i.e.,, t=iLbBsin® =iABsin®
where A = Lb is the area of loop.
Maximum torque experienced is 1 =iAB, when
0 =90°
and for a coil of N turns

7 = NiAB
Here NiA = M = Magnetic moment of the loop.
In vector rotation T =MxB .. (21)
This result holds good for plane loops of all
shapes rectangular, circular or otherwise.

Magnetic dipole moment of a current carrying
coil:-
Current carrying coil behaves as a magnetic
dipole

A k‘\\
[ \ \
b gl |
| N/ ),
el /
\\\ ) //

M=1A

M = NIA

s!" ~ Concept Reminder

Current carrying coil behaviour as
a magnetic dipole

Sr‘ ~ Concept Reminder

If two symmetrical current carrying
rings are placed perpendicular to
each other with common centre
and magnetic moment of one ring
is M, then net magnet moment is

Mnet = \/EM
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It is an Axial vector and its direction is L to the

plane

Imp.

For a current carrying coil. (unidirectional current)
dir. of magnetic moment is same as direction of
magnet field at the centre.

Ex.

Sol.

Ex.

Sol.

10.

Find magnetic moment at center for given

figure.
o
MR N\2R
L L
M =M, —M,
2 2
M= —ix R +in4R
2
= giTcR2 O}
2

An equilateral A, square and a circular loop

are made by wire of same length L if current
is same then compare their magnet moment.

M, =ixA=i E(LT

4 (3

Three circular rings A, B, C having turns 2,
4 & 6 respectively if current is same then

s(" .. Concept Reminder

If different polygons are made
by same length of wires, then
magnetic moment will increase

with no. of sides.
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compare their magnet moments these rings are made by wires of same length.
, 2inl? 2(27r) = nl

M, = nix ar? = 2inr? =
An?  4nr =21
2
M, = 4nr’® = 4in[LJ r= L
T n
M, >M, >M_ | 4(2nr) =1

# Torque on a Bar Magnetic/Magnetic dipole in uniform Magnetic field:-

1t = force x L distance

T="F,lsin® [F., = mB] e
© = mBLsin® [M = ml] ‘ ~ Concept Reminder
T=mBsin® Torque on a Magnetic dipole in
T -MxB uniform Magnetic field :
Coil T MxB
L For coil of N turns
T=MxB ©=NIAsing
T=MBsin0
7 =NIABsin6

M — Magnetic moment of bar magnet.
0 — Angle between area vector (M) & magnetic field.

Note: Force on any magnetic dipole in uniform magnetic field is always zero. Torque may or
may not be zero.

Ex. Acircular ring of 100 turns & radius 2 cm is placed in uniform magnet field B. 2T making
an angle 60° with field if current is I, then find torque experienced by ring.
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Sol. ©=100x1x2(2x1072)?1sin30°
=1100tx4x107*

= 4lr x 1072
= (41 x1072)]

Ex. Magnetic-moment of a current carrying coil
is M and this coil is placed in uniform

magnetic field B. If torque experienced by
coil is % then find angle between coil &

magnet field
Sol. %:MBsine
6 =30°
This is the angle between coil & magnet
field.

Work done in rotating a dipole from 6, to 6, angle:-

>

W = ere
e1
62
W = JMBsinO.de

8,

W = MB[-cos e]g2
1
W = -MB[cos 0, —cos6,]

W = MB[cos 6, —cos0,]

Potential Energy
W = MB(cos 0, —cos®8,)
Work done in rotating a dipole in uniform magnetic
field from 6, =90°to6, =6
U=-MBcos6
e 0=0°
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U=-MB, ., [stable equilibrium]
T B, Find torque acting on coil for
following case.
X Ya
Z [
Stable
A
B(J)
0 =180°
U=MB, . [unstable equilibrium]
y4 Z ’
By
X
z

Unstable
06 =90°
U=0 [zero potential energy and no
equilibrium]

Ya
B[xt
>X
z

No equilibrium
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Moving-Coil Galvanometer:-

The main parts of a 'moving-coil galvanometer'
are shown in figure. A rectangular coil of several
turns is rolled over a soft-iron core. The wire of
the coilis coated with an non-conducting material
so that each turn is insulated from each other
and from iron core. The coilis suspended between
the 2 pole pieces of a strong stable magnet. The
current to be determine is passed through the
moving coil-galvanometer. As the coil is in
magnetic field B of the permanent magnet, a

torque T'=niAxB acts on the coil. Where n =
number of turns in the coil, i = current, A = area-
vector of the coil and B = magnetic field at the

site of the coil. This torque deflects the coil from
its balance position.

The magnetic pole pieces are made cylindrical in
shape. So, the magnetic field induction at arms
of the coil remains parallel to the plane of the

SP‘ _ Concept Reminder

The neutral position of the pointer
(when no current is flowing
through the galvanometer) is in
the middle of scale and not at the

left end.
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coil everywhere even as the coil rotates. The deflecting torque is T = niAB. Upper end of the

suspension strip 'W' is fixed, so strip gets twisted when the coil rotates. This produces a
'restoring torque' acting on the coil. If the deflection of the coil is '60' and the tensional

constant of the suspension strip is k, the restoring torque is k6. The coil will remain at a
deflection Owhere

NiAB = k0O or i :LO
NnAB

L . . k .
So, the current is directly proportional to the deflection. Constant 2B is non the

galvanometer constant, and may be found by passing a known current, measuring the
deflection 6 and putting these values in above equation.

Sensitivity
The sensitivity of a "moving-coil galvanometer" is defined as

0 /i. From equation, the sensitivity is % For large sensitivity, the magnetic field B should

be high. The presence of soft iron core increases the magnetic field.
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EXAMPLE

A current of 1 amp is flowing in the sides of an equilateral triangle of side 4.5
x 10-2 m. Find out the magnetic field at the centroid of triangle.

BNet =3 (Bdue to one side )

- [T
BNet =3x

7 [cos 30° + cos 300]
7T

- 1

Byer = 3% 10" x———2c0s30° =4x10"° Wb/m?.
Etan 30°
2

Diagram shows a long wire bent at the middle to form a right angle. Show that
the intensity of the magnetic fields at the points Q and R are unequal and find
these magnitudes. The wire W, and the circumference of circle are coplanar
and W, is perpendicular to plane of paper. Also find the ratio of field at Q and R
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Magnetic field at Q is

0

= —uoi i
Q@ 4nd i W, 0
P - —c\\ ol
Now magnetic field at R is S . ~d
uoi \/7 ‘\‘\\» "—__,"
B, = 2 y
R 4nd vP

A long wire carrying a current i is bent to form a plane angle 6. If the
magnetic field B at a point on the bisector of this angle situated at a

distance x from the vertex is written in the form of Kcot% Tesla. Then, find
the value of K.

{cosg + cos O‘} Out of the plane of paper

81.

Magnetic Effect of Current



Magnetic Effect of Current

(i) Two circular coils of radii 5.0 cm and 10 cm carry equal currents of 1A. The
circular coils have 50 and 100 turns respectively and are placed in such a
way that their planes as well as centre coincide. Find out the magnitude of
the magnetic field B at the common centre when the currents in the coils
are
(a) in same sense (b) in opposite sense

(ii) If the outer coil of the given problem is rotated through 90° about a di-
ameter, then what would be the magnitude of the magnetic field B at the
centre ?

@ @

g Mo NS [N, Ny
2r1 2r2 2 r

2 107
= 8m x 10™*Wb/m?2.

- 4Tt><107><1{ 20}

(b)

BN B HoN I

Net
2r1 2r2

jos)
|
|
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(ii)

o2 2
Byet = yB7 +B5 :\/581

NI
= o B _ aon w107,

2r1

Find out the intensity of the magnetic induction B generated by the system
of thin conductors (along which a current i is flowing) at the point A (0, R, 0),
which is at centre of the circular conductor of radius R. The circular part is in
yz-plane.

YA

i A i
TR
y
)
i
Z4 4i
(3 ;
(M
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édue to(1) ~ % (_&)

- B “Oi ~
Bdue to(?) - E(_I)

- Ryl
Bdue to(3) - 4nR (_I)

Byar = 4“;); [(2m—1)T - 1k]

3 i
B = M—OR|:\/4TC2 1-4n+ 1}

4r

i
- “—0[\/4# —4n+2}.

4nR

A conductor contains of an infinite number of adjacent wires, each infinitely
long and carrying a current i. Prove the lines of B will be as represented in fig-
ure & that magnetic field B for all points in front of the infinite current sheet
will be given by, B = (1/2)ni, where n is the number of conducting wires per
unit length.

magnetic lines of force

wire

YYYYY AAAA

A

,,,,,,,,,,,

!
$Bdl =yl
BL+BL = gy [nli]
B_uoni
===
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A thin but long, hollow, cylindrical tube of radius r carries a current i along
its length. Find out the magnitude of the magnetic field at a distance r/4
from the surface

(a) inside the tube (b) outside the tube.

[
&)
(a) loop (1)
B[Qn%} = 1, (0)

B=0
(b) loop (2)

5r .
B [27‘[ Z} = U,

21,

5ur

A closely-wound, long solenoid is kept with its axis parallel to a large con-
ducting sheet carrying a surface current. The surface current through a width
'dl' of the sheet is 'Kdl' and number of turns per unit length of the solenoid is
'n". The magnetic field close to the centre of the solenoid is found to be zero.
(a) Obtain the current in the long solenoid.

(b) If solenoid is rotated to make its axis 60° to the plane of conducting sheet,
then what would be the magnitude of the magnetic field near its centre ?

(a) BNet =0
= U ni = “‘Lk
0 2

k

2n
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B _ 2, 2:2 Hng 2 -Hok 60°
(b) Brer = [HonT" += —+ 2.uoni.— —cos

«B

sol.

o]

j 60

sheet

_HK 5
2

and one more at a angle of 120°

LLQL(Q i k
Byer = {[Han’i? + —2— + 2.u ni.—2—cos 120°
4 2
_ HoK
2

B
» sol.

\__120°

L

An o—particle is accelerated by a potential difference of 10%V. Find out the
change in its direction of motion, if it enters normally in a region of thickness
0.1 metre having transverse magnetic induction of 0.1 Tesla. (Given: mass of

o~particle is equal to 6.4 x 10-?” kg)

sheet

9 “.0.2m
r
0im 4B
D
A 6 W
v __\/
r=™ and —mv2 =qv = 2av
qB gB\ m



A magnetic field of Sk mT exerts a force of (4.0? + 3.0}) x10 "°N on a particle

having a charge of 5 x 10-° C and going in the X — Y plane. Find the velocity of
the particle.

F=q(vxB)
Let V=V,i+V,]
- (4.0? + 3.0]) x 107 = (0.5 x 10‘9)

] k
v,V 0
y

0O 0 8x107°

~

(47+3])x 107 =T[8x 107V, | -][8x 107V, |05

SoV, =100 m/s andV =-75m/s.

An observer's diary reads as follows; “a charged particle is projected in a
magnetic field of and particle's acceleration is found to be (xi + 7.0})>< 10 °* m/

s2. Find the value of x.
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An electron having a kinetic energy of 400 eV circulates in a path of radius
20 cm in a magnetic field. Find the magnetic field and the number of revolu-
tions per second made by the electron.

mv  +2km

9B oB
5 Y2km _ V182 1047
qr 4
f=2
21
2k
_ vV _Vm
2nr 2nr
= V8 x 108 rps.

/91

(a) An e- moves along a circle of radius 1 metre in a normal magnetic field of
strength 0.50 T. What would be its speed ? Is it reasonable ?
(b) If a proton moves along a circle of the same radius in the same magnetic

field, what would be its speed? mass of proton = %x 10°%" kg.

myv
() "ZE
v = 3Br
m
_ 1.6x107° x0.5x% 1

9.1x107%

_ 8, 10" m/s.
91
AsV >C — Itis Not reasonable.
Br
(b) v="0
m

= 48 x 10® m/s.
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A particle of mass m and +ve charge q, moving with a uniform velocity v, en-
ters a magnetic field B as given in diagram.

(a) Find out the radius of circular arc it describes in the magnetic field.

(b) Find out the angle subtended by the arc at centre of circle.

(c) How long does particle stay inside magnetic field ?

(d) Solve the 3 parts of the above problem if the charge g on the particle is

negative.
v TC/4-§
<
B
c
\% / = %
mv
a) r=—
(@) 4B
(b) Angle Subtended by the arc = g
(c) 0 = ot
E = q_Bt = t= m
2 m 2gB
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(d)

_mv
qB

0= 3
2

tzg :37tm
a 2gB

A particle having a charge of 5 .C and a mass of 5.0 x 10-"2 kilogram is project-
ed with a speed of 1.0 km/s in a magnetic field of magnitude 5.0 mT & angle
between the velocity vector and the magnetic field vector is sin-' (0.90). Prove
that the path of the particle will be a helix. Find the diameter of the helix and
its pitch.

B /,vV
\,///\e: #B
v, = vcosO
o mV,
qgB
5x 10" x1x10® x 0.9
= =18cm.

5x10° x5x107°
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Diameter = 36 cm

T 2tm
gB
2
P=vcos0Ox mm
gB
=471vJ19 cm.

A current of 2 A enters at the corner d of a square frame abcd of side 10 cen-
timetre and leaves at the opposite corner b. A magnetic field B = 0.1 T exists in
the free space in direction perpendicular to the plane of the frame as shown
in figure. Find out the magnitude and direction of magnetic forces on the four

sides of the frame.

F=B—l
2

=01x1x01
=1 x 102 N.

. d ©
a b g
J ¥ I
Fe— F
° ° 1 ° 'F<—‘: °

— 4
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A wire of length / carries a current i along the y-axis. A magnetic field exists
which is given by B = B, (i + ] + I;)T. Find the magnitude of the magnetic force

acting on the wire.

Boil[—ﬁ + q

F=28,iL.

A metal wire PQ of mass 10 gm lies at rest on two horizontal metal rails sepa-
rated by 4.90 cm (figure). A vertically downward magnetic field of value 0.800
Tesla exists in the free space. The resistance of the circuit is slowly reduced
and it is found that when the resistance goes below 20 Q, the wire PQ starts
sliding on the rails. Find the coefficient of friction. Neglect magnetic force
acting on wire PQ due to metal rails (g = 9.8 m/s?)

6V

v
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P N E
f F i 6v
4.9 cm ; L 1 5
; f -/ -
Q mg
F=f
N =mg
BiL = p mg
_BL
M= mg

0.8 x 6. 4.9 x 1072
20

= = 0.12,
10x107° x9.8

Two parallel wires separated by a distance of 10 cm carry currents of 20 A and
80 A along the same direction. Where should a third current carrying wire be
placed so that it experiences no magnetic force ?

wire-3

20A4% 80A

X 10 - X

Holy _ F Mol
2nx £ 27(10 - x)
20 80

x  10-x

10 — X = 4x

X =2cm.
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(a) A circle of radius a, carrying a current i, is placed in a 2-dimensional mag-
netic field. The centre of the circular loop coincides with the centre of the
field (in diagram). The density of the magnetic field at the boundary of the
loop is B. Find the magnetic force on the wire.

;bl

(b) A hypothetical magnetic field existing in a region is given by B = B,€,,
where e_ denotes the unit vector along the radial direction of a point relative

to the origin and B, = constant. A circle of radius a, carrying a current i, is
placed in X-Y plane and the centre of circle is at (0, 0, a). Find out the magni-
tude of magnetic force acting on loop.

B
900
/dil AN
Bet—p- s B
?\\\\ /,// J
B
(a) df = BidL
F = Bi (2na) into the plane of paper.
(b)
X
Bsin®

V0
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B =B,¢,
All force elements due to B, cos6 will be added up and due to B, sinf will

get cancelled
dF = B, cos6 | dl

1
dF =B, —xidl
° 2
B_i
F=—2(2na
4 (ora
=x/§iBona.
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