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OUR
INVISIBLE
SHIEED
MAGNETOSPHERE

Nuclear reaction in the Sun causes the solar flare/storm containing high energy charge
particles to approach towards Earth. Now, because of the shape of Earth’s magnetic field, the
charges particles gets accumulated onto the poles. At the poles, the electrons from
atmospheric gases get excited by gaining the energy from these charged particles and because
of this process of gaining and losing energy, they emit light of different colours.

Our Earth’s magnetic field act as shield to protect us from the wrath of the solar storm. This
magnetic field around the Earth is also known as the magnetosphere.



(G Magnetic field of Earth

(<) Earth is a natural source of magnetic field.

() The most prominent cause of this magnetic field is the
molten liquid deep inside the Earth.

() The motion of ionized particle i.e., charge particle in
the molten core of Earth constitutes the convection
currents.

O In case of the Earth, these currents behave like a coil
and produce magnetic field in surrounding.

() This type of formation of current inside the Earth can
be assumed as a bar magnet. Thus, we can imagine
that a bar magnet is placed inside the Earth.
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In case of electrostatics the In case of magnetism the
charges are at rest/static. charges are at moving.

“ Electromagnetism is based on the principle that moving charges can produce electric as
well as magnetic field.



Charge at rest

Current carrying wire is neutral and thus, does not produce any
electric field. Hence, it should not produce any force on a charge
particle.

Practically, when a charge particle is placed at rest in the vicinity
of the current carrying wire, it is seen that the charge particle
remains at rest. Thus, force on the charge particle due to the
wire, Fy wire = 0
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:@::Moving Charge: B

v () When the positive charge is given some initial
velocity, it is seen that the charge is deflected.
y __— Therefore, there must be a field which exerts force
A2 ST T on the moving charge only and the field is not

e . electric field.

y () Itis also noticeable that the force acting on the
/ charge is not along the direction of velocity of the
, charge.

4 (=) Practically, it is seen that the force which is acted
on the moving charge particle by the current

\ carrying wire is dependent on:
i‘l = Nature of the charge particle (+ve or —ve)
ol Pouya ¥ = Velocity of the charge particle
v W ﬁ) 1" = Angle of projection of the charge particle
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Rs Juldb 3”‘”‘ . Porn. similar to the field that a magnet generates.
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(G, Oersted’s Experiment

Hans Christian Oersted performed an important
experiment which showed that there was a connection
between electricity and magnetism. In this experiment he
placed a magnetic compass in a current carrying loop.
When current was switched on through the loop, it deflects
compass needle. Since we all know that a magnet attracts
iron, Oersted explained the observation of the experiment
as it the current had produced a magnetic field strong
enough to cause the compass needle to turn. Hans Christian Oersted

(Denmark,1777-1851)




(G, Oersted’s Experiment

When Switch Is OFF

() When the switch is OFF, the needle of the magnetic
compass directs towards the magnetic North and
magnetic South pole of the earth.

When Switch Is ON

&) When the switch is on, we can see the
deflection in the needle of magnetic compass.




(G, Magnetic Field
) A space around a magnet or a current carrying conductor up to which a moving
charge or another magnet or another conductor can experience a force.
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Question
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fAXB=C

Solution

, then find the direction of C for the following cases.
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Question Solution B
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If you keep fingers of your left hand as shown in the
fisure and your index finger along 4, middle figure
along B, then the thumb will point towards C.
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If you keep fingers of your right hand in the direction
of A and curl them along B then the direction of
thumb will be the direction of C.
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:@::Biot - Savart’s Law ﬁr' ﬁ'
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.@“Biot - Savart’s Law ﬁ: ﬁ
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The law gives the magnetic field generated at a point in vicinity of current

carrying element.
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@ Magnetic Field Due to Straight Current Carrying Conductor

Suppose we want to find the magnetic field at point P which
is asymmetrically placed w.r.t the finite wire.

Consider an element dl at distance [ from the foot of

the perpendicular 0 drawn from P. A
Let the element dl subtends an angle d@ at point P and the o v
position vector of the element from point P is 7. A
Magnetic field at point P due to the element dl is given by,
i o l
‘ - U, (Ldl X 1)
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@ Magnetic Field Due to Straight Current Carrying Conductor B

P

From figure, ¢l - 0'5: : {'MO"&'/C! |:> 7:@”’0-«9

Tz olSeco 0“(7 - déecods
E:)@d@ = Mol [oU +Y) = Mol oy 7 - Sin[t0+0) :
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ol i While finding B due to finite wire, :
B = i (sin 6 + sin6,) only the magnitude of 8, and 6,
should be inserted in the formula. ’ d
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(g, Direction of Magnetic Field Right Hand Thumb Rule

/:I\
@ Point your thumb in the direction of the current flow

and curl your fingers. B
—~

Curled fingers give the W
direction of magnetic field. T
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@ Direction of Magnetic Field Examples

Right hand palm rule

Point your thumb in the direction of the
current flow and stretch your fingers
towards the point where you want to find
the magnetic field. Then, you palm will give
you the direction of magnetic field.
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Question B

A straight wire carries a current i as shown. Calculate the magnetic field due to the wire at
point P located at a distance d away from the wire.

Solution X
Given, d=( 0,=€¢ I
®t,==.30‘ :
o -
We ha\/e B = E (Sln 61 + sin 62) I S
I 60° /- P
= Mot 3 4 R /
HiTq (= j : 30‘1\”/’ °
g — Ho! (V3+1) <t
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Question ﬁ.’ 6

A straight wire carries a current i as shown. Calculate the magnetic field due to the wire at
point P.

Solution

X d- L s tamat o}_%j}tom Potnt - |
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Question Solution

B =

+ sin 6,)

47td : d = a cos 30°
— M : o s (—20° | '
—> B =7 (sin60° + sin(~30°)) ; :
—> B = Uot [/} __; :
#iT Bq :
L hira l
a ~.30°
,\_‘\..\/ ,\2\1
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@ Magnetic Field Due to Straight Current Carrying Conductor

Infinite Wire

Magnetic field due to a finite wire at a distance d is:

B =

4-7Td

(sm 61 + sin6,)

For infinite wire:

91 — 92 — 900

(1> d)

Therefore, the magnetic field at point P due to the
infinite wire will be given by:

= 47 (L4 4)
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@ Magnetic Field Due to Straight Current Carrying Conductor B

Semi — Infinite Wire

Magnetic field due to a finite wire at a distance d is:

Ho = 40
hi T (sm 64 + sin 6,) T glfo.
i \__\:

For semi-infinite wire: 8; = 90° 6, = 0°

. B::ﬂdla

Therefore, the magnetic field at point P due to the T el

semi-infinite wire will be given by:
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Question Solution ﬁ,

An infinitely long wire carries a current i as shown. Find the magnetic field at point P.
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Question Solution

Perpendicular distance of wire from the point P: d = acos37° = 4—5a P
From figure, Q=96 @,=-33° /_/
_ 7
' i
Hol . . r
We have, B = (sin 8; + sin 6,) 0
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Question Solution D

An infinitely long wire carries a current i as shown. Find the magnetic field at point P.
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Question Solution

Perpendicular distance of wire from the point P: d= 34

U\

From figure, §, =q©
@L:-—ss‘

U,
We have, B—— 6 6
Ared (sinf4 + sin6,)
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Question Solution

A square loop of side a carries current i . Find the magnetic field due to the loop at its
centre P.
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Question Solution B

Consider one side of a square loop. We can use formula of finite wire for this side. The total
field is the sum of field due to the four wires.

Given, d=af, =45’ @,=vs N --+___"i N
N J
Net magnetic field at point P: : oS l :
\ 5
Bo-= 4% Bdudo oruwrve +— - "(‘\)@ Y - 4x N v /Q P
— l X \ P I I . 450\
|l WYy ! \
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Question Solution D

An equilateral triangular loop of side a carries current i . Find the magnetic field due to
the loop at its centroid P.




Question Solution

Consider one side of a triangular loop. We can use formula of finite wire for this side. The

total field is the sum of field due to the three wires.

Given, d=2_ @ =¢5 =
72 *h

Net magnetic field at point P:
BNT = Hr P o de o wiye _

_ .,Uolo _..-‘/-}- *—-[2]
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Question B

Two infinitely long wires W; and W, carry the same current i inside the plane as shown.
Calculate the magnetic field at point P.

Solution

As the wires are placed symmetrically | B,
with respect to point P, the magnitude
of magnetic field due to wires is same.

As the wires are on opposite direction, B - TR K-
direction of field due to then at P will < < >

also be opposite. ‘B,

Thus, field due to wires get cancelled
and the net field at point P becomes
Zero.

—
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Question Solution ﬁ B

Two infinitely long wires W; and W, carry the same current i inside the plane as shown.
Calculate the magnetic field at point P at a distance 3 m away from the line joining the two
wires.




Question Solution

Direction of magnetic field due to
individual wires is shown in the figure.
As the wires are placed symmetrically,
vertical components of the field are
equal and opposite. Thus, vertical
component  gets cancelled. Net Wi
magnetic fieldis, =

Brd =B Gos3"

:1111“‘#2

o7 2
:Fﬁé‘:‘_—iﬂ;-——a
FE3L

‘ 3ol .
B = ZMSOﬂ along X — axis |
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Question Solution

An infinitely long plate of width a carries a current i as shown. Find the magnetic field due
to the plate at a point P, located at a distance d away from one of the ends of the plate.




Question Solution

Consider a small element of the plate having width
dx . This element can be assumed as a wire,

Current per unit width of the plate is é
Current in the small element = é X dx

Magnetic field due to small element at point P:

dB= Sool = Mo . dx
Zax RTA M

Net magnetic field at P due to the plate is given by

_atd .

But = [olB= Lol [ = Mol [, _c_z_;_q_]
~ i
a

204 20Q

B Ho! 1n(1+g) X

~ a(2m) d J

.

® P

><



S——

@ MAGNETIC FIELD ON THE AXIS OF A CURRENT CARRYING RING B

Magnetic field at point P :

Y
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Front view Side view



@ MAGNETIC FIELD ON THE AXIS OF A CURRENT CARRYING RING B
Magnetic field at point P ﬁr’

@ Consider a current carrying element dl at the top-most point of the
coil. The current in the wire is in the anti-clockwise direction from the
viewpoint of P. Using ‘Biot-savart law" and ‘Right hand thumb rule’, we
can say that direction of the magnetic field at point P on the axis of
the coil due to this element will be in slanted upward direction, as
shown by the pink arrow in the adjacent figure.

@ Similarly, choose a mirror current carrying element dl at the bottom
most point of the coil. Using ‘Biot-savart law’ and ‘Right hand thumb
rule’, we can say that direction of the magnetic field at point P on the
axis of the coil due to this element will be in slanted downward
direction, as shown by the blue arrow in the adjacent figure.

@ The magnetic field vectors due to the element will be,

dB = Up L(dl X T) = dB = Lol dl ¥ &ma0" _ gy ol
4 |73 nar? qmry
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@ MAGNETIC FIELD ON THE AXIS OF A CURRENT CARRYING RING B

Magnetic field at point P Y

dB

@ If we divide the magnetic field vectors component-wise, the vertical
components get cancelled and the horizontal components get l¢ R

added. Therefore, the net magnetic field at point P will be along the dB sin 6
axis of the ring and directed away from the centre of the coil (anti- . G >
clockwise current) and the magnitude of the total magnetic field X
due to the whole coil at point P will be, dB
- « < X =
Bul = fde&uo ¢ Az di
Rﬁ{?' R R
. - dB
‘E_EJ” __‘/‘UOl Rz ii < sin @ = 7 — \/ﬁ> . dB cos 91\
wﬂ L“T (Rz"l’x ) .zﬂR R +7r "~ i
add - o1 R A - - RN dB sinf
T 3 By= 0 K
YiT[R2+u?) %, 14 } o .
[ 0 L p dB sin 6
HolR? *
Bnet = By = 2(R? + x2)3/2 dB cos 6 dB




@ MAGNETIC FIELD ON THE AXIS OF A CURRENT CARRYING RING

Direction of magnetic field

Right hand thumb rule

@ Curl fingers of the right hand in the direction

of the current.

() Thumb will give the direction of the magnetic
field.

() The direction of the magnetic field remains
same on both side of the ring until the
direction of the current changes.

() The direction of the magnetic field changes as
the direction of the current flowing through
the ring changes.




@ MAGNETIC FIELD ON THE AXIS OF A CURRENT CARRYING RING

22> For asingle loop 2> Fornloops
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@ MAGNETIC FIELD ON THE AXIS OF A CURRENT CARRYING RING B

Magnetic field at the center of the current carrying ring
[ )4

B HolR?
 2(R2 + x2)3/2

ﬂAt centre, x = 0
X .
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@ MAGNETIC FIELD ON THE AXIS OF A CURRENT CARRYING RING B

B vs x plot

B HolR? /
e

< >
() Asx increases, the magnetic field decreases. —X / X

@ At the centre of the ring, the magnitude of
the magnetic field is maximum.

B: .Uti[' -— BM{
XR.

At x - oo, the magnitude of the magnetic
field due to the ring is zero.




@ MAGNETIC FIELD AT THE CENTRE OF A CIRCULAR ARC B

@ Suppose we want to find the magnetic field at the centre of the circular arc
PQ having radius R. Let the angle subtended by the arc at 0 be 8.

@ Consider a small length element dl. The angle between dl and R is 90° at
each point on the arc.

@ Therefore, the magnetic field at 0 due to the element dl is given by,
ps Mot RS
T RY

OLp :Lloi OU

L\[I Rz'

Bt ﬂfdi

HITR*

- Mol Fo - ol 6 et
4 R

@ According to the direction of current, the magnetic field at 0 is directed \\/Q/
into the plane of thering i.e., "®".



@ MAGNETIC FIELD AT THE CENTRE OF A CIRCULAR ARC

General Formula: p 10
, =
41 R

CASE1:0 = 2 (Circular loop)

_ Ho i(2m)
4T R

_Ivloi

Bo =

Bo

CASE2:0 = m (semi — circular loop)

U 1(1T) =

B, = — o

° 41 R 4 R
CASE3:0 =m/2 (quarter loop)

Ho L(1/2) L

BO - BO = @_

4T R 3 R




Question Solution *ARDS

Consider the following infinite wire and find the magnetic field at point 'O’.




Question Solution

The configuration given in the figure can be splitted as
shown in the figure. Here, we have two semi-infinite wire
and one semi circular loop.

Mol

The magnetic field due to a semi-infinite wire is, Bgjyy = ——

4TTR

The magnetic field due to a semicircular wire at its centre is,
_ Mol

Bsew = 7¢

At point, the field due to all semi-infinite wire and
semicircular wire is directed into the plane of the paper.
Thus, the net magnetic field at point 0 will be,

_ ~u°‘°@ -tlial'@l Lot §) Hol Mol
T o4mR HR . LR = 1= onR T 4R ®

B=|r—s+—

F Hol  Hol
(ZnR 4R>i§)




Question Solution

Consider the following wire and find the magnetic field at point 'O’.




Question Solution ﬁ! B

The configuration consists of: (1) A semicircular ring of radius 2R, (2) A
semicircular ring of radius R and these two rings are connected by
conducting wires.

Since point 0 is lying on the line of the =0
connecting wires, the magnetic field due t0 @ —s—n -.- —-o
them is zero. Jj'g. =0

The magnetic field due to the semicircular wire of radius R at

its centre is, By = M Q

The magnetic field due to the semicircular wire of radius 2R at

l
its centre is, B, = Z—OR

Since By > B,, the direction of net magnetic field at 0 will be “®" and since the direction of B; and B, are opposite
of each other, the magnitude of net magnetic field at 0 will be,

Bzﬂoi_ﬂoizﬂ_()i
- | AR  8R S8R
l
=2 &

SR )




Question Solution

Consider the following infinite wire and find the magnetic field at point 'O’.




Question Solution

— (-k
The configuration given in the figure consists of two semi-infinite Y . 4R (=k)
wire and one semi circular loop. The semicircular loop is in XY plane.

The magnetic field at point 0 due to a semi-infinite wire is,
Bszw = ( )

The magnetic field due to a semicircular wire at its centre is, Hol
ESCW - Z_(;:(_E) 4TR
The net magnetic field at point 0 will be,

5 Xl (7). ol (%)

LR 4R
Mol
B =12 () +E% (B

‘ .Uo \
= (=) + ( k) ;
| 4




Question Solution

A long, insulated wire is closely wound as a spiral of N turns. The spiral has inner radius a and
outer radius b. A steady current i flows through the wire. Find the magnetic field at the
center of the spiral.

\‘

QN



Question Solution ﬁ-

Consider an elementary ring of thickness dx and radius x. Therefore,

total number of turns in thickness dx is (blja) dx.

We know that the magnetic field at the centre of a current carrying ring

of radius R and having N number of turns is, B = “;gi

Therefore, the magnetic field at the centre of the elementary ring is,
ob = ._.1-*—"-": o
VgD (b~

Therefore, the net magnetic field due to the whole wire at the centre is
given by,

The direction of current in the spiral wire suggests that the magnetic
field will be coming out from the plane of the wire.

[ UoNi b
B

BzZ(b—a)ln ®

)

a

b
A |
b-a wigkh Mo — N T
[ wicth —9-___{_\_'_ +uras
b-a
dn wioth ., N .da fwes
(b~)
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Question Solution D

A uniform circular ring and two infinite wires are connected as shown. Find the magnetic
field at the center of the uniform ring.




Question Solution ﬁ'

Since point 0 is lying on the line of the of the straight wire,
the magnetic field at 0 due to the straight wire will be zero.

Let the resistance per unit length of the wire is 1 Q/m.
The resistance in the lower part of the circle is, Ry = ARO
The resistance in the upper part of the circle is, R, = AR(2m — 6)

From the configuration shown in the figure, the resistances are
parallel to each other. Thus, if i; and i, are the currents
through the lower part and upper part of the ring, respectively,
then,

oo o1 L
ll'.lz"'ﬁ:' R, (JRQ AR’.‘U’["O) ,/
Corvy (@78 (8 ,
o 1 =0 -
(= 21-6 .| AT o

Q1T



Question Solution

The magnetic field at 0 due to the lower part of the ring is,

_Hohb
B = R
BL', = .Llo@.il"'e)l N0
&m*. R

The magnetic field at O due to the upper part of the ring is,

B'. - dlo L2 ,(Qﬁ'@)@

¢ HTTR
= o & -[Qﬁ"@) ! @ |
3T R

Therefore, the net magnetic field at point 0 is given by,

r
Bpet =0
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Question Solution B

Suppose a current carrying straight wire of length [ = 2mR is converted into a n-sided
polygon. Find

(a) The magnetic field at the centre of the polygon.
(b) The magnetic field at the centre of the polygon if n — oo.

[ = 2R



Question Solution ﬁ,—

The magnetic field at 0 due to n -sided polygon is, Byer = n X By
Where B, is the magnetic field due to one side of the polygon

For one side of the polygon

l 2R
I_ength, ll = ; = T
Total angle subtended at 0 = 2—”. Therefore, half-angle is, 6 =%
b/ TR TR w
Therefore, tan 8 = ( 2) = = d=—cotd = d= ——cot—
d nd n n

The net magnetic field at point O due to one side of the polygon is,

B, = [2 sin 6]

4-7Td

Therefore, the net magnetic field at point O due to whole polygon is,

: [ . TT]

UoNni T i |[tan —||sin —

= [2 smd = _ Ho n” nn
41 [— cot ] ZR Py n

A

\ 4



Question Solution

We know that: lim |22 x]

— 1 and lim |&® x] =1
x -0 X

x -0 X

/

Let x = % Thus, for 'n = " “x - 0"

Therefore, for “n - ", the expression of magnetic field becomes:

ot
2R

Hence, the n-sided polygon becomes a circle for ‘n — oo,

Bnet :

A

\ 4



.@“SOLENOID.

() Asolenoid is a type of electromagnet.

() Itis used to generate a controlled magnetic field through a coil wound into a tightly
packed helix.



(S, SOLENOID $
Magnetic field at point P present on the axis of the solenoid

() We can assume a spring or helix as a configuration of solenoid provided the pitch of the helix
is infinitesimal.

() The solenoid can also be assumed as composition of infinite number of rings provided the
distance between each ring is very small.

N
——

n = no.of turns per unit length

N = total turns

() The magnetic field inside the solenoid is nearly uniform and the field outside the solenoid is
negligible.



:@::SOLENOID: ﬁ' $

Magnetic field at point P present on the axis of the solenoid
‘ [

Consider a ring element of the solenoid of
thickness dx at distance x from the point P.

Let the angles made by extreme points of
solenoid with axis at point P be 8, and 6, and
the angle made by ring element be dé.

Number of turns of wire in ring element,

nn-ng=7><dx=ndx =

Therefore, total current in the ring element is, >
ip = (Number of turns in the element) X (Current through each turn) <

ip = ndx X i i = Current flowing through solenoid

We know the magnetic field due to ring at an .
axial point, so for ring element ; p X
UoloR*  poni(dx)R?

dB = = 7
2(R?> +x%)2  2(R? +x2%)2 4



:@::SOLENOID. O

Magnetic field at point P present on the axis of the solenoid

\4

dB

HoiR? ) l
— Z(RZ n x2)3/2 .ndx ... (1)

From figure,

P
tan9=; = x = Rcotf P 25

Differentiating, dx = R(— cosec?6 d@)

Substituting the value of x and dx in equation (1), 8-
iR? dx
dB = Ho =.n(—R cosec*6 db)
2(R% + (R cot0)?)2

MoiRZ 2 ,/” i
= dB = =.n(—R cosec*6 dB) - (1 + cot? O = cosec?0) T ' R

2R3(cosec?0)2 R L

Uoni sin 6 dO

> dB = —
2




.@“SOLENOID.

Magnetic field at point P present on the axis of the solenoid

Uoni sin 6 d6 ) l
dB — = -1
Integrating for net magnetic field: R
5 oS
ni 2
B, =[dB=-"""1] sinode
2 Jo,
Hont 0
Bt =— > |— cos H]Hi
ni
b= lioT [cos 8, — cos 6]
Hont This formula will give magnitude of magnetic field and the

b = e [cos B, — cos 6, ] direction can be found by using Right hand thumb Rule.




.@“SOLENOID.

Examples: Determining value of 8, and 6,

_ o ni
01 = 30 &= i lcos @5 — cos 0,]
) Z
- The angles 6, and 6, should (_
6, = 120° be taken from same side. 0, =
),




.@“IDEAL SOLENOID

@ A solenoid can be called as an ideal solenoid if the following conditions are satisfied:

@ 1> R = long solenoid

() n=N/lisaverylarge number
= wire is very closely wound.

() For ideal solenoid (length: infinite, radius: small, winding of wires: very tight), the field
inside the solenoid is uniform and the field outside the solenoid is zero.



(S IDEAL SOLENOID $
Magnetic field due to an Ideal solenoid (Il >> R)

ni
B = #02 |cos 8, — cos 6]

For ideal solenoid, . o o } 9.6 IS
J:w @, —0 .' \ "9, 2\8U
‘ °) \ > — - , e v
0, — t80 < 1>>Rl C—,w’aba (chosd nold
B= Jont [Coblgd - (6] 3= Lonr’
N

h .
~ Lonl l - &ac’ Roana . B HoTll




(S, IDEAL SOLENOID ﬁ’

Magnetic field at one end of an ideal solenoid

ni
B = 'MOT lcos 6, — cos 6]

6, =~ 90°and 6, =~ 180°

B = Mot [ Gsorgo - (9]
I}

[
o

- Uﬂﬂf Mda_j,q/&d'
/
_ Mot
e 2

(TN
T
-~
~
-
-
-
-~
-~
-
-~
-~
-~
-
~ '
-~
-~
-
-
-~
-~
-
-
-~
-~
~
-
-~
-~
-
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(S, IDEAL SOLENOID

B vs x plot

\ 4

S——

O

/

Homil
B = -
2

7
|cos 6, — cos 6]

For an ideal solenoid, field is almost
constant inside. At the points near

its end, variation
it becomes half

in field is seen ana
at the ends. The

variation is shown in adjacent graph.




@ PROPERTIES OF MAGNETIC FIELD LINES

Magnets
A
— —m
Pole LA M= mi
Strength Magnetic
moment
~ +m \7
+m -m- m= folo
N 5 | lsanghy

—

e "

o m

4

el “‘”"“ﬁw

pogre

N N
REPULSION
N

ATTRACTION

Like poles repel each other and
unlike poles attract each other.



@ PROPERTIES OF MAGNETIC FIELD LINES

() Magnetic field lines originates
from North pole and goes in
South pole outside the magnet.

() Field lines travel from South pole
to North pole inside the magnet.

gj\, M) j/ ¢ 0)

Q\S‘
<
.



@ PROPERTIES OF MAGNETIC FIELD LINES ﬁ,’

() Outside the magnet, field lines travel from north to south pole.

() Inside the magnet, field lines travels from south to north pole.

@ Magnetic field lines always exist in closed loops. (Different from Electric Field lines)

(© Tangent at any point on magnetic field line gives the direction of magnetic field only
and not the direction of the magnetic force.

() Two magnetic field lines can never intersect each other.

() Number of field lines coming in or going out from a pole are directly proportional to
the pole strength.

(© Density of the number of field lines represents the intensity of magnetic field at that
point.
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@ SHAPE OF MAGNETIC FIELD LINES B

el g
o I L : Apply right hand thumb
M : rule to find the direction
) T of magnetic field.
YYY YYY
'\ > '

Circular Ring

Straight Wire

W




@ SHAPE OF MAGNETIC FIELD LINES

/ B;D

i)y X . oJoJoJoJolofolojolololofolo
b= o (Contlank )

RN \\ \
W % % -

v |deal solenoid

2

DA

Real solenoid

prackitl et fobootd RS
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(G Ampere’s Circuital Law ﬁ O

() The magnetic field created by an electric current is proportional to the size of that electric
current with a constant of proportionality equal to the permeability of free space.

While assuming the loop, assume the sense
of rotation of loop also. This will decide the
positive and negative sign of current. Here,
the sense of rotation along the loop is
chosen in such a way that upward direction
becomes positive.

is

—Ampere’s Loop

Current i, is only due to the wires passing
through loop i.e., (iy, iy, i3)

B : Magnetic field due to all the wires (inside or
outside)




@ Ampere’s Circuital Law ﬁr’ B

i1 B
@ B :Magnetic field due to all ,LiS
the wires (inside or Ao
outside) ‘ P P
=
i4T i i

The line integral of B.dl along any closed path in a region is equal to p, times the total

current crossing the enclosed area.

fﬁa—i = Ho lin




(S, Ampere’s Circuital Law

> Draw Ampere's Loop

> Use right hand thumb rule

i1 = +ve I, > —ve I3 > —ve

> Consider dl

> Closed line integral of B. dI for the loop “

fﬁ-_l):.uo (iy =iz —i3)
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(S, Ampere’s Circuital Law B

f it is valid everywhere, but we can calculate magnetic field using ampere's circuital

law only when following conditions are satisfied:

() highly symmetrical current distribution ~

@ Infinite long wire (Thin & Thick)




(S, Ampere’s Circuital Law *ARDS ﬁ’

Magnetic field due to a long straight current carrying wire

———————

\‘ ”'
N A
/ /
I Ampere’'s Loop T AT

b
I
*,,,‘?‘,,1.
= / Sl
=

= Hol
27T




(S, Ampere’s Circuital Law

Magnetic field due to hollow current carrying infinitely long wire

> Inside the wire; I
- T — mpere's Loop - i
?6(‘“ = Molin e
B-2ny=0 /,/ﬂ_‘ .
B =10 IB;O r
> Outside the wire: R)
B: ,Uol“
XY |
g Mol B

= 7




(S, Ampere’s Circuital Law

Magnetic field due to hollow current carrying infinitely long wire

a 0O

B0),

Hol

Lol Forr >R; B = —

Forr=R; B==——= 2mr
2R

Forr<R; B=0—09



(S, Ampere’s Circuital Law

Magnetic field due to solid current carrying infinitely long wire

> Inside the wire;

Y<R
; 'B"Ou = Uolin
B =MO]T' y JJ '.ﬁ-r#
2 pafy =t
B> Hof
. e
> Outside the wire:
ouloth ——
ui 27
B ="
i

e
= | )
—— = Current densit
j TR? y

Ampere's Loop

‘.l-: !l""




(S, Ampere’s Circuital Law
Magnetic field due to solid current carrying infinitely long wire

1 (r)L Hol

i Forr >R; B=—
Forr = R; B = 2 2mT
2TTR
A\
Bt ,
ne
/ /=
4N\
,quT WL ' ’ L
Forr < R:B = \
2 > |
r "/‘l



Question Solution

An infinitely long wire of radius R is carrying current in it. If current density inside the wire
is varying as | = J,(r) then calculate the magnetic field at a distance r (r < R).




Question Solution

prm——

24
{Bo‘lﬂ'f;‘ ﬂofjh)-iﬁno/m]
(0

YZR
e

/

p-ary = Mo Iy

r . -
B X (ZTL'T) = ‘uof ]O(x) X 27tx X dx \ ﬁ-&l‘l ke JJO\/;('()"Q"J"J’L
0

O



Question Solution .

A cylinder of radius 4R having cavity of radius R (as shown in the figure) is carrying current
of density /. What will be the magnetic field at a distance 8R from the axis?

8R




Question Solution

8R 6R




A —

Question Solution B

A cylinder of radius 4R having cavity of radius R is carrying current density /. What will be
the magnetic field at point P which is at a distance 2R from the axis as shown in figure?

2R 2R



Question Solution




Question Solution .

A cylinder of radius 4R have a cavity of radius R. It is carrying current of density /. What will
be the magnetic field at a point P as shown?




Question Solution

25116, B0y .

o~ rd

i B,
b2 8 0

B;(MO,_]" pl (OD&I

Y X

n-diechen  B,SuY, — 3,30, : l?xaa@z_-r ,Go [
= Bof [ v Sin0, - 7,‘_3‘.’103] | {:1 ¥, (29, —m@s,]
B A : ]
=9 R ' = Mo {4 (conlad
i Q O(IF.QCJ'w., LA



@ Ampere’s Circuital Law | vﬁv ﬁ’ 6
A solenoid is a type of electromagnet, the purpose of which is to generate a controlled
magnetic field through a coil wound into a tightly packed helix.

Magnetic field due to ideal Solenoid

A solenoid can be called as an ideal one if the
following conditions are satisfied :

« I >» R = longsolenoid

« n=N/L is a very large number

= turns are very closely wound.




@ Ampere s Circuital Law B

Magnetlc field due to Solen0|d Ao . B |§| ~0
. : i
nl | 1
B ='uOT[cos 0 — cos 6,] | J i
D I C T ar

Magnetic field due to ideal Solenoid
(Infinitely long, I >> R)

8, = 0°and 6, = 180°

ni ni
B = 'uOT [cos 0° — cos 180°] = lloz [1—(—1)]

Number of turns per unit length (B L10) (B L)
B = ypni along the length of the solenoid '




@ Ampere s Circuital Law

Magnetlc field due to Tor0|d

A toroid is essentially a solenoid that is bent into the shape of circle.

N = Tola] A
n= N_
LR

Inside toroid :B =0

Qutside toroid : B =0




@ Ampere s Circuital Law

I\/Iagnetlc field due to Tor0|d f)dnfw‘s pr
¢EJJ = Molifa.
Ampere's Loop B-&TR =Mo- N

3= UO"[ = Mo’ /
tTR

—> Magnetic field within toroid

HoN1

ZATR
|

B0=

N =Total number of turns

Bo = pont
|

L = Number of turns per unit length
along the length of the solenoid




.@“Ampere’s Circuital Law B

Magnetic field due to infinite sheet carrying current

AA/m 2!

:/r\ﬁlm
/
| LA }““""}A T D'f /:7 ﬂ’ 7
: 1 =
/] K l] : T < R A
4 BN Yl
& . L < B
C <= 21L‘: T
_I_DIII_ i' H"‘ \51 g's’ou = Uolin
I \
) / Vo
A6 _PC cp DA
{13 _
pY To +Bf+ O = Jodf
_ Mo emchd”
e HoA B"’Z‘.‘ B M{;
e _ o}




(, .Force on a moving charge in magnetic field.

* |Flxq * |F|[ o |B]
o |F| x |V ¢ |F| « sin@

Observation:

Magnetic force: F =q(#xB)

Magnitude: |F| = q|¥||B|sin6

Here, 6 is the angle between % and B.

@ As the force is always perpendicular to velocity,
work done by it is zero. As the work done is zero,

only direction of velocity changes and its

magnitude remains same.

©

Direction of force is same as (# x B) if q is +ve.

®

Direction of force is opposite to (# x B) if q is —ve.

P~
.‘- f € € €« €« €« &« &« ==

Y
© '\’
, ~
U,'/
O&—F
q B
:__,,
v
[
Y
E,=qgli xB)
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Question B

If a charge particle has the velocity in west direction inside the magnetic field as shown,
then find the direction of magnetic force.

Solution
0) N
Here, the charge q is +ve. A
. | | R fl W < > F
Thus, direction of force is same as (v X B). X
\4
- . - S
As v is directed towards West and B is i
coming out of the plane of paper, ¥ x B q
is directed towards North. B

North direction

.



—

Question B

If a magnetic field is acting in the west-south direction and velocity of the charge particle is
inside the plane as shown, then find the direction of magnetic force.

Solution
(Velocity inside the

Here, the charge q is +ve. plane direction)

Thus, direction of force is same as (& x B). /g
B

As ¥ is directed inside the screen and B

is towards South-West, # x B is directed
/Q| J
towards North-West. /z DR

qorth—west directioD



A —

Question B

If a magnetic field is acting inside the plane and velocity of the charge particle is in west-
south direction as shown, then find the direction of magnetic force.

Solution
Here, the charge q is —ve. Y, /ZC,N
— s
Thus, direction of force is opposite to (v X B). X B® \T
W< >F
As # is directed towards South-West and B is } 3, %

moving in the plane of paper, # x B is directed

towards South-East. As the force is opposite to

9

U X B it will be directed towards North-West.

| North-west direction



@ Force on a moving charge in magnetic field

Case 1:When ¥ is parallel/antiparallel to B

() When the velocity of the charge is parallel
or antiparallel to the direction of
magnetic field, the force acting on it will
be zero and the path of the particle will

be a straight line.

|F| = q|¥||B| sin 6 F-0

Q-0 o §=1%0




@ Force on a moving charge in magnetic field

—

Case 2:When 7 is perpendicular to B
Vmﬂ«uﬂﬂbl

when _\-/.-—-l-_g’ Fﬂ = % U’B'élhcld = ‘L’l}&l -

() Magnitude of magnetic force is always fixed and given
by |ﬁm| = quB

() Direction of magnetic force will change due to change
in direction of velocity.

Magnetic force is always perpendicular to velocity,
therefore charge particle will execute the uniform
circular motion.

Gy odose |

—-—.—______..——-

T~
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@ Force on a moving charge in magnetic field B

—

Case 2:When 7 is perpendicular to B

(© The magnetic force provides necessary centripetal

———— g force for UCM. Thus, the radius of circle can be
obtained as:
R 2
. . ; muv muv
quB ,' quB = — qB

/
/
4
/7
/7
4
4
'
’
Pe
-

) Time period of the uniform circular motion is given b
l q P 8 Yy
muv? 2R 2mm
i p— =
R v :> qB

@ Time period is independent of velocity



@ Force on a moving charge in magnetic field B

Case 2:When 7V is perpendicular to B - 2mm
=
...... B () Frequency of the uniform circular motion is given by,
1 qB
, R f=7 = 1= 2m
quB
] () Angular frequency of the uniform circular motion is
—— UV given by,
q 2T
B
mu? W= = w==
m




Question Solution

A——

O

In a magnetic field of 2 T, an alpha particle and an electron are released with the same

velocity. Find the ratio of radii of their circular trajectories.

Given that m, = 7294 X m,.

===

~ Y -

-———
®

-
1
-
-

Alpha particle Electron



Question Solution ﬁ: B

Given: By =B, =2T =
mg = 7294 X m, qB
B 6
Radius of circle /\1-"-“- M+ U= 1 N S 7
for Alpha particle: +20.3 -(1) /

: - . Re = Me V- ." Ry "' . Re
Radius of circle for electron: Ke I (2) : ° S g
Dividing equation (1) by (2); _om

Re2TE g e

2647
R‘(-M'( 1 ':.‘—72.0\“]

a—
mem——

R‘?— me 2 %

Alpha particle Electron

a
— = 3647
R



Question ﬁ: ﬁv

A—

O

A charge particle of mass m placed at the origin as shown where magnetic field B = B, 1 and

velocity ¥ = v, j. Find the position vector 7(t) = xi + yj + zk after time t.

Solution

As ( x B) is directed along —ve z-axis, the circle will y
A

be in y — z plane.

Thus, value of x will always be zero in position vector. L v,

We know, the radius of circle, R = % q By
|

Hence, the coordinate of centre of circle, (0, 0, —%)

At time t, consider the particle moves to 8 = wt,

qB Z

where w = —.
m

>X



y
! —mv || ——qB
7B || S5
Vo
B —
q ,O >X —— ,:'
Z From figure,
_ mv  (qB
y =Rsinf =—sm(—)t
qB m
muv
Zz=—(R—-—Rcoswt) = ——
qB

x =0, yzmsin(ﬁ)t, Zz—ﬂ(l—cos(

qB

[1 — cos (ﬁ) t

1)

qB

m

> <2

m

[ —
=0y, 2) ,
,'l.: b y UO //
R/I E . BO
/\wt: q
TR
t=20



Question 6

A charge particle of mass m placed at the origin as shown where magnetic field
B = —B, ] and velocity % = v, k. Find the position vector 7(t) = xi + yj + zk after time t.

Solution X

Here, the directions of magnetic field and velocity are
changed. Rest of the problem is same as previous.

As (¥ x B) is directed along 4ve x -axis, the circle will

>X

be in x — z plane.

Thus, value of y will always be zero in position vector.

We know, the radius of circle, R = % Z > .
Hence, the coordinates of centre of circle, (%, 0,0) . 2




qB

At time t, consider the particle moves to 8 = wt, where w = —
A
y
. tP(x,y,z)
voy N
ot
: > —
R
1B
| e
Z qB
From figure, x = (R — Rcoswt) = [1 — cos -

mv
qB
Z—Rsma)t——sm( )
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Question B

A charged particle of mass m enters a magnetic field B with velocity v, as shown. Find the
deviation and time spent by the charged particle in the magnetic field.

Solution B l<3)9 IS >
| Xl
Velocity of particle is perpendicular to magnetic field. —~— /gl"*u
y orp | perp i & | | < /’/\[_ .
The force acts on in upward direction. Hence, particle o
moves in circular path in magnetic field. It completes a 4, vy D%+
semi-circle and then moves in straight line as magnetic o l
Tio ¥ +
field in not present. A 3
e—
q
. L . . e * * f
As the particle completes semicircular path in magnetic
|

field, the deviation is 180° or «r rad.



We have, (9.—:_[*}5—.
m=98 -t
M

Thus, time spent by particle,

_L:m

91>

‘ t = @, 180° devaition

qB )

SRS

-_Y_



Question ﬁv 6

A charged particle of mass m enters a magnetic field B with velocity v, at an angle 6 as
shown. Find the time spent by the charged particle in the magnetic field.

Solution
Y tp T ¥
Velocity of particle is perpendicular to magnetic field.
. * ~+ -+ e
Hence the force acts along v x B as shown in the
figure. Centre of the circle lies on the line along the T B A oo\f
direction of force at radius, Q
TV ot -+
| 7
R=ne gffe
15 i




From figure, angular displacement of particle inside magnetic field is (z — 20).

We have, T-26 :_‘1_1_1_3.-{- = m-28) m'
™m

\ B

o R — 00




Question Solution ﬂv B

A charge particle of mass m enter in the magnetic field B with velocity v, at an angle 6 as
shown. Find the time spent in the magnetic field by the charge particle.

— OO



Question Solution

Velocity of particle is perpendicular to magnetic field.
Hence the force acts along ¥ x B as shown in the

figure. Centre of the circle lies along the direction of

force with radius, R= rm%

98
From figure, angular displacement of particle inside

magnetic field is, i1 - [n.—ze) = (7 + 26).

We have, (/T+26) = 4B .+ 1= m(m+26)

(_m
o q

B(n+29)

)

S=a -
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Question Solution B

A charge particle of mass m enter in the magnetic field B with velocity v, as shown. Find
the deviation of the charge particle. Given that t < R.




Question Solution ﬁv

Velocity of particle is perpendicular to magnetic field.
Hence the force acts along # x B as shown in the figure. Centre

of the circle lies on the direction of force at radius, R= %
Ve

As the width of magnetic field space (t) is less than the radius of
circle, particle can not complete the semi-circular path. It exit
from magnetic field at angle 8 with horizontal as shown in figure.

From figure, when particle exits magnetic field,
Swo = g
O = Sm -‘(ﬂR)




@ Force on a moving charge in magnetic field

Electron Gun

@ An electron gun is a source of focused and accelerated electron beam

_0
) Power source heats up the /* u=-eV
( kg=1

!

filament coil and electrons are
. N . eE
emitted by thermionic emission. 4 ~ el

Vacuum tubpe

@ A battery is connected across
the vacuum tube through which
accelerated electrons move out. —

From energy balance between T /N /|
points 4 and B, Vl
KE+ Up =K Egtln
—ev= 0t0 | |
i () Thus, electron gun provides highly accelerated

rR
M /G.’ V"'i‘”"'u] electrons that are used for experiments.




@ Force on a moving charge in magnetic field

Electron Gun

@ An electron gun is a source of focused and accelerated electron beam

_0
) Power source heats up the /* u=-eV
( kg=1

!

filament coil and electrons are
. N . eE
emitted by thermionic emission. 4 ~ el

Vacuum tubpe

@ A battery is connected across
the vacuum tube through which
accelerated electrons move out. —

From energy balance between T /N /|
points 4 and B, Vl
KE+ Up =K Egtln
—ev= 0t0 | |
i () Thus, electron gun provides highly accelerated

rR
M /G.’ V"'i‘”"'u] electrons that are used for experiments.




@ Force on a moving charge in magnetic field

Electron Gun

@ Velocity of an electron of mass m
accelerated through the potential V' is

given by,

Cv: _Lmp?

N\

B oL
e U° Zel/j/"w v
™m
Spd

N‘]
®
o

3|




@ Force on a moving charge in magnetic field

Electron Gun

() When an electron is accelerated through
the potential V, its energy become evV.

) When a charged particle of mass m and

charge q is accelerated through the
potential V, its velocity is given by,

B

© Momentum of the particle, P= me-

From equation (1), ¢ V= KE =

2
P___ .'.-‘__1 mv?

Lm o

F:’,Zm KE :/Zm‘;l/]
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Question Solution B

An alpha particle of mass m is accelerated through a potential VV and falls perpendicularly in
a magnetic field B with velocity v. Find the radius of its trajectory.



Question Solution ﬁ’

We know that an Alpha particle is a nucleus of Helium atom. When two electrons are
removed from the He atom, it becomes positively charged alpha particle. n *2¢

He
Charge on Alpha particle, g = 2e A

As the particle is projected perpendicular to magnetic field, it moves in circular trajectory.

Momentum of the particle, p 3/ 4m gev = &{mev

Radius of the trajectory, R= M¥%

-::"_-....—-‘

]
P \
0
- D
2

p—

— e
mV /&

= =[mv.
N ) ee

===
—
—

oy




@ Force on a moving charge in magnetic field

Mass spectrometry

X XB
@ Mass spectrometry is used to segregate the two isotopes of same material.
P Yy greg P \
Isotopes have different no. of neutrons and same no. of protons. D - -
R
() When the isotopes are accelerated by same potential and projected TR,
perpendicular to the B, they travel in circular path with different radii. i k
As the potent.ial 'S same and ' Radius of trajectories, .
masses are different, |
R = VAV [gRw
ES TS T = ~ = JO —
? A i Fm, 4 ,\—/&mﬂ\/ i 144 Z > /___B_!_:: »
vz Lmh = g R
: ""'M q,0%

Dz —'02"13_ P& = H"&a"‘y
@ Isotopes are segregated as they travel in different paths.

) Mass spectrometry is an analytical technique that is used to measure
the mass-to-charge ratio of ions by measuring radius practically.



@ Force on a moving charge in magnetic field ﬁ,' 6

Mass spectrometry

Practically, a magnetic field space of thickness t and a
ZnS screen is used. The particle is slightly deviated in
the field and then moves in straight line to screen.
Distance between screen (D) and the magnetic field
space is more compared to thickness of field.

As the deviation (8) is small, sin @ is also small.
We have, Sme=tlg R=mo-  R=[2nqv -
CREG TSERE) x .
From figure, {Mg 2d/ 202 Q. E%‘%’ib; —
/D "0 O hna M
R -J;

g dtvecdien /gamt

4 l(__—" mann ,&oﬂ} R"M

=% v
o @a% 1

~_.._-\J
Qc
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@ Force on a moving charge in magnetic field B

When angle between B and v is 6

Components of velocity:

Helical Path with
v, = vsinf v||=vc056 y

constarg)t pitch
@ v. imparts circular motion whereas the v,

helps for linear motion. The resultant path $
becomes helical with constant pitch. Particle : 5 b
touches x-axis after every helix. R |

® Magnetic force on the charge particle is

E,. =0 0.0 Pitch

) Radius of the circle is given by

_ mu. . muv sin 6

qB qB




@ Force on a moving charge in magnetic field

When angle between B and v is 6

v. =wvsinfg v = vcosf

y oHelical Path with

@ Time period of the particle is constant pitch

2 V. U d
= T is independent of 6 !
qB : f B
-ty x
@ Pitch (P) of the circle is given by q e
_____ R q
P = v % T 2mm Pitch

P = g—0
U COS =
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Question Solution B

A charged particle g starts from origin (0,0) with a velocity of v = v;1 + v, in uniform
magnetic field B = B, 1. Find the position vector #(t) = xi + yj + zk as a function of time t.




Question  Solution Y 0

Here, the magnetic field is along x — axis.

GI\/eﬂ, 1}) — vli + vzj

As v, is parallel to magnetic field, it leads to linear motion

%E

v, is perpendicular to magnetic field which leads to circular

motion with radius, p - 49,
A

<
<

For the helical motion of particle in given conditions, -

W= 7/3 T=2»

e —

T v 9@




From the figure,

y-coordinate at time t,

(]-‘-R&G W=
=my, O,
' (181)

z-coordinate at time ¢,

Z-’-*R(’—&wﬂ

mw,_ [ 6 /w+))

mv, . [(qB,
x=v1t;y=qB sin mt r Z
(0]




(@ LORENTZ FORCE

@ The particle in the adjacent setup deviates due to a force.

1. For us the particle seems to be moving with velocity v in
upward direction, so we will say particle is experiencing magnetic
force. E, = q(# x B)

2. But, for an observer in lift moving with same velocity in
upward direction, velocity of particle is zero (in upward direction).
Still the observer will see particle moving away from him. Why?
39 3igHl & W@ Deviation &I HRU Magnetic force - ©
Flectrostatic force 8 | Fy = g




(@ LORENTZ FORCE

Lorentz Force is a force on electrically charged particles due to

A electromagnetic field. It is simply the sum of electric and magnetic force.

A ﬁnet=QE+Q(7})X§)

() Electrostatic Force and Magnetic
Force depends on reference frame.

() Lorentz Force does not depend on
reference frame.
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@ LORENTZ FORCE WHEN E || B q at rest

When the particle is at rest, magnetic forceis oo Mass (m)
zero. As only electrostatic force acts on it, the y B
particle moves in straight line motion (along x). 0
As it starts m.oving in.x direction, B will be parallel e o= 3+
to v, magnetic force is zero. BT a— __I/_ _
T oA —=qFo
fe=9Eo q\j’i/ﬁ_(,_, o
m
Acceleration of particle, a = R -
m m
: : qE 5
Velocity of particle, v = at = —t
Distance travelled in time t,
v =0+=qt? =12042
2 2 m

Fo

el

q

—

(0)

( g moves in a straight line along the direction of electric field with
an acceleration.




© LORENTZ FORCE WHEN E | B & O

g moving in parallel or anti-parallel to both E&B

As velocity is parallel to magnetic field, magnetic y
force is zero. As only electrostatic force acts on B,
it, the particle moves in straight line motion

(S — u
Acceleration of particle, a = i q
m m u
Velocity of particle, v =u+ at = u+q7E°t —
q

Distance travelled in time t, when it is projected
parallel to electric field initially, s = ut + %at2

When particle is project in anti-parallel direction, velocity becomes zero due to negative
acceleration and particle changes the direction. Let the particle changes direction at time t'.

/

As the velocity becomes zero 0= u-%&-t
when direction is changed, =79 " Eoa=nit
q Eo




(] LORENTZ FORCE WHEN E || B U

g moving in perpendicular to both E&B W/
B
(=) The electrostatic force acting on the charge: Fy = qE,i ?
v
() At t =0, since the velocity of the charged particle and g
magnetic field are perpendicular to each other, (¥ x B) =
19]|B| sin90° (k) = —qv,Bk. q - Vi
The velocity of the charged particle will remain v, for the
whole process because the velocity generated due to the
X

electrostatic force always acts parallel to magnetic field in this
case.

() Therefore, the net force on the charged particle is, F,,. = qE,i — qu,B,k

() Since v, is constant, the particle will execute UCM under the action of magnetic field alone with
constant radius and the radius is given by,

e
qB,

=




@ LORENTZ FORCE WHEN E || B O

g moving in perpendicular to both E&B

() The acceleration of the charged particle along the x-axis is
produced by the electrostatic force on it. Therefore,

vO
a:= %Ea ) P
M
1"‘ —
() Since the initial velocity of the charged particle along the x-axis '\\Px
s zero i.e., u, = 0, the velocity of the particle at any instant of “ 1 Fg
ey X / B
time t is given by, o
W= j..—Ei'%
™M

() Hence, the displacement of the particle along the x-axis in time ¢t is given by, X =_L QEo. 4% -
m

() Thus, the motion of the particle due to electric field alone will be a straight line motion with
acceleration a.



@ LORENTZ FORCE WHEN E || B
g moving in perpendicular to both E&B yi

() If we combine the two types of motion due to magnetic field
and electric field individually, then the resultant motion will
be a helix with increasing pitch, as shown in the figure. The
pitch increases due to the acceleration of the particle.

() At any instant of time, the y and z coordinate of the helical
path followed by the particle will be:

= o Qum . o - Z
.___‘Z_f:gr_;::& [j;qéo)t Z R(l orwt)

Where R = % 3nd @ = 280
qBy m

() The P, i.e, the 15t pitch of helical path is nothing but the distance
covered by the particle in the direction of electric field in time 0 to T.
Therefore,




@ LORENTZ FORCE WHEN E || B
g moving in perpendicular to both E&B

() The P, is the 2M pitch of helical path and it denotes
the distance covered by the particle in the direction
of electric field in time T to 2T. Therefore,

= 136 [.zr)"'-—'rz =67
e &“';LTL ']:Jn

() The P, is the 3 pitch of helical path and it denotes
the distance covered by the particle in the direction
of electric field in time 2T to 3T. Therefore,

- Wfo [(31) -(arfj

= S‘Lfo T2
Qm

Zﬁ"&f%‘-‘- I-'Bzgj




@ LORENTZ FORCE WHEN E || B O

q moving at an angle 6 with both E &B y

Let a charge particle is projected in the presence of both electric and
magnetic field at an angle 8 with x-axis, as shown in the figure. For V| = V,;siné

simplicity, lets assume for an instant that the electric field is absent. Vo
@The perpendicular component of the velocity i.e, v, =v,sin@ s 18
responsible for UCM because this component of the velocity is =

perpendicular to the magnetic field B,. q V|| = V, cos B

() The parallel component of the velocity i.e., v, = v, cos 8 is responsible
for linear translational motion because this component of the velocity is
parallel to the magnetic field.

O The magnetic force on the charge particle, |E,| = qvyBg sin 8

In absence of electric field, if we combine these two types of motion, then the resultant motion will be a helix
with uniform pitch.



@ LORENTZ FORCE WHEN E || B O
q moving at an angle 6 with both E &B

y
Now, let us apply the electric field parallel to the magnetic field. B,
(® The electrostatic force on the particle is, Fz = qE and this force | YL VoS Hvo
reinforces v and produces acceleration Ez—q 21 in the particle.
Consequently, the pitch of the helix increases. 0 9
> - P —
@ Since v, = v,sin@ is perpendicular to both Fg and F, it remains q Y Vo COS

same for the whole process but v changes due to the acceleration
produced by the electric field.

() If we combine the two types of motion due to magnetic field and
electric field individually, then the resultant motion will be a helix with
increasing pitch.

@ Since the initial velocity of the particle along the x-axis is v, = v, cos 8, thus, the velocity of the particle along x-
axis at any instant will be:

= 5
V= W&+ gl
iy



@ LORENTZ FORCE WHEN E || B y O
g moving at an angle 6 with both E&B

(=) Hence, the displacement of the particle along the x-axis in time ¢ is

given by,
l z =« :
Vo (oot +ol qffj‘ v,sinft Vo
it
@ Since the perp