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Unit — 3 Magnetic effect of current & magnetism

3(a) Magnetic effect of current

1.Electromagnetism

The branch of physics which deals with the study of magnetism due fo electricity is called

electromagnetism. The relationship between electricity& Magnetism was firstly given by Oersted
which 1s as below

A #‘ v 1

2. Oersted experiments:-

_". ’]

As shown 1n fig, Oersted found a relation between current ‘&

. . . . i - f (:" i
Il?agnv..atlsm, when a magnetic Illddl? 1s placed palallel. Q - Nj‘ § S )
direction of flow of current then the niddle suffer a deflection, P Say
when the direction of flow of current is reversed then the

deflection 1s also reverses, the direction of deflection can be given by Ampere’s swimming rule.

L

Ampere’s swimming rule:-

i
According to this rule, if we assume that a man is swimming in direction ~ 7~ ==

of flow of current, such that current is flowing from his feet to head then o N
the north pole of niddle will deflect towards his left hand. PRI To0 F

3. Magnetic field:-

The space around a magnet or a current carrying conductor in which its magnetic effect can be

experienced is called magnetic field It 1s a vector quantity & denoted by B.

m.imp

Force on a moving charge in a magnetic field or Magnetic Lorentz force.

Suppose a +q charge moving mm a magnetic field B with velocity ¥. Then F, is the magnetic force

experienced by the charge depends on L
Fa % q ) I
F, o v sinf (i1)
F, «x B (111) seose 2 e
Combining eq’s we get F, o« q v BSin0 :
Or F., = KquvBSinf 3 :
Here K=1 so Fn - quvBSinf I et
Or in vector form F')m - q@x ﬁ)

www.vartmaaninstitutesirsa.com 1




SANDEEP SONI’S PHYSICS COMPETITION CLASSES

VA RT M AAN (10+1, 10+2, IT-JEE (Main & Advance), NEET, B.S¢. Agriculture, NDA)
E| N ST|TUTEE OPP: JHUNTHARA DHARAMSHALA NEAR SURKHAB CHOWK, HISSAR ROAD SIRSA
away bo youn bright futune PH- 94676-12340, 8708535733

The direction of E, canbe given by Right hand rule. Ie. Fo is perpendicular to plane containing
both T & B. Also direction ofﬁm is given by Fleming left hand rule.

Definition of B:-

If v=1, q-=1 & sinf =1 = 06=90
Then E, =B

Hence magnetic field is equal to the force experienced by a unit charge moving with a unit velocity

perpendicular to the direction of magnetic field at that point.
Special cases:-
(G- If0=0"0r 180° then sin0’= 0 =F, =0

Hence a charge particle moving along or opposite to direction of magnetic field experience no

any force.

(i)- If »=0 = E, =0

Means a rest charge in magnetic field experienced no any force.
(i)- If 0=90° = sin90°’ = max = E, = maximum.

Hence a charge particle moving perpendicular to external magnetic field experience maximum

Jorce.

Unit of magnetic field B:  SIunit of B is Tesla or Weber/metre”

F

As B= :
quvBSinB

IN
1€ X2 « 5in90
sec

Or 1 Tesla=

Hence magnetic field or magnetic induction is said to be one Tesla if a charge of one 1 coulomb
moving perpendicular to magnetic field with a velocity of Ims™ experience a force of one Newton.

Dimensional formula: -

F _  [MLT7?

_ 12
quBSin® [AT(LT_l)]i[MA L

In c,g s system the unit of magnetic field is gauss G.

1T= 10°G
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4. Right hand rule or richt hand screw rules:-

According to right hand rule if we curl the finger of our right hand from ¥ to B then thumb will give
the direction of f')m

: z
5 Fleming’s left hand rule:- ™" I
If we stretch the first finger, the central finger & thumb of left hand
mutually perpendicular to each other, such that first finger points to . 80° —
the direction of magnetic field, the central finger in direction to the _/ / l 1) ‘,E y
electric current then thumbs will give the direction of force N o0°
experienced by the charge particle.

v

6 Biot Savart’s Law:-™"P

X
As we know when curent passes through a conductor, then

magnetic field set up around the conductor which was firstly calculated by Jean Biot & Felix Savart
called Biot Savart’s Law.

According to this law, the magnitude of magnetic field dB at a point due to current following
through a conductor 1s depends upon, cuirent , length of conductor, distance of point from

conductor & angle between point and conductor as Y
dB «< 1 ——(i)
. -
dB o dl ——(ii) ab @
. - X
dB o sinf — —(iii) P
1
dB '« = - —(iv) d¢
.. 1dISing
Combining all eq’s we'get  dB . & r;n
K IdISin 6
Or dB = = %
Where K = 2=107 TmA™
Here u, called permeability of free space. T
i Curren T"L:|11:||1:|‘|T.|:1‘:r_j the
So Biot Savart’s law become dB = ko Xld5iné - s
4 r2
— Other fngers give the
In vector form ﬁ = Ho M direction of the feld ,
4 r3 C) 3

The direction of dB can be given by right hand rule. In present case the
direction of dB is perpendicular to plane of paper containing both dl &7 @
in inward direction; if P pomt lies in L.H.S then in outwards direction.

Special cases:-
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1) If 9 = 0° Sin@ =0 = dB = 0
(i) If 6= 90°% Sin90° = 1 = max = dB = maximum

Le. magnetic field at a point perpendicular to current element is maximum

v' This law 1s applicable for infinite small conductor.
v" This law is similar to coulomb’s law in electrostatics.
v This law is difficult to verify experimentally because it is difficult to construct infinite small

conductor.

7 Biot Savart’s law V/s Coulomb’s L.aw:-

. 1 d
As according to Coulomb’s Law dE= g
4meEy T
: 1diSin®@
& from Biot Savart’s law dB = ‘:—0 ;ﬂ
s r

On comparing above eq”s we can give similarity & dissimilarity between both.
Simularity
1. Both the law obey inverse square law (o %)
2. Both the law obeys principle of Superposition.
Dissimilarity:-
1. The source of magnetic field is current while source of electric field is charged.
2. Electric field exists due to both rest & motion of charge while magnetic field exists due to

motion of charge.
3. The magnetic field is angle dependent while electric field is not.

mp

8 Magnetic field due to a long straight Conductor carrying current:- Lk

Suppose a point P having a distance a from the straight conductor carrying current I, then according

to Biot savart Law, the magnetic field dB at P due to small current element Idl, 1 distance apart 1s

g0 ldiSing

aB=7-== -—(1)
Now fromACOP 6 + 6 = 90° = 6 = 90 — 0
Or  sinf = sin(90- @) = cosP 1
Also cos® =; > r = mi@ = asec® 11
As tan®=£ = [ =atan@

www.vartmaaninstitutesirsa.com 4




SANDEEP SONI’S PHYSICS COMPETITION CLASSES
VA RT M AAN (10+1, 10+2, IT-JEE (Main & Advance), NEET, B.Sc. Agricutture, NDA)

=| N ST|TUTE= OPP: JHUNTHARA DHARAMSHALA NEAR SURKHAB CHOWK, HISSAR ROAD SIRSA
away to youn bright Juture PH- 94676-12340, 8708535733
Differentiating both sides  dl =a sec” 9.d® 111

Using all values in eq"s (1) we get

Y
dB = Hola sec 20.d0.cos® P
4 aZsec2@. S
1 cos®.dd
Or dB = Ho 108900
4 a

To calculate complete magnetic field integrating both sides we

—Ho I 02
get B puill APY cos@.d®

B =% [sing]|%,

B =£2 ~ [Sing, - Sin(-0))]

I : .
Or B =f:—:‘r —  [Sin@, + Sing,]
The direction of B can be given by Right hand rule. . *

Special cases:-

(1 If the conductor is infinite long & point P lies near to the dipole then Dent

Forget!
.
o I . 0, . 0 Ho 2I_ pol ‘e
B =— —[sm90" + sm90 Or B=——=—
4T a [ ] 4m a 2ma et 4

(11) If the conductor 1s mfinite long but P lies near end y then @,= 90, @,=0

I . : I
B=— [s1n90 + sin0] Sl
4ma 4w a

Examplel. A straight wire of mass 200 g and length 1.5 m carries a current of 2 A. It is suspended in mid-air by a uniform
horizontal magnetic field B (Fig. 4.3). What is the magnitude of the magnetic field?

Solution we find that there is an upward force F, of magnitude [ IB, for mid-air suspension, this must be balanced by the force due
togravity: mg = IIB = B="C= ”;"ff =0.65T

Note that it would have been sufficient to specify 1—“ the mass per unit length of the wire. The earth’s magnetic field is
approximately 4 x 10~T and we have ignored it.

<

Example2. An element ¥ A= Al{ is placed at the origin and carries a large current I = 10 A.
‘What is the magnetic field on the y-axis at a distance of 0.5 m. Ax=1 cm.

Solution dB::—EMJf—?e here dl=102m [ = 104, r = 0.5m = y, :—fr: 107" Tma™ , 05m

_ ano: o _ _ 1077x10%x1072x1 _ 8
8 =90°; sin6 =1 = dB—ims)2 =4x10°T

The direction of the field is in the +z-direction. As  dl X # = Ax1 x yi = yAx(i x ) = yAxk — Ax —
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9 Magnetic field At the Center Of The Circular Coil Carrying current:- ™™?

According to Biot Savart Law, the magnetic field at the center of circular coil carrying current can

be given as dB = Lo LdEmo -(1)

4T r2

Here sin® is angle between current element Idl & r. As radius 1s always
perpendicular to tangentso ~ 8=90° = sin90=1 ni

1dl
dB = “_0_2
4w r

To calculate complete magnetic field, integrate both sides
—#o T
= B3 Jdi

Here [dl = 2nmr circumference of circle

I
= B=t2— x2nr
T r
2ml
Or B=£ &
4t r
. . . 2nml
If the circular coil contains n turns then® B = ‘:—n —
T r
Or B="om
2r

Here the direction of magnetic field can be given by right hand rule.

Example3. Consider a tightly wound 100 turns coil of radius 10 cm, carrying a current of 1 A. What is the magnitude of
the magnetic field at the centre of the coil?

Solution Since the coil is tightly wound, we may take each circular element to have the same radius r = 10 em = 0.1 m. The

number of turns n = 100. The magnitude of the magnetic field is, Bz% = %{:xmﬂﬂ =628x107%T

10 Magnetic field at a point on the axis of a circular coil carrying current:-

Suppose a point P on the axis of a Circular coil carrying current I. Suppose two small current
element dl & dl’ on coil. Then the Magnetic field due to these current Elements at P 1s dB & dB’.
As shown 1n fig.

Clearly dB & dB’ are equal. Resolving dB & dB’ into rectangular components, we see that d Bcos®
& dB’cos® are equal & opposite so they are cancelled out. So the total magnetic induction at P due
to current through the whole circular coil 1s given

B =[dB Sin® ()
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From Ampere circuital law, the magnetic induction due
: 1dISin 6 1d1Sin 90°
todlatPis dB=tt—— =00 7

4r r2 T am (a%+x2)

Here 6 is angle between 1 & dl so 90°.

_ o ldl
So dB 4w (a+x2)
L .,
Using in (1) B= | i—g ) Sin@

a

Here sin@ = & Jdl =2ma
a“+x
> B= HR_L__2 g
4m (aZ+x2) VaZixZ
_ pol2ma®
Or B = |
4-17(a2+x2)2
: . 2nnl a?
If there are n turn in the coil then B =22 .
4m(a2+x2)2

2nnl a2 2nml
v’ atcenterx =0 = B=% =5

= =
A (az)i 4 d

v If P point lies far away from the coil then X >> a so a can be neglected

2nnl a? 2nmla?
v = B _Ho < J(; -
41r(x2)§ m(x)

v If P point lies at a distance equal to radius of the coil Le. r = a we have

= B= ug2nml a? _p02md|:12 _ o2 nml

3
dit(a?+a2)z 42 a3 4ma

11 The direction of magnet field due to circular coil:- ™™

As we can see the magnetic lines form Close loop at the
end of the circular coil & straight line at the center of
the loop. The direction of these magnetic lines can be
given by Right hand rule.
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12 Right hand rule:-
t Thumb point along the

|~ direction of the current

Suppose the current is flowing through a circular conductor, if we Qi
mmagine the fingers of the right hand curling in the direction of

Othet fingers give the

current, then the thumb will point in the direction of magnetic — drectionofthefeld g
field.

(&
13 Clock rule:- AN =

According to clock rule if current moves in anti clock wise
direction, the upper face of loop or coil is behave as north pole &
when current moves i clock wise direction, then upper face
behave as south pole.

m.imp

14 Ampere’s circuital law:-

According to Ampere’s circuital law, the line infegral of magnetic field around a closed circuit is
equal to py times the total current flowing through the circuit.

—_—

Le. $B.dl = upl
Proof: -

Suppose a Ampere’s surface around a straight conductor earrying current I. Now the magnet field at
P due to current I in conductor can be given by

B = Hol
2mr AT g
Now the line integral of B is §§ al =Lt $dl
2nr

. . o] al
Here 95 dl = 2mr= circumference of the circle S

So $5.di = 2L x 27r

2nr

Or $B.dl=pyl

This 1s required expression for Ampere circuital law.

V' Ampere’s circular law holds for DC or steady current which does not change with time.

v Ampere’s circuital law for magnetic field is analogy to Gauss law in electrostatics.

v’ Biot Savart’s law & Ampere’s circuital law are equivalent in same sense as Coulombs Law
& Gauss theorem in electrostatics.

v For a loop that is not connected to the current B.dl =0
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m.imp

15 Applications of Ampere’s Circuital law

(a) Magnetic field due to an infinite long current carrving wire:-

Suppose an infinite long straight conductor carrying current I. Now we have to calculate magnetic
field at P on the Amperean loop of radius r. Consider small length dl at loop, then magnetic field B
at dl can be given by Ampere’s circuital law as

§§Ei = [JUI
2
AT ')

Or QSB.dlcos()o = Ul
Or Bédl = pyl o "

Here ¢ dl = circumference of circle = 2mr
= BXx2nr = pyl

2 B = ol

2nr

(b) Magnetic field due to current through a very long circular cylinder®® 4irectly in svllabus)

Suppose a cylinder of radius R carrying ewrrent I through its axis. Then the magnetic field around
the cylinder will be in circular form.

1. If'the P point lies outside the cylinder Then from Ampere circuital
law. Iy
1

$B.dl = "$B.dl cos0® = il e

: 3
2 Bédl =pl lr;““

f

Here $dl = 2mr = circumference of circle '
e
= B X 2mr = ppl :
Z Kol L E
= B = - I,e_(Bocr) :x
2. If P point lies inside the cylinder than
B
TR IR S s
I'= —7 XTrt = o3
)
Now applying Ampere’s circuital law Y TS
= ' : B“J‘E.
¢ B.dl = pgu,I &
o Ran e
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2

BXZWT:HUHT%

u,Ir
Oor B=2"% JeBoar
2nR

The relation between B & r 1s as shown 1n fig.

16¢ Solenoid:-™""

Solenoid means an insulated copper wire wounded closely in the form of a helix. The
length of the solenoid is very large as compared to its diameter .

Calculation of magnetic field inside a long straight solenoid:-

Suppose a rectangular Amperean loop abcda of length [.If N 1s the number of turns in the length [,
then total current through the loop equal to N1I.

P e == -4C
Thus according to Amperes law g ,t oo sadtesan
gSE)Ef = g NI (1) N
Or  Juweaw B.dl = [°B.dl+ [ B.dl+ [*B.dl +J4 B.dl
Here ;' B.di =[{B. di= B B.dlcos90° =0
Also [P B.dl =0 because CD lies outside the solenoid.
so ¢$B.di=J"B.dl=BI @)

Comparing eq" 1 & 2 we get Bl = uoNI

Or B=ponl
Where n 1s the number of turns per unit length.

Example4. A solenoid of length 0.5 m has a radius of 1 cm and is made up of 500 turns. It carries a current of 5
A. What is the magnitude of the magnetic field inside the solenoid?

Solution The number of turns per unit length is, n = 599 — 1000 tums/m
The length I = 0.5 m and radius r = 0.0lmThus,; = 50i.e.,l >> a.

Hence, we can use the long solenoid formula, namely, B=pgnl = 4w X 107 x 103 x = 6.28 x 1073T
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16d Toroid or Toroidal Solenoid:- ™P

A solenoid bent into the form of a closed ring is called a toroidal solenoid.

Let us consider a toroid having N number of turn equally spaced & let I is the amount
of current flowing through them.

(a) Magnetic field at a point inside the core of the solenoid:-

From Ampere circuital law o) B.dl = Uol
From N number of turns 95 B.dl = ugNI
Here § dI= 2mr = B X 2mr=pgNI
» p= LM

2nr

Or B=pugnl

N : - :
Where n = i number of turns per unit length, Thus magnetic 1s same as that of solenoid.
nr

(b) Magnetic field mnside the toroid:-

—

As nside a hollow conductor I=0 =~ & 95§ dl=p,(0) =0 = B=0
Thus Magnetic field inside the toroid is zero

(c) Magnetic field outside the solenoid.

For any point outside the tortoid, the current threading the loop L’ through current at the point is
zerosoB=0 = 55§.3f=0

This is the condition for ideal toroid in which the turns of the wire are very closely spaced & the

magnetic field is within the toroid. For outside B = 0. I e. magnetic field does not comes outside as

in solenoid.
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3(b) Force on a charge particle in Electric & Magnetic field

17 Motion of a charge particle in a uniform electric field:-

Let us consider a charge particle + q moving with v velocity in the electric field then charge particle

will experience a electric force. 1Y
As F=qf 1) e
| ) I I
Due to this electric force charge particle starts accelerating b % : .
with a force. o : | >
| E § >
S i | I
F =ma -(2) i e : A
N Mﬁ
Comparing eq" (1) & (2) we get md = qF r =
L _qE i
i-2 3)
Now let the time taken by the charge particle to move x distance 1s  t= %
Similarly the distance travelled along y axis 1s Y=uyt + % a, t
Here u,, = 0 also c’i=£ & t="=
m v
1 qf X\2 1 qfx
S0 Y T w0 Sl
— 2 _1g
Or v = kx where k 0,
or VXX

Which is an eq” of parabola, hence we can say that particle will follow parabolic path.
18 Motion of charge particle in uniform magnetic field:-

Let us suppose a charge particle +q enter in a magnetic field B at origin O with a velocityr, making
an angle 0 with magnetic field. Now resolving v into

two rectangular components we have v, = vcos along ?
B and v, = v sinb along perpendicular to magnetic ‘g
field, the force on the charge particle due to v 1s i
F, = q (@ x B) =
Or F = qv,Bsin90°
Or F = qv,B

The direction of this force can be obtained by RHR &

1s perpendicular to plane containing 172}&3) Here

motion of the charge particle is perpendicular to d

applied force so work done by this force is zero.
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Hence this force provides no motion to the charge particle but gives the circular motion. 1e.
centripetal force. So we may write qu,B = m,?
Or vy = aBr
The angular velocity of the particle can be given as w = T’;—Z = % = %
The frequency of rotation of the particle in magnetic field will Becomes v = %
Or v= %
So the time period T= %: M—Bm

For component v; = vcosf the force is

F, = q W] x B)=qv,Bsin0°=0
Here there 1s no any force due to v; so the charge particle moves linearly due to component v;.
Thus by the combined effect of vi & v, charge particle move linear as well as circular so its path
becomes helical.

veosl . 2mm

The total distance travelled by the particle1s d = v T = py:

Example5. what is the radius of the path of an electron (mass 9 x 10 kg and charge 1.6 107 C) moving at a speed of 3
x10” m/s in a magnetfic field of 6 % 10T perpendicular to it? What is its frequency? Calculate its energy in keV.
(1eVv=16x10"1).

mv (9 x10-31 kg x 3 x 107 m s-lj_

Solution as r = —
qB (1.6x 1n-l9c><6><10-+1')

26 102 m=26cm

_ v
@m)

v = 2%10%st = 2x10° Hz =2 MHz.

E = mv? =5x 9 x10°%g x.9 x 10“m?/s? = 40.5 x10°7] ~ 4x 1076 ] = 25 keV.

19 Lorentz force ™™

The total force experienced by a charge particle in electric & magnetic field both 1s called Lorentz
force. The force experienced by charge particle in electric field 1s

E = qF (1)
& the force experienced m magnetic field is
Fi = q@ x B) )
Thus the total force (Lorenz force) experienced by charge particle 1s
F = E +F
Or F =qE+q (% x B)
Or F= q{E+(¥ X B)}
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Special cases:-

1. Whenall E,# &B are collinear

In this case F,, = 0 because vBsin 0 = 0 so the total force on the charge particle will be

- = —

F=FE=qF

2. When E.3 & B are mutually perpendiculars to each other. In this case E & B are such that
= = — N ﬁ
F=F,+FE, =0,thena=;=

It means the particle will pass through the field without any change in velocity. The concept is use
in velocity Selector to obtain a charged beam having a definite veloeity.

20 Motion of charge particle in perpendicular magnetic & Electric field:- Or Velocity Selector:-

In a Velocity Selector there are both electric_field and
magnetic field are perpendicular to each other. They are also
perpendicular to direction of motions of electrons. The
electrons which have equal and opposite electric and
magnetic field may pass through the velocity selector. The
velocity of electrons m this case may be given as

E
eE:evB:>v:§

21 CYCLOTRON ™™

1t is a device which is used to accelerate the charge particle like protons, deuterons, a particles etc
to a very high energy.

Principle:-

A cyclotron is based on the principle that a charge particle ~ Wih eQUENty ~—pg,
can be accelerated to a very high energy with help of a small oscillator D
electric field, and with the help of a perpendicular magnetic E'"”g;“(
proton beam
[

Target

field, which provide the circular motion to the charge particle.
Construction

A cyclotron is consisting of two hollow small metallic Dees
D, & D,. A magnetic field 1s applied perpendicular to the
plane of these Dees. These Dees are connected with a high frequency oscillator. A window W is
provided in Dees D;

Working:-
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Suppose a positive charge particle enters into the gap between the Dees & find the Dee D, at

positive potential and D, at negative potential. Then charge particle 5 R
osciliotor

enter into Dee D, & due to perpendicular magnetic field the path of

the charge particle become circular, due to this the charge particle : : - : I : : :

again comes mnto the gap. Now at this time the Dee D; becomes 'y " I , x

negative & D, becomes positive. So the charge particle enters into D, (of ¢ 1l . :“ |

with increased velocity. This process 1s carried out again & agan till (PR I Ay ¥ 1
| >

the charge particle acquire sufficient amount of kinetic energy tohita =\ »_"x_ [

target. . "

Theory:-

Let a charge particle of mass m, charge q, and enter into magnetic field. The necessary centripetal
2

force provided by magnetic fieldis qvB = % > r= %

So the time period of revaluation of charge particlewillbe T = 2% = z?n ZL;) = %

& the frequency of revolution will be Cyclotron frequeney = f. = % = 2‘:;* constant

Cyclotron frequency is independent on velocity of the charge particles & radius of the orbit.

Maximum kinetic energy acquired by the charge particle:-

If v, 1s the maximum velocity of the charge particle & r; 1s the radius of the Dees then

2
MU gy

RO

qBrg

~ qvmaxB or Vmax — m

a*B%rg

m

: ¥ 1 1
So the maximum K.E of charge particle1s K. E,,,, = Emvﬁmx B

Limitations of the cyclotron:-

mo

1. According to Einstein’s theory of Relativity m = N

Here we can see that with increase in the velocity of the particle mass increases. This will
decrease the cyclotron frequency & 1on cannot be accelerated properly. This Limitation is
overcome by using synchrotron.

2. Electron cannot be accelerated in cyclotron because its velocity increases very fastly & it
cannot be accelerated due to unmatching with the frequency of oscillator.

3. Neutron being electrically neutral cannot be accelerated in cyclotron.

Uses:- It 1s used in nuclear reactions, atomic reactor, for synthesis new materials, in hospitals for

diagnosis and treatment.
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Example6. a cyclotron’s oscillator frequency is 10 MHz. what should be the operating magnetic field for accelerating
protons? If the radius of its ‘Dees’ is 60 cm, what is the kinetic energy (in M eV) of the proton beam produced by the
accelerator. (e =1.60 x 107° C, mp = 1.67 x 107" kg, 1 MeV = 1.6 x 107" J).

Solution The oscillator frequency should be same as proton’s cyclotron frequency. We have

g o Zmmv _ 63 X167 X 10% x 107 0.66T
9 (1.6 x 10-19) o

Final velocity of protonsis v = 7 X 2rv = 0.6m X 6.3 x 107 = 3.78 x 107 m/s.

g L o 167 x10% x 143 x 10" S el
T2 T T X 16 x 1083 - e

m.imp

22 Force on a current carrying conductor placed in magnetic field.

Consider a conductor PQ of length [ and area A. Suppose current flows in the conductor along + ve
y axis & magnetic field 1s applied along +ve z axis. So the

velocity v, of electrons will be along-ve y axis. The 4:: R
magnetic force experienced by the electron may be given kS \ ey
as y’ \/ 4 U=y

f =—-e@; xB) "—xT'n\gtTr/_’,

If there are n numbers of electrons per unit volume then total numbers of electrons are N = nAl

So the total force experienced by the electrons is F= N}? = —ndle (v X §) (1
As we know I = Anev,
Or Il = —Ane val (As 1l & U, are in opposite direction so -ve sign is taken,)
Now from eq" (1) F = (ﬁ X §)
Or F = IlBsinf where 8 is the direction between Il & B.

Direction of force:-

The direction of force is given by Fleming’s left hand rule or Right hand thumb rule.

Special cases:-
1. If 6 =0° or 180° then sm0=0 =>F=0

Hence conductor placed parallel to direction of magnetic field does not experience any force.
2. If6=90°= sm90=1 = F =]IB(max)

When conductor 1s placed perpendicular to magnetic field it will experience maximum force.
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Example7. the horizontal component of the earth’s magnetic field at a certain place is 3.0 x107°T and the direction of the
field is from the geographic south to the geographic north. A very long straight conductor is carrying a steady current of
1A. What is the force per unit length on it when it is placed on a horizontal table and the direction of the current is (a) east
to west; (b) south to north?

Solution F = I1 x B = IIB sind
The force per unit length is f = § = I B sinf

(a)When the current is flowing from east to west, 8 =90° Hence, f = IB= 1 X 3 X 10° = 3 x 10°N m™!

This is larger than the value 2x10-7 Nm—1 quoted in the definition of the ampere. Hence it is important to eliminate the effect of
the earth’s magnetic field and other stray fields while standardizing the ampere. The direction of the force is downwards. This
direction may be obtained by the directional property of cross product of vectors.

(b) When the current is flowing from south to north, 8 = 02 so f = 0 hence there is no force on the conductor

23 Expression for the force between two Parallel current carrying wire w-imp

Consider two long parallel wires AB & CD carrying current I; ,& I,. Let r be the separation
between them. The magnetic field produced by current [; at any point on wire CD is

I 21
Bl — Mol =#o 1
2mr 4m r

This field acts perpendicular to the wire CD
and points into the plane of the paper .It

RN

exerts a force given as

}.tozflfzf
F, = By, = ———
2 112 AT T

According to Fleming’s left hand rule, this " daasie W
force acts at right angle to CD, toward AB in )
the plane of the paper.

Similarly an equal force 1s exerted on the
wire AB by the field of wire CD.

_ _ Mo 25151
As Fl = lell = —4Tr -
Again according to Fleming’s left hand rule, this force acts at right angle to AB, toward CD in the
plane of the paper. Thus when the current in the two wires are in same direction, the force is

attractive & when current are in opposite direction, force is repulsive.
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24 Torque experienced by a current loop in a uniform magnetic field:- mimp

.Let us consider a current carrying rectangular coil of sides | & b such that area A = [b. Suppose
this coil is placed at an angle 6 with magnetic field B. Now as we know that when a current carrying
conductor placed in magnetic field experience a force,

so force on side PQ
F, =1(PQ x B) or F; =1IBsin90° =1IB.....(1)
Again Force on side QR
=F, =IQRxB) or F,=IIBSinG ........co..... )

And force on side RS

=F, =IRSx B)  or F;=IIBsin90° =1IB......(3)

Similarly Force on side SP

= F, = I(SP x B) or F, =IIBsin(180 — 6) = Fy=IIBsiné ....... (4)

According to Fleming’s left hand rule the Forces F; & F, are equal and act along the axis of the coil
in opposite direction so exert no any torque they are cancelled out.

While the force F; & F; will exerta torque on the coil given as

T = Farce X perpendicular distance

or 7.= HB % bsinf
= [Blbsin6
T = [IBA sind (A=1b)
Or = (M x B) = MBsing

Where M = [A = magnetic dipole moment
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25 Moving coil Galvanometer:-

A Galvanometer is a device which is used to detect the current in a circuit.
Principle:-

The Galvanometer is based on the principal that a current carrying coil placed in external magnetic
field experience a torquie.

Construction:- -
A moving coil Galvanometer consist of
(1 A coil PQRS consist of a large number of turns of fine insulated copper wire wounded over
a non magnetic metallic frame. The coil 1s suspended from a movable torsion head H by
mean of a fine phosphor bronze strip. The lower end of coil 1s connected to fine spiral spring
S’. An arrangement of strong north & South Pole is

H
fixed on both sides of the coil.
(1) A soft iron core L of spherical or cylindrical shape - ;:;Sphﬂr
. . ze
1s placed between the coils. strip
1)) A circular Mirror M 1s attached to the Phosphor T ' a2
G . o the Bhosphor,  Tiep | ou LpT
bronze strip, to measure the deflection of the coil. p &
(iv)  The torsion head 1s connected to a binding terminal
T, & spring S’ is connected to another binding
terminal T5. s
Theory:- b
|
Let N 1s number turns m coil, A 1s area of coil, B 1s A -
- . . Core @ 8s R
magnetic field I is the amount of current following through - — =
the coil, then torque acting on the coil 1s o= -

7 = NIBASinG@

Here 0 is angle between normal to the plane of coil & applied magnetic field. Since the field is
radial  ie 0-90°  so ©.= NIBA

Due to this torque the phosphor bronze wire suffer twist, if 6 is angle of twist & k is moment of
restoring couple per unit angular twist then moment of restoring couple = k 6

In equilibrium NIBA =k@6
Or I = —.06
Here LI K = a another constant
NBA

So Tx0

Hence current through the coil is directly proportional to the deflection of the coil.
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Sensitivity of a moving coil Galvanometer

A galvanometer 1s said to be more sensitive if it show large deflection even for a small change in
current is passed through it.

1. Current sensitivity: - it is defined as the deflection produced in the galvanometer when a unit
current 1s passed through it.

@ _ NBAI _ NBA

Le. Current sensitivity I, = -
1 kI k

2. Voltage sensitivity: - It 1s defined as the deflection produced mn the galvanometer when a unit
potential difference 1s applied across it.
0_ 0 _ NBAI _ NBA

Voltage sensitivity V= —= IR kIR _ kR

=

current Sensitivity
R

Clearly voltage sensitivity =
The sensitivity of a moving coil galvanometer can be increased by

v" By increasing number of turns in the coal.

v" By increasing the magnetic field.

v By increasing the area of the oil.

v By decreasing the value of torsion constant R

Advantage of moving coil Galvanometer:-

e It tells about the deflection due to current in a circuit.

Disadvantage of a moving coil Galvanometer:

e Its sensitivity cannot be changed at will.
e It1s damaged by overloading.

26 Conversion of a Galvanometer into an ammeter ™"™P:-

(An ammeler is a device which is used to measure the current in a circuit, as current flow in wire so
it is connected in series. An ammeter 1s formed by connecting a low resistance (shunt) in parallel to
Galvanometer. The value of shunt depends upon the current which is to be measured.)

As shunt & Galvanometer are connected mn parallel so I,G=(I-1,) S

Or S = 9
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So by connecting a shunt across galvanometer, we get an ammeter of desired range, moreover
s
SU—1,) =1,6 D[ =—-X1I

As the deflection in galvanometer is directly proportional to

[remam s s e s ey
. | 'y |
I, & hence perpendicular so the current can be measured. § |
7 GS | l\:'% |
Also the effective resistance 1s R - e S L [
| 4 @ [ e
o Anideal ammeter has zero resistance. (imp:-MCQ) T A ] I

z
e Higher the range of ammeter to be prepared lower should

be the value of shunt.

e The range of ammeter can be increased but cannot be decreased.

Aimp

27 Conversion of a galvanometer into a Voltmeter:-™

(Voltmeter is a device which is used to measure the potential difference between two points in a
circuit so connected in parallel. A voltmeter 1s formed by comnnecting a high resistance mn series a
Galvanometer.)

e
The total resistance in the Circuitis = R + G : :
s 4—@, o "
Now by ohm’s Law Ig:L Or R+ G = Y A : k | [}
R+G I .
|
i |
or R=2+~¢ eghdamanon 1
I Ph i et

v

So by connecting a high resistance i Series with G, we can get a

voltmeter of desire range. As deflection 1s proportional to I, & hence V. So the scale can be
arranged to measure potential difference. Hence a voltmeter is a high resistance galvanometer. Its
effective resistance 1s Rv = R+G>>G

e An ideal voltmeter should have mfinite resistance. (imp:-MCQ)

Example8. In the circuit the current is to be measured. What is the value of the current if the ammeter shown (a) is a
galvanometer with a resistance R; = 60 (0; (b) is a galvanometer described in (a) but converted to an ammeter by a shunt
resistance rs =0.02 Q; (c) is an ideal ammeter with zero resistance?

Solution (a) Total resistance in the circuitis R; + 3 = 63 (1. Hence, I = % = 0.0484

RGRs _ 60x0.2
Rg+Rs  60+0.2

(b) Resistance of the galvanometer converted to an ammeter is, =0.020
Total resistance in the circuit is, 0.02 + 3 = 3.02 Q hence, I = % = 0994

(¢) For the ideal ammeter with zero resistance, I = ; = 1004
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