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Magnetic Fields Due |\

electric current
> conductor

magnetic
field lines

Introduction
+  Acurrent carrying wire produces a magnetic
field.

+  Oersted suggested an experiment to draw
magnetic field lines of magnetic field around
the current carrying wire.

+  Asolenoid is & cylindrical coil of wire acting
as a magnet when carrying electric current.
* The magnetic field lines produced by a
solenoid is similar to that of a bar magnet,
the field lines are closed curves emcrging

from north pole and merging in the south pole Fleming’s Right Hand Rule
outside the magnet and inside direction is §
from south to north.

Battery Battery

It states that, if you

hold a straight current car- 1 1
+ Inboth cases, magnetic lines inside the body rying conductor in your

is strong and uniform, there exists stronger right hand such that the

field at the poles compare to middle parts. outstretched thumb gives \k/

+  The major difference between magnetic field the direction of current |
produced by a bar magnet and the solenoid B flowing through the con- l
1s magnetism retains in the bar magnet ductor, then direction of the
naturally but in solenoid, it is till so long ¥§ curved fingers gives the di-
current flows through it. i rection of magnetic field.
+  The pole of the bar magnet do not lie exactly
on the end of the magnet but slightly inside Magnetic Force Right hand
while in solenoid poles can be considered to | thumb rule
be lying at the edge. | I iE
* Strong magnetic fields are created by high / The magnetic field !
tension power transmission lines, but care | ) %] due to current in wire 1 ;
has to be taken to reduce the exposure level | F at any point on wire 2 is “
to less than 0.5 milliguass (mQ). B directed into plane of |
Following figures shows that two wires . Wh‘:() p'aper. Then wire 2 expe- 1
carrying the current in the same direction attract e rience a force F towards
each other and two wires carrying the current in (@ Forceonwire2dueto i, g
the opposite direction repel each other as soon as current in wire 1

B If both electric field
E and magnetic field B are present, the net force

k¢ on charge g moving with velocity 0 is

the current starts.
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Muﬂcﬂ- +PHYSICS - Magnetic Force on a Straight
' ‘ Wire Carrying Current
. o) ® [0} ® [}
F=qE+qoxB= ‘F+F g ) L ' P
where, F - force due to alectnc ﬁeld a 5. U 5. S LA
fod . I F, |
F - force due to magnetlc ﬁeld : @ i@ g—a’ ©i
: ! u B
' F—),_Lorentzforce..,.,- © 1© © 0! : ®
LAY g y )-. -‘ P E E i P
‘(1)vavlsparalleltoB, E,. =0, ) & ° ° o -'o |
(i) If chargeis statienary, i.e.,ﬂﬁ =0,F =0 Electrons In the wire having drift velocity v,
. ’2 experlence a magnetic force F,, upwards as the
. The above figure shows that v and F are applied magnetic field lines come out of the
plane of the paper.
always perpendicular to each other. Hence,

Consider a_straight wire of length L with
F v Q fOI' any. magnetlc ﬁeld B magnetlc foxce magnetic field B applied perpendicular to wire

Fm is perpendlcular to dlsplace_m ent an d hence coming outr, of paper, vy 1&3 drift velocity then charge
. S - q flowing in plane PP will be
\ the magnetic force never does any work on moving

techni i s dical . . of infinitesimal length di along the wire and Bis “
échnique used 10r meqcal LMAgINg requires perpendicular to magnetic field applied, then
a field strength from 1.5 T to 7 T and nuclear -

IL
\ charges. The magnetic force may change the = It_:::
direction of a charged partlcle but they can never F, = g4 x B) = E(ud . Bsin$0°) n
affect the speed. N
o . = IL - Bsin90° n
B=—=2 ' where, 7 is a unit vector i to B and 0.
qll)\I Therefore, in general
. . °§ "y = Y v R
1 Unit of Bis m Its S.1. unit is Tesla (T). F,=1ILxB
\1 1T = 10" gauss (Q) Magnetics Force on Arbitrarily |
\ Dimension of B = MIT2A71. Shaped Wire |
| + Magnetic Resonance : Imaging (MRI) If I 1s the current flowing through a segment
|
] , onts requit oy dF, = Idl x B
1 leagne 1C exPenmen‘§ require a magnetic Force on total length L of wire,
1 field upto 14 T, - (Al s
1 ) . - F =1dl|xB
| ¢+ Earths magnetic field is about 3.6 X 10 i\ lj ]X
‘ =0.36 G.

Magnetic Force on a Closed Circuit
It is given by

§1dlxs

c

where, integral is over the closed circuit C.
For uniform B,

} ~0dq§dl— ‘
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_ From figure,
Torque on a Current Loop  Bo=r I, B sin (90— 6) =— F;
i ¢ — 4 TN

F, () ' as 1:‘2 and i" are along the same line and ig
2 : ite direction, they cancel each other.
et BEROSSSIEhostont HEmEARSE
—7 s  Fy=Fy=14Bsin90=1,B
T as F,'and F, are not along the same line, they
N g - ™ S produce a net torque given by
,’, Fm ’ 1 . 1 .
_ ,/' = : 7=IllB-§lgsmB+IllB§-lzsm0
Central axis =1Il,l,Bsinb
A current loop in a magnetic field : ' =IABsin®
principla of a mtoro For the coil of N turns,
, In a current carrying rectangular loop ahcd 1'= NIABsin 6

kept i.n a uniform magnetic field F,, acting in Moving Coil Galvanometer (MCG)
opposne.dlrectlons on segments of loop ab and ¢d Analog voltmeter and ammeter work or: the
results mqto the rotation of the loop about its principle that a current in the circuit or a voltage
central axis. Here, ab and cd

or a battery can be measured in terms of a torque
B. So we can use Flemin

g’s rule to find out | exerted by a magnetic field on a current carrying
direction of . coil.

are perpendicular to

To understand the section of rotation of loop

Upper
consider the loop as shown below.

suspension

®© ® o ®© © o Iron core Mirror
;1 (stationary) Former
© _ O] d ® 1 ® c G)~ ®
F, 4 F,
e—6—1 0 © 0 [ebhe |l
2
e oe?®d oo o
F-'!
®© o | e l © 10 o Lower
i —

suspension
Loap abcd placed in a unfirom magnetic field

emerging out cf the paper. Electric connections
are not shown.

\ F, —— Rotation , Iron core  ceil Permanent

. N = — | magnet

! v :‘-\ /‘ — Moving coil galvanometer |

| l/ 0 ‘l
I \: AN é ) - In MCG, |

5 (0 =0) Deflecting torque = Restoring torque |

| N S NIBA = K ¢

‘ _ \ S /})0\‘ > where, K is torsional constant.

| /

\ l NBA) .

: . o= X )I i.e., O o< I

Side view of the loop abcd at an angle 6
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Magnetic Dipole Moment

Magnetic dipole moment

u=NIA

When a coil is kept in uniform magnetic
field B, N

T=uBsin0=jix B
In electric field,

i=PxE
When p and B are parallel, t = 0, i.e.,

minimum,
When p and B are antiparallel, T = pB, i.e.,
maximum. .

Magnetic Potential Energy of a
Dipole '

In electric field, P.E. of électric dipole is
given by h

U=-P-E |
By analogy P.E. of magnetic dipole is given by
U=-ph-B=-=yuBcos8
When 6 =0, i.e.,, i and B are parallel,

Umin =—-uB
When 6 = 180, i.e., i and B are antiparallel,
Unex = 1B

Biot-Savart Law

A current carrying wire of arbitrary shape, carrying
a current I. The current in the differential length
element d! produces differential magnetic field dB
at a point P at a distance r from the element dl.
\ The ® Indicates that dB is directed into the plnae
‘ of the paper.

Biot-Savart’s law is an equation that gives
the magnetic field produced due to a current
carrying segment called the current element.

\
l{

_ﬁ.ld[sino
l} |dB| = an ———"r2

| e—

It obeys inverse square law vectorially
4n B
where direction of magnetic field is given by right
hand thumb rule.

d§=h_1ﬁxi‘

Magnetic fleld due to current in a straight long

wire
e

IT — &

The magnetic field dB at P goving into the plane of
the paper, due to current I through the wire

According to Biot-Savart’s law,

_ b_'IdlsmB
dB_41t r2

Magnetic field due to semi infinite straight
wire is
- Hol
" 4nR

Force of Attraction between the parallel long
wires

I,

1
d
|

2

—re I2
Two long parallel wires, distance d apart
B = Koy
217 ond
Magnetic field at P by current lengths
elements in upper half of infinitely long wire is

equal to magnetic field at P by current lengths
elements in lower half of infinitely long wire.

- 24g = I dlsin @

B=2f dB=— [ %
o I - di
B= n RJ‘O (R2 +12)3/2
..... [5in0= — = ———x |
1“+ R~

I

B———;:R ..... [As I<<R]

futureexplosion.com



futureexplosion.com


where, By, is ﬁ:agnetic field of second wire due to
current I, in first wire.

By right hand rule, ith direction will bg into
plane of paper. ,

According to Lorentz law,
_ Roly
Fy = 12(2”][&

where Fy, is force on wire 2 due to current I in
wire 1.
It is attractive force, i.e., it is towards wire.
By inﬁﬁitely long wire, force will be infinite
For  wolydy _F
L 2nd L

where Fy, is force on wire 1 due to current I, in

wire 2.

If I, and I, are antiparallel, force will be
repulsive, ie., Fy, = — F,.

In other words parallel currents attract,
antiparallel currents repel.
' F _uolI,

L 2nd
if11:12=1A,L=1mandm0=4x10’7Wb/Am,

In the formula,

F .
then I =2%10"' N/m.

So, 1 ampere current is the constant current

through the wires producing a force of 2 x 10~ 7
N/m on each other.

Mzgrnetic field produced by a current in a cireular
arc of a wire

o
dl_—=__
P

A\f_\ 7B

\ 7

\

Current carrying wire of a shape of circular arc. The
length element 4] is always perpendicularto 1 .

According to Biot
at centre O ig

B Idl x7

e ,‘

et 41 rd

dB = Mo . Ifu fon‘(_i - EQ{ d_l
4 n r" ,-z

Savart’s law, magnetic field

The direction of dB is given b.ybl.'ight h

f . . anq
rule and it is into the plane of paper.

The total field at O is
'B.='deB= :%-% |
- %'%Iﬁdl:j_j:'riﬁ “rdo

Therefore, magnetic field at the centre of full
circle of a wire carrying current I is given by

Axial magnetic field produced by current in a
circular loop

x Uogi y

Magnetic field on the axis of
a circular current loop of radius R
Consider g circular loo
centre at origin O ang carr
having radius R Then mag
on Z axis at

ying current I and
netic field at point P

a distance r from element dl on the
loop can be given ag

dB = E&.i(_dix’*')
4n rd
. [Using Biot-Savart’s Law]
~ [V [d!
dB = —. 5
in + R* »
o ldl Lrand r* = R* + 27 ]
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The darocﬁon of dBis Perpendicular to plane
termed by dl and 7. Its 2 component is dB, and

the component perpendicular to Z-axis is dB,,
2 dB; =0 as they cancel out due- to symmetry
Net contnbutlon, '

B, Ide 'deeose

Uz
Rdl_
ey

[As cos0 =

IR
n (22 +R2)8/2
IR?

' 2 + R%)372

5 cos@

5]

(Zz + R2)ll2
-2n R

Magnetic Lines for a Current Loop

Magnetic field at the centre of loop for the
coil of N turns can be obtained by putting z =0 in
the above equation
W NI

2R

B =

/ 1
Magnetic field lines for a current loop
The direction of field is as per right hand rule.

The upper part of the loop is regarded as North
pole and lower part as south pole of a bar magnet.

If z>> R,
2 ;
| _“.01R ='J.OIA A:T[Rzl
‘i\ B. = 223 27 =3 e |
‘ B _ Mo m

z 2n 23

.... [m = IA magnetic moments ]
|

| . 2m
‘ B, = Ho | —
4n =z
‘i It is analogous to
E = ——2—1)—3 .. [ electric field at an
A4MEy 2

axial point of electric dipole |

| CEEgEE—

*

. Bimilarly, we can find magnetic field at a

dmtance x on the perpendlculnr bisector as

x>> R,

Ampere’s Law

Ampere’s law can be derived from Biot and
Savart’s Law,

According to Ampere’s law,
}E N d-s. = uo I
where, f indicates that integration is taken

over a closed loop called Amperian loop and

current I ig the net current encircled by
Amperian loop.

Amperian
loop

Direction of
integration

Amperian loop
As current goes perpendicular to plane of

paper, Bisin the planc of paper, ® I, and I,
are currents coming out of paper and ® I3is

" the current entering the paper and dl length

element on Amperian loop.

§B-dl =§B-dlcoso =y, (I, + I, - I)

As I and I, are parallel to associated thumb,

they are positive. So I, is negative.

As I is not within Amperian loop, 1its
contribution to B cancel out.

For a long straight wire carrying a current I,

Band di aretangential to the Amperian loop
(circle)

§B-di = j(f“:‘;t] rdo=p, I

Biot-Savart’s law in magnetostatics is
analogous to Coulomb’s law in electrostatics.

Ampere’s law in magnetostatics is analogous
to Gauss’ law in electrostatics.
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If n is no. of turns per unit length of

r . Bolenoid
and i is current flowing through wire, then Currep;
coming out of paper,

I=nLi
s BL =pynLi
s B=pgni

Magnetic Field of a Toroid

A toroid is a solenoid of finite length bent into
a hollow circular tube like structure similar to a
pressurized rubber tube inside a tyre of vehicle.

@@@@G)@

® Amperian
~ loop

Schematic diagram of a cross section of
a current carrying solenoid

dr——— ¢ Amperian
l— Loop

LeleTeTsTeTeTsTo DD OOn

'\_:“___ -
S ~ ——t
—-B P

a-

—y—

Amperian loop along the central axis of the toroid

According to Ampere’s law,
Ixixlx.xlxlxlﬂxlxlxxxlxlxl)dxlxlx[xlxlxlxl

XTXTX] - =
Ampere’s law applied to a part of a long ideal §B Al =po 1
solenoid : The dots ® shows that the current is B'2nR= no VI

coming out of the pinae of the paper and the where. N is £ . id
crosses ® shows that the current is goiving into » 18 Ro. ot turns in a toroid.

the plane of the paper, both in the coil of square . B = AL
cross section wiere. h ’ 2n R

For a real solenoid of finite length, magnetic
fleld is uniform having good strength at the centre
| and weak at outside the coil.

Unlike solenoid, magnetic field is not uni

form |
over the cross section of toroid. '

) o » B = 0 for points outside 1deal toroid.
For ideal solenoid length is infinite and wire

has a sguare cross-section and its wound very
closely with insulating material, so magnetic field
inside the coil is uniform and along the axis of

sy \-**‘
4 _”LIST UF_IMPORTANT FORMULAE

solenoid and outside the solenoid is zero. L. Magnetic force acting on a charge q moving
For rectangular loop abed, with velocity v in a magnetic field B is
§B-dl_=_[:l_?-d_[-+ﬁ£—3-dz f=quBsin® |
. J.:[ B.di+ J: B.ai |2 Lorentz force acting on a charge :
=g I ‘ f=qE+quBsing |
B-L+0+0+0=p,7 3. Ampere’s law,

(= v a = T - .
Jh3-(11:031}(1]({13-(1[-() 3(3.6”:“0]
As Band dl are perpendicular 4. Torce on a straight condiictor carrying |
Jd z-dl =0 current [ is
s
as wire 18 outside the solenoid. F=1IBsin0
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Magnetic induction at a pomt near an infi-
nitely long straight conductor carrying cur-
rent I is

Wol

2nr
6. Magnetic field at one end point of infinitely
long straight wire or semi-infinite straight
wire is

Mo 1
4nr
Magnetic field at the centre of circular coil of
n turns is .
ponlt
= 2nr

Magnetic field produced by a current in
circular arc of a wire is
Mo 16

— futureexplosion.com
nr .

Magnetic field at an axial point due to circular
coil is

- Ho IR2

T 9 (z + Rz)alz
Magnetic force per unit length between two
parallel long wires is

F _u 2L1,

L 47 d
For cyclotron

10.

11.

(i) Momentum, mv = gBR
) Radius R = %
(1i) Radius, R = Bq

(111) Time period for semicircular motion

(1v) Period of revolution of a charged particle
18
2nm
Bq
(v) Frequency of revolution is
f= =l
(vi) Maximum speed acquired by ion to
emerge from a cyclotron is
BqR
m

2n m

YUmax =

i) KE,,, =-

——— (in Joule)

35 2
) 2{!-"—”— (in eV)
me

12, Magnetic moment of a current carrying wire
is

M=IA

18. Magnetic moment ofa circular coil of n tumJ
is ’ ; )

= nIA

14. Torque acting on current carrying coil placed
in magnetlc field is

T = NIBA sin 6 = MB sin
15. For moving coil galvanometer (M.Q.G.)
(6] Deﬂécting torque, T4 = NIBA cos-0
(u) Restormg t.orque 'cR kO

ko
(m) Current I= NBA
de NBA
(iv) Current sen31t1v1ty, S;= 7 e
de _ S
. (v) Voltage sensitivity, S, = vl

16. Biot-Savart's Law,

= we I(dlx7)
dB = 4n r®
= Mo Idl .
dB=4—:‘-r—2$mB

17. Magnetic induction due to a long solenoid
() ata point inside the solenoid is

B'maide =

(ii) at a point near end of solenoid is

, ponl
bendz 02

ronl

N .
where, n = T = turns per unit length.

(1i1) at a point outside the solenoid,
B

18. Magnetic induction due to toroid is

outside — 0.

Hins'\de =ponl

where, n = Snr s turns per unit length.

tfoutside =0. ;
19. Magnetic potential energy of a dipole in a‘
magnetic field is I

“MB cos 0 |

20. Mugnetu, field at a point on the perpendicular |
bisector is Ii

|
Ko m i
B= s w,
amn  x
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