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Introduction 
♦ A current carrying wire produces a magnetic 

field. 

♦ 

+ 

♦ 

♦ 

♦ 

♦ 

♦ 

Oersted suggested an experiment to draw 
magnetic field lines of magnetic field around 
the cun-ent carrying wire. 
A solenoid is a cylindrical coil of wire acting 
as a magnet when carrying electric current. 

T!1c magnetic fi eld lines produced by a 
solenoid is similar to that of a bar magnet, 
the fi eld lines are closed curves emerging 
from north pole and merging in the south pole 
outside the magnet and inside directioa is 
from south to north. 

In both cases, magnetic lines inside the body 
is strong and uniform, there exists stronger 
field a t. the poles compare to middle parts. 

The major difference between magnetic field 
produced by a bar magnet and the solenoid 
is ma gnet.ism r e tains in the bar magnet 
natun::i lly but in solenoid, it is till so long 
current Dows through it. 

The pole of the bar magnet do not lie exactly 
on the end of the magnet but slightly inside 
while in solenoid poles can be considered to 
be lying at the edge. 

Strong magnetic fields a r e created by high 
tension power transmission lines, but car e 
has to be taken to reduce the exposure level 
to less than 0.5 milliguass (mG). 

Following figures sh ows that two wires 
carrying the current in the same direction a ttract 
each other and two wires carrying the current in 
the opposite direction r epel each ot her a s soon as 

1 
the current s tarts. 

\ 
~ 

Magnetic Fields Due \ 

to Electric Current 

Battery 

Fleming's Right Hand Rule 
It states that, if you 

hold a straight current car
rying conductor in your 
right hand such that the 

. outs tretched thumb gives 
th e direction of curre nt 
flowing throu gh the con
ductor, then direction of the 
cu rved fingers gi;•es the di
r ection of magnetic field. 

Magnetic Force 

I 
R 

Right hand 
thumb rule 

F 

Wire l 

V 

Wire 2 

Force on wire 2 due to 
current In wire 1 

The magnet ic field 
due t o current in wire 1 
at any point on wire 2 is 
directed into pla n e of 
pa per. Then wire 2 expe
rience a force F towa rds 
wire 1. 

If both electric fo·ld 
E nnd magnetic fi eld B arc present, the net force 
on chnrge q moving with velocity v is 
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MHT+cET ♦PHYSICS ·: 

' , F = 'q E·+ q' (t•>(i,. = ~-+-R· . ' ;' I ·, . DJ • . )A 

whete, · · F, ➔ fo~ due ta eteitH~\.~eld:'. · 
~ ,· 

. -· 
F'" ➔. fo~ -~~e to ~a_gnetiQ fiel_d, . 
-

· F ➔• ;Lorentz force . .. 

· (i) If v is parallel to f:B., F;n = 0. 

,(ii) If chargeisstatiE>~ary, i.e.,~ =-OtFm· = 0. 

.The above figure shows that v and F are 
- ·. .. . ' ~ . . 

R!-ways .perpendiGular to each other. Hence, 

~ • _ v;-:=.O ~or a:o-i.m~gnetic field P,; magneticfp;i:c~ - . . . . , ( ·~ · 
Fm is perpendicular to displacement .and hence . . : _ . -

the magnetic force never does anr work on moving 
charges. The magnetic force may change the 
direction of a charged particle but they can never 
affect the speed. 

♦ 

♦ 

Fm 
B=

qv 

Unit of Bis ~~s. Its SJ. unit is Tesla (T). 

1 T = 104 gauss (G) 

Dimension of B = [M1 T - 2 A-1 
]. 

Magnetic Resonance · Imaging (MRI) 
technique u.sed for me~cal imaging requires 
a field strength fr0111 1.5 T to 7 T and nuclear 
magnetic experiments require a magnetic 
field upto 14 T. · · 

Earths magnetic field is about 3.6 x 10- 5 T 
= 0.36 G. 

Magnetlc.Fo"8 on' a Strafght 
Wire Carrying Current 

' 

0 (!) , (i) Ci) (i) 

.L IP 
' I 0 (!) ' 0 ' 0 

-u Ci) 0 
F,,. : 

0 _, e Vd: 

© 0 0 © 

© 0 © 0 0 

Electrons In the wire having drift velocity v d 

experience a magnetic force F"' upwards as the 
applied magnetic field llnes come out of the 
plane of the pa.per. 

Consider a_ straight wire of length L with 

magnetic field B applied perpendicular to wire 

coming out. of paper. vd is drift velocity then charge 
q flowing in plane PP will be 

IL 
q = It=

vd 

- - - IL , 
Fm= q(udxB)=-(ud -Bsin S0°)n 

Vd 

= IL- Bein90° n 
where, n is a unit vecto'r .L to B and lid. 

Therefore, in general 

Fm= IL x B 

Magnetics Force on Arbitrarily 
Shaped Wire 

If I is the current flowing through a segment 

of infinitesimal length dl along the wire and B is 
perpendicular to magnetic field applied, then 

-
dFm = I dl x B 

Force on total length L of wire. 

Fm = 1[J dl] x B 

Magnetic Force on a Closed Circuit 
It is given by 

F,,. = fl dl X B 

where , integral is over the closed circuit C. 
-

For uniform B, 

F,,. = O as fdl =O. 
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Torque on a Current Loop 

N 

, , , 

, , , 

F,,, 

, , , , 

Central axis 

s 

A current loop In a magnetic field : 
princlpla of a mtoro 

In a current carrying rectangular loop abed 

kept in a uniform magnetic field F
111 

acting in -
opposite directions on segments of loop ab and cd 

results into the rotation of the loop about its 
0 

c~ntral axis. Here, ab and cd are perpendicular to 

B. So we can use Fleming's rule to fi11d out 
-

direction of Fm. 

To understand the section of rotation ofloop 
consider the loop as shown below. 

0 0 0 0 0 0 
Fl 

0 0 d 0 1 0 0 0 
C 

Fz 4 F I 12 0 0 0 4 

2 

k ~~r 0 0 0 

0 0 ;IF3 0 0 0 

Loop abed placed in a unfirom mag;ietic field 

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

' \ 
, , 

---. Rotation 

' n 

-✓-+----------',;,---:,(?r------

B 
C 

0 

Side view of the loop abed at an angle 0 

Fro.m figure, . 

. J7. =J~.Bsin(90-8}'=-,Fi 

as Fi arid P. are along the same line and in 
opposite direction, they cancel each other. 

p 1 = F 8 = 111 B sin. 90 = Il1 B 

F- ia-nci. F. are not along the same line, they as 1 a • . 
produce a net torque given by 

:1 1 l . 
-. = I 11 B 2 l2 sin e + I 11 B 2 2 sin 0 

= Jl1 12 B sin 0 

=IABsin8 

For the coil of N turns, 

't ' = NI AB sin 0 

Moving Coll Galvanometer (MCG) 

Analog voltmeter and ammeter work or! the 

principle that a current in the circuit or a voltage 

or a battery can be measured in terms of a tor~ue 

exerted by a magnetic field on a current carryrng 
coil . 

Iron core 
(stationary) 

~ l-d-j 

• 

Upper 
suspen!3ion 

Mirror 

Former 

• ~ -- Lower 

3 
hon core 

Moving 
coil 

suspension 

South 

P ormanent 
magnet 

Moving coll galvanometer 

InMCG, 

D eflect ing torque =-= R estoring torque 

NIBA = Kq, 
where, 1( is to r s ional constant. 

Lchon se Math;. 

q, = ( N~) I i.e. , 
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1 t obeys inverse.~ law yect.ori,uly Magnetic D~pole Mame~t 
~etic· dipole momeiit 

µ=NIA 
'!hen a coil is kept -in 'lllrlforui inagnetic 

field B, . . 
- ... -
't = µBsin8= µx B 

In electric field, 

i = PxE 
When µ ~nd B are pai;f!.llel, 't = 0, i.e., 

minimum. 

When ii and B are antiparaUel, 't = µB, i.e., 
maximum. 

Magnetic Po.tential Energy of a 
Dipole · . . . 

In electric field, P.E. of electri~ dipole is 
given by 

U=-P·E 

By analogy P .E. of magnetic dipole is given by 

U = - µ. · B = -'- µ B cos e 
When e = 0, i.e., µ and Bare parallel, 

Umin= -µB 

When O = 180, i.e. , µ and Bare antiparallel , 

Umax = µB 

Biot-Savart Law 

A current carrying wire of arbitrary shape, carrying 
a current I. The current In the differential lengt~ 

element di produces differential magnetic field dB 

at a point P at a distance r from the element di. 

The ® indicates that dB Is directed into the plnae 

of the paper. 

Biot -Sava rt's law is an equat ion tha t gives 
t h e ma g netic field produced due t o a curren t 
carrying segment called the current element. 

µ0 I dl sin 0 
!dBi = - · 2 

11 7t r 

dB= ~.·IJi XT 
4n _ra · 

where direction of ~et;4: field is given by right 
hand thuinb rule. 

Magnetic field du, to current 1n a straight long 
~~ . 

rt 
The magnetic field dB · at P govlng Into the plan~ of 

the paper, due to current I through the wire 

According t-0 Biot-Savart's law, 

dB = ~. I dl sin 0 
4 1t r2 

Magnetic field due to s emi infinite s tra ight 
wu·e 1s 

µol 
B=--

41tR 

Force of Attraction between the parallel long 
wires 

d 

- · 12 

Two long parallel wires, distanced apart 

~to/1 
B 21 = 2n d 

Magn e tic fi eld a t P by curre n t l e n gth s 
ele ments in upper h alf of infinitely long wire is 
equa l to magnetic field at P by current len gth s 
elements in lower ha lf of infinitely long wire. 

B = 2 s-d B = 2 µ o s-I dl sin 0 
o 41t o r 2 

B = µ o I . Rs- dl as 
21t o (R 2 + ( 2 )312 

. R r 
.. ... [ sm 0 = - = J.==== 

r 12 + R2 

µ of 
B = ZnR ... .. (As l « R ) 
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where, Bai is Jl}agn-etj.c field of second wire due to currebt 11·m first wire. . 

The direction of dB is given by right h&.ll.d. rule and it is into the plane of paper. · The total field at O is By right hand rule, its direction will b~ into plane of paper. ' 
According to Lorentz la'W; 

( µ0I1)r Fu= I2~21td dl 

where F 21 is force on wire 2 due to current.Ii in wire 1. 

It is atU:active force, i.e., it is towar~s wire. 
By infi~tely long wire, force will b~ infinite 

F21 µol1I2 F12 
L= 2nd =L 

where F 12 is force on. wi.re 1 due to current 12 in wire 2. 

If I 1 and 12 are antiparallcl, force will be r epulsive, i.e., F21 =-F12· 

In othe r words p arallel cu rrents :1tt ract, antiparallel currents r epel. 

In the formula , 

ifl1 =12 = 1 A, L= 1 m and m0 = 4 x 10- 7 Wb/Am, 
F -then L = 2 x 10- ' Nim. 

So, 1 ampere current is the constant current through the wir es producing a force of 2 x 10- 7 
N/m on each other. 

M«gnetic field produced by a current in a ci rcul ar arc of a wire 

. · . · J JP µo I dl . B= dB= -·-. . • 4n r 2 

_ ~ . I_ JP dl = ~ · I_ J8 r de - 4n: .;.2 n· 4 n r 2 O 

µo 10 B=-·-
4n r 

Therefore, magnetic field at the centre of full circle of a wire carrying current I is given by 
µo I µo 1 

B - -·-•2n==--- 41t r 2nr 
Axial magnetic field produced by current in a 
circular loop 

z 

e 

X y 

Magnetic field on the axis of 
a ci rcu lar c•Jrrent loop of rad ius R 

I 
I 
I Consider a circular loop in xy pl an e with \ centre at origin O and carrying current I and having radius R. 1'hen magnetic field at point P \ 

Q 
Current carrying wire of a shape of circular arc . The 

length element di ls always perpendicular to r . 
According to Biot Savart's law, magnet ic field at centre O is 

dB = ~. I ell _x r 
4 1l r3 

dB = ~. I di r Bi n O = ft01 di 
4 n r 3 r 2 

on Z axis at a distnnce r from elem ent di on t he loop can be given as 

dB 1 (el l x r) 
4 n r 3 

.... [Using Biot-Snvart's Law] 

dB 
~l o I dl - - · - - - -
4 n z2 + .R 2 

2 ') •) .... l d l _L ,. and ,. = n- + z~ ) 
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The clirectiQn of dB ia peTl)endicular ·to plane 
termed by dl and ;: . lta z coinpo~~nt is dBz and 
the component perpendiculaj: to Z-axis is dB .l• 
l: dB .1. = 0 as they cancel out due ·to .symmetry. 

. Si.mil,arly, we can find magnetic field at a 
distance% on the perpendicular btsector as 

- µo m B=-·-4n :t.a' x>>R. 

Net contribution, . . . ·/ . 

B. = J dBz = J dBcos8 
Ampere's Law 

µo J di = .- · I ---cos8· 

+ Ampere's law can be derived from Biot and 
Savart's Law. . 41t z2 + R2 

=~- IJ Rdl 
+ According to Ampere's law, 

. 47t . (z2 + R2)s12 

.... f As cos0 = z2 R 2 v ] · L ( +R) 2 

= µo. m 21tR 
47t (z2 + R2)S/2 • 

B = µo. I R2 
z 2 (z 2 + R2)312 

Magnetic Lines for a Current Loop 
Magnet ic field a t the centre of loop for the 

coil of N turns can be obtained by putting z =-= 0 in 
the a b ove e quation 

µ 0 NI 
B = 2R 

I 
Magnetic field lines for a current loop 

The direction of field is as per right h and r ule. 
The upper part of t h e loop is regarded as North 
pole and lower par t as south pole of a bar magnet . 

If z >> R , 
µ o 1 R2 µo J A . B = a :.c --3 . . . . [ A == 1tR2 ) 2 2z 2 n z 
µo m 

B z = 21t ·7 
.. .. ( m = IA magne tic moments ) 

µo 2m 
B, = 4n. 7 

It. is analogous to 
2p E == _ ___..e..._

3 
. .. . [ electric field at an 

4 7t Eo Z 
axial point of e lectr ic dipole ] 

f.B • ds = µo I 

where, f indic.ates·that integr~tion is taken 
over a closed loop .c.alled Amperian loop and 
current I ie the net current encircled by 
Amperiaii loop. 

/ 
Amperian ' Direction of 

loop integration 

Amperian loop 

♦ As current goes perpendicular to plane of 
paper, Bis in t he pl ane of paper , 0 11 and 12 
are currents coming out of paper and 0 13 is 
the current entering the paper and. dl length 
element on Amperian loop. 

f B · dl = f B · dl cosO = µ 0 (11 + 12 - 13) 

As 11 and 13 are parallel to associated thumb, 
· they are positive. So 13 is negative. 
As 14 i s not within Amperian loop, its 
contribution to B ca ncel out. 

♦ For a long straight wire carrying a current 1, - -
Band di are tangential to the Amperian loop 
(circle) 

:. i B . dl = J2
n µo J · r dO = µ0 I r O 2n r 

♦ Biot-Savart's l aw in magnetostatics is 
analogous to Coulomb's law in electrostatics . 

♦ Anwere's law in magnetostatics is analogous 
to Gauss' law in electrostatics. 
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Magnetic Field of a Solenoid If n is no. of t~s per unit l~gth of solenoid and i is current flowing through wire, then eurrent coming out of paper, 
I= nLi 

BL= µ0 nLi 
B = µ0 ni 

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. 

Schematic diagram of a cross section of 
a current carrying solenoid 

d .----o----.c Amperi:in 
...---Loop 

l~l~j xj~fx\xl xlxlxtxl~Jxlxl~l~IXlxlxlxlxlxlxlx(x] 

\ 

Ampere's law applied to a part of a long ideal solenoid : The dots 0 shows that the current is coming out of the plnae of the paper and the crosses @ shows that the current Is goiving into 

I 

\ 

the plane of the paper, both in the coil of square cross section wiere. 
For a r eal sol enoid of finite l eng th , magn e t ic 

I 

fie ld i s uniform h aYing good strength at the ce ntr e and w eak at outside the coil. 
For ideal s olenoid l e ngth i s infinite an<l wire has a square cross-section and its wound very closely with insulating material, so magnetic fi eld ins ide the coil i s uniform and a long the axis of solenoid a nd outside the solenoid i s ze ro . 
For r ectangular loop abed, 

f iJ . dl = s: B . dl + s: B -dl 
+ Jd /3 - di + Ja B · d l C d 

= µ o I 
B · L + 0 + O + O = µ 0 I 

J' 13 . dl = 0 and J" B -ell = O h d 
A s Band di are p e rpen1l icula r 

J: 13 · di = 0 
\ a s w ire iH ou t s ide the s olenoid. 

Amperian loop along the central axis of the toroid 
Ar.cording to Ampere's law, 

f B · di == µ 0 I 
R·2nR=µ 0 NI 

where, N i s no. of turns in a toroid. 
B = µoNI 

2nR 
1J nhke sole!1oid, magnetic field is not uniform over t h e cros s section of toroid. 

\ B = 0 for po~nts outside ide a l toroid. 

r: UST OF IMPORTANT FORMULAE 

M_~gnetic ~orce _a:ting on a charge q moving 
w1.;h v<::!loc1ty u 111 a magnetic field B is 

\\ f = CJV D sin 0 
2. Lorentz force acting on a charge 

f = qE + qu B sin 0 
3. Ampere's law, 

f B · di = ~lo I 
4. Force on a strnight co nductor carryrng 

r.urrent I is 

F = I l B sin 0 
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5. Magnetic induction at a point near an infi
nitely long straight conductor carrying cur
rent lie 

µoI 
B = 2nr 

6. Magnetic field at one end point of infinitely 

long straight wire or semi-infinite straight 
wire is 

7. 

8. 

9. 

10. 

11. 

µoI 
B=~ 

Magnetic field at the centre o(~citlarcoil of 
ntul'IUlis 

µ 0 nI 
B=--

2nr 

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

µ 0 16 
B = 41tr-

Magnetic field at an axial point due to circular 
coil is · 

B=.&_· IR2 
2 (z2 + R 2)a12 

Magnetic force per unit length between two 
parallel long wires is 

F µo 21112 
L = ~--d-

For cyclotron 

(i) Momentum, mu= qBR 

mu 
(ii) Radius, R = B q 

(i i i) Time p e riod fo r semicircula r motion 

-:r.R nm 

u Bq 

(iv) P eriod of revolution of n charged particle 
is 

2nm 
T ::c -

Bq 

(v ) F r equency of revolution i s 

r = J_ = J!!L 
7' 2 nm 

(vi) M a ximum speed a c quire d b y i o n to 

e m e rge from a cyclotron is 

_ 13q R 
Vrn ca x -

m 

1 2 
(vii) KEm.,~x = - rn um"-

2 ~ 

= B 'i. <J~ R 2 

'.lm e 

B 2q 2 R 2 
(in J oule) 

2 m 

(in eY) 

U. Magnetic moment of a current carrying wire 
is 

· M=IA 

18. Magnetic mo~ent,ol a circular coil ot n turn 
is .. 

. M·=nIA 

14. Torque acting on mu-rent carrying coil place 

in magnetic field is 

't = NIBA sin 8 = MB ein·e 

15. FQ~ moving coilgalvanQmeter;CM.q.G.) 

(i) Deilik:ting -tqi.-que, 'td=NIBA cos-8 

. (ii) Restoring torque, 'tR ='Ji 8 

. . ke 
(iii) Current, I= lfliA . 
· ·· · · · · . de NBA 
(iv) Current sensitivity, Si= dl = - -k-

. de S
(v) Voltage sensitivity, Bu= -d. = c' 

' IJ r 

16. Biot-Savart's Law, 

dB = µ 0_ • 1 (dL x r) 
4n r 3 

dB = µ 0 • 
1 dl sine 

4n r 2 · 

17. Magnetic induction due to a long solenoid 

(i) at a point inside the solen.oid is 

Binside = µO n I 

(ii) at a point near end of solenoid is 

µ 0 nl 
B 2nd =--

2
-

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

(i ii) a t a point outside the solenoid, 

B outside = 0. 

18. M agn etic induction due to toroid is 

B inside = µo n I 
N 

where, n = -2- = tw·ns per unit len ~ h . 
7t r 

BoutHide = 0 . 

19. M agnel ~c potentia l ener gy of a dipole m a 

m a gnetic fie ld is 

u = - MB cos 0 

20. Magnetic field pt a point on the perpendicular 

bisector is 

µ o m 
fl =- · - · 

2 n x3 • 
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