Force on a current carrying conductor
Consider a conductor of length | is placed perpendicular to the magnetic field of
induction B. Magnetic field is perpendicular to the plane of the paper. Let i be the current
flowing through the conductor in time t (as shown in the figure).
We know that the force F acting on a charge
g in motion with velocity V is given by

F=q(VxB) ¢ B

e

F=+xB) 5 A A Tl
But %= i current X A ol e

So |F=i(lxB)
or |F = Bil Sin6|

Torqgue on a current carrying loop
Consider a loop P Q R S of length | and

breadth b carrying current i and it is placed ina ~ ¢ ¢ < < %~
uniform magnetic field of induction B. : X p X I s X 5 X
PQ=RS=1 and PS=QR=b < xi[x x x| x x
As the sides PQ and RS are perpendicular to F'T,;"‘ v w wmll w T &
the field B. I —— — =R
The forces acting on each side PQ & RS'is F = Bil ) . 8 h ) . "
The current in these two edges are in * x a A s ® X
opposite direction. So these two forces are in opposite direction . = Normal:
and constitute a couple or torque. S g
Let 6 be the angle between the magnetic field B and the — =
normal drawn to the plane of the loop. = :ﬁ‘;,a =
Then torque is given by T = Force X Perpendicular distance —— i\{‘ -
T=Bil.bSin® or tT=DBi(l.b)Sinb T I :
T=BiASin6 + 1b = A = Area of ‘ -
the loop.

If the loop or coil has N no. of turns, then the torque is given by
|t = NBi ASin 0|
This principle is used in moving coil galvanometer or ballistic galvanometer.
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Biot-savart's law
This law gives the magnetic induction B around the current carrying conductor.
Consider an irregular shaped conductor AB carrying current i. Let dB be the magnetic
induction at P due to the small element of length dl. The point P is at a distance ‘r’ from the
small element. Let 6 be the angle between r and dl.
Magnetic induction dB is directly proportional to the current i flowing through the

conductor. dB i
dB is directly proportional to the length of the element dl.
dB oo dl
dB is also directly proportional to the sine of the angle 6 between dl and r.
dB oo Sin 6
dB is inversely proportional to the square of the
distance from the point P to the element dl. Current Carrying :
dB oo LZ Conductor ) P
T B -~ ‘
%) r
idlSind e
> e ,uorzi dl Sinf d\
Or dB = o ) \ i
Here Z—; = Proportionality constant = A

Ho = Permeability of the free space.
If 7 =Vector along r

; =5 idlxt Sind
Then, in vector form  |dB = £ Sl Al Licd
4n r

Magnetic induction B due to long straight conductor carrying current

Consider a long straight conductor of infinite

length carrying current i. Let P be the point where the Jl* Bf4 19
magnetic induction is to be measured. This point isata # A o
perpendicular distance R from the conductor. Take a 7 s
small element AB of length dl at a distance r from the ¥ 7 > X
point P. The angle between dl and r be 6 in the //: R P
clockwise direction. //

As per Biot-Savart’s law the magnetic induction 7
at P due to the small element dl is given by T ,

o idlSing R
dB = 1 —
Induction due to the whole conductor B = [dB = fii—; idl:;ine > (1)
From figure r = (1> + R®)/? & Sin@ = Sin (m —0) = § = Mﬁ

Substituting the valuesof r& Sin6 inegn. (1)
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_,u_oi © R dl
Then B = A f_oo (12+R2)3/2

If a is the angle between r and R

Then tana=é or [=Rtana

On differentiation dl = R sec?a da

Converting the integration limits in terms of angle
_uoif”/z R.R sec’a da
 4n _nj2 R34+ tan?a)®/?
B _ y_oifn/Z da

4w Y-m/2 R sec a

B

|~ (1 + tan’a) = sec?a

i /2
g = Ho f cosa da
4R /2

Mol
4R

/2
- /2

[sin a]

— Kol
B = (1+1)

So the equation for magnetic induction is B)= t

Maagnetic induction on the axis of a circular loop carrying current
Consider a circular coil of radius ‘a’ carrying current ‘I’. Let P be a point where the

magnetic induction is to be measured. It is on the axis of the coil at distance ‘x’ from the centre
of the coil. Q

. d
AZB dBcos X~ dB

Consider a \ :
small  element a;, o\ ':
AB of length di | | AN VI > X
in the coil and it : | X P dBsind

is at a distance r ‘ / <
from the point \/ &
P.. The angle A B’ b ,
between dl and dB
ris6 =290

Then the magnetic induction dB due to the element dl at p is given by Biot- Savart’s law.

i = Mo i dl Sin90° :,u_oﬂ
41 2 4’ r?
The angle between r and axis of the coil is ¢.
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dB is in perpendicular direction to the plane containing # and dl. This vector dB can
be resolved into two perpendicular components, one (dB sing) along axis and the other (dB coso)
perpendicular to the axis.
> Take another element A'B! in the coil diametrical opposite to AB. The magnetic induction
dB at P due to this element A'B* can also be resolved into two perpendicular components.
» The component along the axis (dB sing) can be added to the previous one. But the
component perpendicular to the axis (dB cos¢p) is quite opposite to the previous
perpendicular component & they cancel each other.
» Like this, the resultant perpendicular component comes out as zero and only the
component along the axis exists.
Magnetic induction along the axis B = [ dB sin @

Kol .
B = 47Tr2fdl sin @
B =2 fdl. () < sing = (%)
B = j:n—3 fdl. » (1)
[dl =2ra = Circumference of the coil. > (2
From figure r= (a® + x¥)1/?
Substituting eqgn. (2) ineqgn. (1)
. P2
_ Bola —__Hola
B = 4m (a4 x2)3/2 A 2(a?+ x2)3/2
UoN i a?

If the coil has N no. of turns. Then This is along the axis of the coil.

- 2(a2+ x2)3/2

Case 1:- At the centre of the coil x=10

_HMNia*>  p,Ni

B
2a3 2a

Case 2:- At far away from the centre of the coil x >>a & (a? + x?)3/? = x3

Nia?
B:.uo -
2x

Magnetic induction due to solenoid

Consider a solenoid of length ‘I’ carrying current ‘i’ and its radius is ‘a’. The total no. of
turns is ‘N’ and number of terms per metre is ‘n’. So n = N/I

Here three different cases arise 1) Field at inside point. 2) Field at an axial endpoint. 3) Field at
the centre of the solenoid of finite length
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1) Field at inside point. — dx |«—

v' Let P be the point on the axis where the 7 A B
field is to be measured. Consider a smal| ~---SoAeRANNOMINAGREOGAANEACEE:
elementary part of the solenoid AB of de };;r:i*” O a
width ‘. s - T N M s
v' The point P is at a distance ‘r’ from the P fol¥
elementary part and at a distance ‘x’ from — | o

the centre of the elementary part. ,
. . 000000000000000000000000000000000000)
v' The angle between r and axis of the coil

is 0 and the angle made by the width of ™ FERRRNRS i S >
the elementary part at P is d6.
The magnetic induction dB due to the elementary part is

_ Ho(mdx)i a?
B = s xipn

From the figure AC =rdf

Fromthe A ABC sinf = ~% (or) dx== a0
dx sin 6
Fromthe AAPO  a?+ x? = 1?2 a (@ H A= (@)
Substituting eqgn. (2) in (1)
ip < M mg)ia
B = 2r3 rd@

ax
dB_uondHi a2 Aig 9§7B
~ 2sin# (;)
4 C a

2
T r e
ndo i
dB = MO.— (sin 8)? P o
2sin@ TR »| O
dB = fon d isinf 00000000000000000000000000
— 2
6, 0, .. N~ - (7)2 > 24
B = dB = j’ o i sin6 do St < ”
91 91 2 SE— - - P AR
[ i 92
B=" ;” [_ cos 0]91 00000000000000000000000000000

B = % [cos; —cosB,]|———  (3) This is general equation for B

1) For the field at the centre of solenoid of infinite length, the limits are 6; =0 and 6, ==

B = % [cosO —cosm] (or) B = % [1-(-1)]

— (1) as per the mag. induction of the circular coil.
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2) For the field at one axial end of solenoid of infinite length, the limits are 6; =0 and 0, = 7/2

B = % [cos 0 — cos /2] (or) B = % [1-(0)]

Uo N i
B ="
2

3) For the field at the centre of solenoid of finite length,
Let ‘I’ be the length of the solenoid and the distance from the centre on either

side is 1/2.
l/2 l
&N Cc0SH = —m—M8M— = ——
1 ; z 2% {4a2+12}1/2
{a +(3) }
—1/2 -1

& cos(m—0,) = — T =
2+ ()}

~ cosf, =

(alt (2172

N|

-1
(@a? + 2172

Substituting these cosine values in egn. (3)

g =t ni [ —1
R
g ot ni [ N [

2 |faa? + 2}

B

(aa? + 12}'"*

_ Poni 21

u, nil

2 {4a2 + 12}1/2

B =
{4a2 + I

to N

B =
aa? + 2}

/2
}1

wnl=N
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