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Moving charges and magnetism

Oersted’s experiment

Biot-Savart law
Biot-Savart Iaw B due to a circular coil
( and a few applications )
B due to a circular arc

B at an axial point of a coil

B due to a finite straight wire
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Moving charges and magnetism
Oersted’s experiment

Oersted observed the magnetic field due to
current carrying conductor. His investigations are
significant as they led to the understanding of
relation between electric phenomena ( current )
and magnetic phenomena ( magnetic field )
through the following observations

= Deflection of the magnetic needle is always tangential to the circle in a plane
perpendicular to the wire

= Reversing the direction of current reverses the direction of magnetic field

= Deflection in the magnetic needle increases on increasing the current or bringing
the needle closer to the wire
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Moving charges and magnetism

Biot-Savart law
e d/is a small segment of a real current carrying wire

* ris distance of the point under consideration from the segment of the wire

* Oisthe angle between r and d/ ( taken in the direction of i )

dB o |
dB o« d/
dB o 1 g

?"2 ° P
dB oc sin(0)
4p = M i d/ sin(6)

CArx )2 14, is called permeability of vacuum

dg:#oldzjr i:loJ

A7 r 47

Biot-Savart law can be used to calculate the magnetic field induction due to various geometric
configurations ( straight wire, circular loop, rectangular loop, triangular loop )
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Moving charges and magnetism

Biot-Savart law

When medium between current segment
and the point under consideration is not
vacuum then the permeability of the
medium should be used.

Permeability of a medium ( x ) is related
to permeability of vacuum or absolute
permeability (x, ) as

1= LU, b

po =+
1,

4, is called relative permeability
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Moving charges and magnetism

B due to a current carrying circular coil

Consider a circular loop of wire carrying current ( i ) in
counter clockwise direction as shown in the figure. Let R
be radius of the circular segment.

Any point on the circular wire is at the same distance from i
the centre. At any point, angle between d/ ,taken in the
direction of current, and the radius vector is 90°.

Magnetic field at the centre, due to any segment of the
wire, is directed outwards

Using Biot-Savart law Integrating over the B = Aol
4B - U, 1dlsin(0) entire length of the coil 2R
Ar 72 - For n number of turns
[ M, 1dl in the coil we get
. . B = o g
4B = Mo zcz’[sn;(QO) J). Ar R
A R o 5 U ni
. idl 'y j di 2R
dB = — 2 472' RZ
47 R




Moving charges and magnetism

B due to a current carrying circular arc

: . : . : i
Consider a segment of circular loop of wire carrying current i /_\
in clockwise direction as shown in the figure. Let R be radius 7/

of the circular segment. /___\R
Any point on the circular wire is at the same distance from ‘P
the centre. At any point, angle between d/ ,taken in the
direction of current, and the radius vector is 90°.
Magnetic field at the centre, due to any segment of the wire,
is directed outwards
Using Biot-Savart law 0 ., In terms of magnetic
. _ B=[Le! Rdzé’ field due to a circular
4B — U, idlsin(9) 4 R loop ( B,)
A e :
ﬂ l. ¢ B _ /uo ! i
(. idl B=——|dd# B
dB:io Rz 47Z'R0 2R 27
T
; 0
Integrating over the B = iﬁ B =B, [—j
given arc we get Ar R 27
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Moving charges and magnetism

B due to a current carrying circular coil — at a point on the axial line

Consider a wire carrying

current i . Let the wire be ~~.._ F

in the form of a circular R e f
P

loop of radius R. Let P be a( e
a point at a distance x 0
from the centre of the
loop. l

Any point on the circular coil is at the same distance ( ) from the point P. At any
point, angle between the small segment of the wire ( d/ ) taken in the direction of
current and the radius vector ( ) is 90°.

Magnetic field at the point may be resolved into two mutually perpendicular
components. Components along the axial line get added up and components
perpendicular to the axial line get cancelled
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Moving charges and magnetism

B due to a current carrying circular coil — at a point on the axial line

A
Using Biot-Savart law
g M idl sin(B) . 245 dB
4 r - /
o Rt
: : 0
4B — L, i dlsin(90) X P
4 r’ i\
4B = Ho 126” 2 -
4 (R T X ) Total magnetic field is | p= b —
a obtained by integrating 2 (R2 + xz)
dB\_ = Ho Sin(a) iR 27R .
T Arx (R2 + xz) _H I Al For n turns of the coil
47 (Rz + x° )3/2 0
qp - M 1dIR | M, nik’
x A R2 P 3/2 _ H, IR 27 R o ) (RZ N xz )3/2
( + X ) A (R2 L2 )3/2
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Moving charges and magnetism

B due to a current carrying circular coil — at a point on the axial line
A

dB
R ‘-‘-‘h‘-ﬁ“‘-‘
L niR* il e
B = . 292 0
Z(R + X )3 X P
\
l
= Magnetic field is the maximum at the B A
centre

= Magnetic field strength tends to zero
for large values of x

V

/

" Direction of magnetic field remains <
same on either sides of the coil
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Moving charges and magnetism

B due to a thin straight current carrying wire
* Currentinthe wireisi ;
* Perpendicular distance of point P from the wire is r g o
* dyis a small segment of current carrying wire y dﬁ\\
* dOis the angle subtended by segment dy at point P 5 9 (ﬁ
* yis the height of dy from O A r af[» P
* «aand fare the angles subtended by end points of the  j -
wire w.r.t. the normal drawn to the wire '
* Magnetic field due to any segment of the wire is
inwards at point P
,M’»‘\ * Distance of any segment dy of the wire is NOT same from point P
s 'aj o * Angle between dy and 7’ is NOT same for any segment considered
‘\":% .\ * Mathematical technique of integration is required to obtain the resultant B
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Moving charges and magnetism

B due to a thin straight current carrying wire
Using Biot-Savart law 4B = Ho 1 dy COS(el dy .
— 4] sin(e) A7 (r/cos(9)) . r d§
Ar T qp_ M 1dy c?sg(e) T o (ﬁ
4 - Mo 1dysin(90+6) A d 1 r ’rt:_:;;[:-f"’P
4r ()’ From the figure we get l
dB - L, idycos(6) tan(e):i
A (')’ r Total magnetic field is
From the figure we get dy = r sec’(0) dO obtained by integration
e s
cos(e):£ \s,:eb;’gtutmg in above eq B :f_;,}ij: cos(8) do
ol co;(e) dB = ;,u;z l cosi@)de B = 22£[sin(a)+sin(ﬁ)]
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Moving charges and magnetism

General approach to determine B due to a given geometrical
configuration.

Theoretically break up the given configuration into different segments.
Calculate the magnetic field at the given point due to each segment
Use standard relations of the method of integration for the above step

O 00O

Magnetic field due to any segment that lies along the line joining it to the
given point is zero ( because sin(0°) = sin (180° ) =0)

U

Use principle of superposition to determine the net magnetic field at the given
point as the vector sum of the contributions as mentioned above
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