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Biot-Savart’s law:

According to Biot and Savart,

1) Directly proportional to the current ‘i “ flowing
through the conductor

dB a i

2) Directly proportional to the length element dl

dB a dl



3) Directly proportional to the sine of the
angle between length element and the line
joining the element to the point P

dB a sin 6

4) Inversely proportional to the square of the
distance r of the point P from the length
element dl

1
dBCYr—2



idlsinf

B «

TZ
Uo idlsin@
= dB =
A 12
Where Z—; is proportionality constant and

Uo is the permeability of free space.
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In vector form
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Ampere’s right hand thumb rule / Ampere’s law:

When a straight conductor carrying
current is held in the right hand such I
that the thumb is pointing along the
direction of current, then the direction
in which fingers curl round it gives the
direction of magnetic lines of force.

Image source: https://en.wikipedia.org

Mathematically, fg dl = poi
-al = Ho
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Magnetic Induction
at a Point due to
finite and infinite Straight
Current Carrying
Conductor
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Application of Biot-Savart’s law:

Magnetic induction due to a straight current carrying wire:

According to Biot - Savart’s law, the
magnetic induction at point P due to the

small length element dy is
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~ The magnetic induction due to the entire conductor is

dB = —
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From the diagram B — Uol [ dysinf
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[
= B = A'ng |sina + sinf]

Special case:

If the wire is of infinite length and the point P lies at a distance d
from the wire as shown in figure
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Ampere’s law derivation:
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Problem: An infinitely long conductor carries a
current of 100 mA. Find the magnetic induction

at a point 10 cm away from it.

Solution:
Given
current /i =100 mA
=100x 103 A
=101A
distance d =10cm
=10x10?%m

=101 m
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Magnetic induction inside a current carrying conductor:
I " l
Current density j = yl
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According to Biot - Savart’s law, the
magnetic induction at point P due to
a current carrying conductor is
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Hence, magnetic induction at a point inside a current carrying
wire is directly proportional to the distance from the center of
the wire to the point.
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Magnetic Induction
at a Point on the Axis of
a Current Carrying
Circular Loop
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Magnetic field at an axial point of a current

carrying circular loop(coil): .
According to Biot-Savart’s law dBcos o
_ ol i(dlX f) Y g
dB —_ x a(@ dBisin o
41 r3 200 -
"________Ed_'B'
dBcosa N

where 1 = /a? + x2

Image source: www.esaral.com

Here,angle between dl and 7 is 90°

~dlX T =dlrsin90° = dlr (magnitude)



~.Magnitude of magnetic induction
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The net magnetic induction
component along x — axis is
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and 13 = (a2 + x2)3/2
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The direction of magnetic induction along the axis of the loop

If the current carrying loop is having N number of turns,
then magnetic induction
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Special cases:

Case 1: Magnetic induction at the center of the loop/coil

At the center, x =0
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Case 2: If x >> a then

. 2
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The magnetic field B varies non linearly with distance
x from center of the circular loop as shown in figure

B
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Problem(1): A 2 ampere current is flowing through a

circular coil of radius 10 cm containing 100 turns. Find the
magnetic flux density at the center of the coil.

Solution:  given

Currenti =2 ampere
Radius of the coil r=10cm =10x10°"m=101m
Number of turns in the coil N = 100 turns

Magnetic Induction B =7



Magnetic induction at the center of

the coil B

B

HoN1
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4 X 1077 X 100 X 2
2X 1071

4X3.14X107°X 100

12.6 X 10~* wb/m? or tesla

12.6 gauss



Problem (2): The magnetic induction at the center of a

circular current carrying conductor of radius ris B_. The
magnetic field on its axis at a distance r from the center is B..
Find the value of B_/B,

Solution:
Given, Radius of the current carrying conductor = r

Magnetic induction at the center of the circular current

carrying conductor = B_

Distance from the center to point where magnetic
inductionisB,=x=r



Magnetic induction at center of the current
carrying conductor
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