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ELECTROMAGENTIC FIELDS: BIOT - SAVART LAW

(DB 08 EBD0en AIPE - FHE JoHDHW)

Some basic points

1. Oersted experiment observed the deflection of compass near current carrying
conductor which provided evidence for production of magnetic field by moving
charge.

2. When a test positive charge moves with a velocity ‘v’ through a point in a magnetic
field ‘B’, the charge experiences a deflecting force ‘F’. these three are related by the
relation

F
= X e = —
F=qovxB B e

The magnitude of B may written as
F

qoVsin0®

3. When a charged particle moves in electromagnetic field, it experiences Lorentz
force. The force is given by

F = qoE + qov X B = q[E + v X B]

then there exists a magnetic field at that point

4. Similar to representation of electric lines of force in electric field, there exist
magnetic lines of force in magnetic field. The tangent of magnetic line of force gives
the direction of the magnetic induction vector at that point. The number of magnetic
lines of force is proportional to the magnitude of ‘B’

5. Magnetic flux: similar to electric flux, magnetic flux is defined. It is represented by
the letter ®j. It gives total number of magnetic lines of induction passing through a
surface. Mathematically it is represented as]

F = qovBsin® = B =

P = jg B.dS weber

Biot — Savat law(223& - 358 DaH0Ew ):

Biot-Savart law was given by two French physicists, Jean Baptiste Biot and Felix

Savart. After a series of experiments to study the magnetic field produced by various current
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carrying conductors, they obtained a relation by which ‘B’ can be calculated any point of space

around the conductor. Therefore, it is called as Biot-Savart law.

To understand this law, let a current carrying conductor carries a current ‘i’ and ‘P’ be a point at
which magnetic induction ‘B’ is supposed to be determined. According to Biot — Savat can be
divided into number of short current elements. The magnetic field ‘dB’ due each element is

calculated. The following figure shows a current carrying conductor.

dl 1s a small
pie.(;e of the wire ]l ¥ 18 a unit vector
: from dI toward P.

dB is into page.

a P

Let ‘dl’ the length of one such element and ‘r’ be the displacement vector from the point
‘P’ to the element. Biot — Savart observed that the magnetic induction ‘dB’ at point ‘P’ due to
small element of the current carrying conductor depends upon the following factors
1. TItis directly proportional to the length of the element dl
dBadl
2. [ltis directly proportional to the current i
dBoui
3. It is directly proportional to the sine of the angle ‘0’ between the direction of the current
and the vector joining a given point of the magnetic field and the current element
dBosin®
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4. Ttis inversely proportional to the square of the distance ‘r’ of the point ‘P’ from the

element ‘dl’

dBol/r?
Combining all these, one can get

idlsinf

B «
72
When the conductor is placed in vacuum or air, then dB = Fo dismé (1)
41 r2

Here, Z—; is proportionality constant and p is the permeability of free space.

In vector form,

Uo LdlxX#
dB = — X
41 r3

where, 7 is the unit vector in the direction of the like drawn from the current element to the point

of observation ‘P’ which is commonly known as position vector.

The resultant field at the point ‘P’ can be obtained by integrating equation (1)

idlsin® u _ weber
= (Where, 2 =107 ——)
r 4T ampere—meter

.'.B:de:fZ—z_x

Model questions ( &80 ) w ):

1) State and explain ‘Biot - Savar law’
2) What is Biot - Savart law? Explain.
3) Explain Biot — Savart law in detail.
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