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Magnetic Properties of Matter: Magnetization vector (M). Magnetic Intensity(H). Magnetic Susceptibility
and permeability.Relation between B, H, M. Ferromagnetism.B-H curve and hysteresis. (4 Lectures)
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= magnetic dipole moment per unit volume.

Concept of bound current:

A = (Lo m X 2

4w 22

A(r) = % [M(r") x (V’l




= magnetic dipole moment per unit volume.
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Concept of bound current: A(r) = j—jﬂ [M(r’) X (V"-)] dt’.
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= magnetic dipole moment per unit volume.

Jb =V xM,

V.-J,=0.

‘the divergence of a curl is always zero.




Current density = Bound Current + Free current

J=Jp+Jy.
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This is the relation between B, H and M Ampere’s Circuital Law

1
H= —B-M. fﬂdl:ffm,
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M = x,, H. Typical values are around 1073 |

The constant of proportionality x,, is called the magnetic susceptibility;




Magnetic properties of materials:

Revise the following topics from any text book: (NCERT Class 12)

Magnetic intensity, magnetic induction, permeability, magnetic

susceptibility.

Brief introduction of dia-, para- and ferro-magnetic materials.




Magnetic properties of materials:

Important to know for future experimental physicists:

" Material Susceptibility | Material Susceptibility
Diamagnetic: Paramagnetic:
Bismuth ~1.6 x 107% | Oxygen 1.9 x 107°
Gold —3.4 x 107> | Sodium 8.5 x 107°
Silver —2.4 x 107 | Aluminum 2.1 x 1073
Copper —9.7 x 107° | Tungsten 7.8 x 1072

| Water —9.0 x 107% | Platinum 2.8 x 1074
Carbon Dioxide —1.2 x 107® | Liquid Oxygen (—200° C) 3.9 x 1073
Hydrogen —2.2 x 107% | Gadolinium 4.8 x 107!
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dia-, para- and ferro-

Diamagnetic

Atoms do not have intrinsic
magnetic moment.

On application of external
magnetic field (B)
magnetisation m grows and it
is opposite to B

U=-m.B
U is +ve

- Water, Superconductor, Cu,
Pb, NaCl, S

Paramagnetic

Atoms have intrinsic
magnetic moment.

When external magnetic field
(B) applied, the magnetisation
m align along B, and when
removed, net magnetisation is
ZEero.

U=-m.B
U is -ve

Al, Na, CuCl,

Ferromagnetic

Atoms have intrinsic
magnetic moment.

When external magnetic field
(B) applied, the magnetisation
m align along B and when ext.
field 1s removed, the
magnetisation persists.

U=-m.B
U is -ve

Fe, Co, N1



Important formula..

This is example of linear media, where M and H is linearly proportional..

B = uo(H + M) = po(l + xm)H,

B:u,H,

n=po(l + xm).
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Ferromagnetism and B-H loop

This is example of non-linear media, where M and H is not linearly proportional..

B = po(H+M) = po(l + Xm)H,

n=po(l + xm).
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We do not know exact formula relating M and H..



Ferromagnetism and B-H loop

This is example of non-linear media, where M and H is not linearly proportional..

M

(Permanent (Saturation)

Magnet)

/ (Permanent
Magnet)

e
(Saturation)

There are lots of questions you should ask from this figure.. please attend class
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Thank you




