















I Recall from E M if you covered it
Response of a Linear Isotropic Homogeneous

Medium to an appliedmagnetic field

M magneticmoment toluene
units current area volume A mo

I I appliedmagnetic field mine in a nut

LIAM M X
Then net magnetic field in

B Mo M I

Indeed This is the defeaterof B M

Various materials
X O paramagnetic

dipoles tend to align with
external field

X L O diamagnetic
dipoles ofteneasy to think
of them as induced tend to
align opposite the applied field

X typically very small w 10
5

Ferromagnetic X not constant I can be non zero
even in the absenceof an applied field

Magnetic Susceptibility
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what happens if you bring a paramagnetic
sample close to a magnet
Crude picture sample is attracted

T.ie Iitaim

FEE
In our case the sample is fixed but tries to
lift themagnet so the measured man ofthemagnet

ears_
Look more carefully
Force on a current loop whore dipolemoment

as in iiiiok.ie
Z

Net 0 in a uniform B
Torque is not Zero current loop
tends to align with B
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b current loop in a gradient
Suppore B is not uniform in Z

I v B G n Δz

hx I

Δ F I Btop I LxBoot
I Ly DB

Recall magnetic dipolemoment µ I Area

DF ILSE IE A Bz
Now think of magnetization M Sample has
a cross sectional area A Lxly
M

yaz z
M Masz

DF MASB for that small loop
Recall M XH

and B Mo MTH Mo It X H
Then

averagevalueover small loop
AF HA Mo HX S H
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Now in tegrate are a tall sample

A

F Sdf XAM.CI X SHIH
Amo HX 2 top

bottom

Lastly measure H by sticking a current
carrying wire between the magnets and
measuring the force

With no saplepresent call it B
B Mo H H B

there Amo Itf F
drop 155

F 1m Bip Biotton
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Sample Btop

Bbottoin large

If positive paramagnetic the
material is attracted into the regionofstrongfield Equivalently themagnets
are pulled up
F shows up as a change in mass
recorded by the balance

F Smg

Δm 2 9
Bip Bittm
should be 0

i Guoy balame
Measure SAW learn

Predicting Atomic or Solid StatePhysics
Requires quantum mechanics

classically X 0
See Section 2 of the TeachSpin manual


