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Announcements

1. Pick up your re-worked exams and other extra credit 
work.

2. One week from today (Friday, Feb. 25th) –second exam –
covering Chap. 28.8-32 
Advice about studying –

work problems
work problems
work problems
formulate questions and get answers
(practice exam now posted).

3. Today’s topics –
Review inductance and  LR circuits
Magnetism in materials
Maxwell’s equations
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Faraday’s law in a solenoid:

≡ L  “inductance”

1 henry ≡ Volt · s/A = T · m2/A

Basic principle: Faraday’s law

∫ ⋅−=∫ ⋅= ABsE d
dt
ddE
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Solution of differential equations:
Inductor                                   Capacitor

0 =−− R
dt
dq

C
q

E

( ))/(1)( RCteCtq −−= E( ))//(1)( RLte
R

tI −−=
E



2/18/2005 PHY 114 -- Lecture 14 4

0=−− L
dt
dIIRE

More details: 

( ) )//()//(1)( RLtRLt Kee
R

tI −− +−=
E

Extra term –depends 
on conditionsExample:   

If I(t=0) = 0 K=0
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Another example:

0=−− L
dt
dIIR

)//()( RLtKetI −=
Constant K depends on conditions.

Example:   I(t=0) = I0 K=I0
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Energy stored in an inductor:

dU = EL dq
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Peer instruction question
http://hyperphysics.phy-astr.gsu.edu/hbase/magnetic/motdc.html#c1

We have discussed that fact that 
the set up for a motor and a 
generator are very similar, with 
the magnetic force law and 
Faraday’s law operational, 
respectively.   What happens to 
Faraday’s law when we use the 
motor configuration?

(A)It has no effect.
(B)It makes the motor run faster.
(C)It makes the motor run slower.
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Sources of magnetic fields (in addition to currents)
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Gauss’s law for electric fields

0ε
enclosed

E

qd =⋅=Φ ∫ AE

Gauss’s law for magnetic fields

no magnetic
“monopole”

0=⋅Β=Φ ∫ AdB
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Magnetic materials –

Diamagnetic – respond to an applied 
magnetic field by producing “eddy currents” to 
oppose it.   A superconductor is an ideal 
diamagnet.

Paramagetic – respond to an applied 
magnetic field with induced magnetic dipoles

Ferromagnet – magnetic dipoles exist even 
without a magnetic field   (Fe)
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Torque:

τ = µ × B

µ

I

Magnetic moment associated with current loop:

A IA

µ

µ = NI A

µ
B

Potential energy:

U = − µ ⋅ B
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Ref:   http://www.cis.rit.edu/htbooks/mri/inside.htm

MRI – Magnetic resonance imaging

τ =    µ × B

U = − µ ⋅ B   plus time varying B1 signal from µ of protons
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B
B
⋅−=

×=
µ

µτ
U    :Energy

    :Torque
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Relationship between microscopic 
and macroscopic magnetic dipoles:

microsopicmacrosopic µµ fN≈

fraction aligned 
number of dipoles
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microsopicmacrosopic µµ fN≈

massmolar 
volumedensity ⋅

= ANN
Note: Appendix F lists 
molar masses for all 
the elements in units of 
grams/mole
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θµτ
µτ

sinB
B
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×=

µ
B

θ

Calculation of the torque:
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Summary of  the
basic laws of electricity and magnetism  

***Maxwell’s Equations***

0enclosed /    :law sGauss' & sCoulomb' εqd =⋅∫∫ AE

0    :law sGauss' Magnetic =⋅∫∫ AB d

+=⋅∫ enclosed0    :law sAmpere' Id µsB

∫∫∫ ⋅−=⋅ ABsE d
dt
dd    :law sFaraday'


