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Will be discussed in detail 
during recitation 
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Hydroelectric Power 

From last lecture – Example of calculation 

3 

v X B 

++ 

FB 

-- 

E 



Falling magnet slows down as it approaches a copper ring immersed 
in liquid Nitrogen 

Why ? and what is the use of liquid Nitrogen ? 4 
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EDDY CURRENTS 

Induced current in complete loop 
Causes retarding force on wire 
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What happens if I have no wires to define current path 
in a metal sheet. Two whirlpools of current circulate. 

Power dissipated in moving the metal slab 
results in braking the motion of the slab 

€ 

Pdiss = I2R
I = ε /R
Pdiss = ε2 /R

Can I reduce the 
braking action?  
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€ 

Φm = πr2
2B(t)

ε = −
dΦm

dt
= −πr2

2 dB(t)
dt





INDUCED FIELDS 

•  COULOMB E FIELD CREATED BY POSITIVE AND NEGATIVE CHARGES - ES 
•  NON-COULOMB E FIELD CREATED BY A CHANGING B - EM  

INDUCED FIELDS NON-CONSERVATIVE 



CONSERVATIVE FORCES 

ΔU=mgΔy for all paths


  

€ 

 
F ⋅ d s = UB

A

B

∫ −UA

 
F ⋅ d s = 0

c
∫ Uphill balanced by downhill 

A conservative force can be thought of as a force that 
conserves energy. Suppose a particle starts at point A, 
and there is a constant force F acting on it. Then the 
particle is moved around by other forces, and eventually 
ends up at  A again.  Though the particle  may still  be 
moving, at that instant when it passes point A again, it 
has traveled a closed path. If the net work done by F at 
this point is 0, then F passes the closed path test. Any 
force that passes the closed path test for all  possible 
closed paths is classified as a conservative force.   

€ 

∇ ×
 
E = 0
 
E ⋅ d s = 0∫
 
E = −∇Φ

Coulomb Force 

Is friction a conservative force? 



NON-CONSERVATIVE FORCES 
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E 

A B L 

€ 

ΔWAB = qΦBA = qEL

ΦBA =
ΔWAB

q
= EL

Coulomb case d
s 

  

€ 

dW = q
 
E ⋅ d s 

Work done by the induced field E as charge q moves around the circle is  

  

€ 

Wclosed curve = q
 
E ⋅ d s ∫

ε =
Wclosed curve

q
=
 
E ⋅ d s ∫

Best form of  
Faraday’s law 

E 

  

€ 

 
E ⋅ d s = − dΦenclosed

dtC
∫ = −

d
dt

 
B ⋅ d
 
A 

A
∫∫ Φenclosed




INDUCED FIELD IN FREE SPACE 

  

€ 

 
E • d s ∫ = πr2 dB

dt

2πrEθ = πr2 dB
dt

Eθ =
r
2

dB
dt

For practical problems 
easier to calculate absolute 
value of E and then use 
Lenz or other rule 

€ 

r < R

What about 
outside the coil? 



HOW TO FIND THE DIRECTION OF 
AND EMF 

OPTION 1: FARADAY WITH ABSOLUTE SIGN + LENZ’s LAW 
The direction of I is such as to oppose the change in the flux 

OPTION 2: EMF OPPOSES CHANGE IN Φ -> OPPOSITE TO THE 
SIGN OF dB/dt. 

  

€ 

ε =
 
E • d s = − dΦm

dt∫



ENTER MAXWELL 



GENERATORS – TRANSFORMERS- 
DETECTORS 

€ 

Φm = ABcosθ = ABcosωt

εcoil = −N dΦm

dt
= NABω sinωt



GENERATORS – TRANSFORMERS- 
DETECTORS 
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INDUCTORS VS. CAPACITORS 





  

€ 

εback = −N dΦ
dt

Φ =
 
B • d
 
A ∝B∫

Biot Savart → B∝ I

εback ∝
dI
dt

Inductors - Inductance 

Define the Self Inductance L as the 
proportionality constant in 

€ 

ΔVL ≡ −L
dI
dt

Units ? 

€ 

B = µo
NI
l

dΦ
dt

= Aµo
N
l
dI
dt

L = Aµo
N 2

l

For infinite solenoid 



Inductance of a solenoid 

The inductance of a solenoid having N 
turns, length l and cross-section area A is 

T-m2 /A =Henry =H 
Depends only 
on geometry 



INDUCTOR VOLTAGE 



ENERGY STORAGE IN INDUCTOR 

WHERE? 

WHY?  





LC CIRCUIT 



ENERGY STORAGE OSCILLATION 



The current in an LC circuit 

The current in an LC circuit where the initial 
charge on the capacitor is Q0 is 

The oscillation frequency is given by 



€ 

I = Io exp[−t /(L /R)]


