
 =-
t





 B A= magnetic flux ⊥=

=- N  
t





 = ⊥ AB Φ

Direction of current opposes  which created it.Lentz’s Law

C C

1
Z = X =  

ω C
ZL=XL= LVmax=Imax Z

2 2

RLCZ = R ( )L CX X+ −

5-0

ZR=R

/( )
t

L Re
−



Recall: moving charges (I) in             force

moving charges (I)            created.  

Now we consider (B)       I connection.


B


B


B

Define:

Surface A

B ⊥ to surface.

 = AB =A B cos ⊥

 B A= magnetic flux ⊥=

Faraday’s Law

 
B

 EMF created by 
t





5-1

 =-
t





B⊥



Direction of current opposes   which created it.


B

later


B

B induced
I  induced


B


B induced

later

Lentz’s Law


B

I  induced

5-2

initialfinal BBBΔ


−=

initialfinal BBBΔ


−=

Δ Δ( )AB ⊥=
In these examples A=constant

 Δ Δ( )A B ⊥=



5-2a

CHANGE IN FLUX CAUSES CURRENT !!!
http://phet.colorado.edu/en/simulation/faraday

http://phet.colorado.edu/sims/faradays-law/faradays-law_en.html
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Eddy currents
http://web.mit.edu/jbelcher/www/java/falling/falling.html

Falling Magnet Applet 

Inclined plane

Magnet in Cu tube

Magnet- on Cu Inclined plane

http://www.physics.rutgers.edu/~croft/2007magnetonplane.wmv

http://www.physics.rutgers.edu/~croft/magnetintube.wmv
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metal rod moving

on metal rails

in B field

ΔA
 v =

Δt



5-3a

Suppose 

l=.2m, B=0.5T, v = .1 m/s & R = 3 

What is the I in the circuit ?

B A x
B B v

t t t

  
= = =

  

20 5 0 2 0 1 0 01 0 01V ( .  T)( .  m)( .  m / s) .  Tm / s .  V
t


= = = =


V IR   =  0 01
0033

3

V .  V
I . A

R  
= = =



Units next page

B v
t


=





2 2
[T]m N s m N J

 [ ] m V
s C m s C C

= = = =

m
N C T

s
=

F qvB=

N s
T

C m
=

recall

units

units

5-3b

V
t


=




Generator: creates alternating current (AC)

Rotating coil

 = A= BA cos ⊥B2 t
 = t = 2  ft = 

T


   AC current (will discuss later)

0V= V sin(  )

2
=

T

t




V0
Peak to 

peak 

voltage

V  2VPeak to peak 0=

5-4

BTop

view




Side view

⊥B

cos( t)
= -  

t t

BA  sin ( t)

BA
 

 

 
= −

 

=

I0
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0 0
I = I  sin(2πft) = I  sin(ωt)

Alternating Current (AC)

1
= f = freq. (cyc. / sec)

T

T= period (sec.)

ω=2πf= ang. freq. (rad/sec.)0 0
V = V  sin(2πft) = V  sin(ωt)

V = I R
2

P = I  R = I V

2 2 2

0 0 0
P = I  R sin (ωt) = I V  sin (ωt)

Average power over time:

power

2 1
sin 2  

2
ft =

2
0 0

I V
P =

I

2
I .707I

V

2
V .707V

0
RMS 0

0
RMS 0

= =

= =

RMS RMSP = I V

*Ni

*



1 2

1 1 2I   creates B   induces I  →

Principle of transformer

V=V sin t  o

1 2

1 2

V V
  

N N
=

Magnetic field coupling between coils

5-6

 V=-N
t





AC current

V
 =-

N t





# windings

→

Same for both 1 and 2

→

1 1 2 2I V I V   = 1 2 2

2 1 1

I V N
 =  

I V N
=

Energy 

conservation

→

→ More coils more V but less I

More coils more V

voltage



Step down transformer ex. Door bell

24V bell voltage 120V line voltage

N

N

V

V

120

24
51

2

1

2

= = =

5-6a

1 2 2

2 1 1

I V N
 =  

I V N
=

Long distance power 

transmission 

high V modest current

step down transformer to

120 V & high current

1 1 2 2I V I V   = →

Energy 

conservation

1 1 2 2I V I V   =



L contains

geometry (A, l ) + 0 + N

+ material

r = / 0 

-=
dI

L
dt

  
L in Henrys (H)

5-7
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Check units

L in Henrys



t=0 move switch.

Recall:
1

 +  = 0
RC

Q
Q

t





 here

I
0

t


=



0 t =

t=
I=0

I at t=
 5-8

Boundary conditions

0V= I R

I R
 I=0

t L


+



I
L I R=0

t


+



t

RC
0Q Q e

−

=

0

V
I = 

R

/
0I = (I )( )

t

L Re
−

 = 
L

R


0

I
 

I

/
0I = (I )( )

t

L Re
−

Collapse magnetic field in L



t=0 close switch.
I

V= IR+ L
t








I

t
 I =

L
+

R

L

V

Recall:

1 V
 +  = 

RC R

Q
Q

t





 here

I
0

t


=



0  I=0 t =

t=
I=constant  V=IR

V
I = ( )(1 )

R

tR

Le
−

−

I at t=

t

RC

t

RC

Q VC(1 e )

V
I e

R

−

−

= −

=
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Establishing magnetic field in L Boundary conditions



I=Imax sin(t)

impedance

V=Vmax sin(t)

I=Imax sin(t+ φ)
V=Vmax sin(t-φ)

Z

φ phase difference between I and V

V

black box 

(R, C, L combinations)

(Ohm’s Law generalization)Vmax=Imax Z

reactanceresistance

XC
R

XL

2 parts

Note: You can use current as 

reference for phase (book)

* if R only then φ=0

* if L or C present φ0

General AC circuit

5-9



L

L

0  X 0  inductive load 0

 X  inductive load 





→ → →

→ → →

XL

XL= L

0 0

dI
V=L L I   cos(  t)= L I  sin(  t+ /2)

dt
    =

0
0I

V

L
=

XL

0V V sin(  t ) = 
0I I sin(  t)= 

5-10-ind

0

dI
I   cos(  t)

dt
 =

0V=[ L]  I sin(  t+ /2)  

0[V ]

0 0V =( L) I



Q
V=

C

0 0

1
V =[ ] I

 C Note! t usually measured in radius use degrees for 

simplicity

C

1
X =      φ=90°

ω C

Note:                                     

High frequency looks like short circuit.

0 frequency    no AC  current

c  X 0→ →

c0   X→ →

5-11cap

XC

C

1
X = 

ω C

0I I sin(  t)= 
0V V sin(  t ) = 

dQ
I=

dt 0 0

-cos(  t)
Q= I dt= I  sin(  t) dt I





= 

0 0

1 1
V= I [-cos(  t)]=[ ] I  sin(  t- /2)

 C  C
  

 

0V

0 C 0V =X  I



mag.

field

elect.

field

elect.

field

5-12

C-L circuit



Analogies Between a Mass on a Spring and an LC Circuit

Mass-spring system LC circuit

position x charge q

velocity v = x/t current I = q/t

mass m inductance L

force constant k inverse 

capacitance

1/C

natural 

frequency

 = (k/m) natural 

frequency

 = (1/LC)

5-13



R

L

C

V = VR + +

=

V V

AC

V V wt

L C

0 sin( )
0 0 0         I=I sin( )V I Z t = +

XL

RXc

Z

R


X XL C−

2 2Z= R ( )L CX X+ −

RLC series circuit –Current resonance

0 0
0

2 2

V V
I = =

Z 1
R +(ωL- )

ωC

0

1
ω =

LC

phase

V=IR worked well so

look for relation 

Resonance where XL-XC 0

5-14
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2 21
Z= R +[ωL- ]

ωC

2 21
Z = R +[ωL- ]

ωC
ωL

R

1

ωC

2 21
R +[ωL- ]

ωC

V V
I

Z
= =

0

1
ω =

LC



VR~I

VR~I

VR~I

V

V

V

voltage

time

ω<< ω0

ω = ω0

ω>> ω0

I  small 
21

Z~ [- ]
ωC

2Z~ R

2Z~ [ωL]

phase R –like

(0) 

phase C -like 

phase 

L –like
5-16

http://www.physics.rutgers.edu/~croft/RLC-res-oscil.mp4

http://www.physics.rutgers.edu/~croft/RLC-res-oscil.mp4

