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Announcements

1. Extra credit for re-doing test – due Friday 3/4/05 

2. Problem session this evening – 6 PM Olin 101 ??  

3. Physics seminar tomorrow – Bruce Sherwood and Ruth 
Chabay from NCSU – experts in physics instruction                    

4. Today’s topics

AC circuits
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LCR circuit
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For R≅0   -- LC – circuit:
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Emf -- DC vs AC

http://www.usafa.af.mil/dfp/physics/webphysics/jittworkshop/251Sp98GFMar23.htm

DC: E=(constant)                  AC: E=Emax sin(Ωt)
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Properties of  AC circuits

E=Emax sin  Ωt    or  Emax cos Ωt      

[sin  Ωt]avg =0

[(sin  Ωt)2]avg =1/2

Erms =         Emax similarly,         Irms = Imax 2
1

2
1
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LC circuit with AC emf

“driven” oscillator
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More details:

0sinmax2

2
 E =Ω+−− t

dt
qdL

C
q

 )cos(sin/)(    :or

1       )cos(sin1
/)(

022
0

max

00
2

max

ϕω
ω

ωϕω

++Ω
Ω−

=

=++Ω
Ω−

=

tKtLtq

LC
tKt

LC

Ltq

E

E

“driven” term “homogeneous” term



3/2/2005 PHY 114 -- Lecture 17 10

More general treatment of LCR circuits with AC emf:
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sin ωt

cos ωtπ/2
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Differential equation:

Solution form:

Strategy:   substitute form into differential equation and demand 
the equality must be true at all times.
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Summary:

( ) ( )

( )

R
CL

CLRZ
Z
VI

tItI

tV
C
q

dt
dILRI

ω/1ωtan

ω/1ω            

ωsin

0ωsin

22max
max

max

max

−
=

−+≡
∆

=

−=

=∆+−−−

ϕ

ϕ

( )αϖϕω τ ++−= − tKetItI t
0

/
max cos)sin()(

:termsshomogeneou includessolution Complete -- Note



3/2/2005 PHY 114 -- Lecture 17 19

Important facts to remember in analyzing AC circuits

∆Vmax =         ∆Vrms

Steady-state currents and voltages will have sinusoidal time 
dependence such as sin ωt or cos ωt or a linear combination of 
the two.

Inductors and capacitors change the “phase” of the current 
relative to that of the emf.

Solution of the circuit equations for I(t) equations must be 
satisfied for all times t.

2
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E = Emax sin ωt or Emax cos ωt

Ι= transients + I0 sin (ωt−φ)

Kirchhoff’s rules apply

E = constant in time

constant in time
I  =      constant + 

damped oscillations

Kirchhoff’s rules apply

AC circuitsDC circuits

τ/
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Example

Kirchhoff’s rule:

0ωsinmax =∆+−−− tV
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Behavior of Imax
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More complicated circuits can be analyzed in a similar way
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Power delivered by generator in a  circuit:

P(t) = I(t) ∆V(t)= Imax sin(ωt-φ) ∆Vmax sin(ωt)

〈P〉avg = Imax ∆Vmax ½ cos(φ) 
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Example – AC circuits
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