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Physics 162: Quiz 9

Professor Greenside
Wednesday, April 8, 2015

This 30-minute quiz is closed book and nothing is allowed on your desk except items to write with. Please
write all answers on the blank pages handed out in class. Please also write your name and problem number
on each page, order the pages in increasing order of problem number, and staple all of your pages together
at the end of the quiz.

Unless stated otherwise, you need to justify your reasoning, e.g., with brief phrases and drawings; a cor-
rect answer without some explanation will get zero credit. If your answers are not easily readable and
understandable by the grader, you will lose credit and possibly get no credit.

1. (a) (5 points) Write the complex number z = 2/(1 + i) in polar form ρeiθ.

(b) (5 points) For z = 2/(1 + i), what is the number ez in the form a+ ib?

2. A capacitor with capacitance C, a resistor with resistance R, and an inductor with inductance L are
all connected in parallel with a sinusoidal voltage source V (t) = V0 cos(ωt).

(a) (15 points) Using the method of complex amplitudes, find the physical current

I(t) = I0 cos(ωt+ ϕ), (1)

that flows through the voltage source, that is find explicit expressions for the current magnitude I0
and phase ϕ in terms of C, R, L, V0, and ω.

(b) (10 points) Draw a qualitative plot of how the current magnitude I0(ω) depends on the angular
frequency ω. Does this circuit have the property of resonance, such that a large current magnitude
occurs only over a narrow range of frequencies?

(c) (10 points) In terms of C, R, L, V0, and ω, find an explicit mathematical expression for the
time-averaged power ⟨P ⟩ dissipated by this circuit, and then use your expression to determine for
what frequency ω does this circuit consume the least amount of power.

(d) (5 points) What is the current IL(t) = I0L cos(ωt+ ϕL) that flows through the inductor?

3. (3 points) True or false and briefly why: In a non-transient AC circuit consisting of some arbitrary
combination of resistances, capacitors, and inductances connected to an AC source V (t) = V0 cos(ωt),
the current in each part of the circuit will have the same phase.

1



4. (3 points) True or false and briefly why: In a non-transient AC circuit consisting of some arbitrary
combination of resistances, capacitors, and inductances connected to an AC source V (t) = V0 cos(ωt),
the voltage drop ∆V (t) across each component is in phase with V (t).

5. (3 points) True or false and briefly why: If a resistor with resistance R, capacitor with capacitance C,
and inductor with inductance L are all in series with an AC source V0 cos(ωt), and if V0R, V0C and V0L

denote the maximum values (amplitudes) of the potential differences across each element respectively,
then V0 = V0R + V0C + V0L.

6. (3 points) True or false and briefly why: If a resistor R, capacitor C, and inductance L are in
series with an AC source V0 cos(ωt), then the average power dissipated by this circuit is P = V 2

0 /(2R),
independent of frequency ω.

Some equations:

eix = cos(x) + i sin(x), V (t) = V0 cos(ωt+ α) → Ṽ = V0e
iα, I(t) → Ĩ .

Ṽ = ĨZeff , ZR = R, ZC =
−i

ωC
, ZL = iωL, ∆̃V Z = ĨZ, X(t) = Re

[
X̃eiωt

]
.

Vrms =
1√
2
Vpeak, Pdissipated =

1

2
V0I0 cos(ϕ) = VrmsIrms cos(ϕ).
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