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PHY S 122: Nineth Homewor k Assignment
March 24, 2009

Thishomework duein Box outside of Rock 207:
5:00 PM Sharp, Monday March 30, 2009

Announcements:

e Third Hour Exam isFriday, April 10, 9:30 AM. Worth 10% of your grade. Mark
your calendar now.

Problem 1 starts next page...
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Problem 1::
Hint: Try to solvethisproblem in lessthan 60 seconds! Go!

Consider this circuit. It is made of batteries (each 4 valésjstors (each 4 Ohms) and one
capacitor (4 microfarads).
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What is the current through the resistor labele®l Explain your reasoning.
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Problem 2: Fun with Resistors:
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The resistor network shown above repeatgver to the right. All resistors are equal with
resistancer.

a) What is the equivalent resistance seen between A and B? tHentesistance to the right of
A/B is the same as the resistance to the right of C/D.

b) Suppose a voltage source with valdgs applied to the terminals A/B. Determirg corre-
sponding to the current through the nth vertical resistouting from left to right» = 1,2,3...).
Note this is quite difficult to solvexactly so if you cannot solve it exactly, then try solving it
approximately.
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Problem 3: Mutual Inductance
An air-core solenoid of radiusis made ofx turns per unit length. A small loop of wire (radius
b) is placed coaxially inside the solenoid. Hére < a.

Part (a): If a currentl(t) = I, cos(wt) is put into the solenoid, use Ampere’s Law to determine
the expression for the magnetic field strength as a functitime B(¢) inside the solenoid.

Part (b): Use Faraday’s Law to calculate the induced voltége) around the little ring.
Part (c): Calculate themutual inductance between the little loop and the big solenoid.
Part (d): Suppose the solenoid filled with a paramagnetic substarteasiliquid oxygen. Qual-

itatively, how will this change your your answer to Part (By#l your answer increase, decrease,
or remain the same?
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Problem 4: A Transformer
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An “AC” voltage source is attached to a step-up transforngestgown. The voltage of the
source is given by:

V(t) = Vpcos <% + ¢>

whereV; = 140.0 volts, v = 66 Hz andp = 7.

What is the maximum charg@,,... that appears on the capacitor? Give your answer sym-
bolically in terms of the fundamental parameters and alsuarically in terms of Coulombs of
charge.
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Problem 5: More fun with Flux

Perspective View

Top View
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An infinitely long wire runs parallel to the y-axis as showroab. A small loop is placed at a
distance- from the long wire. The loop is made of a resistive wire witbiseganceR. The loop has
diameterd. Assumed << r. Assume that there is an alternating current in the wirergwethe
equation:

I(t) = Ipsin(wt)
Part (a): Use Ampere’s Law to determine the strength and directioh@hhagnetic field§(t) at

the loop.

Part (b): Use Faraday’s Law to calculate the current in the loop as etifum of time, with the
convention that positive current corresponds to movingterdclockwise around the loop as seen
in the top view.

Part (c): Suppose the problem is changed so that the loop is spinnimh@esr-end. We define
the angle of thenormal to the loop and the horizontal horizontal directionda@s shown below)
which is time-varying according to the relationsHip) = wt. Now, what is the current in the loop

as a function of time?
%4)
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Problem 6: Guass Law and Ampere’'s Law together!:

Suppose we defineglindrically symmetric charge density in all space as follows:

p(r) = poexp(—r/R)

Part (a) UseGauss Law to calculate the strength of the electric field everywhera famction
of radial position.

Part (b) Use your answer to calculate the voltage as a function oaradisition everywhere,
assuming that’(r = 0) = 0.

Part (c) Now let's also assume that the entire charge distributionasing in theaxial direc-
tion with uniform velocityv,. UseAmpere's Law to calculate the strength of the magnetic field
everywhere as a function of radial position.



