Summer [A] 2014 Dr. Menachekanian

Physics 1C: Midterm 2

There are 170 points on the exam, and you have 90 minutes. The exam is closed book and closed notes. The
use of any form of electronics is prohibited, except for a basic scientific calculator. To receive full credit, show
all your work and reasoning. No credit will be given for answers that simply “appear.” If you need extra
space, use the backside of the page with a note to help the grader see that the work is continued elsewhere.
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Fundamental Constants
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1. The switch, S, in the circuit below has been open for a very long time. The DC source has a voltage,
V. At t =0, the switch is closed.

LR <
== ﬂé ?L
Y

(a) What are the currents running through R;, R, and L immediately after the switch is closed AND
as t — co? Provide qualitative explanations to support your answers. [10]
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(b) Using Kirchhoff’s laws for the instantaneous currents and voltages in this two-loop circuit, find
an expression for the current running through the inductor at any time ¢ > 0. [15]
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2. Consider the AC circuit shown below. The AC source outputs a voltage V () = V, cos (wt), which is,
of course, the real part of its complex counterpart V (t) = Vpe*t. The inductor has inductance L, the
capacitor has capacitance C, and the resistor has resistance R. This circuit’s output, V,, (indicated
by the terminals) will be fed to another circuit. Currently, there is no load hooked up to the output,
so that the load has infinite resistance.
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(a) Find the equivalent impedance (i.e., magnitude of the equivalent complex impedance) for this
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(b) Find the current magnitude and the phase (relative to the voltage outputted by the source) for

the equivalent circuit. [8]
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(c) Find the voltage drops across, AND the currents running through, the capacitor and the inductor.
[20]
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(d) Now, consider the voltage drop across the output of the circuit, which has the form
Vous (8) = Vout €05 (wt + 6) = R { Vouie@+0 |,
where Vout = Vout (w) and 6 is some phase determined from your analysis. The power will be

proportional to V2, (w). We will treat the angular frequency of the circuit, w, as a free parameter.

i. Using your analysis from the previous parts, write V2, in terms of w, Vp, the RL time
constant, 7 = L/R, and the LC natural angular frequency, wZ = 1/ (LC). Also, sketch V2,

as a function of w. [12] 2 (ut‘(d”o’/l))
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ii. This circuit is a type of band-pass filter when considering the outputted signal. Provide an
explanation as to what the meaning of such a filter is based on your analysis. [5]

Nére b the W\Tuﬂd fower 11 o mal b Wo, 50 Yok (F e s
ot fome mh\-wl { \NN“ ke ()\ Nﬁi“’e\ uwent oF b‘)q A TLn )] me.e,
he LCimpedunte &l W”‘;;“— W e, C::\;o% i \Q\WG O v;w M(ZTQT}U::M
Yo uiputred sod. och & ¢ ~pmi Wher thne e
\N%:ht‘wh g;n&it padborhed 6 We mw\mz\ , % ot bhe lood Ol @l@
oy be Fed M 6 Nomew band ¢ w.efadcg (F dued. The vemowen F He
o ol s dgod o o dep el € e puer prte . Tha,
M Bl oth m & gwbinbion \/\ig&v 6ad  {ow- pon fer,



3. A sinusoidal electromagnetic (EM) wave is traveling in a coaxial waveguide consisting of an inner wire
surrounded by an outer shell. The radius of the inner conductor is a and the radius of the outer
conductor is b. In the cross-sectional view of the coaxial waveguide along its length below, the radial
electric field lines and the azimuthal magnetic field lines are shown at one instant of time.
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(a) With respect to the diagram above, in what direction is the EM wave traveling AND how can
you determine the wavelength? Defend your answers. [8]
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{(b) The electric and magnetic fields in the region between the conductors have the form

E= %—)— cos (kz — wt)

B= %9 cos (kz — wt)

where & and B, are constants and r is the radial distance from the axis of the wire (a < 7 < b).

i. What is the relationship between &, By, k, and w? [5]
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ii. Find both the instantaneous and average power that comes out of the coaxial waveguide at
its far end, where z = L. [20]
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iii. Suppose that at the far end of the waveguide, the wave is absorbed by a perfect absorber.
What is the average force exerted by the wave on the absorber? [7]
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4. A small, underwater pool light, which emits white light, is located a distance h below the surface of
the pool and is very far away from the edges of the pool. The index of refraction of the water is n and
the index of refraction of the air above is ng =1 < n.

(a) Qualitatively explain why the emitted light would form a bright circle at the surface of the water,
as viewed from outside the water, AND obtain an expression for the radius of this circle. [13]
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(b) If you were able to view from the perspective of the small light, what would you see when viewing
towards the surface of the water? Explain your reasoning. [5]
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(c) Now, factor in the dispersion of white light to describe the colors seen at the edge of the bright
circle when viewed from outside the water. Explain the reasoning behind your description. [7]
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5. A light-ray traveling in air, with refractive index no = 1.00, is incident on one face of a right-angled
prism, with refractive index n = 1.50. The ray is incident vertically on the left-hand leg of the prism,
as shown below. The longest side of the prism (i.e., the hypotenuse) is mirrored. The angle between
the left-hand leg and the mirrored surface is labeled ¢. Assuming ¢ = 60.0°, determine the angle
(relative to the normal) made by the outgoing ray from the right-hand leg of the prism. [25]
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