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Midterm #2
Physics 1C
Prof. David Saltzberg
February 29, 2012

Time: 50 minutes

Closed Notes. Closed Book. One 3”x5” index card with notes on both sides is allowed
(plus the one from MT1). Calculators are allowed.

If a problem is confusing or ambiguous, notify the professor or Blake
Clarifications will be written on the blackboard. Check the board.
This exam is version E. Show your work.

There are 8 pages including this cover sheet. Make sure you have them all.
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Extra Credit

Useful(?) constants etc.

Ho=41x107 Wb/(A-m) ¢=3.00x10% m/s Lo

£0=8.85x10"2 CY(N-m*)  sin30°=% cos30°= 3 sin60°=Y3 cos §0° =%
2 2

Order of <1 SI prefixes by x1000: yocto, zepto, atto, femto, pico, nano, micro, milli

Order of >1 SI prefixes by x1000: kilo, Mega, Giga, Tera, Peta, Exa, Zetta, Yotta, Hella




1) Short answer questions
(Partial credit may be given based on your solution. Parts a & b are unrelated.)

la) (5 pts) A linearly polarized electromagnetic wave is propagating in vacuum. At one
instant, in the diagram below
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the direction of propagation is shown as v. The direction of the magnetic field in the is
shown as B. On the figure above, draw the direction of the electric field E at the origin.

1b) (5 pts) An AC current of i(t)=I, cos (wt) passes through a resistor (100Q2) and

capacitor (1uF) in a series circuit. The RMS current is 3 mA and~thepesiod HiyiiSyyeye~
~SSWPeOms: What is the average power dissipation by the resistor, if any? (Hint: you may

not need all the information given.)
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2. Medium-length questions (Partial credit may be given based on your solution.)
(Parts a,b and ¢ are unrelated)

2a) (10 pts) The following circuit is driven with a sinusoidal voltage with amplitude 5V
and angular frequency 1000 rad/sec (v=159 Hz). The capacitor IS’]J.F and the resistor is
300 Q. What is the amplitude of the current through the resistor? e
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2b) (10 pts) Unpolarized sunlight with intensity #6828 W/m? impinges on a five-layer
stack of polarizing filters. The first is oriented vertically and each subsequent filter is
rotated 30 degrees clockwise (as seen from the light source) past the previous one. What
is the intensity and direction of polarization of the light that emerges from the last filter?
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2¢) (10 pts) The waves in a microwave oven have a frequency of 2.5 GHz. The walls of
the oven are perfect conductors and a standing wave is set up. What width must the oven
be in order to have five nodal planes of electric field (ie, planes with E(t)=0) across it?
(Hint: each wall counts as one of the nodal planes if E=0 on it.)
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3) Work-out problem (30 pts)

An object is placed on one side of a lens, 4 cm from the vertex (center of lens). An image
is found to be formed on the same side as the object, 3 cm from the lens.

a) What is the focal length of the lens? Is it a converging or diverging lens?
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b) The object is® cm tall, how tall is the image? Is it erect or inverted?
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¢) Sketch the situation, showing the object, the image and at least two principle rays.
Note if the image is real or virtual.




“( %) Work-out problem (2 pages!)

g) pts) An electomagnetic wave travels in vacuum with an electric field given with a
magnitude E(x,t)= (10V/m)sin(kx + cut)} . where /=10" m, x is distance, ¢ is time and @
is angular frequency. (Hint: note the plus sign.)

a) What is the period of the wave?
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b) Write down an expression for the wave corresponding to the magnetic field. (For
simplicity just use kx and @f in your answer.) Remember it is a vector with units.
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Problemj (continued)

c¢) This plane wave reflects from a 2m x2m square mirror and is reflected backward.
(The wave is larger in extent than the mirror.) What is the average force on the paper?
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d) Write down an expression for the Poynting vector for this wave using kx and of. (The
answer should be a vector with units.)




Extra Credit

The circuit below is an example of a circuit that passes the signal Vi(t) to Vyu(t), but
with 33% of the voltage, regardless of the frequency.

2kQ

,\’ Vin(t) 1kQ Vout(t)

Design a simple circuit that instead that “blocks” signals with frequencies 60 Hz or less
by making the amplitude of V,u(t) only 1% of the amplitude of Vi(t). Your circuit
should still pass signals with very high frequencies (for example >1 kHz or more) with at
least 95% of the input amplitude. This is an example of a very common circuit used to

reduce noise. P fors éof’/?- (11-.) . 3?;2m1/$
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