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Physics 1C - Fall 2021: Final Exam
Thursday, December 9, 2021

» Write your name and student ID at the top. Put an ‘X’ in the box to the left of your discussion section.
This is worth two “free points.”

Answer ALL 6 questions.

¢ Write your answers inside the borders on this handout. Show all your work, PLEASE write clearly so
the graders can give you all the points you deserve.

You are allowed to use your cheat-sheet and a calculator, but no ceil phones.
You have 180 minutes.
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Problem 1 (33/200)

A rectangular loop of wire is placed midway between two straight wires, as shown in the figure. The

dimensions of the loop are { = 10 ¢m and w = 5 cmn. The distance from either end of the loop to the

nearest wire is d = 2 cm. There is a current of f = 2.5 A in both straight wires and in the loop. (Note:
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fto = 4w x 1077 T-m/A)
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(a) Find the magnitude and direction of th at the position of the top section of the wire
loop due to: Mo
i _ 2 1w
» (4 points) The top straight wire only. B—= 2T (m{mmhﬂ ‘DY\H v+ Ahijh IS
e (4 po.mts) The bot;t(_:»m strz.ught wire only. = d P o~ WH A
* (4 points) Both straight wires together. * "

(b} Fiud the magnitude and direction of the force on the top section of the wire loop due to:

* (1 points) The top straight wire only.
* {4 points) The bottom straight wire only.
* (4 points) Both straight wires together.

(c) (9 points) Determine the magnitude and direction of the net force on the entire wire loop.
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(:33/200)
An alien spaceship traveling at 0.600c towards the Earth launches a landing craft. The landing craft travels
in the same direction with a speed of 0.800c¢ ?e[ative\to the mothership. As measured on_the Earth, the

spaceship is_0.200 ly from the Earth whenthe landing craft is launched. (Note: 1 ly = 9.46 x 10'5 in,
¢ = 3.00 x 10° m/s) :
n=0.¢ c

(a) (8 points) What speed do the Earth-based observers measure for the approaching landing cralt?

(b) (8 points) What is the distance to the Earth at the moment of the landing craft’s launch as measured
by the aliens?

(c) (10 points) What travel time is required for the landing craft to reach the Earth as measured by the

aliens on the mothership?

(d) (7 points) If the landing craft has a mass of 4.00 x 10° kg, what is its kinetic energy as measured in
the Earth reference frame?
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Problem 3 (33/200)

The Very Lurge Array (VLA) is a set of 27 radio telescope dishes in Catron and Socorro counties, New
Mexico. The antennas can be moved apart on railroad tracks, and their combined signals give the resolving

power of a synthetic aperture 36.0 km in diameter. [Note: I ly = 9.46 x 10" m) Jim —. 02 m
(a) (9 points) If the detectors are tuned to a frequency of 1.40 GHz, what is the angular resolution of the

VLA?

(b) (8 points) Clouds of interstellar hydrogen radiate at the frequency used in part (a). What must be

the separation distance of two clouds at the center of the galaxy, 2.6 x 107 ly away, if they are to be
resoive_(]?‘—/A

(c) (_S'Eﬁlts) As the telescope looks up, a circling hawk looks down. Assume the hawk is most sensitive

to green light having a wavelength of 500 nm and has a pupil dinmeter of 12.0 mm. Find the angular

resolution of the Hawk's eye.

{(d) (8 poinuts) A mouse is on the ground 30.0 m below. By what distance must the mouse’s whiskers he
‘separated if the hawk.can-resolve-them?
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Problem 4 (33,200)

Light is incident in air (ny; = 1) at an angle f, on the upper surface of a transparent plate, with the surfaces
of the plate being pline and parallel to each other. Assume an incident angle of 66 and a slab of glass
(ngiass = 1.52) with thickness { = 2.40 cm, Z0.02Y rr '
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(a) (6 points) \What is the angle of the light inside the plate? (rot pfad

{b) (5 points) What is the angle of the outgoing light with respect to the normal?
(c) (12 points} Calculate the lateral displacement d of the emergent beam.

(d) (4 points) For which incident angle will the reflected light be completely polarized? lgk'\ cef).2 ted AJOFF
Surtuce o Fad

Now suppose we place a thin flm of MgFy (nagr, = 1.38) of thickness t on top of the glass. Visible light is

incident fioTmally| on the thin Alm. [
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(e) (6 points) For what minimum value of ¢ will the reflected light of wavelength A = 540 nm Fin air) be
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Problem 5 I _10x(0°Hz (33/200)
Suppose we have two antennas broadcasting a signal at f = 100.0 MHz, separated by a distance d = 120 m.

A highway parallel to the autennas is a perpendicular distance L = T°2 km awvay. — | 5w om
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(a) (4 points) Calculate the phase difference between the waves broadcasted by the antennas arriving at a
point P on the highway when ¢ = 0.500°. ..

(b) (5 points) Caiculate the phase difference between the waves broadcasted by the antennas arriving at a
point P on the highway when y = 5 m.

(c) (5 points) What is the value of 8 for which the phase difference is 0.333 rad?
(d) (5 points) What is the value of ¢ for which the path difference is A/47

One of the antennas stops broadcasting its siznal and instend is set to_recejve signals. The other antenna
begins transmitting mgna!s of f arious waveleu;g-ths.x The receiver antenna can receive signals both directly
from the-tramsmitterand indirectly from-sign Is-that reflect from the ground. Assume the ground is level
between the transmitter and the receiver, the antennas both have height A = 70.0 m, and a 180" phase shift

occurs upon reflection.
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Problem 6 (33,/200)

At t = 0, the open switch in the figure is thrown closed. Let the cucrent through the )ingiilctQE \be called
i and choose it to be dewnward through the in r in the figure. Identify i, as the current to the right
through R, and i as the current downward-through Rs.

“, P L2= 47t
de | s k R
g="1ye £+ RO PR
]- & ¢t Y=Je

(a) (5 points) Use Kirchofl’s junction rule to find a relation among the three currents.
(b) {5 points) Use Kirchoff’s loop rule around the left loop to find another relationship.
(c) (5 points) Use Kirchoff’s loop rule around the outer loop to find a third relationship.

(d) (12 points) Eliminate i, and i, among the three equations to find a differential equation involving only
the current i, =1

(e) (6 points) Using the previous result, what is the current i(f) in the inductor as a Function of time?

You should get a differential equation for ¢ in part {d) that is similar (but not exactly equal) to the
R following: l
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