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Physics 1C - Spring 2018: Final Exam

Name P\‘(\S\\\A‘H \<Q \P UID_(} OL{‘Q'Z,QK qQ»

This exam is closed book and closed notes. Electronics are not permitted, except for one
calculator. Please show your full solution in the boxes provided (where the scanners can
pick them up). Answers recorded outside of boxes will not be graded. Your solutions
will be graded on correctness and coherence; results given with no details will receive
zero credit. There is additional scratch paper attached so you can collect your thoughts
first. Academic dishonesty is reported to the Office of the Dean of Students. Good Luck!

Problem 1. Parallel rays of monochromatic light with wavelength 568 nm illuminate two identical
slits and produce an interference pattern on a screen that is 75.0 cm from the slits. The centers of the
slits are 0.640 mm apart and the width of each slit is 0.434 mm. If the intensity at the center of the
central maximum is 3.20 x 10* W/m? , what is the intensity at a point on the screen that is 0.840 mm
from the center of the central maximum? (10 pts)
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Problem 2. Consider Young’s double slit experiment.

a. Light passes through two slits separated by a distance d=0.8mm, and the observing plane is
1.6m away from the two slits. If the distance between the two consecutive maxima is Smm,
what is the wavelength of the light? (5 pts)
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b. Now consider the same setup, but instead of sending through light of the wavelength calcu-
lated above, you send in light containing two wavelengths, 450nm and 600nm. What is the
least order at which a maximum of one wavelength will fall exactly on a minimum of the
other? (Yon should state the order for both wavelengths that lead to this condition.) (5 pts)

, 2
\(%}’[‘\\“\‘}a Yoer & (020.9) '

K o i g 65) fuge
™ /}/ %&_‘L

m4sg=600pc300
et =\

e B0 o0 z.:\,oQiQt\q\\\’ &  (Nordthum o o der

@ cangdss v The 600 oms
motpue 0 @€ 2,

[S]



Problem 3. A reference frame S’ passes a second reference frame S with a velocity of 0.6¢ in the
X direction. Clocks are adjusted in the two frames so that when t = t'= 0 the origins of the two
reference frames coincide.

a. An event occurs in S with space-time coordinates z; = 50m, t; = 2.0 x 10~7s. A second event
occurs at £2 = 10m, to = 3.0 x 10%s. What are the coordinates of these two events in S'? (Le.,

111, 25, t3). (4 pts)

W20 b '{x‘z &‘U*)DQ.]\J:Q\—UX/LL of oA = H_l%,(,

Y QﬁD"O‘bU)\\QF?)'\n'lC) T

flw Cae Bbgl 50/ 0= 6:6:50/0) 112

' 000603007 1,26 = £ w0

(e~ (L/%'B LY “Tsae” s
C

b. What is the time interval between the events as measured in S (At) and S’(At')? Is this difference
an example solely of time dilation (I.e., are the two time intervals related by a factor of 4)? Give
a short reason for your conclusion. ( 6 pts)
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Problem 4. Suppose we have two spaceships A and B, and the rest length L, of A is twice the rest
length Lp of B. If B is moving at vg = ¢/2 relative to an observer at rest and A is moving at a speed
v, that makes A appear the same length as B to the same observer at rest, how fast is A moving?

(12 pts)
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Problem 5. A cylindrical region of space of radius R and length h contains a non-uniform time-
varying electric field £ give by £ = Eo(1 — &sin{wt))k where k is the unit vector along the axis of the
cylinder, Ej is a positive constant and r is the radial distance from the axis of the cylindrical region.

a. Find the displacement current, i¢ in the cylindrical region (F<R). (3 pts)
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b. Find the magnetic field associated with the electric field in the cylindrical r gion. (Hint: choose
coordinates which make your life easier.) (5 pts)
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¢. Indicate/sketch the direction of B at the radial distance r at t=0 in the figure. (2 pts)
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Problem 6. A copper wire of diameter d carries a current density'J at the earths equator where the
earths magnetic field is horizontal, points north, and has magnitude By. The wire lies in a plane that
is parallel to the surface of the earth and is oriented in the east-west direction. The density of copper
is pey- Find an expression for the magnitude of J and the direction it must flow in order to levitate
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Problem 7. A converging lens with focal length [ is placed between a light source and a screen. The
distance between the light source and the screen is D.( o e ¢Q, 0 ng

a. Find the two locations of the converging lens such that the image is formed at the screen. Give
answers in terins of D. (6 pts) L (l_

b. What happens if D < 4f ? Can you still get an image on the screen? ( 4 pts)
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Problem 8.

1. Initially, the capacitor in a series LC circuit is charged. A switch is closed, allowing the capacitor
to discharge, and after time T the energy stored in the capacitor is one fourth its initial value.
Determine L if C and T are known (in terms of C and T). (5 pts)
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2. An LC circuit consists of a 20.0-mH inductor and a 0.500-F capacitor. If the maximum instan-
taneous current is 0.100 A, what is the greatest potential difference across the capacitor? ( 5 pts)
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Problem 9. Short conceptual problems

a. Can a battery be used as the primary voltage source for a transformer? Explain using a sentence
or two. (4 pts)

\(Q:’)Q \‘30\7‘“\/ on W yied  os v e no g Sogrce
for Q W orps Sommar. s s, pooQute Mg "Ou_‘\'l'(:\fy Y\rw{de, he
g velgge Yot 0oy W droncbomed tnde an oy bput
ve Yoge Weing the Gonte gt 0% -induttonce. Pl
o The AT sk € ) \\“ﬂﬁ"ﬁt\l S Meded; sy ¢ vellog,
e olveo()y Yerd MWough The by

("'(UU\\’*\\./ \l\f\\b ng\'\ e b Wik ﬁ‘o forer
e\echiic Ao,

h LUt \\*”

b. Consider the phasor diagram shown below for a driven RLC circuit. Is the driving frequency
above or below the resonant frequency? Briefly explain. (5 pts)
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c. Consider a bar magnet moving with respect to a circular loop of wire as shown below. Will a
current be induced in the wire? If so, in which direction as viewed from above? (4 pts)
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d. State the two postulates Einstein used to formulate the special theory of relativity. (It is possible
to state these concisely in only one sentence. This is not how we did it in class, and if you choose
to do so, be careful.} (6 pts)
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Extra Credit (6 pts)
Suppose a sailboat moves at speed v relative to an observer on the shore. The sailboat has a mast of
length L that is anchored near the front of the boat and makes an angle (when the boat is at rest) of
# with the deck of the boat. What angle will the observer on the shore see?
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Scratch paper
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