Physics 1C Final Exam

TOTAL POINTS

97 /100

QUESTION 1
Problem 120 pts

11(@)7/7
v - 0 pts Correct
- 2 pts missing/incorrect definition of k
- 1 pts define both left&right polarization
- 2 pts incorrect form of electric field equation
- 1 pts error with unit vectors/signs
- 1 pts incorrect amplitude based off initial
conditions (should be EO)

12(b)7/7
v - 0 pts Correct
- 0 pts Correct, based on incorrect (a)
- 2 pts incorrect use of trig identities
- 3 pts no dependence on index of refraction

- 2 pts missing/incorrect conclusion

13(c)e/6
v - 0 pts Correct
- 0 pts correct, based off incorrect part A/B
- 3 pts incorrect setup
- 1 pts small error

- 2 pts incorrect final answer

QUESTION 2
Problem 2 20 pts

21(@)7/7
v - 0 pts Correct

- 5 pts Using Galilean results to solve a relativistic

problem.
- 2 pts Minor error.
- 5 pts Major error.

- 7 pts No submission.

2.2(b)7/7
v - 0 pts Correct
- 5 pts Using Galilean results to solve a relativistic
problem.
- 2 pts Minor error.
- 4 pts Did not solve for the velocity.
- 5 pts Major error.

- 7 pts No submission

23(c)6/6
v - 0 pts Correct

- 3 pts Major error.

QUESTION 3
Problem 3 20 pts

3.1(a)10/10
v - 0 pts Correct
- 3 pts Error computing photon energy.
- 5 pts Incorrect reasoning or conclusion.
- 10 pts No submission.

- 3 pts Minor error.

3.2(b)10/10
v - 0 pts Correct
- 3 pts Error computing the work function.

- 5 pts Incorrect reasoning or conclusion.

QUESTION 4

4 Problem 4 20/ 20
v - 0 pts Correct
- 5 pts path difference is integer number of
wavelengths
- 5 pts path difference between 1&2 is equal to path

difference between 2&3



QUESTION 5
Problem 5 20 pts

5.1(a)4/7
- 0 pts Correct
- 5 pts No loss from inductor and/or capacitor
- 5 pts This doesn’t describe energy loss
v - 3 pts You have only described i2R loss

5.2(b)7/7
v - 0 pts Correct

- 5 pts Incorrect reasoning

53(C)6/6
v - 0 pts Correct
- 5 pts Inductor in dc circuit is just wire. You haven’t
really explained why the transformer doesn’t work.

- 3 pts Magnetic flux is still produced.

Page 2



Rombes Physics 1C: Final PROBLEM 1

You must show your work to receive credit. An answer written down with no work will receive no
credit.

Problem 1

We have seen in class that the index of refraction of a material can depend on the wavelength of light,
a phenomenon known as dispersion. The index of refraction can also depend on the polarization of the
light. In this problem we consider a material which has different indices of refraction for right- and left-
circularly polarized light, n4, where the plus and minus sign refer to right- and left-circularly polarized light,
respectively.

(a): 7 pts

Write down expressions for the electric fields of right- and left-circularly polarized plane waves travelling in
the +2-direction in this material. You may assume that the two waves have the same angular frequency w,
and the same amplitude, and that the electric field for both waves at t = 0 and z = 0 is equal to Ep#. [Hint:
remember how the index of refraction affects an EM wave. See Lecture 15 for discussion of polarization.]
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11(@)7/7
v - 0 pts Correct
- 2 pts missing/incorrect definition of k
- 1 pts define both left&right polarization
- 2 pts incorrect form of electric field equation
- 1 pts error with unit vectors/signs

- 1 pts incorrect amplitude based off initial conditions (should be EO)
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Rombes Physics 1C: Final PROBLEM 1

You must show your work to receive credit. An answer written down with no work will receive no
credit.

(b): 7 pts

Linearly-polarized light can be written as the sum of right- and left-circularly polarized light. Add the
right- and left-circularly polarized waves you found in part (a), and check that the resulting wave is linearly
polarized. [Hint: how does the electric field behave at a fixed location along the z-axis?] You may find the
following trig identities useful:
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12(b)7/7
v - 0 pts Correct
- 0 pts Correct, based on incorrect (a)
- 2 pts incorrect use of trig identities
- 3 pts no dependence on index of refraction

- 2 pts missing/incorrect conclusion
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Rombes Physics 1C: Final PROBLEM 1

You must show your work to receive credit. An answer written down with no work will receive no
credit.

(c): 6 pts

The direction of linear polarization rotates as the wave propagates through the material. What is the shortest
length of material that could be used to rotate the polarization by 90°7
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13(c)e/6
v - 0 pts Correct
- 0 pts correct, based off incorrect part A/B
- 3 pts incorrect setup
- 1 pts small error

- 2 pts incorrect final answer

Page 8



Rombes Physics 1C: Final PROBLEM 2

You must show your work to receive credit. An answer written down with no work will receive no
credit.

Problem 2

You place a particle of charge ¢ and mass m at rest at the origin. At time ' = 0, you turn on a uniform
electric field F = EZ, which you turn off at time ¢’ = ¢. (For this problem, ignore gravity; imagine you are
out in space far from any large objects).

(a): 7 pts

What is the momentum of the particle at time ¢? Take relativistic effects into account, i.e. imagine that the
field is on long enough to accelerate the particle to speeds comparable to the speed of light.
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21(a)7/7
v - 0 pts Correct
- 5 pts Using Galilean results to solve a relativistic problem.
- 2 pts Minor error.
- 5 pts Major error.

- 7 pts No submission.
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Rombes Physics 1C: Final PROBLEM 2

You must show your work to receive credit. An answer written down with no work will receive no

credit.

(b): 7 pts

What is the velocity of the particle at time 7
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22(b)7/7
v - 0 pts Correct
- 5 pts Using Galilean results to solve a relativistic problem.
- 2 pts Minor error.
- 4 pts Did not solve for the velocity.
- 5 pts Major error.

- 7 pts No submission
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Rombes Physics 1C: Final PROBLEM 2

You must show your work to receive credit. An answer written down with no work will receive no

credit.

(c): 6 pts

In the particle’s rest frame, it is unstable and has a lifetime of 7. What is the apparent lifetime of the particle
from the perspective of an observer who observes the particle moving uniformly with the above velocity?
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23(c)e/6
v - 0 pts Correct

- 3 pts Major error.
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Rombes Physics 1C: Final PROBLEM 3

You must show your work to receive credit. An answer written down with no work will receive no
credit.

Problem 3

In the photoelectric effect, light striking the surface of a conductor ejects electrons from the conductor. If
we shine light on the anode of a capacitor which has some voltage applied across it, the ejected electrons
will be accelerated towards the cathode, and we establish a photocurrent. Using this principle, you would
like to build a laser tripwire.

You put a lightbulb (with resistance 10 ), capacitor, and DC voltage source £ = 9 V in series, and point
a ruby laser of wavelength 694 nm (red light) and intensity I = 1 W/m? at the anode of the capacitor. The
anode has workfunction ¢ = 1.3 eV. Your idea is that as long as the laser is actively shining on the anode,
the light bulb will light; if an object obstructs the laser, the light bulb will turn off, and you will notice the
light flicker.

(a): 10 pts

With the given parameters, with the laser shining on the anode, will current flow in your circuit? Justify

your answer.
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3.1(a)10/10
v - 0 pts Correct
- 3 pts Error computing photon energy.
- 5 pts Incorrect reasoning or conclusion.
- 10 pts No submission.

- 3 pts Minor error.
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Rombes Physics 1C: Final

PROBLEM 3

You must show your work to receive credit. An answer written down with no work will receive no

credit.

(b): 10 pts

One potential problem with your tripwire is that the laser is in the visible spectrum, and a potential burgler
might see and avoid it. Will current still flow if you replace the ruby laser with an argon laser, with
wavelength 1090 nm (infrared), and double the intensity to 2 W/m? Why or why not?
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3.2(b)10/10
v - 0 pts Correct
- 3 pts Error computing the work function.

- 5 pts Incorrect reasoning or conclusion.
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Rombes Physics 1C: Final PROBLEM 4

You must show your work to receive credit. An answer written down with no work will receive no
credit.

Problem 4

20 points

Consider the following image depicting three thin slits separated by some distance d:

center

Show that if spot P on the screen is a spot of constructive interference for light of wavelength A coming
through slits 1 and 2, then P is also a spot of constructive interference for light of wavelength A coming
through slits 2 and 3. You may assume that the screen is sufficiently distant that the light rays arriving at
P from each slit emerge from the slits parallel to each other. The lens is only there to account for the fact
that this page doesn’t have infinite horizontal extent.
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Rombes Physics 1C: Final PROBLEM 4

You must show your work to receive credit. An answer written down with no work will receive no
credit.
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4 Problem 4 20/ 20
v - 0 pts Correct
- 5 pts path difference is integer number of wavelengths

- 5 pts path difference between 1&2 is equal to path difference between 2&3
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Rombes Physics 1C: Final PROBLEM 5

You must show your work to receive credit. An answer written down with no work will receive no
credit.

Problem 5
Short answer

(a): 7 pts

Both DC and AC circuits dissipate energy through resistors, known as “i?R loss”. AC circuits have an
additional mode of energy loss, due to the oscillations of the charge carriers in the circuit. Describe why
energy is lost in an AC circuit this way.
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5.1(a)4/7
- 0 pts Correct
- 5 pts No loss from inductor and/or capacitor
- 5 pts This doesn’t describe energy loss

v - 3 pts You have only described i2R loss
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Rombes Physics 1C: Final

PROBLEM 5

You must show your work to receive credit. An answer written down with no work will receive no

credit.

(b): 7 pts

A fiber optic cable operates under the principle of total internal reflection. Suppose you've got a fiber optic
cable with index of refraction n. = 1.2 used to transmit a beam of light between two elements, that you use
in your lab space filled with air (index of refraction n, = 1). If you were to take your device and place it in
water (index of refraction n,, = 1.33) would the fiber optic cable still work? Why or why not?
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52(b)7/7
v - 0 pts Correct

- 5 pts Incorrect reasoning
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Rombes Physics 1C: Final PROBLEM 5

You must show your work to receive credit. An answer written down with no work will receive no
credit.
(c): 6 pts

A transformer is a device used to step up or step down the voltage in a circuit, and operates on the principle
of mutual induction. We discussed transformers in AC circuits. Would a transformer built in the same way
also work in a DC circuit to step up or step down the voltage?
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53(c)6/6
v - 0 pts Correct
- 5 pts Inductor in dc circuit is just wire. You haven’t really explained why the transformer doesn’t work.

- 3 pts Magnetic flux is still produced.
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