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Q1-Q15: Lecture multiple choice — Fill in the correct answer on your bubble sheet.

SI prefixes: k=10° c=10" m=107 u=10° n=10"

1. [4pts] Alight wave moves from a relatively slow medium into a relatively fast medium. Which of
the following best describes the changes that occur to the wavelength and frequency of light upon
entering the faster medium?

A. Frequency increases.  Wavelength increases.
Frequency increases. = Wavelength decreases.
Frequency decreases. Wavelength increases.

Frequency decreases. Wavelength decreases.

m o 0w

None of these are completely correct.

2. [4 pts] A two-slit interference experiment is conducted involving light of wavelength 555 nm and a
mask containing two very narrow slits separated by 0.10 mm. (SI prefixes are given at the top of this
page.) The distance between the 3™ dark spot to the left of center all the way to the 3™ dark spot to the
right of center is measured to be 6.0 cm.

What is the distance from the mask to the screen?

A. 1.5m
22m
31m
43 m

m o 0w

None of these are correct.
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3. [4 pts] Blue light (Zowe = 470 nm) and violet light
(Aviolet = 390 nm) pass through a diffraction
grating with line density 800 lines/mm. The

diagram at right shows bright spots on a very

wide screen that is 3.0 m away.

What is the unknown distance labeled on the
diagram?

A.

m o 0w

0.94 m
0.99 m
1.9m
24 m
8.0 m

Violet
Blue Blue

(Not to scale)

4. [4 pts] Light of wavelength 600 nm travels from air (» = 1.00) and strikes a thin film of material
(n = 1.20) that sits atop a much thicker material (n = 1.60). What is the smallest non-zero thickness of
the thin material that would produce minimum reflection due to destructive interference?

Phys 116A — Summer 2025

m o a w >

125 nm
150 nm
250 nm
300 nm
500 nm
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5. [4 pts] A circular, thin film of soapy water
(n=1.33) is oriented vertically. Gravity acts
downward so the film is very thin at the top (i.e.,
essentially zero thickness. Air (n = 1.00) is on

either side of the film.

The diagram at right shows dark and bright bands
of light caused by reflection of light from the film
using light of wavelength 511 nm.

What is the thickness of the soap film at the 2" bright band counting from the top?

m o 0w

192 nm
288 nm
384 nm
576 nm
1020 nm

6. [4 pts] Suppose you are looking at the central diffraction maximum on a screen that is caused by
monochromatic light going through a single slit. If the frequency of light is increased and no other
changes are made to the physical setup, what happens to the width of the central diffraction

maximum?

A.

The width increases.

B. The width decreases.
C. The width remains the same.
D

. None of these are correct.

Phys 116A — Summer 2025

Midterm 2, Aug 7, 2025



7. [4 pts] A light bulb is located 2.0 m from the surface of a mirror. A

Bulb
camera is located 4.0 m from the surface of the mirror and is viewing Q
the image of the bulb due to the mirror. The camera can only see the . T
image of the bulb, not the bulb itself. The distance between the bulb
and camera that is parallel to the mirror is given in the diagram. The 5.0m
mirror is 100% efficient at reflecting light. l
If the power output of the bulb is 100 W, what is the intensity of light Mimor | o8

from the image as measured by the camera?
Camera

0.066 W/m?

0.072 W/m?

0.13 W/m?

1.03 W/m?

None of these are correct

moaw»>

8. [4 pts] Light enters a transparent medium (n = 1.7)
from air (n = 1.0), as shown. The dashed line
represents the path that light would take without the
medium present. If the vertical height of the medium
1s 1.5 cm, determine the unknown distance in the
diagram labeled with a “?” mark.

0.60 cm

0.89 cm
1.1 cm

1.7 cm

m o 0w p»

2.1 cm
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9. [4 pts] An object is placed 15 cm from an unknown type of thin lens. A real image is formed 40 cm
from the object (not from the lens!). What is the focal length of the lens?

A. +38 cm
25 cm
—12 cm

+11 cm

m o 0w

+9.4 cm

10. [4 pts] An object is placed 15 cm from a diverging lens. The distance from the lens to the image, as
measured by a ruler, is 10 cm. What is the focal length of the lens?

—15cm
+6.0 cm
+18 cm

-30 cm

m o 0w

20 cm
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11. [4 pts] The near point of your eye is 60 cm. You want to wear glasses so that the near point of your
eye becomes 40 cm. What is the refractive power of glasses that you should wear?

m o 0w >

0.83D
—0.83D
1.7D
-1.7D
19D

12. [4 pts] You purchase a magnifying glass that claims its “magnification” is 2.5X. If this magnifying
glass is used to form an image of an object that is infinitely far away, what is the image distance?

m o 0w >

0.025m
0.050 m
0.063 m
0.075 m
0.10m

13. [4 pts] You purchase a standard microscope. The manufacturer claims its “objective power” is 20X.

What is the focal length of the objective lens?

A.

Phys 116A — Summer 2025

m o 0w

8.0 mm
20 mm
80 mm
100 mm
160 mm
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14. [4 pts] Amazingly, it is possible for the human eye to detect infrared light! It can occur when two
separate infrared photons strike a photoreceptor at the same time. Our eye and brain interpret this
occurrence as a single photon with energy equal to the sum of the energies of the two separate
photons.

Suppose that two such infrared photons of wavelengths 900 nm and 1300 nm strike your eye and you
can see a flash of light. What is the wavelength that your brain perceives this ‘single’ photon?

A. 400 nm
495 nm
530 nm
1100 nm

m o 0w

2100 nm

15. [4 pts] In a photoelectric effect experiment, you shine light of wavelength 200 nm on a metal. The
maximum kinetic energy of the electrons that are ejected is 2.0 eV.

What wavelength of photons can you shine on the metal and still eject photons?
A. Any wavelength smaller than 295 nm
Any wavelength larger than 295 nm

Any wavelength larger than 310 nm

Any wavelength smaller than 620 nm

m o 0w

Any wavelength larger than 620 nm
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Q16—Q20: Lecture free-response — Unless otherwise noted, explain your reasoning or show
your work.

16. [4 pts] You shine light of wavelength 520 nm on a diffraction grating that has a total of 4000 lines
across its length of 2.0 cm. How many bright spots will be produced on a semicircular screen? Show

your work.

17. [4 pts] Suppose you have two different transparent materials that are in contact. Material 1 has index
of refraction n; = 1.4 and material 2 has index of refraction n, = 1.6. Describe carefully and
completely the requirements for total internal reflection to occur at the boundary between these two
media. In particular, you should describe (a) in what direction the light ray should travel (from
medium 1 to 2 or from medium 2 to 1) as well as (b) any numerical requirement on the incident

angle.
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18. [4 pts] The diagram below shows two rays of light that leave an object (a very small bulb) and reflect
from a converging (concave) mirror. Use your knowledge of image formation and ray diagrams to
label the focal point of the mirror somewhere along the optical axis. Use ray diagrams, not the
thin-lens equation. Make sure your drawing is clear, including any backtracking you have done. No

explanation is necessary.

19. [4 pts] In this problem, all lenses are oriented along and perpendicular to the optical axis, which we

will take to be the x-axis.

An object is located at x = 0. A converging lens with focal length 5.0 cm is located at x = 15.0 cm. A
second converging lens with focal length 2.0 cm is located at x = 25.0 cm. What is the location Xfna of
the final image produced by the second lens? Show your work using the thin-lens equation. Ensure

your final answer uses the indicated coordinate system.
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20. [4 pts] You are conducting a photoelectric effect experiment. You shine monochromatic light on a
metal and observe electrons being ejected. Suppose you were to double the intensity of the light that
falls on the metal. Would the following quantities increase, decrease, or remain the same? Explain

briefly.

(a) [2 pts] The maximum kinetic energy of each ejected photon

(b) [2 pts] The number of electrons ejected each second.
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Q21-Q25: Tutorial questions.

Note: In the diagrams representing interference patterns on this page and the next, lines of
maximum constructive interference are represented by solid lines and nodal lines are
represented by dashed lines.

In Experiment 1, a periodic wave is generated by a dowel in a
d

big tank of water. The diagram at right shows successive crests PR el N R
mask S S

of the periodic wave incident on a mask with two very narrow

slits. /
21. [4 pts] Determine the distance between the slits, d, in terms of the

crest

wavelength A. Briefly explain. \

T direction of propagation

22. [4 pts] Sketch the approximate locations of all the lines of maximum
constructive interference (solid) and nodal lines (dashed) in the region of
the tank far away from the slits (the unshaded region in the box at right).
You need not calculate angles. Explain briefly.

tt
2 slits
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Pattern for Experiment 2

In Experiment 2, two in-phase point sources generate periodic waves by
tapping the surface of the water. The diagram at right shows an
interference pattern for Experiment 2 in the region far away from the
sources (unshaded).

23. [4 pts] Determine the source separation, d, in terms of the wavelength A.
If an exact value cannot be determined, give the smallest range into which
d must fall. Explain. 2 sources

After modification

24. [4 pts] A single change is made to Experiment 2. As a result, the
interference pattern is changed, as shown at right. Could increasing the
frequency of the sources result in the change in the interference pattern?
Explain.

\/

2 sources

Phys 116A — Summer 2025 12 Midterm 2, Aug 7, 2025



25. [4 pts] A mask with a semi-circular aperture is placed —
between a bulb in the shape of the number 4 and a
screen. In the space directly below, draw the image that
would be produced on the screen in a darkened room
when the bulb is turned on. No explanation required.
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	PHYS122_Exam1_Complete_v4 new.pdf
	1. (5 points) Three small positively charged conducting spheres hang from strings far enough apart from each other that they do not exert strong forces on each other, as shown in Case A. In Case B, two much larger spherical shells, with much more net ...
	A. The electric field is zero at the midpoint between the shells, and both shells are positively charged.
	B. The electric field is zero at the midpoint between the shells, and both shells are negatively charged.
	C. The electric field is zero at the midpoint between the shells, and the shells are oppositely charged.
	D. The electric field points to the right at the midpoint between the shells, and the shells are oppositely charged
	E. The electric field points to the left at the midpoint between the shells, and both shells are positively charged.

	2. (5 points) Two small conducting spheres, A and C, are fixed in place along a line and charge B is free to move. Charge C is a distance ,𝑑-𝑜. from charge B, and charge A is ,𝑑-𝑜./2 from B. Both A and C are positively charged and B is negatively ...
	A. ,𝑞-𝐴.> |,𝑞-𝐵.| and ,𝑞-𝐶.>,𝑞-𝐴.
	B. ,𝑞-𝐶.> |,𝑞-𝐵.| and ,𝑞-𝐶.>,𝑞-𝐴.
	C. ,𝑞-𝐴.> |,𝑞-𝐵.| and ,𝑞-𝐴.>,𝑞-𝐶.
	D. |,𝑞-𝐵.| could have any value and ,𝑞-𝐶.>,𝑞-𝐴.
	E. |,𝑞-𝐵.| could have any value and ,𝑞-𝐴.>,𝑞-𝐶.

	3. (5 points) A positive charge is in a uniform electric field, and the charge experiences a net force to the right. Assuming there are no other forces acting, which one of the following statements could be TRUE?
	A. The electric field is to the right and the charge is moving at a constant velocity.
	B. The electric field is to the left and the charge is slowing down.
	C. The electric field is to the right and the charge is speeding up.
	D. The electric field is to the left and the charge is speeding up.
	E. The electric field is uniform, so the charge is moving at a constant velocity.

	4. (5 points) The electric flux through the surface shown is 25 N ,m-2./C, and the surface area of the rectangle is 0.40 ,m-2.. Which of the following is closest to the magnitude of the electric field, ,𝐸.?
	A. 540 N/C
	B. 72 N/C
	C. 130 N/C
	D. 630 N/C
	E. 36 N/C

	5. (5 points) A rectangular surface area, represented by the perpendicular vector 𝐴,𝑛., is positioned in a constant electric field, ,,𝐸.-𝑜.. Which one of the following choices represents a possible combination of the quantities associated with the...
	A. ,,𝐸.-𝑜.=−10 N/C ,𝑖.,   𝐴,𝑛.=+5 ,m-2. ,𝑗.,  Φ=−50 ,m-2.N/C
	B. ,,𝐸.-𝑜.=,−10,𝑖.+−5,𝑗.. N/C,  𝐴,𝑛.=−2 ,m-2. ,𝑖.,  Φ=−20 ,m-2.N/C
	C. ,,𝐸.-𝑜.=,−10,𝑖.+−5,𝑗.. N/C,  𝐴,𝑛.=+4 ,m-2. ,𝑗.,  Φ=−20 ,m-2.N/C
	D. ,,𝐸.-𝑜.=,−10,𝑖.+−5,𝑗.. N/C,  𝐴,𝑛.=+5 ,m-2. ,𝑖.,  Φ=−25 ,m-2.N/C
	E. ,,𝐸.-𝑜.=,−10,𝑖.+−5,𝑗.. N/C,  𝐴,𝑛.=+5 ,m-2. ,𝑖.,  Φ=+50 ,m-2.N/C

	6. (5 points) Which of the following graphs best represents the magnitude of the electric field as a function of 𝑟, measured radially outward from the surface of a very long wire of length 𝐿 of charge density 𝜆? Assume 𝑟 much less than 𝐿.
	7. (5 points) Two identical polar molecules are placed in a region that has a uniform electric field. At one instant they have the orientations shown. Molecule A is experiencing no torque and molecule B is experiencing a counterclockwise torque. Which...
	8. (5 points) In each case shown at right, a particle of charge +𝑞 is placed a distance 𝑑 from a particle of charge +4𝑞. The masses of the particles, A, C, and D are all 3𝑚, the mass of particle B is 𝑚 as labeled in the diagram. The particles are...
	A. A
	B. B
	C. C
	D. D
	E. The magnitude of the acceleration for all particles will be the same.

	9. (5 pts) A thin ring of radius 𝑅 carries a uniformly distributed charge 𝑞. The ring lays on the 𝑥𝑦-plane with its center at the origin. What is the magnitude of the electric field at point P on the 𝑧-axis, a distance 𝐿 away from the origin?
	10. (5 pts) In Lab A2, a group places two charges 0.50 m apart and measures the force on one of the charges.  They repeat the experiment three times and tabulate their data as shown. Which of the values below correctly reports the best estimate and th...
	A. ,3.55±0.1. N
	B. ,3.55±0.11. N
	C. ,3.6±0.1. N
	D. ,3.6±0.2. N
	E. More than one of these choices correctly reports the best estimate and its uncertainty.

	11. (5 pts) A student has formed the graph of quantity Q versus the square of quantity M (M2). They have also drawn the best-fit line on the graph. Which of the following is true?
	A. Quantity Q is proportional to quantity M.
	B. Quantity Q is proportional to quantity M 2.
	C. Quantity Q is linearly related to quantity M.
	D. Quantity Q is linearly related to quantity M 2.

	12. (5 pts) The diagram at right is a screenshot from the Lab A1 simulation. Both the rod and the conductor have excess charge. Based on the information given in the image, which of the following statements do you agree with?
	A. Statements I and III
	B. Statements I and IV
	C. Statements II and III
	D. Statements II and IV

	13. [6 pts] What is the surface charge density, ,𝜆-𝑖𝑛𝑛𝑒𝑟., on the inner surface of the conducting shell (at 𝑟=𝑎 from the axis)? Answer in terms of the given variables. Be sure to include the sign and explicitly state if ,𝜆-𝑖𝑛𝑛𝑒𝑟. is zero...
	14. [5 pts] What is the surface charge density, ,𝜆-𝑜𝑢𝑡𝑒𝑟.,  on the outer surface of the large conducting shell? Answer in terms of the given variables. Be sure to include the sign and explicitly state if ,𝜆-𝑜𝑢𝑡𝑒𝑟. is zero. Explain your rea...
	15. [3 pts] A cross section of the setup is shown at right. On the diagram, sketch the direction of the electric field at point P. If the electric field is zero, state so explicitly. No explanation required.
	16. [5 pts] Which of the following Gaussian surfaces would allow you to determine the electric field strength at point P? Explain your reasoning for your choice.
	17. [6 pts] Use the Gaussian surface you chose in the previous question to write an expression for the electric field at point P in terms of the variables given and any constants. If you choose to use any additional variables, be sure to define them. ...
	18. (5 pts) Two positively charged balls are placed a distance 𝑥 apart as shown. The magnitude of the charge on ball 1 is larger than the magnitude of the charge on ball 2. The balls are observed to repel.
	19. (5 pts) Ball 2 is replaced by a rod. The rod has the same positive charge that ball 2 had (in the previous section) and is placed the same distance 𝑥 from ball 1 as shown. The charge on the rod is uniformly distributed along its length.
	20. (5 pts) A thin, semicircular rod has a total charge +Q uniformly distributed along it. A positive point charge +q and a negative point charge –Q are placed as shown. (The +q charge is equidistant from –Q and from all points on the rod.)
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	1. (5 points) Three small positively charged conducting spheres hang from strings far enough apart from each other that they do not exert strong forces on each other, as shown in Case A. In Case B, two much larger spherical shells, with much more net ...
	A. The electric field is zero at the midpoint between the shells, and both shells are positively charged.
	B. The electric field is zero at the midpoint between the shells, and both shells are negatively charged.
	C. The electric field is zero at the midpoint between the shells, and the shells are oppositely charged.
	D. The electric field points to the right at the midpoint between the shells, and the shells are oppositely charged
	E. The electric field points to the left at the midpoint between the shells, and both shells are positively charged.

	2. (5 points) Two small conducting spheres, A and C, are fixed in place along a line and charge B is free to move. Charge C is a distance ,𝑑-𝑜. from charge B, and charge A is ,𝑑-𝑜./2 from B. Both A and C are positively charged and B is negatively ...
	A. ,𝑞-𝐴.> |,𝑞-𝐵.| and ,𝑞-𝐶.>,𝑞-𝐴.
	B. ,𝑞-𝐶.> |,𝑞-𝐵.| and ,𝑞-𝐶.>,𝑞-𝐴.
	C. ,𝑞-𝐴.> |,𝑞-𝐵.| and ,𝑞-𝐴.>,𝑞-𝐶.
	D. |,𝑞-𝐵.| could have any value and ,𝑞-𝐶.>,𝑞-𝐴.
	E. |,𝑞-𝐵.| could have any value and ,𝑞-𝐴.>,𝑞-𝐶.

	3. (5 points) A positive charge is in a uniform electric field, and the charge experiences a net force to the right. Assuming there are no other forces acting, which one of the following statements could be TRUE?
	A. The electric field is to the right and the charge is moving at a constant velocity.
	B. The electric field is to the left and the charge is slowing down.
	C. The electric field is to the right and the charge is speeding up.
	D. The electric field is to the left and the charge is speeding up.
	E. The electric field is uniform, so the charge is moving at a constant velocity.

	4. (5 points) The electric flux through the surface shown is 25 N ,m-2./C, and the surface area of the rectangle is 0.40 ,m-2.. Which of the following is closest to the magnitude of the electric field, ,𝐸.?
	A. 540 N/C
	B. 72 N/C
	C. 130 N/C
	D. 630 N/C
	E. 36 N/C

	5. (5 points) A rectangular surface area, represented by the perpendicular vector 𝐴,𝑛., is positioned in a constant electric field, ,,𝐸.-𝑜.. Which one of the following choices represents a possible combination of the quantities associated with the...
	A. ,,𝐸.-𝑜.=−10 N/C ,𝑖.,   𝐴,𝑛.=+5 ,m-2. ,𝑗.,  Φ=−50 ,m-2.N/C
	B. ,,𝐸.-𝑜.=,−10,𝑖.+−5,𝑗.. N/C,  𝐴,𝑛.=−2 ,m-2. ,𝑖.,  Φ=−20 ,m-2.N/C
	C. ,,𝐸.-𝑜.=,−10,𝑖.+−5,𝑗.. N/C,  𝐴,𝑛.=+4 ,m-2. ,𝑗.,  Φ=−20 ,m-2.N/C
	D. ,,𝐸.-𝑜.=,−10,𝑖.+−5,𝑗.. N/C,  𝐴,𝑛.=+5 ,m-2. ,𝑖.,  Φ=−25 ,m-2.N/C
	E. ,,𝐸.-𝑜.=,−10,𝑖.+−5,𝑗.. N/C,  𝐴,𝑛.=+5 ,m-2. ,𝑖.,  Φ=+50 ,m-2.N/C

	6. (5 points) Which of the following graphs best represents the magnitude of the electric field as a function of 𝑟, measured radially outward from the surface of a very long wire of length 𝐿 of charge density 𝜆? Assume 𝑟 much less than 𝐿.
	7. (5 points) Two identical polar molecules are placed in a region that has a uniform electric field. At one instant they have the orientations shown. Molecule A is experiencing no torque and molecule B is experiencing a counterclockwise torque. Which...
	8. (5 points) In each case shown at right, a particle of charge +𝑞 is placed a distance 𝑑 from a particle of charge +4𝑞. The masses of the particles, A, C, and D are all 3𝑚, the mass of particle B is 𝑚 as labeled in the diagram. The particles are...
	A. A
	B. B
	C. C
	D. D
	E. The magnitude of the acceleration for all particles will be the same.

	9. (5 pts) A thin ring of radius 𝑅 carries a uniformly distributed charge 𝑞. The ring lays on the 𝑥𝑦-plane with its center at the origin. What is the magnitude of the electric field at point P on the 𝑧-axis, a distance 𝐿 away from the origin?
	10. (5 pts) In Lab A2, a group places two charges 0.50 m apart and measures the force on one of the charges.  They repeat the experiment three times and tabulate their data as shown. Which of the values below correctly reports the best estimate and th...
	A. ,4.63±0.1. N
	B. ,4.63±0.11. N
	C. ,4.6±0.1. N
	D. ,4.6±0.2. N
	E. More than one of these choices correctly reports the best estimate and its uncertainty.

	11. (5 pts) A student has formed the graph of quantity 𝑄 versus the square of quantity 𝑀 (,𝑀-2.). They have also drawn the best-fit line on the graph. Which of the following is true?
	A. Quantity 𝑄 is proportional to quantity 𝑀.
	B. Quantity 𝑄 is proportional to quantity ,𝑀-2..
	C. Quantity 𝑄 is linearly related to quantity 𝑀.
	D. Quantity 𝑄 is linearly related to quantity ,𝑀-2..

	12. (5 pts) The diagram at right is a screenshot from the Lab A1 simulation. Both the rod and the conductor have excess charge. Based on the information given in the image, which of the following statements do you agree with?
	A. Statements I and III
	B. Statements I and IV
	C. Statements II and III
	D. Statements II and IV

	13. [6 pts] What is the surface charge density, ,𝜆-𝑖𝑛𝑛𝑒𝑟., on the inner surface of the conducting shell (at 𝑟=𝑎 from the axis)? Answer in terms of the given variables. Be sure to include the sign and explicitly state if ,𝜆-𝑖𝑛𝑛𝑒𝑟. is zero...
	14. [5 pts] What is the surface charge density, ,𝜆-𝑜𝑢𝑡𝑒𝑟.,  on the outer surface of the large conducting shell? Answer in terms of the given variables. Be sure to include the sign and explicitly state if ,𝜆-𝑜𝑢𝑡𝑒𝑟. is zero. Explain your rea...
	15. [3 pts] A cross section of the setup is shown at right. On the diagram, sketch the direction of the electric field at point P. If the electric field is zero, state so explicitly. No explanation required.
	16. [5 pts] Which of the following Gaussian surfaces would allow you to determine the electric field strength at point P? Explain your reasoning for your choice.
	17. [6 pts] Use the Gaussian surface you chose in the previous question to write an expression for the electric field at point P in terms of the variables given and any constants. If you choose to use any additional variables, be sure to define them. ...
	18. (5 pts) Two positively charged balls are placed a distance 𝑥 apart as shown. The magnitude of the charge on ball 1 is larger than the magnitude of the charge on ball 2. The balls are observed to repel.
	19. (5 pts) Ball 2 is replaced by a rod. The rod has the same positive charge that ball 2 had (in the previous section) and is placed the same distance 𝑥 from ball 1 as shown. The charge on the rod is uniformly distributed along its length.
	20. (5 pts) A thin, semicircular rod has a total charge +Q uniformly distributed along it. A positive point charge +q and a negative point charge –Q are placed as shown. (The +q charge is equidistant from –Q and from all points on the rod.)
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	24. [6 pts] Draw a qualitatively accurate free body diagram for the block at some instant between ,𝑡-0. and ,𝑡-1. in the space provided. Make sure that the label for each force in your free-body diagram contains the following information:
	25. [7 pts] For each force on your free-body diagram, identify the corresponding action-reaction (3rd law) pair force.  Describe the forces with words, not only with subscripts.




