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I. Lecture Multiple Choice [60 pts]. Choose only one answer for each question, circle your answer in this
booklet, and fill it out on your bubble sheet.

Use the following situation to answer the next three questions: 
An ideal spring of stiffness 5.0	N/m is connected to a block of mass 2.0	kg. The other end of the spring is 
fastened to a wall and the block is free to move over a horizontal smooth surface. Initially the spring is 
compressed by a distance of 3.2	m from its equilibrium position in the +𝑥-direction and is then allowed to 
oscillate. 
1. [5 pts] From the graphs below, choose the one representing the block’s displacement from equilibrium as

a function of time.

2. [5 pts] What is the maximum kinetic energy of the block?

A. 10	J

B. 15	J

C. 26	J

D. 34	J

E. Information provided is not enough to answer.

3. [5 pts] Which one of the following on its own would double the period of oscillation 𝑇?

A. Doubling the amplitude.

B. Quadrupling the mass of the block.

C. Quadrupling the stiffness (spring constant).

D. Doubling the mass of the block.

E. Doubling the stiffness (spring constant).
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Use the following situation to answer the next two questions: 
While we tend to think of grandfather clocks as antiques, for several 
hundred years they were precise scientific instruments for measuring 
time. The engraving at right depicts the clock used in Cook’s 1769 
observation in Tahiti of the transit of Venus across the sun. (Rich 
people bought and displayed grandfather clocks to show how modern, 
educated, and scientific they were.)  

4. [5 pts] Most grandfather clocks use a pendulum with a 2 second
period: a swing one direction takes 1 second (tick), and the return
swing (tock) takes another second. How long is the pendulum to
achieve that?

A. 0.993 meters

B. 25 cm

C. 1.007 meters

D. 2𝜋4𝑚/𝑔

E. It can be any be any length.

5. [5 pts] Grandfather clocks require power to keep running (usually provided by weights). If you turn off
the power, the swing of the pendulum will slowly become smaller and eventually cease. If it takes around
10 minutes (600 seconds) for the pendulum swing to become half as large, which of the following
equations best describes the motion of the undriven pendulum. [𝐴! is the initial amplitude measured in
radians, and 𝑡 is measured in seconds.]

A. 𝜃(𝑡) = 𝐴!𝑒"#/(&'(.&	+) cos(4𝜋	s"-𝑡)

B. 𝜃(𝑡) = 𝐴!𝑒"#/('!!	+) cos(4𝜋	s"-𝑡)

C. 𝜃(𝑡) = 𝐴!𝑒"#/(-!	+) cos(𝜋	s"-𝑡)

D. 𝜃(𝑡) = 𝐴!𝑒"#/(&'(.&	+) cos(𝜋	s"-𝑡)

E. 𝑥(𝑡) = 𝐴! cos(4𝜋	s"-𝑡)

6. [5 pts] Most animals walk with a gait associated with the physical pendulum frequency of their legs.
Giraffes, famously, have very long legs. Use a simple model for a leg as a rod of uniform mass 𝑚 and
length 𝐿. Which of the following statements describes the frequency of a giraffe’s gait 𝑓. compared to the
walking gait of a human 𝑓/? Hint: the moment of inertia of a rod-like physical pendulum is 𝐼 = 𝑚𝐿0/3.

A. 𝑓/ >	𝑓. ; the key equation is 𝑓 = 	 -
01
E2.3

0
 so the longer the leg the lower the frequency. 

B. 𝑓/ <	𝑓. ; the key equation is 𝑓 = 	 -
01
E2.3

04
 so the longer the leg the higher the frequency. 

C. 𝑓/ >	𝑓. ; the key equation is 𝑓 = 	 -
01
E5.
03

 so the longer the leg the lower the frequency. 

D. 𝑓/ <	𝑓. ; the key equation is 𝑓 = 	 -
01
E5.
03

  so the longer the leg the higher the frequency. 
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Use the following situation to answer the next two questions: 
A transverse sinusoidal wave is traveling on a string to the right (in the +𝑥-direction) at a speed of 7.3	m/s. 
The wave’s maximum displacement from equilibrium is 9.0	m. Assume there is no damping. 
7. [5 pts] Which one of the following represents this wave?

A. 𝑦(𝑥, 𝑡) = (9.0	m) cos(2.6	m"-𝑥 + 19	s"-	𝑡)

B. 𝑦(𝑥, 𝑡) = (9.0	m) sin(−2.6	m"-𝑥 + 19	s"-	𝑡)

C. 𝑦(𝑥, 𝑡) = (9.0	m) cos(19	m"-𝑥 − 2.6	s"-	𝑡)

D. 𝑦(𝑥, 𝑡) = (9.0	m) cos(2.6	s"-	𝑡 − 19	m"-𝑥)

E. 𝑦(𝑥, 𝑡) = (9.0	m) sin(2.6	m"-𝑥 + 19	s"-	𝑡)

8. [5 pts] If we replace the string with one having 3 times the linear mass density, by what factor should we
change the tension compared to the previous case so that speed of the wave is doubled?

A. 3/2

B. 3/4

C. 2

D. 6

E. 12

9. [5 pts] The big bang was the event considered to be the start of the known universe. It has an observable
remnant in the form of an electromagnetic radiation that has a peak wavelength of about 2 mm. Calculate
the corresponding frequency.

A. 1.5 × 10--Hz

B. 3.0 × 10--Hz

C. 5.0 × 10--Hz

D. 7.5 × 10--Hz

E. 1.0 × 10-0Hz

10. [5 pts] The graph at right shows the history graph of a wave moving in
the +𝑥 direction. Which of the below snapshot graphs corresponds to this
history graph?

t
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A) B) C) D)

A.  B.  C.  D. 
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Use the following situation to answer the next two questions: 
Below is a diagram of standing waves trapped on a guitar string, labelled with letters I, J, K, L. 
All waves are on the same string with the same tension, a finger is used on a fret to pinch the string in 
some of the diagrams. 

11. [5 pts] Which one of the following statements accurately describe the pitch (frequency) 𝑓 of the trapped
waves and their properties.

A. 𝑓 depends on wavelength, with 𝑓6 < 𝑓7 < 𝑓8 < 𝑓9.

B. 𝑓 depends on wavelength, with 𝑓9 < 𝑓8 < 𝑓7 < 𝑓6.

C. 𝑓 depends on the trap’s length, with 𝑓8 < 𝑓7 < 𝑓9 < 𝑓6.

D. 𝑓 depends on which fret is used to hold the string, with 𝑓9 < 𝑓6 < 𝑓8 < 𝑓7.

12. [5 pts] Consider standing wave J in the diagram. If the tension in the string is increased by a factor of 2
while keeping the length of the string and the frequency the same as before, how many modes would you
observe?

A. 1

B. 2

C. 4

D. 8

E. No modes are observed.

Phys116B Spring 2025 – Midterm Exam 1 
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II. Lecture Free Response [20 pts]  Show your work for full credit.
A firetruck is sounding its sirens at a frequency of 900 Hz. You are standing 100 meters from the firetruck,
and you measure the intensity of the sound to be 1.0 × 10"0W/m0. The firetruck is moving in your direction.

13. [5 pts] Calculate the total power produced by the firetruck’s siren.

14. [4 pts] What is the sound intensity level 𝛽 you experience when the firetruck is 100 meters away from
you?

15. [5 pts] As the firetruck approaches you, you measure the frequency of its siren to be 990 Hz. How fast is
the firetruck moving? Take the speed of sound to be 343 m/s.

16. [6 pts] Now the firetruck is 10 meters away from you. What is the sound intensity level 𝛽 you
experience?

Phys116B Spring 2025 – Midterm Exam 1 
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III. Tutorial Free-Response [20 pts]. Explain your reasoning where stated to get full credit.
A block of mass m on a frictionless surface is attached to an ideal massless spring, as shown in figure 1.
The spring, which has spring constant k, is fixed to the wall.  The dashed line indicates the position of the
right edge of the spring when the spring is neither stretched nor compressed and the block is at its
equilibrium position.

Figures 2 and 3 show the block held in place a distance A to the right and left of the equilibrium position, 
respectively. 

17. [6 pts] In which direction is the net force on the block when it is held in place as shown in figure 2?
Explain.

18. [4 pts] Suppose the hand in figure 2 were suddenly removed.  After the hand is removed, how would the
force on the block by the spring be related to the net force on the block? No explanation needed.

Two different springs are joined 
together. Two students pull on either 
side to create tension in the combined 
springs. At time 𝑡 = 𝑡! each of the two 
students creates a pulse by moving 
their hand up and then down. The 
snapshot at right is taken at a later time 𝑡 = 𝑡-. 

19. [4 pts] Is the speed of the pulse on the left spring greater than, less than or equal to the speed of the pulse
on the right spring? No explanation needed.

20. [6 pts] Was the time needed to create Pulse 1 greater than, less than or equal to the time needed to create
Pulse 2? Explain briefly. If there is not enough information to answer, state the additional information
needed to answer.

m

Figure 3

Block is at rest

A

m

Figure 2

Block is at rest

A

m

Figure 1

Block is at rest

Pulse 2Pulse 1

Junction
Student 1 Student 2

Top-view diagram
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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. ,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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