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

1. [4 pts]  The circuit diagram at right represents a small part of a much 

larger circuit. Suppose all three capacitors between points a and b 

were replaced with a single capacitor such that the rest of the circuit’s 

behavior remained unchanged. What is the capacitance of that single 

capacitor? 

A. 0.92 F 

B. 1.6 F 

C. 2.2 F 

D. 5.2 F 

E. 9.0 F 

 

 

 

 

 

2. [4 pts] An ideal 10-volt battery, an ohmic resistor, a switch, and a 0.10-farad capacitor that is initially 

uncharged are all arranged in a single-loop circuit. The switch is closed at t = 0. The current through 

the resistor at t = 0 is 0.50 amps.  

 

What is the current through the resistor at t = 1.0 s? 

A. 0.18 amps 

B. 0.30 amps 

C. 0.40 amps 

D. 0.48 amps 

E. 0.55 amps 
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3. [4 pts] Electrical signal transmission along nerve cell axons can be modeled, in part, as multiple RC 

circuits. The amount of time for a signal to propagate from one location to another is proportional to 

the time constant 𝜏 = RC.  Suppose that the distance between the ‘parallel plates’ of the capacitors in 

this model is increased, but any resistance remains unchanged. How would this change affect the 

amount of time it takes for an electrical signal to propagate across nerve cells? 

A. The time would increase 

B. The time would decrease 

C. The time would remain the same 

D. None of these are correct. 

 

 

 

 

 

4. [4 pts]  Which option below best represents the direction of the magnetic 

field at the indicated point? Assume the magnetic field is due only to the 

shown bar magnet.  

 

A. ⊗ (into the page) 

B. ↙ 

C. ↗ 

D. ↑ 

E. ← 
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5. [4 pts] A circular loop of wire carries current clockwise, as shown. 

What is the direction of the magnetic field at the indicated point? 

Assume that the point is located in the plane of the loop. 

 

A. ⊗ (into the page) 

B. ⊙ (out of the page) 

C. → 

D. ← 

E. ↗ 

 

 

 

 

 

 

6. [4 pts] A single circular loop of current with diameter 10 cm = 0.10 m is oriented so that the 

magnetic field it produces at the center of the loop is oriented opposite the magnetic field produced by 

the Earth. If the Earth has magnetic field 50 𝜇T =  50 × 10−6 T, what is the current in the loop if the 

net magnetic field at the center of the loop is zero? 

A. 0 amps 

B. 1.4 amps 

C. 2.7 amps 

D. 4.0 amps 

E. 7.9 amps 
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7. [4 pts] Suppose you want a large 3-dimensional region of space to contain a uniform magnetic field. 

Which of the following regions and current configurations would best accomplish this? 

 

A. Directly between two magnets with their north poles (or south poles) facing each other 

B. Outside of an infinitely long wire that carries constant current 

C. Outside of an infinitely long wire that carries an exponentially decreasing current 

D. The region immediately around a compass.  

E. Inside of a solenoid 

 

 

 

 

 

 

 

 

 

 

8. [4 pts]  Consider the region of uniform 

magnetic field shown at right. The four vectors 

labeled 𝑣1 through 𝑣4 represent possible 

velocities of a charged particle. The speeds 

corresponding to each velocity are identical. 

Note that 𝑣4 is perpendicular to the B-field. 

 

Rank the magnitude of the resulting magnetic 

force vector for each of the four possible 

velocity vectors.  

 

A. F4 = F3 > F2 > F1 

B. F2 > F3 > F1 > F4 

C. F2 > F3 > F4 > F1 

D. F4 > F3 > F2 > F1 

E. F1 = F4 > F3 > F2 

 

 

 

 

  



Phys 115A – Summer 2025  Midterm 2, Aug 6, 2025 5 

9. [4 pts] A long wire carries current in the direction shown (diagonally 

down-and-left). What is the direction of the magnetic force on the 

negatively charged particle moving in the indicated direction? Assume 

both the wire and the velocity vector are in the plane of the paper. 

A. ⊗ (into the page) 

B. ⊙ (out of the page) 

C. ↗ 

D. ← 

E. None of these are correct 

 

 

 

 

 

 

 

 

 

10. [4 pts] The wire shown carries current 4.0 A 

to the right. A uniform magnetic field of 

magnitude 2.0 T is indicated. What is the 

magnitude of the magnetic force exerted on 

a 1.0-cm region of the wire? 

 

A. 0 N 

B. 0.080 N 

C. 0.80 N 

D. 8.0 N 

E. None of these are correct 
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11. [4 pts] Two very long, parallel wires are situated 

0.50 m apart from each other. The top wire carries 

7.0 A of current rightward and the bottom carries 

2.0 A of current leftward. 

 

Is the magnetic force between the two wires attractive or repulsive, and what is the magnitude of the 

force exerted on a 3.0-meter length of the bottom wire? 

 

A. Attractive, 1.7 × 10−5 N 

B. Attractive, 4.7 × 10−7 N 

C. Repulsive, 3.2 × 10−6 N 

D. Repulsive, 1.3 × 10−6 N 

E. None of these are completely correct 

 

 

 

 

 

 

 

12. [4 pts] The metabolic power of a 68-kg person who is swimming quickly is 800 W. How much 

mechanical work in Calories (kcal) does such a person do on the water during a 1-minute swim? 

Use the conversion 1 Calorie = 4,186 J. Recall that the efficiency of the human body for physical 

activity is 25%. 

 

A. 0.19 Cal 

B. 0.76 Cal 

C. 1.5 Cal 

D. 2.9 Cal 

E. 11 Cal 
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13. [4 pts] You have a container of 0 °C liquid water in which you place an ice cube that is also at 0 °C. 

Which of the following best describes the heat flow between the two substances if they are put into 

contact? 

A. Heat flows from the water to the ice. 

B. Heat flows from the ice to the water. 

C. Heat does not flow between the two. 

 

 

 

 

 

 

14. [4 pts] Sample A contains an unknown amount of helium gas, which is the lightest monatomic gas. 

Sample B contains an unknown amount of xenon gas, which is also monatomic. The pressures, 

volumes, and amount of gas particles are unknown, but it is known that the root-mean-square speeds 

of the two samples of gas are the same. How do the temperatures of the samples compare? 

A. Sample A (helium) has greater temperature. 

B. Sample B (xenon) has greater temperature 

C. Both samples have identical temperatures 

D. Impossible to determine 
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15. [4 pts] In Experiment A, an isobaric process is performed on a sample of gas in which the temperature 

of the gas goes from 300 K to 400 K. In Experiment B, an isochoric process is performed on an 

identical sample of gas in which the temperature goes from 300 K to 400 K. How does the work done 

by the gas on the environment compare in the two experiments? Negative work should be considered 

as being less than zero or positive work. 

A. Greater work is done by the gas in Experiment A 

B. Greater work is done by the gas in Experiment B 

C. Equal works done in both experiments 
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Q16–Q20: Lecture free-response — Unless otherwise noted, explain your reasoning or show 

your work. 

16. [4 pts]  An ideal battery (emf 𝓔) and three identical 

resistors (resistance R0) are arranged as shown. 

Determine the absolute values of the current through 

and voltage across the top resistor (i.e., the one 

indicated by a ‘?’) in terms of the given variables. 

Show your work. 

 

 

 

 

 

 

 

 

 

 

17. [4 pts] Particles 1 and 2 have identical 

masses (m1 = m2) and identical absolute 

values of charge (|q1| = |q2|). The two 

particles enter a region of uniform magnetic 

field and undergo the trajectories shown.  

 

Is the amount of time it takes particle 1 to 

complete its half-circular trajectory 

greater than, less than, or equal to the amount 

of time it takes particle 2 to complete its 

half-circular trajectory? Show your work. Ignore gravity. 
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18. [4 pts] During some process, a system does 400 J of work on the environment, and the thermal energy 

of the system increases by 300 J.  

 

(i) [2 pts]  Determine a numerical value in joules for the amount of heat that flows into the system 

(positive for flow into the system, as usual). Show your work. 

 

 

 

 

 

 

 

 

 

(ii) [2 pts]  During the process, was the system hotter or the environment hotter? Explain. 

 

 

 

 

 

 

19. [4 pts] A hot object (Object A) exchanges 7 J of heat with cool object (Object B). Assume the objects 

are large enough that any change in temperature is negligible. 

 

Is the change in entropy of the two-object system positive, negative, or zero? Assume no other heat 

exchanges occur. Explain or show your work. 
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20. [4 pts] A sample of gas undergoes the 

process shown at right. Is the heat flow 

into the gas during this process positive, 

negative, or zero? Explain or show your 

work. 
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Q21–Q25: Tutorial questions.  

In the circuit at right, all bulbs are identical, and all batteries are ideal and 

identical. 

21. [4 pts] Rank the bulbs A-C according to brightness, from brightest to 

dimmest. If any bulbs do not light, state so explicitly. Explain your 

reasoning. 

 

 

 

 

 

 

A long wire, wire A, carries a current I0 into the page.  A 

second wire, wire B, is located as shown.  At point P, the 

net magnetic field points as shown (the wires are 

equidistant from point P).  The net magnetic field is in the 

plane of the page. 

22. [4 pts] Does wire B carry a current into or out of the 

page? Explain. 

 

 

 

 

 

23. [4 pts] Is the current in wire B greater than, less than or equal to I0? Explain. 
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The figure at right shows two identical cylinders, A and B that are fitted 

with identical pistons.  Each piston is free to move without friction.  

Both cylinders have been in the same room for a long time. Cylinder A 

contains an ideal gas with a larger molecular mass than the ideal gas in 

cylinder B. 

24. [4 pts]  Is the pressure of the gas in cylinder A greater than, 

less than, or equal to the pressure of the gas in cylinder B?  Explain. 

If not enough information is given, state so explicitly.  

 

 

 

 

 

 

 

 

Cylinder C has a diameter that is twice as large as that of cylinder A and the 

mass of piston in cylinder C is four times larger than that of cylinder A.  The 

cylinders have been in the same room for a long time, and the height of 

piston A is twice as high as that in cylinder C. 

25. [4 pts]  Is the number of particles in container C greater than, less than, or 

equal to the number of particles in container A?  Explain. 
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115 Equation Sheet: Final

Physical Constants

Elementary charge: e = 1.60→ 10→19 C

Electron mass: me = 9.11→ 10→31 kg

Couloumb’s constant:

K =
1

4ωε0
= 9.0→ 109 N ·m2/C2

Permittivity of free-space:
ε0 = 8.85→ 10→12 C2/N ·m2

Permeability constant:
µ0 = 1.26→ 10→6 T ·m/A

Boltzmann’s constant: kB = 1.38→ 10→23 J/K

Avogadro’s number: NA = 6.02→ 1023 mol→1

Gas constant: R = 8.31 J/mol ·K

Boltzmann-Stefan constant:
ϑ = 5.67→ 10→8 W/(m2 ·K4

Unit Conversions

Electron volt: 1 eV = 1.60→ 10→19 J

Calorie: 1Cal = 4186 J

Helpful Equations from 114

Kinematics (constant acceleration):

xf = xi + (vx)i!t+ 1

2
ax(!t)2

(vx)f = (vx)i + ax!t

(vx)2f = (vx)2i + 2ax!x

Newton’s 2nd Law: ϖa =
ϖFnet

m

Weight (Gravitational Force): Fg = mg

Work: W = F↑d = Fd cos ϱ

Work-Energy Theorem: !Emech = W

Kinetic Energy: K = 1

2
mv2

Gravitational Potential Energy: Ug = mgy

Power: P =
!E

!t

Momentum: p = mv

Chapter 20:

Coulomb’s Law: F1 on 2 = F2 on 1 =
K|q1||q2|

r2

Electric field: ϖE =
ϖFon q

q

Electric field for a point charge: E =
K|q|
r2

Electric field in a parallel-plate capacitor:

E =
Q

ε0A

Chapter 21:

Electric Potential Energy: Uelec = qV

Electric Energy Conservation:

!E = !K +!Uelec

Electric Potential of a Point Charge: V =
Kq

r

Capacitance: C =
ε0A

d
=

Q

!VC

Energy stored in a capacitor: UC = 1

2
C(!VC)2

Electric Field inside a parallel-plate capacitor:

E =
!VC

d

Chapter 22:

Current: I =
!q

!t

Resistance: R =
ςL

A

Ohm’s Law: I =
!V

R



Power dissipated across a resistor:

PR = I!VR = I2R =
(!VR)2

R
Batteries in series: !Vtotal = E1 + E2 + E3 + ...

Chapter 23:

Kircho”’s Loop rule:
∑

!V = 0

Kircho”’s Junction rule:
∑

Iin =
∑

Iout

Equivalent resistance:

Series: Req = R1 +R2 +R3...

Parallel: Req =

(
1

R1

+
1

R2

+
1

R3

+ ...

)→1

Equivalent capacitance:

Series: Ceq =

(
1

C1

+
1

C2

+
1

C3

+ ...

)→1

Parallel: Ceq = C1 + C2 + C3 + ...

RC Time Constant: φ = RC

Current in an RC Circuit:

I = I0e→t/ω

Potential in an RC Circuit:

Charging: VC = (VC)0(1↑ e→t/ω )

Discharging: VC = (VC)0e→t/ω

Chapter 24:

Magnetic field due to:

Long straight wire: B =
µ0I

2ωr

Current loop: B =
µ0I

2R

Solenoid: B =
µ0NI

L

Force on moving charge: F = |q| vB sin↼

Force on current-carrying wire: F = ILB sin↼

Circular motion radius for charge in magnetic

field: r =
mv

|q|B

Chapter 11:

E#ciency: e =
what you get

what you had to pay
=

Wout

QH

Maximum e#ciency: emax = 1↑ TC

TH

Fahrenheit conversion: T (↓C) = 5

9
[T (↓F )↑32↓]

Kelvin conversion: T (K) = T (↓C) + 273

First law of thermodynamics: !Eth = W +Q

Entropy change at constant temp.: !S =
Q

T
Entropy change of universe: !Suniv > 0

Chapter 12:

Number of moles: n =
M(in grams)

Mmol

Thermal energy: Eth = 3

2
kBNT

rms speed: vrms =

√
3kBT

m

Pressure: p =
F

A

Ideal gas law: pV = NkBT = nRT

Volume thermal expansion: !V = ↽Vi!T

Linear thermal expansion: !L = ↼Li!T

Specific heat: Q = Mc!T

Heat of transformation: Q = ±ML

Molar specific heat:

at constant volume: Q = nCV!T

at constant pressure: Q = nCP!T

Conduction: Q
!t =

(
kA
L

)
!T

Radiation: Q
!t = eϑAT 4


	Blank Page
	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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	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
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	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.




