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Exam #1 
 

January 23, 2026 
 
 
 

Name___________________________________ 
 

 
Please read and follow these instructions carefully: 
 

• Read all problems carefully before attempting to solve them. 
• Your work must be legible, and the organization clear. 
• You must show all work, including correct vector notation. 
• You will not receive full credit for correct answers without adequate explanations. 
• You will not receive full credit if incorrect work or explanations are mixed in with 

correct work.  So, erase or cross out anything you don’t want graded. 
• Make explanations complete but brief.  Do not write a lot of prose. 
• Include diagrams. 
• Show what goes into a calculation, not just the final number.  For example,

 
• Give standard SI units with your results unless specifically asked for a certain unit. 
• Unless specifically asked to derive a result, you may start with the formulas given 

on the formula sheet including equations corresponding to the fundamental 
concepts. 

• Go for partial credit.  If you cannot do some portion of a problem, invent a symbol 
and/or value for the quantity you can’t calculate (explain that you are doing this), 
and use it to do the rest of the problem. 

• Each free-response part is worth 6 points. 
 

 
 
 
 
 
 
 

I affirm that I have carried out my academic endeavors with full academic honesty. 
 

__________________________________________ 
 

  

� 

! p ≈ m " v = 5kg( ) × 2 m
s( ) =10 kg⋅m

s

Problem #1 /24 
Problem #2 /24 
Problem #3 /24 
Total /72 



1. Consider the following arrangement of four 
point-charges arranged on the corners of a 
square.  Assume that the square has sides of 
length 𝐿.   

	
a. How much work was done to assemble this 

collection of point-charges.  Assume each 
point-charge is brought in one at a time from 
very far away and put in their final locations. 

Starting with the +2𝑞 point-charge and 
proceeding counterclockwise we have: 

𝑊!" = 0 

𝑊#" = −(−𝑞) +
𝑘2𝑞
𝐿 − 0- =

2𝑘𝑞!

𝐿  

𝑊#" = −(−𝑞) .
𝑘(−𝑞)
𝐿 − 0/ − (−𝑞) +

𝑘2𝑞
√2𝐿

− 0- = −
𝑘𝑞!

𝐿 +
√2
2
𝑘𝑞!

𝐿  

𝑊#" = 1
√2
2 − 13

𝑘𝑞!

𝐿  

𝑊#!" = −(−2𝑞) .
𝑘(−𝑞)
𝐿 − 0/ − (−2𝑞) .

𝑘(−𝑞)
√2𝐿

− 0/ − (−2𝑞) .
𝑘(2𝑞)
𝐿 − 0/ 

𝑊#!" = −
2𝑘𝑞!

𝐿 −
2
√2

𝑘𝑞!

𝐿 +
4𝑘𝑞!

𝐿 = 12 −
√2
2 3

𝑘𝑞!

𝐿  

𝑊$%& = 𝑊!" +𝑊#" +𝑊#" +𝑊#!" 

𝑊$%& = 0 +
2𝑘𝑞!

𝐿 + 1
√2
2 − 13

𝑘𝑞!

𝐿 + 12 −
√2
2 3

𝑘𝑞!

𝐿  

𝑊$%& = 12 +
√2
2 − 1 + 2 −

√2
2 3

𝑘𝑞!

𝐿 = 3
𝑘𝑞!

𝐿  

b. What is the electric potential energy in this collection of point-charges?  Does the 
sign of the potential energy make sense?  Explain in a sentence or two. 

 

𝑊 = −∆𝑈% = −8𝑈%' − 𝑈%(9 = −𝑈%' → 𝑈%' = −𝑊 = −3
𝑘𝑞!

𝐿  
 
 

−𝑞	−2𝑞	

−𝑞	+2𝑞	

𝐿	



c. What is the net electric field at the center of the square due to the four point-charges 
on the corners? 

𝐸$%&,* = 𝐸#",* + 𝐸+!"* − 𝐸#!"* + 𝐸#"* = 2𝐸#"* = 2=
𝑘𝑞
𝐿!
2>
? cos 45 = 2√2

𝑘𝑞
𝐿!  

𝐸$%&,, = 𝐸#",, + 𝐸+!", + 𝐸#!", − 𝐸#", = 2𝐸#!", = 2=
𝑘𝑞
𝐿!
2>
? sin 45 = 4√2

𝑘𝑞
𝐿!  

 𝐸$%& = F𝐸$%&,*! + 𝐸$%&,,! = -"
.!
F82√29

!
+ 84√29

!
= √40 -".! = 6.3 -"

.!
 

tan𝜙 = /"#$,&
/"#$,'

=
0√!()*!

!√!()*!
= 2 → 𝜙 = 632 above the positive x-axis. 

 

 
 
 
 

d. Suppose that a charge 𝑄 = −4𝑞 were placed at the center of the square.  What net 
force would 𝑄 feel? 

𝐹$%& = 𝑞𝐸$%& = 4𝑞 ∙ 3.5-"
.!

= 25.2 -"
!

.!
 in magnitude @ 𝜃 = 632 + 1802 = 2432 

measured with respect to the positive x-axis (or 632 below the negative x-axis.)  

 

 

 

 

 

 
 
 
 
 
 
 

 



2. A capacitor is constructed out of two circular parallel plates of diameter 10𝑐𝑚 
separated by an unknown distance 𝑑.  The initially uncharged capacitor is connected to 
a resistor and a 1000𝑉 battery and charged to its maximum value 𝑄67* where 𝑄67* =
0.7𝑛𝐶. 

 
a. If the capacitor is air filled, what is the separation between the plates of this 

capacitor? 
 

𝑄 = 𝐶𝑉 = X
𝜅𝜖2𝐴
𝑑 \𝑉 → 𝑑 =

𝜅𝜖2𝐴𝑉
𝑄  

 

𝑑 =
1 ∙ 8.85 × 10#8! 9!

:6! ∙ 𝜋(0.05𝑚)! ∙ 1000𝑉
0.7 × 10#;𝐶 = 0.099𝑚 = 0.1𝑚 = 10𝑐𝑚 

 
 

 
 
 
 
 
 
 

b.   Suppose the capacitor is oriented as shown on the right.  
At the midpoint between the plates a point-charge 𝑞 
(the green circle) is suspended from an insulating string 
of length 𝐿 = 75𝑐𝑚.  The point-charge comes into 
equilibrium when the string makes an angle 𝜃 = 202 
measured with respect to the vertical.  What is the 
magnitude of the electric field between the plates? 

 
 
 
 
 
 

 

𝐸 =
𝑄
𝜖2𝐴

=
0.7 × 10#;𝐶

8.85 × 10#8! 9!
:6! ∙ 𝜋(0.05𝑚)!

= 1 × 100:
9

 

Or, 
 

𝐸 = −
∆𝑉
∆𝑥 = −X

0𝑉 − 1000𝑉
0.099𝑚 − 0𝑚\ = 1 × 100 <

6
 

 
The direction:  From the positive to the negative plate. 

 

+𝑄	 −𝑄	
𝜃	



c.   What is the sign of the point-charge 𝑞?  Explain your choice fully to earn full credit.  
Simply stating positive or negative will earn minimal credit. 

 
Since the electric field points from the positive to the negative plate and the 
sphere moves to the left in the direction opposite the electric field, the charge on 
the sphere must be negative. 

 
 
 
 

 
 
 
 
 
 
 
 
 

d.   What is the magnitude of the point-charge 𝑞 if 𝑚 = 250𝑔? 
 
 𝐹!"#,% = −𝐹" + 𝐹&% = −𝐹" + 𝐹& sin 𝜃 = 𝑚𝑎% = 0 
 

𝐹!"#,' = 𝐹&' − 𝐹( = 𝐹& cos 𝜃 −𝑚𝑔 = 𝑚𝑎' = 0 → 𝐹& =
𝑚𝑔
cos 𝜃

 
 

→ 𝑞𝐸 = 𝐹& sin 𝜃 = 2
𝑚𝑔
cos 𝜃

3 sin 𝜃 = 𝑚𝑔 tan 𝜃 → 𝑞 =
𝑚𝑔
𝐸
tan 𝜃 =

0.25𝑘𝑔 ∙ 9.8)*!
1 × 10+,-

 

 
𝑞 = 8.9 × 10./𝐶 = 89𝜇𝐶 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



3.   Bismuth ( 𝐵𝑖=5
!2; ) has a nuclear radius 𝑟: given by 𝑟: = 1.2 × 10#8>𝑚 ∙ 𝐴

+
,, where 𝐴 is 

the atomic mass in unified (or atomic) mass units.  A proton was accelerated from rest 
when it is initially very far away from a bismuth and acquired a speed 𝑣(.  The proton 
approaches the bismuth nucleus head-on and from this interaction the proton is brought 
momentarily to rest at a distance of 3𝑟:. 

 
a. What was the initial speed 𝑣( of the proton when it was very far away from the 

bismuth nucleus?	
 

𝑊 = −∆𝑈% = −𝑞∆𝑉 = ∆𝐾 → −𝑞∆𝑉 = 8
!
𝑚𝑣'! −

8
!
𝑚𝑣(! = −8

!
𝑚𝑣(! 

 

−𝑒 +
𝑘𝑞?(
𝑟@

−
𝑘𝑞A(
𝑟(
- = −𝑒 1

𝑘(83𝑒)
3𝑟$

3 = −8
!
𝑚𝑣(! 

 

𝑣( = h
166𝑘𝑒!

2𝑚𝑟:
= h

166 ∙ 9 × 10;:6!

9! ∙ (1.6 × 10#8;𝐶)!

3 × 1.67 × 10#!B𝑘𝑔 ∙ 1.2 × 10#8>𝑚 ∙ (209)
+
,
 

 
𝑣( = 3.3 × 10B6

C
 

 
 
 
 
 
 
 
 
 
 
 

b. Through what potential difference was the proton accelerated to give it the speed 
in part a?  Assume the proton started from rest.	

 
𝑊 = −∆𝑈% = −𝑞∆𝑉 = ∆𝐾 → −𝑞∆𝑉 = 8

!
𝑚𝑣'! −

8
!
𝑚𝑣(! =

8
!
𝑚𝑣'! 

 

∆𝑉 = −X
𝑚
2𝑞\ 𝑣'

! = −1
1.67 × 10#!B𝑘𝑔
2 ∙ 1.6 × 10#8;𝐶3 i3.3 × 10

B6
C
j
!
= −5.6 × 103𝑉 

 
∆𝑉 = −5.6𝑀𝑉 

 
 
 
 
 



c. Particle accelerators, like those used to accelerate the proton in part b, are modeled 
as a capacitor.  Supose the maximum charge that was stored on the capacitor used 
in this particle accelerator when fully charged was 𝑄67* = 42.7𝜇𝐶.  If the initially 
uncharged apacitor was charged through a 𝑅 = 120𝐺Ω resistor, what is the time 
constant for the charging circuit? 

 

𝑄 = 𝐶𝑉 → 𝐶 =
𝑄
𝑉 =

42.7 × 10#3𝐶
5.6 × 103𝑉 = 7.6 × 10#8!𝐹 

 
𝜏 = 𝑅𝐶 = 120 × 10;Ω ∙ 7.6 × 10#8!𝐹 = 0.92𝑠 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

d. Assuming that the capacitor in part c was initially uncharged, how long does it take 
to store 84% of the total potential energy in the system? 
 

𝑈' =
8
!
𝐶𝑉! = 8

!
𝐶𝑉67*! i1 − 𝑒#	

$
-j
!
= 𝑈( i1 − 𝑒#	

$
-j
!
 

 

0.84𝑈( = 𝑈( i1 − 𝑒#	
$
-j
!
 

 
1 − 𝑒#	

$
- = √0.84 = 0.92 

 
𝑒#	

$
- = 0.08 → 𝑡 = −0.92𝜏 ln 0.08 = −0.92 ∙ 0.92 ln 0.08 = 2.1𝑠 

 
 
 

 
 
 
 
 
 



Physics 111 Formula Sheet 
 
Electrostatics       Magnetism 
𝐹 = 𝑘 0"0!

1!
       𝐹⃗ = 𝑞𝑣⃗ × 𝐵)⃗ → 𝐹 = 𝑞𝑣𝐵 sin 𝜃 

𝐹⃗ = 𝑞𝐸)⃗ ; 					𝐸23 = 𝑘 0
1!
; 				𝐸245#" =

0
6#7

    𝐹⃗ = 𝐼𝐿)⃗ × 𝐵)⃗ → 𝐹 = 𝐼𝐿𝐵 sin 𝜃   

𝐸 = − ∆9
∆%

       𝑉:544 = 𝑤𝑣;𝐵 

𝑉23 = 𝑘 0
1
       𝐵 = <#=

>?1
 

𝑈" = 𝑘 0"0!
1
= 𝑞𝑉      𝜀 = ∆𝑉 = −𝑁 ∆@$

∆#
 

𝑊 = −𝑞∆𝑉 = −∆𝑈" = ∆𝐾     𝜙A = 𝐵𝐴 cos 𝜃 
 
Electric Circuits - Capacitors     Electric Circuits - Resistors 
𝑄 = 𝐶𝑉; 				𝐶 = B6#7

;
      𝐼 = ∆C

∆#
  

𝐶251544"4 = ∑ 𝐶D,
DEF       𝐼 = 𝑛𝑒𝐴𝑣;; 			𝑛 =

G,%
)

  
F

-&'()'&
= ∑ F

-)
,
DEF        𝑉 = 𝐼𝑅  

𝑄3H51ID!I(𝑡) = 𝑄)5% J1 − 𝑒
.*+L    𝑅 = GJ

7
 

𝑄;D*3H51ID!I(𝑡) = 𝑄)5%𝑒
.*+     𝑅*"1D"* = ∑ 𝑅D,

DEF  

𝐼(𝑡) = 𝐼)5%𝑒
.*+ = C,-.

K
𝑒.

*
+     F

L/-(-00'0
= ∑ F

L)
,
DEF  

𝜏 = 𝑅𝐶                   𝑃 = ∆M
∆#
= 𝐼𝑉 = 𝐼>𝑅 = 9!

L
 

𝑈- = "
!𝑞𝑉 =

"
!𝐶𝑉

> = C!

>-
   

  
Light as a Wave      Light as a Particle/Relativity 
𝑐 = 𝑓𝜆        𝐸 = ℎ𝑓 = H3

N
  

𝑆(𝑡) = Energy
time×Area

= 𝑐𝜖[𝐸>(𝑡) = 𝑐 A
!(#)
<#

                𝐾)5% = ℎ𝑓 − 𝜙  

𝐼 = 𝑆5^I = "
!𝑐𝜖[𝐸)5%

> = 𝑐 A,-.
!

><#
                 ∆𝜆 = 𝜆_ − 𝜆 = H

)3
(1 − cos𝜙) 

𝑃 = U
`
3
; 		absorbed

>`
3
; 			reflected

      F
M_
= F

M
+ (F.abc@)

M('&*
; 			𝐸1"*# = 𝑚𝑐>  

𝑆 = 𝑆[ cos>		 𝜃       𝛾 = F

eF.1
!
2!

  

𝑣 = 3
!
        𝑝 = 𝛾𝑚𝑣  

𝜃Dncident = 𝜃reflected      𝐸#j#54 = 𝐸1"*# + 𝐾 = 𝛾𝑚𝑐> 
𝑛F sin 𝜃F = 𝑛> sin 𝜃>      𝐾 = (𝛾 − 1)𝑚𝑐> 
𝑃 = F

k
= F

;#
+ F

;)
      𝐸#j#54> = 𝑝>𝑐> +𝑚>𝑐+ 

𝑀 = ;)
;#
; 			|𝑀| = H)

H#
  

 
 
 



Nuclear Physics    Physics 110 Formulas 
𝑁 = 𝑁[𝑒.N#     𝐹⃗ = 𝑚𝑎⃗;				𝐹l =

lm")!
1!

; 			𝐹* = −𝑘𝑦;		𝑎3 =
^!

1
 

𝑚 = 𝑚[𝑒.N#     𝑊 = −∆𝑈I − ∆𝑈* = ∆𝐾 
𝐴 = 𝐴[𝑒.N#     𝑈I = 𝑚𝑔𝑦 
𝐴 = 𝜆𝑁     𝑈* = "

!𝑘𝑦
>  

𝑡"
!
= no >

N
     𝐾 = "

!𝑚𝑣
>     

      𝑟k = 𝑟D + 𝑣D𝑡 + "
!𝑎⃗𝑡

> 
Constants     𝑣⃗k = 𝑣⃗D + 𝑎⃗𝑡   
𝑔 = 9.8,&!     𝑣k> = 𝑣D> + 2𝑎1∆𝑟     
1𝑒 = 1.6 × 10.Fp𝐶      
𝑘 = F

+?6#
= 9 × 10p3,!

4!    Common Metric Units 

𝜖[ = 8.85 × 10.F> 4!

3,!																																													𝑛𝑎𝑛𝑜	(𝑛) = 	10.p	     
1𝑒𝑉 = 1.6 × 10.Fp𝐽																																																	𝑚𝑖𝑐𝑟𝑜	(𝜇) = 	10.q  
𝜇[ = 4𝜋 × 10.r5,% 																																																				𝑚𝑖𝑙𝑙𝑖	(𝑚) = 	10

.s  
𝑐 = 3 × 10t,& 																																																													𝑐𝑒𝑛𝑡𝑖	(𝑐) = 	10

.>  
ℎ = 6.63 × 10.s+𝐽𝑠 = 4.14 × 10.F/𝑒𝑉𝑠												𝑘𝑖𝑙𝑜	(𝑘) = 	10s  
𝑁7 = 6.02 × 10>s																																																						𝑚𝑒𝑔𝑎	(𝑀) = 	10q	     
1𝑢 = 1.66 × 10.>r𝑘𝑔 = 931.5m"93!  
𝑚2 = 1.67 × 10.>r𝑘𝑔 = 937.16'72!   Geometry/Algebra 
𝑚! = 1.69 × 10.>r𝑘𝑔 = 948.36'72!   Circles:  𝐴 = 𝜋𝑟> 𝐶 = 2𝜋𝑟 = 𝜋 
𝑚" = 9.11 × 10.sF𝑘𝑔 = 0.5116'72!   Spheres: 𝐴 = 4𝜋𝑟> 𝑉 = +

s
𝜋𝑟s 

      Triangles:          𝐴 = F
>
𝑏ℎ 

      Quadratics: 𝑎𝑥> + 𝑏𝑥 + 𝑐 = 0 → 𝑥 = .u±√u!.+53
>5

  
       

 


