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From PHYS 1135: 
 

𝑥 = 𝑥଴ + 𝑣଴௫Δ𝑡 +
ଵ

ଶ
𝑎௫(Δ𝑡)ଶ 𝑣௫ = 𝑣଴௫ + 𝑎௫Δ𝑡  𝑣௫

ଶ = 𝑣଴௫
ଶ + 2𝑎௫(𝑥 − 𝑥଴)  ∑ 𝐹⃗ = 𝑚𝑎⃗ 

 

𝐹௥ = −
௠௩೟

మ

௥
  𝑃 =

ி

஺
   𝑝 = 𝑚𝑣⃗   𝑃 =

ௗௐ

ௗ௧
  𝑊 = ∫ 𝐹⃗ ∙ 𝑑𝑠 

 
𝐾 =

ଵ

ଶ
𝑚𝑣ଶ 𝑈௙ − 𝑈௜ = −𝑊conservative  𝐸 = 𝐾 + 𝑈 𝐸௙ − 𝐸௜ = (𝑊other)௜→௙ 𝐸 = 𝑃ave𝑡 

 
 
Constants: 
 
𝑔 = 9.8

m

sమ 𝑚electron = 9.11 × 10ିଷଵkg 𝑚proton = 1.67 × 10ିଶ଻kg  𝑒 = 1.6 × 10ିଵଽC 

 

𝑐 = 3.0 × 10଼ m

s
       𝑘 =

ଵ

ସగఢబ
= 9 × 10ଽ Nmమ

Cమ  𝜖଴ = 8.85 × 10ିଵଶ Cమ

Nmమ  𝜇଴ = 4𝜋 × 10ି଻ Tm

A
 

 
 
Electric Force, Field, Potential and Potential Energy: 
 

𝐹⃗ = 𝑘
௤భ௤మ

௥భమ
మ 𝑟̂ଵଶ   𝐸ሬ⃗ = 𝑘

௤

௥మ 𝑟̂  𝐹⃗ = 𝑞𝐸ሬ⃗    Δ𝑉 = − ∫ 𝐸ሬ⃗ ∙ 𝑑𝑠
௙

௜
  

 

𝑈 = 𝑘
௤భ௤మ

௥భమ
   𝑉 = 𝑘

௤

௥
   Δ𝑈 = 𝑞Δ𝑉  𝐸௫ = −

డ௏

డ௫
 

 
𝑝 = 𝑞𝑑 (from – to +)  𝜏 = 𝑝 × 𝐸ሬ⃗   𝑈dipole = −𝑝 ⋅ 𝐸ሬ⃗  
 

Φா = ∫ 𝐸ሬ⃗ ⋅ 𝑑𝐴
ௌ

   ∮ 𝐸ሬ⃗ ⋅ 𝑑𝐴 =
௤enclosed

ఢబௌ
 𝜆 ≡

charge

length
 𝜎 ≡

charge

area
 𝜌 ≡

charge

volume
 

 
 
Circuits: 
 

𝐶 =
ொ

௏
  

ଵ

஼೅
= ∑

ଵ

஼೔
  𝐶் = ∑ 𝐶௜  𝐶଴ =

ఢబ஺

ௗ
  𝐶 = 𝜅𝐶଴ 

 

𝑈 =
ଵ

ଶ
𝐶𝑉ଶ =

ଵ

ଶ

ொమ

஼
=

ଵ

ଶ
𝑄𝑉   𝐼 =

ௗ௤

ௗ௧
   𝐽 =

ூ

஺
  𝐽 = 𝑛𝑞𝑣⃗ௗ  

 

𝐽 = 𝜎𝐸ሬ⃗   𝑉 = 𝐼𝑅   𝑅 = 𝜌
௅

஺
   𝜎 =

ଵ

ఘ
  𝜌 = 𝜌଴[1 + 𝛼(𝑇 − 𝑇଴)]  

 

∑ 𝐼 = 0  ∑ Δ𝑉 = 0  
ଵ

ோ೅
= ∑

ଵ

ோ೔
  𝑅் = ∑ 𝑅௜ 𝑃 = 𝐼𝑉 =

௏మ

ோ
= 𝐼ଶ𝑅 

 
𝑄(𝑡) = 𝑄finalൣ1 − 𝑒ି௧/ఛ൧   𝑄(𝑡) = 𝑄଴𝑒ି௧/ఛ  𝜏 = 𝑅𝐶 

 
 
Integral: 
 

∫
ௗ௨

(௨మା௔మ)య/మ =
௨

௔మඥ௨మା௔మ
+ 𝑐  

 



PHYS 2135 Exam I 
February 15, 2022 

 
Name:      Section:    

 
 
For questions 1-5, select the best answer.  For problems 6-9, solutions must begin with 
an Official Starting Equation, when appropriate.  Work must be shown to receive credit.  
Calculators are not allowed.  Use appropriate units.  Provide answers in terms of given 
variable and fundamental constants. 
 
(8) A 1.  A negatively charge particle is released from 

rest between two equipotentials.  The particle will … 
[A]  accelerate toward the region of higher potential. 
[B]  accelerate toward the region of lower potential. 
[C]  accelerate parallel to the equipotentials. 
[D]  remain at rest. 

 
 
(8) A 2.  A dipole is initially spinning clockwise in a uniform 

electric field.  At the moment illustrated, the angular speed is … 
[A]  decreasing. 
[B]  remaining constant. 
[C]  increasing. 

 
(8) B 3.  A parallel plate capacitor with capacitance 𝐶଴ and gap distance 𝑑଴ is 

charged using a battery with potential 𝑉஻.  After the capacitor is fully charged, the 

battery is disconnected and then the gap distance is changed to 
ଵ

ସ
𝑑଴.  Determine 

the final potential across the capacitor. 
 [A] 𝑉௙ = 0    [B] 𝑉௙ =

ଵ

ସ
𝑉஻ 

[C] 𝑉௙ = 𝑉஻   [D] 𝑉௙ = 4𝑉஻ 
 
(8) D 4.  The dashed boundary represents a gaussian 

surface in the presence of two charges, .  Determine the total 
flux through the gaussian surface. 

 [A] −
ଶ௤బ

ఢబ
    [B] −

௤బ

ఢబ
   

[C] +
௤బ

ఢబ
    [D] +

ଶ௤బ

ఢబ
 

 
(8)  5.  (Free) The recent snowstorm was unfortunate because. 
 [A]  Reduced friction should be limited to physics I. 
 [B]  The snow hides the fields. 
 [C]  Energy is not conserved when walking through drifts. 
 [D]  Vehicles were static. 
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6. Three point charges are arranged as 
illustrated where 𝑞଴ > 0.  Point charge 1, with 
charge 𝑞଴, is placed at (-a, 0). Another point 
charge 2 is placed at (a, 0) with the same 
charge 𝑞଴. A final charge 3 with a negative 
charge −𝑞଴ is placed at (0, -a).       

(10) a. Compute the electrical Coulomb force charge 1 exerts on charge 2.  
 

 𝐹⃗ଵଶ = 𝑘
௤భ௤మ

௥భమ
మ 𝑟̂ଵଶ = 𝑘

௤బ௤బ

(ଶ௔)మ
𝚤̂ 

 

(10) b. Compute the electric field at the origin due to the three charges.  

 

 𝐸ሬ⃗ = 𝐸ሬ⃗ ଵ + 𝐸ሬ⃗ ଶ + 𝐸ሬ⃗ ଷ = 𝐸ሬ⃗ ଷ = 𝑘
௤య

௥యబ
మ 𝑟̂ଷ଴ 

 

(10) c. If a fourth charge 𝑞ସ were placed at the origin, determine the electrical  
force it would experience from the three charges.  

 

 𝐹⃗ସ = 𝑞ସ𝐸ሬ⃗ = 𝑞ସ ቀ−𝑘
௤బ

మ

௔మ 𝚥̂ቁ 

 

(10) d. Which of the following represents the electric field due to one positive and 
one negative charge?  Circle your answer. 

 
     

 
 

 

  

𝑞଴ 𝑞଴ 

−𝑞଴ 

𝑎 𝑎 

𝑎 

x 

y 

𝐹⃗ଵଶ = 𝑘
𝑞଴

ଶ

4𝑎ଶ
𝚤̂ 

𝐸ሬ⃗ = −𝑘
𝑞଴

𝑎ଶ
𝚥̂ 

𝐹⃗ = −𝑘
𝑞଴𝑞ସ

𝑎ଶ
𝚥̂ 

A C 

1 2 

3 

B 

 

/40 



7. A positive charge 𝑄 is uniformly distributed along a line 
from (𝑏, 0) to (𝑏, 𝑐) as illustrated.  The point 𝑃 is located 
at (−𝑎, 0).   

 
 
 
(25) a. Write an integral to determine the electric potential at 𝑃 due to the line of  

charge.  [Do not solve the integral.] 
 

 OSE: 𝑉 = 𝑘
௤

௥
 

 

 𝑉 = ∫ 𝑘
ௗ௤

௥
 

 

  𝑑𝑞 =
ொ

௖
𝑑𝑦 

 
  𝑟 = −(𝑎 + 𝑏)𝚤̂ − 𝑦𝚥̂ 
 
  𝑟 = ඥ(𝑎 + 𝑏)ଶ + 𝑦ଶ 
 
 
 
 
 
 
 
(10) b. Let 𝑉଴ be the value of the integral from part a.  A particle of mass 𝑚଴ and  

positive charge 𝑞଴ is released from rest at point 𝑃.  Determine the final 
speed of the particle. 

 
 𝑈௙ + 𝐾௙ = 𝑈଴ + 𝐾଴ 
 
 0 +

ଵ

ଶ
𝑚଴𝑣ଶ = 𝑞଴𝑉଴ + 0 

 
 
 
 
 
 
(5) c. The potential in a given region of space is 𝑉 = 3𝑥𝑦𝑧ଶ(V/mସ).  Determine  

the 𝑧-component of the electric field in the region. 
 

 𝐸௭ = −
డ௏

డ௭
= −[6𝑥𝑦𝑧(V/mସ)]  
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𝑉 = න
𝑘𝑄𝑑𝑦

𝑐ඥ(𝑎 + 𝑏)ଶ + 𝑦ଶ

௖

଴

 

𝑣 = ඨ
2𝑞଴𝑉଴

𝑚଴
 

𝐸௭ = −6𝑥𝑦𝑧(V/mସ) 



8. An infinitely long cable has an insulating cylinder with radius 𝑎 with uniform 
charge volume density 2𝜌 surrounded by a uniform conducting material with 
outer radius of 2𝑎 and zero total charge, as shown.  

 
 
(15) a.  Using Gauss’s law, find the electric field  

inside the insulating cylinder.   
Draw a Gaussian surface and indicate your 
choice of a coordinate system. 
 

 Cylindrical coordinates coaxial with the cable. 
 
 ∮ 𝐸ሬ⃗ ⋅ 𝑑𝐴 =

௤enc

ఢబ
 

 

 𝐸(2𝜋𝑟𝐿) =
ଶఘ(గ௥మ௅)

ఢబ
 

 
 
 
(10) b.  Find the inner and outer charge surface density of the conducting  

cylinder, 𝜎௜௡ and 𝜎௢௨௧. 
 
 𝑄௜௡ = −𝑄௜௡௦௨௟௔௧௢௥ 
 
 𝜎௜௡(2𝜋𝑎𝐿) = −[2𝜌(𝜋𝑎ଶ𝐿)] 
 
 𝜎௜௡(2𝜋𝑎𝐿) + 𝜎௢௨௧[2𝜋(2𝑎)𝐿] = 0 
 
 −𝜌𝑎 + 2𝜎௢௨௧ = 0 
 
(15) c.  Determine the work required to move a charge 𝑞଴ from 𝑟௜ = 4𝑎 to  

𝑟௙ = 1.57𝑎 where 𝑟 is the distance from the cylindrical axis.  
 

 ∮ 𝐸ሬ⃗ ⋅ 𝑑𝐴 =
௤enc

ఢబ
  𝑊 = Δ𝑈 = 𝑞଴𝑉଴ = −𝑞଴ ∫ 𝐸ሬ⃗ ⋅ 𝑑𝑠

ଶ௔

௥೔
− 𝑞଴ ∫ 𝐸ሬ⃗ ⋅ 𝑑𝑠

௥೑

ଶ௔
 

 

 𝐸(2𝜋𝑟𝐿) =
ଶఘ(గ௔మ௅)

ఢబ
  𝑊 = −𝑞଴ ∫

ఘ ௔మ

ఢబ௥

ଶ௔

ସ௔
𝑑𝑟 

 

 𝐸ሬ⃗ =
ఘ௔మ

ఢబ௥
𝑟̂   𝑊 = −

௤బఘ௔మ

ఢబ
ln ቀ

ଵ

ଶ
ቁ 
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𝐸ሬ⃗ =
𝜌𝑟

𝜖଴
𝑟̂ 

𝜎௜௡ = −𝜌𝑎 

𝜎௢௨௧ =
1

2
𝜌𝑎 

𝑊 =
𝑞଴𝜌𝑎ଶ

𝜖଴
ln(2) 

𝑟 



 
9. For the capacitor circuit shown C1 = 3 μF, C2 = 4 μF, C3 = 2 μF, and C4 = 2 μF. 
(10) a. Find the equivalent capacitance. 
 
 𝐶ଶଷ = 𝐶ଶ + 𝐶ଷ = 6𝜇F 

 

 𝐶ா = ቀ
ଵ

஼భ
+

ଵ

஼మయ
+

ଵ

஼ర
ቁ

ିଵ

 

 

 𝐶ா = ቀ
ଵ

ଷఓF
+

ଵ

଺ఓF
+

ଵ

ଶఓF
ቁ

ିଵ

 

 

 

 

 

 

 

 

 

(30) b. The charge on capacitor C1 is 3 μC.  Determine the charge on the other 
capacitors, and the applied voltage ΔV. 

 

 𝑄் = 𝑄ସ = 𝑄ଵ = 3𝜇C 
 

 Δ𝑉 =
ொ೅

஼ಶ
=

ଷఓC

ଵఓF
 

 

 𝑉ଶଷ = Δ𝑉 − 𝑉ଵ − 𝑉ସ = Δ𝑉 −
ொభ

஼భ
−

ொర

஼ర
= 3V −

ଷఓC

ଷఓF
−

ଷఓC

ଶఓF
=

ଵ

ଶ
V 

 
 𝑄ଶ = 𝐶ଶ𝑉ଶ = 𝐶ଶ𝑉ଶଷ 
 
 𝑄ଷ = 𝐶ଷ𝑉ଷ = 𝐶ଷ𝑉ଶଷ 
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C3 

C2 

C1 C4 

ΔV 

𝐶ா = 1𝜇F 

𝑄ଶ = 2𝜇C 

𝑄ଷ = 1𝜇C 

𝑄ସ = 3𝜇C 

Δ𝑉 = 3V 


