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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 14, 2023 

 
Name:      Section:    

 
 
For questions 1-5, select the best answer.  For problems 6-10, 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) B 1.  An electron is released from rest in a region with an electric field.  The 

electron moves in a direction that … 
[A] decreases electric potential 
[B] increases electric potential 
[C] maintains constant electric potential  

 
(8) A 2.  Two capacitors are connected in series.  The combined capacitance 

is … 
[A]  less than the capacitance of either capacitor.     
[B]  the average of the two capacitances. 
[C]  greater than the capacitance of either capacitor (but not the sum of the two).       
[D]  the sum of the two capacitances. 

 
(8) B 3.  A dipole consisting of two particles each of mass 𝑚 

having charges 𝑞଴ and −𝑞଴ and held a distance 𝑑 apart with 𝑞଴ > 0.  
The dipole is released from rest in a uniform electric field 𝐸ሬ⃗ = 𝐸଴𝚤̂ in 
the orientation illustrated.  Determine the maximum kinetic energy 
of the dipole after it is released.  
[A]  𝐾max = 0 
[B]  𝐾max = 𝑞଴𝑑𝐸଴ 
[C]  𝐾max = 2𝑞଴𝑑𝐸଴ 
[D]  𝐾max = 𝑚𝑑ଶ 

 
(8) C 4.  A conductor is placed in a region with an electric field.  Select the 

statement that must be true. 
[A]  The electric potential in the conductor is zero. 
[B]  The electric potential at the center of the conductor is zero. 
[C]  The entire conductor is at the same electric potential. 
[D]  The electric potential on the surface of the conductor is zero. 

 
(8) D? 5.  (Free) You deserve free points today because … 

[A]  you have studied intensely all semester. 
[B]  you came to every class, recitation, lab and PLC. 
[C]  you are the number one physics fan on campus. 
[D]  you wasted time reading this silly question.  

Exam Total 
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6. Three point charges are placed on three corners of a rectangle with sides of  
length 3L and 4L as shown.  The fourth corner of the rectangle is located at the 
origin.   

(20) a.  Using the coordinate system given, calculate the total electric force on  
the +2Q charge.  Express your answer in unit vector notation.   

 
𝐹⃗ଶொ = 𝐹⃗ାொ + 𝐹ି⃗ ொ 

 

𝐹⃗ଶொ = 𝑘
(𝑄)(2𝑄)

(4𝐿)ଶ
𝚤̂ + 𝑘

(−𝑄)(2𝑄)

(3𝐿)ଶ
𝚥̂ 

 

 

 

 

 

 

 

 

(20) b.   Using the coordinate system given, calculate the electric field at the  
origin due to all three charges.  Express your answer in unit vector 
notation.   

 

𝐸ሬ⃗ ் = 𝐸ሬ⃗ ାொ + 𝐸ሬ⃗ ଶொ + 𝐸ሬ⃗ ିொ 

 

𝐸ሬ⃗ ் = 𝑘
𝑄

(3𝐿)ଶ
(−𝚥̂) + 𝑘

2𝑄

(5𝐿)ଶ
൬−

4

5
𝚤̂ −

3

5
𝚥̂൰ + 𝑘

(−𝑄)

(4𝐿)ଶ
(−𝚤̂) 

     

𝐸ሬ⃗ ் = 𝑘
𝑄

𝐿ଶ
൤−

1

9
𝚥̂ −

8

125
𝚤̂ −

6

125
𝚥̂ +

1

16
𝚤̂൨ 
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y 

x 

4L 

3L 

-Q 

+2Q +Q 

𝐹⃗ = 𝑘
𝑄ଶ

𝐿ଶ
൬

1

8
𝚤̂ −

2

9
𝚥̂൰ 

𝐸ሬ⃗ = 𝑘
𝑄

𝐿ଶ ൤൬
1

16
−

8

125
൰ 𝚤̂ − ൬

1

9
+

6

125
൰ 𝚥̂൨ 



7. A charge 𝑄 is uniformly distributed along a line  from 
(−𝑎, 0) to (−𝑎, 𝑐) as illustrated. 

 
(30) Write an integral to determine the electrical potential 

at 𝑃 at (𝑎, 𝑏).  [Do not solve the integral.] 
 

𝑑𝑄 =
ொ

௖
𝑑𝑦 at (−𝑎, 𝑦) 

 
 𝑟 = 2𝑎𝚤̂ + (𝑏 − 𝑦)𝚥 ̂
 
 𝑟 = ඥ4𝑎ଶ + (𝑏 − 𝑦)ଶ 
 

𝑉௉ = න 𝑘

𝑄
𝑐

𝑑𝑦

ඥ4𝑎ଶ + (𝑏 − 𝑦)ଶ

௖

଴

 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(10) A charge 𝑞଴ is placed at 𝑃.  Write an integral 

to determine the potential energy of the new 
arrangement.  [Do not solve the integral.] 

 
 𝑈 = 𝑞𝑉  

𝑉௉ = 𝑘
𝑄

𝑐
න

𝑑𝑦

ඥ4𝑎ଶ + (𝑏 − 𝑦)ଶ

௖

଴

 

𝑈 = 𝑘
𝑄𝑞଴

𝑐
න

𝑑𝑦

ඥ4𝑎ଶ + (𝑏 − 𝑦)ଶ

௖

଴
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8. An insulating sphere with radius 𝑎 has a uniform charge with total charge −2𝑄. 
It is surrounded by a uniform conducting material with outer radius of 3𝑎 and 
total charge of −𝑄, as shown.  
Give your answers in terms of 𝑄, 𝑎, and constants. 

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

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

 ∮ 𝐸ሬ⃗ ⋅ 𝑑𝐴 =
௤೐೙೎

ఢబ
 

 

 𝐸(4𝜋𝑟ଶ) = −
ଶொ൭

ర
య

ഏೝయ

ర
య

ഏೌయ
൱

ఢబ
= −

ଶொ௥య

ఢబ௔య
 

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

shell, 𝜎௜௡ and 𝜎௢௨௧. 
 
In the conductor, 𝐸ሬ⃗ = 0 implies 0 = 𝑞௘௡௖ = −2𝑄 + 𝑄௜௡ 
 

 𝑄௜௡ = +2𝑄   𝜎௜௡ =
ொ೔೙

஺೔೙
=

ଶொ

ସగ௔మ
 

 
 𝑄௜௡ + 𝑄௢௨௧ = −𝑄  2𝑄 + 𝑄௢௨௧ = −𝑄 
 

𝑄௢௨௧ = −3𝑄   𝜎௢௨௧ =
ொ೚ೠ೟

஺௢௨௧
= −

ଷொ

ସగ(ଷ௔)మ
 

 
 
(15) c.  Determine the work required to move a charge 𝑄 from 𝑟௜ = 6𝑎 to  

𝑟௙ = 2𝑎 where 𝑟 is the distance from the center of the sphere.  
 

 𝑊 = Δ𝑈 = 𝑄Δ𝑉 = −𝑄 ∫ 𝐸ሬ⃗ ⋅ 𝑑𝑠
ଶ௔

଺௔
 

 

 𝑊 = −𝑄 ∫
(ିଷொ)

ସగఢ௥మ
𝑑𝑟

ଷ௔

଺௔
− 𝑄 ∫ 0𝑑𝑟

ଶ௔

ଷ௔
 

 

 𝑊 = 𝑄 ቂ
ିଷொ

ସగఢబ௥
ቃ

଺௔

ଷ௔

=
ିଷொమ

ସగఢబ
ቀ

ଵ

ଷ௔
−

ଵ

଺௔
ቁ   
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𝐸ሬ⃗ =
−𝑄𝑟

2𝜋𝜖଴𝑎ଷ
𝑟̂ 

𝜎௜௡ =
𝑄

2𝜋𝑎ଶ
 

𝜎௢௨௧ =
−𝑄

12𝜋𝑎ଶ
 

𝑊 =
ିொమ

଼గఢబ௔
   or  𝑊 = −

௞ொ

ଶ௔
 



9. Consider the given circuit with C1 = 4 pF, C2 = 4 pF, 
C3 = 2 pF, C4 = 4 pF, and V = 10 V.  

 

(10)   a.  Calculate CT the equivalent capacitance of  
the entire circuit.  

 

 𝐶ଵଶ = ቀ
ଵ

஼భ
+

ଵ

஼మ
ቁ

ିଵ

= ቀ
ଵ

ସpF
+

ଵ

ସpF
ቁ

ିଵ

= 2pF 

 
 𝐶ଵଶଷ = 𝐶ଵଶ + 𝐶ଷ = 2pF + 2pF = 4pF 
 

 𝐶் = ቀ
ଵ

஼భమయ
+

ଵ

஼ర
ቁ

ିଵ

= ቀ
ଵ

ସpF
+

ଵ

ସpF
ቁ

ିଵ

 

 

 (10)   b.  Find V3 the voltage across C3. 

 𝑉ଷ = 𝑉் − 𝑉ସ = 𝑉் −
ொర

஼ర
= 𝑉் −

ொ೅

஼ర
= 𝑉் −

஼೅௏೅

஼ర
 

 

 𝑉ଷ = 10V −
(ଶpF)(ଵ଴V)

ସpF
= 10V − 5V 

 
 
 
 
 
(10)   c. Find the charge Q4 on C4. 

 𝑄ସ = 𝑄் = 𝐶்𝑉 = (2pF)(10V) 
 
 
 
 
 
 
 
 
(10)   d. Capacitor C4 is a parallel plate capacitor with an area of 400 cm2. Find the  

spacing d between the plates of the capacitor. 
 

 𝐶ସ =
஺ఢబ

ௗ
 

 

 𝑑 =
஺ఢబ

஼ర
=

൫ସ଴଴ cmమ൯(଴.଴ଵ m/cm)మ(଼.଼ହ×ଵ଴షభమCమ/Nmమ)

ସ×ଵ଴షభమF
  

/40 

𝐶் = 2pF 

𝑉ଷ = 5V 

𝑄ସ = 20pC 

𝑑 = 8.85cm 


