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𝑒 =  1.602 × 10−19 C  𝑘 =  8.99 × 109  
N⋅m2

C2  𝑐 =  3.00 × 108 m

s
  𝜀0 = 8.85 × 10−12 C2

N⋅m2 

ℎ = 6.626 × 10−34 J ⋅ s  ℎ𝑐 ≈ 1240 eV · nm 𝜇0 = 4𝜋 × 10−7  
T∙m

A
 1 eV =  1.602 × 10−19 J 

𝑚𝑝 = 1.673 × 10−27 kg  𝑚𝑒 = 9.11 × 10−31 kg 
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   ∆𝑥 = 𝑣𝑖𝑥𝑡 +

1

2
𝑎𝑥𝑡2 𝑣𝑓𝑥

2 = 𝑣𝑖𝑥
2 + 2𝑎𝑥∆𝑥 

𝐹⃑1𝑜𝑛2 =
𝑘𝑞1𝑞2

𝑟12
2 𝑟̂1𝑡𝑜2  𝐸⃑⃑ =

𝑘𝑞

𝑟2 𝑟̂   𝑉 =
𝑘𝑞

𝑟
   𝑈12 =

𝑘𝑞1𝑞2

𝑟12
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𝜀0𝐴

𝑑
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𝐴
   𝜌 = 𝜌0(1 + 𝛼∆𝑇) 

∆𝑉𝑅 = 𝐼𝑅𝑅   𝒫𝑅 = 𝐼𝑅∆𝑉𝑅   𝑋(𝑡) = 𝑋𝑓 + (𝑋𝑖 − 𝑋𝑓)𝑒−𝑡/𝜏   where 𝜏 = 𝑅𝐶  or  
𝐿

𝑅
 

𝐹⃑ = 𝑞𝑣⃑ × 𝐵⃑⃑𝑒𝑥𝑡   𝐹⃑ = 𝐼 ∫ 𝑑𝑠 × 𝐵⃑⃑𝑒𝑥𝑡  𝜏 = 𝜇 × 𝐵⃑⃑𝑒𝑥𝑡   𝜇 = 𝑁𝐼𝐴 
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∮ 𝐵⃑⃑ ∙ 𝑑𝑠 = 𝜇0𝐼𝑒𝑛𝑐    𝐼𝑒𝑛𝑐 = ∫ 𝐽 ∙ 𝑑𝐴  𝐵⃑⃑ =
𝜇0𝐼

4𝜋
∫

𝑑𝑠×𝑟̂

𝑟2   Φ𝐵 = ∫ 𝐵⃑⃑ ∙ 𝑑𝐴 

𝐸𝑀𝐹 = −𝑁
𝑑

𝑑𝑡
Φ𝐵   𝐸𝑀𝐹 = 𝐵⊥𝐿𝑣  𝐿 =

Φ𝐵

𝐼
   𝑈𝐿 =

1

2
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∆𝑉2

∆𝑉1
=

𝑁2
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    Δ𝑉𝐿 = −𝐿

𝑑𝐼𝐿

𝑑𝑡
   𝑍 = √𝑅2 + (𝑋𝐿 − 𝑋𝐶)2 tan 𝜙 =

𝑋𝐿−𝑋𝐶
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𝑋𝐿 = 𝜔𝐿   𝑋𝐶 =
1

𝜔𝐶
   𝑉𝑠𝑜𝑢𝑟𝑐𝑒 = 𝑉0 sin 𝜔𝑡 𝑖 = 𝑖𝑚𝑎𝑥 sin(𝜔𝑡 − 𝜙)  

Δ𝑉𝑅𝑚𝑎𝑥 = 𝑖𝑚𝑎𝑥𝑅    Δ𝑉𝐿𝑚𝑎𝑥 = 𝑖𝑚𝑎𝑥𝑋𝐿  Δ𝑉𝐶𝑚𝑎𝑥 = 𝑖𝑚𝑎𝑥𝑋𝐶 𝑉𝑠𝑜𝑢𝑟𝑐𝑒 𝑚𝑎𝑥 = 𝑖𝑚𝑎𝑥𝑍 

Δ𝑉𝑚𝑎𝑥 =
Δ𝑉𝑝𝑘−𝑝𝑘

2
   Δ𝑉𝑟𝑚𝑠 =

Δ𝑉𝑚𝑎𝑥

√2
  𝜔0 =

1

√𝐿𝐶
 

𝒫𝑎𝑣𝑔 = 𝐼𝑟𝑚𝑠Δ𝑉𝑟𝑚𝑠 cos 𝜙 = 𝐼𝑟𝑚𝑠
2 𝑅  

𝑐 = 𝑓𝜆     𝑘 =
2𝜋

𝜆
   𝜔 = 2𝜋𝑓 =

2𝜋

𝕋
 

𝑆 =
𝐸⃑⃑×𝐵⃑⃑

𝜇0
    𝐼𝑎𝑣𝑔 = 𝑆𝑎𝑣𝑔 =
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𝐸𝑚𝑎𝑥

𝐵𝑚𝑎𝑥
= 𝑐   𝐸𝛾 = ℎ𝑓 =

ℎ𝑐

𝜆
  

𝑅𝑎𝑑. 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 =
𝐹𝑜𝑟𝑐𝑒

𝐴𝑟𝑒𝑎
=

𝑆𝑎𝑣𝑔

𝑐
 𝑃ℎ𝑜𝑡𝑜𝑛 𝑚𝑜𝑚𝑒𝑛𝑡𝑢𝑚 = 𝑝𝛾 =

𝐸𝛾

𝑐
 

∫
𝑥 𝑑𝑥

(𝑥2 + 𝑎2)3/2
=

−1

√𝑥2 + 𝑎2
 ∫

𝑑𝑥

√𝑥2 ± 𝑎2
= ln |𝑥 + √𝑥2 ± 𝑎2| 

∫
𝑑𝑥

(𝑥2 + 𝑎2)3/2
=

𝑥

𝑎2√𝑥2 + 𝑎2
=

1

𝑎2
sin 𝜃 ∫

𝑥 𝑑𝑥

√𝑥2 ± 𝑎2
= √𝑥2 ± 𝑎2 

∫
𝑑𝑥

𝑥2 + 𝑎2
=

1

𝑎
tan−1

𝑥

𝑎
 ∫ √𝑥2 ± 𝑎2 𝑑𝑥 =

1

2
𝑥√𝑥2 ± 𝑎2 ±

𝑎2

2
ln |𝑥 + √𝑥2 ± 𝑎2| 

∫
𝑥 𝑑𝑥

𝑥2 + 𝑎2
=

1

2
ln|𝑥2 + 𝑎2| 

Binomial expansion: 

(1 ± 𝛿)𝑛 ≈ 1 ± 𝑛𝛿 + ⋯ 

T = 1012 G = 109 M = 106 k = 103 c = 10−2 m = 10−3 μ = 10−6 n = 10−9 p = 10−12 f = 10−15 a = 10−18 

Material 

Resistivity at 

20° C 

(in SI units) 

Temp. 

Coefficient 

(in SI units) 

Silver 1.62 × 10-8 4.1 × 10-3 

Copper 1.69 × 10-8 4.3 × 10-3 

Aluminum 2.75 × 10-8 4.4 × 10-3 

Nichrome 1.00 × 10-6 0.4 × 10-3 

Carbon 3.5 × 10-5 -0.5 × 10-3 

Germanium 0.46 -48 × 10-3 



WRITE YOUR NAME AT THE TOP OF THIS PAGE! 

 

Three charges are placed on the corners of a square of side 𝑠. 

**1a) Determine the electric potential energy associated with this group of charges. 

Answer in terms of 𝑘, 𝑒, & 𝑠. 

**1b) Determine electric potential at the bottom left corner of the square. 

Answer in terms of 𝑘, 𝑒, & 𝑠. 

***1c) Determine the magnitude of the Coulomb force acting on 𝑞1.   

Answer in terms of 𝑘, 𝑒, & 𝑠. 

*1d) Determine the direction of the Coulomb force acting on 𝑞1.  Answer as numerical 

value of angle between −180° & + 180° from the standard positive 𝑥-axis (e.g. +120° 

would be in quadrant 2 while −120° would be in quadrant 3).  

 

 

  1a  

1b  

1c  

1d  

𝑞1 = −𝑒 𝑞2 = −2𝑒 

𝑞
3

= +3𝑒 



A rod of length 2𝑑 is centered on the 𝑦-axis as shown in the figure.  The center of the rod is 

distance 2𝑑 from the origin.  The rod carries total charge 𝑄 distributed uniformly over the length 

of the rod.   

 

******2) Determine the electric field at the origin.   

Cartesian form is fine.  Show work & simplify your result for credit. 

 

 

  

2  



An electric field near the origin can be modeled by the equation 

𝐸𝑥 =
𝑐

𝑏2 + 𝑥2
 

3a) What units are assumed on the constant 𝑏? 

3b) What units are assumed on the constant 𝑐? 

***3c) Determine potential difference between the origin & a point 

distance 𝑑 to the right of the origin. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

3a  

3b  

3c  



A plot of potential versus position is shown at right.  The following 

questions refer to this plot.  Assume potential in other dimensions is zero.  

Assume plot extends to 𝑥 = −∞ with the same slope as at 𝑥 = −4 nm.   

Assume plot extends to 𝑥 = +∞ with the same slope as at 𝑥 = +4 nm. 

 

4a) What position or region of space has the strongest electric field 

magnitude?  I’m expecting an answer like “at 𝑥 = 0 nm” or “between 

𝑥 = 0 & 2 nm”. 

 

 

 

 

 

 

4b) Suppose an electron was placed at 𝑥 = 1.0 nm and released from rest.  Which best describes the motion of the 

electron at the instant just after it is released? 

Moves up 

& to the left 

Moves up 

& to the right 
Moves up Moves right Remains at rest 

Moves down 

& to the left 

Moves down 

& to the right 
Moves down Moves left 

Impossible to determine 

without more info 

 

4c) Again, suppose an electron was placed at 𝑥 = 1.0 nm and released from rest.  Which best describes the 

electron’s motion over time? 

Moves away with 

constant acceleration, 

never return 

Moves away, 

acceleration decreases, 

never to return 

Moves away, 

acceleration increases, 

never to return 
Impossible to determine 

without more info 
Moves away with 

constant velocity, 

never to return 

Remains at rest Oscillates back and forth 

 

 

Four charges are arranged around a circle centered at the origin. 

5a) Which best describes the electric potential at the origin? 

 

 

 

5b) Which best describes net electric field (horizontal component) at the origin? 

𝐸𝑁𝐸𝑇𝑥 < 0 𝐸𝑁𝐸𝑇𝑥 = 0 𝐸𝑁𝐸𝑇𝑥 > 0 
Impossible to determine 

without more info 

 

5b) Which best describes net electric field (vertical component) at the origin? 

𝐸𝑁𝐸𝑇𝑦 < 0 𝐸𝑁𝐸𝑇𝑦 = 0 𝐸𝑁𝐸𝑇𝑦 > 0 
Impossible to determine 

without more info 

 

5c) Which best describes the electric potential energy associated with this assembly of charges?  Figure to scale. 

 

 

  

Positive Negative Zero 
Impossible to determine 

without more info 

Positive Negative Zero 
Impossible to determine 

without more info 
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A conducting cylindrical shell concentrically surrounds a line charge (cross-sectional view at 

right).  Regions of space are labeled in the figure as 𝐈, 𝐈𝐈, & 𝐈𝐈𝐈 for ease of communication.  

Assume the line charge and shell both have length 𝐿 ≫ 𝑅 (dimension into the page).  The shell 

has inner radius 𝑅 and outer radius is 3𝑅.  The line charge has negligible radius; we needn’t worry 

about a region inside the line charge.  The shell carries total charge −𝑄 while the line carries total 

charge 3𝑄 distributed uniformly.   

           For this page, all answers should be written in terms of the 𝒌, 𝑸, 𝑳, 𝒓, & 𝑹. 

6a) Does the inner surface of the shell carry positive, negative or zero charge?  Answer in the box. 

6b) Determine surface charge density on the outer surface of the cylindrical shell. 

6c) Determine electric field magnitude in region 𝐈 (arbitrary distance 𝑟 from center).   

6d) Determine electric field magnitude in region 𝐈𝐈 (arbitrary distance 𝑟 from center).   

 6e) Determine electric field magnitude in region 𝐈𝐈𝐈 (arbitrary distance 𝑟 from center).   

 **6f) Sketch field magnitude versus radial position on the plot on the next page. 

It’s only two points but can be time consuming…skip if running out of time. 

 

   

6a  

6b  

6c  

6d  

6e  

Optional 

I filled in this table to help me 
figure out the plot 

Radius Field Mag 

𝑟 =
𝑅

2
  

𝑟 = 𝑅 
for region 

I 
 

𝑟 = 𝑅 
for region 

II 
 

𝑟 = 2𝑅  

𝑟 = 3𝑅  
for region 

II 
 

𝑟 = 3𝑅  
for region 

III 
 

𝑟 = 4𝑅  

𝐈 

𝐈𝐈 

𝐈𝐈𝐈 



  

𝑅 2𝑅 3𝑅 4𝑅 

12𝑘𝑄

𝑅𝐿
 

 

10𝑘𝑄

𝑅𝐿
 

  

8𝑘𝑄

𝑅𝐿
 

  

6𝑘𝑄

𝑅𝐿
 

 

4𝑘𝑄

𝑅𝐿
 

  

2𝑘𝑄

𝑅𝐿
 

  



Consider the snippet of code shown at right.   
 

***7) Write additional lines of code which correctly compute and output the electric 

field magnitude at the point (2.22, −7.77, 15.38).  Please use the table shown below. 

 

When I first thought it through, I think I wanted to use 8 lines of code. 

I think everyone should be able do this with 5-10 lines, but if you need extra just add 

a few below the table or ask me if you run into trouble.  There are many different 

correct ways to do this.  Write neatly or you may lose points. 

 

Note: you get zero points for computing the field with paper and pencil (or your 

calculator.  I want lines of code that would compute and output the result. 

 

Line 17 

 

Line 18 

 

Line 19 

 

Line 20 

 

Line 21 

 

Line 22 

 

Line 23 

 

Line 24 

 

Line 25 

 

Line 26 

 



An electron is launched vertically downwards with speed 𝑣0 between two parallel plates.  The plate 

spacing is 5𝑑 while the plate length is 100𝑑 (figure not to scale).  Assume the plates are infinitely large 

going into and out of the page.  Assume fringing fields are negligible. 

8a) Is it reasonable to ignore gravitational forces in this problem?  Briefly explain why or why not for 

credit. 

 

 

 

 

 

 

 

 

8b) What direction best describes the electric field between the plates? 

𝐸𝑥 = 0 

& 

𝐸𝑦 > 0 

𝐸𝑥 > 0 

& 

𝐸𝑦 = 0 

𝐸𝑥 > 0 

& 

𝐸𝑦 > 0 

𝐸𝑥 < 0 

& 

𝐸𝑦 > 0 

Impossible to 

determine 

without more info 

𝐸𝑥 = 0 

& 

𝐸𝑦 < 0 

𝐸𝑥 < 0 

& 

𝐸𝑦 = 0 

𝐸𝑥 > 0 

& 

𝐸𝑦 < 0 

𝐸𝑥 < 0 

& 

𝐸𝑦 < 0 

No field at the origin 

 

8c) Which plate must be held at higher potential for the electron to travel in the trajectory shown? 

 

 *****8d) Determine the magnitude of the potential difference between the plates.   

  

Right plate must be held 

at higher potential 

Left plate must be held  

at higher potential 

Impossible to determine since either plate  

could be held at higher potential 

8d  

𝑑 

𝑑 

100𝑑 

𝑣0 



Extra Credit 1: 

My YouTube logo looks like the figure at left.  Which famous music act sometimes uses the figure 

shown at right as their YouTube logo? 

 

 

 

***Extra credit 2: Clearly explain the phenomena of charging by induction.  Imagine you are trying to tell a 

stranger in the class exactly how to charge an electroscope by induction.  Include multiple figures to clarify your 

words.  I have started the process for you to give you an inkling of the level of detail I might expect.  Note: I plan to 

grade this harshly.  If your wording & figures make no sense to me, you get zero.  As such, I would complete this 

only if you have completed the rest of the exam. 

 

An isolated, neutral electroscope is shown at right.   

 Notice no excess charge resides on any part of the electroscope. 

 Notice the leaves of the electroscope hang vertically. 
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