
1 
 

 
 
                  Midterm Examination 

   
Course: PHYS 205-Section EC1  
Date: November 01/2020 
Exam time: 13:00 – 14:15  
Instructor: Seyyed Nima Nateghi 
 
 
 

1. (3 marks) We place a point charge Q at the center of a cube of side 𝐿 and another charge 
Q (the same) at the center of a sphere of radius 𝐿. Which object (cube or sphere) will 
have a larger electric flux passing through it? 
a) Cube 
b) Sphere 
c) Same electric flux passes through both 
d) Cannot be determined 

 
2. (2 marks) What is the direction of the electric field inside a positively charged solid 

conductor that is in static equilibrium?  
a) The electric field points towards the positive charges sitting on the surface 
b) The electric field is zero 
c) The electric field is going out of the charges sitting on the surface 
 
 

3. (5 marks) Two capacitors 𝐶ଵ and 𝐶ଶ are fully charged separately using batteries Δ𝑉ଵ and 
Δ𝑉ଶ (Δ𝑉ଵ ൐ Δ𝑉ଶ), having charges 𝑄ଵ and 𝑄ଶ, respectively. We then disconnect them from 
their circuits and connect them together with the same polarity (positive plate to positive 
plate, and negative plate to negative plate). Note that in this new configuration we only 
have these two capacitors and no batteries. In this configuration, the capacitors will have 
charges 𝑄′ଵ and 𝑄′ଶ and potential differences across them Δ𝑉′ଵ and Δ𝑉′ଶ. Which one is 
true comparing  Qଵ ൅ 𝑄ଶ to Q′ଵ ൅ 𝑄′ଶ and ΔVଵ

ᇱ to ΔVଶ
ᇱ? 

a)  Qଵ ൅ 𝑄ଶ ൐ Q′ଵ ൅ 𝑄′ଶ and ΔVଵ
ᇱ ൐ ΔVଶ

ᇱ  
b) Qଵ ൅ 𝑄ଶ ൏ Q′ଵ ൅ 𝑄′ଶ and ΔVଵ

ᇱ ൏ ΔVଶ
ᇱ  

c) Qଵ ൅ 𝑄ଶ ൐ Q′ଵ ൅ 𝑄′ଶ and ΔVଵ
ᇱ ൏ ΔVଶ

ᇱ  
d) Qଵ ൅ 𝑄ଶ ൌ Q′ଵ ൅ 𝑄′ଶ and ΔVଵ

ᇱ ൌ ΔVଶ
ᇱ  

e) Qଵ ൅ 𝑄ଶ ൌ Q′ଵ ൅ 𝑄′ଶ and ΔVଵ
ᇱ ൐ ΔVଶ

ᇱ  
 

    

Multiple Choice  
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4. (5 marks) What happens to the charge and the potential difference across a fully charged 
capacitor which is disconnected from the battery, if we place a dielectric with 𝑘 ൐ 1 in 
between its plates? 
a) 𝑄 increases and Δ𝑉 increases 
b) 𝑄 increases and Δ𝑉 decreases 
c) 𝑄 remains the same and Δ𝑉 increases 
d) 𝑄 decreases and Δ𝑉 decreases 
e) 𝑄 remains the same and Δ𝑉 decreases 

 
5. (5 marks) An insulating spherical shell of charge 𝑞 ൌ  െ1 μC 

(uniform volume charge distribution 𝜌) is placed inside a 
conducting spherical shell with charge 𝑄 ൌ ൅3 μC. What is the 
charge on the outer surface of the conducting shell? 
a) ൅2 μC  
b) ൅3 μC 
c) െ1 μC 
d) ൅1 μC 
e) 0 

  
6. (5 marks) If the potential difference between points 𝑎 and 𝑏 

is 120 V, what is the charge stored on the 4 𝜇𝐹 capacitor?  
a) 120 𝜇𝐶 
b) 480 𝜇𝐶 
c) 30 𝜇𝐶 
d) 1550 𝜇𝐶 

 
 

7. (5 marks) In the figure, 𝑅ଵ  ൌ  1 : and 𝑅ଶ  ൌ  2 :, and 
the ideal batteries have emfs of  Hଵ  ൌ  2 𝑉 and Hଶ ൌ Hଷ ൌ

 4 𝑉. What is the current passing through Hଷ? Note that the 
red arrows do not necessary show the correct direction of 
the currents in the batteries. 
a) 0.66 A 
b) 1 A 
c) 1.2 A 
d) 0.33 A 
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8. (5 marks) In the figure below, the rod is uniformly charged with linear 
charge density ൅𝜆. What is the electric potential at point P? 
a) 𝑘௘

ఒ
ଷோ

 
b) 𝑘௘𝜆ሺ2lnሺ3ሻ ൅ 𝜋ሻ 
c) 𝑘௘𝜆 ቀlnሺ3ሻ ൅ గ

ଶ
ቁ 

d) 0 
 

 
 

 
Instruction:  
You MUST submit your detailed solution, written on a white sheet of paper, through COLE. 

 
9. (10 marks) In the circuit, H = 1.2 kV, C = 6.5 mF, 

R1=R2=R3=1 M:. With C completely uncharged, 
switch S is suddenly closed (at t=0). Determine:  
(a) at t=0, the current I1 in resistor 1, current I2 in 
resistor 2, and current I3 in resistor 3?  
(b) As 𝑡 → ∞ (when the capacitor is fully charged), 
what are I1, I2, and I3? Describe your answer.  
(c) If we open switch S when the capacitor is fully charged, how long will it take for the 
current in resistors 2 and 3 to reach half its maximum value.   
 

10. (10 marks) A particle of mass 𝑚 and charge 𝑞 is dropped from the height of ℎ towards a 
point charge 𝑄, which lies on the ground. What will be the minimum distance between 
the charges? Treat the charges as particles (zero dimension). 
Note: Provide your answer symbolically (in terms of 𝑚, 𝑞, 𝑄, ℎ, 𝑔, 𝑘௘). 
 

 
𝑒 ൌ 1.6 ൈ 10ିଵଽ 𝐶  1 𝑚 ሺ𝑚𝑖𝑙𝑖ሻ ൌ 10ିଷ  1 µ ൌ 10ି଺  

𝐹⃗ ൌ 𝑘௘
௤ொ
௥మ 𝑟̂   𝐸ሬ⃗ ൌ ி⃗

௤
                           𝑘௘ ൌ 9 ൈ 10ଽ  ே௠మ

஼మ            

𝜖଴ ൌ 8.85 ൈ 10ିଵଶ ஼మ

ே௠మ          𝐾 ൌ ଵ
ଶ

𝑚𝑣ଶ      Δ𝑉 ൌ െ ∫ 𝐸ሬ⃗ . 𝑑𝑠                       

 𝑉 ൌ ∑ 𝑘௘
ொ
௥
                              Δ𝑉 ൌ ୼௎

௤
                   𝜙ா ൌ  ∫ 𝐸ሬ⃗ . 𝑑𝐴 ൌ ௤೔೙

ఌబ
 

 𝐶 ൌ ொ
୼௏

    𝐶 ൌ 𝑘𝜖଴
஺
ௗ

     𝑈ா ൌ ொమ

ଶ஼
 

   
Δ𝑉 ൌ 𝐼𝑅             𝑅 ൌ 𝜌 ௟

஺
    𝑃 ൌ 𝛥𝑉𝐼 (P = power) 

Long Answer 

 

Formula you may need 
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𝑈௚ ൌ 𝑚𝑔𝑦   𝜖଴ ൌ 8.85 ൈ 10ିଵଶ ஼మ

ே௠మ   

Parallel configuration:       𝐶௘௤ ൌ 𝐶ଵ ൅ 𝐶ଶ ൅ ⋯  ଵ
ோ೐೜

ൌ ଵ
ோభ

൅ ଵ
ோమ

൅ ⋯ 

Series configuration:           ଵ
஼೐೜

ൌ ଵ
஼భ

൅ ଵ
஼మ

൅ ⋯   𝑅௘௤ ൌ 𝑅ଵ ൅ 𝑅ଶ ൅ ⋯ 

Current in RC circuit:          𝐼ሺ𝑡ሻ ൌ 𝐼௠௔௫ ቀ1 െ 𝑒ି ೟ഓቁ,      𝜏 ൌ 𝑅𝐶 

                                                      𝐼ሺ𝑡ሻ ൌ 𝐼௠௔௫𝑒ି ೟ഓ 

𝑈஼ ൌ ொమ

ଶ஼
ൌ ଵ

ଶ
𝐶ሺΔ𝑉ሻଶ     𝑅 ൌ ୼௏

ூ
    𝑃 ൌ 𝑅𝐼ଶ ൌ ሺ୼௏ሻమ

ோ
 

 

 



(10 marks) In the circuit, H = 1.2 kV, C = 6.5 mF, R1=R2=R3=1 M:. With 
C completely uncharged, switch S is suddenly closed(at t=0). Determine: 

9.

(a) at t=0, the currentI1 in resistor 1, current I2 in resistor 2,and current I3 in 
resistor 3? 

(b) As ݐ ՜ λ (when the capacitor is fully charged), what are I1, I2, and I3? 
Describe your answer. 

(c) If we open switch S when the capacitor is fully charged, how long will it 
take for the current in resistors 2 and 3 to reach half its maximum value.  
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(10 marks) A particle of mass ݉ and charge ݍ is dropped from the height of 
݄ towards a point charge ܳ, which lies on the ground. What will be the 
minimum distance between the charges? Treat the charges as particles (zero 
dimension).

10.

Note: Provide your answer symbolically (in terms of ݉ǡݍǡܳǡ ݄ǡ ݃ǡ ݇௘).
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