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Instructions

1. Scientific calculators are allowed.
2. Always show all your work (including equations) when solving problems in 

free response questions and present your answer to the correct number of 
significant figures and appropriate units.

3. Use if required:

● 𝑃𝑟𝑜𝑡𝑜𝑛 𝑚𝑎𝑠𝑠 (𝑚𝑝) = 1.67 × 10−27 𝑘𝑔

● 𝐸𝑙𝑒𝑐𝑡𝑟𝑜𝑛 𝑚𝑎𝑠𝑠 (𝑚𝑒) = 9.11 × 10−31 𝑘𝑔

● 𝐹𝑢𝑛𝑑𝑎𝑚𝑒𝑛𝑡𝑎𝑙 𝑐ℎ𝑎𝑟𝑔𝑒 (𝑒) = 1.6 × 10−19 𝐶

● 𝐶𝑜𝑢𝑙𝑜𝑚𝑏′𝑠 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 (𝑘) = 9.0 × 109 𝑁𝑚2/𝐶2

● 𝑃𝑒𝑟𝑚𝑖𝑡𝑡𝑖𝑣𝑖𝑡𝑦 𝑜𝑓 𝑓𝑟𝑒𝑒 𝑠𝑝𝑎𝑐𝑒 (𝜀0) = 8.85 × 10−12 𝐶2/(𝑁 ∙ 𝑚2)

● 𝑮𝒆𝒏𝒆𝒓𝒂𝒍 𝑪𝒂𝒍𝒄𝒖𝒍𝒖𝒔𝑬𝒒𝒖𝒂𝒕𝒊𝒐𝒏𝒔:

𝑑𝑓 𝑑𝑓 𝑑𝑢 1
= ∫ 𝑥𝑛 𝑑𝑥 = 𝑥𝑛+1, 𝑛 ≠ −1

𝑑𝑥 𝑑𝑢𝑑𝑥 𝑛 + 1

𝑑 1
(𝑥𝑛) = 𝑛𝑥𝑛−1 ∫ 𝑒𝑎𝑥 𝑑𝑥 = 𝑒𝑎𝑥

𝑑𝑥 𝑎

𝑑
(𝑒𝑎𝑥) = 𝑎𝑒𝑎𝑥 ∫

𝑑𝑥
= ln|𝑥 + 𝑎|

𝑑𝑥 𝑥 + 𝑎
𝑑 1 1(ln 𝑎𝑥) = ∫ cos(𝑎𝑥)𝑑𝑥 = sin(𝑎𝑥)
𝑑𝑥 𝑥 𝑎
𝑑

[𝑠𝑖𝑛(𝑎𝑥)] = acos(𝑎𝑥) 1

𝑑𝑥 ∫ sin(𝑎𝑥)𝑑𝑥 = −
𝑎

cos(𝑎𝑥)

𝑑
[𝑐𝑜𝑠(𝑎𝑥)] = −asin(𝑎𝑥)

𝑑𝑥

End of Term 1 Exam
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I. Choose the best answer. [45 marks; 3 each]

1. A metal sphere 𝑋, has an initial charge of
−8 𝑛𝐶 and an identical sphere 𝑌, has an initial 
charge of +6 𝑛𝐶. The spheres are made to touch 
each other and then separated.

What is the net charge on sphere 𝑌 after 
separation and the type of charging method used 
here?

Net charge on Y Type of Charging

√ A. −1 𝑛𝐶 conduction

B. −2 𝑛𝐶 conduction

C. −1 𝑛𝐶 induction

D. −2 𝑛𝐶 induction

2. A negatively charged rod is brought close to a
charged electroscope.

What is the charge on the electroscope if either 
the leaves fall or the leaves move apart?

Leaves fall 
(get closer)

Leaves move 
apart

A. negative negative

B. negative positive

√ C. positive negative

D. positive positive

3. The spatial distribution of the electric field due 
to charges 𝑞1 and 𝑞2 is shown in the figure
below.

Which of the parameters regarding the charges 
are correct?

Charge 𝒒𝟏 Charge 𝒒𝟐 Magnitude

A. positive negative 𝑞1 > 𝑞2

B. positive negative 𝑞2 > 𝑞1

C. negative positive 𝑞1 > 𝑞2

√ D. negative positive 𝑞2 > 𝑞1

4. Charge X with magnitude of -4.0 C and
charge Y with a magnitude +6.0 C are located at 
the base of an equilateral triangle, as shown in 
the figure. At point P, determine the ratio of the

𝐸𝑌
electric field of charge X and charge Y,

𝐸𝑋.

A. 3/2

√ B. 2/3

C. √6/4

D. 4/√6
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5. Two small charges, +𝑞 and −𝑞 are placed in a
uniform electric field, at point’s A and B
respectively as shown below.

Compare the magnitude and direction of the 
electric forces acting on the charges.

Magnitude of the 
electric force

Direction of the 
electric force

A. Different magnitude Same direction

B. Different magnitude Opposite direction

C. Same magnitude Same direction

√ D. Same magnitude Opposite direction

6. The figures below show the electric field lines 
through a cylinder. What is the net electric flux 
through the closed cylindrical surface?

Which of the following equations results from 
the correct application of Gauss's law?

√ A. 0

B. 𝜋𝑅2𝐸

C. 2𝜋𝑅2𝐸

D. 4𝜋𝑅2𝐸

7. A large, flat, horizontal sheet of charge has a
charge per unit area of  = 25.0 𝜇𝐶/𝑚2. What is 
the total charge of the 0.02 𝑐𝑚2 sheet?

A. 0.5 μ𝐶

B. 2.6 μ𝐶

C. 25 p𝐶

√ D. 50 p𝐶

8. A long wire has a charge 𝑄 uniformly 
distributed throughout its length. A Gaussian 
surface of radius 𝑟 and length 𝑙 is used to 
calculate the magnitude of the electric field.

A.
𝑄

𝐸(2𝜋𝑟𝑙) =
2𝜀𝑜

√ B.
𝑄

𝐸(2𝜋𝑟𝑙) =
𝜀𝑜

C. 𝐸(𝜋𝑟2𝑙) = 0

D. 𝐸(𝜋𝑟2𝑙) =
𝑄

𝜀𝑜
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9. The figure below shows equipotential surfaces 
in a region. An electron, initially at rest, moves 
from one point to another in the region.

What is the total potential energy stored in the 
configuration?

In which of the following paths taken by the 
electron, is the work done by the electric field 
zero?

√ A. From A to B

B. From A to C

C. From B to D

D. From D to A

√ A. 40 𝑉/𝑚

B. 42 𝑉/𝑚

C. 44 𝑉/𝑚

D. 49 𝑉/𝑚

11. The figure below shows three charges 
arranged at the corners of an equilateral triangle, 
with length of each side equal to 0.5 𝑚.

A. −0.27 𝐽

√ B. −0.56 𝐽

C. −0.72 𝐽

D. +0.43 𝐽

A. 0.25 µ𝐹

B. 2.0 µ𝐹

√ C. 4.0 µ 𝐹

D. 2500 µ 𝐹

12. The potential difference across a capacitor is
25 𝑉 when it stores a charge of 100 µ𝐶. What is
the capacitance of the capacitor?

10. The electric potential 𝑉 as a function of the 
position 𝑥 along the +𝑥-axis is given by the 
equation:

𝑉 = 9𝑥2 + 4𝑥 + 5

What is the magnitude of the electric field at 
position 𝑥 = 2?

13. A parallel plate capacitor is fully charged 
using a battery. The battery is then removedand 
the plates of the capacitor are moved farther 
apart. What happens to the capacitance of the 
capacitor?

A. Increases

√ B. Decreases

C. Stays the same

D. Increases and then decreases
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14. Two capacitor 𝐶1 = 2.0 𝐹 and 𝐶2 = 4.0 𝐹

are connected to a 12 𝑉 battery as shown below.

Which of the statements is true about the 
potential drop (𝑉) and energy stored (𝑈) in each 
capacitor?

Potential Drop Stored Energy

√ A. 𝑉1 = 𝑉2 𝑈1 < 𝑈2

B. 𝑉1 = 𝑉2 𝑈1 > 𝑈2

C. 𝑉1 < 𝑉2 𝑈1 < 𝑈2

D. 𝑉1 < 𝑉2 𝑈1 > 𝑈2

15. A parallel plate capacitor with a plate 
separation of 0.25 𝑐𝑚 and cross-sectionalarea of
0.001 𝑚2 is filled with a material with dielectric

constant of 3.0. What is the capacitance of the 
capacitor?

A. 6.6 𝐹

B. 7.4 𝐹

√ C. 10.6 𝑝𝐹

D. 11.8 𝑝𝐹
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II. Answer the following questions. [55 marks]
Note for all problem solvingquestions:

● The equationmarks can be awarded if it is clear that correct substitution implies the equation in any
correct form; but if substitution and calculationsare incorrect with correct equation, then only mark for
equation to be awarded.

● Award full marks for any alternative correctworking leading to the correct answer.

● Allow for error carried forward (ecf) if the substitution in one part of the question depends on the
calculationsmade in other parts and is consistentwith it.

16. The figure below shows three point charges A, B and C located on an x-axis. [8 marks]

a. On the figure above, draw the following: (2 marks)

i. The force vector on charge 𝐵 due to charge 𝐴. Label it as 𝐹𝐴𝐵.

ii. The force vector on charge 𝐵 due to charge 𝐶. Label it as 𝐹𝐶𝐵.
→ 1 𝑚𝑎𝑟𝑘 𝑓𝑜𝑟 𝑒𝑎𝑐ℎ 𝑓𝑜𝑟𝑐𝑒 𝑣𝑒𝑐𝑡𝑜𝑟

b. Calculate the magnitude of the net electric force on charge 𝐵 = 20 𝐶 at the origin.
(6 marks)

𝐹𝐴𝐵 =
𝑟𝐴𝐵 2 =

𝑘|𝑞𝐴𝑞𝐵| (9.0 × 109𝑁𝑚2/𝐶2)|(10 × 10−6 𝐶)(20 × 10−6 𝐶)|

(2.0 𝑚)2

→ 1 𝑚𝑎𝑟𝑘 𝑓𝑜𝑟 𝑓𝑜𝑟𝑚𝑢𝑙𝑎,1 𝑓𝑜𝑟 𝑠𝑢𝑏𝑠𝑡𝑖𝑡𝑢𝑡𝑖𝑜𝑛

→ 0.5 𝑚𝑎𝑟𝑘 𝑓𝑜𝑟 𝑎𝑛𝑠𝑤𝑒𝑟𝐹𝐴𝐵 = 0.45 𝑁

𝐹𝐶𝐵 =
𝑘|𝑞𝐶𝑞𝐵|

𝑟𝐶𝐵2 =
(9.0 × 109𝑁𝑚2/𝐶2)|(40 × 10−6 𝐶)(20 × 10−6 𝐶)|

(3.0 𝑚)2

→ 1 𝑚𝑎𝑟𝑘 𝑓𝑜𝑟 𝑠𝑢𝑏𝑠𝑡𝑖𝑡𝑢𝑡𝑖𝑜𝑛

→ 0.5 𝑚𝑎𝑟𝑘 𝑓𝑜𝑟 𝑎𝑛𝑠𝑤𝑒𝑟𝐹𝐶𝐵 = 0.80 𝑁

𝐹𝑛𝑒𝑡 = 𝐹𝐶𝐵 − 𝐹𝐴𝐵 = 0.80 𝑁− 0.45 𝑁

𝐹𝑛𝑒𝑡 = 0.35 𝑁

→ 1𝑚𝑎𝑟𝑘 𝑓𝑜𝑟 𝑠𝑢𝑏𝑠𝑡𝑖𝑡𝑢𝑡𝑖𝑜𝑛

→ 0.5 𝑚𝑎𝑟𝑘 𝑓𝑜𝑟 𝑎𝑛𝑠𝑤𝑒𝑟,0.5 𝑓𝑜𝑟 𝑢𝑛𝑖𝑡
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17. Two charges, 𝑞1 = −5.0 µ𝐶 and 𝑞2 = +4.0 µ𝐶 are located in the 𝑥𝑦-plane as shown in the figure below.
[10 marks]

a. Calculate the magnitude of the net electric field at the origin. (7 marks)

→ 1 𝑚𝑎𝑟𝑘 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛𝑠ℎ𝑖𝑝𝑥 𝑦𝐸𝑛𝑒𝑡 = √𝐸2 + 𝐸 2

𝑛𝑒𝑡

𝑘𝑞

1𝑟
2

𝑘𝑞

2𝑟
2

1 2
𝐸 = √( ) + (− )

2 2

→ 2 𝑚𝑎𝑟𝑘𝑠 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑓𝑜𝑟𝑚𝑢𝑙𝑎

𝐸𝑛𝑒𝑡 = √(
0.42

(9.0 × 109)(5.0 × 10−6) 2

) + (
0.32

)
(9.0 × 109)(−4.0 × 10−6) 2

→ 2 𝑚𝑎𝑟𝑘𝑠 𝑓𝑜𝑟 𝑠𝑢𝑏𝑠𝑡𝑖𝑡𝑢𝑡𝑖𝑜𝑛

𝐸𝑛𝑒𝑡 = √(2.81 x105)2 + (−4 x105)2

𝐸𝑛𝑒𝑡 = 4.89 × 105𝑁/𝐶 → 1 𝑚𝑎𝑟𝑘 𝑓𝑜𝑟 𝑎𝑛𝑠𝑤𝑒𝑟,1 𝑓𝑜𝑟 𝑢𝑛𝑖𝑡

b. Find the direction of the net electric field at the origin. (3 marks)

𝐸𝑦
𝜃 = 𝑡𝑎𝑛−1 ( )

𝐸𝑥
−4 × 105

→ 1 𝑚𝑎𝑟𝑘 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑓𝑜𝑟𝑚𝑢𝑙𝑎

2.81 × 10
𝜃 = 𝑡𝑎𝑛−1 ( 5) → 1 𝑚𝑎𝑟𝑘 𝑓𝑜𝑟 𝑠𝑢𝑏𝑠𝑡𝑖𝑡𝑢𝑡𝑖𝑜𝑛

𝜃 = −55𝑜or 55𝑜 𝑏𝑒𝑙𝑜𝑤 𝑡ℎ𝑒 + 𝑥 − 𝑎𝑥𝑖𝑠 → 1𝑚𝑎𝑟𝑘 𝑓𝑜𝑟 𝑎𝑛𝑠𝑤𝑒𝑟
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18. An insulating, solid sphere of radius 𝑎 = 0.02 𝑚 and carrying a charge of −2𝐶 is surrounded by a
concentric spherical conducting shell of inner radius 𝑏 = 0.04 𝑚 and outer radius 𝑐 = 0.06 𝑚. The 
conducting shell has a net charge of +6𝐶. [12 marks]

a. Determine the charge on the following surfaces:

i. inner surface of the conducting shell.
+2 𝐶

(1 mark)

ii. outer surface of the conducting shell.
+4 𝐶

(1 mark)

b. Calculate the electric field at a distance𝑟 = 0.03 𝑚 from the center. (6 marks)

𝑄𝑒𝑛
∫ 𝐸 ∙ 𝑑𝐴 =

𝜀 0

𝐸(4𝜋𝑟2) =
𝑞

𝜀0

→ 1 𝑚𝑎𝑟𝑘 𝑓𝑜𝑟 𝐺𝑎𝑢𝑠𝑠′𝑠 𝑙𝑎𝑤

→ 1𝑚𝑎𝑟𝑘 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑐𝑜𝑟𝑟𝑒𝑐𝑡 𝑎𝑟𝑒𝑎

−2 × 10−6

𝐸 =
𝑞

0
2 =

4𝜋𝜀 𝑟 4𝜋(8.85 × 10 )(0.03)−12 2 → 2 𝑚𝑎𝑟𝑘𝑠 𝑓𝑜𝑟 𝑠𝑢𝑏𝑠𝑡𝑖𝑡𝑢𝑡𝑖𝑜𝑛

𝐸 = −2.0 × 107𝑁/𝐶 → 1 𝑚𝑎𝑟𝑘 𝑓𝑜𝑟 𝑎𝑛𝑠𝑤𝑒𝑟,1 𝑓𝑜𝑟 𝑢𝑛𝑖𝑡 𝑠𝑒𝑒𝑛 𝑖𝑛 𝑒𝑖𝑡ℎ𝑒𝑟 (𝑏)𝑜𝑟 (𝑐)

c. Calculate the electric field at a distance𝑟 = 0.07 𝑚 from the center (4 marks)

𝜀0
𝐸(4𝜋𝑟2) =

𝑞 + 𝑄
→ 1 𝑚𝑎𝑟𝑘𝑓𝑜𝑟 𝑓𝑜𝑟𝑚𝑢𝑙𝑎

𝐸 =
0

𝑞 (−2 × 10−6) + (6 × 10−6)

4𝜋𝜀 𝑟 4𝜋(8.85 × 10 )(0.07)2 −12 2= → 2 𝑚𝑎𝑟𝑘𝑠 𝑓𝑜𝑟 𝑠𝑢𝑏𝑠𝑡𝑖𝑡𝑢𝑡𝑖𝑜𝑛

𝐸 = 7.3 × 106𝑁/𝐶 → 1 𝑚𝑎𝑟𝑘 𝑓𝑜𝑟 𝑎𝑛𝑠𝑤𝑒𝑟
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19. The diagram below shows equipotential lines in a particular region. [13 marks]

a. On the figure above, draw an arrow to indicate the direction of the electric field at point𝐶.
(2 marks)

→ 1𝑚𝑎𝑟𝑘 𝑓𝑜𝑟 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑡𝑜𝑤𝑎𝑟𝑑𝑠 𝑙𝑒𝑓𝑡
→ 1𝑚𝑎𝑟𝑘 𝑓𝑜𝑟 𝑎𝑟𝑟𝑜𝑤 𝑝𝑒𝑟𝑝𝑒𝑛𝑑𝑖𝑐𝑢𝑙𝑎𝑟 𝑡𝑜 𝑡ℎ𝑒 𝑒𝑞𝑢𝑖𝑝𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 𝑙𝑖𝑛𝑒

b. At which point𝐴, 𝐵, 𝐶, 𝐷 or 𝐸 is the magnitude of the electric field the least? Explain your answer.
(2 marks)

Point E → 1 𝑚𝑎𝑟𝑘
Because the density of the equipotential lines in the vicinity of E is the least. → 1𝑚𝑎𝑟𝑘

c. Calculate the work done by the electric field in moving a +5.0 𝜇𝐶 charge from rest at point𝐷 to 
point𝐵. (4 marks)

𝑊 = −∆𝑈 = −𝑞∆𝑉

𝑊 = −(5.0 × 10−6 𝐶)(−20 − 10 𝑉)

𝑊 = 1.5 × 10−4𝐽

→ 1 𝑚𝑎𝑟𝑘 𝑓𝑜𝑟 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛

→ 1𝑚𝑎𝑟𝑘 𝑓𝑜𝑟 𝑠𝑢𝑏𝑠𝑡𝑖𝑡𝑢𝑡𝑖𝑜𝑛

→ 1 𝑚𝑎𝑟𝑘 𝑓𝑜𝑟 𝑎𝑛𝑠𝑤𝑒𝑟,1 𝑓𝑜𝑟 𝑢𝑛𝑖𝑡

d. A proton, initially at rest, is accelerated from point𝐸 to𝐷. What is its final velocity at 𝐷?
(5 mark)

2

1
𝑚𝑣2 = −𝑞∆𝑉 → 1 𝑚𝑎𝑟𝑘 𝑓𝑜𝑟 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛

𝑣 = = √√−2𝑞(𝑉𝑓 − 𝑉𝑖) −2(1.6 × 10−19 𝐶)(10 − 30 𝑉)

𝑚 1.67 × 10−27 𝑘𝑔
→ 2𝑚𝑎𝑟𝑘𝑠 𝑓𝑜𝑟 𝑠𝑢𝑏𝑠𝑡𝑖𝑡𝑢𝑡𝑖𝑜𝑛

𝑣 = 6.2 × 104 𝑚/𝑠 → 1 𝑚𝑎𝑟𝑘 𝑓𝑜𝑟 𝑎𝑛𝑠𝑤𝑒𝑟,1 𝑓𝑜𝑟 𝑢𝑛𝑖𝑡
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20. The circuit below shows three capacitors connected to a 20 𝑉 battery. [12 marks]

a. Calculate the equivalent capacitance of the circuit, with the switch 𝑆 open. (4 marks)

𝐶𝑆𝑒𝑟𝑖𝑒𝑠
1 1

𝐶 𝐶1 2
= ( + )

−1

→ 1 𝑚𝑎𝑟𝑘𝑓𝑜𝑟 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛

1 1
𝐶𝑆𝑒𝑟𝑖𝑒𝑠 = (

70 µ𝐹
+

40 µ𝐹
)

−1

→ 1 𝑚𝑎𝑟𝑘 𝑓𝑜𝑟 𝑠𝑢𝑏𝑠𝑡𝑖𝑡𝑢𝑡𝑖𝑜𝑛

𝐶𝑆𝑒𝑟𝑖𝑒𝑠 = 25.5 µ𝐹 → 1 𝑚𝑎𝑟𝑘𝑓𝑜𝑟 𝑎𝑛𝑠𝑤𝑒𝑟, 1 𝑓𝑜𝑟 𝑢𝑛𝑖𝑡

b. Calculate the equivalent capacitance of the circuit, when the switch𝑆 is closed. (4 marks)

𝑒𝑞𝐶 = (
1 1

𝐶 + 𝐶 𝐶1 2 3
+ )

−1

→ 1𝑚𝑎𝑟𝑘 𝑓𝑜𝑟 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛

1 1
𝐶𝑒𝑞 = (

30 µ𝐹 + 40 µ𝐹
+

70 µ𝐹
)

−1

→ 1 𝑚𝑎𝑟𝑘𝑓𝑜𝑟 𝑠𝑢𝑏𝑠𝑡𝑖𝑡𝑢𝑡𝑖𝑜𝑛

𝐶𝑒𝑞 = 35 µ𝐹 → 1 𝑚𝑎𝑟𝑘 𝑓𝑜𝑟 𝑎𝑛𝑠𝑤𝑒𝑟,1 𝑓𝑜𝑟 𝑢𝑛𝑖𝑡

c. Which of the following statements are true when a dielectric is inserted in an isolated charged 
parallel plate capacitor? Tick TWO boxes. (4 marks)

❐ the charge on one of the capacitor plates will decrease.

❐ the stored energy in the capacitor between the plates will decrease.

❐ the capacitance of the capacitor will increase.

❐ the voltage across the capacitor will increase.

End of Exam
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