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7. Describe the electric field between the plates of a capacitor.

The electric field between the plates of a capacitor is a uniform electric field. That means that the electric

field strength
�!
E is constant (its magnitude and direction) at any point between the plates. The electric field

lines are parallel and equidistant lines, from the positive to the negative plate (Fig. 3.6).

Figure 3.6: The uniform electric field between the plates of a capacitor. The direction of the field
lines goes from the positive to the negative plate.

We know that the electric field strength at a point inside an electric field is defined as the force exerted on a

point charge per unit charge :

E =
F

q
(3.3)

If the potential difference between the plates of the capacitor is V , then the work done to move a charge q

between the plates is:

W = qV (3.4)

Since the field between the plates is uniform, that means that the force on the charge will be constant

throughout the field. Therefore, the work done by the force of the electric field during the movement of the

charge between the plates can be also calculated using the equation:

W = Fd (3.5)

where d is the distance between the plates.SAMPLE
 P
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From Eq. 3.4 and 3.5 we see that:

qV = Fd ) F

q
=

V

d
(3.6)

Finally, using Eq. 3.3, we can derive another expression for the electric field strength of the uniform field

between the plates of the capacitor:

E =
V

d
(3.7)

where V is the potential difference between the plates of the capacitor and d is the distance between them.

R

From the last equation, we can derive another unit for the electric field strength, the volt per meter:

1V/m ; 1V/m is equivalent to 1N/C.

8. Describe the behavior of the molecules of a dielectric material between the plates of a capacitor.

Initially, the molecules of a dielectric material are distributed in a random direction (Fig. 3.7). When the

material is placed between a uniform electric field, the molecules rotate from their initial equilibrium

position, and align with the electric field lines, in a way that the positive charge of the molecule is displaced

towards the negative plate and the negative charge of the molecule is displaced towards the positive plate.

This is called dielectric polarization.

Figure 3.7: Left: A dielectric material with random distribution of charge. Right: A dielectric
material inside a uniform electric field, where the molecules align with the direction of the electric
field.

R

• The degree of polarization of the molecules of a material is expressed by the dielectric constant

e; greater e means that the molecules of the material get polarized easily whereas small valuesSAMPLE
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of e means that it is hard to polarize molecules of the material. For example teflon has a value

of e = 2.1, for nylon e = 3.4 whereas for water e = 80.

• The dielectric constant of material is always greater than one, as it expresses by how much the

capacitance of a capacitor increases with the presence of the dielectric material:

e =
C

Co

(3.8)

where C is the capacitance with dielectric material and Co is the capacitance without. For instant,

the capacitance of a capacitor with nylon between its plates is 3.4 times more than without the

nylon.

Worked Example 3.1.3

For the Worked Example 3.1.2 calculate the capacitance of the capacitor, if the dielectric mate-

rial is removed.

Answer:

The capacitance with the dielectric was calculated to be C = 8.42⇥10�14
F . Because the material has

a relative permittivity (dielectric constant) e = 3 that means:

e =
C

Co

)Co =
C

e
=

8.42⇥10�14

3
)Co = 2.81⇥10�14

F

⌅

9. How do we know that a capacitor stores energy? Describe the discharging process of a capacitor.

Let’s design a circuit with an uncharged capacitor which we connect across the poles of a battery with

potential Vo. In the circuit we include a switch S which can connect the capacitor also with a filament

lamp (see Fig. 3.8). During the charging process, where the switch is a position A, the battery causes

electrons (charge) to move along the circuit so that the plate which is connected to the negative pole

receives electrons (therefore gets negatively charged) and the plate which is connected to the positive

pole loses electrons (therefore gets positively charged). This is a continuous process while the electronsSAMPLE
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3.3 Mind Map
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3.4 Multiple choice questions
For each of the following questions, select the correct answer A to D.

3.4.1 A capacitor of capacitance C is charged at p.d. V0 and stores charge Q0. The capacitor is then

discharged across a resistor. At some point during its discharge, the energy stored is 1
3

of the initial

energy stored. What pair of statements are correct for the p.d. V and charge stored Q at that instant?

A
p

3
3

V0 and
1
3

Q0

B 1
3

V0 and
1
3

Q0

C
p

3
3

V0 and
p

3Q0

D
p

3
3

V0 and
p

3
3

Q0

3.4.2 Two capacitors of capacitance C1 and C2 are separately charged at p.d. V1 and V2, respectively,

such that V1 = 2V2, across resistors of resistance 5R and R, respectively. If it takes the second capacitor

three times longer to charge, the ratio Q1

Q2
will be :

A 5

B 1
5

C 2
15

D 15
2

3.4.3 In the configuration shown, each capacitor has capacitance C. The total capacitance of the

combination is:

A 13
7

C

B 7
13

C

C 13
6

C

D 6
13
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3.5.7 Inserting a dielectric between the plates of a capacitor always increases its capacitance.

______________________________________________ T F

3.5.8 When charging or discharging a capacitor, the magnitude of the initial current is always maxi-

mum.

______________________________________________ T F

3.5.9 The energy stored in a discharging capacitor diminishes at the same rate as the p.d. across the

capacitor.

______________________________________________ T F

3.5.10 Since a capacitor stores charge, it would be suitable to be used as a power source.

______________________________________________ T F

3.5.11 Changing the resistance of a resistor across an RC circuit would change both the magnitude of

the maximum current and the rate at which the current decreases.

______________________________________________ T F

3.5.12 When a capacitor is fully charged and then connected to an uncharged capacitor, the total

energy stored remains the same.

______________________________________________ T F

3.5.13 It is possible to partially discharge a capacitor.

______________________________________________ T FSAMPLE
 P

AGE
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3.7 Solved Problems
Capacitance and energy

Solved Problem 3.7.1

A steady current of 30 µA is supplied to the plates of a capacitor and causes the p.d. between the plates

to increase from 0V to 3.0V in 30s. What is its capacitance?
Solution
Since the current is constant, the charge transferred is given by:

Q = It = 30⇥10�6 ⇥30 = 9⇥10�4
C

Therefore, the capacitance can be found by:

C =
Q

V
=

9⇥10�4

3
= 3⇥10�4 = 300 µF

⌅

Solved Problem 3.7.2

The energy stored in a capacitor is 3mJ. If the capacitance is 15 µF , calculate:

a) the charge of the capacitor,

b) the potential difference across its plates.
Solution

a) The charge will be calculated by the equation:

W =
1
2

Q
2

C
) Q =

p
2CW =

p
2⇥15⇥10�6 ⇥3⇥10�3 ) Q = 3⇥10�4 = 0.3mC

b) From the definition of the capacitance:

C =
Q

V
)V =

Q

C
)V =

3⇥10�4

15⇥10�6 )V = 20V
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i) the combined capacitance

ii) the charge stored

iii) the energy stored

Practice problem 3.9.14

A 10 µF capacitor is connected in series with a 2MW resistor, an ideal microammeter, a 10V battery and

a switch, as shown in the circuit below.

a) When the switch is first closed (t = 0), calculate:

i) the charge on each of the plates of the capacitor,

ii) the potential difference across the capacitor,

iii) the potential difference across the resistor,

iv) the current in the circuit.

b) After sufficient time, the capacitor is fully charged. Calculate the new values of the quantities above.

Practice problem 3.9.15

A charged capacitor of capacitance 1 µF has stored energy of 0.5J and it starts discharging through a

resistor of 1MW.

a) Calculate:

i) the initial charge of the capacitor,

ii) the initial current through the resistor, at the time when the discharge begins.

b) Derive the mathematical expressions as a function of the time of:

i) the potential difference across the capacitor,

ii) the potential difference across the resistor,SAMPLE
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iii) the rate of the energy released the resistor.

Practice problem 3.9.16

A capacitor of capacitance C is fully charged and its stored energy is Wo. It is then discharged through a

resistor R. Calculate the time when its stored energy becomes 1/4 of its maximum energy.

Practice problem 3.9.17

For the following circuit, the switch S has been at position A for enough time so that the capacitor is fully

charged.

At time t = 0 the switch is moved to position B and the capacitor starts discharging through the resistors

R2 and R3. At the time of t = 0.1s, calculate the potential difference:

a) across the capacitor

b) across the resistors R2 and R3.

Practice problem 3.9.18

The following figure shows how the charge Q stored by a capacitor varies with the potential difference

(pd) V across it as V is increased from 9.0V to 12.0V .
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General Certificate of Education

Advanced Level Examination

A-Level Physics
Capacitors

Date.........................................................................................

Time allowed

• 1 hour.

Instructions

• Use black ink or black ball-point pen. Pencil should only be used for

drawing.

• Fill in the boxes at the top of this page.

• Answer all questions.

• Write the question part reference (eg (a), (b)(i) etc) in the left-hand

margin of your answer sheet.

• Show all necessary working; otherwise marks for method may be lost.

Information

• The marks for questions are shown in brackets.

• The maximum mark for this paper is 50.

• Any formula sheets are not allowed for this paper.

• You are expected to use a calculator where appropriate.

• You will be assessed for your written communication, for using the right

terminology and vocabulary and for demonstrating your thoughts in a

clear and organised way.

For Examiner’s Use

Examiner’s Initials

Question Mark

1 /10

2 /10

3 /7

4 /10

5 /13

TOTAL /50

SAMPLE
 P

AGE



3.10 Unit Test 119

Question 1

a. Show that the quantity RC has units of time.

[2]

b. A capacitor is being charged using a constant current source (represented by the circle with an

arrow inside in the circuit) as shown in the diagram. The current source produces a current of 0.5mA.

The switch is closed for a certain time and the voltmeter, assumed to be of very high resistance, reads

0.8V . How long was the switch closed for?
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3.13.5 Answers to Unit Test.

1.

a. Since C = Q

V
, capacitance has units ofCV

�1 [1]. By Ohm’s law, R = V

I
, so resistance has units of

VA
�1, so RC has units CV

�1
VA

�1 = AsA
�1 = s .[1]

b. Use Q = It and Q = CV [1]. Combine to get It = CV ) t = CV

I
[1]. Substitute values to obtain

t = 30⇥10�3⇥0.8
0.5⇥10�3 = 48s .[1]

c. Use t1/2 = RC ln2 [1]. Substitute the values correctly to get t1/2 = 5⇥30⇥10�3 ln2 ' 0.1s .[1]

d. The charge stored at the capacitor is Q =CV = 30⇥10�3 ⇥0.8 = 2.4⇥10�2
C. [1]

Calculate t = 5t = 5RC = 5⇥5⇥30⇥10�3 = 0.75s [1].

Calculate I = Q

t
= 2.4⇥10�2

0.75 = 3.2⇥10�2 A. [1]

2.

a. A circuit which would allow this would be as shown. [1] for resistor in parallel to capacitor. [1] for

correctly placed voltmeter. [1] for fully correct circuit (equivalent to the one shown).

b. Use of V =V0e
� t

RC [1]. Rearranging to obtain ln V

V0
=� t

RC
) t =�RC ln V

Vo
[1].

This is the time it takes for bullet to break through the second foil just after it has broken through the

first.

Substituting values to correctly obtain t =�8⇥106 ⇥5⇥10�12 ⇥ ln 5
12 ) t ' 3.5⇥10�5

s [1].

Using v = d

t
= 10�2

3.5⇥10�5 ) v ' 286ms
�1[1].

c. If the capacitor discharges faster than the bullet cuts off the second foil, the circuit is not useful in

allowing us to estimate the bullet’s speed. [1]

Therefore, we would like 5t to have a lower bound determined by the time it takes a bullet of similarSAMPLE
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speed to pass through both foils, so 5t > t = 3.5⇥10�5 [1].

Now rearrange to obtain 5RC > 3.5⇥10�5 ) R > 3.5⇥10�5

5⇥5⇥10�12 ' 1.4⇥106 W [1].

3.

a. Obtain a graph as the one shown with adequate line of best fit [1] .

All correct values on graph [1].

Argue that decay is exponential as graph of lnV is linear with time [1].

b. Mention that gradient of linear part is � 1
t [1].

Calculate gradient to be about �0.021 [1].

Obtain t = 1
0.021 = 47�48s. [1]

c. Use t = RC and rearrange to obtain C = t
R
= 47

1.5⇥106 ' 3.1⇥10�5 F. [1] Allow error from previous

calculation.

4.

a. Use Q =C1V [1].

Obtain Q = 4⇥10�6 ⇥20 = 8⇥10�5
C [1].

b. Total capacitance is now CT =C1 +C2 = 16⇥10�6
F . [1]

Since the total charge is still the same: V
0 = Q

CT
= Q

C1+C2
. [1]

Correctly obtain V
0 = 8⇥10�5

16⇥10�6 = 5V . [1]

c. Find Q1 =C1V
0 = 4⇥10�6 ⇥5 = 2⇥10�5

C . [1]

Q2 =C2V
0 = 12⇥10�6 ⇥5 = 6⇥10�5

C. [1]

d. Use any correct expression for the energy, e.g. W = 1
2C1V

2 = 1
2 ⇥4⇥10�6 ⇥202 = 8⇥10�4

J . [1]SAMPLE
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