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1 Introduction to Capacitors

Capacitors are very simple electrical components: they are two con-
ducting plates separated by an insulator.

Two Conducting Plates

Insulator

The conducting plates are usually metal, and the insulator separat-
ing the plates is often called a "dielectric".

In the very simplest case, you can create a capacitor from two pieces
of aluminium foil separated by air, since air is an insulator.

Capacitors store charge and electrical energy

To see how they do this, consider what happens when a capacitor is
connected to a battery, as shown in the image below.
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Conventional current flows 
positive to negative: 

A surplus of electrons builds 
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A deficit of electrons emerges 
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The electrons flow from the negative terminal of the battery on to
one plate of the capacitor, and electrons leave the other plate of the
capacitor, creating a deficit of electrons and hence an overall positive
charge.

Because there is an insulator between the plates, charge cannot flow
from one plate to the other.

The charge separation creates a uniform electric field between the
plates, as shown below:

+ -

Ohm’s Law I Electricity

5⌦AI = V10V

1.

Dr. G. B. Davies

x>>>

The charge separation between 
the plates create a uniform 
electric field between the 

plates. 

The strength of the electric 
field created depends on the 
amount of charge separated
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As charge builds up, the electric field strength increases.

However, it becomes harder and harder for the battery to give enough
energy to charges to move onto the plates and stay there. This is be-
cause electrons flowing from the battery are repelled by the electrons
on the negative plate of the capacitor.
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+ -

Ohm’s Law I Electricity

5⌦AI = V10V
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Dr. G. B. Davies
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As more charge accumulates on 
the plates, the uniform electric 

field strength between the 
plates increases
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As the charge on the 
plates builds up, it 

becomes harder for 
additional charges to 

accumulate on the plates 
due to like-charge 

repulsion

With these pictures in mind, we define capacitance as follows:

The capacitance C of a capacitor tells us how much charge Q it stores
when plugged in to a battery of emf V:

C =
Q
V

If a capacitor stores more charge Q for a given potential difference
V, it has a higher capacitance than a capacitor that stores less charge
Q for a given V.

The unit of capacitance is the Farad (F).
You should be aware that a Farad is a
huge unit, and most of the capacitances
you will deal with will be in the µF - pF
size.

µF = 10−6 F
nF = 10−9 F
pF = 10−12 F

1.1 Capacitors Store Energy

If we plot a graph of how much charge a capacitor stores as we vary
the voltage applied across it, we get a straight line graph with gradi-
ent C (since Q = CV):

Comparing Q = CV with y = mx + c
if we plot Q on the y-axis and V on the
x-axis yields m = C and c = 0.
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The area under the graph is 1
2 QV. Remembering from the electric

fields topic, we know that voltage, energy, and charge are related as

follows: V =
E
Q

and so QV gives us an energy. Therefore, the energy

stored on a capacitor is:

Energy =
1
2

QV

We can now substitute Q = CV or V =
Q
C

into this equation to
obtain two other common forms of this equation:

Energy =
1
2

CV2 Energy =
1
2

Q2

C

Worked Example 1-0 - Simple Q = CV calculations

Q: A capacitor has capacitance 500 µF. Calculate the charge stored on the capacitor when it is connected
to a 1.5 V battery.

A: We simply plug the relevant variables in to our capacitance equation:

Q = CV

= 500 µF× 1.5 V

= 750 µC

Practice Questions 1-1 - Finding RC from discharge graphs

Calculate the charge stored on the following capacitors:

1. A capacitor of capacitance 200 µF is connected to a 6 V battery.

2. A capacitor of capacitance 200 µF is connected to a 9 V battery.
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3. A capacitor of capacitance 450 nF is connected to a 3 V battery.

2 Charging a Capacitor

In the introduction, we showed that a capacitor stores charge when
it is connected to a voltage source such as a battery.

However, we also argued that while initially it was easy for charges
to accumulate on the plates, as the charges build up on the plate
it becomes more difficult for the battery to push additional charges
onto the plates because of like-charge repulsion.

Amazingly, we can derive a mathematical formula that models this
situation perfectly and that can tell us the amount of charge Q stored
on the plate at any time t after we connect it to a battery.
Consider the circuit in the diagram below.

V

VRVC

R

C

Charge flows from the battery of em f = VB to the capacitor plates
of a capacitor of capacitance C through the wires. Since wires have
resistance, we can pretend the wires have an overall fixed resistance
R.

Using Kirchoff’s 2nd law or the "emf loop rule" we can derive the
following relation:

VB = VR + VC

This simply tells us that the voltage gained by any charge going
across the battery must be lost as the charge passes through the re-
sistor and the capacitor.

Using V = IR for the resistor and VC =
Q
C

for the capacitor we now
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obtain:

VB = IR +
Q
C

Now we need to remember that current is the rate of flow of charge

i.e. I =
dQ
dt

: We use the derivative version rather
than I =

Q
t

because the current is

changing the whole time, we need the
current at an instant in time, which is

what I =
dQ
dt

gives us

VB =
dQ
dt

R +
Q
C

This now completes our differential equation that shows how the
charge varies with time: we can solve this to find the charge Q(t) on
a capacitor at any moment in time.

This is a first order differential equation that you learn to solve in
further maths, but for the sanity of readers who are not doing fur-
ther maths, we leave the derivation as optional.

The solution to this differential equation is the following equation:

Q = CVB

(
1− e−

t
RC

)

where:

• Q is the charge on the capacitor measured in Coulombs (C).

• C is the capacitance of the capacitor measured in Farads (F).

• t is the time since charging begins measured in seconds (s).

• R is the resistance of the resistor measured in Ohms (Ω).

The constant RC has units of time - strangely - and we will discuss
this in detail in a later section.

Plotting a graph of this equation yields the following graph:
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0 RC 2RC 3RC 4RC
time t

0

CVB
Ch

ar
ge

 Q

It is interesting to consider the limiting case in which the capacitor is
charging for infinite time:

lim
t→∞

Q = CVB

(
1− e−

t
RC

)
= CVB

e−
t

RC =
1

e
t

RC
. As t → ∞ et → ∞ and so

1
et → 0

This is where the capacitor equation

Q = CV

originates. It tells us how much charge is stored on the capacitor for
a given voltage applied across the capacitor. Note now then that the
equation is strictly only true when the capacitor has been charging
for infinite time, but in practice we reach very close to this value in a
short amount of time.

To understand how the current behaves as a function of time, we
differentiate our charging equation with respect to t:

Q = CVB

(
1− e−

t
RC

)
=⇒ dQ

dt
= CVB ×−

1
RC

e−
t

RC

=⇒ I =
VB
R

e−
t

RC

This shows that the current flowing in the capacitor circuit is ini-

tially just
VB
R

, as expected, but that as time progresses the current
decreases, which makes intuitive sense.

Plotting a graph of this equation yields the following graph:
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0 RC 2RC 3RC 4RC
time t

0
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R

Cu
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It is worthwhile to take a step back and consider why capacitors
display this behaviour:

1. Initially, the capacitor plates are uncharged, and the battery does
little work moving charges on to the plates. This results in a high
initial current.

2. As more charge builds up on the plates, the repulsion between
like charges increases, and adding each successive charge becomes
more and more difficult. The current decreases during this pro-
cess.

3. Eventually, the plates are "full" or "saturated" with charge and
adding another charge becomes extremely difficult. The current is
essentially 0 and the charge on the capacitor is Q = CV.

The following graph summarises the behaviour of a capacitor as
it charges:
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VB

VRVC

R
C

VB = VR + VC

VB = IR + Q
C

As charging progress, 
current decreases

As charging progress, 
charge increases

t → ∞
Q → CVB

VC → VB

t → ∞
I → 0

t = 0
I = VB

R

t = 0
Q = 0

VC = 0

2.1 Optional: Derivation of the Capacitor Charging Equation

To solve this differential equation, we need to "separate" the differen-
tial equation and get all the Q terms on one side and all the t terms
on the other so we can integrate: We need an equation of the form∫

f (Q) dQ =
∫

f (t)dt

VB
R
− Q

RC
=

dQ
dt∫

dt =
∫ 1

VB
R
− Q

RC

dQ

To solve the integral on the right hand side we need to use a substi-
tution. The easiest substitution to use is simply:

u =
VB
R
− Q

RC

=⇒ du = − 1
RC

dQ

=⇒ dQ = − RC du

which allows us to transform our previous integral to:



capacitance 12

∫
dt =

∫ 1
VB
R
− Q

RC

dQ

=⇒
∫

dt = −RC
∫ 1

u
du

t + c = − RC ln u

t + c = − RC ln
(

VB
R
− Q

RC

)

From here, we are home and dry and simply need to solve for Q:

t + c = − RC ln
(

VB
R
− Q

RC

)
=⇒ − t

RC
+ C = ln

(
VB
R
− Q

RC

)
=⇒ e−

t
RC +C =

VB
R
− Q

RC

=⇒ Q
RC

=
VB
R
− Ae−

t
RC

=⇒ Q = RC
(

VB
R
− Ae−

t
RC

)
To fully solve this equation, we need find the value of the constant
A. We can do this by using initial conditions, or in other words known
values of Q and t. We note that there is no charge on the capacitor
just as we start charging it Q = 0 at t = 0

Q = RC
(

VB
R
− Ae−

−
RC

)
=⇒ 0 = RC

(
VB
R
− Ae−

0
RC

)
=⇒ A =

VB
R

Plugging this back into our equation gives:

Q = RC
(

VB
R
− Ae−

t
RC

)
=⇒ Q = RC

(
VB
R
− VB

R
e−

t
RC

)
=⇒ Q = RC

VB
R

(
1− e−

t
RC

)
=⇒ Q = CVB

(
1− e−

t
RC

)

3 Discharging a Capacitor

Once we have fully charged a capacitor such that the charge stored
on it is Q = CVB, we can unhook the battery and let the capacitor
discharge through a resistor as in the following circuit:
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VC

VR

R

C

Using Kirchoff’s 2nd law again, we obtain:

VC = VR

In other words, all the energy gained by the charges stored on the
capacitor is lost as they flow through the resistor. Using V = IR and

I =
dQ
dt

we can re-write this equation as follows:

VC = IR

=⇒ Q
C

= IR

=⇒ Q
C

= − dQ
dt

R

This differential equation is much easier to solve than the charging
equation, and you have to know the derivation. For now, let’s focus
on the solution of this differential equation:

=⇒ Q = Q0e−
t

RC

noindent We can get to alternative forms of this equation in terms
of the voltage and the current using Q = CV:

=⇒ Q = Q0e−
t

RC

=⇒ CV = CV0e−
t

RC

=⇒ V = V0e−
t

RC
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and V = IR We could equally well have achieved
this expression by differentiating the Q
equation:

Q = Q0e−
t

RC

=⇒ I =
dQ
dt

=
dQ0

dt
e−

t
RC

=⇒ I = I0e−
t

RC

=⇒ V = V0e−
t

RC

=⇒ IR = I0Re−
t

RC

=⇒ I = I0e−
t

RC

To summarise:

V = V0e−
t

RC I = I0e−
t

RC

In other words, the voltage across a capacitor and the current flowing
around the circuit follow the same behaviour as the discharging of
the capacitor.

VC = VR

Q
C

= −IR

As discharging 
progress, current 

decreases

As discharging 
progress, charge 

decreases

t → ∞
Q → 0

VC → 0
t → ∞
I → 0

t = 0
I = I0

t = 0
Q = Q0

VC = VB

VC

VR
R

C

1. Initially, the capacitor plates are fully charged, creating a strong
uniform electric field between the plates and hence a high poten-
tial difference (voltage V).

2. Charge flows off the plate at a fast rate, due to the high potential
difference, leading to a large current.

3. As more and more charge leaves the plate, the voltage V across
the plates decreases and reduces the "driving force" of the current,
and so the current decreases and less charge leaves the plate each
second.
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4. Eventually, so much charge has left the plates and the potential
difference so small that changes in charge, current, and voltage
each second are relatively small.

3.1 Derivation of the discharging equation

Mercifully, the differential equation resulting from the discharge equa-
tion is much easier to solve than the charging equation:

VC = IR

=⇒ Q
C

= IR

=⇒ Q
C

= − dQ
dt

R

=⇒ Q
RC

= − dQ
dt

=⇒ − 1
RC

∫
dt =

∫ 1
Q

dQ

=⇒ − t
RC

+ c = ln Q

=⇒ Q = e−
t

RC +c

=⇒ Q = Ae−
t

RC

Using the fact that at t = 0 the charge on the capacitor is just the
initial charge Q(0) = Q0 = A

Q = Q0e−
t

RC

Unlike the charging equation, you are expected to know and under-
stand this equation:

=⇒ Q = Q0e−
t

RC

4 The time constant τ = RC

It is curious that the product of resistance R and capacitance C has
units of seconds:

RC =
V
I
× Q

V

=⇒ RC =
V
Q
t

× Q
V

=
Vt
Q
× Q

V

=⇒ RC = t

We know this must be true because we can only exponentiate unit-
less numbers i.e. x must be unitless ex and since we had e−

t
RC the
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only way t
RC can be unitless is if RC has dimensions of time.

It is possible to find the value of RC from both charging and dis-
charging graphs - the more common type you will see at A-level is
to find RC from discharge graphs, though it is not beyond the realm
of possibility that you may have to do so from a charging graph, so
we will cover this case too.

5 Finding the time constant τ = RC from discharge graphs

We can use our knowledge of the discharge equation to find the value
of RC from discharge graphs. There are several ways to do this, and
we will go through each.

5.1 Finding RC using the 37% rule.

Worked Example 5-0 - Finding RC from discharge graphs

0 50 100 150 200 250 300 350 400 450 500
Time (s)

0

200

400

600

800

1000

1200

1400

1600

1800

2000

C
ha

rg
e 

Q
 (C

)

The first way is to find how long it takes for the initial charge to fall to 37% of its original value.

From the graph, the initial charge is Q0 = 1700. 37% of this is 0.37 ∗Q0 = 629. Drawing a line across from
the y-axis and down to the x-axis yields a value of 55 on the time axis, and so RC = 55 s.

This works because when the elapsed time is t = RC are decay equation turns from Q = Q0e−
t

RC to
Q = Q0e−

RC
RC = Q0e−1 = 0.37Q0.
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Practice Questions 5-1 - Finding RC from discharge graphs

1.

0 25 50 75 100 125 150 175 200 225 250
Time (s)

0

200

400
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1200

1400

1600
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2000
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rg

e 
Q

 (C
)

Initial Charge Q0 (from graph) =
0.37Q0 (calculated) =
τ = RC (from graph) =

2.

0 5 10 15 20 25 30 35 40 45 50
Time (s)

0

200

400

600

800

1000

1200

1400

1600

1800

2000

C
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Q
 (C

)

Initial Charge Q0 (from graph) =
0.37Q0 (calculated) =
τ = RC (from graph) =

5.2 Finding RC using the time to halve

An alternative method is to find out how long it takes for amount
of charge to halve - this is very similar to the technique you used to
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find the half-life of a radioactive element at GCSE and the same as
the method you will use for radioactive decay at A-level.

If we re-arrange our equation

Q = Q0e−
t

RC

=⇒ Q0

2
= Q0e−

t1/2
RC

=⇒ 1
2
= e−

t1/2
RC

=⇒ ln
(

1
2

)
= − t1/2

RC

=⇒ ln 1− ln 2 = − t1/2

RC

=⇒ − ln 2 = − t1/2

RC
=⇒ RC ln 2 = t1/2

=⇒ RC =
t1/2

ln 2

=⇒ RC =
t1/2

0.69

and so we can find the constant RC by finding the time for the charge
to halve t1/2 from the graph, and then plugging into the equation
above.
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Worked Example 5-1 - Finding RC from discharge graphs

0 50 100 150 200 250 300 350 400 450 500
Time (s)

0

200

400

600

800

1000

1200

1400

1600

1800

2000
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rg

e 
Q

 (C
)

In this particular graph, the initial charge is Q0 = 1700. 50% of this is 0.5 ∗Q0 = 850. Drawing a line across

from the y-axis and down to the x-axis yields a half-life of t1/2 = 40, and so RC =
t1/2

0.69
=

40
0.69

= 58 s,
which is in close agreement with the value obtained using the 37% method - the difference comes from
small errors in reading values from the graph.

Practice Questions 5-2 - Finding RC from discharge graphs
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1.

0 25 50 75 100 125 150 175 200 225 250
Time (s)
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Initial Charge Q0 (from graph) =
0.5Q0 (calculated) =
t1/2 (from graph) =

RC =
t1/2

0.69
(calculated) =

2.

0 5 10 15 20 25 30 35 40 45 50
Time (s)

0

200

400
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800
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1200

1400
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2000

C
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Q
 (C

)

Initial Charge Q0 (from graph) =
0.5Q0 (calculated) =
t1/2 (from graph) =

RC =
t1/2

0.69
(calculated) =

5.3 Finding RC using log-linear graphs

The final way is to plot log graphs of the relevant quantity. Starting
with our discharge equation:
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Q = Q0e−
t

RC

We take logs of both sides: Here we have used the log rule that
ln(xy) = ln x + ln y

=⇒ ln Q = ln
(

Q0e−
t

RC

)
=⇒ ln Q = ln (Q0) + ln

(
e−

t
RC

)
=⇒ ln Q = ln (Q0)−

t
RC

If we plot a graph of ln Q (y-axis) against t (x-axis) and compare with
y = mx + c we see that:

y = mx + c

ln Q = ln (Q0)−
t

RC

and therefore the y-intercept c gives us the log of the initial charge
c = ln Q0 and the gradient of the graph m gives us RC via the relation

m = − 1
RC

.
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Worked Example 5-2 - Finding RC from log-linear discharge graphs

0 5 10 15 20 25 30 35 40 45 50
Time (s)

0

1

2

3

4

5

6

7

8

9

10
 ln

Q

From the graph:

∆ ln Q = 0− 6.85

∆t = 47.5− 0

=⇒ m =
∆ ln Q

∆t
=
−6.85
47.5

= −0.144

=⇒ RC = − 1
m

= − 1
−0.142

= 7

Practice Questions 5-3 - Finding RC from log-linear discharge graphs
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1.

0 50 100 150 200 250 300 350 400 450 500
Time (s)

0
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10

 ln
Q

∆ ln Q (from graph) =
∆t (from graph) =

Gradient m =
∆ ln Q

∆t
(calculated) =

RC = − 1
m

(calculated) =

2.

0 25 50 75 100 125 150 175 200 225 250
Time (s)
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 ln
Q

∆ ln Q (from graph) =
∆t (from graph) =

Gradient m =
∆ ln Q

∆t
(calculated) =

RC = − 1
m

(calculated) =
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6 Capacitors and Circuits

Combinations of capacitors can be added to give "equivalent" capac-
itances, just as we can do with resistors. Adding combinations of
capacitors follows the opposite rule to adding resistors.

6.1 Capacitors in Series

When we have multiple capacitors in a circuit, capacitors in series
are added using the following rule:

1
C

=
1

C1
+

1
C2

+ ...

6.2 Capacitors in Parallel

C = C1 + C2 + ...

7 Workbook
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Questions on Capacitors 
1. Most types of microphone detect sound because the sound waves cause a diaphragm to vibrate. 

In one type of microphone this diaphragm forms one plate of a parallel plate capacitor. As the 
diaphragm plate moves. the capacitance chances. Moving the plates closer together increases the 
capacitance. Moving the plates further apart reduces the capacitance. 

 This effect is used to produce the electrical signal. The circuit shown below consists of a 3 V 
supply, an uncharged capacitor microphone C. a resistor R. and a switch S. 

 

 The switch S is closed. Sketch a graph of the voltage across the capacitor microphone against 
time. Assume that the capacitor microphone is not detecting any sound. 

V/V

3

2

1

RC t
 

(3) 

 Explain why movement of the diaphragm causes a potential difference (the signal) across R. 

............................................................................................................................................... 

............................................................................................................................................... 

............................................................................................................................................... 

............................................................................................................................................... 

............................................................................................................................................... 

............................................................................................................................................... 
(4) 

(Total 7 marks) 
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2. The circuit below models a single pixel of a CCD device. The photocell generates a voltage 

which depends on the intensity of light falling on it. When information about light intensity is 
required, the switch is opened. The voltage across the capacitor at that instant can be read out 
into an electronic circuit (represented by the voltmeter) at a later time. 

V
Capacitor

Switch

Photovoltaic
cell  

 The capacitor has a value of 0.22 F. In an experiment the voltmeter reads 95 mV after the switch 
is opened. Calculate the charge on the capacitor. 

.......................................................................................................................................................... 

.......................................................................................................................................................... 

Charge = .............................................................. 
(2) 

 This voltmeter reads 95 mV for some considerable time. State what this tells you about this 
voltmeter. 

.......................................................................................................................................................... 

.......................................................................................................................................................... 
(1) 

 The student doing the experiment changes the voltmeter for another. With the new voltmeter the 
voltage changes with time according to the table below. 

Time/s Voltage/mV ln(voltage/mV) 

0 95 4.55 

20 67 4.20 

40 46  

60 33  

80 22  

 The student thinks the voltage is falling exponentially. To test this he makes a third column in 
his table to calculate values for ln(voltage/mV). Complete the table. 

(1) 
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 Plot the points from the table on the graph below. Join the points with an appropriate line. 

4.5

4.0

3.5

3.0

0 20 40 60 80
Time/s

ln (voltage / m V)

 
(3) 

 Explain how the graph shows that the voltage decreases exponentially. 

.......................................................................................................................................................... 

.......................................................................................................................................................... 

.......................................................................................................................................................... 
(2) 

 Find the approximate value for the resistance of the second voltmeter. 

.......................................................................................................................................................... 

.......................................................................................................................................................... 

.......................................................................................................................................................... 

.......................................................................................................................................................... 

.......................................................................................................................................................... 

Resistance = ........................................................ 
(3) 

(Total 12 marks) 
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3. A student is learning about how capacitors work. He uses the circuit shown in Figure 1 to 

investigate the capacitor C. Letter X labels a connection which he can make to either of the 
points L or M. Each cell has an e.m.f. of 1.5 V. 

100 kΩ L M

C

A
A

1

2

X

I/ Aµ

10

0
0 5 10 t/s

Connection X to
L made at  = 3 st

Figure 1 Figure 2

 

 He connects X to L. He sketches how the reading on ammeter 1 varies with time (Figure 2). 

 Explain in terms of charge what has happened in the circuit. 

................................................................................................................................................... 

................................................................................................................................................... 

................................................................................................................................................... 

................................................................................................................................................... 

................................................................................................................................................... 

................................................................................................................................................... 
(3) 

 Explain what he would have seen if he had watched ammeter 2. 

................................................................................................................................................... 

................................................................................................................................................... 

................................................................................................................................................... 
(2) 
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 Use his sketch graph (Figure 2) to estimate the charge which has passed through ammeter 1 

between the times t = 3 s and t = 10 s. 

................................................................................................................................................... 

................................................................................................................................................... 

................................................................................................................................................... 

Charge = .................................................. 
(2) 

 Use the graph and your answer above to estimate the capacitance of the capacitor. 

................................................................................................................................................... 

................................................................................................................................................... 

................................................................................................................................................... 

................................................................................................................................................... 

Capacitance = .......................................... 
(3) 

 State and explain what he would observe on each ammeter if he then continued the experiment 
by moving the connection X from L to M. 

................................................................................................................................................... 

................................................................................................................................................... 

................................................................................................................................................... 

................................................................................................................................................... 
(2) 

(Total 12 marks) 
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4. The diagram shows a simple timing circuit. 

S

s

Electronic processor

Buzzer

(2.2 M )Ω
C

(47 F)µ

0 V

+ V

RVc

 
 
 The electronic processor operates so that the buzzer sounds when Vc is greater than 4

3 Vs. The 
switch S is normally open. Explain in detail what happens in the circuit after the switch S is 
closed for a moment then opened again. Your answer should include an appropriate calculation 
and a sketch graph. 

.......................................................................................................................................................... 

.......................................................................................................................................................... 

.......................................................................................................................................................... 

.......................................................................................................................................................... 

.......................................................................................................................................................... 

.......................................................................................................................................................... 

.......................................................................................................................................................... 

.......................................................................................................................................................... 

.......................................................................................................................................................... 

.......................................................................................................................................................... 

.......................................................................................................................................................... 

.......................................................................................................................................................... 

.......................................................................................................................................................... 

.......................................................................................................................................................... 

.......................................................................................................................................................... 
(Total 7 marks) 
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5. Define capacitance. 

.............................................................................................................................................. 

.............................................................................................................................................. 
(2) 

 An uncharged capacitor of 200 µF is connected in series with a 470 kΩ resistor, a 1.50 V cell 
and a switch.  Draw a circuit diagram of this arrangement. 

 

 

 

 
(1) 

Calculate the maximum current that flows. 

.............................................................................................................................................. 

.............................................................................................................................................. 

Current ............................................................ 
(2) 

 Sketch a graph of voltage against charge for your capacitor as it charges.  Indicate on the graph 
the energy stored when the capacitor is fully charged. 

 

 

 

 

 

 
 (4) 

Calculate the energy stored in the fully-charged capacitor. 

.............................................................................................................................................. 

.............................................................................................................................................. 

Energy = ............................................................ 
(2) 

(Total 11 marks) 
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6. The diagram shows a graph of charge against voltage for a capacitor. 

Charge

Voltage 

What quantity is represented by the slope of the graph? 

.............................................................................................................................................. 

What quantity is represented by the shaded area? 

.............................................................................................................................................. 
(2) 

 An electronic camera flash gun contains a capacitor of 100 µF which is charged to a voltage of 
250 V. Show that the energy stored is 3.1 J. 

.............................................................................................................................................. 

.............................................................................................................................................. 

.............................................................................................................................................. 

.............................................................................................................................................. 

.............................................................................................................................................. 
(2) 

 The capacitor is charged by an electronic circuit that is powered by a 1.5 V cell. The current 
drawn from the cell is 0.20 A. Calculate the power from the cell and from this the minimum time 
for the cell to recharge the capacitor. 

.............................................................................................................................................. 

.............................................................................................................................................. 

.............................................................................................................................................. 

.............................................................................................................................................. 

Minimum time = ................................. 
(3) 

(Total 7 marks) 
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7. A defibrillator is a machine that is used to correct irregular heartbeats by passing a large current 

through the heart for a short time. The machine uses a 6000 V supply to charge a capacitor of 
capacitance 20 µF. The capacitor is then discharged through the metal electrodes (defibrillator 
paddles) which have been placed on the chest of the patient. 

 Calculate the charge on the capacitor plates when charged to 6000 V. 

............................................................................................................................................... 

Charge = .......................................................... 
(2) 

 Calculate the energy stored in the capacitor. 

............................................................................................................................................... 

............................................................................................................................................... 

Energy = ....................................................... 
(2) 

 When the capacitor is discharged, there is an initial current of 40 A through the patient. 

 Calculate the electrical resistance of the body tissue between the metal electrodes of the paddles. 

............................................................................................................................................... 

............................................................................................................................................... 

Resistance = ............................................... 
(1) 

 Assuming a constant discharge rate of 40 A, calculate how long it would take to discharge the 
capacitor. 

............................................................................................................................................... 

............................................................................................................................................... 

............................................................................................................................................... 

............................................................................................................................................... 

Time = .......................................................... 
(2) 

 In practice the time for discharge is longer than this calculated time. Suggest a reason for this 

............................................................................................................................................... 

............................................................................................................................................... 

............................................................................................................................................... 
(1) 

(Total 8 marks) 
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8. The circuit shown is used to charge a capacitor. 

 
 
The graph shows the charge stored on the capacitor whilst it is being charged. 

40

35

30

25

20

15

10

5

0

Time/s
0 1 2 3

Charge/ Cµ

4
 

 On the same axes, sketch as accurately as you can a graph of current against time.   
Label the current axis with an appropriate scale. 

(4) 

The power supply is 3 V.  Calculate the resistance of the charging circuit. 

.............................................................................................................................................. 

.............................................................................................................................................. 

 Resistance  = ......................................................... 
(2) 

(Total 6 marks) 
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9. The circuit below models a single pixel of a CCD device. The photocell generates a voltage 
which depends on the intensity of light falling on it. When information about light intensity is 
required, the switch is opened. The voltage across the capacitor at that instant can be read out 
into an electronic circuit (represented by the voltmeter) at a later time. 

V
Capacitor

Switch

Photovoltaic
cell  

 The capacitor has a value of 0.22 F. In an experiment the voltmeter reads 95 mV after the switch 
is opened. Calculate the charge on the capacitor. 

.......................................................................................................................................................... 

.......................................................................................................................................................... 

Charge = .............................................................. 
(2) 

 This voltmeter reads 95 mV for some considerable time. State what this tells you about this 
voltmeter. 

.......................................................................................................................................................... 

.......................................................................................................................................................... 
(1) 

 
 The student doing the experiment changes the voltmeter for another. With the new voltmeter the 

voltage changes with time according to the table below. 

Time/s Voltage/mV ln(voltage/mV) 

0 95 4.55 

20 67 4.20 

40 46  

60 33  

80 22  

 The student thinks the voltage is falling exponentially. To test this he makes a third column in 
his table to calculate values for ln(voltage/mV). Complete the table. 

(1) 
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Plot the points from the table on the graph below. Join the points with an appropriate line. 

4.5

4.0

3.5

3.0

0 20 40 60 80
Time/s

ln (voltage / m V)

 
(3) 

 Explain how the graph shows that the voltage decreases exponentially. 

.......................................................................................................................................................... 

.......................................................................................................................................................... 

.......................................................................................................................................................... 
(2) 

 
 Find the approximate value for the resistance of the second voltmeter. 

.......................................................................................................................................................... 

.......................................................................................................................................................... 

.......................................................................................................................................................... 

.......................................................................................................................................................... 

.......................................................................................................................................................... 

Resistance = ........................................................ 
(3) 

(Total 12 marks) 
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10. To restore a regular heart rhythm to a patient in an emergency, paramedics can use a machine 
called a defibrillator. The defibrillator uses a capacitor to store energy at a voltage of several 
thousand volts. Conducting ‘paddles’ are placed on either side of the patient’s chest, and a short 
pulse of current flows between them when the capacitor is discharged. 

 The graph below shows voltage against charge for the capacitor used in a defibrillator. 

6000

5000

4000

3000

2000

1000

0
0 0.5 0.10 0.15 0.20 0.25 0.30 0.35 0.40

Voltage /V

Charge /C  
 
 With reference to the graph, show that the energy stored in a capacitor is given by the 

formula W = 
2
1
QV. 

......................................................................................................................................... 

......................................................................................................................................... 

......................................................................................................................................... 

......................................................................................................................................... 
(2) 

 Calculate the energy stored by the capacitor when charged to 5000 V. 

......................................................................................................................................... 

......................................................................................................................................... 

Energy = ..................................................... 
(1) 
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The graph below shows how voltage varies with time as the capacitor’s discharged across a test 
circuit that has a resistance equivalent to that of the patient’s chest. 

6000

5000

4000

3000

2000

1000

0

Voltage /V

0.0 1.0 2.0 3.0 4.0 5.0 6.0
Time /ms  

 Use the graph to find the time constant for the circuit. 

.......................................................................................................................................... 

.......................................................................................................................................... 

Time constant = .......................................... 
(2) 

 
 The total resistance of the circuit, including the paddles and chest, is 47 Ω. Calculate the 

capacitance of the capacitor. 

......................................................................................................................................... 

......................................................................................................................................... 

Capacitance = ............................................. 
(2) 

 The energy delivered to the patient’s chest is selected by the operator from these settings: 50 J, 
180 J, 380 J. This is achieved inside the machine electronically, by allowing the discharge to 
proceed for an appropriate length of time. 

 On one particular setting, the discharge lasts for 2.0 ms. Calculate the energy left in the capacitor 
at this time. 

......................................................................................................................................... 

......................................................................................................................................... 

......................................................................................................................................... 
(2) 
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Some energy loss occurs and roughly 60% of the energy leaving the capacitor during the 
discharge actually goes into the patient. Find which setting the operator has selected. 

......................................................................................................................................... 

......................................................................................................................................... 

Energy setting = ................................. 
(2) 

(Total 11 marks) 

11. A student assembles the circuit shown in which the switch is initially open and the capacitor 
uncharged. 

9.0 V

220 k Ω
µΑ

 
 
 He closes the switch and reads the microammeter at regular intervals of time.  The battery 

maintains a steady p.d. of 9.0 V throughout.  The graph shows how the current I varies with the 
time t since the switch was closed. 

50

40

30

20

10

0
0 50 100 150 200 250 300

 /µΑI

t/s
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 Use the graph to estimate the total charge delivered to the capacitor.  

.................................................................................................................................... 

.................................................................................................................................... 

.................................................................................................................................... 

Charge =............................................. 
(3) 

 Estimate its capacitance. 

.................................................................................................................................... 

.................................................................................................................................... 

Capacitance =......................................... 
(2) 

(Total 5 marks) 
12. The potential difference between the plates of a 220 µF capacitor is 5.0 V. 

 Calculate the charge stored on the capacitor. 

……..……..……………………………………………………………………………………….. 

……..……..……………………………………………………………………………………….. 

Charge = ............................................................... 
(2) 

 Calculate the energy stored by the capacitor. 

……..……..……………………………………………………………………………………….. 

……..……..……………………………………………………………………………………….. 

Energy = ............................................................... 
(2) 

 
 Describe how you would show experimentally that the charge stored on a 220 µF capacitor is 

proportional to the potential difference across the capacitor for a range of potential differences 
between 0 and 15 V. Your answer should include a circuit diagram. 

 

 

 

 

 

……..……..……………………………………………………………………………………….. 

……..……..……………………………………………………………………………………….. 

……..……..……………………………………………………………………………………….. 
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……..……..……………………………………………………………………………………….. 

……..……..……………………………………………………………………………………….. 

……..……..……………………………………………………………………………………….. 

……..……..……………………………………………………………………………………….. 

……..……..……………………………………………………………………………………….. 

……..……..……………………………………………………………………………………….. 

……..……..……………………………………………………………………………………….. 

……..……..……………………………………………………………………………………….. 

……..……..……………………………………………………………………………………….. 
(5) 

(Total 9 marks) 
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1 During the manufacture of some computer components it is necessary to monitor the 
position of pieces of silicon.

Capacitors can be used to detect a change in the position of a piece of silicon.  The piece of 
silicon forms one plate of a capacitor whilst a probe acts as the other plate as shown in the 
diagram.

silicon plateprobe

position

The capacitor is charged by connecting it to a 6.0 V battery as shown in the diagram below.

V = 6.0 V

probe silicon plate

d

The relationship between the capacitance C and the distance d between the silicon plate 
and the probe is

C = k/d
where k is a constant.

(a) Explain qualitatively how the charge on the capacitor will vary if the silicon plate
moves away from the probe.

(2)
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(b) When the silicon is in a certain position, the probe is 3.5 mm from it.  The silicon must
remain	within	0.70	mm	of	this	position.

Determine the maximum allowable percentage decrease in the charge on the capacitor.

k = 2.8 × 10−15 F m
(4)

Maximum allowable percentage decrease = 

(c) In order to detect rapid changes in the position of the silicon, it is necessary to use a
capacitor with a small capacitance.

Explain why.
(2)

(Total for Question  = 8 marks)
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� A capacitor is charged by a battery as shown in the circuit diagram2

+3.3μC –3.3μC

220nF

(a) Calculate the e.m.f. of the battery and the energy stored in the charged capacitor.
(4)

E.m.f. = 

Energy = 

(b) The	capacitor	is	disconnected	from	the	battery	and	discharged	through	a	20	MΩ
resistor.

Calculate the time taken for 80% of the charge on the capacitor to discharge through
the resistor.

(3)

Time taken = 
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(c) Use an equation to explain whether the time taken for the capacitor to lose half its
energy is greater or less than the time taken to lose half its charge.

(3)

(d) A student carries out an experiment to record data so that she can plot a graph of
potential difference against time as the capacitor discharges.

State two advantages of using a datalogger rather than a voltmeter and stopwatch to
record this data.

(2)

(Total for Question  = 12 marks)
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� In recent years there has been a development of ultracapacitors which have much higher 
capacitance than traditional capacitors.  Capacitors store energy due to charge in an 
electric field whereas batteries store energy due to a chemical reaction.  There are several 
applications where ultracapacitors have an advantage over batteries; for example storing 
energy from rapidly fluctuating supplies or delivering charge very quickly.

(a) A typical ultracapacitor has a capacitance of 1500 F and a maximum operating
potential difference of 2.6 V.

(i) Show that the charge on this capacitor when fully charged is about 4000 C.
(2)

(ii) Complete the graph on the axes below to show how the potential difference varies
with charge for this capacitor.

(2)

charge / C

(iii) Calculate the energy stored in this capacitor when fully charged.
(2)

Energy = 

3

2

1

0
0 1000 2000 3000

po
te

nt
ia

l d
iff

er
en

ce
 / 

V

4000
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(b) The graph below shows how the current varies with time as the capacitor is
discharged through a circuit.

time / s

(i) Describe and explain the shape of the graph.
(2)

(ii) Calculate the resistance of the circuit.
(4)

6000
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3000

2000

1000

0
0 0.5 1.0 1.5 2.0 2.5 3.0

cu
rr

en
t /

 A

Resistance = 
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(c) There is a limit to the amount of charge an ultracapacitor can hold but it can deliver
the charge very quickly.  A battery can deliver much more charge but only at a
slower rate.  For electric powered vehicles it is suggested that using a combination of
batteries and ultracapacitors would give the best performance.

Suggest, with reasons, which stages of a journey would be more suited to
ultracapacitors and which would be more suited to batteries.

(3)

(Total for Question  = 15 marks)
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� A student is investigating how the potential difference across a capacitor varies with time 
as the capacitor is charging.

He	uses	a	100	μF	capacitor,	a	5.0	V	d.c.	supply,	a	resistor,	a	voltmeter	and	a	switch.

(a) (i) Draw a diagram of the circuit he should use.
(2)

(ii) Suggest why a voltage sensor connected to a data logger might be a suitable
instrument for measuring the potential difference across the capacitor in this
investigation.

(1)
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(b) Calculate the maximum charge stored on the capacitor.
(2)

Charge =  

(c) The graph shows how the potential difference across the capacitor varies with time as

(i) Estimate the average charging current over the first 10 ms.
(2)

the capacitor is charging.
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Average charging current =  
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(ii) Use the graph to estimate the initial rate of increase of potential difference across
the capacitor and hence find the initial charging current.

(3)

Initial charging current = 

(iii) Use the value of the initial charging current to find the resistance of the resistor.
(2)

Resistance =  

(Total for Question  = 12 marks)
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� A student is investigating capacitors.  She uses the circuit below to check the 
capacitance of a capacitor labelled 2.2 µF which has a tolerance of ±30%.

The switch flicks between contacts, X and Y, so that the capacitor charges and 
discharges f times per second.

!"# $%& '"("')*+, -./* 0)/'%",1& 2.334 *%,+.1% *%& 566 7 ,&/)/*+,8

(i) Explain why 400 Hz is a suitable value for f.
(3)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

V

A

X Y

566 7

~
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(ii) Show that the capacitance C can be given by

C I
fV

=

where I is the reading on the ammeter and V is the reading on the voltmeter.
(3)
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(iii) The student records I as 5.4 mA and V as 5.0 V.

Calculate the capacitance C.
(2)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

C   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(iv) Explain whether you think this value is consistent with the tolerance given for
this capacitor.

(2)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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(b) Calculate the energy stored on the capacitor when it is charged to a potential
difference of 5.0 V.

(2)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Energy   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(Total for Question   12 marks)

 
 

PhysicsAndMathsTutor.com

capacitance 54



� A student needs to order a capacitor for a project.  He sees this picture on a web site 
accompanied by this information: capacitance tolerance ±20�.

Taking the tolerance into account, calculate

(a) the maximum charge a capacitor of this type can hold.
(3)

Maximum	charge	= 

(b) the maximum energy it can store.
(2)

Maximum	energy	= 
(Total for Question  = 5 marks)
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1 Figure 1 shows the output from the terminals of a power supply labelled d.c. 
(direct current).

Figure 1

(a) An alternating current power supply provides a current that keeps switching
direction.

Explain why the output shown in Figure 1 is consistent with the d.c. label.
(2)

(b) A teacher suggests that certain electronic circuits require a constant voltage supply to
operate correctly.

(i) A student places a capacitor across the terminals of this power supply.  Suggest
how this produces a constant voltage.

(2)

6
4
2
0

–2
0 5 10 15 20 25

Time / ms

Voltage / V

35 40 45 5030
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(ii) She uses a 10 µF capacitor.  Calculate the maximum energy stored in the
capacitor.

(3)

Maximum Energy =  

(c) She now adds an electronic circuit to the power supply plus capacitor.  Figure 2
shows the supply to the electronic circuit.  This is shown in Figure 2.

Figure 2

The variation in potential difference is shown by the graph in Figure 3.

Figure 3

(i)i) Explain the shape of this gra
(3)

6
4
2
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0 5 10 15 20 25

Time / ms

Voltage / V

35 40 45 5030

Power supply

Electronic circuit
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(ii) Take readings from the graph to show that the resistance of the electronic circuit
is in the range 1000 Ω to 2000 Ω.

(3)

(iii) Figure 3 shows that the voltage supplied to the electronic circuit still varies.
How could the student make it more constant?

(1)

(Total for Question  = 14 marks)
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� A defibrillator is a machine that is used to correct an irregular heartbeat or to start the 
heart of someone who is in cardiac arrest.

The defibrillator passes a large current through the heart for a short time.

The machine includes a high voltage supply which is used to charge a capacitor.  Two 
defibrillation ‘paddles’ are placed on the chest of the patient and the capacitor is 
discharged through the patient.

!"# $%& '() *+ ,"-",./01 .2 3.12/ ,044&,/&5 ",1022 /%& '6)) 7 28--9:;

Calculate the charge on the capacitor.
(2)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Charge  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Discharge Charge

Paddles

'() *+
capacitorInsulated 

handles

High voltage 
supply  
1200 V

Switch
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(b) Calculate the energy stored in the capacitor.
(2)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Energy stored  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(c) When the capacitor discharges there is an initial current of 14 A in the chest of the
patient.

(i) Show that the electrical resistance of the body tissue between the paddles is
"<08/ =) >;

(1)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(ii) Calculate the time it will take for three quarters of the charge on the capacitor to
discharge through the patient.

(3)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Time  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(iii) Body resistance varies from person to person.  If the body resistance was lower,
the initial current would be greater.

State how this lower body resistance affects the charge passed through the body
from the defibrillator.

(1)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(Total for Question   9 marks)
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� The diagram shows a circuit that includes a capacitor. 

(a) (i) Explain what happens to the capacitor when the switch is closed.
(2)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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(ii) The potential difference (p.d.) across the resistor rises to a maximum as the
switch is closed.

Explain why this p.d. subsequently decreases to zero.
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*(b) One type of microphone uses a capacitor.  The capacitor consists of a flexible 
front plate (diaphragm) and a fixed back plate.  The output signal is the potential 
difference across the resistor.

The sound waves cause the flexible front plate to vibrate and change the capacitance. 
Moving the plates closer together increases the capacitance.  Moving the plates 
further apart decreases the capacitance.

Explain how the sound wave produces an alternating output signal.
(4)
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(c) A microphone has a capacitor of capacitance 500 pF and resistor of resistance
10 MΩ.

Explain why these values are suitable even for sounds of the lowest audible
frequency of about 20 Hz.
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(Total for Question   12 marks)
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��A student sets up the circuit shown in the diagram.

�D� �L� 6KH PRYHV VZLWFK 6 IURP ; WR <� ([SODLQ ZKDW KDSSHQV WR WKH FDSDFLWRU�
(2)
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�LL� 2Q WKH D[LV EHORZ� VNHWFK D JUDSK WR VKRZ KRZ WKH FXUUHQW LQ WKH DPPHWHU
varies with time from the moment the switch touches Y.  Indicate typical values 
of current and time on the axes of your graph.

(3)

0

Switch S

� Nȍ

X

Y
�� 9

10 µF

A
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1 An uncharged capacitor is connected into a circuit as shown.

(a) Describe what happens to the capacitor when the switch S is closed.
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(b) A student models the behaviour of the circuit using a spreadsheet.  The student uses
a 100 µF capacitor, a 3.00 kΩ resistor and 5.00 V power supply.  The switch is closed
at time t = 0 s.

A B C D E

1 t / s I / mA ∆Q / µC Q / µC p.d. across capacitor /V

2 0 1.67 167 167 1.67

3 0.1 1.11 111 278 2.78

4 0.2 0.74  74 352 3.52

5 0.3 0.49  49 401 4.01

6 0.4 0.33  33 434 4.34

7 0.5 0.22  22 456 4.56

8 0.6 0.15  15 471 4.71

9 0.7 0.10  10 480 4.80

10 0.8 0.07 7 487 4.87

(i) Explain how the value in cell C4 is calculated.
(2)
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S
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(ii) Explain how the value in cell E3 is calculated.
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(c) The graph shows how the spreadsheet current varies with time.
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(i) Use the graph to show that the time constant is approximately consistent with
the component values.

(4)
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(ii) The student thinks that the graph is an exponential curve.  How would you use
another graph to confirm this?

(3)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(Total for Question  = 13 marks)
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� The graph shows how the output V from the terminals of a power supply labelled d.c. 
(direct current) varies with time t.  This type of supply will not allow current to flow 
backwards through it.

(a) A student connects a capacitor across the terminals of this power supply in order to
try to produce a constant voltage.

Suggest how this produces a constant voltage.
(2)

(b) The student then connects a resistor across the capacitor as shown.

� ±

� ±

� ±

� ±

� ±

t � ��±� s

V / V

5 �� �� 20 25 30 35 40

power 
supply 2.22. ȍ
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The graph shows the variation of the potential difference V across the resistor with time t.

(i) Estimate the average potential difference across the resistor.
(1)

Average potential difference = 

(ii) Calculate the average current in the resistor.
(2)

Average current = 

(iii) Determine the time in each cycle for which the capacitor discharges through the
resistor.

(1)

Discharge time = 

� ±

� ±

� ±

� ±

� ±

t � ��±� s

V / V

5 �� �� 20 25 30 35 40
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(iv) Calculate the charge passing through the resistor during one discharge of the
capacitor and hence determine the capacitance of the capacitor.

(4)

Charge = 

Capacitance = 

(c) The student wants to produce a potential difference across the same resistor that has
less variation in magnitude.
State, with a reason, what the student could do to achieve this.

(2)

(Total for Question  = 12 marks)
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� A particular experiment requires a very large current to be provided for a short time. 

(a) An average current of  2.0 × 103 A is to be supplied to a coil of wire for a time of
1.4 × 10–3	s.		The	resistance	of	the	coil	is	0.50	Ω.

(i) Show that the charge that flows through the coil during this time is about 3 C.
(2)

(ii) The circuit shows how a capacitor could be charged and then discharged through
the coil to provide the current.

The	circuit	contains	a	capacitor	of	capacitance	600	μF.		This	capacitor	is	suitable	
to provide the current for 1.4 × 10–3 s.

Explain why the capacitor is suitable.
(3)

DC 
supply

coil of resistance 
0.50	Ω

+ –
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(b) It	can	be	assumed	that	the	600	μF	capacitor	completely	discharges	in	1.4	× 10–3 s.

(i) Calculate the potential difference of the power supply.
(2)

Potential difference =  

(ii) Calculate the average power delivered to the coil in this time.
(3)

Average power =  

(Total for Question  = 10 marks)
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1 A capacitor is connected to a 6.0 V battery.  The charge on the capacitor is 42 pC.
What is the energy stored by the capacitor?

A 1.3 × 10−10 J

B 2.5 × 10−10 J 

C 1.3 × 10−7 J

D 2.5 × 10−7 J

(Total for Question = 1 mark)

2 A capacitor with an initial charge Q0 is discharging through a resistor. 
The time constant of the circuit is the time for the charge to fall to

A 0.25 Q0

B	 0.37	Q0

C 0.50 Q0 

D 0.63 Q0

(Total for Question = 1 mark)

3 Electrons are released from a heated metal filament. 

This process is known as 

  A excitation.

  B ionisation.

  c photoelectric emission.

  D thermionic emission.

(total for Question = 1 mark)
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4 A capacitor is discharging through a resistor and the time constant is 5.0 s.  The time 
taken for the capacitor to lose half its charge is

A 0.14 s

B 0.81 s

C 3.2 s

D 3.5 s

(Total for Question  1 mark)

5 An uncharged capacitor is connected to a battery.

Which graph shows the variation of charge with potential difference across the 
capacitor?

   A B C D

(Total for Question = 1 mark)

Q

V

Q

V

Q

V

Q

V
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6 An electric motor is connected via a switch to a battery.  A graph is plotted to show the 
variation of current I with time t.  The switch is closed at time T. 

Which of the following graphs is correct?

A

B

C

D

(Total for Question  1 mark)

BA C D

T t

I I

T t

I

T t

I

T t

7 The process by which electrons are released from a heated filament is known as

A thermionic emission.

B photoelectric emission.

C ionisation.

D excitation.

(Total for Question  1 mark)
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8 The potential difference across a capacitor is V.  The energy stored on the capacitor is 
X joules.  The potential difference across this capacitor is increased to 3 V.  The energy 
stored, in joules, is increased to

  3A X

  6B X

  9C X

  27D X

(Total for Question = 1 mark)

9 A capacitor of capacitance C has a potential difference V across it.  The energy stored on 
the capacitor is Z joules.  A second capacitor of capacitance C/2 has a potential difference 
2V across it.  
The energy stored on the second capacitor is

  A Z

  B 2Z

  C 4Z

  D 8Z

(Total for Question = 1 mark)
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10 The capacitor shown in the circuit below is initially charged to a potential difference (p.d.) V 
by closing the switch. 
The power supply has negligible internal resistance.

The switch is opened and the p.d. across the capacitor allowed to fall.  A short time later 
the switch is closed again.  Select the graph that shows how the p.d. across the capacitor 
varies with time, after the switch is opened.

  A

  B

  c

  D

(total for Question = 1 mark)

p.d.
V

t
A

p.d.
V

t
B

p.d.
V

t
c

p.d.
V

t
D

V
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Q1.          A 400 μF capacitor is charged so that the voltage across its plates rises at a constant rate 
from 0 V to 4.0 V in 20 s. What current is being used to charge the capacitor? 

A       5 μΑ 

B       20 μΑ 

C       40 μΑ 

D       80 μΑ 
(Total 1 mark) 

  

 
  

Q2.          The graph shows how the charge stored by a capacitor varies with the pd applied across it. 

 

Which line, A to D, in the table gives the capacitance and the energy stored when the potential 
difference is 5.0 V? 

  

(Total 1 mark) 

  
 
  

  capacitance/μF energy stored/μJ 

A 2.0 25 

B 2.0 50 

C 10.0 25 

D 10.0 50 
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Q3.         In experiments to pass a very high current through a gas, a bank of capacitors of total 
capacitance 50 μF is charged to 30 kV. If the bank of capacitors could be discharged completely 
in 5.0 ms, what would be the mean power delivered? 

A       22 kW 

B       110 kW 

C       4.5 MW 

D       9.0 MW 
(Total 1 mark) 

  
 
  

Q4.          A 10 mF capacitor is charged to 10 V and then discharged completely through a small 
motor. During the process, the motor lifts a weight of mass 0.10 kg. If 10% of the energy stored 
in the capacitor is used to lift the weight, through what approximate height will the weight be 
lifted? 

A       0 05 m 

B       0.10 m 

C       0.50 m 

D       1.00 m 
(Total 1 mark) 

  
 
  

Q5.          A capacitor of capacitance C stores an amount of energy E when the pd across it is V. 
Which line, A to D, in the table gives the correct stored energy and pd when the charge is 
increased by 50%? 

  

(Total 1 mark) 

  
 
  

  energy pd 
A   1.5 E   1.5 V 
B   1.5 E 2.25 V 
C 2.25 E   1.5 V 
D 2.25 E 2.25 V 
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Q6.          A capacitor of capacitance C discharges through a resistor of resistance R. Which one of 
the following statements is not true? 

A       The time constant will decrease if C is increased. 

B       The time constant will increase if R is increased. 

C       After charging to the same voltage, the initial discharge current will increase if R is 
decreased. 

D       After charging to the same voltage, the initial discharge current will be unaffected if C is 
increased. 

(Total 1 mark) 

  
 
  

Q7.          The graph shows how the charge on a capacitor varies with time as it is discharged through 
a resistor. 

 

What is the time constant for the circuit? 

A       3.0 s 

B       4.0 s 

C       5.0 s 

D       8.0 s 
(Total 1 mark) 
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Q8.          The flash tube in a camera produces a flash of light when a 180 μF capacitor is discharged 
across the tube. 

 

(a)     The capacitor is charged to a pd of 100 V from an electronic charging unit in the camera, 
as shown in the diagram above. 
Calculate, 

(i)      the energy stored in the capacitor, 

............................................................................................................. 

............................................................................................................. 

............................................................................................................. 

(ii)     the work done by the battery. 

............................................................................................................. 

............................................................................................................. 
(2) 

(b)     When a photograph is taken, switch S in the diagram above is automatically moved from A 
to B and the capacitor is discharged across the flash tube. The discharge circuit has a 
resistance of 1.5 Ω. Emission of light from the flash tube ceases when the pd falls below 
30 V. 

(i)      Calculate the duration of the light flash. 

............................................................................................................. 

............................................................................................................. 

............................................................................................................. 

............................................................................................................. 

............................................................................................................. 
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(ii)     The capacitor in the circuit in the diagram above is replaced by a capacitor of greater 
capacitance. Discuss the effect of this change on the photograph image of a moving 
object. 

............................................................................................................. 

............................................................................................................. 

............................................................................................................. 

............................................................................................................. 

............................................................................................................. 
(4) 

(Total 6 marks) 

  
 
  

Q9.          A capacitor of capacitance 330 µF is charged to a potential difference of 9.0 V. It is then 
discharged through a resistor of resistance 470 kΩ. 

Calculate 

(a)     the energy stored by the capacitor when it is fully charged, 

...................................................................................................................... 

...................................................................................................................... 

...................................................................................................................... 

...................................................................................................................... 
(2) 

(b)     the time constant of the discharging circuit, 

...................................................................................................................... 

...................................................................................................................... 
(1) 
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(c)     the p.d. across the capacitor 60 s after the discharge has begun. 

...................................................................................................................... 

...................................................................................................................... 

...................................................................................................................... 

...................................................................................................................... 

...................................................................................................................... 

...................................................................................................................... 
(3) 

(Total 6 marks) 

  
 
  

Q10.          A 680 µF capacitor is charged fully from a 12 V battery. At time t = 0 the capacitor begins to 
discharge through a resistor. When t = 25 s the energy remaining in the capacitor is one quarter 
of the energy it stored at 12 V. 

(a)     Determine the pd across the capacitor when t = 25s. 

...................................................................................................................... 

...................................................................................................................... 

...................................................................................................................... 

...................................................................................................................... 
(2) 

(b)     (i)      Show that the time constant of the discharge circuit is 36 s. 

............................................................................................................. 

............................................................................................................. 

............................................................................................................. 

............................................................................................................. 

............................................................................................................. 

(ii)     Calculate the resistance of the resistor. 

............................................................................................................. 

............................................................................................................. 
(4) 

(Total 6 marks) 
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Q11.          Capacitors and rechargeable batteries are examples of electrical devices that can be used 
repeatedly to store energy. 

(a)     (i)      A capacitor of capacitance 70 F is used to provide the emergency back-up in a low 
voltage power supply. 

Calculate the energy stored by this capacitor when fully charged to its maximum 
operating voltage of 1.2 V. Express your answer to an appropriate number of 
significant figures. 

  

  

  

  

answer = ...................................J 
(3) 

(ii)     A rechargeable 1.2 V cell used in a cordless telephone can supply a steady current of 
55 mA for 10 hours. Show that this cell, when fully charged, stores almost 50 times 
more energy than the capacitor in part (a)(i). 

  

  

  

  
(2) 

(b)     Give two reasons why a capacitor is not a suitable source for powering a cordless 
telephone. 

Reason 1..................................................................................................... 

..................................................................................................................... 

Reason 2...................................................................................................... 

...................................................................................................................... 
(2) 

(Total 7 marks) 
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Q12.          A student was required to design an experiment to measure the acceleration of a heavy 
cylinder as it rolled down an inclined slope of constant gradient. He suggested an arrangement 
that would make use of a capacitor-resistor discharge circuit to measure the time taken for the 
cylinder to travel between two points on the slope. The principle of this arrangement is shown in 
the figure below. 

 

S
1
 and S

2
 are two switches that would be opened in turn by plungers as the cylinder passed over 

them. Once opened, the switches would remain open. The cylinder would be released from rest 
as it opened S

1
. The pd across the capacitator would be measured by the voltmeter. 
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(a)     Describe the procedure the student should follow, including the measurements he should 
make, when using this arrangement. Explain how he should use the measurements taken 
to calculate the acceleration of the cylinder down the slope. 

The quality of your written communication will be assessed in this question. 

...................................................................................................................... 

...................................................................................................................... 

...................................................................................................................... 

...................................................................................................................... 

...................................................................................................................... 

...................................................................................................................... 

...................................................................................................................... 

...................................................................................................................... 

...................................................................................................................... 

...................................................................................................................... 

...................................................................................................................... 

...................................................................................................................... 

...................................................................................................................... 

...................................................................................................................... 

...................................................................................................................... 

...................................................................................................................... 
(6) 

(b)     When the student set up his experiment using the arrangement shown in the figure above, 
he used a 22 μF capacitor, C, and a 200 kΩ resistor, R. In one of his results, the initial pd 
was 12.0 V and the final pd was 5.8 V. The distance between the plungers was 2.5 m. 

(i)      From the student’s result, calculate the time taken for the cylinder to reach the 
second plunger. 

  

  

  

  

  

answer = ................................... s 
(3) 
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(ii)     What value does this result give for the acceleration of the cylinder down the slope, 
assuming the acceleration is constant? 

  

  

  

answer = ............................m s–2
 

(2) 
(Total 11 marks) 
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Ambrose College 1 

1. Fig.1 shows two capacitors, A of capacitance 2µF, and B of capacitance 4µF, 
connected in parallel. Fig. 2 shows them connected in series. A two-way switch S can 
connect the capacitors either to a d.c. supply, of e.m.f. 6 V, or to a voltmeter. 

S

V

A BV
V

S

V A

B  

  Fig. 1 Fig. 2 

  

(a) Calculate the total capacitance of the capacitors 

(i) when connected as in Fig. 1 

 

 

 

capacitance = .......................................... µF 
[1] 

  

(ii) when connected as in Fig. 2 

 

 

 

capacitance = .......................................... µF 
[2] 

PhysicsAndMathsTutor.com 1

capacitance 89



Ambrose College 2 

 

(b) The switch in the circuit shown in Fig. 1 is then connected to the battery. 
Calculate 

(i) the potential difference across capacitor A 

 

 

potential difference = ................................. V 
[1] 

  

(ii) the total charge stored on the capacitors. 

 

 

charge = ................................................. .µC 
[2] 

  

(c) The switch in the circuit shown in Fig.2 is then connected to the battery. Calculate 
the total energy stored in the two capacitors. 

 

 

 

energy = ................................................... . J 
[2] 

  

(d) The switch S in the circuit of Fig. 1 is moved to connect the charged capacitors to 
the voltmeter. The voltmeter has an internal resistance of 12 MΩ. 

(i) Explain why the capacitors will discharge, although very slowly. 

............................................................................................................... 

............................................................................................................... 

............................................................................................................... 
[1] 
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Ambrose College 3 

 

(ii) Calculate the time t taken for the voltmeter reading to fall to a quarter of its 
initial reading. 

 

 

 

 

t = .................................................... s 
[3] 

[Total 12 marks] 

 

  

2. Fig. 1 shows a football balanced above a metal bench on a length of plastic drain pipe. 
The surface of the ball is coated with a smooth layer of an electrically conducting paint. 
The pipe insulates the ball from the bench. 

  

5000 V

ball

pipe

bench

+
_

A

 

  Fig. 1 

  

(a) The ball is charged by touching it momentarily with a wire A connected to the 
positive terminal of a 5000 V power supply. The capacitance C of the ball is 
1.2 × 10–11 F. Calculate the charge Qo on the ball. Give a suitable unit for your 
answer. 

 

 

 

 

Qo = ................ unit ......... 
[3] 
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Ambrose College 4 

(b) The charge on the ball leaks slowly to the bench through the plastic pipe, which 
has a resistance R of 1.2 × 1015 Ω. 

(i) Show that the time constant for the ball to discharge through the pipe is 
about 1.5 × 104 s. 

 

 

 
[1] 

  

(ii) Show that the initial value of the leakage current is about 4 × 10–12 A. 

 

 

 
[1] 

  

(iii) Suppose that the ball continues to discharge at the constant rate calculated 
in (ii). Show that the charge Qo would leak away in a time equal to the time 
constant. 

 

 

 

 
[2] 
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Ambrose College 5 

 

(iv) Using the equation for the charge Q at time t 

  Q = Qoe–t/RC 

 show that, in practice, the ball only loses about 2/3 of its charge in a time 
equal to one time constant. 

 

 

 
[2] 

  

(c) The ball is recharged to 5000 V by touching it momentarily with wire A. The ball is 
now connected in parallel via wire B to an uncharged capacitor of capacitance 
1.2 × 10–8 F and a voltmeter as shown in Fig. 2. 

  

5000 V
+
_

A B

V
1.2 × 10   F–8

 

  Fig. 2 

  

(i) The ball and the uncharged capacitor act as two capacitors in parallel. The 
total charge Qo is shared instantly between the two capacitors. Explain why 
the charge left on the ball is Qo/1000. 

............................................................................................................... 

............................................................................................................... 

............................................................................................................... 

............................................................................................................... 

............................................................................................................... 

............................................................................................................... 
[3] 
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Ambrose College 6 

 

(ii) Hence or otherwise calculate the initial reading V on the voltmeter. 

 

 

 

 

 

V = ................ V 
[2] 

[Total 14 marks] 

 

  

3. This question is about the energy stored in a capacitor. 

(a) (i) One expression for the energy W stored on a capacitor is 

  W = 
2
1 QV 

 where Q is the charge stored and V is the potential difference across the 
capacitor. 
Show that another suitable expression for the energy stored is 

  W = 
2
1 CV2 

 where C is the capacitance of the capacitor. 

 

 

 

 
[2] 
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Ambrose College 7 

 

(ii) Draw a graph on the axes of Fig. 1 to show how the energy W stored on a 
2.2 F capacitor varies with the potential difference V across the capacitor. 

0
0 1 2 3 4 5

10

20

W / J

V / V

30

  

  Fig. 1 
[2] 

  

(b) The 2.2 F capacitor is connected in parallel with the power supply to a digital 
display for a video/DVD recorder. The purpose of the capacitor is to keep the 
display working during any disruptions to the electrical power supply. Fig. 2 
shows the 5.0 V power supply, the capacitor and the display. The input to the 
display behaves as a 6.8 kΩ resistor. The display will light up as long as the 
voltage across it is at or above 4.0 V. 

  

6.8kΩ display2.2F
5.0V

+

–

 

  Fig. 2 

  

 Suppose the power supply is disrupted. 

(i) Show that the time constant of the circuit of Fig. 2 is more than 4 hours. 

 

 
[2] 
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(ii) Find the energy lost by the capacitor as it discharges from 5.0 V to 4.0 V. 

 

 

energy lost = .......................................................J 
[2] 

  

(iii) The voltage V across the capacitor varies with time t according to the 
equation 

  V = Voe–t/RC. 

 Calculate the time that it takes for the voltage to fall to 4.0 V. 

 

 

 

 

time = ...................................................... s 
[2] 

  

(iv) Calculate the mean power consumption of the display during this time. 

 

 

 

mean power = .................................................... W 
[1] 

[Total 11 marks] 
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4. The charge stored in the capacitor X of capacitance 5 µF in the circuit given in the 
figure below is 30 µC. 

  

Z 10 Fµ

Y 25 Fµ

X 5 Fµ

 

  

(a) (i) Complete the table for this circuit. 

capacitor capacitance / µF charge / µC p.d. / V energy / µJ 

X 5 30   

Y 25    

Z 10    

[9] 
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(ii) Using data from the table find 

1 the e.m.f. of the battery 

 

 

e.m.f. = ................................................. V 
[1] 

2 the total charge supplied from the battery 

 

 

charge = ............................................. µC 
[1] 

3 the total circuit capacitance 

 

 

capacitance = ..................................... µF 
[1] 

4 the total energy stored in all the capacitors. 

 

 

energy = ............................................. µJ 
[1] 

  

(b) (i) What law or principle of physics was used to determine (a)(ii)1? 

............................................................................................................... 
[1] 

  

(ii) What law or principle of physics was used to determine (a)(ii)2? 

............................................................................................................... 
[1] 
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(c) The battery is removed and replaced by a resistor of resistance 200 kΩ. The 
capacitors now discharge through this resistor. Calculate 

(i) the time constant of the circuit 

 

 

 

 

time constant = ..................................... s 
[2] 

  

(ii) the fraction of the total charge remaining on the capacitors after a time 
equal to four time constants. 

 

 

 

fraction remaining = ................................. 
[2] 

[Total 19 marks] 

 
  
5. You are provided with a number of identical capacitors, each of capacitance 3.0 µF. 

Three are connected in a series and parallel combination as shown in the diagram 
below. 

  

A B

3.0 Fµ

3.0 Fµ

3.0 Fµ  

PhysicsAndMathsTutor.com 11
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(i) Show that the total capacitance between the terminals A and B is 2.0 µF. 

 

 

 

 

 
[3] 

  

(ii) Draw a diagram in the space below to show how you can produce a total 
capacitance of 2.0 µF using six 3.0 µF capacitors. 

 

 

 

 

 
[2] 

[Total 5 marks] 
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1 

Q
uestions on C

apacitors M
S 

1. 
Exponential shape (1) 

V
alue at R

C
 > 1.5 V

 [only if shape correct] (1) 

Levels off at 3 V
 (1) 

3 

W
hy m

ovem
ent of diaphragm

 causes p.d: 

N
o m

ovem
ent, no change in C

, no signal (1) 

O
R

 m
oving diaphragm

 changes C
 

A
s C

 changes so V
 changes (1) 

Vc +
 IR is constant (1) 

H
ence IR

 changes – signal (1) 
4 

O
R

 for last 3 m
arks 

A
s C

 changes Q
 changes 

Q
 flow

s through R
 

hence V
 = IR for resistor as signal 

7 

 2. 
C

alculation of charge 

 
Q

=
C

V 
) Equation or substitution (1) 

 
= 0.22 × 95 × 10

–3C 
) 

 
= 0.021 C

 (1) 
2 

 
W

hat voltm
eter reading tells about voltm

eter 

 
V

ery high resistance (1) 
1 

 
Table 

 
3.83, 3.50, 3.09 (1) 

1 

 
G

raph 

 
Points 1, 2 correctly plotted (1) 

 
Points 3, 4, 5 correctly plotted (1) 

 
Joined w

ith straight line (1) 
3 

  
Explanation 

 
Straight line (→

 exponential) (1) 

 
N

egative gradient (→
 decreases) (1) 

2 

 
V

alue for resistance of second voltm
eter 

 
95 m

V
 ÷ e = 35 m

V
 

) 

 
O

R
 95m

V
 ÷ 3=32m

V
 

) (1) 

 
Tim

e to fall to 32/35 m
V

 
≈ 55 – 60 s (1) 
This tim

e = RC
 (1) 

[O
R

 G
radient of graph m

ethod →
 RC

 2 m
arks] 

∴
 R = 240 – 280 Ω

 (1) 
M

ax 3 

P
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2 

 
[O

R
 V =

 V
0 e –t/RC m

ethod: 

 
 

C
orrect substitution (any consistent values) 1 m

ark 
 

Taking ln (m
aths) 

 1 m
ark 

 
A

nsw
er 

 1 m
ark] 

[12] 

 3. 
Explanation of w

hat has happened in circuit 

 
C

harging process (1) 

 
Plates oppositely charged O

R
 charge m

oves from
 one plate to another (1) 

 
C

harge flow
s anticlockw

ise O
R

 electrons flow
 clockw

ise O
R

 left 
plate becom

es positive O
R

 right plate becom
es negative (1) 

 
B

uild up of Q
/V reduces flow

 rate (1) 
M

ax 3 

 
Explanation of w

hat w
ould have been seen 

 
Sam

e as am
m

eter 1 (1) 

 
R

eason: Sam
e I everyw

here O
R

 series circuit O
R

 sam
e I/Q

 in each 
com

ponent (1) 
2 

 
Estim

ate of charge 

 
A

ttem
pt to find area under correct region of graph (1) 

 
= 52 µC

 (1) 
2 

 
[A

llow
 45 – 65 µC

] 

 
Estim

ate of capacitance 

 
p.d. across resistor at t =

 10 s = 100 × 10
3 Ω

 × 3 × 10
–6 A

 = 0.3 V
 (1) 

 
(hence p.d. across capacitor = 1.5 V

 – 0.3 V
 = 1.2 V

) 

 
C

 =
 V Q

 = 
V2

.1
C

10
5

5–
×

 (equation or sub) [ecf] (1) 

 
C

 = 42 µF [If 1.5 V
 is used to obtain C

 = 33 µF, then 2/3] (1) 
3 

  
A

lternative m
ethod using e –t/RC 

 
C

orrect answ
er appropriate to set of values (1) 

 
C

orrect ln line (1) 

 
C

orrect answ
er (40–44uF) (1) 

 
A

lternative m
ethod using T = RC

 

 
U

sing T =
 RC

 (1) 

 
A

ppropriate T value (1) 

 
⇒

 correct answ
er (1) 

 
O

bservations 

 
Sam

e picture as before (1) 

 
since sam

e ∆V (1) 
2 

 
[O

R
 C

 now
 carries tw

ice the previous charge] 
[12] 

capacitance 128



P
hysicsA

ndM
athsTutor.com

 
3 

4. 
W

hat happens in circuit after sw
itch closed then opened again 

 
A

ny seven from
: 

 
S closed →

 C
 charges (1) 

 
up to V

S  (1) 

 
Instantly/very quickly (1) 

 
S open: discharge starts (1) 

 
Exponential discharge (1) 

 
(V

c  = V
s  e −t/RC

 ) 

 
¾

 V
s = V

s  e −t/RC (1) 

 
⇒

 ln ¾
 = −t/RC

 (1) 

 
⇒

 t = 29.7 s O
R

 RC
 = 103 s [if no other calculation] (1) 

 
B

uzzer sounds for 29.7 s [ecf] (1) 
M

ax 7 

 
[M

arks 1-5 and m
ark 9 are available via appropriate graph. For m

ark 5 
graph m

ust have axes labelled w
ith a V/Q

/I and sam
e t, and a recognisable 

exponential curve.] 

 5. 
D

efine capacitance 
C

apacitance = C
harge / Potential difference. 

(2 m
arks) 

 
A

n uncharged capacitor of 200 µF is connected in series w
ith a 470 kΩ

 resistor, a 1.50 V
 cell 

and a sw
itch.  D

raw
 a circuit diagram

 of this arrangem
ent. 

470 k Ω

200
F

 µ
1.50 V

 
(1 m

ark) 

C
alculate the m

axim
um

 current that flow
s. 

C
urrent = 1.5 V/470 kΩ

 

C
urrent = 3.2 µA

 

(2 m
arks) 

 
Sketch a graph of voltage against charge for your capacitor as it charges.  Indicate on the graph 
the energy stored w

hen the capacitor is fully charged. 

P
hysicsA

ndM
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4 

Shaded area
equals
energy stored

V

Q
 

(4 m
arks) 

C
alculate the energy stored in the fully-charged capacitor. 

½
C

V
2 = ½

 (200 µF) (1.5 V) 2 

Energy = 2.25 µJ 

(2 m
arks) 

[Total 11 m
arks] 

6. 
Slope of graph: 

C
apacitance 

Shaded area of graph: 

Energy/w
ork done 

2 

Energy stored 3.1 J: 

C
V

2/2 

= 100 × 10
–6 × 250

2/2 [form
ula + correct substitution] 

(= 3.125) = 3.1 J  [M
ust have previous m

ark] 
2 

 Pow
er from

 cell, and m
inim

um
 tim

e for cell to recharge capacitor: 

C
ell pow

er  
= 1.5 V

 × 0.20 A
 

 
= 0.30 W

 [allow
 3/10 W

 here] 

Tim
e 

= 3.1 J/0.30 W
(e.c.f.) 

 
= 10 s 

3 
[7] 

 7. 
C

alculation of charge 

 
6000 V

 × 20 × 10
–6 F    (1) 

= 0.12 C
    (1) 

2 

 
Energy stored in capacitor 

 
  

  
2

2
C

V
 

2
V

)
6000

(
C

10
02

2
6

×
×

−

    (1) 

= 360 J    (1) 
2 

 
R

esistance 

A
40

V
6000

= 150 Ω
    (1) 

1 

 
Tim

e to discharge capacitor 

Tim
e = 

A
40

C
12

.0
 /their Q

    (1) 
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5 

= 0.0030 s / 3.0 × 10
–3 s [e.c.f.]    (1) 

2 

 
R

eason 
Tim

e is longer because the rate of discharge decreases/ current decreases  
w

ith tim
e    (1) 

1 
[8] 

 8. 
The circuit show

n is used to charge a capacitor. 

 
 The graph show

s the charge stored on the capacitor w
hilst it is being charged. 

4035302520151050

Tim
e/s

0
1

2
3

C
harge/

C µ

current/µ A

4

403020100

 

 
O

n the sam
e axes, sketch as accurately as you can a graph of current against tim

e.  Label the 
current axis w

ith an appropriate scale. 
Label current axis     (1) 

C
urrent at t = 0 w

ithin range 30 – 45 µA
     (1) 

C
urrent graph right shape     (1) 

Exponential decay     (1) 

(4 m
arks) 

The pow
er supply is 3 V

.  C
alculate the resistance of the charging circuit. 

R
esistance = 3 V / 40 µA

     (1) 
 

= 75 k Ω
     (1) 

R
esistance  = A

llow
 66 kΩ

 →
100 kΩ

 

(2 m
arks) 

[Total 6 m
arks] 
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6 

9. 
C

alculation of charge 

 
Q

=
C

V 
) Equation or substitution (1) 

 
= 0.22 × 95 × 10

–3C 
) 

 
= 0.021 C

 (1) 
2 

 
W

hat voltm
eter reading tells about voltm

eter 

 
V

ery high resistance (1) 
1 

 
Table 

 
3.83, 3.50, 3.09 (1) 

1 

 
G

raph 

 
Points 1, 2 correctly plotted (1) 

 
Points 3, 4, 5 correctly plotted (1) 

 
Joined w

ith straight line (1) 
3 

  
Explanation 

 
Straight line (→

 exponential) (1) 

 
N

egative gradient (→
 decreases) (1) 

2 

 
V

alue for resistance of second voltm
eter 

 
95 m

V
 ÷ e = 35 m

V
 

) 

 
O

R
 95m

V
 ÷ 3=32m

V
 

) (1) 

 
Tim

e to fall to 32/35 m
V

 
≈ 55 – 60 s (1) 
This tim

e = RC
 (1) 

[O
R

 G
radient of graph m

ethod →
 RC

 2 m
arks] 

∴
 R = 240 – 280 Ω

 (1) 
M

ax 3 

 
[O

R
 V =

 V
0 e –t/RC m

ethod: 

 
 

C
orrect substitution (any consistent values) 1 m

ark 
 

Taking ln (m
aths) 

 1 m
ark 

 
A

nsw
er 

 1 m
ark] 

[12] 

 10. 
Energy stored in a capacitor 

 
Justify area: W

 = Q
V 

O
R

 
w

ork/area of thin strip = V × ∆Q
 (1) 

A
rea under graph (1) 

2 
 

Energy stored w
hen capacitor charged to 5000 V

 

 
W

=
2 1

Q
V=

 
2 1

 × 0.35 × 5000 J 

 
= 875 J (1) 

1 

 
Tim

e constant for circuit 

 
5000/e or 3 = 1840/1667 V

 (1) 

 
⇒

 T.C
 = 3.3 m

 s [3.1 – 3.6 m
 s] (1) 
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7 

 
O

R
 

 
Initial tangent →

 t-axis (1) 

 
A

ccept betw
een 3.5 and 4.0 m

 s (1) 
2 

 
[A

lso allow
 use of exponential form

ula w
ith appropriate substitution 

of correct V and t, e.g. 2000 and 3 m
s] 

  
C

apacitance 

 
C

 =
R T

 or as num
bers (1) 

 
3.3 m

 s →
 7.0 × 10

-5 F [A
llow

 e.c.fs.] 

 
4.0 m

 s →
 8.5 × 10

-5 F (1) 
2 

 
[O

R
 using graph: C

 =
 Q

/V (1) 
= 0.35/5000 = 7.0 × 10

-5 F (1)] 

 
Energy left in capacitor 

 
A

t 2 m
s, V = 2700 V

 [2600 – 2800] (1) 

 
⇒

 E = 
2 1

 C
V

2 O
R 

2 1
 Q

V 

 
= 255 J [e.c.f, depends on m

ethod] (1) 
2 

 
Energy setting 

 
Energy leaving capacitor = (875 – 255) J 

 
= 620 J [e.c.f ] (1) 

 
Energy delivered = 620 × 60/100 J 

 
= 372 J 

 
⇒

 380 J setting [A
llow

 e.c.f] (1) 
2 

[11] 

11. 
Estim

ation of charge delivered: 

C
harge  

= 
area under graph (1) 

 
= 

a num
ber of squares × correct calculation for charge of  

 
one square i.e. correct attem

pt at area e.g. single triangle (1) 

 
= 

(3.5 to 4.8) × 10
–3 C

 (A
 s, µA

 s) (1) 
 [Lim

it = triangle from
 41 µA

 →
 300 s] 

O
R

 

C
harge  

= 
average current × tim

e (1) 

 
= 

(som
ething betw

een 10 and 20 µA
) × 300 s (1) 

 
= 

(3.5 to 4.8) × 10
–3 C

 (1) 
3 

[B
ut Q

 = It →
 0/3, e.g. 41 µA

 × 300 s] 

Estim
ation of capacitance 

C
 

= 
calculated charge/9.0V

 
tim

e constant ≈100 s (1) 

 
= 

390 to 533 µF 
C

 =
 100 s/220 k.Ω

 = 450 µF (1) 
2 

[5] 
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 12. 
C

harge on capacitor 

 
220 µF × 5 V

 [use of CV
 ignore pow

ers of 10] (1) 
= 1100 µC

 (1) 
2 

 
Energy on capacitor 

 
2 220

µF × (5 V
) 2 / 

2
1100

µC
 ×5 V

 / 
Fµ

µ
220

2
C

 
1100

2
2

×
 [ignore pow

ers of 10] (1) 

= 2750 µJ (2.8 × 10
–3 J) (1) 

2 

 
Experim

ent 

 
M

ethod 1 (constant current m
ethod): 

• 
C

ircuit (1) 

• 
For a given V record tim

e to charge capacitor at a constant rate (1) 

• 
for a range of values of V (1) 

• 
U

se Q
 =

 It to calculate Q
 (1) 

• 
Plot Q

 →
 V– straight line graph through origin / sketch graph / 

dive Q
/V and obtain constant value (1) 

 
M

ethod 2: 

• 
C

ircuit (1) 

• 
For a given value V m

easure I and t (1) 

• 
Plot I →

 t find area under graph Q
 (1) 

• 
R

epeat for a range of values of V (1) 

• 
Plot Q

 →
 V for straight line graph through origin/ sketch graph / 

dive Q
/V and obtain constant value (1) 

 
M

ethod 3 (joulem
eter m

ethod): 

• 
C

ircuit (1) 

• 
R

ecord V
 and energy stored (1) 

• 
For range of V

 (1) 

• 
D

eterm
ine Q

 from
 ½

 Q
V

 or 
C Q2

2

 (1) 

• 
Plot Q

 →
 V– straight line graph through origin / sketch graph / 

divide Q
/V and obtain constant value (1) 

5 
 

[C
oulom

bm
eter (w

ill not w
ork w

ith this value of capacitor) 
circuit (1) ; record charge Q

 on colom
bm

eter (1); for a range of values of V (1); Plot 
Q

 →
 V for straight line through origin (1) – M

ax 3] 
[9] 
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Q
uestion 

N
um

ber 
A

nsw
er 

M
ark 

1(a) 
Increasing d w

ill lead to a decrease in C
 O

r see Q
/V =

 k/d 

Since C
 =

 Q
/V (a decrease in C

) m
eans a decrease in the charge on the 

capacitor 
O

r if V is constant (a decrease in C
) m

eans a decrease in charge on 
capacitor 

(1) 

(1) 

2 
1(b) 

U
se of C

 =
 k/d w

ith d = 4.2 (m
m

) 
use of  Q

 =
 C

V w
ith V =

 6 V
  or cancelled later  

use of ∆Q
/Q

  or ∆C
/C

 
%

 change = 17%
  

Exam
ple of calculation 

 ܳ
ൌ

଺	୚
	ൈ
	ଶ.଼ൈ

ଵ଴ష
య ష
భ
ఱ
	୊
	୫

ଷ.ହൈ
ଵ଴

	୫

ܳ
ൌ

଺	୚
	ൈ
	ଶ.଼ൈ

ଵ଴ష
య ష
భ
ఱ
	୊
	୫

ସ.ଶൈ
ଵ଴

	୫

 = 4.8×10
-12 C

 

 = 4.0×10
-12 C

 

ସ.଼
ൈ
ଵ଴

ష
భ
మ	େ

	ି
	ସ.଴ൈ

ଵ଴
ష
భ
మ	େ

ସ
.଼ൈ

ଵ଴
ష
భ
మ
େ

 ൌ
16.7%

             

(1) 
(1) 
(1) 
(1) 

4 
1(c) 

(rapid changes in position) m
ean that rapid changes in Q

  
O

r a shorter tim
e to charge/discharge 

(sm
all C

 gives) shorter tim
e constant/R

C
 

(1) 

(1) 
2 

T
otal for question 13 

8 
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Q
uestion 

N
um

ber 
A

nsw
er 

M
ark 

2(a) 
U

se of C
=

Q
/V 

V=
 15 V

 
U

se of W
 =

 Q
V/2 O

r W
 =

 C
V

2/2 O
r W

 =
 Q

2/2C
 

W
 =

 2.5 × 10
−5 J    

(candidates w
ho use 6.6× 10

−6 C
 can only score M

P1 and M
P3) 

Exam
ple of calculation 

V =
 Q

/C
 =

 3.3 × 10
−6 C

 / 220 × 10
−9 F 

V=
 15 V

 
W

 =
 Q

V/2 = (3.3 × 10
−6 C

 × 15 V
)/2 

W
 =

 2.5 × 10
−5 J 

(1) 
(1) 
(1) 
(1) 

4 

2(b) 
Q

 =
 0.2 Q

0  O
r Q

 =
 6.6× 10

−7 C
 

U
se of Q

 =
 Q

o  e
−t/RC

t = 7.1 s   
(candidates w

ho use Q
 =

 0.8 Q
0  can only score M

P2) 

Exam
ple of calculation 

Q
 = 0.2 Q

0  
Q

 = Q
0  e

-t/RC 
0.2 Q

0  = Q
0  e

-t/RC 
ln (0.2) = - t/ (20× 10

6 Ω
 × 220 × 10

-9 F) 
t = 7.1 s 

(1) 
(1) 
(1) 

3 

2(c) 
E

ither
  

refers to W
 =

 Q
2/2C

 O
r W

 α Q
2 

If Q
 halves, W

→
 Q

2/8C
 O

r halving Q
 quarters W

 
(Since W

 becom
es a quarter in the tim

e for Q
 to half) it takes less tim

e for the 
energy to halve than the charge to halve. (dependent m

ark on either M
P1 or 

M
P2) 

O
r 

 R
efers to W

 =
 Q

V/2 
Q

 and V  both decrease over tim
e 

W
 w

ill decrease faster so takes less tim
e to half in value. (dependent m

ark on 
either M

P1 or M
P2) 

(1) 
(1) 

(1) 

(1) 
(1) 

(1) 
3 

2(d) 
Synchronous readings O

r data logger records readings at exact tim
e  

O
r voltm

eter and stop w
atch need 2 people and data logger only one 

M
ore readings can be taken in a shorter tim

e O
r higher sam

pling rate 

(treat as neutral any reference to graph plotting autom
atically, hum

an reaction 
tim

e or accuracy) 

(1) 

(1) 
2 

T
otal for question 15 

12 
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Q
uestion 

N
um

ber 
A

nsw
er 

M
ark 

3(a)(i)  
U

se of Q
 =

 C
V 

Q
 =

 3900 (C)  

Exam
ple of answ

er 
Q

 =
  1500 F × 2.6 V

 
Q

 =
 3900 C

  

(1) 
(1) 

2 

3(a)(ii) 
Straight line through the origin  
Passing through 2.6 V

 and answ
er to (a)(i) or 4000 C

 
(1) 
(1) 

2 

3(a)(iii) 
U

se of W
 =

 Q
V/2 O

r W
 =

 C
V

2/2  O
r use of area under graph  

W
 =

 5.1 kJ  (use of 4000 C
 gives W

 = 5.2 kJ (allow
 ecf from

 (a)(i)) 

Exam
ple of answ

er 
W

 =
  3900 C

 × 2.6 V
 / 2 

W
 =

 5070 J     

(1) 
(1) 

2 

3(b)(i) 
Exponential decay   
C

urrent decreases by equal fractions in equal tim
e intervals 

(1) 
(1) 

2 

3(b)(ii) 
See attem

pt of  I0 /e   
Finds tim

e  (accept 0.75-0.80s) 
U

se of τ =
 RC

 
R =

 0.0005 Ω
  

O
r  

Finds the tim
e for Io  to half  

U
ses t1/2 = τ ln 2  

U
se of τ =

 RC
  

R =
 0.00050 – 0.00053 Ω

  
O

r  
See attem

pt of 37%
 of 5400 A

  
Finds tim

e (accept 0.75 to 0.80 s)  
U

se of τ =
 RC

 R =
 0.0005 – 0.00053Ω

 
O

r  
D

raw
s tangent at t = 0 to m

eet tim
e axis.  

R
ecords intercept of tangent w

ith axis (accept 0.6 s - 0.9 s) 
U

se of τ =
 RC

  
R =

 0.0004 Ω
 – 0.0006 Ω

  
O

r  
reads a value off the y-axis and corresponding tim

e  
Subs into form

ula using 5400 (A
) to find R

C
  

Substitutes for C
 to find R  

R =
 0.00050 Ω

 – 0.00058 Ω
   

Exam
ple of calculation 

37%
 of 5400 A

 is 1998 A
  

Tim
e to fall to this value is 0.75 s 

RC
 = 0.75 s  

R =
0.75 s / 1500 F = 0.0005 Ω

  

(1) 
(1) 
(1) 
(1) 

(1) 
(1) 
(1) 
(1) 

(1) 
(1) 
(1) 
(1) 

(1) 
(1) 
(1) 
(1) 

(1) 
(1) 
(1) 
(1) 

(1) 
(1) 
(1) 
(1) 

4 

 
 

P
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athsTutor.com

3(c) 
M

ax 3  
U

ltracapacitor used for: 
 overtaking O

r going up a hill O
r starting (from

 rest) O
r accelerating. 

B
ecause this requires a large current/pow

er.  
B

atteries used for travelling at constant speed  
B

ecause this requires a sm
all current/pow

er for a longer tim
e  

(1) 
(1) 
(1) 
(1) 

3 

T
otal for question 17 

15 
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Q
uestion 

N
um

ber 
A

nsw
er 

M
ark

4(a)(i) 
C

apacitor, resistor, supply and sw
itch all in series (ignore 

voltm
eter) 

V
oltm

eter directly across capacitor 

(1) 
(1) 

2 

4(a)(ii) 
D

atalogger allow
s large num

ber of readings to be taken  
O

r graph can be plotted directly/autom
atically 

O
r  sim

ultaneous reading of t and V can be taken 
O

r idea that people can't record quickly enough,  
(treat as neutral accuracy, precision m

isreading or hum
an 

reaction tim
e) 

(1) 
1 

4(b) 
U

se of C
 =

 Q
/V 

Q
 = 5.0 × 10

-4 C
 

Exam
ple of calculation 

Q
 = 100 × 10

-6 F × 5.0 V
  

Q
 = 5.0 × 10

-4 C
 

(1) 
(1) 

2 

4(c)(i) 
U

se of I = ΔQ
/ Δt  e.c.f their value of C

 from
 (b) 

I =
 0.05 A

 
(accept recalculation of Q

 using V = 4.90 or 4.95 V
) 

Exam
ple of calculation 

I = 5.0 × 10
-4 C

 / 10 × 10
-3 s 

I =
 0.05 A

 

(1) 
(1) 

2 

4(c)(ii) 
tangent draw

n at t = 0 
ΔV/ Δt = 2000 - 3300 V

 s -1 
Initial current = 0.22 - 0.28 A

 
(M

P2 &
 3 can be scored even if no tangent draw

n) 
(N

o credit for exponential  calculation) 

Exam
ple of calculation 

ΔV/ Δt = 1.1 V
/ 0.5 m

s = 2200 V
 s -1 

I =
(ΔV/ Δt) × C

 
I =

 2200 V
 s -1 × 100 × 10

-6 F 
I =

 0.22 A
 

(1) 
(1) 
(1) 

3 

4(c)(iii) 
U

se of V =
 IR using answ

er from
 (ii)  

correct evaluation of R (5V
 used w

ith current range in (ii) gives 
18 - 23 Ω

) 

Exam
ple of calculation 

5 V
 = 0.22 A

 × R 
R = 23 Ω

  

(1) 
(1) 

2 

T
otal for question 14 

12 
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Q
uestion 

N
um

ber 
A

nsw
er 

M
ark 

5(a)(i) 
U

se of t=
RC

    

U
se of T=

1/f   O
r f =

 1/t 

C
om

parison of 2.2 x10
-4 (s  )  << 2.5 x10

-3  (s) 
O

r com
parison of 400 (H

z)<< 4500 (H
z) 

O
r reference to nR

C
 (needed for com

plete discharge) w
here n = 3 – 11 

O
r  e

−T/t is a very sm
all value  

(1) 

(1) 

(1) 
3 

5(a)(ii) 
See C

 =
 Q

/V   O
r  Q

 =
 C

V 
See  Q

 =
 It   

See t =
 1/f    O

r   f =1/t 
(A

nsw
ers based on t = R

C
 and  V

 = IR
  scores 0) 

(1) 
(1) 
(1) 

3 

5(a)(iii) 
sub in C

 =
 I/fV 

C
 = 2.7 µF   

Exam
ple of calculation 

 C
 = 5.4 ×

10
-3 A

/ (400 s -1 ×
5.0 V

) 
C

 = 2.7 µF   

(1) 
(1) 

2 

5(a)(iv) 
2.2 + 30%

    = 2.9 (µF)  
O

r show
s that 2.7 (uF) is +22%

 of 2.2 (uF) 

W
ithin tolerance / consistent   

(2nd m
ark can only be aw

arded follow
ing an attem

pt at either of the above 
calculations ) 

If candidates m
ake an error in (iii) allow

 full ecf w
ith a valid com

m
ent 

based on their values. 

(1) 

(1) 
2 

5(b) 
U

se of ½
 C

V
2  

W
 = 3.4 × 10

-5 J       
 (allow

 ecf from
 (iii) or use of 2.2 µF→

2.75 × 10
-5 J )        

Exam
ple of calculation 

 W
 = ½

 2.7 µF ×
(5.0 V

) 2 

W
 = 3.4 × 10

-5 J       

(1) 
(1) 

2 

T
otal for question 16 

12 
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Q
u
estio

n
 

N
u
m

b
er 

A
n
sw

er 
M

ark 

6
(a

) 
M

ethod m
arks only 

U
se of Q

=C
V w

ith V =16 V
 

M
ax value of C

 = 12000 (µF)   
µF m

eans 10
−6 conversion of µF to F 

Exam
ple of calculation 

C
 m

ax = 1.20 × 10000 = 12000 F 
C

m
ax  = 12000 F × 16 V

 
Q

m
ax  = 0.192 C

 

(1) 
(1) 
(1) 

3
 

6
(b

) 
Either use of ½

 Q
V or ½

 C
V

2

Energy = 1.5 J       

Exam
ple of calculation 

 W
 = ½

 0.192 C
 ×  16 V

 
Energy = 1.54 J 

(1) 
(1) 

2
 

T
o

ta
l fo

r q
u

e
stio

n
 1

3
 

5
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Q
uestion 

N
um

ber 
Answ

er 
M

ark 

1(a) 
(Trace) alw

ays positive/not negative/not below
 0/ if it w

as AC the 
graph w

ould be positive and negative 
Indicating one/sam

e direction  
(1) 
(1) 

1(b)(i) 
Capacitor stores charge/charges up 
(If voltage is constant) capacitor doesn’t discharge 

(1) 
(1) 

1(b)(ii) 
Recall of E = ½

 CV
2 or use of Q

=CV and Q
V/2 

Substitution of C and any reasonable V [ignore pow
er of 10 for C] 

eg  = ½
 10 x 10

-6 x 5.5
2/5.6

2

= 1.5 x 10
-4  - 1.6 x 10

-4 J 

(1) 
(1) 

(1) 

1(c)(i) 
Capacitor charges up  
From

 the supply 
(then) Capacitor discharges 
Through circuit / exponentially 

(1) 
(1) 
(1) 
(1) 

(m
ax 3) 

1(c)(ii) 
Corresponding tim

e interval for a change in V
 eg 6-7 m

s for ∆
V = 2V  

V = V
o e –t/RC  or rearrangem

ent
 seen 

 [eg Ln 0.7 = 6 x10
-3 /RC] 

R approx 1700 Ω
  (allow

 1600 – 1800) 
or 
Tim

e constant = 14 – 20 m
s 

T = R
C

 seen 
R approx 1700 Ω

  (allow
 1600 – 1800) 

or 
C

orresponding tim
e interval for a change in V

 eg 6-7 m
s for ∆

V = 2V 
Q

 = C V and I = Q
/t seen 

R approx 1700 Ω
  (allow

 1600 – 1800) 

(1) 
(1) 

(1) 

(1) 
(1) 
(1) 

(1) 
(1) 
(1) 

1(c)(iii) 
U

se larger capacitor 
(1) 

Total for question 16 
14 

 
 

 
 

P
hysicsA

ndM
athsTutor.com

Q
uestion 

N
um

ber 
A

nsw
er 

M
ark 

2(a) 
U

se of Q
 =

 C
V 

Q
 = 0.18 C

 

Exam
ple of calculation 

Q
 = 150 × 10

-6 F × 1200 V
 

Q
 = 0.18 C

 

(1) 
(1) 

2 

2(b) 
U

se of W
 = ½

 C
V

2 O
r of W

 =  ½
 Q

V
 O

rof W
 = ½

 Q
2/C

 
W

 = 110 J 
A

llow
 ecf from

 (a) if ½
 Q

V or ½
 Q

2/C
 used 

Exam
ple of calculation 

W
 = ½

 × 150 × 10
-6 F × (1200 V

) 2 

W
 = 108 J 

(1) 
(1) 

2 

2(c)(i) 
R  = 86 (Ω

) 

Exam
ple of calculation 

R = V/I  = 1200 V
 / 14 A

  
R = 85.7 Ω

 

1)
(1)
(

2(c)(ii) 
Q

 = 0.25 Q
0   O

r Q
 = 0.045 C

 
U

se of RC
 (0.013 s) 

U
se of Q

 = Q
0  e

-t/RC
  to give

 t = 0.018 s 
(show

 that value w
ill give t = 0.019 s) 

[ U
se of ln 4 gives the correct answ

er if the − sign is ignored , scores 1 for 
use of RC

 
use of ¾

Q
 →

3.7 × 10
-3 s  scores 1 m

ark] 

O
r 

U
se of RC

 
U

se of 2 × 0.69 × RC
 

t = 0.018 s 

Exam
ple of calculation 

Q
 = 0.25 Q

0 
Q

 = Q
0  e

-t/RC

0.25 Q
0  = Q

0  e
-t/RC

ln (0.25) = - t/ (86 Ω
 × 150 × 10

-6 F) 
t = 0.0178 s

(1) 
  (1) 
  (1) 

3 

2(c)(iii) 
Sam

e charge (flow
s for shorter tim

e) 
O

R
  

(Sam
e charge flow

s for) shorter tim
e 

(1) 
1 

T
otal for question 15 

9 
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Q
uestion 

N
um

ber 
A

nsw
er 

M
ark 

3(a)(i) 
C

apacitor charges up O
r p.d. across capacitor becom

es (equal to) p.d. of 
cell 

N
egative charge on one plate and positive charge on the other 

O
r opposite charges on each plate   

O
r m

ovem
ent of electrons from

 one plate and to the other (around the 
circuit) 
(R

eference to positive charges m
oving or to charge m

oving directly 
betw

een the plates negates the second m
ark) 

(1) 

(1) 
2 

3(a)(ii) 
A

s capacitor charges current decreases  
O

r A
s capacitor charges current drops to zero  

O
r p.d. across capacitor becom

es (equal to) p.d. of cell 

N
o current through R

 (m
eans no p.d.) 

O
r V

cell  = V
capacitor  + V

resistor 

(1) 

(1) 
       2 

*3(b)
(Q

W
C

 – W
ork m

ust be clear and organised in a logical m
anner using technical 

w
ording w

here appropriate)  

See Q
=C

V
  

A
s C

 increased then charge flow
s (O

r m
ore charge stored) on capacitor 

So p.d. across R
 

C
harge flow

 / current /output signal  reversed w
hen plates m

ove apart  

O
r 

See Q
=C

V
 

A
s C

 increased p.d. across capacitor decreased 
So p.d. across R

 m
ust increase 

p.d. reverses w
hen plates m

ove apart

(1) 
(1) 
(1) 
(1) 

(1) 
(1) 
(1) 
(1) 

     4 
3(c)

U
se of tim

e constant =RC
 O

r attem
pt to find half life 

Tim
e constant = 0.005 (s) O

r t ½
  = 0.0035 (s)  

U
se of T =

1/f  (to give T = 0.05 s for the low
est audible frequency) 

C
apacitor com

pletes discharging/charging during cycle of signal 

(last m
ark can only be gained if supported by calculations) 

( f =
 1/C

R m
ay be used to find the ‘frequency of the m

icrophone’, rather 
than tim

e. In this case candidates m
ay just calculate f =200 H

z rather than 
a tim

e. O
nly first 3 m

arks are available) 

Exam
ple of calculation 

RC
 = 10 × 10

6 Ω
 × 500 × 10

-12 F 
RC

 = 0.005 s 
F = 1/T = 1/20 = 0.05 s 

(1) 
(1) 
(1) 
(1) 

     4 

T
otal for question 16 

12 
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Q
uestion 

N
um

ber 
Answ

er 
M

ark 

4(a)(i) 
(1) 
(1) 

D
ischarges / loses charge  

Idea that discharge is not instantaneous    
[e.g. over period of tim

e, gradually, exponential] 
2 

4(a)(ii) 
(1) 

(1) 

D
ecay curve starting on y-axis and not reaching x-axis   

[no rise at the end]    
Initial current m

arked 2 m
A

    
X

-axis labelled such that T
½  = 0.02 to 0.06 s

(1) 
3 

4(a)(iii) 
Sam

e graph    
(1) 

O
n negative side of current axis/current in the opposite direction  

(1) 
2 

4(b) 
(1) 
(1) 

U
se of W

 = ½
 C

V
2 / U

se of Q
 = C

V  and W
 = ½

 Q
V     

W
 = 5 x10

-4 J      

Exam
ple of calculation 

 W
 =  ½

 (10 ×10
-6 F) (10 V

) 2

W
 = 5 x10

-4 J 

2 

4(c) 
(1) 
(1) 

U
se of ln V/V

0 = (-) t/RC
 or V = V

0  e
-t/R

C w
ith V and V

0  correct 
t = 0.13 s      

Exam
ple of calculation 

 ln(10 V
/0.7 V

) = t / 0.05 s 
t = 0.13 s      

2 

Total for question 15 
11 
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Q
uestion 

N
um

ber 
Answ

er 
M

ark 

1(a) 
Charges  (1) 
M

ovem
ent of electrons from

 one plate to the other 
O

R one plate becom
es + the other – O

R until pd 
across C equals V

supply  (1) 

2 

1(b)(i) 
U

se of Q
 = It  (both 0.74 and 0.1/0.2) (1) 

Recognition of m
illi and ∆

t =0.1 (1) 

Eg Q
 = 0.74 x 10

-3 x 0.1 = 74 x 10
-6 C 

2 

1(b) 
(ii) 

U
se of V = Q

/C   (1) 
Explains unit conversion  (1) 

Eg V = 278 x 10
-6 / 100 x 10

-6 = 2.78 [accept µ/µ] 

2 

1(c)(i) 
Recall of RC    (1) 
Answ

er = 0.3 (s)  (1) 
Eg T = 3000 x 0.0001 

plus either 
1/e or 37%  of  initial (1) 
=0.23 - 0.27 (s)  (1) 

or 
sub in form

ula I=Ioe
-t/RC  (1)

= 0.23 - 0.27 (s) (1) 

or 
Initial Tangent draw

n  (1) 
Tim

e constant = 0.2-0.3 (s)   (1) 
4  

1(c)(ii) 
Plot Ln I  / Log I    (1) 
Against t   (1) (dependent on first m

ark) 
or 
G

radients of graph    (1) 
Against I    (1)  (dependent on first m

ark) 

should be straight line (1) (dependent on previous 2) 

3 

Total for question 
13 
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Q
uestion 

N
um

ber 
A

nsw
er 

M
ark 

2(a) 
The capacitor stores charge O

r capacitor charges from
 the supply 

The idea that the capacitor doesn't fully discharge before being recharged. 
(1) 
(1) 

2 

2(b)(i) 
(6.4 + 4.4)/2 = 5.4 V

 
(1) 

1 

2(b)(ii) 
U

se of V =
 IR 

A
verage I = 5.4 V

/(2.2 × 10
 3Ω

) = 2.5× 10
−3 A

 ecf value form
 (b)(i) 

(1) 
(1) 

2 

2(b)(iii) 
Tim

e = 17 m
s or 17.5 m

s 
(1) 

1 

2(b)(iv) 
U

se of Q
 =

It 
U

se of  C
 =

 Q
/V 

U
se of ΔV = 2.0 V

 
C

 =
 21 μF (ecf values of I and t from

 above) 

Exam
ple of calculation 

Q
 = 2.5× 10

−3 A
 × 17 × 10

−3 s = 4.25 × 10
−5 C

 
C

 = 4.25 × 10
−5 C

 / 2.0 V
 

C
 =

 21 μF 

(1) 
(1) 
(1) 
(1) 

4 

2(c) 
U

ses a larger capacitance 

B
ecause a larger tim

e constant is needed 
O

r stores m
ore charge 

O
r less ΔV

→
ΔQ

/C
 

(1) 

(1) 
2 

T
otal for question 17 

12 
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Q
uestion 

N
um

ber 
A

nsw
er 

M
ark 

3(a) 
U

se of Q
 =

 It 
Q

 = 2.8 C
 

Exam
ple of calculation 

Q
 = 2.0 × 10

3 A
 × 1.4 × 10

−3 s 
Q

 = 2.8 C
 

(1) 
(1) 

2 

3(a)( ii)  
See τ =

 RC
 

τ =
 3.0 × 10

−4 (s) 
R

elates tim
e constant to the tim

e for w
hich current is required 

Exam
ple of calculation 

τ =
 0.50Ω

 × (600 × 10
−6 F) 

τ =
 3.0 × 10

−4 s 
1.4 × 10

−3s / 3.0 × 10
−4 s = 4.7R

C
 

(1)
(1) 
(1) 

3 

3(b)(i) 
U

se of Q
 =

 C
V 

V = 4700 V
  (e.c.f from

 (a)(i)) 

Exam
ple of calculation 

V = 2.8V
 / (600 × 10

−6 F) 
V = 4670 V

 

(1) 
(1) 

2 

3(b)(ii) 
U

se of W
 =

 ½
 Q

V O
r W

 =  ½
 Q

2/C
  O

r  W
 =

 ½
 C

V
2 

U
se of P =

W
/t 

P =
 4.7 M

W
 (e.c.f. from

 (a)(i) and/or (b)(i)) 

Exam
ple of calculation 

P = (2.8 C
 × 2.8 C

) / (2 × 600  × 10
-6 F

 × 1.4 × 10
−3 s) 

P = 4.7 M
W

 

(1) 
(1) 
(1) 

3 

T
otal for question 15 

10 
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M
1.          D

 
[1] 

     M
2.          A

 
[1] 

     M
3.          C

 
[1] 

     M
4.          A

 
[1] 

     M
5.          C

 
[1] 

     M
6.          A

 
[1] 

     M
7.          C

 
[1] 

     M
8.          (a)     (i)      E

 (=
 ½

 C
V

2 =
 0.5 × 180 × 10

–6 × 100
2) = 0.90J (1)  

(ii)     W
 (=

 Q
V

 =
 C

V
2 =

 180 × 10
–6 × 100

2) = 1.8 J (1)  

2 

 
 

 

P
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11

(b)     (i)      (V
 =

 V
0 e

–t/R
C) gives 30 = 100 e

–t/R
C (1)  

t =
 (–R

C
 ln (30/100) = –1.5 × 180 × 10

–6 ×
 –1.204 s)  

= 3.3 × 10
–4 s (1)  

(ii)     im
age w

ould be less sharp (or blurred) because the discharge 
w

ould last longer and the im
age w

ould be photographed 
as it is m

oving (1) 

im
age w

ould be brighter becau
e the capacitor 

tore
 m

ore 
energy and therefore produces m

ore light (1) 
4 

[6] 

     M
9.          (a)     Q

 (=
 C

V
 = 330 × 9.0) = 2970 (μC

) (1) 

E
 (=

 ½
Q

V
) = ½

 x 2.97 × 10
–3 × 9.0 = 1.34 × 10

–2J (1)  

[or E
 (

 ½
C

V
2) 

 ½
 ×

 300 ×
 10

–6 × 9
0

2 (1) 
 1

34 × 10
–2J  (1)]  

2 

(b)     tim
e constant (=

 R
C

) = 470 × 10
3 × 330 × 10

–6 =
 155 s (1)  

1 

(c)     
= 2970 × e

–60/155  

= 2020 (μC
) 

(allow
 C

.E
. for tim

e constant from
 (b)) 

 (1) 

(allow
 C

.E
. for Q

) 

[or V
 =

 V
0 e

–t/R
C (1) = 9.0 e

–60/155 (1)        = 6.11 V
  (1)]  

3 
[6] 

     M
10.          (a)     E

 
 V

2 (or E
 =

 1/2 C
V

2) (1)  

pd after 25 s = 6 V
 (1) 

2 
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(b)     (i)      use of Q
 =

 Q
0  e

−
t/R

C or V
 =

 V
0  e

−
t/R

C (1)  

(e.g. 6 = 12e
−

25/R
C) gives e

=
 and 

 = 1n 2 (1)  

(R
C

 =
 36(.1) s) 

[alternatives for (i): 

V
 = 12 e

−
25/36 gives V

 = 6.0 V
 (1) (5.99 V

)  

or tim
e for pd to halve is 0.69R

C
 

R
C

 =
 

(1) =
 36(.2) s] 

(ii)     R
 =

  
(1) = 5.3(0) × 10

4 Ω
(1)  

4 
[6] 

     M
11.          (a)     (i)      energy stored by capacitor (= ½

 C
V

2)  

=
 ½

 ×
 70 ×

 1.2
2 

 (= 50.4) = 50 (J) 
 

to 2 sf only 
 

3 

(ii)     energy stored by cell (= I V
 t) = 55 × 10

–3 × 1.2 × 10 × 3600 

 

(= 2380 J) 

 =
 

 (ie about 50) 
 

2 

(b)     capacitor w
ould be im

possibly large (to fit in phone) 
 

capacitor w
ould need recharging very frequently 

[o
r capacitor could only pow

er the phone for a short tim
e] 

 

capacitor voltage [o
r current supplied or charge] w

ould fall 
continuously w

hile in use 
 

m
ax 2 

[7] 
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13

M
12.          (a)     T

h
e can

d
id

ate’s w
ritin

g
 sh

o
u

ld
 b

e leg
ib

le an
d

 th
e sp

ellin
g

, p
u

n
ctu

atio
n

 
an

d
 g

ram
m

ar sh
o

u
ld

 b
e su

fficien
tly accu

rate fo
r th

e m
ean

in
g

 to
 b

e 
clear. 

T
he candidate’s answ

er w
ill be assessed holistically. T

he answ
er w

ill be 
assigned to one of the three levels according to the follow

ing criteria. 

H
ig

h
 L

evel (g
o

o
d

 to
 excellen

t) 5 o
r 6 m

arks 

T
he inform

ation conveyed by the answ
er is clearly organised, logical and 

coherent, using appropriate specialist vocabulary correctly. T
he form

 and 
style of w

riting is appropriate to answ
er the question. 

T
he candidate provides a com

prehensive and logical description of the 
sequence of releasing the ball and taking m

easurem
ents of initial and final 

voltages. T
hey should identify the correct distance m

easurem
ent and show

 
a good appreciation of how

 to use these m
easurem

ents to calculate the 
tim

e and acceleration from
 them

. T
im

e should be found from
 capacitor 

discharge, using know
n C

 and R
 values. R

epeated readings w
ould be 

expected in any answ
er w

orthy of full m
arks, but five m

arks m
ay be 

aw
arded w

here repetition is om
itted. 

In
term

ed
iate L

evel (m
o

d
est to

 ad
eq

u
ate) 3 o

r 4 m
arks 

T
he inform

ation conveyed by the answ
er m

ay be less w
ell organised and 

not fully coherent. T
here is less use of specialist vocabulary, or specialist 

vocabulary m
ay be used incorrectly. T

he form
 and style of w

riting is less 
appropriate. 

T
he candidate provides a com

prehensive and logical description of the 
sequence of releasing the ball and taking m

easurem
ents of the initial and 

final voltages. T
hey are likely to show

 som
e appreciation of the use of suvat 

equations to calculate the acceleration, although they m
ay not recognise the 

need to m
easure a distance. 

L
o

w
 L

evel (p
o

o
r to

 lim
ited

) 1 o
r 2 m

arks 

T
he inform

ation conveyed by the answ
er is poorly organised and m

ay not 
be relevant or coherent. T

here is little correct use of specialist vocabulary. 
T

he form
 and style of w

riting m
ay only be partly appropriate. 

T
he candidate is likely to have recognised that initial and final voltages 

should be m
easured, but m

ay not appreciate the need for any other 
m

easurem
ent. T

hey m
ay present few

 details of how
 to calculate the 

acceleration from
 the voltage m

easurem
ents. 

T
h

e exp
lan

atio
n

 exp
ected

 in
 a co

m
p

eten
t an

sw
er sh

o
u

ld
 in

clu
d

e a 
co

h
eren

t selectio
n

 o
f th

e fo
llo

w
in

g
 p

o
in

ts. 

M
easu

rem
en

ts 

•        initial pd across C
 (V

0 ) from
 voltm

eter (before releasing roller)  

•        distance s along slope betw
een plungers 

•        final pd across C
 (V

1 ) from
 voltm

eter  

•        m
easurem

ents repeated to provide a m
ore reliable result 
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A
nalysis 

•        tim
e t is found from

 V
1  =

 V
0 e

-t/R
C, giving t =

 R
C

 ln (V
0 /V

1 )  

•        from
 s =

 ut +
 ½

 at 2 w
ith u = 0, acceleration a =

 2s/t 2  

•        repeat and find average a from
 several results 

(b)     (i)      R
C

 = 22 × 10
–6 × 200 × 10

3 [or =
 4.4 (s)] (1) (4.40)  

5.8 = 12.0 e–t/4.40 (1)  

gives t = 4.40 ln (12.0/5.8) = 3.2 (3.20) (s) (1) 
3 

(ii)     
 (1) 

= 0.49 (0.488) (m
 s

–2) (1)  

2 
[11] 
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A
m

brose C
ollege 

1 

1. 
(a) 

(i) 
C

p  =
 2 +

 4 =
 6

 µF
 

A
1 

  (ii) 
1

/C
 =

 1/2 +
 ¼

 
C

1 
C

s =
 4/3 =

1.33 µF
 

A
1 

  (b) 
(i) 

6.0 V
 

A
1 

  (ii) 
Q

 =
 C

p V
 

C
1  

=
 6 ×

 6 =
 3

6 µC
 

A
1 

  (c) 
E

 =
 ½

 Cs V
2 

C
1  

=
 24 ×

 10 –6 
A

1 

  (d) 
(i) 

T
he cap

acitors discharge throu
gh

 the voltm
eter. 

B
1 

  (ii) 
V

 =
 V

0 e
–t/C

R 

1/4 =e
–t/(6

×
1

2
) 

C
1 

ln 4
 =

 t / 72 
C

1 
t =

 72 ln
 4 ≈ 100 s 

A
1 

[12] 

   2 . 
(a) 

Q
o  =

 C
V

 =
 1.2 ×

 1
0 –1

1 ×
 5.0 ×

 10 3; =
 6

.0 ×
 10 –8; C

 (3) 
3 

  (b) 
(i) 

R
C

 =
 1.2 ×

 10 15 ×
 1.2 ×

 10 –
11 or =

 1
.44 ×

 10 4 (s) (1) 
1 

(ii) 
I =

 V
/R

 =
 5

000/1.2 ×
 10 1

5 or =
 4.1

6 ×
 10 –1

2 (A
) (1

) 
1 

  (iii) 
t =

 Q
o /I; =

 6 ×
 1

0 –8 / 4.16 ×
 10 –1

2 =
 1.44 ×

 1
0 4 (s) 

2 

  (iv) 
Q

 =
 Q

o e
–

1; Q
 =

 0.37
Qo  so Q

 lost =
 0.63Qo  

2 

  (c) 
(i) 

cap
acitors in parallel com

e to sam
e voltage (1) 

so Q
 stored α C

 o
f cap

acitor (1) 
cap

acitors in ratio
 1

0 3 so
 on

ly 10 –3 Q
o  left on fo

otb
all (1) 

3 

  (ii) 
V

 =
 Q

/C
 =

 6.0 ×
 10 –

8 /1.2 ×
 1

0 –8 or 6.0 ×
 10 –11 /1.2 ×

 10 –
11 or only 10

–3 
Q

 left so 10 –3 V
 left; =

 5.0 (V
) 

2 
[ 14] 
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A
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2 

3. 
(a) 

(i) 
Q

 =
 V

C
; W

 =
 ½

 V
C

.V
 ( =

 ½
 C

V 2) (2) 

(ii) 
parabolic shap

e p
assin

g thro
ugh origin (1) 

plotted accurately as W
 =

 1.1
 V 2 (1) 

4 

  (b) 
(i) 

T
 =

 R
C

; =
 6.8 ×

 1
0 3 ×

 2.2 =
 1

.5
 ×

 10 4 s =
 4.16 h 

2 

(ii) 
∆

W
 =

 ½
 C

(V
1 2 –V

2 2) =
 1.1(25

 – 16) ; =
 9.9 (J) 

2 

  (iii) 
4 =

 5 exp
(–t/1.5 ×

 10 4) ; giving t =
 1.5 ×

 10 4 ×
 ln 1.25 =

 3
.3

 ×
 10 3 (s) 

2 

(iv ) 
P

 =
 ∆

W
/∆

t =
 9.9/3.3

 ×
 10 3 =

 3.0
 m

W
 

ecf b(ii) and (iii) 
1 

allow
 P

 =
 V

av 2 /R
 =

 4.5 2/6.8 ×
 1

0 3 =
 2.98 m

W
 

[11] 

   4. 
(a) 

(i) cap
acitor 

cap
a

citance / µ
F

 
charge / µ

C
 

p.d. / V
 

energy / µ
J 

X
 

5 
30

 

=
 Q

/C
 

=
 6 (V

) (1) 

=
 ½

 C
V

 2(1
) 

=
 ½

 ×
 5 ×

 6 2 

=
 90 (1) 

Y
 

25 

=
 C

V
 

=
 25

 ×
 6 

=
150 (µ

C
) (1

) 

=
 6 (V

) (1) 
=

 45
0 (1) 

Z
 

10 

3
0 +

 150
 =

 

1
80 (µ

C
) (1) 

=
 Q

/C
 

=
 180/10 

=
 1

8 (V
) (1) 

=
 1

620 (1) 

 
E

ach bo
x corre

ctly calcu
lated score

s (1) +
 (1

) for ½
 

C
V

2 
9 

  (ii) 
1 

18
 V

 +
 6

 V
 =

 2
4 (V

) (1) 

2 
18

0 (µC
) (1) 

3 
18

0 / 24 =
 7.5 (1) 

4 
90

 +
 450 +

 1620
 =

 2160 (µ
J) (1) 

4 

  (b) 
(i) 

K
irch

hoff’s se
con

d law
 O

R
 conservatio

n of energy (1) 
1 

(ii) 
K

irch
hoff’s first law

 O
R

 con
servation of charge (1

) 
1 

  (c) 
(i) 

tim
e constant =

 CR
 (1) 

=
 7.5 ×

 10 –6 ×
 200 000 =

 1.5 (s) (1) 
2 

  (ii) 
C

R C
R

4

o e
−

=
Q

Q
 (1) 
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A
m

brose C
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3 

Q
/Q

o  =
 e –

4 =
 0.0

183 (1) 
2 

[19] 

   5. 
(i) 

C
p  =

 C
 +

 C
 =

 6 µF
; 1/C

s  =
 1

/2C
 +

 1/C
; =

 3
/2C

 giving C
s =

 2
C

/3
 =

 (2 
µF

) 
3 

(ii) 
2

 sets of (3 in series) in parallel/ 3
 sets of (2 in parallel) in series 

2 
[5] 
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1. 

 

Q
2. 

 

Q
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Q
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12. 
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