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11.3 Capacitance

Question Paper

Course DPIB Physics
Section 11. Electromagnetic Induction (HL only)
Topic 11.3 Capacitance
Difficulty Easy
Time allowed: 70
Score: /53
Percentage: /100
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Questionla
The capacitance of a capacitorincluding a dielectric material is given by the equation:
c A
o d

(a)

Determine the following variables and state an appropriate unit foreach:

(i) e

(1]
(i) A

(1]
(i) d

(1]

[3marks]

Question1b

Astudent makes a parallel-plate capacitor of capacitance 78 nF from aluminium foil and plastic film by inserting one sheet of
plastic film between two sheets of aluminium foil.

P Width - Diagram not
. ~ Z to scale
Aluminium
foil
Thickness J}| Plastic film

Aluminium foil

The aluminium foil has an area of 0.28 mZand the plastic film has a permittivity of 2.5 x 10-TC2ZN"'m-2,

(b)
Calculate the thickness of the plastic film.
[4]
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[4 marks]
Questionlc
The studentuses a switch to charge and discharge the capacitorin the circuit shown. The ammeteris ideal.
Charge Discharge
\\ R
X Y
A
_—|—_
1
1
:
| S
\
The time constant of the capacitoris 0.24 ms.
(c)
Show that theresistance of resistor Ris 3.1kQ.
[4]
[4 marks]
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Question1d
The emf of the batteryis 15 V.
(d)
Calculate theinitial charge of the capacitorbeforeitis discharged.
(3]
[3marks]

Question 2a

Adefibrillator device sends animpulse of electrical energy to maintain a regularheartbeatin a person. The deviceis powered
by an alternating current (ac) supply connected to a step-up transformer that charges a capacitor of capacitance 20 pF. The
voltagein the circuitis 3000 V.

A B

Qitch P
300 V
S % ‘ ‘ 3000 V _ Heart

™ ‘
1

(a)
Calculate the maximum energy storedin the capacitor.
(3]

[3marks]
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Question 2b

(b)
Calculate the maximum charge, g storedin the capacitor.

[2]
[2 marks]

Question 2¢
The currentin the circuit passes through the diode from left to right following the direction of the triangle symbol.

(c)
Identify, by drawing a +, the positive plate of the capacitor.
(]

[1mark]

Question 2d

The switchis movedto position B.

(d)
State whathappens to the energy storedin the capacitorwhen the switch is moved to position B.

(1]
[1mark]
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Question 3a
Acircuit containing a power supply V, aresistor Rand a capacitor Cis constructedin a laboratory.

R

—

(a)
Define the meaning of the time constant for a discharging capacitor.

(1
[1mark]

Question 3b

Theresistor, Rinthe experiment is fixed at a resistance of 100 QQ and the capacitor, C has a capacitance of 25 uF andis
discharging.

(b)
Calculate the time constant of the circuit.

[2]
[2 marks]
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Question 3¢

Adifferentresistorand capacitor are now added to the circuit from (a). The capacitoris charging.

N

100

40

Voltage / V

0 1 | | I | | | I | | S
0.02 0.03 0.04 0.05 0.06

Time /s

(c)

Usethe graph to state the value of the time constant for this new circuit.

[2]
[2 marks]
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Question 3d
An additional capacitor C,is addedin parallel to the circuit.
R
[ 1
L |

(d)
Statethe effect on the charge storedin the circuit afteradding this additional capacitor.

(1

[1mark]
Question 4a
(a)
Define capacitance.
[1]
[1mark]
Question4b
Three capacitors are connected to a power supply.
| |
| |
50 nF 73 nF 29 nF
(b)
Calculate the combined capacitancein this circuit.
[3]
[3marks]
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Question 4c

The capacitorsin part (b) are arrangedinto a parallel combination.

50 nF
73 nF
29 nF
i
(c)
Determine the new total capacitance of the circuit.
[2]
[2 marks]
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Question 4d

Aparallel plate capacitorhas plates of area 0.680 m?2, which are separated by a distance of 5.50 mmin a vacuum. The
capacitoris connected to a dc source of potential difference 8.00 kV.

(d)
Calculate
(i)
The capacitance of the capacitor.
(2]
(if)
The charge on one of the plates.
[3]

[5 marks]
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Question 5a
The diagram shows two capacitors, Xand Y, connectedin a series circuit.

Switch
/

(a)

Forthe time after the switch is closed and when charge has stopped moving, write equations which would determine:

(i)
Theinitialand final values of charge on the capacitorsin terms of g.
[1]

(ii)
Tx
Theratio of the final charges on the two capacitors, — interms of gand C.
Y
[3]

[4 marks]
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Question 5b

CapacitorXhas capacitance of 5.40 uF andhas initially been charged by connectingitto a source of emf12.0 V.

Switch

/

Cy=54uF _|
V, =120V —T— =

(b)
Using the equations from part (a) or otherwise, calculate the charge

(i)
Initially on capacitor X.

(2]
(ii)
Finally the total on both capacitors Xand.

(1]

[3marks]

Question 5¢
CapacitorY has capacitance Cyandis initially uncharged.
(c)

Using the two equations derivedin part (a), find an expression in terms of g and C to determine the final values of the charges
on each capacitor.

(3]
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[3marks]

Question 5d
Thevalue of Cy=16.5 uF.

Switch

Cy,=54puF —_ —— C,=16.5pF

(d)
Use this value to calculate the magnitudes of both charges, gyand gy after the switch has closed and charge has stopped
moving.

(5]

[5 marks]
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