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19. Capacitance Starter Quiz - $REI/MNY

A-Level Physics Name: Score:

1. Capacitance is the charge stored per unit:
[0 potential difference
] current
[J resistance

O time

2. The energy stored in a capacitor is:
O %CV2
0O Ccv?
0 lov
O 1QVv?
3. During discharge through a resistor, the charge on a capacitor:
[J decays exponentially
(] falls in a straight line
L] stays constant

L] rises steadily

4. A capacitor holds 0.012 C at 4.0 V. What is its capacitance, in mF?

mFE

5. A 2.0 uF capacitor is charged to 1000 V. How much energy does it store?
J

6. The charge during discharge is given by:
U Qoeft/ RO
U Qoet/ he
O Qo(1 — e~ t/EC)

e
t

7. Doubling the charge on a capacitor doubles the voltage, so its capacitance stays the same.

O True ] False

8. Why is there a factor of % in the stored-en~—~-- formula?
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O the average p.d. during charging is only V/2
[J half the charge leaks away
[J the capacitor is only half full

L] energy is always halved

9. A capacitor of 500 puF discharges through a 2000 €2 resistor. What is the time constant?

S

10. A 2.0 uF and a 3.0 uF capacitor are in parallel. What is the total capacitance, in pF?
nF
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19. Capacitance Answers - #H

A-Level Physics

10.

. potential difference

C= v charge per volt, in farads.

Loy

QQ
2C"°

Equivalent forms: W = %QV = %C V2=

decays exponentially

The bigger the charge, the bigger the current — giving an exponential decay.

3 mF

C= % = % =0.0030 F = 3.0 mF.

1J

W=1CV?=1x20x1075x (1000)? = 1.0 J.
Qoe—t/RC

Discharge falls toward zero: Q = Qoe ¥/ %C (the 1 — e~ /¢ form is for *charging®).

True

C = % is fixed by the capacitor’s size and dielectric — @ and V rise together.

the average p.d. during charging is only V /2

The p.d. rises from 0 to V as it charges, so the average is V/2 — hence the triangle area %QV
1ls

7= RC =2000 x 500 x 1076 = 1.0 s.

5 pF

In parallel capacitances add: 2.0 4+ 3.0 = 5.0 uF.

A-Level Physics - Starter quiz [/l @ @



A-LEVEL PHYSICS « EXERCISE SHEET

19.1 Capacitors and capacitance

Name: —~ Class: . Date: - Total: 24 marks

KEY WORDS capacitance {175 o capacitor i #+ « potential difference fi947% o resistor FiPH T
o farad ¥4

Objective

Build the skills to answer exam questions on capacitance — C' = ()/V and combining
capacitors.

You must be able to:

« define capacitance and use C' = Q/V
e combine capacitors in series and parallel

1 Worked examples

Study these first. Each one shows the method for a question type used later — follow
the steps and you can do the Practice and Exam-style questions yourself.

B Capacitance

A capacitor stores charge: 4@ on one plate, —Q) on the other, with p.d. V across
the gap:

pd. V
C=Q/V

A-Level Physics ¢ 19.1 Capacitors and capacita: @
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+Q -Q

_— C =

dielectric

pd. V

A parallel-plate capacitor

C= % (farad, F = C V1),

B Combining capacitors (opposite to resistors)

e parallel: C=C;+Cs + ...

) 1 1 n 1 n
o series: — = —+ —+...
c O G
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2 Practice

Now apply the methods above.

2.1 Define capacitance.
2.2 State the unit of capacitance.

2.3 A capacitor holds 60 uC of charge at 12 V. Find its capacitance.

2.4 Write the formula for capacitors in parallel.

A-Level Physics ¢ 19.1 Capacitors and capacita:
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3 Exam-style questions
3.1 The unit of capacitance is the: 1]

e A coulomb
e B farad

o« C volt

e D ohm

3.2 A 100 pF capacitor is charged to 9.0 V. Calculate the charge stored. 2]

3.3 A 4.0 puF and a 2.0 uF capacitor are connected in series. Calculate the combined
capacitance. 3]

3.4 Write the formula for capacitors in series. 1]

3.5 Three capacitors are available: C) = 120 puF, Cy = 180 pF and C5 = 220 pF.

(a) Cy and Cy are connected in series across a supply. Complete the table to show how
the charge on each and the p.d. across each relate to the total charge ()5 and the supply
p.d. Vs. [2}

A-Level Physics ¢ 19.1 Capacitors and capacita: @



quantity relationship

charges ()1, ()2 and Qs

p.d.s Vi, V5 and Vg

(b) Determine the combined capacitance of Cy and Cy in series. 2]

(c) The supply provides 12 V. Calculate the charge stored by that series combination,
and the p.d. across (. 3]

(d) C3 is now connected in parallel with the series pair. Determine the total capacitance
of the whole network, and the total charge it now stores at 12 V. 3]

(e) State and explain which single capacitor in the network stores the most charge.|2]

A-Level Physics ¢ 19.1 Capacitors and capacita: @
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Solutions
2.1 The charge stored per unit potential difference (C' = Q/V).
2.2 The farad (F).
2.3 C =Q/V = (60 x 107%)/12 = 5.0 4F.
24C=C1+Co+ ...
3.1 B — farad.
3.2Q =CV = (100 x 107%)(9.0) = 9.0 x 10~ C.
P11 3

3= — — 2. C=13uF.
33510 20 10 ¢T3
gat_ L 1

c C O

3.5 (a) Charges: Q1 = Q2 = Qs — the same charge passes through every capacitor in a

series chain. P.d.s: Vi + V5 = V&

S.
11 1 120 x 180
b) = = — 4+ — g0 C = -2 _ 79 F.
®) &= 10t 150" % 300 a

() Q=CV="72x10°%%x12=86x10"*C; I} =
smaller capacitor takes the larger share of the p.d.)
(d) Capacitors in parallel add: Ciga = 72 + 220 = 292 uF; Qiora = 292 X 1076 x 12 =
3.5x 1073 C.

(e) C3 — it has the full 12 V across it and the largest capacitance, so Q) = C'V is largest;
the series pair shares the same p.d. between two capacitors and behaves as only 72 uF.

Q  864x107*

. 120x 100 =72V. (The

A-Level Physics ¢ 19.1 Capacitors and capacita: @
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6 (a) Two parallel plate capacitors C, and C, are connected to a supply that has a potential
difference (p.d.) V5. The capacitors may be connected in series or in parallel.

The supply provides charge Qg and the plates of the two capacitors acquire charges Q, and
Q, respectively. The p.d.s across the plates of the capacitors are V, and V,, respectively.

Complete Table 6.1 to indicate how Qg, Q, and Q, relate to each other, and how Vg, V, and
V, relate to each other, for series and parallel connections of the capacitors to the supply.

Table 6.1

relationship between charges relationship between p.d.s

series

parallel

[4]

(b) An isolated capacitor of capacitance 470 uF stores 19mJ of energy.

(i) Calculate the p.d. across the capacitor.

(ii) Calculate the charge on the capacitor.
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(iii) The capacitor is now connected in parallel with a capacitor of capacitance 180 uF that is
initially uncharged.

Determine the total energy, in mJ, now stored in the two capacitors.

ENEITY = oo mJ [3]

[Total: 11]
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5 (a) Acapacitor of capacitance C, is connected in series with a second capacitor of capacitance C,,.

Show that the combined capacitance C of the two capacitors is given by
1_1 1

C C, C,

[2]

(b) Three identical capacitors, each of capacitance C, are connected in a network as shown
in Fig. 5.1.

o X
o<

Fig. 5.1

The variation of the charge Q with the potential difference (p.d.) V between the terminals
XandY is shown in Fig. 5.2.
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Show that C is equal to 44 uF.

[3]

(c) The capacitor network in Fig. 5.1 is charged and then connected to a resistor of resistance
54 kQ. The capacitor network discharges through the resistor.

(i) Determine the time constant 7 of the circuit. Give a unit with your answer.

(ii) Determine the time taken for the discharge current to reduce to 15% of the initial
discharge current.

[Total: 9]



A-LEVEL PHYSICS « EXERCISE SHEET

19.2 Energy stored in a capacitor

Name: - Class: - Date: Total: 23 marks

KEY WORDS energy fiEft » capacitor H1 254t

Objective
Build the skills to answer exam questions on the energy stored in a capacitor.

You must be able to:

o find energy from the area under the potential-charge graph
2

. useW:%QV:%CVQZ%
1 Worked examples

Study these first. Each one shows the method for a question type used later — follow
the steps and you can do the Practice and Exam-style questions yourself.

B Energy stored
The energy is the area under the V- graph — a triangle:

pd. V
A
V 777777777777777777
|
|
|
|
|
|
|
|
energy = %QV :
\
|
|
» charge )
Q
A-Level Physics ¢ 19.2 Energy stored in a capac @
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W=1Qv=1icVv? (area under V-Q)
7

|
1
> |
0} |
(9] 1
c |
g |
L |
= 1
° |
© |
+J :
o= 1
[0 1
L 1
o 1
o i
1
energy stored i
=3QoVo i
|
i

0 charge Q Qo

Energy stored is the area under the Q-V graph
1 12 ?
W =3QV =3;CV =50
0to V).
Worked example. 100 pF at 12V: W = 1CV? =

1
2

2 Practice

Now apply the methods above.

2.1 Write the three forms of the capacitor energy formula.

2.2 Find the energy stored in a 100 pF capacitor charged to 12 V.

2.3 State what the area under a potential-charge graph represents.

A-Level Physics ¢ 19.2 Energy stored in a capac

The factor % appears because the average p.d. during charging is V' /2 (it grows from

(100 1076)(12)2 = 7.2x 1073 J.



3 Exam-style questions
3.1 The energy stored in a capacitor is: 1]

e« AQV
. BlQV
. COV
. D QC

3.2 A 220 uF capacitor stores 4.0 mJ of energy. Calculate the voltage across it. [3]

3.3 Explain why the energy stored is %QV and not QV. 2]

3.5 A defibrillator stores energy in a 32 uF capacitor charged to 2.5 kV, and delivers it
to a patient in a pulse lasting 8.0 ms.

(a) Determine the energy stored by the capacitor when fully charged. 2]

(b) Determine the charge stored. 2]

(c) In the pulse, 75% of the stored energy is delivered to the patient. Determine the

A-Level Physics ¢ 19.2 Energy stored in a capac @
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average power delivered. k

w

(d) The capacitor is charged instead to 1.8 kV. Determine the percentage by which the
stored energy falls, and explain why it is not the same percentage as the fall in p.d. [3]

(e) On the same axes, sketch how the energy stored varies with the p.d. across the
capacitor, and how the charge stored varies with it. Label each line. 3]

A-Level Physics ¢ 19.2 Energy stored in a capac @



Solutions

Q2
20"
2.2 W = 1CV? = 1(100 x 107%)(12)> = 7.2 x 1073 J.

2.1 W =1QV =1CV? =

2.3 The energy stored in the capacitor.
3.1B — —QV
2W (4.0 x 1073
2W=1Cvi= \/ =6.0 V.
32W=30V*= \/ 220><106 =60V

3.3 As the capacitor charges, the p.d. rises from 0 to V; the average p.d. is V' /2, so the
work done is @ x (V/2) = %QV, not QV.

3.5 (a) E = 1CV? = £(32 x 107%)(2500) = 100 J.
(b) Q =CV =32 x 1075 x 2500 = 8.0 x 1072 C.

E 75
(c) Energy delivered = 0.75 x 100 =75 J; P = T T R0x 105 9.4 x 10> W. (About
nine kilowatts, for eight milliseconds.) .
100 — 51.8
(d) New energy = (32 x 1075)(1800)? = 51.8 J, a fall of —0 - 48% — while

the p.d. fell by only 28%, because E o V2, so the fractional change in energy is roughly
twice the fractional change in p.d..

(e) Charge: a straight line through the origin, since ) = CV. Energy: a curve
through the origin getting steeper, since E oc V2. Both labelled, with axes labelled.

A-Level Physics ¢ 19.2 Energy stored in a capac @
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6 (a) Two parallel plate capacitors C, and C, are connected to a supply that has a potential
difference (p.d.) V5. The capacitors may be connected in series or in parallel.

The supply provides charge Qg and the plates of the two capacitors acquire charges Q, and
Q, respectively. The p.d.s across the plates of the capacitors are V, and V,, respectively.

Complete Table 6.1 to indicate how Qg, Q, and Q, relate to each other, and how Vg, V, and
V, relate to each other, for series and parallel connections of the capacitors to the supply.

Table 6.1

relationship between charges relationship between p.d.s

series

parallel

[4]

(b) An isolated capacitor of capacitance 470 uF stores 19mJ of energy.

(i) Calculate the p.d. across the capacitor.

(ii) Calculate the charge on the capacitor.
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(iii) The capacitor is now connected in parallel with a capacitor of capacitance 180 uF that is
initially uncharged.

Determine the total energy, in mJ, now stored in the two capacitors.

ENEITY = oo mJ [3]

[Total: 11]
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19.3 Discharging a capacitor

Name: - Class: - Date: Total: 29 marks

KEY WORDS time constant [I5f[a] %540 « exponential decay 540 « resistor HE[H#} o resistance HiJH
o capacitor H1 2t

Objective
Build the skills to answer exam questions on a capacitor discharging through a resistor.

You must be able to:

e use the time constant 7 = RC
o use z = xge /B¢ for charge, p.d. or current
 interpret the discharge graphs

1 Worked examples

Study these first. Each one shows the method for a question type used later — follow
the steps and you can do the Practice and Exam-style questions yourself.

B Exponential decay

When a charged capacitor discharges through a resistor, the charge (and V', I') decays
exponentially:

Q=Qoe Y/RC

A-Level Physics ¢ 19.3 Discharging a capacitor @
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Qo
Q=0Qpe "RC . at T=RC: Q =Qole

charge Q

Qole

0 T=RC time t
Ezponential discharge of a capacitor
Q — Qoe_t/RC7 V= Vbe_t/RC, I = ]Oe—t/RC'
The time constant 7 = R(C'is the time for the charge to fall to i ~ 37% of its initial
value.
Worked example. 470 uF through 2.0 kQ: 7 = RC = (2000)(470 x 107%) = 0.94 s.

B Finding the time — take logs

To find the time for the charge (or V, or I) to fall to a given value, take the natural
log of both sides of V = Ve */1C:

V t Vv
Ino = —— t=—RC In—.
nVO 70 - RC nvo

Worked example. For the capacitor above (charged to 6.0 V, 7 = 0.94 s), the time

2.0
for the p.d. to fall to 2.0 Vis t = —0.94 ln% = —0.94 x (—1.10) = 1.0 s.

A-Level Physics ¢ 19.3 Discharging a capacitor @
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2 Practice

Now apply the methods above.

2.1 Write the formula for the time constant. 1]

2.2 A 100 puF capacitor discharges through a 10 k€2 resistor. Find the time constant.|2|

2.3 State what happens to the charge as a capacitor discharges. 1]

2.4 Write the discharge equation for charge. 1]

3 Exam-style questions
3.1 The time constant RC' is the time for the charge to fall to: 1]

e A zero

« B half its initial value

« C 1/e (about 37%) of its initial value
o D 1/2e of its initial value

3.2 A 470 pF capacitor charged to 6.0 V discharges through a 2.0 k{2 resistor. Calculate
(a) the time constant, (b) the p.d. after 1.0 s. (4]

A-Level Physics ¢ 19.3 Discharging a capacitor @



3.3 Sketch a graph of charge against time for a discharging capacitor. 2]

3.4 State what happens to the time constant if the resistance is doubled. 1]

3.5 A 220 pF capacitor charged to 9.0 V discharges through a 15 k{2 resistor. Calculate
the time for the p.d. to fall to 3.0 V. [4]

3.6 A capacitor C' is charged and then discharged through a resistor R. A data logger
records the p.d. Vg across the resistor and the p.d. V¢ across the capacitor. At ¢ = 0 the
p.d. across the capacitor is 9.0 V, and the initial current is 1.8 mA. The p.d. across the
capacitor falls to 3.3 V after 12 s.

(a) State the relationship between Vi and Vg during the discharge, and give a reason. 2|

(b) Determine the resistance R. 2]

A-Level Physics ¢ 19.3 Discharging a capacitor @
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(c) Determine the time constant 7 of the circuit. k

w

(d) Hence determine the capacitance C, in uF. [2]

(e) Explain, in terms of the current in the circuit, why the decay of the charge on the
capacitor is exponential. 3]

A-Level Physics ¢ 19.3 Discharging a capacitor @



Solutions

2.1 7=RC.

2.2 7=RC = (10 x 10%)(100 x 107%) = 1.0 s.
2.3 It decreases exponentially towards zero.
2.4 Q = Qpe V/EC,

3.1 C — 1/e (about 37%).

3.2 (a) 7 = RC = (2.0 x 10%)(470 x 107%) = 0.94 5. (b) V = Vpe ¥/AC = 6.0 ¢~ 10/094
—6.0x0.345 =21V,

3.3 A curve starting at the initial charge and decaying exponentially towards zero,
with the same shape (never quite reaching zero).

3.4 It doubles (7 = RC).

1% 3.0
3.5 7 = RC = (15 x 10%)(220 x 107%) = 33 s; t = —RCIn — = —3.3In-— = —3.3 x

Vo 9.0
(—1.10) = 3.6 s.

3.6 (a) They are equal at every instant, Vo = Vg, because the capacitor and resistor
form a single loop with no other source, so the p.d. driving the current is the capacitor’s

own p.d..

v 9.0
L Y 50x10° Q.
(b) R =7 =1g510s 010

3.3

12 12
¢) V =Voe /7 50— = e 12/7; In(0.367) = ——, giving —1.003 = —— and 7 = 12 s.
T T

(
(The p.d. has fallen to 1/e of its start, which is what the time constant means.)
(

12
d = == _ —924x10%F =24 x 103 uF.
)T =RC,s0C 50 % 10° x 10 x 10°

v
(e) The current is I = —C, and Vo o @), so the current — the rate at which charge leaves

— is proportional to the charge still on the capacitor. A quantity whose rate of
decrease is proportional to itself decays exponentially; so as the charge falls the current
falls with it, the discharge slows, and () never quite reaches zero.

A-Level Physics ¢ 19.3 Discharging a capacitor @
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7 Fig. 7.1 shows a circuit containing a capacitor of capacitance C and a resistor of resistance R.

R

o C +——

Fig. 7.1

Initially, the switch is open and the potential difference (p.d.) across the capacitor is 12V.
The switch is closed at time t = 0 and the capacitor discharges through the resistor.

Fig. 7.2 shows the variation of the charge Q on the capacitor with the p.d. V,; across the capacitor
as the capacitor discharges. Fig. 7.3 shows the variation of the current I in the resistor with the
p.d. Vi across the resistor as the capacitor discharges.

8 2
Q/mC ot I/mA
7
4 A 1
,//
77777777j747777777777777777777
,//

0 0

0 4 8 12 0 4 8 12

VeIV VIV
Fig. 7.2 Fig. 7.3

(a) State the relationship between V, and V.

(b) Determine:

(i) the capacitance C, in uF



N

Name: ( J
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(ii) the resistance R, in kQ

R =
(iii) the time constant 7 of the circuit.

'[’ =

(c) Use Fig. 7.2, Fig. 7.3 and your answer in (a) to explain why the variation of Q with { is

exponential in nature.

[Total: 10]
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