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What you need to know

By the end of this topic you should be able to:

1. Define capacitance, both for an isolated charged sphere and for a parallel plate capacitor: the charge
stored per unit potential (difference).

2.Recallanduse C' = Q
|4
3. Derive, starting from C' = % the formulas for the combined capacitance of capacitors in series and in
parallel.
. Use the series and parallel formulas, including for networks that mix the two.
. Find the energy stored in a capacitor from the area under a graph of potential difference against charge.
.Recallanduse W = 1QV = 2CV2.
. Analyse graphs of p.d., charge and current against time for a capacitor discharging through a resistor.

.Recall and use 7 = RC, the time constant of the discharge.
—t/RC

© 0o N o o &

.Usex =xpe , Where x is the current, the charge or the p.d. during the discharge.

Charge, current and p.d. () = It, V = I R) come from Electricity and D.C. circuits; the potential of a charged
sphere comes from Electric fields. Equations for charging a capacitor through a resistor are not in the
syllabus.

Understand it

What a capacitoris

A capacitor is two conductors (usually two metal plates) separated by an insulator. Connect it to a supply and
electrons are pushed off one plate and onto the other, through the circuit, not across the gap. One plate ends
up with charge +(Q and the other with —(, and there is a potential difference V' between them. The flow stops
when this p.d. equals the supply's.

The charge stored by a capacitor, (J, means the charge on one plate. (The total over both plates is zero.) The
separated charges make an electric field in the gap, and that field stores energy.
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Capacitance

Double the p.d. and the charge doubles: Q « V. The constant ratio is the capacitance:
C=—=
%4

« Parallel plate capacitor: capacitance is the charge on one plate divided by the potential difference
between the plates.

» Isolated sphere: capacitance is the charge on the sphere divided by its potential (measured from zero at

infinity).

The unit is the farad, F: one coulomb per volt. A farad is huge, so values are usually in uF (107%), nF (10~?) or
pF (10~12). A 100 pF capacitor at 20 V holds 100 x 1076 x 20 = 2.0 x 103 C on each plate.

On a graph of () against V' the line is straight through the origin and its gradientis C. (On V against () the
gradientis }.)

Q

7'('607‘,

For a sphere of radius r carrying charge @), the potential at the surfaceis V = o]

C = v = 4meyr

A sphere of radius 0.20 mhas C = 47 x 8.85 x 10712 x 0.20 = 2.22 x 10~ F, about 22 pF: a bigger
sphere holds more charge at the same potential.

Capacitors in parallel

In parallel, every capacitor is connected across the same two points, so each has the same p.d. V. Each
stores its own charge, and the total charge from the supply is the sum:

Q=Q1+Q: = CV=CV+C,V = C=C,+ 00,

Adding capacitors in parallel always increases the capacitance: it is like making the plates bigger. For
example, 2.2 yF and 3.3 pF in parallel give 5.5 pF.

Capacitors in series

In series, the supply moves charge +(Q onto the first plate and takes (Q off the last plate. The two inner plates
joined by a wire are cut off from the supply, so their total charge stays zero: +( on one means —( on the
other. So every capacitor in series has the same charge (). The p.d.s across them add up to the supply's:

Q Q@ @ 1 1 1
it = et T oo o

Capacitors in series have a smaller capacitance than the smallest one. For example, 2.2 yF and 3.3 yFin
series give (55 + 33) ~! — 1.32 uF. The smaller capacitor takes the bigger share of the p.d., because V = @
with the same Q.
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These rules are the opposite way round from resistors: capacitors add directly in parallel and as reciprocals
in series.

Energy stored

Charging a capacitor means pushing each extra bit of charge AQ onto a plate against the p.d. already there.
When the p.d. is V, that takes work V' AQ: the area of a thin strip under a graph of V against Q. Adding up all
the strips from zero to Q gives the area under the graph, a triangle:

2
_ 1 1 2 _ _Q
W =3QV =3CV? =
V/Vv
A
(10.2mC, 15 V)
B
strip: work VAQ
10
g e
energy = %QV E
=76.5mJ ]
0 T T T T T #
0 2 4 6 8 10 12
Q/mC

Itis %QV, not QV, because the p.d. starts at zero and only reaches V' at the end: on average it is %V. The
supply that charges the capacitor does work QV'; the other half turns into thermal energy in the resistance of
the circuit.

The three forms suit different data. At a fixed p.d., W = %C’V2 is proportional to C'. For an isolated capacitor,
whose charge cannot change, W = % is the handy one. And because W o V2, doubling the p.d. stores
four times the energy.

Discharging through a resistor

Charge a capacitor to Vj, then connect it across a resistor R. The p.d. across the resistor is the p.d. across the

. \%
capacitor, so the current starts at I, = EO (not zero). Then:

1. charge flows off the plates, so @ falls;
2.V = Zfalls with it;

3.sothecurrent I = % falls too, and the charge leaves more slowly.
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The current is the rate at which the charge falls, and the current is proportional to the charge that is left. A
quantity that falls at a rate proportional to itself decays exponentially, like the number of undecayed nuclei

in radioactive decay:

2 = zge /RO

where z is the charge, the p.d. or the current. All three fall with the same shape and the same timing.

V/Vv
A
15
dashed line: tangentatt=0
meetsthetaxisatt
5.5
2.0
A L] »
L
T=22.4 21=449 112
t/s
1/mA
0.455
same shape: | =1 e (-t/RC)
0.167 [-------------- g
1 »
L
22.4
t/s

The time constant

The product RC is the time constant 7:

7=RC

s . _vV_C_¢C_
e Itsunitisthesecond: Q) x F = AXy=3=58

o After one time constant, x = :z:oe*1 = 0.37x,: the charge, p.d. and current have fallen to 37% of their

starting values. After 27 they are at 0.37% = 14%; after 57, under 1%.

« Abigger R (asmaller current) or a bigger C (more charge to move) makes a slower discharge. Doubling

either doubles 7.

+ Inequal time intervals the value falls by the same fraction. The time to halve is 12 = 71n 2 = 0.6937.

+ Thetangent to the curve att = 0 meets the time axis at t = 7 (the discharge would take one time constant

if the starting rate carried on).
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Straight-line graph

Taking natural logs of V = Ve */EC gives

t
IIIVIIIIVE)—E

1
SoagraphoflnV (orln @, In ) against ¢ is a straight line with gradient — RO and intercept In Vj. Take the

value of ;) from the intercept with eintercept- don't put a log value into the exponential equation.

In(V/V)

25

2.0

1.5 1

1.0 1

gradient = -0.20s* = -1/RC
051 soT=RC=5.0s

[
Ll

t/s

Key facts and formulas

"Given" means it is on the Paper 4 data sheet printed in the exam paper. "Learn it" means you must remember
it.

Formula Status
Capacitance C' = g (so@Q =CYV) Learnit
Capacitors in series é = C’il + C% 4+ ... Given
Capacitorsinparallel C = C; + Cy + ... Given
Isolated sphere C' = 4megr (from V = @ ) Learnit
TEQT
Energy stored W = 1QV = 1CV?2 = % Learn it
Discharge z = z e ¥/ EC Given
Time constant T = RC' Learnit
lnm:lan—L;tl/Q:RC’1n2 Learnit

RC
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Formula Status

R
€0 = 8.85 x 10712 Fm*,

I:%,V:IR,I():I/O Learnit

=8.99 x 109mF* Given
TEQ

Units: 1pF=10"°F, 1nF=10"°F 1pF=10"2F,1mC=10"%C;1kQ = 10°Q,1 MQ = 10° Q.

Howtodoit

In the Paper 4 questions we have tagged for this topic (19 different questions, 2021-2025; 5 more appear on

two papers), the types came up this often. 18 of the 19 questions mix two or more types, so the counts
to more than 19.

add up

Question type Questions
Defining capacitance and using C' = % 16
Discharge through a resistor: time constant and exponential decay 11

Energy stored in a capacitor 10
Capacitors in series and parallel 8

Charge shared between two capacitors 3
Capacitance of an isolated sphere 2
Repeated charging and discharging: I = fCV 2
Changing the plate separation of an isolated capacitor 1

1. Defining capacitance and using C = % (16 questions)

1. Definition: capacitance is charge divided by potential (difference). For a parallel plate capacitor,

say that

the charge is the charge on one plate and the potential is the p.d. between the plates. For an isolated

sphere: the charge on the sphere divided by its potential.

2. Calculate with Q = CV, converting uF, mC and so on to base units first.

3. From a graph: read Q and V" at one point on the line (or use the gradient of  against V'). Pick a point far

from the origin, where readings are more accurate.

Variations you will meet:

« "Explain how two plates act as a capacitor": a p.d. across the plates separates charge (equal and

opposite charges on the two plates), and energy is stored in the field between them.

« Two graphs from the same discharge, such as () against V and I against V: the gradient of the firstis C'

, the inverse gradient of the second is R, and then 7 = RC.
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» "Showthat C'is...": say where every number comes from (for example "gradient of the graph = 4.0 x
10—% c v*"), then give one more significant figure than the value printed.

« The charge in terms of other letters, for example "state @ interms of C'and V": Q = C'V, and nothing
else.

2. Discharge through a resistor: time constant and exponential decay (11 questions)

1. Time constant: 7 = RC, with Rin Qand C in F, giving seconds. C is the capacitance discharging, so for
a network use the combined capacitance, and for several resistors use the combined resistance.

v
2. Starting values: Qy = CVyand Iy = EO

3. Avalue aftertime t: x = x¢e */EC. For example, 100 pF charged to 20 V discharging through 39 kQ has
T = 3.9s; after 6.0 sthe p.d. is 20e60/39 = 4.29 v,

Zr
4. The time to reach a value: take logs, t = RC'In ;ﬂ. The same capacitor takes 3.91n4 = 5.41 stofall to

a quarter of its p.d.
Variations you will meet:

o Time constant from a curve. Any of these works:
o read z, find 0.37x, and read the time at which the curve reaches it;

o read two points and use B2 e -t)/T16Vat2.0sand 10Vat 7.0 s give T = ] 1 6= 10.6s;
I ni.
t
o read the half-life and use 7 = %: a half-life of 4.0 smeans 7 = 5.77's;
o draw the tangent at the start: it meets the time axis at 7.
1 %
e Aloggraph (InV orln Q) againstt): 1 = — ————. Where the axis is — In —, the value is 1.0 when
gradient Vo

t = 7. Read the starting charge from the intercept: Qy = €™*™°P* in the unit on the axis label.

« Something changes the circuit: a second identical resistor in parallel halves R and halves 7 (twice as
steep a log line, same intercept); in series it doubles 7. A second identical capacitor in parallel doubles C
and so doubles 7. Say "doubled" or "halved", not just "increased".

« A networkdischarging. 40 yF and 10 pF in series have 8.0 pF; through 250 kQ, 7 = 2.0 s. Each
capacitor's p.d. decays with this same 7, starting from its own share: charged by 25 V, the 10 yF capacitor
starts at 20 V and the 40 pF one at 5.0 V. Relate a capacitor's later p.d. to its own starting p.d.

« Energy againsttime: W oc V2, so W = Wye 2/EC Do not put energy into z = zge /% To find when
the energy has fallen to a fraction &, find when V has fallen to vk of Vy. The energy halves in %7- In2 =
0.3477.

« "Explain the shape" of a discharge curve: the p.d. across the resistor equals the p.d. across the
capagcitor; the current is proportional to that p.d.; the charge is proportional to the p.d.; the current is the
rate of loss of charge. So the rate of loss of charge is proportional to the charge left, and it gets smaller as
the charge falls: an exponential decay. Give points, not "it is inversely proportional”.

« "State the relationship between V> and V" during a discharge: they are equal.

« Sketching: start at ¢ on the axis (the current is not zero at t = 0), fall steeply, get less steep, and never
reach or touch the time axis. Mark 0.37z at 7 if you know it.
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« Smoothing (from Alternating currents): the output falls exponentially between peaks. Read two points in
one falling section and use the time between them: 9.0 V fallingto 8.1 Vin 7.5 ms gives 7 =

7'—5 ="71.2ms.
In(9.0/8.1)

« Acharged sphere discharged through a resistor to earth: - = R x 4meyr, then the same equation.

3. Energy stored in a capacitor (10 questions)
Q2
1. Choose the form that matches your data: $C'V? (know C and V), $QV (read off a graph), 20 (charge
fixed).
2. Convert units and square only the p.d. (or the charge). 330 uF at 18 V stores % x 330 x 1076 x 182 =
53.5 mJ.

Variations you will meet:

« Areaunderthe graph. OnaV against @ (or Q against V') straight line, the energy is the triangle's area
LQV . Ifthe p.d. rises from V; to V4, the extra energy is the trapezium between them, £C (V2 — V%), not
%C(VQ — V1)?: 100 pF raised from 10 V to 15 V gains 6.25 mJ.

« Sketch Q against IV while charging: a straight line through the origin ending at the final values (V, Q);
then "work done = area under the graph = %QV".

. 2W 2W

e FindV orC fromanenergy:V = \/% C = R

« Energy against capacitance atafixed p.d.: W = %CV2 is a straight line in C'. If a variable capacitor is in
parallel with a fixed one on a fixed supply, the total energy is a straight line that starts at the fixed
capacitor's energy, not at zero.

* Network energy: find the combined capacitance, then %CV2 with the supply p.d. That is quicker than
adding each capacitor's energy (it gives the same answer).

4. Capacitors in series and parallel (8 questions)

1. Parallel: same p.d., charges add, C = C7 + Cs.

1 1 1
2. Series: same charge, p.d.sadd, — = — + —. Invert at the end.
il c GG

3. Networks: combine the innermost group first. 4.0 yF and 8.0 pF in parallel make 12 pF; that in series with
6.0 pF gives (& + ) = 4.0pF.

Variations you will meet:

+ Derive the formula ("explain your reasoning"): state the physics first, then the algebra.
o Series: the charge is the same on each capacitor; the p.d.sadd, V = V; + V5; substitute V = %
and divide by Q.

o Parallel: the p.d. is the same across each; the charges add, ) = Q1 + @)9; substitute Q = CV and
divide by V. Keep the same letters as the question.
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« Atable of relationships: series, Q = Q1 = QzandV = V; + Va; parallel, Q = Q1 + Q2and V = V; =
V5.

» The p.d. across one capacitor in series: find () from the combined capacitance, then V; = —g-; The
shares are in the inverse ratio of the capacitances.

 lIdentical capacitors: n in parallel give nC'; n in series give % A network of one capacitor in series with
two in parallel gives (& + %)_1 = 2C; one in parallel with two in series gives C + § = 3C.

+ Finding a single capacitance from a network's graph: the network's gradient is its combined
capacitance written in terms of C' (such as %C); set them equal and solve.

5. Charge shared between two capacitors (3 questions)

A charged capacitor C1 (p.d. Vi, charge Qg = C1 V) is disconnected from the supply and joined to an
uncharged capacitor Cs.

1. Charge flows from the first to the second because their p.d.s are different, and it stops when the p.d.s
are equal. The first does not fully discharge.

2. Charge is conserved: the total is still Q. The two act as capacitors in parallel, so the final p.d.is V =
Qo
Ci+Cy
3. Each chargeis C1V and C,V, in the ratio of the capacitances.

C
4. Energy: final = %(Cl + Cg)V2, always less than the start; a fraction Tl remains. The rest becomes
1 2

thermal energy in the connecting wires. For two identical capacitors the p.d. halves and half of the energy
is lost.

In a "show that" or "explain your reasoning", write both principles in words: the final p.d.s are equal, and the
total charge is unchanged.

6. Capacitance of an isolated sphere (2 questions)

1.C = %with V= @ gives C' = 4meyr. Use it both ways: radius from C, or C from radius.
TEQT
2. With a charge and a capacitance, get the potential first (V = —g), then the radius from r = 1 Q v
TEQ

3. Field and potential questions on the same sphere use the Electric fields formulas; r is the radius.

7. Repeated charging and discharging: I = fC'V (2 questions)

A switch flips f times a second between a supply (charging the capacitor to V') and a sensitive ammeter
(discharging it completely).

1. Each discharge sends charge Q = C'V through the ammeter.

cv
2. f discharges a second send charge fC'V each second, so the average currentis I = Q = — =

t 1/f
fov.
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3. For example, 150 pF charged to 75 V and switched 400 times a second gives I = 400 x 150 x 10712 x
75 = 4.5 pA.

Changes: with f and V fixed, I « C'. A second identical capacitor in series halves C, so it halves the charge
per discharge and halves the current; in parallel it doubles C and the current. Explain through the charge per
discharge (or I o< C), not just "the current halves".

8. Changing the plate separation of an isolated capacitor (1 question)

You do not need a formula for the capacitance of plates; the question tells you that C'is inversely proportional
to the separation.

1. Disconnected from the supply, the charge is trapped: () stays the same.

QZ
ﬁ'

3. For example, pulling the plates apart to 3 times the separation makes the capacitance % the p.d. 3V and

2. Find the new C from the proportion, thenthe new p.d. V = % and the new energy

the energy 3 x %CV? The energy goes up because work is done pulling the oppositely charged plates
apart against their attraction; pushing them closer lets the attraction do work, so the stored energy falls.

Worked examples

The bold codes show where marks are earned, as in Cambridge mark schemes. The number is how many
marks.

e A1l accuracy mark: for a correct answer; it needs the M mark before it.

e B1 mark for a correct result on its own, with no method needed.

Example 1

A 16 pyF capacitor and a 48 yF capacitor are connected in series to a 9.0 V supply.
(a) Calculate the combined capacitance. [1]
(b) Calculate the charge on each capacitor and the p.d. across each. [3]

(c) The capacitors are now reconnected in parallel to the same supply. Calculate the total energy stored, and
compare it with the energy stored in series. [3]

Solution

(a)1 _ + 1 _4 soC = 12 F. Al
C 16 a8 0% T HT
(b) In series each has the samecharge: Q = CV =12 x 1076 x 9.0 =1.08 x 107*C.C1A1 Vs =

1.08 x 1074 1.08 x 104

=6.75 Vg = = 2.25 9.0V).
16 < 106 Vand Vyg 18 % 10 V (they add t0 9.0 V). A1
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(c) Inparallel C = 16 + 48 = 64pF.C1W = 1CV? = 1 x 64 x 10 % x 9.0 = 2.59 x 1073 J. Al In series,

W = % x 12 x 1076 x 9.0%2 = 4.86 x 10* J, so the parallel arrangement stores % = 5.3 times as much. B1

Example 2

A 680 pF capacitor is charged to 15 V and then, at time ¢t = 0, connected across a 33 kQ resistor.
(a) Calculate the initial charge on the capacitor and the initial current in the resistor. [2]

(b) Calculate the time constant of the circuit. [2]

(c) Calculate the time taken for the p.d. across the capacitor to fall to 4.0 V. [2]

(d) Calculate the time taken for the energy stored to fall to 10% of its initial value. [3]

Solution

(@) Qo=CVy =680 x10%x15=1.02x 10 2C.A1]; = Ww_ 18 4.55 x 1074 A. A1
R 33 x103

()T = RCC1=133 x10° x 680 x 1075 = 22.4s. A1

15
(c) 4.0 = 15e /2244 C1,s0¢ = 22.441n 0" 29.7s.Al

V2 1%
(d) W o V2, sothe energy is 10% when <7> = 0.10, that is v v/0.10 = 0.316.C10.316 — ¢ t/22:44
0 0

Cl1,sot = 22.44 x %ln 10 = 25.8s. Al

The first two diagrams in "Understand it" show this capacitor: the energy stored at the start (the shaded area,
76.5 mJ) and the discharge curves.

Example 3

A capacitor of capacitance 250 pF is charged and then discharged through a resistor of resistance R. The
graph of In(V'/V) against time ¢ is a straight line, with In(V' /V) = 2.30att = 0and 1.10att = 6.0 s.

(a) Determine the initial p.d. across the capacitor. [1]
(b) Determine the time constant, and hence the resistance R. [4]

(c) A second resistor of resistance R is connected in series with the first and the experiment is repeated from
the same starting p.d. Describe the new line. [2]

Solution

(@) Vp = €230 = 10.0 V. B1

1.10 — 2.30 1 1
(b) Gradient = —— = —0.200s*. C1 Gradient= ———=C1,so7 = RC = —— =5.0s.A1 R =
- 5.0 6.0 RC 0.200
r__ 9y 4
o = 550 < 109 2.0 x 10* Q. A1
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(c) The same intercept, 2.30 (same starting p.d.). B1 The resistance doubles, so the time constant doubles to
10 s and the gradient halves, to —0.100 s*. B1

The third diagram in "Understand it" shows this line.

Example 4

A 40 uF capacitor A is charged to 35 V and disconnected from the supply. It is then connected across an
uncharged 60 pF capacitor B.

(a) Explain what happens to the charge on A. [2]

(b) Calculate the final p.d. across each capacitor and the final charge on each. [3]
(c) Calculate the energy lost, and suggest where it goes. [3]

Solution

(a) Some of the charge on A flows to B, because at first the p.d. across A is bigger than across B. B1 The flow
stops when the p.d.s across A and B are equal; A keeps part of its charge. B1

(b) Charge is conserved: Q = 40 x 1076 x 35 = 1.4 x 1073 Cintotal. C1 The final p.d.s are equal, so the

1'4><10_3—14v h.A1Q4s =40 x10%%x14=5.6 x 10*Cand
100><10—6 = aCross eacn. QA— X X = 0.0 X an

Qp=060x1076x 14 =8.4 x 104 C. Al

pairactsas 100 yF: V =

(c) Before: 3 x 40 x 107 x 35% = 24.5mJ. After:  x 100 x 1079 x 14? = 9.8 mJ. C1 Energy lost =
24.5 — 9.8 = 14.7 mJ. Al It becomes thermal energy in the resistance of the connecting wires while the
charge flows. B1

Common mistakes

+ Anincomplete definition. Reports from 2021 and 2022 found "charge over potential" without saying that
the charge is on one plate and the potential is the p.d. between the plates. Some candidates saw
"parallel plate" and wrote the formula for capacitors in parallel instead (June 2022).

* Notinverting. Writing % = 15 pF, or giving é as the answer, loses the mark (June 2022). Finish with C' =
(.. L

« The wrong capacitance in = RC. Use the combined capacitance of whatever is discharging, not one
capacitor's value (June 2022, March 2025). One report found the current put in place of C' (November
2022).

+ Mixing up p.d.s in the exponential. For one capacitor in a series pair, relate its later p.d. to its own
starting p.d., or the pair's final p.d. to the supply's; don't mix the two (June 2022).

o Putting energy intoz = woe‘t/RC. Energy goes as V'2; work out the p.d. that goes with the energy asked
for, then use the exponential (March 2022).

« Alogvalue used as a charge. On aln Q graph the axis values are logs; convert with e - - before using
them as charges (March 2023).
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"The currentis zero at the start". Att = 0 the current is at its largest, % (November 2022).

Sketches that touch the axis or go flat. An exponential decay gets closer and closer to zero but never
reaches it (November 2022).

"Inversely proportional" for the discharge curve. The explanation needs the rate of loss of charge
proportional to the charge (November 2022).

Vague changes. Doubling C' doubles 7; a parallel identical resistor halves it. Say the factor (March 2022,
March 2023).

Charge sharing. "A loses all its charge" is wrong; charge moves until the p.d.s are equal, and the total
charge stays the same (June 2023).

Forgetting the charge is trapped. An isolated capacitor keeps its charge when the plates move; its p.d.
changes (November 2021). And the energy has a % init.

Smoothing time. Use the time between two readings in one discharge, not a clock reading (June 2022,
June 2023).

No unit, or the wrong one, for 7. A time constant is a time, in seconds (March 2025).

Using the wrong p.d. Read the question for the p.d. across the capacitor itself; it may not be the supply's
(March 2022).

How to get the marks

Definitions: "charge (on one plate) per unit potential difference (between the plates)"; for a sphere "charge
per unit potential".

Derivations ("explain your reasoning"): each physics statement is a mark on its own. Series: "the charge
on each capacitor is the same" and "the total p.d. is the sum of the p.d.s". Parallel: "the p.d. across each is
the same" and "the total charge is the sum". Then the algebra, in the question's letters.

Calculations: C1 for the right formula with numbers in (suchas 7 = RC, W = %CVZ, or the exponential
with values), Al for the answer. Show the substitution even if the answer is wrong: later marks follow
through from an earlier error.

"Show that": say where each value comes from (a gradient, a graph reading, an earlier part), substitute
everything, and give one more significant figure than the printed value.

Graph readings: quote the values you read, with their units, and choose them from the part of the graph
where readings are big and clear.

Units: yF, mC, kQ and mJ must be converted; answer in the unit asked (uF, kQ, mJ). "Give a unit" for 7
means s; for C, F.

"Explain the shape": give separate points (p.d. across resistor = p.d. across capacitor; I «x V; Q < V; I
= rate of loss of charge), then the conclusion that the rate of decrease is proportional to what is left.

"State and explain" a change: the change with its factor (doubled, halved) and the reason.

Sketches: exponential decays start at the right value, fall steeply, level off towards the axis without
touching; straight lines go through the origin (or the correct starting value) and end at the right point.

Give answers to 2 or 3 significant figures to match the data.
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Quick check

1. Anisolated metal sphere in a vacuum has a radius of 0.35 m. Calculate its capacitance, and the charge on
it when its potential is 3.0 kV.

2. Two 8.0 yF capacitors are connected in parallel, and this pair is connected in series with a third 8.0 pF
capacitor. Calculate the combined capacitance.

3. A capacitor stores 50 mJ when the p.d. across it is 25 V. Calculate its capacitance and its charge.

4. A capacitor discharging through a resistor has its p.d. fall from 9.0 V t0 6.0 V in 4.0 s. Calculate the time
constant, and the p.d. 4.0 s later.

5. A 330 pF capacitor is charged to 90 V and discharged through a sensitive ammeter 200 times each
second. Calculate the average current.
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Answers

1.C = 4megr = 47 x 8.85 x 10712 x 0.35 = 3.89 x 10" " F(38.9pF).Q = CV =3.89 x 10! x
3000 =1.17 x 107 C.

2. The parallel pair is 16 pF. In series with 8.0 pF: (35 + %)71 =8 =53pF.

2W _ 2 x 0.050 2W _ 2 x 0.050 _40x10-%C.

V2 252 Vv 25

4 6.0 _ e 47 sor = 40 9.87 s. In the next 4.0 s it falls by the same fraction again: 6.0 x g._o =4.0

"9.0 In1.5 0
V.

5.1 =fCV =200 x 330 x 107'2 x 90 = 5.94 x 1076 A (5.94 pA).

3.C = =1.6 x 107*F (160 pF).Q =

Past questions to try

* 9702/42/M/J/22 Q5: deriving the parallel formula, then one capacitor of a series pair discharging.
o 9702/42/F/M/23 Q5: capacitance and resistance from a graph of In Q against time.

« 9702/43/0/N/21 Q6: moving the plates of an isolated capacitor, with expressions for charge, p.d. and
energy.

» 9702/43/M/J/21 Q7: the average current I = fC'V from repeated switching, and a second capacitor in
series.

pastopic.com/cambridge/physics-9702/notes/capacitance Page 15 of 15


https://pastopic.com/cambridge/physics-9702/questions?paper=4&year=2022&session=may-june&variant=2&q=be26acd6-e295-4a5f-9c6f-b7f8abc05027
https://pastopic.com/cambridge/physics-9702/questions?paper=4&year=2023&session=feb-march&variant=2&q=fd6565da-bcfa-43f6-853d-a1ff8548f411
https://pastopic.com/cambridge/physics-9702/questions?paper=4&year=2021&session=oct-nov&variant=3&q=00e82cd6-b0bb-4116-aed9-9ca58504a63c
https://pastopic.com/cambridge/physics-9702/questions?paper=4&year=2021&session=may-june&variant=3&q=140e9f2e-5cce-4a6c-9012-85abd8b84063

	CapacitanceA2
	What you need to know
	Understand it
	What a capacitor is
	Capacitance
	Capacitors in parallel
	Capacitors in series
	Energy stored
	Discharging through a resistor
	The time constant
	Straight-line graph

	Key facts and formulas
	How to do it
	1. Defining capacitance and using  (16 questions)
	2. Discharge through a resistor: time constant and exponential decay (11 questions)
	3. Energy stored in a capacitor (10 questions)
	4. Capacitors in series and parallel (8 questions)
	5. Charge shared between two capacitors (3 questions)
	6. Capacitance of an isolated sphere (2 questions)
	7. Repeated charging and discharging:  (2 questions)
	8. Changing the plate separation of an isolated capacitor (1 question)

	Worked examples
	Example 1
	Example 2
	Example 3
	Example 4

	Common mistakes
	How to get the marks
	Quick check
	Answers
	Past questions to try



