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The carrect answeris Bbecause:

e The equation for capacitorsinseriesis given by:

i 1. 0.
=] _C e

saries 1 2
e The equationfor capacitorsinparallelis given by:

o CMIEI=C1+C2+...

s ConsideroptionB:

o Totalcapacitance of the 3 capacitorsinparallelisC+ C+ C=3C

o Combining this withthe 1 capacitorin seriesis
1

1 3C
= = (0.75C)

:rlr C "l.
: ' C
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In parallel < : “ ] I 1
\ ‘ I
IL (@ 'r'
3C C
| |
|

In series

 Therefore, optionBis correct
total capacitance of the 2 capacitorsin seriesis

S
1+1_2_2
ol

Aisincorrectas
Adding this to the two capacitors in parallel gives:

C+C+C—5C # o B 38
: - >C (250
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total capacitance of the 4 capacitorsin parallelis
(S gl B0 0 Bl 2 AR | 2

total capacitance of the 4 capacitorsin series is

Cisincorrect as

o 1 3,
Disincorrect as 1 1 1 R (0.25C)

This is one of those MCQs where you may need to try each scenario till you
find the correct answer. However, you will be able to eyeball which
options are definitely wrong. For example, the capacitors in parallel will
addupto 4C, and thisis quick to calculate, so this can be eliminated early.
Itis alsoimportantin a non-calculator paper that you are comfortable with
calculations with fractions (especially dividing and adding in this case).

When adding fractions, the denominators must be equal and the

C pecC 3C

s
numerators are then added. Therefore: E +C= E + T = T

The way the total capacitance of capacitors connected in series and
parallelis the opposite way around to how the total resistance of resistors
is calculated.

Forresistors:

1 1 s 1 .
& = -8
Rpauﬂe! RI RZ

e R =R1+R2+...

series

For capacitors:

R T g
1 1 1
= + i
‘ L i
zeries 1 2
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The correct answeris C because:

e The energy stored in a capacitoris given by:

1
o Energy stored = — CV?

2
e The capacitance Cof a parallel plate capacitoris givenby:
s A
s

e Substituting the capacitance equationinto the energy stored
equation gives:

1 { &4
o Energy stored=— | — | V"2

2.
¢ The electric field strength Ebetween two parallel platesis given by:
V
o E = =

o Where rearranging for the potential difference Vis ¥=Ed
e Substituting the potential difference Vequationinto the energy
stored equation gives:

1 £A 1 gA
Sy o] g_ 5 Paaan
o Energy stored 2 (d )(Ed) 3 ( F )Ed

e Simplifying this givesthe energy stored as:
o Energy stored = 1 EEJJE =i£AE3d
3 & 2
This question is mainly algebra, so be very careful when simplifying so you
don't get caught out with the wrong answer. Make sure to think about
other topics that are often merged with the one that is being examined. In
this case, capacitance and electric fields are commonly merged

together. This means you will sometimes have to used electric field

V
equationssuchasE= 4 which, remember, is not given on your data

booklet!
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The correct answeris D because:

Capacitance, Cis defined by the equation:

g
o C= 7
o Where Ris the charge on the pixel and Vis the potential
difference of the pixel

Rearranging for the potential difference Vgives:

Q
o V= ral
The charge @is the total number of electrons:
o Eachelectronhasacharge of1.60x 10717 C
o Totalcharge, @=(1.60 x107%) % (109 =1.60x 107> C
The capacitance Cis given by 6.4 pF.
o Thisisequalto 6.4 x1072F
Substituting these into the potential difference equation gives:
1.60x10-13
6.4>10712
o V=0.25%x10"=0.025V
Especially in a nan-calculator paper, itis important that you're

comfortable with combining powers of 10. The general rules are:

o V=

e |f powers of 10 are multiplied, add the powers: 102 x 102 = 102+

104
e |f powerof 10 are divided, subtract the powers: To? = 1022

4

The correct answeris Bbecause:

¢ Sincethe capacitoris connected to a cell of constant emf, no matter
what the separation is between the plates, the potential difference V
between the plates will always be constant

e The capacitance Cof parallel plate capacitorsis given by:

C_EA
st il
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o Where £is the permittivity of the dielectric between the plates, 4
is the cross-sectional area of the plates and dis the separation of
the plates

Therefore, capacitance Cand separation dare inversely
proportional

o This meansif the separation ddoubles, then capacitance C
halves

o This eliminatesrow C

The capacitance Cof a capacitoris also given by:

. A2
uC—V

o Where Qis the charge on the capacitor plates and Vis the
potential difference between the plates
Rearranging for charge @ gives:
o D=CF
Therefore, if the capacitance Chalves, then charge @ also halves
o This eliminatesrowD
The energy stored Ein a capacitor is given by the equation:
1
o E= ECVE
Therefore, if the capacitance Chalves, then then energy stored Ealso
halves
o ThisisrowB

The important thing to noticein any MCQ testinghow a variable changes
with the separation of the platesis thatif the capacitoris connectedto a
power supply such as a cell, the potential difference across it will always
be the same as that of the emf regardless of the separation of the plates.
Therefore, when comparing two variables in the equations, Vis always
constant.

The correct answeris C because:

» The equationfor capacitors in series is given by:

S T
o = e,

saries 1 2
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e Theequationfor capacitors in parallelis given by:

o CPMM=C1+CZ+...

e Combining the two resistors in series gives:

.I'f’ \‘.\
r 1ll,
4 |
! \
I |
I L
:2 OmF___
Vv 20mF__ | 120mF_—
120mF__ |
I.'L :J
\\‘\ :
1 1 1 is
[n] = =+ =1.
X 22 0
series

e = LIImF
series

e Combining the threeresistors now in parallel gives:

;/f \"\
RN — i — "
N '2.0 mF 1.0 mF 2.0mF -
ra
b F
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o CMIEFZ.U +1.0+2.0=5.0mF
¢ The energy stored Ein the circuit is given by:
1
L S
o E 3 e

¢ Rearranging this for the potential difference Vgives:

,_ [2E
R e

e Substituting in the values gives:

2x100 200 40

. F:\/ 5.0x 103 :\/ 5.0x 102 :\/ ST e et

o V=2.0x102V=200V=0.2kV
When combining multiple capacitars, you can treat the final value as a
single capacitor with that capacitance. Inthis case, the two capacitorsin
series combine to give a capacitance of I'mF, which can then be treated
like a capacitor of 1 mF in parallel with the other two. Any sketches canalso
help you keep track of the ones you have combined.

The way the total capacitance of capacitors connected in series and
parallelis the opposite way around to how the total resistance of resistors
is calculated.

Forresistors:

1 1 1
. = + e
Rpm‘aﬂef R1 RE
v R . =R +R +..
serigs 1 2

Forcapacitors:

—C +C_ +
® Cogats=C1H G ¥ o

1 1 1
el g e
L] Cﬁ

saries 1
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The correct answeris Abecause:

+ The charge Qis givenby:
6 =1
o Where /is the current and tis the time
Converting time tinto seconds gives:
o Iminute=60s
o 1=2x560=1205%
Substituting the valuesinto the charge equation gives:
o R=(5.0x10"%x120=600x10"°C
The capacitance Cis given by:

Q
o O=—
V
o Where Vis the potential difference across the capacitor plates
Substituting the values into the capacitance equation gives:

600 10-6
o C= T:é[}{] x10~7F

o C=60x10"°F=60uF

the charge @has not beendividedby Vof 10V to

Bisincorrect as = ,
Igwetheﬁnaicapacrtance a !

 the charge @has notbeen divided by Vof 10V to
Cisincorrectas give the final capacitance Cand the 2 minutes has
not been convertedinto seconds

Disincorrect as the 2 minutes has not been converted into seconds

Remember to look out for the correct unit conversions when doing
calculations, these trip up many students into choosing the incorrect
distractor answer. For the equation @ = /t, current /must be inamps and
time tmust be in seconds.
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The correct answeris D because:

Eachcapacitorcanbe said to have a capacitance C
The equation for capacitorsin series is given by:

1 1 1
o = - + ...
serigs Ci CE
The equation for capacitors in parallelis given by:
- 381 o =C . +C_+...
paralle! 1 2
The capacitance Cis given by:
_ 9
o C= ”

o Therefore, @= CV
When connected in parallel, the total capacitanceis:

o CM;Q;ZC+C+C+C:4C

Therefore, the charge Qin parallelis:
o @=4CV
o 24uC=4CV
2.4
o CV= T: 0.6uC

When connected in series, the total capacitance is:
1+ 4

+l+ =
P& -

€

Therefore, the charge gin series is:

CV
o qu

This means that the charge gin seriesis a quarter of the charge Qin

parallel

Therefore, substituting in the initial value of the charge gives:

_06_6_3
T T
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the capacitors in series and parallel equations have
Aisincorrect as beenused the wrong way around and the wrong

prefixhas beenused(mCinstead of uC)

the capacitors in series and parallel equations have

Bisincorrect as
beenused the wrong way around

Cisincorrectas the wrong prefix has beenused (mCinstead of uC)

The way the total capacitance of capacitors connected in series and

Page 10

parallelis the opposite way around to how the total resistance of resistors

is calculated.

Forresistors:

1 1 1
[ ] = = = oy
Rpm‘aﬂef RI RE
s R =R_+ K
series 1 2

For capacitors:

iy Sy bl
1 » 1 1
. | = + C ;e
saries 1 2
8

The correct answeris Bbecause:

e The equation for capacitorsinseriesis given by:

S
o _C il

series 1 2
e Substituting the capacitance of each capacitor gives:

1 | LS |
==t r=

=]

N
SEFIES
i .2 3 B 1.0
“e 9 94 A ;A 4
Saries
4
serfes_guF
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the capacitorsin parallelequations has been used
Aisincorrectas  instead of the capacitors in series equation

Cisincorrect as has been calculated instead of just C’MMS

series

1
thisis ——whichis not the correct equation for
paralle]

capacitors in parallel, and the question states that
the capacitors arein series

Disincorrect as

When adding fractions, the denominators must be equal and the
numerators are then added. Therefore:

C.._C, 2% pie
2 T T e

The way the total capacitance of capacitorsconnected in series and

Page 11

parallelis the opposite way around to how the total resistance of resistors

is calculated.
Forresistors:
e R =R +R_+._.
series 1 2

Forcapacitors:

The correct answeris D because:

s |naseriescircuit:
o The potential difference is divided between all the components
inthe circuit
o The currentis the same in all the components in the circuit
e Charge Qisdefined by:
o =10t
o Where /isthe current inthe circuit and tis the time
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s Therefore,if eachcapacitor has the same current thenit must also
store the same charge onits plates, regardless of its capacitance:
o Thisis because the charge stored by a plate of any one capacitor
must have come from the plate of its adjacent capacitor
o ThiseliminatesrowAandC

¢ Capacitance Cisdefinedby:

0
uC—V

o Where Vis the potential difference between the plates
e Therefore,if Qisconstant, then the potential difference Vof each
capacitor depends on the capacitance Cof each capacitor:

o More specifically, Cand Vare inversely proportional

o Therefore,rowDis correct
Itis important to not forget all that youhavelearnt in the electricity topic
when it comesto capacitance. At the end of the day, capacitors are
another electrical component and belong in circuits. Therefore, itis very
useful to still remember Kirchhoff's circuit laws in this topic.

10

The correct answeris C because:

How fast a capacitordischarges is determinedby its time constant. ¢
The time constantr is defined by:
e p=RNC
o Where Ris the resistance of the resistor and Cis the capacitance
of the capacitor
Itis also defined as the time taken for the potential difference to fall

1
to E{G'E?} of its original value

Therefore, from the graph thisis:
o voltage V=(1.0x 0.37)=0.37 V
o t=0.42s
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1.2 =
1.0 -
0.8 -
= O
-2
0.4 -
0.37
0.0 T T / T T T T 1
o0 02 04 06 08 10 12 14 18
0.42

tis

e
If the capacitance Cchangesto — and the resistance Rchanges to

2
R
=1 thenthe r changes to:
C R i CR
ST 3
T
Therefore, the time constant Tbecomes 1

o If the timeconstant of the new combination is aguarter of the
previous arrangement, then the capacitor discharges 4 times
quicker

1
This means the potential difference Vnow reduces to E {0.37)of its
original value in a quarter of the time
0.42 0.40 0.44
¢ Thisisin——=0.105s(——— =0.10s,and —=0.115)

4 4 4
o The closest graph with this time constant is graph C
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A B
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Itisimportant to not just remember the equation for the time constant,
but also its definition. The graph in the question has values onits axes,
which indicates thatthese should be used to helpyou choose the most
accurate graph. Alwaysuse arulerand pencil to make sureyou're reading
the correct values from the graph axes, you are encouraged to annotate
your graphsinthe exam.
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