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The correct answer is Bbecause:

Ag
s Current /= o

o Thisisreadastherate of flow of electric charge

V
Aisincorrect as while current /= E . this does not define the electric

V
current (it quantifies it, since resistance Ris defined as the ratio T}

Cisincorrect as this is the definition of the potential difference across a

W
component, V= ?

Disincorrect as this is the definition of the electromotive force eof a cell

The correct answeris B because:

s |[ettheresistance of eachresistorbe R

e V5=1.0V
o Therefore, the p.d. across theresistorjust left of Vsisalso 1.0V

since theresistance is the same and they are in the same branch,

s0, the same current flows through them both

e S0, thetotalp.d.inthe lowerbranch of the parallel combinationis

equal to:
o 0+1.0=2.0V

o Thetotal p.d. across any branch of a parallel combinationis the
same according to Kirchhoff's Second Law

o Therefore, V4=2.0V
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o The complete circuit may be described as a series combination of the

two single resistors and the parallel combination
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e Thep.d. across the vertical resistoris the same as VV3since they have
the same resistance and the same current through them, thefore:
o Vi=totalem.fincircuit=8.0V

o Thesumof p.d'sinanyloopisequaltothe e.m.finthe circuit

o V3+V3+2.0=8.0

o 2V3=6.0V
s 50, V3=3.0V
I}__ |
|
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The underlying principle that will help you understand this questionis the
conservation of charge. Charge is always carried in units of the
elementary charge (e= 1.6 x 1077 C) so since the conducting spheresin
this question are identical, when they are brought into contact a finite
amount of charge will spread evenly across them. The total chargeis
therefore distributed symmetrically.

The correct answeris Bbecause:
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From the databooklet:
o P=(IR)I=FR
The power dissipatedin X is:
o P.=FR
The power dissipatedinY is:
1) 2I’R I’R
i Pf(z) N
Therefore, theratio:
powerdissipatedin ¥ I?’R 1 1
° pﬂwerdissiparedmxz T

Aisincorrect as theresistanceinY is twice the resistance in X 50 F‘y —

I\ 2I°'R I’R IR
= (ZR) = 1 = 5 andnot (F) = 1

e _ powerdissipated in ¥
Cisincorrect as the equation is: — . and not
power dissipated in X

power dissipated in X

power dissipated in ¥

S, ~ / powerdissipatedin ¥
Disincorrect as the equationis: = 2 and not
power dissipated in X

power dissipated in X

e : and theresistance inY is twice the resistance in X
power dissipated in ¥

4

The carrect answeris D because:

o Thecellhasanem.f E

» Thenegative terminal of the cellis conventionally takentobe at a
potential of O Vwhile the positive terminal is taken to be at a potential
of E

» S50, the positive terminal is at a higher potential than the negative
terminal

o Nocomponentis connectedbetween the positive terminal and point
X,sothey are at the same potential

For more help visit our website www.exampaperspractice.co.uk
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+ Therefore, point Xis at potential E, while point Y is at the same
potential as the negative terminal of the cell, so, the potential at Y is
Zero

o This meanswe caneliminate graphs AandB
e Ohm's Law states that:
o V=IR
o Therefore, the p.d. across the 3 Qresistor must be less than the
p.d. across the 6 Qresistor

W it oy / o h = tsth di fth
* Wecanwrite —= =/x—— where —= represents the gra ient of the
graph, whichis the change in potential difference with distance

along XY

o Sincewe canassume the length of wire inboth resistors is the
same, A is the same acrossbothresistors

o However, by Ohm’'slaw, AVisless across the 3 Qresistorthanitis
forthe 6 Q resistor

o This means the gradient of the lineis smaller across the 30
resistor thanitis across the 6 Q resistor

o ThisisillustratedingraphD

A & B areincorrect as the potential at point Xis Eand point Y is zero so the
graph should start at a maximum and decrease to zero

Cisincorrect as Ohm's Law tells us that, so the gradient should be
steeperacross the 6Qresistor and shallower across the 3 O resistor

The correct answeris Abecause:

e The & Oresistors are connected in parallel

1 1
o Therefore, the effectiveresistance canbe calculated as R_ = E
T
1 2
88

o Hence, the effectiveresistance at this pointin the circuit Rr= T

40
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o Therefore, the 2 Oresistorisinseries with an effectiveresistorof40

o Sincethey areinseries, they canbe combined into another
effectiveresistance Rr=2+4=60

e This 6 Q effectiveresistanceisin parallel with the 6 Qresistor, so the
totalresistance inthe circuitis calculated by:

Practice identifying where resistors canbecombinedinto effective
resistances, e.g., by identifying parallel and series networks. This circuit
can be simplified in the following steps, sketched out below:

The incorrect answeris B because:
e The equation for resistivity is:

RA
s &

e Usingdimensional analysis (i.e., analysing the units):

[R]4] Qm’
o [pl= 5 - W =0m
o Therefore, option Dis a possible unit (the standard unit!) of
resistivity

+« \We canuse the other electricity equations to provide substitutions
forthese units:
o [V=[IR1—-V=AQ
o [=MIfl—-C=As
. el
- [2]
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e Fromthe above equations, we get:

"

DD':I

v R e S Qm: Vm2 Vm Jm
o Hence, substituting thisinto [p] = e Ca= - 4 e

o Therefore, option Bmustbeincorrect

V m
Aisincorrectas[p] = o VmAT

Cisincorrectas[pl=Jms A2

o [Rll4]_@m?
isincorrectas|[p]= AR = m

You must read this question carefully asit asks which statement is
incorrect.

The correct answeris D because:
Method 1: Power Equation

» Use the equation for power P= FR
e First, consider the whole circuit:

o V=emf.=10V
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o SO, P=FR=2?x5=4x5=20W
« Now, considerthe power acrossa 2 Qresistor:

o The 2 A are splitevenly between the paths because the resistors
are the same size.

o So, 1A of current passes through a2 Qresistor
o Use the equation forpower, P= FR=12x2=1x2=2W
s 50, thecorrectansweris optionD

Aisincorrect as theresistance across Rj=10. Thisisnot the same as the
power across the resistorwhich is 2W there are two 2 QO resistors, each
dissipating a power of 2W and not just one, so total power dissipatedin
thecircuit P=(2x2)+16=20Wandnot P=(1x2)+16=18 W

Bisincorrect astheresistance across Ry=10. This is not the same as the
power across the resistorwhichis 2W

Cisincorrect asthere are two 2 Qresistors, each dissipating a powerof 2
W and notjust one, sototal power dissipatedinthecircuit P=(2x2)+16=
20Wandnot P=(1x2)+16=18W

8

The correct answeris C because:

e When the switchis opened, the loop containinglamp W and lamp Xis
not a complete circuit
e However, the loop containing lamp W and lamp Y is a complete circuit
o Therefore, we can eliminate option A and option D since lamp X
must be off when the switchis open
+ \Whenthe switchis closed, lamp X andY arein parallel with each other
o Therefore, removing lamp X from the circuit by opening the
switchincreases the overall resistance of the circuit
o Hence, the overall currentin the circuit decreases
e We know each of the lamps are identical, hence, they each have the
sameresistance R

For more help visit our website www.exampaperspractice.co.uk
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o Therefore, the power dissipatedin lamp W, P= PRmust decrease
since the resistance stays constant but the current through it
decreases

o Hence, the brightness across lamp W must decrease

e Opening the switchwill also increase the potential difference across

lamp Y
2
o Hence, the power dissipatedinlamp, P= 3 willincrease,
since theresistance stays constant
o Hence, the brightness acrosslamp Y will increase

e Therefore, the correct answeris C

Aisincorrect as lamp X is off when the switch.is cpen, as the circuit for this
lamp is no longer complete

Bisincorrect as the brightness of lamp Y willincrease when the switch is
opened because the current is no longer splitbetween the two parallel
branches

Disincorrect as lamp X is off when the switch is open, as the circuit for this
lamp is no longer complete

This question requires you to slowly eliminate the different options until
youare left with the correct ene.

9

The correct answeris C because:

e The powerrating ondevicesis correct for the country / mains voltage
where they are sold
o Therefore the power dissipatedinthe UK is the same as the value
written onthe bulb
o OnlyBorCcanbe correct
¢ Tofind the power dissipated when using a different voltage, use the
2

equationP = R
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e Sincethe same bulbisbeing used, Ris constant, thereforesetupa
ratio to compare the UK and Canada

s s 2402 1002
o = therefore =

P ¥ & 60 ¥ i
uk c c

¢ Powerdissipatedin Canada, F-=10.42W

10

The correct answeris C because:

e Acharge of 240 C flows through the resistorin a time of 2 minutes =
120s
Calculating current:

40 240
L) = E = m —
e Powerdissipated P= ERand poweris defined as the rate of transfer
of energy

o Therefore, energy E=Px t=FRxt
o S0,1440=(2)2Rx 120

1440 12
(20 =120 ~ 480
Theemfofacircuite=AR+n=9.0V

o Hence, R= =30

9.0 9.0
o Therefore, the total resistanceinthecircuit (R+ = T = ? E
450
s Therefore, since R=3
o 3+r=45

o Thereforer=45-3=150

Aisincorrect as thisis the resistance of the resistor and not the internal
resistance of thee.m.f

Bisincorrect as thisis the current in the circuit and not the internal
resistance of the e.m.f.

Disincorrect as this is the total resistance in the circuit and not the internal
resistance of the e.m.f.
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e . ; Energy
The power dissipatedis the energy per time from Power = “Time " Look
carefully that the units 1440 is measuredin J, so to calculate the energy

use Energy = Power x Time.
1

The correct answeris D because:

e The electromotive force €is defined as the work done perunit charge
inmoving charge from one terminal of the battery to the other
o The work, or energy transferred, between terminals is chemical
e The electromotive force can be written as:

& €= % such that the energy transferred (orwork done) W = e@

e However, this chemical energy is deliverable as electrical energy to
boththe load resistance and theinternal resistance

o Therefore, e@is equal to the total energy dissipated inthe battery
due to the internal resistance as well is externally (the load resistance)

Aisincorrect as the work done around the circuit is not chemical, it is
electrical, and is equal to V@, where Vis the terminal potential difference

Bisincorrect as the work done between the terminals is not electric, itis
chemical

Cisincorrect as the load resistance is usually given the symbol R. eQis a
quantity of energy, notresistance

Read each of the answer options carefully and don't just jump to a
conclusionwithout considering them all!

12

The correct answer is Abecause:

* There are two unknowns, so we must set up two unique simultaneous
equations
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o Theemfe=AR+n=V+Irwhere Visthe terminal potential difference
o Therefore,when V=5.0Vand/=1.0A, =5+ r(equationl)
o When V=4.0Vand/=1.5A,e=4 +1.5r(equation2)
e Equating the two equations to eliminate egives:
o 5+r=4+15r
& T=0:5r

1
o Therefore, r= E_Z'D Q

e Usingthis value for rinequation1gives:
o e=5+2=7.0V

B isincorrect as the internal resistance r=2 QO because 1=0.5rs0, % =
2.00andnot0.50Q

Cisincorrectas e=5+2=7.0Vandnote=5-2= 3.0V

Disincorrect as theinternal resistances=2 Q because 1= 0.5rs0, % =

200andnot0.50
e=h+2=70Vandnote=5-2=30V

If there are two unknowns in each question, don’'t panic! This is a huge flag
that you are required to setup two simultaneous equations and solve
them. In more extended questions;you may even sometimes have three
unknowns - but as you might expect, this just means you then need to set
up three unique simultaneous equations and perform a bit more algebra
to manipulate and solve them. Anytime you have the same number of
unknowns as you have equations - think simultaneous equations!

13

The correct answeris A because:

o Thecellemfe=AR+n

o Therefore, this canbe rearranged into the form of a straight line

£ hencel—ﬁ—£+i
R+r [

o [=
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1 : e o :
o If y=mx+c,then 3 onthe y-axis and Ronthe x-axisis a straight

: : . 1
line with a gradient equalto —
£

i e r §E :
Bisincorrectas/= FETR e e b and not R .Ris aquantity

onthe x-axis, soitis not possible to have a straight-line graph with a

gradient of o

antity
s £ 1. Rt R » 1
Cisincomectasl=——80—=——=—3— andnot —
R+ ¥ g A = F
S £ 1. ‘Ri»r o
Disincorrectas /f=——s0. —=——=—+—andnot r
R+ I £ = TuE

You should be comfortable, for the Standard Level Diploma Programme,
with recognising linear equations and rearranging them so that they
match a given graph. The method for this question is sketched out in more
detail below:

6::1("\%!")
> A
AxY
L' of o+ EuL
"% e

\
r\/':“h

=
B
4+
E
+

(

=

e
J

grodiet”™”

14

The incorrect statement is C because:
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o Anideal batteryis one forwhich the internal resistance is zero
e Hence,since €= R+ )= V+/r,where Vis the terminal potential
difference, /is the current and ris the internal resistance,
o I|ftheinternal resistanceis zero, then the terminal potential
difference (i.e., that which is measurable) would be exactly equal
totheemfe

Ais correct as non-ideal batteries have internal resistance. Hence, the
terminalpd V= e- [r, and sois always lessthan theemf €

Biscorrectas V= e- Ir Hence, if the current /=0, then V=¢

Discorrect as the terminal potential difference for non-ideal batteries
decreases with time as current is drawn from it, due to the battery's
internal resistance

15

The incorrect answer is C because:

e Theinternalresistance of acellmust have units equivalent to the ohm,
Q
71
]

o Therefore, optionAis correct

o [Rl=Q= =VAT

e TheVolt,Vis defined by the equation V= E:

q
w1
[q]
o Since[d=[A[f],thenC=As
o Substituting thisinto Q=VA T=(JCHA=J(ATsThAT
o Therefore, QO =Js 1A Zso optionBis correct
¢ The Joule,)is defined by the equation W= Fd.
o [W=[Fla]=Nm
o Since [F]=[ml[a]then[F]=N=kgm g2
O
Lo

o [V =V-= =JC

Substituting thisinto [W]=J=Nm=(kgms?)m=kgm?s?
Therefore, Q=(kgm?s2)s TA2=kgm?A~2s3
s Therefore, optionDis correct
o 50,optionC cannot be units forinternal resistance
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Make sure you read this guestion carefully. It says incorrect and not
correct. Do not just start and then assume Ais correct.

16

The correct answeris Bbecause:

+ Theterminal potential difference Vyand Vycanbewritteninterms of

the emf £
o Treating the circuit as a potential divider, with the 3 Q resistorin
R
serieswith the internal resistance r=0.5Q, then Vy=€x =
E§%3 9
3405 @

- R ix1l5 9
o Similarly, Vy= ex R+, - e
o Therefore, Vy= Vysince the denominatoris smaller for Vy
e The powerdissipated across the resistor, Pyand Py, can be writtenin

terms of the terminal potential differences Veand Vy:

2 2

VX FX
ATy
2 2

]?I'r I}FI'r

° LRk T

o Since Vy>'Vy, Pys Py
o Therefore, row Biscorrect

Aisincorrect as the poweris greaterin X thanin Y. Consider the equation
forpower, P= [Vthenif Vis greaterthen Pwill also be greater.

Cisincorrect as both the power and potential difference are greaterin X
9

thaninY, as Vy> Vyas = > 0

and consider the equation for power, P= /Vthenif Vis greater then Pwill
also be greater.

Discorrect as the potential difference is greaterin Xthanin Y, as V> Vyas
o 9

—_ —

7 10
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The correct answeris D because:

¢ Theterminal potential difference V=€e-1Ir
o If theresistance Rdecreases, then current in the circuit increases
o Therefore, the terminal potential difference Vdecreases as well
o The powerdissipatedinthe cell(thatis, across the internal
resistance)
P= Fr,which therefore becomes large

e Hence, statement(1)is correct
e |ftheresistance Ris made very large, this causes a very small current
inthe circuit
o The power supplied by the cell P=€l= AR+ 0= FR+ FPr
o The powerdissipated by the resistor Ris given by the term ER
which dominates since Ris now very large
o Therefore, most of the power supplied by the cell is dissipated
across the resistor R
e Hence, statement (2)is correct
e |ftheresistance of Ris made very small, then the current in the circuit
willincrease
o Hence, the charge delivered by the cell (its capacity) will rapidly
deplete, resulting in ashorter lifetime

Walking through each step in this questionis useful practise for you to
understand the difference components of a circuit, in terms of the
external (or load) resistance Rand the internal resistance r.Imagining
these as two distinct components, over which power supplied by the emf
of the cellis dissipated, is very good exam technigue.
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The correct answeris B because:

e Kirchhoff's Circuit Laws tellsus 2V=0inaloop:
o Ineachbranchtotal potential difference=4x12=48V.
o All potential differencesin parallel are the same (option A or B
must be correct)
e Kirchhoff's Circuit Laws tellus that 2/=0 at ajunction
o Current=2.5Aineachbranch
o There are five branches, therefore thetotalcurrent=5x2.5=12.5
A
o Biscorrect
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