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The correct answeris C because:

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

40 240
ST T
e Power dissipated P= £Rand poweris defined as the rate of transfer
of energy

o Therefore energy E=Px t=FRxt
o 50,1440 =(2)%Rx 120

1440 12
(22120 ~ 480
s Theemfofacircuite=AR+n=9.0V

o Hence, Rf= =k

0.0
o Therefore, the total resistance inthe circuit (R+ 1 = T = T =
450
* Therefore, since R=3

o 3+r=45

o Thereforer=45-3=150
Aisincorrect thisistheresistance of theresistorandnotthe !
as internal resistance of the e.m.f.
Bisincorrect thisisthe currentinthe circuit and not the
as internal resistance of the e.m.f.
Disincorrect |[thisisthe total resistance in the circuit and not
as the internal resistance of the e.m.f.

a : : Energy

The power dissipatedis the energy per time fromPower= ———.Look

Time
carefully that the units 1440 is measuredin J, so to calculate the energy
use Energy = Power x Time.
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The correct answeris D because:

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, orenergy transferred, between terminals is chemical
The electromotive force can be written as:

o £= at such that the energy transferred (or work done) W= €@

However, this chemical energy is deliverable as electrical energy to
both the load resistance and the internal resistance

Therefore, eQis equal to the totalenergy dissipated in the battery
due to the internal resistance as well is externally (the load resistance)

the work done around the eircuitis not

Ais
, chemical, itis electrical, and is equal to V@,
incorrect as , : o

where Vis the terminal potential difference
Bis the work done between the terminals is not

incorrect as electric, it is chemical

Cis the loadresistance is usually given the.symbol
incorrect as R. eQlisa quantity of energy, not resistance

Read each of the answer options carefully and don’tjustjump to a
conclusion without considering them all!
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The carrect answeris A because:

e There are two unknowns, so we must set up two unigue simultaneous
equations
o Theemfe= R+ =V+Irwhere Visthe terminal potential difference
o Therefore,when V=5.0Vand/=1.0A, e=5+ rlequationl)
o WhenV=4.0Vand/=1.5A, e=4+1.5r(equation 2)
» Equating the two equations to eliminate € gives:
o b+r=44+15r
& =001

1
Therefore, r=——=2.00
o eretore, r 0.5

» Using this value for rin equation lgives:
0o e=5H+2=FON

The internalresistance r=2 0 because1=0.5r

Bis
1
incorrect as so, o= 2.00andnot0.50
Cis ol
, e=5+2=70Vandnote=5-2=3.0V
incorrect as
Bt 8 N BE N S Bl |
The internalresistance r=2 Obecause 1 =0.5r
: 1
Dis s0, 55 =2.0Qandnot 0.50
incorrect as '

e=5+2=70Vandnote=5-2=30V

If there are two unknowns in each question, don't panic! Thisis 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 thenneed to set
up three unigue simultaneous equations and perform a bit more algebra
to manipulate and solve them. Anytime you have the same number of
unknowns as you have eguations - think simultaneous equations!
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Theincorrect statement is B because:

e Thelifetime of acelldepends on the current drawn fromit, not onthe
amount of charge it stores (a measure of the cell’'s capacity)

Page 4

e Acell's capacity can be measured by drawing a constant current until
itis discharged

o The charge delivered during the time it takes to fully discharge is

the cells capacity

Aiscorrectas

Ciscorrect as

Discorrect as

capacity can be measured by drawing a
constant current from a celluntilitis
discharged. The area underthe
corresponding current-time graph, which
would be the total charge delivered, is a
measure of the cell's capacity. A larger
current would reduce the lifetime of the
cell, notits'eapacity

larger currents discharge cells more
quickly, because cellscanonly delivera
finite amount of charge to a circuit overits
lifetime (its capacity)

the internal resistance of a cell gradually
increases over a cell’'slifetime, due to
several factors, including chemical and
structural degradation of the terminals
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The correct answeris Abecause:

¢ Thecellemfe=AR+7

o Therefore, this can be rearranged into the form of a straight line
£ 1 R+r R r

hence — = - —

4 & £ £ £

o [=

1 : & :
o If y=mx+ c,then 7 onthe y-axis and Ronthe x-axisis astraight

: - : 1
line with a gradient equalto —
£

= s.cul-ﬁ-E iandnotiﬁ
R+r - ——— R
is a quantity on the x=axis, soitis not

kgl possible to have a straight-line graph with a

=

gradient of =

antity
oty £ B KTr K OF 1
Cisincomectas |=—— sgW=—""=—+—andnot —
R+r ey £ e TE r
- 1 R+ R
Disincorrect as |f= S0 — = - =—+Landnotr
R+r I £ £ £

You should be comfortable, forthe Standard Level Diploma Programme,
with recognising linear equations and rearranging them so that they
match a given graph. The method for this questionis sketched out in more
detail below:
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ﬁzI(R"rr)
g A
RxY
| _ r _:f_ L
'ir ﬂﬁ E-+E-
t1s 18l s £
="M
A7 \
f:m1+c wnted
WWS @ tf'mmft

The correct answeris D because:

e Applying Kirchhoff's loop law, starting at the negative terminal of the
primary cell and moving round the circuit anticlockwise:
o PV=0=1G0a4/-2-4/
o Therefore, O=8-8/
o 8/=8s0/=1A
e This means statement Cisincorrect
e The powerof anemf, eisgivenby P= ¢
o Therefore, the power generated by the primary battery P=10 x 1
=10W
o The powerstoredin the secondary battery P=2 x1=2W
e This means statement Bisincorrect, and:

. 2 .
¢ Since 10 =0.2=20%, statement Dis correct
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primary cells are not rechargeable, only
Aisincorrectas secondary cells are charged from the
primary cell

this is not true. The power generated in the
Bisincorrectas primary cellis not equal to the power
stored in the secondary cell

Cisincorrect as the current inthe circuitis 1 A as shown

You should remember that primary cells can only be used once (until it
runs out). Therefore, statement Alis incorrect. Secondary batteries are
rechargeable and can be reused.

The incorrect statement is C because:

¢ Anideal batteryis one forwhich the internal resistanceis zero
s Hence,since €= {R+ rj= V+ Ir, where Vis the terminal potential
difference, /is the current and ris the internal resistance,
o |ftheinternalresistanceis zero, then the tarminal potential
difference(i.e., that which is measurable) would be exactly equal
totheemfe

non-ideal batteries have internal
Aiscorrectas resistance. Hence, theterminalpd V=€e- I,
andsois alwayslessthantheemf e

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

the terminal potential difference for non-
ideal batteries decreases with time as
currentis drawn fromit, due to the
battery'sinternalresistance

Discorrectas
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The incorrect answeris C because:

The internalresistance of a cell must have units equivalent to the ohm,
Q

[ -1
A=n=1" cya
2l ]

o Therefore, optionAis correct

e TheVolt, Vis defined by the equation V= %:
o [Ip*]:u:m =]C
[¢]

o Since[d]=[A[1], thenC=As

o Substituting thisinto Q=VA-'=(CHA = J(A s A"

o Therefore,Q=Js A Zso optionBiscorrect
The Joule, Jis defined by the equation W= Fot

o [W=[FAld=Nm

o Since[F] = [mlla]lthen[Fl=N=kgms™=2

o Substituting thisinto[W=J=Nm=(kgms?)m=kgm?s

o Therefore, Q=(kgm?s2)s A 2=kgm?A2s>
Therefore, option Dis correct

o So, option C cannot be units for internal resistance

=2

Make sure you read this question carefully. It says incorrect and not
correct. Do not just start and then assume Ais correct.
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The correct answeris B because:

¢ The terminal potential difference Vyand Vycanbe writteninterms of

theemf £
o Treating the circuit as a potential divider, with the 3 Qresistorin
R
series withthe internal resistance r= 0.5 (), then Vy=€x I —
ii5xg ¥
34057

s R Juls 9
o Similarly, Vy=€x T R T T
o Therefore, Vy=Vysince the denominatoris smaller for Vy
s The powerdissipated across the resistor, Pyand Py, can be writtenin

terms of the terminal potential differences Vyand Vy

2 2

FX VX
oAy
2 2

I;II" I"I"

N T

o Since Vy> Vy, Py> Py
o Therefore,rowBis correct

the poweris greaterin XthaninY. Consider |
Aisincorrect as the equation for power, P= [Vthenif Vis
greaterthen Pwill also be greater.

both the power and potential difference

are greaterinXthanin, as Vy> Vyas = >

0
Cisincorrectas 10

and consider the equation for power, P= [V
thenif Vis greaterthen Pwill also be
greater.
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the potential difference is greaterin X than

Discorrect as 2 9
: inY, as Vy> V}»as?>ﬁ

10

The correct answeris D because:

e The terminal potential difference V=€-1Ir
o |ftheresistance Rdecreases, then current in the circuitincreases
o Therefore, the terminal potential difference Vdecreases as well
o The powerdissipatedinthecell(that is, across the internal
resistance)
P= Fr, which therefore becomes large

* Hence, statement (1)is correct
e |ftheresistance Ris made very large, this causes avery small current
inthe circuit
o The power supplied by the cell P= ef= F(R+ /)= FR+ Pr
o The powerdissipatedby the resistor Ris given by the term ER,
which dominates since Ris now very large
o Therefore;most of the power supplied bythe cell is dissipated
across theresistor R
* Hence, statement (Z2)is correct
e |ftheresistance of Ris made very small, then the current in the circuit
will increase
o Hence, the charge delivered by the cell(its capacity) will rapidly
deplete, resultingin a shorter 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, isvery good exam technique.
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