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The correct answeris Bbecause:

e [ettheresistance of eachresistorbe R

e V=10V
o Therefore, the p.d. across theresistorjustleftof Vsisalso 1.0V
since theresistance is the same and they are inthe same branch,
50, the same current flows through them both

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

equal to:
o 0+1.0=20V

o Thetotal p.d. across any branchof a parallel combination is the
same according to Kirchhoff's Second Law

o Therefore, Vy=2.0V
e The complete circuit may be described as a series combination of the
two singleresistors and the parallel combination

e Thep.d. across theverticalresistoris the same as Vzsince they have
the same resistance and the same current through them, thefore:
o Vij=totale.m.fincircuit=8.0V

o Thesumofp.d'sinanyloopisequaltothe e.m.finthe circuit
o V3+13+2.0=8.0

o 2V5=6.0V

e So, V3=3.0V
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The underlying principle that will helpyouunderstand this questionis the
conservation of charge. Charge is always carried in units of the
elementary charge(e=+1.6 x | 077 C)so since the conducting spheresin
this question are identical, when they are brought inte contact a finite
amount of charge will spread evenly across them. The total charge is
therefore distributed symmetrically.

The correct answeris B because:

¢ Fromthe databooklet:
o P=(IR)N=FR
s ThepowerdissipatedinXis:
o P,=FR
s ThepowerdissipatedinY is:
1} 2R IR
° Pf(ﬂ CR="a"=3
s Therefore, theratio:
powerdissipatedin ¥ I?’R 1 1
g power dissipated in X i e
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theresistanceinY is twice the resistancein X so

Ais

incorrect as Iy 2R PR I’R
P,= (2) (2R) = Sy andnot (R) = -
% . powerdissipatedin ¥ B

Cis S power dissipated in X b b

incorrectas | power dissipated in X

power dissipated in ¥

power dissipated in ¥

the equationis: and not
Die 9 power dissipated in X
: : power dissipated in X : g
incorrect as _— A and the resistanceinY is
twice the resistance in X
3

The carrect answeris D because:

e Thecellhasane.m.f., F

e The negative terminal of the cellis conventionally takentobeat a
potential of OV while the positive terminal is takento be at apotential
of E

e 50, the positive terminal is at a higher potential than the negative
terminal

« Nocomponentis connected between the positive terminal and point
X,so they are at the same potential

e Therefore, point Xis at potential £, while point Y is at the same
potential as the negative terminal of the cell, so, the potential at Y is
Zero

o This means we can eliminate graphs AandB
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s 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 e / = h =Lt h di fth
e \We canwrite A TIE e wWheres represents the gradient of the
graph, which is the change in potential difference with distance

along XY

o Since we can assume the length of wireinboth resistors is the
same, A is the same across both resistors

o However, by Ohm's law, AVis less across the 3 Qresistorthanit is
forthe 6 Qresistor

o This means the gradient of the lineis smalleracrossthe 3Q
resistor thanitis across the 6 Qresistor

o Thisisillustratedin graph D
the potentialat point Xis £and point Yisi

zero so the graph should start at a
maximum and decreasetozero

A&Bare
incorrect as

Ohm's Law tells us that , so the gradient
Cisincorrect should be steeperacrossthe 6()
as resistor and shallower acrossthe 3Q
resistor
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The correct answeris A because:

¢ Kirchhoff's loop law (second law) states that 2 V= O where V= IR
o Inside the dottedloop, there are two potential differences
across the 3 Qresistor and the 2 Q resistor
¢ We canchoose a clockwise direction around the loop as shown:

o The voltage is therefore negative across the 3 Qresistor
o The voltage is therefore positive across the 2 Q resistor
¢ Following this clockwise direction, the corresponding loop equation
isO= —3f_g+ ZJFJDF D= 2{3 o 3."2

the potential diﬁ‘e?rence through the 3Qresistor

Bis is 3/2and not 3/3

incorrect

as the potential difference through the 2Q resistor is
2izandnot 2/5

Cis

incorrect current /jis notinside the dotted loop

as

Dis

the currents are going in opposite directions, so

incorrect ; ot ;
one is positive and the other negative

ds
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Recall the rules for signs of voltages when applying Kirchhoff's loop law. It
does not matter what directionyou choose, as long as you are consistent,
namely:

Moving in the same direction as current across a component means
the voltage canbe taken as negative (i.e., a potential difference
‘drop’)

Moving in the opposite direction to current across a component
means the voltage can be taken as positive (i.e., a potential
difference ‘gain’)

Check that you get the same equation for the dotted inloop in this
guestionif the chosen direction within the loop is anticlockwise. This
would mean the voltage across the 2 Qresistoris negative (i.e., V= -2/3)
and the voltage across the 3 Qresistoris positive (i.e., V=+3/5).

5

The correct answeris D because:

R
The potential divider equationsays Vo =€ x .
Rl + R_2
o Wecansete=15V and R;as theresistor across which the output
potential difference V,,;is measured
Therefore, when the variable resistoris set to a maximum resistance
Ro,=120):
3

o Vou=15x TN 3V

When the variable resistoris set to a minimum resistance R = 0 Q:

o Vour=15x% =15V

311
Therefore, the range of potential differences across the 3Q
resistanceis15-3=12V
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Ais
; thisis Vg, rat 12 Q and not the range of potential
incorrect |
differences
as
Bis 5
S thisis V,,at 12Q + V,:at 12 ) and not the range
B of potential differences
Cis - )
, thisis V,,;at O QQ and not the range of potential
incorrect |
differences
as
6

The correct answeris A because:

e The & Qresistors are connected in parallel

o Therefore, the effective resistance canbe calculated as

1 2
i~

o Hence, the effective resistance atthis pointinthe circuit Rr=

40

1
R,

Page 7

1
s

8

2

s Therefore, the 2 Qresistorisinseries with an effective resistorof 40

o Sincethey arein series, they canbe combinedinto another

effectiveresistance Rr=2+4=60

e This 6 Qeffectiveresistanceisinparallelwith the 6 Qresistor, so the

totalresistance inthe circuit is calculated by:
1 1 1 2
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* Thisisthetotalresistanceinacircuitwithe.m.f., e=6V

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

Theincorrect answeris B because:
e The equationforresistivity is:

RA
SRR

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

[R][4] @m?
o [p]l= T3 - =0m
o Therefore, option Dis a possible unit (the standard unit!) of
resistivity

e We canuse the other electricity equations to provide substitutions
forthese units:
o [VI=[A—V=AQ
o [(=[[1] -C=As
L
- 12]

e Fromthe above equations, we get:

07
° M=y

o [V s T [

Qmi Vm?2 Vm Jm

o Hence, substituting thisinto [p] = 5 - A Ad T CA

Jm
Als

=JmsTA?

o Therefore, option Bmust beincorrect
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Aisincorrect V m

= =VmA’
s [p] y
Cisincorrect -
ik [pl=Jms A2
as
Disincorrect o [R][4] S m? 4
as 5 141 P o

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

8

The correct answeris D because:
Method 1: Power Equation

Use the equation for power P= FR

First, consider the whole circuit:

o V=emf =10V

1 3}
o }?T=(E+E'}i+4:5ﬂ

Use Ohm’'s Law to calculate the currentin the whole circuit:

So,P=FR=2?x5=4x5=20W
« Now, considerthe power acrossa 2 Qresistor:

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

o So, 1A of current passes through a 2 Qresistor
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o Use the equation for power, P= FR=12x2=1x2=2W

s 50, thecorrectansweris optionD

Method 2: Potential Divider Equation

yz
e Power P= ?
o The 2 Qresistors are in parallel with each other, so their effective
1
resistance Rrcanbe calculated by = g Py 1

o Hence, Rr=10)

» This effective resistorisin series with the 4 Q resistor, such that the
circuit is a potential divider as shown below:

| 9] 40

—

L B

Rl + jﬁt2

o Wecanset V;,=10Vandchoose R;=1Qand R>=410)

o Thenthe potential difference across the 1 Qeffective resistor Vs

e Henceusing the potential divider equation Vg = Vipx

1
=]Dx§=2u

¢ Thisis the potential difference across each of the 2 QO resistors which
form the effective resistance, since they are in parallel

o Therefore, the power dissipated across one of them, P= =2

2
£
W
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e We can apply Kirchhoff's loop law (second law) to the potential
divider circuit:

o Total,pd.2V=0

¢ Hence,0=10-2- V(where Vis the potential difference across
the 4 Qresistor)

o V=10-2=8V

32

s Hence,the power dissipated across the 4 Qresistor P=— =16 W

4

e There aretwo 2 Qresistors, each dissipating a power of 2\W:

o Therefore, the total power dissipatedinthecircuit P=(2 x2)+ 16 =
20W

o 50, thecorrect answeris optionD

the resistance across R;=1Q. Thisisnotthe same as the
power across the resistorwhichis 2W therearetwo 20}

Ais

DRI resistors, each dissipating a power of 2\W and not just one,
so totalpower dissipatedinthecircuit P=(2 x 2) + 16 = 200W
and notP={(Ix 2} + l6=18 W

Bis theresistance across R;=10.Thisisnot the same asthe

incorrect as |power across the resistorwhichis 2W

Cis there aretwo 2 Qresistors, each dissipating a powerof 2W

, and not just one, so total power dissipated inthe circuit P=

incorrect as

(2x2)+16=20Wandnot P=(1x2)+16=18W
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The correct answeris C because:

When the switchis opened, the loop containinglamp W and lamp Xis
not a complete circuit
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
When the switchis closed, lamp X and Y are in 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
We know each of the lamps are identical, hence; they each have the
sameresistance R
o Therefore, the power dissipatedinlamp W, P= £Rmust decrease
since theresistance stays constant but the current through it
decreases
o Hence, the brightness acrosslamp W must decrease
Opening the switch will also increase the potential difference across

lamp Y
2
o Hence, the power dissipatedinlampY, P= 53 willincrease,
since theresistance stays constant
o Hence, the brightness across lamp Y will increase

Therefore, the correct answeris C

Ais

incorrectas (lampisnolongercomplete

lamp X is off when the switchis open, as the circuit for this

the brightness of lamp Y will increase when the switchis

Bis
, opened because the currentis no longer split between the
incorrect as
two parallel branches
Dis lamp X is off when the switchis open, as the circuit for this

incorrectas |lamp is no longercomplete

This

guestionrequires you to slowly eliminate the different options until

you are left with the correct one.
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The correct answeris C because:

e The power rating ondevices is correct for the country / mains voltage
where they are sold
o Therefore the power dissipated in the UK is the same as the value
written onthe bulb
o OnlyBorCcanbe correct
¢ To find the power dissipated when using a different voltage, use the
2
equationP = R
e Sincethe same bulbisbeing used, Ris constant, thereforesetupa
ratio to compare the UK and Canada
Vek® BB 2402 1002

o = therefore =

;o P 60 r 3
uk £ £

e Powerdissipatedin Canada, P-=10.42'W
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