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The correct answeris C because:

¢ When the conducting spheres Xand Y are broughtinto contact, they
end up with the same charge, because they are identical
o Therefore, at the point of contact, the totalcharge -8 pC +12 uC
= +4 uCis distributed equally across them
o This means each sphere is charged with +2 uC after being
separated again

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 107 C) sosince 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 charge is
therefore distributed symmetrically.

The incorrect answeris Cbecause:

¢ The work done (or energy transferred) on or by an electron as it moves
across apotential differenceisindependent of the path taken
o The potential difference, and hence the energy transferred, is
only dependent on the initial and final position of the electron
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a potential difference occurs whenever
Ais

thereis a separation of charge. If charge is
incorrect as separated, an electric fieldis setup,

directed from positive to negative

V= — therefore W= gV, soif the charge g=
; q
Bis

. e(the elementary charge on anelectron),
incorrect as

then W= eVis the work onorby an electron
across a potential difference V

Dis the electric field has both magnitude and
incorrect as direction

The correct answeris A because:

¢ Thekinetic energy transferred to the proton asit crosses the
potential differenceis the work done by the electric field, W.

o W=qV

i L 2
o So, we canwirite - mpVp© = W=qV
¢ Therefore:

2
o ST MpVp =gV

o So, mpv,2=2qV

2gV

o andvp3=q—
?

29V

0 S0, Vp= i—
p
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1
the equation for kinetic energy is 2 MeVo
isi 1 29V
BEINCOMeCT nd not = MV, s0 the square root of - LA
as | mp

must be found to obtain the value of final

protonvelocity

the equation for kinetic energy is equal to

1
work done Bl meV,° = gV. When rearranged
Cisincorrect|instead of dividing by 2 on the right hand
side the equation should be multiplied by 2

on theright hand side. It should give myv,°
qV

= 2gVand not m,v,°2 >

as

the kinetic energy is equalto theworkdone

Disincorrect )

as % mpvp2= gV and notjust the final velocity

There is alot of information provided to help youin this question. Make
sure you use it and show all your working clearly, soyou do not make any

mistakes in your numerical calculations.

4

The incorrect statement is D because:

¢ The potential difference created by accelerating the metal was
measurable and found to be consistent with a model of negative

charge carriers in the metal

Ais the inertia of free electrons meant they
incorrect momentarily gatheredin an area of excess
as negative charge
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fixed positive ions (protons) accelerated with the

Bis conductor, while the free electrons were ‘left

incorrect behind’ duetotheirinertia. Hence, amomentary

as area of excess positive charge was createdin the
conductor

electrons have a (tiny!) mass; therefore, they too
will experienceinertia, which is the opposition to

Cis
S changesin abody’'s motion. In this case, the
= change in motionis acceleration, which would
cause themto 'gather’ atthe opposite end of the
conductor’'s motion
5

The correct answeris A because:

e The magnitude of force experienced by both charges is equal
o Thisis a consequence of Newton's third law, which says that if
body A (say, () exertsaforce onbodyB (say, g), thenbodyB
exerts an equal and opposite force on body A
e The electric field strength is defined as the magnitude of the electric

force per unit of charge experienced by a positive test charge

L
o This canbe expressed as E

Bis
S— the magnitude of the force experienced by
both chargesis equal
as
F
Cis the magnitude of Ecreated by Qat gis E and
incorrect F L s
. not E becauseitis at gso this gives the

magnitude of the field at this point
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the magnitude of the force experienced by
both chargesis equal

Dis ol
incorrect F
= the magnitude of Ecreated by @ at q:‘sE and

not — because itis at gso this gives the

Q

magnitude of the field at this point

Itisimportant to recognise that an electric field is generated by a larger
charge on a smaller charge moving within the field. In this question, the
field is generated by charge @and charge qgis the test charge withinit.

The realisation that, regardless of the magnitude of the charges on gand
@. they exert an equal force on each other (in opposite directions) is
critical. You should be able to apply Newton's third law in a variety of
contexts. You might imagine the ‘larger’ charge Q@exerts a larger force on
the 'smaller’ charge qg. but thisis not the case.

However, the electric field strength, here, is due to the charge @, which
we canimagine as 'creating the field’ (inreality, both charges have an
electric field around them). Therefore, the electric field strength due to
charge (is the force experienced perunit of charge at that pointinthe

F F
field,i.e., E=— andnot £= —.
q Q

The correct answer is Bbecause:

e The electric field from each charge gis radially outward, such that the
two electric field vectors at point Xis shown as below:
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» The vectorsum of these gives aresultant vector thatis vertically
upward, shown by the double headed arrow below:

Resultant S,
electric "“‘*,a
field

-

A,.C&D , , h
g e R aceording to the vector trianglethe resultant force s |
X along the line YX away fromthe point charges. |

You should remember the electric field due to a point charge is radial.
That means, itis directed outwards, in all directions, from the point charge
- therefore, in this question, there are two 'outward’ vectors from both
point charges at the point X. These should be added, ‘tip-to-tail’, towork
out the direction of the resultant electric field vector.
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The correct answeris C because:

* Thecross-sectional area A of awireis the area of acircle, therefore:
20 x 103
o A=l =ix|————
2
e The current /= nAvgwhere nis the number of charge carriers per unit
volume, vis the drift speed and gis the charge on each charge carrier
o The charge gis the elementarycharge e=1.6 x1077C
o v=3x10"*ms!

e Therefore,
o /=1028 x (mx 1078 x (3 x 1074 x (1.6 x 1071%)
0 /=x3x1.6x1028x10¢x104x10 P =4.8mx 10" 1=0.48wA

2
) =Tx107%m?

the cross-sectional area of the wire is
20 x 1073
givenby A= 1 = m:(f) = T x
10-¢*m?and notjust A= mir= imx
20 3 1673
P

Aisincorrect
as

= 1% 103 m?

the cross=sectionalareaofthe wire is |
s , 20 »x 10732 |
Bisincorrect givenby A= m® = x BT

o 10~ m?sothe finalvalue of 0.48 must be
multiplied by
the cross-sectional area of the wire is

Dis ; d \?

s kit givenby A= 17/ = nx(E) andnotby A=
e =1mxd

Remember to use the rules for multiplying indices to simplify the powers
of tenin this question. Also remember that the area of a circle, the cross-

sectional area of the wire is given by A= mr?
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The incorrect statementis B because:

e Thecurrent, givenby /= nAvgat Xand Y is equal, since chargeis

conserved
e The charge density perunit volume n, and the charge of each charge

carrier gis constant
1
 Therefore, the cross-sectional A e ; where vis the drift speed

o Hence, since AincreasesatY, the drift speed decreases
o Therefore, statement Bisincorrect

Ais currentisequalat XandY, dueto

incorrect conservation of charge (thereareno

as junctions)

Cis charge density is a constant property of the
incorrect metal, therefore, it doesnotchange between
as XandyY

Dis

incorrect electric charge is always conserved

as

The key to this questionis finding the equation all the quantities relate to
and then figure out how this changes certain values.
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The correct answeris C because:

k0,0,
2
o Therefore, the force between the two charges @y and Q2 when

Ka)(4q)  4kg?

e Theforce betweentwocharges F= where kis aconstant

separated by adistance ris givenby F=

rl o2
o [fQ1—2Q;=2gandr—3r,then F— F where:
o kQq)lg) 2 x 4kg® 2 4kg® 2
T G2 T 92 S92 T9

Ais the charge on gdoubles, so qbecomeﬁq
incorrect 2 2

so the fractionbecomes — and not —
as ] 3

k0,0,
the equationis F= — andnot F=
2
Bis
incorrect leQ? 2
so the fraction becomes E and not

as

2 |

3 l
Dis : :
R the distance between the charges is also
s trebled, so this needs to be considered

This question requires you to find an equation in terms of the original
variables, then an equationin terms of the new variables and use the
multiplication of fractions to find the difference between them.
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The correct answeris B because:

Ag
e Current/= %

o Thisisreadastherate of flow of electric charge

V
while current /= E ,this does not define

Aisincorrect , . X L
the electric current (it quantifies it, since

as

V
resistance Ris defined astheratio T]

gea thisis the definition of the potential
Cisincorrect

as difference across acomponent, V= ?

Disincorrect thisisthe definition of the electromaotive
as force eofacell
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