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The correct answeris D because:

¢ The gravitational field around Mis radial
e The path of the testmass mis parallel to a gravitational field line, and
isin the same direction
o Therefore, the gravitational field does (positive) work on the test
mass
o Thisis because workis defined as the product of force and
distance moved in the same direction as the force
positive work is done by the gravitational
field, since the gravitationalforce attracts m

Ais
, to M. In other words, themotionof mis inthe
incorrect as , , :
same direction as the field line, therefore,
energy is transferred to m
negative work would be done only if the test
Bis mass moved in the opposite direction to the
|
, field line, or in other words, if the test mass
incorrect as

moved in the opposite direction to the

gravitational force |

Cis constant radius from the centre of mass of
incorrectas|M. The line AB is parallel to the gravitational
field lines around M

Aradial fiield around a planet consists of field lines that radiate out of the
centre, asshownin the image below
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FIELD LINES TOWARDS
CENTRE OF THE MASS

RADIAL FIELD LINES
EVENLY SPACED

UNIFORM SPHERE e.g. A PLANET

NON-UNIFORM GRAVITATIONAL
FIELD LINES OF A SPHERE

s Wy Edrra B A A

The correct answeris Abecause:

e Themetal plates are notparallel, therefore, the electric field strength
should be stronger where they are closer together
o Thisis because the electric field strength between parallel

V
plates E= 3 and soisinversely proportionalto the distance d

between the plates
e Therefore, the field lines should be more densely packed together
where the plates are closertogether
o ThisrulesoutoptionsBandC
s Themetalplates arelines of equipotential
o Therefore, the electric field lines should meet the plates at 0°
o Thisrules out optionD
e Therefore, the correct diagramis given by option A
the fieldlines are equally spaced, but the
field strengthis greater where the plates are
Bis closertogether. Therefore, the field lines
incorrect as should be more densely packed here. Also,
the field lines are not meeting the plates at
20°
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Ciscorrect the fieldlines meet the plates at 20° but they
as are equally spaced

the field lines are more densely packed
where the plates are closer together, but the
field lines do not meet the plates at 90°

Discorrect
as

The correct answeris C because:

s The work doneis perpendicular to equipotential lines
o |notherwords, inthe direction of the electric field caused by @
¢ The electric potential difference AV, is greater from P along path X
o Path X starts at the outermost equipotential and finishes at the
innermost equipotential
o This potential gapis greaterthan pathY, which only crosses a
potential difference to the middie equipotential
¢ Therefore, more work is done moving the test charge from P along
path X towards @
Remember that no work is done by electric fisld when atest charge
moves along an equipotential surface. This is because the change in
potential, AV; = 0. Hence the workdone, W= gAV.=0.

4

The correct answeris B because:

s At positionB:

Tk
o The electric field £ due to the +7 uC charge has magnitude —
¥

where ris the distance between the charge and position B

1

and kis the coulomb constant k= —

4HEE}
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o The electric field £_3 5 due to the -3.5 uC charge has a magnitude
3.5k

rI

where ris the distance between the charge and position B

10.5k
y2

o Therefore, theresultant electricfield E= 5+ Ez5=

» Byinspection, no combination of the fields due to both charges is
10.5k

2

o Thisis because B is the only position at which the distance to
eachchargeisr

o Forevery other position, the distance to one of the chargesis
greaterthan r

o Hence, the contributing electric field strength is weaker

the electric field strength due to the +7uC

greater than

Tk
charge has a magnitude=-"and the electric
)

field strength due to the -3.5uC charge has

Ais _ 3.5k
amagnitude

.Intotal, the sumis

incorrect as (3#)2
7k 3.5k 66.5k 7.4k
== i -— = ——— whichisless
r- Oy Op< re
10.5k
than —
]

the electric field strength due tothe -3.5uC

k
charge has amagnitude —— andthe
2

electric field strengthdue to the +7 uC

Cis Tk
, charge has a magnitude = whichisless
incorrect as (far)?
k
than — . Therefore, the sumwill be less than
o
10.5k
3
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equipotentials are lines or surfaces corresponding to
constant gravitational potential. For a spherical mass M,
points of constant gravitational potential would be
joined by a sphere around M

Aiscorrect as

the gravitational field strength gis proportional to

ATV
the gradient of the potential, B Since gdecreases

1
Biscorrectas withdistance by the inverse square law, or g — , then
P

equal changes in potential AVshould happen over
greater distances Arfurther away from M. This
corresponds to a shallower potential gradient

work is only done by the gravitational field if a testmass

moves parallel to the direction of gravitationalforce - i.e.,
Ciscorrectas jalong a gravitational field line. Equipotential surfaces

are perpendicular to fieldlines; hence, nowork is done

by the gravitational field along an equipotential surface

The correct answeris C because:

e The work done AW/(or energy transferred) by the electric field on the
helium nucleus as it moves across the potential difference AVsis
givenby AW= ghVe

o The energyistransferredto the particle's kinetic energy, given by

1
Emvz

1
S c A
o Therefore, 5 mv qAvV,

ZqﬂFe
o Hence,v=y| ——
iy
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¢ The knownquantities are:
o AV.=5kV=5000V
°© m=2mgy+2m, (where my is the mass of a proton and m; is the
mass of a neutron)
o g=2e(where eisthe elementary charge)
s Hence:

oV

2 x(2e) x 5000 4> 5000e 10 000e
N @Cm +2m )
o n

e
m +m
P n

You are expected to know that a helium nucleus is an alpha particle, and
that alpha particles comprise of two protons and two neutrons.

2(m +m): m +m
P n D n

The correct answeris A because:

¢ The small pointcharge +gis positively charged, therefore it will move
toward areas of negative charge
o Negative charge creates a negative potential
o Therefore, the point charge should move toward negative
potentialinthe image
o Only options A orBcould be correct
¢ The equipotentials are equally spaced, which means the electric field
strengthis constant
o Thisis because the gradient of the potential is constant
o Therefore, the point charge will follow a parabolic path, because
the electric force is constant
o Hence, the correct path shownispath A
Electric field lines are always directed from areas of positive charge to
areas of negative charge. Recognising that you canvisualise the shape
and direction of the electric field - because you are giveninformation
about the equipotentials - is crucial for this question.
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Since the equipotentials are uniformly spaced (more specifically, the
change inpotential AVis constant for equal changes in distance), then
the gradient of the potential is constant; which means the electric field
strengthis constant. Thus, this electric field must be uniform. A vertically
falling charged particle will therefore follow a parabola, as shownin the
image below:

|
|
|
|
|
|
-Soov B0V g\ 4250v

MNote that this is exactly analogous to a projectile of mass m"falling" into a
uniform gravitational field. You should remember that such projectile
motionis parabolic, forthe same reasons as above.,

8

The correct answeris D because:

» Since the equipotential encircles both charges, the electric field lines
must be radial to them
o Thisis as expected, since the electric field and equipotentials
mustintersect at 0°

For more help visit our website www.exampaperspractice.co.uk


https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

£l

Exam Papers Practice

Page 9

e SincePand Q@ are of the same sign, there can be no resultant electric

field betweenthem

o Thisisindicated correctly by a space between horizontal

equipotentials
avertical equipotential between two
Ais charges indicates that the charges are
incorrect as|oppositely charged. This is because field
lines connect oppositely charged particles

equipotential lines cannot join charges
because this would indicate the electric field

Bis
, is parallel to them at their surface (since the
incorrect as i g e
equipotentialintersects them at 90°). This is
not the case
the equipotential linesintersect the charges
Cis at 20°. Thisis not true of equipotential lines,
, because this would indicate the electric field
incorrect as|,

is parallel to the surface of the charge (which
is not the case)

Take great care not to mix up electric field lines and equipotentials!

Adiagram of the electric field superimposed ontop of the equipotentials

inoption D should convince you that this is correctly drawn for two

charges of equal sign:
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The correct answeris A because:

¢ Drawingthe electricfield due toeachof W, X, Y andZinturngives a
diagram as shown below:

w X
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e Each electric field line is directed from positive charge toward
negative charge
e Thereisnoresultant field dueto charges Zand X, because they are
equal and in opposite directions at position O
e Therefore, theresultant field is only due to charge Y and W
o Sincethese charges are oppositely charged, their electric field
actsinthe samedirection
o Therefore, the resultant electric field is directed from Y, towards
charge' W
o Hence, the correct answeris A
You should be able to analyse diagrams like this "by inspection”, and spot
symmetries (like the resultant field due to Z and X being zero, because
they are the same charge and O is the midpoint between them). This skill
will drastically simplify similar problems; this is a popular exam question,
so evenif you have to do a bit of trial and error, practice drawing field lines
is worthwhile!

10

The correct answeris B because:

¢ |fequipotentials encircle two sources, they must correspond (i.e., be
point masses or charges of the same sign)
o Fieldlines and equipotentials are always perpendicularto each
other
o Hence, if equipotentials encircle sources of a field, this must
mean field lines never connect the sources (otherwise, they
would not intersect at 20°)
while the equipotentials would be correct for
two equal point masses, they would notbe
Ais correct for two equal charges that are
incorrect asoppositely charged. There is afieldline
connecting two opposite charges: hence,
the equipotential between themis vertical
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the equipotentials are valid for two equal
point masses (and invalid for two equal
Cis opposite charges). This is because the field
incorrect as lines forequal point masses oppose each
other, therefore, the equipotentials encircle
the sources

the equipotentiallines are valid fortwo equal
charges of the same sign, but are also valid
Dis for two equal point masses. Point massesin
incorrect as|this case are equivalent to charged bodies
of the same sign (since field lines, in both
contexts, oppose each other)
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