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The correct answeris C because:

* Fromthe databooklet:

Ag
o g = —NE
n g=emf(V)
n N=number of coils
» @=magnetic flux (Wb)
= t=time(s)
o Soemfis directly proportional to the rate of change of magnetic
HAux
¢ The graph shows magnetic fluxagainst time
o Thereforeinthis case slope equals the rate of change of flux
magnetic flux
time
¢ The points where the slopeis at a minimum indicate the least rate of
change and therefore the minimum emf

o Thisis

LN . Slope = zero
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" Slope = zero

Remember that all graphs 'tell a story'. Always start by thinking about what
the gradient represents. In this question that takes you straight to the
correct answer. If gradient doesn't help, though, try looking at area under
theline and thenx- and y- intercepts.
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The answeris Bbecause:

¢ Electrons are involved with the movement of charge and the force
experienced by a current-carrying wire in a magnetic field
¢ o findthe force onelectrons, use the Left-Hand Rule, where the
direction of the palm of the hand (or second finger) indicates the
force onelectrons
¢ Forceonelectronsisinthe same direction as current
o This shows that more electrons are foundatend Y
s Anotherway to think of thisis that conventional current flows from
positive to negative
o Since electrons carry negative charge, the least number of
electrons will be found at the positive end of the wire

ﬂane on electrons -

Y
=
Magnetic o
Field g
\/ % M
Motion of N s S
charge carrier

Aisincorrect because the highest number of electrons will be at the
negative end of the wire

CandD areincorrect because protons remainin the nucleus, they are not
involved in electric current

There are various ways to remember the Left Hand Rule, and two left-
hand rules! One trick which covers bothrules is that the;

s First finger shows magnetic Field
s seCond finger shows Conventional Current (in motors)
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OR

¢ sEcondFingershows Force on Electrons
¢ thethuMb gives direction of Motion

Left Hand Rule
thuMb = Motion

seCond finger = Current

The correct answeris C because:

e Lenz'slaw states thatinduced emfwillopposes the changewhichis
making it
o Asthe coil enters the magnetic field the induced emf will oppose
it entering
o Asitleavesthe induced emf willopposeitleaving
¢ This means the induced current must change direction, soonly CorD
could be correct

e Asthe coil enters the magnetic field flux linkage is increasing
meaning that any induced current will try to reduce flux linkage
o Hence at the start the current will be such as to set up amagnetic
field coming out of the page
o Accordingto the Left Hand Rule the magnetic force onelectrons
will create an upwards current in the straight edge of the coil
o This will create an anti clockwise current in the whole loop
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A and B areincorrect because the coil enters and thenleaves the
magnetic field. This creates two situations with opposite effects, since
the induced current will first oppose anincreasing rate of change of flux,
and then a decreasing one. The answer must have two partsin opposite
directions, so neither of these can beright

Disincorrect because the direction of thisinduced current would
increase the rate of ehange of flux, which contraveners Lenz's law and
conservation of energy

4

The correct answeris D because:

e Thecurrentinloop X will cause a magnetic field directedinto the
page, according to the right-hand grip rule

o Accordingtolenz'slaw theinduced emfis setupinadirectionto
produce effects that oppose the change causing it

o Thismeansthatthe induced currentinY must create a magnetic
field in opposition to this

o ThereforecurrentinY is anti-clockwise

o Onlyanswers CorDcanbe correct
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e Whereloops X and Z are close to each other they can be treated as
two separate straight wires
o Thedirection of the induced current inZ must oppose the
change whichis creatingit, according to Lenz's law
o Therefore the current in Z will be clockwise

Existing magnetic
field directed into

plane of page Isolating the two

adjacent wires
shows they can
| ! be treated as
| / straight charge
! carriers with

opposing current

Induced magnetic
field comes out of
plane of page

Z

The carrect answeris A because:

e Faraday's law states thatthe magnitude of the emfinducedina
circuitis proportional to the rate of change of the magnetic flux which
cuts across it and that the induced emf will oppose the change in the
magnetic flux

o Asthe pendulum enters the magnetic field the rate of change of
fluxincreases and so emf increases

o Asthe pendulum leaves the magnetic field the rate of change of
flux decreases and so emf decreases

o The change indirection means that only A or B can be correct

e Lenz'slaw states thatinduced current will flow inthe direction which

opposes thechange thatinduced it
o The movement of the copper sheet through the magnetic field
induces eddy currentsin the metal
o These oppose the motion which caused them
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+ Theeffect of the oppositionis to slow down the pendulum
o The pendulum experiences a damping effect, reducing the
amplitude of the oscillations
* Only answer Acanbe correct
Remember that in alaminar conductor like this copper sheet, eddy
currents are induced. These willmove such that they oppose the change
being made, and so damping occurs.

You may have seen a demonstration of Lenz's law where a magnet
dropped into a copper pipe falls more slowly than it would normally.

This questionis testing you on the same effect but using a flattened
laminar sheet instead of one rolled into a cylindrical shape like a pipe.

: Eddy currents

The correct answeris B because:

s Fromthe databooklet
o Magnetic flux, ¢ = NBA (equationl)
TTed2

o Theareaofacircle, A = m? = e (equation 2)

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


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

2=

Exam Papers Practice

e Substituting equation1into equation shows that

. . NB md?
o Forthe first coil, magnetic flux, ¢ = =

o Forthe second coil, magnetic flux,
(3N)B n(2d)?
P, = 4
e Findtheratio of the two values of flux
o NB md? 1

a A

o, "~ 4 x (3NBmd?) iy

= 3NB md?

A and C areincorrect as the 2 in the fraction indicates that the new
diameter, 2Zd was not squared. The 2 should have become 4

Disincorrect as when dividing the fractionsinthe final step to get the
ratio, the '4"'in '1/4' has been left in the numerator (above the line) rather
than going in the denominator (underneaththe line)

The carrect answeris D because:

e Fromthe data booklet Faraday's law states that:

o g=-N—

M
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| ] ] ]
| 1 1 F s S
(8 90°; 1807 1270° 1360° B
| 1 1 1
-E{max}\ ---------- st e b b e S e i

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


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

=

Exam Papers Practice

» Applying this equation to the first graph shows that:
o emf, £is proportional to the rate of change of magnetic flux "
= This is the gradient of the first graph
o When the gradient of the first graph = zero then the induced emf
=0
o So, the second graph must startat zero
o So,only AorDcanbe correct

A negative
A maximum gradient
+¢H{max} """""" 'r/ ------ —m—————————p———————=
1
' I
¢ -\
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; 90° 180° '
i [
£(max) f======mmmm e m—— - LR

» Sinceemfis proportional to the negative value of rate of change of
magnetic flux

o Amaximum gradient with negative slope will produce a maximum
emf with positive value

o Amaximum gradient with positive slope will produce a maximum
emf with negative value

o Marking these points on the graph shows that only D canbe
correct

With graphical analysis like this it is important to take the working step by
step. Mark out the first set of points you can ascertain, as shown. Then

move on to the next set.

Never try to solve the answerin one go, always break it down.
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8

The correct answeris C because:

e Asthe coil is brought near to the magnet it experiences a magnetic
field with a direction into the coil
e Accordingtolenz'slaw the induced current in the coil must oppose
this change by producing a magnetic field inthe opposite direction,
coming out of the coil
o Looking from the direction of the magnet, and using the right-
hand grip rule, this requires an anti-clockwise current to flowin
the coil
¢ Follow the direction of the wires to see that an anti-clockwise current
at the magnetend willmove fromXtoY

Right-hand grip rule: anti-clockwise induced

/ current, magnetic field out of page

—Field into page
® ® O} —— Field out of page

O ® 0O
ON IO,

Loop of wire

Diagrams have to be intwo dimensions since they are drawn on paper.
Youwill need to practice thinking your way 'into’ a diagram to seeitin
three dimensions. With this question, the trick isto rotate the coil in your
mind so that you can 'virtually' look down into it from one end. This allows
you to apply the right-hand grip rule and makes the sclution much easier
to find.
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Force
Screw moves this way

: I

Direction of turn

Aisincorrect as the coil and magnet move towards each other but not

Page 10

away, and there is no suggestion that the magnet passes through the coil

and out again. Nothing is happening to cause the induced current to
change direction

B isincorrect as the coil and magnet are moving relative to each other so
some emf and current must be induced

Disincorrect as the directionwould increase the kinetic energy of the
coil, contravening Lenz's law and conservation of energy

The correct answeris Bbecause

e The graph shows the magnetic flux plotted against time
o Therefore the slope of the line represents rate of change of
magnetic flux
¢ |nthe second situation magnetic field strength, Band area of the
loop, Abothincrease
o Fromthe databooklet, ¢ = BAcosf
o This shows that as Band Aincrease, gwillincrease
¢ Therefore the newslope must be steeperthan the first one
o Bothlandll are steeper, soBis the correct answer
Aisincorrectbecause both of the lines | and |l are steeper. The question
does not state how much magnetic field strength and area have
increased, so either could be correct
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Cisincorrect because although the slope is steeper, the magnetic flux
does not start at t=0, so some other condition has changed

Disincorrect because the slopeis less steep so therate of change of
magnetic flux has fallen rather than increased

10

The correct answeris Bbecause:

From the question, convert all values into standard form to make
multiplication simpler
o Numberofloops, N=200=2.0 x102

o Rate of change in magnetic field, g =0.5Ts'=5.0 x107'Ts™

o Areaofloops, A=30cm?=30x10"*m?

Changing magnetic flux, ¢ = BAcos@but the coils are parallel
o Therefore use equation for maximum changing magnetic flux, ¢ =
BA(equationl)

Ag :
Andemf, g = e (equation 2)

ABA
o Combine the equations to show that foreachloope = .
s Thereare 200 loops, therefore
ABA
o g = 7 X N

(5.0 x 1071) x(30 x 107%) x(2.0 x 10?)
gatherterms together to find that

o £ = (300) x (10-3)=300mV
A, CandD areincorrect because theindices have been multiplied
incorrectly

Q£

1

The answeris Bbecause:

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


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

FIE Page 12

Exam Papers Practice

» Increasing the speed of rotation increases the frequency, since the
definition of frequency is the number of rotations per second
o Therefore 3 x speed — 3 x frequency
o OnlyBorCcanbe correct

1
» Fromthedatabooklet, T = —

f

o Therefore since fhasincreasedby afactor of three, time period

will decrease to one third of the original value

AD
» emfis defined as therate of change of magnetic flux, e = BN

1
o Therefore, g ?

T
o Sincet= 3 £ must have increased by afactorof 3

» ThecorrectanswerisB
A and D areincorrect as the new time period has been confused with the
new frequency

C and D are incorrect as the usé of ¥2 shows that this was calculated for
peak voltage but both the question and answer are looking atthe rms
value

12

The correct answeris D because:

» QOutputvoltage is proportional to the rate of change of magnetic flux,
AD

e
» |ncreasing the speed of rotation increases therate of change
o Therefore emfwillincrease
o OnlyBorDcanbecorrect as the peaks are higher
» Thetime period of the emf is proportional to the frequency of
rotation

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


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

FIE Page 13

Exam Papers Practice

¢ Increasing the speed of rotationreduces time period, since T = Jlf

o The numberof waves pertime tincreases

o OnlyDcanbe correct
A and C areincorrect as in these graphs emf peaks at the samevalue asin
the question. Infact, doubling the speed of rotation will double the rate at
which the magnetic flux changes, so the maximum emf also needs to
doubles.

B is incorrect as this graph has the same number of complete waves asin
the question. Doubling the speed of rotation should have doubled the
number of complete rotations per time.
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