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#2

(a)

(b)

The current in a long wire is 290 A and is too great to be measured by an ammeter. Explain
how you could use a Hall probe, calibrated in tesla (T), to determine this current. [3]

Lo
—

Current, [

1

Hall probe /

Another long wire carrying the same large current is placed parallel to the onginal wire as
shown. Calculate the force per unit length on each wire also stating the direction of the
force on each wire. [4]

290 A

=

E.Decm

290 A
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(c)

(1) Tirion claims that an electron halfway between the wires, fravelling at a speed of

29 x 10"ms" parallel to the wires will perform perfect circular motion between

the wires. Determine, using a suitable calculation, whether or not Tinon's claim is

correct. The magnetic flux density halfway between the wires is 4.64 mT.

290 A

o—=29%x10ms"

Electron

(i) Sketch the motion of the electron.

290 A

[]

EDcm

[2]

5.0cm
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{d) Suppose that an electron travels in a region with a magnetic field and an electric field
due to two parallel metal plates as shown below. Deduce whether or not the electron

continues with constant velocity (B = 4.64mT). [5]
!/\ + 135KV

"'II 2904
Metal plates e—=29%10'ms™ |5.0cm [10.0em

_ Electron

H'., 290 A

VoA v
\J

Question taken from WJEC examination paper 242801, June 2019
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#3

4. An experiment iz caried out to measure the magnetic field in a long zolenoid as the current in

the solenoid is varied.

— )ﬁ) NI )

Theory states that the relationship between magnetic flux density, B, at the centre of the solenoid
and current, I, iz given by the eguation:

B=pnl

The resuliz obtained are shown in the table and plotted on the grid opposite along with error
barz and lines of maximum and minimum gradient.

Current / A Magnetic flux density / mT
+0.01A =2mT
0.50 11
1.00 20
1.50 29
2.00 41
2.50 49
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Magnetic flux density /f mT
A

™

60

b

Y
=,

h

.
0.5 1.0 1.5 20 25 3.0
Current / A

(a) Calculate the mean value of the gradient along with its percentage uncertainty. 4]
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#4

{b)  Calculate the number of turnz in the solenoid along with its absolute uncertainty. The
percentage uncertainty in the length of the solencid is 0.4%. [3]

fcl {i) The zolenocid manufacturer states that there are exactly 5000 turnz in the solenoid.
Evaluate the accuracy of your value obtained in part (b} and whether or not the
graph is in agreement with the equation: B =u sl [

{iii Suggest a reason for the dizagreement between the manufacturer's stated value
(5000 turnzg) and your value calculated in part (b). Suggest how the experimental
technique might be improved for better agreement. [2]

Question taken from WJEC examination paper 242801, June 2018

///imagel large left///

///image2 large left///

Question taken from WJEC examination paper 132501, June 2012
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# 5 A strong magnet is held on a spring and performs simple harmonic motion near a flat coil as

shown.
Flat coil with
200 turns
(a) Explain briefly why an alternating emf is induced in the coil. 3]

(b) (i) Theinduced emf varies in magnitude sinusoidally with a peak value of £0.707 V.
Calculate the rms value of the induced emf. 1]

(ii)  State the value of the rate of change of flux through each turn of the coil when
the peak value of 0.707 V is obtained and explain how you obtained your answer.

B3]

(¢) One end of the coil is connected with the other so that there is an induced current.
Explain why the magnet’s motion is now damped. [3]

Question taken from WJEC examination paper 132501, June 2011
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H6 A large square loop has sides of length 0.815m and is rotated through 90° in a uniform magnetic
field of 65uT. The diagrams show the same square loop at different times.

//’————l axis of jotation \

i S
2
P

R

B=65,T

Q '

t=0.00s
(a) Determine the magnetic flux through the square loop: [3]

() whent=0.00s (sides QR and SP are parallel to the B-field);

(i) andwhent=012s (PQ, QR, RS and SP are perpendicular to the B-field).

(b) The square loop is made of copper. Explain why there is a current in the loop as it is
rotated. [2]
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(c) Explain how Lenz’s law will give the direction of the forces acting on the sides PQ and RS
as the square loop is rotated. [2]

(d) The copper wire from which the square loop is made has a circular cross-section of
diameter 6.0mm. The resistivity of copper is 1.67 X 10%Qm. Calculate the mean current
flowing through the square loop as it is rotated between r = 0.00s and r = 0.12s. [5]

copper wire in the
shape of a square loop

0.815m

Question taken from WIJEC examination paper 132501, June 2015
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#'7 (a)  State the two laws of clectromagnetic induction (Faraday’s law and Lenz’s law). [3]

(b) A thick conducting bar is moved with constant speed over non-parallel conducting rails
as shown below. The rails have negligible resistance and the B-field is uniform.

© O) © © ©

2.9m

@[ |se® ® ® ®

\
® O] O) O]

B =45.5uT out of the paper

©

20.1m

(i) Indicate the direction of the induced current on the diagram and explain how you
arrived at your answer. 2]

(iily  The conductor moves at a constant speed of 31 ms-1. Use Faraday’s law to explain
why the induced emf increases. [2]

(iii) The conductor starts moving from the end near the 43Q resistor. Calculate the
mean current in the resistor when the conducting bar has travelled the full 20.1 m
length of the track. [4]

Question taken from WJEC examination paper 132501, June 2013
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A rectangular coil rotates at a constant angular velocity within a uniform magnetic field. The coil
#8 has 42 turns and area 22.0cm x 15.0cm. The diagram below is a simplified 3D diagram of the
coil when the magnetic field is perpendicular to the coil.

NYVYY

The second diagram is a 2D representation of the coil looking along the axis of rotation.

coil

normal
uniform —’_4;’
B-field of
0.184T
@ (i) Calculate the flux linkage of the coil for the angles 6 = —10° and 6 = +10°. 2]

coil of 42 turns and area -
22.0cm x 15.0cm

normal

uniform /’/VIL'\
B-field of -

0.184T
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(i)  Explain why the mean induced emf is zero as the coil moves between 6 = —10° and’
=+10°.

= [

(b) Calculate the mean induced emf in the coil when the angle 8 changes from 80° to 100° if
the period of rotation of the coil is 0.100s. [4]

Side vi . , |
ide view ‘/’—\ normal

coil of 42 turns and area

22.0cm x 15.0cm \—'
uniform /
B-field of

0184T

(¢) An oscilloscope is used to display the sinusoidal emf in a different coil rotating at a'
frequency of 12.5Hz and producing an rms pd of 12.0V. The oscilloscope settings are
5V per division (vertically) and 20ms per division (horizontally). Sketch a trace that might
be seen on the oscilloscope. (Space is provided for your workings.) [3]

Question taken from WIJIEC examination paper 132501, June 2014
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#9 5. Anexperiment iz carried out in a very strong uniform magnetic field in order to confirm Faraday'z

Law under extreme condifions. A coat hanger made of aluminium wire is bent from Shape 1 to
Shape 2 in a time of 16 ms.

@ @ Bo21T @ @ B=21T

. into page
Area = 120 em® ino page Area = 610 em2
(16 ms later)
Shape 1 Shape 2
(a) (i) Show that a mean emf of 6.4 is induced in the coat hanger. [2]

iy Show on the diagram of Shape 2 the direction of the induced current and state very
briefly how you determined this direction. [2]

(B} The aluminium wire has a circular crozs-section of diameter 2.0mm and the length of the
wire through which the current flows i 91 cm. Show that the mean current in the wire is
approximately 1900 A (resistivity of aluminium = 2.65 = 10~% Qm). [3]

STEMUP.CO.UK
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fc)  lestyn claims that changing the shape of the coat hanger from Shape 1 to Shape 2 in
16ms in the magnetic field will increase itz femperature by less than 1°C.
Determine, using appropriate calculations, whether or not lestyn is correct. (Density of
aluminium = 2 700 kgm~?, specific heat capacity of aluminium = 897 Jkg~ K1) [5]

{dl  For medical research, it is decided fo investigate the effect of this strong magnetic field
(2.1T) on patientz with metal replacement joints to sse if the metal joints become hot or
undergo large forces (during MR scans). Discuss the ethice of such an experiment.  [3]

Question taken from WIJEC examination paper 242801, June 2018
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#10

A metal conductor is placed across horizontal railway tracks and moved quickly in the direction
shown. This set up is designed to measure the vertical component (£,,) of the Earth’'s magnetic
field.

metal conductor

= S

/
SRR EEEEEEEEEEE
b
railhway
1.40 m tracks
III
F \/
]
@ ® magnetic field into page
(a) (i) Explain why a current is detected by the ammeter. [2]

(i) State why the current is indegpendent of the horizontal component of the Earth's
magnetic field. [1]

(B) Calculate a value for the vertical component of the Earth’'s magnetic field given that the
reading on the ammeter is 184 pA. [3]

(c) State the direction of the current in the resistor and how you obtained this direction. [2]

() A student suggests that the opposing force due to the magnetic field on the moving
conductor is negligible compared with other resistive forces. Is the student correct?
Justify your answer with a calculation. [4]

Question taken from WIJIEC examination paper 242801, June 2017
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#11

(@)

(b)

State the laws of Faraday and Lenz for electromagnetic induction. [2]
Two strong bar magnets are dropped through two copper pipes (P and Q). Pipe P has a
slit running along its length but Q is complete. When the magnet is dmpged through pipe
P it accelerates almost uniformby but the magnet dropped through pipe Q quickly reaches
a very low terminal velocity. Explain these observations. [6 QER]
Side view Top view
—
I
Pipe P — = Pipe Q
magnets
inside
pipes
magnets
e ™ inside

Pipe P PpeQ slit PPes

STEMUP.CO.UK
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{c) By applying the principle of conservation of energy, calculate the temperature increase of
pipe Q after the magnet has fallen at constant speed. [4]

Data:

* mass of magnet = 0.300kg,

* cross-sectional area of the copper walls of pipe Q = 7.85 x 107%m? (see diagram)
* density of copper = 8960kgm™

+ specific heat capacity of copper = 385JK kg™

Shaded area =

78510~ m? ;
4

Pipe Q

A=080m

Question taken from WIJEC examination paper 242801, June 2019
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#1

Marking Scheme

Question

Marking details

Marks available

AD1 AD2 AO3 Total Maths Prac
(a) (i) | Force is upward on the magnet (1) 1

[FILHR guoted and application of N3 (1) 1

Force is down an the wire (1) 1 3 3
(i) | Mean calculated = 0.0236 or 0.02355 (1) accept 2.4 = 102

Absolute uncertainty calculated or implied (= 0.0012) (1)

% uncertainty = 5% (1) accept 1 or 2 sig figs 3 3 3 3

acceptrange 4 —5.1%
(iii) | Gradient = Bl used or implied (1)

B =0.295[T] (no sig fig penalty) (1)

Adding % uncertainties ecf from (a)(ii) (11%) (no sig fig penalty)

(1) accept first principles approach

(0.295 + 0.032)T or (0.30 + 0.03) ecf must have consistency of sig

figs either 1 or 2 sig figs in uncertainty + UNIT or equivalent in mT 4 4 4 4

(1)

(b) (i) | Force on charge carriers due to mag field or [FILHR (1)

Charge carriers go to one side of conductor / reference to build-up

of charge (1)

Electric field set up or top I1s +ve / -ve depending on carriers (1) 3 3 3
(i) | Indicative content: 6 6 3 6

1. Line goes through origin.

2 Graph is a straight line

3. Line passes through all the error bars.

4. Both values of B compared.

5. Hall probe is more precise or its uncertainty is smaller [accept

accurate].

6. Sensible comment comparing methods e.g. method A is

graphical, method B required only one measurement or converse,

method A is more prone to human error, method B doesn't confirm

F =Bl

5-6 marks

5 or 6 points clearly described

There is a sustained line of reasoning which is coherent, refevant,

substantiated and logically structured.

3-4 marks

3 or 4 points clearly described

There is a line of reasoning which is partially coherent, largely

relevant, supported by some evidence and with some structure.

1-2 marks

1 or 2 points clearly described

There is a basic line of reasoning which is not coherent, largely

irrelevant, supported by limited evidence and with very little

structure.

0 marks

No attempt made or ho response worthy of credit

Question total 4 9 6 19 10 19
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H2

#3

Marks available
Question Marking details
9 AO1 AD2 AD3 Total Maths Prac
(a) Align probe for max signal / perpendicular to field (at known
distance) (1)
Put probe at a fixed/known distance (1)
) I
Current calculated from equation B = £ (1) 3 3 1 1
2ma
b) Use of F=RBII (1) 1
I F ul’
Use of B=4" (1) | or = =2for 2 marks 1
2ma I 2rma
Answer = 0.336[4 Nm™] (1) 1
Repulsive force (or equivalent) (1) 1 4 3
{c) (1) | Use of Bgv[i.e. F=2.15 « 107 N] (1)
™ or m#r used (1)
v
Radius calculated r = 3.56 ¢[m] or F=3.06 « 10-* [N] or
v=2x 10" [ms™] (1)
Not circular or radius too large or field not uniform or force not 4 4 2
large enough or speed too large (1)
(i) | Starts in comect direction (1)
Curving downward or clockwise (1) 2 2
{d) Equation 7= Eg used (1)
F'= Bgv used (1) Note Eg = Bgv or E = Bv scores both marks
Substitution of E =I? (1) (use of I’= Bvd gets 3 marks)
Final correct calculation(s) e.g. forces = (2.15 & 2.16) « 107+ N
or confirmation of 7, B, v or d from the other values (1)
Final conclusien consistent with answer ecf - true (accept not 5 g 3
true because 2.15 different from 2.16) (1)
Question 4 total 5 4 9 18 9 1
. i } Marks available
Question Marking details
AOA1 AD2 AD3 Total Maths Prac
(a) Walid method for obtaining gradient (implied if correct) (1)
Max = ~0.021 or min = ~0.017 (1) [OK to give 21.0 & 177.5 mT A™"]
Mean correct (~0.019) (1)
Uncertainty = 8.5 % — 11% (1) [ no &.f. penalty] 4 4 - 4
(b) Gradient = wn used or implied (n =15200) (1)
N=3780(1)
N=73800+ 400 (1) [allow 1 or 2 2.f. in uncertainty 1 more 3.1 in N] 3 3 3 3
c) (i) | 5000 is outside uncertainty range [or equiv] (1)
Straight line (1)
Through all error bars (1) 4 4 4
Lines straddle the ongin (1) [allow ... through origin]
(ii) | Flux density least accurate/probe not in centre [end effect] /not
aligned [90° to axis](1) 2 2 2
Get better Hall probe with higher [smaller / better] resolution / put
in centrefalign properly (1) [not: repeat readings / better apparatus]
Guestion 4 total ] 4 9 13 7 13
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"4

fa)

(b

@

(11)

(i)

Valid complete statement - 2 marks

e.g. Induced emf 15 proportional to (or equal to) the rate of change (or

cutting) of flux (linkage).
e.g. Accept mduced emf = change of flux / ime
e.g. Accept emf = rate of flux cutting (bed - missing induced)

Nearly complete statement - 1 mark
eg £ =[] E_—]T (terms not defined)

e.g. Induced emf 1s proportional to change of flux (mssing rate of)

d A BAN
E=—-2 or® o M g X (1)
di t t t

A=m" used(l)

Use of I = E (1)
Cormrect answer (1)
=42 (1)

= 1410 [A] (1)

FP=IFor PR or 73R used (1)

=456 [W](1)

STEMUP.CO.UK
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Ho

(e

b}

fc)

@

()

Either Or

Flux changes (1) B-lnes being cut (1)

hence emf induced (1) hence emf mduced (1)
[Eecause of BH mle or Faraday [Eecause of EH mule or Faraday
— mark, but not 1* mark] — 2 ma.r]-:l:uutnntl“mark]
flux mecreases and decreases direction of cutiing changing

[implies 1* mark] (1)
[Not “magnet oscillating”™
accept “magnet changing

fie. ‘;—"I’ahemates implied](1)
r
direction [of motion]™)

NB. “Change in field” not 1*
mark but others available]

o o
=7
Eate of change of flux (lnkage) =0.707 [V] (1)

from Faraday’s [or Neuman’s] law or E= _‘ﬁ.-'i—@ [allow E ——]{lj

=05V

[Independent mark — must be stated]

0.707

For 1 tum = 0 0.0035(35) Whbs™ (1)

.L

NB. 0.0025 Wb s~ [from use of "= 0.5 V]— 2 if 2! mark awarded.

Stating or implying that there 15 a magnetic field set up n the coil (1)
Opposes motion / due to Lenz's law (1)

Detail given, e g. loss (dissipation) of energy due to current or
resistance, polarity of coil discussed [can imply 1% mark], work done
against resishive force (1)

STEMUP.CO.UK
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H6

. . . Marks
Question Marking details Available
2 @ | ®]|O0 1

(i) | @ = B x I3(1)
Answer = 4.32 x 107 [Wb] (1) 2

(b) Change in flux or Faraday's law gives emf (1)

Complete circuit or accept emf gives current (1) 2
Award 1 mark only for:
Current due to Faraday's law

(c) Force / current / emf opposes the change (1)

Force on PQ opposite to SR or the force is clockwise (1) 2

(d) I=% used (1)

A= ﬂdTZ or mx3%(x107%) i.c. m* used (1)
_ext
R = " used (1)
_ AN¢
V= ~ used (1)
Answer =0.19 [A] ecf on ¢ and d” (1) 5

Question 2 Total

[12]
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#7

fa)

(b

®

(11)

(i)

The [induced] emf i1s proportional [or equal] to the rate of change [or
cutting] of flux [hnkage] or dBAN/df and terms defined

Nearly comrect statements award 1 out of 2 marks e g.
The emf 15 equal to the change of flux

The current 1s proportional to the rate of change of flux
The emf 15 proportional to the cutting of flux

BAN't and terms defined

Wrong statements get 0
The emf 15 equal/proportional to the flux linkage
The current 1s equal to the rate of change of flux

Lenz - the [induced] emf [or current] opposes [or tends to oppose
etc.] the change [to which 1t 15 due]

Clockwise (1) any 1 of FLHR.(must have comect direchon), FEHR,
right hand grip mle (1)

Area mcreases " at an increasing rate v

or cutting of flux v mside the loop +

or E=Blv + and [ 1s Increasing v
V= % and t =%[= 0.6485) orE = Blvused (1)

A="22%5201[= 47.2] ormeanl=235 [m] (1)

¥
r=tm

Comect answer I =77 [pa] (1)

STEMUP.CO.UK
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#8

#9

fa)

(B

fc)

o)

(1)

Flux hnkage = NBAc0s8 used (1)

0.251 [Wb] [and 0.251 Wb] (1)

No change m flux [hnkage] or field lines cut in one direction and
then the oppesite direction

Don’t accept rate of change of flux s 0

Flux linkage = 0.0443 or -0.0443 (1)

Time = x 0.1(1)

Attempt at change of flux (linkage) drnided by time (1)
Answer =[-] 159 [V] (1)

Peak emf=17 [V]

Simusoid with peak of 3.4 squares lugh (ecf) (1)

Simusold with peniod of 4 squares (1)

]

Question

Marks available

Marking details

AD1 AD2 AD3 Total

Maths

Prac

(a)

{i)

Use of B4 = flux or Faraday's law A{BAYt (1) [or by impl.] 1
2.1=(610-120)=107*

0016 seen (or similar) (1) 1

iii)

Anticlockwise (accept words if not in diagram) (1) 1
FRHR or Right hand screw rule or FLHR on electrons (1) 1
Alternative (for explanation)

Lenz's law: [direction of induced flux must oppose so out of
paper.]

(b)

Resistance = L{ quoted or used (0.0034 £2) (1) 1
ar®

Useoff=£[1] 1
R

6.4 700015

m[=1380 Al or equivalent seen (1)

(c)

= mlused [=6.43 « 10° m*1 (1)

Mass = density = volume used [=0.0174 kg] (1)
Energy = ITt used (or equivalent 135J) (1)
Energy = meAT used (1)

Answer = 12 5K s0 lestyn wrong(1) 5

(d

Any 2 = (1) from

= Consent of patient discussed [e.g. volunteers] (1)

* possible injury to patient discussed [e.g. long-term effects]
(1)

* Appropriateness of experiment carmried out on model / dead 3
body f animal instead discussed (1)

Conclusion
Argument is logical and leads to a conclusion (even if @ mixed
conelusion) (1)

Question 5 total 3 4 8

15

10
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#10

#11

Question

Marking details

Marks available

AO1

AOQ2

AO3

Total

Maths

Prac

(a)

0]

Change in flux linkage or cutting flux (1)
Complete circuit or implied (1)

(if)

These are in the plane of motion/the vertical component is
perpendicular to motion/these are not cut

(b)

BAN
Use of —— or V=EBilv (1)
t

v
Use of T=—(1)
R

Answer = 62 u[T] (1)

(c)

Current down in resistor [or up in conductor or anticlockwise]
(1)
[FIRHR or [F]ILHR (for electrons) or RH grip rule (1)

()

Other force compared e.qg. friction/drag (1)

Magnetic force small / resistive force 1s much bigger (1)
Because current small / B small (1)

Good calculation e.g. P=IR = 8.8 x 107 [W]

or F=BIL=1.6 = 10° [N] ecf on B or calculated values of B
using I (1)

Question total

12

Cuestion

Marking details

Marks available

AO1

AD2

AO3

Total

Maths

Prac

5 [ (a)

[Induced] emf (or pd or voltage) equal to (or proportional to) the
rate of change (or cutting) of flux [inkage] (1)
The emf [tends to] oppose the change [to which it is due] (1)

(b)

Indicative content:

Flux in pipe(s) changes or flux cut by pipe(s)

Emf induced in pipe(s)

Pipe P cumrent cannot flow / incomplete circuit

Pipe Q current flows

[Current] opposes motion (change) ...

.....[since) magnetic field set up due to (induced) current
Uniform acceleration - no opposing force or gravity only

Additional useful points —

Terminal velocity - magnetic force equal (and opposite) to weight
Slow velocity - due to strong magnet or small resistance or large
current

GPE converted to intemal energy or electrical energy or
electromagnetic energy

Copper is not magnetic

56 marks

Comprehensive list of observations made.

There is a sustained line of reasoning which is coherent, relevant,
substantiated and logically structured.

34 marks

Some reasonable observations made.

There is a line of reasoning which is partially coherent, largely
relevant, supported by some evidence and with some structure.

1-2 marks

Limited observations made.

There is a basic line of reasoning which is not coherent, largely
irrelevant, supported by limited evidence and with very little
structure.

0 marks
No attempt made or no response worthy of credit.

mgh or mcAf used or implied (i.e. ;= 2.35J) (1)
Use of F=4h (1)

Use of m= ol"(1) (i.e. m = 0.056 kg)

Answer =0.109 [K] (1)

Question 5 total

12
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