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4. (a) The currentin along 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]
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Hall probe :

(b) Another long wire carrying the same large current is placed parallel to the original wire as
shown. Calculate the force per unit length on each wire also stating the direction of the

force on each wire. [4]
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(¢) (i) Tirion claims that an electron halfway between the wires, travelling at a speed of
2.9 x 10"ms™" parallel to the wires will perform perfect circular motion between
the wires. Determine, using a suitable calculation, whether or not Tirion’s claim is

correct, The magnetic flux density halfway between the wires is 4.64mT.
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(i) Sketch the motion of the electron.
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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]
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4.

a) The currentin 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]
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(b)  Another long wire carrying the same large current is placed parallel to the original wire as
shown. Calculate the force per unit length on each wire also stating the direction of the
force on each wire. 4]
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(¢) (i) Tirion claims that an electron halfway between the wires, travelling at a speed of
2.9 x 10"ms™" parallel to the wires will perform perfect circular motion between
the wires. Determine, using a suitable calculation, whether or not Tirion's claim is
correct. The magnetic flux density halfway between the wires is 4.64 mT. [4]
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(i) Sketch the motion of the electron. [2]
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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]
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(a) Thecurrentin 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]
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shown. Calculate the force per unit length on each wire also stating the direction of the
force on each wire.
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(b)  Another long wire carrying the same large current is placed parallel to the original wire as
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(c) (i) Tirion claims that an electron halfway between the wires, travelling at a speed of
2.9 x 10"ms~" parallel to the wires will perform perfect circular motion between
the wires. Determine, using a suitable calculation, whether or not Tirion's claim is

correct. The magnetic flux density halfway between the wires is 4.64 mT. [4]
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(i) Sketch the motion of the electron. [2]
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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). 51

+ 13.5kV
290 A 4
=

Metal plates e—+29x%x10'ms’’ Igo cm [10.0cm

Electron

290 A i

ov

e foe on twe elocteen Al o
e forw on ke elocttn dlle o G
Ollers. JQWadsS Youwwos. ke Mete)











Question

Marking details

Marks available

AO1

AO2

AO3

Total

Maths

Prac

4 |(a)

Align probe for max signal / perpendicular to field (at known
distance) (1)
Put probe at a fixed/known distance (1)

1
Current calculated from equation B = ;L (1)
wa

(b)

Use of F = BIi (1)

[ 2
Use of B =" (1) or£=’u°1 for 2 marks
2ra [ 2ra

Answer = 0.336[4 Nm™"] (1)
Repulsive force (or equivalent) (1)

(c)

Use of Bgv [i.e. F = 2.15 x 10" N] (1)

2
my

or ma/r used (1)

,
Radius calculated » = 3.56 c[m] or £ = 3.06 x 10" [N] or
v=2x10" [ms"] (1)

Not circular or radius too large or field not uniform or force not
large enough or speed too large (1)

(ii)

Starts in correct direction (1)
Curving downward or clockwise (1)

(d)

Equation F = Eq used (1)
F = Bqv used (1) Note Eq = Bqv or E = Bv scores both marks

v
Substitution of £ = ; (1) (use of V' = Bvd gets 3 marks)

Final correct calculation(s) e.g. forces = (2.15 & 2.16)x 1074 N
or confirmation of ¥, B, v or d from the other values (1)

Final conclusion consistent with answer ecf - true (accept not
true because 2.15 different from 2.16) (1)

Question 4 total

18
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4. (a) The currentin along 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] @
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Current, 7

Hall probe :

(b) Another long wire carrying the same large current is placed parallel to the original wire as
shown. Calculate the force per unit length on each wire also stating the direction of the

force on each wire. [4]
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roberm

Sticky Note

Two excellent marks are gained here. The only point missing relates to the orientation of the Hall probe relative to the field. 



roberm

Sticky Note

This is a difficult little section.
Some candidates completed this very easily.



roberm

Sticky Note

The most difficult question on the paper.
The following is a good answer from an A grade student.





(c)

(i)

(M
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Tirion claims that an electron halfway between the wires, travelling at a speed of
2.9 x 10"ms™" parallel to the wires will perform perfect circular motion between
the wires. Determine, using a suitable calculation, whether or not Tirion’s claim is

correct. The magnetic flux density halfway between the wires is 4.64mT. [4]
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Sketch the motion of the electron. [2]
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roberm

Sticky Note

These are particularly difficult AO3 marks. 
The method that provided most correct answers involved calculating the radius of curvature assuming a uniform B-field:



roberm

Sticky Note

This excellent candidate has done this perfectly and also comes to the correct conclusion in a subtle and valid manner in the last line i.e. the radius is greater than the distance to the wire so it cannot possibly perform a circle.



roberm

Sticky Note

One mark was for starting the motion in the direction shown in the diagram. The other mark was for a downward or clockwise curvature.

Hence the following response obtained full marks:



roberm

Sticky Note

Although the direction of the magnetic field will change the other side of the wire, there was no penalty for the shape of the curve beyond the wire.





(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]
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roberm

Sticky Note

Note that this student has answered the question twice by two different methods, both of which are correct. Using V= Bvd  is completely valid here although it is possible that the student does not know this because of the subscript H (it is not a Hall voltage but it is obtained by equating the electrical and magnetic forces). The candidate could have concluded immediately that 2.91 x 107 m/s is very close to the actual speed and so the electron will continue at constant velocity. Just to be sure, the candidate also calculates the 2 forces and finds that they are (nearly) equal.










4.

(a) The currentin along 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]
e — e —

Hall probe :

0% te b GUb 5, b ks

the  Bielh Lings, Now mecouf®  Ene Lot

C Volboge o Mew S92 use B2 [ €0 At
,, be .

Thas 35 WA Lo ReV o g (nele 0n e

e
—

Current,

(b)  Another long wire carrying the same large current is placed parallel to the original wire as
shown. Calculate the force per unit length on each wire also stating the direction of the

force on each wire. [4] @
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roberm

Sticky Note

This candidate obtains the alignment mark but not the others:



roberm

Sticky Note

No force is required to measure the current and this was a relatively common mis-conception. The clue was in the question - the Hall probe is calibrated in tesla (T), meaning that it gives direct readings of the B-field. Another poor use of English and possible mis-conception is “cuts all the field lines” when the probe is not moving. Candidates should avoid the words “cut” and “cutting” unless there is a moving conductor (or possibly a varying B-field).



roberm

Sticky Note

This may be a reasonably standard calculation but it still requires combining two tricky magnetic equations.
The most common mark to lose was for the direction of the forces:





(¢) (i) Tirion claims that an electron halfway between the wires, travelling at a speed of
2.9 x 10"ms™" parallel to the wires will perform perfect circular motion between
the wires. Determine, using a suitable calculation, whether or not Tirion's claim is
correct. The magnetic flux density halfway between the wires is 4.64 mT. [4]
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(i) Sketch the motion of the electron. 2]
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roberm

Sticky Note

The second most successful method involved calculating Bqv and the force required to produce a radius of curvature of 2.5 cm.



roberm

Sticky Note

This candidate has done this perfectly. The conclusion should have been that the Bqv force is too small to produce a radius of 2.5 cm and hence circular motion is impossible. Instead, the candidate seems to be stuck in the last question (Q3) and is talking about SHM - 3 marks.



roberm

Sticky Note

Note that the candidates have already been penalised for concluding that the path will be a circle hence there cannot possibly be a penalty for a circle here (although one should note that this circle fits completely the description in the mark scheme for 2 marks).





(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).

(3]
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roberm

Sticky Note

Here is a good example of a candidate who cannot obtain the correct answer but still obtains 2 marks by being brave and having a go.



roberm

Sticky Note

The equation for the electric field is used as is the equation for the magnetic force (Bev) and hence, 2 marks are deserved.
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(a) Thecurrentin 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]
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shown. Calculate the force per unit length on each wire also stating the direction of the
force on each wire.
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(b)  Another long wire carrying the same large current is placed parallel to the original wire as
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roberm

Sticky Note

Unfortunately, the use of inappropriate equations was rife.



roberm

Sticky Note

The current in the equation above is the current in the Hall probe and has nothing to do with the current in the wire - zero marks.



roberm

Sticky Note

This response shows clearly why candidates should write something sensible even if they cannot obtain a final answer.



roberm

Sticky Note

Although the candidate cannot obtain the magnetic flux density, they have shown that they can use F=BIl and they have obtained the direction of the forces (2 marks in total). This type of determination and technique can gain many valuable marks.





(c) (i) Tirion claims that an electron halfway between the wires, travelling at a speed of @
2.9 x 10"ms~" parallel to the wires will perform perfect circular motion between

the wires. Determine, using a suitable calculation, whether or not Tirion's claim is
correct. The magnetic flux density halfway between the wires is 4.64 mT. [4]

290 A @

O >
8 > e = 29x%x10'ms’ |50cm

< Electron
290 A 1
2RAY Lo extéxe 25w’ ST 3xe !
(i) Sketch the motion of the electron. 2] @
290 A
i J
(] 5.0cm
-

290 A



roberm

Sticky Note

Although there were many blank responses, most candidates who tried were able to obtain a mark.



roberm

Sticky Note

This candidate has failed to obtain the correct value of the Bqv force but the mark is for using the equation. Also, the mT has not been converted but this does not matter because the equation has been understood and used - 1 mark.



roberm

Sticky Note

The curvature is in the wrong direction (due to FLHR going wrong) and the 2nd mark is lost.





(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). 51
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roberm

Sticky Note

The following candidate is unfortunate.
Although a good attempt is made at using the electric field equation, the wrong distance has been used which means that the equation is not understood and not used correctly (another interpretation is that the equation is used and understood but that the candidate has made a tiny slip and used the wrong distance, but this interpretation requires a generous b.o.d.). The candidate also makes an excellent attempt at a conclusion that, on reflection, is deserving of a mark. However, it was agreed in the examiners’ meeting that two forces were required in order to compare these forces and obtain the final conclusion mark. In this instance, there are no values to compare and so the candidate did not receive the final mark - unfortunate twice.
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4. (a) Thecurrentinalongwireis 290A 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]

Hall probe :

Current, [

(b) Another long wire carrying the same large current is placed parallel to the original wire as
shown. Calculate the force per unit length on each wire also stating the direction of the
force on each wire. [4]
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(c) (i) Tirion claims that an electron halfway between the wires, travelling at a speed of
2.9 x 10’ms~" parallel to the wires will perform perfect circular motion between
the wires. Determine, using a suitable calculation, whether or not Tirion’s claim is
correct. The magnetic flux density halfway between the wires is 4.64 mT. [4]
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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 = 4.64 mT). [5]
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(a) State the laws of Faraday and Lenz for electromagnetic induction. [2]
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(b) 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 drOppa& through pipe'

P it accelerates almost uniformly but the magnet dropped through pipe Q quickly reaches
a very low terminal velocity. Explain these observations. [6 QER]
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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 10-m? (see diagram)
density of copper = 8960 kgm
specific heat capacity of copper = 385JK kg™

Shaded area =
7.85 x 10-8m?

h=0.80m
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(a) State the laws of Faraday and Lenz for electromagnetic induction. [2]
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(b) 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 dropped through pipe
P it accelerates almost uniformly but the magnet dropped through pipe Q quickly reaches
a very low terminal velocity. Explain these observations. [6 QER]
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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 10-°m? (see diagram)
= density of copper = 8960kgm™

» specific heat capacity of copper = 385JK-"kg".

Shaded area =
7.85 % 10°°m?2
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h=080m
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5. (a) State the laws of Faraday and Lenz for electromagnetic induction. 2]
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(b) 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 dropped through pipe
P it accelerates almost uniformly but the magnet dropped through pipe Q quickly reaches

a very low terminal velocity. Explain these observations. [6 QER]
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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 copger walls of pipe Q = 7.85 x 10~ m? (see diagram)
« density of copper = 8960kgm

« specific heat capacity of copper = 385JK'kg™'.

Shaded area =
7.85 x 10 m?

Pipe Q

h=0.80m
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Marks available

ti Marking detail
Question arking detafis AO1 | AO2 | 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 [linkage] (1)
The emf [tends to] oppose the change [to which it is due] (1) 2 2
(b) Indicative content: 6 6

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

Emf induced in pipe(s)

Pipe P current 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 internal energy or electrical energy or
electromagnetic energy

Copper is not magnetic

© WJEC CBAC Ltd.
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Question

Marking details

Marks available

AO1

AO2

AO3

Total

Maths

Prac

5-6 marks
Comprehensive list of observations made.

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

Substantiated and logically structured.

3-4 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.

(c)

mgh or mcA@ used or implied (i.e. E, = 2.35J) (1)
Use of V'=4h (1)

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

Answer = 0.109 [K] (1)

Question 5 total

10

12

© WJEC CBAC Ltd.

11











(a) State the laws of Faraday and Lenz for electromagnetic induction. [2]

Faraday- Inducd EmEL. direck\y. proportiond
Y0 rate of cnange. OFf. flux hinkage. .
Lenz- If Haeress Qn induced  currents

warlh flow b vl do so to oppose e SE&%&

.

(b) 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 droppa& through pipe

P it accelerates almost uniformly but the magnet dropped through pipe Q quickly reaches @
a very low terminal velocity. Explain these observations. [6 QER]

Side view Top view
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roberm

Sticky Note

There was a poor mean mark for a very standard question - candidates should be advised to check the Terms and Definitions booklet.

Here is a great example of two good definitions.



roberm

Sticky Note

Complete sentences are not necessary and both these definitions are fully deserving of the marks.



roberm

Sticky Note

Some candidates answered this very well.



roberm

Sticky Note

This is an excellent, logical description that might have gained six marks because there is just enough well-presented physics here to gain the full six marks. Unfortunately, the last two sentences are rambling and “such to oppose” should read “such as to oppose”. So 5 marks was awarded.





(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 10-°m? (see diagram)
« density of copper = 8960kgm™

» specific heat capacity of copper = 385JK kg™

Shaded area =
7.85 x 10-8m?

h=0.80m

Y

KEAMOL. DEZmgo = OTx A BIx O S T
Velume .. plpr = 1850107 x O.8 2. 6u TRuMD P> S
o2 of . pige = $960x 628U %.0.03€ G g
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Sticky Note

This was a tricky question.
Some good candidates made this look easy.



roberm

Sticky Note

The answer is correct and 4 marks awarded. 
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(a) State the laws of Faraday and Lenz for electromagnetic induction. [2]
faradaus loun Stades. i Ahere is a Chan ge.in { L densit
over fime.a..emf will be nduceclon wive. texasloy Lent
Stokes. the current produceq  will by and appose .
(b) 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 dropped through pipe
P it accelerates almost uniformly but the magnet dropped through pipe Q quickly reaches
a very low terminal velocity. Explain these observations. [6 QER]
Side view - Top view
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roberm

Sticky Note

Here is a typical example of a candidate obtaining one mark.



roberm

Sticky Note

Faraday’s law is inadequate because there is no “equal to” or “proportional to” for the emf and flux density is unacceptable for flux (or better, flux linkage). Lenz’s law is perfectly acceptable even though this wording will never be seen in a textbook. The essence and true meaning of Lenz’s Law is clear and in the candidate’s own words here.



roberm

Sticky Note

Here is an excellent example of quite a good response.



roberm

Sticky Note

The candidate clearly understands what is going on but the explanation is incomplete - the candidate has missed the important steps of changing/cutting flux and induced emf. There is an implication of an opposing force and an induced magnetic field but these points could have been made clearer. Overall, the mark of 4/6 is correct - it is a middle band answer but the tidiness and construction of the answer ensures that a 4, rather than a 3, is gained.





(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 10-°m? (see diagram)
= density of copper = 8960kgm™

» specific heat capacity of copper = 385JK-"kg".

Shaded area =
7.85 % 10°°m?2

Pipe Q

h=080m

Y

Qzwe 8 R l-'\%\r\.t-’-’?-‘-%%:}_

H 22— .00




roberm

Sticky Note

The most common mistake was to not realise that one m was the mass of the magnet while the other m was the mass of the tube.



roberm

Sticky Note

This answer was agreed to be worth 2 marks in the examiners’ meeting.










5.

(a) State the laws of Faraday and Lenz for electromagnetic induction. 2]
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(b) 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 dropped through pipe
P it accelerates almost uniformly but the magnet dropped through pipe Q quickly reaches

a very low terminal velocity. Explain these observations. [6 QER]
Side view — . Top view
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roberm

Sticky Note

This final example is of a candidate who should have gained 2 marks but gains nothing.



roberm

Sticky Note

Faraday’s law is quite close but flux cutting divided by time is not quite as good as the rate of cutting of flux (which would have been acceptable). Also, “emf of/at the battery” is not acceptable for induced emf. Lenz’s is also quite close but this is not a general definition and “pushing the magnet away” is too ambiguous.



roberm

Sticky Note

The following response is far more incomplete.



roberm

Sticky Note

There are two points here. First, that field lines are cut. Second, that there is a resistive force. However, the first sentence states “cutting the field lines of the magnet with the slit”. This could well be a mis-understanding. On this occasion, the examiner has allowed b.o.d. and provided the candidate with a slightly generous 2 marks.





(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 copgor walls of pipe Q = 7.85 x 10~°m? (see diagram)
« density of copper = 8960kgm

« specific heat capacity of copper = 385JK'kg™'.

Shaded area =
7.85 x 10 m?

Pipe Q

h=0.80m
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Sticky Note

Again, some candidates were unable to find an answer but did what they could.



roberm

Sticky Note

There were 2 marks available for obtaining the mass of the tube and this candidate has obtained those marks. This is a fair mark for the amount of work that is required to obtain the correct mass (to 1sf) even though this candidate has no insight as to how to calculate the temperature.
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5. (a) State the laws of Faraday and Lenz for electromagnetic induction. 2]

(b) 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 dropped through pipe
P it accelerates almost uniformly but the magnet dropped through pipe Q quickly reaches

a very low terminal velocity. Explain these observations. [6 QER]
Side view Top view
N P
Pipe P 7 ¥~ PipeQ
magnets
inside
pipes
magnets
/ \ inside
Pipe P Nlit PipeQ  slit P'P®S
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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 10~°m? (see diagram)
« density of copper = 8960kgm™3

« specific heat capacity of copper = 385JK1kg™".

Shaded area =

7.85 x 1076m?
A é>
Pipe Q
‘j

h=0.80m

Examiner
only

1420U401

17

12

17

© WJEC CBAC Ltd. (1420U40-1) Turn over.



























































