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INTRODUCTION

The marking schemes which follow were the ones used by the WJEC for the JANUARY 2003 examination in the GCE PHYSICS papers .  They were finalised after detailed discussion at  examiners' conferences by all the examiners involved in the assessment.  The conferences were held shortly after the papers were taken so that reference could be made to the full range of candidates' responses, with photocopied scripts forming the basis of discussion.  The aim of the conferences was to ensure that the marking schemes were interpreted and applied in the same way by all examiners.

It is hoped that this information will be of assistance to centres but it is recognised at the same time that, without the benefit of participation in the examiners' conference, teachers may have different views on certain matters of detail or interpretation.

The WJEC regrets that it cannot enter into any discussion or correspondence about these marking schemes.

PH1 Mark Scheme – January 2003 

Notes: This marking scheme, whilst reasonably complete does not give all the answers which were credited by the examiners. It is hoped that the scheme is self-explanatory, though it will need to be read alongside the question paper. The following clarifications may be of use:

Statements in brackets [ ] are exemplification, alternatives or statements which, whilst desirable in an answer were not required on this occasion for full marks.

The numbers in parentheses ( ) are the marks, usually 1, for each response.

e.c.f. stands for error carried forward, and indicates that the results of a previous (incorrect) calculation will be treated as correct for the current section. i.e. the mistake will only be penalised once.

The expression “or by implication” indicates that the mark is credited when subsequent credit-worthy working demonstrates that this idea/equation has been used.

Incorrect or absent units only attract a penalty when ((unit)) appears, otherwise they are there in the mark scheme for completeness. 

No penalties for excessive significant figures are applied in this paper.

	Question
	
	

	1
	(a)

(b)

(c)
	(i)

(ii)

(i)

(ii)

(iii)


	Force [directly] proportional to extension.

[allow F=ke provided all symbols defined] (1)

diagram with spring, metre rule, weight, pointer (or equiv.) (1)

reasonably vertical (1)

measurements:
extension (or change in length) (1)


load / mass / weight (1)

precautions:
any one from 


pointer / read scale at eye level


repeat readings / averages


within elastic region
(1)

Axes labelled Load and extension (or equiv.) (1)

Graph = straight line through the origin (1)

spring constant (or k of defined here or in (a)) (1)

gradient > original [if load is vertical] (1)
	1

2

3

2

1

1

[10]




	2
	(a)

(b)

(c)
	(i)

(ii)

(iii)

(iv)

(i)

(ii)

(i)

(ii)

(iii)

(iv)
	Polymeric (1)

No long-range order / irregular / [only] short range order (1)

crystalline (1)

[Individual] atoms or [small] molecules / regular arrangement of atoms (1)

Indicated on graph between ( = 0.4% and 0.6% (1)

Indicated on graph up to ( = 0.4% (1)

[tensile] stress = [tensile] force per unit area (1)


[image: image1.wmf][or equiv.] or or  if defined

stressFl

EE

strainAe

s

e
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 (1)

0.2 %, 0.002 or 
[image: image2.wmf]0.2

100

 or equivalent (not 0.2) (1)

E = 2·0 ( 1011 N m-2 / Pa ((unit)) (1) [e.c.f. on (]
	1

1

1

1

1

1

1

1

1

1

[10]



	3
	(a)

(b)

(c)
	(i)

(ii)

(iii)


	[At the boundary between any two given materials] the ratio between the sine of the angle of incidence to the sine of the angle of refraction (1) is a constant (1)


[image: image3.wmf]121
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sin used on either axis (1)

suitable scales (1)

points correctly plotted (1)

evidence of finding gradient (1)

n = 1·50 ( 0·05 (1) [e.c.f. from graph if not using sin]


[image: image4.wmf]8-1
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	2

3

2

2

1

[10]




	4
	(a)

(b)

(c)
	(i)

(ii)

(iii)


	
[image: image5.wmf]6
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[image: image6.wmf]0
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[image: image8.wmf]n
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[10]



	5
	(a)

(b)

(c)

(d)


	(i)

(ii)

(i)

(ii)

(iii)
	point at which the entire weight [not mass] of a body is considered to act / acts (1) [accept force due to gravity]

diagonals [or axes of symmetry] clearly drawn and CoG indicated (1)

vertical line drawn from G through bottom r.h. corner of cylinder (1)

label (  on cylinder (1)


[image: image9.wmf]2
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[image: image10.wmf]10
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C indicated at bottom RHS of diagram (1)

[Compressive forces] close up cracks which do not propagate [through the material]. (1). Tension opens up cracks which propagate […] (1) [penalise omission of propagation once]


	1

1

1

3

1

1

2

[10]




	6
	(a)

(b)


	(i)

(ii)

(iii)

(i)

(ii)

(iii)

(iv)


	(I) 8·0 mm 

(II) 3·0 m 

(III) 10.0 ms ((unit))

(I) 
[image: image11.wmf]3

1

100 Hz (1)

1010(1)[e.c.f.]
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(II) c = f( [or by impl.] (1) = [100 ( 3 =] 300 m s-1 (1) e.c.f.

reasonable sine curve drawn with correct amplitude (1) and ( = 6 m (1)

[Periodic] increase and decrease in sound intensity (or amplitude, level) (1) [when two notes of] nearly equal frequencies (1) [are sounded together].

Initially no beats are heard [i.e. beat frequency too high (50Hz)] (1)

As fB(fA beats heard [sensible numerical values used to illustrate] (1)

When fB=fA no beats heard / beat frequency = 0 (1)

Beat frequency increases as fB increases [+ sensible numerical values to illustrate] (1)

N.B. Candidates must give numerical illustration for 3rd and either 2nd or 4th point.

447 Hz (1) and 453 Hz (1)

Increase fA. (1) If fbeat increases then f = 447 Hz (1), otherwise f= 453 Hz (1)

[or equivalent including loading the tuning fork]
	1

1

1

2

1

2

2

4

2

3

[20]




	7
	(a)

(b)


	(i)

(ii)

(iii)

(iv)

(i)

(ii)

(iii)

(iv)


	Axes drawn with correct labelling [including u and v] (1)

straight line(1)

acceleration (1)

gradient = 
[image: image12.wmf][
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(1)  [or equiv.]
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(I) 
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(II) 
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(I) 
[image: image17.wmf]3216e.c.f.
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(II) Less (1)
At constant speed T = mg only [or equiv.] (1)

Solution using moments:

Recognisable attempt to calculate moments (1)

Use of T sin 300 [or cos 600] (1)

Correct moments equation (1)

TAB = 1078 N (1)

or

Solution using force resolution:

Recognisable attempt to resolve forces (1)

Downward force = total mass ( g = 539 N (1)

Correctly resolving vertically at A (1)

TAB = 1078 N (1)


	2

1

2

1

1

2

3

2

2

4

[20]


PH2 Mark Scheme – January 2003 

Notes: This marking scheme, whilst reasonably complete does not give all the answers which were credited by the examiners. It is hoped that the scheme is self-explanatory, though it will need to be read alongside the question paper. The following clarifications may be of use:

Statements in brackets [ ] are exemplification, alternatives, indications of acceptable range of numerical answers (with (), or statements which, whilst desirable in an answer were not required on this occasion for full marks. 

The numbers in parentheses ( ) are the marks, usually 1, for each response.

e.c.f. stands for error carried forward, and indicates that the results of a previous (incorrect) calculation will be treated as correct for the current section. i.e. the mistake will only be penalised once.

The expression “or by implication” indicates that the mark is credited when subsequent credit-worthy working demonstrates that this idea/equation has been used.

Incorrect or absent units only attract a penalty when ((unit)) appears, otherwise they are there in the mark scheme for completeness. 

No penalties for excessive significant figures are applied in this paper.

	Question
	
	

	1
	(a)

(b)
	(i)

(ii)

(iii)


	1200 MJ [of energy produced/transferred] (1) per second (1).

[Power = energy produced/transferred (etc) per second (1]

Correct division attempted (1)

240 ( 103 homes (1)

[Correct apart from power of 10, or 
[image: image18.wmf]6

200010W

5000 W

´

 (1]

(I)
Any two valid reasons, e.g.

· ‘Waste’ heat could be used [e.g. for heating homes]

· Energy is not wasted in distribution cables

· Unsightly pylons [or power stations] eliminated

· Fuel burnt only when needed


[“saves money” or “less energy lost” not sufficient alone]

(II)
Any two valid reasons, e.g.

Costly to set up / requires individual maintenance /

Fuel has to reach houses / Small generators less efficient /

National Grid advantages lost / Local noise or pollution 

[allow: power station workers lose jobs]

Power 
= 60 A ( 230 V (1) [or by impl.]


= 14 kW (1)


	2

2

2

2

2

[10]




	2
	(a)

(b)


	(i)

(ii)

(iii)

(iv)
	Energy per unit charge [or per coulomb] (1) given to charge passing through battery (1) [or converted from chemical to electrical energy etc.]

[open-circuit voltage , or equiv. ( 1 mark]

Circuit drawn and labelled (1)

Circuit resistance = 7·5 ( (1)

Current = 0·60 A (1)


[image: image19.wmf]060 A60  (1) [e.c.f. on current]

36 V (1)

V

=×´×W

=×


Circuit resistance 
= 7·5 ( (1) [e.c.f. if same as earlier]

e.m.f.
= 1·5 V (1)

current
= 0·20 A (1) [e.c.f. on circuit resistance, not 
on e.m.f.]


	2

1

2

2

3

[10]



	3
	(a)

(b)


	(i)

(ii)

(i)

(ii)

(iii)
	Current is a flow of [free] electrons (1) [or by impl.]

Flow is obstructed by collisions with ions [accept atoms] (1)

Collision probability [per unit time] increases as temperature increases because of increased [amplitude of] lattice vibrations (1). [Accept: because of increased random speed of [free] electrons].


[image: image20.wmf]0
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[e.c.f. on resistances but not if currents are used.]

superconductivity (1)

zero (1) [accept: very small]

too small a temperature range to explore (1) [or equiv. or anything sensible!]
	3

4

1

1

1

[10]




	4
	(a)

(b)


	(i)

(ii)

(iii)

(iv)

(i)

(ii)

(iii)


	potential [accept: voltage] divider (1)

0·50 A (1)

9·0 V (1)


[image: image22.wmf][
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	5
	(a)

(b)


	(i)

(ii)

(iii)

(iv)


	[e-m] radiation [or u-v or light or photons] incident on a surface [or metal, accept material] (1) Electrons emitted (1)

6·7 ( 10-19 J [4·2 eV] (1) [accept: “the work function”]


[image: image25.wmf][

]

19

(1)

9910 J 62 eV (()) (1)

Ehf

-

=

=×´×

unit



[image: image26.wmf][

]

[

]

2

1

2

1919

19

or (1)or equiv.

9910J6710J(1) e.c.f.

3210J20 eV(1)

k

Emvhf

f

--

-

=-

éù

ëû

=×´-×´

=×´×
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	2

1

2

3

2

[10]




	6
	(a)

(b)


	(i)

(ii)

(iii)

(iv)

(v)

(i)

(ii)


	Diagram with

· W connected across a variable p.d. (1)

· ammeter correctly positioned (1)

· voltmeter correctly positioned (1)

20 ( (1)

0·70 A (1) [e.c.f. from (ii)]

assuming Ohm’s Law holds [beyond 6 V] or resistance constant or temperature rise negligible (1)

(I)

[image: image28.wmf][
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[2·0 ( 10-7 m2 because of mistake with radius (1 mark]

(II)



[image: image29.wmf][
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]

7

(1)or equiv.

1210(1)e.c.f. on 

m (1)

RA

L

A
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=×´

W


(I)
Line (labelled ‘I’) drawn from (0,0.0) to (6, 0.1) (1)

(II)
Line (labelled ‘II’) drawn from (0,0.0) to (2,0.4) (2)


[any graph steeper than original ( 1]

n: number of free electrons per unit volume [or per m3] (1)

v: [drift] [accept: mean] velocity [of free electrons] (1)

(I)
I (1)


n and e (1)

(II)

[image: image30.wmf]PQ

1

(1)

10

vv
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valid reasoning e.g. Av = const. or APvP=AQvQ (1)


[accept good qualitative argument]
	3

1

2

2

3

1

2

2

2

2
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	7
	(a)

(b)

(c)


	(i)

(ii)

(iii)

(i)

(ii)

(i)

(ii)

(iii)
	(I)

[image: image31.wmf]19
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(II) Visible (1) [accept any colour, also u-v; e.c.f. from (I)

Arrow drawn from top to second level down. (1)

6 (1)

number of protons (1)

56 (1)

26 (1)

Incident electron knocks electron out of an inner (1) orbit[al] of an atom (1). Another atomic electron ‘drops down’ to take its place (1). A photon is emitted [carrying away the excess energy] (1)

Straight line drawn intercepting on +ve abscissa [~1] (1)

States that there is a [straight] line not through the origin, (1) so not proportional(1)
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Recognisable attempt to apply c = (f  (1)

Correct implementation with comment if inconsistent [e.c.f.] (1)
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2

1

1

1

2

4

3
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 PH4 Mark Scheme – January 2003 

Notes: This marking scheme, whilst reasonably complete does not give all the answers which were credited by the examiners. It is hoped that the scheme is self-explanatory, though it will need to be read alongside the question paper. The following clarifications may be of use:

Statements in brackets [ ] are exemplification, alternatives, indications of acceptable range of numerical answers (with (), or statements which, whilst desirable in an answer were not required on this occasion for full marks. 

The numbers in parentheses ( ) are the marks, usually 1, for each response.

e.c.f. stands for error carried forward, and indicates that the results of a previous (incorrect) calculation will be treated as correct for the current section. i.e. the mistake will only be penalised once.

The expression “or by implication” indicates that the mark is credited when subsequent credit-worthy working demonstrates that this idea/equation has been used.

Incorrect or absent units only attract a penalty when ((unit)) appears, otherwise they are there in the mark scheme for completeness. 

No penalties for excessive significant figures are applied in this paper.

	Question
	Answers / Explanatory notes
	Marks available

	1
	(a)

(b)

(c)

(d)
	(i)

(ii)

(i)

(ii)


	
[image: image34.wmf]-1
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[image: image35.wmf]2
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Mention of g (1)

Sensible remark e.g. a
[image: image36.wmf]?

g [or in terms of forces] (1)

F = 760 N (1) [e.c.f. from (b)(i) if F=ma used]

towards the axis of cylinder (or equiv.) [accept. “centre”] (1)

initial part of trajectory vertically upwards.  (1)
	3

2

2

1

1

1

[10]


	2
	(a)

(b)


	(i)

(ii)

(iii)

(iv)


	[Vector] sum of bodies’ momenta [accept “total momentum”] does not change [during an interaction] (1) provided no external forces act. (1)

change of momentum per second = 3.0 kg m s-2. (1)

In 4.0 s the change of momentum = 4.0 ( 3.0 kg m s-1 (1)


[image: image37.wmf]or (1)so .....(1)

mvmu

Fmv
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==
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recognisable attempt to equate before and after momenta [or by impl.] (1)

12 = (1·5 + m) 3·0
(1)

m = 2·5 kg  (1)

resistive forces (accept anything sensible) (1)

the same (1)

valid reasoning (1) e.g. same momentum given to Y initially as to X previously and same combined mass as before
	2

2

3

1

2

[10]



	3
	(a)

(b)


	(i)

(ii)

(i)

(ii)

(iii)
	
[image: image38.wmf]2
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(1)[or by impl.]

90 kJ  (1)
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[image: image39.wmf]energy [converted]

power = (1) [or by impl.]

time [taken]

= 75 kW(1)(e.c.f. from (i))

×


loss of EK occurs  (1)

converted [or transferred etc.] to internal [or random / thermal] energy [in discs and pads] (1)


[image: image40.wmf]0
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pads get some energy or some energy escapes as heat or work also done against air 
	3

1

3

3
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	4
	(a)

(b)


	(i)

(ii)

(iii)

(iv)
	maximum [or peak] displacement (1)

(I) 0.03[0] m (1)

(II) 0.5[0] s (1)


[image: image41.wmf]2
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2(1)[or by impl.]

(1) [correct re-arrangement]
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0.095 kg (1) [e.c.f. on  accept 01 kg]
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Peak indicated (1); trough indicated (2)


[image: image42.wmf][
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	1

1

1
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2
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	5
	(a)

(b)

(c)
	(i)

(ii)

(i)

(ii)

(iii)
	
[image: image43.wmf](1)[or by impl.] 50F (1)

q

C

V

m

==×


reasonable tangent at t = 0 (1) 

reasonable gradient attempt (1) [ignore units, powers of 10]

Io = 6·7 [6·0 – 7·5] (A ((unit)) (1) 

Attempt to apply R = V/I (1) [or by impl. e.c.f. on I]

R = 3·0 [2·6 – 3·3] M( (1)

time constant (1)

15 [(2] s ((unit)) (1) [accept (F, e.c.f.]

37 [(5] (C (1)
	2

3

2

1

1

1

[10]






	6
	(a)

(b)

(c)
	(i)

(ii)

(iii)

(i)

(ii)

(iii)

(i)

(ii)

(iii)


	Any three relevant assumptions including:

· pressure due to molecules hitting wall

· molecules moving in [otherwise] empty space

· random directions of motion

· collisions elastic [on average]

· molecules occupy negligible volume

· negligible intermolecular forces except during collisions

(I) number of molecules [in V] (1)

(II) mass of a molecule (1)

[N = number of moles & m = molar mass (1]

Nm = [total] mass of molecules [or gas] (1)


[image: image44.wmf]Nm

V

= density (1) [or equiv.]

[just comparing units of r.h.s. of the equations (1]
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R(or VR)



or etc.


XC(or VC)
XC(or VC)

XL and XC cancel [or Vs] (1)  [or equiv.]
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XC becomes 20 (; XL becomes 80 (  (1)

Hence Z unchanged from 60 Hz case (1)

[or valid repeat of calculation for both marks]

[(Z is still 60 ( scores 1 if not expanded upon]

60, 120 and 240 Hz points plotted correctly [e.c.f.] (1)

I = 0 when f = 0 (1)

shape of curve (1)

(I) [Forced oscillations are] oscillations of an [oscillating] system subjected to a periodic (1) driving force (1)
[or system forced to oscillate at the same frequency (1) as that of an external force(1)]

(II) [Resonance is] maximum amplitude (1) occurring when the driving frequency = system’s natural frequency (1)
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e.c.f. if slip in circuit resistance e.g. 6·5 (, but no e.c.f. if 6·0 ( etc.





e.c.f. for both marks if st. line drawn thro’ origin.





e.c.f.





[or by impl.]





Right angles between phasors and R in middle (1)





XL=XC (by eye) (1)
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