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INTRODUCTION

The marking schemes which follow were the ones used by the WJEC for the Summer 2008 papers in the GCE PHYSICS examination.  They were finalised after detailed discussion at an 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 scheme was 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.

Notes on the interpretation of these marking schemes

The marking schemes, whilst reasonably complete do not give all the answers which were credited by the examiners. It is hoped that the schemes are self-explanatory, though they will need to be read alongside the question papers. 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. [accept….] indicates that, whilst not a good answer, it was accepted on this occasion.

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. As a general rule, the principle of error carried forward is generally applied, even when not explicitly stated. It may also be applied within a calculation where a mistake is deemed to be an arithmetic slip and not an error of principle.
The expression [or by impl.] indicates that the mark is credited when subsequent credit-worthy working or answer demonstrates that this idea/equation has been used.

In general the physics of the answer needs to be correct but specific expressions or methods are often not required. The expression [or equiv.] emphasises that the particular idea, could be expressed in several different ways.

Incorrect or absent units are not always penalised; units are present in the mark scheme for completeness. Where ((unit)) appears it indicates that the unit is required for the mark to be awarded but attracts no separate mark. A (1) following the unit, in addition to a (1) following the numerical part of the answer, indicates that the unit itself attracts a mark.

Example: 25 GPa (1) ((unit)) indicates that the unit (or correct alternative. e.g. 2(5 ( 1010 N m-2) is a requirement for the mark;

25 (1) GPa (1) indicates that the numerical part of the answer [2(5 ( 1010] and the unit Pa each attract a mark. In this case, an answer of 25 GN would be awarded the first mark but not the second, it being considered that the SI multiplier is numerical.

Unless otherwise stated, no penalties for excessive significant figures are applied in these papers. Significant figures are usually assessed only in the practical units.

N.B.  This Mark Scheme is not a set of Model Answers.

PH1 Mark Scheme – June 2008
	Question
	Answers / Explanatory notes
	Marks available

	1
	(a)

(b)


	(i)

(ii)

(iii)
(iv)
	Either

Time to travel 30 m 
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No of vibrations = 
[image: image7.wmf]30
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0.75(e.c.f.)

= 40 (1)
[Beat are] a (periodic) increase and decrease in sound level [or.equiv.] [not pitch/frequency] (1)…..

…..[produced] when sounds of nearly equal frequency (1) are sounded together. [Accept: the clarinets are of nearly equal frequency]

1/3 s [accept: 0.3 s]
437 Hz (1); 443 Hz (1)

One of 445 – 443 = 2 Hz / 445 – 437 Hz = 8 Hz [or equiv.] (1)

(f  [2nd clarinet] = 443 Hz stated [based on a convincing argument] (1) [N.B. 443 Hz on its own does not score]

	3

2

1

2
2

2
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	2
	(a)

(b)

(c)

(d)
	(i)

(ii)
(iii)
	8 cm

straight line [or  other relevant interaction with graph to convince that F ( (l. N.B. F ( l s.i.f.]

Gradient calculated e.g. 
[image: image8.wmf]3.0

0.3

(1) [or by impl.]

k = 10 N m-1 ((unit)) [or 0.1 N cm-1]

F = kx = 10(e.c.f.) ( 0.09 (1)


= 0.9 N (1)
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No extension (1)
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	Question
	Answers / Explanatory notes
	Marks available

	3
	(a)

(b)


	
(i)

(ii)


	Angle of incidence form which angle of refraction = 90( (1) for light passing from a material of higher to one of lower optical density. (1)

[Both marks may be gained from clear statement or from diag.]

I.
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[or equiv. or by impl.] (1)


c = 24.6 ( (1)

II.
Diamond A: emergent ray shown (1) in sensible direction (1)


Diamond B: Horizontal reflected ray shown (1). Vertical second reflected ray shown. (1)

III.
‘B’ – [incident] light reflected [back to source]


[N.B. Explanation required.]


[image: image12.wmf]8
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	4
	(a)

(b)

(c)


	(i)

(ii)

(iii)
	Alternating [clear and opaque] equally spaced strips.

[‘Equally spaced’ or ‘parallel’ required]

n = 2 (1)
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( = 419 nm [no e.c.f. on n or d] (1)

[e.c.f. on d]: 
[image: image14.wmf][
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 [or 
[image: image15.wmf]sin
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 with ( = 90(]

n = 4 (1)

9 (e.c.f.)

[No e.c.f. on d = 5 ( 105]. d halved (1), 

( n halved (1) (or n = 2 or n ( d)

( No. of lines reduced from 9 to 5 (1)

[Calculation → 2 marks only if correct]

[Correct qualitative answer scores 2]
	1
3
2

1

3
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	Question
	Answers / Explanatory notes
	Marks available

	5
	(a)

(b)
(c)

	(i)

(ii)

(iii)
(iv)
 
	When two or more waves cross / overlap / interfere [at a point] (1) the resultant displacement is the [vector] sum of their individual displacements (1) [not amplitude].

Intensity has decreased / less [sound] energy reaches the mike per second / energy spread out more.

180 ([ or ( not (/2]
0.4 m  [e.c.f.]


[image: image16.wmf]cf

l

=

 (1) [or 850 ( 0.4 (e.c.f.)] = 340 m s(1 (1)

Wave drawn with increased amplitude (1) and in antiphase (1).

2 cycles shown of ‘good’ sine waves (1) 
	2
1

1
1
2
3
[10]




	Question
	Answers / Explanatory notes
	Marks available


	6
	(a)

(b)

(c)


	(i)

(ii)

(i)

(ii)
(iii)

(iv)
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or Displacement (1)
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[192 / 1.6 → wrong answer: s.i.f.]
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H = 12.5 m (1)
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Direction 
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No change (1). The time of flight depends [only] on vertical height [or vertical velocity] (1)

Any 2 from:

Horizontal velocity decreases

Vertical acceleration decreases [N.B. not decelerates]

Time in flight increases

[or any 2 reasonable / correct statements]

	1

3

2

1
2

5
2

2

[20]




	Question
	Answers / Explanatory notes
	Marks available

	7
	(a)

(b)


	(i)

(ii)

(i)

(ii)

(iii)
(iv)

(v)

(iv)
	Graph: Linear followed by curving towards horizontal

3 ( (1) for 3 features correctly labelled from: elastic limit / limit of proportionality / yield point / UTS / breaking point / elastic region / plastic region

General statement (1) e.g. plastic deformation occurs because bonds (near dislocation) break or

Specific statement gains 2 marks, e.g. bond FC breaks (1) and recombines as FB (1)

Labelled within “5 m” label (1). Cross close to midpoint of middle cable on diag B (1)

(200 ( 60 ( 9.8) + (10000 ( 9.8) [(1) for ( 9.8]

= 215 600 N ((unit)) (1)

215 600 (e.c.f.) ( 2.5 (e.c.f. from diag) = 539 000 Nm (ans)
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increased (clockwise) moment

[Accept increased distance from pivot but not increased force / weight / distance (unqualified)]
	1

3
2

2

2

1

4

3
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PH2 Mark Scheme – June 2008
	Question
	Answers / Explanatory notes
	Marks available

	1
	(a)

(b)

(c)

(d)


	(i)

(ii)

(iii)

(iv)


	Any 2 ( (1) of: x = y + z; y = z; x = 2y; x = 2z

[mere re-arrangement doesn’t attract 2nd mark!]

0.14 A

5.0 V [±0.2]

0.8 V

5.8 V (e.c.f.)

Either: For L2 or L3, R = 6 ( (1); for L1, R = 18 ( (e.c.f.)(1)

Or: 2 ( (1) of: L1[’s filament] is hottest / L1’s resistance is highest / Lamps don’t obey Ohm’s law.

It would decrease (1) because less current would pass through it [or equiv.](1)
	2

1

1

1

1

2

2

[10]



	2
	(a)

(b)

(c)


	(i)

(ii)

 (i)

(ii)

(i)

(ii)

(iii)
	3.0 A

3.6 V [e.c.f. unless V1.2 ( > 4.5 V]

I.
4.5 J [accept 4.5 V]

II.
3.6 J [accept 3.6 V]

energy converted [accept ‘lost volts’] in the internal resistance.
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VIN = E [accept 4.5 V]; VOUT = VR [accept 3.6 V (e.c.f. if <E)]

Any argument which shows VR increasing [or a suitable calculation] (1)

Conclusion that VR approaches E [must be clearly expressed] (1)


	1

1

1

1

1

2

1

2
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	Question
	Answers / Explanatory notes
	Marks available

	3
	(a)

(b)

(c)

(d)


	
	Atoms have lost electrons [to the sea] [or equiv.]

10 cm ( 10 cm ( 10 cm = 10(3 m3 [or by impl.](1)

No. of ions/ atoms per m3 = 6.0 ( 1028 m(3 [or by impl.] (e.c.f.)(1)

No. of free electrons per m3 = 18 ( 1028 [m(3] (e.c.f.) (1)

Ions [accept: atoms / lattice] vibrate more [vigorously] (1) or free electrons have more random KE[accept: speed]

Collisions between [free]electrons and ions [accept: atoms / lattice] more frequent (1). Drift velocity decreases (1).
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	4
	(a)

(b)
	(i)

(ii)

(i)

(ii)
	I.
anything in range 1 m ( 10 km

II.
anything in range 1 pm ( 1 nm

((unit)) on either I or II.

travel [at same speed] through vacuum

[accept: convey energy / transverse / can be polarised]

X-rays ionise matter [radio waves don’t]

[or other correct difference]

I.
(min correctly indicated.

II.
(min = 1.0 ( 10(10 m

Incident electrons knock out inner electrons in atoms [of target] (1).

Electrons further from nucleus / in higher energy levels ‘drop down’ to take vacated place (1), resulting in emission of X-ray photon [or X-rays of specific wavelength / frequency] (1)
	1

1

1

1

1

1

4

[10]




	Question
	Answers / Explanatory notes
	Marks available

	5
	(a)

(b)


	(i)

(ii)

(iii)

(iv)

(i)

(ii)
	Mass: almost all in nucleus [accept ‘centre’]

[Accept reference to ‘negligible’ mass of electrons]

Charge: nucleus positive; surrounding electrons [accept ‘surrounding part’

I.
3.4 ( 10(19 J

II.

[image: image35.wmf]hc
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l
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[or (E = hf  and 
[image: image36.wmf]c

f
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=

](1)


( = 5.8 ( 10(7 m (1)

III.
Attempt to divide power by photon energy (1)


6.2 ( 1019 s(1. (1)

I.
Transition shown from 2nd to 1st excited state.

II.
(No e.c.f. on transition shown). Infrared photons have lower energy / longer wavelength than visible [or by clear impl.](1).


Quantitative argument, e.g. ( = 1.1 ( 10(6 m or photon energy ~ ½ that of yellow photon (1) [Accept: cannot be any other transition as these are of higher energy gap or equiv.]
	1

1

1

2

2

1

2
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	6
	(a)

(b)

(c)

(d)


	(i)

(ii)

(iii)

(i)

(ii)

(iii)

(i)

(ii)


	Photon labelled [accept ‘light’ or ‘e-m radn’](1)

Electron labelled(1)

[( is the] work function (1): the [minimum] energy needed to release an electron from a surface [accept: metal / solid] (1)

If hf < (, no electron emitted (1) because photon doesn’t have enough energy (1)


[image: image37.wmf]min
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4.5 ( 10(19 J
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 [E= hf ( 1]

Blue [or violet or indigo] (1)

6.8( 1014 Hz is much closer to7.5( 1014 Hz than to 4.2( 1014 Hz (1)

Attempt to divide a quantity of enerngy by e (1) [or by impl.]

0.44 V (1)

I.
Reading decreases (1) and reaches zero (1) when V = 0.44 V(e.c.f.) (1) [and stays at zero for higher voltages].

II.
Current value larger (1) [for V = 0 or any voltage between 0 and cut-off]. Current falls to zero at the same voltage [0.44 V](1)
	2

2

2

2

1

2

2

2

3

2
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	Question
	Answers / Explanatory notes
	Marks available

	7
	(a)

(b)

(c)
	(i)

(ii)

(i)

(ii)

(iii)

(iv)

(i)

(ii)

(iii)
	l 
= 200 ( ( 9.0 ( 10(3 m (1)


= 5.65 m (1) [e.c.f. on errant factors of 2]
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[(1 for wrong diameter; (1 for factors of 4]

Resistance at temperature, (.


[image: image41.wmf]0
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(1)
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=

[=fractional change in resistance].

(( = 0.040 (1) [or by impl.] or R0 = 50.9 (
Percentage change = 4% (1)

Wire will melt / non-linearity

I.

[image: image42.wmf]2

V
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[or P = VI and 
[image: image43.wmf]V

I

R

=

 or by impl.] (1)


P = 1.0 kW (1)

II.
P = 2.0 kW (e.c.f. from I.)

III.
P = 0.5 kW (1) (No e.c.f.)
R doubled (1) [or current halved or equiv.] [Accept calculations]

X

Y

Z

II.

closed

open

closed

(1)

III.

open

closed

closed

(1)

[Accept ‘on’ for closed and ‘off’ for open if consistent]

I.
X and Y
II.
Wires [not elements] will overheat, or fuse will ‘blow’, or short-circuit will occur.


[No mark if incorrect switches in (iii)I.]


	2

4

1

1

2

1

2

1

2

2

1

1
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PH3 Mark Scheme – May 2008
Additional notes:
By the nature of a practical examination, the data are the candidate’s own and every attempt is made not to penalise candidates unduly for poor results, especially in the sections involving their analysis. The various sections of the questions are independent. Error carried forward is applied throughout: results of previous (incorrect) calculation or poor measurement will be treated as correct for the current section, i.e. the mistake will only be penalised once. This does not extend to errors of principle, for example inappropriately drawing a best-fit line through the origin and subsequently stating that the intercept is zero.
	Question
	Marking details
	Marks Available

	1
	(a)
	
	Any 2 ( 1 from:

· Repeat readings 

· Readings at eye level / avoid parallax problems

· Use of lap/split timer facility

· [allow: check timer is zeroed]
	2

	
	(b)
	
	Table

Titles and units consistent and clear (1) 

[Notes: readings expressed conventionally – not 0:01:15.6
Accept “reading on ruler” but not just “reading 1”]

Consistent s.f. for al readings [N.B. 2 d.p max] (1)

Repeat readings (at least 1 set)(1)

Means correct (1)
	4

	
	(c)
	
	Graph

Scales correct − t least ½ of each of x and y directions used (1)

Axes labelled with units [allow e.c.f. from (b)] Axes not reversed (1)

All points plotted correctly (2) [1 incorrect (1), 2 incorrect (0)]

Smooth curve of best fit [allow straight line if very gentle curve](1)
	5

	
	(d)
	(i)

(ii)

(iii)

(iv)


	½ life calculations

Correct readings from graph. [1 d.p. max]

2 correct readings (1) [can be from table]

Readings to correct sf [1 dp max] (1)

Mean correct with units [ignore s.f.]

Estimated uncertainty correct (1)

Percentage uncertainty correct [e.c.f.] (1)
	1

2

1

2

	
	(e)
	(i)

(ii)
	Evaluation

Timing and determining water level / difficult to observe watch and burette at same time [ accept reference to poor burette / blocking up etc.]

Any 2 ( 1(1)  reasonable correctives for identified source of uncertainty, e.g.

Use of light gates / sensors / remote timing / another person to assist / stopping the stopwatch at each height / extend range
	1

2

	Total question 1
	20


	Question
	Marking details
	Marks Available

	2
	(a)
	
	Circuit diagram

All symbols correct (1)

Complete series circuit correct (1)
	2

	
	(b)
	
	Table

All units correct [allow 1/V] (1)

Full range of resistances used [allow any sequence] (1)

[1.0, 2.2, 3.2, 4.7, 5.7, 6.9, 7.9]

1/V correctly calculated (1)

Consistent precision used throughout (1) [2 or 3 d.p.]
	4

	
	(c)
	
	Graph

Scales correct [accept 1/V scale starting from 0] (1)

Axes labelled with units (1) [e.c.f. from table]

All points correctly plotted (2) [−1 for each error]

Line of best fit drawn (1)
	5

	
	(d)
	(i)

(ii)

(iii)

(iv)
	Voltmeter resistance calculations

[E.m.f. is] the energy [converted into electrical energy] (1) per unit charge / coulomb [passing through the cell] (1)

[Allow open circuit voltage – or equiv – for 1 mark]

Triangle drawn on graph [extent > ½ line] (1)

Gradient correctly calculated [including correct 10x or multiplier] (1)

Rearrange so RV = 1 /(E ( gradient) (1)

RV correct (1)

[Internal resistance is] much too small to matter [or w.t.t.e.]


	2

2

2

1

	
	(e)
	
	E.M.F. calculation

Intercept with 1/V axis found. (1)

E correctly calculated [= 1 / intercept] [ignore s.f. and units] (1)
	2

	Total question 2
	20


	Question
	Marking details
	Marks Available

	3
	(a)
	(i)

(ii)

(iii)

(iv)

(v)
	Repeat readings / accurate technique (1)

Length and width correct [Area within 5% of centre value](1)

Measurements to nearest mm with units (1)

Minimum of 8 thicknesses used (1) [i.e. 3 folds]

Thickness correct to 0.01 mm (1)

Units (1)

Larger thickness measured (1) ( smaller uncertainty (1)

[Accept: Foil could be creased (1) ( larger uncertainty (1)]

Mass recorded with unit [10 ± 5 g or centre value]

Density correct [e.c.f.](1) with density units (1)


	3

3

2

1

2

	
	(b)
	(i)

(ii)

(iii)

(iv)


	Correct reading with units[m3 or cm3]

Answer to (i) − 30 [accept − 50]

Density calculated correctly [with correct units]

5% of 2.7 = 0.14 g cm(3. (1) [or equivalent]

Both own values correctly compared to 2.7 ± 1.4 (1)

[Or for 1 mark  - valid comment comparing their values to 2.7]
	1

1

1

2

	Total question 3
	20


PH4 Mark Scheme – Summer 2008
	Question
	Answers / Explanatory notes
	Marks available

	1
	(a)

(b)


	(i)

(ii)
(iii)

	Use of 
[image: image44.wmf]2

1

k

2

Emv

=

and 
[image: image45.wmf]pmv

=

(1)

Clear algebra (1)

I.
[Vector] sum of [bodies’] momenta stays the same [accept total momentum conserved].

II.
5.0 ( 10-27( 3.0 ( 106 = ± 5.0 ( 10-27 ( 1.8 ( 106 + pX 


[or by impl.] (1)


pX = 2.4 ( 10-20 Ns (1)

I.
a collision in which the [total] kinetic energy is conserved [accept: no kinetic energy lost]

II.

[image: image46.wmf]1

2

5.0(10-27 ( (3.0(106)2= 
[image: image47.wmf]1

2

5.0(10-27((1.8(106)2 + EkX

[or by impl.] (1)


EkX = 1.44 ( 10-14 J (1)

[image: image48.wmf][
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2

26

k

(1)or equiv. or by impl.2.010kg (1)

2

p

m

E

-

==´


	2

1
2

1

2

2
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	2
	(a)

(b)

(c)


	(i)

(ii)
(i)
(ii)

	Work = Force ( distance (1) moved [by force] in the direction of the force (1).

For most of the path, the force and distance moved are at an angle to each other [or equiv.]

120 N ( 0.34 m [ = 41 J]

Power input 
[image: image49.wmf]17572(1)

 W210 W 

60

´

==

((unit))(1)

Either

Weight = 90 ( 9.8 N (1)

Useful power output


[image: image50.wmf][

]

10

9.09.84.0176W

200

=´´´=


(1)


[image: image51.wmf]Useful power out

Efficiency(1)

power in

=


=84% (1)

e.c.f. on arith. slips, including omission of bicycle mass
Or

Energy gained 

= 99 ( 9.8 ( 10 J (1)

Time to climb hill


[image: image52.wmf][

]

-1

200m

(1) =50 s

4.0 m s

=


Energy supplied by cyclist in this time = 210 ( 50 J (1)

Efficiency = 84% (1)

	2

1

1
2
4

 [10]




	Question
	Answers / Explanatory notes
	Marks available

	3
	(a)

(b)


	(i)

(ii)

(iii)
(i)

(ii)
	pV = nRT (1) [or by impl.]

V = 0.024 m3 (1)


[image: image53.wmf]3

0.028kg

(1)

0.024m

r

=

[e.c.f. on 0.024 m3]


=1.2 kg m-3 (1) ((unit)) [1max for slips of 103]


[image: image54.wmf]-3

12km

0.028

kg m

0.094

r

=

(1) [=0.30] [e.c.f. on errors as in (ii)]


[image: image55.wmf]ground

12km

4.0

r

r

=

[accept any format, e.g. fractions] (1)


[image: image56.wmf]2

1

3

pc

r

=

(1) [Accept 
[image: image57.wmf]2

1

3

pNmc

=

only if correct nos. put in]

crms = 500 m s-1(1) [e.c.f. on (]

I.
Any statement implying that molecules have a range of speeds, so some at 12 km will have higher speeds.

II.
Molecules’ r.m.s. speeds or mean square speeds [accept “molecules’ mean speeds”]


	2

2

2
2
1

1
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	4
	(a)

(b)


	(i)

(ii)

(i)

(ii)
(iii)
	Q – heat flow into the system [accept ‘heat supplied’]

W – work done by system

[(i) Heat, (ii) Work with incorrect/missing signs ( 1]

No work for BC or DA (1_

ΔUBC = (ΔUDA (1) [as ΔTBC = (ΔTAD]

So QBC = (QDA or heat out for BC = heat in for DA (1)

I.
Work done [by gas] during AB

II.
[Net] work done [by gas] over ABCDA


[Accept: net work done]

Work done on gas over CD = 416 ( 139 J (1) [=277 J]


[image: image58.wmf]Heat flow into gas during AB416 J

(1)1.50

Heat from out of gas during CD277 J

==


[since no ΔU over AB or CD], whereas 
[image: image59.wmf]AB

CD

1.50(1)

T

T

=


[Correct maths without explanation scores 2]


	1
1
3

1

1
3

[10]




	Question
	Answers / Explanatory notes
	Marks available

	5
	(a)

(b)
(c)

	(i)

(ii)


	VAC lead VAB (1) [or equiv.]

so VAC leads I [or equiv.]  or any correct and relevant comment, e.g. that VAC is not p.d. across a pure inductor. (1)


VL and VR at (( (1)
Resultant shown correctly (1)

[image: image60.wmf]1

Hz

0.008

f

=

[or equiv] or, e.g. 1.25 cycles occupy 10 ms

I.
I = 0.060 A

II.
VAC = 8.0 V [peak]


VBC 
[image: image61.wmf][

]

22

8.06.0(1)5.29 V

=-=




[image: image62.wmf]L

L

5.29 V

(1)88.2 

0.060 A

V

X

I

éù

===W

êú

ëû




[image: image63.wmf]L

 (1); 0.11 H

XLL

w

==

((unit))


N.B. No e.c.f on mistakes of principle within II.


	2

2

1

1
4
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	Question
	Answers / Explanatory notes
	Marks available


	6
	(a)

(b)

(c)

(d)


	(i)

(ii)

(iii)
(i)

(ii)

	Weight of parrot = 0.80 ( 9.8 N (1) [or by impl.]

Extension = 2.23 – 0.80 m (1) [= 1.43 m]

k = 5.5 N m(1 (1)


[image: image64.wmf]2

m

T

k

p

=

(1) [or by impl.]



[image: image65.wmf]0.80

2 s 

5.49

p

=

(1) [or T = 2.399 s]

I.
The statement wrongly assumes constant speed [or equiv.]

II.

[image: image66.wmf]sin

xAt

w

=

(1) [or by impl.]



[image: image67.wmf]-1

2

rad s

2.4

p

w

=

(1) [=2.62 rad s-1] [or by impl.]



[image: image68.wmf]2

0.20sin0.3(1)0.14 m (1)

2.4

x

p

æö

=´=

ç÷

èø


I.

[image: image69.wmf]-1

max

(1)0.52m s(1)

vA

w

==

[e.c.f. on (]

II.
Equilibrium position

Sinusoid drawn with decreasing amplitude (1), T roughly constant (1) and T ~2.4 s [or slightly more](1) [no phase penalty]

0.40 Hz

Natural frequency 
[image: image70.wmf]1

 Hz (1) 0.42 Hz (1)

2.4

==


Resonant frequency close to natural frequency as expected. (1)
	3

2

1
4
2

1
3
1

3

[20]




	Question
	Answers / Explanatory notes
	Marks available

	7
	(a)

(b)

(c)


	(i)

(ii)

(iii)

(iv)

(i)

(ii)
	[A capacitor consists of] a pair of conducting [accept: metal] plates (1) separated by a dielectric [or insulator] (1)


[image: image71.wmf]0

0.50

Q

Q

=

when t = 5.0 s [or by impl.] (1)

Either


[image: image72.wmf]5.0

ln0.50(1)[or by impl.]

CR

-=



[image: image73.wmf]5.0

(1)

ln0.50

CR

=-


[or CR = 7.21 s]
Or

[image: image74.wmf]5.0

exp0.499

7.2

ìü

-=

íý

îþ

(1)

Close to 
[image: image75.wmf]0

0.50

Q

Q

=

, 

so CR = 7.2 s fits data (1)
R = 4.8 (
Graph: Sensible Q scale (1), labelled properly (1) [1st 2 marks lost if V plotted].

Points at 0 and 5 s plotted (1)

Remaining points plotted [e.c.f. if halving] (1)

Curve. (1)

I.
7.2 s [±0.4 s]

II.
Close to value of time constant [e.c.f. if candidate realises should be time constant]

ΔU = mcΔ( (1) = 0.080 ( 4200 ( 5.2 J (1) [=1747 J]


[image: image76.wmf]175 J

10

U

D

=

(1)


[image: image77.wmf]2

1

2

UCV

=

(1) [or equiv.] = 192 J (1)

(c)(i) is less because heat escapes from water (1) and capacitor may not be fully charged / might not fully discharge (1)

[or any two correct and relevant points]

	2

3
1
5
1

1

3
4
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PH5 – Mark Scheme – June 2008
	Question
	Answers / Explanatory notes
	Marks available

	1
	(a)

(b)


	(i)

(ii)
	Only ( and ( present [or implied] (1).

( because absorbed by paper [( significant drop] (1)

No ( because ( no significant drop with / not absorbed by foil (1)

( because ( significant drop / absorbed by lead or because some gets through the lead. (1)

As a check or to confirm etc. (1) that the overall acitivity not changing / decreasing [or equiv.] (1)


[image: image78.wmf]000

or  or 2

ttn

AAeNNeAA

ll

---

===

(1)


[image: image79.wmf]1

2

1

2

ln2

or(1)

T

Tn

T

l

==


Taking logs correctly, e.g. 
[image: image80.wmf]0

lnln

AAt

l

=-

(1)

t = 5700 years [1.8 ( 1011 s / 2.1 ( 106 days] (1)


	4

2

4
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	2
	(a)

(b)

(c)

(d)


	
	
[image: image81.wmf]1

0

X

(1); neutron (1) [not n]

Attempting mass difference (1) [(m = 0.0189u]

( 931 MeV/u (1) [process]

(E = 17.6 MeV (1)

17.6 (e.c.f.) ( 6.0 ( 1023 (1) ( 1.6 ( 10(19 (1) = 1.7 ( 1012 J

[N.B Either process mark scores 1st mark; answer correct (e.c.f.) for 2nd mark]

Mass of RHS is less  or gives off energy (1)

RHS has more binding energy  or RHS more stable (1)

neutron has no binding energy (1) [explicitly stated]
	2

3

2

3

[10]




	Question
	Answers / Explanatory notes
	Marks available

	3
	(a)

(b)

(c)


	(i)

(ii)

(i)

(ii)


	
[image: image82.wmf]2

(1)5.5 N (1)

Mm

FG

r

==



[image: image83.wmf]A

()

GM

V

r

=-

[e.c.f. on r] (1) = (()21.8 ( 106 J kg-1 (1)


[image: image84.wmf]B

V

= (()27.9 ( 106 J kg-1
(EP= m(V (1) = (()0.3 ( 108 J ((unit))(1)

EK = ½ mv2 (1)

Equating (c)(i) with ½ mv2 (1) 

v = 3500 m s(1 (e.c.f.) (1)
	2

2

1

3

[10]



	4
	(a)

(b)

(c)

(d)


	
	“Into the paper” stated or 
[image: image85.wmf]Ä

on diagram (1)

Using [Fleming’s] left hand rule.(1)

Magnetic field gives a force [towards centre] (1)

This provides the centripetal force (mr(2) (1)

The electric field [or p.d.] accelerates [protons] across the gaps(1).

Hence the radius increases (1) [or with equations]


[image: image86.wmf]2

Bevmr

w

=

or 
[image: image87.wmf]2

mv

r

(1)

[image: image88.wmf]vr

w

=

 and 
[image: image89.wmf]2

f

wp

=

(1)

Clear correct algebra leading to 
[image: image90.wmf]2

Be

f

m

p

=

(1)

46 MHz
	2

4

3

1

[10]




	Question
	Answers / Explanatory notes
	Marks available

	5
	(a)

(b)

(c)


	
	Area changes so flux changes or conductor cuts field lines (1)

Emf is induced. (1)

Circuit complete [so current flows] (1)


[image: image91.wmf](

)

d

EBAN

dt

=

 or 
[image: image92.wmf]BAN

t

(1)


[image: image93.wmf](

)

d

BlxBlv

dt

==

 or 
[image: image94.wmf]Blx

Blv

t

==

(1)

E = IR (1) (I = 7.2 ( 10(5 A (1)

Either
Not true (1)

due to Lenz’s Law (1)

must oppose [or equiv.] (1)

Or
Current down (1)

force is to left (1)

Due to RHR and LHR respectively (1)


	3

4

3
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	Question
	Answers / Explanatory notes
	Marks available

	6
	(a)

(b)


	(i)

(ii)

(i)

(ii)

(iii)

(iv)

(v)

(vi)

(vii)


	Vast majority [accept: most] pass through [metal foil] undeflected (1).

Small number (1) show large deflection (1).

Any 3 ( (1) from: Mainly empty space [or small central nucleus] / Electrons orbit nucleus / destroyed Plum Pudding model / prediction of neutron to compensate for proton repulsion / nucleus +ve / mass concentrated in centre.


[image: image95.wmf]P

0

1

4

Qq

E

r

pe

=

[accept k instead of (0]

[+]2e [accept 3.2 ( 10(19 C]

[+]79e [accept 1.26 ( 10(17 C]

1.2 ( 10(12 J

Equating 
[image: image96.wmf]0

1

4

Qq

r

pe

 and 7.7 MeV [i.e. P.E. = K.E.] (1)

Use of 79e, 2e and energy in J (1)

r = 2.9(5) ( 10(14 m (1)

[N.B. No e.c.f. on absurd answers unless accompanied by an acknowledgment]


[image: image97.wmf]2

0

1

(1)40 N (1)

4

Qq

F

r

pe

==

 (e.c.f. on Q, q)


[image: image98.wmf]20

2

0

1

 or (1)1.310

4

FQq

E

qr

pe

==´

N C(1 / V m(1 ((unit)) (1)

1.9 ( 10(7 m s(1

[image: image99.wmf]muMvmu

=-

[or equiv.] [not just
[image: image100.wmf]11221122

mumumvmv

+=+

](1)


[image: image101.wmf]5

2

(1)7.710

m

vu

M

==´

m s(1 (1)
	3

3

1
1

1
1
3

2

2
1

3
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	Question
	Answers / Explanatory notes
	Marks available

	7
	(a)

(b)


	(i)

(ii)

(iii)

(iv)

(i)

(ii)

(iii)

(iv)

(v)


	Horizontal field lines N(S shown [allow bulging] on diagram

Negative readings mean upward force on magnet (1)

Force on wire opposite due to N3 (1)

P ( Q indicated on diagram


[image: image102.wmf](1);(1)

FBIlFmg

==

[or by impl.]

B = 0.29 T ((unit)) (1)

Between the poles [of the magnet] (1)

[Surface] at (( to field lines  or rotate for max reading (1)

Voltmeter shown connected (1) between bottom and top surfaces (1).

Either


[image: image103.wmf](1)

FBev

=

d = 0.5 cm (1)


[image: image104.wmf]FEe

=

(1)


[image: image105.wmf]H

V

E

d

=

(1)


[image: image106.wmf]H

3.1

V

B

vd

==

 T (1)

Or


[image: image107.wmf]H

BI

V

tnq

=

(1) t = 1mm (1)

n = 4.2 ( 1024 (e.c.f.) (1)

algebra (1)

B = 0.31 T (1)

A = 0.5 cm  ( 1 mm (1)

n = 4.2 ( 1024 m(3(1)



	1

2

1

3

2

2

5

2

2

[20]




PH6 Synoptic Paper - Mark Scheme – June 2008
	Question
	Answers / Explanatory notes
	Marks available

	1
	(a)

(b)
(c)

(d)

	(i)

(ii)
(iii)

	Reasonable parabola drawn ~ from origin.

Acceleration [accept Force] has no component horizontally or acceleration is at 90( (to horizontal).

[Air resistance comment insufficient but not penalised]


[image: image108.wmf]22

2

vuas

=+

(1) [or equiv. or by impl.]


[image: image109.wmf]146

21.5100.053410

v

=´´´=´

m s(1 (1)
Resultant velocity = 5.4 ( 106 m s-1 (1)

Direction 
[image: image110.wmf]1

4

tan

3.6

q

-

æö

=

ç÷

èø

= 48( below horizontal (1)

valid equation [
[image: image111.wmf]2

1

2

,

vuatsutat

=+=+

etc.] (or by impl.) (1)

answer: time = 27 ns (1)


[image: image112.wmf]FeE

a

mm

==

 [i.e. F = ma and F = eE](1)

E = 850 V m-1 (1)

	1
1
2
2

2

2
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	2
	(a)

(b)

(c)
(d)

	(i)

(ii)

 (i)

(ii)
(iii)

	
[image: image113.wmf](1)

hc

Ehf

l

==



[image: image114.wmf]EeV

=

(1) [or by impl.]


[image: image115.wmf]10

1.410

hc

eV

l

-

==´

m(1)


[image: image116.wmf](1)

PIV

=

[or by impl.]

P = 52 W (1)

number
[image: image117.wmf]16

(1)2.710(1)

12000 eV

P

==´


[or equivalent using I/e]

Q = Heat supplied (to the system) (1)

ΔU = Increase (or change) in internal energy (1)

(electrical) work is done on the system

[or (electrons) do work on the metal target]

ΔU = 0 (since equilibrium) (1)

Q = W = (() 52 J (1)

if X-ray energy negligible [or counting the X-ray emission as included in the heat output] (1)

Any 2 ( (1) from: not monochromatic / not aligned / not a point source: [Not a coherent source ((2)]


	3

2

2

2

1

3

2
 [15]




	Question
	Answers / Explanatory notes
	Marks available

	3
	(a)

(b)

(c)

(d)

(e)

(f)

(g)


	(i)

(ii)
	Air gives drag (1) [or no drag in a vacuum]

Air also gives lift (1) [or no lift in a vacuum]

Lift has a greater effect (on range) (1) [can be impl.]

The wing (or golf ball) exerts a downward force on the air. (1)

The air exerts an upward [accept: opposite] force on the wing (or golf ball)(1)

More lift (1); less drag (1)

Dimples produce a (thin) layer of turbulent air / boundary layer (1), (which) follows the curvature of the ball better (1).

The size of the wake decreases (1). The pressure difference (between the front and back of the ball) decreases (1)

[Accept equivalent, alternatively expressed statements]

Dimples have a greater effect at high speed.

Or at low speeds, lift is similar / same with and without.

Lift force on smooth ball = 0.05 N (sic) (1) [accept 0.03–0.05]

(2 (or (3) and (g [( m = 0.006 – 0.015 kg (sic)] (1)

50 ( 0.305 = 164 m s(1 (1)

F ~ 0.25 N (1) [accept 0.23 ( 0.28]

One pair of readings from correct line (1) [e.g. (110, 0.12)]

Another pair sufficiently removed (1) [e.g. (220, 0.43)]

Sensible approach, e.g. 
[image: image118.wmf]2

 

F

k

v

=

or V ( 2 ( F ( 4 (1)

Sensible comment [e.g. 110 ( 220 doubled; 0.12 ( 0.43, not quite quadrupled, hence not quite correct / reasonable

or calculating values of k from the two points and making comparison ] (1)
	3

2

2

4

1

2

2

4
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	Question
	Answers / Explanatory notes
	Marks available

	4
	(a)
(b)

(c)

(d)

(e)

(f)
(g)

(h)

(i)

(j)
	(i)

(ii)
	(a)

(b)

0.0115

15.5

0.0230

28.5

0.0345

41.6

0.0460

54

0.0575

67

0.0690

80

Values (1)

All 4 d.p. (1)

Values (strict) (1)

1st 3, 1 d.p., last 3, 0 dp (1) 

[accept 1 overall]


[image: image119.wmf]11

or (1)

2

Lf

C

LC

w

w

p

éù

==

êú

ëû

[or by impl.]

Rearrange and compare with 
[image: image120.wmf]2

0.930

C

f

=

(1)

L = 0.027 H (1)

Graph [e.c.f. from (a) and (b)

Scales [convenient – covering grid] (1)

Points: to 1( (1); to ½ ( (1)

Area error bars: not plotted (1)

Capacitance error bars: ±0.5 nF (1); ±1 nF (1)

Lines: 1 reasonable fit (1); 2 good lines (1)
Gradients: Method or gradient = Δy/Δx (1)


[image: image121.wmf]-2-2

11

812793.5

1145[nF m](1);1094[nF m](1)

0.0690.069

mm

--

====


Mean gradient =1120 (1) ± 26[accept 20-30] nFm-2 ((unit))(1)

Gradient 
[image: image122.wmf]0

r

d

ee

=

(1) (0 = 136 (1) [Using data point ( 1max]

2.7 (1) ± 0.8 (1) nF [ accept 2.5 ± 0.5 ( 3 ± 1]

Graph/theory relationship [N.B. e.c.f.]

Straight line [or linear] (1), through all the error bars (1).

Does not pass through origin [accept close to origin] (1) – this mark inaccessible if a curved graph.

Does not agree with theory [ some negative statement] (1)

When A = 0, there is still capacitance (1)

Any one from: stray capacitance / another C in circuit / end or edge effect [not stray charge / capacitance of air] (1)
	2

2

3

8

2

2

2

2

4

2

[30]




PH6 Investigative Task Marking Scheme – June 2008
General Points:

1. In each field, a mark of 2 represents the performance of moderate candidate, who has tackled the marking points competently. A mark of 1 is a very weak, but still A-level, performance. 0 is only awarded when there is no evidence.
2. In some of the fields, e.g. A1, three sub-factors have been identified, each of which attracts a possible mark of 1. In this case the total mark is the sum of the three sub-marks.
3. Four fields (A2, B4, B6 and E15) are teacher assessed. 

	Field
	Description
	Assessment Notes

	A1.
	Consider appropriate methods
	1 method ( 1 mark

Relevant independent background research ( 1 mark

More than 1 method ( 1 mark

	A2.
	Correctly identified the variables linked to brief.
	Teacher assessed. This will only be changed on the basis of clear evidence. All relevant variables and controls should be identified – some may be implicit.

	A3.
	Planned an effective strategy.
	Factors considered:

Candidate carried out trials to test ranges and/or the effectiveness of the method: results presented.

The written method is correct and clear – the test being that another A-level student could follow and implement it.


	B4.
	Safe working procedures.
	· This is teacher assessed and can be secured by ephemeral evidence. 

· “Safe procedures” refers to the apparatus as well as to people.

· There should be some explicit mention of safety if using potentially hazardous equipment or techniques – a risk assessment is desirable.

	B5.
	Select appropriate instruments and procedures.
	All instruments identified ( 1 mark

Range of instruments given ( 1 mark

Sufficient number of readings ( 1 mark

	B6.
	Followed plan and built in modifications.
	Teacher assessed. Useful evidence for this is the use of a pre-test, with a clear aim, reported results and it’s effect on the method stated.


	C7.
	Tables.
	For full marks, all the following must be present:

The table should be clear with headings ( 1 mark

Repeat readings should be shown( 1 mark

All results should be quoted to the correct number of figures. [Allow 1 discrepant result]( 1 mark

	C8.
	Units, resolutions and zero errors.
	All units given [tables and results] ( 1 mark

All instrument resolutions given ( 1 mark

Zero errors all quoted, if appropriate, to the same number of figures as the resolution ( 1 mark [allow 0]

[N.B. Where a difference is being determined, a zero error may not be required.]

	C9.
	Graphs
	For the main graph:

Scales should be convenient for taking readings [not multiples of 3] [computer graphs should enable readings to be taken from the graph – grid required] ( 1 mark

the graph should occupy at least half the allocated space on the axes and be plotted correctly ( ½ ( ( 1 mark

Axes labelled with the correct units; title present ( 1 mark


	D10.
	Use data appropriately
	Correct error bars on the graph [in some cases the error bars are too small to plot – this should be stated]( 1 mark

Line of “best” fit drawn [or max/min lines], either by judgement or by a least-squares analysis [N.B., not 1st –last point] ( 1 mark

Gradients calculated [if appropriate] or percentage error calculations either by max/min gradients or use of other equations ( 1 mark

	D11.
	Results and limitations of the experiment.
	For full marks, the following must be present:

· Correct result stated, with unit, as in the brief

· Correct error quoted, with justification

· Result quoted to the number of significant figures consistent with the error.

N.B. Error should normally be quoted to 1 significant figure only. [Some leeway allowed if the first significant figure is 1. e.g. ( 0(13 (]

	D12.
	Critical analysis.
	The areas looked for here are:

· A discussion of the main sources of error in the investigation.

· Comment on the results [accuracy, scatter…].

· Comment on the procedures and improvements suggested, where appropriate.


	E13.
	Presents a valid conclusion
	The following points are looked for as appropriate:

· A comparison of a derived quantity with a known or accepted value.

· A full answer to the brief of the investigation.

· Confirmation of a mathematical relationship.

	E14.
	Well-structured and concise report.
	One mark penalty if the report is well in excess of 2500 words.

The report should “flow”: from the background research through procedure, results and analysis to evaluation. i.e. the reader should not need to look forward and back.

The report should not be repetitive.

Spelling, punctuation and grammar should be sound.

	E15.
	I.T. skills.
	This is teacher assessed. 

As a guide to teacher assessment, the report should be well word-processed, with the equation editor used as appropriate, and include a good use of some of the following [3 for full marks]: 

· Internet research - with web sites listed.

· Spreadsheet package (e.g. Excel)

· Draw package.

· Relevant imported images / digital photographs.

[N.B. Hand-drawn graphs allowed.]
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