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INTRODUCTION

The marking schemes which follow were the ones used by the WJEC for the SUMMER 2005 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 – June 2005 

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.

Error carried forward  is almost universally applied where the incorrect result of a calculation in one section are treated as correct in subsequent calculations – i.e. the mistake is penalised only 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. Likewise, candidates who round answers in the course of a calculation, and hence obtain different answers from those given below, are not penalised provided they round correctly.

	Question
	Answers / Explanatory notes
	Marks available

	1
	(a)

(b)


	(i)

(ii)

(iii)

(ii)


	For a body to remain in equilibrium the sum of1 the anticlockwise moments2 [about any point] must balance / be equal to the sum of1 (1) the clockwise moments2 [about the same point] (1). {Accept net moment [about any point] = 0}

1 – both the “sums of” required for the mark.

2 – both the “moments” required for the mark.

Vertically downwards arrow drawn with tail at C of G.

Attempt to take moments (about F1) (1)

F2 ( 8 = 40 ( 2 + 100 ( 4 (1)

F2 = 60 N (1)

F1 = 140 (1) – 60 e.c.f. (F1 = 80 N (1)

[Accept moments about F2 (1) ( answer (1)]

I.
Increases

II.
Decreases


	2

1

3

2

1

1

[10]




	Question
	Answers / Explanatory notes
	Marks available

	2
	(a)

(b)


	(i)

(ii)

(iii)


	I.
‘T’ labelled on upper surface.

II.
‘C’ labelled on lower surface.

concrete is brittle / weak in tension (1)

steel is tough / strong in tension (1)

cracks (on upper surface) propagate downwards (1) and are stopped by the reinforcing rod (1).

[N.B. Answers specifically relating to pre-stressed concrete do not score except insofar as they meet the given marking points.]

Lower surface is under tension (1) or reference to crack propagation upwards.
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	3
	(a)

(b)

(c)

(d)


	(i)

(ii)

(i)

(ii)
	n ( order (of constructive interference) (1)

d ( distance between (centers of) slits (1)

[accept: slit spacing / gap]
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Separation = 35·7º - 22º = 13·7º (1)

n = 2 [or by impl.] (1)
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	4
	(a)

(b)

(c)

(d)
	(i)

(ii)
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[accept: air resistance not friction; weight not gravity]


[image: image8.wmf](

)

-1

2

3098

(1)00118kgm(1)

50

k

×´×

==×


9·8 m s-2

[image: image9.wmf](

)

2

drag

00118301058N (1)

F

=×´=×



[image: image10.wmf](3098)1058(e.c.f.)1882N (1)

F

=×´×-×=×

å



[image: image11.wmf]-2

1882(e.c.f.)

(1)[or by impl.]627ms(1)

3

F

aa

m

×

=®==×

å


[N.B. 2 e.c.f.’s within section (d)]


	2

1

2

1

4

[10]



	5
	(a)

(b)

(c)
	(i)

(ii)

(iii)

(iv)

(i)

(ii)


	Horizontal arrow drawn [whether or not double headed] (1)

Vibrations ( the direction of travel of the wave (1)
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	6
	(a)

(b)

(c)

(d)


	(i)

(ii)

(i)

(ii)

(i)

(ii)

(i)

(ii)


	The spreading out (1) of waves when they pass through a gap (1) [or curve around an edge].

Diagram A: 3 semicircular [accept strongly curved] fronts (1) diffracting up to ~ ( 90º from original direction] (1)

Diagram B: wavefronts straight in centre (1) with less bending at the ends (1)

Wavefront separation ~ constant in both diagrams. (1)

coherent

I.
0

II.
½ or (/2

III.
1 or (
Pythagoras theorem used (by implication) (1)
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	7
	(a)

(b)
(c)

(d)

(e)

(f)

(g)

(h)


	(i)

(ii)

(i)
(ii)


	Scalar – magnitude only; Vector – magnitude & direction (1)

[Accept: vectors have direction (scalars do not)]

Example of a vector quantity [e.g. force, velocity]
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Suitable equation (e.g. 
[image: image22.wmf]()
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[or correct calculation from graph]

Graph drawn with: correct acceleration and deceleration (1); constant speed between 2·0 and 5·0 s (1)

v = 0 between 7·0 and 12·0 s (1)

Attempt at finding area (1). s = 6·0 m (1)

Graph drawn with:19·0 m at t = 16·0 s (1); general shape (1)

31 m

19 m

Acceleration–time graph: Scale - use of + and (, uniform, appropriate to candidate’s calculations.(1)

a = 2·5 m s-2 between 0 and 2 seconds (1)

a = 0 between 2 and 5 seconds(1)

a = (2·5 m s-2 between 5 and 7 seconds(1)
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PH2 Mark Scheme – June 2005

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.

Error carried forward  is almost universally applied where the incorrect result of a calculation in one section are treated as correct in subsequent calculations – i.e. the mistake is penalised only 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. Likewise, candidates who round answers in the course of a calculation, and hence obtain different answers from those given below, are not penalised provided they round correctly.

	Question
	Answers / Explanatory notes
	

	1
	(a)

(b)


	(i)

(ii)

(i)

(ii)


	P = VI (1) [or by impl.] = 0·90 W (1)
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Resistance of track SB = 15 Ω (1)
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	2
	(a)

(b)

(c)

(d)


	(i)

(ii)

(i)

(ii)

(i)

(ii)

(iii)
	A

Energy converted [from chemical] to electrical [potential] energy (1) [or total work done in circuit] per unit charge [passing through] (1) [or energy given (1) to each unit of charge (1) […]]

1·6 V

1·2 V


[image: image26.wmf]12V

(1)[or by impl.,e.c.f. on 12 V] 033(1)

36A

×

×=×W

×


4·8 A

0·33 Ω ((unit)) [e.c.f. from b(ii) and d(i)]

internal resistance
	1

2

1

1

2

1

1

1

[10]



	3
	(a)

(b)


	(i)

(ii)

(i)

(ii)

(iii)

(iv)


	Nuclides [or nuclei; accept atoms] with the same number of protons (1) [or of same element / same atomic number] but different number on neutrons (1) [or different mass number].

Each has 10 protons. (1)

One has 10 neutrons, the other 12 [or difference of 2 n](1)

33 ( 10-19 J

Visible [or red] [accept infrared] 

Use of 
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	4
	(a)

(b)


	(i)

(ii)

(iii)


	[n is the] number of [free] electrons [accept charges] per unit volume [or per m3]

I.
I = nAve (1) [or equiv. or by impl.]
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n = 8·5 ( 1028 m-3 ((unit)) (1)

II.
no. per sec. = 
[image: image31.wmf]or  (1) or by impl.
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Statement or implication [e.g. in the arithmetic] that the total current in the four wires is 7·6 A (1) [or equiv.]

v = 3·5 ( 10-5 m s-1. (1)

Total x-section of r.h. wires = x-section of middle wire. (1)

and total current is the same (1) [or equivalent argument.]

[Qualitative argument scores 1 max.]
	1

3

2

2
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	5
	(a)

(b)

(c)


	(i)

(ii)

(iii)

(i)

(ii)


	Electrons are made to hit a solid target [accept ..made to undergo large deceleration or acceleration]
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· electrons don’t penetrate matter; X-rays do

· X-rays e-m; electrons are not.

· X-rays travel at c; electrons are slower.

Correctly labelled cut-off λmin.

I.
Graph sketched with: correct cut-off [by eye] [(1)


similar but lower bump (1)


spikes at same wavelengths as original(1)

II.
decreased (1) by a factor of 2 (1) [doubled ( 0]


	1

2

1

1

3

2
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	6
	(a)

(b)

(c)


	(i)

(ii)

(i)

(ii)

(i)

(ii)

(iii)


	energy (1) of photon (1)

or
planck constant (1) ( frequency (1) [of light]

[Minimum] energy needed to release and electron from a surface (() [or metal or substance]

Electrons are emitted (1) from barium.

Barium acquires positive charge (1)

Explanation of sign (1) [e.g. barium orig. neutral, electrons negative, +ions no longer balanced by electrons]

Photon energy < work function (2)

[or 
photon frequency < threshold frequency or equiv.]

[photon energy/frequency too small or equiv. ((1)]

I.
photon energy = 4·6 ( 10-19 J [or by impl.] (1)


Ekmax = 0·6 ( 10-19 J (1) 

II.

[image: image32.wmf]max
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Shine light onto barium surface [or cell] (1)

Increase the voltage (1) [or make collecting electrode increasingly negative]….

…until ammeter reads zero (1)

Voltmeter reading (1) gives Ekmax in eV (1)

I.
None.

II.
Any 2 (( 1) of:

· individual photon energy unchanged (
· more photons [per second] (
· photons don’t co-operate in releasing electrons  ([or equiv.]

· only frequency affects photon energy (
	2

1

3

2

2

2
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	7
	(a)

(b)

(c)


	(i)

(ii)

(i)

(ii)

(i)

(ii)

(iii)
	· [image: image122.wmf]1

C

w

[High] random [thermal] velocity (
· [superimposed] drift from l. to r. (
· collide with ions [accept atoms / named particle](
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Drift velocity reduced (1) because ions vibrate more vigorously [accept electrons’ random speed increased] so collisions more probable (1)

straight line graph drawn with positive slope (1) and positive intercept on Rθ axis (1).

Ro correctly labelled (
slope [or gradient] (
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[e.c.f. on factor of 4 due to radius instead of diameter]

ρ assumed to be the same (1) [or temperature or internal structure]
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PH3 Mark Scheme – May 2004

Notes: This marking scheme, whilst reasonably complete does not give all the responses, 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.

By the nature of a practical examination, the data are the candidates 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. e.c.f. stands for error carried forward, and indicates that the 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.

	Experiment
	Answers / Explanatory notes
	Marks Available

	1.
	(a)
	(i)

(ii)

(iii)
	Units of v shown as m s-1(1)

Manipulation of 
[image: image39.wmf]-2

msm in 2gh

(1)

Air resistance [accept the value of g is not accurate]

Use of callipers (1)

Reading taken to the nearest mm(1)

(State that) repeat readings taken (1)
	2

1

3

	
	
	
	
	

	
	(b)
	
	Table:

Diameter readings all taken to the nearest mm / 0·5 mm (1)


[image: image40.wmf]d

 and d2 correctly given to consistent s.f.’s (1)

velocity calculated correctly to 2/3 s.f. (1)
	3

	
	
	
	
	

	
	(c)
	
	Graph: Axes labelled including units (1)

Suitable scale [at least ½ paper; no factors of 3] (1)

All points (including 0·10 m) plotted correctly (1)

Line of best fit [N.B. can be a curve] (1)
	4

	
	
	
	
	

	
	(d)
	
	Yes (e.c.f. from candidates own results) (1)

Straight line graph (1) through the origin (1)
	3

	
	
	
	
	

	
	(e)
	
	Correct result chosen – from the table (1)

Correct calculation: 
[image: image41.wmf]maxmin

2

uu

-

- ignore units (1)
	2

	
	
	
	
	

	
	(f)
	
	Any 2 ( 1 of: Release mechanism (; greater sample size (; greater range (; other suitable comment (.
	2

	
	
	
	
	

	
	
	
	
	[20]



	2.
	(a)
	
	All symbols present / correct [accept cell for power supply]  (1)

Ammeter in series and voltmeter in parallel. (1)
	2

	
	
	
	
	

	
	(b)
	
	Reading correct to 2 d.p. with units.
	1

	
	
	
	
	

	
	(c)
	
	Table:

Minimum of 5 readings (1)

Headings correct, with units (1)

Suitable range consistent with max/min readings (1)

All readings to 1-2 d.p. all to 0·01 (1)
	4

	
	
	
	
	

	
	(d)
	
	Graph:

Headings and units on axes – correct alignment (1)

Suitable scales chosen (1)

Allpoints correctly plotted (1) 

Smooth curve drawn from (0,0) (1)
	4

	
	
	
	
	

	
	(e)
	(i)

(ii)
	Tangent drawn [( if a straight line] (1)

Gradient calculated correctly (1)

Resistance correct (1/gradient) (1)


R calculated using 
[image: image42.wmf]V

R

I

=

(not tangent) (1)

Units correct in either (i) or (ii)(1)

Resistance increases – e.c.f. from (i) and (ii) (1)

Filament heats up (1)
	3

2

2

	
	
	
	
	

	
	(f)
	(i)
	Straight line (through the origin)

Lower gradient – e.c.f. if axes incorrect orientation
	1

1

	
	
	
	
	

	
	
	
	
	[20]




	3.
	(a)
	(i)

(ii)
	Accurate results ( 0·1 s [no unit penalty] (1)

Repeat readings taken or more than 1 oscillation measured. (1)

Correct result – smaller than in (a) – to nearest 0·01 s [accept 0·005] –  units ( 2/3 d.p. 
	2

1

	
	
	
	
	

	
	(b)
	(i)

(ii)

(iii)
	Repeat readings for either (1)

Correct values: b ( 1 mm; d ( 0·2 mm (1)

[N.B. Only 2 marks here – error on printed paper]

Calculations correct (1)

Correct unit – Pa or N m-2 (1)

d (1) [accept T] 

Smallest value / cubed (1) [difficulty of counting rapid oscillations]
	2

2

2

	
	
	
	
	

	
	(c)
	(i)

(ii)

(iii)
	metre rule used (1)

rule vertical / use of set square / parallax (1)

measurement to nearest mm / 0·5 mm; units; repeats (1)

Measurements to nearest mm (1)

Correct calculation (1)

All readings shown with units (1)

Readings to nearest mm (1)
	3

2

2

	
	
	
	
	

	
	(d)
	
	Correct calculations (1)

Correct number of s.f. [2 d.p. max] (1)

[If only 1 value found – 1max]
	2

	
	
	
	
	

	
	(e)
	
	Correct method (2nd) (1)

Correct reason (T2 in method 1, but only h in method 2) (1)

[Accept: any valid reason]
	2

	
	
	
	
	

	
	
	
	
	[20]




 PH4 Mark Scheme – June 2005 

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.

Error carried forward  is almost universally applied where the incorrect result of a calculation in one section are treated as correct in subsequent calculations – i.e. the mistake is penalised only 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. Likewise, candidates who round answers in the course of a calculation, and hence obtain different answers from those given below, are not penalised provided they round correctly.

	Question
	Answers / Explanatory notes
	Marks available

	1
	(a)

(b)


	(i)

(ii)

(iii)

(i)

(ii)
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f

wp

=

 or 
[image: image45.wmf]2

t

p

w

=

 

with θ and t [T or f] defined  or word equivalent


[image: image46.wmf]-1-1

20

2(1)[or by impl.]

80

16(1)[rad] s(1)[accept 900 s]

wp

=´

×

=

o



[image: image47.wmf]2

Fmr

w

=

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



[image: image48.wmf]30N (1)

=

[e.c.f. on ω] [accept 31 N]

Either: ball not in equilibrium / ball accelerating (1), therefore net force needed (1)

Or: If no resultant force, body would move [if at all] in a straight line (2) [accept would be at rest for 1]

Work is zero (1) [or by impl.]

Force and a component of displacement [accept just ‘displacement’ or ‘distance’] have to be in same direction for work to be done (1) [accept correct definition of work]
	1

3

2

2

2

[10]




	2
	(a)

(b)

(c)


	(i)

(ii)

(i)

(ii)

(iii)


	Conservation of momentum referred to (1)


[image: image49.wmf]10(1)

AB

mvmvm

+=´

[or equiv, e.g. m cancels]

5 m s-1    5 m s-1
Final 
[image: image50.wmf]22

11

22

55

k

Emm

=+

 (1) [or by impl.]

Fraction lost = ½ (1)

0     10 m s-1
[A and B have simply swapped round speeds] so K.E. must be the same [accept any convincing argument].

Steel is ‘hard’ and/or/so collisions are elastic (1)

A passes on momentum [accept velocity/KE] to B, B(C..(1)

Leaving A stationary, B stationary etc. (1) or until E gets the momentum and swings.
	2

1

2

1

1

3

[10]



	3
	(a)

(b)

(c)


	(i)

(ii)

(i)

(ii)

(iii)


	
[image: image51.wmf](1)

QCV

=

[or equiv]
[image: image52.wmf]120

=×

 μC (1) ((unit))

Charge is conserved (1) [or equiv. e.g. 
[image: image53.wmf]12

12

QQ

=+

]


[image: image54.wmf]120

μF

(1)

48V

C

×

=

×

 [e.c.f. on 12 μC]

0·5 μF

τ = CR (1) = 20 s (1)

τ is a measure of leaking-off time for charge [or equiv.](1)

The longer the better. (1)

V would hardly change when C is connected in parallel with 2·0 μF.
	1

2

1

2

2

1

[10]




	4
	(a)

(b)


	(i)

(ii)

(iii)


	
[image: image55.wmf](

)

21

(1)

Qmc

qq

D=-

 [or equiv. or by impl.]


[image: image56.wmf]21

-1

50C (1)  4800s (1)

33 W (1) or J s(())

t

Q

t

qq

-=×D=

D

=×

D

unit

o


(θ is the temperature difference between top and bottom faces of stopper (1) [or by impl.]

79( is the average of initial (100( - 18.5() and final (100(-23.5() temperature differences (1) [or equiv.]

[N.B. Correct maths leading to correct answer scores 2 marks]


[image: image57.wmf]3

79

331610

003

k

-

×=´×´´

×

[or equiv. e.c.f. on 
[image: image58.wmf]Q

t

D

D

]

k = 0·78 (1) W m-1K-1 (1) [or equiv.]

Any one of

· No heat transfer through the sides of the flask.

· No heat transfer through the sides of the bung.

· Any other correct answer [e.g. bung doesn’t expand]


	4

2

3

1

[10]



	5
	(a)

(b)


	(i)

(ii)

(iii)


	pV = nRT (1)

n = 0·10 mol (1)


[image: image59.wmf]14520

01083

B

T

´×

=

×´×

(1)e.c.f. on n. No 2nd penalty on errors of 103

= 349 K [335 – 361] (1)

Clear intention to find area under graph (1)

Correct attempt [excluding graph-reading slips] at trapezium area [any method] (1). Correct execution 61·3 J [60 – 62·5] (1)

I.
1st law stated (1) [accept 
[image: image60.wmf]QUW

=D+

 or correct use]


Heat flow zero (1) [or nearly zero]

II.
Fast, so no time for significant heat flow [or because temperature has changed / increased]
	2

2

2

3

1

[10]




	6
	(a)

(b)

(c)


	(i)

(ii)

(i)

(ii)

(iii)


(i)

(ii)

(iii)


	1·2 s

I.
mass (1) [oscillating on] spring (1).

II.
N m-1 [or kg s-2]

III.

[image: image61.wmf]2

12

2

21

mT

mT

=

 (1)or equiv or k = 3·3 Nm-1

T2 = 2·4 s. (1)


[image: image62.wmf]2

1

2

(1)96mJ (1)

k

Emv

==×


Graph with: zeros in correct  places (1), all the curve above the time axis (1) and the correct sinusoidal shape (1).

in the ruler [accept ‘spring’]

Graph with: correct shape and amplitude (1) and correct phase and frequency (1)

Graph with progressively diminishing amplitude (1), frequency constant and the same as (or less than) the undamped sinusoid (1) and correct phase (1).


	1

2

1

2

2

3

1

3

2

3

[20]




	7
	(a)

(b)


	(i)

(ii)

(i)

(ii)

 (iii)


	
[image: image63.wmf]peakrms

2(1)230Vor 2 or equiv.

VV

éù

´=

ëû


= 325 V (1)

I.
Power = 
[image: image64.wmf]2

(1)

V

R

 [or by impl.]


Energy = 1·1 MJ (1)

II.
Vrms is only 230 V for complete cycles (1) [accept ‘many’ cycles]. A few milliseconds won’t give a complete cycle (1). [1 mark for ‘not long enough to average out’]

I.

[image: image65.wmf]L

2(1)4398(1)

XfL

p

==×W

[or evidence calc. has been 
done.]

II.
Diagram with: vectors at 90( (1); a suitable pair of labels [VL and VR, XL and R etc.] (1) [ignore gratuitous VC’s]


Resultant shown (1) [or Pythagoras cited]


Vrms = 27·5 V (1)

I.
VL and VC must cancel


[or equivalent remark] (1)

II.

[image: image66.wmf]C

11

44or 

X

CC

ww

=W=

(1)


C = 36 μF (1)

III.
0·83 A [e.c.f. on 27·5V]

I.
88 Ω


II.
I = 0·50 A (1)


[e.c.f.]



	2

2

2

2

4

2

2

1

1

2
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PH5 – Mark Scheme – June 2005 

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.

Error carried forward  is almost universally applied where the incorrect result of a calculation in one section are treated as correct in subsequent calculations – i.e. the mistake is penalised only 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. Likewise, candidates who round answers in the course of a calculation, and hence obtain different answers from those given below, are not penalised provided they round correctly 

	Question
	Answers / Explanatory notes
	Marks available

	1
	(a)

(b)

(c)

(d)

(e)
	(i)

(ii)


	ionising [accept high energy / damages cells]

cancer [accept specified] / radiation sickness

more penetrating (1) with a reasonable idea of absorption requirement (1)

inside body [accept close to skin] (1) because easily absorbed (1)

most ionising

2·4 MeV = 2·4 ( 106 ( 1·6 ( 10-19 J (1)

Power = activity ( energy of each particle [or by impl.] (1)

Power = 1·23 μW (1)

[2nd mark accessible for an answer in eV s-1]
	1

1

2

2

1

3

[10]


	Question
	Answers / Explanatory notes
	Marks available

	2
	(a)

(b)

(c)

(d)
	
	( in centre

2/3 radial lines (1) pointing outwards (1)

r = 3·0 cm (1); 
[image: image67.wmf]0

4

Q

V

r

pe

=

 (1)

rearranging: 
[image: image68.wmf]11

0

4(1)310C

QrV

pe

-

==´

 ((unit)) (1)

other radii: 1 cm and 2 cm (1)

Method: e.g. rV = constant, subst in equn (1)

Values correct (1)
	1

1

4

3

[10]



	3
	(a)

(b)

(c)

(d)

(e)


	
	
[image: image69.wmf](

)

0

2

31

(1)775

2

810

B

m

p

-

×

==×

´

μT (1)

B-field [concentric] circles around wire (1) [accept: r.h. grip]

..goes into[accept out of] paper at 2nd wire (1) [or implied]

away from other wire / repulsive [accept down]


[image: image70.wmf](

)

sin

FBIl

q

=

(1)


[image: image71.wmf]6

7751064

F

BI

l

-

==×´´×

(1 – mark for use of other current)


= 49·6( 10-6 N m-1(1)

same value (but opposite direction) (1)

because of N3 [or use of 
[image: image72.wmf]012

2

II

F

la

m

p

=

 or equiv.] (1)

[N.B. not balanced forces]
	2

2

1

3

2

[10]




	4
	(a)

(b)

(c)


	(i)

(ii)

(iii)


	The [induced] e.m.f. is proportional to (1) [accept equal] the rate of change of flux [linkage] (1) [allow: cutting]


[image: image73.wmf]NNBA

F

=

(1) = 150 ( 1·3 ( 10-3 ( 2·3 ( 10-3 (1)


[image: image74.wmf]3

4510

(1)113mV (1)

04

N

V

t

F

-

D×´

===×

×


No change in flux (linkage) [or flux/field constant]

varying current in primary (
( varying flux [or field] (
field passes through secondary (via core) (
varying flux in sec. induces e.m.f. [accept current] (
	2

2

2

1

3

[10]



	5
	(a)

(b)

(c)

(d)
	(i)

(ii)

(iii)
	
[image: image75.wmf](

)

2

2

8

(1);(1)

3610

E

E

GM

GM

EE

r

==

×´


or



[image: image76.wmf](

)

2

8

(1)

0410

M

M

GM

E

=

×´

values equal(1)

EE and EM drawn – directions only [not magnitudes]

After P, the rocket will encounter a net attraction to the Moon [or this is the point of maximum potential energy]


[image: image77.wmf]P

(1)()104GJ (1)

GMm

E

r

=-=-×



[image: image78.wmf]P

()012GJ (ans)

GMm

E

r

=-=-×


( (1·04 + 0·12) ( ((58·7) = 57·5 GJ (ans)

[accept: 58·7 ( 1·16 = 57·5 GJ]


	4

1

1

2

1

1
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	6
	(a)

(b)

(c)

(d)

(e)

(f)

(g)


	
	  
[image: image79.wmf](

)

2

2

8

2

d

(1)or (1)

4

1771055

(1)

01

l

RAr
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pp
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==
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[image: image80.wmf]226

(1)2133110(1)

PIR
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==´×´



[image: image81.wmf](1);(1)

EmCEPt

q

=D=

[or using t = 1 s]


[image: image82.wmf]014

(1)

1500387

P

tmc

q

D×

==

´

 [subst. and re-arranging]

Yes (1) because not hot or low p.d. (1)

[Accept: No + valid reason e.g. potential could be high]

Voltmeter connections to top and bottom edges of probe (1)

B-field (or component) ( current direction (1)

Force on charge carrier due to B-field (1)

Force is up or down or given by (Fleming’s) L.H. Rule (1)

Charges accumulate giving (E-field and hence) p.d. (1)

[N.B. Accept B-field up (or down) and charges / voltmeter connections on front/rear faces]

As close as possible to the rod (1)

(Plane of probe) ( B-field (1) [or rotate to get max. reading]

B = 0·42 mT (1)


[image: image83.wmf]0

2

(1)210A

aB

I

p

m

==

(1) ((unit))


	3

2

3

2

5

2

3
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	7
	(a)

(b)

(c)


	(i)

(ii)

(i)

(ii)

(i)

(ii)

(iii)

(iv)
	(-particles bombarding gold (or other) foil. (1)

(-particles detected [or by impl.; details not required] (1)

position of (-particle  recorded (or equiv.) (1)

(very) small number with large deflections (1)

Sensible comment [e.g. nucleus is small / positive or mass located in small region in center]


[image: image84.wmf]12
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pe
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[image: image85.wmf]619

91MeV91101610J(1)
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×=×´´×´



[image: image86.wmf]P
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;

[image: image87.wmf]2

14

0P

82

(1)1310m(1)

4

e

r

E

pe
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==×´
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120 kV


[image: image88.wmf]91

(1)76(1)

012(e.c.f.)

n

×

==

×


Ek = eV (1) = 1·6 ( 10-19 ( 120 000(e.c.f.) (1)


[image: image89.wmf]215

1

2

19210(1)

mv
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=×´

[equation ]


[image: image90.wmf]15

2
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219210

(1)

16710

v
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-

´×´

=

×´

  
[image: image91.wmf]6-1

4810ms(1)

v

\=×´


2nd tube – same equation
[image: image92.wmf]15

6-1

27

419210

6710ms

16710

v

-

-

´×´

==×´

×´


average speed = 5·7 ( 106 m s-1. time ( ½ (s (1)

d ( 2·4 m (1) [method + answer]
	2

3

3

2

3

2

3

2
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PH6 – Mark Scheme – June 2005 

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.

Error carried forward  is almost universally applied where the incorrect result of a calculation in one section are treated as correct in subsequent calculations – i.e. the mistake is penalised only 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. 

Significant figures may be examined in questions requiring data analysis. In non-data analysis questions, candidates who round answers in the course of a calculation, and hence obtain different answers from those given below, are not penalised provided they round correctly.

.

	Question
	Answers / Explanatory notes
	Marks available

	1
	(a)

(b)

(c)


	(i)

(ii)

(i)

(ii)
	
[image: image93.wmf]1

sin(1)(1)

810000

ndd

lq

==


( θ = 32·3 ( (1)

(()32·3( (1); 0( (1)

horizontal ray drawn straight through

ray drawn at angle to the horizontal, benign towards the normal  (1) and then emerging parallel (1)


[image: image94.wmf]1122

sinsin(or equiv.) (1)

nn

qq

=


θ2 = 20·2( (e.c.f.) (1)
	3

2

1

2

2

 [10]




	2
	(a)

(b)

(c)

(d)

(e)
	(i)

(ii)

(iii)

(iv)


	F = eE  and F = ma (1) [or 
[image: image95.wmf]eE

a

m

=

]

a = 
[image: image96.wmf]196

31

161012510

9110

--

-

×´´×´

×´

(1)

[electrons are]negatively charged / F = ( eE  or ( qE


[image: image97.wmf](1)

vuat

=+



[image: image98.wmf](1)

22

vat

v

==


electrons are located throughout the circuit [esp. in bulb] (1)

sensible comment related to speed of energy transfer (1), e.g. e-m pulse transfers energy quickly / electrons in bulb filament give up energy quickly…


[image: image99.wmf]22

3

11

223

(1)or etc.

mckTpc

r

éù

==

ëû



[image: image100.wmf]22-1

3

(1)[algebra]; 100000ms
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==

(1)

0


[image: image101.wmf]-3-1
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ºº

ºº

     0/1correct ((0); 2/3((1);4 correct ((2)

Clear manipulation to show R.H.S. 
[image: image102.wmf]-1
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º

 (1)


[image: image103.wmf]29-3
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1
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2
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1
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	3
	(a)

(b)

(c)

(d)

(e)

(f)


	(i)

(ii)

(iv)

(i)

(ii)
	[Increasing] mass increases cooking time (1) because it requires more energy [E = mc(T] (1)

[Increasing] surface area decreases cooking time (1) because more heat can be transferred [to it]
[image: image104.wmf]Q

A

t

D

éù

µ

êú

D

ëû

(1)

Increasing thickness increases cooking time (1) because heat must travel further / temperature gradient smaller (1)

“per unit mass” missing

22 ( 1·26 = 27·7 cm [accept 25% larger (27·5 cm]


[image: image105.wmf]2

046159029m

×¸×=×


[accept 50% larger for big turkey ( 0·306 m2]

E = mc(T (1) = 9 ( 3200 ( 90 = 2·59 MJ (1)


[image: image106.wmf]E

P

t

=

[or by impl.] (1)


[image: image107.wmf]2590000

1200s

2200

t

==

(1)

Heat is lost (1)

Vast majority lost / chemical (endothermic) reactions / change of state of water (1) [accept statement of where heat is lost to]


[image: image108.wmf]140
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[image: image109.wmf]2590000
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	4
	(a)

(b)


	(i)

(ii)

(iii)

(iv)

(v)

(vi)

(vii)

(viii)

(ix)

 
	Use of 
[image: image110.wmf]Q
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V

=

(1)


[image: image111.wmf]-1
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11CC

(1)V(1)

4FmmF

Q
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pe
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ººº
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èø

[or other reasonable way]

Correct values [ 20; 10·0; 4·00; 1·000] (1)

Reasonable s.f.’s [1/2/3; 3; 3; 3/4 respectively] (1)

Plotting: Scales (1+1); axes labelled (1+1); points plotted (2); Error bars ( 20 (1); ( 40 (1)

Yes (1) because it is a straight line (1) through [or near] the origin (1) passing through all error bars (1)

2 lines drawn showing steepest and least steep graphs consistent with error bars (1+1). [Accept 2 lines passing through (0,0)]

max gradient = 
[image: image112.wmf]1240

(1for )

195

D

×

= 63·6 (ans) (1)

min gradient 
[image: image113.wmf]1140

(1)

20

=

=57·0 (ans) (1)

[Illustrative]
[image: image114.wmf]7

35

2

=×

[consistent with cand’s value]

60 ( 2 [cand’s own value]

Gradient = 
[image: image115.wmf]0

4
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pe

 (1); 
[image: image116.wmf]0
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Q

pe
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 ( gradient (1) = 6·7 nC (1)

[N.B. Must use mean gradient or a point on best fit line]

[Illustrative] % unc. = 1 ( 7% (1) ( (0·07 ( (0·5 nC (1)
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N.B. The PH6 Investigatory Task component is marked according to the scheme in the subject specification. For comments about interpretation, please refer to the examiner’s report.
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