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INTRODUCTION

The marking schemes which follow were the ones used by the WJEC for the Summer 2007 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.

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, but they 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 2007

	Question
	Answers / Explanatory notes
	Marks available

	1
	(a)

(b)

(c)

(d)


	(i)

(ii)

(i)

(ii)

(i)

(ii)
	Repeated units / monomers [accept particles/atoms] or long molecular chains.
Not: randomly packed molecules or particles joined together

molecules unravel / unfold [and align by rotation about single C(C bonds](1). Not steep because [small] force → large extension [or equiv] or ….. because little/no resistive force between molecules / small force needed to rotate bonds (1)

Molecules fully aligned (1). Steep because ratio of stress/strain high / [large] force → small extension  or …..because applied force resisted by [covalent] bonds/forces within molecules [or monomers / atoms] (1).


[image: image2.wmf]stress

strain

 [accept 
[image: image3.wmf]Fl

Ae

 or equiv.]

Rubber: Large strain/extension (1) for [small] stress / force (1)
[or steel: converse]

e.g. flexible / tough / highly resilient / durable

hard / rigid / strong
	1
2
2
1
2
1
1

[10]



	2
	(a)

(b)

(c)

(d)
	(i)

(ii)
	
[image: image4.wmf]Force

extension

 / force per unit extension. [accept 
[image: image5.wmf],,

FFF

k

xle

=

D

] 

12 Nm-1 [or ½ of each] (1) because the extension is doubled [or equiv.] (1) for a given F (1)

extension = 0(1 m (1)

F = k ( extension [or by impl.] (1)

F = 12 ( 0(1  = 1(2 N (1)
Principle of Moments correct [allow dist to C of M] (1)

1(2 ( 0(8 = 0(5 (1) + 4x

x = 0(12 m (1)


	1

3

3

3
[10]




	Question
	Answers / Explanatory notes
	Marks available

	3
	(a)

(b)

(c)


	(i)

(ii)

(i)

(ii)


	Resultant / net force / [vector] sum of forces (1) [accept total force]
Correct example showing the resultant of two or more forces
9800 N [N.B. Use of g = 10 N kg-1 penalised only once]


[image: image6.wmf][

]
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m

S

=

[or by impl.] (1) 
[image: image7.wmf]-2

(120009800)(1)
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1000

-

==×



[image: image8.wmf][

]

[

]

1156

63

or by impl.

21037510(1)7510Pa

or by impl.7510(e.c.f.)1210(1)

9000 N(1)

E

TA

se

s

-

-

=´

éù

=´´×´=×´

ëû

=´=×´´×´

=


Deceleration because T < 9800 N [explanation needed] e.c.f.


	1
1
3

3

1

[10]



	4
	(a)

(b)

(c)


	(i)

(ii)

(iii)
	
[image: image9.wmf]1

2

sin

(1)constant(1)

sin

q

q

=

[or equiv. e.g. 
[image: image10.wmf]1122

sinsin

nn

qq

=

]


[image: image11.wmf]sin45

(1)16(1)

sin26

=×

o

o


1 < n < 1(6 [e.c.f.] (1) [accept e.g. 1(2 ( 1(5,  not 1(3 ( 1(6]

for TIR to occur [accept: reflection] (1)


[image: image12.wmf]83

5

fibre

fibre

30101010

(1);5310s(1)

16[e.c.f.]

ct

c

-

×´´

===×´

×


Any 2 ( 1 of:

· larger information-carrying capacity / bandwidth (
· Lighter [( easier/cheaper to install] (
· less cross-talk / more secure (
· lower cost raw materials / production (
· resistant to corrosion (
· greater distance before boosting required (
N.B. not “faster”


	2

2

2

2

2

[10]




	Question
	Answers / Explanatory notes
	Marks available

	5
	(a)

(b)


	(i)

(ii)

(iii)

 
	[particle] vibration along wave direction[not particles move...]
v = 5189 m s-1
LHS: m2 s-2 or (m s-1)2 (1)

RHS:
[image: image13.wmf]-23

22

Nmkgms(1)m

(1)[or by impl.]

mkgmkg

=

= m2 s-2 shown (1)
[or equiv. in dimensions]

d = 5189 t [e.c.f.] (1); and d = 330(t + 0(4) (1)
Working (1) ( t = 141 m (1)

e.g. [substituting for d] 5189 t = 330 (t + 0(4) [e.c.f. on t( 0(4]


(  t = 0(027 s (

then substitution ( t = 141 m (
	1

1
4
4
[10]




	Question
	Answers / Explanatory notes
	Marks available


	6
	(a)

(b)

(c)


	(i)

(ii)

(iii)

(iv)

(v)

(i)

(ii)
	Speed has magnitude only (1); velocity has direction too (1).
[or speed is a scalar (1); velocity is a vector (1)]

[accept for 1 mark: velocity is speed in a specific direction]


[image: image14.wmf]0

(1);34213(1)

2

uvu

s

t

++

=\×=´×

[or eqiv.]
manipulation (1)( u = 3(4 m s-1 

[accept: inserting all figures and showing that, e.g. 3(6 = 3(6]


[image: image15.wmf]1

[or equiv.]

034213(1)

16m s(1)

vuat

a

a

-

=+

=×±×

=±×


4(26 ( 0(90 [or 2(13 + 1(23] [or by impl.](1) = 3(36 s (1)

3 ( diagram with only weight or [force due to] gravity shown (3 ( 1)

[3 correct diagrams with no labels ( (2)]

No (1) because air resistance / drag would affect result (1)

[Accept: Yes ( because air resistance has only small effect(]

[N.B. No [or yes] unqualified ( 0]


[image: image16.wmf]22-1

R

3420[or by impl](1)39m s(1)

v

=×+×=×


( = 59(5( to horizontal [direction must be clear] (1)

On vehicle (1) because no horizontal forces / vh const. (1)
	1
3

3

2

3

2

3

2
[20]




	Question
	Answers / Explanatory notes
	Marks available

	7
	(a)

(b)

(c)


	(i)

(ii)

(i)
(ii)

(i)
(ii)

(iii)

(iv)
	maximum displacement [accept: height]
interact / overlap / interfere / combine / occupy same region

Direction: up [or down] / vertical (1)

Amplitude: Q > P [not just different] (1)

In phase (1)

2 ( 1(8  (() = 3(6 m

Top diagram: 2 loops shown ~ equal (1)
Bottom diagram: 3 loops shown  equal (1)

nodes shown at ends (1)

1

2

3

3(6

1(8 (1)

1(2 (1)

0(28

0(56

0(83

(1) all 1/(
4(32

4(32

4(32

(1) e.c.f.

Graph: Scale + plotting (1); line (1)

inverse proportion [accept 
[image: image17.wmf]c

f

l

=

, with c = const or speed]

4(2 [e.c.f. from graph] (1); speed of wave (1)


	1
1

3
1
3
4

2

1
2
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PH2 Mark Scheme – June 2007

	Question
	Answers / Explanatory notes
	Marks available

	1
	(a)

(b)


	(i)

(ii)


	(
-
-

-
(
(
Each correct column 1 ( 3

number of [free] electrons [accept: charge carriers] per unit volume.

I.
A = 19 ( 2(4 ( 10-8 m2 (1)


I = 1(3 A (1) [e.c.f. on missing factor of 19 → 0(069 A]

II.
any 4 ( 1 from:

· 
[image: image18.wmf]111222

nAvenAve

=


· because I same throughout a series circuit.

· 
[image: image19.wmf]12

nn

=

because same metal [or equiv.]

· 
[image: image20.wmf]8282

12

192410m;72410m

AA

--

=´×´=´×´


· Dividing each side by equal factors: 
[image: image21.wmf]12

197

vv

=


[or, if v2 has been evaluated, checking that 
[image: image22.wmf]12

197

vv

=

]


	3

1

2

4

[10]

	2
	(a)

(b)

(c)


	(i)

(ii)

 (i)

(ii)


	0(20 A

22(5 (
Either: 
[image: image23.wmf]1245

(1)[e.c.f.on ]375(1)

02

RI

-×

==×W

×


Or: Combined resistance of R and lamp 
[image: image24.wmf]12

(1)

02

=

×

, 


so R = 37(5 ( (1)

Either 
[image: image25.wmf]OUTIN

6045

    A(1)

16060

VVI

×

==

or

( VIN = 12 V (1)

decreases

resistors in parallel [or extra path for current or equiv.] (1)

increases

less circuit resistance or equiv (1)

increases (e.c.f.)

Ohm’s Law or equivalent [e.g. more current through 100 (] (1)

decreases (e.c.f.)

p.d. across 100 ( and 60 ( must add to 12 V as before (1)

[accept: because p.d. across 100 ( has increased]

[1 per correct line]
	1

1

2

2

4

 [10]




	Question
	Answers / Explanatory notes
	Marks available

	3
	(a)

(b)


	(i)

(ii)

(i)

(ii)


	For a [metal] conductor at constant temperature (1), the current is [directly] proportional to the [applied] p.d. (1)

Ohm’s Law is obeyed [or is applicable] up to about 1 V [accept: for small voltages] (1) because the graph is a straight line through the origin. (1)

[1 mark only if ‘through origin’ omitted, or for statement that line isn’t straight overall / temperature not constant].


[image: image26.wmf]040 A (1)

(1)[or by implication]

15(1);05

3

I

VEIr

r

r

=×

=-

=×W=×W

  or  
[image: image27.wmf]()(1)

4804(105)(1)

15(1)

EIRr

r

r

=+

×=××+

=×W



[image: image28.wmf](8069)(1)

044A

25(1)

I

×-×

==×

×

,agreeing with graph (1) [(5 cells]

or 

[image: image29.wmf]044 A

I

=×

from graph (1)



[image: image30.wmf](8004425)V (1)

=69V so consistent with 5 cells (1)

V

=×-×´×

×


[or equiv.]



	2

2

3

3

[10]



	4
	(a)

(b)
	(i)

(ii)

(i)

(ii)
	1

0

1

(1)

1

1

1

(1)

I
Proton and electron have [equal but] opposite charges.

II.
A neutron has no charge.

III.
Mass of neutron and proton [almost] the same.(1)
Mass of electron very small [by comparison ] or Binding energy negligible. (1)


A drawn as shown.

I.
B drawn as shown. [Allow 1 mark if the only fault in both A and B is that the arrows are incorrectly oriented.]

II.

[image: image31.wmf]hc

E

l

D=

or 
[image: image32.wmf]Ehf

D=

and 
[image: image33.wmf]c

f

l

=

[or equiv.] (1)
( = 6(6 ( 10-7 m ((unit)) [e.c.f. on (ii)(I)] (1)


	2

1

1

2

1

1

2

[10]


	Question
	Answers / Explanatory notes
	Marks available

	5
	(a)

(b)


	(i)

(ii)

(iii)

(iv)

(i)

(ii)
	gamma

radio

infra red

microwave

same voltage (1); same cut-off wavelength [or (min] (1)


[image: image34.wmf]2

1

2

175

Z

Z

æö

=×

ç÷

èø

 or 
[image: image35.wmf]2

1

2

057

Z

Z

æö

=×

ç÷

èø

 (1)

At least 1 
[image: image36.wmf]1

2

l

l

evaluation, even if graph-reading is poor. (1)

Both comparisons well done. (1)

Suitable conclusion, e.g. only rough agreement, probably not-within graph-reading limits. (1)
	1

1

1

1

2

4

[10]



	6
	(a)

(b)

(c)
	(i)

(ii)

(iii)

(iv)


	Water bath o equivalent shown in a diagram (1). Thermometer shown(1). Ice (1) [or specially cooled water]. Heat applied; ammeter and thermometer read at intervals (1). Some precaution, e.g. stirring / allowing time for equilibration (1).

Ions [accept: atoms / lattice] vibrate with greater amplitude [accept: more vigorously] at 100(C than 0(C (1)

[Accept random speed / KE of free electrons greater at 100(C]

More frequent collisions between [free] electrons and ions(1); lower drift velocity. (1)

I.
7(7 [±0(2] (
II.
10(8 [±0(2] (

[image: image37.wmf]10875

(1)

75100

a

×-×

=

×´

[e.c.f.]
[image: image38.wmf]3-1-1

4410(1)C[or K](1)

-

=×´

o



[image: image39.wmf](

)

0

1

RR

q

aq

=+

or 
[image: image40.wmf]2001001000

RRRR

-=-

(1)

R200 = 14(1 ( (1) [e.c.f. from (iii) or (ii)]

I200 = 0(106 A [or 0(11 A] [e.c.f. on R200] (1)


[image: image41.wmf]l

R

A

r

=

[or by impl.](1); 
[image: image42.wmf]AR

l

r

=

[or by impl.] (1)


[image: image43.wmf](

)

2

482

0810m(1)[2010m]

A

p

--

=×´=×´


l = 9(8 m (1) [e.c.f. from (ii)(I)]

[e.c.f. for slipped factors of 10n or 4]
	5

3

1

1

3

3

4

[20]




	Question
	Answers / Explanatory notes
	Marks available

	7
	(a)

(b)

(b)


	(i)

(ii)

(iii)

(iv)

(i)

 (ii)

(iii)

(iv)


	The [minimum] energy needed to release an electron from the surface.

½ mv2 = 0 at fmin. (1)

So 
[image: image44.wmf]min

hf

f

=

 (1)

If f < fmin a photon doesn’t have enough energy to re-release an electron [accept plurals!] (2)

[[The higher the frequency, the higher the photon energy →(1)]

e.g. fmin = 4(54 ( 1014 Hz (1) or by impl.

((max = 6(6 ( 10-7 m (1)

This is within the visible  range, so the statement is not [strictly] true (1). Only a small part of visible spectrum (6(6 ( 7(0 ( 10-7 m) not productive of electrons. (1)

[or equivalent methods: 2 marks for relevant calculations + 2 marks for discussion].

I.
[image: image45.wmf]2341419

1

2

19

661074103010J(1)[or by impl.]

1910J(1)

mv

--

-

=×´´×´-×´

=×´


II.
1(2( 10-19 J


[image: image46.wmf]2

1

max

2

(1);077V(1)

mveVV

=\=×


Ekmax unaffected (1).

Individual photons have same energy [accept frequency] (1).

Photons don’t co-operate (1) or more photons [per second] or more electrons emitted [per second].

Electrons Ekmax for ‘blue photons’< Ekmax for ‘violet photons’ (1) or photons don’t co-operate or equiv.

So Ekmax is that for ‘violet photons’.

So both students are wrong. (1) [N.B. No e.c.f and mark only given if preceding argument is correct.]
	1

2

2

2

4

2

1

2

3

3

[20]




PH3 Mark Scheme – May 2007
Additional notes:
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)
	
	A: 72(4 - 84(9 cm2
B: 105(7 - 120(8 cm2
C: 145(3 - 162(9 cm2
D: 191(1 - 211(2 cm2 

Unit (1); 2-4 s.f.(1); calculations (1)
	3

	
	
	
	
	

	
	(b)
	
	Table: Titles (1)


Units (1)


Repeat readings (1)


1/Area correct (1)


consistent s.f. (1)


Clear table and all cards used. (1)
	6

	
	
	
	
	

	
	(c)
	
	Graph:
Plot of n against 1/A [either orientation] (1)


Axis labels and units [e.c.f.] (1)


points correctly plotted ((1 per incorrect plot) (1)


line of best fit [e.c.f.]


Scales – reasonable use of graph paper, 

no multples of 3 (1)
	5

	
	
	
	
	

	
	(d)
	
	Yes (1); straight line (1) through origin [all e.c.f.]
	1

	
	
	
	
	

	
	(e)
	
	Gradient: Good sized Δ shown on graph (1)
Calculations correct (1) [no readings from table]


[image: image47.wmf]gradient

n

A

=

 [+ c if appropriate] (1)
	3

	
	
	
	
	

	
	
	
	
	[20]


	Experiment
	Answers / Explanatory notes
	Marks Available

	2.
	(a)
	
	Circuit diagram:

All symbols correct (1)

Correct circuit. (1)


	2

	
	
	
	
	

	
	(b)
	
	Reading to 2 d.p.
	1

	
	
	
	
	

	
	(c)
	
	Table: 
Titales and units (1)
All series combinations used (1)
Correct / consistent s.f.s (1) [allow 1 mistake]
Repeats and means (1)

Clear table [resistances calculated](1)
	5

	
	
	
	
	

	
	(d)
	
	Use of 
[image: image48.wmf](1)

V

R

I

=

; subst for I and manipulation (1)
	2

	
	
	
	
	

	
	(e)
	(i)
	All readings used in 
[image: image49.wmf]1

E

rR

V

æö

=-

ç÷

èø

(1)
Calculations correct [ignore unit] (1)
	2

	
	
	(ii)
	Correct mean to 3 s.f. 
	1

	
	
	(iii)
	Uncertainty (1); units (1)
	2

	
	
	(iv)
	Sensible suggestion (1) and precaution (1)

e.g. Battery discharging (() switch off between readings (()

Variation of switch pressure ((); use toggle switch (()
	2

	
	
	
	
	

	
	(f)
	
	Use of 
[image: image50.wmf]2

2

,or(1)

V

PIRPPIV

R

===


Correct values used [minimum number: 3(3 ( and 4(7 (] (1)
	2

	
	
	
	
	

	
	
	
	
	[20]


	Experiment
	Answers / Explanatory notes
	Marks Available

	3.
	(a)
	(i)
	Mg labelled on diagram – arrow from anywhere on 5th line
	1

	
	
	(ii)
	mg labelled anywhere on the thread in either direction.
	1

	
	
	
	
	

	
	(b)
	
	H recorded to nearest mm [i.e. 3 d.p.]
	1

	
	
	
	
	

	
	(c)
	
	Measure in more than one place (1)
h given to nearest mm. (1)
	2

	
	
	
	
	

	
	(d)
	(i)
	Table: 
Units correct (1)

All mass combinations (1)



[image: image51.wmf]2

1

()

Hh

-

correct (1)
	3

	
	(e)
	
	
	

	
	
	
	Graph:
Axes labelled and units (1)


All points correctly plotted (1)


Reasonable line of best fit. (1)
	3

	
	
	
	
	

	
	(f)
	
	Gradient = 
[image: image52.wmf]2

4

M

 (1); Intercept = 1 m-2 (1)
	2

	
	
	
	
	

	
	(g)
	(i)
	Intercept = 1(0 ± 1(0 m-2 (1)

large Δ on graph (1)

Gradient correct (1)
	3

	
	
	(ii)
	Calculation correct (1) [allow inserting points from the graph into the equation]. M value “accurate” [allow 50 g – 200 g]
	2

	
	
	(iii)
	5% of 1 = 0(05 [or equiv.] (1); relevant comment (1)
	2

	
	
	
	
	

	
	
	
	
	[20]


PH4 Mark Scheme – Summer 2007

	Question
	Answers / Explanatory notes
	Marks available

	1
	(a)

(b)

(c)

(d)


	(i)

(ii)

(i)

(ii)

(iii)

	
[image: image53.wmf]-1

2(1)69[rad]s(())(1)

f

wp

==

unit



[image: image54.wmf]vr

w

=

[or equiv., or by impl.] (1) = 4(1 m s-1[e.c.f.] (1)


[image: image55.wmf]2

2-2

 or (1);280 m s(1)[e.c.f.]

v

araa

r

w

===


straight line, through origin, to (290±10, 6)

5(8 ( 10-10 N [e.c.f.] (1)

Arrow, labelled A, from P ~ towards centre of circle.

Tangential arrow, labelled B, from P towards bottom right.
	2
2

2

1

1

1

1

[10]



	2
	(a)

(b)

(c)


	(i)

(ii)


	0(60 ( 40 = 0(60 ( 35 + 0(045 v [or eqiv.] (1)
v = 67 m s-1 (1)

External forces act upon the system [or by impl.] (1)

[Specifically] the shaft exerts a force upon the club head (1)

[or any other reasonable specific force – accept air resistance!]

Initial K.E. = ½ mu2 (1) = 480 J (1); Final K E = 468 J(1)

Or: initial (vrel(=40 m s-1; Final (vrel(=32 m s-1(1); (KE lost (1)

[e.c.f. from (i) applies but last mark withheld if wrong answer to (i) leads to super-elastic collision and no comment made!]

Using NII (1): 
[image: image56.wmf]momentum

[or by impl.] (1)2000N [e.c.f.](1)

time to change

F

D

==


	2
2

3
3
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	Question
	Answers / Explanatory notes
	Marks available

	3
	(a)

(b)

(c)


	(i)

(ii)

(i)

(ii)
	
[image: image57.wmf]12

1212

C

111

orC= or by impl. (1)

20 F (1)

C

CCCCC

C

m

=+

+

=×


Q = 40 (C ((unit)) [e.c.f.] 

40 (C shown on all plates (1); + on upper and ( on lower (1)

(I) 13(3 V (1) ; (II) 6(7 V (1) [no e.c.f if V3 + V6  ( 20]
U3= ½ CV2 (1) [or equiv, or by impl.] = 267 (J (1)

U6 = 133 (J (1) [e.c.f. on missing ½ in answers to both]

Or [neater!] – non-numerical methods – 

e.g. U = ½ QV (1); Q  the same (1), (U greater for 3 (F(1)
	2
1

2
2
3
[10]



	4
	(a)

(b)

(c)


	(i)
(ii)

(i)

(ii)
	
[image: image58.wmf]60s

[or by impl.](1)24 ms (1) [or equiv.]

2500

T

==


A = 3(0 ( 10-2 m


[image: image59.wmf]2

max

-1

max

[or by impl.] (1);

2

=[or by impl.]262rad s(1)

T

2500N[e.c.f.] (1)

FmA

F

w

p

w

=

éù

=

ëû

=



[image: image60.wmf]00020

0030sin2[or equiv.] (1) 0015 m (1)

0024

x

p

×

=×=×

×


N.B. 0(02 m not acceptable.

Clear diagram or “2 ms less than ½ cycle” [or equiv.] (1)

t = 0(010 s [e.c.f.] (1)
	2
1

3

2
2
[10]




	Question
	Answers / Explanatory notes
	Marks available

	5
	(a)

(b)


	(i)

(ii)


	Electrical energy supplied = 2100 ( 3600 ( 7 J (1) [= 52(9 MJ]
Net input to bricks = 0(8 ( 52(9 MJ [e.c.f.] (1) [= 42(3 MJ]


[image: image61.wmf](1)423 MJ [e.c.f.]

280C(1)[e.c.f. only on arith slips, of p

owers of 10]

mc

q

q

D=×

D=

o


(I) 
Adding at least 2 areas (1); A = 0(68 m2 (1) [no e.c.f.]

(II)
Area of outside surface of insulation larger or A varies as we pass through insulation or insulation at corners thicker


[image: image62.wmf][](1)[rearrangement at any stage]

028140068

[](1)[subst.]

600

0045 m (1) [e.c.f. on ]

kA

x

Q

t

A

q

D

D=-

D

D

×´´×

=-

=×



	4
2

1
3
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	Question
	Answers / Explanatory notes
	Marks available


	6
	(a)

(b)

(c)

(d)


	(i)

(ii)
(iii)

(i)

(ii)

 (i)

(ii)

(iii)

(iv)


	
[image: image63.wmf][

]

170

120 V

2

×

=×


0(072 W

(I)
Showing sum of all squares [(722(7 V2] (1)


Any sum divided by 5 [( 144(5 V2] (1)


Square root ( 12(0 V (1) [no e.c.f. on errors of principle]

(II)
[surprisingly] close [e.c.f.]


[image: image64.wmf]C

1

(1)[or equiv. or by impl.] 16 k (())(1)

X

C

w

==×W

unit



[image: image65.wmf]r.m.s.

r.m.s.C

C

(1)75mA (1)[e.c.f. on ]

V

IX

X

==×



[image: image66.wmf]22

CC

(1)26 k (1) [e.c.f. on ]

ZRXX

=+=×W


I = 4(7 mA [e.c.f. on Z]

Only the resistor dissipates power [or by impl.] (1)

Power = 0(044 W (1) [care if Z = 2(0 k( from (i)]

VR ( VC and no VL (1)

VR leads VC (1)

Vcomb correct. (1)

[missing labels (1]

Resistances cancel [or equiv.] (1) [XC = XL not enough if answer wrong]

Ir.m.s.= 6(0 mA (1)


	3
1
3
1

2
1
2

3

2
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	Question
	Answers / Explanatory notes
	Marks available

	7
	(a)

(b)
(c)

(d)


	(i)

(ii)

(i)

(ii)
(iii)
(i)

(ii)

(i)

(ii)
	For a fixed mass [accept: sample] of gas at constant temperature (1) the pressure is inversely proportional to the volume (1).
Valid method, e.g. pV products considered (1)

Calculations correct, e.g. 250 ( 0(2 = 500 J (1)

Conclusions: products the same or law obeyed (1).

pV = nRT (1); n = 0(20 mol (1)

mass = 6(4 ( 10-3 kg (2) [e.c.f.] [1 mark if out by factor of 103]


[image: image67.wmf]22

11

33

33

2

3

[accept: ](1)

3250102010

(1)

6.410

pcpVNmc

c

r

-

-

==

´´´×´

=

´


cr.m.s.= 484 m s-1 (1)

For an ideal gas, U depends only upon temperature (constant) [accept: temperature stays the same] or because intermolecular forces are negligible.

(I)

Find ‘area under graph’ [or equiv.]

(II)
Heat flows in (1) to supply work done by gas [or equiv.] (1)[N.B. 2nd mark only given if 1st mark given].

(III)
458 J.

Immerse in hot water [or equiv] [N.B. ‘Increase temperature’ is not acceptable].

W = 0 or Q = ΔU (1)

Q positive or ΔU positive (1)


	2
2
2
2
3
1
1
2
1
1
2
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PH5 – Mark Scheme – June 2007

	Question
	Answers / Explanatory notes
	Marks available

	1
	(a)

(b)

(c)

(d)


	
	Attempting RHS – LHS (1) [= 0(18835u]

E = 931 ( Δm
or
E = (Δ)mc2 (1)


=175 MeV
or
= 2(81 ( 10-11 J (1)

Each reaction releases many /3 neutrons (1), which in turn can cause fission (1). Chain reaction occurs if (on average) more than one of these neutrons causes a fission (reaction) (1).

Slows / thermalises the neutrons (1) to increase capture cross-section / probability of absorption / to cause more fission reactions (1).

Absorbs [accepts stop] neutrons / reduce neutron numbers (1) to control the number of neutrons / reactions / to stop chain reaction going out of control (1).


	3

3

2

2

[10]



	2
	(a)

(b)

(c)


	
	Wire A has a magnetic field [or by impl.] (1); wire B is in that field [or by impl.](1). A current-carrying wire experiences a force in a magnetic field [or force given by F =BIl or mention of Fleming’s l.h. rule] (1)
Upwards / towards A (1).

Magnetic field is into paper (1) [explanation not required]

mention of Fleming’s l.h. rule (1)

[or B-fields in centre opposite(1), cancel(1) ( attractive F (1)]

[image: image68.wmf]0

[accept use of 1]

20023(1)

(1)

I

Blm

FBIl

m

p

==

´×

=


substitution of  B or division of equations (1); rearranging and answer (1)

e.g. 
[image: image69.wmf]0

[3rd mark]; 0019A [4th mark]

20023

I

F

I

Il

m

p

==×

´×


	3

3
4
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	Question
	Answers / Explanatory notes
	Marks available

	3
	(a)

(b)

(c)


	
	The induced e.m.f. is proportional [accept equal] to (1) the rate of change of flux (linkage)(1).
The induced e.m.f. (tends to) oppose (1) the change that causes it (1) [in both cases: approx definition (1 of 2]

Current marked equivalent of anticlockwise in coil viewed from left (1)

Near side of coil becomes N / use of r.h. grip rule (1)


[image: image70.wmf]

 EMBED Equation.DSMT4  [image: image71.wmf](

)

 or (1)

dNBA

ENBA

dtt

=



[image: image72.wmf]2

2

1300043(0046)

(1);(1)055 A (1)

68

V

ArI

R

p

p

´×××

====×

×


	4

2

4
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	4
	(a)

(b)

(c)

(d)

(e)


	
	Arrows drawn from P towards stars 
One component to left, the other to right (1)

Both magnitudes Ecos60( [or mags same by symmetry] (1)

correct use of  sin 60( (1)


[image: image73.wmf]2

()(1)

GM

E

r

=-

[or by impl.]


[image: image74.wmf]-1

()2sin6000185 N kg(1)

eE

=-=×

o


X indicated halfway between stars.


[image: image75.wmf]()(1)

GM

V

r

=-

; attempt at adding potentials (1)

V = ( 2(57 ( 109 J kg-1 ((unit))(1) [N.B.  ( sign required]
	1
2
3
1

3
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	Question
	Answers / Explanatory notes
	Marks available

	5
	(a)

(b)


	
	Any 6 ( 1


Moving electrons experience a force due to B [or implied]((). This leads to a build up of charge [or in diagram] ((), producing an (opposite) force due to electric field produced (() [accept electric/electrostatic force or e-e repulsion).

[Accept, there is also a conduction force FE ( (()]


[image: image76.wmf]nAvel

VIRnAveR

A

r

===

[i.e. double substitution] (1)


[image: image77.wmf]6

(1);manipulation (1)

1210m(())(1)

V

E

l

E

nve

r

-

=

==×´W

unit


	6

4
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	Question
	Answers / Explanatory notes
	Marks available

	6
	(a)

(b)


	(i)

(ii)

(iii)

(i)

(ii)

(iii)

(iv)

(v)


	108 keV [or 108 000 eV]
clear evidence required of ( 1(6 ( 10-19


[image: image78.wmf]2142

11

22

6-1

1710or(1)

algebra (1) 4510 m s(1)

mvmveV

v

-

=×´=

=×´


accelerated by V (or E) between plates (1)

magnetic field increases [accept changes / varies] (1)

frequency of a.c. increases [accept changes / varies](1)


[image: image79.wmf]2

(1);(1)

algebra + subst (1) 78mT (()) (1)

mv

FFBev

r

B

==

=×

unit



[image: image80.wmf][

]

(1)or by impl.2(1)

120kHz (1)

vrf

f

wwp

==

=



[image: image81.wmf]or etc.

Be

m

w

éù

=

êú

ëû


4

Multiplication by 4 (1) [(56]

K.E. difference attempted(7(4(10-14(1(7(10-14 = 5(7(10-14) (1)

K.E. gain per ‘kick’ between plates = 0(1 ( 10-14 eV (1)

Voltage = 0(1 ( 10-14 / e = 6300 V (1)

[N.B. e.c.f. on subtraction of initial K.E.]


	1
1
3
3
4
3

1

4
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	Question
	Answers / Explanatory notes
	Marks available

	7
	(a)

(b)

(c)

(d)


	(i)

(ii)

(iii)

(iv)

(v)


	X = ( (1)
Y = ( (1)

Z = ( (1)


[image: image82.wmf]1

2

AB

77

ln2

(1);

ln2ln2

and(1)

2831610520031610

T

l

ll

=

==

´×´´×´


conversion (1) calculation (1)

e.g. 170 ( 1(66 ( 10-27 = 2(8 ( 10-25 kg then 150/2(8 ( 10-25.
(I) and (II) Use of A = (N (1) 

(I) ( 4(15 ( 1017Bq and (II) 2(24 ( 1015 Bq (1)

(I) and (II) use of 
[image: image83.wmf]0

0

1

or(1)

2

n

t

N

NNe

N

l

-

æö

==

ç÷

èø


(I)( 2(25 ( 1021 and (II) (4(96 ( 1026 (1)

(I) 1(8 ( 1012 Bq e.c.f 

(II) 2(1 ( 1015Bq e.c.f.


[image: image84.wmf][

]

AABB

A0AB0B

AABB

[or by impl.] (1)

exp()exp()or equiv.(1)

taking logs lnln[or equiv] (1)

NN

NtNt

tt

ll

llll

llll

=

-=-

-=-


t = 6(7 ( 109 seconds [210 years] (1)

Any 3 sensible comments, e.g. from [allow e.c.f.]:

· A (probably) more dangerous initially (
· B (probably) more dangerous afterwards ( 

· Not enough information about A and B (((
e.g. don’t know if A, B solid, liquid or gas
don’t know if (, (, ( emitters
explanation of why  (, (, ( / solid, liquid or gas important


	3

2
2
2
2

1

1
4
3
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PH6 Synoptic Paper - Mark Scheme – June 2007

	Question
	Answers / Explanatory notes
	Marks available

	1
	(a)

(b)


	(i)

(ii)


	
[image: image85.wmf](1);2(1)[or2(2)]

vrfvfr

wwpp

===


r = 1(2 m and remaining steps clear (1).

Highest
or  (1)
Lowest:  (1)



[image: image86.wmf]2

mrmgT

w

=+


and

[image: image87.wmf]2

mrTmg

w

=-

  (1) Hence 
[image: image88.wmf]2

Tmrmg

w

=-


and

[image: image89.wmf]2

Tmrmg

w

=+

 (2)

[4th mark implies 3rd] [or equivalent argument in words.]


[image: image90.wmf](

)

22

11

22

 or and 0(1)

sutatsgtu

=+==

 [or equiv.]

t = 1(52 s (1) 

s = vt = 31(7 ( 1(52 = 48(1 m (1)



	3

4

3
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	2
	(a)

(b)

(c)


	(i)

(ii)

 (i)

(ii)


	Light (or e-m waves or photons) incident on a metal surface. (1) Electrons emitted (1) if photons have enough energy (1).

Number of photons ( intensity of light (1)

(number of photoelectrons ( intensity of light (1)

( current in circuit ( intensity of light (1)

Since V = IR, V ( intensity of light (1).

[reluctantly accept: more instead of proportional]


[image: image91.wmf] 

hc

EcfEhf

l

l

===

orand

[or impl. i.e. E = 3(22(10-19J ] (1)

no. of photons / sec = 0(68 ( 10-6 / 3(22 ( 10-19 (1)

electrons collected s-1  = 2(11 ( 1012 ( 0(32 (1) [= 6(76 ( 1011]

Current = 6(76 ( e (1); V = IR = 32(4 mV (1)


[image: image92.wmf]2

1

max

2

0

mv

=

[or implied, e.g. 
[image: image93.wmf]hf

f

=

] (1)


[image: image94.wmf]or(1)

hc

cfhf

l

l

==

used 


( = 1(62 ( 10-19 J ((unit)) (1)


	1

1

4

5
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	Question
	Answers / Explanatory notes
	Marks available

	3
	(a)

(b)

(c)

(d)

(e)

(f)

(g)

(h)
	(i)

(ii)

(iii)

(iv)
	It provides energy to the amplifying medium [not energizing]



 (1)

Statement that multiple reflections are required and that this only occurs for well-aligned rays. (1)

Any 2 ( 1 of:

· Reflections provide multiple passes for amplification (
· One mirror transmits a little light (output beam) (
· Produces standing wave or makes light monochromatic [not improve spectral purity] (
Any 2 ( 1 of:

· spontaneous – electron drops ‘by itself’ / randomly (
· stimulated – electrons ‘stimulated’ to drop by photon [of the right energy] (
· stimulated – 2 photons in phase (
More electrons in higher state than in ground state (1) for stimulated emission to be more probable than absorption (1).

[or conversely – before pop. inv. there are more e’s in ground state – 1st mark by impl.]

Broader range of photons [or (, E or f] or more colours can be absorbed [or provide pumping]

Any 2 ( 1 of:

· electrons drop quickly to metastable state (
· electrons stay in metastable state for a long time (
· F-levels don’t become full (

[image: image95.wmf](

)

6-2

0

exp1025510Wm

IIx

a

-

==×´

[accept 1(03, not 1(0]

[image: image96.wmf](

)

012

-62

exp[or 098](1)

=100510Wm[e.c.f. on 103 etc](1)

IIxRR

a

-

=´×

×´×


Number of round trips 
[image: image97.wmf]6

9

10

625

1610

-

-

==

×´

 [or equiv.](1)


[image: image98.wmf]625

00

1005(1)23(1)

III

=×@

[or 23 (W m-2] [e.c.f.]

[accept: 0(005 ( 625 (1) ( 4(13 I0 (1)]

2 ( 1 sensible points: e.g. a limit to the number of energy levels / emissions; intensity is increasing by ( 23 every (s [or exponentially, or very rapidly];  will melt, go out of control etc.
	1

2

2

2

2

1

2

1

2

3

2
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	Question
	Answers / Explanatory notes
	Marks available

	4
	(a)

(b)

(c)

(d)

(e)

(f)
	(i)

(ii)
	LHS units ( s (1)

RHS ( 2( no units [or by impl.] l ( m, g ( m s-2 (1)

RHS units 
[image: image99.wmf]-2-2

m1

s

mss

===

(1) [manipulation]

Squaring both sides of the equation [accept: 
[image: image100.wmf]22

4

T

lg

p

=

]


[image: image101.wmf]22

44

0

hd

gg

pp

=+

: cancelling 
[image: image102.wmf]2

4

g

p

and rearranging(
Period of 

Oscillation (T) / s

Period squared

(T2) / s2
0(69(5)

0(48(3) ±0(01

0(93(5)

0(87(4) ±0(01

1(14(0)

1(30(0) ±0(01

1(29(5)

1(68 ±0(02

1(45(0)

2(10 ±0(02

1(58(0)

2(50 ±0(02

values (1)

values (1)

2 or 3 d.p. (cons.) or 3 s.f.

2 d.p [accept 3 (cons) in top 3]

(1)

Axes with convenient scale [at least ½ graph paper] (1)

5/6 points drawn to nearest division (1); with internpolation (1)

Error bars (2) [1 for approximately correct]

Steepest (1) and least steep lines drawn (1) [allow: Any good best-fit line drawn (()]

Gradient method with Δx 
[image: image103.wmf]³

 30 cm (1)

steepest 
[image: image104.wmf]252

00410

615

×

=×

×

(1); least steep
[image: image105.wmf]248

00398

6225

×

=×

×

(1)

[N.B. “parallel” lines ( 4max]

mean ± ½ difference correct (1) [no e.c.f. for “parallel” lines]


	3

1

1

3

5

5

1


	Question
	Answers / Explanatory notes
	Marks available

	
	(g)

(h)

(i)

(j)
	
	Good agreement [e.c.f.] [accept: yes!] (1)

straight line and not through origin (1)

line passes through [or v. close to] all error bars (1)

mean intercept correct (1) [~ 2cm]

mean error correct (1) [~ ½ cm] [e.c.f. on “parallel” lines]

unit and significant figures [e.g. 2(0 ± 0(5 cm] (1)

gradient
[image: image106.wmf]2

4

g

p

=

 (1) [N.B. the gradient must be used]

g = 9(77 m s-2 (1) [No s.f. penalty,; 2nd mark allowed even if the gradient not used]


[image: image107.wmf]006

100%15%

404

×

´=×

×

(1) [or 0(015]


[image: image108.wmf]15

977015

100

×

×´=×

 (1) 

g = (9(77 ± 0(15) m s-2 ((unit)) (1) [accept 1 or 2 s.f. in error]
	3

3

2
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PH6 Investigative Task Marking Scheme – June 2007
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.]


GCE Physics Marking scheme (Summer 2007)
	Welsh Joint Education Committee

245 Western Avenue

Cardiff.  CF5 2YX

Tel. No. 029 2026 5000

Fax. 029 2057 5994

E-mail: exams@wjec.co.uk
website: www.wjec.co.uk/exams.html 
	
[image: image109.png]WIEC

CBAC




























































N.B. Use of other equations of motion equally acceptable.
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