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INTRODUCTION

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

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

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

PH1 Mark Scheme – June 2003 

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

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

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

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

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

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

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

	Question
	Answers / Explanatory notes
	Marks available

	1
	(a)

(b)

(c)

(d)
	(i)

(ii)


	[Acceleration is] the rate of change of velocity (1) [not speed]. [Accept 
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	Question
	Answers / Explanatory notes
	Marks available

	2
	(a)

(b)

(c)

(d)
	(i)

(ii)

(i)

(ii)

(iii)

(i)

(ii)


	Correct reference to intermolecular forces (1), straightening the molecules (1)

Molecules fully aligned (1) [or equiv.]. Strong (1) [covalent] bonds between atoms within molecules resist stretching.
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gradient (slope)

gradient not constant [or not a straight line]

resilient to repeated strain / elastic / flexible / tough / low hysteresis.

stiff / rigid / strong [not ductile / malleable / tough]
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	3
	(a)

(b)

(c)
	(i)

(ii)


	[Amplitude of progressive waves]. All points /  particles have same amplitude. (1)

Wavelength of stationary waves]. 2 ( distance between adjacent nodes [or equiv.] (1)

Vibrations are minimum [or zero] at nodes (1) – dust collects (1). [Accept converse argument]

(I)
20(0 cm = 2( (1) [e.c.f. from (a)] ( ( = 10 cm (1)

(II)
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	4
	(a)

(b)

(c)

(d)
	(i)

(ii)

(i)

(ii)

(iii)


	[A wave in which] the direction of [particle] displacement [or vibration / oscillation] is in line with / parallel to the direction of propagation [or motion or energy travel].
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	5
	(a)

(b)

(c)


	(i)

(ii)

(iii)

(iv)

(v)
	Change in position (1) [accept: distance moved in a particular direction]

Upwards (1). Any correct comment linked to graph [ e.g. v(0 between D and E] (1)

I

Drop height. [Accept: distance moved before first bounce]

H = ½ ( AC (CB (1) [ or ref to calculating area of (]

    = ½ ( 0(5 ( 5 = 1(25 m (1)

Area (CDE calculated i.e. 0(80 m (1) [or by impl.]

(Displacement = 1(25 [e.c.f.] ( 0(80 = 0(45 m (1)

Horizontal graph from (9.8 ms-2 
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	6
	(a)

(b)

(c)


	(i)

(ii)

(iii)

(i)

(ii)

(iii)

(i)

(ii)
	Horizontal arrow to right drawn

(I)
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Perpendicular components (1) are independent of each other (1) [or equiv.]
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Selection of appropriate formula (1)

Calculation of ½ time [or by impl.] (1)

Time of flight = 5(1 s (1)
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Decreases (1) – air resistance opposes motion [or equiv.] (1)

Accept either increases or decreases (1) with well-reasoned argument (1)
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	7
	(a)

(b)

(c)


	(i)

(ii)

 (i)

(ii)

(iii)

(iv)

(v)

(i)

(ii)
	(I)
[very] bright  [not: intense]

(II)
dark [accept: no light]

Another minimum point labelled

constant [or zero] phase difference

To diffract light from source (1) so that A acts as a coherent source for B and C (1) [or equiv.]

Correct reference to interference (1). In-phase oscillations from B and C.(1) Path difference = n( [or equiv.] (1)

light consists of waves
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· Sharper / brighter / further apart / more readings (1)

· Larger measurement ( greater accuracy (1)
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PH2 Mark Scheme – June 2003 

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

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

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

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

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

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

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

	Question
	
	

	1
	(a)

(b)

(c)
	(i)

(ii)

(iii)

(iv)

(i)

(ii)


	1(5 A

4(0 A

3(0 A

6(0 A

(i) (1) and (ii) (1). 

If more than two answers given, (1 for each wrong answer

1(5 (. e.c.f. from (a)(ii) and (a)(iv)
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	2
	(a)

(b)


	(i)

(ii)

(iii)

(i)

(ii)
	Line not straight [or doubling V doesn’t double I etc.]

(I) 5(0 (
(II) 
9(0 (
Filament gets hotter [or by impl.] (1)

Any one (1)of

· resistance [of metals] increases with temperature

· increased probability of e-lattice collisions makes resistance increase

· [metal gets hotter] because e-lattice collisions convert energy to random [accept “heat” etc.]

[image: image74.wmf](1)

or040V

040 V

(1)

050 A

r

VEIr

V

r

=-

=×

×

=

×


[image: image22.wmf]12V45V (1)

75V

75V

(1)

05A

S

V

S

=-×

=×

×

=

×


or   
[image: image23.wmf]12V

(1)

05A

24

249(1)

tot

R

S

=

×

=W

=W-W


Rbulb = 5(0 (. ( Rtot= 20(0 ( (1)

Vtot = 20(0 ( ( 0(4 A (1) = 8(0 V (1) [or divider argument.]

or
I = 0(4 A ( VS = 0(4 A ( 15 ( (1) = 6(0 V.

Vtot = 6(0 V + 2(0 V (1) = 8(0 V (1)

[Use of 9 V as bulb resistance, but otherwise correct, ( 2]
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	3
	(a)

(b)


	(i)

(ii)


	(I)
number of free electrons (1) [accept charge carriers] per unit volume [or per m3] (1)

(II)
drift [or mean] velocity [of free electrons] (1)

diagram with at least two of A, v and vt [or distance ‘v’ in 1 s] labelled (1)

nAvt = number of [free] electrons in volume Avt [or Av] or in length vt [v] (1)

or   nAvte=
charge in volume Avt [or Av] or in length vt [v] (1)

I = Q/t  or equiv. (1)
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	4
	(a)

(b)

(c)


	(i)

(i)

(ii)

(iii)


	4 points (4(1 mark) from

· e-m radiation/waves or travel through vacuum or travel at the speed of light

· ( less than [or f greater than] for u-v – or photon energy 100 eV – 1016 eV, or f 1016 – 1021 Hz, ( 10-8 – 10-12 m.

· have particle-like [or photon] properties

· ionising [or effect of]

· photo-emission

· (max of 2 from) interfere, diffract, transverse, …. other general wave properties.

line(s) labelled

(min labelled

[Fast-moving] electrons crash into target (1). Decelerating electrons emit e-m radiation or electrons lose energy in a series of steps (1).

LHS is photon energy (1) RHS incident electron energy (1)
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	5
	(a)

(b)


	(i)

(ii)

(iii)


	1 proton and 1 electron (1). 1 neutron (1). Electron orbits proton and neutron or p+n constitutes nucleus with the electron outside (1).

(E = 3(0 ( 10-19 J (ignore sign of (E) (1)
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i-r arrow between top two lines (1)
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u-v photons have more energy [or higher f, shorter (] than visible (1) so energy gap between levels must be [substantially] larger. [Accept knowledge that Lyman transitions are all with ground state – not on spec.]
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	6
	(a)

(b)

(c)


	(i)

(ii)

(i)

(ii)

(i)

(ii)

(iii)

(iii)


	When u-v radiation [or light] falls upon a [metal] surface (1), electrons are emitted (1).

The minimum (1) frequency [of radiation] needed to cause electrons to be emitted (1).
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Diagram with:

photo-cell with 2 electrodes (1), a correctly-oriented supply (1), a correctly-connected voltmeter (1) and a nano-ammeter [or ammeter, galvanometer] correctly positioned (1)

Shine light from one source onto caesium [electrode] (1). Adjust voltage until current becomes zero (1). Read voltage at this point [accept: “stopping voltage”]. Repeat with different light sources (1).

Vertical axis labelled [stopping] p.d. or e ( [stopping] p.d. (1)

Straight line graph with positive intercept on f-axis (1).

[h =] e ( slope if [stopping] p.d. used on graph axis.

[h =] slope if e ( [stopping] p.d. used on graph axis.
	2
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	7
	(a)

(b)

(c)

(d)

(e)


	(i)

(ii)

(i)

(ii)

(i)

(ii)
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No. of units = (1)
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Series circuit drawn with switch, cell, bulb, internal resistance (2). [Either internal resistance or switch omitted ( (1)]

e.m.f. / electro-motive force







   or  

(I)
0(3 A ( 0(8 ( (1) = 0(24 V (1)

(II)
1(36 V e.c.f.

[e.c.f. from (e)(i)] – any 4 ((1) from:

· Y uses energy less rapidly

· Y will stay shining longer

· X is [probably] brighter

· For Y, less energy [fewer volts] wasted in r
· For Y a greater proportion of the cell’s energy [p.d.] is used in [or equiv.] the lamp.

[Allow 2 comparison power calculations even if no conclusion drawn for 2 ( 1]
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PH3 Mark Scheme – May 2003

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.

In this mark scheme, credited responses are sometimes grouped and bulleted. Where this occurs, it is understood that all the bulleted points must be present for full credit to be given, and each omission will have been penalised by one mark. This method of marking is only used in the PH3 papers.

	Question
	Answers / Explanatory notes
	Marks available

	1


	(a)

(b)

(c)

(d)

(e)

(f)
	(i)

(ii)

(i)

(ii)

(iii)


	Air resistance / drag and W / weight / mg marked

Reaction / force from bench and weight / mg marked

hmax, hmin, u(h) all correct (1)

3 or more repeats (1)

%u(h) correctly calculated

Sensible comment [e.g. “percentage uncertainty when a number of readings is taken will be far greater than that due to the smallest division on the rule”]. (1)

Reference to fluctuations due to ability of observer (1)

Presentation

· Headings containing quantity and unit

· Quantity in words or symbol

· Distinguishing between quantity and unit

Repeated readings

· at least two values of h for each H
4 values of H (2 marks), 3 values (1 mark)

Quality

· Range 15 cm to 40 cm.
· Consistency of presentation (decimal places)
Graphical work

· Axes labelled and units

· Suitable scale (not awkward to use)

· Points correctly plotted

· Points occupying at least half graph paper

· Line of (reasonable) best fit drawn

· Thin line

Straight line (1) through origin (1), or doubling H doubles h.

Any two of: parallax errors, use of light gates, use of second observer, dusting the surface, strobe photography (2(1)


	1

1

2

1

2

2

2

2

2

1

2

2
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	Question
	Answers / Explanatory notes
	Marks available

	2


	(a)

(b)

(c)

(d)

(e)

(f)
	(ii)
	Completion of circuit diagram

· Correct symbols 

· Correct positions

· No break in circuit

Instruments

· Ammeter (or multimeter) to measure current

· Voltmeter (or multimeter) to measure p.d.

· Metre rule to measure length

Presentation of results

· quantities given

· units given

· separator

· Consistency in the raw values of V, I, l
· l to nearest mm

· 2 or 3 s.f. for R

Measurements

Minimum of 6 (5) sets of readings ( 2 (1) marks

Quality of results

Little scatter about best fit-line on subsequent graph

Graphical work

· Axes labelled and units

· Suitable scale (not awkward to use)

· Points occupying at least half graph paper (2)

All observations correctly plotted (1)

Reasonable line of best fit (1)

Distance correctly read from graph (1)

Recognition of the uncertainty in point of intersection due to choice of lines of best fit (1)

· Suitably large triangle

· Slope correctly calculated

· Correct unit given

Resistivity:  Correct substitution (1), calculation + unit (1)


	1

2

2

2

2

1

4
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2

2
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	Question
	Answers / Explanatory notes
	Marks available

	3
	(a)

(b)

(c)

(d)

(e)


	(i)

(ii)

(iii)

(i)

(ii)

(i)

(ii)
	Use of ruler [and set square] to show Q and R same height

H, h, L recorded to nearest mm

tan(  calculation (required) (1)

( = 25 ( 20 (1)

Fcos( = z(g [or weight = Fcos(]

T=mg [or weight = T]

Tabulation: Suitable headings (1), units as app. (1)

Measurements:

4 /(3) sets of reading ( (2) / (1) marks

1 value of tan( checked (1)

Consistency in recording precision (1)

2 values of h for each M (1) [or care taken over values of H]

Graphical work:

· Axes labelled

· Sensible scales

· Units 

(2)

[2 mark penalty for plotting (, rather than tan(]

Points correctly plotted (1)

Line of best fit (1) [excessive scatter ( -1 penalty]

Gradient:

Suitably large triangle (1)

Ratio correct (no unit) (1)

mass of Z determined e.c.f. (calculation required) 


	1

1

2

1

1
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 PH4 Mark Scheme – June 2003 

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

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

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

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

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

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

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

	Question
	Answers / Explanatory notes
	Marks available

	1
	(a)

(b)


	(i)

(ii)

(iii)


	angle swept out / time taken [or equiv.] 

[accept: ( = v/r  and ( = 2(/T]

(I)

[image: image31.wmf]2

-2

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

20ms(1)

10N (1) [e.c.f. from acceleration]

ar

F

w

=

=

=×


(II)
F = 2(0(0(1 N

(I)
0(05 N

(II)
0(10 N

(I)
The tension is proportional to the extension [provided the extension is not too large.

(II)
Ratios F1/F2 and x1/x2 [or equiv.] worked out or compared informally (1).
Correct conclusion drawn [e.c.f. from (i) and (ii)]. [1st mark required]


	1

3

1

1

1

1

2
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	2
	(a)

(b)


	(i)

(ii)

(iii)

(iv)


	[body’s] mass ( [body’s] velocity

Provided no external forces act (1) the vector sum of the momenta [accept: “total momentum” or equiv.] of the bodies in a system remains constant. (1)

Diagram with correct directions drawn.

Attempt to apply P of C of M as judged by a 3 or 4 term equation in which all the terms are of the form mv. (1)


[image: image32.wmf]1064[or equiv.](1)

4[no e.c.f.] (1)  4[or equiv.]

mmM

M

Mm

m

=-+

==

or


No: P of C of M applies to both elastic and inelastic collisions.

5(0 N due West or equal and opposite to force on nuc. 

When a body A exerts a force on body B, B exerts and equal and opposite force on A (1). [Accept: Newton’s 3rd Law]
	1

2

1

3

1

1

1

[10]



	3
	(a)

(b)


	(i)

(ii)

(i)

(ii)


	[Decrease in g.p.e] = [(] mgh [ignore sign] (1) = 710 J (1)


[image: image33.wmf]2

1

2

-122

Gain in loss in  [or equiv. in words] (1

)

08710J [e.c.f.] [or equiv. or by impl.](

1)

42ms (1)[ correct use of 2 for 3 marks]

KP

EE

v

vvuas

=

´×´=

==+

or



[image: image34.wmf]0

710 J [e.c.f. or by impl.] (1)

68C [or K] (1)

mc

q

q

D=

\D=×


2 ((1) correct reasons given (from below)

· [at impact] random energy shared between lead & concrete

· Heat losses occur [before reading stabilises]

· Heat given to thermometer

· Temperature will not be uniform throughout lead

· Some of ball’s internal energy given to air as it falls

Good understanding shown of at least one reason (1)

Accept also: Some energy emitted as sound, KE given to Earth


	2

3

2

3

[10]




	4
	(a)

(b)


	(i)

(ii)

(iii)

(iv)
	3(0 pF ((unit))

(I)

[image: image35.wmf]0

21

(1)[accept omission of ]

2(1)

r

r

A

C

d

CC

ee

e

=

=


(II)
Line drawn with double gradient [e.c.f. from (i)]


[image: image36.wmf]12

111

[or equiv or by impl.] (1)

20 pF [e.c.f. from (i) and (ii)(I)] (1)

CCC

C

=+

=×



[image: image37.wmf]12

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

020 C (1)

QCVCV

=-

=×



[image: image38.wmf]2

1

2

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

040 J (1)

UCV

U

=

D=×



	1

2

1

2

2

2

[10]



	5
	(a)

(b)

(c)
	(i)

(ii)

(i)

(ii)


	….the square root of the mean [or average] current squared [over a complete cycle](2). “Root mean square” scores 1.

Or that steady current which, through the same resistance (1), gives the same mean power [dissipation](1).

600 (

[image: image39.wmf]-1

1

600 [or equiv. e.c.f.] (1)

250rad s(1)[or by impl.]

53 F (1)

C

C

w

wp

=W

=´

=×m


[Any 2 bullets ( 2; one for (i), the other for (ii)]

· For R, V and I are in phase, whereas for C, I leads V by 900. [Accept I and V 900 out of phase]

· R dissipates energy [or equiv.]; C does not.

· There is a current [flow of charge] through R, not through C.

· The capacitor current is frequency dependent unlike the resistor current.

· Any other correct, contrasted pair of statements.
	2

1

3

4

[10]




	6
	(a)

(b)


	(i)

(ii)

(iii)

(i)

(ii)

(iii)


	(I)
0(04[0] A

(II)

[image: image40.wmf]-1

080 s [or by impl.] (1)

2

 [or by impl.] (1)

79[rad]s(())(1)

T

T

p

w

=×

=

=×

unit


(III)
0 [or (2(, (4(…..] (1)

(I)

[image: image41.wmf]2

max

-2

 [or by impl.] (1)

25 ms (1)  [e.c.f. on  and ]

xA

A

w

w

=

=×

&&


(II)
Inverted (1) copy of the graph given (1) [any amplitude]

(I)
0(50 s

(II)
0(50 s

(III)
0(90 s

Maximum amplitude [of oscillations occurring] (1) when frequency of driving force [or applied force] equals natural frequency of the system (1).

(I)
2(0 Hz


(II)


Reduced peak shown at 2 Hz [or slightly lower f] (1). Curve less sharp and below original curve everywhere except at low frequencies (1).
	1

3

1

2

1

1

1

1

2

1

3

2

[20]




	7
	(a)

(b)

(c)


	(i)

(ii)

(i)

(ii)

(iii)

(i)

(ii)

(iii)


	(I) number of molecules


(II) mass of a molecule


(III) mean square speed [accept velocity] [or molecules]

pV = nRT quoted (1)

Algebra understandable and correct. (1)

mass of 1(0 mol is 4(0 ( 10-3 kg [or equiv. or by impl.] (1)

mass of 0(050 mol = 2(0 ( 10-4 kg ((unit)) (1)

T = 293 K (1) [or by impl.]

p = 203 kPa (1) [no e.c.f. of T]

U = 182 J [e.c.f. on T from (ii) if 12(5 J given as answer]

Temperature of gas rises towards 100 0C. (1) Heat will flow only if there is a temperature difference (1).

(U = 50 J

(I)
Q = heat into system (1)

W = work done by system (1)

[Wrong or omitted sign convention scores 1 max.]


(II)
Q = 50 J [e.c.f. from (c) (ii)] (1)

[because] W = 0. (1)


(III)
Greater heat flow in (1) because the gas does work (1) against surroundings or as its volume increases (1).
	1

1

1

2

2

2

1

2

1

2

2

3

[20]




PH5 – Mark Scheme – June 2003 

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

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

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

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

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

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

Significant figures may be examined in questions requiring data analysis.

	Question
	Answers / Explanatory notes
	Marks available

	1
	(a)

(b)

(c)

(d)
	(i)

(ii)

(i)

(ii)
	Mass number A (or equivalent)

Atomic number Z (or equiv. inc. number of electrons)

Isotopes (of same element) have same Z (1) but different A(1).


[image: image42.wmf]α

4

2

(1)+
[image: image43.wmf]N

14

7

→ 
[image: image44.wmf]O

17

8

+ 
[image: image45.wmf]p

1

1

(1).  [Accept word equivalents.]

Mass def.= 13.9992+4.0013–16.9947(1.0073 = (0.0015u(1)

So mass gained from reaction and this must come from KE of α(1) (stated or clearly implied).

Energy required = 0.0015 ( 931.0 = 1.4MeV(1). ((unit))
[Accept 2.2x10-13J]

No residual KE (recoil) of products. (Accept energy conserved.)
	1

1

2

2

3

1

[10]


	Question
	Answers / Explanatory notes
	Marks available

	2
	(a)

(b)

(c)


	(i)

(ii)


	
[image: image46]
At least two concentric circles centred on wire(1).

Arrows clockwise(1)

F = BIl(1)


[image: image47.wmf]0

2

I

B

a

m

p

=

 
[image: image48.wmf]2

3

0

2.710N

2

Il

F

a

m

p

-

\==´

(1).


[image: image49]
B12 from RH rule.

F12 from LH (or motor) rule(1)

F21  by same argument or N3(1).

(Give third mark also if forces in wrong but opposite directions and mention of N3.)

B increases (1) so F increases (1).


	2

2

3

2


	
	(d)
	
	
[image: image50]
Forces equal and opposite across any diameter(1) (accept on opposite sides)

So no resultant force(1)


	2

[10]

	3
	(a)

(b)

(c)

(d)

(e)


	
	Time for number of radioactive nuclei* [or Activity] to reduce to one half of initial value. [*Accept number of atoms or amount of radioactive substance.]


[image: image51.wmf]1/2

10-1

7

ln2ln2

(1)7910s(1)

2831510

T

l

-

===×´

´×´

(1)


[image: image52.wmf]0

3

27

mass

 (or by impl.) (1)

mass of 1 nucleus

0510

13716610

N

-

-

=

×´

=

´×´



[image: image53.wmf]00

102112

2210Bq (1)

(1)

791017410

A

N

l

-

´×´

=

=×´=×´

 


[image: image54.wmf]00

12619

1741017101610

 energy per decay (1)

047W(())(1)

P

A

-

=×´×´´×´

=´

´=×

unit


 [Accept 2.96(1018 eV s-1]

More suitable as alphas more readily absorbed by container(1) so less damage to body tissue. (1)

or

Less suitable (1) (ignoring container) as alphas more damaging to tissue(1) [Accept “more ionising”]
	1

2

3

2

2

[10]


	4
	(a)

(b)

(c)


	(i)

(ii)

(i)

(ii)
	B=μ0nI, so flux (=BA(1)= μ0nIA
   =4π(10-7(1500/0.75) (1)0.25π(5.0x10-2)2(1) =4.9x10-6Wb.

Less, as field lines spread out and therefore flux diminishes.

NФ =15(4.9x10-6=7.4x10-5Wb-turn
Any two of:

Changing current produces changing B field.

Changing B field produces changing flux (linkage).

Changing flux (linkage) ( induced emf (Faraday’s Laws)

emf Ε = -∆NФ/∆t(1) = 7.4x10-5/t. (No penalty for sign)

But E = IR(1)

So t = 7.4x10-5/(3.0x10-3x5.0) = 4.9ms. (1)


	3

1

1

2

3

[10]



	5
	
	
	
[image: image55.wmf]0

4

Q

V

r

pe

=

(1) = 
[image: image56.wmf]5(0 ( 10-6 ( 9.0 ( 109/3.0 = 15 kV(1).


[image: image57.wmf]-1

2

0

(1)50kVm(1)(())

4

Q

E

r

pe

==×

unit


AX=AB ( 3mm or distance marked

a=qE/m(1).

   =-2.5 ( 10-6 ( 5.0 ( 103/3.0 ( 10-6 = -4.2x103ms-2(1). 
(Sign not reqd)


[image: image58.wmf]V

q

U

D

=

D

(1).  But ∆V = 15kV as r halved.

    So ∆U = -2.5 ( 10-6 ( 15 ( 103 = -3.8 ( 10-2 J(1) ((unit))
Decrease as PE → KE or equivalent statement.
	2

2

1

2

2

1

[10]




	6
	(a)

(b)

(c)

(d)

(e)

(f)


	(i)

(ii)

(i)

(ii)
	Graph shows MBE increases when two light (small A) nuclei fuse to form heavier nucleus (1), so energy released (or stability increased) (1).

Graph shows MBE increases when heavy (large A) nucleus splits (fissions) to form two lighter nuclei(1), so energy again released (or stability increased)(1).

For answers that do not fit the above, allow as follows:

Clear statement that increase in MBE means increase in stability. (1)

Fission/fusion regions clearly identified. (1)
3

56


[image: image59.wmf](

)

2

2

82811

(1)

3010351031510J (1)

Ecm

--

=D

=×´´×´=×´


1eV = 1.6x10-19J (1) stated or clearly recognised.


[image: image60.wmf][

]

11

19

3510

So 197 MeV (1) accept 200 MeV

1610

E

-

-

×´

==

×´


More neutrons out than in at each reaction (1).
Excess neutrons react with other U nuclei hence chain (1).

Slow down neutrons.

mu = -mv + MV (1), Consn of momentum (1).

mu2/2 = mv2/2 + MV2/2. (1) Consn of energy (1)

For C, v/u = (12-1)/(12+1) = 0.85 (1).

For Ge, v/u = (72-1)/(72+1) = 0.96 (1)

(Accept also word argument here viz: Carbon is lighter (1) so neutron rebounds with lower velocity (1) than from Ge)

Thus C is the more suitable, because fewer collisions (1)  needed for neutrons to become thermal.
	4

1

1

4

2

1

4

3

[20]




	7
	(a)

(b)

(c)

(d)

(e)

(f)

(g)
	(i)

(ii)
	Any 3 ((1)of:

· Coherent radiation 

· monochromatic radiation

· regular (periodic) diffracting object

· λ ~ d (or λ < d).

Pattern expands (Accept fewer spots)

Pattern expands (Accept fewer spots)

About same as molecular size (or less).


[image: image61.wmf]348

1910

(1).And (1)

66103010

So  (1)83kV (1)

16101510

hc

EhfEeV

hc

V

e

l

l

-

--

===

×´´×´

===×

×´´×´


No equivalent of lens for X-rays. (Accept “eye can’t see X-rays” or similar).

Any 4 ((1) of:

· Obtain (single) crystal

· direct beam of (monochromatic) X-rays onto it

· collect diffraction pattern (film or counter)

· deduce size of repeat cell (accept interatomic distances) from θ values

· measure diffracted intensities

· obtain from them amplitudes of scattered waves

·  recover image by combining mathematically.

Plus any sensible comment on importance (1): e.g. DNA – human genome project, “fingerprinting” etc.

[Marking for a typical method]


[image: image62.wmf](

)

(

)

23

3

39

Molar mass/kg (1)
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Mass of cell contents

Mass of 1 atom = (1)

88

1210008

So (1)6210(1)

331003610

A

A

M
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r

-

=

=

´

===×´
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	3

1

1

1

4

1

5

4

[20]




PH6 – Mark Scheme – June 2003 

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

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

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

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

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

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

Significant figures may be examined in questions requiring data analysis.

	Question
	Answers / Explanatory notes
	Marks available

	1
	(a)

(b)

(c)

(d)

(e)

(f)
	
	
[image: image63.wmf]2

1

2

(1)(1)

mvmgh

=



[image: image64.wmf]0

14sin30

 [or equiv]

12(1 ms-1 

Use of appropriate equation e.g. 
[image: image65.wmf]22

2

vuas

=+

(1)

v = 21 ms-1 (1) ((unit))

Use of appropriate equation (1)

t = 1(43 s (1)


[image: image66.wmf]-1

(or equiv) (1)  = 173 ms

xut

=×

(1)
	2

1

1

2

2

2

 [10]



	2
	(a)

(b)

(c)
	
	Good line drawn (1)

R0 = 14(9 ( 0(1 ( (1)

Valid pair of other values e.g. 400C and 18(1 ( (1)

( = 5(4 ( 10-3 0C-1  / K-1 (1) ((unit))


[image: image67.wmf]RA

l

r

=

or equiv (1), 
[image: image68.wmf]2

Ar

p

=

(1)

R = 17(5 ( ((0(1 () (1)

( = 6(2 ( 10-6 (m (1)

Conversion to Celsius (-1230C) (1)


[image: image69.wmf]0

(1)51(1)

RR

q

aq

=+=×W


Assuming ( constant (or equiv) not R ( temp. (1)

Any two plausible causes linked to arguable effects: e.g.

c.s.a. decreases (1) ( R increases (1)

length decreases (1) ( R decreases (1)

[comments about relative effects of c.s.a and length rewarded]

[answers in terms of atomic spacing affecting the electron mobility]
	4

4

3

4

[15]



	3
	(a)

(b)

(c)

(d)

(e)

(f)
	(i)

(ii)

(i)

(ii)


	Correct answer referring to mass and distance.

Distance increases with mass (or equiv) 

If mass is larger, the star is brighter (or equiv) (1)

To receive appropriate light intensity (1), planet must be further away (1). [or converse argument]

[accept argument referring to water freezing/ weather etc.]

Clear diagram of star and planet (1)

Force on star (1)

Explanation of force changing [direction] (1) [or argument based on centre of mass]

Planet is too large (1) so atmosphere too thick (or equiv) (1)


[image: image70.wmf]2

2

(1)(1)

GMmmv

rr

=

. Rearranging leading to result (1)

0(47 AU

Calculation ( mass of star = 1(5 ( mass of sun (1)

Plot of point in approx correct position (1)

Drop in intensity shown for ~13 hours (1)

Intensity drop is small (1) [NB can be shown on scale]

Intensity drop depends on c.s.a. of planet (or by impl.) (1)

R ~ 100 ( Rearth = 6.4 ( 108 m. (1)


	1

1

3

3

2

2

1

2

2

2

[20]




	4
	(a)

(b)


	(i)

(ii)

(iii)

(iv)

(v)

(i)

(ii)

(iii)

(iv)
	s2 (Unit of period2) (1)

Correct values in table (1), to 2 significant figures (1) 

[0(23, 0(35, 0(45, 0(56, 0(67, 0(79]

Use of F = kx or k ( Nm-1 (1)

T ( s and m ( kg (1)

Communicated method (1)

Labelling numbers on Period2 axis (1)

Numbers and label on mass axis (1)

5 points correct ( 1 square (1)

All points correct ( ½ square (1)

Good line of best fit (1)

[N.B. Max 3 marks for Period v. Mass graph]

[Excellent] agreement (1), because straight line (1) through origin (1). Line is close to all points (1)

[N.B. Max 3 marks for Period v. Mass ( curve]

Reasonable attempt at finding gradient (1)

Gradient = 1(13 ( 0(03 s2kg-1 (1)

Use of 
[image: image71.wmf]2

2

4

Tm

k

p

=

 or equiv. (1)

k = 35(1 Nm-1(or kg s-2) ((unit)) (1)

[or taking two values above m = 0(2 kg (1), in equation (1), rearrange (1) to give solution (1)]


[image: image72.wmf]2

1

2

(1)(1)

mveV

=

[with no evidence of bad algebra!]

label vertical axis (1) [accept units in brackets]

label horizontal axis (1)[ accept units in brackets]

Good curve (2) [attempt at best fit curve (1)]

Not good agreement (1), because not straight line (1), except at low energies / velocities (1)

Yes (1) because graph tends to maximum of c2 ~ 9 ( 1016, in agreement with c~3(108 m s –1 (1) [or equivalent argument e.g. based on mass increase]


	3

3

5

4

4

2

4

3

3
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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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or backward method if explained
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