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INTRODUCTION

The marking schemes which follow were the ones used by the WJEC for the SUMMER 2006 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 2006 

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 is 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)
	(i)

(ii)


	Force ( extension / extension ( force

[Accept: F=kx, ke, k(l]

Diagram shown with: vertical ruler (1), securely attached spring (1) and variable load [can be by impl.](1)

Measurements: clear statement how extensions measured (1)

Precautions: [Any 2 ( 1 of] Repeat readings with process ((), readings at eye level / use of pointer (()[could be from diagram], placing weights (not dropping) (()

Straight line (1) through the origin (1)

[Accept for 1 mark: Load ( extension or equiv.]

20 Nm-1 ((unit)) [or 0(02 N mm-1]
	1

6

2

1

[10]




	Question
	Answers / Explanatory notes
	Marks available

	2
	(a)

(b)


	(i)

(ii)

(i)

(ii)

(iii)


	If an object A exerts a force on object B, then B exerts an equal and opposite force on A.

[or: Action and reaction are equal and opposite and act on different bodies.]

Correctly shown forces [2 ( 1]

Correct descriptions – both needed (1)
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[image: image2.wmf]resultantappliedfriction
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Fapplied = (0(5 ( 4) (1) + 2(45 (e.c.f.) (1 – for the equation)


= 4(45 N (1)

[equation rearrangement on its own scores 1]


	1

3

2

1

3

[10]



	3
	(a)

(b)

(c)


	(i)

(ii)
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= 5(1 ( 1010 Pa (1) [N.B. 2nd mark for area/extension]

Surface bonds / bonds around crack are broken / not there (1)

Extra tension on inner bonds (1) which break (1).

Bond breaking continues (downwards) / crack propagates (1)

(Resin) resists crack propagation. [Accept resin is strong under tension]

Any 2 of: strong, tough, low density, rot/fire/water proof, easily molded. (2(1)
	3

4

1

2

[10]




	4
	(a)

(b)

(c)


	(i)

(ii)

(iii)
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( = 640 nm (1) ((unit)) [allow e.c.f. on a or y, but not both]

destructive [not deconstructive!]

Light travels different distances from slits (1).

Path difference = 
[image: image5.wmf]3
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Arrive completely out of phase (or 180( or 540() (1)


[image: image6.wmf]3
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	4

1

3

1

1

[10]



	5
	(a)

(b)


	(i)

(ii)

(iii)


	[Moment = ] F ( perpendicular (1) distance from pivot (1)

1(5 m (1).

Assumption: uniform / regular beam [or eqiv.]

I.
Pivot drawn between C and the 60 N force.

II.

[image: image7.wmf]60(1)(1)40(1)06m (1) [or equiv.]
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I.
point at which the [entire] weight of the body can be considered to act. [not mass or gravity]

II.
arrow through new pivot position.
	2

2

1

3

1

1

[10]




	6
	(a)

(b)

(c)


	(i)

(ii)

(i)

(ii)

(iii)

(iv)

(v)

(vi)

(vii)

(i)

(ii)

(iii)


	Transverse.

Correct example given, e.g. S-wave, e-m wave

Arrow draw vertically downwards.

0(4 m

Q labelled at 1(1 m from origin.

Wavelength

R labelled.

I.
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III.
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speed
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II.
Displacement = 0 (1) [or by impl.] ( velocity = 0 (1)

Any point labelled on the full line.

Any point labelled on the dotted line.

No. of loops / nodes doubles (1) as ( is halved (1)

[Complete qualitative answer ( 1 mark]
	1

1

1

1
1

1

1

2

2

1

2

2

1

1

2

[20]




	7
	(a)

(b)

	(i)

(ii)

(iii)

(iv)

(v)

(vi)

(vii)


	Each correct line (1) ( 4
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[image: image16.wmf]
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e.c.f. on candidate’s graph.
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	4

2

3

2
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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 is 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)


	I.
4(5 V

II.
0(45 A

III.
0(75 A

p.d. across 24 ( = 18 V (1) e.c.f.

p.d. across AC = 18 + 4(5 V (1)

[accept any legitimate method using I = 0(75 A]
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	1

1

1

2

3

2
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	2
	(a)

(b)

(c)


	(i)

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


v ( V [at a given temperature] (1)

but
I ( v [from I = nAve]

so
I ( V 

Ions vibrate less vigorously at 0(C (1) than at 100(C, [accept: free electrons’ random speed less] so collisions between [free] electrons and ions [or atoms or lattice] less frequent. (1)


	4

2

2

2

[10]



	3
	(a)

(b)

(c)
	(i)

(ii)

(iii)

(i)

(ii)


	Energy coverted [or work done] per unit charge [or per coulomb] (1).

[“total work” or energy converted to electrical or charge passing through cell ( (1) – i.e. 2nd mark]

1(6 V

0(20 (
Wastes cell’s energy (1) [accept: cell runs down] or cell [or wires but not ammeter] may get hot.

Total circuit resistance = 3(2 ( (1) or E = I (R + r).

I = 0(50 A (e.c.f. on r, unless r = 0)

5 cells (1) because circuit resistance = 4(0 ( (1) and 

(E = 8(0 V (1)
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	4
	(a)

(b)

(c)


	(i)

(ii)


	No neutrons (1); [only] one proton (1) [or electron]

(3(4 eV energy level labelled.

I.
14(6 eV

II.
removing the electron from the atom


[not adding an electron to the atom]

I.
10(2 eV

II.
Upward arrow drawn (1) between ground and 1st excited states (1)

III.
Atom [or electron] returns to ground state (1) emitting a photon (1) [or e-m wave or light]
	2

1

1

1

1

2
2

[10]



	5
	(a)

(b)

(c)


	(i)

(ii)


	· quantised [or equiv]

· transverse [or can be polarised]

· consists of oscillating E and B fields.

· travel through a vacuum

· travel at the same speed [in a vacuum]

Radio waves

Ultraviolet

Peaks in the same places. (1)

“Line spectrum” [or lines] instead of “peaks” or “same wavelengths” instead of “same places” (1)

I.
(min = 15 ( 10-12 m (1)


h = 6(4 ( 10-34 Js ((unit))(1) [e.c.f. for reading error in (min]


II.

	2

1
1
2

2

2

[10]




	6
	(a)

(b)

(c)


	(i)

(ii)

(iii)
	[Minimum] energy needed to cause the emission of an electron [from the surface].


[image: image21.wmf]k max
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[or equiv. e.g.
[image: image22.wmf]2
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copper (1) because u-v photon (1) carries more energy than visible. (1)


Increase p.d. (1) from zero [accept ‘vary p.d.’] until current drops to zero (1). Read the p.d. (1). Multiply by e (1).

Vertical axis labelled (1) and sensible scale chosen (1).

Points correctly plotted (1).

Extrapolation or putting values into equation (1).

( = 29 ( 10-20 J [accept 26 – 30] ((unit)) (1)

[N.B. Minus sign penalised].

I.
equal

II.
gradient is Planck’s constant

III.
line drawn which is parallel [by eye] and lower down
	1

1

3

3

4

3

2

1

1
1

[20]




	7
	(a)

(b)

(c)


	(i)

(ii)

(i)

(ii)

(i)

(ii)


	P = VI [or equiv.] (1)

I = 4(0 V (1)

0(16 (
I.

II.
A = 1(99 ( 10-6 m2
Volume of metal = Al [or by impl.] (1)

Cost of copper = £169 (1)

Cost of Aluminium = £95 (1)

[correct ratio (1(8) → full marks] 

I.
222 V (2) [226 V → 1 mark]

II.
230 V (1), because zero p.d. in wires (1)

I.
5750 W ((unit))

II.
Energy = 5750 W (e.c.f.) ( 3600 s (1)



= 20(7 MJ (1) [or by impl.]


Cost = 104 p. [£1.04] (1)


III.
1 unit = 3(6 MJ (1)


cost = 
[image: image23.wmf]207(e.c.f.)
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	2

1

3

1

3

2

2

1

3
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PH3 Mark Scheme – May 2006

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)
	
	Air resistance [or drag] increases (1) to become equal to weight [or gravitational force] (1).
	2

	
	
	
	
	

	
	(b)
	
	Weight [or mass] / shape / c.s.a
	1

	
	
	
	
	

	
	(c)
	
	Description with h ( 1(5 m (1)

Repeat readings / accurate technique (1)

Use of 
[image: image24.wmf]distance

speed

time

=

(1)
	3

	
	
	
	
	

	
	(d)
	
	Table: All units correct [including v2] (1)

Significant figures correct for v and v2. (1)

Calculation v and v2 correct. (1)
	3

	
	
	
	
	

	
	(e)
	
	Graph: Axes correct with units (e.c.f. from table)(1)

Sensible scales (1)

All points correctly plotted ± ½ square (1)

Line of best fit drawn [to suit data] (1)
	4

	
	
	
	
	

	
	(f)
	
	Comments relating to data: e.g.

Straight line graph (1) through the origin (1)
	2

	
	
	
	
	

	
	(g)
	(i)
	Radius measured and expressed to nearest mm (1)

Area correctly calculated, with units and 2/3 s.f. (1)
	2

	
	
	(ii)
	Correct manipulation
[image: image25.wmf]2
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Point on line of best fit chosen. (1)

Correct result. (1)
	3

	
	
	
	
	[20]



	Experiment
	Answers / Explanatory notes
	Marks Available

	2.
	(a)
	(i)
	Circuit diagram:

Potentiometer (1)

4/5 symbols correct [apart from the potentiometer] (1)

Correct circuit. (1)


	3

	
	
	(ii)
	Potentiometer / potential divider
	1

	
	
	(iii)
	Correct reading to 2 d.p. with unit.[regard any supervisor’s comments]
	1

	
	
	
	
	

	
	(b)
	
	Table: All readings correctly taken/inserted (1)

Consistent s.f.s (1)

Vmin average correct. (1)
	3

	
	
	
	
	

	
	(c)
	
	Vmin ( ( constant (1)

At least 2 calculations shown. (1)
	2

	
	
	
	
	

	
	(d)
	(i)
	Js [accept: J Hz-1 / kg m2 s-1]
	1

	
	
	(ii)
	h calculated correctly (1)

4 values of h obtained. (1)

Mean calculated (1) and expressed to 2 or 3 s.f. (1)
	4

	
	
	(iii)
	Maximum and minimum values of h identified. (1)

% uncertainty calculated. (1)
	2

	
	
	(iv)
	e.g. Larger range / blacked out room 
	1

	
	
	(v)
	Young’s slits / diffraction grating (1)

Brief description or statement 
[image: image26.wmf]sin
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(1)
	2

	
	
	
	
	

	
	
	
	
	[20]




	Experiment
	Answers / Explanatory notes
	Marks Available

	3.
	(a)
	(i)
	Height above bench measured in at least 2 places
	1

	
	
	(ii)
	Length to nearest mm with units.
	1

	
	
	
	
	

	
	(b)
	
	Table:

Clear table and headings with units. (1)

Full range used [0(1 ( 0(8 m] (1)

(5 sets of readings (1)

Repeat readings taken. (1)

All readings to the nearest mm (1)
	5

	
	
	
	
	

	
	(c)
	
	Graph:

Axes correctly oriented and labelled [including units – e.c.f.] (1)

Good scales [( ½ available extent used] (1)

All points correctly plotted [± ½ square] (1)

Line of best fit drawn [N.B. not through (0,0)] (1)
	4

	
	
	
	
	

	
	(d)
	(i)
	Triangle drawn on graph /  relevant points clearly identified (1)

Gradient calculated [no unit or s.f. penalty] (1)
	2

	
	
	(ii)
	Intercept with y-axis used. (1)

Correct value to nearest mm. (1)
	2

	
	
	
	
	

	
	(e)
	(i)
	Extension correct to nearest mm.
	1

	
	
	(ii)
	k calculated correctly – answer agrees with centre data (1)

Correct units (1)
	2

	
	
	
	
	

	
	(f)
	
	Correct calculation (1)

Suitable comment. (1)
	2

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	[20]




 PH4 Mark Scheme – June 2006 

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 is 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)

 (i)

(ii)


	
[image: image27.wmf]1
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[image: image28.wmf]2
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r was taken as 0(25 m [or equiv.] (1)

[Forced oscillations are] oscillations of a[n oscillatory] system subjected to a periodic (1) [or oscillatory or sinusoidal] [driving] force (1).

The driving force is provided by the unbalanced load rotating (1). Resonance [or shaking] occurs when the drum frequency is close to the natural frequency [or the drum and springs system] (1).
	3

2

2

2

[10]




	2
	(a)

(b)


	(i)

(ii)

(i)

(ii)

(iii)


	Equation involving momenta (1)


[image: image29.wmf]016602012(1)[or equiv.]

v
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v = 4(0 ms-1 (1)


Initial KE = 1(8 J (1)

Final KE = 1(8 J [with working] (1) e.c.f.

Same, so elastic. e.c.f. (1)


[image: image30.wmf]016003(1) [or equiv. or by impl.]
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( = 2(0 ms-1 (1)

Ek = 0(60 J

The ‘missing’ energy is [elastic potential energy] in the springs.
	3

3

2

1

1

[10]



	3
	(a)

(b)

(c)


	
	mgh cited [or by impl.](1)

division by 3600 attempted. (1)

2(9 (1) W(1)


[image: image31.wmf]rms

[rms]
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 by impl.](1)
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Work is done against (1)…
[or on water, or by pump]

…fluid resistance (1)… [accept: resistive/viscous forces]

resulting in a gain in internal energy (1) [or a gain in random molecular energy]

[N.B. transfer of heat motor/pump ( water scores (1)]
	4

3

3

[10]




	4
	(a)

(b)


	(i)

(ii)

(i)

(ii)

(iii)
	Correct method attempted (1) :( use of CR = 1(5 s and Q0 = 20 (C to calculate a value of Q at a given time t; attempt to read of time at which Q = 0(37Q0 etc.

Manifestly correct execution (1)

190 k(: Correct significant figures (1) correct unit and order of magnitude (1)


[image: image32.wmf]Q
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attempt to find gradient [tolerate slips in powers of 10] (1)

5(5 (A≤ I ≤ 7(0 (A ((unit)) (1)

substituting of correct I  and Q [10(0 ( 10(5 (A] (1)

correct evaluation (1)
	2

2

1

3

2
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	5
	(a)

(b)


	(i)

(ii)

(i)

(ii)

(iii)

(iv)
	0(12 A


[image: image33.wmf]C
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C = 7(6 (F (1)


Correctly labelled diagram (2)

[Diagram with VL and VC swapped ((1)]

16 V


[image: image34.wmf]22
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	6
	(a)

(b)

(c)

(d)

(e)

(f)
	(i)

(ii)

(i)

(ii)

(iii)

(i)

(ii)

(iii)


	0(0375 m [± 0(0005 m]

6 intervals of 0(050 s for a ½ cycle [or equiv.]

[Motion in which] the acceleration is proportional to the displacement from a fixed point (1) and directed towards that point (1). [or equiv.]

0(019 m [accept 0(018 m]


[image: image35.wmf]2
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[or 10(5 rad s-1 or 600(s-1 or by impl.]

t = 0(050 s correctly substituted. (1)


[image: image36.wmf]sin

At

w

correctly evaluated (1) [e.c.f. on A and t] (1)

Attempt to divide PQ by 0(01 s (1)

0(37 ms-1 or 0(38 ms-1. (1)


[image: image37.wmf]1

rms

(1)039ms

VA

w

-

==×

[e.c.f. on A and (] (1)

Vmax occurs at x = 0 [or equilibrium] (1).

V slowly varying near maximum (1)

Lowest position labelled R.


[image: image38.wmf](

)

2

2

max

max

-2

or equiv. e.g. (1)

41mse.c.f. (1)

v

aAa

A

w

éù

==

êú

ëû

=×


Resultant force = (0(15 ( 4(1) N (1) [=0(62 N]

Gravitational force = 0(15 ( 9(8 N (1) downwards [=1(47 N]

(Force from spring = 2(1 N (1)
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	7
	(a)

(b)

(c)


	(i)

(ii)

(i)

(ii)

(iii)

(iv)

(i)

(ii)
	number of moles [of gas] [accept: amount of gas]

I.
pV = nRT  (1) [or by clear implication]


convincing algebra (1)

II.
Sum (1) of kinetic energies of molecules (1)


[or total (1) KE of molecules (1)]


[accept: no. of molecules ( mean KE (2)]

I.
Intention [stated or implied] of finding the area (1) under the curve.
Correct method (1): e.g. trapezium, rectangle and triangle, square counting [if clear and correct!]
Answer in range 280 – 330 J. (1)

II.
[If AB treated as straight] estimate too large (()


[If small squares counted] ± 5 J or other sensible ans. (()

I.
2(0 ( 350 = n ( 8(3 ( 420 (1) [or equiv.]



n = 0(20 mol (1) [(1 for graph-reading slips]

II.

[image: image39.wmf]33150

02083

T

×´

=

×´×

 [e.c.f. on 0(20] or 
[image: image40.wmf]33150

420(1)

20350

T

×´

=´

×´



T = 300 K (1)

(T = ( 122 K (1) / 
[image: image41.wmf]33

22

02832980283420

U

D=´×´×´-´×´×´


(U = ( 300 J (1) [penalty (1 if sign incorrect]

Q = (U + W (1) [or by impl.]

Q = 0, so work done by gas = loss in U. (1)
Comments based upon answers to b(i) and b(ii) (1)

[e.c.f. If (U + W ≠ 0 the rôle of errors needs discussing.]

Downward line through A added to graph.

heat
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2
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PH5 – Mark Scheme – June 2006 

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 is 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)
	
	(-particles absorbed (1) by watch casing (1) [or equiv.]

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


= 26 ( 106 ( 5(5 ( 106 [( 1(6 ( 10-19] (1)


= 2(3 ( 10-5 W [or 1(43 ( 1014 eVs-1((unit))] (1)


[image: image42.wmf]1

2

10-1

ln2

(1)32310s

T

l

-

==×´

 [or 1(02 ( 10-2 yr-1 ((unit))] (1)


[image: image43.wmf]00

6

exp()or2(1)

17310 Bq (1)

n

AAtAA

l

-

=-=

=×´


Products [of decay chain] are radioactive (1), 
emitting ( [or (] (1) [not induced radioactivity]
	2

3

1

2

1
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	Question
	Answers / Explanatory notes
	Marks available

	2
	(a)

(b)


	(i)

(ii)

(iii)

(iv)
	
[image: image44.wmf]56

26

Fe

has 26 protons and 30 neutrons (1) [or by impl.]

attempting 
[image: image45.wmf]26p + 30n5592067(1) 

56 (1)

-×

or 8(8 MeV/1(4 ( 10-12 J

Ordinate labelled 

“[Mean/average] binding energy per nucleon” (1)

Abscissa labelled “no. of nucleons / nucleon no. / mass no.” (1)

[It is a] single proton [not bound to another nucleon] / only one particle in the nucleus. [not: it has no neutrons]

Region above A ~ 200 indicated

Neutron capture → fission (1)

Fission → several / many neutrons (1)

Other relevant point w.r.t. moderator, control rods or chain reaction. (1)
	3

2

1

1

3

[10]



	3
	(a)

(b)


	(i)

(ii)

(i)

(ii)
	change = final ( initial [or by impl.] (1)


= ( 56 kV ( (( 45 kV)


= ( 11 kV (1)

Work done = q(V (1) = [(]4(62 mJ ((unit)) (1) [ignore sign]

W is negative so gains Ek [or equiv.] (1)

[e.g. “force in direction of motion”]
4(62 mJ [by conservation of energy] (1)


[image: image46.wmf](1)

V

E

d

=±

[either sign acceptable]
[image: image47.wmf]-1-1

1375 Vm/JC(1)

=


[Field direction is] from P to Q [however clearly expressed] (1) 

because E = ( potential gradient [or equiv.] (1)


	4

2

2

2
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	4
	(a)

(b)

(c)


	(i)

(ii)


	Einduced ( [accept = ](1) rate of change of flux [linkage](1)

[or equation (1) + terms defined (1)]


[image: image48.wmf]in

0

2

00

rate of change of current(1)[or by impl.

]

(1)

or(1)

[subst + manip] (1) 

EL

LNAn

VAlNnl

LnlAnnV

m

mm

=-´

\=

==

\==



[image: image49.wmf]73

(1):0109H [1)

0053

dIE

L

dI

dt

dt

×

===×

×



[image: image50.wmf]23

0

2

0

.(1)00139 m(1)

L

LnVV

n

m

m

=\==×


	2

4

2
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	5
	(a)

(b)

(c)


	(i)

(ii)


	Minimum of 2 concentric circles drawn, clockwise from above(1).


[image: image51.wmf]7

41038

(1)76

201

B

p

p

-

´´

==

´×

(T ((unit))(1)

[accept 10 cm for the 1st mark]

Brief statement to effect that FM = FE (1)


(Bqv = qE (1)

[image: image52.wmf]H

 (1)

V

EInAvq

d

==

and


Subst and manip: 
[image: image53.wmf]H

1

(1);[or shown on diagram] (1)

BIddd

Vd

nAqAtdt

===

´



[image: image54.wmf]5

H

(1)[manip]7210

Vtnq

B

I

-

==×´

(T (1)
	1

2

5

2
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	6
	(a)

(b)

(c)

(d)


	(i)

(ii)

(iii)

(i)

(ii)
	e-m waves have oscillating E (or B) field (1), which forces electrons to oscillate(1). The oscillating electrons produce e-m waves (1). The electrons oscillate in phase [or coherently] with the incident wave (1).


[image: image55.wmf]2

1

k

2

 (1)

Emvpmv

==

and


Algebra correct (1) e.g. 
[image: image56.wmf]222

k

2

Emmvp

´==

(1)

[dimensional analysis → 1max.]


[image: image57.wmf]2

k

(1);subst in 2(1)

h

pmE

p

l

==



[image: image58.wmf]2

2

kk

2

2;but (1)

h

pmEEqV

l

===


Algebra: 
[image: image59.wmf]2

2

(1)645 V

2

h

VV

mq

l

=\=

(1)

4(5 ( 10-11 m ~ (order of) atomic spacing (1)

4(5 ( 10-11 m < atomic spacing (1).

[accept 4(5 ( 10-11 m≤ atomic spacing (2)]


[image: image60.wmf]327

4

3

(1);mass1216710 kg (1)

Vr

p

-

==´×´


( = 3(1 ( 1017 kg m-3 (1)

neutron has Q = 0 (1)

charge of udd = 0 (1)

charge = 
[image: image61.wmf]221

333

1(1)

+-=

; consistent with proton [or (+](1)
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2

5
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2
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	7
	(a)

(b)

(c)


	(i)

(ii)

(iii)

(i)

(ii)

(i)

(ii)

(iii)
	
[image: image62.wmf]2

2

(1)(1)

mvGMm

rr

=


manipulation (1)→
[image: image63.wmf]2

GM

v

r

=



[image: image64.wmf]2

[or equiv](1); (1)

vr

T

p

ww

==


substitution of both into 
[image: image65.wmf]2

E

(1)

GM

v

r

=

; manipulation (1)

T = 24 ( 60 ( 60 s [or by impl.] [= 86400 s] (1)


[image: image66.wmf]11242

36

2

67105981086400

(subst 1)4210 m(1)

4

rr

p

-

×´´×´´

==´



[image: image67.wmf][

]

66

(1)

(1)531 MJ

42106410

GM

V

r

GMGM

V

=-

D=-+=×

´×´


(Ek = m(V (1)= 2(7 (1010 J


[image: image68.wmf]29

11

k

22

(1)2410J(1)

GM

Emvm

r

==´=×´


Applying Conservation of Energy (1)


[image: image69.wmf]pk

EEE

=D+D

[→1st mark by impl.] = 2(94 ( 1010 J (1)

Need to provide KE [and/or PE] for rest of rocket

[or inefficiency of rocket engine]
	3
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PH6 – Synoptic Paper – Mark Scheme – June 2006 

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 is 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)


	(i)

(ii)

(iii)
	
[image: image70.wmf][or in words](1)30 GPa

E

s

e

==

((unit)) (1)

Area = ½ ( base ( height (1) [= 6 MJ]

Work done = Area ( volume (1) = 3(5 J (1)


[image: image71.wmf](1) Force 432 N (1)

F

A

s

=\=


( = 0(0167 [accept 0(0165 ( 0(0168] (1)

x = 0(0134 m [accept [0(0132 ( 0(0135] (1)

(length = 81(3 cm (1)
	2

2

1

2
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	2
	(a)

(b)


	(i)

(ii)

(iii)

(iv)

(v)

(vi)

(vii)

(viii)


	
[image: image72.wmf]1(32 ( 10-27

[image: image73.wmf]19

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

39610J (1)

Ehf

-

=

=×´


1(65 ( 107 W


[image: image74.wmf]7

19

16510

(e.c.f.)

39610

-

×´

×´

(() [= 4(17 ( 1025] N.B. method

Force is rate of change of momentum [of the photons] (1)

4(2 ( 1025 ( 1(32 ( 10-27 = 0(055 N (1)

[alt for 1st mark: Force on sail is [equal and] opposite to force on the photons [by N3]]

F = ma (1). (a = 4(6 ( 10-5 m s-2 (1)

v = [u +] at (1) = 1450 m s-1 e.c.f. (1)

(p of photons ( 2


[image: image75.wmf]5

(1);(1)

1310 m (1)

M

VAt

V

M

t

A

r

r

-

==

\==×´


	1

2

1

1

2

1

2

1

3
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	3
	(a)

(b)

(c)

(d)

(e)

(f)

(g)


	(i)

(ii)

 (i)

(ii)
	[One in which] no kinetic energy is lost.


[image: image76.wmf]222

111

12

222

(1)

mumvmv

=+


cancel the 
[image: image77.wmf]1

2

m

’s (1)





correct triangle / parallelogram (1)

arrows and labels u, v1 and v2. (1)

rt angle (1)

D1 increases ( y increases (1)

D2 increases ( y increases (1)

d increases ( y decreases (1) [accept d cannot change!]

( increases ( y increases (1)

( is smaller [for blue] (1)

( is smaller [so more resolution] (1)

If I increases W increases [or converse] (1), so ( decreases [and hence improved resolution] (1)

W = 0(002 m (1) [from passage]

( = 4(9 ( 10-7 m (1)

More diffraction [when W decreases]

( = 0 (1)


[image: image78.wmf][

]

22

12

0909(1)127 m

DD

==×+×=×



[image: image79.wmf]002005251

066 mrad (1)

127127

q

×´×´

==×

×´×
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	4
	(a)

(b)

(c)

(d)

(e)

(f)


	(i)

(ii)

(i)

(ii)

(iii)

(iv)
	
[image: image80.wmf]-23

Nm and   m(1)

[l.h.s.] Nm = J (1)

pV

pV

==

==



[image: image81.wmf]-1-1

mol [accept dimensionless], J K[mol], K 

(1)

nRT

===


[r.h.s. = ] nRT = J (1)

Graph: Both axes labelled (1), points all correctly plotted (2), with ± 0(1 kPa error bars (1).

Steepest (1) and least steep(1) lines drawn.

[Any valid line ( 1 if marks 5 and 6 not given]

Straight line (1) [or by clear implication]

passes close to (0, (273) [or equiv.] (1)

Best-fit line close to data points [or other subj. statement] (1)

Best-fit line through all error bars (1) [implies 3rd mark too]

( 273(C (1)[2/3 s.f.]
±
10(C (1)

[allow ±5]

[allow 15 ( 3(C]

correct s.f. and unit present for both e.g. ((273±10)(C (1)

Method for measuring gradient [e.g. good-size (] (1)

steepest m (1) least steep m (1) consistent with lines.

[N.B. No units needed, no s.f. penalty]

Mean correct (1); error = ½ difference (1) [or greater difference between extreme line and best fit]

Convincing argument e.g. 
[image: image82.wmf]nR

pT

V

=

 c.f. y = mx

[image: image83.wmf]total masstotal mass

  (1)

n

MV

r

==

or


substitution and re-arranging (1)

gradient 
[image: image84.wmf](1)

nRR

VM

r

==


M = 0(040 kg/mol [conversion] (1)


[image: image85.wmf]35(e.c.f.)0040

822

017

R

´×

==×

×

J mol-1 kg-1 [3 s.f. max] (1)

% error 
[image: image86.wmf]100(1)

m

m

D

=´


R = 8(2 ± 0(4 J mol-1 kg-1 [accept 0(1 ( 0(6 ] (1)

[N.B. Not accessible if candidate has used parallel-fit lines]

[Accept answers similar to 8(22 ± 0(18 J kg-1]
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PH6 Investigative Task Marking Scheme – June 2006

General Points:

1. In each field, a mark of 2 represents the performance of moderate candidate, who has tackled the marking points competently. A mark of 1 is a very weak, but still A-level, performance. 0 is only awarded when there is no evidence.

2. In some of the fields, e.g. A1, three sub-factors have been identified, each of which attracts a possible mark of 1. In this case the total mark is the sum of the three sub-marks.

3. Four fields (A2, B4, B6 and E15) are teacher assessed. 

	Field
	Description
	Assessment Notes

	A1.
	Consider appropriate methods
	1 method ( 1 mark

Relevant independent background research ( 1 mark

More than 1 method ( 1 mark

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

	A3.
	Planned an effective strategy.
	Factors considered:

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

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


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

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

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

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

Range of instruments given ( 1 mark

Sufficient number of readings ( 1 mark

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


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

The table should be clear with headings ( 1 mark

Repeat readings should be shown( 1 mark

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

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

All instrument resolutions given ( 1 mark

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

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

	C9.
	Graphs
	For the main graph:

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

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

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


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

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

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

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

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

· Correct error quoted, with justification

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

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

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

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

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

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


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

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

· A full answer to the brief of the investigation.

· Confirmation of a mathematical relationship.

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

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

The report should not be repetitive.

Spelling, punctuation and grammar should be sound.

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

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

· Internet research - with web sites listed.

· Spreadsheet package (e.g. Excel)

· Draw package.

· Relevant imported images / digital photographs.

[N.B. Hand-drawn graphs allowed.]
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e.c.f. N.B. any length can be used for comparison.
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Alt: use of relative velocities (1).
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