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PH1 – WAVES, LIGHT & BASICS
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PH4 – OSCILLATIONS & ENERGY




INTRODUCTION

The marking schemes which follow were the ones used by the WJEC for the JANUARY 2004 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.

PH1 Mark Scheme – January 2004 

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
	
	

	1
	(a)

(b)


	(i)

(ii)

(iii)

(iv)


	Any two of:

· ‘mass’ used instead of ‘force’

· ‘perpendicular’ needs to be specified

·  correct reference to dimensions or units

Moment = force ( perpendicular distance

or 
27 = 90 ( d  or  
[image: image1.wmf]27

90

d

=

 (1)

d = 0(3 m. (1)

Either:
or


[image: image2.wmf]0

perpendicular distance03sin40(1)

019m
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[image: image3.wmf]0

cpt of F at 9090cos50(1)579N

moment57903(1)
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==×
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Pedal drawn vertically down (1); up (1)

perpendicular distance from pivot = 0 or line of action passes through O.
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	2
	(a)

(b)

(c)
	(i)

(ii)


	1(96 N ((unit)) (1)

correct values of applied force used (1)

all points plotted correctly (½ squares (e.c.f.) (1)

best-fit line (e.c.f.) (1)

I
0(35 ( 0(02 m [e.c.f. on best-fit line] (1)

[image: image51.wmf]04 V(1)
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(1) [or by impl.] gradient 
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straight line drawn, gradient < original (1), ½ original (+1)
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	3
	(a)

(b)

(c)
	(i)

(ii)

(iii)


	
[image: image7.wmf][
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Angle of incidence [in water] at boundary (1)> (c (50(30) + reference made to all the light being reflected (1)

or diagram to show t.i.r. (1), with angle of incidence > (c (1)

ray drawn with i > (c and i = r (by eye)(1)
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	4
	(a)

(b)

(c)
	(i)

(ii)

(iii)


	Tension unit – kg m s-2 [dimensions M L T-2](1)

v2 – m2 s-2 [L2 T-2] (1)

[image: image52.wmf]20 V

(1)320(1)

0005A

80(1)

R

×

=-W

×

=W

[image: image53.wmf]04 V(1)

(1)

0005A

80(1)

R

×

=

×

=W

equation RHS: 
[image: image10.wmf]-2

2-2

kg m sm
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kg

==
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correct manipulation of RHS (1)

5

standing wave is a result of interference [accept superposition] (1) between two [progressive] waves travelling in opposite directions (1) [or ref. to reflection at pulley]


[image: image11.wmf]-1
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(1)or equiv. or by impl.
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So v reduced by a factor of 
[image: image13.wmf]4
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	5
	(a)

(b)


	(i)

(ii)

 (iii)

(iv)
	[use of thinking dist. and speed] t = 0(67 m s-1
[image: image55.wmf][
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[image: image15.wmf](1)
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2940 N (1)

Fma
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=´×
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Stopping distance = thinking dist (1) + 2 (braking dist (1)


 = 21 + 2(75


 = 171 m (1)

No because (e.g.) air resistance decreases with decreasing speed, or answer based upon increase friction with a loaded car.
	1

2

2

2

1
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	6
	(a)

(b)


	(i)

(ii)

(iii)

(iv)

(v)

(vi)

(vii)

(viii)


	Attempt to calculate area correctly, e.g. ½ b(h or square-counting. (1) Answer in range 48 – 60 m. (1)

reasonable tangent drawn at 6(0 s. (1)

correctly read data manipulated e.g. 
[image: image16.wmf]-1

17m s

90 s

×

(1)

answer in range 1(80 – 2(20 m s-2 (1)


[image: image17.wmf]80(1)189[e.c.f.]151N (1)

res

F
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[range 144 N – 176 N]

Fres = weight – air resistance [or equiv.]

air resistance 
[image: image18.wmf](

)

[

]

8098151e.c.f.(1)

=´×-

= 633 N (1) 

[accept 604 N – 640 N]

slope related to acceleration (1)

resultant force related to acceleration (1)

air resistance increases with speed / time (1)

Fres or accel related to air resistance [or at terminal velocity, air resistance balances weight](1)

784 N (1)

R labelled at t 
[image: image19.wmf]³

15 s (1) 

Graph drawn showing speed at 1 s in range 8 – 10 m s-1 (1)

Graph levelling off indicating a terminal velocity > 37 m s-1 (1)[even a slight negative curvature is acceptable]

same (1) because the weight remains constant [or air resistance = weight] (1)
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	7
	(a)

(b)


	(i)

(ii)

(iii)

(iv)

(v)

(vi)

(vii)

(viii)

(i)

(ii)

(iii)

(iv)


	speed of waves 
[image: image20.wmf]-1

distance168

(1)21 cm s(1)

time08

×

===

×

 ((unit))

The minimum [accept shortest] distance between two particles / points on the wave [or the distance between successive points] (1) oscillating in phase (1).

[Distance between two peaks / troughs ( 1 only]

3 cm or 0(03 m


[image: image21.wmf][
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double headed vertical arrow 
[image: image23.wmf]b

 drawn in sensible position

900 or ¼ cycle. [accept (/2 radian]

Q marked on any trough.

Whenever two waves are travelling in the same region [ or equiv] the total displacement at any point is equal to the vector sum of their individual displacements at that point.

[underlined part (1), correct context (1)]

S1R = 11(0 cm, S2R = 12(5 cm (1) [or by impl.]

path difference = 1(5 cm (1)  = (/2 (1) [e.c.f. from (a)(iii)]

destructive interference (1) [one of previous marks required]

0 cm (1) [e.c.f.]

constructive
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PH2 Mark Scheme – January 2004 

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)
	(i)

(ii)

(iii)


	
[image: image24.wmf]0

0

 resistance at [temperature]  Celsius (1

)

resistance at 0 C (1)

R

R

q

q

=

=


recognisable and usable temperature scale [no units penalty](1)

points plotted reasonably and good line drawn (1)

R0 determined as 12(0 [(0(2] ( [accept 12 (] (1)

( = 0(0040 [(0(0005] 0C-1 [or K-1] (1) [e.c.f. on R0 and line]

Correct re-arrangement of the equation [or by impl.] (1)

R300 = 12 (0 ((1 + 0.004 (300) ( (1) [e.c.f. or equiv]

       = 26 ( (1) [e.c.f. on ( and R0]

Any reasonable response [e.g. melt, non-linear]
	2

4

3

1

[10]


	2
	(a)

(b)


	(i)

(ii)

(iii)

(iv)

(v)

(vi)
	6(0 (
If they were [in series], the resistance of the combination would be greater than 10 (, not less. [or equiv.]

1(5 A

1(0 A


[image: image25.wmf]15 V

(1)15
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[image: image26.wmf]111

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

1015

6 emerging from calculation (1)

R

R

=+

=W


[or any valid consistency check: 1 mark for correct formula; 1 mark for convincing check]

[N.B. if (vi) left blank, give one mark here for parallel R formula used correctly in (v)]

(iv) II (1). Idea that current is charge flowing per second, or correct reference made to currents ‘splitting’.
	1

1

1

1

1

2

1
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	3
	(a)

(b)

(c)


	(i)

(ii)

(i)

(ii)

(i)

[image: image56.wmf]2

1

(1)

3

Nmc

p

V

=

(ii)

(iii)
	Correct division attempted [or by impl.] (1)

320 ( (1)

Very large [accept infinite or > 320 (]

Current not proportional to p.d. or graph not straight

[accept R not const. only if (a) correct]

[filament] lamp or other correct answer [e.g. thermistor, capacitor, superconductor but not silicon, LED]

lowest point / nearest B / B

[image: image57.wmf]2

c


or
or

B joined to bottom line directly.
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1
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	4
	(a)

(b)

(c)

(d)
	(i)

(ii)

(i)

(ii)


	attempt to divide current by e (1) [or statement that change [reaching target] per second = 2(0 mC or by impl.]

1(3 ( 1016 [electrons s-1] (1)

Any two valid points:

e-m waves   comprised of photons   travel at same speed in vacuo       interfere (or other wave properties) etc.

[not ‘both invisible’]

frequency of X-rays greater / X-ray photon energy greater / X-rays ionise ….

Graph with hump for continuous spectrum + non-zero intercept (1). Vertical spikes (1)

Continuous spectrum labelled

Electrons decelerate [as they hit the target] (1) and emit a range of frequencies of e-m radn (1) [or lose energy in a series of steps
	2

2

1

2

1

2
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	5
	(a)

(b)


	(i)

(ii)

(iii)

(i)

(ii)

(iii)


	I
10

II
4

P and S  or Q and R

P and R (1)

Same number of nucleons [or same mass number or proton has nearly same mass as neutron] (1)

Arrow [allow upwards] drawn between bottom two energy levels.


[image: image27.wmf]-7

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


infra-red [e.c.f.]. [Accept ‘visible’ because 790 nm is very close to the spectral boundary.]
	1

1

1

2

1

3

1
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	6
	(a)

(b)

(c)

(d)


	(i)

(ii)

(i)

(ii)

(iii)

(iv)

(i)

(ii)


	Light / u-v shown on diagram or correct reference made (1)

Emissive surface shown or correct reference made (1)

Diagram of either gold leaf electroscope with metal plate or two electrode vacuum photocell [glass envelope required] (1)

Potentials correct (1) i.e.


Detection method [i.e. gold leaf goes down, or current detector registers] (1)


[image: image28.wmf]2

1

2
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[or equiv.]

mvhf

f

=-

  [accept KEmax, Emax etc.]

I
(
II
hf     [accept f]


[image: image29.wmf]19

219

1
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4610J (1) [or by impl.]

1610J (1)

hf
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[image: image30.wmf]19

0810J

-

×´



[image: image31.wmf]19

1610J (1) [e.c.f. from (i)

-

×´


because photons don’t co-operate / the most energetic electrons come from the most energetic photons or equiv. (1)

No emission (1)

Photon energy < ( or electrons not given enough energy to escape (1) [or equiv. accept numerical solution, giving putative negative electron K.E. for the second mark, if 1st awarded]

A = [thin] foil or crystal or powdered crystal (1)

B = electron beam [accept ‘electrons’](1)

Concentric (1) circles (1) [or pattern (1) of dots (1)]

This is a diffraction (1) [accept ‘an interference’] pattern


	5

1

1

1

2

1

2

2

2
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	7
	(a)

(b)

(c)


	(i)

(ii)

(iii)

(i)

(ii)


	Energy per unit charge [or per coulomb] (1) given to charge passing through a cell (1) [or converted [from chemical] to electrical energy as charge passes through]

0(012 (
Battery e.m.f. = 12 V (1) [or by impl.]

Use of V = E – Ir (1) [or by impl.] or Ir = 2(2 V.

V = 9(8 V.

[Calculation, based on r = 0(002 ( or E = 2 V, scores 2]


I

II

[image: image32.wmf][

]

(1)12 kW (1) (()) e.c.f. from (iii)(I)

PIV

==

unit


III
Battery might explode (1) or acid might boil or anything sensible e.g. sparks.

Greatest possible current is on short circuit [or by impl.] (1)


[image: image33.wmf]15 V

(1)50 A [or in words]

03 

n

I
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´×

==×
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I
II
Correct use of 
[image: image34.wmf]2

Ar

p

=

 (1) or 
[image: image35.wmf]2

4

d

A

p

=

 , irrespective of slips, e.g. omission of 4


d = 4(0 mm (1)

III
Ideally diameter larger (1) to reduce resistance (1) [or to reduce voltage drop / energy loss or to increase current]


	2

1

3

2
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3

2
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PH4 Mark Scheme – January 2004 

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 needs 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)

(i)

(ii)


	
[image: image36.wmf](1)(1)

[504 kJ]

202 s (1)

powertimemc

time

q

´=D

=

\=


too small (1)

heat loss (1) [e.g. throught walls/lid , by evap./ to kettle]


[image: image37.wmf][

]

heat loss

(1)or by impl.756 (1) W(1)

time taken

=

 [accept Js-1]


[image: image38.wmf][
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[

]

0

7560750080(1)or by impl.,ecf on756
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38C(1)

q

q

D

=-×´×´

×

D=


	3

2

3

2
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	2
	(a)

(b)


	(i)

(ii)


	Free oscillations occur when a system is displaced [disturbed etc.] and then released. (1)  Forced oscillations are produced by the action [on a system] of a periodic (1) [or sinusoidal or simple harmonic] [driving] force(1).


[image: image39.wmf]2

(1)

2(1)

so51 N (1)

Fmr

f

F

w

wp

=

=

=


Driving force frequency drops [gradually] from 40 Hz to 0 (1) [or by impl]. [Part of]casing has its own natural frequency (1).

Amplitude max. when driving f = natural f (1)

This is resonance (1)


	3

3

4

[10]



	3
	(a)

(b)


	(i)

(ii)

(iii)

(iv)
	A body’s rate of (1) change of momentum is proportional to [accept ‘equal to’] the [resultant] force acting on it (1) [and is in the direction of this force].

Correct ( used (1)[or tangent drawn]

correct method for slope calculation (1)

F = 1(5 [(0(2] N (1)

Slope is zero (1) [except during collision]. [Accept: ‘A doesn’t lose momentum’]

0(30 kg m s-1 [or Ns] (1) [in same direction as A]

momentum of system stays constant (1) 
[or momentum gained by B = momentum lost by A or equiv.]

Graph drawn with correct shape – rise confined to between 0(9s and 1(1 s. (1). Final momentum = 0(30 kg m s-1 (1) [e.c.f.]


	2

3

1

2

2

[10]




	4
	(a)

(b)


	(i)

(ii)

(iii)


	
[image: image40.wmf][

]

(1)or by impl.040 F (1)

Q
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==×m



[image: image41.wmf]0
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oror


· Dipoles (or equiv.) are formed

· Existing dipoles (or equiv.) are aligned

· Electrons displaced rel. to nuclei.

· Electrons displaced (+ plate (or equiv.)


[image: image42.wmf][
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(1)[or by impl.]
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μF (1)or by impl.
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μC24μC (1)or by impl.

42V(1)e.c.f. on 26 
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VQ
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	5
	(a)

(b)

(c)
	(i)

(ii)

(i)

(ii)

(iii)
	( [or equiv.]

0 [Hz]

6(0 ( [or 6 (]


[image: image43.wmf][

]

r.m.s.

r.m.s.

r.m.s.

(1)or equiv. or by impl.

020A (1)

V

Z

I

I

=

=×


Correct substitution of figures 
[image: image44.wmf](

)

(

)

2

2

i.e. 1062000

L
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(1)

Correct manipulation i.e. 
[image: image45.wmf]2222

106

 

20002

ZR

L

f

pp

--

=

or

(1)

L= 1(3 mH ((unit)) (1)

Graph: Straight line through the origin (1), passing through (1000 Hz, 8(0 () (1)
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	6
	(a)

(b)


	(i)

(ii)

(i)

(ii)

(iii)

(iv)

(v)

(vi)


	2(0 N m-1

[image: image46.wmf]P

2

Work done extending (1) [or by impl.]

area under / graph 

   or mean force  extension

11

(1)since (1)

22

E

Fx

FxkxFkx

=

=

´

===


9(0 ( 10-4 J


[image: image47.wmf][

]

[

]

2(1)or equiv. or by impl.

008

2(1)or by impl.

20

126s (1)

m

T

k

p

p

=

×

=

×

=×


sinusoid sketched of amplitude 0(030 [(0(005] m (1). Period correct to within 0(1 s [e.c.f.] (1)

Vr.m.s. = A( (1) [or by impl.]

Evidence of use of A=0(030 m and ( = 5(0 s-1 (1) or
[image: image48.wmf]2

125

p

w

=

×


Ek = ½mv2 (1)  = 9(0 ( 10-4 J (1)

Statement of Principle of C of E (1) [or by impl.]

Ep changes to Ek and back repeatedly (1)

When Ek = 0, Ep = 9(0 ( 10-4 J; when Ep = 0, Ek = 9(0 ( 10-4 J (1) [consistent with P of C of E.]


	1

3

1

3

2

3

3
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	7
	(a)

(b)

(c)


	(i)

(ii)

(iii)

(iv)


	· Molecules have [random] speed distribution

· molecules frequently collide

· collisions elastic [on average]

· mols move in straight lines between c.

· direction of mol. mvt. random

· inter-mol. forces neg. except during colls.

· mols occupy small fraction of space.


[image: image49.wmf][

]

[

]

[

]

 (1) or by impl.=

100J (1)or by impl.

300 K (()) (1)1 mark loss for power of 1

0 mistake

pVnRT

T

=

=

=

unit


I
TB = 4TA (1) or TB= 1200 K

[or statement that mean Ek ( temp or = 3/2kT]



[image: image50.wmf][

]

kBkA

4(1)e.c.f. on factor of 4

EE

=


II
2 e.c.f.

III
either
or

Correct statement of 1st Law (1)[or by impl.]

Work is done on the gas (1).

No change in the internal energy (1).

So heat is given out (1).

I
Work done by gas over AB (1)


More work done on gas over BC [than by gas over AB](1)


No work over CA (1)


So net work input (1)


[2 marks available if whole cycle is considered]

II
Net heat out [e.c.f. from (I)]
	3

3

2

1

2

4

4

1
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or: gradient only (1.


inverted (no unit) +1, with unit +1





alt: using eqn to calculate v (21(2 m s-1 e.c.f.)(1); i.e. halved.(1)





accept equiv.solution based upon work and kinetic energy for parts (b) (i) and (b) (ii).





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





or , with vacuum photocell, cell [if used] must be connected to promote electron flow





either electroscope stated to be charged negative initially





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





[or by impl. (2]





award even out of context.





[award only if other mark given]





[or by impl. ignore sign]





any 2 ( 1





(1) Explicit statement needed





Any 3 ( 1





� EMBED Equation.DSMT4  ���


Increase in V [on bottom] compensates for increase in � EMBED Equation.DSMT4  ���on the top (1)





VB>VA (1)


so collisions less frequent (1) [though each gives greater impulse]
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