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PHYSICS

PH1 – Waves, Light and Basics

PH2 – Quanta and Electricity

PH4 – Oscillations and Energy




INTRODUCTION

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

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.

N.B.  This Mark Scheme is not a set of Model Answers.

	Question
	
	

	1
	(a)

(b)

(c)


	(i)

(ii)

(iii)


	
[image: image1.wmf][

]

Force

Area [of cross section]

s

=


Pa [or N m-2] 


[image: image2.wmf][

]

Extension

(original) length

e

=


no units


[image: image3.wmf][

]

stress

strain

E

=

 [or equiv]
Pa [or N m-2]


[image: image4.wmf](

)

2

372

0510(1)7910m

A

p

--

=×´=×´



[image: image5.wmf]73

2100

(1)

79100810

E

--

=´

×´×´

[values inserted from graph]


[image: image6.wmf]11

3210Pa (1)

E

=×´


Statement that one plane of atoms incomplete [or equiv] (1)

C-D broken (or C bonds with B) (1)

F-G broken (or F bonds with D) (1)

Consequential statement: Indication that other incomplete planes are created, or movement of dislocations (e.g. then ED is incomplete…) (1)


	1

1

1

3

4

[10]




	2
	(a)

(b)

(c)
	(i)

(ii)

(i)

(ii)


	Polarised: Electric field [or oscillations or displacements] confined to one plane (or direction) (not travel) (1)

Unpolarised: Electric field (or…)are in many /all planes (1)

[image: image69.wmf]1

C

w

Light dims at 90( (1)

Light brightens at 180( (1) 

(Place filter in path of light beam and) rotate (1).

If brightness varies, light is polarised (1)

If brightness does not vary the light is unpolarised. (1)

( for microwaves and X-rays (1)

( for ultrasound (1)

Only transverse waves can be polarised (or equiv) (1)

[If c(i) correct, accept “Ultrasound longitudinal”]
	2

2

3

2

1

[10]



	3
	(a)

(b)

(c)
	(i)

(ii)

[image: image70.wmf]H

tan30

60

F

=

o


(i)

(ii)
	Straight line [or const gradient ] (1) through the origin (1) 

[force doubles ( acceleration doubles (2)]


[image: image7.wmf]F

m

a

=

 [or dividing two corresponding values from graph] (1)


[image: image8.wmf]02 kg (1)

m

=×

((unit))







[image: image9.wmf]-2

06

15ms[or by impl.](1)

04(e.c.f.)

03N (1) [accept intuitive argument]

a

T

×

==×

×

=×


½ has no units / dimensions (or units still balance or equiv.)


	2

2

3

2

1

[10]




	4
	(a)

(b)


	(i)

(ii)

(iii)

(iv)


	No resultant (or net) force / ΣF = 0 

No resultant / net moment / Σmoments=0


[image: image10.wmf]cos3060(1)

693N [accept 70 N] (1)

T

T

=

=×

o




[image: image11.wmf][

]

H

H

sin30(1)or by impl.

346N (1) [e.c.f. on ]

TF

FT

=

=×

o


Arrow added to diagram continuing the line of the string downward to the right [lenience on line of action!]

I.
0

II.
0(
III
60 N ((unit))
	1

1

2

2

1

1

1

1

[10]



	5
	(a)

(b)

(c)
	(i)

(ii)

(iii)

 
	
[image: image12.wmf]11

22

sin

sin angle of incidence

 or equiv. e.g. ,

sin angle of refractionsin

c

c

q

q



[image: image13.wmf][

]

2

2

sin30

15or by impl.(1).195(1)

sin

q

q

=×=×

o

o



[image: image14.wmf]1

sin[or by impl.](1). 418(1)[accept 42]

15

cc

==×

×

oo



[image: image15.wmf]3

645(1)e.c.f.

q

=×

o


T.I.R. shown (1) Angle of reflection ( θ3 (1)

[e.c.f.: if θ3 < 42(, refracted (1) away from normal (1)]

air: 500 (1)

crown glass: 2·0 ( 108 (1) [accept correct unit if given]
	1

2

2

3

2

[10]




	6
	(a)

(b)

(c)


	(i)

(ii)

(iii)

(iv)

(v)

(i)

(ii)
	Any 3 points from:

· wave profile seen to move(
· transfer energy / information(
· points within 1λ out of phase with each other(
· amplitude same for all particles in the wave(
· λ(minimum  distance between 2 corresponding points on wave(
· points (on wave) perform s.h.m. (
I.
15 mm

II.
80 mm [(1 if unit wrong in I. and/or II.]


[image: image16.wmf]1

(1)[or by impl.]3080(e.c.f.)240mms(1)

distance travelled 240005(1)12 mm

vf

l

-

==×´=

=´×=


Wave profile drawn with:

profile 12 mm to right of original (1)

amplitude and intercept on y-axis correct [(10((13 mm](1)

I.
Arrow drawn vertically upwards

II.
~ 12 mm [corresponding to graph]

no. of λs 
[image: image17.wmf]260

80

==

3¼ [or equiv.] (1)

1 λ corresponds to 360( [or by impl.] (1)

Phase difference = 90( (1) [accept 1170(]

If two [or more] waves occupy the same region, the total displacement [at any point] is the [vector] sum of their individual displacements [at that point]. 

[Underlined parts (1); remainder (1)]

Diagram A: 1 peak (1) with approx 2( amplitude (1)

Diagram B: flat-line (1)


	3

1

1

3

2

1

1

3

2

3

[20]




	7
	(a)

(b)


	(i)

(ii)

(i)

(ii)

(iii)

(iv)


	[Acceleration is] rate of change of velocity (not speed).

[or equiv.] 
[image: image18.wmf]accept ,

vudv

tdt

-

éù

êú

ëû


Using 
[image: image19.wmf](1)

vuat

=+


Correct substitution from (a)(i) 
[image: image20.wmf]e.g. 

2

uuat

st

é++ù

æö

=

ç÷

êú

èø

ëû

 (1)

Clear manipulation to achieve 
[image: image21.wmf]2

1

2

sutat

=+

(1)

 
[image: image22.wmf](

)

[

]

2

1

2

1

2

Using 0(1)or by impl.

9825(1)

1225m(1)

hutatu

=+=

=´×´

=×


I.

[image: image23.wmf]-1

v

(1)985(1)49ms

vuat

=+=×´=

((unit))(1)

II.

[image: image24.wmf]-1

h

90

18ms

5

v

==


III.
Point at (5, 49) e.c.f. (1)
Line from (0,0) to (5,49) (1)
Horizontal line at v = 18 m s-1 e.c.f. (1)

Attempt to find ( area up to intersection (1)

Area = 16·2 m (1)

Height above sea level = 122·5 ( 16·2 = 106·3 m (1)

[Alt: time = 1·8 s (1), use of 
[image: image25.wmf]2

1

2

sat

=

(distance = 15·9 m (1) etc. ( height = 106·6 m (1)]


[image: image26.wmf]22-1

4918(e.c.f.) (1) 522ms(1)

v

=+=×


direction = 69·8((1) to vertical [downwards to right] (1)
	1

3

3

3

1

3

3

3

[20]




PH2 Mark Scheme – January 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, 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)

(d)
	(i)

(ii)

(i)

(ii)
	9·2 A

5·8 A


[image: image27.wmf]tot

ABCD

11111

30A(1)or  or equiv.

77(1)

I

RRRRR

R

==+++

=×W


P
[image: image28.wmf]2

(1)

V

R

=

[or equiv. or by impl.]
[image: image29.wmf]21kW(1)

=×


P
[image: image30.wmf]13kW

=×


5·8 A + 5·8 A + 9·2 A = 20·8 A (1)

either A, C and D (1) or B, C and D (1)


	1

1

2

2

1

3

[10]




	2
	(a)

(b)


	(i)

(ii)

(iii)

(iv)

(i)

(ii)


	
[image: image31.wmf][

]

r

total

20(1)or 09Vor ()with correct subs.

RVEIRr

=W=×=+



[image: image32.wmf]2

r

=W

(1)


[image: image33.wmf]3

(1) or 045A3600sor by impl.

=1610C(()) (1)

QItQ

==×´

×´

unit


Energy = 14·6 kJ (e.c.f.)

Energy converted in 18 Ω = 13·1 kJ(e.c.f.) (1) [or by impl.]

Fraction
[image: image34.wmf]189

2010

090(1) or  [accept 90%]

==×


New total resistance
[image: image35.wmf][

]

r

90V

(1)40or045A

0225A

V

×

==W=×

×


Replacement resistance = 38 Ω (1) (e.c.f. on r)

2 hours [accept “twice as long”]


	2

2

1

2

2

1

[10]



	3
	(a)

(b)

(c)

(d)


	(i)

(ii)

(i)

(ii)

(i)

(ii)

(i)

(ii)
	[Law of Conservation of] charge (1) or statement thereof. [Accept Kirchhoff’s 1st Law]

Yes (1)

Conservation of charge is universal (or variation of p.d. with current is irrelevant or any sensible comment) (1)

0·020 A

1·0 V e.c.f. on b(i); 2·0 V e.c.f. [N.B. both answers required]

1·0 V e.c.f.

3·0 V e.c.f.


[image: image36.wmf]45253010

AA

100100

I

×-××-×

==

(or equiv.)

top: 75 Ω (1); bottom 125 Ω (1)


	1

2

1

1

1

1

2

1

[10]




	4
	(a)

(b)


	(i)

(ii)

(i)

(ii)

(iii)

(iii)

(iv)
	
[image: image37.wmf]3414

66104710J

E

-

=×´´×´



[image: image38.wmf]15-1

3210[s]

×´


the [minimum]energy needed to release an electron [from the metal or surface – not atom]


[image: image39.wmf]kmax

(1)

Ehf

f

=-

[or equiv. or by impl]


[image: image40.wmf]19

2910J

f

-

=×´

(1)


[image: image41.wmf]s

015V

V

=×


Current drops (1) to zero at V = 0·15 V (1) [or at stopping V]

Stays zero throughout. (1)

No electrons emitted because 
[image: image42.wmf]hf

f

<

 (1) [accept: because photons don’t have enough energy]
	1

1

1

2

1

2

2

[10]



	5
	(a)

(b)


	
	Intensity and wavelength labelled on axes. (1)

Hump cutting λ axis (1)

Hump labelled “continuous spectrum (1)

Vertical spikes shown (1)

Spikes labelled “line spectrum” (1)

Any five of:

· High speed / energy [accept ‘accelerated’] electrons impinge [on target](
· Inner electron ejected [or promoted] (
· Electron further out in atom….(
· …drops down to take the place of the displaced electron (
· ..accompanied by photon emission…(
· …of a specific λ [as electron drops between specific energy levels] (
	5

5

[10]




	6
	(a)

(b)


	(i)

(ii)

(iii)

(iv)

(i)

(ii)

(iii)

(iv)


	I.

[image: image43.wmf]0

R

= resistance [of filament] at 0(C ((unit))

II.

[image: image44.wmf]R

q

= resistance [or filament] at θ[(C]

Substitutions (at any stage) of α = 0·0058, θ = 20, Rθ = 38 (1)

transposition: 
[image: image45.wmf]0

1

R

R

q

aq

=

+

(1) [or with substitutions]

[accept reverse reasoning with α correctly found (1) and comment made on consistency (1)]

I..
Use of 
[image: image46.wmf]2

(1) or   

VV

PPVII

RR

éù

===

êú

ëû

and



R = 529 Ω (1)

II.

[image: image47.wmf]0

0

(1)[or by impl.]2500C (1)

RR

R

q

q

a

-

==

o

 [e.c.f. on R]

I.
infra-red

II.
filament likely to melt / sublime / evaporate

I.
[State of] raised energy [above the ground state].

II.
electron removed

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

chc

EhfE

f

l

l

===

andor



λ = 2·5 ( 10-7 m (1)

II.
ultraviolet


I.
16·6 ( 10-19 J

II.
arrow correctly placed (1)
 pointing downwards(1)

I.
visible

II.
one-colour light not desirable [or equiv.]


	1

1

2

2

2

1

1

1

1

2

1

1

2

1

1

[20]




	7
	(a)

(b)

(c)


	(i)

(ii)

(i)

(ii)

(i)

(ii)

(iii)

(iv)
	I.
26 protons [in the nucleus]. [accept 26 electrons]

II.
30 and 28 neutrons

26 electrons per atom (1) [or by implication]

2 free electrons per atom (1)

From left to right / W to Z, attracted by the + terminal of the supply (1) or in the opposite direction to conventional current. [Accept ‘because they’re negative]

I.
The number of free electrons per unit volume [or per m3].


[Accept: free electron concentration / density]

II.
algebra (re-arrangement of 
[image: image49.wmf]InAve

=

)(1) [or by impl.]


n = 1·6 ( 1030 m3 (1)

III.

[image: image50.wmf]XYXYXY

(1);(1);(1)

IInnvv

==<


length = 300 ( π ( 0·03 m (1) [or by impl.] = 28 m (1)

diameter of wire 
[image: image51.wmf]018m

(1)[or by impl.]

300

×

=


area 
[image: image52.wmf](

)

2

42

π3010m(1)

-

=´×´

 [or equiv.]


[image: image53.wmf](1)17(1)

l

R

A

r

==×W

 [e.c.f. on l]

Length ( 2 (1) [or length = 56 m]

c.s.a ( 4 (1) [or area = 7·1 ( 10-8 m2]

Resistance ( 8 (1)

[or calculation from scratch with new figures inserted (((]


	1

1

2

1

1

2

3

2

2

2

3

[20]




PH4 Mark Scheme – January 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 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)

(c)


	(i)

(ii)


	attempt to substitute for E and x in 
[image: image54.wmf]2

1

2

Ekx

=

 (1) [or to find slope of tangent and divide by x]

k = 24 N m-1 [accept 22 – 26]

[N.B. missing factor of ½ loses both marks!]

k [or E or x] evaluated at another point. (1). Comment that consistence of k supports Hooke’s Law [or that discrepancy casts doubt] (1) [e.c.f. on missing ½]


[image: image55.wmf]39025

(1) or 

2539

1

2(1) or 

2

Tf

mk

Tf

km

p

p

×

éù

==

êú

ëû

éù

==

êú

ëû




k = 24·3 N m-1 (1)

Graph drawn through (0·00, 0·03) (1) and (( 0·05, 0·00)(1) with the correct inverted shape (1) [not (]


	2

2

3

3

[10]




	2
	(a)

(b)

(c)


	(i)

(ii)

 (i)

(ii)

(i)

(ii)


	attempt to divide the peak by 
[image: image56.wmf]2

 (1) [or by implication]

10·6 V [accept 10 V or 11 V] (1)

T = 8·0 ms (1) [or by impl.]

f = 125 Hz (1) [e.c.f. on T ]. [1 mark if power of 10 incorrect]

pd is [always] either + 15 V or (15V [accept: always 15 V](1)

so pd2 = 152 V2 (1)

125 Hz (e.c.f.)

tops of waveform [and/or bottoms] off screen

[accept: too ‘big’ to fit on screen]

I.
cycles too cramped – would merge

II.
only a small fraction of cycle displayed


	2

2

2

1

1

1

1

[10]



	3
	(a)

(b)


	(i)

(ii)

(i)

(ii)

(iii)
	no current through a capacitor if p.d. is steady

[or impedance infinite as f(0 or equiv.]

R = 240 Ω

Z = 300 Ω ((unit)) [e.c.f. on 0·3 Ω if 0·24 Ω given for R]


[image: image57.wmf]222

L

(1)

ZXR

=+

 [or equiv. or by impl.]


[image: image58.wmf]LL

180(1);(1)

XXL

w

=W=


L = 0·38 H (1) ((unit)) [e.c.f. on 180 Ω]


Correctly labelled phasor diagram.(1)

[no penalty if VL and VC swapped]

Total reactance < XL or equiv.

statement or diagram (1)

Impedance lowered (1)

[No penalty if it is assumed that XL = XC]
	1

1

1

4

3

[10]




	4
	(a)

(b)

(c)


	(i)

(ii)


	1·25 Hz [accept 1·2 – 1·3]

Allow pendulum to by displacing and releasing [with signal generator off / spring detached or equiv.] (1)

Find time for n swings (1)

Divide n by T [or equiv.] (1)

Spring provides the force (1) which is sinusoidally varying [because extension of spring varies sinusoidally or owing to sine-wave driven pin] (1).

The pendulum is the oscillatory system. (1)

Graph drawn in which:

· the amplitude is never higher at any frequency (1)

· the curve is not as sharp (1)

· the peak is at the same [or slightly lower] frequency (1)
	1

3

3

3

[10]



	5
	(a)

(b)


	(i)

(ii)

(i)

(ii)

(iii)
	I.
push in the piston [quickly]
[accept: compress, make volume smaller – even: rub the outside of the cylinder]

II.
put in contact with flame / hot water etc.

I.
(U >0, W<0, Q(0 or Q not mentioned

II.
(U >0, Q>0 [ignore W]

BC / CB and DA / AD

Clear attempt to use W = p(V or W = area…. (1)

Work = 300 J (1), done by the gas (1)

(U = 0 over cycle (1), so heat in (1) [e.c.f. from (ii)]
	1

1

1

1

1

3

2

[10]




	6
	(a)

(b)

(c)


	(i)

(ii)

(i)

(ii)

(iii)

(i)

(ii)

(iii)

(iv)

(v)


	If a body, A, exerts a force on body B, B exerts a force on A. (1) The forces are equal and oppositely directed / opposite (1).

Plates oppositely charged [or shown on diagram] (1)

Plates attract each other [or shown on diagram] (1)


[image: image59.wmf][

]

[

]

[

]

12

0

r

3

10

0max

89101030030

(1)F (1)

2010

4010F (1)omitting 1

A

C

d

ee

e

-

-

-

×´´´×´×

==

×´

=×´®


Q = 3·2 ( 10-8 C e.c.f.


[image: image60.wmf][

]

1

2

6

or equiv. or by impl.(1)

12810 J (1) e.c.f.

UQV

-

=

=×´


C = 2·67 ( 10-10 F [e.c.f. if same slip made as in (b)(i)

Charge conserved (1) [or by impl.]

Use of 
[image: image61.wmf]2

1

2

or equiv.strategy (1)

Q

U

C

=



[image: image62.wmf]new

192

U

=×

 μJ (1)[e.c.f. from b(ii), c(i)] or by impl.

(U = 0·64 μJ (1) e.c.f. 

Energy is never created nor destroyed (1) but can be converted [transferred] from one form into another (1).

0·6[4] μJ

Work = Force ( distance (1) [or equiv. or by impl.]

Force = 6·4 ( 10-4 N (1) e.c.f.
	2

2

3

1

2

1

4

2

1

2
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	7
	(a)

(b)


	(i)

(ii)

(iii)

(i)

(ii)

(iii)


	squares of speeds added (1) [5·32 ( 106 m2 s-2]

division by 3 (1)

1330 m s-1 (1)

collisions

I.
2·0 moles (1) [or by impl.]


1·2 ( 1024 molecules (1) [e.c.f. on factor of 103]

II.

[image: image63.wmf]2

1

3

pc

r

=

(1) [or by impl.]


ρ = 1·6 kg m-3 (1) [or by impl.]



[image: image64.wmf]2

1300

c

=

m s-1 (1)

III.

[image: image65.wmf]22

3

1

22

(1)or  or by impl.

cTmckT

µ=



[image: image66.wmf]2-1

c1840 ms(1)e.c.f. from II.

=


[When bodies interact] the [vector] sum of their momenta [accept total momentum] stays constant (1) provided no [resultant] external forces act (1).

Equation involving sum of momenta [even if signs wrong] (1)

6·7 ( 1800 ( 5·0 ( 1710 = 5·0 v ( 6·7 ( 1200 [or with common factor of 10-27] [or equiv.](1)

v = 2310 m s-1[no e.c.f.] (1)

I.
kinetic energy is conserved

II.

[image: image67.wmf]20

k

(initial)18210J (1)

E

-

=×´




[image: image68.wmf]20

k

(final)18210J (1)

E

-

=×´

 [working must be shown]


So collision elastic (1) e.c.f.


[Alternatively: Initial relative velocity = 3510 m s-1 (1);
final relative velocity = 3510 m s-1 (1) etc.]
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1
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force due to air pressure (1)





N.B. either order





or equivalent methods














wavelength





VC or � EMBED Equation.DSMT4  ���





or equiv: � EMBED Equation.DSMT4  ��� etc.





VR or R





Friction / air resistance not penalised.


Other additional forces ( (1





VL or ωL





weight / force due to gravity / mg (1)





[accelerating] force (1)





“dim(bright” only (1)





or by impl. only if k given to 3.s.f. or more














continuous spectrum





line spectrum





Intensity
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