1.	(i)	Sun now & as red giant
	Similarity: (nuclear) fusion / burning (in core) OR mass (1)
	Difference: H vs. He fusion / r.g. lower (surface) T/ r.g. higher core T /
r.g. lower (mean) density [assume r.g. referred to if not specified] (1)
(ii)	White Dwarf star terms
	Hot, low, (surface) area, off (the main sequence)
	Any three correct (1)
	All four correct (1)	4
[4]

2.	Design of experiment to find what types of radiation are emitted:
Soil in container with opening facing detector
Take background count /or shield apparatus
With detector close to soil, insert paper
or take close reading then at,  + 5 cm;  count rate reduced so  present
Insert aluminium foil: further reduction  present
	Insert lead sheet: count rate still above background or count rate reduced 
to zero, present.
or, if no count after aluminium foil, no 
or, if count rate above background with thick aluminium, then  present
[6]
3.	A body oscillates with simple harmonic motion.  On the axes below sketch a graph to show how the acceleration of the body varies with its displacement.
[image: ]
Straight line through origin (1)
Negative gradient (1)
(2 marks)
 
How could the graph be used to determine T, the period of oscillation of the body?
Reference to gradient of line    (1)
Gradient = (-) 2 or = (-)(2f)²
OR	T = [image: ]    (1)
(2 marks)
 
A displacement-time graph from simple harmonic motion is drawn below.
[image: ]
 
	The movement of tides can be regarded as simple harmonic, with a period of approximately 12 hours.
	On a uniformly sloping beach, the distance along the sand between the high water mark and the low water mark is 50 m.  A family builds a sand castle 10 m below the high water mark while the tide is on its way out.  Low tide is at 2.00 p.m.
On the graph
(i)	label points L and H, showing the displacements at low tide and next high tide,
(ii)	draw a line parallel to the time axis showing the location of the sand castle,
(iii)	add the times of low and high tide.
(3 marks)
 
Calculate the time at which the rising tide reaches the sand castle.
Use of x = x sin t 
15 = 25 sin t  
 = [image: ] or t = 37° / t = 1.23 hours 
Time = 6.14 p.m.	ANY THREE LINES     (3)
Full error carried forward from wrong diagram
Alternative using graph:
Identify coordinates    (1)
Convert to time    (1)
Add to reference time    (1)
(3 marks)
[Total 10 marks]

4.	Calculation of air pressure at 100 °C:
	Pressure = 1.00 × 105 Pa × 373 K / 273 K (1)
[If T in °C  0/2]
= 1.37 × 105 Pa / N m–2  (1)	2
	Graphs to show how air pressure varies with temperature (line A) and how different pressure then varies over same temperature range (line B):
[image: ]
 
Line A:
Any rising straight line (1)
through correct points [e.c.f end point] (1)	2
Line B:
Rising straight line above line A for all its length (1)
through correct points [e.c.f both points] (1)	2
[6]


5.	(i)	Large mass star fusion rate
	Quality of written communication (1)
	(30 M[image: ] star) fuses at a greater rate AND spends less time on m.s. (1)
[accept power, luminosity]
	(30 M[image: ] star) has greater temperature / (gravitational) forces /
pressure (1)
	leaves main sequence after hydrogen (and/or He) burning ceases /
H fuel depleted (in core) [accept H “used up”] (1)	4
 
(ii)	2.2 M[image: ] core remnant
	Neutron star (1)	1
 
(iii)	Sun evolutionary phases
	Red giant (1)
	White dwarf (1)
	Black dwarf (1)
	[–1 mark per error only if more than three phases circled]	3
[8]

6.	Type of radioactive decay
-decay
Nuclear equation for decay
[image: ]
[1 mark for letters, 1 mark for numbers]
 
Addition of arrow to diagram
[image: ]
Point P on diagram
[5]

7.	A student was studying the motion of a simple pendulum the time period of which was given by T = 2 (l/g)½.
	He measured  T for values of l given by
l/m = 0.10, 0.40, 0.70, 0.70, 1.00
	and plotted a graph of T against l in order to deduce a value for g, the free-fall acceleration.  Explain why these values for l are poorly chosen.
An inadequacy PLUS a reason why (many possibilities) e.g. some values too short to produce accurate T values; when the values are square rooted; spacing is unsatisfactory.    (1)
 (1 mark)
 
	How would the student obtain a value of g from the gradient of the graph?
Gradient = [image: ]    (1)
Hence g = [image: ]    (1)
(2 marks)
 
	The graph below shows three cycles of oscillation for an undamped pendulum of length 1.00 m.
[image: ]
	Add magnitudes to the time axis and on the same axes show three cycles for the same pendulum when its motion is lightly air damped.
T = 2 s  (1)
Tdamped = Toriginal    (1)
Amplitude reduced  (1)
Continuous reduction in amplitude  (1)
(4 marks)
[Total 7 marks]

8.	  = Nm/V (1)	1
	p = 2/3 (N/V) ½ m <c2> / <c2>  k.e. / m <c2>  k.e. (1)
[Full backwards argument can get 1 / 2; full qualitative argument scores 1 / 2]
k.e. (or ½ m <c2> or <c2>)  T, p  T (1)	2
V constant (1)
N constant / for fixed mass / fixed number of moles [Not fixed amount] (1)
 
	[Near ideal conditions, specified, can replace one of the above]
[Fixed density, 1 mark]	2
See (273, 308) or 404 (1)
Use P1/T1 = P2/T2 (kelvin temp) (1)
= 456 kPa (1)
[355 kPa gets 3 marks]
[303 kPa  342 kPa, 101 kPa  114 kPa gets 2 marks]	3
[8]
9.	(i)	Reference to (individual) nuclei/atoms/particles
Each has a chance of decay/cannot predict which/when 
will decay	2
(ii)	Use of t ½  = ln 2
  = ln 2  600 s = 1.16/1.2  10–3 s–1
 A = (1.16  10–3 s–1) (2.5  105)  [Ignore minus sign]
= 288/290 Bq/s–1   [c.a.o.] [Not Hz] [17 300  min–1]
(iii)	[image: ] [N/O/C/X] [e.c.f. –]
[+ on left, max 1/2]	5
[7]
10.	(a)	Calculation of recession speed
 = 684 – 656 (1)
Use of v/c   / (1)
1.28 × 107 m s–1 (1)
	[Substituting 684 for , leading to 1.23 × 107, loses last two marks]	3
	(3.00 × 108 m s–1)(28 × 10–9 m)/(656 × 10–9 m)
= 1.28 × 107 m s–1
 (b)	Calculation of wavelength received from Y
By Hubble’s law / v = Hd / v proportional to d, as d is doubled,
v is doubled (1)
 = 56 / is doubled (1)
712 nm (1)
	[Bald answer of 712 nm, with no working or explanation, gets 2
marks only]
	[If candidate gets part (a) wrong, accept EITHER 56, 712 for the
last two marks (if they have avoided reusing the formula or made
the same mistake again) OR ecf (if they have repeated the
calculation but avoided the original mistake)]	3
[6]
11.	Displacement-time graph:
	Sine or cosine    (1)
	Max/min at +1.8 and –1.8    (1)
	T = 0.05 s and at least one cycle    (1)	3
Calculation of maximum speed:
	Correct use of  = x0 or 2fx0
	= 2× 10 s–1 × 1.8 ×10–2 m    (1)
	Maximum speed = 2.3 m s–1   (226 cm s–1)    (1)	2
	Any two places correctly marked M    (1)	1
[Total 6 marks]
12.	Equation
Recall of pV = nRT	1
 
Moles of air
Estimate of temperature 20 oC [Range 0 – 39] (1)
Use of equation, including conversion of temperature to K AND sensible volume (1)
Evaluation:  n = pV/RT = 1.0 × 105 Pa × 20 × 10–6 m3 /8.31 × 293
= 8 × 10–4 (1)	3
 
Volume of bubble
(V  T since p and n constant) (1)
so volume smaller (1)	1
[5]

13.	How to determine background radiation level in laboratory:
Source not present/source well away from GM tube [> 1 m] (1)
	Determine - count over a specific period of time
> 1 min OR repeats (1)	2
 
	How student could confirm that sample was a pure beta emitter:
To demonstrate no :
A1 between tube and source: reading  0 or background (1)
No  /  not stopped by Al (1)
To demonstrate no :
	GM moved from very close (or  1 cm) to source
to  10 cm: count rate does not drop (or no sudden drop) (1)
No  /  stopped by a few cm air (1)
	Clarity: Only available if at least 2 of above 4 marks
awarded.  Use of bullet points acceptable. (1)	5
[7]
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