Mark schemes
Q1.
(a)     (i)      720 sin 50° or 720 cos 40°
550 (552) (N)
2
(ii)     58 × 9.81 or 569 seen
19 (N)
Allow 569-(their (a)(i) for 2 marks
2
(iii)     Upthrust is same as normal reaction (or same as their (a)(ii)
Newton's 2nd or 3rd Law or Archimedes’ Principle reason given
2
(b)     uh = 12 cos 17° or 11.5 (m s-1) seen
uv = 12 sin 17° or 3.5 (m s-1) seen
Use of v2 = u2 + 2as with either 3.5 or 1.8 or vv = 6.9 (m s-1)
13.4 (m s-1)
OR
Initial KE = 0.5 × 58 × 122 or 4176 (J) seen
∆GPE = 58 × 9.81 × 1.8 or 1024 (J) seen
or v = √(2 × 9.81 × 1.8) or 5.9 (m s-1) seen
Final KE = 5200 (J) or v = √(2.KE/m)
13.4 (m s-1)
Allow valid suvat arguments that use time of flight
4
[10]
Q2.
(a)     (i)      (using sin 25° = VV/V
V = VV / sin 25° )
=5.0/sin25° ✔
11.8 (m s-1 ) ✔
(working and answer is required)
Look out for cos 65° = sin 25° in first mark.
Also calculating the horizontal component using cos 25° followed by Pythagoras is a valid approach.
Working backwards is not acceptable.
2
(ii)     (using tan 25° = VV /VH)
VH = VV /tan 25° ✔
= 5 / tan 25° =11(m s-1) ✔ (10.7m s-1)
Or (using cos 25° = VH / V )
VH = V cos 25° ✔ = 11.8 cos 25° = 11 (m s-1) ✔ (10.7 m s-1)
Or (using VH2 + VV2 = V2)
VH2 + 52 =11.82 ✔ (0r 122)
VH = 11 (m s-1) ✔ (10.7 m s-1)
Note 1/cos 65° = sin 25°
and tan 25° = 1/ tan 65°
Rounding means answers between 10.7 and 11 m s-1 are acceptable
2
(b)     (i)      (using v2 = u2 + 2as with up being positive 
0 = 5.02 + 2 × -9.81 × s)
s = 1.3 (m) ✔ (1.27 → 1.28 m)
or (loss of KE = gain of PE
½ m v2 = m g h
½ 5.02 =9.81 × h)
h = 1.3 (m) ✔ (1.27 → 1.28 m)
quoted to 2 sig figs ✔
for the sig fig mark the answer line takes priority. If a choice of sig figs given and not in answer line – no sig fig mark
Sig fig mark stands alone provided some working is shown
2
(ii)     (using s = (u + v)t/2) or horizontal distance = speed × time)
s = 11 × 1.3 = 14 (m) ✔ (using 10.7 gives the same answer)
allow CE s = (aii) × 1.3 but working must be seen
1
(c)     (i)      A marked at the point of landing or immediately before ✔
The A or its marked position must not be further to the left than the ‘c’ in the word ‘scale’
1
(ii)     B marked at the maximum height of the path ✔
The B must lie vertically between the ‘r’ and ‘a’ in the word ‘resistance above figure 2.
1
(d)     straight line from point given down to point tH on the axis ✔
straight line starting where first line stops (tH) but with opposite gradient to the first line ✔
[image: ] 
(A measure of accuracy for the second mark) The second line must end (tH) between the height of the vertical axis and half this height.
Obviously straight lines drawn by hand are acceptable.
2
[11]
Q3.
(a)     m = 16 g = 0.016 kg                        r = 0.008 m
Use of V = 4 / 3 π r3    to give V = 4 / 3 π (0.008)3
= 2.1 × 10 − 6 m3✓
The first mark is for calculating the volume
1
Use of density = m / V           to give density = 0.016 / 2.1 × 10−6✓
The second mark is for substituting into the density equation using the correct units
1
Density = 7.4 × 103 kg m−3 ✓
The final mark is for the answer.
1
(b)     Use of v2 = u2 + 2as            to give v2 = 2 (9.81) (1.27) ✓
(allow use of mgΔh = ½ mv2)
v2 = 25 (24.9)
The first mark is for using the equation
1
v = 5.0 (m s-1) ✓
The second for the final answer
1
(c)     Use of v2 = u2 + 2as to give 0 = u2 + 2 (-9.81) (0.85) ✓
The first mark is for using the equation
1
u2 = 17 (16.7)
u = 4.1 m s-1 ✓
The second for the final answer
1
(d)     Change in momentum = mv + mu = 0.016 × 5 + 0.016 × 4.1✓
The first mark is for using the equation
1
= 0.15 (0.146) kg m s-1 ✓
The second for the final answer
1
(e)     Use of Force = change in momentum / time taken
= 0.15 / 40 × 10-3✓
The first mark is for using the equation
1
= 3.6 N ✓
The second for the final answer
1
(f)     Impact time can be increased if the plinth material is not stiff✓
Alternative
A softer plinth would decrease the change in momentum of the ball (or reduce the height of rebound) ✓
1
Increased impact time would reduce the force of the impact. ✓
Smaller change in momentum would reduce the force of impact ✓
1
[13]
Q4.
(a)     
 
	breaking stress
	✓

	stiffness constant, k
	 

	tensile strain
	 

	tensile stress
	 

	Young modulus
	✓


1
(b)     (i)      elastic limit ✓
only one attempt at the answer is allowed
1
(ii)     ( E = 300 × 106 / 4 × 10-2 = 7.5 × 109 )
7.5 (Pa) ✓ allow 7.4 to 7.6 (Pa)
× 109  ✓
first mark is for most significant digits ignoring the power of 10. E.g. 7500 gains mark
2
(c)     straight line beginning on existing line at a strain of 0.10 and hitting the strain axis at a lower non-zero value  ✓
line that ends on the x -axis with strain between 0.045 and 0.055 ✓(only allow if first mark is given)
ie accuracy required ± one division
2
(d)     8.99 × 10-3 (m3) ✓ condone 1 sig fig
allow 9.00 × 10-3
1
(e)     0.9872 × 8.99 × 10-3 or = 8.8749 × 10-3 (m3)  ✓
allow CE from 4d
(m = ρV )= 2700 × 8.8749 × 10-3 = 24 (kg) ✓ (23.962 kg)
allow CE from first part, e.g. if 1.28% was used gives 0.311 kg
V =0.9872 × (d)
m = 2.665 × (d)
1.28% of vol = 1.15 × 10-4 m3
2
[9]
Q5.
(a)     [image: ] (1) = (6.71 × 104 mol)
number of molecules = nNA (1) = 6.71 × 10–4 × 6.02 × 1023
                                  = 4.04 × 1020 (1)
[or equivalent solution using pv = NkT]
(3)
(b)     
[image: ] 
straight line with positive gradient (1)
through (50, 1.5) (1)
crosses temperature axis between –250 and –300°C (1)
(3)
(c)     number of moles left in container after valve opens
[image: ] (1) (= 5.04 × 10–4 mol)
∴ number of molecules left in container = 5.04 × 10–4 × 6.02 × 1023
                                                                 = 3.03 × 1020 (1)
∴ number of molecules that escape       = 4.04 × 1020 – 3.03 × 1020
                                                                 = 1.01 × 1020 (1)
[alternative (c)
∴ number of moles that escape (= 6.71 × 10–4 – 5.04 × 10–4)
                                                                 = 1.67 × 10–4
∴ number of molecules that escape       = 1.67 × 10–4 × NA
                                                                 = 1.01 × 1020 (1)]
(3)
[9]
Q6.
(a)     mass of one atom = [image: ] = 3.5 ×10–25 kg (1)
(b)      energy supplied = 23 × 103 ×3.5 ×10–25 (1) 
                          = 8.1 × 10–21 J (1) (8.05 × 10–21 J
    (allow C.E. for value from (i))
(c)      (use of ½ mv2 = EK gives)     ½ × 3.5 × 10–25 × v2 = 8.1 × 10–21
[image: ]= 220 m s–1 (1)     (215 m s–1)
(EK = 8.05 × 10–21 gives v = 214 m s–1) (allow C.E. for value of EK from (ii))
[5]
Q7.
(a)     (i)      force per unit mass ✓ 
a vector quantity ✓
Accept force on 1 kg (or a unit mass).
2
(ii)     force on body of mass m is given by [image: ] ✓
gravitational field strength [image: ] ✓
 
For both marks to be awarded, correct symbols must be used for M and m.
2
(b)    (i)      [image: ] ✓
        = 2.45 × 103 (N) ✓                                 to 3SF ✓
1st mark: all substituted numbers must be to at least 3SF. 
If 1.39 × 107 is used as the complete denominator, treat as AE with ECF available. 
3rd mark: SF mark is independent.
3
(ii)     F = mω2 (R + h) gives ω2 = [image: ] ✓
        from which ω = 2.19 × 10–4 (rad s–1) ✓
time period [image: ]    or  = 2.87 ✓ 104 s ✓
[or F = [image: ] gives v2 [image: ] ✓
        from which v = 4.40 ✓ 103 (m s–1) ✓
time period T[image: ] or = 2.87 × 104 s ✓ ]
[or T2 = [image: ] ✓
     = [image: ] ✓
                gives time period T = 2.87 × 104s ✓ ]
        = [image: ] = 7.97 (hours) ✓
number of transits in 1 day = [image: ] = 3.01 ( ≈ 3) ✓
Allow ECF from wrong F value in (i) but mark to max 4 (because final answer won’t agree with value to be shown).
First 3 marks are for determining time period (or frequency). Last 2 marks are for relating this to the number of transits.
Determination of f = 3.46 × 10–5 (s–1) is equivalent to finding T by any of the methods.
5
(c)     acceptable use ✓ 
satisfactory explanation ✓ 
e.g. monitoring weather or surveillance: 
            whole Earth may be scanned or Earth rotates under orbit 
            or information can be updated regularly 
or communications: limited by intermittent contact 
or gps: several satellites needed to fix position on Earth
Any reference to equatorial satellite should be awarded 0 marks.
2
[14]
Q8.
(a)     Gives the ratio of the (recessional) velocity (of galaxies) to distance from Earth
Accept equation with terms defined
not
v depends on d,
the relationship between them, shows the relationship between them
B1
1
(b)     d changed to Mpc (2.45 × 102)
or 1.8 × 104 / their attempt to convert distance
Or d change to m and v to m s−1
B1
(H=) 73.35 or 73.47 seen to at least 3 sf
B1
2
(c)     (i)      T = 1 / H or H = 2.4 × 10−18 s seen
e.g. 3.08 × 10−19 / 73
C1
Value in s calculated (4.2 × 1017)
A1
Correct conversion to years 1.3 × 1010
Allow their value in s
B1
3
(ii)     Universe is expanding at constant / steady rate
B1
1
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