Mark schemes
Q1.
(a)     d = [image: ] ✓
1.4 ×10–3 m (1.4 (1.38) mm)✓
Data substitution – condone incorrect powers of 10 for C and A ✓
2
(b)     New capacitance = 161 pF✓
New V = 0.13 nC / 161pF = 81 V✓
2
(c)     Energy stored = ½ × 161 × 10-12 × 812 ✓
0.53 μJ✓
2
(d)     Energy increases because:
In the polar dielectric molecules align in the field with positive charged end toward the negative plate (or WTTE).✓
Work is done on the capacitor separating the positively charged surface of the dielectric from the negatively charged plate (or vice versa).✓
2
[8]
Q2.
(a)     Tick in 4th box
1
(b)     (i)      (using heat energy = ml)
energy = 0.047 × 3.3 × 105 = 1.6 × 104 (J) ✔ (1.55 × 104 J)
answer alone gains mark
1
(ii)     (heat in from water = heat supplied to melt and raise ice temperature)
1.8 × 104 = 1.6 × 104 + (energy to raise temp of ice)
energy to raise temp of ice = 2 × 103 (J) ✔
answer alone gains mark allow 2, 2.5 or 3 × 103 J
allow CE if substitution is shown
1.8 × 104 – (b)(i)
1
(iii)     (using heat energy = mc∆T)
c = 2 × 103 / 0.047 × 25
= 2 × 103 ✔ (1.7 × 103) (note there is a large range of correct answers)
J kg-1 K-1 or J kg-1 oC-1 ✔ (allow use of dividing line but don’t allow oK and oC-1 is not the same as C-1)
only allow CE if substitutions are seen
c = (b)(ii) / 0.047 × 25
= b(ii) × 0.851
allow 1 sig fig.
common answers:
for 2.5 × 103 J gives 2.1 × 103 or 2 × 103
for 3 × 103 J gives 2.6 × 103 or 3 × 103
2
[5]
Q3.
(a)     all plots correct to ½ small square
deduct 1 mark for one incorrect, 2 marks for 2+ incorrect
B2
line appropriate
B1
3
(b)     one correct determination from correct numbers
B1
154 ± 10 s
B1
two correct determinations and average
B1
3
(c)     (use of A = λN) 480 = λ × 1.1 × 10–5
 
[allow λ = ln 2/t ½ ]
C1
4.4 × 10–3 s–1 [4.36]
A1
2
[8]
Q4.
(a)     (i)      M = [image: ] π R3 ρ ✔
combined with gs = [image: ] (gives gs = [image: ] πGRρ) ✔
Do not allow r instead of R in final answer but condone in early stages of working.
Evidence of combination, eg cancelling R2 required for second mark.
2
(ii)     [image: ] ✔
gives R = 6.06 × 106 (m) ✔
answer to 3SF ✔
SF mark is independent but may only be awarded after some working is presented.
3
(b)     line starts at 9.81 and ends at 8.87 ✔
correct shape curve which falls and rises ✔ 
falls to zeo value near centre of and to right of centre of distance scale ✔
[Minimum of graph in 3rd point to be >0.5 and <0.75 SE-SV distance]
[image: ] 
For 3rd mark accept flatter curve than the above in central region.
3
[8]
Q5.
(a)     lowest energy state/level that the electron can occupy
or state in which electron needs most energy to be released
B1
1
or the level of an unexcited electron (not lowest orbit)
(b)     (i)      force = mv2/r or mrω2 and v = rω
B1
8.1 × 10−8 = 9.1 × 10−31 × v2/5.3 × 10−11
or (v2 =) 4.72 × 1012 seen
B1
2.17 × 106 (m s−1)
B1
(ii)     λ = h/mv or 6.6 × 10−34/9.1 × 10−31 × 2.2 × 106
C1
7
3.3 × 10−10 m
A1
(iii)     circumference = 2π5.3 × 10−11 = 3.3 × 10−10 m
M1
1 (allow e.c.f. from (ii))
A1
(c)     (i)      1.9(4) × 10−18 J
B1
(ii)     5.6 × 10−19 J (e.c.f. 2.5 × 10−18 − their (i))
B1
(iii)     energy difference E = 3 × 10−19 J
(condone any difference)
C1
E = hc/λ or E = hf and c=fλ
or their E = 6.6 × 10−34 × 3.0 × 108/λ
C1
6.6 or 6.7 × 10−7 m
A1
5
[13]
Q6.
(a)     (i)      energy = 800 × 60 = 48 × 103J (1)
(ii)     (use of [image: ]Q = mc[image: ]θ gives)   48 × 103 = 60 × 3900 ×[image: ]θ (1)
[image: ]θ  = 0.21 K (1)      (0.205 K)
              (allow C.E. for value of energy from (i))                                   3
(b)     [image: ]Q = ml gives   500 × 60 (1) = m × 2.3 × 106 (1)
m = 0.013 kg (1)
3
(c)     not generating as much heat internally (1)
still losing heat (at the same rate)
[or still sweating] (1)
hence temperature will drop (1)
lmax 2
[8]
Q7.
(a)     moment of inertia of the rockets
= (2 × 0.54 × (0.80)2) + (2 × 0.54 × (0.50)2) = 0.96 (kg m2) (1)
total moment of inertia = 0.96 + 0.14 (kg m2) (1)        (= 1.10 kg m2)
2
(b)     (i)      torque = (2 × 3.5 × 0.80) + (2 × 3.5 × 0.50) = 9.1 N m (1)
(ii)     α [image: ] = [image: ] = 8.3 rad s–2 (1)        (8.27 rad s–2)
(allow C.E. for value of torque from (i))
(iii)     one turn = 6.28 rad (1)
θ = [image: ]1t + ½ αt2    gives 6.28 = 0.5 × 8.3 ×t2 and t = 1.2(3) s (1)
(allow C.E. for value of α from (ii))
4
(c)     frictional couple (due to air resistance) increases as angular
speed increases (1)
when frictional couple = driving torque [or when no resultant torque],
then no acceleration (1)
2
[8]
Q8.
(a)     (i)      5 V (1)
(ii)     RT = 36 (Ω)
(use of V = IR gives) 15 = I × 36 and I = 0.42 A (1)
3
(b)     (i)      equivalent resistance of the two lamps[image: ] (1)
RT = 6 + 12 = 18 (Ω) and 15 = I × 18 (1)      (to give I = 0.83 A)
(ii)     current divides equally between lamps (to give I = 0.42 A)
(or equivalent statement) (1)
3
(c)     same brightness (1)
(because) same current (1)
2
[8]
Q9.
(a)     diagram to show:
total internal reflection on side face (1)
ray emerging at base bent away from normal (1)
with ≈ correct angles (1)
3
(b)     n = [image: ] (1)
= [image: ] with calculation (1) (= 1.41)
2
(c)     sin θi = n sin θr (1)
sin θi = 1.41 × sin 40 (1)
θi = 65° (1)
3
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