Mark schemes
Q1.
(a)     0.5 mm [0.05 cm, 0.0005 m] ✔
only acceptable answers
1
(b)     8.65 mm [0.865 cm, 0.00865 m] 1✔
the micrometer reads zero when the jaws are closed 2✔
only 3sf answers are acceptable for 1✔
accept no zero error for 2✔
2
(c)     L = (403 − 289 = ) 114 mm ✔
1
(d)     absolute uncertainty = 1 mm 1✔
percentage uncertainty = [image: ] × 100 = 0.88%2✔
accept 2 mm for ab. uncertainty 1✔
allow ecf for wrong L and / or wrong ΔL
accept 1.75%
2
(e)     should move wire directly over / closer to scale on the ruler to avoid parallax error ✔
both statement and explanation required for this mark
1
(f)     five values of R/L correct, recorded to 3 sf [last row to 3sf or 4sf]; accept values in Ω cm−1 ✔
mean based on first four rows only; result 9.94 Ω m−1 [9.94 × 10−2 Ω cm−1] ✔
 
	L/cm
	R/Ω
	(R/L)Ωm−1

	81.6
	8.10
	9.93

	72.2
	7.19
	9.96

	63.7
	6.31
	9.91

	58.7
	5.85
	9.97

	44.1
	4.70
	10.66 (10.7)


2
(g)     cross-sectional area = [image: ] 1✔
resistivity from [image: ] × A, correct substitution of result from 01.6 2✔
1.10 × 10−63 ✔
Ω m 4✔
resistivity from [image: ] × [image: ] earns 12✔✔
allow 2✔ if [image: ] value is not based on mean or on a mean from all five rows of table in 01.6
condone 1.12 × 10−6 for 3✔ if fifth row in 01.6 was not rejected
withhold 3✔ for POT error
4
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Q2.
(a)     force between two (point) charges is proportional to (product of) charges   [image: ] 
and inversely proportional to the square of their distance apart  [image: ] 
Formula not acceptable. Accept “charged particles” for charges. Accept separation for distance apart.
2
(b)     (i)      lines with arrows radiating outwards from each charge [image: ] 
more lines associated with 6nC charge than with 4nC  [image: ] 
lines start radially and become non-radial with correct curvature 
further away from each charge  [image: ]  correct asymmetric pattern (with neutral pt closer to 4nC charge)  [image: ] 
3 max
(ii)     force  [image: ]  [image: ]
= 4.6(7) × 10−5 (N)  [image: ] 
Treat substitution errors such as 10−6(instead of 10−9) as AE with ECF available.
2
(c)    (i)      E4   [image: ] (= 3.11 × 104 V m−1) (to the right)   [image: ]
 
For both of 1st two marks to be awarded, substitution for either or both of E4 or E6 (or a substitution in an expression for E6 - E4) must be shown.
E6   [image: ] = (4.67 × 104 V m −1) (to the left)  [image: ]
 
If no substitution is shown, but evaluation is correct for E4 and E6, award one of 1 st two marks.
Eresultant = (4.67 − 3.11) × 104 = 1.5(6) × 104 [image: ] 
Unit: V m−1 (or N C−1)  [image: ] 
Use of r = 68 × 10−3 is a physics error with no ECF.
Unit mark is independent.
4
(ii)     direction: towards 4 nC charge or to the left [image: ] 
1
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Q3.
(a)     (i)      Voltmeter across terminals with nothing else connected to battery / no additional load. ✓
1
(ii)     This will give zero / virtually no current ✓
1
(b)     (i)      [image: ]
Answer must clearly show power: εI and VI, with I cancelling out to give formula stated in the question ✓
1
(ii)     Voltmeter connected across cell terminals ✓
Switch open, voltmeter records ε
Switch closed, voltmeter records V
Both statements required for mark ✓
Candidates who put the voltmeter in the wrong place can still achieve the second mark providing they give a detailed description which makes it clear that:
To measure emf, the voltmeter should be placed across the cell with the external resistor disconnected
And
To measure V, the voltmeter should be connected across the external resistor when a current is being supplied by the cell
2
(c)     Vary external resistor and measure new value of V, for at least 7 different values of external resistor ✓
Precautions - switch off between readings / take repeat readings (to check that emf or internal resistance not changed significantly) ✓
2
(d)     Efficiency increases as external resistance increases ✓
Explanation
Efficiency = Power in R / total power generated
I2R / I2(R + r) = R / (R + r)
So as R increases the ratio becomes larger or ratio of power in load to power in internal resistance increases ✓
Explanation in terms of V and ε is acceptable
2
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Q4.
(a)      (i)     (use of V = IR)
I = (12-8) / 60 [image: ] = 0.067 Or 0.066(A) [image: ] 
2
(ii)     (use of V = IR)
R = 8/0.067 = 120 (Ω) [image: ] 
1
(iii)     (use of Q = It)
Q = 0.067 × 120 = 8.0 [image: ] C [image: ] 
2
(b)     reading will increase [image: ] 
resistance (of thermistor) decreases (as temperature increases) [image: ] 
current in circuit increase (so pd across R1 increases) OR correct potential divider argument [image: ] 
3
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Q5.
(a)    single frequency (or wavelength or photon energy) [image: ] 
not single colour
accept ‘very narrow band of frequencies’
1
(b)     subsidiary maxima (centre of) peaks further away from centre [image: ] 
For second mark: One square tolerance horizontally. One whole subsid max seen on either side.
subsidiary maxima peaks further away from centre AND central maximum twice width of subsidiaries AND symmetrical [image: ] 
Central higher than subsid and subsid same height + / − 2 squares. Minima on the x axis + / − 1 square.
Must see 1 whole subsidiary for second mark
2
(c)     ONE FROM:
•        don't shine towards a person
•        avoid (accidental) reflections
•        wear laser safety goggles
•        'laser on' warning light outside room
•        Stand behind laser
•        other sensible suggestion [image: ] 
allow green goggles for red laser, ‘high intensity goggles’, etc.
not ‘goggles’, ‘sunglasses’
eye / skin damage could occur [image: ] 
2
(d)     3 from 4 [image: ] [image: ] [image: ] 
•        central white (fringe)
•        each / every / all subsidiary maxima are composed of a spectrum (clearly stated or implied)
•        each / every / all subsidiary maxima are composed of a spectrum (clearly stated or implied) AND (subsidiary maxima) have violet (allow blue) nearest central maximum OR red furthest from centre
•        Fringe spacing less / maxima are wider / dark fringes are smaller (or not present)
allow ‘white in middle’
For second mark do not allow ‘there are colours’ or ‘there is a spectrum’ on their own
Allow ‘rainbow pattern’ instead of spectrum but not ‘a rainbow’
Allow ‘rainbow pattern’ instead of spectrum but not ‘a rainbow’
If they get the first, the second and third are easier to award
Allow full credit for annotated sketch
3
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Q6.
(a)      (i)     oscillates / vibrates [image: ] 
(allow goes up and down / side to side / etc, repeatedly, continuously, etc)
about equilibrium position / perpendicularly to central line [image: ] 
2
(ii)     X and Y: antiphase / 180 (degrees out of phase) / п (radians out of phase) [image: ] 
X and Z: in phase / zero (degrees) / 2п (radians) [image: ] 
2
(b)     (i)     v = fλ
= 780 x 0.32 / 2 or 780 x 0.16 OR 780 x 320 / 2 or 780 x 160 [image: ] 
THIS IS AN INDEPENDENT MARK
= 124.8 [image: ] (m s–1) correct 4 sig fig answer must be seen
2
(ii)     ¼ cycle [image: ] 
T = 1 / 780 OR = 1.28 × 10–3 [image: ] 
0.25 × 1.28 × 10–3
= 3.2 × 10–4 (s) [image: ] 
Allow correct alternative approach using distance of 0.04m [image: ] 
travelled by progressive wave in ¼ cycle divided by speed.
0.04 /125 [image: ] = 3.2 × 10–4 (s) [image: ] 
3
(c)     (i)     antinode [image: ] 
1
(ii)     2 x 0.240 [image: ] 
= 0.48 m [image: ] ‘480m’ gets 1 mark out of 2
2
(iii)     (f = v/λ = 124.8 or 125 / 0.48 ) = 260 (Hz) ecf from cii [image: ] 
1
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Q7.
(a)     R (= r0A1/3) = 1.3 × 10–5 × (238)1/3 (1)
= 8.0(6) × 10–15m (1)
2
(b)     (use of inverse square law e.g. [image: ]    gives) 
10 = [image: ] (1)
x = 0.095 m (1)
(0.0949 m)
2
(c)     (use of A = Aoexp(–λt gives) 0.85 = 1.0 exp (–λ52) (1)
[image: ] (1)
= 3.1(3) × 10–3s–1 (1)
3
(d)     it only emits γ rays (1)
relevant properties of γ radiation e.g. may be detected outside
the body/weak ioniser and causes little damage (1)
it has a short enough half-life and will not remain active
in the body after use (1)
it has a long enough half-life to remain active during diagnosis (1)
the substance has a toxicity that can be tolerated by the body (1)
it may be prepared on site (1)
any three (1)(1)(1)
3
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Q8.
(a)     qq̄✔
1
(b)     Total energy = 2keV + 2 × 511 keV = 1024 keV✔
= 1024 × 1.6 × 10−19 = 1.64 × 10−13J✔
Energy of each photon = 1.64 × 10−13/2 = 8.19 × 10−14 (J) ✔
First mark for calculating the total energy in keV.
Second mark is for converting correctly into joules.
Third mark is for dividing by two so ecf for incorrect conversion into joules. Student must show at least 3sf.
3
(c)     [image: ]✔
= 2.43 × 10−12 (m) ✔
First mark for the correctly rearranged equation or correct values substituted into equation.
Correct answer only scores 2 marks, ecf from 1 (b)
2
(d)     Ek= 2 keV = 2000 × 1.6 × 10−19 J = 3.2 × 10−16J✔
[image: ]✔
= 2.65 × 107(m s−1) ✔
First mark for converting KE into joules.
Second mark for rearranging equation correctly or substituting correct values into equation.
Third mark for correct answer, must be to at least 3sf.
3
(e)     [image: ]✔
= 2.75 × 10−11(m) ✔
First mark for rearranging equation correctly or substituting correct values into equation.
Second mark for correct answer.
2
(f)     Recognition that separation is 1.5 × 10−10 m and compared to 0.28 × 10−10 (ecf)✔
wavelength is about 5 times less than gap width✔
[image: ] ✔
yes (diffraction would be observable)✔-
Or words to that effect
4
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