Mark schemes
Q1.
(a)     smooth curve of decreasing positive gradient through all 5 points ✔
shaky or fuzzy line does not gain mark
1
(b)     sensible tangent drawn at b = 25; correct read−offs for points (± 1 mm) from triangle with step sizes at least 8 × 8 1✔
substitution correct 2✔
G = 0.11(2) 3✔
change in d divided by change in b for 3; don’t penalise if change in d is given in m ✔
acceptable range if d is in mm 0.109 to 0.116 for d in m adjust accordingly; accept only 0.11 for 2 sf; accept ≥ 3 sf for 3✔
3
(c)     d in range 14.25 to 14.30 mm 1✔
substitution correct 2✔
R in range 1.34 to 1.38 m 3✔
accept result for R in mm; no ecf for incorrect or out of range G
3
[7]
Q2.
(a)     2.9% ✓
Allow 3%
1
(b)     [image: ] seen ✓
1
0.29 mm or 2.9 x 10-4 m✓ must see 2 sf only
1
(c)     ± 0.01 mm ✓
1
(d)     Clear indication that at least 10 spaces have been measured to give a spacing = 5.24 mm✓
spacing from at least 10 spaces 
Allow answer within range ±0.05
1
(e)     Substitution in d sinθ = nλ✓
The 25 spaces could appear here as n with sin θ as 0.135 / 2.5
1
d = 0.300 x 10-3 m so 
number of lines = 3.34 x103✓
Condone error in powers of 10 in substitution
Allow ecf from 1-4 value of spacing
1
(f)     Calculates % difference (4.6%) ✓
1
and makes judgement concerning agreement ✓
Allow ecf from 1-5 value
1
(g)     care not to look directly into the laser beam✓ 
OR 
care to avoid possibility of reflected laser beam ✓ 
OR 
warning signs that laser is in use outside the laboratory✓ 
ANY ONE
1
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Q3.
(a)     Capacitor must not lose charge through the meter ✓
1
(b)     Position on scale can be marked / easier to read quickly etc ✓
1
(c)     Initial current = [image: ] = 60.0 μA ✓
100 μA or 200 μA ✓ (250 probably gives too low a reading)
Give max 1 mark if 65 μA (from 2.6) used and 100 μA meter chosen
2
(d)     0.05 V ✓
1
(e)     Total charge = 6.0 x 680 x 10-6 (C) (= 4.08 mC) ✓
Time = 4.08 x 10-3 / 60.0 x 10-6 = 68 s ✓
Hence 6 readings ✓
3
(f)     Recognition that total charge = 65 t μC and final pd = 0.098 t
so C = 65μ / 0.098✓
660 μF ✓
Allow 663 μF
2
(g)     (yes) because it could lie within 646 – 714 to be in tolerance ✓
OR
it is 97.5 % of quoted value which is within 5% ✓
1
(h)     Suitable circuit drawn ✓
Charge C then discharge through R and record V or I at 5 or 10 s intervals ✓
Plot ln V or ln I versus time ✓
gradient is 1 / RC ✓
OR
Suitable circuit drawn ✓
Charge C then discharge through R and record V or I at 5 or 10 s intervals✓
Use V or I versus time data to deduce half-time to discharge ✓
1 / RC = ln 2 / t½ quoted ✓
OR
Suitable circuit drawn ✓
Charge C then discharge through R and record V or I at 5 or 10 s intervals ✓
Plot V or I against t and find time T for V or I to fall to 0.37 of initial value ✓
T = CR ✓
[image: ] 
Either A or V required
For 2nd mark, credit use of datalogger for recording V or I.
4
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Q4.
(a)     [image: ]✔
(must see this step either separately or in substitution for [image: ] 
condone i and r for θ etc.)
[image: ]✔
[image: ] 
2
(b)     idea implied that (XZ) × (WY) = n × (WX) × (YZ) is of form y = mx (+ c);
plot (XZ) × (WY) against (WX) × (YZ) [image: ]✔
calculate gradient to find n (false plot loses both marks) 2 ✔
[must mention XZ, WX, YZ and WY for full credit: bland ‘plot sin θ1 against sin θ2 and calculate gradient to find n’= 1 MAX]
[alternative method is to plot XZ against WX to find G1 and plot YZ against
WY to find G2 1 ✔; evaluate [image: ] to find n 2✔]
2
(c)     upper limit of (XZ) range [largest value] is suitable 1 ✔
largest XZ value ≈ length of block (114)
[largest WX value ≈ diagonal distance (131) across block / used
(approximately) largest value of XZ [WX] available]2✔
lower limit of (XZ or YZ) range [smallest value] is not suitable3✔
smallest YZ [XZ] values have large percentage uncertainty / are unreliable] 4✔ (reject idea these values are too close to zero)
smallest WX value ≈ width of block (65)5✔
[statement that range is suitable plus quantitative comment comparing length of block (114) with 98 (the range of XZ data) or covers more than 85% of available range] 12✔✔
equivalent statement regarding WX: compares available range (131 to 65 = 66) with 63 (the range of WX data) 12✔✔ = 2 MAX
statement that range is suitable plus simple qualitative comment relating range to the block, e.g. ‘a large fraction / part of the available XZ [WX] range is covered’ 12✔ = 1 MAX (bland ‘range is large / wide’ is not enough)]
MAX 3
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Q5.
(a)     extension of wire Q = 2.7 (mm) ✔
ignore any precision given eg ± 0.1 mm
if > 2 sf condone if this rounds to 2.7
1
(b)     mass = 5.8 (kg) ✔
allow ce for incorrect 0.1.1 (only look at 01.1 if answer here is incorrect)
allow ± 0.1 kg
1
(c)     0.51 (mm) ✔
ignore any precision given eg ± 0.005 mm
1
(d)     method 1:
[image: ]✔
for 1✔ expect to see some substitution of numerical data
[image: ]✔
correct use of diameter for 2✔; ignore power of ten error; expect CSA = 2.0(4) × 10−7; allow ce from 01.3 (eg for d = 0.37 mm 
CSA = 1.0(8) × 10−7 m2)
[image: ]✔
penalise use of g = 10 N kg−1
[image: ]✔
value of ∆l must correspond to Figure 2 value of m; answers to 01.1 and 01.2 are acceptable
expect l = 1.82 m but condone 182 etc; accept mixed units for l and ∆l
MAX 3
method 2:
evidence of [image: ] from Figure 2 to calculate gradient   1✔
expect gradient between 0.45 to 0.48 mm kg−1
[image: ]   2✔ 3✔
missing g loses 3✔
substitution of l = 1.82 m   4✔
condone 182 etc 4✔
cross-sectional area from [image: ]   5✔
correct use of diameter for 2✔; ignore power of ten error; expect CSA = 2.0(4) × 10−7; allow ce from 01.3 (eg for d = 0.37 mm 
CSA = 1.0(8) × 10−7 m2)
MAX 3
result in range 1.84 × 1011 to 1.91 × 1011 5✔
condone 1.9 × 1011
5✔ mark requires correct working and no power of ten errors: allow ce for error(s) in 01.1, 01.2 and for false/incorrect CSA 
(eg for d = 0.37 mm allow result in range 3.49 × 1011 to 3.63 × 1011, 3.5 × 1011 or 3.6 × 1011)
1
(e)     (smaller diameter) produces larger extensions 1✔
reduces (percentage) uncertainty (in extension and in result for Young Modulus) 2✔
(smaller diameter) increases (percentage) uncertainty in diameter or cross sectional area is smaller or increases (percentage) uncertainty in cross sectional area 3✔
increases (percentage) uncertainty (in result for Young Modulus) 4✔ 
(smaller diameter) increases likelihood of wire reaching limit of proportionality or of wire snapping or reduces range of readings 5✔
increases (percentage) uncertainty (in result for Young Modulus) 6✔
outcome and correct consequence for 2 marks, ie 1✔ followed by 2✔, 3✔ followed by 4✔ etc
dna ‘error’ for ‘uncertainty’
no mark for consequence if outcome not sensible, eg ‘it gets longer and reduces uncertainty’ earns no mark for ‘diameter smaller so uncertainty greater’ award 1✔ (need to see further mention of uncertainty to earn 2✔)
MAX 4
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Q6.
(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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Q7.
(a)     (i)      W = 2mg cosφ      ∴ m = W/(2g cosφ)✔
The question says show that, so the candidates must write down both steps.
1
(ii)     Well drawn straight line of best fit.✔
The line should follow the trend of the points with an even scatter of points on either side of the line.
1
(b)     (i)      Triangle drawn with smallest side at least 8 cm in length. ✔
Correct readings taken from the line for the triangle ✔
Gradient in the range 0.45 to 0.49 (0.445 to 0.494) quoted to 2 or 3 significant figures ✔
The size of the triangle can be identified from readings taken from the line.
The third mark is independent of the other two: error carried forward for incorrect readings (or for a poor line of best fit) which give a gradient out of range is not allowed.
3
(ii)     Candidate’s answer for gradient in (b)(i) correctly multiplied by g (expected answer 4.6)✔
N ✔
No s.f. penalty.
The second mark is for the unit and can be awarded if the numerical answer is incorrect.
2
(c)     δx% = 0.2 and δy% = 0.5✔
δ(x/y)% = δx% + δy% = 0.2 + 0.5 = 0.7 ✔
Use of δ(x/y.)2% = 2 × δ(x/y)(%) ✔
Final answer is (±) 1.4 (%) which automatically gains all three marks
Otherwise
Accept only 1 s.f. for 1st and/or 2nd marks.
The third mark is for the method, not the final answer
3
(d)     (i)      Systematic errors in measurements are errors which show a pattern or a bias or a trend ✔
Some acceptable alternatives
•        A systematic error is one which deviates by a fixed amount from the true value of a measurement
•        An error which has the same value in all readings
•        A difference between the true value of a quantity and the indicated value caused by a fault in the measuring device
•        Accept a good example of systematic error.
1
(ii)     y would be larger✔
because angle θ would be smaller 
or 
because friction would be opposing the increasing weight of m✔
2
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