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(a) acceleration = change in velocity / time (taken)  
or rate of change of velocity B1          [1]

(b)(i) v = 0 + at or v = at     C1
(a = 36 / 19 =) 1.9 (1.8947) m s–2    A1   [2]

(b)(ii) s = ½(u + v)t  or s = v2/ 2a  or s = ½at2

= ½ x 36 x 19 = 362 / (2 x 1.89) = ½ x 1.89 x 192

= 340 m (342 m / 343 m / 341 m)    M1  [1]

(b)(iii) 1. (ΔKE =) ½ x 95 x (36)2     C1
= 62 000 (61 560) J A1                         [2]
2. (ΔPE =) 95 x 9.81 x 340 sin 40° or  

95 x 9.81 x 218.5     C1
= 200 000 J A1              [2]
               [4]

(b)(iv) work done (by frictional force) = ΔPE – ΔKE
or
work done = 200 000 – 62 000  
(values from 1b(iii) 1. and 2.) C1

(frictional force = 138 000 / 340 =) 410 (406) N  
[420 N if full figures used]    A1 
                [2] 

(b)(v) –ma = mg sin 20° – f or ma = –mg sin 20° + f  C1
–95 x 3.0 = 95 x 3.36 – f
f = 600 (604) N             [2]

1(a)

1(b)(i)

1(b)(ii)

1(b)(iii)

1(b)(iv)

1(b)(v)
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Your 
Mark Q1 Mark scheme

(a) acceleration = change in velocity / time (taken)  
or rate of change of velocity B1          [1]

(b)(i) v = 0 + at or v = at     C1
(a = 36 / 19 =) 1.9 (1.8947) m s–2    A1   [2]

(b)(ii) s = ½(u + v)t  or s = v2/ 2a  or s = ½at2

= ½ x 36 x 19 = 362 / (2 x 1.89) = ½ x 1.89 x 192

= 340 m (342 m / 343 m / 341 m)    M1  [1]

(b)(iii) 1. (ΔKE =) ½ x 95 x (36)2     C1
= 62 000 (61 560) J A1                         [2]
2. (ΔPE =) 95 x 9.81 x 340 sin 40° or  

95 x 9.81 x 218.5     C1
= 200 000 J A1              [2]
               [4]

(b)(iv) work done (by frictional force) = ΔPE – ΔKE
or
work done = 200 000 – 62 000  
(values from 1b(iii) 1. and 2.) C1

(frictional force = 138 000 / 340 =) 410 (406) N  
[420 N if full figures used]    A1 
                [2] 

(b)(v) –ma = mg sin 20° – f or ma = –mg sin 20° + f  C1
–95 x 3.0 = 95 x 3.36 – f
f = 600 (604) N             [2]

1(a)

1(b)(i)

1(b)(ii)

1(b)(iii)

1(b)(iv)

1(b)(v)
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Your 
Mark Q1 Mark scheme

(a) acceleration = change in velocity / time (taken)  
or rate of change of velocity B1          [1]

(b)(i) v = 0 + at or v = at     C1
(a = 36 / 19 =) 1.9 (1.8947) m s–2    A1   [2]

(b)(ii) s = ½(u + v)t  or s = v2/ 2a  or s = ½at2

= ½ x 36 x 19 = 362 / (2 x 1.89) = ½ x 1.89 x 192

= 340 m (342 m / 343 m / 341 m)    M1  [1]

(b)(iii) 1. (ΔKE =) ½ x 95 x (36)2     C1
= 62 000 (61 560) J A1                         [2]
2. (ΔPE =) 95 x 9.81 x 340 sin 40° or  

95 x 9.81 x 218.5     C1
= 200 000 J A1              [2]
               [4]

(b)(iv) work done (by frictional force) = ΔPE – ΔKE
or
work done = 200 000 – 62 000  
(values from 1b(iii) 1. and 2.) C1

(frictional force = 138 000 / 340 =) 410 (406) N  
[420 N if full figures used]    A1 
                [2] 

(b)(v) –ma = mg sin 20° – f or ma = –mg sin 20° + f  C1
–95 x 3.0 = 95 x 3.36 – f
f = 600 (604) N             [2]

1(a)

1(b)(i)

1(b)(ii)

1(b)(iii)

1(b)(iv)

1(b)(v)
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(a) acceleration = change in velocity / time (taken)  
or rate of change of velocity B1          [1]

(b)(i) v = 0 + at or v = at     C1
(a = 36 / 19 =) 1.9 (1.8947) m s–2    A1   [2]

(b)(ii) s = ½(u + v)t  or s = v2/ 2a  or s = ½at2

= ½ x 36 x 19 = 362 / (2 x 1.89) = ½ x 1.89 x 192

= 340 m (342 m / 343 m / 341 m)    M1  [1]

(b)(iii) 1. (ΔKE =) ½ x 95 x (36)2     C1
= 62 000 (61 560) J A1                         [2]
2. (ΔPE =) 95 x 9.81 x 340 sin 40° or  

95 x 9.81 x 218.5     C1
= 200 000 J A1              [2]
               [4]

(b)(iv) work done (by frictional force) = ΔPE – ΔKE
or
work done = 200 000 – 62 000  
(values from 1b(iii) 1. and 2.) C1

(frictional force = 138 000 / 340 =) 410 (406) N  
[420 N if full figures used]    A1 
                [2] 

(b)(v) –ma = mg sin 20° – f or ma = –mg sin 20° + f  C1
–95 x 3.0 = 95 x 3.36 – f
f = 600 (604) N             [2]

1(a)

1(b)(i)

1(b)(ii)

1(b)(iii)

1(b)(iv)

1(b)(v)
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(a) acceleration = change in velocity / time (taken)  
or rate of change of velocity B1          [1]

(b)(i) v = 0 + at or v = at     C1
(a = 36 / 19 =) 1.9 (1.8947) m s–2    A1   [2]

(b)(ii) s = ½(u + v)t  or s = v2/ 2a  or s = ½at2

= ½ x 36 x 19 = 362 / (2 x 1.89) = ½ x 1.89 x 192

= 340 m (342 m / 343 m / 341 m)    M1  [1]

(b)(iii) 1. (ΔKE =) ½ x 95 x (36)2     C1
= 62 000 (61 560) J A1                         [2]
2. (ΔPE =) 95 x 9.81 x 340 sin 40° or  

95 x 9.81 x 218.5     C1
= 200 000 J A1              [2]
               [4]

(b)(iv) work done (by frictional force) = ΔPE – ΔKE
or
work done = 200 000 – 62 000  
(values from 1b(iii) 1. and 2.) C1

(frictional force = 138 000 / 340 =) 410 (406) N  
[420 N if full figures used]    A1 
                [2] 

(b)(v) –ma = mg sin 20° – f or ma = –mg sin 20° + f  C1
–95 x 3.0 = 95 x 3.36 – f
f = 600 (604) N             [2]

1(a)

1(b)(i)

1(b)(ii)

1(b)(iii)

1(b)(iv)

1(b)(v)
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Mark Q1 Mark scheme

(a) acceleration = change in velocity / time (taken)  
or rate of change of velocity B1          [1]

(b)(i) v = 0 + at or v = at     C1
(a = 36 / 19 =) 1.9 (1.8947) m s–2    A1   [2]

(b)(ii) s = ½(u + v)t  or s = v2/ 2a  or s = ½at2

= ½ x 36 x 19 = 362 / (2 x 1.89) = ½ x 1.89 x 192

= 340 m (342 m / 343 m / 341 m)    M1  [1]

(b)(iii) 1. (ΔKE =) ½ x 95 x (36)2     C1
= 62 000 (61 560) J A1                         [2]
2. (ΔPE =) 95 x 9.81 x 340 sin 40° or  

95 x 9.81 x 218.5     C1
= 200 000 J A1              [2]
               [4]

(b)(iv) work done (by frictional force) = ΔPE – ΔKE
or
work done = 200 000 – 62 000  
(values from 1b(iii) 1. and 2.) C1

(frictional force = 138 000 / 340 =) 410 (406) N  
[420 N if full figures used]    A1 
                [2] 

(b)(v) –ma = mg sin 20° – f or ma = –mg sin 20° + f  C1
–95 x 3.0 = 95 x 3.36 – f
f = 600 (604) N             [2]

1(a)

1(b)(i)

1(b)(ii)

1(b)(iii)

1(b)(iv)

1(b)(v)
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(a) longitudinal: vibrations/oscillations (of the  
particles/wave) are parallel to the direction  
or in the same direction (of the  
propagation of energy)     B1
transverse: vibrations/oscillations (of the  
particles/wave) are perpendicular to the  
direction (of the propagation of energy)  B1   [2] 

(b) LHS: intensity = power / area   
units: kg m s–2 × m × s–1 × m–2  
or kg m2 s–3 × m–2     B1
RHS: units: m s–1 × kg m–3 × s–2 × m2  M1
LHS and RHS both kg s–3     A13  [3]

(c)(i) change/difference in the observed/apparent  
frequency when the source is moving (relative  
to the observer)     B1   [1]

(c)(ii) wavelength increases/frequency  
decreases/red shift     B1   [1] 

(d) observed frequency = vfS / (v – vS)   C1
550 = (340 × 510) / (340 – vS)    C1
vS = 25 (24.7) m s–1     A1   [3]
                 [Total: 10]

4(a)

4(b)

4(c)(i)

4(c)(ii)

4(d)

QHIGH
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(a) longitudinal: vibrations/oscillations (of the  
particles/wave) are parallel to the direction  
or in the same direction (of the  
propagation of energy)     B1
transverse: vibrations/oscillations (of the  
particles/wave) are perpendicular to the  
direction (of the propagation of energy)  B1   [2] 

(b) LHS: intensity = power / area   
units: kg m s–2 × m × s–1 × m–2  
or kg m2 s–3 × m–2     B1
RHS: units: m s–1 × kg m–3 × s–2 × m2  M1
LHS and RHS both kg s–3     A13  [3]

(c)(i) change/difference in the observed/apparent  
frequency when the source is moving (relative  
to the observer)     B1   [1]

(c)(ii) wavelength increases/frequency  
decreases/red shift     B1   [1] 

(d) observed frequency = vfS / (v – vS)   C1
550 = (340 × 510) / (340 – vS)    C1
vS = 25 (24.7) m s–1     A1   [3]
                 [Total: 10]

4(a)

4(b)

4(c)(i)

4(c)(ii)

4(d)
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(a) longitudinal: vibrations/oscillations (of the  
particles/wave) are parallel to the direction  
or in the same direction (of the  
propagation of energy)     B1
transverse: vibrations/oscillations (of the  
particles/wave) are perpendicular to the  
direction (of the propagation of energy)  B1   [2] 

(b) LHS: intensity = power / area   
units: kg m s–2 × m × s–1 × m–2  
or kg m2 s–3 × m–2     B1
RHS: units: m s–1 × kg m–3 × s–2 × m2  M1
LHS and RHS both kg s–3     A13  [3]

(c)(i) change/difference in the observed/apparent  
frequency when the source is moving (relative  
to the observer)     B1   [1]

(c)(ii) wavelength increases/frequency  
decreases/red shift     B1   [1] 

(d) observed frequency = vfS / (v – vS)   C1
550 = (340 × 510) / (340 – vS)    C1
vS = 25 (24.7) m s–1     A1   [3]
                 [Total: 10]

4(a)

4(b)

4(c)(i)

4(c)(ii)

4(d)
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(a) longitudinal: vibrations/oscillations (of the  
particles/wave) are parallel to the direction  
or in the same direction (of the  
propagation of energy)     B1
transverse: vibrations/oscillations (of the  
particles/wave) are perpendicular to the  
direction (of the propagation of energy)  B1   [2] 

(b) LHS: intensity = power / area   
units: kg m s–2 × m × s–1 × m–2  
or kg m2 s–3 × m–2     B1
RHS: units: m s–1 × kg m–3 × s–2 × m2  M1
LHS and RHS both kg s–3     A13  [3]

(c)(i) change/difference in the observed/apparent  
frequency when the source is moving (relative  
to the observer)     B1   [1]

(c)(ii) wavelength increases/frequency  
decreases/red shift     B1   [1] 

(d) observed frequency = vfS / (v – vS)   C1
550 = (340 × 510) / (340 – vS)    C1
vS = 25 (24.7) m s–1     A1   [3]
                 [Total: 10]

4(a)

4(b)

4(c)(i)

4(c)(ii)

4(d)
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(a) longitudinal: vibrations/oscillations (of the  
particles/wave) are parallel to the direction  
or in the same direction (of the  
propagation of energy)     B1
transverse: vibrations/oscillations (of the  
particles/wave) are perpendicular to the  
direction (of the propagation of energy)  B1   [2] 

(b) LHS: intensity = power / area   
units: kg m s–2 × m × s–1 × m–2  
or kg m2 s–3 × m–2     B1
RHS: units: m s–1 × kg m–3 × s–2 × m2  M1
LHS and RHS both kg s–3     A13  [3]

(c)(i) change/difference in the observed/apparent  
frequency when the source is moving (relative  
to the observer)     B1   [1]

(c)(ii) wavelength increases/frequency  
decreases/red shift     B1   [1] 

(d) observed frequency = vfS / (v – vS)   C1
550 = (340 × 510) / (340 – vS)    C1
vS = 25 (24.7) m s–1     A1   [3]
                 [Total: 10]

4(a)

4(b)

4(c)(i)

4(c)(ii)

4(d)
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(a) longitudinal: vibrations/oscillations (of the  
particles/wave) are parallel to the direction  
or in the same direction (of the  
propagation of energy)     B1
transverse: vibrations/oscillations (of the  
particles/wave) are perpendicular to the  
direction (of the propagation of energy)  B1   [2] 

(b) LHS: intensity = power / area   
units: kg m s–2 × m × s–1 × m–2  
or kg m2 s–3 × m–2     B1
RHS: units: m s–1 × kg m–3 × s–2 × m2  M1
LHS and RHS both kg s–3     A13  [3]

(c)(i) change/difference in the observed/apparent  
frequency when the source is moving (relative  
to the observer)     B1   [1]

(c)(ii) wavelength increases/frequency  
decreases/red shift     B1   [1] 

(d) observed frequency = vfS / (v – vS)   C1
550 = (340 × 510) / (340 – vS)    C1
vS = 25 (24.7) m s–1     A1   [3]
                 [Total: 10]

4(a)

4(b)

4(c)(i)

4(c)(ii)

4(d)
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(a) diffraction: spreading/diverging of waves/light  
(takes place) at (each) slit/element/gap/aperture B1
interference: overlapping of waves (from  
coherent sources at each element)  B1
path difference λ/phase difference of 360(°)/2π  
(produces the first order)    B1   [3]

(b) d sinθ = nλ    or    sinθ= Nnλ    C1
d = (2 × 486 × 10–9) / sin 29.7° (= 1.962 × 10–6) C1
number of lines = 510 (509.7) mm–1   A1   [3] 
                 [Total: 9]

5(a)

5(b)
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(a) diffraction: spreading/diverging of waves/light  
(takes place) at (each) slit/element/gap/aperture B1
interference: overlapping of waves (from  
coherent sources at each element)  B1
path difference λ/phase difference of 360(°)/2π  
(produces the first order)    B1   [3]

(b) d sinθ = nλ    or    sinθ= Nnλ    C1
d = (2 × 486 × 10–9) / sin 29.7° (= 1.962 × 10–6) C1
number of lines = 510 (509.7) mm–1   A1   [3] 
                 [Total: 9]

5(a)

5(b)
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(a) diffraction: spreading/diverging of waves/light  
(takes place) at (each) slit/element/gap/aperture B1
interference: overlapping of waves (from  
coherent sources at each element)  B1
path difference λ/phase difference of 360(°)/2π  
(produces the first order)    B1   [3]

(b) d sinθ = nλ    or    sinθ= Nnλ    C1
d = (2 × 486 × 10–9) / sin 29.7° (= 1.962 × 10–6) C1
number of lines = 510 (509.7) mm–1   A1   [3] 
                 [Total: 9]

5(a)
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QHIGH

Q1 Mark scheme

(b)(ii) Value for y with unit in range 2.0 ≤ y ≤ 8.0 cm.

(b)(iii) Raw values of θ to the nearest degree.
Value of θ in the range 40° to 50°.
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(b)(ii) Value for y with unit in range 2.0 ≤ y ≤ 8.0 cm.

(b)(iii) Raw values of θ to the nearest degree.
Value of θ in the range 40° to 50°.
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1(b)(iii)

1(d)

1(e)(i)

1(e)(ii)

1(e)(iii)

1(f)

Q1 Mark scheme

(d) Six sets of readings of m, y and θ with correct trend  
scores 5 marks, five sets scores 4 marks etc. [5]
Help from supervisor –1.
Range:               [1] 
Range of values to include m ≤ 150 g and m ≥ 400 g.
Column headings:             [1] 
Each column heading must contain a quantity and  
a unit where appropriate.
The unit must conform to accepted scientific  
convention, e.g. m sin θ / g or θ (°).
Consistency:              [1] 
All values of y must be given to the nearest mm only.
Significant figures:             [1] 
Every value of m sin θ must be given to 2 or 3 s.f.
Calculation:              [1] 
Values of m sin θ calculated correctly to the number  
of s.f. given by the candidate           [5]

(e)(i) Axes:               [1]
Sensible scales must be used. Awkward scales  
(e.g. 3:10) are not allowed.
Scales must be chosen so that the plotted points occupy  
at least half the graph grid in both x and y directions.
Scales must be labelled with the quantity that is being  
plotted.
Scale markings should be no more than three large  
squares apart.
Plotting of points:             [1]
All observations must be plotted.
Diameter of plotted points must be ≤ half a small  
square (no “blobs”).
Plotted points must be accurate to half a small square.
Quality:               [1]
All points in the table (at least 5) must be plotted on the  
grid for this mark to be awarded.
All points must be within ±0.25 cm in the y direction  
of a straight line.             [3]
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1(f)

Q1 Mark scheme

(e)(ii) Line of best fit:              [1]

Judge by balance of all points on the grid about the 
candidate’s line (at least 5 points). There must be an even 
distribution of points either side of the line along the full 
length.
Allow one anomalous point only if clearly indicated by the 
candidate.
Lines must not be kinked or thicker than half a square

(e)(iii) Gradient:              [1]

The hypotenuse of the triangle must be greater than  
half of the length of the drawn line.
The method of calculation must be correct.
Both read-offs must be accurate to half a small square  
in both the x and y directions.
y-intercept:              [1]
Either:
Correct read-off from a point on the line and substituted 
into y = mx + c.
Read-offs must be accurate to half a small square in  
both x and y directions.
Or:
Intercept read off directly from the graph (accurate to  
half a small square).
              [2]
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(f) Value of P = candidate’s gradient and value of 
Q = candidate’s intercept.           [1]
Do not allow fractions.
Unit for P correct (m kg–1 or cm kg–1 or mm kg–1 or  
m g–1 or cm g–1 or mm g–1)
and consistent with value.
Unit for Q correct (m or cm or mm) and consistent  
with value.             [1]
              [2]

               [total: 20]
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(b)(ii) Value for y with unit in range 2.0 ≤ y ≤ 8.0 cm.

(b)(iii) Raw values of θ to the nearest degree.
Value of θ in the range 40° to 50°.
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(b)(ii) Value for y with unit in range 2.0 ≤ y ≤ 8.0 cm.

(b)(iii) Raw values of θ to the nearest degree.
Value of θ in the range 40° to 50°.
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(d) Six sets of readings of m, y and θ with correct trend  
scores 5 marks, five sets scores 4 marks etc. [5]
Help from supervisor –1.
Range:               [1] 
Range of values to include m ≤ 150 g and m ≥ 400 g.
Column headings:             [1] 
Each column heading must contain a quantity and  
a unit where appropriate.
The unit must conform to accepted scientific  
convention, e.g. m sin θ / g or θ (°).
Consistency:              [1] 
All values of y must be given to the nearest mm only.
Significant figures:             [1] 
Every value of m sin θ must be given to 2 or 3 s.f.
Calculation:              [1] 
Values of m sin θ calculated correctly to the number  
of s.f. given by the candidate           [5]

(e)(i) Axes:               [1]
Sensible scales must be used. Awkward scales  
(e.g. 3:10) are not allowed.
Scales must be chosen so that the plotted points occupy  
at least half the graph grid in both x and y directions.
Scales must be labelled with the quantity that is being  
plotted.
Scale markings should be no more than three large  
squares apart.
Plotting of points:             [1]
All observations must be plotted.
Diameter of plotted points must be ≤ half a small  
square (no “blobs”).
Plotted points must be accurate to half a small square.
Quality:               [1]
All points in the table (at least 5) must be plotted on the  
grid for this mark to be awarded.
All points must be within ±0.25 cm in the y direction  
of a straight line.             [3]
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(e)(ii) Line of best fit:              [1]

Judge by balance of all points on the grid about the 
candidate’s line (at least 5 points). There must be an even 
distribution of points either side of the line along the full 
length.
Allow one anomalous point only if clearly indicated by the 
candidate.
Lines must not be kinked or thicker than half a square

(e)(iii) Gradient:              [1]

The hypotenuse of the triangle must be greater than  
half of the length of the drawn line.
The method of calculation must be correct.
Both read-offs must be accurate to half a small square  
in both the x and y directions.
y-intercept:              [1]
Either:
Correct read-off from a point on the line and substituted 
into y = mx + c.
Read-offs must be accurate to half a small square in  
both x and y directions.
Or:
Intercept read off directly from the graph (accurate to  
half a small square).
              [2]
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(f) Value of P = candidate’s gradient and value of 
Q = candidate’s intercept.           [1]
Do not allow fractions.
Unit for P correct (m kg–1 or cm kg–1 or mm kg–1 or  
m g–1 or cm g–1 or mm g–1)
and consistent with value.
Unit for Q correct (m or cm or mm) and consistent  
with value.             [1]
              [2]

               [total: 20]
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(b)(ii) Value for y with unit in range 2.0 ≤ y ≤ 8.0 cm.

(b)(iii) Raw values of θ to the nearest degree.
Value of θ in the range 40° to 50°.
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(b)(ii) Value for y with unit in range 2.0 ≤ y ≤ 8.0 cm.

(b)(iii) Raw values of θ to the nearest degree.
Value of θ in the range 40° to 50°.
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(d) Six sets of readings of m, y and θ with correct trend  
scores 5 marks, five sets scores 4 marks etc. [5]
Help from supervisor –1.
Range:               [1] 
Range of values to include m ≤ 150 g and m ≥ 400 g.
Column headings:             [1] 
Each column heading must contain a quantity and  
a unit where appropriate.
The unit must conform to accepted scientific  
convention, e.g. m sin θ / g or θ (°).
Consistency:              [1] 
All values of y must be given to the nearest mm only.
Significant figures:             [1] 
Every value of m sin θ must be given to 2 or 3 s.f.
Calculation:              [1] 
Values of m sin θ calculated correctly to the number  
of s.f. given by the candidate           [5]

(e)(i) Axes:               [1]
Sensible scales must be used. Awkward scales  
(e.g. 3:10) are not allowed.
Scales must be chosen so that the plotted points occupy  
at least half the graph grid in both x and y directions.
Scales must be labelled with the quantity that is being  
plotted.
Scale markings should be no more than three large  
squares apart.
Plotting of points:             [1]
All observations must be plotted.
Diameter of plotted points must be ≤ half a small  
square (no “blobs”).
Plotted points must be accurate to half a small square.
Quality:               [1]
All points in the table (at least 5) must be plotted on the  
grid for this mark to be awarded.
All points must be within ±0.25 cm in the y direction  
of a straight line.             [3]
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(e)(ii) Line of best fit:              [1]

Judge by balance of all points on the grid about the 
candidate’s line (at least 5 points). There must be an even 
distribution of points either side of the line along the full 
length.
Allow one anomalous point only if clearly indicated by the 
candidate.
Lines must not be kinked or thicker than half a square

(e)(iii) Gradient:              [1]

The hypotenuse of the triangle must be greater than  
half of the length of the drawn line.
The method of calculation must be correct.
Both read-offs must be accurate to half a small square  
in both the x and y directions.
y-intercept:              [1]
Either:
Correct read-off from a point on the line and substituted 
into y = mx + c.
Read-offs must be accurate to half a small square in  
both x and y directions.
Or:
Intercept read off directly from the graph (accurate to  
half a small square).
              [2]
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(f) Value of P = candidate’s gradient and value of 
Q = candidate’s intercept.           [1]
Do not allow fractions.
Unit for P correct (m kg–1 or cm kg–1 or mm kg–1 or  
m g–1 or cm g–1 or mm g–1)
and consistent with value.
Unit for Q correct (m or cm or mm) and consistent  
with value.             [1]
              [2]
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(a) charge exists only in discrete amounts  B1   [1]

(b)(i) E = I(R + r) or V = IR     C1
(total resistance =) 2.7 + 0.30 + 0.25 (= 3.25 Ω) M1
I = 9.0 / (2.7 + 0.30 + 0.25) or 9.0 / 3.25 = 2.8 A A1   [3]

(b)(ii) V = IRext      C1
= 2.77 × 3.0 or 2.8 × 3.0
or
V = E – Ir     (C1)
= 9.0 – 2.77 × 0.25 or 9.0 – 2.8 × 0.25
V = 8.3 (8.31) V or 8.4 V A1                                   [2]

(c)(i) I = nevA
v = 2.77 / (8.5 × 1029 × 1.6 × 10–19 × 2.5 × 10–6) M1
= 8.1 (8.147) × 10–6 ms–1 or 8.2 × 10–6 ms–1  A1   [2] 

(c)(ii) A reduces by a factor 4 (1/4 less) or resistance  
of Z goes up by 4×     M1
current goes down but by less than a factor of  
4 (as total resistance does not go up by a factor  
of 4) so drift speed goes up    A1   [2]

[Total: 10]

7(a)

7(b)(i)

7(b)(ii)

7(c)(i)

7(c)(ii)
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(a) charge exists only in discrete amounts  B1   [1]

(b)(i) E = I(R + r) or V = IR     C1
(total resistance =) 2.7 + 0.30 + 0.25 (= 3.25 Ω) M1
I = 9.0 / (2.7 + 0.30 + 0.25) or 9.0 / 3.25 = 2.8 A A1   [3]

(b)(ii) V = IRext      C1
= 2.77 × 3.0 or 2.8 × 3.0
or
V = E – Ir     (C1)
= 9.0 – 2.77 × 0.25 or 9.0 – 2.8 × 0.25
V = 8.3 (8.31) V or 8.4 V A1                                   [2]

(c)(i) I = nevA
v = 2.77 / (8.5 × 1029 × 1.6 × 10–19 × 2.5 × 10–6) M1
= 8.1 (8.147) × 10–6 ms–1 or 8.2 × 10–6 ms–1  A1   [2] 

(c)(ii) A reduces by a factor 4 (1/4 less) or resistance  
of Z goes up by 4×     M1
current goes down but by less than a factor of  
4 (as total resistance does not go up by a factor  
of 4) so drift speed goes up    A1   [2]

[Total: 10]
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(total resistance =) 2.7 + 0.30 + 0.25 (= 3.25 Ω) M1
I = 9.0 / (2.7 + 0.30 + 0.25) or 9.0 / 3.25 = 2.8 A A1   [3]
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or
V = E – Ir     (C1)
= 9.0 – 2.77 × 0.25 or 9.0 – 2.8 × 0.25
V = 8.3 (8.31) V or 8.4 V A1                                   [2]

(c)(i) I = nevA
v = 2.77 / (8.5 × 1029 × 1.6 × 10–19 × 2.5 × 10–6) M1
= 8.1 (8.147) × 10–6 ms–1 or 8.2 × 10–6 ms–1  A1   [2] 

(c)(ii) A reduces by a factor 4 (1/4 less) or resistance  
of Z goes up by 4×     M1
current goes down but by less than a factor of  
4 (as total resistance does not go up by a factor  
of 4) so drift speed goes up    A1   [2]
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(b)(i) E = I(R + r) or V = IR     C1
(total resistance =) 2.7 + 0.30 + 0.25 (= 3.25 Ω) M1
I = 9.0 / (2.7 + 0.30 + 0.25) or 9.0 / 3.25 = 2.8 A A1   [3]
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or
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(a) charge exists only in discrete amounts  B1   [1]

(b)(i) E = I(R + r) or V = IR     C1
(total resistance =) 2.7 + 0.30 + 0.25 (= 3.25 Ω) M1
I = 9.0 / (2.7 + 0.30 + 0.25) or 9.0 / 3.25 = 2.8 A A1   [3]

(b)(ii) V = IRext      C1
= 2.77 × 3.0 or 2.8 × 3.0
or
V = E – Ir     (C1)
= 9.0 – 2.77 × 0.25 or 9.0 – 2.8 × 0.25
V = 8.3 (8.31) V or 8.4 V A1                                   [2]

(c)(i) I = nevA
v = 2.77 / (8.5 × 1029 × 1.6 × 10–19 × 2.5 × 10–6) M1
= 8.1 (8.147) × 10–6 ms–1 or 8.2 × 10–6 ms–1  A1   [2] 

(c)(ii) A reduces by a factor 4 (1/4 less) or resistance  
of Z goes up by 4×     M1
current goes down but by less than a factor of  
4 (as total resistance does not go up by a factor  
of 4) so drift speed goes up    A1   [2]

[Total: 10]

7(a)

7(b)(i)

7(b)(ii)

7(c)(i)

7(c)(ii)

QLOW
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(a) charge exists only in discrete amounts  B1   [1]

(b)(i) E = I(R + r) or V = IR     C1
(total resistance =) 2.7 + 0.30 + 0.25 (= 3.25 Ω) M1
I = 9.0 / (2.7 + 0.30 + 0.25) or 9.0 / 3.25 = 2.8 A A1   [3]

(b)(ii) V = IRext      C1
= 2.77 × 3.0 or 2.8 × 3.0
or
V = E – Ir     (C1)
= 9.0 – 2.77 × 0.25 or 9.0 – 2.8 × 0.25
V = 8.3 (8.31) V or 8.4 V A1                                   [2]

(c)(i) I = nevA
v = 2.77 / (8.5 × 1029 × 1.6 × 10–19 × 2.5 × 10–6) M1
= 8.1 (8.147) × 10–6 ms–1 or 8.2 × 10–6 ms–1  A1   [2] 

(c)(ii) A reduces by a factor 4 (1/4 less) or resistance  
of Z goes up by 4×     M1
current goes down but by less than a factor of  
4 (as total resistance does not go up by a factor  
of 4) so drift speed goes up    A1   [2]

[Total: 10]

7(a)

7(b)(i)

7(b)(ii)

7(c)(i)

7(c)(ii)
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2(a)(ii)

2(a)(iii)

2(b)(iii)

2(b)(iv)

2(c)(i)

2(c)(ii)

2(d)(ii)

2(e)(ii)

2(f)(i)

2(f)(ii)

2(g)(i)

2(g)(ii)

QHIGH

Q2 Mark scheme

(a)(ii) All raw values of d either to the nearest 0.01 or 0.001 mm 
with unit and in the range 0.250 mm to 0.450 mm          [1]

(a)(iii) Correct calculation of A with consistent unit and power  
of ten.              [1]

(b)(iii) Value of L with appropriate unit in range  
10.0 cm ≤ L ≤ 20.0 cm.            [1]

(b)(iv) Percentage uncertainty in L based on absolute  
uncertainty of 2 mm to 8 mm.
If repeated readings have been taken, then the  
uncertainty can be half the range (but not zero) if  
the working is clearly shown.
Correct method of calculation to obtain percentage 
uncertainty.             [1]

(c)(i) Correct calculation of C to the s.f. given by the  
candidate.              [1]

(c)(ii) Correct justification for s.f. in C linked to s.f. in d and L.   [1]

(d)(ii) Raw values for time to the nearest 0.1 s or better.
T with unit and in range 0.5 s ≤ T ≤ 2.0 s.          [1]

(e)(ii) Second values of d and L.
Second value of T.
Quality:  
If d1 > d2 then second value of T > first value of T.          [1]

(f)(i) Two values of k calculated correctly.          [1]

(f)(ii) Sensible comment relating to the calculated values of k, 
testing against a criterion specified by the candidate.      [1]
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2(a)(ii)

2(a)(iii)

2(b)(iii)

2(b)(iv)

2(c)(i)

2(c)(ii)

2(d)(ii)

2(e)(ii)

2(f)(i)

2(f)(ii)

2(g)(i)

2(g)(ii)

Q2 Mark scheme

(a)(ii) All raw values of d either to the nearest 0.01 or 0.001 mm 
with unit and in the range 0.250 mm to 0.450 mm          [1]

(a)(iii) Correct calculation of A with consistent unit and power  
of ten.              [1]

(b)(iii) Value of L with appropriate unit in range  
10.0 cm ≤ L ≤ 20.0 cm.            [1]

(b)(iv) Percentage uncertainty in L based on absolute  
uncertainty of 2 mm to 8 mm.
If repeated readings have been taken, then the  
uncertainty can be half the range (but not zero) if  
the working is clearly shown.
Correct method of calculation to obtain percentage 
uncertainty.             [1]

(c)(i) Correct calculation of C to the s.f. given by the  
candidate.              [1]

(c)(ii) Correct justification for s.f. in C linked to s.f. in d and L.   [1]

(d)(ii) Raw values for time to the nearest 0.1 s or better.
T with unit and in range 0.5 s ≤ T ≤ 2.0 s.          [1]

(e)(ii) Second values of d and L.
Second value of T.
Quality:  
If d1 > d2 then second value of T > first value of T.          [1]

(f)(i) Two values of k calculated correctly.          [1]

(f)(ii) Sensible comment relating to the calculated values of k, 
testing against a criterion specified by the candidate.      [1]
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2(a)(ii)

2(a)(iii)

2(b)(iii)

2(b)(iv)

2(c)(i)

2(c)(ii)

2(d)(ii)

2(e)(ii)

2(f)(i)

2(f)(ii)

2(g)(i)

2(g)(ii)

Q2 Mark scheme

(a)(ii) All raw values of d either to the nearest 0.01 or 0.001 mm 
with unit and in the range 0.250 mm to 0.450 mm          [1]

(a)(iii) Correct calculation of A with consistent unit and power  
of ten.              [1]

(b)(iii) Value of L with appropriate unit in range  
10.0 cm ≤ L ≤ 20.0 cm.            [1]

(b)(iv) Percentage uncertainty in L based on absolute  
uncertainty of 2 mm to 8 mm.
If repeated readings have been taken, then the  
uncertainty can be half the range (but not zero) if  
the working is clearly shown.
Correct method of calculation to obtain percentage 
uncertainty.             [1]

(c)(i) Correct calculation of C to the s.f. given by the  
candidate.              [1]

(c)(ii) Correct justification for s.f. in C linked to s.f. in d and L.   [1]

(d)(ii) Raw values for time to the nearest 0.1 s or better.
T with unit and in range 0.5 s ≤ T ≤ 2.0 s.          [1]

(e)(ii) Second values of d and L.
Second value of T.
Quality:  
If d1 > d2 then second value of T > first value of T.          [1]

(f)(i) Two values of k calculated correctly.          [1]

(f)(ii) Sensible comment relating to the calculated values of k, 
testing against a criterion specified by the candidate.      [1]
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2(a)(ii)

2(a)(iii)

2(b)(iii)

2(b)(iv)

2(c)(i)

2(c)(ii)

2(d)(ii)

2(e)(ii)

2(f)(i)

2(f)(ii)

2(g)(i)

2(g)(ii)

Q2 Mark scheme

(a)(ii) All raw values of d either to the nearest 0.01 or 0.001 mm 
with unit and in the range 0.250 mm to 0.450 mm          [1]

(a)(iii) Correct calculation of A with consistent unit and power  
of ten.              [1]

(b)(iii) Value of L with appropriate unit in range  
10.0 cm ≤ L ≤ 20.0 cm.            [1]

(b)(iv) Percentage uncertainty in L based on absolute  
uncertainty of 2 mm to 8 mm.
If repeated readings have been taken, then the  
uncertainty can be half the range (but not zero) if  
the working is clearly shown.
Correct method of calculation to obtain percentage 
uncertainty.             [1]

(c)(i) Correct calculation of C to the s.f. given by the  
candidate.              [1]

(c)(ii) Correct justification for s.f. in C linked to s.f. in d and L.   [1]

(d)(ii) Raw values for time to the nearest 0.1 s or better.
T with unit and in range 0.5 s ≤ T ≤ 2.0 s.          [1]

(e)(ii) Second values of d and L.
Second value of T.
Quality:  
If d1 > d2 then second value of T > first value of T.          [1]

(f)(i) Two values of k calculated correctly.          [1]

(f)(ii) Sensible comment relating to the calculated values of k, 
testing against a criterion specified by the candidate.      [1]
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2(a)(ii)

2(a)(iii)

2(b)(iii)

2(b)(iv)

2(c)(i)

2(c)(ii)

2(d)(ii)

2(e)(ii)

2(f)(i)

2(f)(ii)

2(g)(i)

2(g)(ii)

Q2 Mark scheme

(a)(ii) All raw values of d either to the nearest 0.01 or 0.001 mm 
with unit and in the range 0.250 mm to 0.450 mm          [1]

(a)(iii) Correct calculation of A with consistent unit and power  
of ten.              [1]

(b)(iii) Value of L with appropriate unit in range  
10.0 cm ≤ L ≤ 20.0 cm.            [1]

(b)(iv) Percentage uncertainty in L based on absolute  
uncertainty of 2 mm to 8 mm.
If repeated readings have been taken, then the  
uncertainty can be half the range (but not zero) if  
the working is clearly shown.
Correct method of calculation to obtain percentage 
uncertainty.             [1]

(c)(i) Correct calculation of C to the s.f. given by the  
candidate.              [1]

(c)(ii) Correct justification for s.f. in C linked to s.f. in d and L.   [1]

(d)(ii) Raw values for time to the nearest 0.1 s or better.
T with unit and in range 0.5 s ≤ T ≤ 2.0 s.          [1]

(e)(ii) Second values of d and L.
Second value of T.
Quality:  
If d1 > d2 then second value of T > first value of T.          [1]

(f)(i) Two values of k calculated correctly.          [1]

(f)(ii) Sensible comment relating to the calculated values of k, 
testing against a criterion specified by the candidate.      [1]
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2(a)(ii)

2(a)(iii)

2(b)(iii)

2(b)(iv)

2(c)(i)

2(c)(ii)

2(d)(ii)

2(e)(ii)

2(f)(i)

2(f)(ii)

2(g)(i)

2(g)(ii)

Q2 Mark scheme

(g) (i) Limitations     [4] (ii) Improvements     [4] Do not credit

A Two readings not 
enough to draw a 
conclusion

Take many readings 
and plot a graph/
obtain more k values 
and compare

“Repeat readings” 
on its own/few 
readings/only 
one reading/not 
enough readings for 
accurate value

B Difficult to judge 
beginning and/or 
end of a cycle/a 
complete cycle

Draw a line/mark on 
the mass/ (fiducial) 
marker at equilibrium 
position

C Wire not straight/
kinked

Method of 
straightening wire e.g. 
use larger mass

D Difficult to 
measure L with 
reason e.g. metre 
rule awkward to 
position/parallax 
error

Improved method 
of measuring L e.g. 
marking L before 
putting into clip/ 
detailed method using 
set squares or ruler/ 
use a length guide 
(e.g. 15 cm wood)/ use 
string with detail/ use 
tape measure

Vernier calipers on 
its own/ 
set square on its 
own/
30 cm ruler on its 
own

E Wire slips (in clip) Better method of 
gripping wire e.g. 
wrap wire around 
clamp/use two 
wooden blocks and
wire

Any reference to 
attaching the mass 
to the wire

F Mass swings as 
well as rotates/
clip moves around 
rod/there is a force 
on release

Better method of 
attaching clip to rod 
e.g. glue

G Shorter/thicker 
wire has too few
cycles/dampens 
quickly/
(percentage) 
uncertainty greater
for shorter/thicker 
wire

Video and timer/replay 
frame
by frame

Repeats
Longer wire

[TOTAL: 18]
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2(a)(ii)

2(a)(iii)

2(b)(iii)

2(b)(iv)

2(c)(i)

2(c)(ii)

2(d)(ii)

2(e)(ii)

2(f)(i)

2(f)(ii)

2(g)(i)

2(g)(ii)

QMID

Q2 Mark scheme

(a)(ii) All raw values of d either to the nearest 0.01 or 0.001 mm 
with unit and in the range 0.250 mm to 0.450 mm          [1]

(a)(iii) Correct calculation of A with consistent unit and power  
of ten.              [1]

(b)(iii) Value of L with appropriate unit in range  
10.0 cm ≤ L ≤ 20.0 cm.            [1]

(b)(iv) Percentage uncertainty in L based on absolute  
uncertainty of 2 mm to 8 mm.
If repeated readings have been taken, then the  
uncertainty can be half the range (but not zero) if  
the working is clearly shown.
Correct method of calculation to obtain percentage 
uncertainty.             [1]

(c)(i) Correct calculation of C to the s.f. given by the  
candidate.              [1]

(c)(ii) Correct justification for s.f. in C linked to s.f. in d and L.   [1]

(d)(ii) Raw values for time to the nearest 0.1 s or better.
T with unit and in range 0.5 s ≤ T ≤ 2.0 s.          [1]

(e)(ii) Second values of d and L.
Second value of T.
Quality:  
If d1 > d2 then second value of T > first value of T.          [1]

(f)(i) Two values of k calculated correctly.          [1]

(f)(ii) Sensible comment relating to the calculated values of k, 
testing against a criterion specified by the candidate.      [1]
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2(a)(ii)

2(a)(iii)

2(b)(iii)

2(b)(iv)

2(c)(i)

2(c)(ii)

2(d)(ii)

2(e)(ii)

2(f)(i)

2(f)(ii)

2(g)(i)

2(g)(ii)

Q2 Mark scheme

(a)(ii) All raw values of d either to the nearest 0.01 or 0.001 mm 
with unit and in the range 0.250 mm to 0.450 mm          [1]

(a)(iii) Correct calculation of A with consistent unit and power  
of ten.              [1]

(b)(iii) Value of L with appropriate unit in range  
10.0 cm ≤ L ≤ 20.0 cm.            [1]

(b)(iv) Percentage uncertainty in L based on absolute  
uncertainty of 2 mm to 8 mm.
If repeated readings have been taken, then the  
uncertainty can be half the range (but not zero) if  
the working is clearly shown.
Correct method of calculation to obtain percentage 
uncertainty.             [1]

(c)(i) Correct calculation of C to the s.f. given by the  
candidate.              [1]

(c)(ii) Correct justification for s.f. in C linked to s.f. in d and L.   [1]

(d)(ii) Raw values for time to the nearest 0.1 s or better.
T with unit and in range 0.5 s ≤ T ≤ 2.0 s.          [1]

(e)(ii) Second values of d and L.
Second value of T.
Quality:  
If d1 > d2 then second value of T > first value of T.          [1]

(f)(i) Two values of k calculated correctly.          [1]

(f)(ii) Sensible comment relating to the calculated values of k, 
testing against a criterion specified by the candidate.      [1]
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2(a)(ii)

2(a)(iii)

2(b)(iii)

2(b)(iv)

2(c)(i)

2(c)(ii)

2(d)(ii)

2(e)(ii)

2(f)(i)

2(f)(ii)

2(g)(i)

2(g)(ii)

Q2 Mark scheme

(a)(ii) All raw values of d either to the nearest 0.01 or 0.001 mm 
with unit and in the range 0.250 mm to 0.450 mm          [1]

(a)(iii) Correct calculation of A with consistent unit and power  
of ten.              [1]

(b)(iii) Value of L with appropriate unit in range  
10.0 cm ≤ L ≤ 20.0 cm.            [1]

(b)(iv) Percentage uncertainty in L based on absolute  
uncertainty of 2 mm to 8 mm.
If repeated readings have been taken, then the  
uncertainty can be half the range (but not zero) if  
the working is clearly shown.
Correct method of calculation to obtain percentage 
uncertainty.             [1]

(c)(i) Correct calculation of C to the s.f. given by the  
candidate.              [1]

(c)(ii) Correct justification for s.f. in C linked to s.f. in d and L.   [1]

(d)(ii) Raw values for time to the nearest 0.1 s or better.
T with unit and in range 0.5 s ≤ T ≤ 2.0 s.          [1]

(e)(ii) Second values of d and L.
Second value of T.
Quality:  
If d1 > d2 then second value of T > first value of T.          [1]

(f)(i) Two values of k calculated correctly.          [1]

(f)(ii) Sensible comment relating to the calculated values of k, 
testing against a criterion specified by the candidate.      [1]
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2(a)(ii)

2(a)(iii)

2(b)(iii)

2(b)(iv)

2(c)(i)

2(c)(ii)

2(d)(ii)

2(e)(ii)

2(f)(i)

2(f)(ii)

2(g)(i)

2(g)(ii)

Q2 Mark scheme

(a)(ii) All raw values of d either to the nearest 0.01 or 0.001 mm 
with unit and in the range 0.250 mm to 0.450 mm          [1]

(a)(iii) Correct calculation of A with consistent unit and power  
of ten.              [1]

(b)(iii) Value of L with appropriate unit in range  
10.0 cm ≤ L ≤ 20.0 cm.            [1]

(b)(iv) Percentage uncertainty in L based on absolute  
uncertainty of 2 mm to 8 mm.
If repeated readings have been taken, then the  
uncertainty can be half the range (but not zero) if  
the working is clearly shown.
Correct method of calculation to obtain percentage 
uncertainty.             [1]

(c)(i) Correct calculation of C to the s.f. given by the  
candidate.              [1]

(c)(ii) Correct justification for s.f. in C linked to s.f. in d and L.   [1]

(d)(ii) Raw values for time to the nearest 0.1 s or better.
T with unit and in range 0.5 s ≤ T ≤ 2.0 s.          [1]

(e)(ii) Second values of d and L.
Second value of T.
Quality:  
If d1 > d2 then second value of T > first value of T.          [1]

(f)(i) Two values of k calculated correctly.          [1]

(f)(ii) Sensible comment relating to the calculated values of k, 
testing against a criterion specified by the candidate.      [1]
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2(a)(ii)

2(a)(iii)

2(b)(iii)

2(b)(iv)

2(c)(i)

2(c)(ii)

2(d)(ii)

2(e)(ii)

2(f)(i)

2(f)(ii)

2(g)(i)

2(g)(ii)

Q2 Mark scheme

(a)(ii) All raw values of d either to the nearest 0.01 or 0.001 mm 
with unit and in the range 0.250 mm to 0.450 mm          [1]

(a)(iii) Correct calculation of A with consistent unit and power  
of ten.              [1]

(b)(iii) Value of L with appropriate unit in range  
10.0 cm ≤ L ≤ 20.0 cm.            [1]

(b)(iv) Percentage uncertainty in L based on absolute  
uncertainty of 2 mm to 8 mm.
If repeated readings have been taken, then the  
uncertainty can be half the range (but not zero) if  
the working is clearly shown.
Correct method of calculation to obtain percentage 
uncertainty.             [1]

(c)(i) Correct calculation of C to the s.f. given by the  
candidate.              [1]

(c)(ii) Correct justification for s.f. in C linked to s.f. in d and L.   [1]

(d)(ii) Raw values for time to the nearest 0.1 s or better.
T with unit and in range 0.5 s ≤ T ≤ 2.0 s.          [1]

(e)(ii) Second values of d and L.
Second value of T.
Quality:  
If d1 > d2 then second value of T > first value of T.          [1]

(f)(i) Two values of k calculated correctly.          [1]

(f)(ii) Sensible comment relating to the calculated values of k, 
testing against a criterion specified by the candidate.      [1]
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2(a)(ii)

2(a)(iii)

2(b)(iii)

2(b)(iv)

2(c)(i)

2(c)(ii)

2(d)(ii)

2(e)(ii)

2(f)(i)

2(f)(ii)

2(g)(i)

2(g)(ii)

Q2 Mark scheme

(g) (i) Limitations     [4] (ii) Improvements     [4] Do not credit

A Two readings not 
enough to draw a 
conclusion

Take many readings 
and plot a graph/
obtain more k values 
and compare

“Repeat readings” 
on its own/few 
readings/only 
one reading/not 
enough readings for 
accurate value

B Difficult to judge 
beginning and/or 
end of a cycle/a 
complete cycle

Draw a line/mark on 
the mass/ (fiducial) 
marker at equilibrium 
position

C Wire not straight/
kinked

Method of 
straightening wire e.g. 
use larger mass

D Difficult to 
measure L with 
reason e.g. metre 
rule awkward to 
position/parallax 
error

Improved method 
of measuring L e.g. 
marking L before 
putting into clip/ 
detailed method using 
set squares or ruler/ 
use a length guide 
(e.g. 15 cm wood)/ use 
string with detail/ use 
tape measure

Vernier calipers on 
its own/ 
set square on its 
own/
30 cm ruler on its 
own

E Wire slips (in clip) Better method of 
gripping wire e.g. 
wrap wire around 
clamp/use two 
wooden blocks and
wire

Any reference to 
attaching the mass 
to the wire

F Mass swings as 
well as rotates/
clip moves around 
rod/there is a force 
on release

Better method of 
attaching clip to rod 
e.g. glue

G Shorter/thicker 
wire has too few
cycles/dampens 
quickly/
(percentage) 
uncertainty greater
for shorter/thicker 
wire

Video and timer/replay 
frame
by frame

Repeats
Longer wire
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2(a)(ii)

2(a)(iii)

2(b)(iii)

2(b)(iv)

2(c)(i)

2(c)(ii)

2(d)(ii)

2(e)(ii)

2(f)(i)

2(f)(ii)

2(g)(i)

2(g)(ii)

QLOW

Q2 Mark scheme

(a)(ii) All raw values of d either to the nearest 0.01 or 0.001 mm 
with unit and in the range 0.250 mm to 0.450 mm          [1]

(a)(iii) Correct calculation of A with consistent unit and power  
of ten.              [1]

(b)(iii) Value of L with appropriate unit in range  
10.0 cm ≤ L ≤ 20.0 cm.            [1]

(b)(iv) Percentage uncertainty in L based on absolute  
uncertainty of 2 mm to 8 mm.
If repeated readings have been taken, then the  
uncertainty can be half the range (but not zero) if  
the working is clearly shown.
Correct method of calculation to obtain percentage 
uncertainty.             [1]

(c)(i) Correct calculation of C to the s.f. given by the  
candidate.              [1]

(c)(ii) Correct justification for s.f. in C linked to s.f. in d and L.   [1]

(d)(ii) Raw values for time to the nearest 0.1 s or better.
T with unit and in range 0.5 s ≤ T ≤ 2.0 s.          [1]

(e)(ii) Second values of d and L.
Second value of T.
Quality:  
If d1 > d2 then second value of T > first value of T.          [1]

(f)(i) Two values of k calculated correctly.          [1]

(f)(ii) Sensible comment relating to the calculated values of k, 
testing against a criterion specified by the candidate.      [1]
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2(a)(ii)

2(a)(iii)

2(b)(iii)

2(b)(iv)

2(c)(i)

2(c)(ii)

2(d)(ii)

2(e)(ii)

2(f)(i)

2(f)(ii)

2(g)(i)

2(g)(ii)

Q2 Mark scheme

(a)(ii) All raw values of d either to the nearest 0.01 or 0.001 mm 
with unit and in the range 0.250 mm to 0.450 mm          [1]

(a)(iii) Correct calculation of A with consistent unit and power  
of ten.              [1]

(b)(iii) Value of L with appropriate unit in range  
10.0 cm ≤ L ≤ 20.0 cm.            [1]

(b)(iv) Percentage uncertainty in L based on absolute  
uncertainty of 2 mm to 8 mm.
If repeated readings have been taken, then the  
uncertainty can be half the range (but not zero) if  
the working is clearly shown.
Correct method of calculation to obtain percentage 
uncertainty.             [1]

(c)(i) Correct calculation of C to the s.f. given by the  
candidate.              [1]

(c)(ii) Correct justification for s.f. in C linked to s.f. in d and L.   [1]

(d)(ii) Raw values for time to the nearest 0.1 s or better.
T with unit and in range 0.5 s ≤ T ≤ 2.0 s.          [1]

(e)(ii) Second values of d and L.
Second value of T.
Quality:  
If d1 > d2 then second value of T > first value of T.          [1]

(f)(i) Two values of k calculated correctly.          [1]

(f)(ii) Sensible comment relating to the calculated values of k, 
testing against a criterion specified by the candidate.      [1]
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2(a)(ii)

2(a)(iii)

2(b)(iii)

2(b)(iv)

2(c)(i)

2(c)(ii)

2(d)(ii)

2(e)(ii)

2(f)(i)

2(f)(ii)

2(g)(i)

2(g)(ii)

Q2 Mark scheme

(a)(ii) All raw values of d either to the nearest 0.01 or 0.001 mm 
with unit and in the range 0.250 mm to 0.450 mm          [1]

(a)(iii) Correct calculation of A with consistent unit and power  
of ten.              [1]

(b)(iii) Value of L with appropriate unit in range  
10.0 cm ≤ L ≤ 20.0 cm.            [1]

(b)(iv) Percentage uncertainty in L based on absolute  
uncertainty of 2 mm to 8 mm.
If repeated readings have been taken, then the  
uncertainty can be half the range (but not zero) if  
the working is clearly shown.
Correct method of calculation to obtain percentage 
uncertainty.             [1]

(c)(i) Correct calculation of C to the s.f. given by the  
candidate.              [1]

(c)(ii) Correct justification for s.f. in C linked to s.f. in d and L.   [1]

(d)(ii) Raw values for time to the nearest 0.1 s or better.
T with unit and in range 0.5 s ≤ T ≤ 2.0 s.          [1]

(e)(ii) Second values of d and L.
Second value of T.
Quality:  
If d1 > d2 then second value of T > first value of T.          [1]

(f)(i) Two values of k calculated correctly.          [1]

(f)(ii) Sensible comment relating to the calculated values of k, 
testing against a criterion specified by the candidate.      [1]
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2(a)(ii)

2(a)(iii)

2(b)(iii)

2(b)(iv)

2(c)(i)

2(c)(ii)

2(d)(ii)

2(e)(ii)

2(f)(i)

2(f)(ii)

2(g)(i)

2(g)(ii)

Q2 Mark scheme

(a)(ii) All raw values of d either to the nearest 0.01 or 0.001 mm 
with unit and in the range 0.250 mm to 0.450 mm          [1]

(a)(iii) Correct calculation of A with consistent unit and power  
of ten.              [1]

(b)(iii) Value of L with appropriate unit in range  
10.0 cm ≤ L ≤ 20.0 cm.            [1]

(b)(iv) Percentage uncertainty in L based on absolute  
uncertainty of 2 mm to 8 mm.
If repeated readings have been taken, then the  
uncertainty can be half the range (but not zero) if  
the working is clearly shown.
Correct method of calculation to obtain percentage 
uncertainty.             [1]

(c)(i) Correct calculation of C to the s.f. given by the  
candidate.              [1]

(c)(ii) Correct justification for s.f. in C linked to s.f. in d and L.   [1]

(d)(ii) Raw values for time to the nearest 0.1 s or better.
T with unit and in range 0.5 s ≤ T ≤ 2.0 s.          [1]

(e)(ii) Second values of d and L.
Second value of T.
Quality:  
If d1 > d2 then second value of T > first value of T.          [1]

(f)(i) Two values of k calculated correctly.          [1]

(f)(ii) Sensible comment relating to the calculated values of k, 
testing against a criterion specified by the candidate.      [1]
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2(a)(ii)

2(a)(iii)

2(b)(iii)

2(b)(iv)

2(c)(i)

2(c)(ii)

2(d)(ii)

2(e)(ii)

2(f)(i)

2(f)(ii)

2(g)(i)

2(g)(ii)

Q2 Mark scheme

(a)(ii) All raw values of d either to the nearest 0.01 or 0.001 mm 
with unit and in the range 0.250 mm to 0.450 mm          [1]

(a)(iii) Correct calculation of A with consistent unit and power  
of ten.              [1]

(b)(iii) Value of L with appropriate unit in range  
10.0 cm ≤ L ≤ 20.0 cm.            [1]

(b)(iv) Percentage uncertainty in L based on absolute  
uncertainty of 2 mm to 8 mm.
If repeated readings have been taken, then the  
uncertainty can be half the range (but not zero) if  
the working is clearly shown.
Correct method of calculation to obtain percentage 
uncertainty.             [1]

(c)(i) Correct calculation of C to the s.f. given by the  
candidate.              [1]

(c)(ii) Correct justification for s.f. in C linked to s.f. in d and L.   [1]

(d)(ii) Raw values for time to the nearest 0.1 s or better.
T with unit and in range 0.5 s ≤ T ≤ 2.0 s.          [1]

(e)(ii) Second values of d and L.
Second value of T.
Quality:  
If d1 > d2 then second value of T > first value of T.          [1]

(f)(i) Two values of k calculated correctly.          [1]

(f)(ii) Sensible comment relating to the calculated values of k, 
testing against a criterion specified by the candidate.      [1]
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2(a)(ii)

2(a)(iii)

2(b)(iii)

2(b)(iv)

2(c)(i)

2(c)(ii)

2(d)(ii)

2(e)(ii)

2(f)(i)

2(f)(ii)

2(g)(i)

2(g)(ii)

Q2 Mark scheme

(g) (i) Limitations     [4] (ii) Improvements     [4] Do not credit

A Two readings not 
enough to draw a 
conclusion

Take many readings 
and plot a graph/
obtain more k values 
and compare

“Repeat readings” 
on its own/few 
readings/only 
one reading/not 
enough readings for 
accurate value

B Difficult to judge 
beginning and/or 
end of a cycle/a 
complete cycle

Draw a line/mark on 
the mass/ (fiducial) 
marker at equilibrium 
position

C Wire not straight/
kinked

Method of 
straightening wire e.g. 
use larger mass

D Difficult to 
measure L with 
reason e.g. metre 
rule awkward to 
position/parallax 
error

Improved method 
of measuring L e.g. 
marking L before 
putting into clip/ 
detailed method using 
set squares or ruler/ 
use a length guide 
(e.g. 15 cm wood)/ use 
string with detail/ use 
tape measure

Vernier calipers on 
its own/ 
set square on its 
own/
30 cm ruler on its 
own

E Wire slips (in clip) Better method of 
gripping wire e.g. 
wrap wire around 
clamp/use two 
wooden blocks and
wire

Any reference to 
attaching the mass 
to the wire

F Mass swings as 
well as rotates/
clip moves around 
rod/there is a force 
on release

Better method of 
attaching clip to rod 
e.g. glue

G Shorter/thicker 
wire has too few
cycles/dampens 
quickly/
(percentage) 
uncertainty greater
for shorter/thicker 
wire

Video and timer/replay 
frame
by frame

Repeats
Longer wire
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(a)(i) gravitational force provides/is the centripetal force B1

same gravitational force (by Newton III)  B1    [2]

(a)(ii) ω = 2π / T
= 2π / (4.0 × 365 × 24 × 3600)    C1

= 5.0 (4.98) × 10–8 rad s–1    A1    [2]

(b)(i) (centripetal force =) MAdω
2 = MB(2.8 × 108 –d)ω2

or
MAdA = MBdB     C1

MA / MB = 3.0 = (2.8 × 108 – d) / d   C1

d = 7.0 × 107 km      A1    [3]

(b)(ii) GMAMB / (2.8 × 1011)2 = MAdω
2    B1

MB = (2.8 × 1011)2 × dω2 / G
   = (2.8 × 1011)2 × (7.0 × 1010) × (4.98 × 10–8)2/  

     (6.67 × 10–11)     C1

 = 2.0 × 1029 kg    A1    [3]

                 [Total: 10]

1(a)(i)

1(a)(ii)

1(b)(i)

1(b)(ii)

QHIGH
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(a)(i) gravitational force provides/is the centripetal force B1

same gravitational force (by Newton III)  B1    [2]

(a)(ii) ω = 2π / T
= 2π / (4.0 × 365 × 24 × 3600)    C1

= 5.0 (4.98) × 10–8 rad s–1    A1    [2]

(b)(i) (centripetal force =) MAdω
2 = MB(2.8 × 108 –d)ω2

or
MAdA = MBdB     C1

MA / MB = 3.0 = (2.8 × 108 – d) / d   C1

d = 7.0 × 107 km      A1    [3]

(b)(ii) GMAMB / (2.8 × 1011)2 = MAdω
2    B1

MB = (2.8 × 1011)2 × dω2 / G
   = (2.8 × 1011)2 × (7.0 × 1010) × (4.98 × 10–8)2/  

     (6.67 × 10–11)     C1

 = 2.0 × 1029 kg    A1    [3]

                 [Total: 10]

1(a)(i)

1(a)(ii)

1(b)(i)

1(b)(ii)
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(a)(i) gravitational force provides/is the centripetal force B1

same gravitational force (by Newton III)  B1    [2]

(a)(ii) ω = 2π / T
= 2π / (4.0 × 365 × 24 × 3600)    C1

= 5.0 (4.98) × 10–8 rad s–1    A1    [2]

(b)(i) (centripetal force =) MAdω
2 = MB(2.8 × 108 –d)ω2

or
MAdA = MBdB     C1

MA / MB = 3.0 = (2.8 × 108 – d) / d   C1

d = 7.0 × 107 km      A1    [3]

(b)(ii) GMAMB / (2.8 × 1011)2 = MAdω
2    B1

MB = (2.8 × 1011)2 × dω2 / G
   = (2.8 × 1011)2 × (7.0 × 1010) × (4.98 × 10–8)2/  

     (6.67 × 10–11)     C1

 = 2.0 × 1029 kg    A1    [3]

                 [Total: 10]

1(a)(i)

1(a)(ii)

1(b)(i)

1(b)(ii)

QMID
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(a)(i) gravitational force provides/is the centripetal force B1

same gravitational force (by Newton III)  B1    [2]

(a)(ii) ω = 2π / T
= 2π / (4.0 × 365 × 24 × 3600)    C1

= 5.0 (4.98) × 10–8 rad s–1    A1    [2]

(b)(i) (centripetal force =) MAdω
2 = MB(2.8 × 108 –d)ω2

or
MAdA = MBdB     C1

MA / MB = 3.0 = (2.8 × 108 – d) / d   C1

d = 7.0 × 107 km      A1    [3]

(b)(ii) GMAMB / (2.8 × 1011)2 = MAdω
2    B1

MB = (2.8 × 1011)2 × dω2 / G
   = (2.8 × 1011)2 × (7.0 × 1010) × (4.98 × 10–8)2/  

     (6.67 × 10–11)     C1

 = 2.0 × 1029 kg    A1    [3]

                 [Total: 10]

1(a)(i)

1(a)(ii)

1(b)(i)

1(b)(ii)
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(a)(i) gravitational force provides/is the centripetal force B1

same gravitational force (by Newton III)  B1    [2]

(a)(ii) ω = 2π / T
= 2π / (4.0 × 365 × 24 × 3600)    C1

= 5.0 (4.98) × 10–8 rad s–1    A1    [2]

(b)(i) (centripetal force =) MAdω
2 = MB(2.8 × 108 –d)ω2

or
MAdA = MBdB     C1

MA / MB = 3.0 = (2.8 × 108 – d) / d   C1

d = 7.0 × 107 km      A1    [3]

(b)(ii) GMAMB / (2.8 × 1011)2 = MAdω
2    B1

MB = (2.8 × 1011)2 × dω2 / G
   = (2.8 × 1011)2 × (7.0 × 1010) × (4.98 × 10–8)2/  

     (6.67 × 10–11)     C1

 = 2.0 × 1029 kg    A1    [3]

                 [Total: 10]

1(a)(i)

1(a)(ii)

1(b)(i)

1(b)(ii)

QLOW
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(a)(i) gravitational force provides/is the centripetal force B1

same gravitational force (by Newton III)  B1    [2]

(a)(ii) ω = 2π / T
= 2π / (4.0 × 365 × 24 × 3600)    C1

= 5.0 (4.98) × 10–8 rad s–1    A1    [2]

(b)(i) (centripetal force =) MAdω
2 = MB(2.8 × 108 –d)ω2

or
MAdA = MBdB     C1

MA / MB = 3.0 = (2.8 × 108 – d) / d   C1

d = 7.0 × 107 km      A1    [3]

(b)(ii) GMAMB / (2.8 × 1011)2 = MAdω
2    B1

MB = (2.8 × 1011)2 × dω2 / G
   = (2.8 × 1011)2 × (7.0 × 1010) × (4.98 × 10–8)2/  

     (6.67 × 10–11)     C1

 = 2.0 × 1029 kg    A1    [3]

                 [Total: 10]

1(a)(i)

1(a)(ii)

1(b)(i)

1(b)(ii)
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(a)(i) T = 0.60 s and ω = 2π / T     C1

ω = 10 (10.47) rad s–1     A1    [2]

(a)(ii) energy = ½mω2x0
2 or ½mv2 and v = ωx0   C1

 = ½ × 120 × 10–3 × (10.5)2 × (2.0 × 10–2)2

 = 2.6 × 10–3 J     A1    [2]

(b) sketch: smooth curve in correct directions   B1

peak at f      M1

amplitude never zero and line extends  
from 0.7f to 1.3f      A1    [3]

(c) sketch: peaked line always below a peaked line A  M1

peak not as sharp and at (or slightly less than)  
frequency of peak in line A    A1    [2] 

                   [Total: 9]

4(a)(i)

4(a)(ii)

4(b)

4(c)

QHIGH
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(a)(i) T = 0.60 s and ω = 2π / T     C1

ω = 10 (10.47) rad s–1     A1    [2]

(a)(ii) energy = ½mω2x0
2 or ½mv2 and v = ωx0   C1

 = ½ × 120 × 10–3 × (10.5)2 × (2.0 × 10–2)2

 = 2.6 × 10–3 J     A1    [2]

(b) sketch: smooth curve in correct directions   B1

peak at f      M1

amplitude never zero and line extends  
from 0.7f to 1.3f      A1    [3]

(c) sketch: peaked line always below a peaked line A  M1

peak not as sharp and at (or slightly less than)  
frequency of peak in line A    A1    [2] 

                   [Total: 9]
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ω = 10 (10.47) rad s–1     A1    [2]

(a)(ii) energy = ½mω2x0
2 or ½mv2 and v = ωx0   C1

 = ½ × 120 × 10–3 × (10.5)2 × (2.0 × 10–2)2

 = 2.6 × 10–3 J     A1    [2]

(b) sketch: smooth curve in correct directions   B1

peak at f      M1

amplitude never zero and line extends  
from 0.7f to 1.3f      A1    [3]

(c) sketch: peaked line always below a peaked line A  M1

peak not as sharp and at (or slightly less than)  
frequency of peak in line A    A1    [2] 
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(a)(i) T = 0.60 s and ω = 2π / T     C1

ω = 10 (10.47) rad s–1     A1    [2]

(a)(ii) energy = ½mω2x0
2 or ½mv2 and v = ωx0   C1

 = ½ × 120 × 10–3 × (10.5)2 × (2.0 × 10–2)2

 = 2.6 × 10–3 J     A1    [2]

(b) sketch: smooth curve in correct directions   B1

peak at f      M1

amplitude never zero and line extends  
from 0.7f to 1.3f      A1    [3]

(c) sketch: peaked line always below a peaked line A  M1

peak not as sharp and at (or slightly less than)  
frequency of peak in line A    A1    [2] 

                   [Total: 9]

4(a)(i)
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4(b)
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(a)(i) T = 0.60 s and ω = 2π / T     C1

ω = 10 (10.47) rad s–1     A1    [2]

(a)(ii) energy = ½mω2x0
2 or ½mv2 and v = ωx0   C1

 = ½ × 120 × 10–3 × (10.5)2 × (2.0 × 10–2)2

 = 2.6 × 10–3 J     A1    [2]

(b) sketch: smooth curve in correct directions   B1

peak at f      M1

amplitude never zero and line extends  
from 0.7f to 1.3f      A1    [3]

(c) sketch: peaked line always below a peaked line A  M1

peak not as sharp and at (or slightly less than)  
frequency of peak in line A    A1    [2] 
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(a)(i) T = 0.60 s and ω = 2π / T     C1

ω = 10 (10.47) rad s–1     A1    [2]

(a)(ii) energy = ½mω2x0
2 or ½mv2 and v = ωx0   C1

 = ½ × 120 × 10–3 × (10.5)2 × (2.0 × 10–2)2

 = 2.6 × 10–3 J     A1    [2]

(b) sketch: smooth curve in correct directions   B1

peak at f      M1

amplitude never zero and line extends  
from 0.7f to 1.3f      A1    [3]

(c) sketch: peaked line always below a peaked line A  M1

peak not as sharp and at (or slightly less than)  
frequency of peak in line A    A1    [2] 
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4(a)(i)

4(a)(ii)

4(b)

4(c)

Page 11 of 43Print Script
Online Classes : Megalecture@gmail.com
www.youtube.com/megalecture
www.megalecture.com

www.youtube.com/megalecture
www.youtube.com/megalecture


Cambridge Assessment International Education
The Triangle Building, Shaftesbury Road, Cambridge, CB2 8EA, United Kingdom
t: +44 1223 553554 f: +44 1223 553558
e: info@cambridgeinternational.org www.cambridgeinternational.org

Copyright © UCLES March 2018

Online Classes : Megalecture@gmail.com
www.youtube.com/megalecture
www.megalecture.com

mailto:info@cambridgeinternational.org
www.cambridgeinternational.org
www.youtube.com/megalecture
www.youtube.com/megalecture


Interactive Example Candidate Responses 
Paper 4 (May/June 2016), Question 6 
Cambridge International AS & A Level 
Physics 9702

Interactive

Version 1.0

Online Classes : Megalecture@gmail.com
www.youtube.com/megalecture
www.megalecture.com

www.youtube.com/megalecture
www.youtube.com/megalecture


In order to help us develop the highest quality resources, we are undertaking a continuous programme of review; not only to measure the success of 
our resources but also to highlight areas for improvement and to identify new development needs. 

We invite you to complete our survey by visiting the website below. Your comments on the quality and relevance of our resources are very important 
to us. 

www.surveymonkey.co.uk/r/GL6ZNJB 

Would you like to become a Cambridge International consultant and help us develop support materials? 

Please follow the link below to register your interest. 

www.cambridgeinternational.org/cambridge-for/teachers/teacherconsultants/ 

Copyright © UCLES 2018 
Cambridge Assessment International Education is part of the Cambridge Assessment Group. Cambridge Assessment is the brand name of the University of 
Cambridge Local Examinations Syndicate (UCLES), which itself is a department of the University of Cambridge. 

UCLES retains the copyright on all its publications. Registered Centres are permitted to copy material from this booklet for their own internal use. However, we 
cannot give permission to Centres to photocopy any material that is acknowledged to a third party, even for internal use within a Centre.

Online Classes : Megalecture@gmail.com
www.youtube.com/megalecture
www.megalecture.com

http://www.surveymonkey.co.uk/r/GL6ZNJB
http://www.cambridgeinternational.org/cambridge-for/teachers/teacherconsultants/
www.youtube.com/megalecture
www.youtube.com/megalecture


Select 
page

Your 
Mark Q6 Mark scheme

(a) lines perpendicular to surface
or
lines are radial      M1

lines appear to come from centre    A1   [2]

(b)(i) FE = (1.6 × 10–19)2/ 4πε0x
2     C1

FG = G × (1.67 × 10–27)2/ x2    C1

FE / FG = (1.6 × 10–19)2 × (8.99 × 109) /  
    [(1.67×10–27)2 × (6.67×10–11)]
 = 1.2 (1.24) × 1036    A1   [3]

(b) (ii) FE >> FG      B1   [1]

                 [Total: 6]

6(a)

6(b)(i)

6(b)(ii)
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(a) lines perpendicular to surface
or
lines are radial      M1

lines appear to come from centre    A1   [2]

(b)(i) FE = (1.6 × 10–19)2/ 4πε0x
2     C1

FG = G × (1.67 × 10–27)2/ x2    C1

FE / FG = (1.6 × 10–19)2 × (8.99 × 109) /  
    [(1.67×10–27)2 × (6.67×10–11)]
 = 1.2 (1.24) × 1036    A1   [3]

(b) (ii) FE >> FG      B1   [1]

                 [Total: 6]
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(a) lines perpendicular to surface
or
lines are radial      M1

lines appear to come from centre    A1   [2]

(b)(i) FE = (1.6 × 10–19)2/ 4πε0x
2     C1

FG = G × (1.67 × 10–27)2/ x2    C1

FE / FG = (1.6 × 10–19)2 × (8.99 × 109) /  
    [(1.67×10–27)2 × (6.67×10–11)]
 = 1.2 (1.24) × 1036    A1   [3]

(b) (ii) FE >> FG      B1   [1]

                 [Total: 6]

6(a)

6(b)(i)

6(b)(ii)
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(a)(i) (X–ray) photon produced when electron/charged  
particle is stopped/accelerated (suddenly)   B1
range of accelerations (in target)    M1
hence distribution of wavelengths   A1   [3]

(a)(ii) electron gives all its energy to one photon   B1
electron stopped in single collision   B1   [2]

(a)(iii) de-excitation of (orbital) electrons in  
target/anode/metal     B1   [1] 

(b)(i) aluminium sheet/filter/foil  
(placed in beam from tube)    B1   [1] 

(b)(ii) (long wavelength X-rays) do not pass through  
the body      B1   [1]
                 [Total: 8]

12(a)(i)

12(a)(ii)

12(a)(iii)

12(b)(i)

12(b)(iii)
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(a)(i) (X–ray) photon produced when electron/charged  
particle is stopped/accelerated (suddenly)   B1
range of accelerations (in target)    M1
hence distribution of wavelengths   A1   [3]

(a)(ii) electron gives all its energy to one photon   B1
electron stopped in single collision   B1   [2]

(a)(iii) de-excitation of (orbital) electrons in  
target/anode/metal     B1   [1] 

(b)(i) aluminium sheet/filter/foil  
(placed in beam from tube)    B1   [1] 

(b)(ii) (long wavelength X-rays) do not pass through  
the body      B1   [1]
                 [Total: 8]
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(a)(i) (X–ray) photon produced when electron/charged  
particle is stopped/accelerated (suddenly)   B1
range of accelerations (in target)    M1
hence distribution of wavelengths   A1   [3]

(a)(ii) electron gives all its energy to one photon   B1
electron stopped in single collision   B1   [2]

(a)(iii) de-excitation of (orbital) electrons in  
target/anode/metal     B1   [1] 

(b)(i) aluminium sheet/filter/foil  
(placed in beam from tube)    B1   [1] 

(b)(ii) (long wavelength X-rays) do not pass through  
the body      B1   [1]
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(a)(i) (X–ray) photon produced when electron/charged  
particle is stopped/accelerated (suddenly)   B1
range of accelerations (in target)    M1
hence distribution of wavelengths   A1   [3]

(a)(ii) electron gives all its energy to one photon   B1
electron stopped in single collision   B1   [2]

(a)(iii) de-excitation of (orbital) electrons in  
target/anode/metal     B1   [1] 

(b)(i) aluminium sheet/filter/foil  
(placed in beam from tube)    B1   [1] 

(b)(ii) (long wavelength X-rays) do not pass through  
the body      B1   [1]
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(a)(i) (X–ray) photon produced when electron/charged  
particle is stopped/accelerated (suddenly)   B1
range of accelerations (in target)    M1
hence distribution of wavelengths   A1   [3]

(a)(ii) electron gives all its energy to one photon   B1
electron stopped in single collision   B1   [2]

(a)(iii) de-excitation of (orbital) electrons in  
target/anode/metal     B1   [1] 

(b)(i) aluminium sheet/filter/foil  
(placed in beam from tube)    B1   [1] 

(b)(ii) (long wavelength X-rays) do not pass through  
the body      B1   [1]
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(a)(i) (X–ray) photon produced when electron/charged  
particle is stopped/accelerated (suddenly)   B1
range of accelerations (in target)    M1
hence distribution of wavelengths   A1   [3]

(a)(ii) electron gives all its energy to one photon   B1
electron stopped in single collision   B1   [2]

(a)(iii) de-excitation of (orbital) electrons in  
target/anode/metal     B1   [1] 

(b)(i) aluminium sheet/filter/foil  
(placed in beam from tube)    B1   [1] 

(b)(ii) (long wavelength X-rays) do not pass through  
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(a) (photons of) electromagnetic radiation   M1

emitted from nuclei     A1   [2]

(b) line of best fit drawn     B1

recognises μ as given by the gradient of best-fit line
or
ln C = ln C0 – μx      B1

μ = 0.061 mm–1 (within ±0.004 mm–1,  
1 mark; within ±0.002 mm–1, 2 marks)   A2   [4]

(c) aluminium is less absorbing (than lead)
or
gradient of graph would be less M1

so μ is smaller A1                                    [2]
                [Total: 8]

13(a)

13(b)

13(c)
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(a) (photons of) electromagnetic radiation   M1

emitted from nuclei     A1   [2]

(b) line of best fit drawn     B1

recognises μ as given by the gradient of best-fit line
or
ln C = ln C0 – μx      B1

μ = 0.061 mm–1 (within ±0.004 mm–1,  
1 mark; within ±0.002 mm–1, 2 marks)   A2   [4]

(c) aluminium is less absorbing (than lead)
or
gradient of graph would be less M1

so μ is smaller A1                                    [2]
                [Total: 8]

13(a)

13(b)

13(c)
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(a) (photons of) electromagnetic radiation   M1

emitted from nuclei     A1   [2]

(b) line of best fit drawn     B1

recognises μ as given by the gradient of best-fit line
or
ln C = ln C0 – μx      B1

μ = 0.061 mm–1 (within ±0.004 mm–1,  
1 mark; within ±0.002 mm–1, 2 marks)   A2   [4]

(c) aluminium is less absorbing (than lead)
or
gradient of graph would be less M1

so μ is smaller A1                                    [2]
                [Total: 8]
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13(b)
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(a) (photons of) electromagnetic radiation   M1

emitted from nuclei     A1   [2]

(b) line of best fit drawn     B1

recognises μ as given by the gradient of best-fit line
or
ln C = ln C0 – μx      B1

μ = 0.061 mm–1 (within ±0.004 mm–1,  
1 mark; within ±0.002 mm–1, 2 marks)   A2   [4]

(c) aluminium is less absorbing (than lead)
or
gradient of graph would be less M1

so μ is smaller A1                                    [2]
                [Total: 8]
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(b) line of best fit drawn     B1

recognises μ as given by the gradient of best-fit line
or
ln C = ln C0 – μx      B1

μ = 0.061 mm–1 (within ±0.004 mm–1,  
1 mark; within ±0.002 mm–1, 2 marks)   A2   [4]

(c) aluminium is less absorbing (than lead)
or
gradient of graph would be less M1

so μ is smaller A1                                    [2]
                [Total: 8]
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(a) (photons of) electromagnetic radiation   M1

emitted from nuclei     A1   [2]

(b) line of best fit drawn     B1

recognises μ as given by the gradient of best-fit line
or
ln C = ln C0 – μx      B1

μ = 0.061 mm–1 (within ±0.004 mm–1,  
1 mark; within ±0.002 mm–1, 2 marks)   A2   [4]

(c) aluminium is less absorbing (than lead)
or
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(a) (photons of) electromagnetic radiation   M1

emitted from nuclei     A1   [2]

(b) line of best fit drawn     B1

recognises μ as given by the gradient of best-fit line
or
ln C = ln C0 – μx      B1

μ = 0.061 mm–1 (within ±0.004 mm–1,  
1 mark; within ±0.002 mm–1, 2 marks)   A2   [4]

(c) aluminium is less absorbing (than lead)
or
gradient of graph would be less M1

so μ is smaller A1                                    [2]
                [Total: 8]

13(a)

13(b)

13(c)
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(a) (photons of) electromagnetic radiation   M1

emitted from nuclei     A1   [2]

(b) line of best fit drawn     B1

recognises μ as given by the gradient of best-fit line
or
ln C = ln C0 – μx      B1

μ = 0.061 mm–1 (within ±0.004 mm–1,  
1 mark; within ±0.002 mm–1, 2 marks)   A2   [4]

(c) aluminium is less absorbing (than lead)
or
gradient of graph would be less M1

so μ is smaller A1                                    [2]
                [Total: 8]

13(a)

13(b)

13(c)
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(a) (photons of) electromagnetic radiation   M1

emitted from nuclei     A1   [2]

(b) line of best fit drawn     B1

recognises μ as given by the gradient of best-fit line
or
ln C = ln C0 – μx      B1

μ = 0.061 mm–1 (within ±0.004 mm–1,  
1 mark; within ±0.002 mm–1, 2 marks)   A2   [4]

(c) aluminium is less absorbing (than lead)
or
gradient of graph would be less M1

so μ is smaller A1                                    [2]
                [Total: 8]

13(a)

13(b)

13(c)
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Planning (15 marks)

Defining the problem (2 marks)

P θ is the independent variable and a is the dependent  
variable, or vary θ and measure a.           [1]

P Keep F constant.             [1]

Methods of data collection (4 marks)

M Diagram showing inclined plane with labelled support 
(not if a ruler used as the inclined plane or as  
vertical support).                  [1]

M Method to measure angle e.g. use a protractor to measure  
θ or use a ruler to measure marked distances from which sin  
θ or θ may be determined.

 (Allow a labelled protractor in the correct position.)                   [1]

M Method to measure a time or velocity to determine a, e.g. 
measure the time using a stopwatch, light gate(s) connected  
to a timer, motion sensor connected to a time display.          [1]

M Use a balance to measure the mass of the trolley.           [1]

Method of analysis (3 marks)

A

                [1]
A Relationship is valid if the graph is a straight line and  

does not pass through the origin             [1]

A k = F – m × (y-intercept) or k = F – (y-intercept) or  
k = F – (y-intercept)               [1]

Do not allow lg-lg graphs.

Plot a graph of a 
against sin θ.

Plot a graph of  
ma against sin θ.

Plot a graph of ma 
against mg sin θ

or or

1
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Planning (15 marks)

Defining the problem (2 marks)

P θ is the independent variable and a is the dependent  
variable, or vary θ and measure a.           [1]

P Keep F constant.             [1]

Methods of data collection (4 marks)

M Diagram showing inclined plane with labelled support 
(not if a ruler used as the inclined plane or as  
vertical support).                  [1]

M Method to measure angle e.g. use a protractor to measure  
θ or use a ruler to measure marked distances from which sin  
θ or θ may be determined.

 (Allow a labelled protractor in the correct position.)                   [1]

M Method to measure a time or velocity to determine a, e.g. 
measure the time using a stopwatch, light gate(s) connected  
to a timer, motion sensor connected to a time display.          [1]

M Use a balance to measure the mass of the trolley.           [1]

Method of analysis (3 marks)

A

                [1]
A Relationship is valid if the graph is a straight line and  

does not pass through the origin             [1]

A k = F – m × (y-intercept) or k = F – (y-intercept) or  
k = F – (y-intercept)               [1]

Do not allow lg-lg graphs.

Plot a graph of a 
against sin θ.

Plot a graph of  
ma against sin θ.

Plot a graph of ma 
against mg sin θ

or or

1
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Additional detail (6 marks)

Relevant points might include: [6]

1 Keep mass of trolley constant/use same trolley.

2 Correct trigonometry relationship to determine sin θ or θ using 
marked lengths.

3 Use ruler to measure appropriate distance to determine a, e.g. 
length of slope, length of card for light gate method, position of 
motion sensor.

4 Equation to determine a from measurements taken appropriately 
with a as the subject.

5 Measurement of F for a valid method e.g. take reading from 
newton-meter or from stretched elastic/spring from extension 
(allow falling weight e.g. F = mg).

6 Use a constant extension to produce a constant force when 
using stretched spring/elastic.

7 Method to ensure the inclined plane is the same height each 
side of the plane or spirit level across plane or ensure force F (or 
string) is parallel to the plane.

8 Safety precaution linked to falling mass/trolley or spring/elastic 
breaking (not string).

9 Rearrangement of relationship into y = mx + c  
e.g. ma = –mg sin θ + (F – k) or

 a= g sinθ  +                or correct y-intercept (subject must be y-axis).

10 Repeat experiment for each angle θ to find average for a.
Do not allow vague computer methods.
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Planning (15 marks)

Defining the problem (2 marks)

P θ is the independent variable and a is the dependent  
variable, or vary θ and measure a.           [1]

P Keep F constant.             [1]

Methods of data collection (4 marks)

M Diagram showing inclined plane with labelled support 
(not if a ruler used as the inclined plane or as  
vertical support).                  [1]

M Method to measure angle e.g. use a protractor to measure  
θ or use a ruler to measure marked distances from which sin  
θ or θ may be determined.

 (Allow a labelled protractor in the correct position.)                   [1]

M Method to measure a time or velocity to determine a, e.g. 
measure the time using a stopwatch, light gate(s) connected  
to a timer, motion sensor connected to a time display.          [1]

M Use a balance to measure the mass of the trolley.           [1]

Method of analysis (3 marks)

A

                [1]
A Relationship is valid if the graph is a straight line and  

does not pass through the origin             [1]

A k = F – m × (y-intercept) or k = F – (y-intercept) or  
k = F – (y-intercept)               [1]

Do not allow lg-lg graphs.

Plot a graph of a 
against sin θ.

Plot a graph of  
ma against sin θ.

Plot a graph of ma 
against mg sin θ

or or

1
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Planning (15 marks)

Defining the problem (2 marks)

P θ is the independent variable and a is the dependent  
variable, or vary θ and measure a.           [1]

P Keep F constant.             [1]

Methods of data collection (4 marks)

M Diagram showing inclined plane with labelled support 
(not if a ruler used as the inclined plane or as  
vertical support).                  [1]

M Method to measure angle e.g. use a protractor to measure  
θ or use a ruler to measure marked distances from which sin  
θ or θ may be determined.

 (Allow a labelled protractor in the correct position.)                   [1]

M Method to measure a time or velocity to determine a, e.g. 
measure the time using a stopwatch, light gate(s) connected  
to a timer, motion sensor connected to a time display.          [1]

M Use a balance to measure the mass of the trolley.           [1]

Method of analysis (3 marks)

A

                [1]
A Relationship is valid if the graph is a straight line and  

does not pass through the origin             [1]

A k = F – m × (y-intercept) or k = F – (y-intercept) or  
k = F – (y-intercept)               [1]

Do not allow lg-lg graphs.

Plot a graph of a 
against sin θ.

Plot a graph of  
ma against sin θ.

Plot a graph of ma 
against mg sin θ

or or

1
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Additional detail (6 marks)

Relevant points might include: [6]

1 Keep mass of trolley constant/use same trolley.

2 Correct trigonometry relationship to determine sin θ or θ using 
marked lengths.

3 Use ruler to measure appropriate distance to determine a, e.g. 
length of slope, length of card for light gate method, position of 
motion sensor.

4 Equation to determine a from measurements taken appropriately 
with a as the subject.

5 Measurement of F for a valid method e.g. take reading from 
newton-meter or from stretched elastic/spring from extension 
(allow falling weight e.g. F = mg).

6 Use a constant extension to produce a constant force when 
using stretched spring/elastic.

7 Method to ensure the inclined plane is the same height each 
side of the plane or spirit level across plane or ensure force F (or 
string) is parallel to the plane.

8 Safety precaution linked to falling mass/trolley or spring/elastic 
breaking (not string).

9 Rearrangement of relationship into y = mx + c  
e.g. ma = –mg sin θ + (F – k) or

 a= g sinθ  +                or correct y-intercept (subject must be y-axis).

10 Repeat experiment for each angle θ to find average for a.
Do not allow vague computer methods.
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Planning (15 marks)

Defining the problem (2 marks)

P θ is the independent variable and a is the dependent  
variable, or vary θ and measure a.           [1]

P Keep F constant.             [1]

Methods of data collection (4 marks)

M Diagram showing inclined plane with labelled support 
(not if a ruler used as the inclined plane or as  
vertical support).                  [1]

M Method to measure angle e.g. use a protractor to measure  
θ or use a ruler to measure marked distances from which sin  
θ or θ may be determined.

 (Allow a labelled protractor in the correct position.)                   [1]

M Method to measure a time or velocity to determine a, e.g. 
measure the time using a stopwatch, light gate(s) connected  
to a timer, motion sensor connected to a time display.          [1]

M Use a balance to measure the mass of the trolley.           [1]

Method of analysis (3 marks)

A

                [1]
A Relationship is valid if the graph is a straight line and  

does not pass through the origin             [1]

A k = F – m × (y-intercept) or k = F – (y-intercept) or  
k = F – (y-intercept)               [1]

Do not allow lg-lg graphs.

Plot a graph of a 
against sin θ.

Plot a graph of  
ma against sin θ.

Plot a graph of ma 
against mg sin θ

or or

1
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Planning (15 marks)

Defining the problem (2 marks)

P θ is the independent variable and a is the dependent  
variable, or vary θ and measure a.           [1]

P Keep F constant.             [1]

Methods of data collection (4 marks)

M Diagram showing inclined plane with labelled support 
(not if a ruler used as the inclined plane or as  
vertical support).                  [1]

M Method to measure angle e.g. use a protractor to measure  
θ or use a ruler to measure marked distances from which sin  
θ or θ may be determined.

 (Allow a labelled protractor in the correct position.)                   [1]

M Method to measure a time or velocity to determine a, e.g. 
measure the time using a stopwatch, light gate(s) connected  
to a timer, motion sensor connected to a time display.          [1]

M Use a balance to measure the mass of the trolley.           [1]

Method of analysis (3 marks)

A

                [1]
A Relationship is valid if the graph is a straight line and  

does not pass through the origin             [1]

A k = F – m × (y-intercept) or k = F – (y-intercept) or  
k = F – (y-intercept)               [1]

Do not allow lg-lg graphs.

Plot a graph of a 
against sin θ.

Plot a graph of  
ma against sin θ.

Plot a graph of ma 
against mg sin θ

or or

1
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Additional detail (6 marks)

Relevant points might include: [6]

1 Keep mass of trolley constant/use same trolley.

2 Correct trigonometry relationship to determine sin θ or θ using 
marked lengths.

3 Use ruler to measure appropriate distance to determine a, e.g. 
length of slope, length of card for light gate method, position of 
motion sensor.

4 Equation to determine a from measurements taken appropriately 
with a as the subject.

5 Measurement of F for a valid method e.g. take reading from 
newton-meter or from stretched elastic/spring from extension 
(allow falling weight e.g. F = mg).

6 Use a constant extension to produce a constant force when 
using stretched spring/elastic.

7 Method to ensure the inclined plane is the same height each 
side of the plane or spirit level across plane or ensure force F (or 
string) is parallel to the plane.

8 Safety precaution linked to falling mass/trolley or spring/elastic 
breaking (not string).

9 Rearrangement of relationship into y = mx + c  
e.g. ma = –mg sin θ + (F – k) or

 a= g sinθ  +                or correct y-intercept (subject must be y-axis).

10 Repeat experiment for each angle θ to find average for a.
Do not allow vague computer methods.
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2(a)

2(b)

2(c)(i)

2(c)(ii)

2(c)(iii)

2(d)(i)

2(d)(ii)

2(e)
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Q2 Mark scheme
Mark Expected Answer Additional Guidance

(a) A1

(b) T1

T2 All values to 2 s.f. or 3 s.f. Allow 
a mixture of significant figures. 
Must be values in table.

U1 From ± 0.03 to ± 1 Allow more than one significant 
figure. Allow zero for first 
uncertainty and up to 1.2 for 
largest uncertainty.

(c)(i) G1 Six points plotted 
correctly

Must be within half a small 
square.
Do not allow “blobs”.
ECF allowed from table.

U2 Error bars in 

plotted correctly

All error bars to be plotted. 
Length of bar must
be accurate to less than half a 
small square
and symmetrical.

1.2 or 1.21

3.2 or 3.19

4.7 or 4.73

6.9 or 6.93

9.8 or 9.77

14 or 13.7

4 ρL
π

1
d 2 / 106 m-2

1
d 2
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2(a)

2(b)

2(c)(i)

2(c)(ii)

2(c)(iii)

2(d)(i)

2(d)(ii)

2(e)
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Q2 Mark scheme
Mark Expected Answer Additional Guidance

(a) A1

(b) T1

T2 All values to 2 s.f. or 3 s.f. Allow 
a mixture of significant figures. 
Must be values in table.

U1 From ± 0.03 to ± 1 Allow more than one significant 
figure. Allow zero for first 
uncertainty and up to 1.2 for 
largest uncertainty.

(c)(i) G1 Six points plotted 
correctly

Must be within half a small 
square.
Do not allow “blobs”.
ECF allowed from table.

U2 Error bars in 

plotted correctly

All error bars to be plotted. 
Length of bar must
be accurate to less than half a 
small square
and symmetrical.

1.2 or 1.21

3.2 or 3.19

4.7 or 4.73

6.9 or 6.93

9.8 or 9.77

14 or 13.7

4 ρL
π

1
d 2 / 106 m-2

1
d 2
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2(a)

2(b)

2(c)(i)

2(c)(ii)

2(c)(iii)

2(d)(i)

2(d)(ii)

2(e)
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Q2 Mark scheme
Mark Expected Answer Additional Guidance

(c)(ii) G2 Line of best fit Lower end of line must pass 
between (2.6, 4.0) and (3.0, 4.0) 
and upper end of line must pass 
between (12.4, 18.0) and (13.0, 
18.0).

G3 Worst acceptable 
straight line.
Steepest or 
shallowest possible
line that passes 
through all the
error bars.

Line should be clearly labelled 
or dashed. Examiner judgement 
on worst acceptable line. Must 
be steepest/shallowest line. 
Mark scored only if error bars are 
plotted.

(c)(iii) C1 Gradient of line of 
best fit

The triangle used should be at 
least half the length of the drawn 
line. Check the read-offs.
Work to half a small square. Do 
not penalise POT. (Should be 
about 1.4 –1.5 × 10–6.)

U3 Absolute uncertainty 
in gradient

Method of determining absolute 
uncertainty: difference in worst 
gradient and gradient.

(d)(i) C2 Must use gradient value. Do not 
penalise
POT (Should be about 1 × 10–6.)

C3 Ω m Correct unit and correct power 
of ten.

(d)(ii) U4 Percentage 
uncertainty in ρ

Percentage uncertainty in 
gradient + 1%.

(e) C4 R in the range 25.5 
to 28.4 and given to 
2 or 3 s.f.

Allow 26 or 27 or 28.
Allow ECF for POT error in (d)(i) 
e.g. 2.7 × 107.

U5 Absolute uncertainty 
in R

Percentage uncertainty must be 
greater than 8.6%.
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2(d)(i)

2(d)(ii)

2(e)
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Q2 Mark scheme
Mark Expected Answer Additional Guidance

(c)(ii) G2 Line of best fit Lower end of line must pass 
between (2.6, 4.0) and (3.0, 4.0) 
and upper end of line must pass 
between (12.4, 18.0) and (13.0, 
18.0).

G3 Worst acceptable 
straight line.
Steepest or 
shallowest possible
line that passes 
through all the
error bars.

Line should be clearly labelled 
or dashed. Examiner judgement 
on worst acceptable line. Must 
be steepest/shallowest line. 
Mark scored only if error bars are 
plotted.

(c)(iii) C1 Gradient of line of 
best fit

The triangle used should be at 
least half the length of the drawn 
line. Check the read-offs.
Work to half a small square. Do 
not penalise POT. (Should be 
about 1.4 –1.5 × 10–6.)

U3 Absolute uncertainty 
in gradient

Method of determining absolute 
uncertainty: difference in worst 
gradient and gradient.

(d)(i) C2 Must use gradient value. Do not 
penalise
POT (Should be about 1 × 10–6.)

C3 Ω m Correct unit and correct power 
of ten.

(d)(ii) U4 Percentage 
uncertainty in ρ

Percentage uncertainty in 
gradient + 1%.

(e) C4 R in the range 25.5 
to 28.4 and given to 
2 or 3 s.f.

Allow 26 or 27 or 28.
Allow ECF for POT error in (d)(i) 
e.g. 2.7 × 107.

U5 Absolute uncertainty 
in R

Percentage uncertainty must be 
greater than 8.6%.
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2(d)(ii)
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Q2 Mark scheme
Mark Expected Answer Additional Guidance

(a) A1

(b) T1

T2 All values to 2 s.f. or 3 s.f. Allow 
a mixture of significant figures. 
Must be values in table.

U1 From ± 0.03 to ± 1 Allow more than one significant 
figure. Allow zero for first 
uncertainty and up to 1.2 for 
largest uncertainty.

(c)(i) G1 Six points plotted 
correctly

Must be within half a small 
square.
Do not allow “blobs”.
ECF allowed from table.

U2 Error bars in 

plotted correctly

All error bars to be plotted. 
Length of bar must
be accurate to less than half a 
small square
and symmetrical.

1.2 or 1.21

3.2 or 3.19

4.7 or 4.73

6.9 or 6.93

9.8 or 9.77

14 or 13.7

4 ρL
π

1
d 2 / 106 m-2

1
d 2

Online Classes : Megalecture@gmail.com
www.youtube.com/megalecture
www.megalecture.com

www.youtube.com/megalecture
www.youtube.com/megalecture


Select 
page

Your 
Mark

2(a)

2(b)

2(c)(i)

2(c)(ii)

2(c)(iii)

2(d)(i)

2(d)(ii)

2(e)

Page 8 of 11Print Script

Q2 Mark scheme
Mark Expected Answer Additional Guidance

(a) A1

(b) T1

T2 All values to 2 s.f. or 3 s.f. Allow 
a mixture of significant figures. 
Must be values in table.

U1 From ± 0.03 to ± 1 Allow more than one significant 
figure. Allow zero for first 
uncertainty and up to 1.2 for 
largest uncertainty.

(c)(i) G1 Six points plotted 
correctly

Must be within half a small 
square.
Do not allow “blobs”.
ECF allowed from table.

U2 Error bars in 

plotted correctly

All error bars to be plotted. 
Length of bar must
be accurate to less than half a 
small square
and symmetrical.

1.2 or 1.21
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Q2 Mark scheme
Mark Expected Answer Additional Guidance

(c)(ii) G2 Line of best fit Lower end of line must pass 
between (2.6, 4.0) and (3.0, 4.0) 
and upper end of line must pass 
between (12.4, 18.0) and (13.0, 
18.0).

G3 Worst acceptable 
straight line.
Steepest or 
shallowest possible
line that passes 
through all the
error bars.

Line should be clearly labelled 
or dashed. Examiner judgement 
on worst acceptable line. Must 
be steepest/shallowest line. 
Mark scored only if error bars are 
plotted.

(c)(iii) C1 Gradient of line of 
best fit

The triangle used should be at 
least half the length of the drawn 
line. Check the read-offs.
Work to half a small square. Do 
not penalise POT. (Should be 
about 1.4 –1.5 × 10–6.)

U3 Absolute uncertainty 
in gradient

Method of determining absolute 
uncertainty: difference in worst 
gradient and gradient.

(d)(i) C2 Must use gradient value. Do not 
penalise
POT (Should be about 1 × 10–6.)

C3 Ω m Correct unit and correct power 
of ten.

(d)(ii) U4 Percentage 
uncertainty in ρ

Percentage uncertainty in 
gradient + 1%.

(e) C4 R in the range 25.5 
to 28.4 and given to 
2 or 3 s.f.

Allow 26 or 27 or 28.
Allow ECF for POT error in (d)(i) 
e.g. 2.7 × 107.

U5 Absolute uncertainty 
in R

Percentage uncertainty must be 
greater than 8.6%.
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Q2 Mark scheme
Mark Expected Answer Additional Guidance

(c)(ii) G2 Line of best fit Lower end of line must pass 
between (2.6, 4.0) and (3.0, 4.0) 
and upper end of line must pass 
between (12.4, 18.0) and (13.0, 
18.0).

G3 Worst acceptable 
straight line.
Steepest or 
shallowest possible
line that passes 
through all the
error bars.

Line should be clearly labelled 
or dashed. Examiner judgement 
on worst acceptable line. Must 
be steepest/shallowest line. 
Mark scored only if error bars are 
plotted.

(c)(iii) C1 Gradient of line of 
best fit

The triangle used should be at 
least half the length of the drawn 
line. Check the read-offs.
Work to half a small square. Do 
not penalise POT. (Should be 
about 1.4 –1.5 × 10–6.)

U3 Absolute uncertainty 
in gradient

Method of determining absolute 
uncertainty: difference in worst 
gradient and gradient.

(d)(i) C2 Must use gradient value. Do not 
penalise
POT (Should be about 1 × 10–6.)

C3 Ω m Correct unit and correct power 
of ten.

(d)(ii) U4 Percentage 
uncertainty in ρ

Percentage uncertainty in 
gradient + 1%.

(e) C4 R in the range 25.5 
to 28.4 and given to 
2 or 3 s.f.

Allow 26 or 27 or 28.
Allow ECF for POT error in (d)(i) 
e.g. 2.7 × 107.

U5 Absolute uncertainty 
in R

Percentage uncertainty must be 
greater than 8.6%.
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Q2 Mark scheme
Mark Expected Answer Additional Guidance

(a) A1

(b) T1

T2 All values to 2 s.f. or 3 s.f. Allow 
a mixture of significant figures. 
Must be values in table.

U1 From ± 0.03 to ± 1 Allow more than one significant 
figure. Allow zero for first 
uncertainty and up to 1.2 for 
largest uncertainty.

(c)(i) G1 Six points plotted 
correctly

Must be within half a small 
square.
Do not allow “blobs”.
ECF allowed from table.

U2 Error bars in 

plotted correctly

All error bars to be plotted. 
Length of bar must
be accurate to less than half a 
small square
and symmetrical.

1.2 or 1.21

3.2 or 3.19

4.7 or 4.73

6.9 or 6.93

9.8 or 9.77

14 or 13.7

4 ρL
π

1
d 2 / 106 m-2

1
d 2
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Q2 Mark scheme
Mark Expected Answer Additional Guidance

(a) A1

(b) T1

T2 All values to 2 s.f. or 3 s.f. Allow 
a mixture of significant figures. 
Must be values in table.

U1 From ± 0.03 to ± 1 Allow more than one significant 
figure. Allow zero for first 
uncertainty and up to 1.2 for 
largest uncertainty.

(c)(i) G1 Six points plotted 
correctly

Must be within half a small 
square.
Do not allow “blobs”.
ECF allowed from table.

U2 Error bars in 

plotted correctly

All error bars to be plotted. 
Length of bar must
be accurate to less than half a 
small square
and symmetrical.

1.2 or 1.21

3.2 or 3.19

4.7 or 4.73
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9.8 or 9.77
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Q2 Mark scheme
Mark Expected Answer Additional Guidance

(c)(ii) G2 Line of best fit Lower end of line must pass 
between (2.6, 4.0) and (3.0, 4.0) 
and upper end of line must pass 
between (12.4, 18.0) and (13.0, 
18.0).

G3 Worst acceptable 
straight line.
Steepest or 
shallowest possible
line that passes 
through all the
error bars.

Line should be clearly labelled 
or dashed. Examiner judgement 
on worst acceptable line. Must 
be steepest/shallowest line. 
Mark scored only if error bars are 
plotted.

(c)(iii) C1 Gradient of line of 
best fit

The triangle used should be at 
least half the length of the drawn 
line. Check the read-offs.
Work to half a small square. Do 
not penalise POT. (Should be 
about 1.4 –1.5 × 10–6.)

U3 Absolute uncertainty 
in gradient

Method of determining absolute 
uncertainty: difference in worst 
gradient and gradient.

(d)(i) C2 Must use gradient value. Do not 
penalise
POT (Should be about 1 × 10–6.)

C3 Ω m Correct unit and correct power 
of ten.

(d)(ii) U4 Percentage 
uncertainty in ρ

Percentage uncertainty in 
gradient + 1%.

(e) C4 R in the range 25.5 
to 28.4 and given to 
2 or 3 s.f.

Allow 26 or 27 or 28.
Allow ECF for POT error in (d)(i) 
e.g. 2.7 × 107.

U5 Absolute uncertainty 
in R

Percentage uncertainty must be 
greater than 8.6%.
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Q2 Mark scheme
Mark Expected Answer Additional Guidance

(c)(ii) G2 Line of best fit Lower end of line must pass 
between (2.6, 4.0) and (3.0, 4.0) 
and upper end of line must pass 
between (12.4, 18.0) and (13.0, 
18.0).

G3 Worst acceptable 
straight line.
Steepest or 
shallowest possible
line that passes 
through all the
error bars.

Line should be clearly labelled 
or dashed. Examiner judgement 
on worst acceptable line. Must 
be steepest/shallowest line. 
Mark scored only if error bars are 
plotted.

(c)(iii) C1 Gradient of line of 
best fit

The triangle used should be at 
least half the length of the drawn 
line. Check the read-offs.
Work to half a small square. Do 
not penalise POT. (Should be 
about 1.4 –1.5 × 10–6.)

U3 Absolute uncertainty 
in gradient

Method of determining absolute 
uncertainty: difference in worst 
gradient and gradient.

(d)(i) C2 Must use gradient value. Do not 
penalise
POT (Should be about 1 × 10–6.)

C3 Ω m Correct unit and correct power 
of ten.

(d)(ii) U4 Percentage 
uncertainty in ρ

Percentage uncertainty in 
gradient + 1%.

(e) C4 R in the range 25.5 
to 28.4 and given to 
2 or 3 s.f.

Allow 26 or 27 or 28.
Allow ECF for POT error in (d)(i) 
e.g. 2.7 × 107.

U5 Absolute uncertainty 
in R

Percentage uncertainty must be 
greater than 8.6%.
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