
Practical Skills practice for AQA Paper 1

General

1. Which of the following is not a base (fundamental) unit? [1 mark]

(a) Newtons
(b) kilograms
(c) seconds
(d) Kelvin

2. Which of the following is equivalent to 23 ps? [1 mark]

(a) 0.23×10−10 s
(b) 2.3×10−14 s
(c) 0.023 fs
(d) 23×10−3 ms

3. Which pair of quantities do not have the same units? [1 mark]

(a) energy and work done
(b) stress and the Young modulus
(c) impulse and momentum
(d) pressure and strain

4. A student measures the weight of the same object using three different newtonmeters.
(a) Write down the readings of the newtonmeter. [2 marks]

2.0N

1.5N

1.0N

0.5N

1.30N

1.25N

1.20N

1.15N

1.10N

1.50N

1.25N

1.00N

0.75N

(i) (ii) (iii)

(b) State and explain which reading is the most accurate. [1 mark]

5. Which of the following is equivalent to 560 nm? [1 mark]
a) 56 pm
b) 560×109 m
c) 5.6×10−11 m
d) 0.56 µm



6. Which of the following is equivalent to 645 nm? [1 mark]

(a) 0.645 km
(b) 6.45×102 mm
(c) 64.5×104 pm
(d) 645×10−6 m

7. In which of the following do both quantities have the same unit? [1 mark]
a) force and pressure
b) moment and torque
c) power and efficiency
d) charge and capacitance

8. A stone is dropped from a height. Assuming air resistance is negligible, which of the following
does not give a straight line on a graph? [1 mark]

(a) s against t
(b) v against t
(c) s against t2

(d) v2 against s

9. A ream of paper is 500 sheets. A student measures the mass of a ream of paper. The mass reading
is shown below.

ZERO g

The tolerance of the balance in the 1 kg to 9 kg range is 0.5%.

(a) Write down the mass of a ream of paper. Include the absolute uncertainty. [1 mark]
(b) Calculate the mass of one sheet of paper. Include the absolute uncertainty. [1 mark]
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Forces, energy and momentum

1. Express 1 W in base units. [2 marks]

2. A student uses a sensitive newtonmeter to find the weight W
of a metal block. With the block still suspended from the
newtonmeter, he then lowers the block into a beaker of water
until it is completely submerged and records the tension T
shown on the newtonmeter. His measurements are:

W = (3.0±0.1)N

T = (2.6±0.1)N

(a) Find the upthrust U exerted by the water on the block. Include the absolute uncertainty.
[2 marks]

(b) Comment on the uncertainty of your value for U . [1 mark]

3. Prove that the formula
P = ρgh

is homogenous. [3 marks]

4. A student uses an electronic timing mechanism to drop a ball bearing. A timer is started automati-
cally when the ball bearing is released. The distance h the ball falls before hitting the trapdoor and
stopping the timer is 2.000 m.

h

The student’s measurements of the time t of the drop are shown in the table below.

t /s

1 2 3 4 5 Average

0.64 0.62 0.64 0.63 0.63

(a) Calculate the average of the student’s time measurements. Include the absolute uncertainty.
[2 marks]

(b) Comment on the precision of your value for the average time and suggest a source of random
error in the practical. [2 marks]
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5. A student slides a cylindrical mass through a light gate and measures the distance d that the mass
travels from the light gate before stopping. He sets the light gate to record the velocity v of the mass
as it passes through the gate.

(a) The student hypothesises that d ∝ v2. Discuss whether his hypothesis is supported by relevant
physics. [3 marks]

(b) A preliminary trial records a velocity of

v = (0.49±0.01)ms−1

Find v2 and the percentage uncertainty of this value. [2 marks]

(c) The student’s results table is shown below.

v /ms−1 d

0.49 0.53m

0.51 0.625m

0.56 0.632m

0.45 0.499m

0.39 0.216m

Suggest two ways the student can improve his range. [2 marks]

(d) Make two further criticisms of the student’s results table. [2 marks]

(e) The student’s mass reading is shown below.

ZERO g

The manufacturer’s tolerance for the 100 g to 200 g range is 5%. How should the student
record the mass reading? Include the absolute uncertainty. [1 mark]
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6. A student uses tweezers to release a ball bearing into a measuring cylinder full of bubble bath and at
the same instant, starts a stopwatch. The student then calls out every second and his partner adjusts
the positions of elastic bands around the measuring cylinder to mark the position of the ball bearing
every second. The student then uses a ruler clamped vertically beside the measuring cylinder to
measure the position s of the ball bearing every second. A graph of his results is shown below.

0 1 2 3 4 5 6 7 8 9

t /
s

0

2

4

6

8

10

12
s /cm

(a) Comment on the precision of the student’s results.
[1 mark]

(b) Use the student’s graph to find the terminal velocity v of the ball bearing in the bubble bath.
Include the absolute uncertainty of your value.
[3 marks]

(c) Suggest a source of error that increases the uncertainty of this value for v. [1 mark]
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Current electricity

1. A resistor has a nominal value of 142 kΩ and a manufacturer’s tolerance of 3%. What is the
absolute uncertainty of the resistance of the resistor? [1 mark]

2. A student sets up the following circuit and determines the values shown for the e.m.f. E of the cell
and the voltmeter and ammeter readings:

E = (8.48±0.03)V

V = (6.05±0.02)V

I = (0.62±0.01)A
V

A

The student then calculates the internal resistance r of the cell. Find the percentage uncertainty of
the student’s value for r. [2 marks]

3. A student carries out a practical in which she measures the diameter d and resistance R of some
cylindrical rolls of conducting putty. Her partially completed results table is shown below.

d /cm R /Ω d2R /

2.6 4.33

Add an appropriate unit to the third column and calculate the missing value. [2 marks]

4. Prove that
1V = 1kgm2 A−1 s−3

[3 marks]

5. A student uses the circuit shown to investigate the internal resistance of the cell. She records the
voltmeter and ammeter readings for various settings of the variable resistor. The graph of her results
is also shown.

V

A

0 10 20 30 40 50 60 70 80 90

I /
m

A

0

1

2

3

4

5

6
V /V

Use the student’s graph to find the emf and internal resistance of the cell. [2 marks]
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6. A student sets up the following circuit and makes the measurements shown:

I1 = (2.55±0.02)mA

I2 = (2.63±0.03)mA

V = (2.55±0.02)V

V

A1

A2

Find:
(a) The current through the bulb [1 mark]
(b) The resistance of the variable resistor [4 marks]

7. A student determines the resistances of five nichrome wires of different diameters d. The student
records the length of each wire as (50.0±0.2) cm. She calculates the cross-sectional areas of each
wire and plots R against 1

A . Her graph is shown below.
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1 A
 /×

10
6 m
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12
R /

a) Use the student’s graph to find the resistivity of nichrome. Include the absolute uncertainty.
[5 marks]

b) Comment on the amount of random error in the student’s experiment. [1 mark]

c) Suggest a source of the random error. [1 mark]
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8. Two voltmeters are shown below. The manufacturer’s tolerance for the digital voltmeter is 2% in
the 10 V to 100 V range.

(a) Write down the reading shown on each voltmeter, including the absolute uncertainty of each
measurement. [2 marks]

(b) Compare the accuracy and precision of the two measurements. Justify your answers. [2 marks]

-15

-10
-5 0 5

10

15

-3
-2

-1 0 1
2

3V

- 3 15

DC

V

DC AC POWER

ON

V A

200

1000

10A
200m 20m

2M

20M

200µ

2m

9. A student is investigating resistors in series and parallel. The nominal value of the resistors the
student is using is 470 kΩ and the manufacturer’s tolerance is ±5%.

(a) Calculate the absolute uncertainty of each resistor. [1 mark]

(b) What is the resistance of three of these resistors connected in series? Include the absolute
uncertainty. [1 mark]

(c) The student works out that the resistance of n identical resistors in parallel is

Rtotal =
R
n

What is the resistance of three of these resistors connected in parallel? Include the absolute
uncertainty. [3 marks]

10. A student measures the current I through and p.d. V across a fixed resistor five times. The average
values of his measurements are

I = (32.5±0.5)mA

V = (4.34±0.03)V

The manufacturer states that the resistor has a value of 126 Ω with a tolerance of 5%.
(a) Use the student’s measurements to calculate the resistance R of the resistor. Include the

absolute uncertainty. [3 marks]
(b) Is your value for R within the manufacturer’s tolerance? [1 mark]
(c) The student suggests that he may have had a systematic error. Do you agree? [1 mark]
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11. A student carries out a practical to determine the
internal resistance of a cell using the circuit shown
on the right. The student uses the variable resistor to
vary the current I through the resistor and records
I and the potential difference V across the variable
resistor. A graph of her results is shown below. V

A
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I
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6
V /V

(a) Find the emf E of the cell. Include the absolute uncertainty. [2 marks]

(b) Find the internal resistance r of the cell. Include the absolute uncertainty. [2 marks]

(c) The nominal value for the emf E of the cell is 6.0 V. The student suspects that her results
include a systematic error. State and explain whether the student’s graph supports this
suspicion. [1 mark]
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12. A student carries out a practical to investigate how the thickness of a wire affects its resistance.

(a) The student uses a micrometer to measure the diameter d
of a wire. The micrometer reading is shown. Write down
the reading on the micrometer. [1 mark] 0 35

30
25

(b) Before using the micrometer, the student checks that it does not have a zero error. How else
can the student increase the accuracy of his value for d? [1 mark]

(c) Use your answer to (a) to calculate the cross-sectional area A of the wire. Include the absolute
uncertainty. [2 marks]

13. A student wishes to find the resistivity of copper. She cuts wires in a range of lengths from the same
roll of copper wire and uses the circuit shown below to find the resistance of each length.

V
A

(a) Describe the measurements the student will need to make and how she can analyse them to
determine the resistivity of copper. [5 marks]

(b) State a likely source of random error in the student’s practical. [1 mark]
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Periodic motion

1. A student uses the whirling bung apparatus to test their hypothesis that

T 2
∝ r

where T is the time period of the bung and r is the radius of its circular motion. The students results
are shown in the table below.

r /cm T /s
50 0.595
75 0.735
100 0.840

Use the students data to test their hypothesis. [3 marks]

2. A student hypothesises that the square of the velocity v of a pendulum bob at equilibrium is directly
proportional to the height h of the pendulum bob above equilibrium when it is at amplitude position.

v2
∝ h

h

Discuss whether the student’s hypothesis is supported by relevant physics. [3 marks]

3. A student decides to uses a simple pendulum to find a value for g. They vary the length l of the
pendulum and determine the time period T for each length. They then plot a graph of T 2 against l,
which gives a straight line of best fit.

(a) Describe steps the student can take to increase the accuracy of their value for T . [3 marks]

(b) Describe how the student can use their graph to find a value for g. [1 mark]

(c) After plotting a graph, the student realises they measured the length to the end of the pendulum
bob, instead of to its centre of mass. What kind of error will this have caused and what effect
will it have had on the student’s graph? [3 marks]
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4. A student carries out a practical to investigate damping. She makes a pendulum by attaching a loop
of string to one end of a ruler to suspend it from a clamp. She attaches a short piece of wire to
the other end of the ruler and lowers the pendulum into a beaker of water far enough that only the
wire is submerged. A second ruler is clamped behind the wire, so that the student can measure the
amplitude of the pendulum’s oscillations. Her apparatus is shown below (not to scale).

The student marks the equilibrium position of the wire on the horizontal ruler, then sets the
pendulum oscillating in the plane of the horizontal ruler. She records the amplitude A of the
oscillations after n complete oscillations.

(a) Describe how the student can ensure she collects precise and accurate data. [3 marks]

(b) The student hypothesises that
A = A0e−kn

where A0 is the initial amplitude and k is a constant. Her results are shown below.

n A /cm

1 4.4

2 3.9

3 3.5

4 3.1

5 2.7
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Plot a graph to test the student’s hypothesis. Use the blank column to process the results.
[4 marks]

(c) Use your graph to find values for the constants k and A0. [4 marks]
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EM radiation and quantum phenomena

1. A student carries out a practical with LEDs to find a value for the Planck constant h. The student’s
value is:

h = (8.4±0.7)×10−34 Js

The accepted value is 6.63×10−34 Js. Comment on the accuracy of the student’s value and the
precision of the student’s data. [2 marks]

2. A student carries out a practical to determine the Planck constant h using the circuit shown below.

V

A

The student varies the resistance of the variable resistor until the LED only just lights up and records
the potential difference V shown on the voltmeter. He repeats this with five LEDs of different
wavelengths and records the manufacturer’s values for the wavelengths λ . His results are shown
below.

colour λ /nm V /V

red 625 1.99

orange 605 2.05

yellow 590 2.11

green 525 2.37

blue 457 2.72

(a) Estimate the absolute uncertainty suggested by the manufacturer’s value for the blue LED.
[1 mark]

(b) The student decides to plot V on the y-axis against 1
λ

on the x-axis. Explain why this is a
sensible decision. [3 marks]

(c) The student records the uncertainty of his potential difference measurements as ±0.01V.
Suggest why the actually uncertainty of his V values is much higher. [1 mark]

Page 14 Copyright c© 2020 Gillian Hush



Solutions

General

1. (a) Newtons
The base (fundamental) units are: m, s, kg, A, K, mol, cd

2. (a) 0.23×10−10 s [1 mark]

23ps = 23×10−12 s = 0.23×10−10 s

3. (d) pressure and strain [1 mark]
Pressure is measured in Pascals and strain is a unitless quantity.

4. 2 marks for all three correct; 1 mark for at least one correct.
If not interpolating:

(i) (1.2±0.1)N
(ii) (1.20±0.01)N

(iii) (1.20±0.05)N

If interpolating:
(i) (1.20±0.05)N

(ii) (1.200±0.005)N
(iii) (1.20±0.03)N

5. (d) is the right answer [1 mark]

560nm = 560×10−9 m

= 0.56×10−6 m

= 0.56µm

6. (c) 64.5×104 pm [1 mark]

645nm = 645×10−9 m = 645000×10−12 m = 645000pm = 64.5×104 pm

7. (b) is the right answer; both quantities are measured in Nm. [1 mark]



8. (a) s against t [1 mark]

s = s s = ut +
1
2

at2 a =
v−u

t

u = 0 s =
1
2

gt2 ∴ s ∝ t2 g =
v
t

v = v gt = v ∴ v ∝ t

a = g v2 = u2 +2as

t = t v2 = 2gs ∴ v2
∝ s

9. Mass of one sheet = 2350
500 = 4.70g

Absolute uncertainty = ±10
500 =±0.02g

∴ m = (4.70±0.02)g [1 mark]

Forces, energy and momentum
1. 1W = 1kgm2 s−3 [2 marks]

1 mark for useful formula substitution OR correct substitution of units into formula.
Both marks for correct answer.

P = Fv (or other correct formula)

= ma× v

Substituting units: 1W = 1kg×ms−2×ms−1

= 1kgm2 s−3

2. (a) (0.4±0.2)N [1 mark for value, 1 mark for uncertainty]

U +T = W

U = W −T = 3.0−2.6 = 0.4N

ab. unc. of U = ±(0.1+0.1) = ±0.2N

(b) The percentage uncertainty is 50%, which is very high. [1 mark]

3. LHS:
P =

F
A
=

ma
A

∴ units =
kg×ms−2

m2 [1 mark]

= kgms−2×m−2

= kgm−1 s−2 [1 mark]

Page 16 Copyright c© 2020 Gillian Hush



RHS:
= ρgh

∴ units = kgm−3×ms−2×m [1 mark]

= kgm−1 s−2

4. (a) average t =
0.64+0.62+0.64+0.63+0.63

5
=

3.15
5

= 0.630s Allow 2 s.f. [1 mark]

range = 0.64−0.62 = 0.02s

ab. unc. = ±0.01s

t = (0.63±0.01)s Value must be rounded to 1 d.p. to match ab. unc. [1 mark]

(b) % unc. =
±0.01
0.63

×100 = ±1.6%

The percentage uncertainty of the average t value is less than 5%, so the average is precise.
[1 mark]

Source of random error: Air resistance OR variable response times in releasing/starting the
timer/stopping the timer [1 mark]

5. (a) Yes, relevant physics does support the student’s hypothesis [1 mark]

Kinetic energy of mass taken away by friction [1 mark]

Friction x d = 1
2 mv2 [1 mark]

(b)
v2 = 0.24m2 s−2 [1 mark]

% unc. of v =
±0.01
0.49

×100 = 2.0%

% unc. of v2 = ±(2.0+2.0) = 4.0% [1 mark]

(c) Take more readings [1 mark]

Spread the readings out over a larger range [1 mark]

(d) The units for d should be in the column heading, not in the cells [1 mark]

Some of the d measurements have three decimal places, which indicates they were made with
a millimetre ruler. This means that all d measurements should have 3 d.p.. [1 mark]
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(e)

ab. unc. of m =
±5
100
×101.08 = ±5g

∴ m = (101±5)g [1 mark]

6. (a) There is quite a lot of scatter of the points about the line of best fit, indicating quite a lot of
random error, so the precision of the data is not very good. [1 mark]

ALLOW:

There is some scatter of points about the line of best fit, indicating some random error, but the
scatter is not too high, so the precision of the data is reasonable. [1 mark]

(b) Note: In your real exam, there will be a range of values allowed by the mark scheme for
the gradient and worst acceptable gradient. When you are checking your answers here,
just check you got reasonably close and followed the correct method. Remember, you
only need to find the steepest or the shallowest worst acceptable gradient.

v = gradient of straight line section

Using the points (2.25,0.0) and (8.20,12.0) :

=
12.0−0.0
8.20−2.25

=
12.0
5.95

= 2.02cms−1 (Allow 2.00-2.07) [1 mark]

One worst line drawn and its gradient found [1 mark]
vmax = gradient of steepest worst line

Using the points (2.60,0.0) and (8.00,12.0) :

=
12.0−0.0
8.00−2.60

=
12.0
5.40

= 2.22cms−1

OR

vmin = gradient of shallowest worst line

Using the points (1.85,0.0) and (8.55,12.0) :

=
12.0−0.0
8.55−1.85

=
12.0
6.70

= 1.79cms−1

Page 18 Copyright c© 2020 Gillian Hush



0 1 2 3 4 5 6 7 8 9

t /
s

0

2

4

6

8

10

12
s /cm

Absolute uncertainty of gradient found, leading to

v = (2.0±0.2)cms−1

Note that the value must be rounded to the same number of decimal places as the absolute
uncertainty. [1 mark]
Using steepest line:

ab. unc. of gradient = ±(2.22−2.02) =±0.2cms−1 to 1 s.f.
Using shallowest line:

ab. unc. of gradient = ±(1.79−2.02) =±0.2cms−1 to 1 s.f.

(c) Possible sources of random error leading to uncertainty [- any 1 for 1 mark] :
• Human reaction times, leading to uncertainty in the t measurements
• The thickness of the elastic bands (a few mm), increasing the uncertainty in the s

measurements
• The difficulty in judging the position of a fast-moving object, leading to random error in

the s measurements
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Current electricity
1. ±4kΩ (Absolute uncertainty must be to 1 s.f.) [1 mark]

ab. unc. =
±3
100
×142 = ±4 . . .

= ±4kΩ

2. E = V + Ir

E −V = Ir
E −V

I
= r

E −V = 8.48−6.05 = (2.43±0.05)V

% unc. of E −V =
±0.05
2.43

×100 = ±2.05 . . .%

% unc. of I =
±0.01
0.62

×100 = ±1.6 . . .%

% unc. of r = ±(2.05 · · ·+1.6 . . .) = ±3.7%

Allow ±3.67%. (Note that the answer should be rounded to 1 d.p., because the % uncertainty of I
should be rounded to 1 d.p. and the final answer is found by addition).

3. 1 mark for the value and 1 mark for a consistent unit. e.g. 29 cm2 Ω, 2.9×10−3 m2 Ω,
2900 mm2 Ω. Value must be to 2 s.f..

4. V =
W
Q

=
F×d

Q
=

m×a×d
Q

=
m×a×d

I× t
[1 mark for top or bottom correct]

∴ units of V =
kg×ms−2×m

A× s
[1 mark]

= kg×ms−2×m×A−1× s−1 [1 mark]

= kgm2 A−1 s−3

5. (a)
I = I1 + I2 = 2.55+2.63 = 5.18mA

ab. unc. of I = ±(0.02+0.03) =±0.05mA

∴ I = (5.18±0.05)mA [1 mark]
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(b)

R =
V
I2

=
2.55

2.63×10−3 = 970Ω to 3 s.f. [1 mark]

% unc. of I2 =
±0.03
2.63

×100 =±1.14 . . .% [EITHER 1 mark]

% unc. of V =
±0.02
2.55

×100 =±0.784 . . .% [OR 1 mark]

% unc. of R = ±(1.14 · · ·+0.784 . . .) =±1.92% [1 mark]

ab. unc. of R =
±1.92

100
×970 = 18.6 · · ·= 20Ω to 1 s.f. [1 mark]

∴ R = (970±20)Ω

6.
E = V + Ir

E − Ir = V

−Ir+E = V

V = −Ir+E

Comparing to y = mx+ c

E = y-intercept = 5.3V [1 mark]

Using the points (0,5.3) and (83,0.0) :

gradient =
0.0−5.3

(83−0)×10−3 =
−5.3

83×10−3 =−6.4Ω

r = −gradient = 6.4Ω [1 mark]

7. a) Note: In your real exam, there will be a range of values allowed by the mark scheme for
the gradient and worst acceptable gradient. When you are checking your answers here,
just check you got reasonably close and followed the correct method. Remember, you
only need to find the steepest or the shallowest worst acceptable gradient.
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R =
ρL
A

= ρL× 1
A

∴ gradient = ρL

Using the points (0.1,0.0) and (15.4,12.0) :

gradient =
12.0−0.0

(15.4−0.1)×106 =
12.0

15.3×106 = 7.84×10−7
Ωm2

ρL = 7.84×10−7

ρ =
7.84×10−7

L
=

7.84×10−7

50.0×10−2 = 1.57×10−6
Ωm [1 mark]

One worst acceptable line drawn [1 mark]
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Percentage uncertainty of gradient found using either worst acceptable line [1 mark]

shallowest gradient =
12.0−0.5

(15.9−0.0)×106 =
11.5

15.9×106 = 7.23×10−7
Ωm2

ab. unc. of gradient = ±(7.23−7.84) = ±0.6Ωm2 to 1 s.f.

% unc. of gradient =
±0.6
7.84

×100 = ±7.65%

steepest gradient =
12.0−0.0

(14.7−0.6)×106 =
12.0

14.1×106 = 8.51×10−7
Ωm2

ab. unc. of gradient = ±(8.51−7.84) = ±0.7Ωm2 to 1 s.f.

% unc. of gradient =
±0.7
7.84

×100 = ±8.93%

% unc. of L =
±0.2
50.0

×100 = ±0.04%

Correctly combine uncertainties to find % unc. of ρ using either line [1 mark]

∴ % unc. of ρ = ±(7.65+0.04) = ±7.69% OR

∴ % unc. of ρ = ±(8.93+0.04) = ±8.97%

Ab. unc. of ρ found using either line [1 mark]

ab. unc. of ρ =
±7.69

100
×1.57×10−6 = 0.1×10−6

Ωm to 1 .f. OR

ab. unc. of ρ =
±8.97

100
×1.57×10−6 = 0.1×10−6

Ωm to 1 .f.

Leading to ρ = (1.6±0.1)×10−6
Ωm Value rounded to match d.p. of ab. unc.

b) The % uncertainty of the gradient is greater than ±5%, indicating quite a high level of random
error [1 mark]

c) Any one of the following for 1 mark:
• Some wires may be less straight than others, leading to random error in their lengths
• Loose or rusty connections between the wires and the rest of the circuit, leading to random

error in the resistance of the circuit

8. (a) Analogue voltmeter reading: (10.5±0.5)V [1 mark]

Digital voltmeter reading: (10.5±0.2)V [1 mark]

ab. unc. =
±2
100
×10.5 = ±0.2V

(b) The digital voltmeter reading is more accurate, because the digital voltmeter measures to
the nearest 0.1 V, whereas the analogue voltmeter only measures to the nearest 0.5 V. [1 mark]

The digital voltmeter reading is more precise, because its percentage uncertainty is only 2%,
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whereas the percentage uncertainty of the analogue voltmeter reading is 4.76%. [1 mark]

% unc. =
±0.5
10.5

×100 = ±4.76%

9. (a) ±20kΩ (Must be rounded to 1 s.f.) [1 mark]

±5% of 470kΩ =±23.5 . . .kΩ

(b) Rtotal = (1410±60)kΩ [1 mark]

Absolute uncertainty must be rounded to 1 s.f. and the resistance must be rounded to the
nearest 10 kΩ.

Rtotal = 470+470+470 = 1410kΩ

±(20+20+20) =±60kΩ

ACCEPT ±5% of 1410kΩ =±70kΩ

(c) Rtotal =
R
n

=
470
3

= 156 . . .kΩ [1 mark]

% unc. of Rtotal = % unc. of R as n has no uncertainty

= ±5% [1 mark]

ab. unc. of Rtotal =
±5
100
×156 . . . = ±8kΩ

Rtotal = (157±8)kΩ [1 mark]

Absolute uncertainty must be rounded to 1 s.f. and the resistance must be rounded to the
nearest 1 kΩ.

10. (a) (134±3)Ω

R =
V
I

=
4.34

32.5×10−3 = 133 . . . = 134Ω [1 mark]

% unc. of V =
±0.03
4.34

×100 = ±0.691 . . .% [EITHER 1 mark]

% unc. of I =
±0.5
32.5

×100 = ±1.53 . . .%

[OR 1 mark]

% unc. of R = ±(0.691 · · ·+1.53 . . .) = ±2.22 . . .%

ab. unc. of R =
±2.22 . . .

100
×133 . . . = ±3Ω [1 mark]

(b) No
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% diff. =
134−126

126
×100 = 6.35% [1 mark]

6.35% > 5%

(c) Yes, the true value (of 126 Ω) does not lie within the range of values resulting from the random
error in the student’s investigation (131 Ω to 137 Ω) [1 mark]

OR

Yes, the % difference is greater than the % uncertainty [1 mark]

11. Allow all read-offs correct to the nearest half a small square

E = V + Ir

−Ir+E = V

∴V = −rI +E
comparing to y = mx+ c

m = −r

c = E

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

I
/A

0

1

2

3

4

5

6
V /V
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(a) (5.0±0.3)V
E = c = 4.95V

Using steepest line:

ab. unc. of c = ±(5.25−4.95) = ±0.3V Either [1 mark]

Using shallowest line:

ab. unc. of c = ±(4.65−4.95) = ±0.3V or [1 mark]

∴ E = (5.0±0.3)V [1 mark]

(b) Using the points (0.900,1.55) and (0.00,4.95) from best line:

−r = m =
1.55−4.95

0.900−0.000
=
−3.40
0.900

= −3.77 . . .

r = 3.78Ω [1 mark]

Using the points (0.900,1.30) and (0.00,5.25) from steepest line:

−r = m =
1.30−5.25

0.900−0.000
=
−3.95
0.900

= −4.38 . . .

r = 4.39Ω

ab. unc. of r = ±(4.39−3.78) = ±0.6 . . . = ±0.6Ω Either [1 mark]

r = (3.8±0.6)Ω

Using the points (0.900,1.75) and (0.00,4.65) from shallowest line:

−r = m =
1.75−4.65

0.900−0.000
=
−2.90
0.900

= −3.22 . . .

r = 3.22Ω

ab. unc. of r = ±(3.22−3.78) = ±0.5 . . . = ±0.6Ω or [1 mark]

r = (3.8±0.6)Ω

(c) The student’s graph does support the assertion that the experiment had a systematic error, as
the nominal value does not lie with the range given by the absolute uncertainty for E and so
the discrepancy does not appear to be due to the random error in the experiment. [1 mark]

12. (a) Reading should be 0.78 mm or (0.78±0.01)mm. [1 mark]

This is 0.5 mm from the stem plus 28
100 = 0.28mm from the barrel.

(b) Take multiple measurements of d along the length of the wire and find an average. [1 mark]

(c) A = (4.8±0.1)×10−7 m2 or A = (0.48±0.01)mm2

Page 26 Copyright c© 2020 Gillian Hush



d = (0.78±0.01)mm

A = πr2

= π

(
d
2

)2

=
πd2

4

=
π×0.000782

4

= 4.8×10−7 m2

or 0.48mm2 [1 mark]

% unc. of d =
±0.01
0.78

×100 = ±1.3%

% unc. of A = ±(1.3+1.3) = ±2.6%

ab. unc. of A =
±2.6
100

×4.8×10−7

= 0.1×10−7 m2

or 0.01mm2 [1 mark]

13. (a) One mark for each:

• Measure the diameter d of the wire with a micrometer or pair of vernier/digital calipers

• Measure the current I through each wire using the ammeter, the p.d. V across each wire
using the voltmeter and the length L of each wire using a ruler

• Calculate the resistance R of each wire using R = V
I

• Calculate the cross-sectional area A of each wire using A = π
(d

2

)2

• Plot a graph of R on the y-axis against L on the x-axis and find the gradient. The equation
of the line is R = ρL

A , so the gradient is ρ

A and ρ = gradient×A

(b) Any one of [for 1 mark]:

• Wires not straight

• Rusty/loose connections
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Periodic motion
1. If T 2 ∝ r, then T 2 = kr [1 mark]

First row: k1 =
T 2

r
=

0.5952

50
= 0.0071

Second row: k2 =
T 2

r
=

0.7352

75
= 0.0072

Third row: k3 =
T 2

r
=

0.8402

100
= 0.0071 [1 mark for all three values]

All three values of k are about the same, so the data supports the student’s hypothesis. [1 mark]

2. The student’s hypothesis is supported by relevant physics [1 mark]

The gravitational potential energy that the pendulum loses between amplitude position and equilib-
rium is converted to kinetic energy OR mgh = 1

2 mv2 [1 mark]

m and g constant, so h ∝ v2 [1 mark]

3. (a) Max three from (1 mark each):
• Time 10 oscillations and divide by 10 to find T (or some other number greater than 5)
• Use a (fiducial) marker to mark equilibrium
• Avoid parallax, by making sure your eyes are level with the (fiducial) marker and bob at

equilibrium
• Keep the amplitude of oscillations small (to make it easier to judge when the bob passes

equilibrium)
• Take repeat measurements, remove anomalies and average

(b) T 2 = 4π2 l
g , so gradient = 4π2

g and g = 4π2

gradient [1 mark]

(c) systematic error [1 mark]
Line will have translated OWTTE (- must be clear the gradient hasn’t changed) [1 mark]
All length measurements will be too big, so line will have moved to the right [1 mark]

4. (a) Any two from (1 mark each):
• Use a vertical guide when releasing the pendulum to ensure oscillations are in the plane

of the horizontal ruler
• View the horizontal ruler with eyes perpendicular to the ruler and in line with the wire to

avoid parallax error
• Use a long ruler to make the pendulum, so that the time period will be larger and there will

be more time between amplitude measurements, making it easier to measure amplitude
• Use a set square/spirit level to position the horizontal ruler horizontally

(b)
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A = A0e−kn

∴ lnA = lnA0− kn

y = c+mx

So a graph of lnA against n should be a straight line with gradient equal to −k and y-intercept
equal to lnA0.

1 mark for column heading (- ignore units)

1 mark for at least four correct values, including correct number of decimal places (- d.p. of
lnA should be equal to s.f. of A):

n A /cm ln(A/cm)

1 4.4 1.48

2 3.9 1.36

3 3.5 1.25

4 3.1 1.13

5 2.7 0.99

0 1 2 3 4 5 6

n

0.9

1.0

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

ln(A/cm)
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1 mark for points plotted correctly to one small square and an appropriate line of best fit

1 mark for consistent conclusion. Expect: Yes, the student’s hypothesis is supported.

(c) A = A0e−kn

∴ lnA = lnA0− kn

y-int. = lnA0 [1 mark]

lnA0 = 1.605

A0 = e1.605 = 4.97 . . . = 4.98cm [1 mark]

gradient = −k [1 mark]

−k =
0.905−1.605
5.80−0.00

=
−0.700

5.80
= −0.120 . . . = −0.121

k = 0.121 [1 mark]

EM radiation and quantum phenomena
1. Not very accurate, as high percentage difference/percentage difference > 5% [1 mark]

% diff. =
8.4−6.63

6.63
×100 =

1.3
6.63

×100 = 19%

OR
Not very accurate, as accepted value does not lie within the range given by the uncertainty of the
student’s value. [1 mark]

Min. expected value = 8.4−0.7 = 7.7Js

AND
Not very precise, as percentage uncertainty > 5% [1 mark]

% unc. =
±0.7
8.4
×100 = ±8.3%

2. (a) Absolute uncertainty ±1nm [1 mark] (NB This type of question only appears in AQA exams)

(b) The minimum energy of electrons causing emission of photons is eV and the energy of a
photon is h f or hc

λ
, so eV = h f or eV = hc

λ
[1 mark]

h, c and e are all constants, so V is inversely proportional to λ [1 mark]
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Plotting V against 1
λ

should give a straight line [1 mark]

(c) EITHER
It is very difficult to adjust the variable resistor slowly enough to find V accurately, leading to
an uncertainty of a lot more than ±0.01V [1 mark]
OR
It is very difficult to judge exactly when the LED is just lit, leading to an uncertainty of a lot
more than ±0.01V in your values for V [1 mark]
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