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Measuring g by free fall - Required Practical 3

35-40 minutes independent practice + 15—20 minutes review | 36 marks
AQA AS Physics 7407 - First-year A Level 7408
Specification points covered

AQA AS 7407 / first-year A Level 7408: 3.4.1.3 — uniformly accelerated motion, acceleration due to gravity
and Required Practical 3: determining g by free fall, including graphical analysis and random/systematic errors.
Supporting: 3.1.2 — absolute, percentage and combined uncertainties; 3.4.1.4 and 3.4.1.5 — air resistance,
resultant force and acceleration.

A drop-test rig for protective packaging

A conservation workshop designs protective packaging for ceramic artefacts. Before testing an empty
carrier, it checks its vertical drop rig with a dense steel reference ball and slow-motion video. The team
must validate the measurements, then choose a drop height for a specified impact speed.
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two frames of the same ball — not to scale

Take downward as positive. Use h = ut + %%at? and v? = u? + 2ah. For the reference ball, assume release from rest and negligible air
resistance unless stated otherwise. The camera captures 240 frames per second at a constant, exactly known rate. Use worst-case
uncertainties. Apparatus diagrams are not to scale.

1. Define the free-fall model [2 marks]
The steel ball provides a reference before the workshop tests a larger packaging carrier.

(a) State what is meant by free fall. [1 mark]

(b) An ideal drop from rest gives h = 0.600 m and t = 0.350 s. Calculate an estimate of g. [1 mark]
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2. Use the video measurement [7 marks]

In the diagram, frame 0 is the instant of release from rest. At frame 96, before impact, the bottom of the ball is 0.780 m
below its position in frame 0. The labels identify two frames of the same ball, not two balls released together.

(a) Determine the elapsed time and use this run to calculate g. [2 marks]

(b) Explain why the team measures between the same point on the ball in both frames, and why the metre rule should
be in the plane of the fall with the camera viewing that plane perpendicularly. [2 marks]

(c) In a separate run the release gives the ball an initial downward speed u. The team still uses gest = 2h/t2. Use h = ut +
¥2gt? to obtain an expression for gest — g. Evaluate this bias for u = 0.050 m s™" and t = 0.400 s. [2 marks]

(d) Give one reason why timing the fall from recorded frames is preferable to starting and stopping a handheld
stopwatch. [1 mark]
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3. Determine g from a graph [7 marks]

At h = 0.500 m the three fall times are 0.317 s, 0.319 s and 0.321 s. The other rows give mean times and their squares,
rounded to four decimal places.

Height h/m Mean time t/s Square of mean t2 / s?
0.200 0.202 0.0408

0.350 0.267 0.0713

0.500

0.650 0.364 0.1325

0.800 0.404 0.1632

0.950 0.440 0.1936

(a) Complete the missing mean time and its square in the table. [1 mark]

(b) Plot all six points of h against t2 on the grid. Draw one straight line of best fit, rather than joining successive points.
[3 marks]
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Question 3 continued

(c) Use a large triangle on your line to calculate its gradient, including the unit. Show the coordinates you use.
[2 marks]

(d) Use h = %:gt? to obtain g from your gradient. [1 mark]

4. Quantify the uncertainty [6 marks]

Return to the 0.780 m camera run. Each selected frame number has uncertainty 1 frame. The two endpoint
contributions are added in the stated worst-case approach. Use g = 9.75 m s72 in part (b), regardless of earlier
answers.

(a) Calculate the absolute uncertainty in the elapsed time, then its percentage uncertainty for t = 0.400 s. [2 marks]

(b) The measured height is (0.780 £ 0.004) m. Use g = 2h/t? and your answer to (a) to calculate the worst-case
percentage uncertainty in g and its absolute uncertainty. [2 marks]

(c) For the graph, the minimum and maximum acceptable gradients are 4.76 m s=2 and 5.00 m s™2. Use their midpoint
as the gradient estimate and half their range as its uncertainty. Obtain g with its absolute uncertainty, then judge
whether it is consistent with 9.81 m s72. [2 marks]
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5. Plan a repeatable free-fall investigation [7 marks]

Parts (a)—(c) scaffold a six-mark-style practical method using the camera and reference ball. Include operational
details, not only a list of equipment.

(a) Describe the release arrangement and how you would measure the vertical displacement without a systematic
geometry error. [2 marks]

(b) Describe how to obtain the fall time from the recording and limit timing uncertainty. [2 marks]

(c) Describe the measurements and analysis you would use to obtain a defensible value of g, rather than relying on
one drop. [2 marks]

(d) State one specific precaution against injury or damage from the falling ball. [1 mark]
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6. Set the packaging drop test [7 marks]

Use g = 9.76 m s~2 for the empty carrier, which is released from rest with negligible air resistance in parts (a)—(c). A
separate light-gate check uses the speeds stated; do not assume the carrier is at rest when it reaches the upper gate.

(a) The required impact speed is 3.00 m s~'. Calculate the drop height and the time from release to impact. [2 marks]

(b) A timer is started only when the falling carrier reaches an upper light gate below the release point. Explain why h =
14gt2 cannot be applied to the distance and time between two lower light gates. [1 mark]

(c) Two gates are 0.400 m apart vertically. The instantaneous speeds are 1.50 m s~ at the upper gate and 3.17 m s™*
at the lower gate. Calculate the acceleration between the gates. [2 marks]

(d) A lightweight dummy carrier fitted with a wide card panel takes longer to fall from the same height than the
reference steel ball. Explain why this does not show that the local g has decreased, and what happens to the value
calculated using 2h/t2. [2 marks]
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