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Synoptic mechanics and electricity

35-40 minutes independent practice + 15—20 minutes review | 39 marks
AQA AS Physics 7407 - First-year A Level 7408
Specification references

AQA AS 7407 / first-year A Level 7408: 3.4.1.3 — motion graphs; 3.4.1.5 — Newton’s laws; 3.4.1.7 — work,
power and efficiency; 3.4.1.8 — conservation of energy; 3.4.2.1 — Hooke’s law and elastic strain energy.
Electricity: 3.5.1.1 — current, charge and potential difference; 3.5.1.4 — electrical energy and power; 3.5.1.6
— emf, terminal potential difference and internal resistance.

Inspecting a flood-defence tunnel

A battery-powered inspection trolley carries acoustic sensors along a rail inside a flood-defence tunnel.
Engineers test its motion, energy use and emergency stopping system before deciding how many
inspections one battery can support.
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The loaded trolley has mass 12.0 kg. On the level rail a constant 4.00 N resistive force opposes motion. Neglect rotational kinetic
energy. The motor and controller are one energy converter; no motor-effect theory is needed. Show working in the blank spaces.

1. Check the battery [3 marks]
The battery has emf 12.0 V. During steady travel it supplies 2.00 A and its terminal potential difference is 11.2 V.

(a) Explain what an emf of 12.0 V means in terms of energy and charge. [1 mark]

(b) Determine the internal resistance of the battery. [2 marks]
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2. Model the inspection cycle [6 marks]

The table gives the velocity at the boundaries of each stage of one level-rail cycle. Acceleration is constant within each
stage. The trolley always moves forwards or is instantaneously at rest. Use these exact data for your calculations.

Boundary Time /s Velocity / m s™
Start 0 0

End of acceleration 4.00 2.00

Start of braking 14.0 2.00

End of cycle 16.0 0

(a) Sketch a velocity—time graph for the complete cycle in the blank space. Label both axes with quantities and units,
and label the time and velocity at each corner. [2 marks]

(b) Calculate the acceleration during the first 4.00 s. [1 mark]

(c) Calculate the total distance travelled during the cycle. [2 marks]

(d) Taking the direction of travel as positive, calculate the acceleration from 14.0 s to 16.0 s. [1 mark]
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3. Account for the driving force [6 marks]

Use mass 12.0 kg and the constant 4.00 N resistive force. During 0—4.00 s the acceleration is uniform and the driving
force is constant.

(a) Calculate the resultant force and hence the motor’s driving force during the first 4.00 s. [2 marks]

(b) Determine the driving force during steady travel from 4.00 s to 14.0 s. [1 mark]

(c) In the first 4.00 s the trolley travels 4.00 m. Calculate the mechanical work done by the driving force, the increase in
kinetic energy and the energy transferred against resistance. Check that these energies balance. [3 marks]
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4. Follow the power transfers [5 marks]

During steady travel, the trolley speed is 2.00 m s~'. Use battery current 2.00 A, emf 12.0 V and terminal potential
difference 11.2 V. The motor/controller is the only external electrical load in this idealised test.

(a) Calculate the rate of chemical energy transfer in the battery and the electrical power delivered to the
motor/controller. [2 marks]

(b) Calculate the mechanical power delivered by the driving force. Hence determine the terminal-electrical-to-
mechanical efficiency of the motor/controller. [2 marks]

(c) A learner uses the zero resultant force in P = Fv and concludes that the motor supplies no mechanical power.
Explain the mistake. [1 mark]

Continue your physics journey

Videos, practice and support for your next step
www.physicsuk.co.uk




PhysicsUK worksheet

5. Separate braking from regeneration [5 marks]

From 14.0 s the motor is electrically disconnected. A mechanical brake stops the trolley while the usual 4.00 N
resistance still acts. The total acceleration is =1.00 m s=2. No regenerative charging occurs.

(a) Determine the additional retarding force exerted by the mechanical brake. [2 marks]

(b) Use the cycle data to calculate the braking distance and hence the energy transferred by the mechanical brake and
by the usual resistance during this stop. [2 marks]

(c) The cycle starts and finishes at rest. Explain why this does not mean that the battery’s initial chemical energy has
been restored. [1 mark]
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6. Estimate the inspection capacity [6 marks]

The table gives the measured traction current in each stage of the same cycle. For this ideal estimate omit
sensor/controller standby currents, return journeys and reserve charge. The battery can supply 1.80 x 104 C; take its
emf as constant at 12.0 V.

Stage Time interval / s Battery current/ A
Acceleration 0-4.00 4.00

Steady travel 4.00-14.0 2.00

Mechanical braking 14.0-16.0 0

(a) Calculate the total charge supplied by the battery during one complete cycle. [2 marks]

(b) Calculate the chemical energy transferred from the battery during one cycle. [1 mark]

(c) Calculate the ideal number of complete cycles one battery can support. Give two modelling limitations that could
make the achieved number smaller, explaining the effect of each. [3 marks]
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7. Select an emergency buffer [8 marks]

In a separate failed-brake test, the unpowered trolley first contacts an initially uncompressed buffer at 2.00 m s~'. The
track remains level and the 4.00 N resistance still acts throughout compression. Springs are massless and obey
Hooke’s law throughout the stated ranges. The maximum allowed spring force on the trolley is 200 N.

(a) Buffer A has spring constant 1000 N m~' and an allowed compression of 0.200 m. Calculate the spring force and
stored elastic energy at that compression. [2 marks]

(b) Determine the trolley’s speed if it reaches 0.200 m compression in A. Hence decide whether A stops the trolley
within its allowed compression. [3 marks]

(c) Buffer B has spring constant 600 N m~" and an allowed compression of 0.300 m. Without solving for its exact
stopping compression, use force and energy calculations to decide whether B stops the trolley before the compression
limit while keeping the spring force below 200 N. [3 marks]
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