
 

 

 

Electrical power and motor efficiency 
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: 3.5.1.1 — current, charge and potential difference; 3.5.1.4 — E = IVt 

and P = IV = I2R = V2/R. 
3.4.1.7 — work, P = Fv, efficiency and investigating a motor lifting a mass; 3.4.1.8 — kinetic and gravitational 

potential energy. Supporting: 3.4.1.5 — resultant force. 

A winch for cave-monitoring instruments 

A cave ecology team uses a portable winch to retrieve a sealed monitoring pod. It must check energy 

use, choose a replacement motor and plan retrievals without exhausting the battery. The motor turns a 

drum which pulls a rope attached to the pod and its carrier. 

 
Use g = 9.81 m s−2. Unless stated otherwise, neglect rope mass, air resistance and guide friction. The winch includes the motor and 

drive mechanism. Useful output means energy transferred to the pod and carrier. Show calculation working in the blank spaces. 

1. Connect electrical power to energy [3 marks] 

Begin with the electrical relationships used by the winch team. 

(a) Use V = W/Q and I = Q/t to derive P = IV for a steady current and potential difference. [2 marks] 

 

(b) A 3.00 Ω test resistor is connected across 12.0 V. Calculate the power dissipated in it. [1 mark] 

 



PhysicsUK worksheet 

 

2. Measure a steady retrieval [8 marks] 

The total mass of the pod and carrier is 6.00 kg. During a steady part of a retrieval it rises vertically through 4.00 m in 

8.00 s at constant speed. The potential difference across the winch motor is 12.0 V and its current is 4.00 A throughout 

this interval. 

(a) Calculate the rope tension and the useful mechanical output power during the steady lift. [2 marks] 

 

(b) Calculate the electrical energy supplied to the winch in this interval and its efficiency as a percentage. [2 marks] 

 

(c) A learner uses P = Fv with F equal to the resultant force and concludes that the winch has zero useful output power. 

Explain the error. [2 marks] 

 

 

 

 

 

(d) Calculate the rate of energy dissipation in the winch and describe one physical route by which this energy reaches 

the surroundings. [2 marks] 

 

 

 

 



PhysicsUK worksheet 

 

3. Include the connecting leads [6 marks] 

Return to the same steady lift. The two connecting leads have a combined resistance of 0.200 Ω. They carry 4.00 A, 

and the motor still has 12.0 V across it. The source has negligible internal resistance; only the leads are being added to 

the energy accounting. 

(a) Calculate the total heating power in the two leads. [1 mark] 

 

(b) Determine the source potential difference and the power supplied by the source. [2 marks] 

 

(c) Calculate the overall efficiency from the source to the rising pod. Explain why this differs from the efficiency in 

Question 2(b). [2 marks] 

 

 

 

 

(d) Another learner obtains lead heating power from (12.0)2/0.200. Explain why this substitution is invalid. [1 mark] 

 

 

 



PhysicsUK worksheet 

 

4. Account for the start of a lift [7 marks] 

In this separate start-up test the motor pd is constant at 12.0 V. Current falls linearly from 8.0 A at t = 0 to 4.0 A at 0.40 

s, then stays at 4.0 A until 1.00 s. The 6.00 kg load starts from rest; at 1.00 s its rise is 0.400 m and its speed is 0.500 

m s−1. Count both its gravitational potential and kinetic energy gains as useful output. 

 
(a) Use the graph to determine the charge passing through the motor in the first 1.00 s, then the electrical energy 

supplied to it. [2 marks] 

 

(b) Calculate the useful energy transferred to the pod and carrier during this start-up interval and the average efficiency 

of the winch. [2 marks] 

 

(c) Explain why using only mgh for useful output energy is incomplete in this start-up test, even though it was sufficient 

in the steady lift. [1 mark] 

 

 

 

(d) A data logger uses the final current, 4.0 A, for the whole 1.00 s. Determine the error in its calculated electrical input 

energy and state whether it overestimates or underestimates the input. [2 marks] 
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5. Investigate efficiency experimentally [7 marks] 

The team makes a bench version of the winch. Parts (a)–(c) scaffold a six-mark-style method to measure its steady-

lifting efficiency using a known mass, ruler, timer, ammeter and voltmeter. The voltage and current are approximately 

constant during the chosen interval. 

(a) Describe the electrical meter connections and how you would establish the moving mass and vertical rise. [2 marks] 

 

 

 

 

 

 

(b) Describe how you would collect the measurements so that mgh is a suitable measure of useful output energy. 

[2 marks] 

 

 

 

 

 

 

(c) Describe the calculation and repeat strategy. Identify one systematic error that repeating the lift would not remove, 

and how to reduce it. [2 marks] 

 

 

 

 

 

 

(d) State one specific precaution against injury or equipment damage in this experiment. [1 mark] 
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6. Choose the motor and plan retrievals [5 marks] 

The field team requires each steady 4.00 m lift of the 6.00 kg load to take no more than 8.00 s. Use the stated 

simplified models; do not add unprovided battery or motor behaviour. 

(a) A replacement winch operates at 12.0 V and 3.20 A with motor-and-drive efficiency 72.0%. Neglect its lead losses 

and assume constant useful power and speed during the measured lift. Calculate its lift time and decide whether it 

meets the deadline, despite its higher efficiency. [3 marks] 

 

 

 

 

(b) A separate field measurement gives 430 J from the source for each complete 4.00 m retrieval by the original winch 

and leads, including start-up and stopping. Use this cycle value and ignore other energy use. The battery has 12.0 kJ 

available, but 10.0% must remain as a reserve. Determine the maximum number of complete retrievals. [2 marks] 

 


