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Smarter practice. Stronger understanding ATTEMPT CHECK CORRECT IMPROVE

National Grid and transmission losses

AQA GCSE Combined Science Trilogy 8464 and Separate Physics 8463 | Paper 1 | Both tiers
Suggested: 35-40 minutes + 15-20 minutes review | 28 parts | 48 marks

Specification points covered

8463 4.2.4.3 / 8464 6.2.4.3: National Grid, transformer roles and efficient transmission
8463 4.2.4.1 /8464 6.2.4.1: electrical power, P =Vl and P = I°R
8463 4.2.4.2 / 8464 6.2.4.2: energy transferred, E = Pt (selected content)

A grid operator plans a link from offshore wind generators to a coastal town. Use a pilot trial and two proposed cable
routes to decide how to reduce unwanted heating.

Use a calculator and an equations sheet. Show working, with units. All questions are for both tiers. Use each test’s
stated data; the pilot and full-size link are different tests.

1 From the wind farm to the town

Figure 1 is a simplified energy-transfer chain. Distribution includes several stages; the diagram is not a circuit diagram.

Energy transfer
Offshore wind Transformer Transmission Distribution Homes and
generators | | P | cables | | transformersQ [| businesses

Simplified National Grid link

Figure 1
1(a) Name the type of transformer needed at P before long-distance transmission. [1 mark]

1(b) State what the distribution transformers Q do to the potential difference before electricity reaches
homes. [1 mark]

1(c) A visitor says transformer P creates extra energy because it increases the potential difference. Explain why
this is wrong. [2 marks]
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PhysicsUK worksheet

2 Testing a pilot cable

Use Table 1. In this simplified model, the stated current and power remain steady. Resistance is the total for the
complete cable path. Ignore losses in transformers and all losses except cable heating.

Table 1
Pilot quantity Value
Power entering the cable 1.2 MW
Input potential difference 20 kV
Total cable resistance 500

2(a) The pilot has an input power limit of 1 300 000 W. Is 1.2 MW below this limit? Show the conversion to
watts. [1 mark]

2(b) Calculate the current in the pilot cable at an input potential difference of 20 kV. [2 marks]

2(c) Use the current from 2(b) to calculate the power dissipated by heating in the 5.0 Q pilot cable. [1 mark]

2(d) Calculate the electrical power leaving the pilot cable. Give your answer in watts. [1 mark]

2(e) Calculate the energy dissipated by heating in the pilot cable during a 3.0 minute test. Give your answer in
joules. [2 marks]

2(f) An operator calls this energy “lost”. Explain what happens to it and why it is no longer useful for supplying
the town. [2 marks]
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3 Raising the transmission potential difference

The pilot is repeated at 100 kV. Power entering the cable is still 1.2 MW and total cable resistance is still 5.0 Q. Use the
same model as section 2.

3(a) Calculate the pilot cable current when its input potential difference is 100 kV. [2 marks]

3(b) Calculate the cable heating power at 100 kV. [1 mark]

3(c) By what factor is cable heating power reduced compared with the 18 000 W loss at 20 kV? [1 mark]

3(d) A trainee predicts that making the current five times smaller makes cable heating five times smaller. Explain
the error using the power equation. [2 marks]

3(e) Explain why using a high potential difference makes this transmission link more efficient. Keep the power
entering the cable the same in your explanation. [3 marks]
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4 Choosing the full-size cable route

The full-size link transfers 8.0 MW INTO either cable route at 100 kV. Only one route will be used. Total cable
resistances are held constant. Ignore all losses except cable heating.

Table 2
Route Length Total resistance Construction cost
A 45 km 200 £12 million
B 80 km 30Q £8 million

4(a) Calculate the current entering either full-size cable route. [2 marks]

4(b) Calculate the heating power loss in route A. Give your answer in kilowatts. [1 mark]

4(c) Calculate the heating power loss in route B. Give your answer in kilowatts. [1 mark]

4(d) Calculate the electrical power leaving route A and the electrical power leaving route B. Give both answers in
megawatts. [2 marks]
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4 Choosing the full-size cable route continued

4(e) The operator has a £13 million construction budget and requires a cable heating loss no greater than 150
kW. Choose a route and justify your choice against both requirements. [2 marks]

4(f) Route A crosses a protected habitat but B does not. Give one reason why the operator might still investigate
route B, despite its larger heating loss. [1 mark]

4(g) A redesigned route B would carry the same 80 A. Calculate the total cable resistance that would give a
heating loss of 150 kW. [2 marks]

5 When the town uses less power

Route A is selected. Its total resistance remains 20 Q and its input potential difference remains 100 kV. At lower
demand, power entering the cable falls to 4.0 MW. Assume steady values during each stated period.

5(a) Calculate the current when the power entering route A is 4.0 MW. [2 marks]

5(b) Calculate the cable heating power at this lower demand. [1 mark]
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5 When the town uses less power continued

5(c) The lower demand lasts for 3.0 hours. Calculate the energy dissipated by heating in route A during this time.
Give your answer in megajoules. [3 marks]

5(d) At peak demand of 8.0 MW, route A dissipates 460.8 MJ in just 1.0 hour. Explain why this exceeds its
energy loss over the three-hour lower-demand period. Refer to the heating powers. [2 marks]

6 Checking the operator’s claims
Each claim refers to the simplified model. Give precise physics reasons, not just “it is more efficient”.

6(a) “Raising the input potential difference automatically reduces the resistance of the same cable.” Explain why
this is not the reason for the lower losses in section 3. [2 marks]

6(b) During another test, 10.0 MW enters a cable and 0.20 MW is dissipated by heating. A report says that 10.0
MW still leaves the cable because energy is conserved. Calculate the correct output power and explain the
mistake. [2 marks]

6(c) Return to route A with 8.0 MW entering it. The operator raises the input potential difference from 100 kV to
200 kV. The resistance stays 20 Q. Predict what happens to the current, the heating power and the electrical
power leaving the cable. Explain each prediction. [3 marks]

Check: have you distinguished power from energy, and kept the transmitted power the same when comparing potential
differences?
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