Q1. (@ The diagrams show the arrangement of the particles in a solid and in a gas.

Each circle represents one patrticle.

Solid Gas
I~ N
O
O
( ) O

(i) Complete the diagram below to show the arrangement of the particles in a liquid.

Liquid

O

(i) Explain, in terms of the particles, why gases are easy to compress.
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(b)

The diagram below shows the model that a science teacher used to show her students
that there is a link between the temperature of a gas and the speed of the gas particles.

The ball-bearings represent the gas particles. Switching the motor on makes the ball-
bearings move around in all directions.

(i)

(ii)
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How is the motion of the ball-bearings similar to the motion of the gas particles?

(1)
The faster the motor runs, the faster the ball-bearings move. Increasing the speed of
the motor is like increasing the temperature of a gas.
Use the model to predict what happens to the speed of the gas particles when the
temperature of a gas is increased.
1)

(Total 6 marks)
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Q2.

The diagram shows a car radiator. The radiator is part of the engine cooling system.
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Coolant in at 112°C

Liquid coolant, heated by the car engine, enters the radiator. As the coolant passes through the
radiator, the radiator transfers energy to the surroundings and the temperature of the coolant

(@) Why is the radiator painted black?

@
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(b) Different radiators have different numbers of cooling fins along the length of the radiator.

The sketch graph shows how the number of cooling fins affects the rate of energy transfer
from the radiator.

Rate of
energy
transfer
from the
radiator
in kd/'s

Number of cooling fins

The number of cooling fins affects the rate of energy transfer from the radiator.

Explain how.

@

(c) When the car engine is working normally, 2 kg of coolant passes through the radiator each
second. The temperature of the coolant falls from 112 °C to 97 °C.

Calculate the energy transferred each second from the coolant.
Specific heat capacity of the coolant = 3800 J/kg °C.

Use the correct equation from the Physics Equations Sheet.
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(d)

On cold days, some of the energy transferred from a hot car engine is used to warm the
air inside the car. This is a useful energy transfer.

What effect, if any, does this energy transfer have on the overall efficiency of the car
engine?

Draw a ring around the correct answer.

decreases the does not change the increases the
efficiency efficiency efficiency

Give a reason for your answer.

@)

(Total 9 marks)
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Q3. An electric immersion heater is used to heat the water in a domestic hot water tank.
When the immersion heater is switched on the water at the bottom of the tank gets hot.

Hot water out 4—J R
Electric immersion

: heater
Cold water in—»—_ ]X

|

Copper wall

(@) Energy is transferred by the process of convection from the hot water at the bottom of the
tank to the cooler water at the top.

Explain how.

(4)
(b) Complete the following sentence.
The main way the energy is transferred through the copper wall of the water tank is by
the PrOCESS Of ..eeiiiii s .
@)

Page 6 of 9



(©

The immersion heater has a thermostat to control the water temperature.

When the temperature of the water inside the tank reaches 58°C the thermostat switches
the heater off. The thermostat switches the heater back on when the temperature of the
water falls to 50°C.

Graph A shows how the temperature of the water inside a hot water tank changes with
time. The tank is not insulated.

Graph A (no insulation)
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()  The temperature of the water falls at the fastest rate just after the heater switches
off.

Explain why.

@

(i) To heat the water in the tank from 50°C to 58°C the immersion heater transfers
4032 kJ of energy to the water.

Calculate the mass of water in the tank.

Specific heat capacity of water = 4200 J/kg°C
Use the correct equation from the Physics Equations Sheet.
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(iii)  Aninsulating jacket is fitted to the hot water tank.

Graph B shows how the temperature of the water inside the insulated hot water tank
changes with time.

Graph B
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An insulating jacket only costs £12.

By comparing Graph A with Graph B, explain why fitting an insulating jacket to a hot
water tank saves money.

@)
(Total 13 marks)
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