
Smarter practice. Stronger understanding





5-A-Day

Write a definition or statement for each item.

1. Acceleration.

2. Newton’s second law.

3. The newton (the SI unit of force).

4. The principle of moments.

5. The torque of a couple.
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5-A-Day

Use g = 9.81 N kg⁻¹.

1. Define pressure and density.

2. A uniform cube has side length 0.20 m and mass 10 kg. Calculate its density.

3. The cube rests on one full face on a desk. Calculate the pressure it exerts.

4. The cube is balanced on the circular top of a vertical pole of radius 4.0 cm. Calculate the
contact pressure.

5. The cube is cut into two equal pieces. Explain what happens to the density of each piece.
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5-A-Day

Use g =9.81 N kg⁻¹. For the atmosphere model, take constant air density and sea-level pressure
1.00×10⁵ Pa.

1. A 5.0 m³ sample of air has mass 6.5 kg. Calculate its density.

2. Use this uniform-density model to show that the atmosphere would be approximately 8 km
deep.

3. A mountain peak is 1500 m above sea level. Calculate its atmospheric pressure using the
same model.

4. Seawater has density 1030 kg m⁻³. Calculate the absolute pressure on a balloon 100 m
below its surface.

5. Name the force on the submerged balloon that acts upwards.
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5-A-Day

Use g=9.81 N kg⁻¹. Treat the balloon’s volume as constant at 15 m³ and ignore air resistance.

1. Define upthrust.

2. Air has density 1.3 kg m⁻³. Calculate the mass of 15 m³ of air.

3. Calculate the upthrust on the 15 m³ balloon at ground level.

4. The balloon is released and initially accelerates upwards at 3.2 m s⁻². Find its total mass,
including the enclosed gas and monitoring equipment.

5. At a higher altitude, the air density is 0.90 kg m⁻³. Calculate the ratio of ground-level
upthrust to upthrust at this altitude.
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5-A-Day

Use g=9.81 N kg⁻¹. The sphere stays fully submerged; use an ideal model with no water resistance.

1. A sphere has volume 2.5 cm³. Convert this to m³.

2. It is immersed in water of density 1000 kg m⁻³. Calculate its upthrust.

3. Its material has density 7800 kg m⁻³. Calculate its weight.

4. The sphere is released from rest. Calculate its acceleration and give its direction.

5. Assuming this acceleration remains constant, calculate how far it travels in 3.2 s.
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5-A-Day

1. Define the term work done.

2. A 1.2 N force opposes motion for 4.0 m. Calculate the work 
done by this force. State its sign.

3. Calculate the work done by each labelled force as its object 
moves 2.0 m to the right.

12 N

4 m/s

4 m/s

4 m/s

15 N

20°

3 N
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5-A-Day

Use g=9.81 N kg⁻¹. Treat the ball as a particle and ignore air resistance.

1. A 0.200 kg ball is held 0.80 m above a tray of sand. Calculate its GPE relative to the sand
surface.

2. It is released from rest. State its KE just before it hits the sand.

3. Calculate its speed just before it hits the sand.

4. It stops after penetrating 1.5 cm. Calculate the average upward force exerted by the sand.
Include work done by gravity during penetration.

5. The impact speed is doubled. Explain how the penetration distance changes if the sand
exerts the same constant resistive force.
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5-A-Day

Use g=9.81 N kg⁻¹. A generator supplies an ideal lifting motor; ignore losses in the motor.

1. Define power.

2. A heater transfers 2.0 kJ of electrical energy to thermal energy each minute. Calculate its
power.

3. A petrol generator receives chemical energy at 500 W and is 40% efficient. Calculate its
useful energy output each second.

4. The motor lifts 1500 kg through 5.0 m at steady speed. Calculate the useful energy needed.

5. Calculate the minimum time for the generator and motor to lift the mass through 5.0 m.
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5-A-Day

Use g=9.81 N kg⁻¹. A 0.300 kg particle starts from rest on a straight slope. The frictional force is
constant at 0.22 N; ignore other resistance.

1. Define velocity, acceleration, power, work done, moment, the principle of moments,
Newton’s second law and the newton.

2. After 3.0 s the speed is 7.8 m s⁻¹. Sketch the forces and calculate the angle of the slope to
the horizontal.

3. The particle reaches the bottom 6.0 s after release. Calculate its KE there.

4. Calculate the work done against friction during the descent.

5. Use energy conservation to calculate the vertical height of the slope.
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Using this workbook

Show your substitutions, unit conversions and final answers with units. Use
the blank areas and the extra working pages for calculations and diagrams.

Constants and units

Quantity Value

Gravitational field strength, g 9.81 N kg⁻¹

Water density (unless otherwise given) 1000 kg m⁻³

Atmospheric pressure (when needed) 1.00×10⁵ Pa

Sphere volume; cylinder volume 4πr³/3; πr² l

Modelling assumptions

Use the data in each question if they differ from these defaults.

Treat objects as particles and ignore rotational kinetic energy. Ignore air resistance and
other losses unless they are given or are the subject of the question.

For braking calculations, assume constant deceleration unless a different model is
stated. For lifting at steady speed, the kinetic energy does not change.

For p=ρgh, calculate pressure due to the fluid column (gauge pressure). For absolute
pressure, add the pressure at the surface. Pressure uses the force normal to the area.

A force can do negative work. Quote positive values for the magnitude of resistive
forces and for energy dissipated.

Use W=Fs and P=Fv only when force is parallel to the motion. Otherwise use the
component of force along the displacement.
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Converting area and volume

Choose one answer for each question. Show any conversions in the blank space.

1. An area is 7.0 cm². What is its equivalent in m²?
A 7.0×10⁻² 
B 7.0×10⁻⁴
C 4.9×10⁻⁶ 
D 4.9×10⁻⁴

2. A volume is 190 mm³. What is its equivalent in m³?
A 1.9×10⁻⁸ 
B 1.9×10⁻¹¹
C 1.9×10⁻⁹ 
D 1.9×10⁻⁷

3. A 0.50 kN force pushes a nail into wood. The tip area is 0.0010 cm². 
What is
the contact pressure?
A 5 kPa 
B 5 GPa
C 5×10⁸ Pa 
D 5×10¹¹ Pa
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Density and pressure practice

Use g=9.81 N kg⁻¹. Show all unit conversions.

1. Mercury has density 1.4×10⁴ kg m⁻³. Calculate the volume occupied by 2.0
kg of mercury.

2. An iron cube has density 7800 kg m⁻³ and side length 3.0 cm. Calculate its
mass, then the pressure it exerts when resting on one full face on a table.

3. A cylindrical pipe of length 3.0 m is completely filled with 500 kg of water
of density 1000 kg m⁻³. Calculate the internal radius of the pipe.

17



Check for understanding 

Density and contact pressure

Choose one answer for each question. Explain why it is correct and why a tempting
alternative is wrong.

1. A solid metal sample has mass 350 g and volume 125 cm³. What is its density in
kg m⁻³?

A 2.8 kg m⁻³ B 2800 kg m⁻³

C 2.8 × 10⁶ kg m⁻³ D 280 kg m⁻³

Reason:

2. A block exerts pressure p on a horizontal table when its contact area is A. It is
turned onto a face of area A/4. Its weight is unchanged. What pressure does it
now exert?

A p/4 B p

C 16p D 4p

Reason:

3. For a uniform material at fixed temperature, which statements are correct?
1. Cutting a solid block in half halves its density.
2. Density is the mass per unit volume.
3. The same normal force on a smaller area gives greater pressure.

A 2 and 3 only B 1 and 2 only

C 1 and 3 only D 1, 2 and 3

Reason:
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• Fluid pressure can be calculated using the equation

•𝑝 =  𝜌ℎ𝑔

Fluid pressure (with height)

You may be asked to show where this equation comes from!

Show where this equation comes from in 
the space below.

https://www.youtube.com/watch?v=5EWjlpc0S00
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Upthrust challenge

A balloon of volume 2.0×10⁻³ m³ is fully submerged in water of density 1000
kg m⁻³. Its total mass, including the enclosed gas, is 0.20 kg. Use g=9.81 N
kg⁻¹.

1. Calculate the upthrust acting on the balloon.

2. The balloon is released from rest. Calculate its initial acceleration and give
its direction. Ignore resistance from the water and treat the volume as
constant.
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Check for understanding

Fluid pressure and upthrust

Choose one answer for each question. Explain why it is correct and why a tempting
alternative is wrong.

1. A narrow tank and a wide tank contain the same liquid at rest. Both surfaces are
open to the atmosphere. Compare the gauge pressures at points 2.0 m below
each surface.

A Greater in the narrow tank B Greater in the wide tank

C The same in both tanks D Zero in both tanks

Reason:

2. In water of constant density, the gauge pressure at depth h is 20 kPa.
Atmospheric pressure is 100 kPa. What is the absolute pressure at depth 2h?

A 140 kPa B 40 kPa

C 240 kPa D 120 kPa

Reason:

3. In a liquid of constant density, which statements are correct?
1. Upthrust equals the weight of displaced liquid.
2. Upthrust always equals the object’s weight.
3. A rigid, fully submerged object has the same upthrust at greater depth.

A 1 only B 2 and 3 only

C 1, 2 and 3 D 1 and 3 only

Reason:

30



31



32



33



34



Check for understanding 

Work and energy transfers

Choose one answer for each question. Explain why it is correct and why a tempting
alternative is wrong.

1. A rope pulls a crate with a constant force of 50 N at 30° above the horizontal.
The crate moves 4.0 m horizontally. What work does the rope do on the crate?

A 200 J B 173 J

C 100 J D 0 J

Reason:

2. A constant frictional force of magnitude 12 N acts opposite to a box’s motion.
The box moves 3.0 m. What is the work done by friction on the box?

A +36 J B −4.0 J

C 0 J D −36 J

Reason:

3. A box slides horizontally across a rough, level floor. Which statements are
correct?
1. One joule is one kg m² s⁻².
2. The normal contact force does positive work.
3. Friction transfers energy to thermal stores.

A 1 and 3 only B 1 and 2 only

C 2 and 3 only D 1, 2 and 3

Reason:
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Energy loss on a slope

Teacher example

A 0.20 kg block starts from rest on a rough straight slope. The vertical drop is
10 m and the distance along the slope is 20 m. It reaches the bottom at 12 m
s⁻¹. Use g=9.81 N kg⁻¹.

Sketch and label the slope. Calculate: (a) GPE lost, (b) final KE, (c) energy
dissipated and (d) average frictional force.

Now try these

1. A 0.150 kg particle starts from rest and slides down a slope with a vertical
drop of 12 m. Show that its speed would be approximately 15 m s⁻¹ with no
energy losses.

2. Its actual final speed is 13.0 m s⁻¹. Calculate the energy dissipated during its
descent.

3. The distance along the slope is 24 m. Calculate the average resistive force.

4. Which statement explains the lower speed?
A GPE is destroyed.
B Energy is transferred to thermal energy and sound.
C Friction increases the mass.
D The weight decreases.
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Working space:

39



40



41



Working space:
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Check for understanding 

Kinetic and gravitational potential energy

Choose one answer for each question. Explain why it is correct and why a tempting
alternative is wrong.

1. A particle of mass m travelling at speed v has kinetic energy E. What is the
kinetic energy of a particle of mass 2m travelling at speed 2v?

A 2E B 4E

C 8E D 16E

Reason:

2. A 2.0 kg block moves down a ramp 5.0 m long, with a vertical drop of 3.0 m.
What is its change in gravitational potential energy? Use g = 9.81 N kg⁻¹.

A −98.1 J B −58.9 J

C +58.9 J D +98.1 J

Reason:

3. At the highest point of a ball launched at 45° above horizontal with no air
resistance, which statements are correct?
1. Its vertical velocity is zero.
2. Its kinetic energy is zero.
3. Its total KE + GPE is unchanged.

A 1 only B 2 and 3 only

C 1, 2 and 3 D 1 and 3 only

Reason:
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Working space:
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Working space:
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Check for understanding 

Power and efficiency

Choose one answer for each question. Explain why it is correct and why a tempting
alternative is wrong.

1. A car travels along a level road at a steady speed of 20 m s⁻¹. Its engine provides
a driving force of 300 N parallel to the motion, balancing resistance. What useful
mechanical power does the engine deliver?

A 6.0 kW B 0 W

C 15 W D 600 W

Reason:

2. A motor has useful mechanical output power 120 W and efficiency 30%. What is
its electrical input power during steady operation?

A 36 W B 400 W

C 120 W D 156 W

Reason:

3. For a motor with only electrical input, operating steadily:
1. One watt is one joule per second.
2. Useful output power can exceed input power.
3. Transferring the same energy in less time increases average power.
Which statements are correct?

A 1 and 2 only B 2 and 3 only

C 1 and 3 only D 1, 2 and 3

Reason:
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Review exam questions
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Here p is gauge pressure (pressure above atmospheric pressure).
Choose one graph and explain your answer.

75



72



80



81



82



Consolidation 4: kinetic and potential energy

Circle R, A or G for each specification point and record your next step.

Specification point R/A/G Next step

3.3.2(a) Kinetic energy R A G

3.3.2(b) GPE in a uniform field R A G

3.3.2(c) Exchange between GPE and KE R A G

Key equations and checks

Ek =½mv²; Ep =mgh; ΔEp =mgΔh
No losses: ΔEk =−ΔEp

KE depends on speed squared. Use vertical height changes for GPE.
With no losses, the decrease in GPE equals the increase in KE.
A shortfall in KE represents energy transferred to other stores.

Mixed questions

1. An aircraft of mass 9.4×10⁴ kg climbs 1500 m. Calculate its gain in GPE.

2. A cart starts from rest and drops 55 m. Neglect resistance and calculate its speed at the
bottom.

3. A 2.5 kg block starts from rest and descends a 5.0 m ramp with vertical drop 3.0 m. It reaches
5.0 m s⁻¹. Calculate the energy dissipated and the average resistive force.

4. An electron’s initial speed is v. Its KE doubles. Express its new speed in terms of v.
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Consolidation 5: power and efficiency

Circle R, A or G for each specification point and record your next step.

Specification point R/A/G Next step

3.3.3(a) Power and the watt R A G

3.3.3(b) Power and force: P =Fv R A G

3.3.3(c) Efficiency of a mechanical system R A G

Key equations and checks

P =W/t =E/t; P =Fv (parallel force)
η =useful output / total input

1 W =1 J s⁻¹. Convert kW and MW to W. Use the force component along the motion.
Efficiency has no units; multiply the fraction by 100% for a percentage.
Divide useful output by total input; do not invert the fraction.

Mixed questions

1. A lamp transfers 240 J in 30 s. Calculate its power.

2. A train delivers useful power 2.0 MW at 50 m s⁻¹. Calculate the driving force.

3. A motor has input power 3.5 W and raises a 15 N load through 1.4 m in 30 s. Calculate its
efficiency.

4. A hydroelectric station supplies 600 MW of electrical power. Water falls 50 m and the process
is 40% efficient. Calculate the volume flow rate. Take density 1000 kg m⁻³ and g=9.81 N kg⁻¹.
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Additional note space
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  p =   𝜌 h g

