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5-A-Day

An object moves up a slope with an initial velocity of 6m/s and a deceleration of 2m/s2.

1. Calculate the time taken to reach the maximum distance travelled up the slope.
2. Calculate the distance travelled up the slope.
3. Sketch a labelled graph of x-t showing the motion of the ball up and down the slope.
4. Sketch a labelled v-t graph of the motion of the object up and down the slope.
5. What does the deceleration dependent upon?
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5-A-Day

1. State Newton’s second law of motion.
2. A resultant force of 15N is experienced by a mass of 400g. Calculate the acceleration of the 

mass.
3. A 320g bird flies into the wind. The bird provides a forward force of 1.2N against a drag force 

of 0.9N. Calculate the acceleration of the bird.
4. The bird is travelling at a velocity of 6m/s and drops a stick from 13m high. Calculate 

horizontal distance travelled by the stick before it reaches the ground. Assume air resistance 
is negligible. 

5. Calculate the speed of the stick when it hits the ground.
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5-A-Day

12N 23N
550g

Calculate the acceleration 
experienced by the mass.

12N

15N
50g Calculate the angle 

required to cause this 
system to be in equilibrium.
(Top-down view)

Define the term velocity

Define the term acceleration

A particle takes 40ns to complete an orbit of diameter 12mm 
at constant speed. Calculate the speed of the particle.

Θ

9N
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5-A-Day

1. State Newton’s second law of motion.

2. The block above has a mass of ‘m’. Give an expression for the force acting down 
the ramp (Fw). (Assume no friction)

3. A frictional force of ‘Fr’ is measured where Fr<Fw. Give an expression for the 
acceleration for the block down the ramp.

4. Using your answer to question 3, calculate the acceleration when the mass of 
the block is 80g and the frictional force is measured to be 0.2N.

5. The ramp has a length of 65cm. Calculate the time taken to reach the bottom of 
the ramp. (Assume the block begins from rest)

30o

6



5-A-Day

1. Sketch a labelled diagram showing the forces acting on a mass ‘m’ falling through a fluid.
2. Write an expression for the acceleration of the object.
3. Sketch a velocity–time graph from the instant the object is released from rest in the fluid.
4. Explain the shape of your graph in terms of the motion of the object.
5. A second object of mass 3m, with the same size and shape, is released into the same 

fluid. Explain how the motion of this mass is different to the first mass.
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5-A-Day

1. Define the term ‘moment’
2. Define the term ‘principle of moments’
3. A force of 12 N is applied perpendicular to the end of a handle of length 14 cm. Calculate the 

moment.
4. Calculate the additional mass required on top of the 1.5N weight to cause the system below 

to be in equilibrium.

5.  The two spheres above have the same density. The 1.5N sphere has a radius of 2cm. 
Calculate the radius of the 3.0N sphere.

20cm 45cm

1.5N

3.0N
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A rescue mission takes place 
to pull a lady of mass 63kg 
from a well.

The rope pulls the lady from 
the well with an acceleration 
of 2.3m/s2.

Calculate the tension in the 
rope.
What distance will she be 
pulled up in 4 seconds?

Challenge
Calculate the distance travelled by the lady between the 
3rd and 4th second.
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12N

18N

35o

Calculate the mass of the object if it 
experiences an acceleration of 3m/s2
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1. The engine of a car of mass 800kg, which is travelling along a 
straight horizontal road, is producing a driving force of 1200N. 
Assuming that there are no forces resisting the motion, calculate 
the acceleration of the car.

2. A van is pulling a broken-down car of mass 1200kg along a 
straight horizontal road.  The only force acting which affects the 
motion of the car is the tension in the horizontal tow bar. 
Calculate the acceleration of the car when the tension is 750N.

3. For the first stage of its motion on the runway, before take-off, 
an aircraft of mass 2200kg has a constant acceleration 4.2m/s2. 
Calculate the magnitude of the force necessary to provide this 
acceleration.

4. A novice skier is being pulled along a horizontal section of a 
nursery slope. Given that her acceleration of 0.8m/s2 is provided 
by a force of 52N, calculate her mass.
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5. A wooden block of mass m kg is at rest on a table, 1.6 metres 
from the edge. The block is pulled directly towards the edge by a 
horizontal string. The tension in the string has magnitude 0.2mN. 
Calculate the time taken for the block to reach the edge of the 
table. 

6. Two children are sliding a puck to each other on a frozen lake. 
The puck, of mass 0.4kg, leaves one child with a speed of 5m/s and 
reaches the other one, who is 8m away after 2.5 seconds. 
Calculate the deceleration of the puck and find the frictional force 
resisting the motion of the puck.

7. A particle P of mass m kg is moving in a straight line with 
deceleration. It passes point A with speed 6m/s and point B with 
speed 3.6m/s. Given that the distance between A and B is 12m, 
calculate, in terms of m, the magnitude of the force resisting the 
motion of P.

8. A man pushes a car with a force of 127.5N along a straight 
horizontal road. He manages to increase the speed of the car from 
1m/s to 2.8m/s in 12 seconds. Find the mass of the car. 

9. A runaway sledge of mass 10kg travelling at 15m/s reaches a 
horizontal snow field. It travels in a straight line before it comes to 
rest. Given that the force of friction slowing the sledge has 
magnitude 60N, calculate how far the sledge travels in the snow 
field.
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10. A hockey player hits a stationary ball of mass 0.2kg. The 
contact time between the stick and the ball is 0.3secs and the 
force exerted on the ball by the stick is 60N. Find the speed 
with which the ball leaves the stick.

11. A boy slides a box of mass 2kg across the floor of the stage 
in the school theatre. The initial speed of the box is 8m/s and it 
comes to rest in 5m. Calculate the deceleration of the box and 
find the frictional force between the box and the floor.

12. A boat of mass 3000kg, travelling at a speed of u m/s is 
brought to rest in 20 seconds by water resistance of 370N. Find 
the value of u.

13. A car of mass 1000kg runs out of petrol and comes to rest 
just 30m from a garage. The car is pushed with a force of 120N, 
along a horizontal road towards the garage. Calculate the 
acceleration of the car and find the time it takes to reach the 
garage.

14. A bullet of mass 0.12kg is travelling horizontally at 150m/s 
when it enters a fixed block of wood. Assuming that the bullets 
motion remains horizontal and that the force resisting the 
motion has constant magnitude 10kN, calculate how far the 
bullet penetrates the block  

15. A jet plane of mass 30 tonnes touches down with a speed 
of 55m/s and comes to rest after moving for 560m in a straight 
line on the runway. Assuming that the only forces stopping the 
plane are provided by the reverse thrust of its two engines, 
and that these are equal and directed in the opposite direction 
of motion, calculate the magnitude of the thrust in each 
engine.   
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ANSWERS
1) 1.5m/s2

2) 0.625m/s2

3) 9240N

4) 65kg

5) 4 seconds

6) 1.44m/s2, 0.576N

7) 0.96m N

8) 850kg

9) 18.75m

10) 90m/s

11) 6.4m/s, 12.8N

12) 2.47

13) 0.12m/s2, 22.4 secs

14)   13.5cm  

15)   40.5kN
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Explain what is meant by the term ‘drag’.

How does the surface area of an object affect drag?

How does the velocity of an object affect drag?
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A ball bearing is dropped into a viscous fluid. After some time ‘t’ 
the ball bearing stops accelerating and remains at a constant 
velocity.

Using ideas of Newton’s second law, drag and a graph of 
velocity-time, explain the motion of the ball bearing as it passes 
through the liquid.
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Additional notes:
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Multiple forces

෍ 𝐶𝑙𝑜𝑐𝑘𝑤𝑖𝑠𝑒 𝑚𝑜𝑚𝑒𝑛𝑡𝑠 = ෍ 𝐴𝑛𝑡𝑖𝑐𝑙𝑜𝑐𝑘𝑤𝑖𝑠𝑒 𝑚𝑜𝑚𝑒𝑛𝑡𝑠

Calculate the force required by the bicep to keep the arm level

48



49



50



51



52



53



The mass of the object to the left is 
1.2kg.
Calculate the distance ‘d’ from the 
pivot if the tension in the string is 
6.4N.
What angle would be required to 
cause a tension of 7.2N where ‘d’ is 
0.4m.

Calculate the distance ‘x’ 
required for this system 
to be in equilibrium.
Calculate the tension in 
the sting.
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Consolidation 1: Forces and motion
Connect force, mass, weight and motion. Use g = 9.81 m s-2 throughout these pages.

Specification confidence check
After answering: R = revisit; A = nearly there; G = confident.

OCR A point and skill RAG Next step

3.2.1(a), (f) Use resultant force = mass × acceleration in one and two
dimensions. R A G

3.2.1(b) Define the newton as a unit of force.
R A G

3.2.1(c) Distinguish mass and weight, and use W = mg.
R A G

3.2.1(d) Identify tension, normal contact force, upthrust and friction.
R A G

3.2.1(e) Draw a free-body diagram containing only forces on the chosen
object. R A G

Mixed questions

1 (a) Define one newton. (b) Name the force in each case: a stretched rope pulls; fluid pressure
produces an upward resultant; a surface pushes perpendicularly; rough surfaces oppose sliding.

2 A 4.0 kg crate is pulled horizontally across a level floor by a 12 N force against 4.0 N friction. It has no
vertical acceleration. (a) Draw and label its four forces. (b) Calculate its weight, normal contact force
and horizontal acceleration.
Diagram Calculations

3 A 2.0 kg puck on a smooth horizontal surface initially moves east at 4.0 m s-1. Constant horizontal
forces of 6.0 N east and 8.0 N north act on it. Calculate the magnitude and direction of its
acceleration, then its east and north velocity components after 3.0 s.

My next step

Weakest point or skill: Practice task:
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Consolidation 2: Drag and terminal speed
Use changing forces to explain motion, then connect the model to a practical measurement.

Specification confidence check
After answering: R = revisit; A = nearly there; G = confident.

OCR A point and skill RAG Next step

3.2.2(a) Define drag as a resistive force on an object moving through a fluid.
R A G

3.2.2(b) Explain how speed, frontal area and shape affect drag in air.
R A G

3.2.2(c) Explain a falling object's changing acceleration when drag acts.
R A G

3.2.2(d)(i) Link terminal velocity to zero resultant force and zero acceleration.
R A G

3.2.2(d)(ii) Describe a method to measure and verify terminal velocity in a
fluid. R A G

Mixed questions

1 A small sphere is released from rest in a viscous liquid. Its weight is 0.060 N and its constant upthrust
is 0.010 N. (a) Sketch its velocity-time graph until terminal speed is reached. (b) Explain the changing
gradient and calculate the drag at terminal speed.
Graph Explanation and working

2 A 0.020 kg sphere is falling vertically in air. At one instant its upward drag is 0.150 N; ignore
upthrust. (a) Calculate its acceleration. (b) Define drag, name two factors besides speed that affect
it, and explain the effect of streamlining.

3 Describe an experiment to determine the terminal speed of a ball bearing in a viscous liquid. Include
the measurements, how you confirm terminal speed, repeat readings, and one way to reduce
relative uncertainty.

My next step

Weakest point or skill: Practice task:
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Consolidation 3: Moments and couples
Use perpendicular distances and test both conditions for equilibrium.

Specification confidence check
After answering: R = revisit; A = nearly there; G = confident.

OCR A point and skill RAG Next step

3.2.3(a) Define moment and use force × perpendicular distance from the
pivot. R A G

3.2.3(b) Identify a couple and calculate its torque using force separation.
R A G

3.2.3(c) State and apply the principle of moments.
R A G

3.2.3(e) Use zero resultant force as a condition for equilibrium.
R A G

3.2.3(e) Use zero resultant torque as a condition for equilibrium.
R A G

Mixed questions

1 Define the moment of a force about a point. A 25 N force acts 0.80 m from a door hinge, at 35° to
the line from the hinge to the point of application. The force and this line are in a horizontal plane.
Calculate the moment about the hinge.

2 A uniform horizontal beam of length 2.4 m and weight 60 N is hinged at its left end. A vertical cable
supports its right end. A 90 N load hangs 0.80 m from the hinge. (a) Calculate the cable tension. (b)
Find the vertical hinge force and its direction. (c) Explain why balancing moments alone does not
establish equilibrium.

3 Two equal, opposite, parallel 30 N forces act on a handle, with their lines of action separated by
0.18 m. (a) Explain why they form a couple with zero resultant force but a turning effect. (b)
Calculate the torque and state its new value if the separation is halved while each force stays
unchanged.

My next step

Weakest point or skill: Practice task:
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Consolidation 4: Centres and equilibrium
Explain centre of gravity, plan a practical method and use a triangle of forces.

Specification confidence check
After answering: R = revisit; A = nearly there; G = confident.

OCR A point and skill RAG Next step

3.2.3(d) Define centre of mass and centre of gravity, including a uniform field.
R A G

3.2.3(d) Determine the centre of gravity of an irregular lamina
experimentally. R A G

3.2.3(e) Explain equilibrium using resultant force and resultant torque.
R A G

3.2.3(f) Draw a closed triangle for three coplanar forces in equilibrium.
R A G

3.2.3(f) Resolve forces or use a force triangle to find unknown forces.
R A G

Mixed questions

1 Define centre of mass and centre of gravity. Explain why they coincide in a uniform gravitational
field. A uniform ring has its centre of mass in its central hole: explain why the centre of mass does
not need to be inside the material.

2 Describe how to find the centre of gravity of an irregular card lamina using suspension and a plumb
line. Sketch the apparatus. Include the procedure, a check on reliability, and an explanation of why
the method works using forces and moments.
Diagram Explanation and working

3 A massless junction is in equilibrium supporting a 40.0 N downward load. Two strings run upwards,
one left at 30° to the vertical and one right at 60° to the vertical. Draw a labelled closed triangle of
forces and calculate both tensions.
Diagram Calculations

My next step

Weakest point or skill: Practice task:
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Consolidation 5: Mixed Dynamics check
Complete the questions without notes first, then choose a precise skill to revisit.

Specification confidence check
After answering: R = revisit; A = nearly there; G = confident.

OCR A point and skill RAG Next step

3.2.1(a), (c) Choose the resultant force and calculate weight or acceleration.
R A G

3.2.1(d)-(f) Draw forces and resolve them into useful directions.
R A G

3.2.2(c), (d) Use measured speeds to test whether terminal velocity is
reached. R A G

3.2.3(a)-(c), (e) Apply moments and force balance to an object in equilibrium.
R A G

3.2.3(d), (f) Explain centres of gravity and use a triangle of forces.
R A G

Mixed questions

1 A 0.80 kg cart moves down a rough slope at 20° to the horizontal. Friction is 1.2 N up the slope. (a)
Draw a labelled free-body diagram. (b) Calculate the normal contact force and the acceleration
down the slope. (c) Explain why the normal force is not equal to the weight.
Diagram Calculations

2 A student times a ball bearing through three successive 0.150 m sections of a liquid column. The
times are 0.62 s, 0.51 s and 0.45 s as it falls. Calculate the mean speed in each section. Do these data
establish terminal speed? Explain and suggest a better measurement region.

3 A uniform horizontal shelf is 1.20 m long and weighs 30 N. Its left end is hinged to a wall. A cable at
its right end pulls towards the wall at 35° above the horizontal. A 60 N box rests 0.90 m from the
hinge. Calculate the cable tension, then both components of the force exerted by the hinge on the
shelf. State their directions.

My next step

Weakest point or skill: Practice task:
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Additional notes
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