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BOOKLET 4
SUMMARY of Content for Equations of Motion
1. EQUATIONS OF MOTION
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a) Equations of motion for objects with constant acceleration in a straight line.

b) Motion-time graphs for motion with constant acceleration.

c) Motion of objects with constant speed or constant acceleration.
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Candidates should undertake experiments to verify the relationships shown in the equations. (learn the proofs)
Displacement-time graphs. Gradient is velocity.

Velocity-time graphs. Area under graph is displacement. Gradient is acceleration.

Acceleration-time graphs. Restricted to zero and constant acceleration.

Graphs for bouncing objects and objects thrown vertically upwards.

Objects in freefall and the movement of objects on slopes should be investigated.

Light gates, motion sensors and software/hardware to measure displacement, velocity and acceleration. Using software to analyse videos of motion.

Motion sensors (including wireless sensors) to enable graphical representation of motion.

Investigate the variation of acceleration on a slope with the angle of the slope.

Motion of athletes and equipment used in sports. Investigate the initial acceleration of an object projected vertically upwards (eg popper toy) 
The Equations of Motion
There are “lots” of equations of motion that you need to know for this course and some that it is helpful to know. Some you could be asked to derive (i.e show where they come from!). For all equations you are expected to know and define the terms.
s = displacement

u = initial velocity

v = final velocity

a = acceleration

t = time

h = horizontal

v = vertical

Vital equations


[image: image3.wmf]22

2

1

2

              

              

              2

              

()

          

(for a vehicle with constant accelerat

      

ion)

2

vuat

s

v

t

vuas

sutat

vu

v

=+

=

=+

=+

+

=


Helpful Equations
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Those you need to derive
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Proving the first Equation of Motion
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This equation comes from the definition of acceleration

“acceleration is the rate of change of velocity”
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Proving the second Equation of Motion
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This equation comes from the fact  that displacement is the area under a velocity time graph.
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Proving the third equation of motion

There are many different ways of proving this equation and I have looked through them all. I found this one easiest to tackle but if you like another method then use that but do check it out with me first to make sure that it is viable!
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EQUATIONS OF MOTION / TUTORIAL 1

1.
An object moving with velocity 15 m s-1 is accelerated for 8 s so that its new velocity is 27 m s-1 in the same direction as before.  What is its acceleration?

2.
A feather is hit by a gust of wind, which accelerates it at 20 m s-2 for 0.5 s.  What is its new velocity if it was moving in the same direction as the wind at 2 m s-1 to begin with?

3.
How long does it take a sports car to reach 30 m s-1 from a standing start if it can accelerate at 15 m s-2?

[Help 1]

1.
(a)
Repeat problem (1) above but replace the numbers in it with your own choice.


(b)
Do the same thing again as often as you like.

2.
Do the same as above but this time for problem (2) of the tutorial.

3.
Do the same for problem (3).

Ask your teacher to check your answers they will want to see your working as well.

EQUATIONS OF MOTION / TUTORIAL 4

1.(a)
A child's ball rolls down a pavement and passes a mark at 1.5 m s-1 .  If its velocity is 6.6 m s-1 three seconds later, what is its acceleration?

(b)
The same ball rolls round a corner at 7 m s-1 onto a new slope which gives it an acceleration of 2 m s-2.  How long does it take for its velocity to rise to 10 m s-1?

2.
A water chute has a constant slope which gives the sliders an acceleration of 4 m s-2.  If a girl jumps on the chute at a velocity of 3 m s-1 , how far will she slide in 5 s?

3.
An air-gun pellet has an initial velocity of zero and a muzzle velocity of 225 m s-1.  If the barrel of the rifle is 0.5 m long, what is the pellet's acceleration?

4.
A football player catches up on a ball rolling at 3 m s-1 and kicks it ahead along the same line with an acceleration of 200 m s-2 while his foot is in contact with it.  If his boot moves with the ball over a distance of 13.75 cm, how fast is the ball moving after the kick?

5.
A ball is thrown upwards out of a window at 15 m s-1 and strikes the ground with a velocity of 30 m s-1.  How high is the window?

6.
A balloon is released with an initial upwards velocity of 1 m s-1 and accelerates at 2 m s​‑2 for the first 12 s of its climb.


(a)
What is its average velocity during these 12 s?


(b)
What is its displacement during this time?

Motion Graphs

	Type of graph
	Gradient
	Area under graph

	Displacement – time
	Velocity
	-----

	Velocity – time
	Acceleration
	Distance travelled (displacement)

	Acceleration – time
	-----
	Change in velocity (v-u)


A displacement – time graph is describing how the displacement of an object is changing with time.  We know that:
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Therefore velocity must be equal to the gradient of a displacement – time graph.
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A velocity – time graph describes how the velocity of an object changes with time.  We know that 
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Therefore acceleration must be equal to the gradient of a velocity – time graph 
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The area under a velocity – time graph 
= base ( height






  


= time ( velocity 

       must therefore be equal to displacement,  s = v ( t.

GRADIENTS
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On the next page you’ll see a set of graphs. Each graph shows a kinematic quantity plotted against time. You can decide on the quantity. The arrows indicate that the graph on the right is a graph of the gradient of the previous graph. For example if the second graph on the second line represents displacement against time the graph to the right of this would be the corresponding velocity-time and the last one on the second row is the corresponding acceleration-time graph. Therefore if you learn the patterns in these graphs it will help you in your revision and should speed up how you manage to answer some questions.
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Sketch the acceleration-time graphs for each of the following velocity-time graphs.
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SLOPE: A constant, uniform or unvarying velocity gives a horizontal acceleration-time graph. This is a graph whose slope is zero since the slope of a graph tells how it is changing.

LEARN:

PATTERNS OF RESULTS
1. Constant velocity results are the most obvious to spot.  They are either steadily increasing if they are displacement measurements or they are all about the same if they are velocity measurements.

2. With constant acceleration, the acceleration figures are constant while the velocity figures increase steadily.

3. Tables of results for constant acceleration that show displacement figures are a little more difficult because they are not always quoted in the same way.  If it is a straightforward set of ‘distance from the start’ figures, then they show an increase that is itself increasing.

a) An object falling under the influence of gravity.

	Distance fallen /m
	0
	5
	20
	45
	80
	125
	180
	245
	320
	405
	500

	Time of fall /s
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10


These displacement figures are proportional to t2. Sometimes the displacement measurements are given as part of a strobe photograph exercise in which case the figures are displacements that occur during each interval of time. In this case steady acceleration shows up as a steady increase in the displacement measurements.

b) A stroboscopic photograph using a 1 Hz flash of the same object as above yields the following information:

Find the displacement from the area under the velocity-time graph and the acceleration from the gradient of the velocity-time graph.

	Displacement between

Exposures /m
	5
	15
	25
	35
	45
	55
	65
	75
	85
	95

	Time from start /s
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10


The figure below represents the velocity of a particle moving in a straight line. Draw corresponding displacement-time and acceleration-time graphs. 
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 CONTROL Forms.CommandButton.1 \s [image: image17.wmf]Displacement


Firstly, describe the graph in words to yourself (roughly).

Constant velocity / zero acceleration for 2 seconds.

Constant acceleration from 2 to 5 seconds.

Deceleration to rest in 1 second.

Acceleration in opposite direction for 7 seconds.

EQUATIONS OF MOTION / TUTORIAL 2

1.     Here is a typical velocity-time graph 
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(a)
What is the average velocity?

(b)
At what time does this occur?

(c)
What is the displacement from the start up to the time recorded in part (b)?

(d)
What is the total displacement?

(e)
Sketch an acceleration-time graph that corresponds to the velocity-time graph above.

2
(a) Describe the motion of the object whose velocity-time graph is shown here.








(b)
Sketch the corresponding acceleration-time graph.

3
What do the figures below tell us about the acceleration of the object that produced them?

Time  / s

0   10   20   30   40

Velocity / m s-1
0   25   55   90  130

4.
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(a)
Where is the speed zero on this graph?


(b)
Where is the acceleration zero on this graph?

5. 
Sketch a velocity -time graph that corresponds to the acceleration-time graph shown here:
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6.
Here is a set of results taken from a strobe photograph whose frequency is 10 Hz.
	Displacement between exposures /m
	0
	0.2
	0.6
	1.0
	1.4
	1.8

	Time from start /s
	0
	0.1
	0.2
	0.3
	0.4
	0.5



(a) What do these results become when the displacement measurements are all measured from the start?


(b) Do these results suggest constant acceleration or constant velocity?
EQUATIONS OF MOTION / TUTORIAL 3

1.
The clock times recorded in the following arrangement are as follows: The low level clock, C1, reads 0.1 s, the clock which is raised further from the track, C2, reads 0.02 s and a handheld clock, C3, which reads the time taken for the trolley to travel between C1 and C2 reads 0.5 s


Find the acceleration of the vehicle as it rolls down the track.

        



2.
An object moving at 24 m s-1 decelerates steadily to a standstill and is displaced 96 m in the process.


(a)
What is its average velocity while it slows down?


(b)
How long does it take to stop?


(c)
What is its deceleration?

3.
An object starts from rest and accelerates at 3 cm s-2 for 6 s.  This motion is recorded on a strobe photograph exposed by flashes occurring with a frequency of 1 Hz.


(a)
What are the lengths between each image on the film?


(b)
What is the connection between your answer to part (a) and the following figures?


1.5 cm, 6 cm, 13.5 cm, 24 cm, 37.5 cm, 54 cm

-
4.
An object is dropped out of a balloon and the graph below made from observations of its motion.


Suggest what is plotted on the Y-axis and give your reasons.




5.
A ball -bearing is dropped onto a metal plate where it bounces a few times before stopping.  Which of the following graphs represents its motion from the time of release to its second strike on the plate?





















6.






C1 reads 0.30 s ± 0.01 s


C2 reads 0.10 s ± 0.01 s


C3 reads 0.80 s ± 0.20 s


Length of card is 0.15 m ± 0.01 m


Distance between C1 and C2 is 0.50 m ± 0.01 m

The measurement showing the largest percentage error is: - 

A 
The reading on C1, 


B 
The reading on C2,


C 
The reading on C3

D 
The length of the card,


E 
The length of the track between C1and C2?

7.
Which of the following is a list of two vectors and one scalar quantity?

A
Work, potential energy, heat.

B
Distance, mass, kinetic energy.

C
Acceleration, power, velocity.

D
Displacement, time, speed.

E
Velocity, acceleration, force.

8.
If an object moves with constant acceleration, which of the following shows the corresponding velocity-time and displacement-time graphs?



















9.
The velocity of a trolley on a slope is investigated using a motion sensor linked to a computer that prints out the velocity-time graph of the trolley's motion.


One such graph for a trolley, which is given an initial push up the slope, is shown here: -
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(a) If the position marked P corresponds to the instant the experimenter lets the trolley go, at what time is the trolley at its maximum displacement from P?


(b) Draw the acceleration-time graph of this motion including the initial push.

10.
A cockroach travels along a straight section of skirting board at a constant speed of 50 cm s-1.  A cat with tired legs and a reaction time of 0.2 s sees the 'roach at the instant it passes the end of its nose.  The cat accelerates after the 'roach at a constant rate for 1.5 s until it reaches a velocity of 60 cm s-1.  It keeps this velocity up for 3.5 s after which it decelerates at 20 cm s-2 until it reaches 50 cm s-1 at which point it bumps into the door as the cockroach runs under it.


(a) Calculate the distance covered by the cat.


(b) At the instant the cat hits the door, how far is the 'roach on the far side assuming it kept at the same velocity?


(c) Draw an accurate acceleration-time graph for the cat from the time the cockroach passed its nose until its nose hits the door.

REVISION PROBLEMS

Speed

1. The world downhill speed skiing trial takes place at Les Arc every year.  Describe a method that could be used to find the average speed of the skier over the 1 km run. Your description should include:

a) any apparatus required

b) details of what measurements need to be taken

c) an explanation of how you would use the measurements to carry out the

d) calculations.

2. An athlete ran a 1500 metres race in 3 minutes 40 seconds.  Find his average speed for the race.

3. How far away is the sun if it takes light 8 minutes to reach Earth?
(Speed of light = 3 × 108 m s-1).

4. Concorde travels at an average speed of Mach 1.3 between London and New York.

Calculate the time for the journey to the nearest minute.  The distance between London and New York is 4800 km.  (Mach 1 is the speed of sound.  Take the speed of sound to be 340 m s-1).

5. The speed - time graph below represents a girl running for a bus.  She starts from a standstill at O and jumps on the bus at Q.









Find:

a) the steady speed at which she runs

b) the distance she runs

c) the increase in the speed of the bus while the girl is on it

d) how far the bus travels during QR

e) how far this girl travels during OR.

6. A ground-to-air guided missile accelerates from rest at 150 m s-2 for 5 seconds.  What speed does it reach?

7. An Aston Martin accelerated from rest at 6 m s-2.  How long does it take to reach a speed of 30 m s-1 ?

8. If a family car applies its brakes when travelling at its top speed of 68 m s-1, and decelerates at 17 m s-2, how long does it take to reduce its speed 34 m s-1?

Acceleration

9. An armour-piercing shell, travelling at 2000 m s-1, buries itself in the concrete wall of a bunker.  If it decelerates at 20000 m s-2, what time does it take to come to rest after striking the wall?

10. A skateboard running from rest down a concrete path of uniform slope reaches a speed of 8 m s-1 in 4 s.
What is the acceleration of the skateboard?
How long after it started would the skateboard take to reach a speed of 12 m s-1 ?

11. In the Tour de France a cyclist is travelling at 20 m s-1.  When he reaches a downhill stretch his speed increases to 40 m s-1. It takes 4 s for him to reach this point on the hill. 
What is the acceleration of the cyclist on the hill?
Assuming he maintains this acceleration, how fast will he be travelling after a further 2 s ?
How long would it take the cyclist to reach a speed of 55 m s-1 ?

12. Use the information given below to calculate the acceleration of the trolley.


Length of card = 5 cm

Time on clock 1
=
0.10 s (time taken for card to interrupt top light gate)

Time on clock 2
=
0.05 s (time taken for card to interrupt bottom light gate)

Time on clock 3
=
2.50 s (time taken for trolley to travel between top and bottom light gate)

13. A pupil uses light gates and a suitably interfaced computer to measure the acceleration of a trolley as it moves down an inclined plane.  
The following results were obtained:

acceleration  (m s-2) 5.16, 5.24, 5.21, 5.19, 5.20, 5.20, 5.17, 5.19.

Calculate the mean valve of the acceleration and the corresponding random uncertainty.

MECHANICS AND PROPERTIES OF MATTER PROBLEMS

Vectors 

14. A car travels 50 km N and then returns 30 km S.  The whole journey takes 2 hours.
Calculate: a) the distance travelled
Calculate: b) the average speed
Calculate: c) the displacement
Calculate: d) the average velocity.

15. A girl delivers newspapers to three houses, X, Y and Z, as shown in the diagram. 

She starts at X and walks directly from X to Y and then to Z. 

(a) Calculate the total distance the girl walks. 

(b) Calculate the girl’s final displacement from X. 

(c) The girl walks at a steady speed of 1 m s −1. 

(i) Calculate the time she takes to get from X to Z. 

(ii) Calculate her resultant velocity. 

16.
Find the resultant force in the following cases:


17. An aircraft has a maximum speed of 1000 km h-1.
If it is flying north into a headwind speed 100 km h-1 what is the maximum velocity of the aircraft?

18. A model aircraft is flying north with a velocity of 24 m s-1.
A wind is blowing from west to east at 10 m s-1.
What is the resultant velocity of the plane?

19. An aircraft pilot wishes to fly north at 800 km h-1.  A wind is blowing at 80 km h-1
from west to east. What speed and course must he select in order to fly the desired course?

20. State what is meant by a vector quantity and scalar quantity.
Give two examples of each.

21. Find the average speed and average velocity of the following.
An orienteer who runs 5 km due South, 4 km due West and then 2 km North in 1 hour.

22. A ship is sailing East at 4 m s-1.  A passenger walks due North at 2 m s-1.
What is the resultant velocity of the passenger relative to the sea?
(Use both scale drawing and trigonometry).


23. A man pulls a garden roller with a maximum force of 50 N.








Find his effective horizontal force.
Without changing the force applied, explain how he could increase this effective force. 

24. A barge is dragged along a canal as shown below.









What is the component of the force parallel to the canal?

25. A toy train of mass 0.2 kg, is given a push of 10 N at an angle of 300 to the rails.
Calculate a) the component of force along the rails

b) the acceleration of the train.

26. A football is kicked up at an angle of 700 at 15 m s-1.
Calculate a) the horizontal component of the velocity

b) the vertical component of the velocity?

Equations of Motion

27. The graph below shows how the acceleration of an object varies with time.  
The object started from rest.



Draw a velocity time graph for the first 10 s of the motion.

28. The velocity time graph for an object is shown below.









29. Draw the corresponding acceleration-time graph. (Put numerical values on time axis).

30. The graph shows the velocity of a ball which is dropped and bounces from a floor.
A downwards direction is taken as being positive.








During section OB of the graph in which direction is the ball travelling?
What can you say about the speed of the ball?
During section CD of the graph in which direction is the ball travelling?
What can you say about the speed of the ball?
During section DE of the graph in which direction is the ball travelling?
What can you say about the speed of the ball?
What happened to the ball at point B on the graph?
What happened to the ball at point C on the graph?
What happened to the ball at point D on the graph?
How does the speed of the ball immediately after rebound compare with the speed immediately before?

31. Which velocity-time graph below represents the motion of a ball which is thrown vertically upwards and returns to the thrower 3 seconds later?

















32. A ball is dropped from a height and bounces up and down on a horizontal surface.  Assuming that there is no loss of kinetic energy at each bounce, select the 
velocity-time graph which represents the motion of the ball from the moment it is released.













33. A ball is dropped from rest and bounces several times, losing some kinetic energy at each bounce.  Selected the correct velocity - time graph for this motion.


33. An object accelerates uniformly at 4 m s-2 from an initial speed of 8 m s-1.  How far does it travel in 10s?

34. A car accelerates uniformly at 6 m s-2, its initial speed is 15 m s-1 and it covers a distance of 200 m.  Calculate its final velocity.

35. A ball is thrown to a height of 40 m above its starting point, with what velocity was it thrown?

36. A car travelling at 30 m s-1 slows down at 1.8 m s-2 over a distance of 250 m. How long does it take to stop?

37. If a stone is thrown vertically down a well at 5 m s-1. Calculate the time taken for the stone to reach the water surface 60 m below.

38. A tennis ball launcher is 0.6 m long and the velocity of a tennis ball leaving the launcher is 30 m s-1.   

Calculate: a) the average acceleration of a tennis ball 

b) the time of transit in the launcher.

39. In an experiment to find “g” a steel ball falls from rest through 40 cm.  The time taken is 0.29 s. What is the value for “g”.

40. A trolley accelerates down a slope.  Two photo-cells spaced 0.5 m apart measure the velocities to be 20 cm s-1 and 50 cm s-1.

Calculate a) the acceleration of the trolley 

b) the time taken to cover the 0.5 m.

41. A helicopter is rising vertically at 10 m s-1 when a wheel falls off.
The wheel hits the ground 8 s later.  Calculate at what height the helicopter was flying when the wheel came off.

42. A ball is thrown upwards from the side of a cliff as shown below.


a) Calculate:

i) the height of the ball above sea level after 2 s 

ii) the ball’s velocity after 2 s.

b) What is the total distance travelled by the ball from launch to landing in the sea?

43. A box is released from a plane travelling with a horizontal velocity of 300 m s-1 and a height of 300 m, find:
a) how long it takes the box to hit the ground
b) the horizontal distance between the point of impact and the release point
c) the position of the plane relative to the box at the time of impact.


Title: Equations of Motion

Aim: To calculate the acceleration due to gravity using 

Apparatus: electromagnet, trap door, venner stop clock, metre stick, ball bearing.
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Instructions:

· Measure the distance between the bottom of the ball bearing and the trap door.

· Allow the ball to fall several times and find the average time it takes to reach the trap door.

· Show that the equation                    in this case reduces to 

, where h is the height dropped and g is the acceleration  due to gravity.

· Use the equation to estimate the acceleration due to gravity.

· Estimate the uncertainty in your answer.

· How could the method be improved?

PRACTICAL 6

Title: Projectiles

Aim: To find the horizontal speed of a projectile.

Apparatus: projectile launcher, metrestick, carbon paper, marble or ball bearing.
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Instructions:

· Measure the height the ball travels after it leaves the launcher and hits the floor.

· Use 
[image: image24.wmf]2
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 to calculate the time of flight,  (remember uv =  0 at the top)

· Launch the ball and find where it strikes the floor. Place white paper and carbon paper as shown in this area.

· Measure the horizontal distance travelled (range).

· Use your results to calculate horizontal speed.

· Repeat this five times and find the mean horizontal speed. (Ensure that the ball starts from the same point each time).

· Estimate the random uncertainty.

4. Our Dynamic Universe


Equations of Motion  
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Under this box is the proof for the second equation of motion.


Attempt the proof yourself before revealing the answer








Under this box is the diagram of the corresponding v-t graph


Attempt drawing yourself before revealing the answer
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