1.
(a)
Draw a diagram of the apparatus you would use to measure g, the acceleration due to gravity.  List the observations that you would take and show how you would calculate the result from your observations.


(b)
Explain why a falling steel ball accelerates constantly, but a sheet of paper reaches a terminal velocity after falling a very short distance.


(c)
A hammer dropped from 3 m above the surface of the Moon takes 1.9 s to hit the surface.  Use this data to calculate g on the Moon.


(d)
A hammer and a feather dropped on the Moon would take the same time to reach the surface.  Explain why is this is not so on the Earth.

2.
A boy runs an 80 m race in 10 s.


(a)
What is his average speed



(i)
in m/s?



(ii)
in km/hr?


(b)
Do you think that his maximum speed will be greater or less than his average speed?  Explain your answer.


(c)
At the start of the race the boy accelerates from rest to 6 m/s in 0.5 s.  Calculate the acceleration of the boy.

3.
A car accelerates from rest (0 m/s) to 10 m/s in 4 s.  Calculate the acceleration of the car.

4.
The acceleration due to gravity is 10 m/s2.  That means that if you drop a stone, it changes its speed by 10 m/s every second.

A stone is dropped from rest.


(a)
How fast is it moving after 3 s?


(b)
What is its average speed during the first 3 s of its motion?


(c)
How far does it move during the first 3 s of its motion?

5.
The graph below shows how the speed of a sprinter varies with time.
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(a)
Calculate the acceleration during the first 1.0 s.


(b)
Calculate the total distance over which the race is run if the race lasts 13.0 s.

6.
A stone of mass 0.1 kg is dropped from a high building.  Assuming g to be 10 m/s2, 


(a)
How far has the stone fallen after 1 s of motion?


(b)
How far has the stone fallen after 2 s of motion?


(c)
How far does the stone fall during the second second of motion?


(d)
How far would the stone fall during the third second of motion?


(e)
If the stone reaches the ground at the end of the third second of motion



(i.e. after 3 s), what is the KE of the stone as it hits the ground?

7.
A speeding car approaches a corner travelling East and after the corner he is going South.  His speed does not change while negotiating the corner.


(a)
Does the velocity of the car change?


(b)
Does the momentum of the car change?


(c)
Does the kinetic energy of the car change?


(d)
In which direction does a force act on the car as it travels around the corner?

8.
A car accelerates from rest (0 m/s) to 10 m/s in 4 s.  Calculate the acceleration of the car.

9.
The acceleration due to gravity is 10 m/s2.  That means that if you drop a stone, it changes its speed by 10 m/s every second.

A stone is dropped from rest.


(a)
How fast is it moving after 3 s?


(b)
What is its average speed during the first 3 s of its motion?


(c)
How far does it move during the first 3 s of its motion?

10.
A body travels 50 m in 20 s.  What is the average speed of the body?

11.
The speed-time graph shown describes 25 s of the motion of a body.


[image: image2.wmf]v/m/s

t/s

10

10

20

25



Calculate from the graph


(a)
the acceleration during the first 10 s of the motion.


(b)
the deceleration during the last 5 s of the motion.


(c)
the total distance travelled.


(d)
the average speed during the 25 s of the motion.

12.
Fill in the gaps in the following table of suvat data.  It is not necessary to show your working.





s/m
u/m/s
v/m/s
a/m/s2
t/s




(a)

0
10

5




(b)

0

10
4




(c)


18
2
4




(d)
9
4

0.5





(e)
12


2
2

13.
A car of mass 1000 kg accelerates uniformly from rest on level ground to a speed of 12 m/s taking 4 s to reach this speed.  It then travels at uniform speed for 10 s after which it decelerates uniformly to rest over 6 s.


(a)
Sketch a speed-time graph for the motion.  (Such a sketch should always indicate important points on the scales of the axis - but need not be drawn exactly to scale)


(b)
Work out values for the acceleration, the deceleration and the total distance travelled by the car.  You should show your working clearly.


(c)
What is the  resultant horizontal force acting on the car for each of the 3 sections of the motion?

14.
An electron of mass 9.1 x 10-31 kg is accelerated to a speed of 2 x 107 m/s over a distance of 0.1 m in a cathode ray oscilloscope.


(a)
Show that the acceleration of the electron (presumed to be constant) is about


2 x 1015 m/s2.


(b)
Calculate the accelerating force that the electric field in the cathode ray tube must apply to the electron.


(c)
The charge carried by one electron is 1.6 x 10-19 C.  Given that the beam current is


5 mA, and remembering that 1 A = 1 C/s, calculate the number of electrons striking the screen of the cathode ray tube in each second.

Momentum

1.
Define momentum and state the unit in which it is measured.

2.
State the principle known as the conservation of momentum.

3.
A car of mass 1000 kg travels at 20 m/s.  The car is involved in a collision with a stationary object and comes to rest in 2 s.


(a)
Calculate the initial momentum of the car.


(b)
What is the change in momentum during the collision?


(c)
What is the rate of change of momentum during the collision?


(d)
What is the average force acting on the car during the collision?

4.
A space ship of mass (which may be considered constant) 106 kg fires its rockets for a 10 s burst during which it ejects 100 kg of fuel with the exhaust gases leaving at


2500 m/s.


(a)
Calculate the change of momentum of the fuel gases ejected during the 10 s burst of the rockets.


(b)
Calculate the rate of change of momentum of the fuel gases.


(c)
What is the magnitude of the force produced by the burning of the fuel?


(d)
What is the change in momentum of the space ship?


(e)
Calculate the change in velocity of the space ship.

Work, Power, Energy

Make sure that you really know the following formulae and understand what they mean.




work = force x distance moved in the direction of the force




W/J = F/N x s/m

When work is done energy changes take place




energy change = work done





potential energy change = mass x gravity x height





PE change  = mgh




work = power x time

`


W/J = P/W x t/s
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On the surface of the Earth a mass of 1 kg weighs 10 N.
The acceleration due to gravity = 10 m/s2
1.
Fill in the gaps in the following sentences.


(a)
A catapult converts ................energy into .................energy.


(b)
A power station converts .................energy into ....................energy.

2.
Draw a labelled diagram to illustrate how gravitational potential energy can be converted into heat energy and light energy.

3.
Calculate the kinetic energy of a 0.05 kg marble moving at 2 m/s.

4.
(a)
Calcuate the gravitational potential energy of a tonne (1000 kg) of water stored in a tank 2 m above ground level.  (take 'g' to be 10 N/kg)


(b)
How would you attempt to convert the potential energy calculated in part (a) into electrical energy?


(c)
Explain whether or not you think that it would be possible to convert all of the potential energy calculated in part (a) into electrical energy.

5.
In this and the following question you will need to know that
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(a)
Calculate the kinetic energy of a cricket ball of mass 0.5 kg travelling at 20 m/s.


(b)
How much work must the bowler have done to provide this kinetic energy?


(c)
If the bowler provided this energy by moving his hand through 1 m during the throw, what average force must his hand have exerted on the ball?

6.
A cricket ball of mass 0.5 kg is dropped from the top of a high building and hits the ground at 20 m/s.


(a)
What is the kinetic energy of the ball just as it is about to hit the ground?


(b)
How much potential energy has it lost during its fall from the top of the building?


(c)
Use the formula for Potential Energy to calculate the height of the building.

7.
A man exercises on his exercise bicycle for a total of 15 minutes.  He sets the bicycle at 130 W for the first 5 m, at 150 W for the next 4 m, at 250 W for the next 2 m and then cools down at 125 W for the last 4 m.


(a)
Calculate how much energy he converts during each stage of the 15 min period as a result of riding the bicycle, in order to show that the total energy converted is 135 kJ.






(b)
Into what type of energy does the conversion take place?



(c)
(i)
Do you think that the energy used in working the bicycle is the only energy that he expends?





(ii)
Explain your answer.



(d)
The man has a mass of 100 kg.  He climbs a hill expending the same total amount of energy.



(i)
How high is the hill?






(ii)
What assumption(s) have you made in calculating your result?




(iii)
Into what form(s) of energy has the conversion taken place this time?


When you have the opportunity, try the same work schedule on a machine in the Sports Hall.

8.
Define, giving in each case the SI unit in which they are measured




(a)
work.




(b)
power.




(c)
energy.


9.
An electric shower is rated at 5.0 kW.  Water, of specific heat capacity 4200 J/kgK, enters the shower at a temperature of 



20 oC and flows through at a rate of 0.030 kg/s.  (all data to 2 sig. fig.)



(a)
How much heat energy is transferred to the water in 1 s?





(b)
At what temperature does the water emerge from the shower?





(c)
what would be the effect of increasing the flow rate on the temperature of the emerging water?



10.
An electric kettle is rated at 2.1 kW.  It is used to heat water of specific heat capacity
4200 J/kgK.


(a)
How long might the kettle be expected to take to bring to the boil 1 kg of water initially at 20 oC?




(b)
In actual fact the kettle takes longer than the time calculated in part (a).  Why is this so?




11.
A car can produce a maximum useful power of 40 kW.  Such a car tackles a mountain pass in France.  The height of the pass is 1000 m and the car and its contents have a total mass of 1600 kg. (i.e., it weighs 16000 N)


(a)
Calculate the minimum time of a journey from the bottom to the top of the pass.




(b)
Why is the time calculated in part (a) a minimum time?




(c)
What would be the affect on the time calculated in part (a) of loading the car up to a total mass of 2000 kg?






(d)
Why does the steepness of the pass have very little effect on the time taken for a well-geared car?




12.
A man exercises on his exercise bicycle for a total of 15 minutes.  He sets the bicycle at


130 W for the first 5 m, at 150 W for the next 4 m, at 250 W for the next 2 m and then cools down at 125 W for the last 4 m.


(a)
Calculate how much energy he transfers during each stage of the 15 min period as a result of riding the bicycle, in order to show that the total energy transferred is 135 kJ.

(b)
Into what type of energy does the transfer take place?

(c)
(i)
Do you think that the energy used in working the bicycle is the only energy that he expends



(ii)
Explain your answer.


(d)
The man has a mass of 100 kg.  He climbs a hill transferring the same total amount of energy.



(i)
How high is the hill?



(ii)
What assumption(s) have you made in calculating your result?


(iii)
Into what form(s) of energy has the transfer taken place this time?

Forces

1.
One type of force is a gravitational force between two masses.  Gravitational forces can only be attractive.  


(a)
Name two types of force which can be either attractive or repulsive.


(b)
Name the type of force between two objects which prevents sliding.


(c)
Name the type of force which gives rise to surface tension.


(d)
Name the type of force which is brought into play when a spring is



stretched.

2.
An experiment to find the mass of a book is performed in an Earth laboratory.  The book is found to have mass of 1 kg.


(a)
What is the mass of the book in outer space?


(b)
What is the mass of the book on the surface of the moon?


(c)
What is the weight of the book on the surface of the Earth?


(d)
What is the weight of the book in outer space?


(e)
What is the weight of the book on the surface of the Moon?

3.
A car of mass 1000 kg drives at uniform speed along a level road. 


(a)
Draw a labelled diagram to show the four forces acting on the car.


(b)
State clearly which pairs of forces are equal and opposite.


(c)
Explain why these pairs of equal forces are not Newton's Third Law pairs.


(d)
Select any two of the four forces acting on the car and name in each case the force which is the corresponding force of the N3 pair.

4.
The diagram shows a block of wood resting on a horizontal surface.
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The block is acted upon by two forces R and W which are in equilibrium (i.e. balanced).  Force W is the weight fo the block, i.e., it is the gravitational pull downwards of the Earth on the block.


(a)
Describe the nature of force R.


(b)
What is the N3 force which is associated with W?


(c)
What is the N3 force which is associated with R?


(d)
What can you say about the magnitudes of R and W?

5.
A man pushes a refrigerator of mass 100 kg (weight 1000 N) over the floor at a uniform speed of 0.1 m/s by applying a horizontal force of 200 N.


(a)
Draw a diagram which shows the forces (4 in all) acting on the refrigerator.  Label the forces carefully.


(b)
How much work does the man do in one second as a result of pushing the refrigerator?

6.
(a)
A 50 kg mass is on a frictionless, horizontal surface.  A horizontal force of 100 N is applied to the mass.  Draw a labelled diagram and calculate the resulting acceleration.


(b)
What would the acceleration in part (a) above be, if the surface were not frictionless and a force of 20 N opposed the applied 100 N force?


(c)
Assuming that the mass is initially stationary, how far would it move in 5 s for each of the cases (a) and (b) above?

7.
One type of force is a gravitational force between two masses.  Gravitational forces can only be attractive.  


(a)
Name two types of force which can be either attractive or repulsive.


(b)
Name the type of force between two objects which prevents sliding.


(c)
Name the type of force which gives rise to surface tension.


(d)
Name the type of force which is brought into play when a spring is



stretched.

8.
An experiment to find the mass of a book is performed in an Earth laboratory.  The book is found to have mass of 1 kg.


(a)
What is the mass of the book in outer space?


(b)
What is the mass of the book on the surface of the moon?


(c)
What is the weight of the book on the surface of the Earth?


(d)
What is the weight of the book in outer space?


(e)
What is the weight of the book on the surface of the Moon?

9.
A car of mass 1000 kg drives at uniform speed along a level road. 


(a)
Draw a labelled diagram to show the four forces acting on the car.


(b)
State clearly which pairs of forces are equal and opposite.


(c)
Explain why these pairs of equal forces are not Newton's Third Law pairs.


(d)
Select any two of the four forces acting on the car and name in each case the force which is the corresponding force of the N3 pair.

10.
(a)
A 50 kg mass is on a frictionless, horizontal surface.  A horizontal force of 100 N is applied to the mass.  Draw a labelled diagram and calculate the resulting acceleration.


(b)
What would the acceleration in part (a) above be, if the surface were not frictionless and a force of 20 N opposed the applied 100 N force?


(c)
Assuming that the mass is initially stationary, how far would it move in 5 s for each of the cases (a) and (b) above?

Moments

1.
(a)
What is meant by the moment of a force?  How is the moment of a force calculated and what is its unit?


State the Law of Physics known as the Principle of Moments.

What is the centre of gravity of a body?


2.
A metre rule balances at its 50 cm mark when no additional weights are placed on it.


(a)
A 2 N weight is now placed over the 20 cm mark of the rule and the moment that it produces is balanced by an unknown weight, W, placed at the 60 cm mark.

Draw a diagram of the arrangement.


Calculate the weight of the unknown weight W.



(b)
the same rule, which is of weight R, is now pivoted at the 70 cm mark, and in order to balance it, a 2 N weight has to be placed at the 80 cm mark.




(i)
Draw a diagram of the arrangement.




(ii)
Calculate the weight, R, of the rule.




(iii)
What is the mass of the rule? (Assume g = 10 N/kg)

3.
Answer this question on lined paper:  A man carries a uniform beam of weight 200 N and length 3m on his right shoulder.



(a)
Why does he find it easier to support the beam at its centre of gravity?  What is the downward force on his shoulder when he supports the beam at its centre of gravity?


(b)
When carrying the beam, the man finds that he has to apply a 20 N downward force on the beam at a point 0.5 m in front of his right shoulder in order to keep the beam horizontal.  How far is the centre of gravity of the beam behind his shoulder?  What is the downward force now exerted on his shoulder?


(c)
The man now uses the beam to stand on while working above ground level.  He supports the beam at both ends and stands 1 m from the left hand end.  If he weighs 600 N, what downward forces are exerted on the supports at each end?

Vectors
1.
Two forces of 6 N and 10 N act on a point at an angle of 60o.  Draw a scale diagram below to find the magnitude of the resultant force and the angle that the resultant makes with the 10 N force.

Magnitude of resultant = 


.

Angle with 10 N force = 

.

2.
Two forces of 6 N and 10 N act on a point at an angle of 120o.  Draw a scale diagram below to find the magnitude of the resultant force and the angle that the resultant makes with the 10 N force.

Magnitude of resultant = 


.

Angle with 10 N force = 

.

Using a scale of 1 N = 1 cm.

3.
Find the magnitude of the resultant of two forces of 12 N and 8 N acting at an angle of 45o.  What angle does this resultant make with the 12 N force?























4.
Find the magnitude of the resultant of two forces of 12 N and 8 N acting at an angle of 135o.  What angle does this resultant make with the 12 N force?






















Pressure

the density of water = 1 000 kg/m3

the density of mercury = 13 600 kg/m3

the force of gravity, g, = 10 N/kg


1 Bar (B) = 100 0000 N/m2

1 mB = 100 N/m2
1.
(a)
Define pressure.


(b)
State the S.I. unit in which pressure is measured.

2.
Give the meaning of each of the symbols on the right hand side of the equation 
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 and state the unit in which each must be expressed if the resulting pressure is to be in Pa.

3.
On a day of very low atmospheric pressure the mercury barometer reads 70 cmHg.  What is the pressure in


(a)
Pa?


(b)
mB?

4.
(a)
Draw a labelled diagram showing a water manometer being used to measure the pressure of the gas supply.


(b)
On a particular day the pressure of the atmosphere is 100 000 Pa and the difference in the water levels in such a manometer is 25 cm.  What is the pressure produced by a 25 cm column of water?  What is the pressure of the gas supply?
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