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By Alfred Chan

Inertia (慣性)

Inertia is the tendency of a body to maintain its state of rest or of constant speed along a straight line.

Newton’s first law of motion (牛頓運動第一定律)

It states that

Every object remains in a state of rest or uniform speed along a straight line unless acted on by an unbalanced force (不平衡力).

Simple illustrations of Newton’s first law

1.
Car safety belt

If a car stops suddenly, the driver and passengers inside are thrown forward because they have the inertia to keep moving forward. The safety belt can protect the driver and the passengers from injuries.

2.
Head-rest

If a stationary car is bumped by another car at the back, the driver and the passengers are thrown backward because they have the inertia to remain at rest. The head-rest can protect them from head injuries.

3.
Coin on a piece of cardboard

The coin will drop into the beaker if the cardboard is suddenly pulled out because it has the inertia to remain at rest in the original position.

Friction or Frictional Force (摩擦力)

Friction is the force that opposes an object moving.


Properties of friction

1.

2.

3.

Illustration 1

Friction/ N














  Applied force/ N

Some frictionless motions

In order to illustrate Newton’s first law, frictionless motion is needed. The following are some examples of frictionless motion.

1. Balloon puck

An air cushion separates the puck from the table.

2. Linear air track

Air blown out from the small holes separates the vehicle from the track.


Friction compensated runway

When the inclination θ (傾斜度) of the runway increases, the weight component (mg sin θ) of the trolley along the runway also increases. (2001 CE)

When the weight component (mg sin θ) is equal to the frictional force between the trolley and the runway, the runway becomes a friction compensated runway,
i.e. frictional force = mg sin θ

When given a push, the trolley runs down at a constant speed

A constant speed can be checked by using a ticker tape timer which will produce a tape with dots of equal spacing.

        ticker-tape timer














constant speed



                                               



friction













compensated 

runway


Ticker tape obtained will be as follows:
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92 41; 98 9; 99 42

Newton’s Second Law(牛頓運動第二定律)

Experiment 1- To investigate the relation between force and acceleration at constant mass

Set-up:

1. Set up a friction compensated runway for the experiment.

2. The force (F) is provided by the elastic string which is stretched so that its length is equal to the length of the trolley.

3. Use ticker-tape timer and a tape chart to study the acceleration of the trolley down the runway.

4. Repeat the experiment by using 2, 3 and 4 identical elastic strings which are stretched in parallel, i.e. the force on the trolley is increased by 2, 3 and 4 times respectively.

5. From the tape-charts obtained, the table below shows a typical set of results. (Suppose each stretched string exerts a force of 0.5N on the trolley.)

	No. of elastic strings
	Force on trolley, F/ N
	Acceleration, a/ ms-2

	1
	0.5
	0.35

	2
	1.0
	0.71

	3
	1.5
	1.04

	4
	2.0
	1.40


6. Plot a graph of a against F.

7. Results:

Experiment 2- To investigate the relation between acceleration and mass at constant force

Set-up:

1. Set up a friction compensated runway for the experiment.

2. The force (F) is provided by the elastic string which is stretched so that its length is equal to the length of the trolley.

3. Use ticker-tape timer and a tape chart to study the acceleration of the trolley down the runway.

4. Repeat the experiment by using 2 and 3 identical trolley, i.e. the mass is increased by 2, and 3 times respectively.

5. From the tape-charts obtained, the table below shows a typical set of results. (Suppose the mass of each trolley is 1kg.)

	Mass, m/ kg
	1/mass, 1/m / kg-1
	Acceleration, a/ ms-2

	1
	
	0.78

	2
	
	0.40

	3
	
	0.24


6. Plot a graph of a against 1/m.

7. Results:

From the above two experiments, we can conclude that






F = m a

Newton’s Second Law(牛頓運動第二定律)

It states that

The acceleration of an object is directly proportional to, and in the same direction as, the unbalanced force acting on it, and inversely proportional to the mass of the object.

The unit of force is Newton, N.

Definition of the Newton:

1N is the force that gives an acceleration of 1 ms-2 to a mass of 1 kg.

i.e.
1 N = 1 kg ms-2
Exercise 1

A 2 kg trolley moves at a constant speed along a level runway when pulled by a force of 2.5 N.

(a) What is the friction acting on the trolley?

(b) What is the trolley’s acceleration when it is pulled by a force of 4.0N?

(c) What is the pulling force needed to double the acceleration in (b)?

Solutions

91 7; 95 7; 96 5

Mass & Weight

	Mass (質量)
	Weight (重量)

	The mass of an object is a measure of its inertia
	The weight of an object is the gravitational force acting on it by the planet

	Unit: kg
	Unit: N

	Scalar
	Vector

	It is a constant wherever the object is
	The weight of an object depends on the value g

             W=mg


Exercise 2

[Given the values of g


Earth
g = 10 ms-2

Moon
g = 1.6 ms-2

Jupiter
g = 26 ms-2

Mars
g=3.6 ms-2
]

Helen has a mass of 60 kg. How much does she weigh on

(a)
Earth

(b)
Moon

(c)
Jupiter

(d)
Mars?

Solutions

92 8; 94 4, 42; 95 5; 96 3; 99 2

Exercise 3

A rocket has a mass of 8 x 105 kg at lift off (升空). The uplifting force produced by the burning fuel is 1.62 x 107N. Find

(a) the weight of the rocket

(b) the unbalanced force on the rocket at lift-off

(c) the acceleration at lift off.

Solutions

Newton’s Third Law(牛頓運動第三定律)
It states that

To every action there is an equal and opposite reaction.


Properties:

But, a better definition should be

If object A exerts a force on object B, then object B will exert an equal in magnitude but opposite in direction force back on object A.

Examples of Action & Reaction pair(作用力及反作用力):

(a) When you start to run, two forces appear as shown below. Name the forces and write an equation for these forces.

(b) If a roller skater pushes against the wall, he moves away from it. It is because the roller skater exerts a force on the wall; the wall exerts a force on the roller skater. Name the forces.

(c) The diagram shows a girl sitting on a chair. There are 2 pairs of action and reaction forces. Name the forces.

(d) A boy and a girl each sit on a trolley holding one end of a rope as shown.


The boy pulls alone. What happens?


The girl pulls alone. What happens?


Both of them pull together. What happens?


Name the pair of action and reaction in the string.

91 10; 92 10; 93 42; 95 11; 96 10; 97 9

Exercise 5

Three blocks A, B and C of masses 2 kg, 3 kg and 5 kg are connected by two strings as shown below. They are pulled by a force F on a smooth horizontal surface.



F

A         B            C       


Find

(a) the magnitude of F in order to produce an acceleration of 1ms-2
(b) the tensions in the 2 strings when the acceleration is 1ms-2.

Solutions

Exercise 6

Two trolleys of masses 2 kg and 3 kg are connected together by an inextensible string on a rough horizontal table. A constant force of 20N is pulling the 3 kg trolley. Assume the frictional forces acting on the two trolleys are equal.

(a) Draw 2 diagrams to show the forces acting on each trolley in the direction along the horizontal surface

(b) If the acceleration of the 2 kg trolley is 3 ms-2, what are the frictional force and the tension of the string?
Solutions

Exercise 7

Consider the diagram as shown below,



20N           2 kg       3 kg

Find

(a) acceleration of the blocks

(b) the interacting force between the two blocks

Solutions

Exercise 8

Consider the following diagram,




              1 kg   2 kg         3 kg                   6N

(a) Draw diagrams to show the forces acting on each box

(b) Find the acceleration

(c) Find forces between blocks 1kg and 2kg, 2kg and 3kg

Solutions

91 2; 92 9; 95 2; 98 6

Exercise 9

A person of mass 60 kg is standing on a weighing machine in a lift. Find the apparent weight (假重) of him when

(a) the lift moves upwards with a constant speed of 3ms-1
(b) the lift moves downwards with a constant speed of 2ms-1
(c) the lift accelerates upwards at 2ms-2
(d) the lift decelerates upwards at 3ms-2
(e) the lift accelerates downwards at 3ms-2
(f) the lift decelerates downwards at 4ms-2
(g) the cable suddenly breaks and the lift starts free falling.

Solutions

Exercise 10

A man of mass 75 kg is standing in a lift. The mass of the lift is 600 kg. The breaking tension of the cable of the lift is 7425 N.

(a) What is the maximum upward acceleration of the lift before the cable breaks?

(b) When the lift is accelerating upwards at 0.5 ms-2 , find the force acting on the lift by the man.

(c) If the cable of the lift suddenly breaks, what is the force exerted by the man on the lift?

(d) In he case of free falling, the man feels weightless. Is it true that the weight of the person disappears? Explain briefly.

Solutions

91 10; 94 6; 98 8

Force (力)

We have talked about how to add 2 forces in vector sums. Let us consolidate by the following exercise. 

Exercise 11

In each of the following cases, find

(a) the magnitude and direction of the resultant force

(b) the acceleration of the block

[Given: the mass of the block is 2 kg. ]

(i)

              2 N




   1N




3 N

(ii)




  3 N








 2 N








   4 N

(iii)



6 N



6 N






600

98 7

Resolving Force

A force is a vector, it can be resolved into 2 perpendicular components. One along the x-axis (軸) and the other along the y-axis.

                                     y

Referring to the figure, we have

                                                 F








      FY
                                         θ

                                                          x

                                         FX
The weight of a block runs down an inclined plane is usually resolved into 2 components, one parallel to and the other perpendicular to, the inclined plane.

If the mass of the block is m kg, the weight is mg N.


Component of weight down the plane



Component of weight perpendicular to the plane













θ     mg



Exercise 12

Three forces act on a body as shown below.                       y

(a) Find the resultant force                              3N, 300
(b) If the mass of the body is 0.5 kg, find its acceleration.                 

                                                                    x

Solutions                                                        6N

Resolve the 3 forces into their components:                5N, 450
Exercise 13

A 10 kg mass is suspended by 2 strings as shown. Find the tension in the strings.


                  600          300


Solutions

Exercise 14

A man is pulling a block of mass 100 kg at a constant speed along a level floor. He exerts a force of 100 N at an angle of 300 to the horizontal. What is the frictional force between the block and the ground?

                                          F= 100 N

                                     300
                    f

The man now arrives a downhill slope and finds that the block slides down with constant speed by itself. Find the inclination of the slope.

Find the force needed to pull the block up the plane with constant speed.

Solutions

91 9; 94 2; 95 6; 96 8; 97 3; 99 4, 5

Forces in Equilibrium (平衡)

Forces acting on an object are in equilibrium when

(a) all vertical components are balanced

(b) all horizontal components are balanced.

Exercise 15

A 5 kg mass is suspended by 2 identical strings. If the tension in the strings cannot be greater than 35 N, find the minimum value of θ.

           θ                     θ 

Solutions

Pressure (壓力, 壓強)

Pressure is defined as the force acting perpendicularly on a unit area (面積).

	P =
	F

	
	A


Unit of pressure: Nm-2 or Pascal, Pa

where 
1 Pa = 1 Nm-2
Exercise 16

The mass of Mary is 50 kg. She wears a pair of high heeled shoes each having an area of 5 cm2 in contact with the ground. What pressure is exerted on ground?

Solutions

Exercise 17

John is also 50 kg. He wears sports shoes each having an area of 25cm2 in contact with the ground. What pressure is exerted on ground?

Solutions

Exercise 18

A thumb exerts a force 20N on a pin pushing it into the wood. If the area of the sharp point is 0.5 mm2, calculate the pressure exerted by the pin of the wood.

Exercise 19

A metal block measuring 0.5 m x 2 m x 3 m has a mass 5 000 kg. Calculate the greatest and the smallest pressure exerted on the ground.

Solutions

Reducing the area increases the pressure acting. Conversely, increasing the area reduces the pressure.

90 5; 94 5; 99 6

Turning effect of a force, Moment (力矩)

The moment of a force is the product (積) of the force and the perpendicular distance of its line of action from the fulcrum or pivot (支點).

Moment of force about P 
= force x perpendicular distance from P to the force




   Moment  
= F d

               d                               d

       P                               

                                          x      θ






  F                 F













x = d sin θ











  moment = F x













 = F d sin θ

Unit of moment: Nm

Principle of Moments

It states that

When an object is in equilibrium, the sum of the clockwise (順時針) moments about any point is equal to the sum of anticlockwise (逆時針) moments about that point.


i.e. clockwise moment = anticlockwise moment

Exercise 20

A force of 5 N is acting at the end of a rod, of length 2m, pivoted at O. 


(a) What is the moment of the force about O if it acts



(i) 
At right angle to the rod?



(ii) 
At an angle of 300 to the rod?

(b) State whether the moment is clockwise or anticlockwise.

(a)







(b)   5 N

                                               300
                       5 N

Solutions

Exercise 21

Two girls of weight 300 N and 250 N are sitting on one side of a seesaw (搖搖板) at 3m and 2m respectively from the pivot. They are balanced by a boy of weight 400N sitting on the other side. What is the distance of the boy from the pivot?

P. 135 Q. 8
90 9; 92 11; 94 7; 96 9; 97 10; 98 11; 99 9

Momentum (動量)
All moving objects have momentum. The momentum of an object depends on its mass and its velocity.


Momentum = mass x velocity




p = m v

Unit of momentum: kg ms-1
Momentum is a vector and in the same direction as velocity.

Exercise 22

Calculate the momentum of a car of mass 1 200 kg moving at 10 ms-1








Solutions

	Elastic collision
	Partially elastic collision
	Inelastic collision

	
	
	

	
	
	


Experiment 3- Inelastic collisions (非彈性撞擊)

1. Set up the apparatus as shown in the figure. Adjust the runway for friction compensated.

2. Fix two pins to trolley A and two corks to trolley B so that they stick together on collision.

3. Give trolley A a sharp push to move it down the runway and collide with trolley B which is stationary.

4. From the tape obtained, work out the velocities of the trolleys before and after collision.

5. Repeat with 2 and then 3 stacked trolleys colliding with one trolley.

6. Find out how the mass and velocities of the trolley before and after collision are related.

Experimental Results:

	Mass
	Before collision
	After collision

	m1
	m2
	u (cm per 5 ticks)
	Total momentum
	v (cm per 5 ticks)
	Total momentum

	1
	1
	3.14
	
	1.16
	

	2
	1
	2.07
	
	1.35
	

	3
	1
	1.61
	
	1.50
	


Conclusion
(
momentum is conserved. (守恆)

Experiment 3- Elastic collisions (彈性撞擊)

1. Set up the apparatus as shown in the figure. Adjust the runway for friction compensated.

2. Attach a tape on each trolley. Pass both tapes through a ticker-tape timer.

3. Release the spring-loaded plunger of trolley A so that when it collides with trolley B, the two trolleys move off separately.

4. Push 1, 2 and 3 stacked trolleys in turn to collide with a stationary trolley.

5. From the tape obtained, work out the velocities of the trolleys before and after collision.

6. Find out how the mass and velocities of the trolley before and after collision are related.

Experimental Results:

	Mass
	Before collision
	After collision

	m1
	m2
	u (cm per 5 ticks)
	Total momentum
	v1 & v2 (cm per 5 ticks)
	Total momentum

	1
	1
	2.24
	
	0        2.12
	

	2
	1
	2.18
	
	0.61      2.80
	

	3
	1
	1.98
	
	1.11      2.81
	


Conclusion
(
momentum is conserved. (守恆)
Law of Conservation of Momentum (動量守恆定律)
Experiments 3 and 4 demonstrate the law of conservation of momentum. It states that

In any collision, the total momentum before collision is equal to the total momentum after collision, provided that there is no external force.



  m1u1 + m2u2 = m1v1 + m2v2
Newton’s cradle

The Newton’s cradle is a toy consisting of a line of 5 steel balls. It is used to demonstrate the principle of conservation of momentum.

Q: why if we hold 3 balls to collide, there must be three     

but not 2 or 4 balls swing?

Exercise 23

From the following information, find v.

	
	Mass
	Velocity before collision
	Velocity after collision

	Marble A
	20 g
	-0.4 ms-1
	0.1ms-1

	Marble B
	60 g
	0.2 ms-1
	v


Solutions

90 3; 91 11; 98 3

Explosion (爆炸)

An explosion is the opposite of a collision. The law of conservation of momentum is still applicable in the case of explosion.

Exercise 24

After firing a gun, the gun recoils (moves back). Find the recoil velocity of a 5 kg gun if a bullet of mass 20 g is fired at 250ms-1.

Solution

Before firing

The gun and the bullet are at rest. (               








i.e.





)

After firing

Let v be the recoil velocity of the gun.

By the law of conservation of momentum,

Total momentum before firing =Total momentum after firing

Exercise 25

A rocket of mass 8000 kg pushes out hot gas at the rate of 10 kg per second. The velocity of the ejected hot gas is 500 ms-1. If the rocket is initially at rest, find the velocity of the rocket after one second.

[Neglect the effect of gravitational force acting on the rocket and gas


i.e.












]

Solutions


Momentum and Newton’s Second Law


Derivation

In words, we have

Hence, Newton’s second law can be restated as

The unbalanced force acting on an object is equal to the rate of change of momentum of the object.

Rearranging the terms in equation 3,

i.e. Force x time = change of momentum

The product of the force and the time for which it acts is called the impulse (衡量).

Impulse = force x time





Impulse = F t

Impulse = change in momentum



Impulse = m v – m u

Unit of impulse:
Ns 
or
kgms-1

From 3, we can conclude that

98 3; 99 8, 41

Safety in the Car

Bumper (Crumple zones)


The impact time (撞擊時間) can be increased by fitting bumpers to the front and back of the car. It increases the stopping time of the passengers (NOT ‘the car’) so as to reduce the force acting on the passengers

Seat-belt


The seat-belt is designed to stretch (拉長) a bit. This increases the stopping time of the passengers and so reduces the force of impact.

Newton’s Third Law and Conservation of Momentum


 Derivation

Exercise 26

A ball of mass 0.3 kg is thrown horizontally towards the wall. It hits the wall with a speed of 20 ms-1 and rebounds with a speed of 15ms-1. The time of impact is 0.25 s.

(a) What is the momentum of the ball just before impact?

(b) What is the momentum of the ball just after impact?

(c) Find the average fprce acting on the ball during impact.

(d) If we take the ball and the wall as a system, is the total momentum conserved in the collision?

Solutions


Exercise 27

A tennis ball of mass 0.12 kg traveling at 15 ms-1 is hit and returned at 20 ms-1 for 0.01s.

(a) Find the change in momentum of the tennis ball

(b) Find the force exerted on the ball by the bat during impact

Solutions


A ball of mass 0.1 kg is dropped from a height of 20 m above the ground. It rebounds to a height of 12m. On impact the ball is incontact with the ground for 0.05 s. Find

(a) the speed of the ball on hitting the ground

(b) the speed of the ball on leaving the ground

(c) the change in momentum of the ball on impact

(d) the force acting on the ball by the ground during impact.

Solutions


Disappearing Momentum?

Consider the following 2 examples.

1. When we are walking forward, the floor does not appear to move.

2. When a car colliding with a will, it stops but the wall does not move. 

The momentum of the above 2 cases seem to be disappeared and not conserved. Why?

Sometimes, it appears that momentum is not conserved in a collision. The reason is that the mass of one of the object is very large compared with the mass of the other and so its change in velocity is too small to be detected.

Explanation for the case 1


The mass of a large object, the earth is very great compared with the other object, man. As a result, the velocity of the earth due to the impact is too small to be observed.

Explanation for the case 2


The wall is a part of the earth which has a very large mass compared with the car. As a result, the velocity of wall (as well as earth) is too small to be detected.


Exam Focus:

A ball P moves towards and sticks to a lump of plasticine (泥膠), which is fixed to the ground. In this collision, the total momentum of P and the plasticine is not conserved.


     
  P



1. This is because an external force acts on the plasticine by the ground (or earth) during collision.

2. Actually, there is some momentum has been transferred to the ground (or earth) and hence the ground will acquire a very small speed after the collision.

3. If the momentum of the ground (or earth) is included in the system, the total momentum is conserved. In this case, the force acts on the plasticine by the ground will become an internal force of the system.
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