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NEWTONS’LAWS OF MOTION GRADE 11 AND 12 

Different kinds of forces:

 Weight, normal force, frictional force, applied force (push, pull), tension (strings or cables).
1.1. DEFINITIONS

· Define weight, W, as the gravitational force that the earth exerts on any object that has mass.
· Define normal force, N, as the force or the component of a force which a surface exerts on an object with which it is in contact, and which is perpendicular to the surface. 

· Define frictional force, f, as the force that opposes the motion of an object and which acts parallel to the surface. 

· Define static frictional force, fs, as the force that opposes the tendency of motion of a stationary object relative to a surface. 

· Define kinetic frictional force, fk, as the force that opposes the motion of a moving object relative to a surface. 

Know that a frictional force: 

· Is proportional to the normal force 

· Is independent of the area of contact 

· Is independent of the velocity of motion 

1.2. SOLVE PROBLEMS

1.2.1. Solve problems using [image: image2.png]frer = u N




Where [image: image4.png]


 is the maximum static frictional force and μs is the coefficient of static friction. 
NOTE: 
· If a force, F, applied to a body parallel to the surface does not cause the object to move, F is equal in magnitude to the static frictional force. 

· The static frictional force is a maximum ([image: image6.png]


 ) just before the object starts to move across the surface. 

· If the applied force exceeds[image: image8.png]


, a resultant (net) force accelerates the object. 

1.2.2. Solve problems using fk = μkN, 

where fk is the kinetic frictional force and μk the coefficient of kinetic friction. 

2. Force diagrams, free-body diagrams 
· Draw force diagrams. 

· Draw free-body diagrams. 

(This is a diagram that shows the relative magnitudes and directions of forces acting on a body/particle that has been isolated from its surroundings) ‘

· Resolve a two-dimensional force

 (such as the weight of an object on an inclined plane) into its parallel (x) and perpendicular (y) components. 

· Determine the resultant/net force of two or more forces. 

EXAMPLES

Example 1

Object resting on a horizontal surface.  

When an object is resting on a horizontal surface the normal force will have the same magnitude, but an opposite direction to the weight of the object or gravitational force.

An object resting on a horizontal surface

	Force diagram
	Free-body diagram

	[image: image1.png]frer = u N



                                      N / FN                                         

[image: image122.jpg]



[image: image123.jpg]



                                   W / Fg  

	[image: image124.png]


                                        N/FN
[image: image125.jpg]


[image: image126.bmp]   

                                      W / Fg

	So FN= -Fg or FN= -mg (the negative sign indicates the direction of the force)


Example 2

An object moving on a horizontal surface/plane.

A box is being pushed, to the right, along a horizontal rough surface.  

FORCE DIAGRAM


N/FN


FA/Fapp
         f/Ff

W/Fg
FREE-BODY DIAGRAM


N / FN
           F / Ff
                              FA / Fapp
                                          W / Fg
So FN = -Fg or FN = -mg

But  f /Ff ˂ FA / Fapp
Example 3

An object moving on a horizontal surface/plane with applied force at an angle to the horizontal.

A box is being pulled, to the right, with a force applied at an angle β along a horizontal rough surface.  

FORCE DIAGRAM


N/FN

FA/Fapp



         f/Ff

W/Fg
FREE-BODY DIAGRAM

                                         N/FN
                            FA/Fapp
 

                      f/Ff


                                           W/Fg
RESOLVING FA/Fapp INTO COMPONENTS

N/FN
                      
                                 Fy

                      f/Ff                                               Fx

W/Fg
NOTE
: The normal force is not always equal to the weight, (FN≠ -Fg or FN≠ -mg) but the weight is equal to the normal force added to the vertical component of the applied force, (W= FN + Fy). 

Therefore FN = W-Fy 

Fy = FA Sinβ

Fx = FA Cosβ  

EXAMPLE 4

Object resting on an inclined surface: 

When an object is resting on a rough inclined plane (surface), the normal force will have the same magnitude, but an opposite direction to the perpendicular component of the weight of the object or gravitational force. (Fg┴ = N)

An object resting on an inclined plane (surface)

FORCE DIAGRAM





         FREE-BODY DIAGRAM

                                 N/FN
                                                                          f/Ff

                

                        β                    W/Fg
The weight can be resolved into the parallel (Fgǁ ) and perpendicular components (Fg┴).

                                 N/FN
                                                                          f/Ff

                Fgǁ
                        β                           Fg┴


FREE-BODY DIAGRAM


[image: image9]
NOTE
:

W or Fg = mg 
Fg┴ = mg Cosβ

Fgǁ = mg Sinβ

Fgǁ = -Ff  

EXAMPLE 5

Object sliding down on an inclined surface: 

When an object is sliding down on a rough inclined plane (surface).

FORCE DIAGRAM

                                 N/FN
                                                                          f/Ff

                Fgǁ
                        β                           Fg┴


FREE-BODY DIAGRAM


[image: image10]
NOTE:

Fgǁ˃Ff  /  N=Fg┴

EXAMPLE 6

Object pulled up the inclined surface: 

When an object is pulled up on a rough inclined plane (surface).

FORCE DIAGRAM

                                 N/FN



  FA
                                                                          



  Fgǁ
                              Ff
                        β                           Fg┴


FREE-BODY DIAGRAM


[image: image11]
NOTE:

FA˃Ff +Fgǁ (for accelerating object), 

FA=Ff +Fgǁ (for object moving at constant velocity)

Worked examples
A 6kg box is pulled, to the right on a horizontal surface, by a force of 20N. The box experiences 
a constant frictional force of 3N during its motion.


[image: image12]
A. Drawing the force diagram


N/FN


FA/Fapp
f/Ff

W/Fg
B. Calculating the Normal force

[image: image14.png]


 

[image: image16.png]


 

[image: image18.png]


 

Therefore FN = 58.8N upwards

C. Calculating the coefficient of kinetic friction

[image: image20.png]fi

N



 

[image: image22.png]14,(58.8)



 

[image: image24.png]0.05



 

D. Calculating the net/resultant force

Taking right as + and left as –

[image: image26.png]


 

       [image: image28.png]20 +(-3)




       [image: image30.png]17N right




PROBLEM 2

A 3kg block is pulled to the right, by a 15N force, applied at an angle of 30o to the horizontal. The surface has a coefficient of kinetic friction of 0.2.


[image: image31]
A. Drawing a free-body diagram




                              N/FN
                      
                       Fy

               f/Ff
Fx
                            W/Fg
B. Calculating a Normal force 

[image: image33.png]W=Fy+F,



 

[image: image35.png]Fyn

W —F,



 

     [image: image37.png]‘mg — FSinB




  [image: image39.png]


 

[image: image41.png]Fy = 21.9N upwards



 

C. Calculating net force

[image: image43.png]


 

       [image: image45.png]15 Cos 30° + [—(0.2 X 21.9)]




[image: image47.png]


      [image: image49.png]3.12N right




PROBLEM 3

A 20kg wooden box slides up a surface inclined at 20o to the horizontal. The box experiences a constant frictional force of 2.5N as it slides up the surface.


[image: image50]
A. Drawing the free-body diagram





B. Calculating the net force 

[image: image52.png]Froe = Fyy + fi



 

       [image: image54.png]


         [image: image56.png]mgSin20° + u, N




               [image: image58.png]20 X 9.8 Sin 20°) + (2.5)





   [image: image60.png]69.54N down the incline




1. NEWTON”S FIRST LAW

 An object continues in a state of rest or uniform (moving with constant) velocity unless it is acted upon by an unbalanced  (net or resultant) force.

2. NEWTON”S SECOND LAW

When a resultant/ net force ([image: image62.png]


)  is applied on an object of mass (m), it accelerates in the direction of the net force. The acceleration (a) is directly proportional to the net force and inversely proportional to the mass of the object.

The mathematical expression for the law can be written as:

[image: image64.png]






[image: image66.png]


  is the net force measured in newtons (N)

[image: image68.png]


  is the mass of an object measured in kilograms (kg)

[image: image70.png]


  is the acceleration measured in metre per second squared (m.s-2)

3. NEWTON’S THIRD LAW

When object A exerts a force on object B, object B simultaneously exerts an oppositely directed force of equal magnitude on object A. 

Example


A box on the table exerts a force, (W = mg) on the table downwards, and the table exerts equal but upwards force on the box. It is important to note that whilst the two forces are equal in magnitude and opposite in direction, they cannot cancel since they do not act on the same object.

Further applications of Newton’s third law

i) When swimming, the swimmer pushes the water backwards with his/her hands, and the water then pushes the swimmer forward.

ii) When a person walks, his legs and toe muscles exert a force on the floor in a slanted, downward direction. The floor exerts an equal but opposite force, which pushes the person forward.

iii) Space rockets are propelled by recoil. The rapidly expanding gases which escape from the combustion chamber experiences a downward force, this escaping gas will then exert an equal force, which pushes the rocket upwards.

 Activity 3.1

You are given a vase resting on a table, as shown below.


[image: image71]
(a) Identify one contact force. 

(b) Identify one non-contact force 

(c) Identify all the action(reaction forces for the vase. 

(d) Identify all the action(reaction forces for the table. 
4. NEWTON’S LAW OF UNIVERSAL GRAVITATION

Each body in the universe attracts every other body with a force that is directly proportional to the product of their masses and inversely proportional to the square of the distance between their centres.

The mathematical expression for the law can be written as:

[image: image72.png]



[image: image74.png]


 is the gravitational force

[image: image76.png]


 is the mass of body one

[image: image78.png]


 is the mass of body two

4.1  The magnitude of the gravitational force exerted by one body on another body is F. When the distance between the centres of the two bodies is doubled, the magnitude of the gravitational force, in terms of F, will now be …

A. [image: image80.png]


 F

B. [image: image82.png]


 F

C. 4 F

D. 2 F

suppose [image: image84.png]


 is the mass of a planet, and [image: image86.png]


 the mass of a body on that planet, then 

[image: image88.png]


  is the weight of the body. Hence [image: image90.png]









      [image: image92.png]






therefore


[image: image94.png]



Comparison of mass and weight

· Mass is the actual amount of material contained in a body and is measured in kilograms whereas weight is the force exerted by the gravity on that object and it is measured in newtons. 
· Mass is independent of everything but weight is different on the Earth, moon, etc. 
· Mass is a scalar quantity and weight is a vector quantity.

 Weightlessness

· Weightlessness is the phenomenon which occurs when there is no force of support on your body. When your body is effectively in free fall accelerating downwards at the acceleration of gravity, then you are not being supported.

ASSESSMENT ACTIVITIES

June 2008 

Two blocks X and Y, each of mass 2kg, are connected by an inelastic rope of negligible mass. When a constant force of 6N is applied horizontally to the right on block Y, the blocks accelerate at 0,5[image: image96.png]


. The frictional force between the blocks and the surface is the same.


[image: image97]
2.1
State, in words, Newton’s Second Law of motion.





(2)

2.2
Draw two separate force diagrams with labels showing the horizontal forces acting on X and Y. 












(4)

2.3
Explain why block X and Y experience the same frictional force.



(2)

2.4
Calculate the frictional force experienced by block X and the tension in the string that connects X and Y.










(9)















[17]

March 2003

A toy train engine P, of mass 3kg, is connected by a string to a wagon Q of mass 2kg. 

Thuli fastens a cable to P and pulls it with a force of 12N at an angle of 60o with the horizontal, 
as shown below.

The train moves over a wooden floor which has a coefficient of kinetic friction of 0.05.






2.1
Calculate the magnitude of the horizontal component of the applied force.


(3)

2.2
Draw two separate force diagrams showing all the forces that act on P and Q 
respectively.











(7)

2.3
Calculate the magnitude of the acceleration of the train.




(7)















[17]

NOVEMBER 2014 QUESTION 2

Two blocks of masses 20 kg and 5 kg respectively are connected by a light inextensible string, P. A second light inextensible string, Q, attached to the 5 kg block, runs over a light frictionless pulley. A constant horizontal force of 250 N pulls the second string as shown in the diagram below. The magnitudes of the tensions in P and Q are T1 and T2 respectively. Ignore the effects of air friction.

[image: image98.emf]
2.1 
State Newton's Second Law of Motion in words.  





(2)  

2.2 
Draw a labelled free-body diagram indicating ALL the forces acting on the 5 kg block.
(3)

2.3 
Calculate the magnitude of the tension T1 in string P.   




(6) 

2.4 
When the 250 N force is replaced by a sharp pull on the string, one of the two strings break.      

Which ONE of the two strings, P or Q, will break?  





(1)

JUNE 2015 

A 5 kg block, resting on a rough horizontal table, is connected by a light inextensible string passing over a light frictionless pulley to another block of mass 2 kg. The 2 kg block hangs vertically as shown in the diagram below.

A force of 60 N is applied to the 5 kg block at an angle of 10o to the horizontal, causing the block to accelerate to the left.

[image: image99.emf]
The coefficient of kinetic friction between the 5 kg block and the surface of the table is 0,5. Ignore the effects of air friction.

2.1
Draw a labelled free-body diagram showing ALL the forces acting on the 5 kg block.
(5)

2.2
Calculate the magnitude of the:

2.2.1
Vertical component of the 60 N force






(2)

2.2.2
Horizontal component of the 60 N force






(2)

2.3
State Newton's Second Law of Motion in words.





(2)

Calculate the magnitude of the:

2.4
Normal force acting on the 5 kg block







(2)

2.5
Tension in the string connecting the two blocks






(7)

[20]

Examplar 2014 

A light inelastic string connects two objects of mass 6 kg and 3 kg respectively. They are pulled up an inclined plane that makes an angle of 30° with the horizontal, with a force of magnitude F. Ignore the mass of the string.

[image: image100.emf]
The coefficient of kinetic friction for the 3 kg object and the 6 kg object is 0,1 and 0,2 respectively.

2.1
State Newton's Second Law of Motion in words.





(2)

2.2
How will the coefficient of kinetic friction be affected if the angle between the incline and the horizontal increases? Write down only INCREASES, DECREASES or REMAINS THE SAME.











(1)

2.3
Draw a labelled free-body diagram indicating all the forces acting on the 6 kg object as it moves up the inclined plane.








(4)

2.4
Calculate the:

2.4.1
Tension in the string if the system accelerates up the inclined plane at 4 m∙s-2
(5)

2.4.2
Magnitude of F if the system moves up the inclined plane at CONSTANT 
VELOCITY











(6)

2.5
How would the tension in the string, calculated in QUESTION 2.4.1, be affected if the system accelerates up a FRICTIONLESS inclined plane at 4 m∙s-2? 
Write down only INCREASES, DECREASES OR REMAINS THE SAME.


(1)

[19]

QUESTION 2 

A block of mass 2 kg is at rest on a rough horizontal surface. The block is connected to another block of mass 1,5 kg by means of a light inextensible string which hangs over a frictionless pulley. The 2 kg block experiences a constant frictional force of 3,1 N when a force of 20 N is applied to the block as shown in the diagram below.  Ignore the effects of air friction.




2.1
Define the term kinetic frictional force.







(2)

2.2
Draw a labelled free-body diagram indicating ALL the forces acting on the 2 kg block.
(5)

2.3
Apply Newtons’ Second Law to each of the blocks and calculate the magnitude of the acceleration of the blocks.









(6)















[13]

 MOMENTUM and IMPULSE

Definition: Momentum is the product of the mass and velocity of an object. 

It is a vector quantity with the same direction as the object’s velocity.

Momentum = mass x velocity

p = m · v

Since mass is measured in kg and velocity in m.s-1, therefore the S.I. unit for momentum is kg.m.s-1

Example

a) Determine the momentum of a 6 kg object moving at 5 m•s–1 to the right.

Solution

p = m∙v

   = 6 ∙ 5

   = 30 kg.m.s-1 to the right
Activity 1

a) What is the momentum of the 6 kg object if it begins to move at 3 m•s –1 to the left.

b) What is the magnitude of the velocity of a 10 kg object that has a momentum of 90 kg • m • s–1?

c) What is the mass of an object that has a momentum of 60 kg m • s–1 east and a velocity of 30 m • s–1 east?

Change in Momentum

Momentum of an object changes with its velocity.

Change in momentum = mass (final velocity – initial velocity)



Δ p = pfinal - pinitial



= mvf   - mvi
                              Δ p = m (vf – v i)

Example

A tennis ball with mass 0.06 kg is thrown horizontally towards a wall.  It hits the wall at 5 m∙s -1, and bounces back at 3 m∙s -1.




Calculate:

i. The initial momentum of the tennis ball.

ii. The final momentum of the tennis ball.

iii. The change in momentum of the tennis ball.

iv. Draw vector diagrams to show the relationship between the ball’s initial momentum, final momentum, and the change in momentum.

Solution

Take the right direction as positive

i. Initial Momentum: pi  = m∙vi


                       = 0.06 ∙ 5 
                                            = +0.3 kg∙m∙ s -1 

                                                  = 0.3 kg∙m∙ s -1 to the right

ii. Final Momentum: pf = m∙vf


                     = 0.06 ∙(-3)

                                               = -0.18 kg∙m∙ s -1 

                                          = 0.18 kg∙m∙ s -1 to the left

iii. Change in momentum = pf - pi
                                               = -0.18 –0.3 

                          = -0.48 kg∙m∙s -1

                          = 0.48 kg∙m∙s-1 to the left

iv. Expressed graphically:





Activity2

a) A 12 kg object speeds up from an initial velocity of 10 m • s–1North to a final velocity of 15 m • s–1 north. Calculate the change in momentum.

b) Draw a vector diagram to illustrate the change in momentum of the object.

Activity 3

A 20 kg object slows down from an initial velocity of 40 m • s–1 west to a final velocity of 5 m • s–1 west. Calculate the change in momentum.
Activity 4

A car with a mass of 1 200kg is travelling at 72 km.h-1 when the driver sees a dog running across the street.  He breaks and 10 seconds later the car is moving at 18km.h.  

a) Calculate the initial momentum of the car.

b) Calculate the final momentum of the car.

c) Calculate the change in momentum of the car.

d) Draw vector diagrams to show the relationship between the car’s initial momentum, final momentum, and the change in momentum.

NEWTON’S SECOND LAW OF MOTION IN TERMS OF MOMENTUM:

The net (resultant) force acting on an object is equal to the rate of change of momentum of the object in the direction of the net (resultant) force. 

Fnet =Δ p
         Δ t

Fnet Δ t = Δ p
IMPULSE

· Impulse is the product of the resultant (net) force acting on an object and the time the resultant (net) force acts on the object.

· Impulse = Fnet Δt

· The unit of impulse is N.s.

Note: 1N.s =1 kg.m.s-1
RELATIONSHIP BETWEEN NET FORCEAND CHANGE IN MOMENTUM
· If a net force is applied to an object, then the object will experience a change in momentum.

· The converse is also true. If an object undergoes a change in momentum, then there has to be a net force being applied on the object.

· In other words, the net force and change in momentum are not mutually exclusive. 

NB: the net force and the change in momentum always act in the same direction.

Calculating change in momentum for various scenarios:
Example:
The firing of a rocket (m = 1×106 kg) results in a net force of 4×107 N being exerted on a rocket. If this force is applied for ∆t = 30 s, calculate the change in momentum.  Take up as positive.

SOLUTION

           Fnet 
=
 ma

    4 x 107    
= 
1 x 106 x a

                 
= 
40 m.s-2          

∆v
 =  
at 

    

=  
(40) (30) 

     

=  
1200m.s-1  upward

∆p  
=  
m∆v

      

= 
1 x 106 x 1200

      

=  
1. 20 x 109 kg.m.s-1 upward  

Activity 5
A 25 kg box travelling East on a rough surface experiences a net force of 50 N, West. If the net force acts for 3 s, calculate the change in momentum. Take East as positive.

Activity 6
A 0.06 kg tennis ball travelling horizontally strikes a racquet with a speed of 60 m·s-1 (East). The ball is returned with a speed of 50 m·s-1 in the opposite direction. Taking east as positive, 

a) Calculate the change in momentum.
b) Draw vector diagrams to illustrate the relationship between the initial momentum, the final momentum and the change in momentum.
Activity 7

A 15 kg object accelerates from 3 m • s–1 to 12 m • s–1. Calculate the size of the 

(a) impulse.

(b) change in momentum.

Activity 8

Calculate the magnitude of the resultant force which acts for 5 s on an object to produce an impulse of 60 N•s.

Activity 9

Calculate the magnitude of the final velocity of a 3 kg mass that accelerates from 5 m•s-1 due to an impulse of 45 N• s.

Activity 10

A 0,1 kg ball travels to a bat at 30 m • s–1 north and is hit back at 20 m • s–1.. Calculate the force on the ball if the time of contact is 0,05 s.

Activity 11

A 0,2 kg ball travels to a bat at 20 m • s–1 and is hit back at 30 m • s–1. If the force exerted on the ball by the bat is –1 000 N, determine the time of contact between the bat and the ball.

Conservation of Momentum and Elastic and Inelastic Collisions

Isolated Or Closed system is a system on which the resultant or net force is zero.

A closed/an isolated system excludes external forces that originate outside the colliding bodies, e.g. friction. Only internal forces, e.g. contact forces between the colliding objects, are considered.

Internal forces. These are forces between particles or objects that constitute the system. e.g. when two cars collide, the forces they exert during the collision are internal to the system.

External forces. These are forces outside the defined system that are exerted on the system.

Law of Conservation of Linear Momentum

The total linear momentum of a closed system remains constant (is conserved).

Application of conservation of momentum 
Perfectly Elastic Collision 

Consider a system of two objects m1 and m2 initially moving at v1i and u2i respectively. Masses m1 and m2 collide and thereafter move with final velocities v1f and v2f respectively. 

Properties of perfectly elastic collisions
·  Momentum is conserved (as seen above)

·  Kinetic energy is conserved i.e. total kinetic energy before collision is equal to the total kinetic energy after collision.

Example
A 3,0kg cart moving East with a speed of 1.0 m·s-1 collides head-on with a 5.0kg cart that is initially moving West with a speed of 2.0 m·s-1.  After the collision, the 3.0 kg cart is moving to the left with a speed of 1.0 m·s-1.Ignore friction.

a) What is the final velocity of the 5.0kg cart?

b) What impact would friction have, if considered? 

c) Calculate the change in momentum for each mass.

d) Are these values consistent with theory?  

SOLUTION
Take east direction as positive



Before






   after



a. pbefore 

=
 pafter
m1vi1 + m2vi2 
= 
m1vf1 + m2vf2

       (3)(1) + (5)(-2) 
= 
(3)(-1) + 5v2

                     V2 
=
 -0,8 m.s-1

                     V2
= 
0,8 m.s-1, west

b. If friction is present, then the net force on the system containing the 3kg and 5kg would not be an isolated system and hence momentum will not be conserved.

c. For the 3kg:     ∆p1
     = 
m(Vf1 - Vi1)

                                   = 
3(-1-1)

                                   = 
-6 kg.m.s-1
For the 5kg:     ∆p2     = 
m(vf – vi)

                                   = 
5(-0.8 + 2)

                                   = 
+6 kg.m.s-1
d. This does agree with theory:

                      ∆p1 
   =
 -∆p2  

Elastic Collision

Both momentum and kinetic energy are conserved.

Inelastic Collision

Consider a system of two objects m1 and m2 initially moving at u1 and u2 respectively. Masses m1 and m2 collide, couple, and thereafter move with a common final velocity v.

Properties of perfectly inelastic collisions
·  Momentum is conserved (as seen above)

·  Kinetic energy is NOT conserved i.e. total kinetic energy before collision   is not equal to the total kinetic energy after collision.

Activity 12
A 35kg girl is standing near and to the left of a 43kg boy on the frictionless surface of a frozen pond.  The boy throws a 0,75 kg ice ball to the girl with a horizontal speed of 6.2 m·s-1.  What are the velocities of the boy and the girl immediately after the girl catches the ice ball?
VERTICAL PROJECTILE MOTION

Definitions and Key Concepts

· A projectile is an object upon which the only force acting is the force of gravity.

· Free fall is motion in which an object is moving under the influence of gravitational force only where there is no air resistance.

Describe the motion

· Free falling objects  dropped or released objects, has vi = 0 m.s-1 ;depending on the velocity of the host.
· The object slows down as it is moving up in the air;

· The object momentarily stops at the maximum height; v = 0 m.s-1
· The final velocity of the object when it reaches the throwers hand is the same in magnitude but opposite in direction as when it left the throwers hand; 

· If the object goes beyond throwers hand then vf > vi ;
· The time taken from the point of projection to maximum height is equal to the time taken from the maximum height back to the point of projection.

· At the starting point its displacement is, ∆y = 0 m.

· All displacements for upward motion or downward motion stay positive above starting point.

· The magnitude of upward displacement from starting position to its highest point is equal to the magnitude of downward displacement from the height point back to the starting point.

· At all times the object accelerates downwards due to the force of gravity.

· At any point during the journey the acceleration of the object is equal to the gravitational acceleration, g.

· a = 9,8 m.s-2  downwards. The velocity of the object changes by 9.8m.s-1 in one second throughout the motion.

· g is independent of the mass of the object.

· g is dependent upon the distance from the centre of the earth.

Equations of motion

vf = vi + a∆t
Δy = vi ∆t + ½ a∆t2
vf2 = vi2 + 2aΔy

           [image: image102.png]



· Using the equations of motion

· Identify the unknown variable first.

· Collect any other relevant data.

· Select an equation then substitute properly.

· Get an answer with correct unit AND indicate direction where necessary. 

Graphs of Motion

· Three Types:

· Position -time graph;

· Velocity-time graph;

· Acceleration-time graph.

VERTICAL PROJECTILE MOTION REPRESENTED BY GRAPHS

	
	
	TAKE UPWARDS AS POSITIVE
	
	TAKE UPWARDS AS NEGATIVE

	Position vs time

	        Position (m)
	
                                          Time (s)


	                 Position(m)
	                                                                                                                                      

                                                time(s)

	Velocity vs time


	              Velocity(m.s-1)
	
	          Velocity(m.s-1)
	

	Acceleration vs time


	               Acceleration (m.S-2)
	
                                           Time(s)

-9.8
	          Acceleration (m.S-2)
	
+9.8

                                               Time(s)


VERTICAL PROJECTILE MOTION OF BOUNCING BALL REPRESENTED BY GRAPHS

	
	
	TAKE UPWARDS AS POSITIVE
	
	TAKE UPWARDS AS NEGATIVE
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Interpretation of graphs

· Position vs time graph is always parabolic. 

· Velocity vs time graph is the first derivative of the position- time graph therefore velocity vs time graph is always an inclined straight line.

· Acceleration time graph is the second derivative of a position- time graph therefore acceleration vs time graph is a horizontal straight line.

· Choosing a point of reference by moving x-axis to where the reference is.

· Graphs can be used to obtain data for calculations.

EXAMPLE 1

A car is travelling at 5 m·s-1 and it starts to accelerate at 2 m·s-2 for 3 s. What distance will the car cover in the 3 s?

Solutions 

STEP 1: vi = 5 m·s-1 

                         a = 2 m·s-2
      t = 3 s x = ?

STEP 2: Δx = viΔt + ½ aΔt2
STEP 3: Δx = (5)(3) + ½ (2)(3)2
                    = 135 m

STEP 4: The car will travel 135 m in the direction of the motion.

EXAMPLE 2
Lerato throws a stone vertically into the air from the top of a cliff. The stone strikes the ground below after 3 s. The velocity vs. time graph below shows the motion of the stone. Ignore the effect of air resistance.
[image: image103.emf]
1. How long does the stone take to fall from the height of the cliff to the ground below? 
(2)
2. What is the maximum height that the stone reaches above the ground? (Hint: calculate the height the stone reaches above the cliff, then calculate the height of the cliff, and add these two numbers).



         






 (4)
3. Draw a graph of position versus time. Use upwards as negative.    



 (6)
Question 1

MULTIPLE-CHOICE QUESTIONS.

USE THE INFORMATION BELOW TO ANSWER QUESTION 1.1 AND QUESTION 1.2

An object is thrown upwards with a velocity of 5 m.s-1
1.1 Which ONE of the following gives the magnitude of the velocity of the object at its maximum height?

A   
0

B   
5

C   
4.9

D   
9.8











(2)

1.2 The height reached by the object when its velocity is 2 m.s-1 can be determined in ONE single step. The equation below that can be used to find this is ….

A. [image: image105.png]Ve = V; + gAt




B. [image: image107.png]



C. [image: image109.png]Ay = VAt + %yALZ




D. [image: image111.png]













(2)

1.3 The velocity versus time graph below represents the movement of an object under the influence of gravitational force.


                    v



                v

           (m·s-1)                                                                                 

                       

                   -2v

 1.4 The displacement of the object in time 3t is … 








	A

B

C

D
	vt.
Zero.

-vt.

[image: image112.wmf]2

3

-

v t.                                                                                  (2)


1.5
An object is free falling towards the surface of the earth.  
 

 Which ONE of the following best describes the direction of acceleration of the object?  

A. The acceleration is 9,8 m[image: image113.png]


s-2 downward. 
 

B. The acceleration is 9,8 m[image: image114.png]


s-2 upward. 

C. The acceleration is less than 9,8 m[image: image115.png]


s-2 downward. 

D. The acceleration is less than 9,8 m[image: image116.png]


s-2 upward. 





(2) 

Question 2 (Exemplar 2014)

A ball of mass 0,5 kg is projected vertically downwards towards the ground from a height of 1,8 m at a velocity of 2 m∙s-1. The position-time graph for the motion of the ball is shown below. 

[image: image117.emf]
2.1 What is the maximum vertical height reached by the ball after the second bounce?   

 (1)

2.2 
Calculate the: 

      
Magnitude of the time t1 indicated on the graph.






 (5)

      
Velocity with which the ball rebounds from the ground during the first bounce.              
(4)

2.3 
The ball is in contact with the ground for 0,2 s during the first bounce. 

2.4 
Calculate the magnitude of the force exerted by the ground on the ball during the first bounce if the ball strikes the ground at 6,27 m∙s-1. 

            


(4)

2.5 
Draw a velocity-time graph for the motion of the ball from the time that it is projected to the time when it rebounds to a height of 0,9 m. 

Clearly show the following on your graph: 

• The time when the ball hits the ground 

• The velocity of the ball when it hits the ground 

• The velocity of the ball when it rebounds from the ground 


           
(7)

Question 3 (Gauteng MIP 2013)

A helicopter is rising vertically at constant velocity. When the helicopter is at a height of 100 m above the ground, a girl accidentally drops her camera out of the window of the helicopter. The velocity-time graph below represents the motion of the camera from the moment it is released from the helicopter until it strikes the ground. Ignore air-resistance.

[image: image118.emf]
3.1 
What is the value of the slope (gradient) of the graph?                               


(2) 

3.2 
Use the gradient to calculate the time a on the time axis.                           


(5) 

3.3 
Which point on the path of the camera corresponds to time a?                  


(1)

3.4 Use an equation of motion to calculate the magnitude of the velocity of the camera 

       as it reaches the ground at 4 s.                                                                  


(4) 

3.5 Use the graph to calculate the maximum height reached by the camera. 


(5)

3.6 Draw a rough displacement-time graph and an acceleration-time graph to represent  

     the motion of the camera from the moment it was released until it hit the ground.  

    Time values must be shown but y-axis values need not be shown. 
   


 (8)

Question 4 (Gauteng MIP 2013)

A hot-air balloon is rising upwards at a constant velocity of 5 m·s-1. When the balloon is 100 m above the ground, a sandbag is thrown upward from it at 15m.s-1. Ignore air resistance. 

[image: image119.emf]
4.1
What is the acceleration of: 

4.1.1 
The hot-air balloon while the sandbag is in it?                                                  
(1) 

4.1.2 
The sandbag the moment it is thrown from the hot-air balloon?                       
(2)

4.1.3 
Determine the maximum height P, above the ground, reached by the sandbag after it  is thrown from the hot-air balloon.                                                                     
(3) 

4.1.4 
Calculate the time taken for the sandbag to reach this maximum height after it has 

        
         
been released.                                                                                                   
(3)

4.1.5 
Calculate the total time taken for the sandbag to reach the ground after it has been 

         
         
released.                                                                                                            
(4) 

4.1.6 
Will the velocity of the hot-air balloon INCREASE, DECREASE or REMAIN THE

        

SAME immediately after the sandbag has been released? Explain fully.          
(4)

4.1.7 
Draw the position time graph for the motion of the sandbag from the moment it was

        

 thrown to the time it got to the ground. Take height it was thrown as reference.

Show the following on the graph:

· Time taken to reach maximum height

· Time taken to return to the ground

· Maximum height reached






             

(5)

Question 5 (Gauteng Preparatory 2015)

The velocity-time sketch graph for a ball of mass 160 g, thrown vertically upwards with a velocity of 6 m⋅s-1 from a certain height above the ground, is shown below. 

On the way down the ball crashes through a thin horizontal glass pane and then continues downward, eventually bouncing on the ground. 

Ignore all effects of air friction and assume none of the broken pieces of glass sticks to 

the ball. 

[image: image120.emf]
5.1 
Write down the magnitude and direction of the acceleration of the ball when it reaches 

      
position B as indicated on the graph.                                                                       

(2)

5.2 
How many times did the ball bounce on the ground? 





(1)

5.3 
According to the graph, which direction, DOWNWARDS or UPWARDS is taken as the

      
positive direction?                                                                                                    

(1)

5.4 
Calculate the distance between the pane of glass and the initial position from which the

      
ball was thrown.                                                                                                       

(4)

5.5 
Draw a rough position-time graph for the motion of the ball. Show the points A to E on

      the graph. Do not show any displacement or time values on the graph.                 

(5)

     Take the initial position of the ball as zero. 

Question 6 (Free State Preparatory 2015)

Ball B is projected vertically upwards at a velocity of 30m.s-1 from the ground. Ignore the effects of air friction. Use the ground as ZERO POSITION.

6.1 
Calculate the time taken by the ball B to return to the ground.               


(5)

6.2 
Sketch a velocity-time graph for ball B.







(4)

      
Show the following on the graph: 

6.1.1 Initial velocity of ball B.

6.1.2 Time taken to reach the highest point of the motion.

6.1.3 Time taken to return to the ground

One second after ball B is projected upwards, a second ball, A, is thrown vertically downwards at a velocity of 12m.s-1 from a balcony 80m above the ground. Refer to the diagram below.


                                                       





                                     

                                                             

6.2 Calculate how high above the ground ball B will be the instant the two balls pass each 

other and how long it took for the balls to pass each other. 
(9)

Question 7 (March 2011)

The velocity-time graph shown below represents the motion of two objects, A and B, released from the same height.  Object A is released from REST and at the same instant object B is PROJECTED vertically upwards.  (Ignore the effects of friction.)


[image: image121]
7.1 
Object A undergoes a constant acceleration.  Give a reason for this statement by referring to the graph. (No calculations are required.) 



      



(2)  

7.2 
At what time/times is the SPEED of object B equal to 10 m∙s-1?  
      


(2)  

7.3 
What is the velocity of object A relative to object B at t = 1 s? 
                


 (3)  

7.4 Object A strikes the ground after 4 s. USE EQUATIONS OF MOTION to calculate the height from which the objects were released.  




      



(3)  

7.5 What physical quantity is represented by the area between the graph and the time axis for each of the graphs A and B?  






      



(2)  

7.6 Calculate, WITHOUT USING EQUATIONS OF MOTION, the distance between objects A and B at t = 1 s.   

 






      



(5) 

Question 8 (Nov 2009)

THE LAWS OF PHYSICS ARE ACCURATE! 
 Two construction workers, Alex and Pete, were arguing about whether a smaller brick would hit the ground quicker than a larger brick when both are released from the same  height.  

 Alex said that the larger brick should hit the ground first.  Pete argued that the small brick would hit the ground first. 

 8.1 
Are their statements correct?  Give a reason for your answer.

            
(3) 

8.2 
A group of Physical Sciences learners decide to test Alex's and Pete’s hypotheses.  They drop two bricks, one small and the other much larger, from one of the floors of the school building.   
 8.2.1 
Write down TWO precautions they should take to ensure that the  result is reliable.
(2) 

 8.2.2 Give a reason why, despite all the necessary precautions, they might not get the    

          correct result. 








  

(1)       

8.3     In another experiment, the learners drop a brick A from a height of 8 m.   

After 0,6 s, they throw a second brick B downwards from the same height.   Both bricks,               A and B, hit the ground at the same time.    

Ignore the effects of friction and calculate the speed at which brick B was thrown.

(7)
  


Note: Also refer to September 2014 (KZN) 
Question 9 (Nov 2012)

An object is projected vertically upwards at 8 m∙s−1 from the roof of a building which is   60 m high. It strikes the balcony below after 4 s. The object then bounces off the balcony and strikes the ground as illustrated below. Ignore the effects of friction.

 

9.1 
Is the object's acceleration at its maximum height UPWARD, DOWNWARD or  ZERO? 










   (1) 

 9.2 
Calculate the:
  

9.2.1 
Magnitude of the velocity at which the object strikes the balcony 

 (4)  
9.2.2 
Height, h, of the balcony above the ground 




 (5) 

The object bounces off the balcony at a velocity of 27,13 m∙s-1 and strikes the ground   6 s after leaving the balcony.  
 

 9.3 Sketch a velocity-time graph to represent the motion of the object from the  moment it is projected from the ROOF of the building until it strikes the GROUND.  Indicate the following velocity and time values on the graph:

 The initial velocity at which the object was projected from the roof of the building 

· The velocity at which the object strikes the balcony 

· The time when the object strikes the balcony 

· The velocity at which the object bounces off the balcony 

· The time when the object strikes the ground 



(6) 

 Question 10 (Preparatory MP 2015)

A stationary rocket on the ground is launched vertically upwards. After 4 s, the rocket's fuel is used up and it is 225,6 m above the ground. At this instant the velocity of the rocket is 112,8 m∙s-1. The diagram below shows the path followed by the rocket. Ignore the effects of air friction. Assume that g does not change during the entire motion of the rocket. 


 10.1 
Write down the direction of the acceleration of the rocket at point: 
  

10.1.1 
P 







 

      (1) 

10.1.2 
Q 







 

      (1) 

10.2 
At which point (P or Q) is the rocket in free fall? Give a reason for the answer. (2)                   
 10.3 TAKING UPWARD MOTION AS POSITIVE, USE EQUATIONS OF MOTION   

to calculate the time taken from the moment the rocket is launched until it strikes the ground. 





(6) 

10.4 Sketch a velocity versus time graph for the motion of the rocket from the moment it runs out of fuel until it strikes the ground. Take the time when the rocket runs out of fuel as t = 0 s. 

Indicate the following values on the graph: 

· Velocity of the rocket when it runs out of fuel 

· Time at which the rocket strikes the ground 



(5) 

Question 11 (MP Preparatory 2015)

A girl stands on a platform in a classroom. She throws a ball vertically downwards to the floor hoping that the ball, after it bounced on the floor, will hit the ceiling of the classroom. She throws the ball with a speed of 8 m·s-1 from a height of 1,8 m above the floor. Ignore the effects of air friction.



11.1 
Write down the magnitude and direction of the acceleration of the ball immediately after the ball left her hand.
 



               (2)

11.2 
Is the motion of the ball, while it is moving downwards towards the floor, free fall? Explain the answer.






               
      (2)

11.3 
Calculate the magnitude of the velocity with which the ball hits the floor.           (4)

11.4 
How long does it take the ball to hit the floor? 

                                      (3)

 11.5 
Sketch a velocity-time graph for the motion of the ball, from the time the ball is thrown until it reaches the maximum height after the bounce.

Clearly show the following on the graph:

· The initial velocity of the ball. 

· The velocity and time when the ball hits the floor.
· The velocity and time when the ball leaves the floor. 


              (4)
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