Physics Grade 11
Unit 4
Dynamics
Part 1







¢ Force Is a pull or a push exerted on a body which
changes the state of motion, or shape and size of a
body.

¢ Force is a vector quantity measured in Newton(N) and

causes a body to move, to stop, to change the direction
of motion or to change size or shape of the body.






** Newton’s law of motions are the basic law of Dynamics
this laws are known as Newton’s law of motion and.

d  First Law or law of Inertia
d  Newton’s second law or law of acceleration

d Newton’s Third law or law of action and
reaction



\/

** First Law or law of Inertia states that “ a body will
continue In 1ts state of rest or uniform motion unless a
net force act on It.



** Newton’s second law or law of acceleration states that

“the acceleration of a body is directly proportional to the
net force acting on the body and inversely proportional
to the mass of the body.

v'In vector form, we can have F=m(a,+a,+a,),
F=ma,+ma,+ma, F,=ma, , F,=ma, F,=ma,
F=Fd+Fj+ F k



¢ the direction of the acceleration is always in the direction of
the net force.

¢ When solving problems involving force and newton's second
law, it Is essential to begin by making a sketch that indicated
each and every external force acting on the given body. This
type of sketch is referred to as a free-body diagram.

N/

** The second law can also be stated as the “ the rate change of
momentum is directly proportional to the force.
























Physics Grade 11
Unit 4
Friction

Part 1B




* There are two types of friction force

«»  static friction
D kinetic friction



> Mathematically: Fs=u F

 Normal force (F,) Is the force that is always acting
perpendicular to the surfaces in contact.

 Remember, the magnitude of static friction is equal to
applied force tending to cause the relative motion and its
direction is always opposite to that of the applied force.

« The maximum static friction is called limiting friction.



—

» Mathematically: F .=, F
Notice:
*» Kinetic friction is usually less than static friction.

¢ Friction doesn’t depend on the area of the surfaces In
contact.

¢ Friction depends on the nature of the surfaces in contact
that is their roughness or smoothness and a normal force.

 If a body is at rest on horizontal surface and no external
force i1s applied, the force of friction is zero.




—

> Mathematically: F =p, Fy,

 Normal force (F,) Is the force that is always acting
perpendicular to the surfaces in contact.

 Remember, the magnitude of static friction is equal to
applied force tending to cause the relative motion and its
direction is always opposite to that of the applied force.

« The maximum static friction is called limiting friction.
























Thank You
End of part 1B




Physics Grade 11
Unit 4
Dynamics

Law of
conservation of
linear momentum
Part 2




 Momentum is a physics term; it refers to the
quantity of motion that an object has.

* |f an objectis in motion (on the move) then it
has momentum.

* Momentum can be defined as "mass in
motion.”

-



v momentum is a vector quantity.
v'"When a body is moving with a velocity of
V=V, i+V, j+V,k
P = Mu=m(v,i+v,j+v k)
=mv,i+mv, j+mv,k

P =D,i+p,J +yzk



* Impulse is the product Of an average force and
the time interval for which the force acts.

* Impulse Is equal to the change in momentum.

* The same impulse may result from a small force
acting for a longer time or a larger force acting
for a very short period of time.

From newton’s 2" law,




Example: A 3kg ball strikes a wall at 10m/s at an angle of
60°.it bounces off the wall with the same speed
and angle. If the ball is in contact with the wall

for 0.2 sec, what is the average force exerted by

the wall on the ball?
O\
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Example: A ball of mass 4kg falling to the ground with a
velocity of (5i-12j) m/s bounce off the ground
with (12i+16j) m/s. if the contact time is 0.2
sec. find the :
a) impulse of the ball
b) force it experience




Example: A ball of mass 0.25 kg moving with a speed of
20m/s bounces off a wall with 90% of its initial
speed along the same line of motion. What is
the change in momentum of a ball?




If the net force acting on an object is zero, its momentum is
conserved therefore, the law of conservation of linear momentum
states that




Example: a bullet of 15g is fired horizontally into 3kg block of wood
suspended by a cord. The bullet sticks in the block and
into swing 10cm above its initial level compute the initial
speed of the bullet?




Example: a 60kg person running at initial speed of 4m/s
jumps onto a 120kg cart that is initially at rest.
Find the velocity of the person and the cart after
impact.




* Types of collisions
A) based on conservation of Kinetic energy
B) based on dimension




« Based on what happens to the kinetic energy, Collisions
classified as elastic and inelastic.

« Elastic collision: is a collision in which both momentum
and Kinetic energy of the system are conserved.

« Inelastic collision: is a collision in which momentum is
conserved, but the Kinetic energy Is not conserved.




v’ for both elastic and inelastic collisions, momentum is
conserved.

v when two bodies collide and stick together, the collision
IS said to be perfectly inelastic collision.

v Kinetic energy may change during collision. Usually, it
decreases due to losses assoclated with sound, heat,
vibration and deformation. Sometimes it increases, If the
collision sets off an explosion.




v It states that the ratio of the relative speed of two
objects In direct impact Is constant. This constant
IS called coefficient of restitution e and given by

v where v1 and v2 are final velocities of two interacting
bodies after impact and ul and u2 are initial velocity after
Impact.

e a4 Jo 11

Type Perfectly Perfectly
inelastic elastic




1) Head on collision: IS a collision in one dimension

U, ,
. R _0

Before collision during collision fter collision

;PMCT

2) Glancing collision: IS a collision in two dimension

1
u, U, Y

U,
Before collision during collision after \collision

® 69










Example: Two cars collide at right angles in the intersection. Car A
was mass of 1200kg, car B has mass of 1600kg. The car move with
common velocity after impact. If car A was moving at 50km/h , what
was the velocity of car B before impact? Y

(o’ o 507




Example: Two cars collide at right angles in the intersection. Car A
was mass of 1200kg, car B has mass of 1600kg. The car move with
common velocity after impact. If car A was moving at 50km/h , car B
before impact? Y

s




Example: A 3.5g bullet is fired on to two block resting on smooth
surface. If the bullet passes through the first block and giving it a 0.63
m/s and then embedded itself in the second block and move with 1.4
m/s together with it. What was?
a) the speed of the bullet immediately after it emerges from the
block
b) the initial speed of the bullet

u, us

T e 18kg
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Two roads are perpendicular and meet at a junction.

Car A of mass 1000 kg travels along one road at 20 m/s due
North.

Car B of mass 1300 kg, travels due West along the other road
at 16 m/s.

At the junction the cars collide and move together.

a) Write down the initial velocities of the cars before collision
in vector form.

b) Find the velocity of the cars after collision.
First draw a diagram of the cars before collision (Figure 4.17).

a) Assume North and West to be positive in our frame of
reference. The initial velocities are:
0
car A: [E{] m/s

car B: [hﬁ] m/s

b) momentum before collision = 1000 [2%] kg m/s

+ 1300 H]E] kg m/s
= [ %8 Egg ] kg m/s

momentum after collision = (1000 + 1300) v kg m/s
= 2300v kg m/s
800/2300

000/2300 ] m/s

1300 kg

I 20 mi's

Car A D
1000 kg

Figure 4.19




Worked example 4.8

A ball of mass 500 g and velocity [g] m/s bounces off a
vertical wall. .

a) What is the impulse of the ball?

b) The ball changes direction in 0.1 s.
What is the force exerted by the wall
on the ball?

A T

a) First draw a diagram showing the
known variable (Figure 4.20).

Assume the frame of reference to be Cartesian coordinates,
that is positive x-direction 1s to the right and positive
y-direction 1s upwards.

Use the equation p = mv to find the momentum before and
after collision, and then I = mAv to find the impulse.

Momentum before collision = 0.5 x [g] = [21%] kg m/s

= [—EbE ] kg m/s

|
- [78]ams

Momentum after collision = 0.5 = [

Impulse = change in momentum = H

= [3} kg m/s

b) Use the equation I = FAt and rearrange it to find the force
exerted by the wall.

F=I/At
Force exerted by wall = [3] /0.1 = [5{?] N




Worked example 4.9

The cue ball in a pool game 1s travelling at [_EE] m/s. It
collides with a pool ball which is stationary. After the collision,

the pool ball moves with a velocity of [{‘,25] m/s.

What is the velocity of the cue ball after the collision?

The cue ball has a mass of 90 g, and the pool ball has a mass
of 100 g.

First draw a diagram showing the known vanables and the
unknown one (Figure 4.24).

{3,-2) my's N, T
‘:) {0,0) m/s (_) (2, 0.5) my's

l‘-‘-‘-"

O‘-—-— b
before collizion after collizion

Figure 4.24

2
e |

Momentum before collision = 0.09 x [_2] [ -0. 18] kg m/s

Momentum after collision = 0.1 x [ [‘]7‘,;_] + 0.09 x [:,] kg m/s
0.2 0.09x _ . -

- [8:55] + [ﬂ.ﬂgy] kg m/s

As momentum after collision = momentum before collision
0.2 0.09x 0.27

[ﬂ 05] + [G.Ugy] [ 0. 18]

[{]ﬂqx] [ 0.27 - 0.2
0.09y | = L-0.18 - 0.05

X

y

5 )
[ ] - [ EI'.D?_,«':'D.DE‘] _ [ g

-0.23/0.09

So the velocity of the cue ball is [




Worked example 4.10

Car A collides with car B, which is stationary and then both
cars move together.

Before the collision, car A had a velocity of 5 m/s. The masses
of car A and car B are 1250 kg and 1500 kg, respectively.

What is the speed of the two cars after the collision?

First draw a diagram to show all the known variables and
the unknown.

before collision

1250 kg + 1500 = 2750 kg
Figure 4.25

Use the law of conservation of momentum and the equation
p=mv

my, +my, =(m, +m.)v

As v, = 0, this term in the equation is zero. Rearrange the
equation to find v,,:

i i f i
Vg ™= M,V ﬂ,ﬂ{m At mE_J

Substituting in the values:
Ve = (1250 kg x 5 m/s)/(1250 kg + 1500 kg)
= 6250 kg m/s = 2750 kg = 2.3 m/s







