
Topic 2: Mechanics

2.1 – MOTION



Classical Mechanics: - Study of the motion of macroscopic objects and causes 
of that motion and related concepts of force and energy

     Kinematics – is concerned with the description of how objects
     move;  their motion is described in terms of displacement, velocity, 
     and acceleration 
 
      Dynamics – explains why objects change the motion; explains    
     changes using concepts of force and energy.

Galileo
Kinematics

Newton

Dynamics

(Calculus)

The two pillars of 
mechanics



EVERYTHING MOVES!!!!!  THERE IS NO ABSOLUTE REST!!!!

• together with the whole galaxy moving away from the center of the 
Universe at huge speed. Measurements, confirmed by the Cosmic 
Background Explorer satellite in 1989 and 1990, suggest that our galaxy 
and its neighbors, are moving at 600 km/s in the direction of the 
constellation Hydra.). 

Even while sitting in the classroom appearing motionless, you are moving 
very fast.

• 0.4 km/s rotating around the center of the Earth 

• 30 km/s relative to the Sun

• even faster relative to the center of our galaxy (The Sun 
orbits the center of the Milky Way at about 250 km/s and it 
takes about 220 million years to complete an orbit. )

The Sea 
Serpent 

http://www.windows.ucar.edu/the_universe/images/starmaps/map_4_small.html
http://www.ipac.caltech.edu/Outreach/Gallery/IRAS/psc_allsky.html


When you say that you drove your car at speed of 
50 km/h, of course you mean relative to the road or 
with respect to the surface of the Earth. You are 
actually using coordinate system without knowing it. 

Every time we describe the motion in terms of 
position, speed, direction and acceleration, we are 
doing it from fixed perspective which we call a frame 
of reference 

When we discuss the motion of something, we describe 
its motion relative to something else. 

Motion is relative

https://www.classzone.com/books/ml_science_share/vis_sim/mfm05_pg7_relmotion/mfm05_pg7_relmotion.html


· A study of motion begins with position and change in position.

Distance and displacement 

· Consider Freddie the Fly, and his quest for food:

· The distance Freddie travels is simply how far he has flown, 
    without regard to direction.  Freddie's distance is 6 meters.

Melted chocolate chip

· Displacement, on the other hand, is not only distance traveled, but also direction.

Distance = 6 m

Displacement = 6 m                            
in the positive x-direction

·This makes displacement a vector. 
   It has a magnitude (6 m) and a direction (+ x-direction).

·We say Freddie travels through a displacement of 6 m in the positive x-direction.



Displacement

Displacement is a vector that tells us "how far and 
in what direction an object is from initial position; 
It is an object's overall change in position from start 
to finish. 

Displacement = the length and direction of the straight line
                             from initial to the final position

1

2

Displacement: ∆x = x
2
 – x

1        
x

2
 is the final position; x

1
 is the initial position

Distance = length of the curved linedisplacem
ent



A racing car travels around a circular track of radius 100 m.

Example: 

The car starts at O. When it has travelled to P its 
displacement as measured from O is

A    100 m due East
B    100 m due West
C    100 √2 m South East
D    100 √2 m South West



(direction is the same as displacement) 
 

Velocity is displacement divided by time interval, 
and is measured in meters per sec (m

 
s-1).

 

Velocity 



Speed 

 

·We define speed as distance divided by time interval

 No direction included



Instantaneous velocity is the velocity of something at a specific time. 
There is no formula for it using algebra. Only if one knows x(t) , then 
derivative/slope of it would give v(t). 

Average and Instantaneous velocity and speed 

The speedometer of a car reveals information about the instantaneous speed of 
your car. It shows your speed at a particular instant in time.
If direction is included you have instantaneous velocity.

Instantaneous speed is the speed at a specific time. 

Average velocity and average speed is calculated over a period of time. 

Instantaneous speed is the magnitude of the instantaneous velocity

BUT

Only if distance traveled is equal to magnitude of displacement, average 
speed is equal to magnitude of average velocity. 



A racing car travels around a circular track of radius 100 m.
The car starts at O. It travels from O to P in 20 s. 

Its velocity was

Its speed was

10 m/s, south.

πr/t = 16 
m/s.

The car starts at O. It travels from O back to O in 40 s. 

Its velocity was

Its speed was

0 m/s.

2πr/t = 16 
m/s.

Speed and velocity difference

A runner travels 64.5 meters in the negative x-direction in 31.75 seconds. 
Find her velocity, and her speed.

▪ Her velocity is -64.5 / 31.75 = - 2.03 m
 
s-1.

▪ Her speed is 64.5 / 31.75 = 2.03 m
 
s-1.



In the SI system the unit is 
meters per second per second. 

Acceleration  

Acceleration is  the change in velocity per unit time. 

a = 3 m/s2  means that velocity changes 3 m/s every second!!!!!!
If an object’s initial velocity is 4 m/s then after one second it will be 7 m/s, 
after two seconds 10 m/s, ….

vector quantity – direction of the change in velocity

 



EXAMPLE: A driver sees his speed is 5.0 m
 
s-1. He then simultaneously 

accelerates and starts a stopwatch. 
At the end of 10. s he observes his speed to be 35 m

 
s-1. 

What is his acceleration?

PRACTICE:
(a)Why is velocity a vector?
(b)Why is acceleration a vector?

▪ v = 35 m
 
s-1

▪ u = 5.0 m
 
s-1

▪ t = 10. s
▪ a = (v – u) / t = ( 35 – 5 ) / 10 
▪ a = 3.0 m

 
s-2

(a) Velocity is a displacement over time. 
      Since displacement is a vector, so is velocity.

(b) Acceleration is a change in velocity over time. 
      Since velocity is a vector, so is acceleration.



Solving problems using equations of motion for uniform acceleration 

·Back in the 1950s, military aeronautical 
engineers thought that humans could not 
withstand much of an acceleration, and 
therefore put little effort into pilot safety 
belts and ejection seats.

·He designed a rocket sled to accelerate at up to 40g (at which acceleration you 
would feel like you weighed 40 times your normal weight!).

·An Air Force physician by the name of Colonel Stapp, however, 
thought humans could withstand higher accelerations.

·An accelerometer and a 
video camera were 
attached to the sled.  
Here are the results: 

·The human to be tested 
would be Stapp himself.



Solving problems using equations of motion for uniform acceleration 

Here are the data.

▪ In 1954, America's original Rocketman, Col. John Paul Stapp, attained a then-
   world record land speed of 632 mph(280 m/s) going from a standstill to a 
speed faster than a .45 bullet in 5.0 seconds on an especially-designed rocket 
sled, andthen screeched to a dead stop in 1.4 seconds, sustaining more than 
40g's of force, all in the interest of safety. 

There are TWO accelerations in this problem. Find them:

Was Stapp more uncomfortable while he was speeding up, 
     or while he was slowing down?

While slowing down. Why?

He slows down from 632 mph to 0 in 1.4 s.

 
He speeds up from 0 to 632 mph in 5.0 s.

 

https://www.google.com/url?q=http://www.sturmgewehr.com/bhinton/Czech_Vz52_52.57/&sa=U&ei=FVNdU--xLdWxyATkx4Bo&ved=0CEQQ9QEwCzgo&usg=AFQjCNE28stlsR5egFA4StvJrbowwpysiQ


 t  =  the time for which the body accelerates
a  =  acceleration
u  =  the velocity at time t = 0, the initial velocity
v  =  the velocity after time t, the final velocity
s  =  the displacement covered in time t

let:

Equations of motion for uniform acceleration 



Equations of motion for uniform acceleration

Kinematic equations    a is constant 

▪ We will practice using these equations soon. They are extremely important.
▪ Before we do, though, we want to talk about freefall and its special 
  acceleration g. 

Here we go again: 

 



End of day 1



Free Fall

Gravitational force gives all bodies regardless of mass or shape, when air 
resistance can be ignored, the same acceleration.

That happens only in a good vacuum  

▪ 

▪  Everyone knows that when you drop an object, 
    it picks up speed when it falls. 
▪  Galileo did his famous freefall experiments on the tower
    of Pisa long ago, and determined that all objects fall at
    the same acceleration in the absence of air resistance.

Free fall is vertical motion of a body where  gravitational 
force is the only or dominant force acting upon it.
(when air resistance can be ignored)

August 2, 1971 experiment was conducted on the Moon – 
David Scott simultaneously released geologist’s hammer 
and falcon’s feather. Falcon’s feather dropped like the 
hammer. They touched the surface at the same time.

http://www.youtube.com/watch?v=4mTsrRZEMwA
http://www.youtube.com/watch?v=E43-CfukEgs


This acceleration is called free fall or gravitational acceleration 
            (symbol g – due to gravity).

Free fall acceleration at Earth’s surface is about 
g = 9.8 m/s2 toward the center of the Earth (vector).

Let’s throw an apple equipped with a speedometer upward with 
some initial speed. 
That means that apple has velocity u

 
as it leaves our hand.  

The speed would decrease by 9.8 m/s every second on the way up, at the 
top it would reach zero, and increase by 9.8 m/s for each successive second 

on the way down

g depends on how far an object is from the center of the Earth. 
The farther the object is, the weaker the attractive gravitational force is, 
and therefore the gravitational acceleration is smaller. 
At the bottom of the valley you accelerate faster (very slightly) then on the 
top of the Himalayas.  
Gravitational acceleration at the distance 330 km from the surface 
of the Earth (where the space station  is) is   ̴7.8 m/s2.

 

 

 

 



Determining the acceleration of free-fall experimentally

Power Point: g – experimentally



All objects have the same free fall acceleration. 
Period.  
In cases when air resistance can be neglected, 
all objects will have the same displacement and 
speed at each time interval.
BUT not the same force is acting on them. 
Gravitational force is greater on the objects 
with greater mass.  

Misconceptions about falling objects
People tend to mix up gravitational acceleration and gravitational 
force.

https://www.youtube.com/watch?v=_mCC-68LyZM
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwjZ0oLDlajOAhUBfCYKHd6uARcQjRwIBw&url=http://www.hellokids.com/c_16470/drawing-for-kids/animated-gifs/manga-animated-gifs/pokemon-animated-gifs&bvm=bv.128617741,d.eWE&psig=AFQjCNFJPjZzI7svBPCdcyYfXEFROAxt6A&ust=1470413373206615&cad=rjt


Solving problems using equations of motion for uniform acceleration

How far will Pinky and the Brain go in 30.0 seconds if their acceleration is 20.0 m
 
s-2?

a = 20 m/s2 Given

u = 0 m/s Implicit

t = 30 s Given
 

x = ?

 x = 9000 m

How fast will Pinky and the Brain be going at this instant? 

 v = 600 m
 
s-1

How fast will Pinky and the Brain be going when they have traveled a 
total of 18000 m? 

v = ?

v = ?

 v = 850 m
 
s-1

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj0lezy7f_MAhVFSyYKHWCID4MQjRwIBw&url=http://giphy.com/gifs/dog-what-confused-7K3p2z8Hh9QOI&bvm=bv.123325700,d.eWE&psig=AFQjCNETWNwJmYIFBgAFUy1lrV6EW6PL1g&ust=1464630862232354




Solving problems using equations of motion for uniform acceleration

A ball is dropped off of the Empire State Building (381 m tall). How fast is it going 
when (just before) it hits ground?

a = -10 m/s2 Implicit

u = 0 m/s Implicit

x = -381 m Given

 

v = ?

 v = -87 m
 
s-1

How long does it take to reach the ground?

 t = 8.7 s

t = ?



Solving problems using equations of motion for uniform acceleration

A cheer leader is thrown up with an initial speed of 7 m
 
s-1. How high does she go?

a = -10 m/s2 Implicit

v = 0 m/s Implicit

u = 7 m s-1 Given

 

height = ?

 x = 2.45 m

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=&url=http://cheerleadingthings.tumblr.com/&bvm=bv.123325700,d.eWE&psig=AFQjCNEFHG9VCpf8Sz8Qd2l3kmL-gCmDxg&ust=1464634171322764


Solving problems using equations of motion for uniform acceleration

A ball is thrown upward at 50 m
 
s-1

 
from the top of the 

300-m Millau Viaduct, the highest bridge in the world. 
How fast does it hit ground?

a = -10 m/s2 Implicit

u =  50 m/s Given

x = -300 m Implicit

 

v = ?

 v = -90 m
 
s-1

How long does it take to reach the ground?

 t = 14 s

t = ?

v = -90 m
 
s-1   calculated



1. Dr. Tsimberg, a very strong lady, throws a ball upward with initial speed of 20 m/s. 
    How high will it go? How long will it take for the ball to come back? 

Givens:                 Unknowns:
u = 20 m/s             t = ? 
g = - 10 m/s2           y = ?
at the top v = 0

 



2. Mr. Rutzen, hovering in a helicopter 200 m above our school suddenly drops his pen.  
How much time will the students have to save themselves? What is the velocity/speed of 
the pen when it reaches the ground?

Givens:
u = 0 m/s (dropped)
g = 10 m/s2

Unknowns:
t = ? 
v = ?

 
 



3. Mrs. Radja descending in a balloon at the speed of 5 m/s above our school 
drops her car keys from a height of 100 m.
How much time will the students have to save themselves? 
What is the velocity of the keys when they reach the ground?

t = ? 
v = ?

 

 

 



4. Dr. Tsimberg, our very strong lady, goes to the roof and throws a ball upward. The ball 
leaves her hand with speed  20 m/s. Ignoring air resistance calculate                    
a. the time taken by the stone to reach its maximum height 
b. the maximum height reached by the ball.
c. the height of the building is 60 m. How long does it take for the ball to reach the ground?
d. what  is the speed of the ball as it reaches the ground?

 

 

 d.                  v = u + gt               
                     v = 20 – 10 x 6 =  – 40 m/s 
                     speed at the bottom is 40 m/s



GRAPHS

What can we find from graphs of motion ?



▪ displacement vs. distance
What is:

1.  the total distance travelled by the object during the 10.0 second time interval?

2.  the displacement covered by the object during the 10.0 second time interval?

Total distance =

Displacement =

8m + 8m + 8m = 24 m

8m, away from initial position



Displacement – time graphs
▪ The gradient of a displacement time graph is the velocity

What is displacement at t = 0s?
What is displacement at t = 3s?
What is displacement at t = 5s?
What is displacement at t = 9s?
What is displacement at t = 13s?

▪ first 5s at
  constant speed

▪ speed=    = 1m/s
5
5

▪ velocity=1m/s
   away from
   initial position

▪ last 2.5s at
  constant speed

▪ speed=      = 2m/s
 5 
2.5

▪ velocity=1m/s
   toward
   initial position

V = 0 m/s

Velocity and speed first 5 sec.?

Velocity and speed next 5 sec.?

Velocity and speed last 2.5 sec.?



speed = 2 m/s

Displacement – time graphs
▪ The gradient of a displacement time graph is the velocity

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwizk5iD_YnNAhWBaT4KHUiPBV0QjRwIBw&url=http://blogberlinmd.com/photorii/car-gif-clipart&psig=AFQjCNGNNkk7oTNJkfR1rDSGmjP446_O-A&ust=1464978641932351


Sketch velocity vs. time graph from position vs. time graph 

These two 
graphs for 
velocity are also 
acceptable.
The main thing 
is that velocity 
decreases all the 
time. 

▪ Velocity is a slope of displacement–time  graph



1.  What is the average velocity from t = 1s to t = 6s

2.  What is the instantaneous velocity at t = 5s?

 

 

▪ Velocity is a slope of displacement–time  graph

The instantaneous velocity of an object at 
a particular time is equal to the slope of its 
position vs. time graph at that time. On the 
other hand, the average velocity between 
two times is equal to the slope of the line 
joining the two points on the position vs. 
time graph.

  



▪ Velocity is a slope of displacement–time  graph
Sketch velocity vs. time graph from position vs. time graph 



Time interval from 5s to 7s 

Area = (velocity btw 5s and 7s)(time interval) = 100 m

Displacement=vt= (velocity btw 5s and 7s)(time interval) = 100 m
 
 Conclusion: 

During the first 5 s the object has travelled: ½ x 50 x 5 = 125m

 

▪ The gradient of a velocity–time graph is the acceleration

▪ The area under a velocity-time graph is the displacement. 



The acceleration vs. time graph for a car starting from rest. Calculate 
the velocity of the car and hence draw the velocity vs. time graph.

From 0 – 2 seconds:

 

From 2 – 4 seconds:

From 4 – 6 seconds:

 

 

The acceleration had a negative value, which 
means that the velocity is decreasing. It starts at 
a velocity of 4 m/s and decreases to 0 m/s.

▪ The area under a acceleration-time graph is change in velocity. 



 

♥ The area under a velocity-time
    graph is the displacement.

♥ The area under an acceleration-
    time graph is the change in velocity.

♥ Velocity is a slope of 
     displacement – time graph.

♥ Acceleration is a slope of 
     velocity – time graph.

Average velocity

Average acceleration

Instantaneous velocity

Instantaneous acceleration
A small quiz 1

A small quiz 2 

http://www.123physics.com/quiz123/MyQuiz123.php
http://dev.physicslab.org/Document.aspx?doctype=5&filename=Kinematics_UniformAccelerationVelocityTimeGraphs1.xml
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m
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o
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v=
30

m
/s

, d
o

w
n

velocity calculated this way 
is approximate
Only calculus can give the 
correct value

▪ Free fall graphs

Slope=48/2.4
          =20m/s

Slope=51/1.7
          =30m/s

 

 

 

Later on we’ll see that 
acceleration is the slope 
of velocity–time graph 



time

▪ Free fall



End of Day 2



▪ Consider two cars, A and B, shown below.
▪ Suppose you are in car A which is moving at v

A
 = +20 m

 
s-1 and next to

   you is car B, moving at v
B
 = +40 m

 
s-1.

▪ As far as you are concerned your velocity v
AB

 relative to car B is -20 m
 
s-1

   because you seem to be moving backwards relative to B’s coordinate system.

▪ We write

A

B

velocity of A relative to B 

Determine relative velocity in one and two dimensions

▪ Suppose you are a passenger in a car on a perfectly level and straight road, moving
  at a constant velocity. Your velocity relative to the pavement might be 60 mph.
▪ Your velocity relative to the driver of your car is zero. Whereas your velocity 
   relative to an oncoming car might be 120 mph.
▪ Your velocity can be measured relative to any reference frame



▪ The equation works even in two dimensions.
▪ Suppose you are in car A which is moving at v

A
 = +40 m

 
s-1 and 

  approaching you at right angles is a car B is moving at v
B
 = -20 m

 
s-1.

▪ Since A and B are moving perpendicular to one another, 
   use a vector diagram to find v

AB
. 

x

y

A

B

 

A

B

v
A

v
B -v

B

v AB
 = v A

 - v B
v

AB
2 = v

A
2 + v

B
2

v
AB

2 = 402 + 202

v
AB 

= 45 m
 
s-1 

velocity of A relative to B



The Wile E. Coyote Effect
Remember cartoon where the Coyote is chasing after the Road 
Runner and runs off of the cliff. He hangs in mid air for a 
second, looks down, and then starts to fall.

How many people believe it is true?

A few years ago some researchers in the U.S. went to elementary schools, junior 
and senior high schools, and universities and asked them to look at the following:
"Ignoring air resistance, which of the following correctly 
shows what an object would do if it rolled off a cliff?" 

YOUR ANSWER ????
The breakdown of answers they got was 

almost exactly the same at all ages.

About 60% said number 1 was correct. The object will stop in midair, and then start to 
fall straight down. Because this is what the Coyote always did in cartoons (and because 
some people actually referred to it in their explanation of why they chose this answer), 
the researchers called it the Wile E. Coyote Effect. 

About 25% said number 2 was correct. The object will move 
forward at first, but will eventually just fall straight down.

Only about 15% answered number 3. The object will continue to 
move forwards the entire time it is falling. 



·A projectile is an object that has been given an initial velocity by some 
sort of short-lived force, and then moves through the air under the 
influence of gravity.

·Baseballs, stones, or bullets are all examples  of projectiles executing 
projectile motion.

·You know that all objects moving through air feel an air resistance (recall 
sticking your hand out of the window of a moving car).

▪ We will ignore air 
resistance in the discussion 
that follows…

Projectile motion 



Horizontally Launched Projectiles

black vector represents 
initial velocity   of the 
horizontally launched 

projectile

A ball rolling of the table is an excellent example of an object thrown into the air 
with horizontal initial velocity (velocity at the time when the object is launched). 
The ball becomes airborne when leaving the table. 



uuy θ

Horizontal component of  motion for a projectile is 
completely independent of the vertical component of the 

motion. Their combined effects produce unique path - 
parabola.

click 
me

ux

Projectile motion 

·a
x
 = 0 in the absence of air resistance.

·a
y
 = -10m/s2 in the absence of air resistance.

http://www.mrwaynesclass.com/teacher/vprojectile/components.htm
http://www.mrwaynesclass.com/teacher/vprojectile/components.htm
http://www.mrwaynesclass.com/teacher/vprojectile/components.htm
http://www.mrwaynesclass.com/teacher/vprojectile/components.htm
http://www.mrwaynesclass.com/teacher/vprojectile/components.htm
http://www.mrwaynesclass.com/teacher/vprojectile/components.htm
http://www.mrwaynesclass.com/teacher/vprojectile/components.htm


The Truck and The Ball

Imagine a pickup truck moving with a constant speed along a city street. In the course of 
its motion, a ball is projected straight upwards by a launcher located in the bed of the 
truck. Imagine as well that the ball does not encounter a significant amount of air 
resistance. What will be the path of the ball and where will it be located with respect to 
the pickup truck? How can the motion of the ball be described? And where will the ball 
land with respect to the truck? 



Analysing 2-D motion

▪ Recall the kinematic equations (a is constant):

▪ Since we worked only in 1D at the time, we didn’t have to distinguish 
  between x and y in these equations.

▪ Now we appropriately modify the above to meet our new requirements 
   of simultaneous equations:

 

kinematic equations 
2D

∆x = u
x
t + (1/2)a

x
t 2

 v
x
 = u

x
 + a

x
t

a
x
 and a

y
 are constant∆y = u

y
t + (1/2)a

y
t 2

 v
y
 = u

y
 + a

y
t



·a
x
 = 0 in the absence of air resistance.

·a
y
 = -10m/s2 in the absence of air resistance.

Analysing projectile motion

reduced equations of 
projectile motion

∆x = u
x
t

 v
x
 = u

x

∆y = u
y
t - 5t 2

 v
y
 = u

y
 - 10t

Use the reduced equations above to prove that projectile motion is 
parabolic in nature.

▪ Just solve for t in the first equation and substitute it into the second equation.

   x = u
x
t  →  t = x / u

x
  →  t 2 = x2 / u

x
2.

   y = u
y
t - 5t 2  →

            y = (u
y 
/ u

x
)x – (5 / u

x
2)x2.

·The equation of a parabola is y = Ax + Bx2.
·In this case, A = u

y 
/ u

x 
and B = -5 / u

x
2.



v
x
 = u

x

v
y
 = u

y
 - 10t

v
y
 = 0

u
x

v
x 
=u

x

v
x 
=u

x
v

x 
=u

x

v
x 
=u

x

u
y
 

v
y
 

v
y
 

v
y
 

∆x = u
x
t

∆y = u
y
t - 5t 2

Analysing projectile motion



·If there is air resistance, it is proportional to the square of 
the velocity. Thus, when the ball moves fast its deceleration 
is greater than when it moves slow.

SKETCH POINTS

·Peak to left of original one.

·Pre-peak distance more 
than post-peak.

Analysing projectile motion



∙New peak 
below and 
left.

∙Pre-peak 
greater 
than 
post-peak.



Analysing projectile motion ∆x = u
x
t 

v
x
 = u

x

∆y = u
y
t - 5t 2

 v
y
 = u

y
 - 10t

A cannon fires a projectile with a muzzle velocity of 56 ms-1 at an angle of inclination of 150. 

u = 56 m 
s-1

θ
 
= 150

(a) What are u
x
 and u

y
?

u
x
 = u

 
cos

 
θ

u
y
 = u

 
sin

 
θ

θ
 
= 150

u
x
 = 56

 
cos

 
150

u
x
 = 54 m

 
s-1

u
y
 = 56

 
sin

 
150

u
y
 = 15 m

 
s-1.

(b) What are the tailored equations of motion? 

∆x = 54t ∆y = 15t - 5t2

 v
x
 = 54  v

y
 = 15 - 10t



(c) When will the ball reach its maximum height? 

At the maximum height, v
y
 = 0. Why? 

(d) How far from the muzzle will the ball be when it reaches the height 
      of the muzzle at the end of its trajectory

From symmetry t
up

 = t
down 

= 1.5 s so t = 3.0 s. 

∆x = 54t  → ∆x = 54(3.0)

(e) Sketch the following graphs: 
     a vs. t,           v

x
 vs. t,          v

y
 vs. t:

∆x = 54t ∆y = 15t - 5t2

 v
x
 = 54  v

y
 = 15 - 10t

t = 1.5 s v
y
 = 15 - 10t → 0 = 15 - 10t

∆x = 160 m

The only acceleration is g in the y-direction
t

a
y

-10

v
x
 = 54 ms-1 , a constant over time.

t

v
x

 54

v
y
 = 15 - 10t 

linear with a negative gradient and 
it crosses the time axis at 1.5 s. t

v
y

15
1.5



Analysing projectile motion

▪ The acceleration is ALWAYS g for projectile motion-since it is caused by Earth
   and its field.

▪ At the maximum height the projectile switches from upward to downward
   motion. v

y
 = 0 at the top.



Analysing projectile motion

▪The flight time is depends on vertical motion (u
y
).

▪ The maximum height  is on vertical motion (u
y
).



Analysing projectile motion
A stone is thrown horizontally from the top of a vertical cliff of height 33 m as shown. 

The initial horizontal velocity of the stone is 
18 ms-1 and air resistance may be assumed 
to be negligible.  

(a) State values for the horizontal and for
       the vertical acceleration of the stone.

Horizontal acceleration:

Vertical acceleration:

(b)  Determine the time taken for the tone to reach sea level.

(c)  Calculate the distance of the stone from the base of the cliff when it reaches sea level. 

(d)  Calculate the angle that the velocity makes with the surface of the sea. 

a
x
 = 0.

a
y
 = -10 ms-2.

▪ Fall time determined by the height: ∆y = u
y
t - 5t 2   →  -33 = 0t - 5t2

t = 2.6 s

▪ find ∆x at t = 2.6 s: ∆x = u
x
t →  ∆x = 18(2.6)

∆x = 47 m.

v
x
=u

x
=18ms-1

θ

v
y
 = –10(2.6) = -26. 

·tan
 
θ = 26/18 

θ = tan-1(26/18) = 55º. 

v
y
 = u

y 
– 10t  =-26ms-1

tan
 
θ = 26/18 θ = 550 



Analysing projectile motion

▪ The horizontal component of velocity is v
x
 = u

x 
which is CONSTANT.

▪ The vertical component of velocity is v
y
 = u

y
 – 10t

 
,
 
which is INCREASING

   (negatively).

Mathematically strictly speaking, it is decreasing, only magnitude is increasing.



Analysing projectile motion

A ball is projected from ground level 
with a speed of 28 ms-1 at an angle of 
300 to the horizontal as shown. 

There is a wall of height h at a 
distance of 16 m from the point of 
projection of the ball. 
Air resistance is negligible. 

(a)   Calculate the initial magnitudes of 

(i)   The horizontal velocity of the ball

 

 

(ii)   The vertical velocity of the ball

(b)  The ball just passes over the wall. Determine maximum height of the wall.

∆x = u
x
t   →  t = 16 / 24 = 0.67s

∆y = u
y
t – 5t 2 ∆y = 14(0.67) – 5(0.67)2 

 

∆y = 7.1 m



Analysing projectile motion
A ball is kicked at an angle to the horizontal. 
The diagram shows the position of the ball every 0.5 s. 

The acceleration of free fall is g=10 ms-1 . 
Air resistance may be neglected. 

(a)  Using the diagram determine, for the ball

(i)  The horizontal component of the initial velocity

 

 

(ii)  The vertical component of the initial velocity

 

 

(iii)  the displacement after 3.0 s.

3.0 s

Disp
la

ce
m

en
t @

 3
.0

 s

  

 

 

(b) On the diagram above draw a line to indicate a possible path 
      for the ball if air resistance were not negligible.

▪ New peak below and left.

▪ Pre-peak greater than post-peak.



IDEAL 
PATH

ACTUAL 
PATH

750

300

150

600

450

the same range is obtained for two 
projection angles that add up to 900

Projectile thrown with the same 
speed at 300 and 600 will have the 
same range. The one at 300 remains 
in the air for a shorter time.

Till now we neglected we either neglected or 
considered case in which air resistance was 
negligible. When the air resistance is significant, the 
range of projectile getting much smaller and the 
path is not true parabola. It is beyond the scope of 
this course to mathematically attack this problem.

Air resistance is particularly significant for 
fast-moving objects. A batted baseball travels 
only about 60% as far in air as it would in a 
vacuum. The path is no longer parabola.



The balls are thrown horizontally. If there was no gravity the balls would 
continue horizontally for ever at the same speed. But one second after 
the balls are thrown, because of gravity, they had fallen 5 m below 
horizontal line no matter how fast they were thrown. If the second ball is 
thrown twice as fast it will go twice as far in the same time.. 

field

If the ball were thrown three times as fast, it will go three times as far in the same time. Ten times as 
fast, ten times further. 

What if the ball were thrown so fast that the curvature of the earth came into play???

The ball follows a curved down path (parabola). But the Earth is curved too. 

What if the ball were thrown so fast that the curved path matched the Earth’s curve?

If  there were no air resistance (no slowing down and eventually hitting the Earth) the ball 
would orbit Earth.

An Earth satellite (space station, communication satellite, scientific satellites,… ) is simply projectile 
traveling fast enough to fall around the Earth rather than into it.



Satellites in circular orbit, such as the moon or 
space station, fall beneath the paths they would 
follow if there were no gravity – straight line.

During each second the moon travels 
about one km . In this distance it 
deviates about one millimeter from a 
straight line due to the earth’s 
gravitational pull (dotted line). The moon 
continually falls toward the earth, as do 
the planets around the sun. 

At 8 km/s atmospheric friction would melt a piece of iron (falling stars). Therefore satellites are 
launched to altitudes above 150 km. Don’t even try to think they are free of Earth’s gravity. The 
force of gravity at that altitude is almost as strong as it is at the surface. The only reason we put 
them there is that they are beyond Earth's atmosphere , not beyond Earth’s gravity. 

                                                              A satellite launched with speeds less than 8 km/s would
                                                           eventually fall to the Earth.  A satellite launched with a
                                                     speed of 8 km/s would orbit the Earth in a circular path. 
                                               Launched with a greater speed satellite would orbit the Earth in 
an elliptical path. If launched with too great of a speed, a satellite/projectile will escape Earth's 
gravitational influences and continue in motion without actually orbiting the Earth. Such a projectile 
will continue in motion until influenced by the gravitational influences of other celestial bodies.


