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Projectile motion

• Motion in 2D with only the effect of 
gravity

• The air resistance is negligible (مهمل)



Projectile motion

• Sometimes start with Vi, θ
• Vix = Vi cosθ, Viy = Vi sinθ,
• Apply the laws of motion on 

each dimension.
• Keep in mind the following:
• ax = 0
• ay = -g = -10 m/s2

• Vmax y = 0
• No air resistance



Projectile motion

• Vx = Vix + ax t, Δx = Vix t + 0.5 ax t2, Vx2 = Vix2 + 2 ax Δx
• Vy = Viy + ay t, Δy = Viy t + 0.5 ay t2, Vy2 = Viy2 + 2 ay Δy
• For x axis:
• Ax = 0 ---> Vx = Vix , Δx = Vix t , Vx2 = Vix2

• For y axis:
• Vy = Viy + ay t, Δy = Viy t + 0.5 ay t2, Vy2 = Viy2 + 2 ay Δy
• Vy = Viy – g t , Δy = Viy t - 0.5 g t2, Vy2 = Viy2 - 2 g Δy
• Get some certain values



Projectile motion

• Maximum (max) height (h)
• Vy2 = Viy2 + 2 ay Δy
• ay = -g , Δy = h, Vy = 0



Projectile motion

• Time to reach max height (t max)
• At max height (h) ---> Vy = 0
• Vy = Viy + ay t

• Time of the flight (t total)
• T total = 2 t max 



Projectile motion

• Range ( R )
• Δx = Vix t
• Apply t total



Projectile motion

• Vi = 1.7 x 103 m/s = 1700 m/s
• θ = 55
• Time to reach max height (tmax) 
• ---> Vy = Viy + ay t 
• Vy= 0, Viy = Vi sinθ, ay = -g = -10 m/s2.
• ---> 0 = Vi sinθ - 10 tmax
• --->0 = (1700) (sin 55) - 10 tmax
• 0 = 1393 – 10 t ---> -1393 = -10 tmax
• ---> tmax = 139.3 s
• ---> t total = 2 tmax ---> t total = 2 x 139.3 = 278.6 s



Projectile motion

• Vi = 1.7 x 103 m/s = 1700 m/s
• θ = 55
• t total = 278.6 s
• For the horizontal range

• Δx = Vix t 
• Vix = Vi cos θ = (1700) cos (55) = 975 m/s
• Δx = Vix t total = (975) (278.6) = 271657m
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The 1st law of motion

• Different statements
• "An object at rest stays at rest and an object moving keeps moving in the 

same speed unless a force affects on it that changes the speed or 
direction or both"

• "When no net force acts of object, the acceleration of the object is zero"
• ىالساكنالجسم ىوالمتحركساكنيبق  ىقوةعليهتؤثرلممامتحركيبق  اوهسرعتاتجاهمنتغي 

معاالاثني  ىاومقدارها

• Mass: How much resistance to the motion the object makes.



The 2nd law of motion

• Different statements
• "The acceleration of an object is directly proportional to the net force 

affecting on an object"
• ΣF = m a
• عليهالمؤثرةالقوةمعطردياجسمتسارعيتناسب
• Vector sum for the forces
• Acceleration is a vector, mass is a scalar
• ΣFx = m ax , ΣFy = m ay
• Mass > 0
• The unit for the force is Newton (N)
• 1N = 1 kg. m/s2.



The 3rd law of motion

• Different statements
• "Every action has a reaction equals in 

magnitude and opposite in direction"
• ىلهمساوفعلردفعللكل  

 
ىلهومعاكسالمقدارف  

 
هالاتجاف

• F12 = - F21 (vectors)
• F12: Force exerted by object 1 on object 2



The equilibrium state

• If a system is in equilibrium ---> ΣF = 0 ---> ΣFx = 0 and ΣFy = 0

• Does it mean the object is always not moving ? NO
• Can be moving with zero net force ---> a = 0 ---> constant speed



Free-fall & weight

• If an object is free-falling ---> affected by earth gravitational 
force

• ΣF = m a ---> Fg = m g
• Fg is called weight (unit is Newton)
• Always affecting downward
• g: free-fall acceleration (acceleration due to gravity)
• g= 10 m/s2. (In this course)

Fg = w = mg



The free-body diagram

• Draw the forces affecting on an object (force diagram)
• Important in solving problems



The normal force

• If an object is sitting on the ground, table, …
• ---> There is a force downward called weight
• ---> there is a reaction force normal 

(perpendicular) to the surface in the opposite 
direction

• This is called normal force
• Example : if you affect with a force F on a book 

sitting on a table and the book is not moving---
> there is a reaction force upward (n) 

• ΣF = m a --->  n - F – w = m a
• The book is not moving --->  n - F – w = 0



The inclined plane

• For the inclined plane:
• First get the forces in the diagram then write the 

laws
• ΣF = m a ---> ΣFx = m ax , ΣFy = m a
• The weight is always perpendicular 
• (as shown in the figure)
• The normal force has 90° angle with the surface

θ

θ

W = mg

W cosθ
W sinθ

n



The inclined plane
• Example:

• The box in the figure has a mass 2 kg 
and the angle is 30°. What is the box 
acceleration on the inclined plane? 

• According to Newton's 2nd law

• ---> ΣFx = m ax  

• In the x axis the only force affecting is 
W sinθ

• ---> ΣFx = W sinθ = m ax 

• W = m g ---> m g sinθ = m ax 

• ---> (2) (10) sin(30) = 2 ax 

• ---> 10 = 2 ax ---> ax = 5 m/s2.

θ

θ

W = mg

W cosθ
W sinθ

n
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