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o The mot i on  o f  an  ob j ec t  i n  b oth  th e  x and  y d i r ec t i on s  
s imu l tan eous l y,  unde r  the  in f lu ence  o f  g rav i ty  a l one .

o I t  i s  a  mot i on  in  two  d imens i on s
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Projectile Motion

Mustafa Al-Zyout - Philadelphia University

Assumptions of Projectile Motion

• It is directed 
downward.

• 𝑎⃗ = 𝑔⃗ = −9.8𝚥̂ 𝑚 𝑠ଶ⁄

The free-fall acceleration is constant over the range 
of motion.

The effect of air friction is negligible.

• This path is called the 
trajectory.

With these assumptions, an object in projectile 
motion will follow a parabolic path.

29-Sep-25

4

Mustafa Al-Zyout - Philadelphia University

3

4



29-Sep-25

3

Projectile Motion

𝑣௜௫ = 𝑣௜𝑐𝑜𝑠𝜃௜=constant

𝑣௜௬ = 𝑣௜𝑠𝑖𝑛𝜃௜

𝑎௫ = 0

𝑥௙ = 𝑥௜ + 𝑣௜𝑐𝑜𝑠𝜃௜  𝑡

Range

Maximum 
height

𝑎௬ = 𝑔

Freely Falling 
Object
≡ thrown 
vertically up
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𝜃௜

𝜃௜

𝑣௜

Thrown up from height H

𝑣௜௫

𝜃௜

𝑣௜
𝑣௜௬

Freely Falling 
Object
≡ thrown vertically 
up

Range

H

𝑎௬ = 𝑔
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Thrown down from height H

𝑣௜௫

𝜃௜

𝑣௜
𝑣௜௬

Freely Falling 
Object
≡ thrown vertically 
down H

𝑎௬ = 𝑔
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Thrown horizontally from height H

𝑣௜௫ = 𝑣௜

𝑣௜
𝑣௜௬ = 0

Freely Falling 
Object
≡ Dropped

H

𝑎௬ = 𝑔
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Kinematic Equations 
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∆𝑟 = 𝑣⃗௙𝑡 −
1

2
𝑎⃗𝑡ଶ

∆𝑟 = 𝑣⃗௜𝑡 +
1

2
𝑎⃗𝑡ଶ

𝑎⃗ = 𝑔⃗ = −9.8𝚥̂ 𝑚 𝑠ଶ⁄

𝑣⃗௜ : initial velocity (m/s)

𝑣⃗୤ : final velocity (m/s)

𝑣⃗௙ = 𝑣⃗௜ + 𝑎⃗𝑡

Equations Missing

∆𝑟 : displacement (m)
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Kinematic Equations: Vertical components
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∆y = 𝑣௙୷𝑡 +
1

2
g𝑡ଶ

∆y = 𝑣௜𝑠𝑖𝑛𝜃௜ 𝑡 −
1

2
g𝑡ଶ

𝑣௜ : initial velocity (m/s)

𝑣୤ : final velocity (m/s)

𝑣௙୷
ଶ = 𝑣௜𝑠𝑖𝑛𝜃௜

ଶ − 2g∆y

𝑣௙୷ = 𝑣௜𝑠𝑖𝑛𝜃௜ − g𝑡

Equations Missing

∆y : displacement (m)

𝑡 : time (s)

𝑔 = 9.8 𝑚 𝑠ଶ⁄
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Kinematic Equations:
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• 𝑥௙ = 𝑥௜ + 𝑣௜𝑐𝑜𝑠𝜃௜  𝑡
Horizontal components: it is a motion with constant 
velocity:

• 𝑅 =
௩೔

మ௦௜௡ଶఏ೔

௚
Range: is the maximum horizontal distance:

• ℎ =
௩೔

మ௦௜௡మఏ೔

ଶ௚
Maximum height: is the maximum vertical distance:
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Notes
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The horizontal and vertical components of a 
projectile’s motion are completely independent of 
each other.

• 𝑡௫ = 𝑡௬ = 𝑡Time is the common variable for both components: 

• 𝑣௠௔௫.௛ = 𝑣௜௫ = 𝑣௜𝑐𝑜𝑠𝜃
The velocity at the maximum height equals the 
horizontal component:

• 𝑎⃗ = 𝑔⃗ = −9.8𝚥̂ 𝑚 𝑠ଶ⁄The acceleration anywhere along the trajectory is:

The path of a projectile is a parabola.
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Notes, …

• 𝜃௜ = 45°.The maximum range occurs at:

• The maximum height will be 
different for the two angles.

• The times of the flight will be 
different for the two angles.

Complementary angles will produce the 
same range.
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A long jumper leaves the ground at an angle of (20°) above the horizontal and at a speed of (11 m/s).

(A) How far does he jump in the horizontal direction?

(B) What is the maximum height reached?

SOLUTION

to find the range of the jumper:

𝑅 =
𝑣௜

ଶ 𝑠𝑖𝑛 2 𝜃௜

𝑔
⎯⎯⎯⎯⎯⎯⎯⎯⎯=

(11.0𝑚/𝑠)ଶ 𝑠𝑖𝑛 2 (20.0°)

9.80𝑚/𝑠ଶ⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯= 7.94𝑚

SOLUTION

the maximum height reached

ℎ =
𝑣௜

ଶ 𝑠𝑖𝑛ଶ 𝜃௜

2𝑔
⎯⎯⎯⎯⎯⎯⎯⎯ =

(11.0𝑚/𝑠)ଶ(𝑠𝑖𝑛 2 0.0)ଶ

2(9.80𝑚/𝑠ଶ)
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯= 0.722𝑚

Height and Range
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A stone is thrown from the top of a building upward at an angle of 30° to the horizontal 
with an initial speed of 20 𝑚 𝑠⁄ as shown. The height from which the stone is thrown is 
45 𝑚 above the ground.
(A) How long does it take the stone to reach the ground?

(B) What is the speed of the stone just before it strikes the ground?

SOLUTION

We have the information 𝑥௜ = 𝑦௜ = 0 , 𝑦௙ = −45.0𝑚, 𝑎௬ = −𝑔, and 𝑣௜ = 20.0𝑚/𝑠 (the numerical value of 𝑦௙ is negative 
because we have chosen the point of the throw as the origin).

Find the initial x and y components of the stone�s velocity:

𝑣௫௜ = 𝑣௜ 𝑐𝑜𝑠 𝜃௜ = (20.0𝑚/𝑠) 𝑐𝑜𝑠 3 0.0° = 17.3𝑚/𝑠

𝑣௬௜ = 𝑣௜ 𝑠𝑖𝑛 𝜃௜ = (20.0𝑚/𝑠) 𝑠𝑖𝑛 3 0.0° = 10.0𝑚/𝑠

Express the vertical position of the stone from the vertical component

𝑦௙ = 𝑦௜ + 𝑣௬௜𝑡 +
1

2
⎯⎯𝑎௬𝑡ଶ

Substitute numerical values:

−45.0𝑚 = 0 + (10.0𝑚/𝑠)𝑡 +
1

2
⎯⎯(−9.80𝑚/𝑠ଶ)𝑡ଶ

Solve the quadratic equation for t:

𝑡 = 4.22𝑠  

SOLUTION

To obtain the y component of the velocity of the stone just before it strikes the ground: 𝑣௬௙ = 𝑣௬௜ + 𝑎௬𝑡  

Substitute numerical values, using 𝑡 = 4.22𝑠:     

𝑣௬௙ = 10.0𝑚/𝑠 + (−9.80𝑚/𝑠ଶ)(4.22𝑠) = −31.3𝑚/𝑠

Use this component with the horizontal component 𝑣௫௙ = 𝑣௫௜ = 17.3𝑚/𝑠to find the speed of the stone at 𝑡 = 4.22𝑠:

𝑣௙ = 𝑣௫௙
ଶ + 𝑣௬௙

ଶ
⎯⎯⎯⎯⎯⎯⎯⎯⎯

 
= (17.3𝑚/𝑠)ଶ + (−31.3𝑚/𝑠)ଶ 

= 35.8𝑚/𝑠

That�s Quite an Arm!
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𝑣௙ = ට𝑣௫௙
ଶ + 𝑣௬௙

ଶ
⎯⎯⎯⎯⎯⎯⎯⎯⎯

 
= ඥ(17.3𝑚/𝑠)ଶ + (−31.3𝑚/𝑠)ଶ

⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
= 35.8𝑚/𝑠

Is it reasonable that the y component of the final velocity is negative?
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