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3-3- Projectile Motion 

The Projectile moves in a curved path, and its motion is simple to analyze if we make two 

assumptions: (1) the free-fall acceleration g is constant over the range of motion and is directed 

downward, and (2) the effect of air resistance is negligible. With these assumptions, we find that 

the path of a projectile, which we call its trajectory, is always a parabola. 

  

 

 

When solving projectile motion problems, use three analysis models:  

1) The expression for the position vector of the projectile as a function of time is 

2

iif tg
2
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++=  

where the initial x and y components of the velocity of the projectile are 

iixi cosvv =    and  iiyi sinvv =  

2) The particle under constant velocity in the horizontal direction 

2
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tvxx +=−     →     

f i i ix x v cos t= +       

 

Figure    3.3 
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3) The particle under constant acceleration in the vertical direction with ay =-g : 

gtvv yiyf −=                   →     gtsinvv iiyf −=   
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yf yyg2vv −−=      →     ( )ifi

222

yf yyg2sinvv i −−=   

 

Ex: Show that the trajectory of a projectile is a parabola. 

Soln. 

Assume a projectile is launched from the origin 0yx ii ==  

tcosvxx iiif +=             →       tcosvx iif =                        ………..(1) 
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tsinvy −=              ………..(2) 

Insert equation (1) into equation (2) 
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The equation is of the form y = ax – bx2, which is the equation of a parabola that passes through the 
origin. 
 

3-3-1- Horizontal range and maximum height of a projectile: 

Assume a projectile is launched from the origin at ti=0, with a positive vyi component as shown in 
figure 3.4 and returns to the same horizontal level. 

Two points in this motion are especially interesting to analyze: the peak point Ⓐ, which has 

Cartesian coordinates (R/2, h), and the point Ⓑ, which has coordinates (R, 0). The distance R is 
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called the horizontal range of the projectile, and the distance h is its maximum height. Let us find h 

and R mathematically in terms of vi , i , and g. 

 

    

 

The range R is the horizontal position of the projectile at a time that is twice the time at which it 
reaches its peak, that is, at time tB = 2tA.  
 

 

Using     

                        

 

The maximum value of R from the above equation is gvR 2

imax = . The maximum value of   2sin

 

is 

1, which occurs when o902 = . Therefore, R is a maximum when o45= .  

 

Ex: A long jumper leaves the ground at an angle of 20.0° above the horizontal and at a speed of 
11.0 m/s. (A) How far does he jump in the horizontal direction? (B) What is the maximum height 
reached?  
 
Soln: 

 

 
 
 

 
Figure 3.4  
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Ex: A stone is thrown from the top of a building upward at an angle of 30.0° to the horizontal with 
an initial speed of 20.0 m/s. The height from which the stone is thrown is 45.0 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?   
Soln. 

(A) o

xi i iv v cos (20 m/s)cos30 17.3 m/s= = =  
o

yi i iv v sin (20 m/s)sin30 10.0 m/s= = =  

2

f i yi

1
y y v t gt

2
= + −    

( )2 21
45 m 0 (10 m/s)t 9.8 m/s t

2
− = + −     →   t=4.22 s  

(B)  yf yiv v gt= −  

 

( ) ( )( )2

yfv 10 m/s - 9.8 m/s 4.22 s 31.3 m/s= = −  

 

( ) ( )
2 22 2

f xf yfv v v 17.3 m/s 31.3 m/s 35.8 m/s= + = + =  

 
Ex: A plane drops a package of supplies to a party of explorers, as shown in figure below. If the 
plane is traveling horizontally at 40.0 m/s and is 100 m above the ground. A) where does the 
package strike the ground relative to the point at which it is released? B) what are the horizontal 
and vertical component of the velocity of the package just before hits the ground. C) Where is the 
plane when the package hits the ground (assume the plane doesn’t change its speed) 
 
Soln. 

A) tvxx xiif +=     →    ( )t400xf +=    →   
fx 40t=  

 

2

yiif gt
2

1
tvyy −=−     →    ( ) 2t8.9

2

1
00100 −=−−        

s 52.4t =    →      ( )( ) m 18152.440xf ==  

 
B) The horizontal component of the velocity of the package 

remain constant  → 
xf xiv v 40 m/s= =  

  
2 2

yf yiv v 2g y= −   → ( )( )2 2

yfv 0 2 9.8 m/s 100 m= − − → yfv 44.3 m/s=   

Take yfv 44.3 m/s= −  because directed downward 

C) f xx v t=     →  ( )( ) m 18152.440xf == (directly over the package) 
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Ex: A projectile is fired in such a way that its horizontal range is equal to three times its maximum 
height. What is the angle of projection? 
 
Soln.  
 

 
 
 
Ex: In a local restaurant, a customer slides an empty mug down the counter for a refill. The height 
of the counter is 1.22 m. The mug slides off the counter and strikes the floor 1.40 m from the base 
of the counter. (a) With what velocity did the mug leave the counter? 
(b) What was the direction of the mug’s velocity just before it hit the floor? 
 
Soln. 
 

 

 


