
2

0 0x x

t
x = x  + v t + a

2

x 0x xv = v +a t y 0y yv = v +a t

2

0 0y y

t
y = y  + v t + a

2

2 2

x ox x ov - v = 2a  (x - x )
y

2 2

y o y ov - v = 2a  (y - y )

0x 0x
x

(v + v )
x = v t = t

2
 0y y

y

(v + v )
y = v t = t

2


Most General Form (actually rarely necessary) 

2-D a = constant    motion  x ya     (a ,a ) constant

0 0x 0yv       (v , v ) 0 0 0r       (x ,y )t = 0

 

 

 

 

 

 

 

 

3-0 



y 0yv = v - g t

2

0 0y

t
y = y  + v t - g

2

0y y

0 y

(v + v )
(y - y ) = t = v t

2

y

2 2

y o ov - v = 2(-g) (y - y )

x 0xv = v

0 0xx = x  + v t 

For special case (all objects projected near the surface of the earth) 

a    xa = 0

ya = - g

g
+y

0 0x 0yv       (v , v )0 0x 0yr       (r ,r )t = 0

 

 

 

 

 

 

Initial conditions 

3-0a 



.1 

ball  

dropped 

ball projected 
vo 

• acceleration 

g in y 

direction    

constant velocity in x-dir 

• increasing  

displacement 

 in = times  (~ t2) 

equal displacements in equal times    y = -gt2/2  

 vy = -gt  
 vx = vox  

   x = voxt  

           y-dir  

projected ball motion 

              = 

dropped ball motion 

x-dir 

Begin with experiment 

3-1 

x 

y 

(0,0) 

http://paer.rutgers.edu/pt3/movies/simdrop.mov 



y 0yv = v - g t

2

0 0y

t
y = y  + v t - g

2

0y y

0 y

(v + v )
(y - y ) = t = v t

2

y

2 2

y o ov - v = 2(-g) (y - y )

x 0xv = v

0 0xx = x  + v t 

For special case (all objects projected near the surface of the earth) 

a    xa = 0

ya = - g

g
+y

0 0x 0yv       (v , v )0 0x 0yr       (r ,r )t = 0

 

 

 

 

 

 

Initial conditions 

3-2 



3-3 

In general 



hit ox

2h
x = v

g

ox hit

g
v = x

2h

xhit 

3-4 

Use xhit and h to find vo 

Object projected horizontally 



Demo in class example 

xhit= 4.5m 

2

hit
ox hit ox

hit

x g 9.8  (m/s )
v = =x 4.5 (m) 11m/s=v

t 2h 2   1 (m)
 

h= 1m 

3-4a 

recall 

Measure h and xhit 
calculate vox 

hit

1
 

t



recall 

3-5 

calculate vhit 

2 2

yv - 0 = 2(-g) (0 -h)
y

2 2

y o y ov - v = 2a  (y - y )



xhit= 4.5m 

y hitv = - g t = - 2hg

h= 1m 

3-5a 

recall 

hit
ox

x m
v = = 11  

s2h

g

hitv
hitv

oxv

= - 18.6  (m/ s)= -4.3 m/ s

x

2 22 2

yv 4.3v 11 121 18. 11.8 5 m/shitv       

Demo in class example 



vox 

vo 

voy 

   y = voyt -gt2/2  

 vy = voy-gt  

 vx = vox  

   x = voxt  

ball  

projected 

 at 

angle 

ball projected up 

just like ball 

projected up 

with v0y 

 
constant velocity v0x  

3-6 

ball projected at angle 

voy 



Some Observations  

3-6a 

Note the following: 

 VX and VY independent 

 VX remains constant 

 The symmetries in VY 
    The signs differ, but 
     magnitudes are same 

 Vector analysis  V is 
 the slope of the curve. 





3-7 

Projectile motion: Range 

y 0yv = v - g t

2

0y

t
y = 0 = v t - g

2

x 0xv = v

0xx = v t 
0vy

x
0x 0 cos(θ)v = v  

0y 0 sin(θ)v = v  

x-dir. const. vel. 

y-dir. const. acc. 

Range, R: when it hits the ground (y=0) 

2

0y

t
y = v t - g

2

 

]0y

t
0 = [t][v  - g

2

t = 0 ]0y

t
0 = [v  - g

2

0y

hit

2v
t = 

g

t=0 shot from y=0 

thit  hits the ground at y=0 


0y

hit 0x hit 0x

2v
R = x(t ) = v t v

g

R 

key ! 

0x 0y2v v
R =

g



3-7a 

Range 
0x 0y2v v

R =
g

but  0x 0 cos(θ)v v
=0y 0 sin(θ)v v  so 

 

2 2

0 0
sin(θ) cos(θ) = sin(2θ)

v v
R = 2 

g g

  

http://phet.colorado.edu/sims/projectile-motion/projectile-motion_en.html 



Recall Demo in class 

xhit= 4.5m h= 1m ox hit

g m
v = x 11  

2h s


ox oy2 v  v
R = 

g

maxR0= 45 2 2

o o
max 2

2 v  v  
R = = 

gg( 2)

Recall 

0 0 1
sin(45 )= cos(45 )=

2

0= 45

1

1
2

2 2

max 2

11  (m/s)  
R (class demo)  [ ] 12.3m

9.8 m/s
 

good  

agreement 

3-7b 

2nd class Demo 

: range  

same “gun”  

=same v0 



0vy

x

0y 0 sin(θ)v = v  

0x 0 cos(θ)v = v  



[~most of trajectory  is that of a projectile]  

clearly = 45o used to get max range  max range = 45o 

Time to get to max height (h) 

Scud missiles Iraq to Israel 1991 

3-8 

Rm=? 

h=? 
v0=? 

2 2

o o
max 2

2 v  v  
R = = 

gg( 2)

Recall range problem 

= 45o 

Time to get to max height (h) 

yv (at top) = 0crucial 

 condition 

 
θoy o

top

v  v  sin( ) 
t = 

g g


= 45o 

θ
1 

sin( ) = 
2

o
top

v  
t = 

g 2



3-8a 

What is max height (h) 

2

top oy

 g 
h = y(t ) = v  t  t

2


2

oy oy

oy

v  v   g 
h = v     

g 2 g

 
  

 

o
oy

v  
v = 

2

oy

top

v  
t = 

g

2

oy[v ] 
h =

2g
= 45o ]

2

ov 1 
h = [

2 2g

2

ov
h

4g


2

o
max

v  
R = 

g

max

1
h R

4


But recall 

= 45o 

Rmax 

Rmax/4 = 45o 



3-9 

Scud missiles case 1991 6

maxR  1000 km = 10  m

= 45o 

1000 km 

250 km 2

o
m

v  
R = 

g
o m v = R  g

]6 2

o v = 10  [m] 9.8 [m / s = 3200 m / s 



= 45o o
top

v  
t = 

g 2
]

top 2

3200 [m / s] 
t = 229 s = 3.8 min

9.8 [m / s 2


3.8 min 3.8 min
 up down 7.6 min  total warning time at top 

yv = 0

= 2300 m/s
2

0
x 0x

v
v = v 

= 45o 

At top slowest  

– try to intercept at top 

= 45o 



3-10 

“shoot the monkey” demo 



 v0x t  

v0y 
g 

v0x v0x v0x v0x v0x 

Cart moves at constant  
velocity.  As the cart 
passes point “T” a firing 
pin is triggered, shooting 
the ball straight up.  
Where will the ball land? 

T 

Howitzer Cart 

A. BACK IN CART 

v0x 

v0x 

v0x 

x – motion =constant velocity for both 

View from track 

3-11 



v0y 

v0x 

T 

Howitzer Cart 

A. OBVIOUSLY BACK IN CART 

x – motion =track moves at constant velocity 
View from cart 

3-12a 



v0x 

T 

Howitzer Cart 

A. OBVIOUSLY BACK IN CART 

x – motion =track moves at constant velocity 
View from cart 

3-12b 



v0x 

T 

Howitzer Cart 

A. OBVIOUSLY BACK IN CART 

x – motion =track moves at constant velocity 
View from cart 

3-12c 



v0x 

T 

Howitzer Cart 

A. OBVIOUSLY BACK IN CART 

x – motion =track moves at constant velocity 
View from cart 

3-12d 



 v0x t  

-v0y 
v0x 

T 

Howitzer Cart 

A. OBVIOUSLY BACK IN CART 

x – motion =track moves at constant velocity 
View from cart 

3-12e 



3-13-extra 


