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Physics of Projectile Motion
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Projectile Motion
| _earn all these now.

In a projectile motion, the only
acceleration is gravitational one whose

o S direction is always toward the center of
[T]
Show that a projectile motion is a parabola!!! the earth (downward)
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What’s wrong with this picture ?

9-0-0--90--0--0--0--0-

Answer: It never happens ! Only when
there is no gravity.




Why do projectiles fly in a parabola?
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Why do projectiles fly in a parabola?

g

L
\D)

O

By the way, they don’t follow a true@arabolic path...
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PROJECTILE MOTION

Vo

@ Launch a projectile horizontally
from the top of a cliff.

Draw the subsequent path of the
projectile marking the position
of the projectile at equal
intervals of time.




PROJECTILE MOTION

", Q\‘ How much time has passed

between subsequent
positionsf?unit of time




PROJECTILE MOTION

How much time has
passed between
subsequent
positions?

1 unit of time




PROJECTILE MOTION

How much
time has
passed
between
subsequent
positions?

1 unit of time




PROJECTILE MOTION

. Draw a horizontal and vertlc |
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PROJECTILE MOTION

Describe the horizontal displacements.

= GN [a N ! - ’
S REGINY » What'’s the

 displacement
. between

¥ subsequent

~ positions?

1 unit of time

Horizontal Displacemen\s are EQUAL



PROJECTILE MOTION

Describe the vertical displacements.

________ Q .

What’s the
displacement
between
subsequent
positions?

1 unit of time

\

AX s = Consecutive ODD #s




PROJECTILE MOTION

What does each vertical side of a colored
region represent?
A

Left Side
AX

Displacement

Consecutive
ODD
Numbers




PROJECTILE MOTION

Describe the motion of the projectile at
subsequent positions.

CONSTANT
Horizontal
5Velocity




PROJECTILE MOTION

Describe the motion of the projectile at
subsequent positions.

CHANGING
Vertical
i\lelocity




PROJECTILE MOTION

Draw an arrow representing the horizontal
velocity at each position.




PROJECTILE MOTION

Draw an arrow representing the vertical
velocity at each position.




PROJECTILE MOTION

Draw an arrow representing the spced
at each position.




PROJECTILE MOTION

Use your knowledge of right triangles to
draw in the speed.

O 900




PROJECTILE MOTION

Draw an arrow representing the spced
at each position.




PROJECTILE MOTION

Use your knowledge of the Pythagorean
theorem calculate the speed.




PROJECTILE MOTION

Draw an arrow representing the acceleration

at each position.
=V

But guess what...




PROJECTILE MOTION




Kinematics Equations

You can still use all these...but just be
sure to keep you
keep the x and y dimensions separated!

EQUATION “WHO CARES” QUANTITY
V = v, + at X

X = Vgt + 12at? V

x = 1/2(vy + V)t a

vZ = vy + 2ax {

x = vt — 1/2at?




Projectile Motion

* You gotta ‘Keep ‘em separated....’

The X-stuff The Y stuff
Horizontal Motion Vertical Motion
a, =0 Assume upwardsis positive.
V, =V, =constant a, =—g =-9.81m/s’
X = Vol V, =V, +a,t =V, —gt

y=Vo,t+3a,t® =v, t—3gt°

V] =V,, +2a,y = Vg, — 20y



Projectile Examples

Tennis ball :
Golf ball .
Football .
Softball -
Soccer ball .
bullet .

Hockey puck
Basketball
Volleyball
Arrow

Shot put
Javelin

These are all examples of things that are
projected, then go off under the
Influence of gravity




Not projectiles

e Jet plane
» Rocket
» Car (unless it looses contact with ground)
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A History of Projectile Motion

— Aristotle:

S ristotle:

‘ N AP -~ The canon ball travels in a
| SR 74 straight line until it loses
B~ = Ze—C  jts ‘impetus’.

———— Galileo:

- a result of Free Fall Motion
Sesiin- i along y-yaxis and Uniform
“s¢ % - Motion along x-axis.




Projectile Motion = Sum of 2 Independent Motions

1. Along X, the projectile travels with constant velocity.

V, =V, X =Vt
2. Along y, the projectile travels in free-fall fashion.
Vy, =V, — ot y = Vvt —(1/2) gt , 0= 9.8 m/s?

Projectile motion = a combination of uniform motion along x and
uniformly accelerated motion (free fall) along .



Animations

. (Online)

. (QT, NA
NOW)


http://www.ngsir.netfirms.com/englishhtm/ThrowABall.htm
C:/Documents and Settings/DocTaylor/dwhelper/ComponentsVelocityVector.mov

—> The key to understanding
projectile motion is to realize
that gravity acts vertically

-2 1t affects only the vertical
part of the motion, not the
horizontal part of the motion



Demonstration

We can see that the P
horizontal and vertical
motions are independent

The red ball falls vertically

The yellow ball was given
a kick to the right.

They track each other
vertically step for step and
hit the ground at the same
time
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In the absence of gravity a bullet
would follow a straight line forever.
With gravity it FALLS AWAY from
that straight line!
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http://galileoandeinstein.physics.virginia.edu/more_stuff/Applets/ProjectileMotion/jarapplet.html
http://mathdl.maa.org/images/upload_library/3/FlashForum/share_area/ProjectileMotionSimulationMAA.html
http://mathdl.maa.org/images/upload_library/3/FlashForum/share_area/ProjectileMotionSimulationMAA.html
http://mathdl.maa.org/images/upload_library/3/FlashForum/share_area/ProjectileMotionSimulationMAA.html
http://mathdl.maa.org/images/upload_library/3/FlashForum/share_area/ProjectileMotionSimulationMAA.html

Shoot the Monkey




Hitting the target — aim high, not
directly at the target

BULLSEYE!



Path of the Projectile

Height
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| Distance downfield
projectile (range)

Horizontal velocity
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http://galileo.phys.virginia.edu/classes/109N/more_stuff/Applets/ProjectileMotion/jarapplet.html
http://galileo.phys.virginia.edu/classes/109N/more_stuff/Applets/ProjectileMotion/jarapplet.html
http://galileo.phys.virginia.edu/classes/109N/more_stuff/Applets/ProjectileMotion/jarapplet.html
http://jersey.uoregon.edu/vlab/Cannon/




