Motioninavertical plane

Motion in avertical plane

We've donethis: Now let’s do this:

I Vo Vo
o
L} —

Question: Two objects, both at the same height H. Oneis dropped from rest.
Other is thrown horizontally with V ;=10m/s. Which hitsthe ground first?

.—’ . H

H « Both start out with the same vertical velocity (=0)
« Both have the same vertical acceleration (=9.80/ms?)
* Therefore both take the same amount of time to fall the

vertical distance H
« Of course, thered object travels some distance in x,
while the green object does not travel in x.
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Projectile Motion

Motion in avertical plane: Projectile Motion

Projectile Motion:
1) Describes the motion of an object near the earth’s surface where the

accel eration due to the earth’s gravity is approximately constant.
2) It ismotion in two dimensions:
- vertical: Inthisdimension thereis a downward acceleration due to gravity.
This means that the vertical component of the velocity will change with
time. If initially directed upward, it will decrease, becoming zero at the
maximum height, and reversing direction and then increasing in magnitude.
- horizontal: In this dimension thereis no acceleration
This means the horizontal component of the velocity remains constant
throughout the entire path of the object.
3) The path of the object is called the trajectory, and for projectile motion this path
is parabalic.
4) The horizontal motion and vertical motion of the object are completely independent.
The only connection between the two is that they occur at the sanetime.
For example, if you find how long it takes an object to rise to its maximum
height, you can use this time to determine how far the object has traveled
horizontally.
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Example: Prgf Motion

Example: A baseball isthrown with a horizontal velocity of 45nVs, from a
height of 1.5m.
A) How long till the ball hits the ground?
B) How far doesit travel horizontally before hitting the ground?

- y V,=45m/s
I) Draw apicture: ~  @—»----________ o
15m
R /X
YX

IT) Write what you know:

X, =0 Yo i1.5m

X =? y Z

V,, =45m/s Vyo: 5

v, =45m/s Vy 7 )

a =0 = -9.80m/s

t =2 t =7

CONTINUED =>
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Example (continued)

Example (continued):
First find how long it will take for the ball to fall 1.5m in the y-direction:
1
Y=Yo +Vy0t +Eatz

1.5=0+0 +% (-9.80)t 2

2(1.5) NOTE: You will get thistime no
t=,|———=055s matter how fast the initial
\ 9.8 x-velocity is.

Now you can find how far it travelsin the x-direction:

X=X, + vx0t+%axt2

but a, =0, so
X=Xq + Vot
x =0+ (45)(0.55)
X =25m
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IMPORTANT:

Demo: Proj Mation

Object falls when projectileis fired.

Equation describing y-moation of projectile:
1
Y=Yo +Vyot+§al

1
y- yO:VyOt- Egt

Straight line path

Projectileisaimed directly at hanging object

1
y:yo‘FVyot'*'EaI

— 1 .,
y- YO_'EQt

Same as: /

Equation describing falling object:

CONTINUED=>
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Demo Explanation

Demo (continued)

» The object fallsadistancein timet

» Which is the same distance as the deviation of
the projectile from its straight line path.

* S0 by the time the projectile gets to the point in
X where the falling object is

* It isat the same point in y as the falling object .
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“General” Projectile Motion

General Proj Mation

Object isthrown with aninitial speed V, at an angle g to the horizontal.
What isits range (the horizontal distance traveled)?

y

vy:O

V= vocos(é)
Vo = VoSN (&)
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Write what you know in Xx...

X, =0

X =?
VXQZVOCOS(C{)
Vx = VxO

a =0

t =2

Equations for x-motion

X=X, +V,t
Vx :VXO

Genera Proj Motion
(continued)

...and iny-direction

Yo =0

y =0

vyozvosin(q)

v, = ?(known in this case)

a, = -9.80m/s?
t =2

Equationsfor y-motion
1
Y=Yo +Vy0t +-a’
2
vV, =Vt
2 _\,2
Vy = VyO + 2a(y- yO)
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General Proj Motion
(continued)

“Genera” Projectile Motion (continued)

Start with the x-motion: X=X, + Vot

R =v,cos(q)t

But how do we get thetime t? Now substitute into x-motion
Look at the y-motion: equation:
Y=Y, +Vy0t+iat2 R:VOCOdé)t
’ 1 R :vocos((‘e)(f"zvogn(é)l:J
0=0+vsn()t- = gt? € g9 U
’ but 25n(e)eode) = sin(2)
solvefor t ut 2sin(é)code)=sin(2e
P
_2vsn(e) R = Vosin(2¢)
- 5 g
g
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genera Proj Motion
(continued)

“Genera” Projectile Motion (continued)
_ v2sin(2e)
g

Result for range: R

This equation says that the range is dependent on:

» Anglethrown at

* Speed

» Acceleration due to gravity (on moon things will go farther!)
Also!

» Rangeisamaximum at =450 (sin(90°)=1.0)

» Rangeat gq=30° equals rangeat q=60°

» Range at general g=a equals rangeat q =90%a (why?)

Dothemath: Try q =100 and q=80°,
and other pairsof angles.
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Example: Bal thrown against
wall
Example: A ball isthrown with aninitial speed of 20.0m/s at an angle of 65° above

the horizontal. The ball leaves the thrower’s hand at a height of 1.80m.
At what height will it strike awall 10.0m away?

X, =0

x =10.0

V,o =20.0cos(65) = 8.45m/s
v, = 8.45m/s
a
t

X = O
V4=20.0m/ P
1.80m Y, =1.8
y =2
v, =20sin (65)=18.1m/s
v, =?
a, = -9.80m/s’
t =72
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Example: Ball ;P;rown against
Example: Continued
Find out how long it takes for the ball to X=Xo+ Vol
travel 10.0m in the horizontal direction: 10.0=0+8.45t
10.0
t=——=1.18s
8.45
Then use this time to determine the Y=Y, +V b+ latz
vertical position of the ball: T2

y=1.8+(18.1(1.18)- %(—9.8)(1.18)2
y =16.4m
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Example: Foot_ball thrown to
Example: A football isthrown toward areceiver. The football isthrown with an

initial speed of 20.0m/s at an angle of 3P above the horizontal .
At that instant, the receiver is 20.0m from the quarterback.

In what direction, and with what constant speed shown the receiver
run to catch the ball (at the level thrown)?

Possible paths of the football
V,=20.0m/s -~ N
N %
200m

To answer the question regarding the receiver, we

first need to know some things about the football:
1) How far does the football travel horizontally.
2) How long isthe football in the air.

Lecture 6: Projectile 13

Example: Football thrown to
receiver

Example: Continued

Describe the motion of the football: Xo = 2

X =%
V,, =20c0s30=17.3m/<
v, =17.3m/s
a, =
t =7

Define theinitial y position of the Yo =

football as y=0m. y =
Vyo = 20sn30 =10.0m/s
v, = -10.0m/s
a, = -9.80m/s*
t =

CONTINUED =>
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Example (continued): Football
to rec

Example (continued)

Find how long in time it takes for the football to go from y=0 (where the quarterback
throws it) back to y=0 (where the receiver can catch it).

. 1
Y=Y+ Vol +§at2
0=0+10.0t- %(—9.8)t2
t=2.04s

Use the above time to find out where horizontally the ball is:
X=X, + Vot
X =0+(17.3)(2.04)
x =35.3m
To catch the ball, the receiver needs to run from 20.0m to 35.3min 2.04s:

RAt 2.04s
Since 35.3m > 20.0m, the receiver needs to run away from the quaterback to catch the ball.
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