
Updated: Feb 2005

Course: SPH4U1

Unit: Kinematics

Lesson 4,5: Title: Projectile Motion

Day 1,2 – math problems, metric, sig. figs.
Day 3 – motion in 1 dimension – review 
Day 4,5 – vectors
Day 6 – relative motion and river crossing
Day  7,8– projectile motion in 2 dimensions

Lesson:


Review Problem 1:

A car slows to a stop in 5 seconds. If it was going 80 km/hr, find (i) the acceleration and (ii) the stopping distance.

Solution: Note: this is a motion problem in 1 dimension.

What we know: 

vi = 80 km/hr = 22.2 m/s


vf = 0


t = 5 s

a = (v / (t  (a = (0 – 22.2 m/s) ( 5 s
= – 4.44 m/s2 

( part (i) done!

(ii) d = ½ at2 + vit + di




(d = ½ (-4.44 m/s2)(5s)2 + (22.2 m/s)(5s) 


     = 55.5 m

Can you do this without this nasty equation? Yes!!! use a graph of v-t

We know that … 
acceleration = slope  


and …


(d = area under curve

( (d = v average ( (t 
(new formula!)






(d = ½ 5s ( 22.2m/s = 55.5 m

Not all problems can be solved this way – sometimes you don’t have the required information.

Projectile Motion

A projectile is an object that has been given an initial velocity and moves freely under the influence of gravity (and perhaps air resistance) alone. It has no means of propulsion.
I. In 1 dimension … 

This is a projectile that goes vertically up and down – essentially the same as the car stopping problem, except that we always know the acceleration (a = -9.8 m/s2). ?
You can be given any two other variables and have to find the missing ones. Often one variable is implied, but not stated. For example: maximum height ( v = 0;  drop ( vi = 0;

Possible variables: vi  vf  t  (d

Sample problem:


How fast do you have to throw a ball for it to get 15 m high?

a = -9/8 m/s2

(d = +15 m

v = 0
v = at + vi     - can’t use because we have two unknowns.

v2 – vi2 = 2a(d
0 – vi2 = 2 (-9.8)(15)   vi = ( 17.1 m/s

II. In 2-dimensions

You will always be given the initial velocity. We will see later that it is a lot more work to find the initial velocity if you know other conditions – for example the range of the projectile. 

We always separate vectors into orthoganal (perpendicular) components - normally, but not always horizontal and vertical (x and y), because then these components are independent of each other.

DEMO: ball falling in graduated cylinder when cylinder is still & moving horiz.
shooting a ball horizontally and dropping it.

Method – Projectile Motion Problems

(1) sketch the trajectory

(2) do initial velocity triangle, find vix and viy.

(3) find time – use the vertical component

(4) once you have this you can find


(i) vy final


vy = at + viy

(ii) dx


dx = vx ( t

(iii) v final


combine vx and vy into a vector


(iv) maximum height
vy = 0



Never put x-values in the same equation as y-values. The only equations that can have both x and y are the equations for forming a vector from two components: 


 and 

; and even these have to have the same quantity. (You can’t take dx and vy to find the final velocity vector.)

Sample problem:

A baseball is thrown at 26 km/hr at 35(.

a) how long is it in the air?
b) how far does it go?



26 km/hr = 26/3.6 m/s = 7.2 m/s
c) what is its maximum height?
d) what is the final velocity?

These are the typical questions that you will need to answer.
vix = vicos( = 7.2 cos 35 = 5.9 m/s

viy = visin( = 7.2 sin35 = 4.1 m/s

a) ( Now: find the time using the vertical direction, because this is the direction that has a limiting factor – the ball will stop moving when it hits the ground. ** This is an important thing to remember!
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Here (dy = 0 since starting and ending heights are the same (this situation greatly simplifies problems).

0 = ½ (-9.8) t 2 + 4.1 t

0 = -4.9t2 + 4.1t

0 = t (-4.9 t + 4.1)

.: either t = 0 or t = 4.1/4.9 = 0.837 s

b) This can then be used to find the distance. Think of an object moving at a constant speed for 0.837s, how far will it go?

dx = vx ( t

notice that we do not use 
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, nor viy
dx = 5.9 m/s ( 0.837 s = 4.94 m

c) Maximum height … … again only use the vertical direction, at the apex vy = 0
(i) Method 1: If (d = 0, then you can just take the total time and divide by two. This is the time to the apex. Substitute it into this equation to find the max height.
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(ii) Method 2: if you don’t know or don’t care about the time, just use 
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with vy = 0  (remember to use the y-components)
0 – (4.1)2 = 2(-9.8) (d
(d = 0.86 m

d) Final velocities – recombine vy and vx using 

 and 


The most common error is to mix x and y values in an equation – e.g. put horizontal velocity in an equation with –9.8 m/s2.  The only equations which can have both x and y values at the same time are 

 and 


Homework: Nelson: p 50 #9,10 (#10 is on an assignment)

p 51 #4,5,8

Evaluation: they seem to follow, but the only way to know is when they try and do the homework.
The whole next period may be spent going over the homework.

NEXT CLASS: 
Have an open book quiz.
Another Example:

You throw a stone off of a 30 m high bridge with an initial velocity of 
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2 m/s [-75(]. How long does it take to hit the water?

vix = 2 cos(-75) = 0.5176 m/s

viy = 2 sin(-75) = -1.932 m/s
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– 30 = ½ (-9.8)t2 – 1.932 t

use quadratic formula to get:  t = 2.29 or t = - 2.69 sec.

(it takes 2.29s for the stone to hit the water.

--------------------------------------

You should now be able to solve any projectile motion problem given some initial velocity (speed & angle) and some height difference between launching and landing spots.  (for example: page 50 #10).

A new twist: (this is too hard for a test, perhaps on an assignment)

A javelin is thrown at an angle of 40( and lands 8 m away (assume a flat field). How fast was it thrown?

range = f(vi, (, g, air resistance). In this function, you should be able to solve for any of the unknowns. Although, here solving for vi is quite difficult.


ay = -9.8m/s2

dx = 8 m

( = 40(
vix = vi cos40

viy=vi sin40

t = ?

vi = ?

What do we do? Try all of our equations:
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Won’t work. ((dy = 0 ( we get v2 = ( vi2
(we already know that vf = -vi)


v = at + vi
( v = ayt + viy  Too many unknowns: t, v, viy
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( 0 = ½ (-9.8)t2 + vi sin( t 




     0 = -4.9 t + vi sin(40()

(

range: dx = vx ( t   

(  8 = vicos(40() ( t


(
Now we have two equations in two unknowns. Solve for the variables vi and t .

I get vi = 8.92 m/s , t = 1.17 s 

(This is also what Graphmatica shows graphically – with the same precision!)

Other Useful Equations
 

These can be used in special situations (e.g. writing a computer program). We don’t memorize them or rely on them normally.
You can derive the following equations from what we have done so far:

1. ymax = f(vi,()

(the maximum height based on initial velocity only)
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2. xmax = f(vi,()

(range, or horizontal distance based on initial velocity only)
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3. y = f(t, vi,()

(plot y vs t, for a given initial velocity)
dy = y
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4. x = f(t, vi,()

(plot x vs t, for a given initial velocity)
dx = x
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5. y = f(x, vi,()

(plot y vs x, for a given initial velocity)
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in Nelson: do p46 #3,4  p 50,51





� HYPERLINK "http://www.onlinegames.com/basketball/" ��http://www.onlinegames.com/basketball/�


� HYPERLINK "http://www.reddit.com/tb/azfvt" ��http://www.reddit.com/tb/azfvt� (jumpers)





Alternatively,  you can relate vix and viy since tan40 = viy/ vix  �Now if you know one you know the other, so you can use this to eliminate one variable.








_1125369347.unknown

_1138988443.unknown

_1138988650.unknown

_1138988104.unknown

_1138988254.unknown

_1138988300.unknown

_935416349.unknown

_935416521.unknown

_1125261615.unknown

_1124624392.unknown

_1124533578.unknown

