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PHYSICS 12 — TABLE OF CONSTANTS

Gravitational CONSIANL .......ccviviiniiiiiii s G = 6.67x107"'N.m?/kg?
Acceleration due to gravity at the surface of Earth

(for the purposes of this examination)...........cecovevnmnieviiicnccnnn, g = 9.80 m/s?
Earth

FAEUS 1vvvoovvevsssereessesesenssscesenes s sse s sscs s snsanes = 6.38x10°m

radius of orbit about Sun ... =1.50x10"'m

period Of rotation........coccvviiiii e = 8.61x10"s

period of revolution about Sun.........c..ccccviininininc, = 3.16x107s

IDLASS 11 e veeereeerseeessessetesssetestsesasssessesessassesassesses et s bansas b st ssn s s srene = 5.98x10% kg
Moon

FAIUS Lvvevicviecreere et bbbt =1.74x10°m

radius of orbit about Barth...........oeevveerriernnmeeeeineiiaenisrinnnnes = 3.84x10°m

PELiOd OF FOLAON ..vv.vvvevvseersorersssssessssssssesssssesssesssseeseessenienees = 2.36x10%s

period of revolution about Earth ..o, = 2.36 x10%s

TTEASS evvevevverssseesseesseeneeseseseessensenseeesesaesserese s eseesesneeeneeess s ssesreeens = 7.35x10% kg
Sun

ITMASS 1.vveevvreemeeebeesieertests et b ir s e et b SR bbb st bs e beeanes = 1.98x10" kg
Constant in Coulomb’s Law ......ccccvviiininiiii i, k =9.00x10°N-m?/C?
Elementary Charge. ..o e e =1.60x107°C
Mass Of lECHION ....ccreiiriiiiiniiri e m, =9.11x103"kg
MasS Of PIOLON ..ccoviiviiiiiiiiiiiii e e m, =1.67% 10 kg
Mass Of NEULION......ccuviiiiiiiiiir e m, =1.68x10""kg
Permeability of free space........covvviviiiiiiiniiii B, =4nx107T -m/A
SPEEA OF TIGNE 1..vvrverververeiseseesssesssssesseessesssessessssssss s csesesesssesesessesenene ¢ =3.00x10* m/s

You may detach this page for convenient reference.
Exercise care when tearing along perforations.
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MATHEMATICAL EQUATIONS

For Right-angled Triangles:
at+b*=c

sin6 = 2 cos0 = 4 tan0 = 2
c c a

area = l ab
2

For All Triangles:

area =—;— base X height

sin2A =2sinAcosA

sinA sinB _ sinC

Sine Law:
a b ¢

Cosine Law: ¢ =a®+b*-2ab cosC

Circle: Sphere:
Circumference =21 r Surface area = 41 r2

2
Area=Tr Volume = %nr3

Quadratic Equation:

—b++b* - 4ac

2a

If ax>+bx+c=0, then x=

ii



FORMULAE

Vector Kinematics in Two Dimensions:

_ vty
V= VO + at V=Es—
2

v =vy? +2ad d= v0t+—;—at2
Vector Dynamics:

Fo =ma F, =mg

F fr = },LF N
Work, Energy, and Power:

W=Fd E, =mgh
E = —l—mv2 P= XV—
2 t

Momentum:

p=my Ap = FAt
Equilibrium:

t=Fd
Circular Motion:

4 = _\ﬁ _ 4m?r

C r T2

Gravitation:

F=¢22 E,=-GM™2

r r

You may detach this page for convenient reference.
Exercise care when tearing along perforations.
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Physics 12 — Lab Write-Up Instructions
Purpose: Clearly state the purpose of the lab.
Equipment: List necessary equipment

Procedure: Reference the procedure from manual or handout. Clearly state any changes
made to the procedure. Include any diagrams that clarify your procedure.

Data: Include all quantitative (numbers) and qualitative (observations) measurements.
Neatness and clarity are of the utmost importance. Clearly label all data and use data tables
where appropriate.

Calculations: Show all calculations. For repetitive calculations you only need to show one
sample calculation.

Discussion: No measurement can be perfect. Measurements always have some uncertainty.
Due to the presence of measurement uncertainty, measured values will never be equal to
predicted values. So the question is not: "are the values equal to each other" but instead "do
the values agree with each other within acceptable uncertainty (+5.00%). The values should
agree within this margin, i.e. the percent difference should be less than the percent
uncertainty. If the values are in agreement, we will conclude that the data has supported the
predictions of the theory. No data can ever prove a theory, only support or disprove.

If the values do not agree then there are several options:

i) calculation errors were made (REDO LAB!)

ii) there were errors in experimental technique (didn't follow proéedure correctly) (REDO
LAB!)

iii) the equipment is malfunctioning (INFORM INSTRUCTOR)

iv) there are flaws in the design of the experiment (procedure does not work) (INFORM
INSTRUCTOR)

v) the hypothesis/theory is flawed and must be revised. (WIN NOBEL PRIZE!)

Conclusion:

i) restate the purpose: what were you trying to measure? what is the hypothesis?

ii) state the measured (and % uncertainty) and predicted values

iii) state the percent difference between these values

iv) state whether the values agree (is the percent difference less than the percent uncertainty)
v) state whether the theory is supported by your data

vi) discuss the largest source of uncertainty - the main reason that the values are different

from each other.




Physics 12 - Kinematics1 | 0001}

- Kinematics is the study of motion. Motion is observed, described and quantified. The simplest

way to do this is through pictures.

The positive direction of motion can be chosen to

the right or to the left. In this case is chosen to be to
the left.

(°

UNIFORM MOTION

The speed of an object is defined as the distance the object travels in a certain amount of time. For
example, if you are driving your car on the highway your speedometer (speed meter) may say 100
km/hr. That means that you will travel 100 km if you drive for one hour. If you drive for 2 hours,

you will go twice as far and therefore 2 x 100 km is 200 km.

Speed is a scalar and is NEVER negative. If you put your car in reverse and drive, your

speedometer still will just tell you a number. The formula for average speed is:

1. A car travels 200 m in 4.0 seconds. What is its average speed?

2. A car travels 2000m in 2.0 minutes. What is its average speed?

3. A toy car travels 1.0 kilometre in 0.223 hours. What the average speed in km/hr? What is the

average speed in m/s?

4. You start out on a road trip travelling at 60 km/h. You travel 100 km in 1.67 hours.
Did the speed of your car have to be exactly 60 km/hr for the entire trip? Why or why not?




In Physics, saying your speed is — 10 m/s is incorrect! What do you really mean by saying negative

10 m/s? (recall from Physics 11)

The addition of the direction information turns the scalar number into a VECTOR. We have a
special word for a speed with a direction. This word is called VELOCITY. The equation for

velocity is very similar to the equation for speed:

REMEMBER - DISPLACEMENT IS A VECTOR AND IT HAS DIRECTION.
Graphing Motion:

1) A toy travels FORWARD 20 m in 10 s, what is the car's average velocity?
2) Fill in the following graphs for the cars velocity vs. time and the car's displacement vs. time.
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3) A toy car travels BACKWARDS 20 m in 10 s, what is the car's average velocity?
4) Fill in the following graphs for the cars velocity vs. time and the car's displacement vs. time.

— 2 —_
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ii.

iii.

iv.

vi.

vii.

viii.

ix.

xi.
xii.
x1ii.

xiv.

What is the car’s average velocity for the first 5 seconds? (To > Ts)

What is the car’s average velocity for the last 5 seconds? (Ts = Tio)

On the graph above, fill in the velocity vs. Time graph and the displacement vs. Time
graph.

What is the total displacement?

What is the total time?

What is the average velocity over the entire 10 seconds?

Fill in the graphs for the cars average velocity vs. time and the car's displacement vs.
Time assuming the car travelled the average velocity for the entire 10 seconds. Use a

red pen.

What is the area under to v/t graph from t=0tot=>5 seconds?

Is the area is positive or negative? (Above or Below the ‘X" axis)

What is the displacement of the car between 0 and 5 seconds?

What is the area under to v/t graph from t =5 to t = 10 seconds?

Is the area is forward or backwards? (Above or Below the X" axis)

What is the displacement of the car between 5 seconds and 10 seconds?

Looking at the original question, how far is the car from the origin after 10 seconds
(displacement)?

What is the sum of the areas from part x. and part xiii.?



6)  What conclusions about how the area under to v/t graph relates to the displacement of
the car?

7)  What is the formula for finding the area of a rectangle?

8)  When you calculated the area of the rectangles from the velocity time graph, what did
the height of the rectangle represent? (velocity or time)

9)  When you calculated the area of the rectangles in part viii. and part xiii, what did the
length of the rectangle represent? (velocity or time)

10) What is the formula for finding the displacement of any moving object?
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Physics 12 — Kinematics 2 - Motion Graphs | ¢ 0% -+ L 00

Describing the motion of an object can be assisted through the use of graphs. As you become more
proficient at creating and reading motion graphs, you should find the motion easier to picture and

understand.
Remember:

= Motion is a change in position measured by distance and time.
= Speed tells us the rate at which an object moves.

m  Velocity tells the speed and direction of a moving object.

= Acceleration tells us the rate speed or direction changes.

POSITION-TIME GRAPHS:

This analysis also applies to distance-time graphs and displacement-time graphs.

Plotting position against time can tell you a lot about motion. Let’s look at what information is

available on each axis.

Position Time is always plotted on the X-axis (bottom of the graph). The
further to the right on the axis, the more time passes from the

start.

Distance is plotted on the Y-axis (side of the graph). The
higher up the graph, the further the object has travelling from

the reference point.

Time

If an object is not moving, a horizontal line is shown on a position-time graph.

Position

Time is increasing to the right, but its distance does not change.

It is not moving. We say that it is at rest.

Time



If an object is moving at a constant velocity (or speed), it means that it has the same increase in

distance in a given time.

Position

Time is increasing to the right, and distance is increasing

constantly with time. The object moves at a constant velocity.

Constant velocity is shown by straight lines on the graph.

Time
The graph below shows two moving objects. Both of the lines in the graph show that each object

moved the same distance, but the steeper dashed line got there before the other one (in less time).

Position

p A steeper line indicates a larger distance moved in a given

time. In other words, it has a higher velocity.

/ Bo, so both lines are straight, so both speeds are constant.

Time

When there is a change in velocity (acceleration), the graph now indicates a changing slope as the

velocity changes. This results in a curved line.

position :
The line on this graph is curving upwards. This shows an
xf increase in speed since the line is getting steeper.
/ In other words, in a given time, the distance the object moves is
S changing (getting larger) in each equal time interval. It is
" - .
T accelerating,.
time
Summary:

A position-time graph (distance-time, displacement-time) shows us how far an object has moved

with time. Position A
= The steeper the graph, the faster /
the motion. f;"‘*;‘a dy / getting
= A horizontal line means the object [ speed ’ faster
is not changing its position - it is / ‘ /
not moving, it is at rest. o I o —/
= A downward sloping line means / steady staliorjary
. . Spasd
the object is returning to the start.
)4 rd N fehirning
prd : \_Tﬁffﬂ part
N



VELOCITY-TIME GRAPHS

This analysis also applies to speed-time graphs.

velocity

velocity

velocity

time

time

time

Summary:

The steeper the graph, the
greater the acceleration.
A horizontal line means the

: STEADY SPEED
object is moving at a constant speed.
A downward sloping line means the / STEADY

object is slowing down.

Velocity-Time graphs look much like Position-Time
graphs. Be sure to read the labels!!

Time is plotted on the X-axis. Velocity or speed is plotted
on the Y-axis.

A straight horizontal line on a velocity-time graph means
that the velocity is constant. It is not changing over time.
A straight line does not mean that the object is not
moving!

This graph shows increasing velocity in the positive
direction. (speeding up)

Time is increasing to the right, and velocity is increasing
constantly with time.

Constant acceleration is shown by straight lines on the

graph.

This graph shows decreasing velocity in the positive
direction. (slowing down) ,

Time is increasing to the right, and velocity is decreasing
constantly with time.

Constant acceleration (deceleration in this case) is shown

by straight lines on the graph.

velocity A

GRADUAL ‘
ACCELERATION, f*'”’\

LY

DECELERATION

STEADY
ACCELERATION | 4

time




Examples:

1. A runner racing in a 100 m dash accelerates from rest

1.

1i.
1ii.

iv.

V1.

vIl.

Viil.

ix.

X1.

What was his average acceleration
during these 5 seconds?

Fill in the acceleration graph.
Calculate the area under the
acceleration/time graph up to time =5
seconds. o

What are the “units” of the area?
Fill in the velocity time graph.

What is the formula for the area of a
triangle?

How far did the runner travel during
the first second? (0 to 1s)

How far did the runner travel from (0
to 2s)

How far did the runner travel from
(0 to 3s)

How far did the runner travel from‘
(0 to 4s)

How far did the runner travel from
(0 to 5s)

Fill in the displacement-time graph.

\
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U1
-’

UOIL0US)18DD0
[

;uawa@zmdglp

3

¥}

to a velocity of 10.0 m/s in 5 seconds.
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m
5"52#

os 10 s
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Creating Motion Graphs - What does each part actually mean?

When we find the slope of a line, we simply use: rise/run =~ 10mf——--—wvvmmmo o
L3 |
E |
Displacement/time graph- ~ i
i
Calculate the slope INCLUDING UNITS!!! c !
] \
& |
! :
|
What does this tell you about the slope of a i—g_ E
displacement/time graph? 8 !
|
|
I
5s
o Is the slope of the graph changing? Yes —No Time (s)
o Is the velocity of the object changing? Yes — No
e Is the object accelerating? Yes —No
10mfsp-—-=--===-=~
Velocity/time graph-
Calculate the slope INCLUDING UNITS!! /\‘g
2
O
e,
G
o Is the slope of the graph changing? Yes — No =
e Is the velocity of the object changing? Yes — No time (9 5s
e Is the object accelerating? Yes—No
What does this tell us about the slope of a velocity/time graph?
Now back to a Displacement-Time Graph -
257" o /
T . E 20| - S
o The graph to the right is a displacement/time ~ : /
graph with positive acceleration g AG ST / /./_ o
S f ya
o The AVERAGE velocity for the first 3 seconds & 100 o
. . © :
is the slope of the black line. ey L
) ~ 7
a5l A
e The INSTANTANEOUS velocity AT 3 Co | |
seconds is the slope of the dotted line. = 1 - 2 3 4 5
time (s)

When acceleration is NOT equal to zero, the displacement graph is a parabola (curved).




The slope of the TANGENT line of the displacement graph is the INSTANTANEOUS

VELOCITY!
d (m/s)

1‘1 iy

H
1ﬁ,§uu1 wassnEcrEy
b ¥

0.5 4
RO
08 ’j’ wn s

El - -
3 3 2 ]
FEAbeEIbe Rl st

B4 05

Draw the curved line by connecting the data points.

A. Calculate the average velocity between 0.0 and 0.6 s

B. Calculate the instantaneous velocity at 0.4 s



Lecson
Assignment Problems:

1. If the initial velocity is +10 m/s and the final velocity is +15 m/s and the time interval is

from 0.0 to 5.0s, find the following;: \j’
Vf Vi

a = 7

At a= .

d=1/2 (votvi)t d= T

U -

Sketch the velocity/time graph and

calculate the area of the triangle + rectangle

Area = Displacement = .

2. If the initial velocity is +12 m/s and the final velocity is - 28 m/s and the time interval is

from 0.0 to 10s, find the following;: V
Vr—Vi
a4 = ! 7
At a=
d=1/2 (votve)t d = 7
' Y

Sketch the velocity/time graph and

calculate the area of the triangle + triangle

Area = Displacement = |

3. A car accelerates from +0 m/s to +20 m/s in 10 seconds. What is the car’s acceleration?
How far does the car travel during the ten seconds? Solve the problem using the graphs

below.




4, How far does the car from question 3 travel in the first 5 seconds? How far does it travel in
the last 5 seconds?

5. A car accelerates from +20 m/s to +40 m/s in 10 seconds. What is the car’s acceleration?
How far does the car travel during the ten seconds?

6. A car travelling +50 m/s brakes hard to avoid hit’t‘mg a deer on the road, slowing down to
+10 m/s in 5 seconds. What is the acceleration? What does the negative sign on acceleration

mean?

Orrrvrrvrr7vTrr® O07T717Tr T rrrrr71it 07T T T 7 T TT7T




Part 2:

Examine the graphs below.

4G

Thstares fin yords)

Time {in secends)

Diztancs (in ysrds)

Lot 3 2 3 4

Time fin s¢canis]

B

instance Jn yards;

o i 2 30 4
Time {in secontds)
g o e
g ;
3
&
8 E0
2
B
2
a8
20
10 : . P
P 2 2 4
£

Yime (in seconds)

In which of the following graphs below are both runners moving at the same speed?

Explain your answer.

z 40 3 40

1 B

b3 =

= £

S &

g g 30

£ £

] £

=) il

a B :

o AT

L0 L 2 4 a 2 3 4
A Time {in sononds) Time {in secomds}
w40 w40

i £

2 2

= z

& =

a / a

20% - R e 261~
. s
L r./,/"'/"’-’”/’AA
FE e
108~ Yy =l
5 o 1 Z 2 4 o z 3 4
Yinwe {in secends) C Fime {in seconds)

Which of the graphs shows that one of runners started 10 yards further ahead of the

other? Explain your answer,

The distance-time graphs below represent the motion of a car. Match the descriptions
with the graphs. Explain your answers.

Descriptions:
1, The car is stopped,

2, The car is traveling at a constant speed,

3. The speed of the car is decreasing,

4., The car is coming back.

A B.

distance é distance
i
o Tiné
l time

C. D.

distanes dizianee
s

Graph A matches description

because

Graph B matches description

because

because

Graph C matches description

Graph D matches description

because




The speed-time graphs below represent the metion of a car. Match the descriptions
with the graphs. Explain your answers.

Descriptions:

5. The car is stopped.

6, The car is traveling at a constant speed.

7. The car Is accelerating.

8. The car Is slowing down.

The graph below shows how the speed of a bus changes during part of a journey

E. F.
speed speed
b
10
& 5
VA . \
o l P E* z .
i /
&
G H, ’ /
spred speed ? / \ y,
Lo ¢ D / L
s —— A2 4 B 8 W %2 W % B @ w mE
TR (nponds)
Choose the correct words from the following list to describe the motion during each
' po segment of the journey to fill in the blanks,
N Lt
tme
-~ o accelerating
Graph E matches description because . +  decelerating
X «+ constant speed
o atrest
Graph F matches description because
Segment 0-A The busis . Its speed changes
Graph G matches description because . from 0 to 10 m/s In 5 seconds.
Graph H matches description because . Segment A-B  The bus is moving at & of 1
m/s for 5 seconds,
. Segment B-C The bus is . It Is slowing
:/L{ :}E] down from 10 m/s to rest In 3 seconds.
A Alperl Bob  Chatiie -
sl v Segment C-D The bus is Ldthi
T o / stopped.
W B £ Segment D-E The bus is
E - - / 1t is gradually increasing in speed.
a = g N
o
rd

TIME  {secands)

Lock at the graph above, It shows how three runners ran a 100-meter race.

Which runner won the race? Explain your answer,

Which runner stopped for a rest? Explain your answer,



Part 3: Select from the following graphs to answer the following gquestions.  Select all graphs that
~apply {ie, there may be more than one correct answer!)

A B C D

S

1. A marble rolls at a constant speed along a A black iz dropped from one meter above
horizontal surface avway from the origin. the floor and it falls to the ground.
Assume “down’ 15+

2. A driver accelerates away from lus house . :
with fncreasing acceleration. 6. A ball rolls along a honzantal surface at a
' constant speed. The ball strikes a wall
and rebouads toward the origin at about
the same speed as before,
3. A driver rolls toward his house at

constant speed. {onigin is house)

7. A ballis tossed up info the air and 15
caught at the same heioht it was released
at.

4. A marble is rolled from the top of an

inclined plane. Assume that "down’ the

ramp 1s -
A car driver slams on his brakes to avoid
hitting a deer.

[l



Physics 12 — Motion Graphing Names:

In partners, discuss and then sketch the displacement-time, velocity-time and acceleration-

time graphs for each of the following scenarios. This will be handed in and assessed.

You must label the axis and use a ruler. Use the graph paper provided and set up as shown

below.
afm/sz) | vim/s) o dm

LS S i L F SR S N :
S . . e

Scenarios:

A. An elevator moves from the ground floor to the 36% floor, stops and then moves to the

27% floor, stops and returns to the lobby. :

B. A basketball is dropped on the court and is allowed to bounce up and down several

times.
C. A car on a test track performing a zero-to-sixty m/s acceleration test (straight track)

D. A race between a tortoise and a hare that happens just like the story of the same name.

(An acceleration-time graph is not needed for this scenario).

E. Two cars are adjacent to each other on a four-lane highway. The first car accelerates
uniformly from rest the moment the light changes to green. The second car
approaches the intersection already moving and is beside the car the instant the light

changes. It then continues to drive with a constant velocity.

E. Traffic lights on some streets are timed to facilitate traffic flow at a certain speed. Car
A and Car B are stopped at a red light on this kind of street. When the hght changes
Car A accelerates at the maximum that the car can handle and exceeds the speed limit.
He arrives at the first light which is still red and stops. Car B accelerates at a
reasonable rate and never exceeds the speed limit. The second light turns green at just
the right instant so that Car B never needs to brake at an intersection. Car A and Car B

continue driving this way for three lights.




Complete the following questions and hand this paper in with your graph paper.

s the graph of veloeity vs. time below to angwer the following questions,

L

B
5
%M%
M ‘;ﬁL
s N
5 D
E =
e M,;ﬁ
iy 4
= tm=]
= - ]
e [
3 10 5 20
18]

What 15 the average acceleration over the
interval 0 — 5 seconds for object A7

What is the average acceleration over the
inferval 5 — 10 seconds for object A7

What is A’z average acceleration over the
entire 20 seconds of its motion?

Is your answer to 1 the same as vour
answer to 27 Are either of these answers
the same a5 your answer fo questions 37
Explain.

What is the acceleration of object B over
the inferval from 5 to 10 seconds?

=]

)

v

14

What 15 the average accelesation of object
C over the inferval from 10 to 15
seconds?

Do anv two objects ever have the same
accelerations?

Whicl object has the largest (magnitude)
acceleration at & seconds?

Do object A, € and D hawe a higher
velocity at 5 seconds or a higher velocity
at 20 seconds?

Do object A, €, and D have a higher
speed at > seconds or a higher speed at 20
seconds?
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Accelerated Motion:

Up to this point, the velocity has been constant. However, when velocity is changing, we

have acceleration.
Recall from Physics 11:

If the change in velocity (acceleration) is in the same direction as the velocity = speeds up

If the change in velocity (acceleration) is in the opposite direction to the velocity = slows

down.

Acceleration has more to it than just a change in rvelocity. Acceleration is the “rate” of change

in velocity which means we are also concerned with time.

Accelerated Motion Formulas:

—y > —2 2
Q:VF_-_:_/O dz_:'t +—2|—ma't




Example 1 - An object that is initially travelling at a velocity of 7.0 m/s east accelerates
uniformly to a velocity of 22.0 m/s east in a time of 1.7 s. Calculate the acceleration of the

object.

Free-Falling Objects

Recall that when air friction is minimal or non-existent (in a vacuum = no air present),
acceleration is constant due to the pull of the Earth’s gravity on an object close to the Earth’s

surface.

g=9.80 m/s? (g = acceleration due to gravity)

Example 2 - A cement block falls from the roof of a building. If the time of fall was 5.60s,
what is the height of the building?

Example 3 - A ball is rolled up a constant slope with an initial velocity of 12.0 m/s. If the ball’s
displacement is 0.500 m up the slope after 3.60s, what is the velocity of the ball at this time?



: i s T G [P,
Accelerated Motion Problems: | " S0 1y o

1. An object uniformly accelerates from a velocity of 8.9 m/s west to 29.0 m/s west. What is the

average velocity of the object?

2. An object is displaced 55.0 m north while accelerating uniformly. If a velocity of 18.0 m/s north is

reached in 4.5 s, what was the initial velocity?

3. A car travels at a constant velocity of 20 m/s for 8 seconds. How far has the car traveled?
Sketch the motion on the following graphs.

V D
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—5+ —50+ :
— 10+ —100+
— 157 —150+
— 20+ —200+
—25- —250-

4. A book falls from a cabinet that is 2.45m above the floor. How long will it take the book to reach the
floor?
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5. A car travels 1000 meters in 30 seconds. What is the cars velocity?
Sketch the motion on the following graphs.
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6. How long does it take for a car traveling at 20 m/s to travel 1500 m?
Sketch the motion on the following graphs.
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7. An object accelerates uniformly from rest for 112s. What was the velocity of the object in this time if

the displacement was 75.0 m west?

8. A rock was thrown downward from an overpass onto the highway below. If the rock was released
when it was 12.0m above the highway and it took 1.30s for the rock to reach the road, what was the

velocity of the rock when it was released?

9. A stone is dropped from the top of a 60 m high building. Ignore air resistance.
a) What is the velocity and position of the stone after 3.5s?

b) How far does the stone fall during the second and third seconds?

10. An object is thrown vertically upward from a helicopter that is hovering 44.0m above the ground.

The initial velocity of the object was 10.0 m/s.
a) Calculate the velocity with which the object hits the ground.

b) Calculate the time it took to reach the ground.

11. While riding on an amusement park ride, you drop an object. The vehicle was rising vertically at a
velocity of 8.40 m/s and was 7.00 m above the ground when the object was dropped. How long does it
take the object to reach the ground?

Answers:
1) 19.0 m/s [W] 2) 6.44 m/s [N] 3) +160 m 4)0.707s
5) +33.3 m/s 6)75s 7) 1.34 m/s [W] 8) -2.86 m/s

9) 34.3 m/s {down], 15m, 24m 10) -31.0 m/s, 4.18 s 11)2.3s
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Physics 12 — Kinematics 3 - Accelerated Motion Continued

1) A train is at rest on the track while you walk at a constant velocity of 2 m/s forward
(relative to the train) for 10 seconds;

V=2m/s

———a»

C

S

a) Complete the graphs below for the described motion.

b) How far have you walked (relative to the train) after ten seconds?

c) Draw a vector representing velocity (relative to the train) for you at t =10 seconds.

Useascaleof 1cm=1m/s

d) Draw a vector representing your displacement (relative to the train) at t = 10
seconds. Use a scale of 1 cm =10 m
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2) You are standing still on a train while the train is accelerating to the right at .25 m/s? from

rest.
& | a=025m/5 V,=0nvs
Y
5
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a) Complete the graphs below for your motion. (for 10 seconds)

b) What is your displacement (relative to the ground) after ten seconds?

c) Draw a velocity vector representing your velocity (relative to the ground) at t = 10

seconds. Useascaleof 1 cm=1m/s

d) Draw a displacement vector representing your displacement (relative to the ground) at t
=10 seconds. Use a scale of 1 cm=10m
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3) You are walking at a constant velocity of 2 m/s relative to the train while the train is
accelerating to the right at 0.25 m/s? from rest relative to the ground.

———— | 2=0.25m/s V;=0m/s

[=] 7J

A

#4

a) Complete the graphs below for your motion.
b) Draw a vector representing your velocity relative to the ground at t = 10 seconds.
(hint, there are TWO components!!)

c) Draw a vector representing your displacement relative to the ground at t = 10 seconds.
(hint, there are TWO components!!)

5 " 10
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Combining all of your knowledge of uniform motion, motion graphing and accelerated
motion- '

A car begins a trip by accelerating from rest with an acceleration of +0.75 m/s? over 12
seconds. Once it reaches this velocity, it cruises at a constant velocity for 2.0 minutes
before stepping on the brake causing an acceleration of -2.3 m/s? until it reaches a stop.
How far did the car travel over its entire motion? '

A dog runs forward from his doghouse at a constant velocity of 2.45 m/s for 62 s before
slowing down to 0.50 m/s to investigate an odor for 30 s before turning around and
running back to his doghouse. What is the total distance that the dog ran throughout his
entire motion?



Accelerated Motion Problem Assignment — Complete on separate sheet of paper.

1. The McLaren F1 is a great car! Costing a million dollars, it is the end result of a
lifetime fascination for racing by a very successful formula one car designer. In its
road-legal configuration, the F1 can accelerate from zero to 160 Km/h in about six
seconds, beating a Porsche 911 Turbo by about 4.0 seconds. If you round off the
numbers, this works out to an acceleration from rest to 50 m/s in 6.0 s. How far does
the car travel in these six seconds? What is the rate of acceleration? Sketch a velocity
time graph, as well as the kinematics equations to solve this problem.(+8.3 m/s?+149m)

2. Ajogger runs at a constant velocitj; of 4.0 m/s for a time of 10 minutes. He then slows
to a trot of 2.0 m/s in the same direction for a time of 10 more minutes. He then jogs
back toward his starting point, where his car is parked, at a rate of 4 m/s without
stopping. How far has the man jogged, and how long does it take him to return to his
car? Draw vector diagrams with your solutions. (7200 m, 15 minutes)

3. A subway car accelerates uniformly from rest at a rate of 3.0 m/s? for a time of 10
seconds, and then travels at a constant speed for 30 seconds. It then slows down at a
rate for -2.0 m/s? until it is stopped. Determine the distance traveled by the train for
each of the three sections of its motion. Draw a vector diagram. (+150m,+900m,+225m)

4. Aballis thrown up in the air at a speed of 30 m/s. How high does the ball go? How
high is the ball after two seconds? How high is the ball after 4.0 seconds? (46 m,
40m,42m)

5. Based on the information from questions three and four, what do you think it means
to have a positive velocity and a positive acceleration? How about a negative velocity
and a negative acceleration? Finally, how about a positive velocity and a negative
acceleration? (see posted solutions)

6. A car accelerates uniformly from rest to a speed of 30 m/s in a time of 10 seconds. It
then stops in a time of one half of a second. Find its acceleration, and the distance
traveled by the car during its speeding up and slowing down periods. What do you
suppose happened to create such a deceleration? (+3.0 m/s? +150m, -60 m/s?, +7.5m)

7. A man riding upward in a hot air balloon at a constant rate of 10 m/s drops a sandbag
out of his balloon to lighten his craft. If the sandbag falls freely for 10 seconds, what
will be its velocity at this time? After ten seconds, how far below the point of release
will the bag be? After ten seconds, will this be the same as the distance that the bag is
below the balloon? (-88 m/s, 390 m below, no, the balloon is still rising up at +10 m/s)



10.

11,

12.

13.

14.

15.

The driver of a Porsche 944 is tooling down a one lane country road at 27 m/s when he
crests a hill land sees a cement truck parked in the road 40 m ahead of him. If the
maximum deceleration which can be supplied by his brakes and tires is 8.5 m/s? will
he avoid a crash or not? (+43 m, no he will need 43 m to stop completely and the
cement truck is 40 m away)

A sling-shot can speed up a 30 gram ball bearing from zero to 100 m/s in 0.30 seconds.
What is the acceleration of the metal ball? (+333 m/s?)

If a ball is launched upward at 20 m/s, after 1.5 seconds, what is its velocity? How
high above the point of release will the ball be? (+5.3 m/s, 19 m high)

If a ball is thrown upward at 20 m/s, after 2.0 seconds what will its velocity be? What
will its instantaneous acceleration be? Is this the same as its constant acceleration?
(0.40 m/s, -9.8 m/s?, yes it is the same as the only acceleration acting on the object is
acceleration due to gravity.)

A toboggan full of little kids accelerates from rest down a hill with a constant
acceleration of 2 m/s?. How long will they have to keep this up before the exceed 100
km/h? (14 s)

A box slides down a ramp and accelerates from 2.0 m/s to 4.0 m/s in a period of ten
seconds. How far has the box gone in this time? (30 m)

Jimmy backs his car out of its parking space and smacks into a shopping cart which
has been left in the parking lot, sending it at 6.0 m/s toward another row of cars 15
meters away. If the cart loses 2 m/s from its velocity every second that passes, how far
will the cart go before it stops? Will it hit the other row of cars? (9.0 m, no)

A hockey player is checked into the boards, and in 0.50 seconds, changes his speed
from 10 m/s to -5 m/s. What acceleration does he experience? If the acceleration of
gravity (called ’g’) is 9.8 m/s, how many g’s does the player experience from the hit?
(-30m/s?, 3.17g’s)
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A
Scalars A
Scalar quantities require only magnitude to specify them.
Examples:

o distance (NOT displacement)

o mass (NOT weight),

o speed (NOT velocity),

e volume, area, density, time and temperature.

Vectors
Vector quantities require both magnitude and direction to specify them.
Examples: displacement, weight, velocity, acceleration, force and momentum.

Representing Vectors Graphically

Vectors can be represented graphically by drawing an arrow. The arrow you draw will have a
length, and a direction. The length of the arrow corresponds to the magnitude of the vector,
and the direction that the arrow is pointing corresponds to the direction of the vector.

5 — North 5 - South

10 - West 10 - East

N
V

Vector Equality

For two vectors to be equal, they must have the same direction and the same magnitude.

B#A (Same direction but different
magnitudes)

>
-

>0

A#E (Same magnitude but different
directions)

D=A  (Same magnitude AND same
direction)

o



Adding Vectors

When you add the vectors together, the result is also a vector. We call this the resultant.

The rule we use to add vectors is called the ‘tip to tail’ rule. If you want to add two vectors,
translate (move) the tail of one vector to the tip of another vector.

The resultant is drawn from the tail of the first vector (WHERE YOU STARTED) to the tip of the
second vector (WHERE YOU ENDED). In text books resultants are usually shown with dashed
lines.

We are going to use the analytical method in which we will draw a reasonable representation of
the vector problem (as opposed to the graphical method where a diagram is drawn to scale
using a ruler and protractor).

If the vectors are perpendicular to each other, you can use the Pythagorean Theorem to
determine the magnitude of the resultant.

_ 2 2

R=(R)*+(R,)

In the following example we will show how to add two vectors. The two vectors are: ~ Vector
A =5up, added to Vector B =10 right. We can then see how the addition of the two vectors is
NOT 15. ‘

To odd vector & to vector B

1? tro;slote the toil of B 2y drow o wvector from the Y "‘G‘l“‘ “SP‘" J‘ﬂg?“"‘f“““ﬁg’ rtfd
4o the tip of A TAIL of A 1o the TIP of B e T WhE Tength o
A A 10 cm
EB » =
P ) Ll 4
£ £ - £3.4° - ~
J U g - L e o
\> iy \,-ﬂ‘ e
- - -
o L Pt \This is the - 1118 cm
- il =

resultantm
o B -
e

10 cm

The reason that we “translate” the vectors is so that the resultant reflects the individual vectors.
Vector A was pointing up. Vector B was pointing right. Therefore the resultant should be
pointing up and right.



Direction Specification

We also need a method to describe the direction that vectors point in. There is more than one
way to specify the direction of a vector. Depending on the situation we may specify the same
direction in different ways, but all are correct.

In the first diagram on the left the vector is not pointing straight East, but is it pointing at an
angle 30° towards South of East. Looking at the second vector, the direction specification is now
is not pointing straight South, but is it pointing at an angle 60° towards East of South. The third
diagram is showing the vector at +330° which can also be described as —-30°. Note how there are
four directions that sound different but when you sketch out the direction is can be seen that all
four are the same. They are all correct directions for the vector.
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An object moves 73 m north and 62 m east. What is the resultant?

Diagram:

Magnitude of R

4

.
o

Direction of R

=
>

s



An object moves 5.0 m north, 10.0 m west and 9.0 m south

Vector Components

When we split vectors up into pieces we call the pieces components. Normally, we want to split
up vectors into their “X” and “Y” components. Another way to think of this is the amount that
the vector points in the X and Y directions.

1) List the components of the following vectors A — F in the spaces provided.

Ae C

Ay:

—— B3|/

NI /Y AN
T / / // =

Fe Z/// — — —_—
Ry= R e




When resolving vectors into their components we use trigonometry to determine the
components.

A.

B.15.0 m 34.0°Sof E

Vectors Part One Assignment: | (" ()

1. Solve the following displacement vectors by finding the net displacement and direction.

A) 3.0 m south and 4.0 m south B) 3.0 m south and 4.0 m north

O) 3.0 m south and 4.0 m east D) 8.0 m west and 5.0 m north




E) 7.0 m south, 6.0 m east and 8.0 m north F) 15 m west, 12 m north and 20 m east

2. Determine the x and y components of the following displacements:

A) 16.0 m north B) 16.0m 27.0°E of N
Rx = Ry = Rx= Ry =

C)  20.0m52.00Wof N D)  10.0m327°




3. Resolve the following problems into their x and y components.

A) A person walks 200 meters at 27° degrees North of East.

Rx =

B) A magnet attracts a steel ball with a force of 220 N at 25° North of West.

C) A rocket accelerates at 45 m/s?at 65 degrees South of East.

D) A cannonball is launched with a speed of 170 m/s at 40° above the horizontal.




Answers:

1. A)7.0 m south B) 1.0 m north C)5.0m53°Eof S D)94m32°Nof W
E)6.1m9.5° N of E F)13m23° E of N

2. A)Rx=0m Ry =16.0 mnorth B) Rx= 7.26 m east Ry =14.2 m north
C)Rx =158 m west Ry=123 mnorth D)Rx=8.39meast Ry=>5.45m south

3. A)Rx=178 m east Ry =91 m north B) Rx =199 N west Ry =93.0 n north

C)Rx=19 m/s? east Ry =41 m/s?south D) Rx =130 m/s forward Ry =109 m/sup



Physics 12 — Vectors Part Two - Adding Vectors Lesstorm LD
Last class, we began adding vectors together.

12 m/s east + 24 m/s north >

Non-90° Vector Addition:
Adding vectors that are completely in the ‘X" or “Y” directions is easy as they form nice
right-angle triangles and the basic trig laws and Pythagorean theorem work.

However, often the vectors are not all in the X" and “Y’ direction. How do we solve
these problems?

Step One: We take the vector at a weird angle (ie, not N, E, S, or W) and resolve (break
apart) the vector to its X" and “Y” components.

Step Two:  We add up all the "X’ components, add up all the “Y’ components, and
create a right triangle to use basic trig and Pythagorean theorem to
calculate the magnitude and direction of the resultant!!!!

Examples - Add the following vectors:

10m@37°NofW+50mNorth



62 N @ 30° + 50 N 53¢

50m/s?@57° N of W+2.0m/s2@ 22° Sof W



Review of Velocity Vectors

Velocity vectors are added together in the same way that we added displacement
vectors together.
1. Use tip-to-tail to find the resultant.

2. Find the magnitude of R through Pythagorean Theorem R= \/ (R, )2 +(R y )2

o _ By

3. Find the direction of the vector using: tanf =
adi R

¥

River Problems (2-D motion)
A boat whose speed in still water is 4.5m/s travels north across a river. The river current is 2.0
m/ls east. What is the velocity relative to the shore?

We can also put vectors together with kinematics formulas such as v=d/t. This is
illustrated in the problem of a boat crossing a river.

A boat whose speed in still water is 3.0 m/s is headed east across a viver. The river current is 1.3
m/s south.
a) What is the velocity of the boat relative to the shore?

b) If the river is 2000m wide, how long does it take to cross the river?

" ¢) How far downstream is the boat when it reaches the other side?



The other use of velocity vectors is to determine the initial direction needed to result in
desired destination when more than one velocity is acting on the object.

A pilot wants to fly south. If the plane has an airspeed of 75 m/s and there is a 15 m/s wind
blowing east.




Vectors Part Two Assignment:
PartI:
Tind the x and ¥ components of each of the following vectors.
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Add the following vectors.
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2. Add the following displacement vectors:

a) 8.0 m east and 6.0 m 35° N of E b) 12 m south and 15 m 55° E of N

€)5.0m 26°S of E and 7.0 m 58° W of N d) 9.0 m 35° N of E and 7.0m 25°5 of E




3. A GT SnowRacer® had a momentum of 100 kgem/s [20°N of W] as it slid on a
perfectly smooth hill. It received an impulse of 50.0 Nes [10°N of E] from a barrier
placed on one edge of the hill. What was the resulting momentum of the GT
SnowRacer®?

4, Two forces act on an object. One has a magnitude of 25.0 N at an angle of 75°, the
other has a magnitude of 40.0 N at an angle of 170°. What is the resultant force acting on

the object?



5. A boat that can travel 3.6 m/s on still water heads directly north across a river that is

600 m wide. The river current is 1.2 m/s east. Draw the vector diagram.

a) What is the velocity of the boat with respect to the shore?

b) How long does it take the boat to reach the opposite side?

c) How far downstream is the boat when it reaches the opposite shore?

6. A passenger in a train travelling at 6.8 m/s [N] walks across the train car at 0.90 m/s
[E] to the snack bar. If the car is 3.8 m wide, how long does it take the passenger to
reach the other side? What is his velocity relative to the ground?

Answers:

2.a)13m 15° N of E b) 1I3m 75° E of S )21 m47°Nof W d)14m91°Nof E
3) 62.0 kgem/s 44° N of W

4)45.0 N 43° N of W

5) a) 3.79 m/s 20° E of N b) 167 s ¢) 200 m [E]

6) 6.9 m/s 7.5°E of N



Velocity Vector Problems:

Draw a vector diagram for each question and then solve for the resultant with
direction.

1. A truck is travelling in a straight line with uniform motion. The east component of this
motion is 14.0 m/s, and the south component of the motion is 21.0 m/s. What is the
velocity of the car?

2. A pilot heads her plane north with a velocity of 140 km/h. If there is a strong wind of
75 km/h blowing east, what is the velocity of the plane with reference to the ground?

3. An airplane is headed due north at an airspeed of 55 m/s. A sudden wind of 32 m/s
arises from the west (blowing east). What is the velocity of the plane relative to the
ground while the wind is blowing?

4. A boat whose speed in still water is 4.5 m/s is in a river whose current velocity is 2.0
m/s east. What is the velocity of the boat relative to the shore when the boat is heading:

a) east?
b) west?
c) north?

5. A boat that can travel on still water at a speed of 4.0 m/s wants to travel north
perpendicular to the river current. If the river current is 2.2 m/s east, in what direction
must the boat be held? (Note: Boat’s resultant is to be perpendicular to the river current)

6. A pilot wants to fly west (the resultant will be west). .lf the plane has an air speed of
105 m/s, and there is a 33 m/s wind blowing north, in what direction must she head?

7. A boat whose speed in still water is 7.4 m/s is headed east across a river. The river
current is 1.5 m/s south.

a) What is the velocity of the boat relative to the shore?
b) If the river is 6000 m wide, how long does it take the boat to cross the river?

c) How far downstream is the boat when it reaches the other side of the river?

‘\‘ \\‘\\\J ‘



8. A boat that can travel 3.6 m/s on still water heads directly north across a river that is
600 m wide. The river current is 1.2 m/s east.

a) What is the velocity of the boat with respect to the shore?
b) How long does it take the boat to reach the opposite side?
c) How far downstream is the boat when it reaches the opposite shore?

9. A passenger in a train travelling at 6.8 m/s [N] walks across the train car at 0.90 m/s
[E] to the snack bar. If the car is 3.8 m wide, how long does it take the passenger to
reach the other side? What is his velocity relative to the ground?



Physics 12 Lab - Investigating Vectors Name:
PART ONE-

Problem: How does a boat travel on a river?

Materials: Meter stick, constant speed vehicle, strip of paper (“river”

Procedure:

’”

1. The car will serve as the boat. Determine the “boat’s” speed and show your calculations.

2. Your boat will start with all wheels on the paper river. Measure the width of the river and predict how much

time is needed for your boat to go directly across the river. Show your data and calculations,

3. Determine the time needed to cross the river when your boat is placed on the edge of the river (all wheels on

the paper). Complete three trials and record the times in your data table.

4. Do you think it will take more or less time to cross when the river is flowing? Explain your prediction.

5. Have one group member pull the “river” at a slow, constant speed along the floor. Measure the time it takes

for the boat to cross the flowing river. Complete three trials and record the times in your data table. Compare

your results with your prediction.

6. Devise a method to measure the speed of the river. Have a group member pull the river a slow, constant

speed (as in last step) and collect the necessary data.

Data and Observations:

Table 1:
Still River Moving River
Trial # Time (s) . Trial # Time (s)
1 1
2 2
3 3




Table 2:

Data and Calculations for Measuring the River’s Speed

Analyze and Conclude:

1. Does the boat move in the direction that it is pointing when the river is moving? Draw a vector diagram to

indicate the resultant direction of motion.

2. Did the motion of the water affect the time needed when the boat was point straight across?

3. Which had the greater speed, the boat or the river? Explain and use a diagram to help.

4. What was the calculated speed of the “river” current?

5. Using your results for the speed of the boat and the speed of the river, calculate the speed as seen relative to

the “shore”. Draw a vector diagram and include the angle in your final answer.




PART TWO: Scale Map
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PART TWO - Using Scale Drawings to Determine Distance and Vector Addition to Determine
Displacement (the map is on the back of the final page so that you can remove it while answering

these questions)

A: Using the Map Scale

1. Use the scale on the map (1cm=92m) to determine the distance in meters for

a) From Granville Road along N 11% Street to Church Street and down Church Street to the
YMCA

b) Along Moull Street from N 21+ Street to Mount Vernon
Road.

B: Adding Two Vectors

1. Take a walk from the corner of N 21st Street and Granville Road down N 21st Street to Church Street
and E down Church Street to the YMCA.

Using the map scale (1cm = 92m), find the magnitude in meters for the distance covered.

2. Using the map scale (Icm = 92m), draw a vector diagram representing your trip and calculate the

resultant displacement (in meters).

3. Now determine the resultant displacement (in meters) for the two trips in part A.

a) From Granville Road along N 11t Street to Church Street and down Church Street to the YMCA

b) Along Moull Street from N 21 Street to Mount Vernon Road.



Questions: Draw a vector diagram for each question and then solve for the resultant with

direction.

1. A pilot heads her plane north with a velocity of 140 km/h. If there is a strong wind of 75 km/h

blowing east, what is the velocity of the plane with reference to the ground?

2. An airplane is headed due north at an airspeed of 55 m/s. A sudden wind of 32 m/s arises from the
west (blowing east). What is the velocity of the plane relative to the ground while the wind is

blowing?

3. A boat whose speed in still water is 4.5 m/s is in a river whose current velocity is 2.0 m/s east. What

is the velocity of the boat relative to the shore when the boat is heading:

a) east?

b) west?

c¢) north?



4. A pilot wants to fly west (the resultant will be west). If the plane has an air speed of 105 m/s, and

there is a 33 m/s wind blowing north, in what direction must she head?

5. A boat whose speed in still water is 7.4 m/s is headed east across a river. The river current is 1.5 m/s

south.

a) What is the velocity of the boat relative to the shore?

b) If the river is 6000 m wide, how long does it take the boat to cross the river?

c) How far downstream is the boat when it reaches the other side of the river?




Physics 12 — Projectile Motion 1 (Horizontal Launch) L

When an object is thrown into the air, it is a projectile. Any object that curves downward in

response to gravity is called a projectile. The motion of a projectile under the influence of

gravity is called projectile motion.

initial velocity

o

.
Sy

- horizontal (x)

vertical (y) N component

componentV %

HORIZONTAL COMPONENT:
Why do we describe this horizontal component as uniform motion?

Imagine a cannonball shot horizontally from a x}ery high cliff at a high speed. And suppose

for a moment that the gravity switch could be turned off.

According to Newton's first law of motion, such a cannonball would continue in motion in a

straight line at constant speed (in the absence of an unbalanced force)

However, is it an object’s path under the influence of gravity that is considered projectile

motion.

(4



VERTICAL COMPONENT:

When we have gravity, it will act downwards upon the cannonball to affect its vertical
motion. Gravity causes a vertical acceleration (-9.8m/s?). The ball will drop vertically below
its otherwise straight-line, inertial path. As gravity is a downward force, it will affect the

projectile’s vertical motion and cause the parabolic trajectory that we see in projectile motion.

TIME:

Assuming no air resistance, the time it takes to fall when dropped straight down is the

same as the time it takes to complete the projectile path.

This happens for the same reason as it did when we were calculating velocity vectors with a
boat crossing the river. Even though the displacement is higher (path is greater), the velocity

is also higher (due to an initial horizontal velocity).




Examples: An object is thrown horizontally at a velocity of 20.0 m/s from the top of a building 50.0m
tall. What is the range of this object?

An object is thrown horizontally at a velocity of 32.0 m/s from the top of a building. If the range of the
object is 55.0m, how high is the building?

During a police chase, a car drives off the edge of a cliff that is 47.5 m high. When the police look over
the edge to check on the suspect, they find that the car landed in the lake that is 200 m from the base of
the cliff. How fast was the car travelling when it went over the edge of the cliff?

yous
2



Projectile Motion-1 Assignment: |
1. An object is thrown horizontally from the top of a cliff at a velocity of 20.0 m/s.
a) If the object takes 4.20s to reach the ground, what is the range of this object? (84.0m)

b) What is the velocity of the object just before it hits the ground? (Remember, this will
be a resultant velocity) (45.8 m/s)

2. A bullet is fired from a rifle that is held 1.60 m above the ground in a horizontal position.
The initial speed of the bullet is 1100 m/s. Find (a) the time it takes for the bullet to strike the
ground and (b) the horizontal distance travelled by the bullet. (0.571 s, 629 m)

3. A car drives straight off the edge of a cliff that is 54.0 m high. The police at the scene of the
accident note that the car landed on a tree that was growing 130 m from the base of the cliff.

How fast was the car travelling when it went over the edge of the cliff? (39.2 m/s)

i/ G



4. A tennis ball is struck such that it leaves the racket horizontally with a speed of 28.0 m/s.
The ball hits the court at a horizontal distance of 19.6 m from the racket. What is the height

of the tennis ball when it leaves the racket? (2.40 m)

5. A diver pushes off horizontally with a speed of 2.00 m/s from a platform edge 10.0 m

above the surface of the water.
a) At what horizontal distance from the edge is the diver 0.800s after pushing off?

(1.60m)
b) At what vertical distance above the surface of the water is the diver at that point?

(from part a) (6.87 m above surface)
c) At what horizontal distance does the diver strike the water? (2.86 m)

6. A horizontal rifle is fired at a bull’s eye. The muzzle speed of the bullet is 670 m/s. The
bullet strikes the target 0.025 m below the center of the bull’s-eye. What is the horizontal
distance between the end of the rifle and the target? (48 m)

Lo
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Projectile Motion (Objects Thrown at an Angle)

Vertical ™ Yalouty of ball

Objects that follow a path characteristic with projectile motion oo C'{ié

Horssnat -
componsnt of
velotity’

can also be thrown or launched into the air at an angle. o

These types of problems also have a vertical and horizontal component in which the vertical
motion is uniform and the horizontal component is accelerated by the force of gravity (as
seen in the last lesson). However, in these problems the initial vertical velocity (voy) is no
longer 0 m/s as it has some positive initial value.

The path taken by a projectile launched at an angle to the horizontal can be described as
follows:

A projectile is launched at an angle to the horizontal and rises upwards to a peak while moving horizontally.
Upon reaching the peak, the projectile falls with a motion that is symmetrical to its path upwards to the peak.
Predictable unknowns include the time of flight, the horizontal range, and the height of the projectile when it is

at its peak. P _ ZLX - é\y
-~ ! ~
4
0 Height (dy) A
\\O\{ 9 l ) \VOF( )
< Range (dx) >

Using the launch velocity we need to determine the x and y-components:
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VECTOR ANALYSIS FOR MOTION IN 2 DIMENSIONS

There are two main types of motion in two dimension questions: -
a) just down:

b)) up and down:

Motion in 2-D has miovement in both the “x”and v directions o you'

" b)up and down

Horizontal (x)

1. Make a diagram
(using A’s)

eg. Vxo

if we know v; & 6:

2. ALWAYS find v, and

v Vyo.

3. F ind:tfotalz time in

- flight from:

- /’\\‘ dlj::O

Vyo. = €05.0 'V,

dy = vyt Yy at®

dy, = 0 since

| vertical displacement

15 0.

{s00=vyt+"at?

a . =0

[Vyo =SBV, ...

~ Vertical (y) . | - -

~ must keep track-of ._th_jcse separately as théy are ihde_:pen-den‘t of each other =~ ..

ysies20.Dynamics. 2d6.Nordheimer



4. Find MAX height |

using:

'Or

f d,=0m for total flight,

 max helght occurs half * |

way through the flight:

ty, = Lnignt
2

5. Find HORIZONTAL " |

distance

using total flight time

and
ER

dx.= Vx taignt

Vy tiight

. unifofm '
‘motion
‘( horizontally)

To2_3 2 -
vy = Vyo' 1 2ad,,

(at max-height:

wr =1} Mo
Yy Ve UllAlD}

| tﬂlght isusedito {1 £
find dy max:mum. )

t’/zﬂ 1ght ?

Examples

oHorizontal and Vertical velocities -‘a‘-re.indepe.q}iéﬁ:t of-each other!!

1. - Asan expenment in motlon in 2 dlmensmns an unwise Physms

student decides to throw his/her Physws book off a 300m tall bu1ld1ng

Wlth a velpmty of 25. O m/s

Find how far it flew horlzontally (the range) and how long it took

© {0 hit the ground

d,=300m

ysics20.Dynamics. 2d6.Nordheimer

v, =25.0 m/s -
*y, = OO m/s {dropping)

F it
A RN
L !




“xemples

B 3. " A football piayer Kicked a field goal at an angle of§5,0° and vﬁth a ﬁ"elqcity of 16.0 m/s. |

. Find the balls maximum height and how far it travelled. . e

160m/S A UL S e e - = .
. ...;V'yo -
v cos 0 = (s 3500060

o8 ms

| vysin® vi = (sin 55.07)(16.0 m/5)

1, Vy:’IB.l m/fs i ] 9(""

L Ay o stpeimin 0
ma:dmum-horizontaldisitanee v d y= ‘{50{2 ¥ }';;d"c L, O= V\j.ﬁ “',}/ag o

S

trignt = =¥y =__ﬂ——-)————'2:3~1.m/5) - Taig = 2.67s S
- a 9.80m/s” .

g 018mI@ 679 = de = 245 -

A =, Hiigh
:

maxmlum height by eithert o 'cr‘\ bY “Vga'u VD;, +';lad3
q) ty, = Laight : thergfq;’e;_ .tz;/, = 1.348 “ max h&iﬂh“; VH:O.OP‘W/E
R | O= (2mg) 2L 50N A
b o dg:‘ \:H.:.'(ol .
\ :
'
\

. ‘dy" = v b,-','*‘.’/za_t%l' | ' o 2
4y = (131 m/s)(1.34 5) + v; (-9.89 m/s")(L,3A)"
= [755m + -8.798 -
'.dy-’-‘ Sb%m

trane=)

> 1‘ ; B R (“: -
' g { E\}ha
‘.‘_ — R .
< d—\_

_hitional Info: ©=45° produces {a@csjc

it angles cther than 45 cach d can reSult from & angles
Chat are complimentary ¢ cirrored on erther aide. of 45
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A long jumper leaves the ground with an initial velocity of 12 m/s at an angle of 28-degrees above the
horizental. Determine the time of flight, the horizontal distance, and the peak height of the long-
jumper.

An object is thrown through the air at a velocity of 20.0 m/s at an angle of 30.0° with the horizontal.
What is the range of the object? '




Another method of determining the range of a projectile launched at an angle is by using:

Compare with the previous example:

An object is thrown through the air at a velocity of 20.0 m/s at an angle of 30.0° with the horizontal.
What is the range of the object?

Determining velocity:

A water ski jumper has a range of 84.0 m. The ramp has an angle of 14.0° to the horizontal.
Neglecting air resistance, determine her take-off speed.



1. An object is thrown from the ground into the air at an angle of 40.0° from the horizontal at
a velocity of 18.0 m/s. What is the range of this object? (32.7 m)

2. An object is thrown from the ground into the air with a velocity of 20.0 m/s at an angle of
27.0° to the horizontal. What is the maximum height reached by the object? (4.21 m)

3. An object is thrown from the ground into the air at an angle of 30.0° to the horizontal. If

this object reaches a maximum height of 5.75m, at what velocity was it thrown? (21.2 m/s)

4. An object is projected from the ground into the air at an angle of 35.0° to the horizontal. If
this object is in the air for 9.26s, at what velocity was it thrown? (79.1 m/s)

HW &



5. An object is thrown from the ground into the air at a velocity of 15.7 m/s at an unknown
angle to the horizontal. If this object has a range of 25.0 m and was in the air for 2.15 s, at

what angle was this object thrown? (42.0°)

6. A ball rolls off an incline, as shown in the diagram, at a velocity of 22 m/s. How far from

POiP/.i B will the object hit the floor? (11 m)
O

7. An object is projected from the top of a building at an angle-of 28.0°, as shown in the
diagram, at a velocity of 15.0 m/s. If the object hits the ground 32.0 m from the base of the
building, how high is the building? (11.8 m)




8. The punter on a football team tries to kick a football so that it stays in the air for a long
“hang time”. If the ball is kicked with an initial velocity of 25.0 m/s at an angle of 60.0° above
the ground, with is the "hang time’? (4.43 s)

9. With a particular club, the maximum speed that a golfer can impart to a ball is 30.3 m/s.
(a) How much time does the ball spend in the air? (b) What is the longest hole in one that the
golfer can make, if the ball does not roll when it hits the green? (maximum displacement will

come from an angle of 45.0°above the horizontal). (4.37 s, 93.5 m)

10. During a fireworks display a rocket is launched with an initial velocity of 35 m/s at an
angle of 75° above the ground. The rocket explodes 3.7 s later. What is the height of the
rocket when it explodes? (58 m)

;
Hwi



11. From the edge of a 60.0 m cliff, a small rocket is fired upward with an initial velocity of
23.0 m/s at an angle of 50.0° with respect to the horizontal. At what point above the ground
does the rocket strike the wall of a vertical cliff located 20.0 m away? (74.8 m)

12. * An airplane is flying with a speed of 240 m/s at an
angle of 30.0° with the horizontal, as the drawing
shows. When the altitude of the plane is 2.40 km, a
flare is released from the plane. The flare hits the target
on the ground. What is the angle 07 (42.0°)

WO = 240 /s
o Path of Flare

2.4 km




13. *A diver springs upward from a board that is three meters above the water. At the
instant she contacts the water her speed is 8.90 m/s and her body makes an angle of 75.0°
with respect to the surface of the water. Determine her initial velocity, both magnitude and

direction. (59.3° above horizontal)

14. *A golf ball is driven from a level fairway. At a time of 5.10 s later, the ball is travelling
downward with a velocity of 48.6 m/s at an angle of 22.2° below the horizontal. Calculate the

initial velocity (magnitude and direction) of the ball. (55.0 m/s 35.1° above horizontal)



*BONUS* A garden hose, pointed at an angle of 25° above the horizontal, splashes water on
a sunbather lying on the ground 4.4 m away in the horizontal direction. If the hose is held

1.4 m above the ground, at what speed does the water leave the nozzle? (5.8 m/s)
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Physics 12 - Lab Activity: How Far and How Fast? - Name:

Purpose: You will use your knowledge of projectile motion (range and time) to find out

how fast you can throw a softball and kick a soccer ball.

Part A: Part B:

Calculafe
Vi, ond O
for A ond B

Materials: softball, soccer ball, stopwatch, meter stick or tape measure, paper, pencil and

calculator

Procedure A (with the softball):

1. Split into groups of fours. You will each, in turn, be a thrower, a timer and a distance

marker.

2. Take all materials (one per group) out to the field.

3. Record the data for each person in your group BUT do the calculations only with

your own data.

Name Height of Hand (dy) Time of Flight (t) Range (dx)




Procedure B (with the soccer ball):

Repeat steps as indicated in procedure A.

Name Time of Flight (t) Range (dx)
Calculations for both parts A and B:
dx
1. Calculating horizontal component: Vx = 7
Part A: Part B:

" 2. Calculating vertical component vy:

Part A:

?
dy =Gt * Lot




3. Using vx and vy to calculate the resultant velocity: (Draw diagrams)

Part A: Part B:

Observations and Data Analysis: (check with your group members)

1. Did all of the people in your group throw at about the same range? If not, what was

the variation?

2. Did all of the people in your group throw at around the same speed? If not, what was

the variation?

3. In order to achieve the largest range, should the thrower try to throw with a larger v«

or a larger vy? Explain.
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s . An object is launched over level ground at 35° above the horizontal W1th an mmal spe
52 m/s. What is the time of flight? o

2. A boat shown below travels at 4.2 m/s relative to the water, ifi a river flowing at 2.8 m/s.

Destinatién

River

2.8 /s

" At what.angle 0 must the boat head to rezch the destination directly across the river?

A stunt vehicle leaves anincline with aspeed of 35 m/s at a height of 52 m abovelevel
ground. Air res;smncc 1s negligible. .

— ———

i ~— .
- ~

“ﬁy?/ *.\

e— ' Range R — >

a) What are the vehicle’s vertical and horizontal velocity components as it leaves the incline?
. ‘ (1 mark) |

T

b) What is the vehicle’s time of flight? , (4 marks

c) What is the vehicle’s range, R ? (2 marks)

[
7



4 Consider the diagram below. | %
| | y !
= ] CF=125N | j

—
wn
VD
[+
=

" What are the components of the 125 N force?

5. A projectile is-launched at 35.0° above the horizontal with an initial velocity of 120 -m/s.

'What:is‘thﬁ.projectile_75~<spe'cd 3.00 s later?

{. Whatis the magnitude of the-sum of the two forces shown in the diagram below?

F,=85N

N,

150°
> F, =5TN

Z The data:table shows the velocity of acar during a 5.0's interval.

(2 marks)

ultant speed-over

g- An aircraft heads due south with a speed relative to the air of 44 m/s. lts'res
the ground is 47 m/s. The wind blows from the west. _ .
a) Whatis the Sp@ed.‘ofwhc.wind? . . 4 marks)
'b) What is the direction of the aircraft’s path over the ground? . (3 marks). !
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13.

9. Which of the following is true for projectile motion? (Ignore friction.)

HORIZONTAL COMPQNENT VERTICAL COMP.C;NENT 7
A. constant velocity constant velocity
B. constant velocity changing velocity
C. changing velocity constant velocity
D. changing velocity ~changing velocity ]

A ball is thrown vertically upward at 20 m/s from a- hexght of 30m above the ground. W
is its speed on impact . with the ground below?

@
I, A cartravelling:north at 20 m/s is later travellmg ‘west at 20 m/s What is:the’ chrecnon of
the changein- velocxty'7 bYwhich one reprecerts the sum or rest Homd?

. thch of the followmg is constant for all projectiles?

vertical velocity
horizontal velecity
vertical displacement
horizental displacement

oaw»

A pfojectile is launched at 30 m/s over level ground at an angle of 37° to the borizontal.
What maximum height does this projectile reach?

A. 3.1m

B. 17m

C. 29m . |

D. 46m |4 - Which of the following contains vector quantities only? -
mass, speed o
energy, velocity : ~

displacement, energy
displacement, velocity

o0



N N

oA 3 and & (& A=B+C)7
19, Which of the following vector diagrams shows: A as thesumof B and C (ie. A= ?
: B.
N
|3 A i
C 2 l
D.
C. I
{_'—_’_’

16« Which of the following statements is always correct about an object in motion?

It-has a tendency to accelerate.
A net:force.must be acting on it.
It-has-a:tendency to-keep:moving:

. The net:foree dcting on it-must-be zero.

Cowpy

‘' A.,proj‘é.cti‘le is launched with: a~Veloc’-it_-y- of 35 m/ s at 55° above the horizontal.- Wihat is the
maximum heightreached-by the-projectile? Ignore friction.

53m : C. 54
B. 42m D. 63m

\B« A blue ball rolls off the cliff shown below at 10 m/s and hits the ground with a speed .of 30 mis.

10 m/s ’
a) What is the vertical component of the ball’s impact velocity?
R b) How high (k) is the cliff?
‘ N1




[9. A few minutes after takeoff a jet is heading due east WiFh an air speed of %OO km/h. If the wind
o is blowing at 60 km/h, towards 40° S of E, what is the jet’s ground speed?

A. 260 km/h
B. 340 km/h
C. 350 km/h
D.

360 km/h

30. Consider three points in the path of a certain projectile as shown in the diagram below.

What is the acceleration of the projectile at each of these points?

L ACCELERATION (m/s?) 4
At X - Aty . AtZ ]
A. +9.8 0 ~9.8
B. +9.8 0 + 9';‘8
C. -9.8 0 98
D. -9.8 B -9.8 -9.8

ﬂ ngwers *

I, G.ls G, HoN | @y B \&. see below
E * A 9. C
Vo = Bl - e 80, D
b)5,3s Bay /s 5.
DLoxO?m  b)a®s oFE WO
Y F - —logN oR 3l° Eof S \S. B
> 9. B lo. C
10, 3lm/g 3. B
«— 1 mark b) vyfz=vy,.2+2(ax)dy‘ <« 2 marks

~28.3" = 0" + 2(-9.8)d,

vy =y -y’ <+ 2marks d,=-409 m « 1 mark

vy =30 -107 h=41m

vy =-283 mfs -;— mark f(?r magnitude, -;: mark for direction
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Physics 12 — Kinematics 1

- Kinematics is the study of motion. Motion is observed, described and quantified. The simplest

way to do this is through pictures.

The positive direction of motion can be chosen to
the right or to the left. In this case is chosen to be to
the left.

UNIFORM MOTION

The speed of an object is defined as the distance the object travels in a certain amount of time. For
example, if you are driving your car on the highway your speedometer (speed meter) may say 100
km/hr. That means that you will travel 100 km if you drive for one hour. If you drive for 2 hours,

you will go twice as far and therefore 2 x 100 km is 200 km.

Speed is a scalar and is NEVER negative. If you put your car in reverse and drive, your

speedometer still will just tell you a number. The formula for average speed is:

distance

ed =
ope time

1. A car travels 200 m in 4.0 seconds. What is its average speed? 50 m/ S

2. A car travels 2000m in 2.0 minutes. What is its average speed? \ 7. ' MI S

3. A toy car travels 1.0 kilometre in 0.223 hours. What the average speed in km/hr? What is the
average speed in m/s? DM 9 _\X}( 1900 ¢ ~ 'ﬂ/s
§5 Ko/ — 12 mfs X dwos Vb

4. You start out on a road trip travelling at 60 km/h. You travel 100 km in 1.67 hours.

Did the speed of your car have to be exactly 60 km/hr for the entire trip? Why or why not?

Could have gone Slower 2 +hen 7%\51'612 +han
éOKM/}, and shil have an aueraje of 60 km/h

for +he +rip-




In Physics, saying your speed is — 10 m/s is incorrect! What do you really mean by saying negative

10 m/s? (recall from Physics 11)

the object is Mo V”:’ﬂ 1n+he opposﬁe direchon
ongma/ mo7on

The addition of the direction information turns the scalar number into a VECTOR. We have a
special word for a speed with a direction. This word is called VELOCITY. The equation for

velocity is very similar to the equation for speed:

velocity= A'J?T_,”)f'
me

REMEMBER - DISPLACEMENT IS A VECTOR AND IT HAS DIRECTION.

Graphing Motion:

1) A toy travels FORWARD 20 m in 10 s, what is the car's average velocity?
2) Fill in the following graphs for the cars velocity vs. time and the car's displacement vs. time.

/‘emﬁ‘mkf on V-7 Yap/x),oog :rza‘»orz
5 above X~ax15,&e/ownc3d,rec,bon




3) Atoy car travels BACKWARDS 20 m in 10 s, what is the car's average velocity?
4) Fill in the following graphs for the cars velocity vs. time and the car's displacement vs. time.

v 5 Y \/== - 2.0 m/s
-5 =2
25 | 20 #0188 @V
— (i
-] 15_
s
ﬁ* ’IO_
-
- 5 ]
0 Pttt 0 ettt t
5 WOT «— 5 WOT
- _5_
< &
— 14 —104
\ <
B o€ \ ot )(\5/1 — 15+
& C \L C e
—2 —20-
Lo
_ _254
5) Atoy car travels forward 25m in 5 s and backwards 5 m in 5 seconds.
\ = 0\ 25 BM/\S
\/ £
5
4 |
3 -
2 -
1 4
0 S b e |
D -5 . 10
4 i «>%~.%—~lm/s
2 -
3 A (N 0 Q)
00 SEUE (109,60% 50
4 O 0™ Y \0F 57, (@
0 ( e\ R W &
; ¢ &@?( o 0 T %
. M6 30



ii.

iii.

iv.

vi.

vii.

viii.

ix.

xi.

xil.

xiit.

xiv.

XV,

What is the car’s average velocity for the first 5 seconds? (To = Ts) +5.0 m / S
What is the car’s average velocity for the last 5 seconds? (Ts > Tw) = .0 m /6
On the graph above, fill in the velocity vs. Time graph and the displacement vs. Time
graph.

What is the total displacement? +20m

What is the total time?  |[() g

What is the average velocity over the entire 10 seconds? +%OQ = +2 .OYT)/S

Fill in the graphs for the cars average velocity vs. time and the car's displacement vs.
Time assuming the car travelled the average velocity for the entire 10 seconds. Use a

red pen.

What is the area under to v/t graph from t=0tot=>5 seconds? (5x5)=25.0

Is the area is positive or negative? (Above or Below the "X axis) (+)

What is the displacement of the car between 0 and 5 seconds? +2.5.0 N

What is the area under to v/t graph from t =5 to t = 10 seconds? (5.0% N =5.0
Is the area is forward or backwards? (Above or Below the ‘X" axis) (=~

What is the displacement of the car between 5 seconds and 10 seconds? 5.0M
Looking at the original question, how far is the car from the origin after 10 seconds

(displacement)? +0m

What is the sum of the areas from part x. and part xiii.? 950+ ( -5 ’(D Z40.0m



6)

7)

9)

10)

What conclusions about how the area under to v/t graph relates to the displacement of
thecar? area = displacement

What is the formula for finding the area of a rectangle? LW

When you calculated the area of the rectangles from the velocity time graph, what did
the height of the rectangle represent? (velocity or timeV

When you calculated the area of the rectangles in part viii. and part xiii, what did the
length of the rectangle represent? (velocity or time) -
What is the formula for finding the displacement of any moving object? d = V't

displacement:
groph &er\\:la

area between
v-t [ine and x-axX1$




Physics 12 — Kinematics 2 - Motion Graphs

Describing the motion of an object can be assisted through the use of graphs. As you become more
proficient at creating and reading motion graphs, you should find the motion easier to picture and

understand.
Remember:

=  Motion is a change in position measured by distance and time.
n  Speed tells us the rate at which an object moves.

= Velocity tells the speed and direction of a moving object.

= Acceleration tells us the rate speed or direction changes.

POSITION-TIME GRAPHS:

This analysis also applies to distance-time graphs and displacement-time graphs.

Plotting position against time can tell you a lot about motion. Let’s look at what information is

available on each axis.

Position Time is always plotted on the X-axis (bottom of the graph). The
further to the right on the axis, the more time passes from the
& P
\i\(\g start.
)
o\ . . o
O.\h\ Distance is plotted on the Y-axis (side of the graph). The
) higher up the graph, the further the object has travelling from
& p the grap ) &
.\(\X the reference point.

O - ) Time
increabing ?wm@

If an object is not moving, a horizontal line is shown on a position-time graph.

Position
Time is increasing to the right, but its distance does not change.
It is not moving. We say that itis at rest.
Ex.5m
pos




If an object is moving at a constant velocity (or speed), it means that it has the same increase in

distance in a given time.

Position

2
|

-

- |

1 \

'5 a‘s Time
The graph below shows two moving objects. Both of the lines in the graph show that each object

Time is increasing to the right, and distance is increasing

constantly with time. The object moves at a constant velocity.

Constant velocity is shown by straight lines on the graph.

moved the same distance, but the steeper dashed line got there before the other one (in less time).

Position
/
/
4
/

LN ]

/
|

When theré: %s ach

N7

o
L“‘-\(,Q .

0
30&5& .

Time

A steeper line indicates a larger distance moved in a given
time. In other words, it has a higher velocity.

Bo, so both lines are straight, so both speeds are constant.

ange in velocity (acceleration), the graph now indicates a changing slope as the

velocity changes. This results in a curved line.
position

Summary:

time

The line on this graph is curving upwards. This shows an

increase in speed since the line is getting steeper.

In other words, in a given time, the distance the object moves is
changing (getting larger) in each equal time interval. It is

accelerating,

A position-time graph (distance-time, displacement-time) shows us how far an object has moved

with time.

The steeper the graph, the faster

the motion.

A horizontal line means the object / ;
is not changing its position - it is / ‘ /
not moving, it is at rest.

A downward sloping line means

the object is returning to the start.

Pasition ‘

ety e
/ sizady / pettng
_apeed aster

/ steady statiorjary / /

/; gpeed

/r‘étl;fniﬂg

\ to start

time



VELOCITY-TIME GRAPHS

This analysis also applies to speed-time graphs.

velocity

G, dnlS
2 ”
S \?g‘od’{jﬂe 5

© -—-\__-——--—> time
fherease1n

velocity

el

velocity

3
2pr)
| mly)

Summary:

= The steeper the graph, the
greater the acceleration.
= A horizontal line means the

object is moving at a constant speed.
= A downward sloping line means the

object is slowing down.

Velocity-Time graphs look much like Position-Time
graphs. Be sure to read the labels!!

Time is plotted on the X-axis. Velocity or speed is plotted
on the Y-axis.

A straight horizontal line on a velocity-time graph means
that the velocity is constant. It is not changing over time.
A straight line does not mean that the object is not
moving!

This graph shows increasing velocity in the positive
direction. (speeding up)

Time is increasing to the right, and velocity is increasing
constantly with time.

Constant acceleration is shown by straight lines on the

graph.

This graph shows decreasing velocity in the positive
direction. (slowing down) =

Time is increasing to the right, and velocity is decreasing
constantly with time.

Constant acceleration (deceleration in this case) is shown

by straight lines on the graph.

velocity ‘
GRADUAL
ACCELERATION .~ |
f,f
STEADY SPEED \
T e
BECELERATION
STEADY \
ACCELERATION \

time



Examples:

1. A runner racing in a 100 m dash accelerates from rest to a velocity of 10.0 m/s in 5 seconds.
i What was his average acceleration ?—ﬁ B
during these 5 seconds? @ = = A\ _ _IQ s®

+ 5

O
ii.  Fillin the acceleration graph. =),0m/S (1 |
1il. Calculate the area under the 8 Al / !
acceleration/time graph up to time =5 ~ ] / //f
seconds. [ W =D -5 = IOM/$ 70 ' T T 1t
O ] os 10 s
S
iv. What are the “units’ of the area? O
)
m/s _
V. Fill in the velocity time graph. 5 m
vi. What is the formula for the grea sof a st
triangle? . . /0 m
92 beh o 5/OL M Lo

A L
YD)

vii.  How far did the runner travel uring
the first second? (0 to 1s)

O
deygelat® = o’ Lom 20 YT

viii. How far did the runner traV%I from (0 Q |
to 2s) * ]
J: (2‘012 '0) = HIO m
_L |
ix. How far did the runner travel from
(0 to 35)
DLB D% g0 m
X. How far did the runner travel from
(0 to 4s)
J= ODXL{,O) lbm T T Tt
10 s

2

3
xi. How far did the runner tr)a}izel from.- %0 —
Ot 58 110 5'0 . —

o0 4 Lol V@) o

Fill in the displacement-time graph. —50 m




Creating Motion Graphs - What does each part actually mean?

[N
o
3

1

|

I

|

I

|

i

|

|

1

|

1

1

When we find the slope of a line, we simply use: rise/run

Displacement/time graph-
Calculate the slope INCLUDING UNITS!!

rise - /Om =~ Amf

i’ un
What does this tell you about the slope of a

displacement/time graph?

Displacement (m)

e e R

~V&loc«\7’y speed 5

o Is i};e slope of the graph changing? Yes — Time (s)
e IsThe velocity of the object changing? Yes — l@
e Is the object accelerating? Yes @

Velocity/time graph-
Calculate the slope INCLUDING UNITS!!!

rise - [Omls — .0m/s”
fun 5s

)
Velocity (m/s) 3

e Is the slope of the graph changing?
e Is the velocity of the object changing?

2l

@ No time (s) 5s

What does this tell us about the slope of a velocity/time graph?‘ = aC( 6/ C/VDLHO n

e s the object accelerating?

Now back to a Displacement-Time Graph -

o . E o0 S
e The graph to the right is a displacement/time %
graph with positive acceleration % 1.1 R N S 7/ 'f/_ y
£ /1
e The AVERAGE velocity for the first 3 seconds § A0 - iy - &
the slope of the black li | |
is the slope of the black line. r‘lse a 3m[§g_ . A
(Mn 3 5 5 ..... /@il ..... l .....
o The INSTANTANEOUS velocity AT 3 C
e )

seconds is the slope of the dotted line. A
i 15 -3ms

“un 2 S time (s)

When acceleration is NOT equal to zero, the displacement graph is a parabola (curved).




The slope of the TANGENT line of the displacement graph is the INSTANTANEOUS

VELOCITY!
d (m/s)

i
K e
son

&= o
i dmow

SIS N KR N Y

Draw the curved line by connecting the data points.

A. Calculate the average velocity between 0.0 and 0.6 s

rise_ 0.8 - [.3mls
yun O,b

B. Calculate the instantaneous velocity at 0.4 s

rise . 0k |, ;zm/s
(u,n «3'5



Assignment Problems:

1. If the initial velocity is +10 m/s and the final velocity is +15 m/s and the time interval is
kY

from 0.0 to 5.0s, find the following: 9
vy Vi 5= [.0mfs”

AL a= 5.0 (S -
IOM

< AN
d=1/2 (votve)t d = <l0-!— lS?S' =62.5m 54/ / / /
a2 ' U_ T T

Sketch the velocity/time graph and

a4 =

calculate the area of the triangle + rectangle

Area = 12,‘64— lw Displacement =£2.5m i
o~
&5 + 5.0 =(2.5
B e

2. If the initial velocity is +12 m/s and the final velocity is - 28 m/s and the time interval is

from 0.0 to 10s, find the following: + %g
v f—Vi, - _ 2.
a= AA-12 _ -4omfs -
Al a= - -
(o sz

d=1/2 (votvi)t d= ( _ajﬂ a)’ 0 = —gom -
a

Sketch the velocity/time graph and
calculate the area of the triangle + triangle —t5 ¢

4

Area =

- [ . —9% )< -
% N ( > (—a@) 1 +( q&) 8o
3. A car accelerates from +10’m/s to +20 m/s in 10 seconds. What is the car’s acceleration?
How far does the car travel during the ten seconds? Solve the problem using the graphs

below. dA=320—0 =*/0 fT)/-Sz
1O

Displacement = ,30:

2
o gals VR ol o

+)




4. How far does the car from question 3 travel in the first 5 seconds? How far does it travel in

the last 5 seconds?

d=(e)t - (59
d=(v = (IS + = 88m (lask5
(v _Ev,\% QTIOT?_ m (lask5.)

= b3m (Rrs* 59

5. A car accelerates from +20 m/s to +40 m/s in 10 seconds. What is the car’s acceleration?
How far does the car travel durmg the ten seconds?

a Yo-20 - D.0m/s’

lo

Vv 6\15

T d-

i\\\\\\v

10-2°, 020
o~

= 300m

6. A car travelling +50 m/s brakes hard to avoid hitting a deer on the road, slowing down to

+10 m/s in 5 seconds. What is the acceleration? What does the negatwe sign on acceleration
~5.0 mis®
v ls

mean? 0 ]O— 5’0
5

10 W




Part 2:
) In which of the following graphs below are both runners moving at the same speed?
Examine the graphs below.
Explain your answer.
:3» 40 'g 40 :‘é‘ a0 e g ag
8 s & &
E g = %
= by = =
] 3 8 8
» o & -
8 5 Z
P i 2 3 4 B o i 2 g 4 " i 2 3 4 a 1 2 3 q
4 Time {in seconds) . Time {in seconds) 2 Time {in secpnis) g Time (0 seconds)
g % 40 g a0 F 4ol
5 : £ £
& & £ &
2 5 @ R ¥ o
i = £ i 8
2 # 5 k|
8 & = K
P 2 : e :
/ . o :
/ ) 15 e ” e
5 e o e
a / 1 2 3 A ¢ 3 4 :
C " . ]
Time {in seconds] Yitne {in sevonds] o 1 2 3 4 o 1 2 2 4
D Timne {in seconds} C Time {in seconds)

Which of the graphs shows that one of runners started 10 yards further ahead of the

other? Explain your answer, D > Same 'S/OP e

N > one storts af Om ( refercnce pomt) Same Spced
~Sone st a1 10

The dlstance time graphs below represent the motion of a car, Match the descriptions
with the graphs. Explain your answers.

Descriptions:

1, The car is stopped.

2. The car is traveling at a constant speed.

3. The speed of the car Is decreasing.

4. The car is coming back.

A B.
distance g drsrnce
e I time

C. D.

dstance distance
l @ Sreptrmatches description L because & : i 05 ,. ‘,{On
a,. Greph'ﬁmatches descriptioﬁ or'lb%cause m N 5 I OP 6
3 SrEprC matches description 'D because CMI\GQ { ,) SIODe I&S d-C(JCa 5) n
l‘l &raptr® matches description b because MOVI n@ Cto 56{ +O 0 m OV&" ‘bma




The speed-time graphs below represent the motion of a car. Match the descriptions
with the graphs. Explain your answers.

Descriptions:

5. The car is stopped.

6. The car is fraveling at a constant speed.

7. The car is accelerating,

8. The car is slowing down.

The graph below shows how the speed of a bus changes during part of a journey

E. F.
spend speed
b
10 !
—_— e ———————— 3 &\
i i fimy f ¢ E &
H e
[
G. H. #
speed ipeed ! ; H \ / ,
o e o/
s rcaammssmessosestr T 4 8 Ao $2 44 1 3 o @ MBS
TRIE {pensewis}
Choose the correct words from the following list to describe the motion during each
0 pr segment of the journey to fill in the blanks.
tima o
accelerating
g‘ Grapb-E-matches description H because Oﬂlu onc a‘l’ 0 M/ S(X ‘m"s Scfxiiz;athsr;)gee "

« atrest
Graph matches description é because 6[)660\ (bm&lﬂ'\s h\e' Sﬁme @ -
Q Segment 0-A The bus is acc CIL"O‘J"'lq . Its speed changes

:l" Greptr&matches description E because “\ms € JY\ ;peca from 0 to 10 m/s in 5 seconds.

%-@F@PH* matches description F because dc-(’rta:s?/ n wec . Segment A-B  The bus is moving at a COhS}’Zil"+ | of 1
0&5 {-1 m ¢ pmj%s m/s for 5 seconds. .pc 6
. . Segment B-C  The bus s dCCGI‘C(ahn\g . It is slowing
_5\% *ﬁl - ')'3 down from 10 m/s to rest In 3 seconds.
Alperl  Bob  Charfie
gﬂ, . Segment C-D The bus is & 7L res% CIth
T o stopped,
E V4 -
uuj g // " Segment D-E The bus is a—CC Gl‘crah nj
é o o It is gradually increasing in speed.
a = =
// H
& !
e o
5 2 4 6 & e = uw o

TIME {secands}

Look at the graph above. It shows how three runners ran a 100-meter race,

Which runner wan the race? Explain your answer.
( 100 m)

Albot = reached he Lnish line

in less hma( 129 Fhan +he obher
ruhners

Which runner stopped for a rest? Explain your answer.

Charlle:> 815" cok Y = 060, for s

4+ me gwho




Part 3: Select from the following graphs to answer the following questions.

apply.{ie, there may be more than cae correct answer!)

Select all graphs that

C D

|

. A marble rolls af a constant speed along a

horizontal surface away from the origin.

C

A dover accelerates away from his house
with fncreasing acceleration.

D

A driver rolls toward his honse at
constant speed. {origin is house)

G

A marble is rolled from the top of an
inclined plane. Assume that "down’ the

ramp is -, F

L)

e Ve W v
‘.-r""ff[ - RNy _ - A ff‘
t { t -
E F G H
v v vV
™.,
\\\

= t — t t

"i\"x e -
-,\ -' e .

.

A Mock iz dropped from one meter above
the floor and if falls to the ground.
Assume “down’ 15+

A

A ball rolls along a horizontal surface at a
constant speed.  The ball strikes a wall
and rebounds toward the arigin at about
the same speed as before.

H

A ball iz tossed up into the air and is
caught at the same height it was released

at. E

A car driver glams on his brakes to avoid
hitting a deer. B



Accelerated Motion:

Up to this point, the velocity has been constant. However, when velocity is changing, we

have acceleration.
Recall from Physics 11:

If the change in velocity (acceleration) is in the same girec’cion as the velocity = speeds up
a

—Z speedsup forward S Seeds up in 0pposiic.

v \ direch on

If the change in velocity (acceleration) is in the opposite direction to the velocity = slows

down.

a g‘l aq I d .
<3 slows down —>  slows down In
\ brward <—v‘" Opposlbe di(‘ec"'} bn

Acceleration has more to it than just a change in ‘%felocity. Acceleration is the “rate” of change

in velocity which means we are also concerned with time.

change in Veloaly _— \p —Vo A

Accelerahon= ohange in hme 7 7 AT

% Vector guanh iy L“g/é_ = m/s*

Accelerated Motion Formulas:

- —"7—"") — -y | 2

.t

= S
g = (Voji?]: -t _\—f':l =_\-?02 + ZQd
&




Example 1 - An object that is initially travelling at a velocity of 7.0 m/s east accelerates

uniformly to a velocity of 22.0 m/s east in a time of 1.7 s. Calculate the _a_c;cele_r_izi)on of the

object. V°,+¥'0 —3:: \' “"VD
a Vp=t22.0 -
,A—}'O f):llo o ! — _t
No™ wl® o™ e d=X a =22.0—7.D
IL > x ‘b: l:?—s ,'?
’ —>
0 o=+%%mls

Free-Falling Objects

Recall that when air friction is minimal or non-existent (in a vacuum = no air present),

acceleration is constant due to the pull of the Earth’s gravity on an object close to the Earth’s

surface.[ S\«)( E()-}S‘)ﬂ

g=9.80 m/s? (g= acceleration due to gravity)

Example 2 - A cement block falls from the roof of a building. If the time of fall was 5.60s,
what is the height of the building?

),f\ 1= Vo"”’o A:_\Z't“';!z—atz
° Ve =X
os e 004 =0+ $(-2.9)(65:60)"
oL | height =154 m
(Scm?w!

Example 3 - A ball is rolled up a constant slope with an initial velocity of 12.0 m/s. If the ball’s
displacement is 0.500 m up the slope after 3.60s, what is the velocity of the ball at this time?

Vo=+12.0 ~g:(iz£§%)t
1 V\:'“? 2
0= ¥ 0500’('2,"? 4 YE)M»O
§ 0500 2
5= DidS 0.139= 6.0 + .V_.E




Accelerated Motion Problems:

1. An object uniformly accelerates from a velocity of 8__9_;n/s west t0 29.0 m/s west. What is the

average velocity of the cg]ect?

E q
See RIS No 2\‘ 5
<L ]

V =

+\)F _%OI’VZC\O

= 19.0m/s [W]

2. An object is displaced 55.0 m north while acceleratmg umformly If a velocity of 8 0 m/s north is

reached in 4.5 s, Whaat was the initial velocity?

E— @70
2 e gnld
\‘o O——-""""_”_a’
& 7%

(\fa*‘\,r)t 55=

32

)ys

3. A car travels at a constant velocity of 20 m/s for 8 seconds. How far has the car traveled?
Sketch the motion on the following graphs.

\%
25~

- ////\

O f }

T

5
5]

=10+ —Y
— 15 A: 203

—207 ;,ﬁ-\QDPﬂ
—25—

10

250
200+

D

150+
100+
50+
0

+bOm

—-504
—100+
— 150+
—200+
—250-

4. A book falls from a cabinet that is 2.45m above the floor. How long will it take the book to reach the

floor? O —A—,: v;‘b <4 .L at
[o=-a%,  dws=o+ -t
mls > o

+*= 050
t=60.70%s



5. A car travels 1000 meters in 30 seconds. What is the cars velocity?
Sketch the motion on the following graphs. + 33 3 N / S
V D
o \ OO

20| 159 g Lise- 1o
29 500 { (V‘ﬂ ls
(0 750 ‘ /‘4'33-?’

O T e e e e I 0 Lttt

K 1015 % 15 30 T 1o IS 20 25 2O

6. How long does it take for a car traveling at 20 m/s to travel 1500 m?
Sketch the motion on the following graphs.

20=1500 =355

t
V D
20 .
_ \gbc
- Toley
] 90*
0 e e e ] 0 et

10 2o % 4o 0 ko 30 %O IOZozoqosoCo




7. An object accelerates uniformly from rest for 112s. What was the velocity of the object in this time if

the displacement was 75.0 m west? L0 ‘j: (.’Vz _\_T) ‘t ‘:}S n= (__ F ;F>”2

;Q
W6k io o
o+ & — 0.bF = \_/_E \(F =) y‘lm/_s

0 (w])

8. A rock was thrown downward from an overpass onto the highway below. If the rock was released
when it was 12.0m above the highway and it took 1.30s for the rock to reach the road, what was the
velocityfof the rock when it was releadpd?

o J=0+ Lot

A A 3o)+ Yasll 39’
33| =\, (130)
vo-:: ““Q%B W\IS

9. A stone is dropped from the top of a 60 m high building. Ignore air resistance.
a) What is the velocity and position of the stone after 3.5s?

b) How far does the stone fall during the second and third seconds7

& Vet = 0+2(-9. 8)( b0) 3= 0+L(- 1935
(W=7 Ve343mls cl=-=-60m
Q’r " Tdw]  §-om

b) ZO"&(“Q YD) ==0m )
&0 +L(—°1,%)(3)’ ==-Yim AZ‘ A m

10. An object is thrown vertically upward from a helicopter that is hovering 44. Orrbagove the ground.

Vo

a) Calculate the velocity with which the object hits the ground. \ﬁ %

b) Calculate the time it took to reach the ground. N"I 97’

AV P29
7"*2\‘5(0 Vg = 31-Oms Cdowi]
\>) -9,3=—2 ,9_:-_(+103 = "\.\% S lo \4 \s?—ﬂ.
» — |

The initial velocity of the object was 10.0 m/s. A r, f-\




11. While riding on an amusement park ride, you drop an object. The vehicle was rising vertically at a
velocity of 8.40 m/s and was 7.00 m above the ground when the object was dropped. How long does it
take the object to reach the ground?

§ o en (D%nd Ve (because \, is not 2ers 4 loolting Puf\')
E:l VF q 4z 1L2(-9 $)~32.00) V ""M Y IY\/S
P @ qgo-mu=(+g) t= Q.35
°-- e v
Answers:
1) 19.0 m/s [W] 2) 6.44 m/s [N] 3)+160 m 4) 0.707s
5) +33.3 m/s 6)75 s 7) 1.34 m/s [W]
8) -2.86 m/s 9) 34.3 m/s [down], Om, 24m

10)-31.0 m/s, 4.18 s

11)2.3s



Physics 12 — Kinematics 3 - Accelerated Motion Continued

1) A train is at rest on the track while you walk at a constant velocity of 2 m/s forward

(relative to the train) for 10 seconds;
| »

A

-— /@ Pl e\

a) Complete the graphs below for the described motion.

b) How far have you walked (relative to the train) after ten seconds?

20m Forward

c) Draw a vector representing velocity (relative to the train) for you at t = 10 seconds.
Useascaleof 1 cm=1m/s

Ve.0mfls = 2Cm 5

fornord

d) Draw a vector representing your displacement (relative to the train) at t = 10
seconds. Use a scale of 1 cm =10 m

d=aom = J cm “mi—“%

2
, constant v = 0 mM/s ' constant v =2m/s

() s e et | ()




=10 seconds. Useascaleof 1 cm=10m d

CI:; 2.5 m = [.25¢cm

N constant accel.

2

(
oW
m.ccel > ¢

2 You are standing still on a train while the train is accelerating to the right at .25 m/s? from
) & &
rest.
. a=0.25 m/s’ V;=0m/s
S 7
L
= f\‘r ey \:\\;\"\\\C\
o] 4 AR
a) Complete the graphs below for your motion. (for 10 seconds)
b) What is your displacement (relative to the ground) after ten seconds?
10,5 m ﬁrwara’
c) Draw a velocity vector representing your velocity (relative to the ground) at t =10
seconds. Use a scale of 1 em =1 m/s v
® 7
Ve 25 mls =5 cm
d) Draw a displacement vector representing your displacement (relative to the ground) at t

v
nY‘e’

, % D
- 5+ 50 -
Y

. 95, - ,;ﬁ"(wq;n@ i

1,% (1)l +aw5 54
?,;\‘ﬁ’ 1 ¢on® ' i
O P ;'(}T ¢ ot £ 1"£’JT 0
LW | heh = 1935 :
=0.0.25 =d.9m/s Y 2 |

=125 m

i i
T

!



3) You are walking at a constant velocity of 2 m/s relative to the train while the train is
accelerating to the right at 0.25 m/s? from rest relative to the ground.

——p | a=0.25m/s’ Vi=0m/s

e

V =2 m/s

|
%ﬁ%&

#4

a) Complete the graphs below for your motion.
b) Draw a vector representing your velocity relative to the ground at t = 10 seconds.

(hint, there are TWO components!!)
< Vs
& mle + 2.5 mls

(A cm) + (235 cm) P f'Y)/.S [—rﬂf

c) Draw a vector representing your displacement relative to the ground at t =10 seconds.
(hint, there are TWO componentst!!)

20m+ 12.5m
(1 CM) *0,9565’7’9) ::..?)ng [_['j

Omfes + 9.25 m/sz'

= 2 ol acced o
S02Smls Trom’ 2mls Ao 4Sm/s
A Y D
" 7 50
\ ;3 ;
e iV AN
. R i‘, R ?’O H ot % % 1‘.0 P P
i \5 - .
wo ¢
N~ 95 \O")’;\ 1 L'w + kb .
D ( \,\)é B a N
i v ] )
. 5 IO '2.. ’7" 19 - .2 '5 w5

LY
=52.5m



Combining all of your knowledge of uniform motion, motion graphing and accelerated
motion-

A car begins a trip by accelerating from rest with an acceleration of +0.75 m/s? over 12
seconds. Once it reaches this velocity, it cruises at a constant velocity for 2.0 minutes
- before stepping on the brake causing an acceleration of -2.3 m/s? until it reaches a stop.

How far did the car travel over its entire motion? o - oyl 2
a=+0132 -2.3mls d, ""Vo{ ) al
__sml5 g=0 S

- L 2
\!o?o £=125 % v=9.2 \o=9.0 &S?’D &Q( 7 y
heIa0s O‘x“‘ 51! !

i 5L M dy=sofom ds= 1B ey 0 yog
™

Jotal = 5U+1080 +1g = 152 m O;f.\/%;s%.o X1290)
=0 §0m
O = Q,@Z“FQ.("‘Q-%) 0§3
d3217.b m

A dog runs forward from his doghouse at a constant velocity of 2.45 m/s for 62 s before
slowing down to 0.50 m/s to investigate an odor for 30 s before turning around and
running back to his doghouse. What is the total distance that the dog ran throughout his
entire motion?

.0
{5

S IR M5=ch  dy=15am
M:Q,%"m/s V,= 0.50m/s (2
_k': AR 1‘7}950 5

dz7 dy =7 0.50=dr  dy= I5M
d,yr= 167 M I+) 50

< Py Jolal clistonce =




Accelerated Motion Problem Assignment — Complete on separate sheet of paper.

1. The McLaren F1 is a great car! Costing a million dollars, it is the end result of a

lifetime fascination for racing by a very successful formula one car designer. Inits
road-legal configuration, the F1 can accelerate from zero to 160 Km/h in about six
seconds, beating a Porsche 911 Turbo by about 4.0 seconds. If you round off the
numbers, this works out to an acceleration from rest to 50 m/s in 6.0 s. How far does
the car travel in these six seconds? What is the rate of acceleration? Sketch a velocity

\
6

£ (s)

tiné% graph, as well as the kinematics equations to solve this problem.(+8.3 m/s?, +149m)

a=rist - 50 -49. 3m/5
run 6

- - - 2
a=Ng Vo= S%Q =+9 3 /s

t
d = é_p_iz-n b:50 =1/50m
o= vo%:-f—l- (;x% o+ (g 3E) =1

2. Ajogger runs at a constant velocity of 4.0 m/s for a tlme of 10 mmutes He then slows
to a trot of 2.0 m/s in the same direction for a time of 10 more minutes. He then jogs

back toward his starting point, where his car is parked, at a rate of 4 m/s without
stopping. How far has the man jogged, and how long does it take him to return to his
car? Draw vector diagrams with your solutions. (7200 m, 15 minutes)

ol; d = ?
{,-z-"(loié@ bbos "b‘zéb
v,= 4.0mls V1o mis
@,
< —0
VF 'j)‘fm/é

by
3= dy+ds "3600m

d=vb, 3(40Xéo@ =2400m
Olz“vzftz“ (2"0)((9 oD) =4+]200m

‘6:3 360@ - 7005

S -y
401‘0/"'-7-5\1{00m 15’ minw‘ﬂb.

3. A subway car accelerates uniformly from rest af a rate of 3.0 m/s for a time of 10
seconds, and then travels at a constant speed for 30 seconds. It then slows down ata
rate for -2.0 m/s? until it is stopped. Determine the distance traveled by the train for
each of the three sections of its motion. Draw a vector diagram. (+150m,+900m,+225m)

d,=0+1(3.0Y10)*
a +1§Om

4=43.0mls 6,0 a3=-2.0mls"
o 57105 {;z =305 Y9730 = a0
~7 7 7
Yo diFt yer 9 e’
29, V;_—-.BOM[S
d,=4150m * dy=+900m d3=+225m

total

= [2325 M)

zf?”o 2_ e£12(3.0( IS0) V¢ = 30
c[ 21,5, 2(20(30)= +qoom
0% 30 +2-2.0d =+225m

3



4. Aball is thrown up in the air at a speed of 30 m/s. How high does the ball go? How
y, high is the ball after two seconds? How high is the ball after 4.0 seconds? (46 m,

A\ 40m,42m) 0% = 3024-’-,2.[”@,%)01 oJ=Hbm

=qamls €708 T Joygrlap? 2
ok \s;—k’bgd\\ Z@OX2$+;L(”9 gXé)
=4 M X
£ =3.05 = d=(zo0H+L(-9.9(1)
= 120 +(-78.4)
= Ha M

5. Based on the information from questions three and four, what do you think it means
to have a positive velocity and a positive acceleration? How about a negative velocity
and a negative acceleration? Finally, how about a positive velocity and a negative
acceleration? (see posted solutions)

v, o . Sl AU , +V ecreasin
L% /r)c,rea.sarfg _a 'ném@’é"y — Oiispcéed j

a =2 s eed’ — 9 - )
= ifpii?%ivf: in peqatie < in posrhve
e ohon direchon direchon

6. A car accelerates uniformly from rest to a speed of 30 m/s in a time of 10 seconds. It
then stops in a time of one half of a second. Find its acceleration, and the distance
traveled by the car during its speeding up and slowing down periods. What do you
suppose happened to create such a deceleration? (+3.0 m/s?, +150m, -60 m/s?, +7.5m)

a=30-0 = +3.0mls" d= o+L(3.0)(r0) =15Dm
/o — N
- —bomf dy=B0Yr Lo 0:5)
=+4.5m

= coll; yvith ehi iHh h
ig// odi{iﬁge s vj ffff;;}j q/’Q cky@ cNoUg " IMass

a, = O-30
0.5



7. A man riding upward in a hot air balloon at a constant rate of 10 m/s drops a sandbag
out of his balloon to lighten his craft. If the sandbag falls freely for 10 seconds, what
will be its velocity at this time? After ten seconds, how far below the point of release
will the bag be? After ten seconds, will this be the same as the distance that the bag is
below the balloon? (-88 m/s, 390 m below, no, the balloon is still rising pp at +10 m/s)

~4L=Ve~ 0 Ve=-§8m/s

10
Jo=14 wls” ol ("‘”u H= _33>>/0 = =390 m
\J@%ﬁfg, N =3G0m below
y=d r10=d  —+100m (nObeCa}A.&@«
L [0 Lalloon is Stil
T15109 2T tomls

8. The driver of a Porsche 944 is tooling down a one lane'couﬁtry road at 27 m/s when he
crests a hill land sees a cement truck parked in the road 40 m ahead of him. If the
maximum deceleration which can be supplied by his brakes and tires is 8.5 m/s?, will
he avoid a crash or not? (+43 m, no he will need 43 m to stop completely and the
cement truck is 40 m away)

2__ ., 2
Vg™ = \/02-1-20161 l___) no, he will need 43m
0 - Q?f 2A=05)d o ompledely siop.
=+ 3m i

4+ A sling-shot can speed up a 30 gram ball bearing from zero to 100 m/s in 0.30 seconds.
What is the acceleration of the metal ball? (+333 m/s?)

4 =100—0 o =333 s
M-‘
0 .30

10. If a ball is launched upward at 20 m/s, after 1.5 seconds, what is its velocity? How
% high above the point of release will the ball be? (+5.3 m/s, 19 m high)

~9.$7VE~2O  Vp= #53m/e
\La——"ﬁ.zmlsz 1S Lo
_(20+53\15 d= 19 m h
) \so”"&s d—( 2 ){ d "




1¢. If a ball is thrown upward at 20 m/s, after 2.0 seconds what will its velocity be? What
will its instantaneous acceleration be? Is this the same as its constant acceleration?
(0.40 m/s, -9.8 m/s?, yes it is the same as the only acceleration acting on the object is
acceleration due to gravity.)

7 ) ~1.9=V—20 Vg= O. 40 Vn/s
J/ar--‘mmls 2.0
e inst &= “18rals S itis Fhe same
o S ( ravily

13. A toboggan full of little kids accelerates from rest down a hill with a constant
acceleration of 2 m/s?. How long will they have to keep this up before the exceed 100

km/h? (14 s) 100 &mfph~> 3F. 3 m/s
Q=4+8"° {=1lg

13, A box slides down a ramp and accelerates from 2.0 m/s to 4.0 m/s in a period of ten
seconds. How far has the box gone in this time? (30 m)

d= ”Q’Oﬁ’O)o = 30m
. oV m

1% Jimmy backs his car out of its parking space and smacks into a shopping cart which
has been left in the parking lot, sending it at 6.0 m/s toward another row of cars 15
meters away. If the cart loses 2 m/s from its velocity every second that passes, how far
will the cart go before it stops? Will it hit the other row of cars? (9.0 m, no)

a= —amfs” 0% 6.0" +1(-2)d

= 90mbefore slopping: will not hit
" P20 Bhe otter cars,

15 A hockey player is checked into the boards, and in 0.50 seconds, changes his speed
from 10 m/s to -5 m/s. What acceleration does he experience? If the acceleration of
gravity (called “g”) is 9.8 m/s, how many g’s does the player experience from the hit?
(-30 m/s?, 3.1°g’s)

a< =5-10 o= ”39;’1{)/52 J0—-9% ;3:, \g;

05 —




Physics 12 — Vectors

A
Scalars -
Scalar quantities require only magnitude to specify them.
Examples:

e distance (NOT displacement)

e mass (NOT weight),

e speed (NOT velocity),

e volume, area, density, time and temperature.

Vectors
Vector quantities require both magnitude and direction to specify them.
Examples: displacement, weight, velocity, acceleration, force and momentum.

Representing Vectors Graphically

Vectors can be represented graphically by drawing an arrow. The arrow you draw will have a
length, and a direction. The length of the arrow corresponds to the magnitude of the vector,
and the direction that the arrow ig pointing corresponds to the direction of the vector.

Ql

o> - North 5 - South

10 - West 10 - Eost

N\
V

Vector Equality

For two vectors to be equal, they must have the same direction and the same magnitude.

B#A (Same direction but different
magnitudes)

>
=

A=#E (Same magnitude but different A
directions)

>(

D=A  (Same magnitude AND same
direction)

\ d D are +h
it Ve,co)lroers +ﬁ0.’\’

C\r egual
/o

M



Adding Vectors

When you add the vectors together, the result is also a vector. We call this th = R

The rule we use to add vectors is called the ‘tip to tail’ rule. If you want to add two vectors,
translate (move) the tail of one vector to the tip of another vector.

The resultant is drawn from the tail of the first vector (WHERE YOU STARTED) to the tip of the
second vector (WHERE YOU ENDED). In text books resultants are usually shown with dashed
lines.

We are going to use the analytical method in which we will draw a reasonable representation of
the vector problem (as opposed to the graphical method where a diagram is drawn to scale
using a ruler and protractor).

If the vectors are perpendicular to each other, you can use the Pythagorean Theorem to
determine the magnitude of the resultant.

— 2 2
R=\J(R)*+(R,)
In the following example we will show how to add two vectors. The two vectors are: ~ Vector
A =5 up, added to Vector B =10 right. We can then see how the addition of the two vectors is
NOT 15. ‘ |

To odd vector A to vector B:

2 pow use trigorormetiry to
solve for the length ond

dir ection
. 00
Y

P
A A mrzém ‘[ (.e;)b

17 tromslote the toil of B g2y drow o vector from the
to the tip of A TAIL of A +to the TIF of B

This is the '_,.-"" 1118 cm

} w}o‘,\— resulihaml!! \/

=leze 2 = 1,2CM *r\ee/dg_@"OCJHP“
R=\5%+ 10 = di\Yedon

o, on0= 10 = 63° (a0’ 63)-2#° |

5190

R@gul—bﬂt = 1.2c¢m 27F° fom hDﬁZl)n‘,ﬁ‘
of ll.2cm 63° fom  verhcal

The reason that we “translate” the vectors is so that the resultant reflects the individual vectors.
Vector A was pointing up. Vector B was pointing right. Therefore the resultant should be
pointing up and right.



Direction Specification

We also need a method to describe the direction that vectors point in. There is more than one
way to specify the direction of a vector. Depending on the situation we may specify the same
direction in different ways, but all are correct.

In the first diagram on the left the vector is not pointing straight East, but is it pointing at an
angle 30° towards South of East. Looking at the second vector, the direction specification is now
is not pointing straight South, but is it pointing at an angle 60° towards East of South. The third
diagram is showing the vector at +330° which can also be described as -30°. Note how there are
four directions that sound different but when you sketch out the direction is can be seen that all
four are the same. They are all correct directions for the vector.

B O
N N
Wetndosn w-@%@-g B
3 £ / “‘\
_ 180° 0 ogE o
!
\'\
e . 236 T i
30 e 30
270" &0
30° S of E 60° E of S 330° ~30°

An object moves 73 m north and 62 m east. What is the resultant?
Diagram: 9 p Magnitude of R

4 7" _ ‘ 2 1
- , R—-\[(Rx) +(Ry)
m y, 7 ks
R =[ (6 +(35)
~

/ = b m 7

Direction of R T ‘o

O tond=k2=1° Eof N ®50 Nof E L%,
?g N ‘\00/'/'

/

choose
ot R= Q(omLtOOEO‘FN




An object moves 5.0 m north, 10.0 m west and 9.0 m south

Stepone: combine north4 South(on+he same plan
+5.0m *(-9.0m) = -H.0m =

shep hvo:

Hom

slep three: 1anD=/0.0 = (4° W of S
, 4.0

Vector Components

When we split vectors up into pieces we call the pieces components. Normally, we want to split
up vectors into their X" and “Y’ components. Another way to think of this is the ammount that

the vector points in the X and Y directions.

1) List the components of the following vectors A — F in the spaces provided.

4.0m south

D)

R= [10.0%+ 1.0° :J}/’ﬁ}O%

SO/M/ionz

[otm 68° Woef S

C

/

/

O

[T

HAVERN

N
N N

T

m




When resolving vectors into their components we use trigonometry to determine the

‘,
components. v‘\,\»oﬁ 20=R |
A. (65 Sln 20= & C0sS .5\(_
N 2 1
SN Ry= 15m W] Re= 35mlED
2
RxL
B. 15.0 m 34.0°S of B
sin®=Ry cos34=Rx
Rx 5.9 5.0
e | Rz Bln(S)  Rx= 12m(E]
MU~

Vectors Part One Assignment:

1. Solve the following displacement vectors by finding the net displacement and direction.

A) 3.0 msouth and 4.0 m south B) 3.0 m south and 4.0 m north
‘  Yp+(-30) =+1.0M
30m
‘ +.0[ + |-30 _
+ - Jom Sowth '“I\ Im = f+lom
Hom
=] Om Notth
@) 3.0 m south and 4. 8.0 m west and 5.0 m north
~
N 50 ~
30m ~ 4] ~
S
O M
+hom 6

R= Jworr( 3.0 R=Dom R=[gor+rs0r R="THM

fanb= 49 = 3 Eof § ton0=3.0 = 35 N ot W



E) 7.0 m south, 6.0 m east and 8.0 m north F) 15 m west, 12 m north and 20 m east
® -15m+ 20m= +5mMm

(® sml o/uh on.
izm| v 12m 23 EO‘PN
[3m

R= | 514—\2 R=

+0ﬂ6='—9'*0]€0 Nof E ')'ane-rz-.- Eof{ N

2. Determine the x and y components of the following displacements:

Re= SinN2F=Rx,

A) 16.0 m north 16am2700E0fN
Tbm
100 SRPCL fz *1dom
m /\\0.0 R\,:COSZQ{_&L

L& ' 6.0

Rx = Om Ry = /60m [N] Rx = 7.2(9m[E;Ry: 4.2 m [N]

C)  20.0m52.0°W of N D) 100m327°
: : n}; ° , ) / .37;] Ryl SiN33= R}]
X siN52=Ry_ '
Q0.0 '
N Ry
1]
&0.5 \BA'O erlf.ﬁm V\l
m
Cos52=Ry
A0 0
Ry _J2%5m N

R= /S Bmlnlg, _ /23m N rx= 83Im[ETR, - 545m [5]




3. Resolve the following problems into their x and y components.

A) A person walks 200 meters at 27° degrees North of East.

) - R =
oo sin 27 5610 Ry=9] m e 176 mE]
X cosads Ry R=FBm  re MmN
Ry 200

B) A magnet attracts a steel ball with a force of 220 N at 25° North of West.

S'hzs;gﬂ R\’: qBON Rx= /qq N FWY

gy| o 229 ky= 3.0 [N ]
ng(\ (/0525:& Rx:, 199 N

N U 220
C) A rocket accelerates at 45 m/s?at 65 degrees South of East.
Rx = /01/7')/52 [E]
rRy= 4] m,/.Sz [5]

Sine5 =Ry Q\, =4} m/sa"
WS a2

(,05653&— Rx:lqmlﬁ
4S

D) A cannonball is launched with a speed of 170 m/s at 40° above the horizontal.

o 7 sinfo=Ry Ry=09m/s ke~ 130m/s [#]

NN
\*Eo g Ky Fo Ry = 109m/s [up]
a_ AS

Ry cosl0= R Ry=120m/s
0




Answers:
1. A) 7.0 m south B) 1.0 m north C)5.0mb53°EofS D)9.4m32°N of W
E)6.1m9.5°Nof E F)13m23°E of N
2. A)Rx=0m Ry=16.0m north B) Rx= 7.26 m east Ry =14.2 m north
C)Rx=15.8 m west Ry=123 mnorth D)Rx=8.39m east Ry =05.45m south
3. A)Rx=178 meast Ry=91 mnorth  B)Rx=199 N west Ry =93.0 nnorth

C) Rx =19 m/s? east Ry =41 m/s? south D) Rx =130 m/s forward Ry =109 m/s up



Physics 12 - Vectors Part Two - Adding Vectors
Last class, we began adding vectors together.

12 m/s east + 24 m/s north -

£ R{nfeat = 27mbs
R,’ ?v-'f:lls, +aﬂ_\(5fﬂj =63°Not E
/ 2
é.?_._/._\ﬁ olution: 27mfs 63° N of E
12 pls

Non-90° Vector Addition:
Adding vectors that are completely in the "X’ or “Y’ directions is easy as they form nice right-
angle triangles and the basic trig laws and Pythagorean theorem work.

However, often the vectors are not all in the “X"'and “Y’ direction. How do we solve these
problems?

Step One: We take the vector at a weird angle (ie, not N, E, 5, or W) and resolve (break
apart) the vector to its ‘X" and Y’ components.

Step Two: ~ We add up all the "X’ components, add up all the “Y’ components, and create a
right triangle to use basic trig and Pythagorean theorem to calculate the
magnitude and direction of the resultant!!!!

Examples - Add the following vectors:

10 m @ 37° N of W + 50 m North

Resolve.: @ Solve
® T jom sin¥? =Ry =6.0m Notth N R{Scf—r%ﬁz - 520
Ry A \ 10 5b \a - .
0597 Ry=Bom Wesk  m ton (5%)— 82" NoF W
& ° o Solution: 5Fm $2° Nof W

© detlermine #tal Fom
X 4 \{ Comp@ﬁ@ﬂ“?l’s

\e6 om [w3+ S0m (D = 5 [i] B
. Wl + 0m o
X: 908 : <. -thereis ,?‘;)%C,Qf,mguﬂr'



62 N @ 30° + 50 N 53°

D) Resolve both inoX 4 Y ~compenents:
(N 7 goN /

, 306 _ 2,0
sin30=Ry C0s%0:Re Sz =Ry cos53-Re

b2 62 SO 50
R\’___:“ N L'Nj Rx=53n [E] RY“"\OM[N]RM"gON{EJ

oo
Find Hola) X 4 ™) ace’
| @\/%mimum FNN] K Mﬁﬁgr\ 0\'\\}
X o s3+20=83N [E] 4 (/lk/ of L/)
Solve.

P R:] 2‘+:HZ :\DqM
e :HN | 8?) :
wn“(%}m“ Nof E
g3 n solihion: t0aN HI*

50m/s2@57° N of W+2.0m/s?@22° Sof W ‘ o )Q_(Q
. < .O
Dresolve: 4 5.0,= Re= cosS?[s.o> 2 R - ‘f%smz I v),‘l
mls = a7mls* ] 2 s gnaz(aL)
S 45016  Ry® sina
Ry = sinsH5.0) « =075 ,0'5]
< 4.2 mls LN mfs

@ combine : 5
X3 -39 +[,/,g) = —Y Smls* or 15 m/6 (W]

ys 4,2 + (—0.75)= \3,"/5'")/61[1\]7

| 45 _ 2,34S% = S?m/.sz
= A= f;;’—/
D splve N %3 o

__/ﬂnvl% :530;’)/0%/‘}

=57 mfs"@ 53" W of N




Review of Velocity Vectors (from Physics 11)

Velocity vectors are added together in the same way that we added displacement vectors
together.
1. Use tip-to-tail to find the resultant.

2. Find the magnitude of R through Pythagorean Theorem R= \/ (R, )2 + (Ry )2

opp _ R,

3. Find the direction of the vector using: tané =
adi R

River Problems (2-D motion)
A boat whose speed in still water is 4.5m/s travels north across a river. The river current is 2.0 m/s
east. What is the velocity relative to the shore?

R = \{ElolﬂL H5 = = 41 m/5 solubon!

. . = 49mls 4 Eof N
_Iﬂh’(%':lg)>:gq l:ovl‘\/\l /5

We can also put vectors together with kinematics formulas such as v=d/t. This is illustrated
in the problem of a boat crossing a river.

A boat whose speed in still water is 3.0 m/s is headed east across a river. The river current is 1.3 m/s

south.
a) What is the velocity of the boat relative to the shore? So IM‘/‘{DY"
oD
- 3.0mfs R=(132+%.0> = 3.3 m/s S,Em/s 23 SofE
= ,
« {3mls

R~ Jf““"('g'%: 13°Sof B

Remember, the time it takes to travel across with
no current will be the same as the time it takes to
cross with the current.

-

3.0 /s )

b) If the river is 2000m wide, how long does it take to cross the river?

o
i
— o 'y, h
This means the southern current acts on the boat for the total time displacing it from its ¢ )

intended destination at 1.3 m/s [S].

¢) How far downstream is the boat when it reaches the other side?

VF‘S‘l l:3=9lﬁk Q]: 7 S
\,{3 éﬁ y 8(¢ M[—]

2000 m B“Zﬁg



The other use of velocity vectors'is to determine the initial direction needed to result in
desired destination when more than one velocity is acting on the object.

A pilot wants to fly south. If the plane has an airspeed of 75 m/s, and there is a 15 m/s wind blowing

east,
a) What direction must the pilot head the plane in order to travel the desired resultant path?
b) What will the resultant speed of the plane be with the effects of the wind?

soluhon:
//?(;5/6}\9 Aol , ‘ il lot W\U&S'}_ h e.(kd

o v %] - 0 ¢
% ‘|R1 - ﬁg:;/,m fan” (Eg}“ wofS
L mwks 7 (ot vle)

15 m/§



Vectors Part Two Assignment:

PartI:

Find the x and ¥ components of each of the following vectors,

12w /“25 i3 15 00
A O
ek s F e

<= 10m E <= |3mls E c=13m/s W
6.Om N = palal m/s N = Tf.'Smls N

v=

Add the following vectors,

T 1
12 ovs 1 /
12w - . 1135 4
S AT _ s
15m/§

1

Nm/s E . L.%msE - = IS E calmls 45

w- Hlmls N +  p=_llmls N = Yas /5 mfs N Nof E
. .
‘K\\f:“\“é;-%ﬁib S'Of:‘ ~ <o
/ 50° 25 W S X.OONmLW

X1=35m L\ + Xy = 0 m W = Xy = BBmW
w=23m N + w=_dMm S 5.0m N

Il

Vim &




2. Add the following displacement vectors:

a) 8.0 m east and 6.0 m 35° N of E b) 12 m south and 15 m 55° E of N
. 0s35=Kx = H9amE L Rx=12.3m E
AR ) L 5" Ry=8.6mN
35 sin35:Ry = 34 mN v ! g
Ry b.0 4 m5 Jand
—[2m+ 8bm=-3U4m 7 3 MpP an
gom+ 4 ImE= JMm and 34mN " 12 3m[E]
. W:zsmgﬂE;%/\» RW:\Bm
P T |sim on” ( " =5 Jon® (u%) F5°€ofS
[5)
soluhon: soluhon:
A B 157 Nof £ Bm 75" EofS

€)5.0m 26°S of E and 7.0 m 58° W of N d)9.0m 35°N of E and 7.0m 25° S of E

010(“ 350
:r)Om . Om

R,(:‘{Sm[i Ry=5aAm W Rx IUME Re= 6,3 E
Q\,; 2.2am S R\;; B.C)—mf\] R\;=5.RN\N R\’_—g omS
o Yiiures= 13FIME
= 14w W ¥ ,
(45 +(-5.49)= Hmw Lo anm
¥: 2.3+ 33~ L5mN el
s | LR R=l14*+15°
" >, “adm
o (15) = 3 Nof W
LAm T 12.Fm
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3. A GT SnowRacer® had a momentum of 100 kgem/s [20°N of W] as it slid on a perfectly
smooth hill. It received an impulse of 50.0 Nes [10°N of E] from a barrier placed on one edge
of the hill. What was the resulting momentum of the GT SnowRacer®?

S
~ [0y 020 ] X.~aH.0+ 492 = 4 B ¥gmisW
29 E \i: 24.2+ 8.7=42.9 lgnls N

= . NS
Ry= 340 by mlo W g\);: 4q.2 E
R\,:Bqa kﬁ'm}S N 8,:}' NS N

~

pa| T
0 ~
w8
07 OKQ'm/s gy” N of W P‘:JWL = (2.0 kgfmls
| N CEAETARNERT
;+oxh ('—M,Q) 1 No

4. Two forces act on an object. One has a magnitude of 25.0 N at an angle of 75°, the other has
a magnitude of 40.0 N at an angle of 170°. What is the resultant force acting on the object?

y. w4z +(-39.0) " 92 N[w]
.l +69 =31 N [N]

soltion’

; _Ho.oN Y
Ay« 647N [E] Ry =214 N (W] . R
Ry= a1 N [N Ry< 64N [N] 21N ~
e -
22 9N
SD\Mhon" R: 32’()'2 +?)|L - qg’ N

— e —

ook Y N of W for” (%Q: 3 Nek W



5. A boat that can travel 3.6 m/s on still water heads directly north across a river that is 600 m
wide. The river current is 1.2 m/s east. Draw the vector diagram.

a) What is the velocity of the boat with respect to the shore?

o]
R= Jl/22+3/é>2 = 3.4 m/s 713,,“'(,/,_2;};;20 E of N
3.6
= 3# M/S 20° E of N

b) How long does it take the boat to reach the opposite side?
w=A 3= 60§ T
6 ¥

c) How far downstream is the boat when it reaches the opposite shore?

veede  1R=dy  dy= 200m TE |
4] b7

6. A passenger in a train travelling at 6.8 m/s [N] walks across the train car at 0.90 m/s [E] to
the snack bar. If the car is 3.8 m wide, how long does it take the passenger to reach the other
side? What is his velocity relative to the ground?

y=dy 0490°3.8  t=43s

V= 0.0 (5

e

£ 7
Var 09 +68"  Vg= 6.9 m /s

Lo 0%9 = 25° Eof N
J

EEE, solwhiont b.amle FE° Eot N

Answers:;

1) see posted solutions

2.a)13m15° N of E b) 13 m 75° E of S )21m47°Nof W d)14m9.1°Nof E
3) 62.0 kgem/s 44° N of W

4)45.0N 43° N of W

5) a)3.79 m/s 20° E of N b) 167 s ¢) 200 m [E]

6) 6.9 m/s 7.5°E of N
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Questions: Draw a vector diagram for each question and then solve for the resultant with

direction.

1. A pilot heads her plane north with a velocity of 140 km/h. If there is a strong wind of 75 km/h

blowing east, what is the velocity of the plane with reference to the ground?

Vyx = 75 KM/h

= [T+ 5> = 159 km)h
4_5,”-'(3@ 2930 Eof N

{
solwhon: 159 Hm/h «%3'9\0 Eof N

2. A boat whose speed in still water is 4.5 m/s is in a river whose current velocity is 2.0 m/s east. What

is the velocity of the boat relative to the shore when the boat is heading;:

a)‘ean? M/\é = 6.5 m/s [Ej
b) west? +2.0m/s
= ~,,?.5:m/6 = Q'gm/\S [V\/j

S sl

a-0
¢) north? -

T W = A0S T yanls 2% o N
/e %%) = a4° Eof N

3. A pilot wants to fly west (the resultant will be west). If the plane has an air speed of 105 m/s, and

there is a 33 m/s wind blowing north, in what direction must she head?

2 2% y o \1
T T sih” (,05> ﬁ/g Sot W
105

2%



4. A boat whose speed in still water is 7.4 m/s is headed east across a river. The river current is 1.5 m/s
south. F 4 mls

& >
\/9\ 1.Sms
Ve = ~

a) What is the velocity of the boat relative to the shore?
)
2 —
Vo= [247# 15 = T.bm/s Fom/s 1" Sof E
o 0
—{—m n- ! ( L"b\ = S o 1£ E
74 I
b) If the river is 6000 m wide, how long does it take the boat to cross the river?

w=dx 7.} =06000  {=8lls

£ &

c) How far downstream is the boat when it reaches the other side of the river?

Vy = dy 15=dy dy = 1217 m [s]
£ 81l




Velocity Vector Problems: Name:

Draw a vector diagram for each question and then solve for the resultant with
direction.

1. A truck is travelling in a straight line with uniform motion. The east component of this
motion is 14.0 m/s, and the south component of the motion is 21.0 m/s. What is the

velocity of the car? R = ’N.OZ +21.0> = A5 .am/s

%om/
)\9 2.0 Mn“'(gl_)s 5(9.3°§o1£E
RN 0
\ solufion: 252 mls 563 Sof E

2. A pilot heads her plane north with a velocity of 140 km/h. If there is a strong wind of
75.0 km/h blowing east, what is the velocity of the plane with reference to the ground?

B R agey yy = 159 kmfh
4o / | _ 0
wh | ] fan (,_i:_g\., 29.2° Eof N
solukion: 159 kmlh 23.2° Eof N

3. An airplane is headed due north at an airspeed of 55 m/s. A sudden wind of 32 m/s
arises from the west (blowing east). What is the velocity of the plane relative to the
ground while the wind is blowing?

m"i R={32" + 557 = 61 m/s.
we o on7!(2)= 30" EoFN

5
soluﬁonbsbll mls 30° E of N

4. A boat whose speed in still water is 4.5 m/s is in a river whose current velocity is 2.0
m/s east. What is the velocity of the boat relative to the shore when the boat is headed:

a) east? a) ei‘ém_/g?':;ﬂgls R=6.5 mls east
DS
c) north? ’ y
ab
C o
) / R‘,Ig,o’w.‘s’ = 4.9m/s

W |,/ l(20) = At Eof N
R=49ms24° Fof N




5. A boat that can travel on still water at a speed of 4.0 m/s wants to travel north
perpendicular to the river current. If the river current is 2.2 m/s east, in what direction
2’]}_{8’[ he boat be held? (Note: Boat's resultant is to be perpendicular to the river current)

.= f2aN\_ g0
Sin (Z‘} &
RV

wi5\0 330 WO\C N

6. A pilot wants to fly west (the resultant will be west). If the plane has an air speed of
105 m/s, and there is a 33 m/s wind blowing north, in what direction must she head?

. =1 o
i (22 ) =19
105

s

)
22 107 wl 8° {0{’ W

7. A boat whose speed in still water is 7.4 m/s is headed east across a river. The river
current is 1.5 m/s south.

a) What is the velogity of the boat relative to the shore?

FUmls R:‘ﬁ'qz_,,'.sr 237-6”1/5
= ”o sof E

- (12 ~
mls  4an” 3y
. 0
solubon: 7.6 mls II'S of E
b) If the river is 6000 m wide, how long does it take the boat to cross the river?

wsdn Fuzéow Bil's

c) How far downstream is the boat when it reaches the other side of the river?

V\’:‘A,‘f. [‘S:S‘_i d\’: l?.lb m [Sj
|
4 Ml |,'Zx103 m [s)



8. A boat that can travel 3.6 m/s on still water heads directly north across a river that is
600 m wide. The river current is 1.2 m/s east.

a) What i ig Te velocity of the boat with respect to the shore?

R= J12* +ai> = 3.8mls

bao™! (2= 18" E of N

solubon: 3.9 m(s 18° Eof N
b) How long does it take the boat to reach the opposite side?

W=dy  3b=600  L=167S
t b

c) How far downstream is the boat when it reaches the opposite shore?

Vedy  12=dx J= 200 m[E]
£ 167 C (a.000%m [E])

9. A passenger in a train travelling at 6.8 m/s [N] walks across the train car at 0.90 m/s
[E] to the shack bar. If the car is 3.8 m wide, how long does it take the passenger to
reach the other side? What is his velocity relative to the ground?

| R= o907+ 6 9> = 69
v-bs R /" |bs \ . m /S
m/s 4 oS (%%r_lb: 82 Nol E
Ol 0 4om[s sluhonz 69 m/s32° NoFE




Physics 12 - Projectile Motion 1 (Horizontal Launch)

When an object is thrown into the air, it is a projectile. Any object that curves downward in
response to gravity is called a projectile. The motion of a projectile under the influence of

gravity is called projectile motion.

initial velocity
s 5
-
[

",
~

horizontal (x)

vertical (y) N component

component \\

HORIZONTAL COMPONENT:
Why do we describe this horizontal component as uniform motion?

Imagine a cannonball shot horizontally from a \;ery high cliff at a high speed. And suppose
for a moment that the gravity switch could be turned off.

According to Newton's first law of motion, such a cannonball would continue in motion in a

straight line at constant speed (in the absence of an unbalanced force)

v path Taken

] Gomummunsxs funrenounsn @Pogunmunana a -

& with No ﬁfﬁv}w

= obyect will stay in
mohon atthe same specd
in same direchon

= uniform mehon — V, = dx

v

However, is it an object’s path under the influence of gravity that is considered projectile

motion.



VERTICAL COMPONENT:

=accelerated motion (%’%a Kinematics
rmil A4S = VoVe ,a,d,+

When we have gravity, it will act downwards upon the cannonball to affect its vertical
motion. Gravity causes a vertical acceleration (-9.8m/s2). The ball will drop vertically below
its otherwise straight-line, inertial path. As gravity is a downward force, it will affect the

projectile’s vertical motion and cause the parabolic trajectory that we see in %goj tile motion.

%gi”aw ce
...... Gemneanamneguanianins @rarnnann g ]ﬁ,g/‘%‘?ﬁ / g@g&"};

actual poth
o Lake urder infience

of ﬁmvi %y

with 9ravi1ﬂ/ achng as a downward “anbalanied b
force, the yrojechle wil fall below its “ihaial”

path and “follow +he paabolic Shaped path seen
above

TIME:

Assuming no air resistance, the time it takes to fall when dropped straight down is the

same as the time it takes to complete the projectile path.

This happens for the same reason as it did when we were calculating velocity vectors with a

boat crossing the river. Even though the displacement is higher (path is greater), the velocity

‘[7)( = 'by,

*his allows
us fo calculait
Ame in ONL

component on
nse it o solve

is also higher (due to an initial horizontal velocity).

compo N ent.

for +he oFher mokn



Examples: An object is thrown horizontally at a velocity of 20.0 m/s from the top of a building 50.0m
tall. What is the range of this object?

V,, 20 _m-0+l1 z
Vy = . . . oy SD—0+ ("9.3)t
—#ff oms findhme = v, X 2
|\/o:,,o - . ﬁrough' ; o ._gg £=3.19s
& _ ‘ 2N y-—compﬂf\’cn _
Y ay'/alﬂw\)% 1< =50
’"50.0!‘() ! t ”) \ {;7 7
‘ YJ' \ , [
\V‘J?\\ ' 7%'r X_. ? J - 7 -
i 3 nayt (= 3.19
dy=7 ‘ b~ 319

An object is thrown horizontally at a velocity of 32.0 m/s from the top of a building. If the range of the
object is 55.0m, how high is the building?

: : Uy =dy 32255
:I_ji_i_aéo?\ls ﬁnj# Wlﬂ\t Lo > =
Tyoe0 - omp ONeld |
}\1: ) . da"m .{//; I-“?’QS 2
? ll (1‘:—‘] 1 \ f{nd Ul\/ Wm\} \/oy 2 O (J)‘:O-EL(!’ ‘YX"?D
\ Y ~@ompnens 7 Vg~
R L dal gl J; )mm
_ 47 g
dy=55.0m .

During a police chase, a car drives off the edge of a cliff that is 47.5 m high. When the police look over
the edge to check on the suspect, they find that the car landed in the lake that is 200 m from the base of
the cliff. How fast was the car travelling when it went over the edge of the cliff?

B e
S\ 'l‘\' ‘}DOK J_ o
lﬁg ‘Lq:a,g\ -”hy_ caV fo ‘pal I . hqq S =)) +2(‘q"8)t
m /s vd}’ico»l\q £:3,lls
2. colculade
COLVY\ V,(}’dx = 0D = éqgmlé

e : T 3:”
—m b



Proj

ectile Motion-1 Assignment:

1. An object is thrown horizontally from the top of a cliff at a velocity of 20.0 m/s.

a) If the object takes 4.20s to reach the ground, what is the range of this object? (84.0m)

b) What is the velocity of the object just before it hits the ground? (Remember, this will
be a resultant velocity) (45.8 m/s)

\Cx=20.0m/_g q) Vy = _‘i{‘_ 20.0 = dx ody= 84.0m
T < b 120
N\
b) ~9,8= VE____—D Ve = '-'"/’.2")/5
S '

20
Va0t RE 458 mls

2. A
The

—_ —_—
dx 7o

bullet is fired from a rifle that is held 1.60 m above the ground in a horizontal position.
initial speed of the bullet is 1100 m/s. Find (a) the time it takes for the bullet to strike the

ground and (b) the horizontal distance travelled by the bullet. (0.571 s, 629 m)

Vi =/100m/ls,
) é:"“_} a)’,olo0=o+£('q'%>t "t—O,S?l S
v:’
].bOM ‘]/-q q X \
\ b) ”oo:éi Ql)(-*— 529 m
— dx— 053
3. A car drives straight off the edge of a cliff that is 54.0 m high. The police at the scene of the

accident note that the car landed on a tree that was growing 130 m from the base of the cliff.

How fast was the car travelling when it went over the edge of the cliff? (39.2 m/s)

T \.\ “hY b= O (_c] zyt t=3-39~ )

\ =130 = 392 m)s
259,




4. A tennis ball is struck such that it leaves the racket horizontally with a speed of 28.0 m/s.
The ball hits the court at a horizontal distance of 19.6 m from the racket. What is the height
of the tennis ball when it leaves the racket? (2.40 m)

V= 240 ls ;3.0:(%!3 t=0.700S
dL i“'“ Jy=o (480>  dy=-240m0
——dy = tq.bm—?;“ h=240Mm

5. A diver pushes off horizontally with a speed of 2.00 m/s from a platform edge 10.0 m
above the surface of the water.
a) At what horizontal distance from the edge is the diver 0.800s after pushing off?
(1.60m)
b) At what vertical distance above the surface of the water is the diver at that point?

(from part a) (6.87 m above surface)

Vs c) At xyhat horizontal distance does the dlver strike the water? (2.86 m)
T - o) 200=dy  dx=].bOm
dy b >, o 300
100 dy<n _L 2 A -
w l/ \ b d=0*3(—‘1.33(0"5003 Y~ ~3.13m
Q
\ — (0.0-3.3 = 6.8Fm above
\ surfoce

F———cy 3 C)-|0.0=o+i(_q.3) t* +=143s

Wob=a%  dy=2-3bm

L4

6. A horizontal rifle is fired at a bull’s eye. The muzzle speed of the bullet is 670 m/s. The

bullet strikes the target 0.025 m below the center of the bull’s-eye. What is the horizontal
distance between the end of the rifle and the target? (48 m)

V= b?om/s @ ~ 0,025=0+ -|-(~...q g)-l; t=0.07F4s

by «m/s b70= dx_ cl;(';qg m



Projectile Motion (Objects Thrown at an Angle)

: T . _ L eseyelbs
Objects that follow a path characteristic with projectile motion TR Z o

can also be thrown or launched into the air at an angle.

Horzonial
whmponent of
5 velpaty

These types of problems also have a vertical and horizontal component in which the vertical
motion is uniform and the horizontal component is accelerated by the force of gravity (as
seen in the last lesson). However, in these problems the initial vertical velocity (voy) is no
longer 0 m/s as it has some positive initial value.

The path taken by a projectile launched at an angle to the horizontal can be described as
follows:

A projectile is launched at an angle to the horizontal and rises upwards to a peak while moving horizontally.
Upon reaching the peak, the projectile falls with a motion that is symmetrical to its path upwards to the peak.
Predictable unknowns include the time of flight, the horizontal range, and the height of the projectile when it is

at its peak.
P ~ 7 T A ~ ~ ZLX = é Y
~ ‘ ~
v
&Xj Height (dy) N
Qo\‘ 0 l ) \VOF(¢)
< Range (dx) >

Using the launch velocity we need to determine the x and y-components:

\E
g " Calaulakng x 4 Y component OF
initial Ve10617(/ ( launch velwfy)

32° use 119 g[ﬁggﬁ%i = +l] mys = vy
' !

0532 = Vox =+ |G mls= Vox
2]




A long jumper leaves the ground with an initial velocity of 12 m/s at an angle of 28-degrees above the

horizontal. Determine the time of flight, the horizontal distance, and the peak height of the |

18-
]l£711].767

o I ¢ Voy=SIn{[2) = 5 s

Vox o =cos28(l) . f0.6
m/s
oy = + 5.6 M/5 (7 - -
d = ~18=-5.1-5b
X = & ey - - 5.6 mls &
7 ay® —9.8 m)s”

(0/o=dx KA m)s dy- X £=14s
[ =7

ds (5 i) +-L(-4.9). )
d\; 0.0[bM

'-zhm_’-—/-A

An object is thrown through the air at a velocity of 20.0 m/s at an angle of 30.0° with the horizontal.

What is the range of the object?
VAL 51n30=L.10.0
20-0 m/g
-~ :

N Yo, Cos 305 %X 7173
\ 20.0 M/S
>}, Voy~ + 9.0 —~9g.8=-10~ IO

Veya—10.0 T
- 9% t= .04 s
dy* X

t




Another method of determining the range of a projectile launched at an angle is by using;

R-‘— v2 - sin(2-6)
9

Compare with the previous example:

An object is thrown through the air at a velocity of 20.0 m/s at an angle of 30.0° with the horizontal.
What is the range of the object?

20.0% - sin(3:30) - 400 sinbd =3>:3m

K= . 9.%

.9 .
1 ¥.same solvton
as aboveé

Determining velocity:

A water ski jumper has a range of 84.0 m. The ramp has an angle of 14.0° to the horizontal.
Neglecting air resistance, determine her take-off speed.

g= > sin(2-0)  BLOZ( - S 2-1)
9 7.5
23,2 =v*(s1n28)
o (753 V=419 mfs




Projectile Motion-2 Assignment:

1. An object is thrown from the ground into the air at an angle of 40.0° from the horizontal at
a velocity of 18.0 m/s. What is the range of this object?

27m
gin40(18)=Voy= 1.bm/s
- cosHO(l‘ﬁ) =\g= 138 /5
TN _qg=—lb-Nb  j3.3=ck
- 5 Q.37
t=a37s dx=327m

2. An object is thrown from the ground into the air with a velocity of 20.0 m/s at an angle of

27.0° to the horizontal. What is the maximum height reached by the object? (4.21 m)

sinzt 20) © Voy = 908 m/s

0 27(20) = vy = 17 % mls
s —o

o TN 3 =(9.08+ 00,
wo'ooo [ S, T80 0710 J (‘i_; )0‘72?
. S n

t6 127 s = h2lm

3. An object is thrown from the ground into the air at an angle of 30.0° to the horizontal. If
this object reaches a maximum height of 5. 75m at what velQ Y g wag it thrown? (21.2 m/s)

0=V, +2(-1 %
SRR 10:b m/s

RN y sin30=10.6
AL ES“‘;‘“E °'°V—R’9m/§’

4. An object is projected from the ground into the air at an angle of 35.0° to the horizontal. If
this object is in the air for 9.26s, at what veloc

‘Fty was. it thrown7 (79 1

/s)
fop of twtion™ f Y.b3s
T~ \,0‘ _
0 N V= O “0.4=0-Ny Vb {5 Am/s
8. NPT Y63
A A sIN3S "“34
_,b.,\ltos

L!lrg/b v=+9. lm/S

(=7 1.1mio.



5. An object is thrown from the ground into the air at a velocity of 15.7 m/s at an unknown
angle to the horizontal. If this object has a range of 25.0 m and was in the air for 2.15 s, at

what angle was this object thrown? (42.0°)

R= v*sinl2-0)  a5.0= 153"« sin(z-e)

e 9.3
9 M5 = 15.7° - sin(28)
quq = .Sm(Z&)
= (3.0°

6. A ball rolls off an incline, as shown in the diagram, at a velocity of 22 m/s. How far from

point B will the object hit the flgor? (11 _ _
= f@smﬁ(ﬂ)-vw = . Fmls

_____ A 00532(20) =V = 18-Fm/s
@ \/F2: /II?2+2‘(_quxq'D) VFz: 3‘ B'Zq VF‘]: I?‘./?’
m s
h s -o]’g=“17':7;i'”.?.) 1=20.612¢ m
A4 'b
F=ol -
: ® ha=gh, oz lm

7. An object is projected from the top of a building at an angle of 28.0°, as shown in the
diagram, at a velocity of 15.0 m/s. If the object hits the ground 32.0 m from the base of the

building, hovx;ti\gf;is the building? (11.8 m) Si ﬂ)aX( |5’> = Vu\i = F, oY m /6

5° 5 o
:2% RN cos28(15)= Uy 13.2 m/s
dy=! \\ =
' 14e32 om’ (3.2=32.0 A M3s
®=52 TYIA_-} "'—"_b

2
dy = (7.0‘-\YQ_ vy + —%—(-‘1 .%Xz .433

dy* (7] 4-(—,28.‘1)
=18 h=lBmw



8. The punter on a football team tries to kick a football so that it stays in the air for a long
“hang time”. If the ball is kicked with an initial velocity of 25.0 m/s at an angle of 60.0° above
the ground, with is the ‘hang time’? (4.43 s)

PSS Vey==21.7 m/s

AN
() N\ ~9.4="2a |7 =217
L
_b
£=HY3s
9. With a particular club, the maximum speed that a golfer can impart to a ball is 30.3 m/s.
(a) How much time does the ball spend in the air? (b) What is the longest hole in one that the

golfer can make, if the ball does not roll when it hits the green? (maximum displacement will

come from an angle of 45.0°above the horizontal). (4.37 s, 93.5 m)
SINUS(30 3)=\yy = 21 4 mis
costs (30.3) "V = 214 mis

\\

N —9%= *-Al-’:’_:}’-"" +=4.37s
+

® 2=y de= 93.5 m
437 |

10. During a fireworks display a rocket is launched with an initial velocity of 35 m/s at an

angle of 75° above the ground. The rocket explodes 3.7 s later. What is the height of the

5in?5(35) <y, = 3381/

rocket when it explodes? (58 m)

- (T: 33’3(3.2}—3-,# %(“‘7 .'33(3.7—)1
" 125.06 + (- 67-/08>
= 58 m

e




11. From the edge of a 60.0 m cliff, a small rocket is fired upward with an initial velocity of
23.0 m/s at an angle of 50.0° with respect to the horizontal. At what point above the ground
does the rocket strike the wall of a vertical cliff located 20.0 m away? (74.8 m)

ol x1
-_“1,". y "glq.%m Sin 50(3-3)=va"’ 17.bm /s
2P ¥ Cos 50(23) =V = |4-Ims
(00 , Hg=20.0 €=135s
m lp’om €
J= (/7,1,)(1.35) +QL (’7.?5)(’35)
L =414 m

A0.0M
(o.0+ 1.8 =3M—Q[ZQV/5-9E“—"‘4’

12. * An airplane is flying with a speed of 240 m/s at an

angle of 30.0° with the horizontal, as the drawing ‘P’IE_W
shows. When the altitude of the plane is 2.40 km, a
flare is released from the plane. The flare hits the target

on the ground. What is the angle 67 (42.0°)

5],—)3({240); V.,\, = Ith’)/é
60530(2“/0): U= 208 m/S

2 2 -9, 3)(~2400) VF:D‘/7'gm[5 o - 1(2uob
V2= (120" +@X o fan (;wu)

24 km

~q.g=—4A$~(-120) = 12965 P B
e 75‘( ) N T4
0

g.og:_éi A,(:;u,%m
(2.9b



13. *A diver springs upward from a board that is three meters above the water. At the
instant she contacts the water her speed is 8.90 m/s and her body makes an angle of 75.0°

with respect to the surface of the water. Determine her initial velocity, both magnitude and
direction. (59.3° above h tal
irection. ( above horizontal) s) h:7’5 (8 q) VYF E.b0m / 5
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14. *A golf ball is driven from a level fairway. At a time of 5.10 s later, the ball is travelling
downward with a velocity of 48.6 m/s at an angle of 22.2° below the horizontal. Calculate the

initial velocity (magnitude and direction) of the ball. (55.0 m/s 35.1° above horizontal)

s)nzz.l("glb) = Vpy = /8.4m/s
cos 222 (H3.0) =Nx = 45 .0m/s
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*BONUS** A garden hose, pointed at an angle of 25° above the horizontal, splashes water on
a sunbather lying on the ground 4.4 m away in the horizontal direction. If the hose is held

1.4 m above the ground, at what speed does the water leave the nozzle? (5.8 m/s)
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