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SPH4U 1.1 Motion and Motion Graphs

1. Kinematics
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Ajogger takes 25.1 s to run a total distance of 165 m by running 140 m [E] and then 25 m
—
[W]. The displacementis 115 m [E].

—
a. Calculate the jogger’s average velocity.
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b. Calculate the jogger’s average speed.
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2. Graphical interpretation of velocity
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The position-time graph to the right shows the details of how an object moved.

Instantaneous speed:

a. Calculate the average velocity during the time interval t1 Position v. Time
=10stotz2=25s. B
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b. Analyze the position-time graph. Use your analysis to sketch a qualitative velocity-

tirr_lﬁ-aph of the object’s motion.
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3. Acceleration
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Suppose the sprinter to the right is running a 100 m dash. The sprinter’s time and distance
data have been recorded and used to make the velocity-time graph to the right.

Average acceleration:

Instantaneous acceleration:

Analyze the velocity-time graph. Use your analysis to make a sketch of
an acceleration-time graph of the sprinter’s motion.
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From your acceleration-time graph, determine the maximum acceleration and the time at
which it occurs.
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Homework: page 16: #1-2, 5-6, 8-9
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SPH4U 1.2 Equations of Motion

1. One-dimensional motion with constant acceleration
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Solve the average acceleration equation for vg Then substitute that value into the
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Two cars are at rest on a straight road. Car A starts 120 m ahead of car B, and both begin
moving in the same direction at the same time. Car A moves at a constant velocity of 7.0
m/s [forward]. Car B moves at a constant acceleration of 2.0 m/s2 [forward]. Calculate how
long it will take for car B to catch up with car A, and calculate the velocities of the two cars

when they meet. N &_k_ LYY
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A motorcyclist drives along a straight road with a velocity of 30.0 m/s [forward]. The driver
applies the brakes and slows down at 5.0 m/s2 [backward].

a. Calculate the braking time.
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b. Determine the braking distance (displacement).
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2. Freely falling objects
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A ball is thrown from a height of 52 m from the top of a building with a velocity of 24 m/s
straight up.

Free fall:

a. Determine the velocity of the ball f;t ground level. o Ci % /Q E -J
- 2~ ==, S NI
Q;:\""\/J. C\" \;'I:?.q\mls [v),é&: s—QW\(A-\‘ SQM(U}/O‘ ™
! g

.o~ .o 1
i ’ =\ 2@66\
)$'Z.-\ @' \)F . s;—-\ Ve Vi §
1 St ug 242 (R5K ) 2 YO /s (d)

s: . wg=Uo NAWSE

b. How long does it take for the ball to reach the ground?
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Homework: page 21: #1-5,8
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SPH4U 1.3 Displacement in Two Dimensions

1. Determining total displacement ‘l\f
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Suppose you walk to a friend’s house, taking a shortcut across an open field. Your first
displacement is 140 m [E35°N] across the field. Then you walk 200.0 m [E] along the
sidewalk. Determine your total displacement using a scale diagram.
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Using your solution diagram from the previous problem, determine the total displacement

using the cosine and sine laws.
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beeak eack vacter 1o 2 N

Perpendicular A Ad=50km [E37°N]

components method: €Q( P"'\"\ CU\N' (,M‘o-ok\-f\’\ov\ A'AA
Aa\,c = lbé‘\ c°36(‘\,J A swep S

X-component

y-component Aé\y'—" \ b 0\ \5', ~® " measy «@d ﬁ-c“ _\d = |Ad| cos 0
' \]Qt'\"QA\ -

A polar bear walks toward Churchill, Manitoba. The polar bear’s displacement is 15.0 km
[S60.0°E]. Determine the components of the displacement.

> M =M (0° = 3 Swm tﬂ

= Hoy<Bsn60" =3 ~ ().

Ad,, Ady,
L Ad, = Ady, + Ad,,

An airplane flies 250 km [E25°N], and then flies 280 km [S13°W]. Using components,
calculate the airplane’s total displacement.

Homework: page 29: #2,4-6,10-11



1.3 Displacement in two dimensions.filled.notebook September 15, 2015

/\ —_— N —_—
Ao& = AA ()(—\-QCAZﬁ
’/7230 \:vv\ X .
] :’g_gogo&?- 2. %0 cogq:* .
?%0(6574 \rLS° : :)é%SO\ £M tc) .
< ° = LS
S 150¢642S M ) A(A A(}
e Yy ww TOday
‘ 2250 5B RO 5T
: = = ERTS (N
v _ 16317 ke TN,
")_‘Bka- = \éj(' \q- \ew\ [Sv) )
1{3.5% R . )
- (6213 :\Y((,g.s'\"ﬂm.\:)"
Bd
=2239 L.
A 164 1=
O fan 16354
=Ys.6°

[)o\ 239 lim EY’_\'\G S-)

——




1.4 Velocity and acceleration in two dimensions.filled.notebook September 14, 2015

SPHA4U 1.4 Velocitv and Acceleration in Two Dimensions

1. Velocity and speed in two dimensions
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A family drives from Saint John, New Brunswick, to Moncton. Assuming a straight highway,
this part of the drive has a displacement of 135.7 km [E32.1°N], and takes 1.5 h. From

Moncton they drive to Amherst, Nova Scotia. The second displacement is 51.9 km [E25.9°S],
and takes 1.0 h.

a. Calculate the average velocity of the family’s vehicle. —
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b. Calculate the average speed of the family’s vehicle.
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Could you have solved this problem differently? Could you have calculated the velocity of
the first part of the drive, the velocity of the second part, and added them together?

No. Neah ﬁT (\:?css".

2. Multiplying vectors by scalars and subtracting vectors
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In the diagram to the right, the car’s initial velocity is 60 km/h [N20°E] and its

3
A

subtracting vectors

final velocity is 60 km/h [N20°W]. Find the change in the car’s velocity. . Vi
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3. Acceleration in two dimensions
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A car turns from a road into a parking lot and into an available parking space. The car’s
initial velocity is 4.0 m/s [E45.0°N]. The car’s velocity just before the driver decreases

speed is 4.0 m/s [E10.0°N]. The turn takes 3.0 s. Calculate the average acceleration of the
car during the turn. >
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Homework: page 35: #1-2,6-7,10
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SPHA4U 1.5 Projectile Motion

1. Projectile motion
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An airplane pilot drops a package of supplies to a motorist as he flies horizontally at a
height of 350 m over the highway. The speed of the airplane is a constant 52 m/s. The
figure below shows the package (a) as it leaves the airplane, (b) in mid-drop, and (c) when
itlands on the highway.
y 1
— S5,

@) (b)

a. Calculate how long it takes for the package to reach the highway.
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b. Determine the range of the package. -
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2. The range equation
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Suppose you kick a soccer ball at 28 m/s toward the goal at a launch angle of 21°.
a. How long does the soccer ball stay in the air?

Uv;s1~0 R Q(’L%\ s\ ,\'2\
' aAx

0“::

=2.0s .

b. Determine the distance the soccer ball would need to cover to score a goal (the
range).
Y x
x5S ~9

28)"
- S:/\<Q’XZD 3 3%,
q\' ? —_
A golfer hits a golf ball with an initial velocity of 25 m/s at an angle of 30.0° above the
horizontal. The golfer is at an initial height of 14 m above the point where the ball lands.

a. Calculate the maximum height of the ball.

\J\:Y=OM/S-
.

Y

) I

b. Determine the ball’s velocity on landing.

P O N

\}F: V_‘:X-I-VFY .

Homework: page 43: #1,5,7-8
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SPH4U 1.6 Relative Motion

1. Relative motion

K (&(A‘ r\a*z S\/s'\'lm ?\' O~ w\'\"( v 2
Frame of reference:
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Passenggrs ona CMIP\JTE/ la%fg' shufffeboard. The
shuffleboard disc’s velocity relative to the ship is 4.2 m/s
[forward], and the ship is traveling in the same direction as the
disc at 4.6 km/h relative to Earth when the water is stationary.

a. Whatis the disc’s velocity relative to Earth?

—_ _ — N/ .(
Vpe =Ves *Vs¢ Jps2nle D

Usg = 4.6 ka/k (£ koo = (28 w/s (7).

36005
—_—

Vo2 v23 = S.swfs (€]

b. What is the disc’s velocity relative to Earth, when the disc is moving in the opposite
dlrectlon'?

Vos = -2z wm/s €A

— —_—
VDA‘F- =\ ps¥Vse ~ -HTr12%
2 Aw/s tﬁ

c. Whatis the disc’s velocity relative to Earth, when the water is moving at 1.1 m/s
[forward] and the disc is again movmg forward?

Vos ' 2 ~/s 167, |'L%~\/g [\:3, U\,..{‘H'“/‘ ).

~ N ~ -~

Npe “Ves T Vsw tVwe
=Y. 2 +12ge\ )
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The boat to the right is heading due north as it crosses a wide
river. The velocity of the boat is 10.0 km /h relative to the water.
The river has a uniform velocity of 5.00 km/h due east.

@

river

a. Determine the boat's velocity relative to an observer on
the riverbank.
fonS —_ —_

VaeTVgw Ve
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b. The driver of the boat now wants to arrive across the water at a location that is due
north of his present location. He moves at the same speed of 10.0 km/h relative to
the water, and the river is flowing east at 5.00 km /h. In which direction should he
head, and what is the speed ofthegat relative to the shore?
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2. Airplanes
~ —_ —_—

Vo = Vea * VAE
velocity of a plane \—)?QA - a\-\ﬁ“)f@\ \)Q‘ot'\ '\7/
—_ , \ .
UpE © wi-~d ve oci iy -
tailwind w Al \3\0\4;' \J\-\\\ \’\\Q r\ast <"\
headwind v:v\c}\ \4\0\’,; 'j‘.‘/\s\ \’\Q éo'\Q (’3
crosswind W ind\ \,\0\_,9 PQ_QOQv\O\\'tO\O(" .

\

The air velocity of a small plane is 230 km/h [N35°E] when the wind is blowing at 75 km/h
[W25°S]. Determine the velocity of the plane relative to the ground.

\J‘,AC '-'\]_:A-\-\J—z J:;‘?'Bka,ﬂ\ Th3geE),
_ \,f:g-_qsy,N/L (w25t SY.
230. .
/]\ A f:?'&oco;SS°-1$<os’25
x
asf o
ss° “ Vy:'Z‘;QS':c\SS‘,’qs S.\f\’lgo
S — ]
£
v T
6
>~ g0/l CEENY
Nee T
Homework: page 49: #1-2,4-5
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