Strategy
Use the equation for acceleration.

e

The Indy race car’s acceleration is +8.0 m/s’.

Validate

Calculations
-4
2= Thr
_ w8t (.6.0 n)
4.0s
=+8.08
2

The units in the answer were m/s*, which is correct for acceleration. The average
acceleration is positive, since the velocity of the Indy car was increasing while travel-

ling in the positive direction.

. Frame the Problem
- Sketch and label a diagram of the morion.

1Y
W
A
4
)
2 ¥
n /4
o
L | ;
L
Hogla, i ts)
i !
il 2 3 45
| Saai il 4 H
i i
213 :
ol
S 3
4 :
x :
:
5

- The equations of morion apply to the problem, since the acceleration was constant.

Identify the Goal

The car’s acceleration once the driver gor it starced

Variables and Constants

Involved in the problem Known

% P y = —4.0 -S“}—

v At v =35 %
Ar=30s

Strategy

- Use the equation for acceleration.
- Let uphill be the positive direction.

Unknown
a

Calculations
I
4= TAr

355 - (40 )
3.0s

E

7.5 &
3.0s

= m
=4+2.5 2

The car’s acceleration once the driver got it started was 2.5 mis? [uphill].

Validate

The units in the answer were m/s?, which is correct for acceleration. The acceleration
is positive, since the velocity of the Indy car was increasing uphill.

Chapter 2 Describing Motion * MHR | 10




8. Frame the Problem
- Sketch and label a diagram of the motion.

At =3.0s

8

-~ a= —8.0%

- The equations of motion apply to the problem, since the acceleration was constant.
- The final velocity of the bus will be zero.

Identify the Goal

The velocity the bus was travelling when the brakes were applied

Variables and Constants

) Involved in the problem  Known ~ Unknown
o # a 42—8.0% vg=0.0? %
(&9 o At Ar=30s
Strategy =~ Calcnlations

Select the equation that relates the initial ~ » = »— aAr
velocity to the final velocity, acceleration,
and time interval.

All of the needed quantities are known, so %= 0.0 % - (-8.0 %)(3.0 (s)
substitute them into the equation.

Simplify. = +24 2
The bus was travelling at +24 m/s* when the brakes were applied.
Validate

The units in the answer were m/s?, which is correct for velocity. The inirial velocity
was positive, which is correct.

Practice Problem Solutions
Student Textbook page 84

Q | 9. Frame the Problem
- Make a diagram of the motion of the field hockey player that includes the known

variables.

¥ !

e
H

ERLY

v (mis) T

foR R

e

~
T

%t-s]
345

3

o f
BRI w.i-z,u

I
[

- The equations of motion apply to the problem, since the acceleration was constant.

Identify the Goal

(a} The distance she travelled

(b} Her acceleration

Chapter 2 Describing Motion » MHR | 11
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Variables and Constants

Involved in the problem Known

B a un=0.0 —T
v At w= 4(1”?‘
Ad Ar=25s
Strategy

Use the equation of motion thar relates
time, initial velocity, and final velocity
to displacement.

All of the needed quantities are known,
so substitute them into the equation.

Simplify.

{(a) The distance was 5.0 m.

--—Use the-informarion to find the

10.

acceleration.

{b) Her acceleration is 1.6 mfs.

Validate

Unknown
Ad

a

Calculations
A= (<50,

002 ;402

Ad=2.070255)

Ad=50m
S VAN Lk VN a
4=% Ar
m m
ﬂ= 4-OT_O-OT
25s
_ 40
2= 53
421.65—“31

The units for displacement are metres and metres per second for acceleration, which
are correct. Both displacement and acceleration are positive, as they should be.

Frame the Problem

- Let time zero be the moment that Michael begins to accelerate.
- At time zero, Michael is 75 m behind Robert and will thus must run 75 m furcher

than Robert in order to catch up with him.

- When Michael catches up to Robert, they will have run for the same amount of

time.

- Michael is travelling with uniform acceleration. Thus, the equation of motion that
relates displacement, initial velocity, acceleration, and time interval describes

Michael’s motion.

- Robert travels with constant velocity or uniform motion. Rebert’s morion can there-
fore be described by using the equation that defines velocity.

Identify the Goal

Length of time it will take Michael to catch up with Robert in the race

Variables and Constants

Involved in the problem Known
Adg+75m At [zj\,f=0.15—:2l
Ay w®o oM, = 3.8 %
Y ' =42
M

Unknown
Az

Adg
ﬁdR + 75 m

Chapter 2 Describing Motion » MHR | 12
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Strategy

Write a mathematical equartion thae

staes that the distance Michael runs is
equal ro the distance Robert runs during
the sime interval, plus the 75 m Michgel
has to make up.

Substitute the equartion that defines the
velocity for Robert for Adg. Substituce
the equation of motion that relates
displacement, initial velocity, acceleration,

and the time interval for Michael for Adyy.

The time interval from time zero is the
same for the two runners when Michael
catches up with Robert. Solve for A#, the
unknown, after substituting the known
values into the equations.

@ Use the quadraric formula to solve for

At, since it cannot be easily facrored.

Exclude —29.07, since a negative time
has no meaning in this situation.

It will take Michael 34 s to catch Robert.
Validate

Calculations
Aa:\,‘[ = AdR + 75 mn
il + S ayb? = 75 m + A

3.8 ZAr + £(0.15 2)AS
s 2 Ly
=75 m+ 42 A
3.8 2As + (0.075 AL
=75m+ 4.2 —?-/_\t
3.8 ZAr - 42 2Ar
+(0.075 F)AF -75=0
~0.4 A+ (0.075 F)Ar - 75=0

{0.075 B)A2 ~ 04 FAr—=75=0.

. —bE VP —dac
Ar= 2a
At = —(—0.4) + /(=0.4) — 4{0.073)=75)
2(0.075)
Ap = D4 /0164725
0.15

Ap = 0bE /2266

0.13
0.4 % V476

0.15

_ 04+476 _ 0.4-476
Ar=""553 Ar =003
A= 316 Ap = =436

0.15 0.15
“Ar=344s

L Ar=-2907s

The time is positive, and it seems to be reasonable.

_ 11. Frame the Problem’
\(A) - Sketch and label the situation.

Vi= 20052 = 55.6 2
S

- Since the acceleration of the race car is constant, the equation of motion that relates
displacement, initial velocity, acceleration, and time interval describes its motion.

Identify the Goal
How far the car has travelled (its displacemenc) after 8 s

Chapter 2 Describing Motion « MHR | 13
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Simplify.

Variables and Constants

Involved in the problem Known
“ a 5 =200 &2
Ad Az At=80s
a=50%
s
Strategy

Firse, convert. 200 km/h to m/s, since
acceleration and time are given in these
units.

Select the equation of motion thar relates
the unknown variable, Ad, to the three
known varjables, @, », and Az

All of the needed quantities are known,
so substitute them into the equation.

Unknown

Ad

Calculations
200 km 1h 1000 m =556m0
s

E < 36005 ° lkm

Ad = pAr + %mﬂ

Ad =556 2(8.05)
+1(5.0 2)(8.0 52
Ad=4448m+ 160 m
Ad = 604.8 m = 605 m
Ad = 604.8 m = 600 m

The race car travelled 6.0 > 102 m during the 8.0 s time interval.

Validate

The units cancelled to give metres for displacement, which is correct, and the dis-

placement seems to be reasonable.

Frame the Problem
- Sketch and label the diagram of motion.

Vi=202

s
————

e————— 150 m ———1
At =10s

- The motorist must slow down and cover the 150 m in 10 s without stopping, and
continue travelling when the light mirns green.

- Since the accelerarion of the car is constant, the equation of motion that relates o
acceleration, displacement, initial velocity, and time interval describes the motion.

Identify the Goal

{a) The acceleration of the car

(b) The speed of the car just as it passes the green light

Variables and Constants
Involved in the problem  Known

% a 14=20-';—’
3 At Ad =150 m

Ad Ar=105s

Unknown

L4

Chapter 2 Describing Motign » MHR
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@

Strategy

Select the equation of motion thar relates
the unknown variable, acceleration, to
the three known variables, time, initial
velocity, and displacement. Substitute’

and simplify.

{a) The motorist’s acceleration is —10 m/s.
Select the equation that relares final
velocity to the inidal velocity,

- acceleration, and time interval.
All of the needed quantities are known,
.. 8o substitute them into the equation.

Simplify.

Calculations
Rearrange Ad = uAr + —;-aAt
to solve for &

= 28d 2y
4= RE Ar
6_2(150m) _2(20)%
T 10s 10s
g=300m 402
100 s* 10s
=308 —402
5 5
a= 105
§
w= v + al\t

w=20 -5-;‘—- + (-1 -E’f)lo s
w= 20% -i---lo%

5

{b) The final velocity of the car just as it passes the green light is 10 m/s.

Validate

The negative value of the acceleration indicated the mororist slowed down to a

reasonable final velocity of 10 m/s.

Solutions for Problems for Understanding

Student Textbook pages 86-87

15. (a) A car is moving in the frame of reference of the road.

{b) A car is at rest in the frame of reference of the trailer.

16.

17. (a) The toral distance is 17 km (4 = 5.0 km + 12 km).

{b) Their displacement is 7 km[S].

{c} To get back to their starting poin, the displacement would be 7 km[N].

18. The cyclist travels 25 km[W].
Ar=12hx 280 = 4320 ¢
Ad =Tt

=59 %[VV](4320 5)
= 25488 m|W]
= 25.488 km[W]

19. {a) The displacement of the canoeist is 0.4 km[downstream)].
Ler downstream be positive and upstream be negative.

Chapter 2 Describing Motion » MHR | 15
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2. @B The velucity-time graph is shown below,

Veloeity-time graph

T (m/s)
& o
m
5
[“:
|

3. (3} @ The slope of u posirion-time graph is the velociey,

(1) @ The slope of 2 velocity-time graph is the accelerarion,

{0 @ Average velocity is equal to the slope of the straight line joining two poine on
& position-time graph. Instantancous velociy is the value approached by the aver-
age velocity as the time interval approaches zero, It is obrained by finding the
slope of the tangent at 2 moment in time on a pusition-time graph. If the posi-
tion-time grapl consises of a straight sloping line, then the inssntancons velecity
is cqual to che average velocity and it is called “constant velocity.”

1d) € A rangent line is drawn 0 Bnd the instantancous velocity et a speeific point of
tme o 3 position-sime graph. To caleulae dhis velocity, you must find the slope
of the wangent, The time interval is the run berween any two points selccted on
the tangent line. _—

(e} € A negative time would occur before the
was started.

) @ When an object s i free fall, it reaches a velocity ar which the acceleration
becomes zero due to air resistance, The ebjece then falls ar z constant velocicy
ealled “terminal velocicy,” Terminal velucity is the velacity at which the downward
pull of gravity is balanced by the equal and upward opposing force of air resise-
ance for a falling object,

(g} € m/s and km/h are both speed or velocity units; 1 m/s is cqual to 3.6 km/h, as
shown by the following unit conversion analysis.

stant thar the stopwarch or clack

sy 1M L [T GO 1km km
Cuonvert T O T X T XU T = 36 T

4. @I Answers will vary, Generally, physicists deal more with concrete phenotnena
that involve ubsereations gachered by the senses, while mathematicians generally
deal with abseracs concepts that mighe or might not have any concrete equivalent
or application,

5. @ Determine At {or the girl Ag; to complere the two laps running at a speed of

¥

xmfs, Arg = A -

Determine A, the wal dme for the boy to complete the vo laps, running ac
different speeds.

Tl buy runs the firsc lap ava speed of (x — 2) mJs, 2nd the second lap ar a speed of
{x+ 2} mfs.

Ay =

A = (v + s.?w +ix -2

A = (i T

an o sy re-a)
0= Ty

Aty = B

Chapter 2 Describing Motion « MHR : 117
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. — v
A= .
Find the ratio of the gisl’s time to the boy's time to complete the ovo laps,
Ad
Ax; T
A
A A
b
An; Ad yoxte 4
Bty _ rAd
pralales iy vl
LA P-4
- T
The pirl will take 4 5 less than the boy to complece the two laps around the erack.
&
- A
Lo v
1
LY
V= A

The velocity changes by a Gactor of W

Student Textbook pages 61-70

This seeeion builds on the understanding of acoeleration that students gained in

Grade 10, The relaionship bewween aceeleration and velo ity vectots is analyzed,
Consant, average, 2nd instantancous acceleration of objects are studied, Objects falling
in zir might noc zccelerite at 9.81 mfs? because of their shape, Investigation 2-A will
consider this prohlem.

Student Textboel pages 61-63

Physics Background

The dircction of an acecleration vector s in the same direction as the change in velocity.
The acceleration vector of an object Is in the direction of the farce or push you would
have t exere o cause the change in velocisy.

Teaching Strategies

= Refer to BLM 2-6, Fill in the Graph/Skill Builder,
= Ask students w brainstorm situations in which they lave experienced accelerated
motion and explain how their velocity changed.
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Inquiry
0. {a) The spacing between cach dot is increasing with cach time incerval,
() Assuming that the carc was moving in the positive direcgion, the spacing benween
cach dat would be decreasing with cach time interval,
(¢} The spacing berweest cach dot is the same at each dme incerval.
{d) There is no spacing benween dots (one big dot).

1. The displacement and velogity-time graphs of the student on rollerblades (ullow.

-

d

<+

Comimunication

12. A car’s speedometer measures the rotation of the drive shalt, whicl is converted into
kmth en a dial or digital display. This is the physical quantity of speed.

Making Connections

13. Reler to the Ontario Ministry of Transportation and the Transpore Canada Inserner
sites [isted in the Unir Resources scetiom of this ZTeacher’s Resonee.

14, Studenes’ answers will vary.

Prablems for Understanding
All selutions [or Problems for Undersmnding are in the Solurions Manual
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Notes
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