Chapter 5: Work, Energy, Power, and Society

Mini Investigation: Pizza Pan Half-
Pipe, page 221

A. The final positions are slightly less than the
initial positions of the marble in each case.
Increasing the initial height of the marble does not
affect the difference between the initial and final
positions of the marble.

B. Since energy is not being added to the system,
the potential energy the marble has before it is
released gets translated into kinetic energy of
movement. The amount of energy of the marble at
the initial position and finally position should be
the same but it is not. The difference in the final
position of the marble could be due to friction.

Section 5.1: Work

Tutorial 1 Practice, page 223

1. Given: Choose right as positive.

m=0.50 kg; v;=+3.0 m/s; At=2.0's;
a=+12m/s’ F=0N

Required: F,; Ad; W

(a) The force exerted by the string on the cart:
Analysis: F,o = ma

Solution:
Fnet =ma
F,~F, =ma
F, —0=(0.50 kg)(1.2 m/s*)
= 0.6 kgem/s’
=0.6N
F =0.60N

Statement: The string exerts a force of 0.60 N on
the cart.
(b) The displacement of the cart:

Analysis: Ad = viAt + %aAtz
Solution: First, find v,.
T
Y
v, = alAt + v,

= (1.2 %](2.0 $)+3.0 m/s
S

=24m/s+3.0m/s
=5.4m/s

Copyright © 2011 Nelson Education Ltd.

Then, find Ad.

v, +v
Ad =] - ZJAZ

Ad =84 m
Statement: The displacement of the cart is 8.4 m.
(¢) The mechanical work done by the string on the

cart:
Analysis: W = FAd

Solution:
W =FAd
= (0.60 N)(8.4 m)
=5.04 Nem
=5.04]
W=501]
W =FAd
= (0.60 N)(8.4 m)
=5.04 Nem
=5.047J
W=501]

Statement: The mechanical work done by the
string on the cart is 5.0 J.

Tutorial 2 Practice, page 225
1. Given: F=125N; 6=40.0°; Ad=12.0 m
Required: W
Analysis: W = Fy(cos )Ad
Solution: W = F(cos 0)Ad
= (125 N)(cos 40.0°)(12.0 m)
1149 Nem
1149 J
W= 1.15x10" J,or 1.15kJ

Statement: The person does 1.15 X 10° J, or

1.15 kJ, of mechanical work on the lawnmower.

2. Solution: Both the work done by the normal
force and the work done by gravity are zero. Both
of these forces are perpendicular to the direction of
motion and therefore do no work on the toboggan.
Statement: The work done by the normal force
and the work done by gravity are zero.
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Tutorial 3 Practice, page 226

1. (a) Since the brick wall does not move while the
student is leaning on it, there is no acceleration. If
there is no acceleration, there is no net force.
Therefore, no work is done.

(b) Since the space probe is coasting at a constant
velocity toward the planet, there is no net force
acting on it. Therefore, there is no work done on it.
(c) A textbook sitting on a shelf experiences no
motion. Since there is no motion, there is no work
being done.

Tutorial 4 Practice, page 227
1. Given: F,=45N; F;=28N; Ad=13m
Required: W
Analysis: W = FAd
Solution:
W =W, +W,
= F (cos0°)Ad + F|(cos180°)Ad
= (4.5 N)(1)(1.3 m) + (2.8 N)(-=1)(1.3 m)
=5.85 Nem — 3.64 Nem
=2.21 Nem
W =2211]

net
Statement: The net work done on the bowl is
2.217.
2. Given: Choose up as positive.
m=450kg; Ad=+12 m; g =9.8 N/kg
Required: W

Analysis:

W =FAd

F=F

a g

F,=mg

Solution: Find F.

F,=mg
= (450 ;@[9.8 %J
=4410 N

F =44.10N

W =F (cos 0°)Ad
= (4410 N)(12 m)
=52 920 Nem
=52.92kJ

W =53k]

Statement: The mechanical work done by the
crane is 53 kJ.
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Mini Investigation: Human Work,
page 228

Answers may vary. Sample answers.

A. The amount of work I did to lift the book was
14.11 J. The amount of work I did to lift the shoe
was 3.92 J. It took 10.2 J more to lift the book.

B. Since the shoe is lighter than the book, the shoe
should take less work to lift. The book’s mass is
three times the mass of the shoe. To lift the shoe, I
predicted it would take one-third the amount of
work to lift the book. My prediction was fairly
accurate.

C. Given: Wy =14.11J; Fgsnoe =49 N
Required: Ad

Analysis: W =F Ad

Solution:
W =FAd
ra="
F
14117
49N
=2.88m
Ad=29m

Statement: In order for the work to lift the shoe to
equal the work to lift the book, the shoe must be
lifted 2.9 m.

Section 5.1 Questions, page 229

1. Given: Choose the direction of motion to be
positive.

F=250N;Ad=13.0m

Required: W

Analysis: W = FAd

Solution:

W =FAd
=(25.0 N)(13.0 m)
=325 Nem

W =325]

Statement: The work done by the applied force is
3251.
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F;=810N F,=1500N

Fg

Given: F, = 1500 N; 6, = 0° (acting forwards);
Fr=810N; 6= 180° (acting backwards);
Ad=12m
Required: Wy; Wy Wx; Wy
Analysis: W = F(cos0)Ad
(a) The work done by the tow truck force on the
car:
Solution: W, = F (cos 6,)Ad

= (1500 N) (cos 0°) (12 m)

=18 000 Nem

W =18KkJ

Statement: The work done by the force of the tow
truck on the car is 18 kJ.
(b) The work done by the force of friction:
Solution: W, = F,(cos6,)Ad

= (810 N)(cos 180°)(12 m)

=-9720 Nem

=-97201J

W, =-9.7Kk

Statement: The work done by the force of friction
is -9.7 kJ.

(c) The work done by the normal force is 0 J, since
the normal force acts perpendicular to the direction
of motion. (cos 90° = 0)

(d) The work done by the force of gravity is 0 J,
since gravity acts perpendicular to the direction of
motion. (cos 90° = 0)

3.
Fy
F,=80.0N
130 2
Ff: 34N
E
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Given: F, =80.0 N; 6,=30.0° Fr=34 N;
6:= 180° (acting backwards); Ad =12 m
Required: W,; Wy
Analysis: W = F(cosO)Ad;, Wy =W, + Wr
(a) The mechanical work done by the child on the
wagon:
Solution: W, = F (cos6 )Ad

= (80.0 N)(cos 30.0°)(12 m)

=831.4 Nem

=831.41]

W =830

Statement: The mechanical work done by the
child on the wagon is 830 J.
(b) The total work done on the wagon:
Solution: W, =W _+W,

=831.4 J + F,(cos6,)Ad

=831.47 + (34 N)(cos 180°)(12 m)

=831.4 Nem — 408 Nem

=423.4 Nem

=4234]

W.=4201

Statement: The total work done on the wagon is
4201J.
4. Given: W, =2501J; 6,=0° Ad =12 m;
6:= 180° (acting backwards)
Required: Fy; Fy; Wr
Analysis: W = F(cosO)Ad
(@)

Fy

on
Ml

Fq
(b) The tension in the rope:

Solution: W, = F (cosf)Ad

F=—_3
* (cosB )Ad
2507
- (cos 0°)(12 m)
=20.83 J/m
=20.83N
F =2IN

Statement: The tension in the rope is 21 N.
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(c) Since the box is moving at a constant velocity,
the forces acting on the box are balanced (the
tension in the rope is balanced by the frictional

force, and gravity is balanced by the normal force).

Therefore, the force of friction is —21 N. There is
also no net work done since the velocity of the box
remains constant. Therefore, the work done by the
force of friction is —250 J.

5. Given: Choose the direction up as positive.
m=62kg; Oy=0°%v=+4.0 m/s; 6, =180°
At=5.0s;g=9.8 N/kg

Required: Wy; W,

Analysis:
W = F(cos0)Ad
d =vAt
F, = mg
(a) i
Fy
d Bsi
ﬁg
(b) The work done by the normal force on the
person:
Solution:
W, =F, (cos@N )Ad
= (mg)(cos 0, )(vAt)
- (62 %)[9.8 %](cos 00)[+4.0 %](5.0;{)
=12 152 Nem
=121521]
W, =12kl

Statement: The work done by the normal force on
the person is 12 kJ.

(c¢) The work done by the force of gravity on the
person: Since the elevator is moving at a constant
velocity, the forces are balanced. The work done
by the force of gravity on the person is —12 kJ,
since gravity is opposing motion.
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(d) If the direction of the elevator were reversed,
then the work done by gravity would be +12 kJ,
and the work done by the normal force would be —
12 kJ. This is due to the fact that the angles would
be reversed: 6,=0° and Gy = 180°.
6. Given: F' vs. Ad graph; Ad =0.5 m
Required: W
Analysis: W = area under F' vs. Ad graph
Solution:
W = area under FAd graph (rectangle)

=bh

= (0.5 m)4 N)

=2.0 Nem

=2.01J
W=2]
Statement: The work done on the cart by the force
sensor is 2 J.
7. Given: m =2.0 kg; 6,=0°; v; = 0.0 m/s;
6, = 180% a=2.2m/s’; g=9.8 N/kg; At=3.0s
Required: Ad; Wy, Wy, Wi Fret; Waet

Analysis:
V. +V
Ad :[ ! f]At
2
Vf =at+ Vi
F,=mg
W = F(cos0)Ad
F;let =ma
(a) The displacement of the bucket:
Solution:
4+ (at+v,
Ad=| BT (‘; V')jm

0 m+(2.2 “zlj(3.ox)+0 m
S S S

= 3.0s
2

6.6 2

£
= —=— 3.0
2 p:4

Ad =99 m
Statement: The displacement of the bucket is
9.9 m.
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(b) The work done by gravity and the work done
by the rope:
Solution:

ﬁa

Wg = Fg(cos@) Ad
= (mg)(cosO)(Ad)

=20 )[9.8 1J(cos 180°)(9.9 m)

W’

=-194.0 Nem
=-194.0J

Wg =-1901J

To find W,, calculate Fj,.
F._ =ma

F —Fg =ma

F =ma+mg

= (2.0 kg)(2.2 m/s?) + (2.0 ;@[9.8 %j

=44 kgem/s +19.6 N
F =240N

W, = F,(cos6,)Ad
=(24.0 N)(cos 0°)(9.9 m)
=237.6 Nem
=237.61
W =240
Statement: The work done by gravity is =190 J,
and the work done by the rope is 240 J.
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(¢) The total mechanical work done on the bucket:
Solution:

W =W, +W,
=237.67 - 19407
=43.617

W, =44]

T
Statement: The total mechanical work done on the
bucket is 44 J.
(d) The net force acting on the bucket and the
mechanical work done by the net force:
Solution:

F:wt =ma
= (2.0 kg)(2.2 m/s?)
= 4.40 kg;m
S
440N
F =44N

net

F (cos 6, )Ad

net net

(4.40 N)(cos 0°)(9.9 m)
=43.56 Nem
=43.561]

W =447

net

Statement: The net force acting on the bucket is
4.4 N. The mechanical work done by the net force
is 44 J. This is the same value calculated in (c).

8. (a) No mechanical work is done on a box sitting
on a shelf. The box is not moving, so the net force
is zero. If the net force is zero, then the work done
is also zero.

(b) If an employee pulls on the box with a
horizontal force and nothing happens, then no
mechanical work is done. Since nothing happens,
the displacement is zero. If the displacement is
zero, then the work done is also zero.

(c) Initially, work is done on the box to get it
moving. However, once the box is sliding down
the frictionless rollers, the box is moving at a
constant velocity. If the velocity is constant, then
there is no acceleration. If there is no acceleration,
the net force is zero. If the net force is zero, then
the work done is also zero.
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9. Given: F'vs. Ad graph

Required: Wyx; Wg; We; Wr

Analysis: W = area under F' vs. Ad graph;

WT = WA + WB + WC

(a) The work done by the spring in sections A, B,
and C:

Solution:

W, = area under F'Ad graph (rectangle A)
=bh
=2 m)(5N)
=10 Nem

w, =101

W, = area under FAd graph (triangle B)
_ bh
T2
_(Im)(EN)
=
=2.5Nem
W,=25]

W, = area under F'Ad graph (triangle C)
_bh
T2
_(Am)(=5N)
2
=-2.5Nem
W.=-2.5]
Statement: The work done by the spring in

sections A, B, and C is, respectively, 10 J, 2.5 J,
and -2.5 J.
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(b) The total work done by the spring:
Solution:
W.=W, +W,+W,

=10J +25J =251
W.=101]
Statement: The total work done by the spring is
10 J.
(c) The work done in section C must be negative
because the force is negative. It is applied in the
direction opposite to that of the motion.
10. The total work done on one object by another
can be calculated by using the mechanical work
equation, W = F(cos 8)Ad or by calculating the
area under the force vs. displacement graph.
11. (a) If a force is perpendicular to the
displacement, then the angle is 90°. The cosine of
90° is zero, so the product of F(cos #)Ad is also
Zero.
(b) If a force acts opposite to the displacement,
then the angle is 180°. The cosine of 180°is —1, so
the product of F(cos 8)Ad is also negative.
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Section 5.2: Energy
Tutorial 1 Practice, page 231
1. Given: m =70.0 kg; v=12 m/s
Required: Ey

Analysis: Ex = %mv2

Solution:
Ek _ mvz
_(70.0 kg)(12 m/s)*
2
2
— 5040 XM
S
=5040J
E =50k]

Statement: The kinetic energy of the runner is
5.0 kJ.

2.Given: Ex=42J;v=5.0m/s

Required: m

Analysis: Ex = %mv2

Solution:
2
my
E =
2E,
m =
V2
_2(4.21))
(5.0 m/s)*
2
= 0336 2
m
=0.336 kg
m=0.34kg

Statement: The mass of the cart is 0.34 kg.
3. Given: £, =30.0J; m=150g=0.15kg
Required: v

Analysis: Ex = %mv2

Solution:
2
Ek _ my
2F
v= L
m
_[2(30.0)
0.15kg
v=20m/s

Statement: The speed of the bird is 20 m/s
(correct to two significant digits).
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Tutorial 2 Practice, page 232

1. Given: m =1300 kg; v =0 m/s; v¢= 14 m/s;
Ad=82m

Required: W; Fye

. 1
Analys1s: Waet = Emv’fz—%mviz; Whet = FoelAd

(a) Net work done on the car:
Solution:

2 2
me my.

i

VVnet -
2 2
(1300 kg)(14 m/s)® (1300 keg)(0 m/s)y
B 2 - 2
kgem’

2
S

=127 400
=127.4k)
W =130k

nef

=127 400 0

Statement: The net work done on the car is
130 kJ.
(b) Net force acting on the car:

Solution:

W= F.Ad

F = ne

" Ad

127 400J
~ 82m
=1553.6 J/m
=1554 N

F =16x10°N

net
Statement: The net force acting on the car is
1.6 x 10° N,
2. Given: m = 52 kg; vi =11 m/s; v¢= 0 m/s;
Ad=8.0m
Required: F

. 1
Analys1s: Waet = 5 mv’fz —% mViz; Whet = FrelAd

(a) The net force on the skater:

Solution:

_ mez }’}’lvi2
net 2 - 2
_(52kg)0m/s)’ (52 kg)(11 m/s)’
N 2 - 2
~0 kg'zmz ~3146 kg'zmz
S S

=-3146]

W =-3.146kJ

net
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W =F Ad

net net

F;mct = A_";
3146 )
8.0 m
=-393.2 J/m

=-3932N
F,=-39%10° N

Statement: The net force on the skater is

~3.9% 10°N.

(b) The net work done on the skater must be
negative for these two reasons. First, the object is
slowing down and losing kinetic energy. Since the
change in kinetic energy is negative, the net work
done must be negative. Second, the force of
friction is causing the skater to slow down.
Friction always acts in the direction opposing
motion. Since the force and motion are in opposite
directions, the net work done is negative. The net
force works in a backwards direction.

Tutorial 3 Practice, page 234

1. Given: m = 58 kg; hiop = 6.0 m; Ajanding = 3.0 m;
hground = 0 m; g = 9.8 N/kg; Ground is reference
level for height.

Reqllil‘ed= Eg top» Eg landing> Eg ground

Analysis: E, = mgh

(a) Gravitational potential energy at top, landing,
and ground level:

Solution:
Eg top = mghtop
=(58 %)[9.8 %](6.0 m)
=3410.4 Nom
=341047
E _ =34007
g top

Eg landing = mghlanding

N
= (58 K6)| 9.8 — |(3.0m)
s ]

=1705.2 Nem
=1705217
E =17001J

g landing
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= mgh

bottom

= (58 ;«é)[% %J(O m)

E =0J

g bottom
Statement: The gravitational potential energy at
the top, landing, and bottom of stairs is,
respectively, 3400 J, 1700 J, and 0 J.
(b) As you go down a flight of stairs, the
gravitational potential energy decreases. As you
climb a flight of stairs, the gravitational potential
energy increases.

g bottom

Section 5.2 Questions, page 235
1. Given: m = 610 kg; E, = 40.0 kJ =40 000 J
Required: v

Analysis: Ex = %mv2

. 1
Solution: E, = Emv2
2E,

m

_[2(40 000 1)

\ 610kg

=11.45m/s

v=11m/s

Statement: The speed of the bobsleigh is 11 m/s.
2. Given: m =0.160 kg; v; = 0 m/s; v¢= 22 m/s;
Ad=12m
Required: Ey; Fe

V=

Analysis:
1,
E = Emv
F  =ma
vf = v[2 + 2aAd
VVnct = Ekf - Eki
W _ =F Ad

net net

(a) The final kinetic energy of the puck:
Solution: E, = Lo
2

= %(0.160 kg)(22 m/s)’

kgem®
SZ

=38.72]
E =391
Statement: The final kinetic energy of the puck is
39 1.

=38.72
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(b) The average net force on the puck using two
different methods:
Solution:
Method 1:
Step 1. Calculate the acceleration using
kinematics.
vf = v,.2 + 2aAd
vl v’
2Ad
_ (22 m/s)’ — (0 mys)’
C @(12m)
_ 484 m? /s’
C 24mr
a=201.7 m/s’

Step 2. Calculate the net force using Newton’s
second law of motion.

F =ma
=(0.160 kg)(201.7 m/s?)
2
_3pp7kem
S
=3227N
F,=32N
Method 2:

Step 1. Calculate the net work done on the puck by

calculating the change in kinetic energy.
Wnel = AEk
:Ekf B Eki

=3872J - 0J
W, =38721]

nef

Step 2. Use the net work formula to calculate the
net force.

W =FAd

F o= net

net Ad
38.72)
" 12m
=32.27 J/m

F =32N

net
Statement: Using two different methods, the
average net force on the puck is 32 N.

Copyright © 2011 Nelson Education Ltd.

3. Given: m =42 kg; vi =0 m/s; iy =16.0 m;
hp=0m; g =9.8 N/kg

Required: Ega; hig; he; Eqp

Analysis: E;, = mgh

(a) The gravitational potential energy of the person
at position A:

Solution:

E , =mgh,

gA

- @ %)[9.8 %](16.0 m)

=6585.6 Nem
=6585.6J
E, =66kl
Statement: The gravitational potential energy of
the person at position A is 6.6 kJ.
(b) The height above the ground of the person at

position B:
Given: E,g =4500 ]

Solution:
E,, = mghy
h =§
B mg
B 4500
2 )[9.8 ;é]
=10.93J/N
hy=11 m

Statement: The height above the ground of the
person at position B is 11 m.

(c) The height above the ground of the person at
position C:

Given: AEg(A to C) — -4900J

Solution:

Step 1: Calculate the gravitational potential energy
at position C.

AEg(A 0C) EgC - EgA
EgC = AE‘g(A to C) + EgA
=-4900J +6585.6 J
E _=1685.6J
gC
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Step 2: Calculate the height at position C.

EgC = mgh,

h =i
C mg
168561
(42 %){9.8 ;é]
= 4.09 JN
h,=4.1 m

Statement: At position C, the person is 4.1 m
high.

(d) The person’s gravitational potential energy at
ground level at D: The person is at the ground
level, which has been used as the reference level
for gravitational potential energy. Therefore, the
person’s height is 0 m. So the gravitational
potential energy at position D is 0 J.

4. Given: myjock = 2.0 kg; g=9.8 N/kg;

Dolock = 20.0 cm = 0.200 m; One row has 10 blocks.
Mrow = 10 X mpjock = 10 X 2.0 kg =20 kg

There are 4 rows in total.
my=my=m3=mg=m=20kg; how1 =0m;
Nrow2 = 0.200 m; Arow 3 = 0.400 m; Arow 4 = 0.600 m

0.200 m m, =20kg h,=0.600 m
0.200 m m;=20kg h;=0.400 m
0.200 m m,=20kg h,=0.200 m

0.200 m m,=20kg | h,=0m

Required: Egt

Analysis: E, = mgh;

EgT =Erow1 t Erow2 T Erow3s T Erows
Solution:

E,=E  +E ,+E . +E

row 2 row 3 row 4

= m,gh, +m,gh, + m,gh, + m,gh,

=(20 %)[9.8 %](0.200 m +0.400 m + 0.600 m)

=235.2 Nem
=23521]
E,=240]
Statement: When the blocks are set in place, the

gravitational potential energy stored in the wall is
240J.
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5. As the height of the basketball increases, its

speed decreases, the kinetic energy decreases, and

the gravitational potential energy increases. When
the ball reaches its maximum height, it temporarily
stops. Here, its gravitational potential energy is at
the maximum and its kinetic energy is zero. As the
ball begins to fall toward the ground, its speed
increases so its kinetic energy increases, and its
height decreases so its gravitational potential
energy decreases. As it hits the floor, where the
height is zero, the gravitational potential energy is

zero and the speed and kinetic energy are at a

maximum (and equal to its original value).

6. As the people in the drop tower ride are slowly

pulled to the top,

e negative work is done on the people by gravity
(acts in the direction opposite of motion)

e positive work is done on the people by the
chains lifting the car (acts in the direction of
motion)

e their gravitational potential energy increases
because their height increases

e their kinetic energy remains constant if they are
pulled up at a constant velocity

When the riders reach the top,

e their kinetic energy is zero because they are
temporarily stopped

e their gravitational energy is at a maximum
because they are at their highest point

Immediately after the riders are released,

e there is positive work done on the people by
gravity (acts in the direction of motion)

e their gravitational potential energy decreases
because their height decreases

e their kinetic energy increases as they speed up
on the way down

As the riders are safely slowed at the bottom by the

braking system,

e there is positive work done on the people by

gravity (acts in the direction of motion)

there is negative work done on the people by

the braking system (acts in the direction

opposite of motion)

e their kinetic energy decreases as the braking
system slows them down

e their gravitational potential energy decreases
because their height decreases
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Section 5.3: Types of Energy
and the Law of Conservation of
Energy
Tutorial 1 Practice, page 241
1. Given: m = 0.20 kg; 7;=30.0 m; v, =22.0 m/s
h3=0m; g =9.8 N/kg;
Ground is reference level for height.

B

o h, (max)
o
o O h, (start)
L] :
[ '-.
] v | 300m
[] '.
[ ':
! h; (ground)
Ground level

Required: E,, total energy of the ball at start (/,);
h, (maximum height); v,, velocity at /4, (maximum
height); v3, velocity at /3 (ground level);

Analysis: £, = constant; E, = mgh; Ey = 1 mvz;
En=E, + Ex

(a) The total energy of the ball at start (/;):
Solution:

(b) Total energy of ball at its maximum height
(h2):

Solution: At its maximum height, the upward
velocity of the ball is zero (v, = 0 m/s) because it
has temporarily stopped before it begins falling to

the ground. However, the total energy of the ball
remains constant.

E =E +E
=mgh, + s
2 2
E_=mgh,+0
E = mgh,
Em
h, = m_g
107.27

=54.69 m
h,=55m

Statement: The upward velocity of the ball at the
maximum height is 0 m/s. The maximum height of
the ball occurs at the upward point where its
velocity is 0 m/s. This point occurs at 55 m.

(c) Velocity of the ball when it hits the ground
(h3):

Solution: At ground level, the height of the ball is
zero (h; = 0 m). At this point, its gravitational
potential energy is also zero. However, the total
energy of the ball remains constant.

E =E, +E,
E =E +E, .
) = mgh, +—2
mvlz mg 3 2
=mgh + 3 .2
=0+ 23
N
=(0.20 J¢ )[9.8 %J@o.o m) oy
" 2
0.20 kg)(22.0 m/s)’
L g s) F
2 v, = m
kgem’ m
=58.8 Nem + 484 2 _ 207271
=58.81] + 4841 0.20 kg
=107.27J = /1072 J/kg
E =110]J =32.74 m/s
Statement: The total energy of the ball at the start v, =33 m/s
was 110 J.

Statement: The velocity of the ball is 33 m/s as it
hits the ground.
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Section 5.3 Questions, page 241

1. (a) At the top of the building, the ball has

gravitational energy. As it falls, the energy is

converted to kinetic energy.

(b) Chemical energy is stored in the archer’s arm.

Elastic energy is stored in the bow and bowstring.

As the arrow is released, both types of energy are

converted to kinetic energy and transferred to the

arrow.

(c) Chemical energy is stored in the fireworks.

When the fireworks are lit, the chemical energy is

converted to radiant energy (light), sound energy,

and thermal energy (heat).

(d) Electrical energy (moving electrons) is

transferred to the bulb with it is turned on. The

electrical energy is converted to radiant energy

(light) and thermal energy (heat).

(e) Chemical energy is stored in the gasoline.

When the lawnmower is turned on, the chemical

energy is converted to kinetic energy (moving

parts), sound energy, thermal energy (heat), and

electrical energy (spark plug).

2. Given: m =45.9 g=0.0459 kg; 7; = 8.0 m;

v1 =20.0 m/s; v,=12 m/s; g =9.8 N/kg; i3 =0 m
Position2 V,=12m/s

v,=200m/s -~ N
p N
v ~
v N
’ ~
4 .
/ s Ay
K" Position 1 h, S
\\
N
Al
h,=80m X
\
\ Position 3 |

h;=0m

Required: E.; 1y; v3

Analysis: E, = By + Eg; Ex =% mvz; Eq = mgh;
E., = constant

(a) The total mechanical energy at the start (at
position 1):

Solution:
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E =E +E
m g
—lmv2+m h
B 8

= %(0.0459 kg)(20.0 m/s)?

+ (0.0459 %)[9.8 1](8.0 m)

4

2
Kgem’ | 3 60 Nem

=9.18

2
S

=12.78]J

E =13]
Statement: The total mechanical energy of the
ball at the start is 13 J.
(b) The maximum height of the ball above the
green (at position 2):
Solution:

E =E + Eg

1
= Emv2 + mgh,

1
mgh, = E_— Emv2

2E —mv®
hy=""n T
2mg
_2(12.78 1) — (0.0459 kg)(12 nvs)’
2(0.0459 %)[9.8 ;é]
=21.06m
h,=21 m

Statement: The maximum height of the ball above
the green is 21 m.

(c) The speed of the ball when it strikes the green
(at position 3):

Solution:

E =E +E,

B /2(12.78 7)

"~ 10.0459 kg

=23.60 m/s
v, =24 m/s

Statement: The speed of the ball when it strikes
the green is 24 m/s.
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3. Given: position 1 = top of first hill; 4. (a) Given: v;=0 m/s; vi=v

position 2 = top of loop; v; = 0 m/s; v, = 10.0 m/s; Solution:
hy =16 m; g=9.8 N/kg v, =v' +2aAd
Required: /;, height of first hllll V= 04 2aAd
Analysis: Ey, = By + E,; By = 5 mvz; E, = mgh; v: =2aAd
Er = constant (b) Given: V* = 2aAd; Ey = ~ m?
Solution: 2
E =E_ Solution:
sz
E + Egl =E,+ Eg2 Ek =

1 1
AV + gh, ==y, + wgh, - @

v, =0m/s — maAd

gh = %vi +gh, =F Ad
2 Ek = Wnct
2gh =v, +2gh, ) o
N Statement: This result shows that the final kinetic
h = ﬂ energy of an object is equal to the net work done
2g on the object if it starts at rest.
= (10.0 m/s)2+ 2(9.8 N/kg)(16 m)
! 2(9.8 N/kg)
=21.10m
h =21 m

Statement: The minimum height of the first hill
must be 21 m.
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Section 5.4: Efficiency, Energy
Sources, and Energy

Conservation

Tutorial 1 Practice, page 243

1. Given: Ej;, = 5200 J; m =50.0 kg; h =4.0 m;
2=9.8 N/kg

Required: efficiency

Analysis: E; = mgh; Eou = Eg;

E
efficiency = EL“‘ %100 %
Solution:
E, =mgh

N
=(50.0 k)| 9.8 — |4.0 m)
s )

E, =1960]
E, =19607

ut

efficiency = % x 100 %
1960 /
520070
=37.69 %

efficiency = 38 %

Statement: The efficiency of the forklift is 38 %.

2. Given: m = 1250 kg; h = 1.8 m; F, = 5500 N;

Ad=12.6 m

Required: E,,; Ei,; efficiency

Analysis: E; = mgh; Eqy = Eg; W = FAd; W =Ej,;

x 100 %

E
efficiency = EL“‘ %100 %
(a) £, amount of useful energy produced:
Solution:

E = mgh

N
= (1250 k£)| 9.8 — |(1.8'm)
ol

=22 050 Nem
=22050]J
E, =22k]

Statement: The amount of useful energy produced

1s 22 kJ.
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(b) Ein, amount of energy used to pull the car from
the ditch:
Solution:
W =FAd
= (5500 N)(12.6 m)
=69 300 Nem
=693007J
W =69kl
E =69kJ

Statement: The amount of energy used to pull the
car from the ditch is 69 klJ.

(c¢) The percent efficiency:

Solution:

E
efficiency = EL“‘ x100 %

in

22050 4

69300 J

=31.82 %
efficiency =32 %

Statement: The efficiency is 32 %. In any process,
there is always some energy lost to friction, which
is converted to thermal energy. Therefore, the
percent efficiency is less than 100 %.

x 100 %

Section 5.4 Questions, page 249
1. Given: m = 54 kg; vi = 0 m/s; v¢= 11 m/s;
efficiency = 85 %

Required: Ej,

Analysis: Eqy = AEy; Ex = %mvz;

E
efficiency = E"“‘ x 100 %

in

Solution:

Eout = AE‘k
=E,-E,
- %mvg L

= %(54 kg)(11 m/s)> -0

kgem’

SZ

= 3267

E, =32671]
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E
efficiency = E"“‘ x 100 %

in

_E, x100%

in

efficiency
3267 1x100 %
- 85 %
=3843.5]

E, =3800J

Statement: The athlete provided an energy of
3800 J.
2. (a) The efficiency of the skier:
Given: v; =0 m/s; h;= 65 m; vy =23 m/s;
he= 0m; g=9.8 N/kg
Required: efficiency
Analysis: Ei, = Eg; Eoy = AEy; E;= mgh;

1 2 : Eout
Ex= Emv ; efficiency = E—x 100 %

in

Solution:

E

efficiency = E"“‘ %X 100 %
Ek

=—x100 %

Eg

1

2

mgh

sz
= x 100 %
2gh
_ (23 m/s)’ x 100 %
~2(9.8 N/kg)(65 m)
=4152%
efficiency =42 %
Statement: The efficiency of the skier is 42 %.
(b) Both the kinetic energy and gravitational
energy are proportional to the mass, so the mass of

2
Hv,

x 100 %

the skier can be divided out. Therefore, the mass of

the skier travelling down the slope does not affect
the efficiency of the skis.
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3. Given: Ej, = 65 J (from the golf club);
efficiency = 20 %; m =46 g =0.046 kg
Required: v;

Analysis: Ex = %mviz; Eout = Ex;

E
efficiency = E"“‘ x 100 %

in

Solution:

efficiency = % x 100 %
_ efficiency X E,_
_20%x651]
100 %
E =13]

out

(203D
0.046 kg
=23.77 m/s

v, =24 m/s

Statement: The initial speed of the ball after being
struck is 24 m/s.

4. Answers may vary. Sample answers:

(a) Some advantages of non-renewable energy
resources are that they are relatively inexpensive,
easy to access, easy to store, and easy to transport.
Some disadvantages are that they will run out
eventually and they contribute to pollution, the
greenhouse effect, and acid rain.

(b) Some advantages of renewable energy
resources are that they last forever and have low
emissions and pollutants. Some disadvantages are
the high costs for start-up and maintenance and
that the energy they provide is not consistent.
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Nuclear power plants

Hydroelectric power plants

efficiency 30 % to 40 %

80 %

method of
generating electricity

thermal energy produced by nuclear
reaction heats water and creates steam | turbines and generators
to turn turbines and generators

falling or moving water turns

energy nuclear energy is converted to

transformations electrical energy

kinetic energy (moving water)
is converted to electrical energy

environmental

produces radioactive waste; entirely
impact safe method of disposing of spent
nuclear fuel unknown at present

damming rivers may flood land
and disrupt ecosystems

6. Answers may vary. Sample answer:

Fossil fuels should not be considered a renewable
energy source because the time span needed to
generate the fuels from the decaying matter is
millions of years. This is well beyond the lifespan
of our current civilization, so these fuels cannot be
renewed through natural processes in time for our
current generation to benefit from them.

7. Passive solar design is used strictly for heating
and cooling purposes. The radiant energy from the
Sun is converted to thermal energy, which can be
used to heat spaces. Some designs place deciduous
trees on the side of the building that gets the most
sunlight. In the winter, when deciduous trees lose
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their leaves, the Sun’s energy enters the building
and heats the interior spaces. In the summer, when
the trees have their leaves, the leaves shade the
interior spaces from sunlight so that they remain
cooler.

Photovoltaic cells, or solar cells, use light-sensitive
materials to convert the Sun’s radiant energy
directly to electrical energy. The solar cells create
an electric current when the Sun shines on them.
This electric current can be used immediately for
lighting and running appliances, or the solar cells
can be connected to batteries to store the energy
for use during the night or on cloudy days.
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Section 5.5: Power

Tutorial 1 Practice, page 251

1. Given: P=0.50 kW = 5.0 x 10° W; W =1200J
Required: At

Analysis: P=

IS

Solution: P=

At =245
Statement: It would take the motor 2.4 s to do
1200 J of work.

2. Given: m = 55 kg; hgiary = 850 m;
Nfinish = 2400 m; g = 9.8 N/kg
At=3h

3y x 00 60s

1 X lmif

At =1.08x10* s (one extra digit carried)

Assume heights and time are accurate to two
significant digits.
Required: P
Analysis:
E = mgh
AE

T A
— Eg finish Eg start
At
— mghﬁnish — mghstan
At
Solution:
mghﬁnish — mghsmn
At

(55 %)[9.8;;}(2400 m)— (55 ;@[9.8 ;éJ(SSO m)

1.08x10* s

7736 Nem
S

=7736 W
P=T7TW
Statement: The average power of the climber is
77 W.
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3. Given: m = 60.0 kg; vi=0 m/s; v¢ =12 m/s;
At=6.0s
Required: P

Analysis: E_ = U

Solution: P= AE
At

_ E, nishy — E, (tam
At

2 2
mv, my,

2 2
At

2
my
S

-0
2At
_(60.0 kg)(12 mv/s)’
B 2(6.0 5)
=7201J/s
P=720 W
Statement: The person’s power is 720 W.

Mini Investigation: Human Power,
page 251

A. Answers may vary. Sample answer:
Given: m =63 kg; Ad =2.00 m; At =9.0s;
2=9.8m/s’

Required: P

Analysis: P = %; Fg=mgh

Solution:

AE=F,~F,
=mgh—-0

AE = mgh

_AE
Y
_mgh
YE
_ mgAd
YR
_ (63 kg)(9.8 m/s)(2.0 m)
- 9.0's
=14x10° W
Statement: The average power produced by
walking slowly is 1.4 x 10> W,
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B. Given: m =63 kg; Ad =2.00m; At =5.55s;
2=9.8m/s®
Required: P

Analysis: P = %; Fg=mgh

Solution: From A:
p= mgAd
At

_ (63 kg)(9.8 m/s)(2.0 m)

- 55s

=22x10° W
Statement: The average power produced by
walking slowly is 2.2 x 10> W.
C. My partner’s power was greater when walking
up the stairs quickly because he had to exert more
energy to walk more quickly.
D. Answers may vary. Sample answer:
If you assume the 100 W bulb is on for
approximately 5 s before it gets hot, the power it
uses is 1.1 x 10> W. Walking quickly produces the
most power because you needs lots of energy to
for a quick speed. You need energy to power your
muscles. In a bulb, you need power (electricity) to
heat a very small, thin metal filament for light.
This amount of power you would need is very
small relative to your leg muscles.

Tutorial 2 Practice, page 252
1. Given: P=3100 MW =3.1 x 10° W;
At =1day
C 19 24K 60 60s
1 ga§ 14 1 gt

At =86 400 s
Required: AE

Analysis: P = AE
At

Solution: P= AE
At
AE = PAt

= (3.1 x 10° W)(86 400 s)
=2.678 x 10" Wes
=2.678x 10" J
=2.678x10° MJ

AE =2.7x10° MJ
Statement: The generating station can produce
2.7 x 10* MJ of energy in one day.
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Tutorial 3 Practice, page 253
1. Given: P =Mx20 ,baﬂg

incand ] IE

=2000 W
P =20kW

incand

Pcr =23 W/bulb; rate = 6.0¢/kWh;
365
At=1 /vea/rx ga'ﬁ X 12h
| yedt 1 oy
At =4380 h

Assume two significant digits in power rating.
Required: AE, total energy; total cost; savings
using CFLs

Analysis: P = %; cost = AE X rate

(a) The total amount of energy used by all the
bulbs in the year:

Solution:
_AE
T A
AE = PAt
= (2.0 kW)(4380 h)
AE =8760 kWh

Statement: The total amount of energy used by all
the bulbs is 8800 kWh.

(b) Cost of lighting the store for the year:
Solution:

cost = AE X rate

= (8760 JWh )[6.0%}

=52 560¢
=$525.60

cost = $530

Statement: It costs $530 to light the store for the
year.

(c) Money saved by using CFLs instead of
incandescent bulbs:

Solution: This can be solved by using a simple
ratio to compare the costs based on the power of
the two types of bulbs. The difference in costs is
the savings.

COStCFL — PCFL
COStincand Ijincand
P
— CFL
COStCFL N COStincand
incand
23 W
=$525.60 x
100 W

cost,, =$120.89
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savings = cost, .
=$525.60 — $120.89
=$404.71

savings = $400

- COStCFL

Statement: Using CFLs creates a total savings of

$400 (correct to two significant digits) for the year.

Section 5.5 Questions, page 254

1.
Afadn

3rd floor

2nd floor

34m
1st floor

Given: m = 54 kg; hgoor = 3.4 m; g = 9.8 N/kg;
hground =0m; At=32s
Required: Eg; P

Analysis: E, = mgh; P= %; W= AEg;

AEg = Eg at top — Eg at grounds Aot = 3 X Afioor
(a) Gravitational potential energy at the top of the
climb:

Solution:

AEg = Eg at top - Eg at ground
= mghTota] - mghat ground
=mg3h,,)—0
= (54 )(9.8 %}(3)(3.4 m)
=5397.8 Nem

AEg =54001J

Statement: The person’s gravitational energy at
the top is 5400 J.
(b) The power of the person for the climb:
Solution:
_
Y
E

—
At
539787
325
=168.7 J/s
P=170 W
Statement: The person’s power output is 170 W.
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(c) If a lighter person climbed the stairs in the
same amount of time, the power output would be
lower. Since the person’s mass is lower, the
amount of gravitational energy acquired would be
lower (gravitational energy is proportional to
mass). Then less work would be done in the same
amount of time and a lower power output would
result.
2. Given: m = 65 kg; g = 9.8 N/kg; /op = 5.0 m;
Nground = 0 m; v =1.4 m/s
Required: At; P
Analysis: v = Ad P = K; W= AEg;

At At
AEg = Eg attop — Eg at grounds Eg =mgh
(a) The time it takes the student to climb the rope
and the student’s power:

Solution:
Ad
y=—
At
A=

v
_ 504
1.4 A Js

=3.57s
At=3.6s

AE

g Eg at top - Eg at ground

= mghTotal - mghground

= (65 %)[9.8 %](5.0 m)—0

=3185Nem
AE =3185]

P — VVnet
Y]

AE

g

At

3185

357

=892.21/s

=8922 W
P =890 W
Statement: It takes 3.6 s for the student to climb
the rope and the student’s power is 890 W.
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(b) The student’s power without finding the time:
Solution:

net

At
AE

g

At

mgh
=——(h=Ad
At( )

mgAd Ad
=y =—
At At

- (65 %)[9.8 %][1.4 %)

Nem
S
=891.8J/s

P =890 W

Statement: The student’s power is 890 W. Since
the height climbed is the distance travelled at a
constant speed, the simple kinematics formula can
be substituted into the equation, as shown above.
3. (a) In order to calculate power, the amount of
work done and the time taken is needed. In this
case, you could measure the time taken (in
seconds) for the mass to be lifted at a constant
speed. Knowing the mass of the object (in
kilograms), you could calculate the change in
gravitational energy of the object using £, = mgh,

=891.8

which is equivalent to the work done on the object.

. w
Then using the power formula, P= —";‘ , the

power could be calculated. (In this case, since the
speed is constant, there is no change in kinetic
energy so no corresponding work done to

change it.)

(b) In this case, since the speed is no longer
constant, there is a change in kinetic energy and
some corresponding work done to change the
speed. As the object is being pulled up, both its
gravitational and kinetic energy increase. In order
to calculate the student’s power in this case, the
change in gravitational energy and the change in
kinetic energy must be taken into account. The
change in gravitational energy is calculated in the
same way as in part (a). In order to calculate the

change in kinetic energy, we must find the object’s

final speed and use the equation Ex = %2 mv’ to
calculate the additional work done. The power can
then be calculated by finding the total work done
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(add AE, and AE) and the total time taken using

At
4. (a) The amount of solar energy transformed into
electrical energy each day:
Given: Pyanet = 600 W; number of panels = 10;
At=4.5h
Required: Eto

otal

. AE‘Tota]
AnalySIS: PT = Al Protat; Protal = 10 Ppanel

Solution:
_ Total
I)Tmal - A t
A ETota] = Rl"otal At

= (10F,_ )AL
(10)(600 W)(4.5 h)
27 000 Wh

AE = 27 kWh (in one day)

Total

Statement: The solar panels will produce 27 kWh
of energy in one day.

(b) The amount of money saved in a year on the
electrical energy bill:

Given: Eg,y =27 kWh; At = 365 days;

rate = 5.5¢/kWh

Required: cost savings

Analysis: Eye.r = Egay X 365 days/year;

cost savings = rate X Eyc,,

Solution:
E_=E, x 365 days
year ay year
_27kWh 365 dagk

9/}; year
E .. =9855kWh/year

ye:

cost savings = rate X energy
= [5.5 LJ[%SS M]
M year
=154202.5 ¢/year
= $542.03/year
cost savings = $540 / year

Statement: This family will save $540 per year in
electrical energy costs.
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(c¢) Given: number of persons, n = 5;
consumption, £ =2 kWh/person/day

Required: energy consumption of family in one
day, Efamlly

Analysis: Egmily=E X n

Solution: In one day,

E =EXn

=10 kWh
The solar panels produce 27 kWh per day, which is
more than enough to supply the family’s needs.
Statement: The family should not have to buy
additional electricity. They could sell the excess
energy back to their energy supplier on full-
production days. (However, on cloudy days, when
the solar panels are not creating electrical energy,
they would still need to purchase energy from the
supplier.)
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5. Given: 1 kW

Required: Show 1 kW =3.6 MJ.

Analysis: Covert hours to seconds. Convert watts
to joules. Convert kilowatt hours to Joules.
Convert joules to megajoules.

Solution:
1 kW =1000 W
1 kWh =1000 Wh
3600 s
=1000WH x
)4 X
= 3600 000 Ws
1W=11J/s

1 kWh =3 600 000 %;(
=3600000)J
1000000J=1MJ

1 kWh=3.6 MJ
Statement: This shows 1 kW = 3.6 MJ.
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Chapter 5 Review,
pages 262-267

Knowledge

1. (d)

2.(¢)

3.(a)

4. (b)

5.(¢)

6. False. Mechanical work is calculated by
multiplying the magnitude of a force times the
displacement of the object to which it is applied.
7. True

8. False. Gravitational energy is a form of potential
energy.

9. False. Energy, work, and time are scalar
quantities, which means that power can also be
described as a scalar quantity.

10. (a) (ii1)

(b) (iv)

(c) (ii)

(d) (@

11. Work equals force multiplied by displacement.
12. No work was done on the tree because there
was no displacement.

13. Thermal energy is a measure of the kinetic
energy of atoms and molecules.

14. Given: m = 60.0 kg; v =40.0 m/s
Required: Ey

2

Analysis: E = U
Solution:
2
my
E = 2
_(60.0 kg)(40.0 m/s)*
2
2
- 48000 X&'
S
=480001J
E, =48k

Statement: The skydiver’s kinetic energy is 48 kJ.
15. The term m is mass in kilograms, g is the
acceleration due to gravity (9.8 m/s®), and 4 is
height in metres.

16. The potential energy of the apple as it hangs
from the tree is transformed into kinetic energy as
it falls to the ground.

17. The two types of electrical energy are static
electricity and current electricity.
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18. Architects may take advantage of the Sun’s
position in the sky to design buildings to best use
the Sun’s energy to heat a building. They may
place windows on the south-facing side of the
building, or orient the building so that one wall
faces the Sun. These considerations are called
passive solar design.

19. Answers may vary. Sample answer:

Efficiency is a ratio comparing the energy output
to the energy input. It is expressed as a percentage.
20. Nuclear power plants take advantage of nuclear
fission.

21. Fossil fuels are called fossil fuels because they
are the decayed and compressed remains of
prehistoric plants and animals that lived between
100 million and 600 million years ago.

22. The unit commonly used to measure the energy
rating of an electrical appliance is the kilowatt
hour (kWh).

23. Energy is the capacity to do work, and power is
the rate at which energy is transformed or the rate
at which work is done.

Understanding

24. Answers may vary. Sample answers:

(a) No work is done on a wheelbarrow full of soil
when it is pushed forward horizontally at constant
velocity on a frictionless surface.

(b) Pushing a wheelbarrow full of soil with
increasing speed and pushing a wheelbarrow uphill
both do work.

25. Sample answer: [ would multiply the force
exerted on the handle by cos 30°.

26. Given: m = 2100 kg; vi = 0; a = 2.6 m/s’;
At=4.0s

Required: W

Analysis: Ad = vit + %atz; Fret =ma; W=FAd
Solution:

Ad = v.t+lat2
Y2

=O+%[2.6 ?J(m s

Ad = 20.8 m (one extra digit carried)

F=ma
= (2000 kg)(2.6 m/s*)
- 5460 K&
S
F =5460 N
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W= FAd
= (5460 N)(20.8 m)
= 133 568 Nem

W =110kJ

Statement: The car has done 110 kJ of work.

27. Answers may vary. Sample answer:

As the roller coaster speeds up when it goes down
a slope, potential energy is transformed into kinetic
energy. As the roller coaster slows down when it
goes up a slope, kinetic energy is transformed into
potential energy.

28. (a) The velocity of the object increases.

(b) The kinetic energy of the object increases.

29. Given: m = 1900 kg; v; = 25.0 m/s;
ve=15.0m/s; At=6.25s

Required: W

Analysis: a = %; Foee=ma; W=FAd

Solution:
_ Vf - Vi
At
_15.0 m/s —25.0 m/s
6.25s
a=-1.60 m/s’
Frlct = ma
= (1900 kg)(—1.6 m/s*)
= -3040 kgem/s’
F=-3040 N
V. +v.
d=| - ‘]At
2
150 D250 ™
= # (6.25 g)
2
d=125m
W =FAd
= (=3040 N)(125 m)
= —380 000 Nem
W =-380kJ

Statement: The amount of work done on the car
was 380 kJ in the opposite direction of motion.
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30. Given: m = 68 kg; h =320 m; v= 1.5 m/s;
2=9.8 m/s’
Required: £,

Analysis: E, = Ey + Eg; Ey = %mVZQ Ey=mgh

Solution:
E =F + Eg
sz
2

_ (68 kg)(1.5 m/s)’
2

+ mgh

+ (68 kg)(9.8 m/s*)(320 m)

2 2
=765 KB 4 913 948 K&
S S
2
— 2133045 KEm
S
=2133245]
E, =210k

Statement: The total mechanical energy of the
rock climber is 210 kJ.
31. Given: m = 2600 kg; Fr= 8200 N;
2=9.8 m/s’
72 ki 1000m K
= x X
A K 3600
v, =20 m/s
Required: At
Analysis: W= Ek final — Ek initials W=FAd
Solution:

v

W= Ek final Ek initial
I’nV2
= 0 — 1
2
(2600 kg)(20 m/s)’
- 2
2
- 520 000 X&0
S
W =520kJ
W =FAd
ra=
F
520000
~ 8200N
=63.4m
Ad =63m

Statement: It takes 63 m for the truck to stop.
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32. Answers may vary. Sample answer:
The potential energy of the water raised behind the
dam is transformed into kinetic energy as it falls
toward the turbine. Kinetic energy is transferred to
the turbine, and the turbine transforms the kinetic
energy into electrical energy.
33. Answers may vary. Sample answers:
(a) The grass converts radiant (solar) energy into
chemical energy and converts chemical energy into
mechanical energy to grow.
(b) Mechanical energy from the vibrating string
transfers into sound energy throughout the air.
(¢) The stuntman starts with gravitational potential
energy, which is converted into kinetic energy as
he falls. Then the kinetic energy from the stuntman
is transferred into elastic energy in the springs of
the trampoline.
(d) Solar (radiant) energy is transferred into
thermal energy on the asphalt.
34. Given: m =73 kg; Ad =120 m; v; = 0;
2=9.8 m/s’
Required: v¢
Analysis: Use the lower position just before the
bungee catches as the reference level for height.
Assume that the jumper starts from rest.
Etop = Ebottom; Ex top T Eg top = Ex bottom T+ Eg bottom
Solution:

E =F

top bot

E +E

k top gtop Ek bottom + Eg bottom

1 1
Emviz + mghtop = Emv{z + mghboﬂom

1
0+ )ﬂghmp = Emvfz +0

v  =2gh

f top

v =y 28h,

= 2(9.8 m/s”)(120 m)

=+/2352 m*/s’
=48.49 m/s
v, =48 m/s

Statement: The speed of the jumper just before
the bungee catches is 48 m/s.
35. (a) The energy transformations that take place
in a light bulb are as follows: electrical energy is
converted to radiant energy and thermal energy.
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(b) Incandescent light bulbs are inefficient at
producing radiant energy but efficient at producing
thermal energy. They typically transform only
about 5 % of the electrical energy into radiant
energy. The remaining 95 % is transformed into
thermal energy. Fluorescent and compact
fluorescent lamps (CFLs) are more efficient at
producing radiant energy. These types of lamps
can transform up to 25 % of the electrical energy
into radiant energy.
36. Answers may vary. Sample answers:
(a) A renewable energy resource is one that is
replenished continuously in a short amount of time
or is available in inexhaustible quantities. Wood is
an example of a renewable energy resource.
(b) A non-renewable energy resource is one that is
available in finite, dwindling quantities or is
replenished over very long time periods. Oil is an
example of a non-renewable energy resource.
37. Given: & = 55 m; efficiency = 50.0 %;
g=9.8N/m
Required: v¢

E

Analysis: efficiency = E_k s B = %mvz; E,=mgh
g
Solution:
. E
efficiency = =~
E
g
E
—£=0.50
E
g
2
mv,
—2_-050
mgh
2
mv,
— = 0.50 mgh

. /2(0.50 stzh)
f Vi
N
= [2(0.50) 9.8 — |(55
\j( )[ m]( )

=232 m/s
v, =23m/s
Statement: The velocity of the roller coaster at the
bottom of the first low point is 23 m/s.
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38. (a) Given: efficiency = 17.0 %; Eqy = 252J
Required: Ej,

E
Analysis: efficiency = E"“‘ x 100 %
Solution: The energy input to produce 252 J of
light energy:

E
efficiency = E"”‘ x100 %

in

; x 100 %

efﬁmency
252 %100 }/
17.0

0h

=1482.37
E, =14801J
Statement: The energy input required is 1480 J.
(b) The waste energy is thermal energy.
Given: E;, = 14823 J;, E,, = 2521
Required: Ey ;g
Analysis: Ei, = Eqy + Eyaste
Solution:
E =E +E

out waste

E = Ein - Eout

waste

=14823J) —252]
=1230.31]
E =1230]

waste
Statement: A total of 1230 J would be wasted.
39. Given: efficiency = 12 %; F =18 000 N;
v=21m/s; Add=450 m
Required: Ej,
Analysis: The energy output of the car is equal to
the work done: Eyy = W; Eqg = FAd,

E
efficiency = —*-x 100 %
Ein
Solution:
out = W
=FAd
= (18 000 N)(450 m)
=8 100 000 Nem

E, =81MJ
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E
efficiency = EL“‘ %100 %

in

; X100 %

efﬁmency

8 100 000 J 100/
Ity
=67 500 000 J
E, =68MJ

Statement: The amount of chemical energy
needed to move the car is 68 MJ.
40. Table 1
Energy source Renewable or
non-renewable?

biofuel renewable
coal non-renewable
geothermal renewable
hydroelectric renewable
natural gas non-renewable
nuclear non-renewable
oil non-renewable
solar renewable
wind renewable
wood renewable

41. Answers may vary. Sample answers:

(a) Hydroelectric. Flowing water has gravitational
(potential) energy. As the water falls, the potential
energy is converted to kinetic energy. This kinetic
energy is captured in the hydroelectric plant, and
converted to electrical energy.

(b) Tidal. Water on Earth has potential energy
because of the Moon's gravity. As the water moves
toward the Moon, the potential (gravitational)
energy is converted to kinetic energy. This is
captured by turbine and converted to electrical
energy. Water’s potential energy also gets
converted to kinetic energy as the water falls to
low tide.

(c) Geothermal. Matter deep inside the Earth has a
great deal of thermal energy. This can be used
directly to heat buildings on the Earth's surface or
used to heat water. As the water boils, the thermal
energy is converted to kinetic energy, which is
captured by a turbine and converted to electrical
energy.

(d) Wind. Moving air (wind) has kinetic energy.
This is converted to electrical energy.
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42. Given: W=600.0N; #=3.0m; At=5.0s
Required: P
Analysis: W=FAd; P= %
Solution:
W =FAd
_r
A
_ FAd
T oA
_(600.0 N)(3.0 m)
- 50s
Nem
S
P=360 W
Statement: The man’s power is 360 W.
43. Given: F=120N; Ad=6.0m; At=2.0s
Required: P

=360

Analysis: W= FAd; P= %

Solution:
W = FAd
= (120 N)(6.0 m)
=720 Nem
W =7201]
p
At
7201
"~ 20s
=360 J/s
P=360 W

Statement: The girl’s power is 360 W.
44. Given: P=4.0x 10° W;
At=0.70ms =0.70 X 10" s;
Ad=14cm=14x10"m;
m=145g=145x10" kg

Required: Fe; dayg

Analysis: P= é; E= é 3 Foet = ma
Solution:
_E
T A
E=F_Ad
F_Ad
T A
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_ PAt
net A_d
_ (4.0x10° W)(0.70x 107 s)
B 1.4 x107°m
=20 000 s
m

=20 000N
F =20x10*N

net

I =ma
net
F
net

m
20 000 N

T 145x10° ke
=137 931 N/kg
=137 931 nys’
a=14x10" m/s’
Statement: The net force applied to the ball is

2.0 x 10* N, and the average acceleration is
1.4 x 10° m/s”.

a=

Analysis and Application
45. Answers may vary. Sample answer:
A waiter carrying a tray of food over his head

across a room and travelling at a constant velocity.

46. Answers may vary. Sample answers:
(a) Posing as a still model for portrait painting is

paid as work, but is not work since the model does
not move any distance. Carrying bags of cement is

paid as work, but is not work in the sense that the

force on the bags of cement is perpendicular to the

direction of motion.
(b) Digging holes with a shovel is work in both

senses because soil is being lifted against the force

of gravity and is gaining potential energy.
Throwing cement bags onto a truck is work
because the force is in the same direction as the
displacement and the bags are gaining kinetic
energy as they accelerate.

47. Given: h=2.2 m; F=98 N; m =10.0 kg;
2=9.8 m/s’

Reqllil’ed= W mans Wgravity; Whet

Analysis: W= FAd; W, = mgh

(a) The work done by the man lifting the box:
Solution:

W=F_Ad
= (98 N)(2.2 m)
=215.6 Nem

W =2201
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Statement: The work done by the man lifting the
box was 220 J.
(b) The work done by gravity:

Solution:
w,= mgh

= (10 kg)(—9.8 m/s’)(2.2 m)

2
— 156 ke
S

= -21561J

Wg =-2201J

Statement: The work done by gravity was
—22017.
(¢) The net work done on the box:

Solution:
I/Vnet = Wman + Wg

=215.6 J+(=215.6 J)
w_ =01J]

net
Statement: The work done on the box was 0 J.
(d) Yes, it is possible to know the net work done
on the box without knowing the mass or the force
exerted. Since you are told that the man moves the
box at a constant velocity, then the net force on the
box must be zero. If the net force is zero, then the
net work must also be zero.
48. Given: m = 155 kg; F=1910 N; 4 = 2.80 m;
2=9.8 m/s’
Required: F; F-d graph
Analysis: the net force acting on the weight when
lifted is Fnet = Fiise — F'g; the net force acting on the
weight when dropped is Fyet = ma = mg
(i) The net force acting on the weight for the lift:
Solution:

F:wt = F;iﬁ - Fg
=Fy, —mg
=1910 N — (155 kg)(9.8 m/s*)
=391.0N

F_=39x10°N

(ii) The net force acting on the weight for the drop:
Solution:

= F
= (155 kg)(9.8 m/s*)

kgem
2

=1519
S

=1519N
F, =15x10°N
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Statement: The net force acting on the weight for
the lift is 3.0 x 10> N and the net force acting on
the weight for the drop is 1.5 x 10° N.
F-d Graph:

F(N)

500

., IR
.. N

49. Given: m = 0.50 kg; 4 =22 m; g = 9.8 m/s
Required: E,; Ey; ve

2

Analysis: £, = mgh; E_= m2v
(a) Initial potential energy of the rock:
Solution:
E = mgh
=(0.50 kg)(9.8 m/s*)(22 m)
=107.87J
Eg =110J

Statement: The initial potential energy of the rock
is 110 I.

(b) The kinetic energy of the rock just before it hits
the water:

Solution:
bottom top
Eg finat T Ek final Eg fnat T Ek initial
0+ Ekﬁnal = ngmal +0
Ek final Eg final
E =1101J

k final
Statement: The kinetic energy of the rock just
before it hits the water is 110 J.
(¢) The final speed of the rock:

Solution:
E u = E g initial
v’
= mgh
2 g

v, =+/2gh
=4/2(9.8 m/s’)(22 m)

=20.7 m/s
v, =21m/s
Statement: The final speed of the rock is 21 m/s.
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50. Given: m = 1800 kg; /’lmma] =450 m;
vi=42 m/s; vi=64 m/s; Ah =120 m; g=9.8 m/s’
Required: Eg initial; Eg final; Ex initial; £k finaly Wiotal
2
my

2

Analysis: Eg a1 = mgh; E, =

l

W = Ex final — EX initial
(a) Initial and final potential energy:
Solution:

= mgh
= (1800 kg)(9.8 m/s*)(450 m)
kgem’

2

g initial

=7938000
s

=7.9%10%J, or 7.9 MJ

g initial

Eg final = mghfinal
E, 1 = (1800 kg)(9.8 m/s?)(450 m — 120 m)

=58212001J
E _ =58x10°7J, 0or5.8MJ

g final
Statement: The initial potential energy of the
plane is 7.9 x 10° J, or 7.9 MJ. The final potential
energy of the plane is 5.8 x 10° J, or 5.8 MJ.
(b) Initial and final kinetic energy:
Solution:
mviz
k initial 2
(1800 kg)(42 m/s)’
2

kgem’
2

=1587 600

S
E =1.6x10°J, or .6 MJ

k initial

mv2
f

Ek final — 2

(1800 kg)(64 m/s)’
2

=3686 400

kgem’
SZ
E .. =37x10°J 0r37 M
Statement: The initial kinetic energy of the plane
is 1.6 x 10° J, or 1.6 MJ. The final kinetic energy

of the plane is 3.7 x 10° J, or 3.7 MJ.
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(c) The total work done on the plane:

Solution:

W=E = Eia
=37MJI-1.6 MJ

W =2.1MJ

Statement: The total work done on the plane is
2.1 MJ.

51. Answers may vary. Sample answers:

(a) The engine did work when the car accelerated
to pass the other car because the kinetic energy
was increasing. The engine did work when the car
went up the hill because the gravitational potential
energy was increasing.

(b) When the car accelerated to pass, chemical
energy in the fuel was being converted into kinetic
energy. When the car went up the hill, chemical
energy in the fuel was being converted into
potential energy.

(c) When travelling at a constant speed on a flat
highway, chemical energy was being converted
into thermal energy because of friction and waste
heat from the engine. When the car coasted down
the hill, gravitational potential energy was being
converted into kinetic energy.

52. Answers may vary. Sample answers:

(a) Solar cells and photosynthesis operate on solar
energy, which is virtually inexhaustible. Fossil
fuels are finite and exhaustible.

(b) Plants (biofuels) are replaced in a matter of
months or years, but fossil fuels take millions of
years to form.

53. Given: m = 11 kg; Fiction =86 N; d=22 m
Required: Fy,,; AE; efficiency

Analysis: E= W, W= FAd;

E
efficiency = E"“‘ x 100 %

(a) Solution: The minimal force needed would be
the force to overcome Fliction 0f 86 N: Frpin = 86 N
(b) Minimum amount of energy:

Solution:
AE=W
W= FAd
AE =FAd
= (86 N)(22 m)
=1892]
AE=1900]7]

Statement: The minimum amount of energy is
1900 7.
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(c) The man’s efficiency: The output energy or
work done is only the minimum work required to
push against friction.

Solution:

E
efficiency = E"‘" x 100 %
_1892)
2180 )
=86.7 %
efficiency =87 %

x100 %

Statement: The man’s efficiency is 87 %.

54. Answers may vary. Sample answers:

(a) In the summer, when the Sun is high, the porch
roof shades the interior and reduces the need for
air conditioning. In the winter, when the Sun is
low, the rays can pass under the porch roof and
help heat the interior.

(b) Deciduous trees shade the house in summer
and cool it, and when they lose their leaves in the
winter, they allow sunlight to help warm the house.
Evergreen trees shade the house all year long.

55. Answers may vary. Sample answers:

E
(@) efficiency = Ek x 100 %
p
sty

=2 %100 %
wigh

2
Y %100 %
2gh
Mass is not needed because it cancels out.
(b) Given: vy=5.0m/s; 1 =3.0m; g=9.8 m/s’
Required: efficiency

efficiency =

2

Analysis: efficiency = Y %100 %
2gh
Solution:
2
efficiency = Y %100 %
2gh
ot 2
[s.o]
_ il %100 %

2[9.8 m](&o 1)

=425%
efficiency =43 %

Statement: The efficiency of the energy
transformation is 43 %.
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(c) One factor that contributes to loss of efficiency
is the friction that occurs between the slide and the
slider’s clothing. Friction transforms the kinetic
energy into thermal energy.

(d) Potential energy was converted to thermal
energy.

(e) potential energy = kinetic energy + thermal
energy

(f) The law of conservation of energy was not
violated because the loss of mechanical energy
was equal to the thermal energy released into the
surroundings.

56. Answers may vary. Sample answer:

Three ways I could conserve electrical energy are
as follows: taking quick showers instead of long
baths, not blow drying my hair, and turning off the
computer when I am not using it.

57. Note: After the first printing, one decimal
place was added to each given value in this
question. The correct answer is still 95 J.

Given: efficiency = 5.0 %; P=100.0 W; ¢r=1.0h
Required: Ey ;g

E
Analysis: W= PAt; efficiency = E"“‘ x 100 %

in

Solution:
W = PAt
=100.0 Wx1.0h

W =100.0J (two extra digits carried)

E.__ =(0.95)100.0 J)

waste

E =95]

waste
Statement: The amount of waste thermal energy is
951.
58. Answers may vary. Sample answers:
(a) Nuclear energy is converted into thermal
energy, which is converted into mechanical
energy. The mechanical energy is converted into
electrical energy.
(b) Two disadvantages of using nuclear power as a
source of electrical energy are as follows: The
water used to cool the nuclear power plant can
cause thermal pollution in streams when it is
released. Radioactive waste remains hazardous for
thousands of years and is very difficult to store
safely.
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59. (a) Given: P= 1275 W = 1.275 kW;
rate of electricity = 5¢/kWh;
At =2 min

1h
:2mi/><
! 60)7{1{

=0.03h
Required: cost of heating a cup of soup

Analysis: P = £;
At

cost = number of kilowatt hours X rate
Solution:
_AE
Y
AE = PAt
=1275kW x 0.03h
=0.038 kWh
AE =0.04 kWh

cost = AE X rate

o]

=0.19¢
cost=0.2 ¢

Statement: The cost of heating a cup of soup is
0.2¢.

(b) Answers may vary. Sample answer:

“Hidden” costs of heating the cup of soup in the
microwave are as follows: the cost of
manufacturing the microwave oven and the
environmental damage caused by generating the
electricity using fossil fuels.

60. Answers may vary. Sample answer:

Plants transform radiant energy from the Sun into
chemical energy, which is converted into another
form of chemical energy when the plant food is
eaten and stored in a person’s cells. The person’s
muscles convert the chemical energy into kinetic
energy, which is converted into electrical and then
chemical energy and stored in the batteries of the
radio. This chemical energy is converted into
electrical energy, which is then converted into
sound energy.

61. Answers may vary. Sample answers:

(a) Sunlight is converted into chemical energy in
plants, which can be processed to make biofuels.
The Sun causes uneven heating of the Earth, which
causes winds to blow. The kinetic energy of wind
is transformed into electrical energy by wind
turbines.
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(b) Tidal energy has gravitational energy as its
source.

(¢) Both coal and oil store chemical energy that
was originally stored in plants. The plants
transformed solar energy by photosynthesis.

(d) Plants store energy in a matter of months or
years, so the energy is renewable and can be
replenished with the growth of a plant. Fossil fuels
are non-renewable because they are used in energy
transforming processes and so these fuels cannot
be replenished.

62. Answers may vary. Sample answers:

(a) Biofuels are combustible gases or liquids
manufactured by processing plants. This fuel can
be transported as easily as gasoline, so it can be
used anywhere, but its most efficient use would be
near the location the plants were grown.

(b) Geothermal energy is energy from Earth, such
as hot springs. Geothermal heat can be used to
produce steam, which is used to generate
electricity. Its most practical use is near
geothermal vents, which are mostly in British
Columbia.

(¢) Tidal power harnesses the kinetic energy of the
rising and falling ocean surface, so its most
practical use is along the ocean coastlines.

(d) Wind is used to turn electrical generators
powered by wind turbines. Wind power is most
practical in the windiest parts of Canada, including
the Plains and the North.

63. Given: m = 610 kg; vi = 0 m/s; v¢= 14 m/s;
t=1.1s

Required: d; AE; P

Ve + v, sz AE

Analysis: d = At E =——; P=
2 At

(a) The distance required by the horse:
Solution:

v, +v.
d=| +— ]At

2
14 %+ 0 %
=| ———|(1.1
> (1.1

d=77m

Statement: The distance required by the horse is
7.7 m.
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(b) The minimum amount of energy required:

Solution:
AE=E ;0= E i

— leﬁnal2 _ 0

2
_ (610 kg)(14 m/s)2
2

=597801]

AE=6.0 x10*J

Statement: The minimum amount of energy
required by the horse is 6.0 x 10* J.
(¢) The horse’s power:
Solution:
_AE
T A
597807
~ Lls
=5434541/s
P =54 000 W, or 54 kW
Statement: The horse’s power is 54 kW.
64. Given: P=3.0x 10° W;
efficiency =92 %; t=4.0s; m =78 kg

p =opXm
i h

kA 1K 1000 m
=21—X X

X 736008
=5.83m/s

Required: v¢

. AE . E
Analysis: P = —; efficiency = =% x 100 % ;
At E

in

E = mzv
Solution:
AE_ = PAt
=(3.0x10*> W)(4.0s)
= 1200 W/s
AE_=1200]

. AE
efficiency = —** x 100%
AEin
_ (efficiency)(E, )
ot 100%
(92 96)(1200 1
100 %
AE =1104]

out
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2 2

mvf }’}’lVi

AE‘()ut - 2 - 2
2 2

m ¢ 7’)’!\/’i

=AE  +
2 2
Vf — out + i
m

2AE‘oul 2
Ve =3t
m

v, = M+(5.83 m/s)’
f 78 kg

v, =7.9 m/s

Statement: The cyclist will be travelling at
7.9 m/s.

Evaluation

65. Answers may vary. Sample answers:

(a) Fossil fuels should be phased out and replaced
with wind power everywhere. Geothermal and
solar energy could be used in the places where
they are most practical.

(b) Fossil fuels cause more pollution and release
greenhouse gases, which contribute to climate
change. Fossil fuels are not renewable and are in
shorter supply than nuclear fuels.

(¢) Wind power is practical for most parts of
Ontario and has relatively little environmental
impact. The source is inexhaustible.

(d) Solar power is not a practical alternative in
most parts of Ontario because of short winter
daylight hours. Burning biofuels and wood
releases greenhouse gases.

66. Answers may vary. Sample answers:

(a) Advantages: Photovoltaic cells are an
inexhaustible source of energy, and the operation
of the cells causes no waste products.
Disadvantages: Solar cells only work when the
Sun is shining. Electricity must be transmitted
from the source.

(b) The manufacture of photovoltaic cells uses
energy and produces waste that must be disposed
of. Materials must be shipped by highway and by
train. Energy is lost during transmission, which is
often from remote desert locations.

(c) Canada’s energy needs are greatest in winter
when energy is needed for heating. This is also the
time of year when solar energy is least available
because of Canada’s latitude. Solar energy would
be most useful in southern Canada and in areas
with little cloud cover, like the central Plains.
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Reflect on Your Learning

67. Answers may vary. Sample answer:

I learned that some energy transformations were
not as efficient as I thought they would be, for
example, photosynthesis. I also learned that others,
for example, bicycles, are much more efficient
than I thought.

68. Answers may vary. Sample answer:

(a) I still wonder why no work is done when you
hold a heavy object stationary in the air. It feels
like work.

(b) I can read the textbook again on the work and
look at the examples of work and try to figure out
why my example from part (a) is not an example
of work. By comparing the different factors in
each example, I should be able figure it out.

69. Answers may vary. Sample answer:

Yes. I used to believe that all renewable energy
sources were more environmental friendly than
non-renewable energy sources. I now know that
renewable energy sources can have negative
environmental consequences, too. For example
burning wood releases carbon dioxide (a
greenhouse gas) into the atmosphere.

70. Answers may vary. Sample answers:

(a) Thermal energy can be considered potential
energy because it can give substances the ability to
do work. For example, when enough heat is added
to water it can become vaporized and can be used
to turn generators, and the heat that is added to the
air in hot-air balloons causes them to lift off.

(b) Nuclear energy can be considered potential
energy because it does not directly create kinetic or
electrical energy, but can give off large amounts of
heat, which can then be used to turn generators. An
example would be a nuclear power plant.

(c) Chemical energy can be considered potential
energy because it has the ability to be converted to
mechanical energy and do work. An example
would be gasoline. Gasoline alone does not do
anything, but when ignited it can power a car.

Copyright © 2011 Nelson Education Ltd.

Research

71. Answers may vary. Students should define and
describe the oil sands, discuss its advantages and
disadvantages in terms of cost, practicality, and
environmental impact; and compare it to other
energy sources.

72. Answers may vary. Students should describe
hydroelectric power, identify areas of Canada
where hydroelectric power is currently providing
power, and discuss environmental advantages and
disadvantages, such as altering the flow of rivers.
Reports should also include discussion of the
possibilities of expanding Canadian hydroelectric
power.

73. Answers may vary. Students should describe
how energy-efficient appliances minimize waste
heat loss. They should also describe ways to
prevent heat loss and gain to houses, such as
installing double-glazed windows, improving
home insulation, and using passive solar
architecture.

74. Answers may vary. Students should describe
how animals create and use bioluminescence. The
main uses include mating and hunting.
Bioluminescence is close to 100 % efficient.
Students may include information about genetic
sequencing and how the principles of
bioluminescence have been adapted in genetic
research and other areas.

75. Answers may vary. Some suggested topics are:
rechargeable batteries, the flywheel storage
capabilities of cars, and compressed air storage.
The page should describe the basics of how the
technology works and its applications and
limitations.
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