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 X0
S
=5040J
E =50k]

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

2.Given: E,=42J;v=50m/s

Required: m

Analysis: Ex = %mv2

Solution:
2
mvy
E =
2E,
m =
V2
_2(421))
(5.0 m/s)*
2
= 0336 28
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(30.00)
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
=127.4kJ
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 o= ne

" Ad

127 400]
~ 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 6)| 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
vi—v?
2Ad
_ (22 m/s)’ — (0 mys)’
 @(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 =F.Ad

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.
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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 Bis 11 m.

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

Given: AEg(A toC) = -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,

ho= i
C mg
~ 1685.6 1
2 ) )[9.8 ;é]
=4.09 J/N
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;

Dplock = 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;=0.400m
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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4. Forty 2.0 kg blocks 20.0 cm thick are used to make a
retaining wall in a backyard. Each row of the wall will contain
10 blocks. You may assume that the first block is placed at
the reference level. How much gravitational potential energy
is stored in the wall when the blocks are set in place?

= (20)(23)(0.200) -

= 29,2

0200m || m,=20kg h,=0.600 m
0200m || m,=20kg h, = 0.400 m

0200m || m,=20kg | h,=0200m ﬂ } €9, =m SL‘
0.200 m m,=20kg | h,=0m

Egrotal = E92+Eg5 +E 9y

2924+ 79.4Y+17.6

1)

Cotodal

13527

\)

E?s

:N\SL\
= (2,0)(%9)(9"-{00)
=~ 78.4 3
Fgu = myh
= (20)(9.9)(0.600)
Z 17




