Lecture 15
(Ch5: 5-6)
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The change in the kinetic energy of
an object is equal to the net work
done on the object.

This fact is referred fo as the Work-Energy Principle and is often a very useful tool in
mechanics probletn sohning. Tt is derivable from consarvation of energy and the
application of the relationships for work and gnergy, so it is not independent of the
congereation laws, Tt is in fact a specific application of conservation of energy
However, there are 30 many mechanical problems which are solved effciently by
applying this principle that it merits separate attention as a working principle.

For a straight-fine collision, the net work done is equal to the average force of impact
titnes the distance traveled during the impact.

Average impact foerce x distance iraveled = change in Kinetic
eHergy

If 2 mowing objsct is stopped by a collision, extending the stopping distance will
reduce the averace imoact force,
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nergy of a Truck




{(§-15y THINK The trock weh faited brakes is moving up an escape ramp. In order for it to come to 2 complete stop; alf of s kinetic energy must be
converted wto gravitationsd potentist energy. ———

FXPRESS We ignore any work done by friction. In 81 undts, the initial speed of the truck just before entering the sscape ramp is vy =
130(1060/3800) = 36.1 mis. When the truck comes to & stop, its kinetic and potential energies are Ke= 0 and Up=mgh. We apply mechaninsl
gy conservation to sobve the problem,

@ Energy conservation implies Kp+ Up=E;+ Us With Ui =0, and &, = %mv? we ohtaits

’ 2 2
L2 1 00 1 shgh o = Sl LOIW o5

E / 2g 209 B mfs?y

If L i5 the mindmum length of the rarp, mm@rk{ si 15° = 66.5 miso that L = (66.5 m) / 5in 15° = 257 m. That is, the
el

ratryp must be about 2.6 10° m long if fricttdn iz neghgible.

(3 i . 2 . :
) he mindmurm lengthiis 7 — ‘k 7= _E_EL_(? which does not depend on the roass of the trock. Thus, the anewer retraing the same
sty { st £

=, if the mass i3 reduced.
1 {c) Jif the speed is decreased, then % and L both decrease (note that & is proportional to the sguare of the speed and that L 15 proportiom
to h).




Lot !
95, ORGANIZE AND PLAN The vertical component of the cat’s speed must be at least large
enough that the initial kinetic energy associated with the vertical speed equals the change
in gravitational potential energy.
Known: Ay=1.15m, 8=T75°.
Bl

SOLVE The required change in gravitational potential energy is: \J L l?‘:\&
Al =mghAy — ‘, ’L. ,,‘D \%“ -

The initial kinetic energy X, associated with the vertical cox%ponent of the cat’s speed
must equal (or be larger than) this change in potential energy. This means the minimum

vertical speed is: 4
vy:_ 2 §Ay =,J2gAy = \/2 980m/s2 1 15m) 4.7 m/s /

Leaving the floor at an angle é, the Vertlcai component of the speed is related to theotal

speed by: L
¥, =vsing T
This means the cat’s minimum speed must be: M/
(47 m/s) |

L= =4.9m/s

singd  sin75°
REFLECT We have assumed that the distance between the floor and the center of mass of
the cat when the cat leaves the floor is the same as the distance between the top of the
dresser and the center of mass of the cat when the cat lands. In reality, there isa
difference between these two distances which reduces the required speed slightly. Center
of mass is discussed in Chapter 6.
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89.0RGANIZE AN D PLAN Imtlally the rubber ball has gravitational potentlal energy relative to

%—

the ground, but no kinetic energy. When the ball is dropped, the potential energy is
converted to kinetic energy, keeping the total mechanical energy of the system constant.
Just before the ball hits the ground, all of the initial potential energy has been converted
to kinetic energy. In the bounce, 25% of the energy is lost (to heat) and the ball rebounds
upward with kinetic energy equal to 75% of the initial total mechanical energy. Kinetic
energy is converted into grav1tat10nal potential energy as the ball travels upward, and
when the ball has reached its maximum height, all the kinetic energy the ball had after the
bounce has been converted into potential energy.

Known: h . =24m; B, /B, .= 075

SOLVE (a) The total mechanical energy before the bounce is the 1n1tlal gravﬂatlonal

potential energy of the ball: |
Ertore = AUpeg, = MEhypyy ™ {MV -2 ‘i 2 _HQKW

When the ball hits the gfound, the kinetic energy equals the fotal mechanical encrgy. \V\
From the kinetic energy we can calculate the speed:

. |2 %ff;—;%i‘”;/zgh = /2(9.80 m/s?)(2.4m) = 6.9 m/s

before __

‘
(b) After the bounce, when the ball reaches its maximum height, the total mechanical
energy again equals the gravitational potential energy of the ball:

Eaﬁe( = AUaﬂm‘ = mghaﬁcr
Since we know the ratio of the total mechanical energy before and after the bounce, we
can calculate the maximum height of the ball after the bounce:

E 0.75E,

Py =8 = = telme _ 75p  =075(24m)=18m

efore

mg mg e
REFLECT We did not need to kKow the mass of the ball to calculate either answer.
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ORGANIZE AND PLAN The work to lift the barbell equals the change in potential energy.
Once we know the work we can calculate the power, because power is work per unit
time.
Known: m=65kg, Ay=045m;1=12s.
SoLVE The work to lift the barbell is:

W =AU = mghy = (65 kg}{(9.80 m/s*){0.45m) = 0.29 kJ

The woman’s average power output is:

P v (0'29 kJ) =024 kW

¢ (129)
REFLECT Whether the power output fluctuated or held constant does not affect how
much work is done over a period of time. It’s the average power over the time period that
matters.




104.0RGANIZE AND PLAN Because the slope is frictionless, the work required to pull the skier
up the slope equals the change in gravitational potential energy of the skier, Once we
know the change in energy we can calculate the required power, because power is encrgy
delivered per unit time.
Known: m=58kg, 8=12%d=12km; i=45 i,
WSorpum———

SOLVE When the skier is pulled up the entire slope, the change in clevation of the skier
E

Ay =dsiné ={1.2 km}sin12° = 0.25 km
The change in gravitational potential energy of the skier going up the slope is:
AU = mghy =(58 kg)(9.80 m)(0.25km) =014 MF = W/ 8
The required power to pull the skier up the slope in 4.5 minutes is:

P:AU_(O.MMJ) \E\/\S > \0

b —
AN
053 kW

¢t {4.5min) L \N\“‘\qa %() &Q(J
REFLECT The power we calculate is the required average power. Whether the power
output fluctuates or is constant does not affect how much work is done over a period of
time. It"s the average power over the time period that matters.
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ORGANIZE AND PLAN From the dehsity we can calculate the mass m of water that rushes
over the falls in one minute. From the mass and the height of the fall we can calculate the
change in potential energy. Once we know the change in energy we can calculate the
power, because power is energy delivered per unit time. i Vv W
Known: Ay=100m; ¥ = 55010 m?; 7 =1 min; p =1000 ke/m®. g - A &
SOLVE The mass of water going through the fall in one minute 1s: "‘V“ W‘B

m=V p=(550x10°m*){1000 kg/m*) =550 x10° kg

The change in potential energy of this water is:
AU = mghy =(550x10° kg)(9.80 m/s?)(100 m) = 5.4x 10" J =, A\l = \W
The total power in the waterfall is: P

AU (5.4x1017)

PET_ (lmm)

=9.0TW

REFLECT The power output of a typical nuclear power station is about 1 GW per reactor.
That means the Victoria Falls power is equivalent of about 9000 nuclear reactors!
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92.0RGANIZE AND PLAN Since no work is done by friction, the total mechanical energy of the
system is constant. When the snowboarder reaches his maximum elevation, all of the
initial kinetic energy has been converted to gravitational potential energy relative to the
bottom of the half-pipe. The height of the half-pipe is equal to its radius,
Known, v=159m/s; r=110m,
SOLVE The inifial kinctic energy of the snowboarder is:
K o=Lm?
At his maximum elevation, the snowboarder has converted all of this kinetic energy to
gravitational potential energy relative to the boitom of the half-pipe:
AU = mghy = K =Ly
gAYy =4v*
v {15.9mis)
T 2g 2{9.80m/s?)

Ay =129m
Here, ayis the snowboarder’s elevation above the bottom of the half-pipe. To calculate
how high above
the edge of the half-pipe he flies, we have to subiract the height of the half-pipe, so the
final answer is

Ay-r=(129m}~(11.0m)=1.90m,
REFLECT We have assumed that half-pipe is oriented horizontally, without 2 downward
slope along its cylindrical axis. If the half-pipe is on a 10% grade (its elevation drops 1 m
every 10 m) and the snowboarder first boarded 10 m before his jump, how high over the
edge would he fly?
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112. ORGANIZE AND PLAN Power is measured in watts and is equal work per unit
time, so one watt is one joule per second, i.e., one joule is one watt-second. This means:

{(1kWh)= (1000 W){3600s) = (3.6 x10° J)
Known: E=1.03x10%® I, ¢=$0.12 per kWh.

SOLVE Convert the US annual energy consumption from joﬁ]es to kWh:
(1.03%10% J}

A 2.87x10" kWh
(3.6x10° I/kWh)

E=1.03x10°J=
The cost of this energy is:
cost = Fic = (2.87x 10" KWh)($0.12 per kWh) = $3.43 x 102

That’s almost three and a half tritlion doHars per year!

REFLECT If you could invent a gadget that saved just 1% of everyone’s energy
consumptlon (or persuade everyone to use just 1% less energy), and if every paid you for
your services an amount equal to just 1% of their savings (they get to keep 99% of their
savings to themselves), how much money would you make each year?
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114.

ORGANIZE AND PLAN The person walking up an incline would consume the same 175
keal in 20 min as a person walking on level ground, plus additional energy to increase his

gravitational potential energy. Since we assume %W
mechanical energy, the additional energy consumed is five tiffies the incréase i
gravitational potential energy.

Knowrn: ¢=20min, #,_, =175 keal;, m = 70.0 kg; v=1.5m/s; 6 =10"; lemd/W

mech
SOLVE The vertical speed when walking up the incline 15."—""_"
@ v, =vsing =(1.5)sin10° = 0,26 m/s
The increase in elevation for a person walking up the incline for 20 min is:
Ay =, ={0.26 m/5)(20 min )= 031 km

The increase in gravitational potential energy is;
| AU =mghy = (70.0 kg)(9.80 m/s? }(0.31 km ) = 0.21 MJ

The additional food epergy that would be consumed is:
“ Wos = W = SAU =5(0.21 MJ )= 1.1 MJ.

foed+

In total, the food energy consumed is this additional energy plus the regular 175 keal
from walking on | ground, so our final answer is:

| )/ fum‘l W;‘oodJr level (1 i MJ) (175 kCﬂl) =1.8MJ
Expressed in foodCalories this would be approximately 430 keal.

REFLECT It would appear that walking vphill is a significantly better strategy than
walking on level ground for anyone trying to “burn off” some extra calories.




