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Seeing the Big Picture

Contemporary Examples
The authors have included recent physics research results throughout the 
text. Results involving renewable energy, the environment, aerospace, 
engineering, medicine, and technology demonstrate that physics is an 
exciting, thriving, and intellectually stimulating field. Available online at 
www.mhhe.com/bauerwestfall2e, the student resource center provides a 
number of items to enhance your understanding and help you prepare 
for lectures, labs, and tests. 

ConnectPlus eBook
Linked to multimedia assets—including author videos, applets that allow 
you to explore fundamental physics principles, and images—the eBook 
allows you to take notes, highlight, and even search for specific words 
or phrases. All of the textbook figures, videos, and interactive content 
are also listed in line and by chapter, so you can navigate directly to the 
resource you need. Links to the ConnectPlus eBook are included in the 
online homework and LearnSmart assignments, so if you are having 
trouble with an exercise or concept, you can navigate directly to the rel-
evant portion of the text.

Visual Program
Familiarity with graphics and animation on the Internet and in video 
games has raised the bar for the graphical presentations in textbooks, 
which must now be more sophisticated to excite both students and 
faculty. Here are some of the techniques and ideas implemented in 
University Physics: 

• Line drawings are superimposed on photographs to connect some-
times very abstract physics concepts to students’ realities and every-
day experiences.

• A three-dimensional look for line drawings adds plasticity to the 
presentations. Mathematically accurate graphs and plots were cre-
ated by the authors in software programs such as Mathematica and 
then used by the graphic artists to ensure complete accuracy as well 
as a visually appealing style.

152 Chapter 5 Kinetic Energy, Work, and Power 

efficiency increased from 10 to 18 mpg. From 1982 to 2010, however, the average mass and 
fuel efficiency of mid-sized cars stayed roughly constant, while the power increased steadily. 
Apparently, buyers of mid-sized cars in the United States have valued increased power over 
increased efficiency.

Figure 5.20 Worldwide power 
production as a function of time for different 
power sources.
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S o lV e D  p r o b l e m  5.3 Wind power

The total power consumption of all humans combined is approximately 16 TW (1.6 · 1013 W), 
and it is expected to double during the next 15 to 20 years. Almost 90% of the power pro-
duced comes from fossil fuels; see Figure 5.20. Since the burning of fossil fuels is currently 
adding more than 10 billion tons of carbon dioxide to Earth’s atmosphere per year, it is 
not clear how much longer this mode of power generation is sustainable. Other sources of 
power, such as wind, have to be considered. Some huge wind farms have been constructed 
(see Figure 5.21), and many more are under development.

problem
How much average power is contained in wind blowing at 10.0 m/s across the rotor of a 
large wind turbine, such as the Enercon E-126, which has a hub height of 135 m and a 
rotor radius of 63 m?

Solution
t H i n K  Since the wind speed is given, we can calculate the kinetic energy of the amount 
of air blowing across the rotor’s surface. If we can calculate how much air moves across the 
rotor per unit of time, then we can calculate the power as the ratio of the kinetic energy of 
the air to the time interval.

S K e t C H  The rotor surface is a circle, and we can assume that the wind blows 
perpendicular to it, because the turbines in wind farms are oriented so that that is the 
case. Indicated in the sketch (Figure 5.22) is the cylindrical volume of air moving across 
the rotor per time interval.

r e S e a r C H  Earlier in this chapter, we learned that the kinetic energy is given by 
E mv= 1

2
2 ; here, m is the mass of air, and v is the wind speed. A very handy rule of 

thumb is that 1 m3 of air has a mass of 1.20 kg at sea level and room temperature. The 
average power is given by P = W/t, and the work is related to the 
change in kinetic energy through the work–kinetic energy theorem 
W = K.

We can thus write, for the average power of the wind moving 
across the rotor of the wind turbine,

P W
t

K
t

mv
t

v m
t

= = = = .
1
2

2
1
2

2















( )

In the last step, we have assumed that the wind speed is constant and 
does not change. 

What is m? We know that density is mass/volume, and so we can 
write m = rV, where r = 1.20 kg/m3 is the air density and V is the vol-
ume of air moved across the rotor per unit of time. Here V is a cylinder 
with length l = vt and base area A = area of the rotor (see Figure 5.22), 
v is again the wind speed, and the area is the area of a circle, A = R2.

S i m p l i F y  Now we are ready to insert our expressions for m and 
V into our equation for the average power:
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We see that the average wind power is proportional to the cube of the wind speed!

C a l C u l a t e  Inserting the given numbers for the rotor’s radius, the wind speed, and the 
air density yields

P = (10.0 m/s) (1.2 kg/m ) (63m) = 7.481389 10 kg m /s1
2

3 3 2 6 2 3 ⋅

r o u n D  Since the rotor’s radius was given to only two significant figures, we round the final 
result to the same number of significant figures. So our answer is 7.5 MW.

Figure 5.21 Large-scale wind farm producing power.
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33911.2 Examples Involving Static Equilibrium 

probleM 1
What■friction■force■must■act■on■the■bottom■of■the■ladder■to■keep■it■from■
slipping?■Neglect■the■(small)■force■of■friction■between■the■smooth■wall■and■
the■ladder.■

Solution 1
Let’s■start■with■the■free-body■diagram■shown■in■Figure■11.12c.■Here■R

�
■=■–Rx̂ 

is■the■normal■force■exerted■by■the■wall■on■the■ladder,■
�

N ■=■Nŷ is■the■normal■
force■exerted■by■the■floor■on■the■ladder,■and■Wm

�
■=■–mm■gŷ and■Wl

�
■=■–ml■gŷ■are■

the■weights■of■the■student■and■the■ladder:■mm■g■=■(62.0■kg)(9.81■m/s2)■=■608.■N■
and■ml■g■=■(13.3■kg)(9.81■m/s2)■=■130.■N.■

We’ll■let■ f f x= ˆs s
�

■be■the■force■of■static■friction■between■the■floor■and■
the■bottom■of■the■ ladder,■which■is■ the■answer■to■the■problem.■Note■that■
this■force■vector■is■directed■in■the■positive■x-direction■(if■the■ladder■slips,■
its■bottom■will■slide■in■the■negative■x-direction,■and■the■friction■force■must■
necessarily■oppose■that■motion).■As■instructed,■we■neglect■the■force■of■fric-
tion■between■wall■and■ladder.■

The■ladder■and■the■student■are■in■translational■and■rotational■equilib-
rium,■so■we■have■the■three■equilibrium■conditions■introduced■in■equations■
11.5■through■11.7:■

F F=0, = 0, = 0.x i
i

y i
i

i
i

, , �∑ ∑ ∑ ■

Let’s■start■with■the■equation■for■the■force■components■in■the■horizontal■direction:■

F f R R f= – =0 = .x i
i

, s s∑ ⇒ ■

From■this■equation,■we■learn■that■the■force■the■wall■exerts■on■the■ladder■and■the■friction■force■
between■the■ladder■and■the■floor■have■the■same■magnitude.■Next,■we■write■the■equation■for■the■
force■components■in■the■vertical■direction:■

F N m g m g N g m m= – = 0 = ( ).y i
i

, m l m l∑ − ⇒ + ■

The■normal■force■that■the■floor■exerts■on■the■ladder■is■exactly■equal■in■magnitude■to■the■sum■
of■the■weights■of■ladder■and■man:■N■=■608.■N■+ 130.■N■=■738.■N.■(Again,■we■neglect■the■fric-
tion■force■between■wall■and■ladder,■which■would■otherwise■have■come■in■here.)■

Now■we■sum■the■torques,■assuming■that■the■pivot■point■is■where■the■ladder■touches■the■
ground.■This■assumption■has■the■advantage■of■allowing■us■to■ignore■the■forces■acting■at■that■
point,■because■their■moment■arms■are■zero.■

■ m g m g r R= ( )
2

sin ( ) sin – cos = 0.i
i

l m� � � �∑ 





 +
�

� ■■ (i)

Note■ that■ the■ torque■ from■ the■ wall’s■ normal■ force■ acts■ counterclockwise,■ whereas■ the■ two■
torques■from■the■weights■of■the■student■and■the■ladder■act■clockwise.■Also,■the■angle■between■
the■normal■force,■R

�
,■and■its■moment■arm,■

�
�,■is■90°■–■,■and■sin■(90°■–■)■=■cos■.■Now■we■solve■

equation■(i)■for■R:■

R
m g m g r

m g m g r=
( ) sin ( ) sin

cos
= tan .
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Numerically,■we■obtain■

R = (130. N) (608. N)1.43 m
3.04 m

(tan24.8° =162. N.1
2 )+









■

However,■we■already■found■that■R■=■fs,■so■our■answer■is■fs■=■162.■N.■

probleM 2
Suppose■that■the■coefficient■of■static■friction■between■ladder■and■floor■is■0.31.■Will■the■ladder■slip?■

Solution 2
We■found■the■normal■force■in■the■first■part■of■this■example:■N■=■g(mm■+■ml)■=■738.■N.■It■is■
related■to■the■maximum■static■friction■force■via■fs,max■=■sN.■So,■the■maximum■static■friction■
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Figure 11.12  (a) Student standing on a ladder. (b) Force 
vectors superimposed. (c) Free-body diagram of the ladder. 

Concept Check 11.2
What can the student in Example 11.4 
do if he really has to get up just a bit 
higher than the maximum height 
allowed by equation (ii) for the given 
situation?

a) He can increase the angle  
between the wall and the ladder. 

b) He can decrease the angle  
between the wall and the ladder. 

c) Neither increasing nor decreasing 
the angle will make any 
difference.

– Continued
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