http://www.jebiga.com/ivanpah-solar-power-plant/



Common View

= Biology is the Science of the 21st Century
e Chemistry dominated the 20t century
* Physics was preeminent in the 19t century and
before (from Newton to Faraday)
= Conventional introductory physics lectures
help to cement this view, concentrating on
Newtonian physics

= A better approach needs to include interesting
recent physics topics into the 1st-year
university curriculum!



Integration of
Recent Research Results

= Timeliness

= Relevance

* I[mpact

= Accessibility to student



Energy and Power



Condensed Matter and Quantum Physics



Astronomy and
Astrophysics



The Higgs
Boson



Orbit data from
Astrophysical Journal

Feb. 2005
» Kepler’'s 3rd Law!



Self-Test Opportunity 7.9

The length of each vector arrow in
Figure 7.17b is proportional to the
magnitude of the momentum vector
of the particular particle. Can you
determine the momentum of the
nondetected particle (green arrow)?



Atomic force microscope - AFM
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Metrology: Research on Measures and Standards

Accurate to
+1 seconds in
3.7 billion years
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Energy

= No other physics topic excites students more!
= Energy examples woven throughout the text

Section 5.1 Energy in Our Daily Lives

Solved Problem 5.3 Wind Power
 Example 13.7 Betz Limit (Wind turbines, ...)

Solved Problem 6.1 Power Produced by Niagara
Falls

Example 10.8 Flybrid

Section 17.5 Surface Temperature of Earth
Section 18.8 Modes of Thermal Energy Transfer
(Insulation, Gulf Stream, Global Warming, ...)

Section 20.4 Real Engines and Efficiency (Hybrid
Cars, Energy Crisis, ...)

12



Tell the students first why studying

this topic matters!
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Application

= Real-world effects of
elementary physics!

= Here: Mass, power,
fuel efficiency of cars

as function of time in
the USA

2200
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Year
FIGURE 5.19 The mass, power, and fuel efficiency

of mid-sized cars sold in the United States from 1975 to
2010.The fuel efficiency is that for typical city driving. 14




(originally by Steve Chu)



Efficiency Example: Lighting



Answer:

P =60.0 kW (80.5 hp),
torque = 34.6 N m
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G I O b a I Wa rm i n g 1461 - Yearly average global temperature

AT (°C)

| | | |
4-10°  3-10°  2-10°  1-10°

Year before current

0

Y

— 20th-century average
14.4

T

14.2
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FIGURE 17.21 Annual average global surface
temperature from 1880 to 2011 as measured by

thermometers on land and in the ocean (red histogram).

The blue horizontal line represents the average global
temperature for the 20th century, 13.9 °C. (Source:
Data compiled by the National Climatic Data Center,
National Oceanic and Atmospheric Administration, U.S.
Department of Commerce.)

FIGURE 17.22 Average annual surface
temperature of Antarctica in the past, extracted
from carbon dioxide content of ice cores, relative to
the present value.
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Energy from the Sun



CO, Concentration



17.4 [ Rise in Sea Level Due to Thermal Expansion of Water

The rise in the level of the Earth’s oceans is of current concern. Oceans cover
3.6-10° km?, slightly more than 70% of Earth’s surface area. The average ocean
depth is 3790 m. The surface ocean temperature varies widely, between 35 °C in
the summer in the Persian Gulf and -2 °C in the Arctic and Antarctic regions.
However, even if the ocean surface temperature exceeds 20 °C, the water tem-
perature rapidly falls off as a function of depth and approaches 4 °C at a depth
of 1000 m (Figure 17.23). The global average temperature of all seawater is ap-
proximately 3 °C. Table 17.3 lists a volume expansion coefficient of zero for water
at a temperature of 4 °C. Thus, it is safe to assume that the volume of ocean water
changes very little at a depth greater than 1000 m. For the top 1000 m of ocean
water, let’s assume a global average temperature of 10.0 °C and calculate the effect
of thermal expansion.

PROBLEM
By how much would sea level change, solely as a result of the thermal expansion of
water, if the water temperature of all the oceans increased by AT =1.0 °C?

SOLUTION

Water temperature T (°C)

0 1 2 3 4
Water depth d (km)

FIGURE 17.23 Average ocean water temperature
as a function of depth below the surface.

The volume expansion coefficient of water at 10.0 °C is 8 = 87.5-107° °C™" (from Table 17.3), and

the volume change of the oceans is given by equation 17.9, AV = BVAT, or

AV
— = BAT.
v =P

(1)

We can express the total surface area of the oceans as A = (0.7)47R?, where R is the radius of
Earth and the factor 0.7 reflects the fact that about 70% of the surface of the sphere is covered
by water. We assume that the surface area of the oceans increases only minutely from the

Answer: 9 cm
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SOLVED PROBLEM 18.4 [ Gulf Stream

Let’s assume that a rectangular pipe of water 100 km wide and 500 m deep can approximate
the Gulf Stream. The water in this pipe is moving with a speed of 2.0 m/s. The temperature of
the water is 5.0 °C warmer than the surrounding water.

PROBLEM

Estimate how much power the Gulf Stream is carrying to the North Atlantic Ocean.

Convection
problem, but of
global relevance
Answer: ~2 PW
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SOLVED PROBLEM 6.1 (’Power Produced by Niagara Falls

PROBLEM

The Niagara River delivers an average of 5520 m’ of water per second to the top of Niagara
Falls, where it drops 49.0 m. If all the potential energy of that water could be converted to
electrical energy, how much electrical power could Niagara Falls generate?

Answer: 2.65 GW

DOUBLE-CHECK Our result is comparable to the output of nuclear power plants, on
the order of 1000 MW (1 GW). The combined power generation capability of all of the
hydroelectric power stations at Niagara Falls has a peak of 4.4 GW during the high water
season in the spring, which is close to our answer. However, you may ask how the water
produces power by simply falling over Niagara Falls. The answer is that it doesn’t. Instead, a
large fraction of the water of the Niagara River is diverted upstream from the falls and sent
through tunnels, where it drives power generators. The water that makes it across the falls
during the daytime and in the summer tourist season is only about 50% of the flow of the
Niagara River. This flow is reduced even further, down to 10%, and more water is diverted for
power generation during the nighttime and in the winter.
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Supercapacitor Bus

= Energy storage in capacitors for transportation - kKF capacitors

24



25



Solved Problem 5.3

SOLVED PROBLEM 5.3 [ Wind Power

The total power consumption of all humans combined is approximately 16 TW (1.6-10" 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?

26



Wind Power

|
W AK A(zmv ) 1 ,Am
P=—= = =—’

At At At 2 At

P—l pAV_l szl 12p(7tR )(vAt) 1
2
1

=—v’pr R’
At 2 At 2 At 2
2

P= 2(10 0 m/s)’ (1.2 kg/m*)7 (63 m)" =7.5 MW
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13.7 | Betz Limit

PROBLEM

In Chapter 5, we found that the power contained in wind moving with a speed v through an
area A is P = %Av3p, where p is the density of air. Now that we know about ideal fluids and
energy conservation, we can derive a limit on the fraction of this power that a turbine can
actually extract from the wind.

1
Chapter 5: P = 5v3pA

AK 1A
Wind speed changes: P = — mn (vf 2)

1
P=—vipAf (x), x=v: /v,

fx)=1+x-x"-x

1
X =§,f()(m)=0.593

59.3% of wind power can be extracted
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Interactive Exercise

29



Interactive Apps

= More than 500 included in e-book (published
2014)

e Concept checks
o Self-test opportunities
* Videos

* Apps that allow study of physics systems an their
parameters

= Run on all computer platforms (Windows,
Mac, Linux) and all browsers

= Run also on iPhone, IPad, Android, and other
mobile devices

30



Kepler App



Free-Body App



Chain Reaction App



RLC Circuit App



Maquina Atwood



Interactive Exercises



Interactive Exercises



Lecture Demonstration Videos

Recorded all
intro lecture
demonstrations

Instructor can include
each into VU lectures



Lecture Demonstrations Videos

Time-lapse Real-time Slow-motion



Lectures

= 5-/ minute
segments

= Camtasia or
Tegrity screen
captures with
voice-over

= No talking head

= Try to capture
experience of student
coming to office hour and
getting one-on-one help



MULTI-VERSION EXERCISES

13.90 One can use turbines to exploit the energy contained in ocean currents,
just like one can do it for wind. What is themaximum amount of power|that
can be extracted from a current flowing with a speed of 1.35 m/s, if one uses

a turbine with rotor diameter of 24.5 m? (Hint 1: The density of seawater is
1024 kg/m’. Hint 2: The Betz limit applies to any fluid, including seawater.)

13.91 One can use turbines to exploit the energy contained in ocean
currents, just like one can do it for wind. If the maximum amount of power
is 571.8 kW, which can be extracted from a current flowing with a speed of
1.57 m/s, what is thefrotor diameter of the turbinef? (Hint I: The density of
seawater is 1024 kg/m’. Hint 2: The Betz limit applies to any fluid, including
seawater.)

13.92 One can use turbines to exploit the energy contained in ocean
currents, just like one can do it for wind. If the maximum amount of power
is 918.8 kW, which can be extracted from an ocean current with a turbine
of rotor diameter 25.5 m, what is thg speed of the ocean current? {Hint 1:
The density of seawater is 1024 kg/m”. Hint 2: The Betz limit applies to any
fluid, including seawater.)




Multi-Version Exercises

= Teach concept in class, perhaps solve a
problem

= Assign another version of this problem for
homework

= Test yet another version of the same problem
INn exam

= Student see strong connections between
lectures & homework & exams

= Approximately 400 Multi-Version Exercises
iIncluded in book and homework systems
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Computer-Assisted Homework

= McGraw-Hill
Connect+

 With Maple
Integration

= Web-Assign
= LON-CAPA /
CourseWeaver

e Open source

43
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Computer-Assisted Homework



Computer-Assisted Homework

Student
view

-
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Computer-Assisted Homework

= All homework assignments can be computer-
graded

* More than 2000 problems and exercises from
book included

= All problems can be turned into multiple-
choice exam problems

= System used in many countries by over 100
universities
 Completely free
e Spanish language interface available
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Summary

= The 215t century will see the integration of
physics principles into the investigation of
biology and environmental science

= We need to and can help our students be part
of this revolution!

Email: bauer@pa.msu.edu
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