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Common View 
§  Biology is the Science of the 21st Century 
•  Chemistry dominated the 20th century 
•  Physics was preeminent in the 19th 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! 
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Integration of  
Recent Research Results 

§  Timeliness 
§  Relevance 
§  Impact 
§  Accessibility to student 



Energy and Power 
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Condensed Matter and Quantum Physics 
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Astronomy and 
Astrophysics 
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Image from the 
Hubble Space Telescope 
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The Higgs 
Boson 



8 

Orbit data from 
Astrophysical Journal 
Feb. 2005 

•  Kepler’s 3rd Law! 
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Atomic force microscope - AFM 
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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, …)  
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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 
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(originally by Steve Chu) 



Efficiency Example: Lighting  
LEDs:  130-170 lm/W 
Fluorescent:    30-95 lm/W 
Halogen:    20-30 lm/W 
Incandescent:   5-20 lm/W 

US energy use  
for lighting: 

~100 billion kWh/year 
 

Switching to all-LED lighting: 
Savings of 70-90% 

FIGURE 25.26 
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Answer:   P = 60.0 kW (80.5 hp), 
                                      torque = 34.6 N m 
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Global Warming 



Energy from the Sun 
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CO2 Concentration 
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Answer: 9 cm 
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Convection 
problem, but of 
global relevance 
Answer:  ~ 2 PW 
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Answer: 2.65 GW 



24 

Supercapacitor Bus 
§  Energy storage in capacitors for transportation - kF capacitors 



Transportation 
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Solved Problem 5.3 
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Wind Power 

P = W
Δt

= ΔK
Δt

=
Δ 1

2
mv2⎛

⎝⎜
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Δt
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2
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P = 1
2

10.0 m/s( )2 1.2 kg/m3( )π 63 m( )2 = 7.5 MW

27 



28 

Chapter 5: P = 1
2
v3ρA

Wind speed changes: P = ΔK
Δt

= 1
2
Δm
Δt

v1
2 − v2

2( )
P = 1

2
v1

3ρAf χ( ),  χ ≡ v2 / v1

f χ( ) = 1+ χ − χ 2 − χ 3

χm = 1
3

, f χm( ) = 0.593

59.3% of wind power can be extracted



Interactive Exercise 
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Interactive Apps 
§  More than 500 included in e-book (published 

2014) 
•  Concept checks 
•  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 
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Kepler App 
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Free-Body App 
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Chain Reaction App 
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RLC Circuit App 
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Máquina Atwood 
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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 
§  5-7 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 
§  Teach concept in class, perhaps solve a 

problem 
§  Assign another version of this problem for 

homework 
§  Test yet another version of the same problem 

in exam 
§  Student see strong connections between 

lectures & homework & exams 
§  Approximately 400 Multi-Version Exercises 

included in book and homework systems 
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Computer-Assisted Homework 
§  McGraw-Hill 

Connect+ 
•  With Maple 

integration 
§  Web-Assign 
§  LON-CAPA / 

CourseWeaver 
•  Open source 
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Computer-Assisted Homework 
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Computer-Assisted Homework 
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Student 
view 



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 
•  Spanish language interface available 
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Summary 
§  The 21st 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! 
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Email: bauer@pa.msu.edu 


