
Discussion Topics 

During the Friday class I will assign a discussion topic taken from  
the textbook chapter that will be discussed during the Wed.  
class of the follow week.  A student discussion leader will be 
assigned to lead the discussion.   

Topic for Ch. 2: (from the textbook) 

“If you go to a high altitude, the temperature of the air is usually  
lower.  What do you think that does to the sound velocity?” 

Provisionally, students will be assigned in alphabetical order of  
last name.  This order and topic can be negotiated.  However, all  
Students must lead 1 Wed. discussion section during the semester.  



Multiple Choice Questions 

The quizzes on Fridays of each week will be based on the multiple 

choice questions at the end of each chapter 



Essay Assignment 
Due 01-14-11 

Number 2,  at the end of chapter 1 



1  Gilfix, Jake M.   
2  Grace, John S.   
3  Mc Iver, Kara B.   
4  McClung, Elizabeth B.   
5  Miller, Jakob A.   
6  Oliver, Scott A.   
7  Petrie, Angela M.   
8  Shaxted, Andrew P.  
9  Smith, Patrick J.  
10 Todd, Aaron J.   

Enrollment in  HONR 29900 as 01/10/2011  



Elementary Dimensional Analysis and Units 

Length (distance):  l,  e.g. inches, feet, meter, miles, nanometers, light-years 

Time:  t,  e.g. seconds, minutes, hours, years, nanoseconds 

Mass: m, e.g. grams, pounds, kilograms, tons  

Velocity (speed):  s = l/t, e.g. feet/second  miles/hour, kilometers/hour 

Acceleration: a or g = s/t = l/(t2), e.g. feet per second squared 

Force:  (m)(a) or (m)(g), e.g. newtons, pounds, dynes 

Work: = Energy = Heat: (m)(a)(l) = (m)(g)(l)  =  (m)(s2)/2, e.g. joules, ergs, 
       BTU, watt-hours, electron volts, Calories                             
Charge: = C, e.g.  coulombs; electronic charge, q = 1.6 x 10-19 C 

Electric current: q/t,  e.g. amperes 

Power:   Heat/t,  Work/t,  Energy/t, e.g. watts, horsepower, Calories/second 















Computer battery: energy-60 Wh; maximum number of recharges – 400 

How does the author get the number of $4.00/kWh as the cost of energy  
For a computer battery? 
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So	
  why	
  isn’t	
  Arizona	
  covered	
  with	
  solar	
  cells?	
  	
  Because	
  these	
  15%	
  cells	
  cost	
  
$10/waB!!	
  	
  A	
  1	
  km2	
  solar	
  farm	
  would	
  produce	
  an	
  average	
  daily	
  power	
  of	
  only	
  100	
  million	
  
waBs	
  and	
  not	
  150	
  million	
  waBs	
  (the	
  cell	
  power	
  at	
  noon	
  on	
  a	
  clear	
  day).	
  	
  The	
  total	
  cell	
  cost	
  
only	
  would	
  be	
  $10/waB	
  x	
  100	
  million	
  waBs	
  =	
  $1	
  billion	
  	
  

Okay,	
  so	
  we	
  run	
  it	
  for	
  “free”	
  for	
  20	
  years.	
  Assuming	
  six	
  hours	
  of	
  useful	
  solar	
  power	
  per	
  day,	
  
there	
  are	
  43,800	
  hours	
  of	
  sun	
  power	
  in	
  20	
  years	
  with	
  an	
  average	
  daily	
  power	
  	
  producVon	
  
of	
  100	
  megawaBs/km2.	
  	
  This	
  produces	
  4.36	
  trillion	
  Wh	
  of	
  energy	
  =	
  4.36	
  billion	
  kWh.	
  	
  This	
  
energy	
  cost	
  $1	
  billion	
  to	
  make	
  or	
  $0.23/kWh.	
  To	
  get	
  a	
  real	
  number	
  you	
  must	
  add	
  to	
  this	
  
cost:	
  	
  power	
  condiVoning,	
  storage,	
  maintenance,	
  etc.	
  etc.	
  	
  	
  Guess?	
  	
  $0.60/kWh.	
  	
  	
  

The	
  capital	
  cost	
  of	
  coal	
  fired	
  electric	
  uVliVes	
  is	
  about	
  $1/waB.	
  The	
  cost	
  of	
  coal	
  to	
  deliver	
  
electricity	
  to	
  the	
  wall	
  plug	
  =	
  $0.012/kWh.	
  Electricity	
  cost	
  =	
  $0.10/kWh	
  



Sources/Forms	
  of	
  Energy/Power	
  

Solar	
   Nuclear	
   Geothermal	
  

Primary 

Secondary 

Heat Fossil 
Fuel 

Bio Wind Electric Heat Heat 

Energy Conversion or Power Generation 

grid electricity transportation machinery food 



http://www.plosone.org/article/info:doi/10.1371/journal.pone.0006802 

1TW-h = 3 TBTU = 0.00003 US annual  energy consumption; US land area = 107 km2;  
at 500 km2/TW-h/yr, we need ½ US land area to get 30% US energy consumption 



Interesting Tidbits 

Gee whiz, but not very practical, since areal power density is small, 1kW/m2;  
and how do you store solar power? 

Getting better but how do you store wind power? 

Our bodies “burn” about 100 watts at rest, if we bike, we burn about 200 watts 

Kinetic energy, E = mv2/2;  therefore high v and modest mass has lots of E 
Since power = E/t,  and power produces explosions, if t is small power is big 

If m is huge and v is very large great damage is done to a planet 



The 2009 Tesla Roadster EV 



The	
  Tesla	
  Roadster,	
  which	
  currently	
  costs	
  $134,000	
  	
  to	
  make,	
  uses	
  enough	
  
	
  computer	
  baBeries	
  	
  to	
  store	
  153	
  kWh	
  of	
  electrical	
  energy.	
  Assume	
  that	
  to	
  drive	
  a	
  245	
  mi.	
  
trip	
  you	
  will	
  need	
  125	
  kWhr	
  of	
  baBery	
  energy.	
  If	
  these	
  baBeries	
  cost	
  $4.00/kWh	
  (retail)	
  
each	
  trip	
  would	
  cost	
  $500	
  or	
  about	
  $2/mile!	
  	
  Plus	
  aaer	
  about	
  400	
  fully	
  depleted	
  recharges	
  
the	
  baBery	
  no	
  longer	
  funcVons	
  (hence	
  the	
  $4.00/kWh	
  number,	
  i.e.	
  iniVal	
  cost	
  divided	
  by	
  
the	
  capacity,	
  kWh,	
  Vmes	
  the	
  number	
  of	
  recharges	
  available)	
  

You	
  can	
  get	
  a	
  high	
  performance	
  ICE	
  powered	
  Porsche	
  for	
  this	
  kind	
  of	
  money.	
  It	
  gets	
  20	
  
miles	
  per	
  gallon	
  of	
  gasoline.	
  	
  Let’s	
  assume	
  that	
  in	
  the	
  near	
  future	
  gasoline	
  cost	
  $4.00	
  per	
  
gallon.	
  	
  We	
  now	
  compare	
  owning	
  a	
  Porsche	
  to	
  the	
  Tesla.	
  We	
  divide	
  $4.00/gallon	
  by	
  20	
  
miles/gallon	
  (using	
  our	
  dimensional	
  analysis	
  tool)	
  and	
  we	
  get	
  $0.2/mile!	
  	
  

So,	
  why	
  would	
  anyone	
  buy	
  this	
  car?	
  	
  

What	
  if	
  we	
  could	
  use	
  baBeries	
  that	
  cost	
  only	
  $1.00/kWh	
  to	
  use,	
  i.e.	
  raise	
  the	
  energy	
  
density	
  and	
  increase	
  the	
  number	
  of	
  recharges.	
  Let’s	
  make	
  a	
  car	
  that	
  only	
  uses	
  100kWh	
  of	
  
electricity	
  per	
  200	
  mile	
  trip.	
  This	
  works	
  out	
  to	
  only	
  $100/200	
  mile	
  trip	
  or	
  about	
  $0.50/mi.	
  	
  
Elon	
  Musk	
  thinks	
  he	
  can	
  make	
  a	
  sedan	
  Tesla	
  that	
  can	
  do	
  this	
  and	
  sell	
  it	
  for	
  $50K!	
  	
  What	
  do	
  
you	
  think?	
  

Why	
  E.Vs	
  currently	
  suck:	
  the	
  strange	
  case	
  of	
  the	
  Tesla	
  




