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ASTRONOMY 1020-001 
INTRODUCTORY ASTRONOMY 2 



 
T-Th 9:30-10:45; Room G1B20 



Professor Glenn 
Office:  Room F913, (303) 492-6073, jglenn@casa.colorado.edu 



Office Hours:  T, Th 11:00-12:00 & by appointment 
 



Why would you take ASTR 1020?  To learn why stars shine, to learn why 
you wouldn’t want to live close to a black hole, to learn what galaxies are made of, and 
to learn why we think there was a Big Bang.  Here are a couple of diagrams you will be 
able to explain by the end of the semester. 



 
 
 
 
 
 
 
 
 
 
 



An artists rendition showing our current   The sky seen at microwave wavelengths 
understanding of the structure and contents   with the Boomerang experiment.  Mt. 
of the Milky Way (“Astronomy Today”,    Erebus is in the background (courtesy the 
3rd ed., by Chaisson & McMillan).    Boomerang team, the NSF, and NASA). 
 
Course Prerequisite: ASTR 1010 or 1110 
You should already know how atoms, gravity, and light work (Chapters 4-7 of text), and 
have a basic understanding of our Solar System. ASTR 1020 satisfies a natural science 
requirement for the arts and sciences core curriculum. 
 
Course Goals 
Astronomy: 
• To develop a basic understanding and appreciation of the physical universe. 
• To understand how astronomers learn about the Universe.  
• To demonstrate that our understanding of the Universe is constantly changing subject 



to new observations and interpretations—science is exciting!  
• To encourage you to follow current events in astronomy. 
General:  Exercise critical thinking and quantitative reasoning skills (there will be math 
in this course). These skills are very useful outside of astronomy too. 



 



 











 
Course Content 
• Brief review of physical concepts:  atoms, gravity, light, & telescopes 
• The Sun; star formation and evolution; star death 
• The Milky Way & other galaxies 
• Cosmology:  the evolution of the Universe 
 
Class Format 
The class will consist of lectures, demonstrations, and presentations at the Fiske 
Planetarium.  There will be interactive concept tests during class for credit.  You must 
purchase a “Clicker” from the CU Bookstore for this class. 
 
Text 
“The Cosmic Perspective” by Bennett, Donahue, Schneider, & Voit, 3rd Ed.  This text 
gives very good physical descriptions of processes in our Universe.  You must read all of 
Chapters 15-23 and any other materials I assign. 
 
Coursework and Grading (yes, grades will be curved) 



1. Three exams and the final (all multiple-choice), which is cumulative (15%, 15%, 
15%, and 25%, respectively).   



2. Daily quizzes with clickers (10%).  Your three lowest scores will be dropped. 
3. One set of 2-3 observations from one night at the SBO, (10%, with up to 5% extra 



credit possible). 
4. In-class concept tests with clickers (10%).  Your three lowest scores will be 



dropped. 
 
Late Assignments & Makeup Exams 
Makeup exams will only be given with a doctor’s note or the equivalent.  If you cannot 
make the prescheduled time for the final exam, make arrangements with me for an 
alternative time by the end of the sixth week of class (CU policy). 
 
Attendance & Additional Policies 
You are expected to attend lectures.  The quiz and exam materials will be drawn from the 
lectures and the textbook.  Copying and cheating will result in a minimum penalty of zero 
credit. 
 
Students with Disabilities 
If you have specific physical, psychiatric or learning disabilities and require 
accomodations, please let me know early in the semester so that your learning needs may 
be met.  You will need to provide documentation of your disability to the Disability 
Services Department (303-492-8671) at the beginning of the semester. 











 
PRELIMINARY* SCHEDULE 



 
Section 1:  Review of Atoms, Gravity, & Light; Telescopes; the Sun 
Review of Gravity  (Ch. 5)       08/28 
Review of Atoms & Light  (Chs. 4 & 6)     09/02 
Constellations (Fiske Planetarium)      09/04 
Telescopes (Ch. 7)        09/09 
Last Day to Drop        09/10 
The Sun:  A Nuclear Reactor (Ch. 15)                 09/11,16,18   
Exam 1:         09/23 
 
Section 2:  Stars, Star Formation & Evolution, & End States of Stars 
Stellar Classification, Binary Stars, & the H-R Diagram  (Ch. 16) 09/25,30,10/07 
Fall Break!         10/02 
Stellar Evolution  (Ch. 17)                     10/09 
Stellar Explosions, White Dwarfs, & Neutron Stars (Ch. 18)        10/14 
Black Holes (S3, Ch. 18)       10/16 
Exam 2:         10/21 
 
Section 3:  The Milky Way & Galaxies 
The Interstellar Medium & Star Formation  (Ch. 17, 19)     10/23 
The Milky Way’s Structure (Fiske Planetarium) (Ch. 19)        10/28 
The Milky Way:  Composition, Spiral Arms, Dark Matter (Ch. 22) 10/30,11/04 
Nearby Galaxies (Fiske Planetarium) (Ch. 20)    11/06 
Nearby Galaxies         11/11 
Galaxy Evolution and Active Galactic Nuclei (Ch. 21, 22)   11/13 
Exam 3:         11/18 
 
Section 4:  Cosmology:  The Evolution of the Universe 
The Expansion of the Universe  (Ch. 20)      11/20  
The Cosmic Microwave Background  (Ch. 23)    11/25 
Thanksgiving         11/27 
Inflation and the Early Universe (Ch. 23)      12/02 
Life in the Universe  (Ch. 24)       12/04 
Observations due        12/09 
Review               12/09,11 
Final Exam (7:30-10:00 AM)       12/15  
 
*This schedule is preliminary but the exam dates will not change.











Observations 
 
Observe any three different celestial objects from the Sommers-Bausch Observatory on 
campus (http://www.colorado.edu/sbo/).  Use the appended sheet for recording and 
describing your observations.  You will have to copy the appended sheet for 
observations 2 and 3 before you go to the SBO:  no copy machine is available at the 
SBO.  A signature from the telescope operator is required for each observation.  The 
dates for observations will be given in class.  Don’t wait until late in the semester!  Each 
observation is worth 5% of your total grade, so up to 5% extra credit available if you do 
all three. 
 











SBO Observations 
 



Your Name:_______________________________________ Date:______________ 
 
Signature of Telescope Operator:____________________________________________       
 
Object Observed:_________________________________________________________ 
 
Rough Sketch of Object: 
 
 
 
 
 
 
 
 
 
 
 
 
In the space below, explain what you saw (you can use your textbook to help you by either 
looking up the specific object you observe or that type of object).  Do this by trying to answer 
these questions.  What is the object?  Does the emission (light) you observe come from one 
source or many (e.g., a star, many stars, interstellar gas)?  What is the source of energy for the 
emission you observe?   If you can see any color, try to give a reason for it (i.e., temperature, 
interstellar extinction, elemental composition). 
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Welcome to your new email account on buffmail.colorado.edu!  Here is a helpful link for 
managing your account:

	http://www.colorado.edu/its/webmail/new

You may have e-mail messages in your new "potential-spam" folder.

Information Technology Services (ITS) at CU-Boulder has created this 
folder as part of our continuous efforts to help you fight unsolicited 
commercial e-mail, also known as spam. 

To detect unwanted spam messages, a content analysis program scans 
incoming mail and detects messages which have the characteristics of 
spam. These suspicious messages are then marked as POTENTIAL SPAM and 
diverted to your the potential-spam folder. This diverts the flood of 
spam away from your inbox, so you can get rid of it quickly and easily.

While the goal is to deliver all valid messages directly to your inbox, 
some legitimate e-mail, such as opt-in advertising or mailing lists, may 
have a high resemblance to spam and could therefore be treated as spam. 
For this reason, you should check the potential-spam folder periodically 
to make sure that you do not miss any valid messages. 

If you use an e-mail client other than WebMail, you may need to subscribe 
to your potential-spam folder in order to access it.

To turn the spam diverting feature on or off, follow the instructions 
available here:

	http://www.colorado.edu/its/email/spamdiverter.html

Note that messages in the potential-spam folder are not saved in regular 
ITS nightly back-ups. Once you delete a message from this folder, it is 
gone. Another feature soon to be added to the potential-spam folder is 
automatic deletion. Auto-delete will remove all messages remaining in the 
potential-spam folder longer than 14 days. Look for more information about 
this service late in the spring semester.

For more information on fighting spam at CU, go to the ITS spam 
information site:

	http://www.colorado.edu/its/email/spam.html

To get additional help with any spam or e-mail related issues, contact the
IT Service Center:

	From off-campus: 	303-735-HELP
	From on-campus:  	5-HELP (5-4357)
	E-mail address:		help@colorado.edu
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COSMOLOGY & RELATIVITY 
ASTRONOMY 3740-001 



 
MWF 12:00-12:50 PM 



Room G131 Duane Physics 
 



Professor: Jason Glenn 
Office:  Room C329B, Duane Physics, (303) 492-6073; jglenn@casa.colorado.edu 



Office Hours:  M 1:00-2:00 & by appointment 
 
 
 



 
 
 
 
 
 
 
 
 
Cosmic microwave background radiation anisotropies observed with the Boomerang experiment.  
Boomerang is in the foreground and Mt. Erebus is in the background (photo courtesy the Boomerang team, 
the NSF, and NASA).  These observations have been used to measure the large-scale geometry of the 
Universe. 
 
Course Prerequisites:   
Required:  Physics 1110 & 1120 
Required:  Math 1300 & 2300 or APPM 1350 & 1360 
Recommended but not required:  Astronomy 1120, 1020, or 1040 
If you have not taken these prerequisites, you should take Astronomy 2010, Modern 
Cosmology.  
 
Course Goals 
1. Develop a basic understanding of Special Relativity and General Relativity for 



studying Modern Cosmology.   
2. Understand the modern theory of the structure and evolution of the Universe as a 



whole and the role of astronomical observations in shaping that theory.  
 
 
 











 
 
Course Content 
• Special Relativity: physics at speeds approaching the speed of light 
• General Relativity: a general mathematical formalism for 4-d spacetime 
• Black Holes:  distortion of spacetime near massive objects 
• Theoretical Cosmology:  mathematical formalism 
• Observational Cosmology:  astronomical measurements of the Universe’s properties 
• The Formation and Evolution of Structure in the Universe: galaxies & galaxy clusters 
• The Theory of Cosmic Inflation: an early, rapid period of expansion 
 
Class Format 
The class will consist of lectures, however discussion is encouraged and class 
participation may be factored into grades. 
 
Texts 
Required: 
1. “Introduction to Cosmology” by Barbara Ryden. 
Supplementary (not required!) texts on reserve at the Lester Math/Physics Library:  
1. “Spacetime Physics” by Taylor and Wheeler, 2nd edition.  This book thoroughly 



describes Special Relativity at a fundamental level. 
2. “Principles of Cosmology and Gravitation” by Berry.  This book has a good 



fundamental description of General Relativity related to cosmology, but is out of date. 
3. “The Big Bang” by Silk, 3rd edition.  This book has a good, non-mathematical 



description of modern cosmology. 
4. “The Cosmic Perspective” by Bennett, Donahue, Schneider, & Voit, 2nd edition.  This 



is and introductory astronomy text and would make a good reference if you have not 
taken an introductory astronomy class. 



 
Coursework and Grading 
Grades will be calculated as described below.  They may be curved. 



1. 20%-Exam I, 20%-Exam II, 25%-Final Exam. The exams will consist of 
problems and occasional short answer questions.   



2. 35%:  Homework will be assigned throughout the semester. Homework will be 
due at the beginning of class on the due date.  I encourage you to work with other 
members of the class; however, copying will not be tolerated.   



 
Late Assignments & Make-up Tests 
No late assignments will be accepted without proof of extenuating circumstances.  If you 
are in doubt about turning in an assignment on time, turn it in early or talk to me before 
the due date.  Make-up exams will only be given with a doctor’s note or the equivalent.  
If you cannot make the prescheduled time for the final exam, make arrangements with me 
for an alternative time by the end of the sixth week of class. 
 











Attendance & Additional Policies 
You will be expected to attend lectures, however attendance is not mandatory.  The 
homework and exam questions will be drawn from lectures and assigned reading.  
 
No assignments without names on them will be accepted.  Cheating will result in a 
minimum penalty of zero credit. 
 
Students with Disabilities 
If you have specific physical, psychiatric or learning disabilities and require 
accomodations, please let me know early in the semester so that your learning needs may 
be met.  You will need to provide documentation of your disability to the Disability 
Services Department (303-492-8671). 
 
 
 
 
 
 



PRELIMINARY SCHEDULE 
 
 
Date      Lecture Topic or Exam 
Jan. 13 - Feb. 12   Special Relativity, General Relativity, 
     and Black Holes 
     No class on January 20 
Feb. 14    Exam I 
Feb. 17 - Mar 19   Cosmology 
Mar. 21    Exam II 
Mar. 24 - Mar. 28   Spring Break 
Mar. 31 - Apr. 25   Cosmology 
Apr. 28 - May 2   Special Topics, Review 
May 5     Final Exam; 7:30PM-10:00PM, Duane  



G131 
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Interstellar Astrophysics 
ASTR 5740 



 
Instructor 
Jason Glenn, jglenn@casa.colorado.edu 
Office Hours:  M, W, F 12:00-12:30 PM in F913 and by appointment 
 
Course Goals 
To understand the physics of the interstellar medium, including the use of 
observations to probe physical conditions 
 
Course Content 
The structure, dynamics, and ecology of the interstellar medium; the physical 
mechanisms that govern the thermal, ionization, and dynamic state of the gas 
and dust; star formation; the ISM in other galaxies 
 
Prerequisite  ASTR 5110 (IP 1) or instructor consent 
 
Textbooks 
Required:  Physical Processes in the Interstellar Medium, by L. Spitzer 
Optional:  Interstellar Astrophysics, Freeman & Dyson 
On Reserve at the Lester Math/Physics Library: 
 Physical Processes in the Interstellar Medium, by L. Spitzer 
 Astrophysics of Gaseous Nebulae and AGN by D. Osterbrock 
 Interstellar Processes edited by D. J. Hollenbach & H. A. Thronson 
 
Grades 
Homework 35%, Midterm Exam 20%, Final Exam 30%, Class Presentation 15%. 
 
Final Exam 
Tuesday, May 4th from 10:30 AM to 1:00 PM 
 
Students with Disabilities 
If you have specific physical, psychiatric or learning disabilities and require 
accommodations, please let me know early in the semester so that your learning 
needs may be met.  You will need to provide documentation of your disability to 
the Disability Services Department (303-492-8671) at the beginning of the 
semester. 
 
 
 











Tentative List of Lecture Topics  
• Review of Radiative Transfer 
• Review of Spectroscopic Notation 
• Overview of the ISM in the Milky Way 
• Absorption Line Studies and the Curve of Growth 
• Ionization Equilibrium 
• Thermal Equilibrium 
• Spectral Line Formation 
• Spectral Line Diagnostics 
• HII Regions 
• Planetary Nebulae 
• Molecular Clouds 
• Interstellar Dust 
• Models of the Multi-Phase ISM 
• Shocks and Supernova Remnants 
• Star Formation 
• Stellar Winds 
• ISM in External Galaxies 
• X-Rays from Galaxies and Clusters 
• Quasar Absorption Line Studies 



 
 
Class Presentations 
Every Friday, the first twenty minutes of the lecture will be a student presentation.  
Exceptions are January 16, 23, and 30, when there will not be presentations, 
March 5 for the midterm exam, and April 16 & 23, when there will be two 
presentations.  You are free to choose the topic of your classroom presentation, 
however, the topic must be approved by me.  Some sample topics are: 



 
• Cluster Physics from the Sunyaev-Zeldovich Effect 
• Galactic Winds/Superbubbles 
• Diffuse Interstellar Bands 
• Interstellar Cirrus 
• Sources of Cosmic Rays 
• Polycyclic Aromatic Hydrocarbons 
• The CO/H2 Conversion Factor 
• Masers, Megamasers as Distance Indicators 
• Cooling of Primordial (Zero-Metal) Clouds 
• D/H Abundances from Absorption Line Studies 
• Aspects of Interstellar Chemistry (multiple possible presentations) 
• Polarization and the Structure of AGN 
• Formation of H2 
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ASTR 5760 
Astrophysical Instrumentation 



 
T-Th 2:00-3:15; Room E126 



Professor Jason Glenn 
Office:  Room F913 & ARL 175E, (303) 735-5904, jglenn@casa.colorado.edu 



Office Hours:  By appointment 
 
Examples of innovative astronomical instruments: 



 
The 10.4-m Caltech Submillimeter Observatory   The Bolocam millimeter-wave camera 
 
Course Prerequisites: 
Undergraduate degree in physics, astronomy, electrical engineering, or special 
permission. 
 
Course Goal 
My goal is to convey a physical understanding of modern astronomical instrumentation, 
from telescopes to detectors, across the electromagnetic spectrum.  
 
Course Content 
• Fundamental optics, telescopes 
• Electromagnetics:  diffraction, Gaussian beams 
• Spectroscopy and polarimetry 
• Detectors from the X-ray to the radio 
 
Class Format 
The class will consist of standard lectures, a couple of guest lectures by world experts, 
and student presentations.   
 
Text 
For the first half of the course, there is no required text, however, there will be 
recommended reading from various sources.  For the second half of the course, the text 











(required) will be the 2nd edition of Detection of Light From the Ultraviolet to the 
Submillimeter by G.H. Rieke. 
 
Coursework and Grading  



• Homework:  40% 
• Group talk and paper:  20% 
• Midterm:  20% 
• Final Exam:  20% 



 
Attendance & Additional Policies 
You are expected to attend lectures.  The exam materials will be drawn from the lectures 
and the reading.  You are encouraged to work together on homework, however, copying 
and cheating will result in a minimum penalty of zero credit.  If you work together, write 
on your homework who you have worked with so that it is clear when I grade it. 
 
Students with Disabilities 
If you have specific physical, psychiatric or learning disabilities and require 
accomodations, please let me know early in the semester so that your learning needs may 
be met.  You will need to provide documentation of your disability to the Disability 
Services Department (303-492-8671) at the beginning of the semester. 
 
Preliminary List of Course Topics 



• Fundamentals of Optics  
Snell’s law, reflection and refraction, the thin lens equation, sign conventions, 
Fermat’s principle, stops 



• Fundamentals of Telescopes 
Types of telescopes, aberrations 



• Diffraction Theory 
Single slit, double slit, circular aperture 



• Spectrometers 
Diffraction gratings, other types of spectrometers 



• Introduction to Gaussian Beam (Diffraction-Limited) Optics 
• Fundamentals of Radio Astronomy 
• Polarimetry 
• Photoconductors 
• Photodiodes 
• Amplifiers and Readouts 
• CCDs 
• Bolometers 
• Heterodyne Receivers 
• Cryogenics 
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ASTRONOMY 1120-001 
General Astronomy:  Stars and Galaxies 



 
T-Th 11:00-12:30; Room G1B20 



Professor Glenn 
Office:  Room F913, (303) 735-5904, jglenn@casa.colorado.edu 



Office Hours:  T, Th 1-2 PM & by appointment 
TA:  Quyen Nguyen Hart, 492-6857, Office Hours M, W 10-12, Stadium 118 



 
Why would you take ASTR 1120?  To learn why stars shine, to learn why 
you wouldn’t want to live close to a black hole, to learn what galaxies are made of, and 
to learn why we think there was a Big Bang.  Here are a couple of diagrams you will be 
able to explain by the end of the semester. 



 
 
 
 
 
 
 
 
 
 
 



An artists rendition showing our current   The sky seen at microwave wavelengths 
understanding of the structure and contents   with the Boomerang experiment.  Mt. 
of the Milky Way (“Astronomy Today”,    Erebus is in the background (courtesy the 
3rd ed., by Chaisson & McMillan).    Boomerang team, the NSF, and NASA). 
 
Course Prerequisite: None 
ASTR 1120 satisfies a natural science requirement for the Arts and Sciences core 
curriculum. 
 
Course Goals 
Astronomy: 
• To develop a basic understanding and appreciation of the physical universe. 
• To understand how astronomers learn about the Universe.  
• To demonstrate that our understanding of the Universe is constantly changing subject 



to new observations and interpretations—science is exciting!  
• To encourage you to follow current events in astronomy. 
General:  Exercise critical thinking and quantitative reasoning skills (there will be math 
in this course). These skills are very useful outside of astronomy too. 



 



 











 
Course Content 
• Physical concepts:  atoms, gravity, light, & telescopes 
• The Sun; star formation and evolution; star death 
• The Milky Way & other galaxies 
• Cosmology:  the evolution of the Universe 
 
Class Format 
The class will consist of lectures, demonstrations, and presentations at the Fiske 
Planetarium.   
 
Text & Clickers 
“The Cosmic Perspective” by Bennett, Donahue, Schneider, & Voit, 3rd Ed.  This text 
gives very good physical descriptions of processes in our Universe.   
We will use Clickers for quizzes and concepts questions.  You must purchase a clicker at 
the bookstore.  Register your clicker at http://capa.colorado.edu/cgi-bin/RegisterAFS. 
 
Coursework and Grading (yes, grades will be curved) 



1. Three exams and the final (all multiple-choice), which is cumulative (15%, 15%, 
15%, and 30%, respectively).   



2. Daily quizzes with clickers (20%).  Your three lowest scores (days) will be 
dropped. 



3. One observation from one night at the SBO, (5%). 
 
WebCT 
Grades and course news will be posted at http://webct.colorado.edu.  Log on with your 
Identikey username and password. 
 
Late Assignments & Makeup Exams 
Makeup exams will only be given with a doctor’s note or the equivalent.  If you cannot 
make the prescheduled time for the final exam, make arrangements with me for an 
alternative time by the end of the sixth week of class (CU policy). 
 
Attendance & Additional Policies 
You are expected to attend lectures.  The quiz and exam materials will be drawn from the 
lectures and the textbook.  Copying and cheating will result in a minimum penalty of zero 
credit. 
 
Students with Disabilities 
If you have specific physical, psychiatric or learning disabilities and require 
accomodations, please let me know early in the semester so that your learning needs may 
be met.  You will need to provide documentation of your disability to the Disability 
Services Department (303-492-8671) at the beginning of the semester. 











 
PRELIMINARY* SCHEDULE 



 
Section 1:  Atoms, Gravity, & Light; Telescopes; the Sun 
Atoms  (Ch. 4)        08/24 
Gravity (Ch. 5)        08/26   
Light  (Ch. 6)         08/31 
Constellations (Fiske Planetarium)/Telescopes (Ch. 7)   09/02 
Constellations (Fiske Planetarium)/Telescopes (Ch. 7)   09/07 
The Sun:  A Nuclear Reactor (Ch. 15)                      09/09,14   
Exam 1:         09/16 
 
Section 2:  Stars, Star Formation & Evolution, & End States of Stars 
Stellar Classification, Binary Stars, & the H-R Diagram  (Ch. 16)    09/21,23,28 
Fall Break!         09/30 
Stellar Evolution  (Ch. 17)                     10/05 
Stellar Explosions, White Dwarfs, & Neutron Stars (Ch. 18)        10/07 
Black Holes (S3, Ch. 18)       10/12 
Exam 2:         10/14 
 
Section 3:  The Milky Way & Galaxies 
The Interstellar Medium & Star Formation  (Ch. 17, 19)     10/19 
The Milky Way’s Structure (Fiske) (Ch. 19)/Composition (Ch. 22)  10/21 
The Milky Way’s Structure (Fiske) (Ch. 19)/Composition (Ch. 22)         10/26 
The Milky Way’s Composition (Ch. 22)     10/28 
Nearby Galaxies (Fiske Planetarium) (Ch. 20)    11/02 
Nearby Galaxies (Fiske Planetarium) (Ch. 20)    11/04 
Galaxy Evolution and Active Galactic Nuclei (Ch. 21, 22)   11/09 
Exam 3:         11/11 
 
Section 4:  Cosmology:  The Evolution of the Universe 
The Expansion of the Universe  (Ch. 20)      11/16  
The Cosmic Microwave Background  (Ch. 23)    11/18 
Inflation and the Early Universe (Ch. 23)      11/23 
Thanksgiving         11/25 
Life in the Universe  (Ch. 24)       11/30 
Observations due        11/30 
Lecture Make-Up Day       12/02 
Review               12/07,09 
Final Exam (1:30-4:00 PM)        12/11  
 
*The lecture schedule is subject to change but the exam dates will not change.











Observations 
 
Observe any one celestial object from the Sommers-Bausch Observatory on campus 
(http://www.colorado.edu/sbo/).  Use the appended sheet for recording and describing 
your observations.  A signature from the telescope operator is required.  The dates for 
observations will be given in class and on WebCT.  Sign up for two sessions on the sign-
up sheet in Stadium 118 to allow for bad weather.  You don’t have to go to the second 
session if you get your observation done during the your first session. 
 











SBO Observations 
 



Your Name:_______________________________________ Date:______________ 
 
Signature of Telescope Operator:____________________________________________       
 
Object Observed:_________________________________________________________ 
 
Rough Sketch of Object: 
 
 
 
 
 
 
 
 
 
 
 
 
In the space below, explain what you saw (you can use your textbook to help you by either 
looking up the specific object you observe or that type of object).  Do this by trying to answer 
these questions.  What is the object?  Does the emission (light) you observe come from one 
source or many (e.g., a star, many stars, interstellar gas)?  What is the source of energy for the 
emission you observe?   If you can see any color, try to give a reason for it (i.e., temperature, 
interstellar extinction, elemental composition). 
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Through which fundamental force do neutrinos interact?



A)Strong nuclear force
B)Weak nuclear force
C)Electromagnetic force
D)Gravitational force



Quiz Question 1: Neutrinos











Through which fundamental force do neutrinos interact?



A)Strong nuclear force
B)Weak nuclear force
C)Electromagnetic force
D)Gravitational force



Quiz Question 1: Neutrinos











The total sunspot cycle is how many years?



A)4
B)10
C)11
D)22 



Quiz Question 2: Sunspot Cycle











The total sunspot cycle is how many years?



A)4
B)10
C)11
D)22



Quiz Question 2: Sunspot Cycle











Today:
• How do astronomers assign 



brightnesses to stars?
• How do astronomers measure the 



distances to nearby stars?



Next two lectures:  masses of stars 
(binary stars), stellar temperatures and 
spectral classes, the H-R diagram 



Properties of Stars 1
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Luminosity is an intrinsic 
property of a star, whereas 
apparent brightness
depends on its distance.



More distant for a given 
luminosity ⇒ lower 
apparent brightness



Relationship Between 
Luminosity and Brightness
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Flux is apparent 
brightness in W m-2



Flux = Luminosity 
/(4πdistance2)



F = L/(4πr2)



Units:



W m-2 = W m-2



= J s-1 m-2



Gravity is also a 1/r2



law:  F = GM1M2/r2



Brightness Follows a 1/r2  Law











If you observe two identical stars (stars of the same 
intrinsic luminosity), Star A and Star B, and Star A is ten 
times closer than star B, how much brighter than Star B is 
Star A?



A) 1/10th as bright
B) Same brightness
C) 10 times brighter
D) 100 times brighter



Concept Question: Brightness











If you observe two identical stars (stars of the same 
intrinsic luminosity), Star A and Star B, and Star A is ten 
times closer than star B, how much brighter than Star B is 
Star A?



A) 1/10th as bright
B) Same brightness
C) 10 times brighter
D) 100 times brighter



The brightness falls as the distance squared.



Concept Question: Brightness











Review Mathematical Insight 16.3



Hipparchus – 2nd century B.C.
Human vision (and hearing, smell, touch, & taste) is logarithmic



Two things:
1. Each change in 



magnitude of 1 is a 
factor of 2.5 in 
brightness



2. Smaller magnitude →
brighter



Absolute magnitude is the apparent magnitude for an object 
10 parsecs (1 pc = 3.26 light years) away.  More on this later.



Absolute 
Magnitude



Object



Sun
Full Moon
Venus
Vega
Naked Eye Limit
Firefly at 6500 km
(HST and Keck limit!)



-26.8
-12.5
-4.4



0
6



30



Magnitudes: Assigning Brightness to Stars











Stars A and B are identical (⇒ same luminosities and 
absolute magnitudes).  Star A has an apparent magnitude 
of 10, star B has an apparent magnitude of 12.



So,



A)Stars A and B are the same distance from Earth.
B)Star A is closer than Star B.
C)Star B is closer than Star A.



Concept Question: Magnitudes











Stars A and B are identical (⇒ same luminosities and 
absolute magnitudes).  Star A has an apparent magnitude 
of 10, star B has an apparent magnitude of 12.



So,



A)Stars A and B are the same distance from Earth.
B)Star A is closer than Star B.
C)Star B is closer than Star A.



Concept Question: Magnitudes











Fig. 16.3



Using the motion of the Earth to measure distances to stars



Recall:  1" = (1/60) of 1'
1' = (1/60) of 1°



Distance (parallax 
seconds) = 1/parallax(")



1 parallax second 
= 1 parsec 
= 3.26 light years 
= 3.1x1016 m



d(pc) = 1/p(")



Stellar Parallax: Measuring the 
Distances to Nearby Stars











The closest star to the Sun



Sun Proxima CentauriEarth



Golf
Ball



Grain 
of 



Sand



Golf
Ball



1m 270km



Proxima Centauri is a little closer to the Sun than the 
average separation between stars in the Milky Way.



Case Study: Proxima Centauri











d(pc) = 1/p(“)



What is the distance, in parsecs, to Proxima Centauri, given 
that it’s parallax angle is 0.76“?



A)0.76 pc
B)1.3 pc



Concept Question: Proxima
Centauri Parallax











d(pc) = 1/p(“)



What is the distance, in parsecs, to Proxima Centauri, given 
that it’s parallax angle is 0.76“?



A)0.76 pc
B)1.3 pc



d(pc) = 1/0.76“ = 1.3 pc



Concept Question: Proxima
Centauri Parallax











Although you cannot see it, stars are moving in all 3 dimensions.



α Cen22 km/s



-20 km/s
(blueshift)



30 km/s 
net motion



Sun



Stellar Motions: α Centauri
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•Gravity—mutually attractive force between 
masses
•Electromagnetic—electricity and 
magnetism; binds atoms together
•Weak Nuclear—governs nuclear reactions
•Strong Nuclear—governs nuclear reactions



The Four Fundamental Forces











Questions
•What are the properties of light?
•How does light interact with atoms?
•What are the characteristics of a 
blackbody?



Light











Light behaves as particles—photons
Or as an electromagnetic wave (when many photons are present)



Fig. 
6.5b



Light: Particles vs. Waves











Fig. 
6.6



Light of different wavelengths makes up the electromagnetic 
spectrum



V   I   B   G   Y   O   R



Higher frequency => higher energy photons



The Electromagnetic Spectrum











Fig. 
6.6



Light of different wavelengths makes up the electromagnetic 
spectrum



V   I   B   G   Y   O   R



Where Prof. Glenn works



The Electromagnetic Spectrum











Fig. 
6.16



Because light is a wave, it can be Doppler shifted.



This could be 
a star, for 
example



Doppler Shift











If an object is 
moving 
toward an 
observer, the 
light is 
blueshifted.  
So, how does 
the frequency 
of the light 
change?



A) Unchanged
B) Higher 



frequency
C) Lower 



frequency



Concept Question:  Frequency 
vs. Wavelength











Fig. 6.12



There are two kinds of spectra: continuous and line.
Blackbodies have continuous spectra, characteristic of only 
their temperatures.



Fig. 6.131 nm = 10-9 m, 1 Angstrom = 10-10 m



Red



Blue



Yellow



Blackbodies











In what part of 
the spectrum 
do human 
beings emit 
most of their 
radiation?



A)X-ray
B)Visible
C)Infrared
D)Radio



Concept Question:  Blackbodies











Fig. 6.1



Dispersion of Spectra











Fig. 6.8



Fig. 6.9



Atoms (& molecules) 
produce absorption 
and emission line 
spectra.



Emission & Absorption Line 
Spectra from Atoms











Fig. 
6.14



Understand this figure!
Spectral Formation











Stars have hot centers that emit continuum radiation and 
are surrounded by cooler atmospheres.  So, which kind 
of spectra do stars have?



A)Continuum
B)Emission line
C)Absorption line
D)Continuum + emission line
E)Continuum + absorption line



Concept Question:  Stellar Spectra











Stars have hot centers 
that emit continuum 
radiation that are 
surrounded by 
cooler atmospheres.  
So, which kind of 
spectra do stars 
have?



Answer:
E) Continuum + 



absorption line



Concept Question:  Stellar Spectra











Fig. 6.17



Astronomers use 
the redshifts of 
spectral lines to 
measure the 
velocities of objects.



Redshift and Blueshift











How Astronomers Plot Spectra
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ASTRONOMY HELP ROOM



•Stadium 118 (CASA)
•Walk in any time:  M, T, W & Th 10 
AM – 4 PM; F 10 AM-Noon
•Quyen Hart M & W 10 AM - Noon











ANNOUNCEMENTS



•First night of observations next 
Wednesday 9/1; sign up for 8, 9, or 
10 PM (first 120)
•Discussion board on WebCT











Sommers Bausch Observatory
• Sign up in the Astronomy Help Room
• Sign up for two nights
• Nights available are:



Wed Sep 01 8 PM - 11 PM
Mon Sep 20 8 PM - 11 PM
Thu Oct 07 7:30 PM - 10:30 PM
Mon Oct 25 7:30 PM - 10:30 PM
Wed Nov 10 7 PM - 10 PM
Wed Dec 01 7 PM - 10 PM











ATOMS



Why study atoms?
-Most of the observable universe is made of 
atoms
-Atoms interact with light 



Questions:
• What is the structure of an atom?
• What do the number of protons and electrons in 



an atom determine?
• What are the phases of matter?











BOHR MODEL OF THE ATOM (1915)
Electron (-1)



Proton (+1)



Electron
Orbit



Ground 
State 
Atom



Electron



Proton



Electron
Orbit



Excited
Atom



Figure 4.11



n=1



n=2



n=3



“Energy Levels”
Atoms are mostly empty space.











MODERN, QUANTUM MECHANICAL 
MODEL OF THE ATOM



The electron’s location is described as a probability distribution.



Fig. 4.9











ELEMENTS AND ISOTOPES
Protons and 
neutrons have 
approximately 
2000x the mass 
of electrons











CONCEPT QUESTION:  
ELEMENTS AND ISOTOPES



Is this nucleus an isotope of hydrogen or helium?



N



P



N



A)H
B)He
C)Neither











SUBATOMIC PARTICLES
What makes up protons and neutrons?  Quarks



Proton Neutron



D DU



D



U



U











ENERGY & TEMPERATURE



• Kinetic Energy—Energy of motion
• Potential Energy—Capacity to do work
• Temperature—Kinetic energy of the particles



Temperature of a Gas Temperature Scales
Fig. 4.3 Mathematical Insight 4.1



Cold Hot











CONCEPT QUESTION:  ENERGY 
& TEMPERATURE



A B



Gases A and B 
are at the 
same 
temperature;  
which has 
more 
energy?



A)A
B)B
C)NeitherFig. 4.4











PHASES OF MATTER



Fig. 4.8



Solar Interior



Solar Atmosphere



Interstellar Clouds



Interstellar Clouds



Earth’s Oceans



Interstellar Dust
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Gravity



Questions
•What is Newton’s law of gravity?
•What does “gravitationally bound” 
mean?
•What are the four fundamental 
forces?











Quiz 1, Question 1



Which particle is not made up of quarks?
A)Protons
B)Neutrons
C)Electrons











Quiz 1, Question 2



What are the phases of matter that occur 
(in order) as temperature is increased 
from hundreds of Kelvin to tens of 
thousands of Kelvin?



A)Liquid, gas, plasma, solid
B)Plasma, solid, liquid, gas
C)Solid, liquid, plasma, gas
D)Solid, liquid, gas, plasma











Newton’s First Law of Motion



Forces cause acceleration:



F = ma
Force = mass x acceleration



Units: Newtons = kg x m/s2



Where acceleration is the time rate of change 
of momentum (mass x velocity)



t=0,
v=0



t=1s,
v=10m/s



t=2 s,
v=20 m/s



Example:  A 
dropped ball











Concept Question:  Acceleration



Which car(s) is (are)  accelerating?



A. Car A
B. Car B
C. Both cars A & B
D. Neither cars A nor B



Car A:  Moving at a constant speed of 30 mph
Car B:  Slowing down from 30 mph to a stop











Mass versus Weight



Mass is a 
property of an 
object



Weight is a 
force



Fig. 5.3











Newton’s Law of Gravity



Gravitational Force = G x mass(Earth) x mass(object) / separation2



Fg = GmEarthmobject/r2



where G is the gravitational constant











Concept Question:  Newton’s First Law



If a heavy object and a light object are 
dropped simultaneously, which will hit the 
ground first?











Concept Question:  Newton’s First Law



If a heavy object and a light object are 
dropped simultaneously, which will hit the 
ground first?



Hint: Fobject = mobjectaobject Newton’s 1st law 



A. The more massive object
B. The less massive object
C.They will hit the ground at the same time











Concept Question:  Newton’s First Law



If a heavy object and a light object are 
dropped simultaneously, which will hit the 
ground first?



Hint: Fobject = mobjectaobject Newton’s 1st law 
Fgravity = mEarthmobject/r2 Newton’s gravity



A. The more massive object
B. The less massive object
C.They will hit the ground at the same time











Concept Question:  Newton’s First Law



If a heavy object and a light object are 
dropped simultaneously, which will hit the 
ground first?



Hint: Fobject = mobjectaobject Newton’s 1st law 
Fgravity = GmEarthmobject/r2 Newton’s gravity
mobjectaobject=GmEarthmobject/r2 Set the forces equal



A. The more massive object
B. The less massive object
C.They will hit the ground at the same time











Concept Question:  Newton’s First Law



If a heavy object and a light object are 
dropped simultaneously, which will hit the 
ground first?



Hint: Fobject = mobjectaobject Newton’s 1st law 
Fgravity = GmEarthmobject/r2 Newton’s gravity
mobjectaobject=GmEarthmobject/r2 Set the forces equal
mobjectaobject=GmEarthmobject/r2 Cancel mobject



A. The more massive object
B. The less massive object
C.They will hit the ground at the same time











Concept Question:  Newton’s First Law



If a heavy object and a light object are 
dropped simultaneously, which will hit the 
ground first?



Hint: Fobject = mobjectaobject Newton’s 1st law 
Fgravity = GmEarthmobject/r2 Newton’s gravity
mobjectaobject=GmEarthmobject/r2 Set the forces equal
mobjectaobject=GmEarthmobject/r2 Cancel mobject
aobject = GmEarth/r2 Acceleration of object



A. The more massive object
B. The less massive object
C.They will hit the ground at the same time











Concept Question:  Newton’s First Law



What keeps the Earth in orbit around the 
Sun?



Hint: Fgravity = GmEarthmSun/r2



A.The Sun’s gravity
B.The Earth’s gravity
C.Their mutual gravitational attraction











Concept Question:  Newton’s First Law



Professor Glenn weighs 160 pounds on 
Earth.  How much would he weigh if he 
were transported to empty space far from 
any astronomical body?



Hint: Fgravity = GmProf. Glenn0/r2



A. 160 pounds
B. Nothing
C. More than 160 pounds











Escape Velocity



Fig. 5.4



With enough 
energy, objects 
can escape the 
gravity of the 
Earth—they are 
then not 
gravitationally 
bound to the 
Earth.











Bound and Unbound Orbits



Fig. 5.13



Orbits can be 
bound (elliptical) or 
unbound 











The Four Fundamental Forces



•Gravity—mutually attractive force between 
masses











The Four Fundamental Forces



•Gravity—mutually attractive force between 
masses
•Electromagnetic—electricity and 
magnetism; binds atoms together











The Four Fundamental Forces



•Gravity—mutually attractive force between 
masses
•Electromagnetic—electricity and 
magnetism; binds atoms together
•Weak Nuclear—governs nuclear reactions
•Strong Nuclear—governs nuclear reactions
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•What determines whether a galaxy 
will become a spiral galaxy or an 
elliptical galaxy?
•What are characteristics of Active 
Galactic Nuclei?
•How do active galactic nuclei 
generate their tremendous energy?



Galaxy Formation & Active 
Galactic Nuclei











Why are most large galaxies either spirals or ellipticals?



Elliptical Spiral
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Galaxy Classification











Figure 5.10



•L = r(mv), where
r = radius
m = mass
v = velocity
mv = momentum



•Angular momentum is 
always conserved (it can 
only be changed if a 
force acts on a body)



Angular Momentum











If the an ice skater draws her arms inward 
and spins faster, her angular momentum 
(L = rmv)



A)increases.
B)remains the same.
C)decreases.



Concept Question











If we an ice skater draws her arms inward 
and spins faster, her angular momentum 
(L = rmv)



A)increases.
B)remains the same.
C)decreases.



Concept Question











Fig. 21.6a



One contributing factor to which type of galaxy will form is the
angular momentum of the protogalactic cloud: gas with a net 



angular momentum results in a disk—like a protostar.



Spiral vs. Elliptical I











Fig. 21.6b



Most ellipticals are found in clusters (in contrast to spirals) where 
the densities were higher.  Higher densities mean more rapid 



cooling and stars can form before the gas can settle into a disk.



Spiral vs. Elliptical II











Which of the following probably doesn’t contribute 
to the fact that all the gas in elliptical galaxies 
has been used up forming stars, while spiral 
galaxies still have gas?



A)Orbits are random in elliptical galaxies, meaning 
that clouds can collide and, dissipating their 
angular momentum, and fall to the center to form 
stars.



B)Orbits in spiral galaxy disks are circular, so 
clouds don’t often collide.



C)There was never gas in elliptical galaxies.



Concept Question











Which of the following probably doesn’t contribute 
to the fact that all the gas in elliptical galaxies 
has been used up forming stars while spiral 
galaxies still have gas?



A)Orbits are random in elliptical galaxies, meaning 
that clouds can collide and, dissipating their 
angular momentum, and fall to the center to form 
stars.



B)Orbits in spiral galaxy disks are circular, so 
clouds don’t often collide.



C)There was never gas in elliptical galaxies.



Concept Question











Fig. 21.13



When galaxies collide:  mergers create starbursts.



Arp 220 in the infrared



GAS & DUST



Arp 220 spectrum



STARS



Mergers & Starburst Galaxies











Computer simulation of a merger—two spiral 
galaxies creating an elliptical galaxy



Mergers & Starburst Galaxies











Active Galactic Nuclei



•<2% of modern day galaxies
•Probably a phase of galaxy formation that most (all?) 
galaxies go through 
•Luminosities up to 1000× the Milky Way (which is 
2×1010 Lsolar)
•Non-stellar radio, X-ray, and infrared emission
•Compact (<<1 pc), with high gas velocities (up to 
0.1c)
•Radio jets at nearly the speed of light
•Quasars (Quasi-stellar objects)—at high redshifts:  
first one discovered in 1960s by Maarten Schmidt at 
z=0.17



Properties of AGN











Viewgraph of 3C273



Quasars
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The best current evidence indicates that:
A)The Universe will expand forever with 



accelerating expansion.
B)The Universe will expand forever, just 



stopping at infinity.
C)The Universe will recollapse.



Quiz Question 1











The best current evidence indicates that:
A)The Universe will expand forever 



with accelerating expansion.
B)The Universe will expand forever, just 



stopping at infinity.
C)The Universe will recollapse.



Quiz Question 1











Which type of object in the following list 
is not a viable candidate for dark 
matter?



A)Weakly Interacting Massive Particles 
(WIMPs)



B)MAssive Compact Halo Objects 
(MACHOs)



C)Main sequence stars



Quiz Question 2











Which type of object in the following list 
is not a viable candidate for dark 
matter?



A)Weakly Interacting Massive Particles 
(WIMPs)



B)MAssive Compact Halo Objects 
(MACHOs)



C)Main sequence stars



Quiz Question 2











•What is the CMB?
•How does the CMB support the 
Big Bang model?
•Is space flat or curved on the 
largest scales?



The Cosmic Microwave 
Background Radiation (CMB)











•CMB predicted by the 
Big Bang model  
•CMB discovered 
accidentally in 1964 
(1978 Nobel Prize to 
Penzias & Wilson!)
•Along with 1) the 
expansion of the 
Universe & 2) the 
relative abundances of 
the light elements, 3) 
the CMB provided clear 
support for the Big Bang 
model.



The CMB
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The CMB is the most perfect blackbody ever 
measured, with a temperature of 2.73 K.



COBE
Early 1990s



Isotropic to 1 
part in 105



The Temperature of the CMB











The number of CMB photons stays the same as 
the Universe expands, but the photons are 
stretched by the expansion.  So, earlier in the 
Universe would the background radiation be 
cooler, hotter, or the same temperature?
A)Cooler
B)Hotter
C)The same temperature



Concept Question
The Temperature of the CMB











The number of CMB photons stays the same as 
the Universe expands, but the photons are 
stretched by the expansion.  So, earlier in the 
Universe would the background radiation be 
cooler, hotter, or the same temperature?
A)Cooler
B)Hotter
C)The same temperature



Concept Question
The Temperature of the CMB











Fig. 23-01



The radiation temperature of the Universe



Now 4x1017 s



Recombination
1.2x1013 s



Extrapolating backward
⇒ A hot, dense Big Bang



The radiation & 
matter 
temperatures 
were the same 
before 
recombination.



The Temperature of the CMB











A WMAP all-sky map of the CMB with a contrast of 
105 (2002)



•The primordial plasma “rang”
•Regions of overdensity appear cooler
•These regions are the seeds of modern-day structure



Similar to Fig. 23-16



Warm—Red Cold—Blue



Anisotropies in the CMB











A Boomerang map of the CMB anisotropies (2000)



Boomerang, 
Mt. Erebus, 
& the CMB



Front Page of the Syllabus











Fig. S3-12



Flat space—no magnification 
or minification



Positively curved
Space 
(closed)—
magnifies



Negatively curved 
space (open)—
minifies



The Geometry of Space











Which model matches the observations best?



Observations



Models A B C



The Geometry of Space











Which model matches the observations best?



Observations



Models A B C



⇒The 
Universe is 
flat!



The Geometry of Space











We only know what 4% of the Universe is!



ΩBM = 0.04
ΩDM = 0.23
ΩΛ = 0.73



The Content of the Universe
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	{mso-char-wrap:1;
	mso-kinsoku-overflow:1;}
.QB2
	{mso-char-wrap:1;
	mso-kinsoku-overflow:1;}
.QB3
	{mso-char-wrap:1;
	mso-kinsoku-overflow:1;}
.QB4
	{mso-char-wrap:1;
	mso-kinsoku-overflow:1;}
.Tbl
	{mso-char-wrap:1;
	mso-kinsoku-overflow:1;}
.Tbl1
	{mso-char-wrap:1;
	mso-kinsoku-overflow:1;}
.Tbl2
	{mso-char-wrap:1;
	mso-kinsoku-overflow:1;}
.Tbl3
	{mso-char-wrap:1;
	mso-kinsoku-overflow:1;}
.Tbl4
	{mso-char-wrap:1;
	mso-kinsoku-overflow:1;}
.defaultB
	{mso-special-format:nobullet•;}
.default
	{text-align:left;
	font-family:Arial;
	font-weight:normal;
	font-style:normal;
	text-decoration:none;
	text-shadow:none;
	text-effect:none;
	mso-fareast-hint:no;
	layout-flow:horizontal;
	color:#A50021;
	font-size:114%;
	mso-text-raise:0%;
	mso-line-spacing:"100 0 0";
	mso-margin-left-alt:0;
	mso-text-indent-alt:0;
	mso-char-wrap:1;
	mso-kinsoku-overflow:1;
	direction:ltr;
	mso-word-wrap:1;
	mso-vertical-align-special:baseline;
	mso-ansi-language:EN-US;}
a:link
	{color:#009999 !important;}
a:active
	{color:#333399 !important;}
a:visited
	{color:#99CC00 !important;}
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courses/astr_1120/ppt_lectures/Telescopes_files/script.js

function LoadSld()
{
	var sld=GetObj("SlideObj")
	if( !g_supportsPPTHTML ) {
		sld.style.visibility="visible"
		return
	}
	if( MakeNotesVis() ) return
	runAnimations = _InitAnimations();
	if( IsWin("PPTSld") )
		parent.SldUpdated(GetSldId())
	g_origSz=parseInt(SlideObj.style.fontSize)
	g_origH=sld.style.posHeight
	g_origW=sld.style.posWidth
	g_scaleHyperlinks=(document.all.tags("AREA").length>0)
	if( g_scaleHyperlinks )
		InitHLinkArray()
	if( g_scaleInFrame||(IsWin("PPTSld") && parent.IsFullScrMode() ) )
		document.body.scroll="no"
	_RSW()
	if( IsWin("PPTSld") && parent.IsFullScrMode() )
		FullScrInit();
	
	MakeSldVis();
	ChkAutoAdv()

	if( runAnimations )
	{
		if( document.all("NSPlay") )
			document.all("NSPlay").autoStart = false;
		if( sld.filters && sld.filters.revealtrans )
			setTimeout( "document.body.start()", sld.filters.revealtrans.duration * 1000 );
		else
			document.body.start();
	}
}
function MakeSldVis()
{
	var fTrans=g_showAnimation && SldHasTrans()
	if( fTrans )
	{
		if( g_bgSound ) {
			idx=g_bgSound.indexOf(",");
			pptSound.src=g_bgSound.substr( 0, idx );
			pptSound.loop= -(parseInt(g_bgSound.substr(idx+1)));
		}
		SlideObj.filters.revealtrans.Apply()
    }
	SlideObj.style.visibility="visible"
	if( fTrans )
		SlideObj.filters.revealtrans.Play()
}
function MakeNotesVis()
{
	if( !IsNts() ) return false
	SlideObj.style.display="none"
	nObj = document.all.item("NotesObj")
	parent.SetHasNts(0)
	if( nObj ) {
		nObj.style.display=""
		parent.SetHasNts(1)
	}
	return 1
}
function ChkAutoAdv()
{
	if(SldHasTrans())
		SlideObj.onfilterchange=AutoAdv
	else
		AutoAdv()
}
function AutoAdv()
{
	if(!IsWin("PPTSld") || !gUseSldTimings )return
	var sld=GetCurSld()
	if( (sld.mAdvDelay>0) && !parent.IsFramesMode() )
		setTimeout("parent.GoToNextSld()",sld.mAdvDelay)
}
function GetObj(id)
{
	if(g_supportsPPTHTML) return document.all(id);
	else return document.getElementById(id);
}
function SldHasTrans() { return SlideObj.style.getAttribute("filter")!="" }
function GetSldId() { return sId=location.href.substring(location.href.lastIndexOf('/')+1) }
function HideMenu() { if( frames["PPTSld"] && PPTSld.document.all.item("ctxtmenu") && PPTSld.ctxtmenu.style.display!="none" ) { PPTSld.ctxtmenu.style.display='none'; return true } return false }
function IsWin( name ) { return window.name == name }
function IsNts() { return IsWin("PPTNts") }
function IsSldOrNts() { return( IsWin("PPTSld")||IsWin("PPTNts") ) }
function SupportsPPTAnimation() { return( navigator.platform == "Win32" && navigator.appVersion.indexOf("Windows")>0 ) }
function SupportsPPTHTML()
{
	var appVer=navigator.appVersion, msie=appVer.indexOf("MSIE "), ver=0
	if( msie >= 0 )
		ver=parseFloat( appVer.substring( msie+5, appVer.indexOf(";",msie) ) )
	else
		ver=parseInt(appVer)
	return( ver >= 4 && msie >= 0 )
}
function _RSW()
{
	if( !g_supportsPPTHTML || IsNts() ||
	  ( !g_scaleInFrame && (!IsWin("PPTSld") || !parent.IsFullScrMode()) ) )
		return
        var padding=0;
        if( IsWin("PPTSld") && parent.IsFramesMode() ) padding=6
	cltWidth=document.body.clientWidth-padding
	cltHeight=document.body.clientHeight-padding
	factor=(1.0*cltWidth)/g_origW
	if( cltHeight < g_origH*factor )
		factor=(1.0*cltHeight)/g_origH
	newSize = g_origSz * factor
	if( newSize < 1 ) newSize=1
	s=SlideObj.style
	s.fontSize=newSize+"px"
	s.posWidth=g_origW*factor
	s.posHeight=g_origH*factor
	s.posLeft=(cltWidth-s.posWidth+padding)/2
	s.posTop=(cltHeight-s.posHeight+padding)/2
	if( g_scaleHyperlinks )
		ScaleHyperlinks( factor )
}
function _InitAnimations()
{
	animRuntimeInstalled = ''+document.body.localTime != 'undefined';
	isFullScreen = (window.name == "PPTSld") && !parent.IsFramesMode();
	g_animUseRuntime = g_showAnimation && animRuntimeInstalled && !(isFullScreen && parent.IsSldVisited());
	if( g_animUseRuntime ) {
		collSeq = document.all.tags("seq");
		if( collSeq != null ) {
			for(ii=0;ii<collSeq.length;ii++) {
				if( collSeq[ii].getAttribute( "p:nodeType" ) == "mainSeq" ) {
					g_animMainSequence = collSeq[ii];
					break;
				}
			}
		}
		if( g_animItemsToHide ) {
			for(jj = 0; jj < g_animItemsToHide.length; jj++) {
				if( hideObj = GetObj(g_animItemsToHide[jj]) )
					hideObj.runtimeStyle.visibility="hidden";
			}
		}
		if( g_animInteractiveItems ){
			for(jj = 0; jj < g_animInteractiveItems.length; jj++) {
				if( triggerObj = GetObj(g_animInteractiveItems[jj]) )
					triggerObj.runtimeStyle.cursor="hand";
			}
		}
		if( gUseSldTimings && ''+g_animSlideTime != 'undefined' ) {
			adjustedTime = document.body.calculateAutoAdvanceTimes( g_animSlideTime, g_animEffectTimings );
			if( IsWin("PPTSld") && adjustedTime != g_animSlideTime ) {
			   var sld = GetCurSld();
			   sld.mAdvDelay = adjustedTime * 1000;
			}
		}
	}
	return g_animUseRuntime;
}
gSldJump = 0, gSldJumpTrack = 0, gSldJumpIdx = "";
function _KPH()
{
	if( IsNts() ) return;
	if( !parent.IsFramesMode() && event.keyCode == 27 && !HideMenu() )
		parent.window.close( self );
	else if( event.keyCode == 32 ) {
		if( window.name == "PPTSld" )
			parent.PPTSld.DocumentOnClick();
		else
			parent.GoToNextSld();
	}
	CatchNumKeys( parent, event );
}
function CatchNumKeys( win, event ) {
	if( win.IsFullScrMode() && (48<=event.keyCode) && (event.keyCode<=57) ) {
		gSldJump = 1;
		gSldJumpIdx += (event.keyCode-48).toString();
	}
	if( win.IsFullScrMode() && gSldJump && event.keyCode == 13 ) {
		var numSlds = parent.GetSldList().mList.length
		if ( gSldJumpIdx > numSlds )
			gSldJumpIdx = numSlds;
		if ( gSldJumpIdx >= 0 ) {
			if ( gSldJumpIdx == 0 )
				gSldJumpIdx = 1;
			var jumpTo = parseInt(gSldJumpIdx);
			gSldJump = 0; gSldJumpIdx = "";
			win.GoToSld( parent.GetSldList().mList[jumpTo-1].mSldHref )
		}
	}
}
function _KDH()
{
	if( event.keyCode == 8 ) {
		event.returnValue = 0;
		parent.GoToPrevSld();
	}
}
function DocumentOnClick()
{
	if( IsNts() || parent.HideMenu() ) return;
	if( ( g_allowAdvOnClick && !parent.IsFramesMode() ) ||
	    (event && (event.keyCode==32) ) )
		parent.GoToNextSld();
}

var g_supportsPPTHTML = SupportsPPTHTML(), g_scaleInFrame = 1, gId="", g_bgSound="",
    g_scaleHyperlinks = false, g_allowAdvOnClick = 1, g_showInBrowser = 0, gLoopCont = 0, gUseSldTimings = 1;
var g_showAnimation = g_supportsPPTHTML && SupportsPPTAnimation() && ( (window.name=="PPTSld" && !parent.IsFramesMode()) || g_showInBrowser );var g_animManager = null;
var g_animUseRuntime = false;
var g_animItemsToHide, g_animInteractiveItems, g_animSlideTime;
var g_animMainSequence = null;
var ENDSHOW_MESG="End of slide show, click to exit.", SCREEN_MODE="Frames", gIsEndShow=0, NUM_VIS_SLDS=18, SCRIPT_HREF="script.js", FULLSCR_HREF="fullscreen.htm";
var gCurSld = gPrevSld = 1, g_offset = 0, gNtsOpen = gHasNts = gOtlTxtExp = 0, gHasNarration = 0, gOtlOpen = true
window.gPPTHTML=SupportsPPTHTML()
var gMainDoc=new Array(new hrefList("slide0024.htm",1,-1,1),new hrefList("slide0004.htm",1,-1,1),new hrefList("slide0003.htm",1,-1,1),new hrefList("slide0005.htm",1,-1,1),new hrefList("slide0008.htm",1,-1,1),new hrefList("slide0009.htm",1,-1,1),new hrefList("slide0006.htm",1,-1,1),new hrefList("slide0007.htm",1,-1,1),new hrefList("slide0010.htm",1,-1,1),new hrefList("slide0011.htm",1,-1,1),new hrefList("slide0017.htm",1,-1,1),new hrefList("slide0020.htm",1,-1,1),new hrefList("slide0016.htm",1,-1,1),new hrefList("slide0023.htm",1,-1,1),new hrefList("slide0018.htm",1,-1,1),new hrefList("slide0019.htm",1,-1,1),new hrefList("slide0021.htm",1,-1,1),new hrefList("slide0022.htm",1,-1,1));
function FullScrInit()
{
	g_allowAdvOnClick = GetCurSld().mAdvOnClk
	document.body.style.backgroundColor="black"
	document.oncontextmenu=parent._CM;
	document.onkeydown = _KDH;
	document.ondragstart=Cancel
	document.onselectstart=Cancel
	self.focus()
}
function Redirect( frmId )
{
	var str=document.location.hash,idx=str.indexOf('#'), sId=GetSldId()
	if(idx>=0) str=str.substr(1);
	if( window.name != frmId && ( sId != str) ) {
		obj = GetObj("Main-File")
		window.location.href=obj.href+"#"+sId
		return 1
	}
	return 0
}
var MHTMLPrefix = CalculateMHTMLPrefix();
function CalculateMHTMLPrefix()
{
	if ( document.location.protocol == 'mhtml:') {
		href=new String(document.location.href)
		Start=href.indexOf('!')+1
		End=href.lastIndexOf('/')+1
		if (End < Start)
			return href.substring(0, Start)
		else
		return href.substring(0, End)
	}
	return '';
}
function GetTags(base,tag)
{
	if(g_supportsPPTHTML) return base.all.tags(tag);
	else return base.getElementsByTagName(tag);
}
function UpdNtsPane(){ if(frames["PPTNts"]) PPTNts.location.replace( MHTMLPrefix+GetHrefObj( gCurSld ).mNtsHref ) }
function UpdNavPane( sldIndex ){ if(gNavLoaded) PPTNav.UpdNav() }
function UpdOtNavPane(){ if(gOtlNavLoaded) PPTOtlNav.UpdOtlNav() }
function UpdOtlPane(){ if(gOtlLoaded) PPTOtl.UpdOtl() }
function SetHasNts( fVal )
{
	if( gHasNts != fVal ) {
		gHasNts=fVal
		UpdNavPane()
	}
}
function ToggleOtlText()
{
	gOtlTxtExp=!gOtlTxtExp
	UpdOtlPane()
}
function ToggleOtlPane()
{
	frmset=document.all("PPTHorizAdjust")
	frm=document.all("PPTOtl")
	if( gOtlOpen )
		frmset.cols="*,100%"
	else
		frmset.cols="25%,*"
	gOtlOpen=!gOtlOpen
	frm.noResize=!frm.noResize
	UpdOtNavPane()
}
function ToggleNtsPane()
{
	frmset=document.all("PPTVertAdjust")
	frm=document.all("PPTNts")
	if( gNtsOpen )
		frmset.rows="100%,*"
	else
		frmset.rows="*,20%"
	gNtsOpen=!gNtsOpen
	UpdNtsPane()
}
function ClearMedia()
{
	if (PPTSld.pptSound) PPTSld.pptSound.loop = 0;
}
function FullScreen()
{
	if ( PPTSld.g_animUseRuntime )
		PPTSld.document.body.pause();
	ClearMedia();
	var href = ( document.location.protocol == 'mhtml:') ? FULLSCR_HREF : FULLSCR_HREF+"#"+GetHrefObj(gCurSld).mSldHref;
	if(PPTNav.event.ctrlKey) {
		var w = (window.screen.availWidth * 1.0) / 2.0
		var h = w * (PPTSld.g_origH * 1.0) / PPTSld.g_origW
		win = window.open( MHTMLPrefix+href,null,"toolbar=0,resizable=1,top=0,left=0," + "width="+ w + ",height=" + h );
		if( PPTSld.g_animUseRuntime )
			win.document.body.PPTSldFrameset=window;
	}
	else
	{
		win = window.open( MHTMLPrefix+href,null,"fullscreen=yes" );
		if( PPTSld.g_animUseRuntime )
			win.document.body.PPTSldFrameset=window;
	}
}
function ToggleVNarration()
{
	rObj=PPTSld.document.all("NSPlay")
	if( rObj && !PPTSld.g_animUseRuntime ) {
		if( (rObj.playState == 1)||(rObj.playState == 0) )
			rObj.Play()
		else if( rObj.playState == 2 )
			rObj.Pause()
		else
			return;
	}
	else if( PPTSld.g_animUseRuntime )
	{
		narObj = PPTSld.document.all("narrationID")
		if( narObj )
			narObj.togglePause()
	}
}
function GetCurSldNum()
{
	obj=GetHrefObj(gCurSld)
	if( obj.mOrigVis == 1 )
		return obj.mSldIdx
	else
		return gCurSld
}
function GetNumSlds()
{
	if( GetHrefObj(gCurSld).mOrigVis == 1 )
		return GetSldList().mNumVisSlds;
	else
		return GetSldList().mList.length
}
function GetSldNum( href )
{
	for(ii=0; ii<GetSldList().mList.length; ii++) {
		if ( GetSldList().mList[ii].mSldHref == href )
			return ii+1
	}
	return 1
}
function GetHrefObj( sldIdx ){ return GetSldList().mList[sldIdx-1] }
function IsFramesMode(){ return ( SCREEN_MODE == "Frames" ) }
function IsFullScrMode(){ return ( SCREEN_MODE == "FullScreen" ) }
function GoToNextSld()
{
	ii=gCurSld + 1
	if( GetHrefObj( ii-1 ).mOrigVis == 0 ) {
		if( ii<=GetSldList().mList.length ) {
			obj=GetHrefObj(ii)
			obj.mVis=1
			GoToSldNum(ii)
			return
		}
	}
	else {
		obj=GetHrefObj( ii )
		while ( obj && ( obj.mOrigVis == 0 ) )
			obj=GetHrefObj(++ii)
		if( obj && obj.mOrigVis ) {
			GoToSldNum(ii)
			return
		}
	}
	if( gSldStack.length > 1 )
		PopSldList();
	else if( !IsFramesMode() ) {
                if( gLoopCont )
			GoToFirst()
                else
			EndShow()
	}
}
function GoToPrevSld()
{
	ii=gCurSld-1
	if( ii > 0 ) {
		obj=GetHrefObj(ii)
		while ( obj && ( obj.mVis == 0 ) && ( ii>0 ) )
			obj=GetHrefObj(--ii)
        if( ii == 0 ) ii=1
		GoToSldNum(ii)
	}
}
function GoToFirst(){ GoToSld( GetHrefObj(1).mSldHref ) }
function GoToLast()
{
	ii=GetSldList().mList.length
	if( ii != gCurSld )
		GoToSld( GetHrefObj(ii).mSldHref )
}
function GoToSldNum( num )
{
	if( PPTSld.event ) PPTSld.event.cancelBubble=true
	obj = GetHrefObj( num )
	obj.mVis=1
	gPrevSld=gCurSld
	gCurSld = num;
	PPTSld.location.replace(MHTMLPrefix+obj.mSldHref)
	if( IsFramesMode() ) {
		UpdNavPane(); UpdOtlPane(); UpdNtsPane()
	}
}
function GoToSld( href )
{
	if( PPTSld.event ) PPTSld.event.cancelBubble=true
	GetHrefObj( GetSldNum(href) ).mVis=1
	PPTSld.location.replace(MHTMLPrefix+href)
}
function SldUpdated( id )
{
	if( id == GetHrefObj(gCurSld).mSldHref ) return
	gPrevSld=gCurSld
	gCurSld=GetSldNum(id)
	if( IsFramesMode() ) {
		UpdNavPane(); UpdOtlPane(); UpdNtsPane()
	}
}
function PrevSldViewed(){ GoToSld( GetHrefObj(gPrevSld).mSldHref ) }
function HasPrevSld() { return ( gIsEndShow || ( gCurSld != 1 && GetHrefObj( gCurSld-1 ).mVis == 1 )||( GetCurSldNum() > 1 ) ) }
function HasNextSld() { return (GetCurSldNum() != GetNumSlds()) }
function CloseWindow() {
	if( HideMenu() ) return;
	var event = PPTSld.event;
	if( !IsFramesMode() && event && (event.keyCode==27 || event.keyCode==32 || event.type=="click" ) )
		window.close( self );
	CatchNumKeys( self, event );
}
function Unload() { gIsEndShow=0; }
function SetupEndShow() {
	gIsEndShow=1;
	PPTSld.document.body.scroll="no";
	PPTSld.document.onkeypress=CloseWindow;
	PPTSld.document.onclick=CloseWindow;
	PPTSld.document.oncontextmenu=_CM;
}
function EndShow()
{
	if( IsFramesMode() ) return
	if( PPTSld.event ) PPTSld.event.cancelBubble=true
	doc=PPTSld.document
	doc.open()
	doc.writeln('<html><body bgcolor=black onload=parent.SetupEndShow() onunload=parent.Unload()><center><p><font face=Tahoma color=white size=2><br><b>' + ENDSHOW_MESG + '</b></font></p></center></body></html>')
	doc.close()
}
function SetSldVisited(){ GetSldList().mList[gCurSld-1].mVisited=true }
function IsSldVisited(){ return GetSldList().mList[gCurSld-1].mVisited }
function hrefList( sldHref, visible, advDelay, advClk )
{
	this.mSldHref= this.mNtsHref = sldHref
	this.mOrigVis= this.mVis = visible
	this.mVisited= false
	this.mAdvDelay= advDelay
	this.mAdvOnClk= advClk
}
function SldList(arr,curSld,fEnd)
{
	this.mCurSld = curSld;
	this.mList = new Array();
	var idx = 1;
	for(ii=0;ii<arr.length;ii++) {
		this.mList[ii] = new hrefList( arr[ii].mSldHref, arr[ii].mOrigVis, arr[ii].mAdvDelay, arr[ii].mAdvOnClk );
		if( arr[ii].mOrigVis )
			this.mList[ii].mSldIdx = idx++;
	}
	this.mNumVisSlds = idx-1;
	this.fEndShow = fEnd;
}
function GetSldList() {	return gSldStack[gSldStack.length-1] }
function GetCurSld() { return parent.GetSldList().mList[parent.gCurSld - 1] }
gSldStack = new Array();
gSldStack[0] = new SldList(gMainDoc,gCurSld,1)
function ViewCustomShow(idx,fEnd)
{
	if( !IsFullScrMode() ) return;
	var sldList = new Array();
	var custShow = custShowList[idx-1];
	var jj = 0;
	for( ii=0;ii<custShow.length;ii++ ) {
		if( custShow[ii] <= gMainDoc.length )
			sldList[jj++] = gMainDoc[custShow[ii]-1];
	}
	if (sldList.length > 0) {
	PushSldList(sldList,fEnd);
	gCurSld = 1;
	}
	else
		if( PPTSld.event ) PPTSld.event.cancelBubble=true
}
function PushSldList(arr,fEnd) {
	var ii = gSldStack.length;
	gSldStack[ii] = new SldList(arr,gCurSld,fEnd);
	GoToSld( gSldStack[ii].mList[0].mSldHref );
}
function PopSldList() {
	if (gSldStack[gSldStack.length-1].fEndShow)
		EndShow()
	else {
	gCurSld = gSldStack[gSldStack.length-1].mCurSld;
	gSldStack[gSldStack.length-1] = null;
	gSldStack.length--;
	var sldList = gSldStack[gSldStack.length-1];
	GoToSld( sldList.mList[gCurSld - 1].mSldHref );
	}
}
var custShowList=new Array();
function ImgBtn( oId,bId,w,action )
{
	var t=this
	t.Perform    = _IBP
	t.SetActive  = _IBSetA
	t.SetInactive= _IBSetI
	t.SetPressed = _IBSetP
	t.SetDisabled= _IBSetD
	t.Enabled    = _IBSetE
	t.ChangeIcon = null
	t.UserAction = action
	t.ChgState   = _IBUI
	t.mObjId   = oId
	t.mBorderId= bId
	t.mWidth   = w
	t.mIsOn    = t.mCurState = 0
}
function _IBSetA()
{
	if( this.mIsOn ) {
		obj=this.ChgState( gHiliteClr,gShadowClr,2 )
		obj.style.posTop=0
	}
}
function _IBSetI()
{
	if( this.mIsOn ) {
		obj=this.ChgState( gFaceClr,gFaceClr,1 )
		obj.style.posTop=0
	}
}
function _IBSetP()
{
	if( this.mIsOn ) {
		obj=this.ChgState( gShadowClr,gHiliteClr,2 )
		obj.style.posLeft+=1; obj.style.posTop+=1
	}
}
function _IBSetD()
{
	obj=this.ChgState( gFaceClr,gFaceClr,0 )
	obj.style.posTop=0
}
function _IBSetE( state )
{
	var t=this
	GetObj( t.mBorderId ).style.visibility="visible"
	if( state != t.mIsOn ) {
		t.mIsOn=state
		if( state )
			t.SetInactive()
		else
			t.SetDisabled()
	}
}
function _IBP()
{
	var t=this
	if( t.mIsOn ) {
		if( t.UserAction != null )
			t.UserAction()
		if( t.ChangeIcon ) {
			obj=GetObj(t.mObjId)
			if( t.ChangeIcon() )
				obj.style.posLeft=obj.style.posLeft+(t.mCurState-4)*t.mWidth
			else
				obj.style.posLeft=obj.style.posLeft+(t.mCurState-0)*t.mWidth
		}
		t.SetActive()
	}
}
function _IBUI( clr1,clr2,nextState )
{
	var t=this
	SetBorder( GetObj( t.mBorderId ),clr1,clr2 )
	obj=GetObj( t.mObjId )
	obj.style.posLeft=obj.style.posLeft+(t.mCurState-nextState)*t.mWidth-obj.style.posTop
	t.mCurState=nextState
	return obj
}
function TxtBtn( oId,oeId,action,chkState )
{
	var t=this
	t.Perform    = _TBP
	t.SetActive  = _TBSetA
	t.SetInactive= _TBSetI
	t.SetPressed = _TBSetP
	t.SetDisabled= _TBSetD
	t.SetEnabled = _TBSetE
	t.GetState   = chkState
	t.UserAction = action
	t.ChgState   = _TBUI
	t.mObjId      = oId
	t.m_elementsId= oeId
	t.mIsOn       = 1
}
function _TBSetA()
{
	var t=this
	if( t.mIsOn && !t.GetState() )
		t.ChgState( gHiliteClr,gShadowClr,0,0 )
}
function _TBSetI()
{
	var t=this
	if( t.mIsOn && !t.GetState() )
		t.ChgState( gFaceClr,gFaceClr,0,0 )
}
function _TBSetP()
{
	if( this.mIsOn )
		this.ChgState( gShadowClr,gHiliteClr,1,1 )
}
function _TBSetD()
{
	this.ChgState( gFaceClr,gFaceClr,0,0 )
	this.mIsOn = 0
}
function _TBSetE()
{
	var t=this
	if( !t.GetState() )
		t.ChgState( gFaceClr,gFaceClr,0,0 )
	else
		t.ChgState( gShadowClr,gHiliteClr,1,1 )
	t.mIsOn = 1
}
function _TBP()
{
	var t=this
	if( t.mIsOn ) {
		if( t.UserAction != null )
			t.UserAction()
        if( !t.GetState )
            return
		if( t.GetState() )
			t.SetPressed()
		else
			t.SetActive()
	}
}
function _TBUI( clr1,clr2,lOffset,tOffset )
{
	SetBorder( GetObj( this.mObjId ),clr1,clr2 )
	Offset( GetObj( this.m_elementsId ),lOffset,tOffset )
}
function Offset( obj, top, left ){ obj.style.top=top; obj.style.left=left }
function SetBorder( obj, upperLeft, lowerRight )
{
	s=obj.style;
	s.borderStyle      = "solid"
	s.borderWidth      = 1
	s.borderLeftColor  = s.borderTopColor = upperLeft
	s.borderBottomColor= s.borderRightColor = lowerRight
}
function GetBtnObj(){ return gBtnArr[window.event.srcElement.id] }
function BtnOnOver(){ b=GetBtnObj(); if( b != null ) b.SetActive() }
function BtnOnDown(){ b=GetBtnObj(); if( b != null ) b.SetPressed() }
function BtnOnOut(){ b=GetBtnObj(); if( b != null ) b.SetInactive() }
function BtnOnUp()
{
	b=GetBtnObj()
	if( b != null )
		b.Perform()
	else
		Upd()
}
function GetNtsState(){ return parent.gNtsOpen }
function GetOtlState(){ return parent.gOtlOpen }
function GetOtlTxtState(){ return parent.gOtlTxtExp }
function NtsBtnSetFlag( fVal )
{
	s=document.all.item( this.m_flagId ).style
	s.display="none"
	if( fVal )
		s.display=""
	else
		s.display="none"
}
function _BSetA_Border(){ b = gBtnArr[this.mObjId]; if( b != null ) b.SetActive() }
function _BSetI_Border(){ b = gBtnArr[this.mObjId]; if( b != null ) b.SetInactive() }
var gHiliteClr="THREEDHIGHLIGHT",gShadowClr="THREEDSHADOW",gFaceClr="THREEDFACE"
var gBtnArr = new Array()
gBtnArr["nb_otl"] = new TxtBtn( "nb_otl","nb_otlElem",parent.ToggleOtlPane,GetOtlState )
gBtnArr["nb_otlElem"] = new TxtBtn( "nb_otl","nb_otlElem",parent.ToggleOtlPane,GetOtlState )
gBtnArr["nb_nts"] = new TxtBtn( "nb_nts","nb_ntsElem",parent.ToggleNtsPane,GetNtsState )
gBtnArr["nb_prev"]= new ImgBtn( "nb_prev","nb_prevBorder",30,parent.GoToPrevSld )
gBtnArr["nb_next"]= new ImgBtn( "nb_next","nb_nextBorder",30,parent.GoToNextSld )
gBtnArr["nb_sldshw"]= new ImgBtn( "nb_sldshw","nb_sldshwBorder",18,parent.FullScreen )
gBtnArr["nb_sldshwBorder"] = new TxtBtn( "nb_sldshw","nb_sldshwBorder",parent.FullScreen,null )
gBtnArr["nb_sldshwBorder"].SetActive = _BSetA_Border;
gBtnArr["nb_sldshwBorder"].SetInactive = _BSetI_Border;
gBtnArr["nb_sldshwText"] = new TxtBtn( "nb_sldshw","nb_sldshwText",parent.FullScreen,null )
gBtnArr["nb_sldshwText"].SetActive = _BSetA_Border;
gBtnArr["nb_sldshwText"].SetInactive = _BSetI_Border;
gBtnArr["nb_voice"]  = new ImgBtn( "nb_voice","nb_voiceBorder",18,parent.ToggleVNarration )
gBtnArr["nb_otlTxt"]= new ImgBtn( "nb_otlTxt","nb_otlTxtBorder",23,parent.ToggleOtlText )
gBtnArr["nb_nts"].m_flagId= "notes_flag"
gBtnArr["nb_nts"].SetFlag = NtsBtnSetFlag
gBtnArr["nb_otlTxt"].ChangeIcon= GetOtlTxtState
var sNext="Next",sPrev="Previous",sEnd="End Show",sFont="Arial",sArrow="Arrow",sFreeform="Freeform",sRect="Rectangle",sOval="Oval"
function ShowMenu()
{
	BuildMenu();
	var doc=PPTSld.document.body,x=PPTSld.event.clientX+doc.scrollLeft,y=PPTSld.event.clientY+doc.scrollTop
	m = PPTSld.document.all.item("ctxtmenu")
	m.style.pixelLeft=x
	if( (x+m.scrollWidth > doc.clientWidth)&&(x-m.scrollWidth > 0) )
		m.style.pixelLeft=x-m.scrollWidth
	m.style.pixelTop=y
	if( (y+m.scrollHeight > doc.clientHeight)&&(y-m.scrollHeight > 0) )
		m.style.pixelTop=y-m.scrollHeight
	m.style.display=""
}
function _CM()
{
	if( !parent.IsFullScrMode() ) return;
	if(!PPTSld.event.ctrlKey) {
		ShowMenu()
		return false
	} else
		HideMenu()
}
function BuildMenu()
{
	if( PPTSld.document.all.item("ctxtmenu") ) return
	var mObj=CreateItem( PPTSld.document.body )
	mObj.id="ctxtmenu"
	mObj.style.visibility="hidden"
	var s=mObj.style
	s.position="absolute"
	s.cursor="default"
	s.width="120px"
	SetCMBorder(mObj,"menu","black")
	var iObj=CreateItem( mObj )
	SetCMBorder( iObj, "threedhighlight","threedshadow" )
	iObj.style.padding=2
	CreateMenuItem( iObj,sNext,M_GoNextSld,M_True )
	CreateMenuItem( iObj,sPrev,M_GoPrevSld,M_HasPrevSld )
	CreateSeparator( iObj )
	CreateMenuItem( iObj,sEnd,M_End,M_True )
	mObj.style.visibility="visible"
}
function Cancel() { window.event.cancelBubble=true; window.event.returnValue=false }
function Highlight() { ChangeClr("activecaption","threedhighlight") }
function Deselect() { ChangeClr("threedface","menutext") }
function Perform()
{
	e=PPTSld.event.srcElement
	if( e.type=="menuitem" && e.IsActive() )
		e.Action()
	else
		PPTSld.event.cancelBubble=true
}
function ChangeClr( bg,clr )
{
	e=PPTSld.event.srcElement
	if( e.type=="menuitem" && e.IsActive() ) {
		e.style.backgroundColor=bg
		e.style.color=clr
	}
}
function M_HasPrevSld() { return( parent.HasPrevSld() ) }
function M_GoNextSld() { if( gIsEndShow ) M_End(); else GoToNextSld() }
function M_GoPrevSld() { if( gIsEndShow ) { history.back(); PPTSld.event.cancelBubble=true; } else GoToPrevSld() }
function M_True() { return true }
function M_End() { window.close( self ) }
function CreateMenuItem( node,text,action,eval )
{
	var e=CreateItem( node )
	e.type="menuitem"
	e.Action=action
	e.IsActive=eval
	e.innerHTML=text
	if( !e.IsActive() )
		e.style.color="threedshadow"
	e.onclick=Perform
	e.onmouseover=Highlight
	e.onmouseout=Deselect
	s=e.style;
	s.fontFamily=sFont
	s.fontSize="9pt"
	s.paddingLeft=2
}
function CreateSeparator( node )
{
	var sObj=CreateItem( node )
	SetCMBorder(sObj,"menu","menu")
	var s=sObj.style
	s.borderTopColor="threedshadow"
	s.borderBottomColor="threedhighlight"
	s.height=1
	s.fontSize="0px"
}
function CreateItem( node )
{
	var elem=PPTSld.document.createElement("DIV")
	node.insertBefore( elem )
	return elem
}
function SetCMBorder( o,ltClr,rbClr )
{
	var s=o.style
	s.backgroundColor="menu"
	s.borderStyle="solid"
	s.borderWidth=1
	s.borderColor=ltClr+" "+rbClr+" "+rbClr+" "+ltClr
}
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 Questions

 •How do telescopes
 work?

 •Why are bigger
 telescopes better?

 •Why do we make
 observations from space?

 Telescopes
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 Pick (or imagine) someone in class wearing a red shirt.  Which is the correct reason that their shirt is red?
 

 A) Their shirt is emitting as a blackbody
 with a characteristic
 temperature corresponding to the color red.
 B) Their shirt absorbs blue light and
 reflects red light.

 C) Their shirt absorbs red light and
 reflects blue light.

 

 Quiz Question #2
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 Bending
 of light by lenses:  a simple lens and
 the human eye

 Light rays are bent when they intersect glass; a curved surface can produce an image. 

 Fig.
 7.1

 Light
 “rays” from an object
 “at infinity”

 
  
  
 
  
  
  
  
 Lenses
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 Fig.
 7.6A

 Refracting
 telescopes focus light rays by bending them with glass.

 
  
  
   
   
   
   
   
   
   
   
   
   
   
   
  
  
  
 
  
 
  
  
  
 
  
  
  
  
 Refracting
 telescopes are not used for
 astronomical research
 (anymore) because they are large
 and have heavy lenses (Þ expensive).

 Refracting Telescopes
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 Fig. 7.8

 Reflecting telescopes focus light rays by bending
 them with mirrors

 
  
  
   
   
   
   
   
   
   
   
   
   
   
   
  
  
  
 
  
 
  
  
  
 
  
  
  
 
  
  
  
 
  
  
  
  
 Modern research
 telescopes

 Popular amateur design

 Specialized research design

 Reflecting Telescopes
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 Would
 red light and blue light focus at the same position?

 A)Yes

 B)No

 

 (Hard) Concept Question: Lenses
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 Would
 red light and blue light focus at the same position?

 A)Yes

 B)No: the lens acts like a prism 

 Þ”chromatic aberration”, a reason
 refractors are not used

 

 Blue focus

 Red
 focus

 (Hard) Concept Question: Lenses
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 Fig. 7.7B -
 Optical

 
  
  
   
   
   
   
   
   
   
   
   
   
   
   
  
  
  
 
  
 
  
 
  
  
  
 
  
  
  
  
 The Caltech Submillimeter Observatory

 Some Real Telescopes
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 Bigger telescopes collect more light and can therefore detect fainter objects.

 R

 r

 
 Area = p x
 Radius2

      A = pr2

 

 Twice
 the radius means four times the light is gathered.

 Primary
 mirror

 
  
  
 
  
  
  
  
 Light Gathering Power
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 Bigger telescopes can resolve close objects better than smaller telescopes.

 
  
  
   
   
   
   
   
   
   
   
   
   
   
   
  
  
  
 
  
 
  
  
  
 
  
  
  
 
  
 
  
  
  
 
  
  
  
 
  
  
  
  
 Fig. 7.18

 Small
 telescope     Big telescope

 
 Reminder:

 •There are 360 degrees in a circle•60 arcminutes (“) in a degree•60 arcseconds
 (‘) in an arcminute

 Typical “resolution” is one arcsecond (1”)

 Angular Resolution
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 There are two telescopes, one with a diameter of 1 meter and one with a diameter of 3
 meters.  How many more photons per second does the
 larger telescope
 focus?

 A)The
 same number

 B)Twice
 as many

 C)Three
 times as many

 D)Nine
 times as many

 E)One
 third as many

 

 (Easy) Concept Question: Light
 Gathering Power
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 “Seeing”
 is the astronomical term for blurring of an image by turbulence in the atmosphere.

 Seeing
 transparency

 Astronomical Seeing
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 Would
 a telescope on the Moon be subject to seeing?

 A)Yes

 B) No

 C) If it’s cloudy

 

 Concept Question: Seeing
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 There are two telescopes, one with a diameter of 1 meter and one with a diameter of 3
 meters.  How many more photons per second does the
 larger telescope
 focus?

 A)The
 same number

 B)Twice
 as many

 C)Three times as many

 D)Nine
 times as many

 E)One
 third as many

 

 (Easy) Concept Question: Light
 Gathering Power
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 Would a telescope on the Moon be subject to seeing?

 A)Yes

 B)No, the Moon has no atmosphere!

 C) If it’s cloudy

 D)

 This is one of the primary reasons that we put telescopes in orbit.

 

 Concept Question: Seeing
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 Fig 7.20

 The atmosphere is transparent only in the visible and radio parts of the electromagnetic
 spectrum.

 Atmospheric Transmission
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 Interferometers work by using two or more telescopes as one to achieve better angular resolution.

 
  
  
   
   
   
   
   
   
   
   
   
   
   
   
  
  
  
 
  
 
  
  
  
 
 Fig. 7.24

 
  
 
  
  
  
 
  
  
  
  
 The Very
 Large Array

 Angular Resolution
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 Observer A

 Observer B

 
  
 
  
  
 
  
  
  
 
  
  
  
  
 Observer C

 
 

 

 

 

 What type of spectrum does Observer
 B see?

 A)Emission
 line

 B)Absorption
 line

 C)Continuum

 D)Radio

 E)Gamma
 ray

 

 Quiz Question #1
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	mso-kinsoku-overflow:1;}
.CTB
	{mso-special-format:nobullet•;}
.CT
	{text-align:center;
	font-family:Arial;
	color:black;
	mso-color-index:3;
	font-size:209%;
	mso-char-wrap:1;
	mso-kinsoku-overflow:1;}
.HB
	{mso-char-wrap:1;
	mso-kinsoku-overflow:1;}
.HB1
	{mso-char-wrap:1;
	mso-kinsoku-overflow:1;}
.HB2
	{mso-char-wrap:1;
	mso-kinsoku-overflow:1;}
.HB3
	{mso-char-wrap:1;
	mso-kinsoku-overflow:1;}
.HB4
	{mso-char-wrap:1;
	mso-kinsoku-overflow:1;}
.QB
	{mso-char-wrap:1;
	mso-kinsoku-overflow:1;}
.QB1
	{mso-char-wrap:1;
	mso-kinsoku-overflow:1;}
.QB2
	{mso-char-wrap:1;
	mso-kinsoku-overflow:1;}
.QB3
	{mso-char-wrap:1;
	mso-kinsoku-overflow:1;}
.QB4
	{mso-char-wrap:1;
	mso-kinsoku-overflow:1;}
.Tbl
	{mso-char-wrap:1;
	mso-kinsoku-overflow:1;}
.Tbl1
	{mso-char-wrap:1;
	mso-kinsoku-overflow:1;}
.Tbl2
	{mso-char-wrap:1;
	mso-kinsoku-overflow:1;}
.Tbl3
	{mso-char-wrap:1;
	mso-kinsoku-overflow:1;}
.Tbl4
	{mso-char-wrap:1;
	mso-kinsoku-overflow:1;}
.defaultB
	{mso-special-format:nobullet•;}
.default
	{text-align:left;
	font-family:Arial;
	font-weight:normal;
	font-style:normal;
	text-decoration:none;
	text-shadow:none;
	text-effect:none;
	mso-fareast-hint:no;
	layout-flow:horizontal;
	color:#A50021;
	font-size:114%;
	mso-text-raise:0%;
	mso-line-spacing:"100 0 0";
	mso-margin-left-alt:0;
	mso-text-indent-alt:0;
	mso-char-wrap:1;
	mso-kinsoku-overflow:1;
	direction:ltr;
	mso-word-wrap:1;
	mso-vertical-align-special:baseline;
	mso-ansi-language:EN-US;}
a:link
	{color:#009999 !important;}
a:active
	{color:#333399 !important;}
a:visited
	{color:#99CC00 !important;}
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function LoadSld()
{
	var sld=GetObj("SlideObj")
	if( !g_supportsPPTHTML ) {
		sld.style.visibility="visible"
		return
	}
	if( MakeNotesVis() ) return
	runAnimations = _InitAnimations();
	if( IsWin("PPTSld") )
		parent.SldUpdated(GetSldId())
	g_origSz=parseInt(SlideObj.style.fontSize)
	g_origH=sld.style.posHeight
	g_origW=sld.style.posWidth
	g_scaleHyperlinks=(document.all.tags("AREA").length>0)
	if( g_scaleHyperlinks )
		InitHLinkArray()
	if( g_scaleInFrame||(IsWin("PPTSld") && parent.IsFullScrMode() ) )
		document.body.scroll="no"
	_RSW()
	if( IsWin("PPTSld") && parent.IsFullScrMode() )
		FullScrInit();
	
	MakeSldVis();
	ChkAutoAdv()

	if( runAnimations )
	{
		if( document.all("NSPlay") )
			document.all("NSPlay").autoStart = false;
		if( sld.filters && sld.filters.revealtrans )
			setTimeout( "document.body.start()", sld.filters.revealtrans.duration * 1000 );
		else
			document.body.start();
	}
}
function MakeSldVis()
{
	var fTrans=g_showAnimation && SldHasTrans()
	if( fTrans )
	{
		if( g_bgSound ) {
			idx=g_bgSound.indexOf(",");
			pptSound.src=g_bgSound.substr( 0, idx );
			pptSound.loop= -(parseInt(g_bgSound.substr(idx+1)));
		}
		SlideObj.filters.revealtrans.Apply()
    }
	SlideObj.style.visibility="visible"
	if( fTrans )
		SlideObj.filters.revealtrans.Play()
}
function MakeNotesVis()
{
	if( !IsNts() ) return false
	SlideObj.style.display="none"
	nObj = document.all.item("NotesObj")
	parent.SetHasNts(0)
	if( nObj ) {
		nObj.style.display=""
		parent.SetHasNts(1)
	}
	return 1
}
function ChkAutoAdv()
{
	if(SldHasTrans())
		SlideObj.onfilterchange=AutoAdv
	else
		AutoAdv()
}
function AutoAdv()
{
	if(!IsWin("PPTSld") || !gUseSldTimings )return
	var sld=GetCurSld()
	if( (sld.mAdvDelay>0) && !parent.IsFramesMode() )
		setTimeout("parent.GoToNextSld()",sld.mAdvDelay)
}
function GetObj(id)
{
	if(g_supportsPPTHTML) return document.all(id);
	else return document.getElementById(id);
}
function SldHasTrans() { return SlideObj.style.getAttribute("filter")!="" }
function GetSldId() { return sId=location.href.substring(location.href.lastIndexOf('/')+1) }
function HideMenu() { if( frames["PPTSld"] && PPTSld.document.all.item("ctxtmenu") && PPTSld.ctxtmenu.style.display!="none" ) { PPTSld.ctxtmenu.style.display='none'; return true } return false }
function IsWin( name ) { return window.name == name }
function IsNts() { return IsWin("PPTNts") }
function IsSldOrNts() { return( IsWin("PPTSld")||IsWin("PPTNts") ) }
function SupportsPPTAnimation() { return( navigator.platform == "Win32" && navigator.appVersion.indexOf("Windows")>0 ) }
function SupportsPPTHTML()
{
	var appVer=navigator.appVersion, msie=appVer.indexOf("MSIE "), ver=0
	if( msie >= 0 )
		ver=parseFloat( appVer.substring( msie+5, appVer.indexOf(";",msie) ) )
	else
		ver=parseInt(appVer)
	return( ver >= 4 && msie >= 0 )
}
function _RSW()
{
	if( !g_supportsPPTHTML || IsNts() ||
	  ( !g_scaleInFrame && (!IsWin("PPTSld") || !parent.IsFullScrMode()) ) )
		return
        var padding=0;
        if( IsWin("PPTSld") && parent.IsFramesMode() ) padding=6
	cltWidth=document.body.clientWidth-padding
	cltHeight=document.body.clientHeight-padding
	factor=(1.0*cltWidth)/g_origW
	if( cltHeight < g_origH*factor )
		factor=(1.0*cltHeight)/g_origH
	newSize = g_origSz * factor
	if( newSize < 1 ) newSize=1
	s=SlideObj.style
	s.fontSize=newSize+"px"
	s.posWidth=g_origW*factor
	s.posHeight=g_origH*factor
	s.posLeft=(cltWidth-s.posWidth+padding)/2
	s.posTop=(cltHeight-s.posHeight+padding)/2
	if( g_scaleHyperlinks )
		ScaleHyperlinks( factor )
}
function _InitAnimations()
{
	animRuntimeInstalled = ''+document.body.localTime != 'undefined';
	isFullScreen = (window.name == "PPTSld") && !parent.IsFramesMode();
	g_animUseRuntime = g_showAnimation && animRuntimeInstalled && !(isFullScreen && parent.IsSldVisited());
	if( g_animUseRuntime ) {
		collSeq = document.all.tags("seq");
		if( collSeq != null ) {
			for(ii=0;ii<collSeq.length;ii++) {
				if( collSeq[ii].getAttribute( "p:nodeType" ) == "mainSeq" ) {
					g_animMainSequence = collSeq[ii];
					break;
				}
			}
		}
		if( g_animItemsToHide ) {
			for(jj = 0; jj < g_animItemsToHide.length; jj++) {
				if( hideObj = GetObj(g_animItemsToHide[jj]) )
					hideObj.runtimeStyle.visibility="hidden";
			}
		}
		if( g_animInteractiveItems ){
			for(jj = 0; jj < g_animInteractiveItems.length; jj++) {
				if( triggerObj = GetObj(g_animInteractiveItems[jj]) )
					triggerObj.runtimeStyle.cursor="hand";
			}
		}
		if( gUseSldTimings && ''+g_animSlideTime != 'undefined' ) {
			adjustedTime = document.body.calculateAutoAdvanceTimes( g_animSlideTime, g_animEffectTimings );
			if( IsWin("PPTSld") && adjustedTime != g_animSlideTime ) {
			   var sld = GetCurSld();
			   sld.mAdvDelay = adjustedTime * 1000;
			}
		}
	}
	return g_animUseRuntime;
}
gSldJump = 0, gSldJumpTrack = 0, gSldJumpIdx = "";
function _KPH()
{
	if( IsNts() ) return;
	if( !parent.IsFramesMode() && event.keyCode == 27 && !HideMenu() )
		parent.window.close( self );
	else if( event.keyCode == 32 ) {
		if( window.name == "PPTSld" )
			parent.PPTSld.DocumentOnClick();
		else
			parent.GoToNextSld();
	}
	CatchNumKeys( parent, event );
}
function CatchNumKeys( win, event ) {
	if( win.IsFullScrMode() && (48<=event.keyCode) && (event.keyCode<=57) ) {
		gSldJump = 1;
		gSldJumpIdx += (event.keyCode-48).toString();
	}
	if( win.IsFullScrMode() && gSldJump && event.keyCode == 13 ) {
		var numSlds = parent.GetSldList().mList.length
		if ( gSldJumpIdx > numSlds )
			gSldJumpIdx = numSlds;
		if ( gSldJumpIdx >= 0 ) {
			if ( gSldJumpIdx == 0 )
				gSldJumpIdx = 1;
			var jumpTo = parseInt(gSldJumpIdx);
			gSldJump = 0; gSldJumpIdx = "";
			win.GoToSld( parent.GetSldList().mList[jumpTo-1].mSldHref )
		}
	}
}
function _KDH()
{
	if( event.keyCode == 8 ) {
		event.returnValue = 0;
		parent.GoToPrevSld();
	}
}
function DocumentOnClick()
{
	if( IsNts() || parent.HideMenu() ) return;
	if( ( g_allowAdvOnClick && !parent.IsFramesMode() ) ||
	    (event && (event.keyCode==32) ) )
		parent.GoToNextSld();
}

var g_supportsPPTHTML = SupportsPPTHTML(), g_scaleInFrame = 1, gId="", g_bgSound="",
    g_scaleHyperlinks = false, g_allowAdvOnClick = 1, g_showInBrowser = 0, gLoopCont = 0, gUseSldTimings = 1;
var g_showAnimation = g_supportsPPTHTML && SupportsPPTAnimation() && ( (window.name=="PPTSld" && !parent.IsFramesMode()) || g_showInBrowser );var g_animManager = null;
var g_animUseRuntime = false;
var g_animItemsToHide, g_animInteractiveItems, g_animSlideTime;
var g_animMainSequence = null;
var ENDSHOW_MESG="End of slide show, click to exit.", SCREEN_MODE="Frames", gIsEndShow=0, NUM_VIS_SLDS=16, SCRIPT_HREF="script.js", FULLSCR_HREF="fullscreen.htm";
var gCurSld = gPrevSld = 1, g_offset = 0, gNtsOpen = gHasNts = gOtlTxtExp = 0, gHasNarration = 0, gOtlOpen = true
window.gPPTHTML=SupportsPPTHTML()
var gMainDoc=new Array(new hrefList("slide0024.htm",1,-1,1),new hrefList("slide0025.htm",1,-1,1),new hrefList("slide0018.htm",1,-1,1),new hrefList("slide0027.htm",1,-1,1),new hrefList("slide0028.htm",1,-1,1),new hrefList("slide0029.htm",1,-1,1),new hrefList("slide0035.htm",1,-1,1),new hrefList("slide0037.htm",1,-1,1),new hrefList("slide0030.htm",1,-1,1),new hrefList("slide0031.htm",1,-1,1),new hrefList("slide0036.htm",1,-1,1),new hrefList("slide0038.htm",1,-1,1),new hrefList("slide0032.htm",1,-1,1),new hrefList("slide0034.htm",1,-1,1),new hrefList("slide0033.htm",1,-1,1),new hrefList("slide0039.htm",1,-1,1));
function FullScrInit()
{
	g_allowAdvOnClick = GetCurSld().mAdvOnClk
	document.body.style.backgroundColor="black"
	document.oncontextmenu=parent._CM;
	document.onkeydown = _KDH;
	document.ondragstart=Cancel
	document.onselectstart=Cancel
	self.focus()
}
function Redirect( frmId )
{
	var str=document.location.hash,idx=str.indexOf('#'), sId=GetSldId()
	if(idx>=0) str=str.substr(1);
	if( window.name != frmId && ( sId != str) ) {
		obj = GetObj("Main-File")
		window.location.href=obj.href+"#"+sId
		return 1
	}
	return 0
}
var MHTMLPrefix = CalculateMHTMLPrefix();
function CalculateMHTMLPrefix()
{
	if ( document.location.protocol == 'mhtml:') {
		href=new String(document.location.href)
		Start=href.indexOf('!')+1
		End=href.lastIndexOf('/')+1
		if (End < Start)
			return href.substring(0, Start)
		else
		return href.substring(0, End)
	}
	return '';
}
function GetTags(base,tag)
{
	if(g_supportsPPTHTML) return base.all.tags(tag);
	else return base.getElementsByTagName(tag);
}
function UpdNtsPane(){ if(frames["PPTNts"]) PPTNts.location.replace( MHTMLPrefix+GetHrefObj( gCurSld ).mNtsHref ) }
function UpdNavPane( sldIndex ){ if(gNavLoaded) PPTNav.UpdNav() }
function UpdOtNavPane(){ if(gOtlNavLoaded) PPTOtlNav.UpdOtlNav() }
function UpdOtlPane(){ if(gOtlLoaded) PPTOtl.UpdOtl() }
function SetHasNts( fVal )
{
	if( gHasNts != fVal ) {
		gHasNts=fVal
		UpdNavPane()
	}
}
function ToggleOtlText()
{
	gOtlTxtExp=!gOtlTxtExp
	UpdOtlPane()
}
function ToggleOtlPane()
{
	frmset=document.all("PPTHorizAdjust")
	frm=document.all("PPTOtl")
	if( gOtlOpen )
		frmset.cols="*,100%"
	else
		frmset.cols="25%,*"
	gOtlOpen=!gOtlOpen
	frm.noResize=!frm.noResize
	UpdOtNavPane()
}
function ToggleNtsPane()
{
	frmset=document.all("PPTVertAdjust")
	frm=document.all("PPTNts")
	if( gNtsOpen )
		frmset.rows="100%,*"
	else
		frmset.rows="*,20%"
	gNtsOpen=!gNtsOpen
	UpdNtsPane()
}
function ClearMedia()
{
	if (PPTSld.pptSound) PPTSld.pptSound.loop = 0;
}
function FullScreen()
{
	if ( PPTSld.g_animUseRuntime )
		PPTSld.document.body.pause();
	ClearMedia();
	var href = ( document.location.protocol == 'mhtml:') ? FULLSCR_HREF : FULLSCR_HREF+"#"+GetHrefObj(gCurSld).mSldHref;
	if(PPTNav.event.ctrlKey) {
		var w = (window.screen.availWidth * 1.0) / 2.0
		var h = w * (PPTSld.g_origH * 1.0) / PPTSld.g_origW
		win = window.open( MHTMLPrefix+href,null,"toolbar=0,resizable=1,top=0,left=0," + "width="+ w + ",height=" + h );
		if( PPTSld.g_animUseRuntime )
			win.document.body.PPTSldFrameset=window;
	}
	else
	{
		win = window.open( MHTMLPrefix+href,null,"fullscreen=yes" );
		if( PPTSld.g_animUseRuntime )
			win.document.body.PPTSldFrameset=window;
	}
}
function ToggleVNarration()
{
	rObj=PPTSld.document.all("NSPlay")
	if( rObj && !PPTSld.g_animUseRuntime ) {
		if( (rObj.playState == 1)||(rObj.playState == 0) )
			rObj.Play()
		else if( rObj.playState == 2 )
			rObj.Pause()
		else
			return;
	}
	else if( PPTSld.g_animUseRuntime )
	{
		narObj = PPTSld.document.all("narrationID")
		if( narObj )
			narObj.togglePause()
	}
}
function GetCurSldNum()
{
	obj=GetHrefObj(gCurSld)
	if( obj.mOrigVis == 1 )
		return obj.mSldIdx
	else
		return gCurSld
}
function GetNumSlds()
{
	if( GetHrefObj(gCurSld).mOrigVis == 1 )
		return GetSldList().mNumVisSlds;
	else
		return GetSldList().mList.length
}
function GetSldNum( href )
{
	for(ii=0; ii<GetSldList().mList.length; ii++) {
		if ( GetSldList().mList[ii].mSldHref == href )
			return ii+1
	}
	return 1
}
function GetHrefObj( sldIdx ){ return GetSldList().mList[sldIdx-1] }
function IsFramesMode(){ return ( SCREEN_MODE == "Frames" ) }
function IsFullScrMode(){ return ( SCREEN_MODE == "FullScreen" ) }
function GoToNextSld()
{
	ii=gCurSld + 1
	if( GetHrefObj( ii-1 ).mOrigVis == 0 ) {
		if( ii<=GetSldList().mList.length ) {
			obj=GetHrefObj(ii)
			obj.mVis=1
			GoToSldNum(ii)
			return
		}
	}
	else {
		obj=GetHrefObj( ii )
		while ( obj && ( obj.mOrigVis == 0 ) )
			obj=GetHrefObj(++ii)
		if( obj && obj.mOrigVis ) {
			GoToSldNum(ii)
			return
		}
	}
	if( gSldStack.length > 1 )
		PopSldList();
	else if( !IsFramesMode() ) {
                if( gLoopCont )
			GoToFirst()
                else
			EndShow()
	}
}
function GoToPrevSld()
{
	ii=gCurSld-1
	if( ii > 0 ) {
		obj=GetHrefObj(ii)
		while ( obj && ( obj.mVis == 0 ) && ( ii>0 ) )
			obj=GetHrefObj(--ii)
        if( ii == 0 ) ii=1
		GoToSldNum(ii)
	}
}
function GoToFirst(){ GoToSld( GetHrefObj(1).mSldHref ) }
function GoToLast()
{
	ii=GetSldList().mList.length
	if( ii != gCurSld )
		GoToSld( GetHrefObj(ii).mSldHref )
}
function GoToSldNum( num )
{
	if( PPTSld.event ) PPTSld.event.cancelBubble=true
	obj = GetHrefObj( num )
	obj.mVis=1
	gPrevSld=gCurSld
	gCurSld = num;
	PPTSld.location.replace(MHTMLPrefix+obj.mSldHref)
	if( IsFramesMode() ) {
		UpdNavPane(); UpdOtlPane(); UpdNtsPane()
	}
}
function GoToSld( href )
{
	if( PPTSld.event ) PPTSld.event.cancelBubble=true
	GetHrefObj( GetSldNum(href) ).mVis=1
	PPTSld.location.replace(MHTMLPrefix+href)
}
function SldUpdated( id )
{
	if( id == GetHrefObj(gCurSld).mSldHref ) return
	gPrevSld=gCurSld
	gCurSld=GetSldNum(id)
	if( IsFramesMode() ) {
		UpdNavPane(); UpdOtlPane(); UpdNtsPane()
	}
}
function PrevSldViewed(){ GoToSld( GetHrefObj(gPrevSld).mSldHref ) }
function HasPrevSld() { return ( gIsEndShow || ( gCurSld != 1 && GetHrefObj( gCurSld-1 ).mVis == 1 )||( GetCurSldNum() > 1 ) ) }
function HasNextSld() { return (GetCurSldNum() != GetNumSlds()) }
function CloseWindow() {
	if( HideMenu() ) return;
	var event = PPTSld.event;
	if( !IsFramesMode() && event && (event.keyCode==27 || event.keyCode==32 || event.type=="click" ) )
		window.close( self );
	CatchNumKeys( self, event );
}
function Unload() { gIsEndShow=0; }
function SetupEndShow() {
	gIsEndShow=1;
	PPTSld.document.body.scroll="no";
	PPTSld.document.onkeypress=CloseWindow;
	PPTSld.document.onclick=CloseWindow;
	PPTSld.document.oncontextmenu=_CM;
}
function EndShow()
{
	if( IsFramesMode() ) return
	if( PPTSld.event ) PPTSld.event.cancelBubble=true
	doc=PPTSld.document
	doc.open()
	doc.writeln('<html><body bgcolor=black onload=parent.SetupEndShow() onunload=parent.Unload()><center><p><font face=Tahoma color=white size=2><br><b>' + ENDSHOW_MESG + '</b></font></p></center></body></html>')
	doc.close()
}
function SetSldVisited(){ GetSldList().mList[gCurSld-1].mVisited=true }
function IsSldVisited(){ return GetSldList().mList[gCurSld-1].mVisited }
function hrefList( sldHref, visible, advDelay, advClk )
{
	this.mSldHref= this.mNtsHref = sldHref
	this.mOrigVis= this.mVis = visible
	this.mVisited= false
	this.mAdvDelay= advDelay
	this.mAdvOnClk= advClk
}
function SldList(arr,curSld,fEnd)
{
	this.mCurSld = curSld;
	this.mList = new Array();
	var idx = 1;
	for(ii=0;ii<arr.length;ii++) {
		this.mList[ii] = new hrefList( arr[ii].mSldHref, arr[ii].mOrigVis, arr[ii].mAdvDelay, arr[ii].mAdvOnClk );
		if( arr[ii].mOrigVis )
			this.mList[ii].mSldIdx = idx++;
	}
	this.mNumVisSlds = idx-1;
	this.fEndShow = fEnd;
}
function GetSldList() {	return gSldStack[gSldStack.length-1] }
function GetCurSld() { return parent.GetSldList().mList[parent.gCurSld - 1] }
gSldStack = new Array();
gSldStack[0] = new SldList(gMainDoc,gCurSld,1)
function ViewCustomShow(idx,fEnd)
{
	if( !IsFullScrMode() ) return;
	var sldList = new Array();
	var custShow = custShowList[idx-1];
	var jj = 0;
	for( ii=0;ii<custShow.length;ii++ ) {
		if( custShow[ii] <= gMainDoc.length )
			sldList[jj++] = gMainDoc[custShow[ii]-1];
	}
	if (sldList.length > 0) {
	PushSldList(sldList,fEnd);
	gCurSld = 1;
	}
	else
		if( PPTSld.event ) PPTSld.event.cancelBubble=true
}
function PushSldList(arr,fEnd) {
	var ii = gSldStack.length;
	gSldStack[ii] = new SldList(arr,gCurSld,fEnd);
	GoToSld( gSldStack[ii].mList[0].mSldHref );
}
function PopSldList() {
	if (gSldStack[gSldStack.length-1].fEndShow)
		EndShow()
	else {
	gCurSld = gSldStack[gSldStack.length-1].mCurSld;
	gSldStack[gSldStack.length-1] = null;
	gSldStack.length--;
	var sldList = gSldStack[gSldStack.length-1];
	GoToSld( sldList.mList[gCurSld - 1].mSldHref );
	}
}
var custShowList=new Array();
function ImgBtn( oId,bId,w,action )
{
	var t=this
	t.Perform    = _IBP
	t.SetActive  = _IBSetA
	t.SetInactive= _IBSetI
	t.SetPressed = _IBSetP
	t.SetDisabled= _IBSetD
	t.Enabled    = _IBSetE
	t.ChangeIcon = null
	t.UserAction = action
	t.ChgState   = _IBUI
	t.mObjId   = oId
	t.mBorderId= bId
	t.mWidth   = w
	t.mIsOn    = t.mCurState = 0
}
function _IBSetA()
{
	if( this.mIsOn ) {
		obj=this.ChgState( gHiliteClr,gShadowClr,2 )
		obj.style.posTop=0
	}
}
function _IBSetI()
{
	if( this.mIsOn ) {
		obj=this.ChgState( gFaceClr,gFaceClr,1 )
		obj.style.posTop=0
	}
}
function _IBSetP()
{
	if( this.mIsOn ) {
		obj=this.ChgState( gShadowClr,gHiliteClr,2 )
		obj.style.posLeft+=1; obj.style.posTop+=1
	}
}
function _IBSetD()
{
	obj=this.ChgState( gFaceClr,gFaceClr,0 )
	obj.style.posTop=0
}
function _IBSetE( state )
{
	var t=this
	GetObj( t.mBorderId ).style.visibility="visible"
	if( state != t.mIsOn ) {
		t.mIsOn=state
		if( state )
			t.SetInactive()
		else
			t.SetDisabled()
	}
}
function _IBP()
{
	var t=this
	if( t.mIsOn ) {
		if( t.UserAction != null )
			t.UserAction()
		if( t.ChangeIcon ) {
			obj=GetObj(t.mObjId)
			if( t.ChangeIcon() )
				obj.style.posLeft=obj.style.posLeft+(t.mCurState-4)*t.mWidth
			else
				obj.style.posLeft=obj.style.posLeft+(t.mCurState-0)*t.mWidth
		}
		t.SetActive()
	}
}
function _IBUI( clr1,clr2,nextState )
{
	var t=this
	SetBorder( GetObj( t.mBorderId ),clr1,clr2 )
	obj=GetObj( t.mObjId )
	obj.style.posLeft=obj.style.posLeft+(t.mCurState-nextState)*t.mWidth-obj.style.posTop
	t.mCurState=nextState
	return obj
}
function TxtBtn( oId,oeId,action,chkState )
{
	var t=this
	t.Perform    = _TBP
	t.SetActive  = _TBSetA
	t.SetInactive= _TBSetI
	t.SetPressed = _TBSetP
	t.SetDisabled= _TBSetD
	t.SetEnabled = _TBSetE
	t.GetState   = chkState
	t.UserAction = action
	t.ChgState   = _TBUI
	t.mObjId      = oId
	t.m_elementsId= oeId
	t.mIsOn       = 1
}
function _TBSetA()
{
	var t=this
	if( t.mIsOn && !t.GetState() )
		t.ChgState( gHiliteClr,gShadowClr,0,0 )
}
function _TBSetI()
{
	var t=this
	if( t.mIsOn && !t.GetState() )
		t.ChgState( gFaceClr,gFaceClr,0,0 )
}
function _TBSetP()
{
	if( this.mIsOn )
		this.ChgState( gShadowClr,gHiliteClr,1,1 )
}
function _TBSetD()
{
	this.ChgState( gFaceClr,gFaceClr,0,0 )
	this.mIsOn = 0
}
function _TBSetE()
{
	var t=this
	if( !t.GetState() )
		t.ChgState( gFaceClr,gFaceClr,0,0 )
	else
		t.ChgState( gShadowClr,gHiliteClr,1,1 )
	t.mIsOn = 1
}
function _TBP()
{
	var t=this
	if( t.mIsOn ) {
		if( t.UserAction != null )
			t.UserAction()
        if( !t.GetState )
            return
		if( t.GetState() )
			t.SetPressed()
		else
			t.SetActive()
	}
}
function _TBUI( clr1,clr2,lOffset,tOffset )
{
	SetBorder( GetObj( this.mObjId ),clr1,clr2 )
	Offset( GetObj( this.m_elementsId ),lOffset,tOffset )
}
function Offset( obj, top, left ){ obj.style.top=top; obj.style.left=left }
function SetBorder( obj, upperLeft, lowerRight )
{
	s=obj.style;
	s.borderStyle      = "solid"
	s.borderWidth      = 1
	s.borderLeftColor  = s.borderTopColor = upperLeft
	s.borderBottomColor= s.borderRightColor = lowerRight
}
function GetBtnObj(){ return gBtnArr[window.event.srcElement.id] }
function BtnOnOver(){ b=GetBtnObj(); if( b != null ) b.SetActive() }
function BtnOnDown(){ b=GetBtnObj(); if( b != null ) b.SetPressed() }
function BtnOnOut(){ b=GetBtnObj(); if( b != null ) b.SetInactive() }
function BtnOnUp()
{
	b=GetBtnObj()
	if( b != null )
		b.Perform()
	else
		Upd()
}
function GetNtsState(){ return parent.gNtsOpen }
function GetOtlState(){ return parent.gOtlOpen }
function GetOtlTxtState(){ return parent.gOtlTxtExp }
function NtsBtnSetFlag( fVal )
{
	s=document.all.item( this.m_flagId ).style
	s.display="none"
	if( fVal )
		s.display=""
	else
		s.display="none"
}
function _BSetA_Border(){ b = gBtnArr[this.mObjId]; if( b != null ) b.SetActive() }
function _BSetI_Border(){ b = gBtnArr[this.mObjId]; if( b != null ) b.SetInactive() }
var gHiliteClr="THREEDHIGHLIGHT",gShadowClr="THREEDSHADOW",gFaceClr="THREEDFACE"
var gBtnArr = new Array()
gBtnArr["nb_otl"] = new TxtBtn( "nb_otl","nb_otlElem",parent.ToggleOtlPane,GetOtlState )
gBtnArr["nb_otlElem"] = new TxtBtn( "nb_otl","nb_otlElem",parent.ToggleOtlPane,GetOtlState )
gBtnArr["nb_nts"] = new TxtBtn( "nb_nts","nb_ntsElem",parent.ToggleNtsPane,GetNtsState )
gBtnArr["nb_prev"]= new ImgBtn( "nb_prev","nb_prevBorder",30,parent.GoToPrevSld )
gBtnArr["nb_next"]= new ImgBtn( "nb_next","nb_nextBorder",30,parent.GoToNextSld )
gBtnArr["nb_sldshw"]= new ImgBtn( "nb_sldshw","nb_sldshwBorder",18,parent.FullScreen )
gBtnArr["nb_sldshwBorder"] = new TxtBtn( "nb_sldshw","nb_sldshwBorder",parent.FullScreen,null )
gBtnArr["nb_sldshwBorder"].SetActive = _BSetA_Border;
gBtnArr["nb_sldshwBorder"].SetInactive = _BSetI_Border;
gBtnArr["nb_sldshwText"] = new TxtBtn( "nb_sldshw","nb_sldshwText",parent.FullScreen,null )
gBtnArr["nb_sldshwText"].SetActive = _BSetA_Border;
gBtnArr["nb_sldshwText"].SetInactive = _BSetI_Border;
gBtnArr["nb_voice"]  = new ImgBtn( "nb_voice","nb_voiceBorder",18,parent.ToggleVNarration )
gBtnArr["nb_otlTxt"]= new ImgBtn( "nb_otlTxt","nb_otlTxtBorder",23,parent.ToggleOtlText )
gBtnArr["nb_nts"].m_flagId= "notes_flag"
gBtnArr["nb_nts"].SetFlag = NtsBtnSetFlag
gBtnArr["nb_otlTxt"].ChangeIcon= GetOtlTxtState
var sNext="Next",sPrev="Previous",sEnd="End Show",sFont="Arial",sArrow="Arrow",sFreeform="Freeform",sRect="Rectangle",sOval="Oval"
function ShowMenu()
{
	BuildMenu();
	var doc=PPTSld.document.body,x=PPTSld.event.clientX+doc.scrollLeft,y=PPTSld.event.clientY+doc.scrollTop
	m = PPTSld.document.all.item("ctxtmenu")
	m.style.pixelLeft=x
	if( (x+m.scrollWidth > doc.clientWidth)&&(x-m.scrollWidth > 0) )
		m.style.pixelLeft=x-m.scrollWidth
	m.style.pixelTop=y
	if( (y+m.scrollHeight > doc.clientHeight)&&(y-m.scrollHeight > 0) )
		m.style.pixelTop=y-m.scrollHeight
	m.style.display=""
}
function _CM()
{
	if( !parent.IsFullScrMode() ) return;
	if(!PPTSld.event.ctrlKey) {
		ShowMenu()
		return false
	} else
		HideMenu()
}
function BuildMenu()
{
	if( PPTSld.document.all.item("ctxtmenu") ) return
	var mObj=CreateItem( PPTSld.document.body )
	mObj.id="ctxtmenu"
	mObj.style.visibility="hidden"
	var s=mObj.style
	s.position="absolute"
	s.cursor="default"
	s.width="120px"
	SetCMBorder(mObj,"menu","black")
	var iObj=CreateItem( mObj )
	SetCMBorder( iObj, "threedhighlight","threedshadow" )
	iObj.style.padding=2
	CreateMenuItem( iObj,sNext,M_GoNextSld,M_True )
	CreateMenuItem( iObj,sPrev,M_GoPrevSld,M_HasPrevSld )
	CreateSeparator( iObj )
	CreateMenuItem( iObj,sEnd,M_End,M_True )
	mObj.style.visibility="visible"
}
function Cancel() { window.event.cancelBubble=true; window.event.returnValue=false }
function Highlight() { ChangeClr("activecaption","threedhighlight") }
function Deselect() { ChangeClr("threedface","menutext") }
function Perform()
{
	e=PPTSld.event.srcElement
	if( e.type=="menuitem" && e.IsActive() )
		e.Action()
	else
		PPTSld.event.cancelBubble=true
}
function ChangeClr( bg,clr )
{
	e=PPTSld.event.srcElement
	if( e.type=="menuitem" && e.IsActive() ) {
		e.style.backgroundColor=bg
		e.style.color=clr
	}
}
function M_HasPrevSld() { return( parent.HasPrevSld() ) }
function M_GoNextSld() { if( gIsEndShow ) M_End(); else GoToNextSld() }
function M_GoPrevSld() { if( gIsEndShow ) { history.back(); PPTSld.event.cancelBubble=true; } else GoToPrevSld() }
function M_True() { return true }
function M_End() { window.close( self ) }
function CreateMenuItem( node,text,action,eval )
{
	var e=CreateItem( node )
	e.type="menuitem"
	e.Action=action
	e.IsActive=eval
	e.innerHTML=text
	if( !e.IsActive() )
		e.style.color="threedshadow"
	e.onclick=Perform
	e.onmouseover=Highlight
	e.onmouseout=Deselect
	s=e.style;
	s.fontFamily=sFont
	s.fontSize="9pt"
	s.paddingLeft=2
}
function CreateSeparator( node )
{
	var sObj=CreateItem( node )
	SetCMBorder(sObj,"menu","menu")
	var s=sObj.style
	s.borderTopColor="threedshadow"
	s.borderBottomColor="threedhighlight"
	s.height=1
	s.fontSize="0px"
}
function CreateItem( node )
{
	var elem=PPTSld.document.createElement("DIV")
	node.insertBefore( elem )
	return elem
}
function SetCMBorder( o,ltClr,rbClr )
{
	var s=o.style
	s.backgroundColor="menu"
	s.borderStyle="solid"
	s.borderWidth=1
	s.borderColor=ltClr+" "+rbClr+" "+rbClr+" "+ltClr
}
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 “Seeing”
 is the astronomical term for blurring of an image by turbulence in the atmosphere.

 Seeing
 transparency

 Astronomical Seeing
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 Which
 type of telescopes use grazing incidence optics?

 

 A)X-Ray
 and Gamma-Ray

 B)Optical
 

 C)Infrared

 D)Radio

 

 Quiz Question #1
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 Which
 type of telescopes use grazing incidence optics?

 

 A)X-Ray and Gamma-Ray

 B)Optical
 

 C)Infrared

 D)Radio

 E)

 See
 Section 7.5 – “Telescopes Across the Spectrum”

 

 Quiz Question #1
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 •What
 are the basic properties of the Sun?

 •What is
 the basic structure of the Sun?

 •How
 does the Sun generate energy?

 

 The Sun
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 Know
 these!

 
 •Mass:  2x1030 kg  (300,000x MEarth!)

 •Luminosity:  3.8x1026 W  

 •Radius:  7x108 m  (109x REarth!)

 •Composition:  70% H,
 28% He, 2% heavy elements (by mass)
 •“Surface” Temperature: 
 5800 K

 •Core Temperature: 
 15x106 K

 

 Our
 new standard of measurement

 The Sun-Basic Properties
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 Gravity and pressure balance throughout the Sun.  This gravitational equilibrium leads to very high temperatures and densities in the Sun’s core, and hence
 fusion.

 c.f. Fig.
 15.2

 Weight
 of the overlying layers

 (-)
 Pressure gradient

 First: Gravitational Equilibrium
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 Temperatures

 •Core 15x106 K

 •Photosphere 5800 K

 •Corona 106 K

 •

 Densities

 •Surface <0.01 g cm-3

 •Core >100 g cm-3

 •Mean 1.4 g cm-3

 

 The Structure of the Sun
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 Fission
 is the splitting of atomic nuclei into lighter particles, fusion is the joining of atomic nuclei into
 heavier particles.

 Fission:  nuclear power generation on Earth.
 

 Fusion: 
 nuclear power
 generation in the
 Sun.

 High temperatures (speeds) Þ positively charged nuclei can overcome electric repulsion (strong force is stronger than electromagnetic force).

 
  
  
   
   
   
   
   
   
   
   
   
   
   
   
  
  
  
 
  
 
  
  
  
  
 Nuclear
 Reactions: Fission and Fusion
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 During fission and fusion, the mass of the end products is less than the mass of the starting
 products.
 

 Where did the mass go?  --Into energy

 

 
      E = mc2

 
        Energy = mass x speed of
 light squared

 
        Joules = kg x m2 s-2

 

 Where does the Energy Come From?
 E=mc2
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 Net
 Result

 Detailed
 Reaction
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 ppnn=4He

 
 Key to new particles:

 n = neutrino

 g = gamma ray

 e+ = positron

 

 c.f. Fig.
 15.7
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 p

 The Proton-Proton Chain
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 How much
 energy is created?

 

 E = mc2

 E = 1 kg
 x (3x108 m s-1)2

 E = 9x1016 J

 

 How
 long would this power a 100 W (100 J s-1) light bulb?

 

 Power =
 Energy / Time

 Time =
 Energy / Power

 t = 9x1016 J / 100 J s-1

 t = 9x1014 s @ 3x107 years! 

 

 Example: Converting 1 kg of mass
 completely into energy
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 How does the pressure at the center of the Earth compare to the pressure at the center of the
 Sun?

 

 A)The
 pressure in the center of the Sun is greater.

 B)The
 pressure in the center of the Earth is greater.

 C)They
 have equal pressures.

 

 Concept Question
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 How does the speed of nuclear reactions scale with the temperature?

 

 A)It
 increases with temperature.

 B)It
 decreases with temperature.

 C)It
 does not depend on temperature.

 

 Concept Question
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 How does the pressure at the center of the Earth compare to the pressure at the center of the
 Sun?

 

 A)The pressure in the center of the Sun is greater.

 B)The
 pressure in the center of the Earth is greater.

 C)They
 have equal pressures.

 

 Concept Question
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 How does the speed of nuclear reactions scale with the temperature?

 

 A)It increases with temperature.

 B)It
 decreases with temperature.

 C)It
 does not depend on temperature.

 

 
  
  
   
   
   
   
   
   
   
   
   
   
   
   
  
  
  
 
  
 
  
  
  
  
 Concept Question
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 Use the fact that each cycle of the p-p chain converts 4.7x10-29 kg
 of mass into energy, along with the fact that the Sun loses a total of about 4.2x109 kg of mass each second, to calculate the total number of
 times the p-p chain
 occurs each second in the Sun.

 Numerical Example
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	{mso-special-format:nobullet•;}
.N3
	{text-align:left;
	font-family:Arial;
	color:black;
	mso-color-index:1;
	font-size:57%;
	mso-char-wrap:1;
	mso-kinsoku-overflow:1;}
.N4N
	{mso-special-format:nobullet•;}
.N4
	{text-align:left;
	font-family:Arial;
	color:black;
	mso-color-index:1;
	font-size:57%;
	mso-char-wrap:1;
	mso-kinsoku-overflow:1;}
.OB
	{mso-special-format:nobullet•;}
.O
	{text-align:left;
	font-family:Arial;
	color:black;
	mso-color-index:1;
	font-size:85%;
	mso-char-wrap:1;
	mso-kinsoku-overflow:1;}
.O1
	{mso-char-wrap:1;
	mso-kinsoku-overflow:1;}
.O2
	{mso-char-wrap:1;
	mso-kinsoku-overflow:1;}
.O3
	{mso-char-wrap:1;
	mso-kinsoku-overflow:1;}
.O4
	{mso-char-wrap:1;
	mso-kinsoku-overflow:1;}
.CB
	{mso-char-wrap:1;
	mso-kinsoku-overflow:1;}
.CB1
	{mso-char-wrap:1;
	mso-kinsoku-overflow:1;}
.CB2
	{mso-char-wrap:1;
	mso-kinsoku-overflow:1;}
.CB3
	{mso-char-wrap:1;
	mso-kinsoku-overflow:1;}
.CB4
	{mso-char-wrap:1;
	mso-kinsoku-overflow:1;}
.CTB
	{mso-special-format:nobullet•;}
.CT
	{text-align:center;
	font-family:Arial;
	color:black;
	mso-color-index:3;
	font-size:209%;
	mso-char-wrap:1;
	mso-kinsoku-overflow:1;}
.HB
	{mso-char-wrap:1;
	mso-kinsoku-overflow:1;}
.HB1
	{mso-char-wrap:1;
	mso-kinsoku-overflow:1;}
.HB2
	{mso-char-wrap:1;
	mso-kinsoku-overflow:1;}
.HB3
	{mso-char-wrap:1;
	mso-kinsoku-overflow:1;}
.HB4
	{mso-char-wrap:1;
	mso-kinsoku-overflow:1;}
.QB
	{mso-char-wrap:1;
	mso-kinsoku-overflow:1;}
.QB1
	{mso-char-wrap:1;
	mso-kinsoku-overflow:1;}
.QB2
	{mso-char-wrap:1;
	mso-kinsoku-overflow:1;}
.QB3
	{mso-char-wrap:1;
	mso-kinsoku-overflow:1;}
.QB4
	{mso-char-wrap:1;
	mso-kinsoku-overflow:1;}
.Tbl
	{mso-char-wrap:1;
	mso-kinsoku-overflow:1;}
.Tbl1
	{mso-char-wrap:1;
	mso-kinsoku-overflow:1;}
.Tbl2
	{mso-char-wrap:1;
	mso-kinsoku-overflow:1;}
.Tbl3
	{mso-char-wrap:1;
	mso-kinsoku-overflow:1;}
.Tbl4
	{mso-char-wrap:1;
	mso-kinsoku-overflow:1;}
.defaultB
	{mso-special-format:nobullet•;}
.default
	{text-align:left;
	font-family:Arial;
	font-weight:normal;
	font-style:normal;
	text-decoration:none;
	text-shadow:none;
	text-effect:none;
	mso-fareast-hint:no;
	layout-flow:horizontal;
	color:#A50021;
	font-size:114%;
	mso-text-raise:0%;
	mso-line-spacing:"100 0 0";
	mso-margin-left-alt:0;
	mso-text-indent-alt:0;
	mso-char-wrap:1;
	mso-kinsoku-overflow:1;
	direction:ltr;
	mso-word-wrap:1;
	mso-vertical-align-special:baseline;
	mso-ansi-language:EN-US;}
a:link
	{color:#009999 !important;}
a:active
	{color:#333399 !important;}
a:visited
	{color:#99CC00 !important;}
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function LoadSld()
{
	var sld=GetObj("SlideObj")
	if( !g_supportsPPTHTML ) {
		sld.style.visibility="visible"
		return
	}
	if( MakeNotesVis() ) return
	runAnimations = _InitAnimations();
	if( IsWin("PPTSld") )
		parent.SldUpdated(GetSldId())
	g_origSz=parseInt(SlideObj.style.fontSize)
	g_origH=sld.style.posHeight
	g_origW=sld.style.posWidth
	g_scaleHyperlinks=(document.all.tags("AREA").length>0)
	if( g_scaleHyperlinks )
		InitHLinkArray()
	if( g_scaleInFrame||(IsWin("PPTSld") && parent.IsFullScrMode() ) )
		document.body.scroll="no"
	_RSW()
	if( IsWin("PPTSld") && parent.IsFullScrMode() )
		FullScrInit();
	
	MakeSldVis();
	ChkAutoAdv()

	if( runAnimations )
	{
		if( document.all("NSPlay") )
			document.all("NSPlay").autoStart = false;
		if( sld.filters && sld.filters.revealtrans )
			setTimeout( "document.body.start()", sld.filters.revealtrans.duration * 1000 );
		else
			document.body.start();
	}
}
function MakeSldVis()
{
	var fTrans=g_showAnimation && SldHasTrans()
	if( fTrans )
	{
		if( g_bgSound ) {
			idx=g_bgSound.indexOf(",");
			pptSound.src=g_bgSound.substr( 0, idx );
			pptSound.loop= -(parseInt(g_bgSound.substr(idx+1)));
		}
		SlideObj.filters.revealtrans.Apply()
    }
	SlideObj.style.visibility="visible"
	if( fTrans )
		SlideObj.filters.revealtrans.Play()
}
function MakeNotesVis()
{
	if( !IsNts() ) return false
	SlideObj.style.display="none"
	nObj = document.all.item("NotesObj")
	parent.SetHasNts(0)
	if( nObj ) {
		nObj.style.display=""
		parent.SetHasNts(1)
	}
	return 1
}
function ChkAutoAdv()
{
	if(SldHasTrans())
		SlideObj.onfilterchange=AutoAdv
	else
		AutoAdv()
}
function AutoAdv()
{
	if(!IsWin("PPTSld") || !gUseSldTimings )return
	var sld=GetCurSld()
	if( (sld.mAdvDelay>0) && !parent.IsFramesMode() )
		setTimeout("parent.GoToNextSld()",sld.mAdvDelay)
}
function GetObj(id)
{
	if(g_supportsPPTHTML) return document.all(id);
	else return document.getElementById(id);
}
function SldHasTrans() { return SlideObj.style.getAttribute("filter")!="" }
function GetSldId() { return sId=location.href.substring(location.href.lastIndexOf('/')+1) }
function HideMenu() { if( frames["PPTSld"] && PPTSld.document.all.item("ctxtmenu") && PPTSld.ctxtmenu.style.display!="none" ) { PPTSld.ctxtmenu.style.display='none'; return true } return false }
function IsWin( name ) { return window.name == name }
function IsNts() { return IsWin("PPTNts") }
function IsSldOrNts() { return( IsWin("PPTSld")||IsWin("PPTNts") ) }
function SupportsPPTAnimation() { return( navigator.platform == "Win32" && navigator.appVersion.indexOf("Windows")>0 ) }
function SupportsPPTHTML()
{
	var appVer=navigator.appVersion, msie=appVer.indexOf("MSIE "), ver=0
	if( msie >= 0 )
		ver=parseFloat( appVer.substring( msie+5, appVer.indexOf(";",msie) ) )
	else
		ver=parseInt(appVer)
	return( ver >= 4 && msie >= 0 )
}
function _RSW()
{
	if( !g_supportsPPTHTML || IsNts() ||
	  ( !g_scaleInFrame && (!IsWin("PPTSld") || !parent.IsFullScrMode()) ) )
		return
        var padding=0;
        if( IsWin("PPTSld") && parent.IsFramesMode() ) padding=6
	cltWidth=document.body.clientWidth-padding
	cltHeight=document.body.clientHeight-padding
	factor=(1.0*cltWidth)/g_origW
	if( cltHeight < g_origH*factor )
		factor=(1.0*cltHeight)/g_origH
	newSize = g_origSz * factor
	if( newSize < 1 ) newSize=1
	s=SlideObj.style
	s.fontSize=newSize+"px"
	s.posWidth=g_origW*factor
	s.posHeight=g_origH*factor
	s.posLeft=(cltWidth-s.posWidth+padding)/2
	s.posTop=(cltHeight-s.posHeight+padding)/2
	if( g_scaleHyperlinks )
		ScaleHyperlinks( factor )
}
function _InitAnimations()
{
	animRuntimeInstalled = ''+document.body.localTime != 'undefined';
	isFullScreen = (window.name == "PPTSld") && !parent.IsFramesMode();
	g_animUseRuntime = g_showAnimation && animRuntimeInstalled && !(isFullScreen && parent.IsSldVisited());
	if( g_animUseRuntime ) {
		collSeq = document.all.tags("seq");
		if( collSeq != null ) {
			for(ii=0;ii<collSeq.length;ii++) {
				if( collSeq[ii].getAttribute( "p:nodeType" ) == "mainSeq" ) {
					g_animMainSequence = collSeq[ii];
					break;
				}
			}
		}
		if( g_animItemsToHide ) {
			for(jj = 0; jj < g_animItemsToHide.length; jj++) {
				if( hideObj = GetObj(g_animItemsToHide[jj]) )
					hideObj.runtimeStyle.visibility="hidden";
			}
		}
		if( g_animInteractiveItems ){
			for(jj = 0; jj < g_animInteractiveItems.length; jj++) {
				if( triggerObj = GetObj(g_animInteractiveItems[jj]) )
					triggerObj.runtimeStyle.cursor="hand";
			}
		}
		if( gUseSldTimings && ''+g_animSlideTime != 'undefined' ) {
			adjustedTime = document.body.calculateAutoAdvanceTimes( g_animSlideTime, g_animEffectTimings );
			if( IsWin("PPTSld") && adjustedTime != g_animSlideTime ) {
			   var sld = GetCurSld();
			   sld.mAdvDelay = adjustedTime * 1000;
			}
		}
	}
	return g_animUseRuntime;
}
gSldJump = 0, gSldJumpTrack = 0, gSldJumpIdx = "";
function _KPH()
{
	if( IsNts() ) return;
	if( !parent.IsFramesMode() && event.keyCode == 27 && !HideMenu() )
		parent.window.close( self );
	else if( event.keyCode == 32 ) {
		if( window.name == "PPTSld" )
			parent.PPTSld.DocumentOnClick();
		else
			parent.GoToNextSld();
	}
	CatchNumKeys( parent, event );
}
function CatchNumKeys( win, event ) {
	if( win.IsFullScrMode() && (48<=event.keyCode) && (event.keyCode<=57) ) {
		gSldJump = 1;
		gSldJumpIdx += (event.keyCode-48).toString();
	}
	if( win.IsFullScrMode() && gSldJump && event.keyCode == 13 ) {
		var numSlds = parent.GetSldList().mList.length
		if ( gSldJumpIdx > numSlds )
			gSldJumpIdx = numSlds;
		if ( gSldJumpIdx >= 0 ) {
			if ( gSldJumpIdx == 0 )
				gSldJumpIdx = 1;
			var jumpTo = parseInt(gSldJumpIdx);
			gSldJump = 0; gSldJumpIdx = "";
			win.GoToSld( parent.GetSldList().mList[jumpTo-1].mSldHref )
		}
	}
}
function _KDH()
{
	if( event.keyCode == 8 ) {
		event.returnValue = 0;
		parent.GoToPrevSld();
	}
}
function DocumentOnClick()
{
	if( IsNts() || parent.HideMenu() ) return;
	if( ( g_allowAdvOnClick && !parent.IsFramesMode() ) ||
	    (event && (event.keyCode==32) ) )
		parent.GoToNextSld();
}

var g_supportsPPTHTML = SupportsPPTHTML(), g_scaleInFrame = 1, gId="", g_bgSound="",
    g_scaleHyperlinks = false, g_allowAdvOnClick = 1, g_showInBrowser = 0, gLoopCont = 0, gUseSldTimings = 1;
var g_showAnimation = g_supportsPPTHTML && SupportsPPTAnimation() && ( (window.name=="PPTSld" && !parent.IsFramesMode()) || g_showInBrowser );var g_animManager = null;
var g_animUseRuntime = false;
var g_animItemsToHide, g_animInteractiveItems, g_animSlideTime;
var g_animMainSequence = null;
var ENDSHOW_MESG="End of slide show, click to exit.", SCREEN_MODE="Frames", gIsEndShow=0, NUM_VIS_SLDS=24, SCRIPT_HREF="script.js", FULLSCR_HREF="fullscreen.htm";
var gCurSld = gPrevSld = 1, g_offset = 0, gNtsOpen = gHasNts = gOtlTxtExp = 0, gHasNarration = 0, gOtlOpen = true
window.gPPTHTML=SupportsPPTHTML()
var gMainDoc=new Array(new hrefList("slide0027.htm",1,-1,1),new hrefList("slide0028.htm",1,-1,1),new hrefList("slide0029.htm",1,-1,1),new hrefList("slide0030.htm",1,-1,1),new hrefList("slide0040.htm",1,-1,1),new hrefList("slide0031.htm",1,-1,1),new hrefList("slide0032.htm",1,-1,1),new hrefList("slide0048.htm",1,-1,1),new hrefList("slide0050.htm",1,-1,1),new hrefList("slide0049.htm",1,-1,1),new hrefList("slide0051.htm",1,-1,1),new hrefList("slide0033.htm",1,-1,1),new hrefList("slide0034.htm",1,-1,1),new hrefList("slide0035.htm",1,-1,1),new hrefList("slide0036.htm",1,-1,1),new hrefList("slide0038.htm",1,-1,1),new hrefList("slide0041.htm",1,-1,1),new hrefList("slide0042.htm",1,-1,1),new hrefList("slide0043.htm",1,-1,1),new hrefList("slide0044.htm",1,-1,1),new hrefList("slide0045.htm",1,-1,1),new hrefList("slide0046.htm",1,-1,1),new hrefList("slide0047.htm",1,-1,1),new hrefList("slide0052.htm",1,-1,1));
function FullScrInit()
{
	g_allowAdvOnClick = GetCurSld().mAdvOnClk
	document.body.style.backgroundColor="black"
	document.oncontextmenu=parent._CM;
	document.onkeydown = _KDH;
	document.ondragstart=Cancel
	document.onselectstart=Cancel
	self.focus()
}
function Redirect( frmId )
{
	var str=document.location.hash,idx=str.indexOf('#'), sId=GetSldId()
	if(idx>=0) str=str.substr(1);
	if( window.name != frmId && ( sId != str) ) {
		obj = GetObj("Main-File")
		window.location.href=obj.href+"#"+sId
		return 1
	}
	return 0
}
var MHTMLPrefix = CalculateMHTMLPrefix();
function CalculateMHTMLPrefix()
{
	if ( document.location.protocol == 'mhtml:') {
		href=new String(document.location.href)
		Start=href.indexOf('!')+1
		End=href.lastIndexOf('/')+1
		if (End < Start)
			return href.substring(0, Start)
		else
		return href.substring(0, End)
	}
	return '';
}
function GetTags(base,tag)
{
	if(g_supportsPPTHTML) return base.all.tags(tag);
	else return base.getElementsByTagName(tag);
}
function UpdNtsPane(){ if(frames["PPTNts"]) PPTNts.location.replace( MHTMLPrefix+GetHrefObj( gCurSld ).mNtsHref ) }
function UpdNavPane( sldIndex ){ if(gNavLoaded) PPTNav.UpdNav() }
function UpdOtNavPane(){ if(gOtlNavLoaded) PPTOtlNav.UpdOtlNav() }
function UpdOtlPane(){ if(gOtlLoaded) PPTOtl.UpdOtl() }
function SetHasNts( fVal )
{
	if( gHasNts != fVal ) {
		gHasNts=fVal
		UpdNavPane()
	}
}
function ToggleOtlText()
{
	gOtlTxtExp=!gOtlTxtExp
	UpdOtlPane()
}
function ToggleOtlPane()
{
	frmset=document.all("PPTHorizAdjust")
	frm=document.all("PPTOtl")
	if( gOtlOpen )
		frmset.cols="*,100%"
	else
		frmset.cols="25%,*"
	gOtlOpen=!gOtlOpen
	frm.noResize=!frm.noResize
	UpdOtNavPane()
}
function ToggleNtsPane()
{
	frmset=document.all("PPTVertAdjust")
	frm=document.all("PPTNts")
	if( gNtsOpen )
		frmset.rows="100%,*"
	else
		frmset.rows="*,20%"
	gNtsOpen=!gNtsOpen
	UpdNtsPane()
}
function ClearMedia()
{
	if (PPTSld.pptSound) PPTSld.pptSound.loop = 0;
}
function FullScreen()
{
	if ( PPTSld.g_animUseRuntime )
		PPTSld.document.body.pause();
	ClearMedia();
	var href = ( document.location.protocol == 'mhtml:') ? FULLSCR_HREF : FULLSCR_HREF+"#"+GetHrefObj(gCurSld).mSldHref;
	if(PPTNav.event.ctrlKey) {
		var w = (window.screen.availWidth * 1.0) / 2.0
		var h = w * (PPTSld.g_origH * 1.0) / PPTSld.g_origW
		win = window.open( MHTMLPrefix+href,null,"toolbar=0,resizable=1,top=0,left=0," + "width="+ w + ",height=" + h );
		if( PPTSld.g_animUseRuntime )
			win.document.body.PPTSldFrameset=window;
	}
	else
	{
		win = window.open( MHTMLPrefix+href,null,"fullscreen=yes" );
		if( PPTSld.g_animUseRuntime )
			win.document.body.PPTSldFrameset=window;
	}
}
function ToggleVNarration()
{
	rObj=PPTSld.document.all("NSPlay")
	if( rObj && !PPTSld.g_animUseRuntime ) {
		if( (rObj.playState == 1)||(rObj.playState == 0) )
			rObj.Play()
		else if( rObj.playState == 2 )
			rObj.Pause()
		else
			return;
	}
	else if( PPTSld.g_animUseRuntime )
	{
		narObj = PPTSld.document.all("narrationID")
		if( narObj )
			narObj.togglePause()
	}
}
function GetCurSldNum()
{
	obj=GetHrefObj(gCurSld)
	if( obj.mOrigVis == 1 )
		return obj.mSldIdx
	else
		return gCurSld
}
function GetNumSlds()
{
	if( GetHrefObj(gCurSld).mOrigVis == 1 )
		return GetSldList().mNumVisSlds;
	else
		return GetSldList().mList.length
}
function GetSldNum( href )
{
	for(ii=0; ii<GetSldList().mList.length; ii++) {
		if ( GetSldList().mList[ii].mSldHref == href )
			return ii+1
	}
	return 1
}
function GetHrefObj( sldIdx ){ return GetSldList().mList[sldIdx-1] }
function IsFramesMode(){ return ( SCREEN_MODE == "Frames" ) }
function IsFullScrMode(){ return ( SCREEN_MODE == "FullScreen" ) }
function GoToNextSld()
{
	ii=gCurSld + 1
	if( GetHrefObj( ii-1 ).mOrigVis == 0 ) {
		if( ii<=GetSldList().mList.length ) {
			obj=GetHrefObj(ii)
			obj.mVis=1
			GoToSldNum(ii)
			return
		}
	}
	else {
		obj=GetHrefObj( ii )
		while ( obj && ( obj.mOrigVis == 0 ) )
			obj=GetHrefObj(++ii)
		if( obj && obj.mOrigVis ) {
			GoToSldNum(ii)
			return
		}
	}
	if( gSldStack.length > 1 )
		PopSldList();
	else if( !IsFramesMode() ) {
                if( gLoopCont )
			GoToFirst()
                else
			EndShow()
	}
}
function GoToPrevSld()
{
	ii=gCurSld-1
	if( ii > 0 ) {
		obj=GetHrefObj(ii)
		while ( obj && ( obj.mVis == 0 ) && ( ii>0 ) )
			obj=GetHrefObj(--ii)
        if( ii == 0 ) ii=1
		GoToSldNum(ii)
	}
}
function GoToFirst(){ GoToSld( GetHrefObj(1).mSldHref ) }
function GoToLast()
{
	ii=GetSldList().mList.length
	if( ii != gCurSld )
		GoToSld( GetHrefObj(ii).mSldHref )
}
function GoToSldNum( num )
{
	if( PPTSld.event ) PPTSld.event.cancelBubble=true
	obj = GetHrefObj( num )
	obj.mVis=1
	gPrevSld=gCurSld
	gCurSld = num;
	PPTSld.location.replace(MHTMLPrefix+obj.mSldHref)
	if( IsFramesMode() ) {
		UpdNavPane(); UpdOtlPane(); UpdNtsPane()
	}
}
function GoToSld( href )
{
	if( PPTSld.event ) PPTSld.event.cancelBubble=true
	GetHrefObj( GetSldNum(href) ).mVis=1
	PPTSld.location.replace(MHTMLPrefix+href)
}
function SldUpdated( id )
{
	if( id == GetHrefObj(gCurSld).mSldHref ) return
	gPrevSld=gCurSld
	gCurSld=GetSldNum(id)
	if( IsFramesMode() ) {
		UpdNavPane(); UpdOtlPane(); UpdNtsPane()
	}
}
function PrevSldViewed(){ GoToSld( GetHrefObj(gPrevSld).mSldHref ) }
function HasPrevSld() { return ( gIsEndShow || ( gCurSld != 1 && GetHrefObj( gCurSld-1 ).mVis == 1 )||( GetCurSldNum() > 1 ) ) }
function HasNextSld() { return (GetCurSldNum() != GetNumSlds()) }
function CloseWindow() {
	if( HideMenu() ) return;
	var event = PPTSld.event;
	if( !IsFramesMode() && event && (event.keyCode==27 || event.keyCode==32 || event.type=="click" ) )
		window.close( self );
	CatchNumKeys( self, event );
}
function Unload() { gIsEndShow=0; }
function SetupEndShow() {
	gIsEndShow=1;
	PPTSld.document.body.scroll="no";
	PPTSld.document.onkeypress=CloseWindow;
	PPTSld.document.onclick=CloseWindow;
	PPTSld.document.oncontextmenu=_CM;
}
function EndShow()
{
	if( IsFramesMode() ) return
	if( PPTSld.event ) PPTSld.event.cancelBubble=true
	doc=PPTSld.document
	doc.open()
	doc.writeln('<html><body bgcolor=black onload=parent.SetupEndShow() onunload=parent.Unload()><center><p><font face=Tahoma color=white size=2><br><b>' + ENDSHOW_MESG + '</b></font></p></center></body></html>')
	doc.close()
}
function SetSldVisited(){ GetSldList().mList[gCurSld-1].mVisited=true }
function IsSldVisited(){ return GetSldList().mList[gCurSld-1].mVisited }
function hrefList( sldHref, visible, advDelay, advClk )
{
	this.mSldHref= this.mNtsHref = sldHref
	this.mOrigVis= this.mVis = visible
	this.mVisited= false
	this.mAdvDelay= advDelay
	this.mAdvOnClk= advClk
}
function SldList(arr,curSld,fEnd)
{
	this.mCurSld = curSld;
	this.mList = new Array();
	var idx = 1;
	for(ii=0;ii<arr.length;ii++) {
		this.mList[ii] = new hrefList( arr[ii].mSldHref, arr[ii].mOrigVis, arr[ii].mAdvDelay, arr[ii].mAdvOnClk );
		if( arr[ii].mOrigVis )
			this.mList[ii].mSldIdx = idx++;
	}
	this.mNumVisSlds = idx-1;
	this.fEndShow = fEnd;
}
function GetSldList() {	return gSldStack[gSldStack.length-1] }
function GetCurSld() { return parent.GetSldList().mList[parent.gCurSld - 1] }
gSldStack = new Array();
gSldStack[0] = new SldList(gMainDoc,gCurSld,1)
function ViewCustomShow(idx,fEnd)
{
	if( !IsFullScrMode() ) return;
	var sldList = new Array();
	var custShow = custShowList[idx-1];
	var jj = 0;
	for( ii=0;ii<custShow.length;ii++ ) {
		if( custShow[ii] <= gMainDoc.length )
			sldList[jj++] = gMainDoc[custShow[ii]-1];
	}
	if (sldList.length > 0) {
	PushSldList(sldList,fEnd);
	gCurSld = 1;
	}
	else
		if( PPTSld.event ) PPTSld.event.cancelBubble=true
}
function PushSldList(arr,fEnd) {
	var ii = gSldStack.length;
	gSldStack[ii] = new SldList(arr,gCurSld,fEnd);
	GoToSld( gSldStack[ii].mList[0].mSldHref );
}
function PopSldList() {
	if (gSldStack[gSldStack.length-1].fEndShow)
		EndShow()
	else {
	gCurSld = gSldStack[gSldStack.length-1].mCurSld;
	gSldStack[gSldStack.length-1] = null;
	gSldStack.length--;
	var sldList = gSldStack[gSldStack.length-1];
	GoToSld( sldList.mList[gCurSld - 1].mSldHref );
	}
}
var custShowList=new Array();
function ImgBtn( oId,bId,w,action )
{
	var t=this
	t.Perform    = _IBP
	t.SetActive  = _IBSetA
	t.SetInactive= _IBSetI
	t.SetPressed = _IBSetP
	t.SetDisabled= _IBSetD
	t.Enabled    = _IBSetE
	t.ChangeIcon = null
	t.UserAction = action
	t.ChgState   = _IBUI
	t.mObjId   = oId
	t.mBorderId= bId
	t.mWidth   = w
	t.mIsOn    = t.mCurState = 0
}
function _IBSetA()
{
	if( this.mIsOn ) {
		obj=this.ChgState( gHiliteClr,gShadowClr,2 )
		obj.style.posTop=0
	}
}
function _IBSetI()
{
	if( this.mIsOn ) {
		obj=this.ChgState( gFaceClr,gFaceClr,1 )
		obj.style.posTop=0
	}
}
function _IBSetP()
{
	if( this.mIsOn ) {
		obj=this.ChgState( gShadowClr,gHiliteClr,2 )
		obj.style.posLeft+=1; obj.style.posTop+=1
	}
}
function _IBSetD()
{
	obj=this.ChgState( gFaceClr,gFaceClr,0 )
	obj.style.posTop=0
}
function _IBSetE( state )
{
	var t=this
	GetObj( t.mBorderId ).style.visibility="visible"
	if( state != t.mIsOn ) {
		t.mIsOn=state
		if( state )
			t.SetInactive()
		else
			t.SetDisabled()
	}
}
function _IBP()
{
	var t=this
	if( t.mIsOn ) {
		if( t.UserAction != null )
			t.UserAction()
		if( t.ChangeIcon ) {
			obj=GetObj(t.mObjId)
			if( t.ChangeIcon() )
				obj.style.posLeft=obj.style.posLeft+(t.mCurState-4)*t.mWidth
			else
				obj.style.posLeft=obj.style.posLeft+(t.mCurState-0)*t.mWidth
		}
		t.SetActive()
	}
}
function _IBUI( clr1,clr2,nextState )
{
	var t=this
	SetBorder( GetObj( t.mBorderId ),clr1,clr2 )
	obj=GetObj( t.mObjId )
	obj.style.posLeft=obj.style.posLeft+(t.mCurState-nextState)*t.mWidth-obj.style.posTop
	t.mCurState=nextState
	return obj
}
function TxtBtn( oId,oeId,action,chkState )
{
	var t=this
	t.Perform    = _TBP
	t.SetActive  = _TBSetA
	t.SetInactive= _TBSetI
	t.SetPressed = _TBSetP
	t.SetDisabled= _TBSetD
	t.SetEnabled = _TBSetE
	t.GetState   = chkState
	t.UserAction = action
	t.ChgState   = _TBUI
	t.mObjId      = oId
	t.m_elementsId= oeId
	t.mIsOn       = 1
}
function _TBSetA()
{
	var t=this
	if( t.mIsOn && !t.GetState() )
		t.ChgState( gHiliteClr,gShadowClr,0,0 )
}
function _TBSetI()
{
	var t=this
	if( t.mIsOn && !t.GetState() )
		t.ChgState( gFaceClr,gFaceClr,0,0 )
}
function _TBSetP()
{
	if( this.mIsOn )
		this.ChgState( gShadowClr,gHiliteClr,1,1 )
}
function _TBSetD()
{
	this.ChgState( gFaceClr,gFaceClr,0,0 )
	this.mIsOn = 0
}
function _TBSetE()
{
	var t=this
	if( !t.GetState() )
		t.ChgState( gFaceClr,gFaceClr,0,0 )
	else
		t.ChgState( gShadowClr,gHiliteClr,1,1 )
	t.mIsOn = 1
}
function _TBP()
{
	var t=this
	if( t.mIsOn ) {
		if( t.UserAction != null )
			t.UserAction()
        if( !t.GetState )
            return
		if( t.GetState() )
			t.SetPressed()
		else
			t.SetActive()
	}
}
function _TBUI( clr1,clr2,lOffset,tOffset )
{
	SetBorder( GetObj( this.mObjId ),clr1,clr2 )
	Offset( GetObj( this.m_elementsId ),lOffset,tOffset )
}
function Offset( obj, top, left ){ obj.style.top=top; obj.style.left=left }
function SetBorder( obj, upperLeft, lowerRight )
{
	s=obj.style;
	s.borderStyle      = "solid"
	s.borderWidth      = 1
	s.borderLeftColor  = s.borderTopColor = upperLeft
	s.borderBottomColor= s.borderRightColor = lowerRight
}
function GetBtnObj(){ return gBtnArr[window.event.srcElement.id] }
function BtnOnOver(){ b=GetBtnObj(); if( b != null ) b.SetActive() }
function BtnOnDown(){ b=GetBtnObj(); if( b != null ) b.SetPressed() }
function BtnOnOut(){ b=GetBtnObj(); if( b != null ) b.SetInactive() }
function BtnOnUp()
{
	b=GetBtnObj()
	if( b != null )
		b.Perform()
	else
		Upd()
}
function GetNtsState(){ return parent.gNtsOpen }
function GetOtlState(){ return parent.gOtlOpen }
function GetOtlTxtState(){ return parent.gOtlTxtExp }
function NtsBtnSetFlag( fVal )
{
	s=document.all.item( this.m_flagId ).style
	s.display="none"
	if( fVal )
		s.display=""
	else
		s.display="none"
}
function _BSetA_Border(){ b = gBtnArr[this.mObjId]; if( b != null ) b.SetActive() }
function _BSetI_Border(){ b = gBtnArr[this.mObjId]; if( b != null ) b.SetInactive() }
var gHiliteClr="THREEDHIGHLIGHT",gShadowClr="THREEDSHADOW",gFaceClr="THREEDFACE"
var gBtnArr = new Array()
gBtnArr["nb_otl"] = new TxtBtn( "nb_otl","nb_otlElem",parent.ToggleOtlPane,GetOtlState )
gBtnArr["nb_otlElem"] = new TxtBtn( "nb_otl","nb_otlElem",parent.ToggleOtlPane,GetOtlState )
gBtnArr["nb_nts"] = new TxtBtn( "nb_nts","nb_ntsElem",parent.ToggleNtsPane,GetNtsState )
gBtnArr["nb_prev"]= new ImgBtn( "nb_prev","nb_prevBorder",30,parent.GoToPrevSld )
gBtnArr["nb_next"]= new ImgBtn( "nb_next","nb_nextBorder",30,parent.GoToNextSld )
gBtnArr["nb_sldshw"]= new ImgBtn( "nb_sldshw","nb_sldshwBorder",18,parent.FullScreen )
gBtnArr["nb_sldshwBorder"] = new TxtBtn( "nb_sldshw","nb_sldshwBorder",parent.FullScreen,null )
gBtnArr["nb_sldshwBorder"].SetActive = _BSetA_Border;
gBtnArr["nb_sldshwBorder"].SetInactive = _BSetI_Border;
gBtnArr["nb_sldshwText"] = new TxtBtn( "nb_sldshw","nb_sldshwText",parent.FullScreen,null )
gBtnArr["nb_sldshwText"].SetActive = _BSetA_Border;
gBtnArr["nb_sldshwText"].SetInactive = _BSetI_Border;
gBtnArr["nb_voice"]  = new ImgBtn( "nb_voice","nb_voiceBorder",18,parent.ToggleVNarration )
gBtnArr["nb_otlTxt"]= new ImgBtn( "nb_otlTxt","nb_otlTxtBorder",23,parent.ToggleOtlText )
gBtnArr["nb_nts"].m_flagId= "notes_flag"
gBtnArr["nb_nts"].SetFlag = NtsBtnSetFlag
gBtnArr["nb_otlTxt"].ChangeIcon= GetOtlTxtState
var sNext="Next",sPrev="Previous",sEnd="End Show",sFont="Arial",sArrow="Arrow",sFreeform="Freeform",sRect="Rectangle",sOval="Oval"
function ShowMenu()
{
	BuildMenu();
	var doc=PPTSld.document.body,x=PPTSld.event.clientX+doc.scrollLeft,y=PPTSld.event.clientY+doc.scrollTop
	m = PPTSld.document.all.item("ctxtmenu")
	m.style.pixelLeft=x
	if( (x+m.scrollWidth > doc.clientWidth)&&(x-m.scrollWidth > 0) )
		m.style.pixelLeft=x-m.scrollWidth
	m.style.pixelTop=y
	if( (y+m.scrollHeight > doc.clientHeight)&&(y-m.scrollHeight > 0) )
		m.style.pixelTop=y-m.scrollHeight
	m.style.display=""
}
function _CM()
{
	if( !parent.IsFullScrMode() ) return;
	if(!PPTSld.event.ctrlKey) {
		ShowMenu()
		return false
	} else
		HideMenu()
}
function BuildMenu()
{
	if( PPTSld.document.all.item("ctxtmenu") ) return
	var mObj=CreateItem( PPTSld.document.body )
	mObj.id="ctxtmenu"
	mObj.style.visibility="hidden"
	var s=mObj.style
	s.position="absolute"
	s.cursor="default"
	s.width="120px"
	SetCMBorder(mObj,"menu","black")
	var iObj=CreateItem( mObj )
	SetCMBorder( iObj, "threedhighlight","threedshadow" )
	iObj.style.padding=2
	CreateMenuItem( iObj,sNext,M_GoNextSld,M_True )
	CreateMenuItem( iObj,sPrev,M_GoPrevSld,M_HasPrevSld )
	CreateSeparator( iObj )
	CreateMenuItem( iObj,sEnd,M_End,M_True )
	mObj.style.visibility="visible"
}
function Cancel() { window.event.cancelBubble=true; window.event.returnValue=false }
function Highlight() { ChangeClr("activecaption","threedhighlight") }
function Deselect() { ChangeClr("threedface","menutext") }
function Perform()
{
	e=PPTSld.event.srcElement
	if( e.type=="menuitem" && e.IsActive() )
		e.Action()
	else
		PPTSld.event.cancelBubble=true
}
function ChangeClr( bg,clr )
{
	e=PPTSld.event.srcElement
	if( e.type=="menuitem" && e.IsActive() ) {
		e.style.backgroundColor=bg
		e.style.color=clr
	}
}
function M_HasPrevSld() { return( parent.HasPrevSld() ) }
function M_GoNextSld() { if( gIsEndShow ) M_End(); else GoToNextSld() }
function M_GoPrevSld() { if( gIsEndShow ) { history.back(); PPTSld.event.cancelBubble=true; } else GoToPrevSld() }
function M_True() { return true }
function M_End() { window.close( self ) }
function CreateMenuItem( node,text,action,eval )
{
	var e=CreateItem( node )
	e.type="menuitem"
	e.Action=action
	e.IsActive=eval
	e.innerHTML=text
	if( !e.IsActive() )
		e.style.color="threedshadow"
	e.onclick=Perform
	e.onmouseover=Highlight
	e.onmouseout=Deselect
	s=e.style;
	s.fontFamily=sFont
	s.fontSize="9pt"
	s.paddingLeft=2
}
function CreateSeparator( node )
{
	var sObj=CreateItem( node )
	SetCMBorder(sObj,"menu","menu")
	var s=sObj.style
	s.borderTopColor="threedshadow"
	s.borderBottomColor="threedhighlight"
	s.height=1
	s.fontSize="0px"
}
function CreateItem( node )
{
	var elem=PPTSld.document.createElement("DIV")
	node.insertBefore( elem )
	return elem
}
function SetCMBorder( o,ltClr,rbClr )
{
	var s=o.style
	s.backgroundColor="menu"
	s.borderStyle="solid"
	s.borderWidth=1
	s.borderColor=ltClr+" "+rbClr+" "+rbClr+" "+ltClr
}
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 •How is
 energy transported in the Sun?

 •What
 are sunspots?

 •What is
 the solar neutrino problem?

 

 The Sun
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 Reminder of the Sun’s Structure
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 Radius
 increasing outward, temperature decreasing

 Photons
 “diffuse” outward, trying to distribute themselves evenly

 Energy Transport: Radiative Diffusion
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 is heated

 Gas
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 Gas releases its energy,
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 increases,

 temperature

 decreases

 

 Moving outward:  T drops,
 ionization decreases, H- forms Þ continuum opacity

 Photosphere

 Energy Transport: Convection
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 Which of these processes is
 convection?

 

 A) The gas motions that cause
 astronomical seeing
 and mirages
 B) A fan blowing air

 C) The smell of a chocolate dessert
 wafting through
 your kitchen

 Concept Question: Convection
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 Which of these processes is
 convection?

 

 A) The gas motions that cause astronomical seeing and mirages
 B) A fan blowing air

 C) The smell of a chocolate dessert
 wafting through
 your kitchen

 Concept Question: Convection
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 •Mathematical
 models (e.g.,
 gravitational equilibrium, nuclear physics) with observational constraints (e.g., mass, composition, energy generation rate)
 •Helioseismology (sunquakes):

 

 
  
  
   
   
   
   
   
   
   
   
   
   
   
   
  
  
  
 
  
 
  
  
  
 
 Fig. 15.09

 
  
 
  
  
  
 
 Fig. 15.10b

 
  
  
  
  
 How do we know so much about the interior of the Sun?
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 Fig.
 15.15a

 Sunspots: Magnetic Storms








courses/astr_1120/ppt_lectures/The_Sun_II_files/slide0034_image027.jpg





courses/astr_1120/ppt_lectures/The_Sun_II_files/slide0034_image028.jpg





courses/astr_1120/ppt_lectures/The_Sun_II_files/slide0035.htm




 
  
  
 
  
  
  
 
  
  
 
 Charged
 particles (electrons) orbit magnetic field lines
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 Small test magnet, like in a compass

 “Lines of force”, like rubber bands, indicate the alignment and
 strength of the
 magnetic field

 e-

 Plasma and field lines are tied together

 Sunspots: Magnetic Fields








courses/astr_1120/ppt_lectures/The_Sun_II_files/slide0035_image029.gif





courses/astr_1120/ppt_lectures/The_Sun_II_files/slide0035_image030.gif





courses/astr_1120/ppt_lectures/The_Sun_II_files/slide0036.htm




 
  
  
 
  
  
  
 
 The Sun has a magnetic field and rotates differentially: 
 a 27 day
 period at the equator and longer at the poles.

 
  
  
   
   
   
   
   
   
   
   
   
   
   
   
  
  
  
 
  
 
  
  
  
 
  
  
  
 
  
  
  
  
 Fig. 15.22

 Sunspots: Differential Rotation
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 Fig.
 15.17a&b

 
  
  
   
   
   
   
   
   
   
   
   
   
   
   
  
  
  
 
  
 
  
  
  
 
 Sunspots appear dark because they are cooler than their surroundings

 
  
 
  
  
  
  
 Sunspots: Temperature
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 Fig. 15.14b

 We can see the convection! 
 The granules are ~1000 km across.

 Energy Transport: Convection
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 If a sunspot were transplanted to the Earth’s surface, from space it would appear

 

 A)dark
 and invisible on the night side.

 B)
 bright and would stand out against the surroundings.

 

 Concept Question: Sunspots








courses/astr_1120/ppt_lectures/The_Sun_II_files/slide0042.htm




 
  
  
 
  
  
  
 
  
  
  
 
  
  
  
  
 
 

 

 

 

 If a sunspot were transplanted to the Earth’s surface, from space it would appear

 

 A)dark
 and invisible on the night side.

 B) bright and would stand out against the surroundings.

 

 Sunspots are ~4,500 K, whereas the Earths’s surface is ~300 K.

 

 Concept Question: Sunspots
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 The number of sunspots cycles with a period of 11 years, and the magnetic polarity of the Sun flips
 every 22 years, yielding a total period of 22 years for the cycle.

 In the latter 1600’s, there was a minimum in sunspot number, the Maunder minimum.

 The Sunspot Cycle
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 Coronal mass ejections occur, especially during sunspot maximum, ejecting charges particles into
 space.  These cause auroras.

 
  
  
   
   
   
   
   
   
   
   
   
   
   
   
  
  
  
 
  
 
  
  
  
  
 Auroras
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 Key to new particles:

 n = neutrino

 g = gamma ray

 e+ = positron

 

 c.f. Fig.
 15.7
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 Solar Neutrinos from the PP Chain
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 The detection of solar neutrinos is direct evidence for nuclear reactions in the Sun.

 •Neutrinos
 don’t easily interact with matter:  it takes a light year of lead to stop a
 typical neutrino•Neutrino experiments have detected
 neutrinos (such as
 using Cl + n ® Ar) 
 
 •Detection rate is only ~1/3 of what it should be

 •

 ÞEither our “standard solar model” is incomplete, or neutrinos can change form (neutrino oscillations)

 Detection of Solar Neutrinos
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 Do as many solar neutrinos pass through your body at night as during the day?

 

 A)Yes

 B)No

 

 Concept Question: Solar Neutrinos
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 Which energy transport mechanism leads to the granulation of the solar surface?

 

 A)Radiative
 Diffusion

 B)Convection

 

 Quiz Question 1: Solar Granules
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 Which of the following is the correct ordering of layers of the Sun moving from the center to the
 outside?
 

 A) corona, radiative zone, core,
 convective zone

 B) convective zone, radiative zone,
 corona, photosphere
 C) core, radiative zone, photosphere,
 corona

 D) convective zone, radiative zone,
 corona, photosphere

 Quiz Question 2: Solar Structure
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 Which energy transport mechanism leads to the granulation of the solar surface?

 

 A)Radiative
 Diffusion

 B)Convection

 

 Quiz Question 1: Solar Granules
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 Which of the following is the correct ordering of layers of the Sun moving from the center to the
 outside?
 

 A) corona, radiative zone, core,
 convective zone

 B) convective zone, radiative zone,
 corona, photosphere
 C) core, radiative zone, photosphere,
 corona

 D) convective zone, radiative zone,
 corona, photosphere

 Quiz Question 2: Solar Structure
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 Do as many solar neutrinos pass through your body at night as during the day?

 

 A)Yes

 B)No

 

 Concept Question: Solar Neutrinos
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Which galaxy is not a companion of 
the Milky Way?



A)Large Magellanic Cloud
B)Small Magellanic Cloud
C)Triangulum



Quiz Question 1











Which galaxy is not a companion of 
the Milky Way?



A)Large Magellanic Cloud
B)Small Magellanic Cloud
C)Triangulum



Quiz Question 1
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A. B.



C. D.



Which rotation curve best describes the disk of the Milky Way?



Quiz Question 2
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A. B.



C. D.



Which rotation curve best describes the disk of the Milky Way?



Quiz Question 2











•How are galaxies classified?
•How are the distances to galaxies 
measured?
•Can we estimate the age of the 
Universe?!!



Questions About Galaxies











What is the significance of this classification?  It’s not clear.



Hubble’s Classification Scheme



Elliptical Spiral



Bulge-to-disk ratio decreases
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Galaxy Classification











Not all galaxies fit neatly into the classification scheme.



Tidal Tail



Polar Ring



Dwarf Elliptical



The SMC—Irregular 



Galaxy Classification











Distances to Nearby Galaxies
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•Cepheids are Standard 
Candles
•Cepheid variables are 
bright and observable out 
to several Mpc
•Cepheids are periodic 
variable stars
•Characteristic timescales 
are days to months
•More luminous Cepheids
have longer periods



The Cepheid P-L Relation











How do the masses of Cepheid variable stars 
compare to the Sun?



A.Cepheids are less massive than theSun
B.Cepheids are about as massive as the Sun
C.Cepheids are more massive than the Sun



Concept Question: Cepheids











How do the masses of Cepheid variable stars 
compare to the Sun?



A.Cepheids are less massive than theSun
B.Cepheids are about as massive as the Sun
C.Cepheids are more massive than the Sun



Remember:  L ∝ M3



Concept Question: Cepheids











Hubble’s Law



v (km s-1) = H0 (km s-1 Mpc-1) × d (Mpc)



H0 = 70±5 km s-1 Mpc-1



(The uncertainty in H0 is due to statistical and 
random measurement error.)



So, if we can measure the recessional velocity, we 
can solve for the distance to a galaxy: 



d = v/H0



The Expansion of the Universe











Redshift



Fig. 20-15



Redshift is denoted by z



z = (λobserved-λrest)/λrest



And for nearby galaxies:



v (km s-1) = c (km s-1) × z



So, with c = 3×108 m s-1,



the distance can be 
derived:



d = cz/H0



Rest frame



Observed frame



The Expansion of the Universe











Which is the observed quantity for a galaxy?



d = cz/H0



A)d, the distance
B)c, the speed of light
C)z, the redshift
D)H0, the Hubble constant



Concept Question











Which is the observed quantity for a galaxy?



d = cz/H0



A)d, the distance
B)c, the speed of light
C)z, the redshift
D)H0, the Hubble constant



Concept Question
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Study these two in your book



These techniques are not perfect, and they build on each 
other to some extent, but they are some of the tools (there 
are more) available to us to measure distances to galaxies.



The Cosmic Distance Ladder











v = H0 × d



Notice that the units of the Hubble constant are inverse time:



H0 = 70 km s-1 Mpc-1.



Notice the similarity of these two equations:



d = v × t



d = v × H0
-1



⇒ t = H0
-1 = 14 billion years!



(Note that this assumes a constant expansion rate…)



A First Estimate of the Age of the Universe
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• What happens to space-time 
near a black hole?



• Why are black holes black?
• What observational evidence 



do we have for black holes?



Black Hole Questions











Few 
Solar
Masses



>106



Solar 
Masses



Core-collapse supernovae:  for 
M > 3Msolar neutron degeneracy 
pressure cannot support a star 
against gravity



Supermassive black holes that 
form in the centers of galaxies 
as they form



Black Holes: Formation











Newton (1687)



F = GM1M2/R2



Einstein



Special Relativity (1905) 
-Relates space and time in a 4-dimensional 
spacetime (nothing can move faster than the speed 
of light)



General Relativity (1915)
-Gravity is the curvature of space by mass
⇒Even light is bent by gravity!



What if M1=0?



A New Theory of Gravity











Spacetime around the Sun       Spacetime around a 1Msolar
white dwarf



Fi
g.



 S
3-



15
A



Fi
g.



 S
3-



15
B



Spacetime
around the 
Sun 
compressed 
to a black 
hole



The Curvature of Space











What would happen to the Earth’s orbit if the 
Sun were replaced with a 1 Msolar black 
hole?



A)The Earth would spiral into the black hole.
B)Nothing
C)The Earth would escape from the solar 



system.



Concept Question











What would happen to the Earth’s orbit if the 
Sun were replaced with a 1 Msolar black 
hole?



A)The Earth would spiral into the black hole.
B)Nothing
C)The Earth would escape from the solar 



system.



Concept Question











Viewgraph



The Event Horizon











Are black holes sucking everything into 
the Universe into them?—No talking 
to neighbors on this one.



A)Yes
B)No



Concept Question











Are black holes sucking everything into 
the Universe into them?—No talking 
to neighbors on this one.



A)Yes
B)No!—This is a popular 



misconception



Concept Question











Fig. 18.12



Fig. 18.13



Time slows down
There are strong 



gravitational gradients



Strange Things that Happen 
Near the Event Horizon











Cygnus X-1
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•Discovered in the 1970s by UHURU
•2 kpc distant
•Companion 8.5 ≤ M ≤ 20 Msolar, Black hole 3.3 ≤ M ≤ 5.5 Msolar
•Variable X-ray emission (radius ≤ 300 km)



Observational Evidence for 
Solar-Mass-Scale Black Holes
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• Write down short answers to the 
questions posed at the beginning of the 
lectures



• Write down answers to the Concept and 
Quiz questions



Study Suggestions











Fig. 6.12



There are two kinds of spectra: continuous and line.
Blackbodies have continuous spectra, characteristic of only 
their temperatures.



Fig. 6.131 nm = 10-9 m, 1 Angstrom = 10-10 m



Red



Blue



Yellow



Blackbodies











Fig. 
6.14



Understand this figure!
Spectral Formation











Temperatures
•Core 15x106 K
•Photosphere 5800 K
•Corona 106 K



Densities
•Surface <0.01 g cm-3



•Core >100 g cm-3



•Mean 1.4 g cm-3



The Structure of the Sun











Fig. 16.10



The Hertzprung-Russell Diagram











Fig. 19.02



How does the 
heavy element 
abundance 
change with 
time?



The Star-Gas-Star Cycle











•Total mass 7x1011 Msolar
•Stellar mass 2x1011 Msolar
•Gas mass 5x1010 Msolar
•>12 billion years old



Fig. 19.01a



Fig. 19.01b



The Milky Way’s Structure











Fig. 23-02



Eras of 
the 



Universe
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Imagine three identical stars (meaning that they have the 
same intrinsic luminosity).  The apparent magnitudes of 
the stars are given below; which star is the most distant?



A)m=8
B)m=10
C)m=12



Quiz Question: Magnitudes











Imagine three identical stars (meaning that they have the 
same intrinsic luminosity).  The apparent magnitudes of 
the stars are given below; which star is the most distant?



A)m=8
B)m=10
C)m=12



Star C has the largest apparent magnitude, hence it is 
the most distant.



Quiz Question: Magnitudes











The absolute magnitude of a star is its 
luminosity.  



The apparent magnitude of a star is its 
perceived brightness.



Brightnesses, Luminosities, & 
Magnitudes











•How do astronomers measure the 
distances to nearby stars?
•How do we get stellar masses from binary 
stars?
•How do we classify stars?



Questions











Fig. 16.3



Using the motion of the Earth to measure distances to stars



Recall:  1" = (1/60) of 1'
1' = (1/60) of 1°



Distance (parallax 
seconds) = 1/parallax(")



1 parallax second 
= 1 parsec 
= 3.26 light years 
= 3.1x1016 m



d(pc) = 1/p(")



Stellar Parallax:  Measuring the 
Distances to Nearby Stars











The closest star to the Sun



Sun Proxima CentauriEarth



Golf
Ball



Grain 
of 



Sand



Golf
Ball



1m 270km



Proxima Centauri is a little closer to the Sun than the 
average separation between stars in the Milky Way.



Case Study: Proxima Centauri











d(pc) = 1/p(“)



What is the distance, in parsecs, to Proxima Centauri, given 
that it’s parallax angle is 0.76“?



A)0.76 pc
B)1.3 pc



Concept Question: Proxima
Centauri Parallax











d(pc) = 1/p(“)



What is the distance, in parsecs, to Proxima Centauri, given 
that it’s parallax angle is 0.76“?



A)0.76 pc
B)1.3 pc



d(pc) = 1/0.76“ = 1.3 pc



Concept Question: Proxima
Centauri Parallax











Although you cannot see it, stars are moving in all 3 dimensions.



α Cen22 km/s



-20 km/s
(blueshift)



30 km/s 
net motion



Sun



Stellar Motions:  α Centauri











Astronomers use the relative motion of stars in binary systems, 
along with Kepler’s laws, to measure the masses of stars.  



(Approximately half of all stars are in binary systems.)
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Rest
positions



Determining Stellar Masses: Binary Stars











Rest
positions



Which star is more massive?
A)A
B)B



Concept Question:   Binary Stars Masses











Rest
positions



Which star is more massive?
A)A—Star A has a slower orbital velocity
B)B



Concept Question:   Binary Stars Masses











Stars are classified based on their spectra, which are 
determined by their temperatures.



Fig. 16.04



1. Stars are like 
blackbodies:  
color ⇒
temperature



2. Spectra 
absorption 
features allow a 
finer 
classification



Stellar Classification











Study this table
Stellar Classification: Spectral Sequence











Study this table



Oh
Be
A
Fine
Girl
Kiss
Me



Stellar Classification: Spectral Sequence











Fig. 16.10



The Hertzprung-Russell Diagram
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In which type of binary star system is the plane of the orbit 
in our line of sight?



A)Visual binary
B)Eclipsing binary
C)Spectroscopic binary



Quiz Question:  Binary Stars











In which type of binary star system is the plane of the orbit 
in our line of sight?



A)Visual binary—we can see each star distinctly
B)Eclipsing binary—plane of orbit in our line of sight
C)Spectroscopic binary—Doppler shift evident in the 



spectral lines



Quiz Question:  Binary Stars











•What determines the main-
sequence lifetime of a star?
•What are star clusters and how do 
we determine their ages?
•How will the Sun evolve?



Questions—Stellar Evolution











Fig. 16.10



Types of Stars
•Main 
sequence
•Giants
•Supergiants
•White dwarfs



Stellar radii



The Hertzprung-Russell Diagram











Fig. 16.11
Stellar lifetimes are 
determined by stellar 
masses:



Empirically luminosity is 
proportional to mass 
cubed:  L∝M3



Lifetime = (Amount of 
fuel)/(Rate of burning)



Algebraically
τ = M/L
= M/M3



⇒ τ = M-2



Stellar Lifetimes











Lifetime = Mass-2



τ = M-2



The main sequence lifetime of the Sun is going to be 1010



(10 billion) years (yikes, we’re half way there!).  What is 
the main sequence lifetime of a 10 solar mass star?



A)108 years
B)1010 years
C)1012 years



Concept Question: Stellar Lifetimes











Lifetime ∝ Mass-2



τ ∝ M-2



The main sequence lifetime of the Sun is going to be 1010



(10 billion) years (yikes, we’re half way there!).  What is 
the main sequence lifetime of a 10 solar mass star (“star 
x”)?



A)108 years
B)1010 years
C)1012 years



τ∝ M-2



τ(sun) ∝ M-2(sun)
τ(x) ∝ M-2(x)



τ(x)/τ(sun) = M-2(x)/M-2(sun)
τ(x)/τ(sun) = [M(sun)/M(x)]2
τ(x)/τ(sun) = [1/10]2 = 0.01
τ(x) = 0.01τ(sun) = 108 years



Concept Question: Stellar Lifetimes











There are two types of star clusters:  open clusters, which 
are small (<1000 stars), young, and unbound, and globular 
clusters, which are large (up to 106 stars), old, and bound.



The Pleiades (108 years old)
Fig. 16.14 M80 (>1.2x1010 years old)



Fig. 16.15



Star Clusters











We measure the ages of clusters from their main sequence 
turnoff points.



Fig. 16.17



Star Cluster Ages











•Over time, the H in the 
core of the Sun is 
converted into He.
•The core becomes 
denser, enhancing 
gravity and hence the 
pressure & temperature.
•Eventually, all the H in 
the core is used up 
(converting ~30% of it’s 
mass to He).
•The Sun will then turn 
off the main sequence 
and become a subgiant.



Fig. 17.9



Turning Off the MS:  The Sun











As the Sun ages on the main sequence, which will it become?



A)Less luminous
B) It will stay the same luminosity
C)More luminous



Concept Question











As the Sun ages on the main sequence, which will it 
become?



A)Less luminous
B) It will stay the same luminosity
C)More luminous—density, pressure, and temperature in 



the core increase, increasing the rate of fusion



Concept Question











Fig. 17.10



•The Sun will 
expand
•The 
photosphere 
will be cooler



⇒The Sun will 
be on it’s way 
to becoming a 
red giant



Turning Off the MS:  The Sun











Main Sequence
•H→He in core
•Duration 1010 years
•Luminosity doubles over lifetime



The Post Main-Sequence Evolution of 
the Sun











Main Sequence
•H→He in core
•Duration 1010 years
•Luminosity doubles over lifetime



Red Giant 
•He core contracts→rapid H fusion in shell
•Star expands to 100 Rsolar (Mercury’s 
orbit!)
•He core degenerate
•Duration 108 years



The Post Main-Sequence Evolution of 
the Sun











Main Sequence
•H→He in core
•Duration 1010 years
•Luminosity doubles over lifetime



Red Giant 
•He core contracts→rapid H fusion in shell
•Star expands to 100 Rsolar (Mercury’s 
orbit!)
•He core degenerate
•Duration 108 years



He Core Burning 
•“He flash” when core reaches 108 K
•3 x 4He → 12C + energy; strong wind
•Duration 5x107 years



The Post Main-Sequence Evolution of 
the Sun











Double Shell Burning Red Giant
•C core, He burning inner shell, H burning 
outer shell
•Degenerate core very dense: 1 cm3 has 
1000 kg mass!
•Small amount of oxygen created



The Post Main-Sequence Evolution of 
the Sun











Double Shell Burning Red Giant
•C core, He burning inner shell, H burning 
outer shell
•Degenerate core very dense: 1 cm3 has 
1000 kg mass!
•Small amount of oxygen created



Unstable Fusion in Shells
•Envelope blown off creating a planetary 
nebula, leaving a white dwarf behind



The Post Main-Sequence Evolution of 
the Sun











Fig. 17.13



The Post Main-Sequence Evolution of 
the Sun on the H-R Diagram











Fig. 17.14a



Planetary Nebulae
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Evolution of The Sun’s Luminosity
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Evolution of the Sun’s Radius
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When it becomes a red giant, how luminous will the Sun be?



A)0.001 Lsolar
B)1 Lsolar
C)1000 Lsolar



Quiz Question:  Red Giants











When it becomes a red giant, how luminous will the Sun be?



A)0.001 Lsolar
B)1 Lsolar
C)1000 Lsolar



Quiz Question:  Red Giants











• Where do the heavy elements lighter than 
Fe come from?



• How do high mass stars evolve differently 
from low mass stars?



Stellar Evolution Questions
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In high mass (>8 Msolar) stars, H is converted into 4He 
through the CNO cycle, in which C is a catalyst.



H Fusion in High Mass Stars:  The 
CNO Cycle
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He capture occurs in 
high mass stars in 
the latter stages of 
evolution, creating 
elements up to Fe in 
the periodic table.



This can happen only 
in high mass stars 
because the electric 
repulsion is strong for 
highly charged 
nuclei.



Fusion in the Late Stages of 
High Mass Stars:  4He Capture











Why doesn’t the CNO cycle fuse H into He in the 
Sun, instead of the Proton-Proton chain?



A)Because there is no C in the Sun.
B)Because the electric repulsion between C and 
H is too great for the atoms in the Sun to 
overcome because its core is too cool.
C)Because the electric repulsion betwee C and H 
is too great for the atoms in the Sun to overcome 
because its core is too hot.



Concept Question











Why doesn’t the CNO cycle fuse H into He in the 
Sun, instead of the Proton-Proton chain?



A)Because there is no C in the Sun.
B)Because the electric repulsion between C 
and H is too great for the atoms in the Sun to 
overcome because its core is too cool.
C)Because the electric repulsion betwee C and H 
is too great for the atoms in the Sun to overcome 
because its core is too hot.



Concept Question
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High mass stars have consecutive shells of fusion in the last 
stages of their lives—although not as clearly delineated as in the 
diagram.  Essentially all elements in the Universe heavier then He 
were made in post main-sequence evolution of high mass stars.



Fusion in the Late Stages of High Mass Stars
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•High mass stars 
move horizontally 
across the H-R 
diagram during 
their evolution, 
always maintaining 
high luminosities.
•High mass stars 
evolve much more 
quickly than low 
mass stars.



Evolution on the H-R Diagram for 
High Mass Stars











In which state does the ball have less energy?



Ground floor of Duane



Second floor of Duane



A)State A
B)State B



State A



State B



Concept Question—
Preparation for Why Fusion 



Stops at Fe











In which state does the ball have less energy?



Ground floor of Duane



Second floor of Duane



A)State A
B)State B



State A



State B



Concept Question—Preparation 
for Why Fusion Stops at Fe











Nature tends toward the lowest energy state.



E
ne



rg
y



Position



Assuming that there is 
some friction so that the 
ball does not oscillate, the 
ball will go to the lowest 
energy state.



Why Fusion Stops at Fe
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Fe is the most 
stable 
element.  
Energy cannot 
be liberated 
from Fe nuclei 
by fusion, so it 
is a stopping 
point in heavy 
element 
formation in 
stars.



E=mc2; Fe has the 
lowest energy per 
nuclear particle 



Why Fusion Stops at Fe











Fig. 17.22



The Cosmic Abundance of Elements











Fig. 17.25
High Mass Stars Low Mass Stars



The Big Picture of Stellar Evolution
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•What was Cosmic Inflation, and  
how does it solve the Horizon 
and Flatness problems?
•What were the major epochs of 
the Universe?



The Early Universe











•The cosmic horizon is the 
maximum distance that we can 
observe (the maximum distance 
that light can have traveled to us 
over the age of the Universe).
•We are causally connected to 
regions within our cosmic 
horizon.



The Cosmic Horizon











The Cosmic Horizon



Does our cosmic horizon grow with time, 
shrink with time, or stay the same size?



A)It grows
B)It stays the same
C)It shrinks



Concept Question











The Cosmic Horizon



Does our cosmic horizon grow with time, 
shrink with time, or stay the same size?



A)It grows
B)It stays the same
C)It shrinks



Concept Question











The Flatness and Horizon Problems



The 
Horizon 
Problem



The 
Flatness 
Problem



How can causally 
disconnected regions be in 
equilibrium?



Why is the Universe flat?
Ω = 1.00 ± 0.05



Two Problems with the Big Bang











Regions A and B are not in causal contact
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13A’s cosmological 
horizon



The Horizon Problem
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Cosmic Inflation and the Flatness Problem



Cosmic Inflation:  A rapid period (10-36 s) of 
expansion in size (x1030) when the strong 
force “separated out”.



No matter how highly 
curved the Universe 
was before Inflation, it 
was flat after Inflation.



Inflation to the Rescue!











If causally disconnected regions are now 
essentially identical, what must that 
mean about their past?



A)The must have been causally 
connected in the past.



B)They are communicating through 
hyperspace with faster-than-light 
particles.



Question











If causally disconnected regions are now 
essentially identical, what must that 
mean about their past?



A)The must have been causally 
connected in the past.



B)They are communicating through 
hyperspace with faster-than-light 
particles.



Question
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Cosmic Inflation and the Horizon Problem



The entire observable universe was in causal 
contact before Inflation.



Regions A & B 
were in 
equilibrium 
before Inflation, 
then evolved 
independently, 
but identically, 
after Inflation.



1030



expansion
A & B in 
equilibrium



Inflation to the Rescue!
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Particle



Era
Electroweak



Era
GUT
Era



Planck
Era



Inflation



A force “separating out” is like 
a phase transition for the 
whole Universe.



QM GR



10-43 s10-35 s10-10 s10-3 s



The First Millisecond











Fig. 23-02



Eras of 
the 



Universe
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Which factor(s) probably contribute to whether a galaxy will 
become a spiral galaxy or an elliptical galaxy when it 
forms?



A) The amount of angular momentum that the protogalactic
cloud has



B) The density of the environment and protogalactic cloud
C) The collision of galaxies to form larger galaxies
D) All of the above



Quiz Question 1











Which factor(s) probably contribute to whether a galaxy will 
become a spiral galaxy or an elliptical galaxy when it 
forms?



A) The amount of angular momentum that the protogalactic
cloud has



B) The density of the environment and protogalactic cloud
C) The collision of galaxies to form larger galaxies
D) All of the above



Quiz Question 1











What fraction of modern-day galaxies have AGN?



A) <2%
B) ~50%
C) 100%



Quiz Question 2











What fraction of modern-day galaxies have AGN?



A) <2%
B) ~50%
C) 100%



Quiz Question 2











•What determines whether a galaxy 
will become a spiral galaxy or an 
elliptical galaxy?
•What are characteristics of Active 
Galactic Nuclei?
•How do active galactic nuclei 
generate their tremendous energy?



Galaxy Formation &
Active Galactic Nuclei











Active Galactic Nuclei



•<2% of modern day galaxies
•Probably a phase of galaxy formation that most (all?) 
galaxies go through 
•Luminosities up to 1000× the Milky Way (which is 
2×1010 Lsolar)
•Non-stellar radio, X-ray, and infrared emission
•Compact (<<1 pc), with high gas velocities (up to 
0.1c)
•Radio jets at nearly the speed of light
•Quasars (Quasi-stellar objects)—at high redshifts:  
first one discovered in 1960s by Maarten Schmidt at 
z=0.17



Properties of AGN











Viewgraph of 3C273



Quasars











Fig. 21.20



Radio lobes and jets in an elliptical galaxy



Stars form the 
elliptical galaxy



X-ray emission



Cygnus A- A Radio Galaxy











Fig. 21.18STARS & AGN



The luminosity contribution from the stars is dwarfed by the AGN



AGN



Spectra of AGN











Viewgraph



The Model for AGN
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One example of a rotating disk



•Two circles 
each 60 ly
from center
•Orbital speed 
of 800 km/s
•2-3×106Msolar
black hole



M87











If there is a 2.6x106 Msolar black hole in the center 
of the Milky Way, why don’t we see highly 
luminous X-ray and radio emission from it?



A)We can’t see the X-rays and radio emission 
because we have to look through the plane of the 
Galaxy, which absorbs X-rays and radio waves.



B)At 2.6x106 solar masses, the black hole is too 
small to make an active galactic nucleus.



C)Black holes cannot be as massive as 2.6x106



Msolar.
D)No material is accreting into the black hole.



Concept Question











If there is a 2.6x106 Msolar black hole in the center 
of the Milky Way, why don’t we see highly 
luminous X-ray and radio emission from it?



A)We can’t see the X-rays and radio emission 
because we have to look through the plane of the 
Galaxy, which absorbs X-rays and radio waves.



B)At 2.6x106 solar masses, the black hole is too 
small to make an active galactic nucleus.



C)Black holes cannot be as massive as 2.6x106



Msolar.
D)No material is accreting into the black hole.



Concept Question
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Announcements
•Exam 1 Results—average 77%











Grades Histogram











The Sun



• How is energy transported in the 
Sun?



• What are sunspots?
• What is the solar neutrino 



problem?











Reminder of the Sun’s Structure











Energy Transport: Radiative Diffusion



Hot
Core



proton
electron



Energy
in



Energy
out



Convection
Zone



Radius increasing outward, temperature decreasing



Photons “diffuse” outward, trying to distribute themselves evenly











Energy Transport:  Convection



Radiative Zone



Gas is heated



Gas rises & cools



Gas releases its energy,
cools & drops Radius



increases,
temperature
decreases



Moving outward:  T drops, ionization decreases, H- forms 
⇒ continuum opacity



Photosphere











Energy Transport:  Convection



Fig. 15.14b



We can see the convection!  The granules are ~1000 km 
across.











Solar convection movie











Concept Question:  Convection



Which of these processes is convection?



A) The gas motions that cause astronomical 
seeing and mirages
B) A fan blowing air
C) The smell of a chocolate dessert wafting 
through your kitchen











Concept Question:  Convection



Which of these processes is convection?



A) The gas motions that cause 
astronomical seeing and mirages
B) A fan blowing air
C) The smell of a chocolate dessert wafting 
through your kitchen











Quiz Question 1: Solar Granules



Which energy transport mechanism leads to the 
granulation of the solar surface?



A)Radiative Diffusion
B)Convection











Quiz Question 1: Solar Granules



Which energy transport mechanism leads to the 
granulation of the solar surface?



A)Radiative Diffusion
B)Convection











Quiz Question 2: Solar Structure 
Which of the following is the correct ordering of layers 
of the Sun moving from the center to the outside?



A) corona, radiative zone, core, convective zone
B) convective zone, radiative zone, corona, 
photosphere
C) core, radiative zone, photosphere, corona
D) convective zone, radiative zone, corona, 
photosphere











Quiz Question 2: Solar Structure 
Which of the following is the correct ordering of layers 
of the Sun moving from the center to the outside?



A) corona, radiative zone, core, convective zone
B) convective zone, radiative zone, corona, 
photosphere
C) core, radiative zone, photosphere, corona
D) convective zone, radiative zone, corona, 
photosphere











How do we know so much about the 
interior of the Sun?
•Mathematical models (e.g., gravitational equilibrium, 
nuclear physics) with observational constraints (e.g., mass, 
composition, energy generation rate)
•Helioseismology (sunquakes):



Fig. 15.09 Fi
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Sunspots:  Magnetic Storms



Fig. 15.15a











Sunspots:  Magnetic Fields
Charged particles (electrons) orbit magnetic field lines



N



S



S



N



Small test 
magnet, like 
in a compass



“Lines of force”, like rubber bands, indicate the alignment and 
strength of the magnetic field



e-



Plasma and 
field lines 
are tied 
together











Sunspots:  Differential Rotation
The Sun has a magnetic field and rotates differentially:  a 27 
day period at the equator and longer at the poles.



Fig. 15.22











1st SOHO Movie











Sunspots:  Temperature



Fig. 15.17a&b



Sunspots appear dark because they are cooler than their 
surroundings











Concept Question:  Sunspots
If a sunspot were transplanted to the Earth’s surface, from 



space it would appear



A)dark and invisible on the night side.
B) bright and would stand out against the surroundings.











Concept Question:  Sunspots
If a sunspot were transplanted to the Earth’s surface, from 



space it would appear



A)dark and invisible on the night side.
B) bright and would stand out against the 



surroundings.



Sunspots are ~4,500 K, whereas the Earths’s surface 
is ~300 K.











The Sunspot Cycle
The number of sunspots cycles with a period of 11 years, and 
the magnetic polarity of the Sun flips every 22 years, yielding a 
total period of 22 years for the cycle.



In the latter 
1600’s, there was 
a minimum in 
sunspot number, 
the Maunder 
minimum.











Auroras
Coronal mass ejections occur, especially during sunspot 
maximum, ejecting charges particles into space.  These cause 
auroras.











Solar Neutrinos from the PP Chain
Net Result



Detailed Reaction
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p
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ppnn=4He



Key to new particles:
ν = neutrino
γ = gamma ray
e+ = positron



c.f. Fig. 15.7
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Detection of Solar Neutrinos
The detection of solar neutrinos is direct evidence 
for nuclear reactions in the Sun.



•Neutrinos don’t easily interact with matter:  it 
takes a light year of lead to stop a typical neutrino
•Neutrino experiments have detected neutrinos 
(such as using Cl + ν → Ar)  
•Detection rate is only ~1/3 of what it should be



⇒Either our “standard solar model” is 
incomplete, or neutrinos can change form 
(neutrino oscillations)











Concept Question: Solar Neutrinos



Do as many solar neutrinos pass through your body at 
night as during the day?



A)Yes
B)No











Concept Question: Solar Neutrinos



Do as many solar neutrinos pass through your body at 
night as during the day?



A)Yes
B)No
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Which type of telescopes use grazing incidence optics?



A)X-Ray and Gamma-Ray
B)Optical 
C)Infrared
D)Radio



Quiz Question #1











Which type of telescopes use grazing incidence optics?



A)X-Ray and Gamma-Ray
B)Optical 
C)Infrared
D)Radio



See Section 7.5 – “Telescopes Across the Spectrum”



Quiz Question #1











“Seeing” is the astronomical term for blurring of an 
image by turbulence in the atmosphere.



Seeing transparency



Astronomical Seeing











• What are the basic properties of 
the Sun?



• What is the basic structure of the 
Sun?



• How does the Sun generate 
energy?



The Sun











Know these!



•Mass:  2x1030 kg (300,000x MEarth!)
•Luminosity:  3.8x1026 W
•Radius:  7x108 m (109x REarth!)
•Composition:  70% H, 28% He, 2% heavy 
elements (by mass)
•“Surface” Temperature:  5800 K
•Core Temperature:  15x106 K



Our new standard of measurement



The Sun-Basic Properties











Gravity and pressure balance throughout the Sun.  This 
gravitational equilibrium leads to very high temperatures and 
densities in the Sun’s core, and hence fusion.



c.f. Fig. 15.2



Weight of the overlying 
layers



(-) Pressure gradient



First: Gravitational Equilibrium











How does the pressure at the center of the Earth compare 
to the pressure at the center of the Sun?



A)The pressure in the center of the Sun is greater.
B)The pressure in the center of the Earth is greater.
C)They have equal pressures.



Concept Question











How does the pressure at the center of the Earth compare 
to the pressure at the center of the Sun?



A)The pressure in the center of the Sun is greater.
B)The pressure in the center of the Earth is greater.
C)They have equal pressures.



Concept Question











Temperatures
•Core 15x106 K
•Photosphere 5800 K
•Corona 106 K



Densities
•Surface <0.01 g cm-3



•Core >100 g cm-3



•Mean 1.4 g cm-3



The Structure of the Sun











Fission is the splitting of atomic nuclei into lighter particles, 
fusion is the joining of atomic nuclei into heavier particles.



Fission:  nuclear 
power generation 
on Earth.



Fusion:  nuclear 
power generation 
in the Sun.



High temperatures (speeds) ⇒
positively charged nuclei can 
overcome electric repulsion 
(strong force is stronger than 
electromagnetic force).



Nuclear Reactions: Fission and Fusion











How does the speed of nuclear 
reactions scale with the 
temperature?



A) It increases with temperature.
B) It decreases with temperature.
C)It does not depend on 



temperature.



Concept Question











How does the speed of nuclear 
reactions scale with the 
temperature?



A)It increases with 
temperature.



B) It decreases with 
temperature.



C)It does not depend on 
temperature.



Concept Question











During fission and fusion, the mass of the end products is 
less than the mass of the starting products.



Where did the mass go?  --Into energy



E = mc2



Energy = mass x speed of light squared
Joules = kg x m2 s-2



Where does the Energy Come 
From? E=mc2











How much energy is created?



E = mc2



E = 1 kg x (3x108 m s-1)2



E = 9x1016 J



How long would this power a 100 W (100 J s-1) 
light bulb?



Power = Energy / Time
Time = Energy / Power
t = 9x1016 J / 100 J s-1



t = 9x1014 s ≅ 3x107 years!



Example: Converting 1 kg of 
mass completely into energy











Net Result



Detailed Reaction
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Key to new particles:
ν = neutrino
γ = gamma ray
e+ = positron



c.f. Fig. 15.7
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The Proton-Proton Chain











Use the fact that each cycle of the p-p chain converts 
4.7x10-29 kg of mass into energy, along with the fact that 
the Sun loses a total of about 4.2x109 kg of mass each 
second, to calculate the total number of times the p-p
chain occurs each second in the Sun.



Numerical Example
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• What is the Cosmological Principle & 
what does it imply?



• What does the expansion of the 
Universe imply about the beginning of 
the Universe?



• Will the Universe expand forever?



The Expansion of the Universe











1. The Universe is homogeneous
homogeneous ⇒ the same throughout



2. The Universe is isotropic
isotropic ⇒ the same in every direction



The Cosmological Principle











Vanilla ice cream with chocolate chips is



A)homogeneous.
B)isotropic.



Concept Question











Vanilla ice cream with chocolate chips is



A)homogeneous (only on scales 
much greater than the average 
distance between chips).



B)isotropic.



Concept Question











Tests
1. The Universe is 



homogeneous on 
scales larger than 100 
Mpc (the size of the 
largest superclusters)



2. The Universe is 
isotropic:  galaxy 
surveys, cosmic 
microwave 
background radiation



Fig. 22-14



Large Scale Structure











1. The Universe is homogeneous
2. The Universe is isotropic



Implications
1.The Universe has no edge
2.The Universe has no center



Example:  The 2-d surface of a balloon



The Cosmological Principle











Does the expansion of the Universe imply that 
we are at the center?



v = H0dA)Yes
B)No



Question to Ponder











Does the expansion of the Universe imply that 
we are at the center?



v = H0dA)Yes
B)No!



Balloon Demo



Question to Ponder











1.A denser (hotter) past ⇒ The Big Bang
2.14 billion year age
3.Space itself is expanding (Big Bang Model)
4.We must reinterpret the cosmological 



redshift:
Photons get stretched out 
by the expansion of space!



Balloon Demo



What does the expansion of 
the Universe imply?











Are galaxies, planets, and people 
expanding?



A)Yes
B)No



Concept Question











Are galaxies, planets, and people 
expanding?



A)Yes
B)No—we are bound together by 



gravity and the electromagnetic 
force, respectively



Concept Question











Fig. 22-17



Big Bang



Big Crunch Cold, Sparse Universe



The Possible Fates of the Universe











Fig. 22-18



The Hubble Parameter appears to be increasing!



Expansion rate = slope
= ∆dist/∆time



The Acceleration of the Universe











The energy causing the increasing expansion



We don’t know what it is, except that it is 
apparently an energy associated with 
space itself. 



“Dark Energy”











Critical Density = ρc density required to “close” the 
Universe



ρc = 10-26 kg m-3 (6 hydrogen atoms m-3!)



Ω= ρ/ρc Ω = 1 ⇒ Universe closed



The Content of the Universe











Critical Density = ρc density required to “close” the 
Universe



ρc = 10-26 kg m-3 (6 hydrogen atoms m-3!)



Ω= ρ/ρc Ω = 1 ⇒ Universe closed



ΩBM = 0.04 Baryonic matter



ΩDM = 0.29 Dark matter



ΩΛ = 0.67 Dark energy



The Content of the Universe
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Imagine three identical stars (meaning that they have the 


same intrinsic luminosity).  The apparent magnitudes of 


the stars are given below; which star is the most distant?
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m=10
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Quiz Question: Magnitudes
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function LoadSld()
{
	var sld=GetObj("SlideObj")
	if( !g_supportsPPTHTML ) {
		sld.style.visibility="visible"
		return
	}
	if( MakeNotesVis() ) return
	runAnimations = _InitAnimations();
	if( IsWin("PPTSld") )
		parent.SldUpdated(GetSldId())
	g_origSz=parseInt(SlideObj.style.fontSize)
	g_origH=sld.style.posHeight
	g_origW=sld.style.posWidth
	g_scaleHyperlinks=(document.all.tags("AREA").length>0)
	if( g_scaleHyperlinks )
		InitHLinkArray()
	if( g_scaleInFrame||(IsWin("PPTSld") && parent.IsFullScrMode() ) )
		document.body.scroll="no"
	_RSW()
	if( IsWin("PPTSld") && parent.IsFullScrMode() )
		FullScrInit();
	
	MakeSldVis();
	ChkAutoAdv()

	if( runAnimations )
	{
		if( document.all("NSPlay") )
			document.all("NSPlay").autoStart = false;
		if( sld.filters && sld.filters.revealtrans )
			setTimeout( "document.body.start()", sld.filters.revealtrans.duration * 1000 );
		else
			document.body.start();
	}
}
function MakeSldVis()
{
	var fTrans=g_showAnimation && SldHasTrans()
	if( fTrans )
	{
		if( g_bgSound ) {
			idx=g_bgSound.indexOf(",");
			pptSound.src=g_bgSound.substr( 0, idx );
			pptSound.loop= -(parseInt(g_bgSound.substr(idx+1)));
		}
		SlideObj.filters.revealtrans.Apply()
    }
	SlideObj.style.visibility="visible"
	if( fTrans )
		SlideObj.filters.revealtrans.Play()
}
function MakeNotesVis()
{
	if( !IsNts() ) return false
	SlideObj.style.display="none"
	nObj = document.all.item("NotesObj")
	parent.SetHasNts(0)
	if( nObj ) {
		nObj.style.display=""
		parent.SetHasNts(1)
	}
	return 1
}
function ChkAutoAdv()
{
	if(SldHasTrans())
		SlideObj.onfilterchange=AutoAdv
	else
		AutoAdv()
}
function AutoAdv()
{
	if(!IsWin("PPTSld") || !gUseSldTimings )return
	var sld=GetCurSld()
	if( (sld.mAdvDelay>0) && !parent.IsFramesMode() )
		setTimeout("parent.GoToNextSld()",sld.mAdvDelay)
}
function GetObj(id)
{
	if(g_supportsPPTHTML) return document.all(id);
	else return document.getElementById(id);
}
function SldHasTrans() { return SlideObj.style.getAttribute("filter")!="" }
function GetSldId() { return sId=location.href.substring(location.href.lastIndexOf('/')+1) }
function HideMenu() { if( frames["PPTSld"] && PPTSld.document.all.item("ctxtmenu") && PPTSld.ctxtmenu.style.display!="none" ) { PPTSld.ctxtmenu.style.display='none'; return true } return false }
function IsWin( name ) { return window.name == name }
function IsNts() { return IsWin("PPTNts") }
function IsSldOrNts() { return( IsWin("PPTSld")||IsWin("PPTNts") ) }
function SupportsPPTAnimation() { return( navigator.platform == "Win32" && navigator.appVersion.indexOf("Windows")>0 ) }
function SupportsPPTHTML()
{
	var appVer=navigator.appVersion, msie=appVer.indexOf("MSIE "), ver=0
	if( msie >= 0 )
		ver=parseFloat( appVer.substring( msie+5, appVer.indexOf(";",msie) ) )
	else
		ver=parseInt(appVer)
	return( ver >= 4 && msie >= 0 )
}
function _RSW()
{
	if( !g_supportsPPTHTML || IsNts() ||
	  ( !g_scaleInFrame && (!IsWin("PPTSld") || !parent.IsFullScrMode()) ) )
		return
        var padding=0;
        if( IsWin("PPTSld") && parent.IsFramesMode() ) padding=6
	cltWidth=document.body.clientWidth-padding
	cltHeight=document.body.clientHeight-padding
	factor=(1.0*cltWidth)/g_origW
	if( cltHeight < g_origH*factor )
		factor=(1.0*cltHeight)/g_origH
	newSize = g_origSz * factor
	if( newSize < 1 ) newSize=1
	s=SlideObj.style
	s.fontSize=newSize+"px"
	s.posWidth=g_origW*factor
	s.posHeight=g_origH*factor
	s.posLeft=(cltWidth-s.posWidth+padding)/2
	s.posTop=(cltHeight-s.posHeight+padding)/2
	if( g_scaleHyperlinks )
		ScaleHyperlinks( factor )
}
function _InitAnimations()
{
	animRuntimeInstalled = ''+document.body.localTime != 'undefined';
	isFullScreen = (window.name == "PPTSld") && !parent.IsFramesMode();
	g_animUseRuntime = g_showAnimation && animRuntimeInstalled && !(isFullScreen && parent.IsSldVisited());
	if( g_animUseRuntime ) {
		collSeq = document.all.tags("seq");
		if( collSeq != null ) {
			for(ii=0;ii<collSeq.length;ii++) {
				if( collSeq[ii].getAttribute( "p:nodeType" ) == "mainSeq" ) {
					g_animMainSequence = collSeq[ii];
					break;
				}
			}
		}
		if( g_animItemsToHide ) {
			for(jj = 0; jj < g_animItemsToHide.length; jj++) {
				if( hideObj = GetObj(g_animItemsToHide[jj]) )
					hideObj.runtimeStyle.visibility="hidden";
			}
		}
		if( g_animInteractiveItems ){
			for(jj = 0; jj < g_animInteractiveItems.length; jj++) {
				if( triggerObj = GetObj(g_animInteractiveItems[jj]) )
					triggerObj.runtimeStyle.cursor="hand";
			}
		}
		if( gUseSldTimings && ''+g_animSlideTime != 'undefined' ) {
			adjustedTime = document.body.calculateAutoAdvanceTimes( g_animSlideTime, g_animEffectTimings );
			if( IsWin("PPTSld") && adjustedTime != g_animSlideTime ) {
			   var sld = GetCurSld();
			   sld.mAdvDelay = adjustedTime * 1000;
			}
		}
	}
	return g_animUseRuntime;
}
gSldJump = 0, gSldJumpTrack = 0, gSldJumpIdx = "";
function _KPH()
{
	if( IsNts() ) return;
	if( !parent.IsFramesMode() && event.keyCode == 27 && !HideMenu() )
		parent.window.close( self );
	else if( event.keyCode == 32 ) {
		if( window.name == "PPTSld" )
			parent.PPTSld.DocumentOnClick();
		else
			parent.GoToNextSld();
	}
	CatchNumKeys( parent, event );
}
function CatchNumKeys( win, event ) {
	if( win.IsFullScrMode() && (48<=event.keyCode) && (event.keyCode<=57) ) {
		gSldJump = 1;
		gSldJumpIdx += (event.keyCode-48).toString();
	}
	if( win.IsFullScrMode() && gSldJump && event.keyCode == 13 ) {
		var numSlds = parent.GetSldList().mList.length
		if ( gSldJumpIdx > numSlds )
			gSldJumpIdx = numSlds;
		if ( gSldJumpIdx >= 0 ) {
			if ( gSldJumpIdx == 0 )
				gSldJumpIdx = 1;
			var jumpTo = parseInt(gSldJumpIdx);
			gSldJump = 0; gSldJumpIdx = "";
			win.GoToSld( parent.GetSldList().mList[jumpTo-1].mSldHref )
		}
	}
}
function _KDH()
{
	if( event.keyCode == 8 ) {
		event.returnValue = 0;
		parent.GoToPrevSld();
	}
}
function DocumentOnClick()
{
	if( IsNts() || parent.HideMenu() ) return;
	if( ( g_allowAdvOnClick && !parent.IsFramesMode() ) ||
	    (event && (event.keyCode==32) ) )
		parent.GoToNextSld();
}

var g_supportsPPTHTML = SupportsPPTHTML(), g_scaleInFrame = 1, gId="", g_bgSound="",
    g_scaleHyperlinks = false, g_allowAdvOnClick = 1, g_showInBrowser = 0, gLoopCont = 0, gUseSldTimings = 1;
var g_showAnimation = g_supportsPPTHTML && SupportsPPTAnimation() && ( (window.name=="PPTSld" && !parent.IsFramesMode()) || g_showInBrowser );var g_animManager = null;
var g_animUseRuntime = false;
var g_animItemsToHide, g_animInteractiveItems, g_animSlideTime;
var g_animMainSequence = null;
var ENDSHOW_MESG="End of slide show, click to exit.", SCREEN_MODE="Frames", gIsEndShow=0, NUM_VIS_SLDS=16, SCRIPT_HREF="script.js", FULLSCR_HREF="fullscreen.htm";
var gCurSld = gPrevSld = 1, g_offset = 0, gNtsOpen = gHasNts = gOtlTxtExp = 0, gHasNarration = 0, gOtlOpen = true
window.gPPTHTML=SupportsPPTHTML()
var gMainDoc=new Array(new hrefList("slide0048.htm",1,-1,1),new hrefList("slide0069.htm",1,-1,1),new hrefList("slide0070.htm",1,-1,1),new hrefList("slide0071.htm",1,-1,1),new hrefList("slide0064.htm",1,-1,1),new hrefList("slide0065.htm",1,-1,1),new hrefList("slide0066.htm",1,-1,1),new hrefList("slide0067.htm",1,-1,1),new hrefList("slide0068.htm",1,-1,1),new hrefList("slide0072.htm",1,-1,1),new hrefList("slide0073.htm",1,-1,1),new hrefList("slide0074.htm",1,-1,1),new hrefList("slide0075.htm",1,-1,1),new hrefList("slide0076.htm",1,-1,1),new hrefList("slide0077.htm",1,-1,1),new hrefList("slide0078.htm",1,-1,1));
function FullScrInit()
{
	g_allowAdvOnClick = GetCurSld().mAdvOnClk
	document.body.style.backgroundColor="black"
	document.oncontextmenu=parent._CM;
	document.onkeydown = _KDH;
	document.ondragstart=Cancel
	document.onselectstart=Cancel
	self.focus()
}
function Redirect( frmId )
{
	var str=document.location.hash,idx=str.indexOf('#'), sId=GetSldId()
	if(idx>=0) str=str.substr(1);
	if( window.name != frmId && ( sId != str) ) {
		obj = GetObj("Main-File")
		window.location.href=obj.href+"#"+sId
		return 1
	}
	return 0
}
var MHTMLPrefix = CalculateMHTMLPrefix();
function CalculateMHTMLPrefix()
{
	if ( document.location.protocol == 'mhtml:') {
		href=new String(document.location.href)
		Start=href.indexOf('!')+1
		End=href.lastIndexOf('/')+1
		if (End < Start)
			return href.substring(0, Start)
		else
		return href.substring(0, End)
	}
	return '';
}
function GetTags(base,tag)
{
	if(g_supportsPPTHTML) return base.all.tags(tag);
	else return base.getElementsByTagName(tag);
}
function UpdNtsPane(){ if(frames["PPTNts"]) PPTNts.location.replace( MHTMLPrefix+GetHrefObj( gCurSld ).mNtsHref ) }
function UpdNavPane( sldIndex ){ if(gNavLoaded) PPTNav.UpdNav() }
function UpdOtNavPane(){ if(gOtlNavLoaded) PPTOtlNav.UpdOtlNav() }
function UpdOtlPane(){ if(gOtlLoaded) PPTOtl.UpdOtl() }
function SetHasNts( fVal )
{
	if( gHasNts != fVal ) {
		gHasNts=fVal
		UpdNavPane()
	}
}
function ToggleOtlText()
{
	gOtlTxtExp=!gOtlTxtExp
	UpdOtlPane()
}
function ToggleOtlPane()
{
	frmset=document.all("PPTHorizAdjust")
	frm=document.all("PPTOtl")
	if( gOtlOpen )
		frmset.cols="*,100%"
	else
		frmset.cols="25%,*"
	gOtlOpen=!gOtlOpen
	frm.noResize=!frm.noResize
	UpdOtNavPane()
}
function ToggleNtsPane()
{
	frmset=document.all("PPTVertAdjust")
	frm=document.all("PPTNts")
	if( gNtsOpen )
		frmset.rows="100%,*"
	else
		frmset.rows="*,20%"
	gNtsOpen=!gNtsOpen
	UpdNtsPane()
}
function ClearMedia()
{
	if (PPTSld.pptSound) PPTSld.pptSound.loop = 0;
}
function FullScreen()
{
	if ( PPTSld.g_animUseRuntime )
		PPTSld.document.body.pause();
	ClearMedia();
	var href = ( document.location.protocol == 'mhtml:') ? FULLSCR_HREF : FULLSCR_HREF+"#"+GetHrefObj(gCurSld).mSldHref;
	if(PPTNav.event.ctrlKey) {
		var w = (window.screen.availWidth * 1.0) / 2.0
		var h = w * (PPTSld.g_origH * 1.0) / PPTSld.g_origW
		win = window.open( MHTMLPrefix+href,null,"toolbar=0,resizable=1,top=0,left=0," + "width="+ w + ",height=" + h );
		if( PPTSld.g_animUseRuntime )
			win.document.body.PPTSldFrameset=window;
	}
	else
	{
		win = window.open( MHTMLPrefix+href,null,"fullscreen=yes" );
		if( PPTSld.g_animUseRuntime )
			win.document.body.PPTSldFrameset=window;
	}
}
function ToggleVNarration()
{
	rObj=PPTSld.document.all("NSPlay")
	if( rObj && !PPTSld.g_animUseRuntime ) {
		if( (rObj.playState == 1)||(rObj.playState == 0) )
			rObj.Play()
		else if( rObj.playState == 2 )
			rObj.Pause()
		else
			return;
	}
	else if( PPTSld.g_animUseRuntime )
	{
		narObj = PPTSld.document.all("narrationID")
		if( narObj )
			narObj.togglePause()
	}
}
function GetCurSldNum()
{
	obj=GetHrefObj(gCurSld)
	if( obj.mOrigVis == 1 )
		return obj.mSldIdx
	else
		return gCurSld
}
function GetNumSlds()
{
	if( GetHrefObj(gCurSld).mOrigVis == 1 )
		return GetSldList().mNumVisSlds;
	else
		return GetSldList().mList.length
}
function GetSldNum( href )
{
	for(ii=0; ii<GetSldList().mList.length; ii++) {
		if ( GetSldList().mList[ii].mSldHref == href )
			return ii+1
	}
	return 1
}
function GetHrefObj( sldIdx ){ return GetSldList().mList[sldIdx-1] }
function IsFramesMode(){ return ( SCREEN_MODE == "Frames" ) }
function IsFullScrMode(){ return ( SCREEN_MODE == "FullScreen" ) }
function GoToNextSld()
{
	ii=gCurSld + 1
	if( GetHrefObj( ii-1 ).mOrigVis == 0 ) {
		if( ii<=GetSldList().mList.length ) {
			obj=GetHrefObj(ii)
			obj.mVis=1
			GoToSldNum(ii)
			return
		}
	}
	else {
		obj=GetHrefObj( ii )
		while ( obj && ( obj.mOrigVis == 0 ) )
			obj=GetHrefObj(++ii)
		if( obj && obj.mOrigVis ) {
			GoToSldNum(ii)
			return
		}
	}
	if( gSldStack.length > 1 )
		PopSldList();
	else if( !IsFramesMode() ) {
                if( gLoopCont )
			GoToFirst()
                else
			EndShow()
	}
}
function GoToPrevSld()
{
	ii=gCurSld-1
	if( ii > 0 ) {
		obj=GetHrefObj(ii)
		while ( obj && ( obj.mVis == 0 ) && ( ii>0 ) )
			obj=GetHrefObj(--ii)
        if( ii == 0 ) ii=1
		GoToSldNum(ii)
	}
}
function GoToFirst(){ GoToSld( GetHrefObj(1).mSldHref ) }
function GoToLast()
{
	ii=GetSldList().mList.length
	if( ii != gCurSld )
		GoToSld( GetHrefObj(ii).mSldHref )
}
function GoToSldNum( num )
{
	if( PPTSld.event ) PPTSld.event.cancelBubble=true
	obj = GetHrefObj( num )
	obj.mVis=1
	gPrevSld=gCurSld
	gCurSld = num;
	PPTSld.location.replace(MHTMLPrefix+obj.mSldHref)
	if( IsFramesMode() ) {
		UpdNavPane(); UpdOtlPane(); UpdNtsPane()
	}
}
function GoToSld( href )
{
	if( PPTSld.event ) PPTSld.event.cancelBubble=true
	GetHrefObj( GetSldNum(href) ).mVis=1
	PPTSld.location.replace(MHTMLPrefix+href)
}
function SldUpdated( id )
{
	if( id == GetHrefObj(gCurSld).mSldHref ) return
	gPrevSld=gCurSld
	gCurSld=GetSldNum(id)
	if( IsFramesMode() ) {
		UpdNavPane(); UpdOtlPane(); UpdNtsPane()
	}
}
function PrevSldViewed(){ GoToSld( GetHrefObj(gPrevSld).mSldHref ) }
function HasPrevSld() { return ( gIsEndShow || ( gCurSld != 1 && GetHrefObj( gCurSld-1 ).mVis == 1 )||( GetCurSldNum() > 1 ) ) }
function HasNextSld() { return (GetCurSldNum() != GetNumSlds()) }
function CloseWindow() {
	if( HideMenu() ) return;
	var event = PPTSld.event;
	if( !IsFramesMode() && event && (event.keyCode==27 || event.keyCode==32 || event.type=="click" ) )
		window.close( self );
	CatchNumKeys( self, event );
}
function Unload() { gIsEndShow=0; }
function SetupEndShow() {
	gIsEndShow=1;
	PPTSld.document.body.scroll="no";
	PPTSld.document.onkeypress=CloseWindow;
	PPTSld.document.onclick=CloseWindow;
	PPTSld.document.oncontextmenu=_CM;
}
function EndShow()
{
	if( IsFramesMode() ) return
	if( PPTSld.event ) PPTSld.event.cancelBubble=true
	doc=PPTSld.document
	doc.open()
	doc.writeln('<html><body bgcolor=black onload=parent.SetupEndShow() onunload=parent.Unload()><center><p><font face=Tahoma color=white size=2><br><b>' + ENDSHOW_MESG + '</b></font></p></center></body></html>')
	doc.close()
}
function SetSldVisited(){ GetSldList().mList[gCurSld-1].mVisited=true }
function IsSldVisited(){ return GetSldList().mList[gCurSld-1].mVisited }
function hrefList( sldHref, visible, advDelay, advClk )
{
	this.mSldHref= this.mNtsHref = sldHref
	this.mOrigVis= this.mVis = visible
	this.mVisited= false
	this.mAdvDelay= advDelay
	this.mAdvOnClk= advClk
}
function SldList(arr,curSld,fEnd)
{
	this.mCurSld = curSld;
	this.mList = new Array();
	var idx = 1;
	for(ii=0;ii<arr.length;ii++) {
		this.mList[ii] = new hrefList( arr[ii].mSldHref, arr[ii].mOrigVis, arr[ii].mAdvDelay, arr[ii].mAdvOnClk );
		if( arr[ii].mOrigVis )
			this.mList[ii].mSldIdx = idx++;
	}
	this.mNumVisSlds = idx-1;
	this.fEndShow = fEnd;
}
function GetSldList() {	return gSldStack[gSldStack.length-1] }
function GetCurSld() { return parent.GetSldList().mList[parent.gCurSld - 1] }
gSldStack = new Array();
gSldStack[0] = new SldList(gMainDoc,gCurSld,1)
function ViewCustomShow(idx,fEnd)
{
	if( !IsFullScrMode() ) return;
	var sldList = new Array();
	var custShow = custShowList[idx-1];
	var jj = 0;
	for( ii=0;ii<custShow.length;ii++ ) {
		if( custShow[ii] <= gMainDoc.length )
			sldList[jj++] = gMainDoc[custShow[ii]-1];
	}
	if (sldList.length > 0) {
	PushSldList(sldList,fEnd);
	gCurSld = 1;
	}
	else
		if( PPTSld.event ) PPTSld.event.cancelBubble=true
}
function PushSldList(arr,fEnd) {
	var ii = gSldStack.length;
	gSldStack[ii] = new SldList(arr,gCurSld,fEnd);
	GoToSld( gSldStack[ii].mList[0].mSldHref );
}
function PopSldList() {
	if (gSldStack[gSldStack.length-1].fEndShow)
		EndShow()
	else {
	gCurSld = gSldStack[gSldStack.length-1].mCurSld;
	gSldStack[gSldStack.length-1] = null;
	gSldStack.length--;
	var sldList = gSldStack[gSldStack.length-1];
	GoToSld( sldList.mList[gCurSld - 1].mSldHref );
	}
}
var custShowList=new Array();
function ImgBtn( oId,bId,w,action )
{
	var t=this
	t.Perform    = _IBP
	t.SetActive  = _IBSetA
	t.SetInactive= _IBSetI
	t.SetPressed = _IBSetP
	t.SetDisabled= _IBSetD
	t.Enabled    = _IBSetE
	t.ChangeIcon = null
	t.UserAction = action
	t.ChgState   = _IBUI
	t.mObjId   = oId
	t.mBorderId= bId
	t.mWidth   = w
	t.mIsOn    = t.mCurState = 0
}
function _IBSetA()
{
	if( this.mIsOn ) {
		obj=this.ChgState( gHiliteClr,gShadowClr,2 )
		obj.style.posTop=0
	}
}
function _IBSetI()
{
	if( this.mIsOn ) {
		obj=this.ChgState( gFaceClr,gFaceClr,1 )
		obj.style.posTop=0
	}
}
function _IBSetP()
{
	if( this.mIsOn ) {
		obj=this.ChgState( gShadowClr,gHiliteClr,2 )
		obj.style.posLeft+=1; obj.style.posTop+=1
	}
}
function _IBSetD()
{
	obj=this.ChgState( gFaceClr,gFaceClr,0 )
	obj.style.posTop=0
}
function _IBSetE( state )
{
	var t=this
	GetObj( t.mBorderId ).style.visibility="visible"
	if( state != t.mIsOn ) {
		t.mIsOn=state
		if( state )
			t.SetInactive()
		else
			t.SetDisabled()
	}
}
function _IBP()
{
	var t=this
	if( t.mIsOn ) {
		if( t.UserAction != null )
			t.UserAction()
		if( t.ChangeIcon ) {
			obj=GetObj(t.mObjId)
			if( t.ChangeIcon() )
				obj.style.posLeft=obj.style.posLeft+(t.mCurState-4)*t.mWidth
			else
				obj.style.posLeft=obj.style.posLeft+(t.mCurState-0)*t.mWidth
		}
		t.SetActive()
	}
}
function _IBUI( clr1,clr2,nextState )
{
	var t=this
	SetBorder( GetObj( t.mBorderId ),clr1,clr2 )
	obj=GetObj( t.mObjId )
	obj.style.posLeft=obj.style.posLeft+(t.mCurState-nextState)*t.mWidth-obj.style.posTop
	t.mCurState=nextState
	return obj
}
function TxtBtn( oId,oeId,action,chkState )
{
	var t=this
	t.Perform    = _TBP
	t.SetActive  = _TBSetA
	t.SetInactive= _TBSetI
	t.SetPressed = _TBSetP
	t.SetDisabled= _TBSetD
	t.SetEnabled = _TBSetE
	t.GetState   = chkState
	t.UserAction = action
	t.ChgState   = _TBUI
	t.mObjId      = oId
	t.m_elementsId= oeId
	t.mIsOn       = 1
}
function _TBSetA()
{
	var t=this
	if( t.mIsOn && !t.GetState() )
		t.ChgState( gHiliteClr,gShadowClr,0,0 )
}
function _TBSetI()
{
	var t=this
	if( t.mIsOn && !t.GetState() )
		t.ChgState( gFaceClr,gFaceClr,0,0 )
}
function _TBSetP()
{
	if( this.mIsOn )
		this.ChgState( gShadowClr,gHiliteClr,1,1 )
}
function _TBSetD()
{
	this.ChgState( gFaceClr,gFaceClr,0,0 )
	this.mIsOn = 0
}
function _TBSetE()
{
	var t=this
	if( !t.GetState() )
		t.ChgState( gFaceClr,gFaceClr,0,0 )
	else
		t.ChgState( gShadowClr,gHiliteClr,1,1 )
	t.mIsOn = 1
}
function _TBP()
{
	var t=this
	if( t.mIsOn ) {
		if( t.UserAction != null )
			t.UserAction()
        if( !t.GetState )
            return
		if( t.GetState() )
			t.SetPressed()
		else
			t.SetActive()
	}
}
function _TBUI( clr1,clr2,lOffset,tOffset )
{
	SetBorder( GetObj( this.mObjId ),clr1,clr2 )
	Offset( GetObj( this.m_elementsId ),lOffset,tOffset )
}
function Offset( obj, top, left ){ obj.style.top=top; obj.style.left=left }
function SetBorder( obj, upperLeft, lowerRight )
{
	s=obj.style;
	s.borderStyle      = "solid"
	s.borderWidth      = 1
	s.borderLeftColor  = s.borderTopColor = upperLeft
	s.borderBottomColor= s.borderRightColor = lowerRight
}
function GetBtnObj(){ return gBtnArr[window.event.srcElement.id] }
function BtnOnOver(){ b=GetBtnObj(); if( b != null ) b.SetActive() }
function BtnOnDown(){ b=GetBtnObj(); if( b != null ) b.SetPressed() }
function BtnOnOut(){ b=GetBtnObj(); if( b != null ) b.SetInactive() }
function BtnOnUp()
{
	b=GetBtnObj()
	if( b != null )
		b.Perform()
	else
		Upd()
}
function GetNtsState(){ return parent.gNtsOpen }
function GetOtlState(){ return parent.gOtlOpen }
function GetOtlTxtState(){ return parent.gOtlTxtExp }
function NtsBtnSetFlag( fVal )
{
	s=document.all.item( this.m_flagId ).style
	s.display="none"
	if( fVal )
		s.display=""
	else
		s.display="none"
}
function _BSetA_Border(){ b = gBtnArr[this.mObjId]; if( b != null ) b.SetActive() }
function _BSetI_Border(){ b = gBtnArr[this.mObjId]; if( b != null ) b.SetInactive() }
var gHiliteClr="THREEDHIGHLIGHT",gShadowClr="THREEDSHADOW",gFaceClr="THREEDFACE"
var gBtnArr = new Array()
gBtnArr["nb_otl"] = new TxtBtn( "nb_otl","nb_otlElem",parent.ToggleOtlPane,GetOtlState )
gBtnArr["nb_otlElem"] = new TxtBtn( "nb_otl","nb_otlElem",parent.ToggleOtlPane,GetOtlState )
gBtnArr["nb_nts"] = new TxtBtn( "nb_nts","nb_ntsElem",parent.ToggleNtsPane,GetNtsState )
gBtnArr["nb_prev"]= new ImgBtn( "nb_prev","nb_prevBorder",30,parent.GoToPrevSld )
gBtnArr["nb_next"]= new ImgBtn( "nb_next","nb_nextBorder",30,parent.GoToNextSld )
gBtnArr["nb_sldshw"]= new ImgBtn( "nb_sldshw","nb_sldshwBorder",18,parent.FullScreen )
gBtnArr["nb_sldshwBorder"] = new TxtBtn( "nb_sldshw","nb_sldshwBorder",parent.FullScreen,null )
gBtnArr["nb_sldshwBorder"].SetActive = _BSetA_Border;
gBtnArr["nb_sldshwBorder"].SetInactive = _BSetI_Border;
gBtnArr["nb_sldshwText"] = new TxtBtn( "nb_sldshw","nb_sldshwText",parent.FullScreen,null )
gBtnArr["nb_sldshwText"].SetActive = _BSetA_Border;
gBtnArr["nb_sldshwText"].SetInactive = _BSetI_Border;
gBtnArr["nb_voice"]  = new ImgBtn( "nb_voice","nb_voiceBorder",18,parent.ToggleVNarration )
gBtnArr["nb_otlTxt"]= new ImgBtn( "nb_otlTxt","nb_otlTxtBorder",23,parent.ToggleOtlText )
gBtnArr["nb_nts"].m_flagId= "notes_flag"
gBtnArr["nb_nts"].SetFlag = NtsBtnSetFlag
gBtnArr["nb_otlTxt"].ChangeIcon= GetOtlTxtState
var sNext="Next",sPrev="Previous",sEnd="End Show",sFont="Arial",sArrow="Arrow",sFreeform="Freeform",sRect="Rectangle",sOval="Oval"
function ShowMenu()
{
	BuildMenu();
	var doc=PPTSld.document.body,x=PPTSld.event.clientX+doc.scrollLeft,y=PPTSld.event.clientY+doc.scrollTop
	m = PPTSld.document.all.item("ctxtmenu")
	m.style.pixelLeft=x
	if( (x+m.scrollWidth > doc.clientWidth)&&(x-m.scrollWidth > 0) )
		m.style.pixelLeft=x-m.scrollWidth
	m.style.pixelTop=y
	if( (y+m.scrollHeight > doc.clientHeight)&&(y-m.scrollHeight > 0) )
		m.style.pixelTop=y-m.scrollHeight
	m.style.display=""
}
function _CM()
{
	if( !parent.IsFullScrMode() ) return;
	if(!PPTSld.event.ctrlKey) {
		ShowMenu()
		return false
	} else
		HideMenu()
}
function BuildMenu()
{
	if( PPTSld.document.all.item("ctxtmenu") ) return
	var mObj=CreateItem( PPTSld.document.body )
	mObj.id="ctxtmenu"
	mObj.style.visibility="hidden"
	var s=mObj.style
	s.position="absolute"
	s.cursor="default"
	s.width="120px"
	SetCMBorder(mObj,"menu","black")
	var iObj=CreateItem( mObj )
	SetCMBorder( iObj, "threedhighlight","threedshadow" )
	iObj.style.padding=2
	CreateMenuItem( iObj,sNext,M_GoNextSld,M_True )
	CreateMenuItem( iObj,sPrev,M_GoPrevSld,M_HasPrevSld )
	CreateSeparator( iObj )
	CreateMenuItem( iObj,sEnd,M_End,M_True )
	mObj.style.visibility="visible"
}
function Cancel() { window.event.cancelBubble=true; window.event.returnValue=false }
function Highlight() { ChangeClr("activecaption","threedhighlight") }
function Deselect() { ChangeClr("threedface","menutext") }
function Perform()
{
	e=PPTSld.event.srcElement
	if( e.type=="menuitem" && e.IsActive() )
		e.Action()
	else
		PPTSld.event.cancelBubble=true
}
function ChangeClr( bg,clr )
{
	e=PPTSld.event.srcElement
	if( e.type=="menuitem" && e.IsActive() ) {
		e.style.backgroundColor=bg
		e.style.color=clr
	}
}
function M_HasPrevSld() { return( parent.HasPrevSld() ) }
function M_GoNextSld() { if( gIsEndShow ) M_End(); else GoToNextSld() }
function M_GoPrevSld() { if( gIsEndShow ) { history.back(); PPTSld.event.cancelBubble=true; } else GoToPrevSld() }
function M_True() { return true }
function M_End() { window.close( self ) }
function CreateMenuItem( node,text,action,eval )
{
	var e=CreateItem( node )
	e.type="menuitem"
	e.Action=action
	e.IsActive=eval
	e.innerHTML=text
	if( !e.IsActive() )
		e.style.color="threedshadow"
	e.onclick=Perform
	e.onmouseover=Highlight
	e.onmouseout=Deselect
	s=e.style;
	s.fontFamily=sFont
	s.fontSize="9pt"
	s.paddingLeft=2
}
function CreateSeparator( node )
{
	var sObj=CreateItem( node )
	SetCMBorder(sObj,"menu","menu")
	var s=sObj.style
	s.borderTopColor="threedshadow"
	s.borderBottomColor="threedhighlight"
	s.height=1
	s.fontSize="0px"
}
function CreateItem( node )
{
	var elem=PPTSld.document.createElement("DIV")
	node.insertBefore( elem )
	return elem
}
function SetCMBorder( o,ltClr,rbClr )
{
	var s=o.style
	s.backgroundColor="menu"
	s.borderStyle="solid"
	s.borderWidth=1
	s.borderColor=ltClr+" "+rbClr+" "+rbClr+" "+ltClr
}
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 Imagine three identical stars (meaning that they have the same intrinsic luminosity).  The apparent magnitudes of the stars are given below; which star is
 the most distant?

 

 A)m=8

 B)m=10

 C)m=12

 D)

 

 Quiz Question: Magnitudes
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 Fig. 16.3

 Using
 the motion of the Earth to measure distances to stars

 
 Recall: 
 1" =
 (1/60) of 1'

 
   1'  = (1/60) of 1°

 

 Distance
 (parallax seconds) = 1/parallax(")
 

 1 parallax second 

 = 1 parsec
 

 = 3.26 light
 years 

 = 3.1x1016 m

 

 d(pc) =
 1/p(")

 

 Stellar
 Parallax:  Measuring the Distances to Nearby Stars








courses/astr_1120/ppt_lectures/stellar_classification_files/slide0064_image001.jpg





courses/astr_1120/ppt_lectures/stellar_classification_files/slide0064_image002.jpg





courses/astr_1120/ppt_lectures/stellar_classification_files/slide0065.htm




 
  
  
 
  
  
  
 
  
 
 The
 closest star to the Sun

 
  
 
  
 
  
  
  
 
  
  
  
 
  
  
  
 
  
  
  
 
  
  
  
 
  
  
  
 
  
  
 
  
  
 
  
  
  
 
  
  
  
 
  
  
  
 
  
  
  
  
 Sun

 Proxima
 Centauri

 Earth

 
 Golf

 Ball

 

 
 Grain 

 of 

 Sand

 

 
 Golf

 Ball

 

 1m

 270km

 Proxima Centauri is a little closer to the Sun than the average separation between stars in the
 Milky Way.

 Case Study: Proxima Centauri
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 d(pc)
 = 1/p(“)

 
 

 

 

 

 What is the distance, in parsecs, to Proxima Centauri, given that it’s parallax angle is 0.76“?

 

 A)0.76 pc

 B)1.3 pc

 

 Concept Question: Proxima Centauri
 Parallax
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 d(pc)
 = 1/p(“)

 
 

 

 

 

 What is the distance, in parsecs, to Proxima Centauri, given that it’s parallax angle is 0.76“?

 

 A)0.76 pc

 B)1.3 pc

 C)

           d(pc) =
 1/0.76“ = 1.3 pc

 

 Concept Question: Proxima Centauri
 Parallax
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 Although
 you cannot see it, stars are moving in all 3 dimensions.

 a Cen

 
  
  
 
  
  
 
  
  
  
 
  
  
  
 
  
  
  
 
 22 km/s 

 
 -20 km/s

 (blueshift)

 

 30 km/s net motion

 
  
 
  
  
  
 
  
  
  
  
 Sun

 Stellar Motions:  a Centauri
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 Imagine three identical stars (meaning that they have the same intrinsic luminosity).  The apparent magnitudes of the stars are given below; which star is
 the most distant?

 

 A)m=8

 B)m=10

 C)m=12

 D)

 Star C has the largest apparent magnitude, hence it is the most distant.

 A)

 

 Quiz Question: Magnitudes
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 The absolute magnitude of a star is its luminosity. 
 

 

 The apparent
 magnitude of a star is
 its perceived brightness.

 

 Brightnesses, Luminosities,
 & Magnitudes
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 •How do
 astronomers measure the distances to nearby stars?•How do we get stellar masses from binary stars?
 •How do we classify stars?

 •

 

 Questions
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 Astronomers use the relative motion of
 stars in binary systems, along with Kepler’s laws, to measure the masses of
 stars.  (Approximately half of all stars are
 in binary systems.)

 
  
  
   
   
   
   
   
   
   
   
   
   
   
   
  
  
  
 
  
 
  
  
  
 
 Fig. 16.09 & Math. Insight 16.4

 
  
 
  
 
  
 
  
 
  
 
  
  
 
  
  
  
 
  
  
  
  
 
 Rest

 positions

 

 Determining Stellar Masses: Binary Stars
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 Which star is more massive?

 A)A

 B)B

 

 Concept Question:   Binary Stars Masses
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 Which star is more massive?

 A)A—Star A has a slower orbital
 velocity

 B)B

 

 Concept Question:  
 Binary Stars Masses
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 Stars are classified based on their spectra, which are determined by their temperatures.

 
  
  
   
   
   
   
   
   
   
   
   
   
   
   
  
  
  
 
  
 
  
  
  
 
  
  
  
 
  
  
  
  
 Fig. 16.04

 
 

 

 

 

 1.Stars
 are like blackbodies:  color Þ temperature

 2.Spectra
 absorption features allow a finer classification

 

 Stellar Classification








courses/astr_1120/ppt_lectures/stellar_classification_files/slide0075_image026.jpg





courses/astr_1120/ppt_lectures/stellar_classification_files/slide0075_image027.jpg





courses/astr_1120/ppt_lectures/stellar_classification_files/slide0076.htm




 
  
  
   
   
   
   
   
   
   
   
   
   
   
   
  
  
  
 
  
 
  
  
 
  
  
  
 
  
  
  
  
 Study
 this table

 Stellar Classification: Spectral Sequence
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 this table

 
 Oh

 Be

 A

 Fine

 Girl

 Kiss

 Me

 

 Stellar Classification: Spectral Sequence
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 Fig. 16.10

 The Hertzprung-Russell Diagram
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In which type of binary star system is the plane of the orbit 


in our line of sight?
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Visual binary


B)


Eclipsing binary


C)


Spectroscopic binary


Quiz Question:  Binary Stars
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function LoadSld()
{
	var sld=GetObj("SlideObj")
	if( !g_supportsPPTHTML ) {
		sld.style.visibility="visible"
		return
	}
	if( MakeNotesVis() ) return
	runAnimations = _InitAnimations();
	if( IsWin("PPTSld") )
		parent.SldUpdated(GetSldId())
	g_origSz=parseInt(SlideObj.style.fontSize)
	g_origH=sld.style.posHeight
	g_origW=sld.style.posWidth
	g_scaleHyperlinks=(document.all.tags("AREA").length>0)
	if( g_scaleHyperlinks )
		InitHLinkArray()
	if( g_scaleInFrame||(IsWin("PPTSld") && parent.IsFullScrMode() ) )
		document.body.scroll="no"
	_RSW()
	if( IsWin("PPTSld") && parent.IsFullScrMode() )
		FullScrInit();
	
	MakeSldVis();
	ChkAutoAdv()

	if( runAnimations )
	{
		if( document.all("NSPlay") )
			document.all("NSPlay").autoStart = false;
		if( sld.filters && sld.filters.revealtrans )
			setTimeout( "document.body.start()", sld.filters.revealtrans.duration * 1000 );
		else
			document.body.start();
	}
}
function MakeSldVis()
{
	var fTrans=g_showAnimation && SldHasTrans()
	if( fTrans )
	{
		if( g_bgSound ) {
			idx=g_bgSound.indexOf(",");
			pptSound.src=g_bgSound.substr( 0, idx );
			pptSound.loop= -(parseInt(g_bgSound.substr(idx+1)));
		}
		SlideObj.filters.revealtrans.Apply()
    }
	SlideObj.style.visibility="visible"
	if( fTrans )
		SlideObj.filters.revealtrans.Play()
}
function MakeNotesVis()
{
	if( !IsNts() ) return false
	SlideObj.style.display="none"
	nObj = document.all.item("NotesObj")
	parent.SetHasNts(0)
	if( nObj ) {
		nObj.style.display=""
		parent.SetHasNts(1)
	}
	return 1
}
function ChkAutoAdv()
{
	if(SldHasTrans())
		SlideObj.onfilterchange=AutoAdv
	else
		AutoAdv()
}
function AutoAdv()
{
	if(!IsWin("PPTSld") || !gUseSldTimings )return
	var sld=GetCurSld()
	if( (sld.mAdvDelay>0) && !parent.IsFramesMode() )
		setTimeout("parent.GoToNextSld()",sld.mAdvDelay)
}
function GetObj(id)
{
	if(g_supportsPPTHTML) return document.all(id);
	else return document.getElementById(id);
}
function SldHasTrans() { return SlideObj.style.getAttribute("filter")!="" }
function GetSldId() { return sId=location.href.substring(location.href.lastIndexOf('/')+1) }
function HideMenu() { if( frames["PPTSld"] && PPTSld.document.all.item("ctxtmenu") && PPTSld.ctxtmenu.style.display!="none" ) { PPTSld.ctxtmenu.style.display='none'; return true } return false }
function IsWin( name ) { return window.name == name }
function IsNts() { return IsWin("PPTNts") }
function IsSldOrNts() { return( IsWin("PPTSld")||IsWin("PPTNts") ) }
function SupportsPPTAnimation() { return( navigator.platform == "Win32" && navigator.appVersion.indexOf("Windows")>0 ) }
function SupportsPPTHTML()
{
	var appVer=navigator.appVersion, msie=appVer.indexOf("MSIE "), ver=0
	if( msie >= 0 )
		ver=parseFloat( appVer.substring( msie+5, appVer.indexOf(";",msie) ) )
	else
		ver=parseInt(appVer)
	return( ver >= 4 && msie >= 0 )
}
function _RSW()
{
	if( !g_supportsPPTHTML || IsNts() ||
	  ( !g_scaleInFrame && (!IsWin("PPTSld") || !parent.IsFullScrMode()) ) )
		return
        var padding=0;
        if( IsWin("PPTSld") && parent.IsFramesMode() ) padding=6
	cltWidth=document.body.clientWidth-padding
	cltHeight=document.body.clientHeight-padding
	factor=(1.0*cltWidth)/g_origW
	if( cltHeight < g_origH*factor )
		factor=(1.0*cltHeight)/g_origH
	newSize = g_origSz * factor
	if( newSize < 1 ) newSize=1
	s=SlideObj.style
	s.fontSize=newSize+"px"
	s.posWidth=g_origW*factor
	s.posHeight=g_origH*factor
	s.posLeft=(cltWidth-s.posWidth+padding)/2
	s.posTop=(cltHeight-s.posHeight+padding)/2
	if( g_scaleHyperlinks )
		ScaleHyperlinks( factor )
}
function _InitAnimations()
{
	animRuntimeInstalled = ''+document.body.localTime != 'undefined';
	isFullScreen = (window.name == "PPTSld") && !parent.IsFramesMode();
	g_animUseRuntime = g_showAnimation && animRuntimeInstalled && !(isFullScreen && parent.IsSldVisited());
	if( g_animUseRuntime ) {
		collSeq = document.all.tags("seq");
		if( collSeq != null ) {
			for(ii=0;ii<collSeq.length;ii++) {
				if( collSeq[ii].getAttribute( "p:nodeType" ) == "mainSeq" ) {
					g_animMainSequence = collSeq[ii];
					break;
				}
			}
		}
		if( g_animItemsToHide ) {
			for(jj = 0; jj < g_animItemsToHide.length; jj++) {
				if( hideObj = GetObj(g_animItemsToHide[jj]) )
					hideObj.runtimeStyle.visibility="hidden";
			}
		}
		if( g_animInteractiveItems ){
			for(jj = 0; jj < g_animInteractiveItems.length; jj++) {
				if( triggerObj = GetObj(g_animInteractiveItems[jj]) )
					triggerObj.runtimeStyle.cursor="hand";
			}
		}
		if( gUseSldTimings && ''+g_animSlideTime != 'undefined' ) {
			adjustedTime = document.body.calculateAutoAdvanceTimes( g_animSlideTime, g_animEffectTimings );
			if( IsWin("PPTSld") && adjustedTime != g_animSlideTime ) {
			   var sld = GetCurSld();
			   sld.mAdvDelay = adjustedTime * 1000;
			}
		}
	}
	return g_animUseRuntime;
}
gSldJump = 0, gSldJumpTrack = 0, gSldJumpIdx = "";
function _KPH()
{
	if( IsNts() ) return;
	if( !parent.IsFramesMode() && event.keyCode == 27 && !HideMenu() )
		parent.window.close( self );
	else if( event.keyCode == 32 ) {
		if( window.name == "PPTSld" )
			parent.PPTSld.DocumentOnClick();
		else
			parent.GoToNextSld();
	}
	CatchNumKeys( parent, event );
}
function CatchNumKeys( win, event ) {
	if( win.IsFullScrMode() && (48<=event.keyCode) && (event.keyCode<=57) ) {
		gSldJump = 1;
		gSldJumpIdx += (event.keyCode-48).toString();
	}
	if( win.IsFullScrMode() && gSldJump && event.keyCode == 13 ) {
		var numSlds = parent.GetSldList().mList.length
		if ( gSldJumpIdx > numSlds )
			gSldJumpIdx = numSlds;
		if ( gSldJumpIdx >= 0 ) {
			if ( gSldJumpIdx == 0 )
				gSldJumpIdx = 1;
			var jumpTo = parseInt(gSldJumpIdx);
			gSldJump = 0; gSldJumpIdx = "";
			win.GoToSld( parent.GetSldList().mList[jumpTo-1].mSldHref )
		}
	}
}
function _KDH()
{
	if( event.keyCode == 8 ) {
		event.returnValue = 0;
		parent.GoToPrevSld();
	}
}
function DocumentOnClick()
{
	if( IsNts() || parent.HideMenu() ) return;
	if( ( g_allowAdvOnClick && !parent.IsFramesMode() ) ||
	    (event && (event.keyCode==32) ) )
		parent.GoToNextSld();
}

var g_supportsPPTHTML = SupportsPPTHTML(), g_scaleInFrame = 1, gId="", g_bgSound="",
    g_scaleHyperlinks = false, g_allowAdvOnClick = 1, g_showInBrowser = 0, gLoopCont = 0, gUseSldTimings = 1;
var g_showAnimation = g_supportsPPTHTML && SupportsPPTAnimation() && ( (window.name=="PPTSld" && !parent.IsFramesMode()) || g_showInBrowser );var g_animManager = null;
var g_animUseRuntime = false;
var g_animItemsToHide, g_animInteractiveItems, g_animSlideTime;
var g_animMainSequence = null;
var ENDSHOW_MESG="End of slide show, click to exit.", SCREEN_MODE="Frames", gIsEndShow=0, NUM_VIS_SLDS=22, SCRIPT_HREF="script.js", FULLSCR_HREF="fullscreen.htm";
var gCurSld = gPrevSld = 1, g_offset = 0, gNtsOpen = gHasNts = gOtlTxtExp = 0, gHasNarration = 0, gOtlOpen = true
window.gPPTHTML=SupportsPPTHTML()
var gMainDoc=new Array(new hrefList("slide0048.htm",1,-1,1),new hrefList("slide0079.htm",1,-1,1),new hrefList("slide0071.htm",1,-1,1),new hrefList("slide0078.htm",1,-1,1),new hrefList("slide0080.htm",1,-1,1),new hrefList("slide0081.htm",1,-1,1),new hrefList("slide0082.htm",1,-1,1),new hrefList("slide0083.htm",1,-1,1),new hrefList("slide0084.htm",1,-1,1),new hrefList("slide0085.htm",1,-1,1),new hrefList("slide0086.htm",1,-1,1),new hrefList("slide0087.htm",1,-1,1),new hrefList("slide0089.htm",1,-1,1),new hrefList("slide0094.htm",1,-1,1),new hrefList("slide0096.htm",1,-1,1),new hrefList("slide0097.htm",1,-1,1),new hrefList("slide0095.htm",1,-1,1),new hrefList("slide0098.htm",1,-1,1),new hrefList("slide0090.htm",1,-1,1),new hrefList("slide0099.htm",1,-1,1),new hrefList("slide0092.htm",1,-1,1),new hrefList("slide0093.htm",1,-1,1));
function FullScrInit()
{
	g_allowAdvOnClick = GetCurSld().mAdvOnClk
	document.body.style.backgroundColor="black"
	document.oncontextmenu=parent._CM;
	document.onkeydown = _KDH;
	document.ondragstart=Cancel
	document.onselectstart=Cancel
	self.focus()
}
function Redirect( frmId )
{
	var str=document.location.hash,idx=str.indexOf('#'), sId=GetSldId()
	if(idx>=0) str=str.substr(1);
	if( window.name != frmId && ( sId != str) ) {
		obj = GetObj("Main-File")
		window.location.href=obj.href+"#"+sId
		return 1
	}
	return 0
}
var MHTMLPrefix = CalculateMHTMLPrefix();
function CalculateMHTMLPrefix()
{
	if ( document.location.protocol == 'mhtml:') {
		href=new String(document.location.href)
		Start=href.indexOf('!')+1
		End=href.lastIndexOf('/')+1
		if (End < Start)
			return href.substring(0, Start)
		else
		return href.substring(0, End)
	}
	return '';
}
function GetTags(base,tag)
{
	if(g_supportsPPTHTML) return base.all.tags(tag);
	else return base.getElementsByTagName(tag);
}
function UpdNtsPane(){ if(frames["PPTNts"]) PPTNts.location.replace( MHTMLPrefix+GetHrefObj( gCurSld ).mNtsHref ) }
function UpdNavPane( sldIndex ){ if(gNavLoaded) PPTNav.UpdNav() }
function UpdOtNavPane(){ if(gOtlNavLoaded) PPTOtlNav.UpdOtlNav() }
function UpdOtlPane(){ if(gOtlLoaded) PPTOtl.UpdOtl() }
function SetHasNts( fVal )
{
	if( gHasNts != fVal ) {
		gHasNts=fVal
		UpdNavPane()
	}
}
function ToggleOtlText()
{
	gOtlTxtExp=!gOtlTxtExp
	UpdOtlPane()
}
function ToggleOtlPane()
{
	frmset=document.all("PPTHorizAdjust")
	frm=document.all("PPTOtl")
	if( gOtlOpen )
		frmset.cols="*,100%"
	else
		frmset.cols="25%,*"
	gOtlOpen=!gOtlOpen
	frm.noResize=!frm.noResize
	UpdOtNavPane()
}
function ToggleNtsPane()
{
	frmset=document.all("PPTVertAdjust")
	frm=document.all("PPTNts")
	if( gNtsOpen )
		frmset.rows="100%,*"
	else
		frmset.rows="*,20%"
	gNtsOpen=!gNtsOpen
	UpdNtsPane()
}
function ClearMedia()
{
	if (PPTSld.pptSound) PPTSld.pptSound.loop = 0;
}
function FullScreen()
{
	if ( PPTSld.g_animUseRuntime )
		PPTSld.document.body.pause();
	ClearMedia();
	var href = ( document.location.protocol == 'mhtml:') ? FULLSCR_HREF : FULLSCR_HREF+"#"+GetHrefObj(gCurSld).mSldHref;
	if(PPTNav.event.ctrlKey) {
		var w = (window.screen.availWidth * 1.0) / 2.0
		var h = w * (PPTSld.g_origH * 1.0) / PPTSld.g_origW
		win = window.open( MHTMLPrefix+href,null,"toolbar=0,resizable=1,top=0,left=0," + "width="+ w + ",height=" + h );
		if( PPTSld.g_animUseRuntime )
			win.document.body.PPTSldFrameset=window;
	}
	else
	{
		win = window.open( MHTMLPrefix+href,null,"fullscreen=yes" );
		if( PPTSld.g_animUseRuntime )
			win.document.body.PPTSldFrameset=window;
	}
}
function ToggleVNarration()
{
	rObj=PPTSld.document.all("NSPlay")
	if( rObj && !PPTSld.g_animUseRuntime ) {
		if( (rObj.playState == 1)||(rObj.playState == 0) )
			rObj.Play()
		else if( rObj.playState == 2 )
			rObj.Pause()
		else
			return;
	}
	else if( PPTSld.g_animUseRuntime )
	{
		narObj = PPTSld.document.all("narrationID")
		if( narObj )
			narObj.togglePause()
	}
}
function GetCurSldNum()
{
	obj=GetHrefObj(gCurSld)
	if( obj.mOrigVis == 1 )
		return obj.mSldIdx
	else
		return gCurSld
}
function GetNumSlds()
{
	if( GetHrefObj(gCurSld).mOrigVis == 1 )
		return GetSldList().mNumVisSlds;
	else
		return GetSldList().mList.length
}
function GetSldNum( href )
{
	for(ii=0; ii<GetSldList().mList.length; ii++) {
		if ( GetSldList().mList[ii].mSldHref == href )
			return ii+1
	}
	return 1
}
function GetHrefObj( sldIdx ){ return GetSldList().mList[sldIdx-1] }
function IsFramesMode(){ return ( SCREEN_MODE == "Frames" ) }
function IsFullScrMode(){ return ( SCREEN_MODE == "FullScreen" ) }
function GoToNextSld()
{
	ii=gCurSld + 1
	if( GetHrefObj( ii-1 ).mOrigVis == 0 ) {
		if( ii<=GetSldList().mList.length ) {
			obj=GetHrefObj(ii)
			obj.mVis=1
			GoToSldNum(ii)
			return
		}
	}
	else {
		obj=GetHrefObj( ii )
		while ( obj && ( obj.mOrigVis == 0 ) )
			obj=GetHrefObj(++ii)
		if( obj && obj.mOrigVis ) {
			GoToSldNum(ii)
			return
		}
	}
	if( gSldStack.length > 1 )
		PopSldList();
	else if( !IsFramesMode() ) {
                if( gLoopCont )
			GoToFirst()
                else
			EndShow()
	}
}
function GoToPrevSld()
{
	ii=gCurSld-1
	if( ii > 0 ) {
		obj=GetHrefObj(ii)
		while ( obj && ( obj.mVis == 0 ) && ( ii>0 ) )
			obj=GetHrefObj(--ii)
        if( ii == 0 ) ii=1
		GoToSldNum(ii)
	}
}
function GoToFirst(){ GoToSld( GetHrefObj(1).mSldHref ) }
function GoToLast()
{
	ii=GetSldList().mList.length
	if( ii != gCurSld )
		GoToSld( GetHrefObj(ii).mSldHref )
}
function GoToSldNum( num )
{
	if( PPTSld.event ) PPTSld.event.cancelBubble=true
	obj = GetHrefObj( num )
	obj.mVis=1
	gPrevSld=gCurSld
	gCurSld = num;
	PPTSld.location.replace(MHTMLPrefix+obj.mSldHref)
	if( IsFramesMode() ) {
		UpdNavPane(); UpdOtlPane(); UpdNtsPane()
	}
}
function GoToSld( href )
{
	if( PPTSld.event ) PPTSld.event.cancelBubble=true
	GetHrefObj( GetSldNum(href) ).mVis=1
	PPTSld.location.replace(MHTMLPrefix+href)
}
function SldUpdated( id )
{
	if( id == GetHrefObj(gCurSld).mSldHref ) return
	gPrevSld=gCurSld
	gCurSld=GetSldNum(id)
	if( IsFramesMode() ) {
		UpdNavPane(); UpdOtlPane(); UpdNtsPane()
	}
}
function PrevSldViewed(){ GoToSld( GetHrefObj(gPrevSld).mSldHref ) }
function HasPrevSld() { return ( gIsEndShow || ( gCurSld != 1 && GetHrefObj( gCurSld-1 ).mVis == 1 )||( GetCurSldNum() > 1 ) ) }
function HasNextSld() { return (GetCurSldNum() != GetNumSlds()) }
function CloseWindow() {
	if( HideMenu() ) return;
	var event = PPTSld.event;
	if( !IsFramesMode() && event && (event.keyCode==27 || event.keyCode==32 || event.type=="click" ) )
		window.close( self );
	CatchNumKeys( self, event );
}
function Unload() { gIsEndShow=0; }
function SetupEndShow() {
	gIsEndShow=1;
	PPTSld.document.body.scroll="no";
	PPTSld.document.onkeypress=CloseWindow;
	PPTSld.document.onclick=CloseWindow;
	PPTSld.document.oncontextmenu=_CM;
}
function EndShow()
{
	if( IsFramesMode() ) return
	if( PPTSld.event ) PPTSld.event.cancelBubble=true
	doc=PPTSld.document
	doc.open()
	doc.writeln('<html><body bgcolor=black onload=parent.SetupEndShow() onunload=parent.Unload()><center><p><font face=Tahoma color=white size=2><br><b>' + ENDSHOW_MESG + '</b></font></p></center></body></html>')
	doc.close()
}
function SetSldVisited(){ GetSldList().mList[gCurSld-1].mVisited=true }
function IsSldVisited(){ return GetSldList().mList[gCurSld-1].mVisited }
function hrefList( sldHref, visible, advDelay, advClk )
{
	this.mSldHref= this.mNtsHref = sldHref
	this.mOrigVis= this.mVis = visible
	this.mVisited= false
	this.mAdvDelay= advDelay
	this.mAdvOnClk= advClk
}
function SldList(arr,curSld,fEnd)
{
	this.mCurSld = curSld;
	this.mList = new Array();
	var idx = 1;
	for(ii=0;ii<arr.length;ii++) {
		this.mList[ii] = new hrefList( arr[ii].mSldHref, arr[ii].mOrigVis, arr[ii].mAdvDelay, arr[ii].mAdvOnClk );
		if( arr[ii].mOrigVis )
			this.mList[ii].mSldIdx = idx++;
	}
	this.mNumVisSlds = idx-1;
	this.fEndShow = fEnd;
}
function GetSldList() {	return gSldStack[gSldStack.length-1] }
function GetCurSld() { return parent.GetSldList().mList[parent.gCurSld - 1] }
gSldStack = new Array();
gSldStack[0] = new SldList(gMainDoc,gCurSld,1)
function ViewCustomShow(idx,fEnd)
{
	if( !IsFullScrMode() ) return;
	var sldList = new Array();
	var custShow = custShowList[idx-1];
	var jj = 0;
	for( ii=0;ii<custShow.length;ii++ ) {
		if( custShow[ii] <= gMainDoc.length )
			sldList[jj++] = gMainDoc[custShow[ii]-1];
	}
	if (sldList.length > 0) {
	PushSldList(sldList,fEnd);
	gCurSld = 1;
	}
	else
		if( PPTSld.event ) PPTSld.event.cancelBubble=true
}
function PushSldList(arr,fEnd) {
	var ii = gSldStack.length;
	gSldStack[ii] = new SldList(arr,gCurSld,fEnd);
	GoToSld( gSldStack[ii].mList[0].mSldHref );
}
function PopSldList() {
	if (gSldStack[gSldStack.length-1].fEndShow)
		EndShow()
	else {
	gCurSld = gSldStack[gSldStack.length-1].mCurSld;
	gSldStack[gSldStack.length-1] = null;
	gSldStack.length--;
	var sldList = gSldStack[gSldStack.length-1];
	GoToSld( sldList.mList[gCurSld - 1].mSldHref );
	}
}
var custShowList=new Array();
function ImgBtn( oId,bId,w,action )
{
	var t=this
	t.Perform    = _IBP
	t.SetActive  = _IBSetA
	t.SetInactive= _IBSetI
	t.SetPressed = _IBSetP
	t.SetDisabled= _IBSetD
	t.Enabled    = _IBSetE
	t.ChangeIcon = null
	t.UserAction = action
	t.ChgState   = _IBUI
	t.mObjId   = oId
	t.mBorderId= bId
	t.mWidth   = w
	t.mIsOn    = t.mCurState = 0
}
function _IBSetA()
{
	if( this.mIsOn ) {
		obj=this.ChgState( gHiliteClr,gShadowClr,2 )
		obj.style.posTop=0
	}
}
function _IBSetI()
{
	if( this.mIsOn ) {
		obj=this.ChgState( gFaceClr,gFaceClr,1 )
		obj.style.posTop=0
	}
}
function _IBSetP()
{
	if( this.mIsOn ) {
		obj=this.ChgState( gShadowClr,gHiliteClr,2 )
		obj.style.posLeft+=1; obj.style.posTop+=1
	}
}
function _IBSetD()
{
	obj=this.ChgState( gFaceClr,gFaceClr,0 )
	obj.style.posTop=0
}
function _IBSetE( state )
{
	var t=this
	GetObj( t.mBorderId ).style.visibility="visible"
	if( state != t.mIsOn ) {
		t.mIsOn=state
		if( state )
			t.SetInactive()
		else
			t.SetDisabled()
	}
}
function _IBP()
{
	var t=this
	if( t.mIsOn ) {
		if( t.UserAction != null )
			t.UserAction()
		if( t.ChangeIcon ) {
			obj=GetObj(t.mObjId)
			if( t.ChangeIcon() )
				obj.style.posLeft=obj.style.posLeft+(t.mCurState-4)*t.mWidth
			else
				obj.style.posLeft=obj.style.posLeft+(t.mCurState-0)*t.mWidth
		}
		t.SetActive()
	}
}
function _IBUI( clr1,clr2,nextState )
{
	var t=this
	SetBorder( GetObj( t.mBorderId ),clr1,clr2 )
	obj=GetObj( t.mObjId )
	obj.style.posLeft=obj.style.posLeft+(t.mCurState-nextState)*t.mWidth-obj.style.posTop
	t.mCurState=nextState
	return obj
}
function TxtBtn( oId,oeId,action,chkState )
{
	var t=this
	t.Perform    = _TBP
	t.SetActive  = _TBSetA
	t.SetInactive= _TBSetI
	t.SetPressed = _TBSetP
	t.SetDisabled= _TBSetD
	t.SetEnabled = _TBSetE
	t.GetState   = chkState
	t.UserAction = action
	t.ChgState   = _TBUI
	t.mObjId      = oId
	t.m_elementsId= oeId
	t.mIsOn       = 1
}
function _TBSetA()
{
	var t=this
	if( t.mIsOn && !t.GetState() )
		t.ChgState( gHiliteClr,gShadowClr,0,0 )
}
function _TBSetI()
{
	var t=this
	if( t.mIsOn && !t.GetState() )
		t.ChgState( gFaceClr,gFaceClr,0,0 )
}
function _TBSetP()
{
	if( this.mIsOn )
		this.ChgState( gShadowClr,gHiliteClr,1,1 )
}
function _TBSetD()
{
	this.ChgState( gFaceClr,gFaceClr,0,0 )
	this.mIsOn = 0
}
function _TBSetE()
{
	var t=this
	if( !t.GetState() )
		t.ChgState( gFaceClr,gFaceClr,0,0 )
	else
		t.ChgState( gShadowClr,gHiliteClr,1,1 )
	t.mIsOn = 1
}
function _TBP()
{
	var t=this
	if( t.mIsOn ) {
		if( t.UserAction != null )
			t.UserAction()
        if( !t.GetState )
            return
		if( t.GetState() )
			t.SetPressed()
		else
			t.SetActive()
	}
}
function _TBUI( clr1,clr2,lOffset,tOffset )
{
	SetBorder( GetObj( this.mObjId ),clr1,clr2 )
	Offset( GetObj( this.m_elementsId ),lOffset,tOffset )
}
function Offset( obj, top, left ){ obj.style.top=top; obj.style.left=left }
function SetBorder( obj, upperLeft, lowerRight )
{
	s=obj.style;
	s.borderStyle      = "solid"
	s.borderWidth      = 1
	s.borderLeftColor  = s.borderTopColor = upperLeft
	s.borderBottomColor= s.borderRightColor = lowerRight
}
function GetBtnObj(){ return gBtnArr[window.event.srcElement.id] }
function BtnOnOver(){ b=GetBtnObj(); if( b != null ) b.SetActive() }
function BtnOnDown(){ b=GetBtnObj(); if( b != null ) b.SetPressed() }
function BtnOnOut(){ b=GetBtnObj(); if( b != null ) b.SetInactive() }
function BtnOnUp()
{
	b=GetBtnObj()
	if( b != null )
		b.Perform()
	else
		Upd()
}
function GetNtsState(){ return parent.gNtsOpen }
function GetOtlState(){ return parent.gOtlOpen }
function GetOtlTxtState(){ return parent.gOtlTxtExp }
function NtsBtnSetFlag( fVal )
{
	s=document.all.item( this.m_flagId ).style
	s.display="none"
	if( fVal )
		s.display=""
	else
		s.display="none"
}
function _BSetA_Border(){ b = gBtnArr[this.mObjId]; if( b != null ) b.SetActive() }
function _BSetI_Border(){ b = gBtnArr[this.mObjId]; if( b != null ) b.SetInactive() }
var gHiliteClr="THREEDHIGHLIGHT",gShadowClr="THREEDSHADOW",gFaceClr="THREEDFACE"
var gBtnArr = new Array()
gBtnArr["nb_otl"] = new TxtBtn( "nb_otl","nb_otlElem",parent.ToggleOtlPane,GetOtlState )
gBtnArr["nb_otlElem"] = new TxtBtn( "nb_otl","nb_otlElem",parent.ToggleOtlPane,GetOtlState )
gBtnArr["nb_nts"] = new TxtBtn( "nb_nts","nb_ntsElem",parent.ToggleNtsPane,GetNtsState )
gBtnArr["nb_prev"]= new ImgBtn( "nb_prev","nb_prevBorder",30,parent.GoToPrevSld )
gBtnArr["nb_next"]= new ImgBtn( "nb_next","nb_nextBorder",30,parent.GoToNextSld )
gBtnArr["nb_sldshw"]= new ImgBtn( "nb_sldshw","nb_sldshwBorder",18,parent.FullScreen )
gBtnArr["nb_sldshwBorder"] = new TxtBtn( "nb_sldshw","nb_sldshwBorder",parent.FullScreen,null )
gBtnArr["nb_sldshwBorder"].SetActive = _BSetA_Border;
gBtnArr["nb_sldshwBorder"].SetInactive = _BSetI_Border;
gBtnArr["nb_sldshwText"] = new TxtBtn( "nb_sldshw","nb_sldshwText",parent.FullScreen,null )
gBtnArr["nb_sldshwText"].SetActive = _BSetA_Border;
gBtnArr["nb_sldshwText"].SetInactive = _BSetI_Border;
gBtnArr["nb_voice"]  = new ImgBtn( "nb_voice","nb_voiceBorder",18,parent.ToggleVNarration )
gBtnArr["nb_otlTxt"]= new ImgBtn( "nb_otlTxt","nb_otlTxtBorder",23,parent.ToggleOtlText )
gBtnArr["nb_nts"].m_flagId= "notes_flag"
gBtnArr["nb_nts"].SetFlag = NtsBtnSetFlag
gBtnArr["nb_otlTxt"].ChangeIcon= GetOtlTxtState
var sNext="Next",sPrev="Previous",sEnd="End Show",sFont="Arial",sArrow="Arrow",sFreeform="Freeform",sRect="Rectangle",sOval="Oval"
function ShowMenu()
{
	BuildMenu();
	var doc=PPTSld.document.body,x=PPTSld.event.clientX+doc.scrollLeft,y=PPTSld.event.clientY+doc.scrollTop
	m = PPTSld.document.all.item("ctxtmenu")
	m.style.pixelLeft=x
	if( (x+m.scrollWidth > doc.clientWidth)&&(x-m.scrollWidth > 0) )
		m.style.pixelLeft=x-m.scrollWidth
	m.style.pixelTop=y
	if( (y+m.scrollHeight > doc.clientHeight)&&(y-m.scrollHeight > 0) )
		m.style.pixelTop=y-m.scrollHeight
	m.style.display=""
}
function _CM()
{
	if( !parent.IsFullScrMode() ) return;
	if(!PPTSld.event.ctrlKey) {
		ShowMenu()
		return false
	} else
		HideMenu()
}
function BuildMenu()
{
	if( PPTSld.document.all.item("ctxtmenu") ) return
	var mObj=CreateItem( PPTSld.document.body )
	mObj.id="ctxtmenu"
	mObj.style.visibility="hidden"
	var s=mObj.style
	s.position="absolute"
	s.cursor="default"
	s.width="120px"
	SetCMBorder(mObj,"menu","black")
	var iObj=CreateItem( mObj )
	SetCMBorder( iObj, "threedhighlight","threedshadow" )
	iObj.style.padding=2
	CreateMenuItem( iObj,sNext,M_GoNextSld,M_True )
	CreateMenuItem( iObj,sPrev,M_GoPrevSld,M_HasPrevSld )
	CreateSeparator( iObj )
	CreateMenuItem( iObj,sEnd,M_End,M_True )
	mObj.style.visibility="visible"
}
function Cancel() { window.event.cancelBubble=true; window.event.returnValue=false }
function Highlight() { ChangeClr("activecaption","threedhighlight") }
function Deselect() { ChangeClr("threedface","menutext") }
function Perform()
{
	e=PPTSld.event.srcElement
	if( e.type=="menuitem" && e.IsActive() )
		e.Action()
	else
		PPTSld.event.cancelBubble=true
}
function ChangeClr( bg,clr )
{
	e=PPTSld.event.srcElement
	if( e.type=="menuitem" && e.IsActive() ) {
		e.style.backgroundColor=bg
		e.style.color=clr
	}
}
function M_HasPrevSld() { return( parent.HasPrevSld() ) }
function M_GoNextSld() { if( gIsEndShow ) M_End(); else GoToNextSld() }
function M_GoPrevSld() { if( gIsEndShow ) { history.back(); PPTSld.event.cancelBubble=true; } else GoToPrevSld() }
function M_True() { return true }
function M_End() { window.close( self ) }
function CreateMenuItem( node,text,action,eval )
{
	var e=CreateItem( node )
	e.type="menuitem"
	e.Action=action
	e.IsActive=eval
	e.innerHTML=text
	if( !e.IsActive() )
		e.style.color="threedshadow"
	e.onclick=Perform
	e.onmouseover=Highlight
	e.onmouseout=Deselect
	s=e.style;
	s.fontFamily=sFont
	s.fontSize="9pt"
	s.paddingLeft=2
}
function CreateSeparator( node )
{
	var sObj=CreateItem( node )
	SetCMBorder(sObj,"menu","menu")
	var s=sObj.style
	s.borderTopColor="threedshadow"
	s.borderBottomColor="threedhighlight"
	s.height=1
	s.fontSize="0px"
}
function CreateItem( node )
{
	var elem=PPTSld.document.createElement("DIV")
	node.insertBefore( elem )
	return elem
}
function SetCMBorder( o,ltClr,rbClr )
{
	var s=o.style
	s.backgroundColor="menu"
	s.borderStyle="solid"
	s.borderWidth=1
	s.borderColor=ltClr+" "+rbClr+" "+rbClr+" "+ltClr
}
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 In which type of binary star system is the plane of the orbit in our line of sight?

 

 A)Visual
 binary

 B)Eclipsing
 binary

 C)Spectroscopic
 binary

 D)

 

 Quiz Question:  Binary Stars
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 •What
 determines the main-sequence
 lifetime of a star?•What
 are star clusters and how do we determine their ages?
 •How will the Sun evolve?

 •

 

 Questions—Stellar Evolution
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 Fig. 16.10

 
 Types of Stars

 •Main sequence
 •Giants

 •Supergiants

 •White dwarfs

 

 Stellar
 radii

 The Hertzprung-Russell Diagram
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 In which type of binary star system is the plane of the orbit in our line of sight?

 

 A)Visual
 binary—we can see each star distinctly

 B)Eclipsing binary—plane of orbit in our line of sight

 C)Spectroscopic
 binary—Doppler shift evident in the spectral lines

 D)

 

 Quiz Question:  Binary Stars
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 Fig. 16.11

 Stellar lifetimes are determined by stellar masses:
 

 Empirically luminosity is proportional to mass cubed: 
 LµM3
 

 Lifetime = (Amount of fuel)/(Rate of burning)
 

 Algebraically

 t = M/L

   =
 M/M3

 Þ t = M-2

 

 
  
  
   
   
   
   
   
   
   
   
   
   
   
   
  
  
  
 
  
 
  
  
  
  
 Stellar Lifetimes








courses/astr_1120/ppt_lectures/stellar_evolution_low_mass_files/slide0080_image004.jpg





courses/astr_1120/ppt_lectures/stellar_evolution_low_mass_files/slide0080_image005.jpg





courses/astr_1120/ppt_lectures/stellar_evolution_low_mass_files/slide0081.htm




 
  
  
 
  
  
  
 
  
  
  
 
  
  
  
  
 
 Lifetime
 = Mass-2

       t = M-2

 

 The main sequence lifetime of the Sun is going to be 1010 (10 billion) years (yikes, we’re half way there!).  What is the main sequence lifetime of a 10 solar
 mass star?
 

 A)108 years

 B)1010 years

 C)1012 years

 

 Concept Question: Stellar Lifetimes
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 Lifetime
 µ
 Mass-2

 t µ M-2

 

 The main sequence lifetime of the Sun is going to be 1010 (10 billion) years (yikes, we’re half way there!).  What is the main sequence lifetime of a 10 solar
 mass star (“star x”)?
 

 A)108 years

 B)1010 years

 C)1012 years

 

 
 tµ M-2

 t(sun) µ M-2(sun)

 t(x)
 µ M-2(x)

 t(x)/t(sun) = M-2(x)/M-2(sun)

 t(x)/t(sun) = [M(sun)/M(x)]2

 t(x)/t(sun) = [1/10]2 = 0.01

 t(x)
 = 0.01t(sun)
 = 108 years

 

 Concept Question: Stellar Lifetimes
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 There are two types of star clusters:  open clusters, which are small (<1000 stars), young, and
 unbound, and globular clusters,
 which are large (up to 106 stars), old, and bound.
 

 

 
  
  
   
   
   
   
   
   
   
   
   
   
   
   
  
  
  
 
  
 
  
 
  
  
  
 
  
  
  
 
  
  
  
  
 
 The Pleiades (108 years old)

 Fig. 16.14

 

 
 M80 (>1.2x1010 years old)

 Fig. 16.15

 

 Star Clusters
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 We measure the ages of clusters from their main sequence turnoff points.
 

 

 
  
  
   
   
   
   
   
   
   
   
   
   
   
   
  
  
  
 
  
 
  
  
  
 
  
  
  
  
 Fig. 16.17

 Star Cluster Ages
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 •Over
 time, the H in the core
 of the Sun is converted
 into He.•The core becomes denser, enhancing gravity and hence the pressure & temperature.•Eventually, all the H in the core is used up (converting ~30% of it’s mass to He).•The Sun will then turn off the main sequence and become a subgiant.

 
  
  
   
   
   
   
   
   
   
   
   
   
   
   
  
  
  
 
  
 
  
  
  
 
  
  
  
  
 Fig. 17.9

 Turning Off the MS: 
 The Sun
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 As
 the Sun ages on the main sequence, which will it become?

 

 A)Less
 luminous

 B)It
 will stay the same luminosity

 C)More
 luminous

 

 Concept Question
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 As the Sun ages on the main sequence, which will it become?

 

 A)Less
 luminous

 B)It
 will stay the same luminosity

 C)More luminous—density, pressure, and temperature in the core increase, increasing the rate
 of fusion

 

 Concept Question
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 Fig. 17.10

 
  
  
   
   
   
   
   
   
   
   
   
   
   
   
  
  
  
 
  
 
  
  
  
 
  
  
  
  
 •The Sun
 will expand•The photosphere
 will be cooler
 •

 ÞThe Sun will be on it’s way to becoming a red giant

 Turning Off the MS: 
 The Sun
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 Fig. 17.13

 
  
  
   
   
   
   
   
   
   
   
   
   
   
   
  
  
  
 
  
 
  
  
  
  
 The Post Main-Sequence Evolution of the Sun on the H-R
 Diagram
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 Fig. 17.15A

 
  
  
   
   
   
   
   
   
   
   
   
   
   
   
  
  
  
 
  
 
  
  
  
  
 Evolution of The Sun’s Luminosity
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 Fig. 17.15B

 
  
  
   
   
   
   
   
   
   
   
   
   
   
   
  
  
  
 
  
 
  
  
  
  
 Evolution of the Sun’s Radius
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 Main Sequence

 •H®He in core

 •Duration 1010 years

 •Luminosity doubles over lifetime

 

 

 The Post Main-Sequence Evolution of the Sun
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 Double Shell Burning Red Giant

 •C core, He burning inner shell, H burning outer shell•Degenerate core very dense: 1 cm3 has 1000 kg mass!
 •Small amount of oxygen created

 

 

 The Post Main-Sequence Evolution of the Sun
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 Main Sequence

 •H®He in core

 •Duration 1010 years

 •Luminosity doubles over lifetime

 •

 Red Giant 

 •He core contracts®rapid H fusion in shell

 •Star expands to 100 Rsolar (Mercury’s orbit!)
 •He core degenerate

 •Duration 108 years

 

 The Post Main-Sequence Evolution of the Sun
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 Main Sequence

 •H®He in core

 •Duration 1010 years

 •Luminosity doubles over lifetime

 •

 Red Giant 

 •He core contracts®rapid H fusion in shell

 •Star expands to 100 Rsolar (Mercury’s orbit!)
 •He core degenerate

 •Duration 108 years

 

 He Core Burning 

 •“He flash” when core reaches 108 K

 •3 x 4He ® 12C + energy; strong wind

 •Duration 5x107 years

 

 The Post Main-Sequence Evolution of the Sun
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 Double Shell Burning Red Giant

 •C core, He burning inner shell, H burning outer shell•Degenerate core very dense: 1 cm3 has 1000 kg mass!
 •Small amount of oxygen created

 •

 Unstable Fusion in Shells

 •Envelope blown off creating a planetary nebula, leaving
 a white dwarf behind

 The Post Main-Sequence Evolution of the Sun
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 Fig.
 17.14a

 
  
  
   
   
   
   
   
   
   
   
   
   
   
   
  
  
  
 
  
 
  
  
  
  
 Planetary Nebulae
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function LoadSld()
{
	var sld=GetObj("SlideObj")
	if( !g_supportsPPTHTML ) {
		sld.style.visibility="visible"
		return
	}
	if( MakeNotesVis() ) return
	runAnimations = _InitAnimations();
	if( IsWin("PPTSld") )
		parent.SldUpdated(GetSldId())
	g_origSz=parseInt(SlideObj.style.fontSize)
	g_origH=sld.style.posHeight
	g_origW=sld.style.posWidth
	g_scaleHyperlinks=(document.all.tags("AREA").length>0)
	if( g_scaleHyperlinks )
		InitHLinkArray()
	if( g_scaleInFrame||(IsWin("PPTSld") && parent.IsFullScrMode() ) )
		document.body.scroll="no"
	_RSW()
	if( IsWin("PPTSld") && parent.IsFullScrMode() )
		FullScrInit();
	
	MakeSldVis();
	ChkAutoAdv()

	if( runAnimations )
	{
		if( document.all("NSPlay") )
			document.all("NSPlay").autoStart = false;
		if( sld.filters && sld.filters.revealtrans )
			setTimeout( "document.body.start()", sld.filters.revealtrans.duration * 1000 );
		else
			document.body.start();
	}
}
function MakeSldVis()
{
	var fTrans=g_showAnimation && SldHasTrans()
	if( fTrans )
	{
		if( g_bgSound ) {
			idx=g_bgSound.indexOf(",");
			pptSound.src=g_bgSound.substr( 0, idx );
			pptSound.loop= -(parseInt(g_bgSound.substr(idx+1)));
		}
		SlideObj.filters.revealtrans.Apply()
    }
	SlideObj.style.visibility="visible"
	if( fTrans )
		SlideObj.filters.revealtrans.Play()
}
function MakeNotesVis()
{
	if( !IsNts() ) return false
	SlideObj.style.display="none"
	nObj = document.all.item("NotesObj")
	parent.SetHasNts(0)
	if( nObj ) {
		nObj.style.display=""
		parent.SetHasNts(1)
	}
	return 1
}
function ChkAutoAdv()
{
	if(SldHasTrans())
		SlideObj.onfilterchange=AutoAdv
	else
		AutoAdv()
}
function AutoAdv()
{
	if(!IsWin("PPTSld") || !gUseSldTimings )return
	var sld=GetCurSld()
	if( (sld.mAdvDelay>0) && !parent.IsFramesMode() )
		setTimeout("parent.GoToNextSld()",sld.mAdvDelay)
}
function GetObj(id)
{
	if(g_supportsPPTHTML) return document.all(id);
	else return document.getElementById(id);
}
function SldHasTrans() { return SlideObj.style.getAttribute("filter")!="" }
function GetSldId() { return sId=location.href.substring(location.href.lastIndexOf('/')+1) }
function HideMenu() { if( frames["PPTSld"] && PPTSld.document.all.item("ctxtmenu") && PPTSld.ctxtmenu.style.display!="none" ) { PPTSld.ctxtmenu.style.display='none'; return true } return false }
function IsWin( name ) { return window.name == name }
function IsNts() { return IsWin("PPTNts") }
function IsSldOrNts() { return( IsWin("PPTSld")||IsWin("PPTNts") ) }
function SupportsPPTAnimation() { return( navigator.platform == "Win32" && navigator.appVersion.indexOf("Windows")>0 ) }
function SupportsPPTHTML()
{
	var appVer=navigator.appVersion, msie=appVer.indexOf("MSIE "), ver=0
	if( msie >= 0 )
		ver=parseFloat( appVer.substring( msie+5, appVer.indexOf(";",msie) ) )
	else
		ver=parseInt(appVer)
	return( ver >= 4 && msie >= 0 )
}
function _RSW()
{
	if( !g_supportsPPTHTML || IsNts() ||
	  ( !g_scaleInFrame && (!IsWin("PPTSld") || !parent.IsFullScrMode()) ) )
		return
        var padding=0;
        if( IsWin("PPTSld") && parent.IsFramesMode() ) padding=6
	cltWidth=document.body.clientWidth-padding
	cltHeight=document.body.clientHeight-padding
	factor=(1.0*cltWidth)/g_origW
	if( cltHeight < g_origH*factor )
		factor=(1.0*cltHeight)/g_origH
	newSize = g_origSz * factor
	if( newSize < 1 ) newSize=1
	s=SlideObj.style
	s.fontSize=newSize+"px"
	s.posWidth=g_origW*factor
	s.posHeight=g_origH*factor
	s.posLeft=(cltWidth-s.posWidth+padding)/2
	s.posTop=(cltHeight-s.posHeight+padding)/2
	if( g_scaleHyperlinks )
		ScaleHyperlinks( factor )
}
function _InitAnimations()
{
	animRuntimeInstalled = ''+document.body.localTime != 'undefined';
	isFullScreen = (window.name == "PPTSld") && !parent.IsFramesMode();
	g_animUseRuntime = g_showAnimation && animRuntimeInstalled && !(isFullScreen && parent.IsSldVisited());
	if( g_animUseRuntime ) {
		collSeq = document.all.tags("seq");
		if( collSeq != null ) {
			for(ii=0;ii<collSeq.length;ii++) {
				if( collSeq[ii].getAttribute( "p:nodeType" ) == "mainSeq" ) {
					g_animMainSequence = collSeq[ii];
					break;
				}
			}
		}
		if( g_animItemsToHide ) {
			for(jj = 0; jj < g_animItemsToHide.length; jj++) {
				if( hideObj = GetObj(g_animItemsToHide[jj]) )
					hideObj.runtimeStyle.visibility="hidden";
			}
		}
		if( g_animInteractiveItems ){
			for(jj = 0; jj < g_animInteractiveItems.length; jj++) {
				if( triggerObj = GetObj(g_animInteractiveItems[jj]) )
					triggerObj.runtimeStyle.cursor="hand";
			}
		}
		if( gUseSldTimings && ''+g_animSlideTime != 'undefined' ) {
			adjustedTime = document.body.calculateAutoAdvanceTimes( g_animSlideTime, g_animEffectTimings );
			if( IsWin("PPTSld") && adjustedTime != g_animSlideTime ) {
			   var sld = GetCurSld();
			   sld.mAdvDelay = adjustedTime * 1000;
			}
		}
	}
	return g_animUseRuntime;
}
gSldJump = 0, gSldJumpTrack = 0, gSldJumpIdx = "";
function _KPH()
{
	if( IsNts() ) return;
	if( !parent.IsFramesMode() && event.keyCode == 27 && !HideMenu() )
		parent.window.close( self );
	else if( event.keyCode == 32 ) {
		if( window.name == "PPTSld" )
			parent.PPTSld.DocumentOnClick();
		else
			parent.GoToNextSld();
	}
	CatchNumKeys( parent, event );
}
function CatchNumKeys( win, event ) {
	if( win.IsFullScrMode() && (48<=event.keyCode) && (event.keyCode<=57) ) {
		gSldJump = 1;
		gSldJumpIdx += (event.keyCode-48).toString();
	}
	if( win.IsFullScrMode() && gSldJump && event.keyCode == 13 ) {
		var numSlds = parent.GetSldList().mList.length
		if ( gSldJumpIdx > numSlds )
			gSldJumpIdx = numSlds;
		if ( gSldJumpIdx >= 0 ) {
			if ( gSldJumpIdx == 0 )
				gSldJumpIdx = 1;
			var jumpTo = parseInt(gSldJumpIdx);
			gSldJump = 0; gSldJumpIdx = "";
			win.GoToSld( parent.GetSldList().mList[jumpTo-1].mSldHref )
		}
	}
}
function _KDH()
{
	if( event.keyCode == 8 ) {
		event.returnValue = 0;
		parent.GoToPrevSld();
	}
}
function DocumentOnClick()
{
	if( IsNts() || parent.HideMenu() ) return;
	if( ( g_allowAdvOnClick && !parent.IsFramesMode() ) ||
	    (event && (event.keyCode==32) ) )
		parent.GoToNextSld();
}

var g_supportsPPTHTML = SupportsPPTHTML(), g_scaleInFrame = 1, gId="", g_bgSound="",
    g_scaleHyperlinks = false, g_allowAdvOnClick = 1, g_showInBrowser = 0, gLoopCont = 0, gUseSldTimings = 1;
var g_showAnimation = g_supportsPPTHTML && SupportsPPTAnimation() && ( (window.name=="PPTSld" && !parent.IsFramesMode()) || g_showInBrowser );var g_animManager = null;
var g_animUseRuntime = false;
var g_animItemsToHide, g_animInteractiveItems, g_animSlideTime;
var g_animMainSequence = null;
var ENDSHOW_MESG="End of slide show, click to exit.", SCREEN_MODE="Frames", gIsEndShow=0, NUM_VIS_SLDS=20, SCRIPT_HREF="script.js", FULLSCR_HREF="fullscreen.htm";
var gCurSld = gPrevSld = 1, g_offset = 0, gNtsOpen = gHasNts = gOtlTxtExp = 0, gHasNarration = 0, gOtlOpen = true
window.gPPTHTML=SupportsPPTHTML()
var gMainDoc=new Array(new hrefList("slide0050.htm",1,-1,1),new hrefList("slide0057.htm",1,-1,1),new hrefList("slide0058.htm",1,-1,1),new hrefList("slide0072.htm",1,-1,1),new hrefList("slide0053.htm",1,-1,1),new hrefList("slide0059.htm",1,-1,1),new hrefList("slide0060.htm",1,-1,1),new hrefList("slide0061.htm",1,-1,1),new hrefList("slide0062.htm",1,-1,1),new hrefList("slide0063.htm",1,-1,1),new hrefList("slide0064.htm",1,-1,1),new hrefList("slide0066.htm",1,-1,1),new hrefList("slide0073.htm",1,-1,1),new hrefList("slide0067.htm",1,-1,1),new hrefList("slide0068.htm",1,-1,1),new hrefList("slide0069.htm",1,-1,1),new hrefList("slide0074.htm",1,-1,1),new hrefList("slide0070.htm",1,-1,1),new hrefList("slide0071.htm",1,-1,1),new hrefList("slide0056.htm",1,-1,1));
function FullScrInit()
{
	g_allowAdvOnClick = GetCurSld().mAdvOnClk
	document.body.style.backgroundColor="black"
	document.oncontextmenu=parent._CM;
	document.onkeydown = _KDH;
	document.ondragstart=Cancel
	document.onselectstart=Cancel
	self.focus()
}
function Redirect( frmId )
{
	var str=document.location.hash,idx=str.indexOf('#'), sId=GetSldId()
	if(idx>=0) str=str.substr(1);
	if( window.name != frmId && ( sId != str) ) {
		obj = GetObj("Main-File")
		window.location.href=obj.href+"#"+sId
		return 1
	}
	return 0
}
var MHTMLPrefix = CalculateMHTMLPrefix();
function CalculateMHTMLPrefix()
{
	if ( document.location.protocol == 'mhtml:') {
		href=new String(document.location.href)
		Start=href.indexOf('!')+1
		End=href.lastIndexOf('/')+1
		if (End < Start)
			return href.substring(0, Start)
		else
		return href.substring(0, End)
	}
	return '';
}
function GetTags(base,tag)
{
	if(g_supportsPPTHTML) return base.all.tags(tag);
	else return base.getElementsByTagName(tag);
}
function UpdNtsPane(){ if(frames["PPTNts"]) PPTNts.location.replace( MHTMLPrefix+GetHrefObj( gCurSld ).mNtsHref ) }
function UpdNavPane( sldIndex ){ if(gNavLoaded) PPTNav.UpdNav() }
function UpdOtNavPane(){ if(gOtlNavLoaded) PPTOtlNav.UpdOtlNav() }
function UpdOtlPane(){ if(gOtlLoaded) PPTOtl.UpdOtl() }
function SetHasNts( fVal )
{
	if( gHasNts != fVal ) {
		gHasNts=fVal
		UpdNavPane()
	}
}
function ToggleOtlText()
{
	gOtlTxtExp=!gOtlTxtExp
	UpdOtlPane()
}
function ToggleOtlPane()
{
	frmset=document.all("PPTHorizAdjust")
	frm=document.all("PPTOtl")
	if( gOtlOpen )
		frmset.cols="*,100%"
	else
		frmset.cols="25%,*"
	gOtlOpen=!gOtlOpen
	frm.noResize=!frm.noResize
	UpdOtNavPane()
}
function ToggleNtsPane()
{
	frmset=document.all("PPTVertAdjust")
	frm=document.all("PPTNts")
	if( gNtsOpen )
		frmset.rows="100%,*"
	else
		frmset.rows="*,20%"
	gNtsOpen=!gNtsOpen
	UpdNtsPane()
}
function ClearMedia()
{
	if (PPTSld.pptSound) PPTSld.pptSound.loop = 0;
}
function FullScreen()
{
	if ( PPTSld.g_animUseRuntime )
		PPTSld.document.body.pause();
	ClearMedia();
	var href = ( document.location.protocol == 'mhtml:') ? FULLSCR_HREF : FULLSCR_HREF+"#"+GetHrefObj(gCurSld).mSldHref;
	if(PPTNav.event.ctrlKey) {
		var w = (window.screen.availWidth * 1.0) / 2.0
		var h = w * (PPTSld.g_origH * 1.0) / PPTSld.g_origW
		win = window.open( MHTMLPrefix+href,null,"toolbar=0,resizable=1,top=0,left=0," + "width="+ w + ",height=" + h );
		if( PPTSld.g_animUseRuntime )
			win.document.body.PPTSldFrameset=window;
	}
	else
	{
		win = window.open( MHTMLPrefix+href,null,"fullscreen=yes" );
		if( PPTSld.g_animUseRuntime )
			win.document.body.PPTSldFrameset=window;
	}
}
function ToggleVNarration()
{
	rObj=PPTSld.document.all("NSPlay")
	if( rObj && !PPTSld.g_animUseRuntime ) {
		if( (rObj.playState == 1)||(rObj.playState == 0) )
			rObj.Play()
		else if( rObj.playState == 2 )
			rObj.Pause()
		else
			return;
	}
	else if( PPTSld.g_animUseRuntime )
	{
		narObj = PPTSld.document.all("narrationID")
		if( narObj )
			narObj.togglePause()
	}
}
function GetCurSldNum()
{
	obj=GetHrefObj(gCurSld)
	if( obj.mOrigVis == 1 )
		return obj.mSldIdx
	else
		return gCurSld
}
function GetNumSlds()
{
	if( GetHrefObj(gCurSld).mOrigVis == 1 )
		return GetSldList().mNumVisSlds;
	else
		return GetSldList().mList.length
}
function GetSldNum( href )
{
	for(ii=0; ii<GetSldList().mList.length; ii++) {
		if ( GetSldList().mList[ii].mSldHref == href )
			return ii+1
	}
	return 1
}
function GetHrefObj( sldIdx ){ return GetSldList().mList[sldIdx-1] }
function IsFramesMode(){ return ( SCREEN_MODE == "Frames" ) }
function IsFullScrMode(){ return ( SCREEN_MODE == "FullScreen" ) }
function GoToNextSld()
{
	ii=gCurSld + 1
	if( GetHrefObj( ii-1 ).mOrigVis == 0 ) {
		if( ii<=GetSldList().mList.length ) {
			obj=GetHrefObj(ii)
			obj.mVis=1
			GoToSldNum(ii)
			return
		}
	}
	else {
		obj=GetHrefObj( ii )
		while ( obj && ( obj.mOrigVis == 0 ) )
			obj=GetHrefObj(++ii)
		if( obj && obj.mOrigVis ) {
			GoToSldNum(ii)
			return
		}
	}
	if( gSldStack.length > 1 )
		PopSldList();
	else if( !IsFramesMode() ) {
                if( gLoopCont )
			GoToFirst()
                else
			EndShow()
	}
}
function GoToPrevSld()
{
	ii=gCurSld-1
	if( ii > 0 ) {
		obj=GetHrefObj(ii)
		while ( obj && ( obj.mVis == 0 ) && ( ii>0 ) )
			obj=GetHrefObj(--ii)
        if( ii == 0 ) ii=1
		GoToSldNum(ii)
	}
}
function GoToFirst(){ GoToSld( GetHrefObj(1).mSldHref ) }
function GoToLast()
{
	ii=GetSldList().mList.length
	if( ii != gCurSld )
		GoToSld( GetHrefObj(ii).mSldHref )
}
function GoToSldNum( num )
{
	if( PPTSld.event ) PPTSld.event.cancelBubble=true
	obj = GetHrefObj( num )
	obj.mVis=1
	gPrevSld=gCurSld
	gCurSld = num;
	PPTSld.location.replace(MHTMLPrefix+obj.mSldHref)
	if( IsFramesMode() ) {
		UpdNavPane(); UpdOtlPane(); UpdNtsPane()
	}
}
function GoToSld( href )
{
	if( PPTSld.event ) PPTSld.event.cancelBubble=true
	GetHrefObj( GetSldNum(href) ).mVis=1
	PPTSld.location.replace(MHTMLPrefix+href)
}
function SldUpdated( id )
{
	if( id == GetHrefObj(gCurSld).mSldHref ) return
	gPrevSld=gCurSld
	gCurSld=GetSldNum(id)
	if( IsFramesMode() ) {
		UpdNavPane(); UpdOtlPane(); UpdNtsPane()
	}
}
function PrevSldViewed(){ GoToSld( GetHrefObj(gPrevSld).mSldHref ) }
function HasPrevSld() { return ( gIsEndShow || ( gCurSld != 1 && GetHrefObj( gCurSld-1 ).mVis == 1 )||( GetCurSldNum() > 1 ) ) }
function HasNextSld() { return (GetCurSldNum() != GetNumSlds()) }
function CloseWindow() {
	if( HideMenu() ) return;
	var event = PPTSld.event;
	if( !IsFramesMode() && event && (event.keyCode==27 || event.keyCode==32 || event.type=="click" ) )
		window.close( self );
	CatchNumKeys( self, event );
}
function Unload() { gIsEndShow=0; }
function SetupEndShow() {
	gIsEndShow=1;
	PPTSld.document.body.scroll="no";
	PPTSld.document.onkeypress=CloseWindow;
	PPTSld.document.onclick=CloseWindow;
	PPTSld.document.oncontextmenu=_CM;
}
function EndShow()
{
	if( IsFramesMode() ) return
	if( PPTSld.event ) PPTSld.event.cancelBubble=true
	doc=PPTSld.document
	doc.open()
	doc.writeln('<html><body bgcolor=black onload=parent.SetupEndShow() onunload=parent.Unload()><center><p><font face=Tahoma color=white size=2><br><b>' + ENDSHOW_MESG + '</b></font></p></center></body></html>')
	doc.close()
}
function SetSldVisited(){ GetSldList().mList[gCurSld-1].mVisited=true }
function IsSldVisited(){ return GetSldList().mList[gCurSld-1].mVisited }
function hrefList( sldHref, visible, advDelay, advClk )
{
	this.mSldHref= this.mNtsHref = sldHref
	this.mOrigVis= this.mVis = visible
	this.mVisited= false
	this.mAdvDelay= advDelay
	this.mAdvOnClk= advClk
}
function SldList(arr,curSld,fEnd)
{
	this.mCurSld = curSld;
	this.mList = new Array();
	var idx = 1;
	for(ii=0;ii<arr.length;ii++) {
		this.mList[ii] = new hrefList( arr[ii].mSldHref, arr[ii].mOrigVis, arr[ii].mAdvDelay, arr[ii].mAdvOnClk );
		if( arr[ii].mOrigVis )
			this.mList[ii].mSldIdx = idx++;
	}
	this.mNumVisSlds = idx-1;
	this.fEndShow = fEnd;
}
function GetSldList() {	return gSldStack[gSldStack.length-1] }
function GetCurSld() { return parent.GetSldList().mList[parent.gCurSld - 1] }
gSldStack = new Array();
gSldStack[0] = new SldList(gMainDoc,gCurSld,1)
function ViewCustomShow(idx,fEnd)
{
	if( !IsFullScrMode() ) return;
	var sldList = new Array();
	var custShow = custShowList[idx-1];
	var jj = 0;
	for( ii=0;ii<custShow.length;ii++ ) {
		if( custShow[ii] <= gMainDoc.length )
			sldList[jj++] = gMainDoc[custShow[ii]-1];
	}
	if (sldList.length > 0) {
	PushSldList(sldList,fEnd);
	gCurSld = 1;
	}
	else
		if( PPTSld.event ) PPTSld.event.cancelBubble=true
}
function PushSldList(arr,fEnd) {
	var ii = gSldStack.length;
	gSldStack[ii] = new SldList(arr,gCurSld,fEnd);
	GoToSld( gSldStack[ii].mList[0].mSldHref );
}
function PopSldList() {
	if (gSldStack[gSldStack.length-1].fEndShow)
		EndShow()
	else {
	gCurSld = gSldStack[gSldStack.length-1].mCurSld;
	gSldStack[gSldStack.length-1] = null;
	gSldStack.length--;
	var sldList = gSldStack[gSldStack.length-1];
	GoToSld( sldList.mList[gCurSld - 1].mSldHref );
	}
}
var custShowList=new Array();
function ImgBtn( oId,bId,w,action )
{
	var t=this
	t.Perform    = _IBP
	t.SetActive  = _IBSetA
	t.SetInactive= _IBSetI
	t.SetPressed = _IBSetP
	t.SetDisabled= _IBSetD
	t.Enabled    = _IBSetE
	t.ChangeIcon = null
	t.UserAction = action
	t.ChgState   = _IBUI
	t.mObjId   = oId
	t.mBorderId= bId
	t.mWidth   = w
	t.mIsOn    = t.mCurState = 0
}
function _IBSetA()
{
	if( this.mIsOn ) {
		obj=this.ChgState( gHiliteClr,gShadowClr,2 )
		obj.style.posTop=0
	}
}
function _IBSetI()
{
	if( this.mIsOn ) {
		obj=this.ChgState( gFaceClr,gFaceClr,1 )
		obj.style.posTop=0
	}
}
function _IBSetP()
{
	if( this.mIsOn ) {
		obj=this.ChgState( gShadowClr,gHiliteClr,2 )
		obj.style.posLeft+=1; obj.style.posTop+=1
	}
}
function _IBSetD()
{
	obj=this.ChgState( gFaceClr,gFaceClr,0 )
	obj.style.posTop=0
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gBtnArr["nb_nts"] = new TxtBtn( "nb_nts","nb_ntsElem",parent.ToggleNtsPane,GetNtsState )
gBtnArr["nb_prev"]= new ImgBtn( "nb_prev","nb_prevBorder",30,parent.GoToPrevSld )
gBtnArr["nb_next"]= new ImgBtn( "nb_next","nb_nextBorder",30,parent.GoToNextSld )
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 •How do
 massive stars die?

 •Where
 do the elements heavier than Fe come from?

 •How are
 supernovae used as distance
 indicators?

 

 Supernovae Questions
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 The Fe core builds up, gets hotter (T>109 K). 
 When the density
 reaches 107 kg cm-3: 
 p+ + e- ® n + n (< 1 second).

 Where We Left Our High Mass Star
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 Fig. 17.25

 
  
  
   
   
   
   
   
   
   
   
   
   
   
   
  
  
  
 
  
 
  
 
  
  
  
 
  
  
  
  
 High
 Mass Stars Low Mass Stars

 The Big Picture of Stellar Evolution
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 •Low
 & intermediate mass stars

  ®White dwarfs: electron degeneracy pressure, maximum masses of 1.4 solar masses (the Chandrasekhar mass)

 •High
 mass stars

  ®Neutron stars: neutron degeneracy pressure

  ®Black holes

 

 The Demise of Stars--Overview
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 Fig. 18.2

 Greater
 mass Þ
 smaller radius, higher density

 When M > 1.4Msolar, electron degeneracy pressure cannot support the star and electrons are forced
 to combine with protons
 to make neutrons (atomic density: kg cm-3).

 Density
 = 103 kg cm-3

 Sizes of White Dwarfs
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 •H in
 spectra

 Core Collapse (Type II) Supernovae
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 •H in spectra

 •Rebound from collapse + neutrinos drive an explosion

 Core Collapse (Type II) Supernovae
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 •H in spectra

 •Rebound from collapse + neutrinos drive an explosion•99% of energy released as neutrinos, 1% in the explosion

 Core Collapse (Type II) Supernovae
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 •H in spectra

 •Rebound from collapse + neutrinos drive an explosion•99% of energy released as neutrinos, 1% in the explosion•Rapid fusion outside the core generates elements heavier than Fe

 Core Collapse (Type II) Supernovae
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 •H in spectra

 •Rebound from collapse + neutrinos drive an explosion•99% of energy released as neutrinos, 1% in the explosion•Rapid fusion outside the core generates elements heavier than Fe•Luminosity temporarily as great as an entire galaxy

 Core Collapse (Type II) Supernovae
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 •H in spectra

 •Rebound from collapse + neutrinos drive an explosion•99% of energy released as neutrinos, 1% in the explosion•Rapid fusion outside the core generates elements heavier than Fe•Luminosity temporarily as great as an entire galaxy (1 per 100 yrs per
 galaxy)•Neutron star left behind with M < 3 Msolar, R ~ 10 km

 Core Collapse (Type II) Supernovae
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 Which of these would be evidence that our model for core collapse supernovae is correct?

 

 A)A lack of H in the spectra of a
 supernova

 B)Neutrinos
 observed from a supernova

 C)More
 than two supernovae in our galaxy in 100 years

 D)

 

 Concept Question
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 Fig. 18.03

 Type I SN are “Standard Candles” because the mechanism is identical in all
 cases.

 
 •No H in spectra

 •Progenitors in old stellar systems•Mass transfer from companion until M>1.4Msolar•“Thermonuclear detonation”:  C/O ® 56Ni ® 56Co ® 56Fe•Perhaps completely destructive

 C/O
 white dwarf

 Carbon Detonation (Type I) Supernovae
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 Fig. 18.05

 All
 Type I SN have the same peak
 brightness
 F = L/(4pR2)

 

 Supernova Light Curves
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 Why are core collapse supernovae not good standard candles? 

 

 A)Because
 their progenitors have a range of masses

 B)Because
 they only reach a peak brightness of 106 solar luminosities

 C)They
 are good standard candles

 

 Concept Question: 
 Supernovae
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 Fig. 18.7

 Radio
 Emission from a Pulsar in Cygnus: Little Green Men?

 
 Jocelyn Bell 1967 

 (Her advisor at Cambridge, Anthony
 Hewish, was awarded
 the Nobel Prize in physics for the explanation.)

 The Crab Nebula & Pulsar
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 Fig. 18.9

 
  
  
   
   
   
   
   
   
   
   
   
   
   
   
  
  
  
 
  
 
  
  
  
 
  
  
  
  
 
 •The magnetic fields get compressed as the star collapses

 •Pulsars can have periods as short as milliseconds

 •Neutron stars can also exist in X-ray binaries

 

 The Pulsar Model
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 What is the correct characteristic diameter for a 1 Msolar white dwarf?

 

 A)The
 diameter of Boulder

 B)The
 diameter of the Earth

 C)The
 diameter of the Sun

 

 Concept Question: White Dwarfs
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 Support for this model: 
 (13) neutrinos detected
 from SN1987a in the Large Magellanic Cloud (150,000 ly distant).
 

 (Viewgraphs:
 SN1987a & SN1998aq)

 

 Core
 Collapse (Type II) Supernovae
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 (Viewgraph;
 1054 A.D.)

 The Crab Nebula & Pulsar
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Observer A Observer B



Observer C



What type of 
spectrum 
does 
Observer B 
see?



A)Emission 
line



B)Absorption 
line



C)Continuum
D)Radio
E)Gamma ray



Quiz Question #1











Pick (or imagine) someone in class wearing a red shirt.  
Which is the correct reason that their shirt is red?



A) Their shirt is emitting as a blackbody with a 
characteristic temperature corresponding to the color 
red.
B) Their shirt absorbs blue light and reflects red light.
C) Their shirt absorbs red light and reflects blue light.



Quiz Question #2











Questions
•How do telescopes work?
•Why are bigger telescopes better?
•Why do we make observations from 
space?



Telescopes











Bending of light by lenses:  a simple lens and the human eye



Light rays are bent when they intersect glass; a curved 
surface can produce an image. 



Fig
7.1



Light 
“rays” 
from an 
object 
“at 
infinity”



Lenses











Would red light and blue light focus at the same position?
A)Yes
B)No



(Hard) Concept Question: Lenses











Would red light and blue light focus at the same position?
A)Yes
B)No: the lens acts like a prism 
⇒”chromatic aberration”, a reason refractors are not used



Blue 
focus Red focus



(Hard) Concept Question: Lenses











Fig. 
7.6
A



Refracting
telescopes focus 
light rays by bending 
them with glass.



Refracting telescopes are 
not used for astronomical 
research (anymore) 
because they are large 
and have heavy lenses 
(⇒ expensive).



Refracting Telescopes











Fig. 7.8



Reflecting telescopes focus light rays by bending them with mirrors



Modern 
research 
telescopes



Popular 
amateur 
design



Specialized 
research 
design



Reflecting Telescopes











Fig. 7.7B - Optical



The Caltech Submillimeter
Observatory



Some Real Telescopes











Bigger telescopes collect more light and can therefore 
detect fainter objects.



R r



Area = π x Radius2



A = πr2



Twice the radius means four times the light is gathered.



Primary mirror



Light Gathering Power











There are two telescopes, one with a diameter of 1 
meter and one with a diameter of 3 meters.  How 
many more photons per second does the larger 
telescope focus?



A)The same number
B)Twice as many
C)Three times as many
D)Nine times as many
E)One third as many



(Easy) Concept Question: 
Light Gathering Power











There are two telescopes, one with a diameter of 1 
meter and one with a diameter of 3 meters.  How 
many more photons per second does the larger 
telescope focus?



A)The same number
B)Twice as many
C)Three times as many
D)Nine times as many
E)One third as many



(Easy) Concept Question: 
Light Gathering Power











Bigger telescopes can resolve close objects better than 
smaller telescopes.



Fig. 7.18



Small telescope     Big telescope Reminder:
•There are 
360 degrees 
in a circle
•60 
arcminutes (“) 
in a degree
•60 
arcseconds (‘) 
in an 
arcminuteTypical “resolution” is 



one arcsecond (1”)



Angular Resolution











Interferometers work by using two or more telescopes as 
one to achieve better angular resolution.



Fig. 7.24



The Very Large Array



Angular Resolution











“Seeing” is the astronomical term for blurring of an 
image by turbulence in the atmosphere.



Seeing transparency



Astronomical Seeing











Would a telescope on the Moon be subject to seeing?
A)Yes
B) No
C) If it’s cloudy



Concept Question: Seeing











Would a telescope on the Moon be subject to 
seeing?



A)Yes
B)No, the Moon has no atmosphere!
C) If it’s cloudy



This is one of the primary reasons that we put 
telescopes in orbit.



Concept Question: Seeing











Fig 7.20



The atmosphere is transparent only in the visible and 
radio parts of the electromagnetic spectrum.



Atmospheric Transmission
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early_universe/early_tutorial1.htm



The early universe is a subject of both incredible discoveries and incredible 
mystery for astronomers and physicists alike.  By studying the conditions 
of the early universe, we can study the processes by which matter, galaxies, 
stars, planets, people, and the whole of the universe originally came to be.  
While we cannot directly observe the conditions of the early universe past 
roughly 380 thousand years, physicists can simulate the conditions by using 
instruments such as 
particle accelerators.  Below is some brief information for what 
scientists have defined to be the eight distinctive eras of the early universe.
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        The Purpose of this site is to 
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        astronomy allows us to study the conditions of early stars and galaxies. 
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      			 In the future, this page will provide
tutorials on the early Universe, as well as introductory information to
submillimeter astrophysics.
	

	Until then, here are some valuable tutorials on cosmology, Big Bang Theory, and the structure of the Universe.
      

	

http://www.astro.ucla.edu/~wright/cosmo_01.htm

This tutorial provides an introduction to the recent discoveries made
in the field of cosmology. -Courtesy Ned Wright, UCLA



http://cmb.physics.wisc.edu/tutorial/

Filled with media and graphics, this tutorial gives an excellent
introduction to the origin and eventual fate of the Universe. -Courtesy
Molly Read, University of Wisconsin, Madison



http://map.gsfc.nasa.gov/m_uni.html

This provides an explanation and description of the Big Bang Theory,
along with observations that test this theory. -Courtesy Gary Hinshaw,
NASA



http://cassfos02.ucsd.edu/public/tutorial/Cosmology.html

This site deals largely with the geometry of the Universe, as well as
discussions of the fate of the Universe.  -Courtesy Prof. H. E.
(Gene) Smith, UCSD



      Return to home.....
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Weekly Assignments:



Final Schedule:

    Friday-7:30am

    Saturday-RLST 10:30am

    Monday-1:30

    Tuesday-1:30

    



FTS:    

    Order Mirror mounts

    Beamsplitter

    JFET mounting pieces



Monday:

    Circuits Quiz due

    Christ Exam

    Meeting w/ Nils at 3:00



Tues

    Chem prelab



Wed

    Chem CAPA
due

    Research Proposal due - extd ver.

    Meeting w/ Jason @ 3:00



Thurs



Friday:

    Phys
online HW due (Fri noon)
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* This material is based upon work
supported by the National Science
Foundation under Grant No. 0239370.

Any opinions, findings, and
conclusions or recommendations expressed in
this material are those of the author(s) and do not necessarily reflect
the views of the National Science Foundation.
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      On
this page, you'll find information about CASA's
Submillimeter astrophysics group.  In the future, this will
include details on group members and research, tutorials on the Early
Universe,  resources for astronomy classes, and other general
information.  Check back regularly, as we will be updating
frequently.

      Whats New- 

      

      ASTR 5770- 

      SZ Lecture (PDF)

       

      "The
Bolocam Lockman Hole Millimeter-Wave Galaxy Survey:  Galaxy
Candidates and Number Counts" has been accepted-

      The
complete paper is currently being published by The Astrophysical
Journal.  To see a complete list of publications, follow the
publications link.
       



      Member Pages
Have Been Updated-

      Follow the Group link to see new pages for group
members.

      

      SPIRE and Z-Spec Instrument pages Updated-

      New pictures and information are availabe on two of our
instruments.  Follow the instrument link, or click the image below.

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      *
This material is based upon work
supported by the National Science
Foundation under Grant No. 0239370.

      Any opinions, findings, and
conclusions or recommendations expressed in
this material are those of the author(s) and do not necessarily reflect
the views of the National Science Foundation.
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      University Links:

       
      


 			University of Colorado at Boulder






      			CASA-Center for Astrophysics and
Space Astronomy






      			Laboratory for Atmospheric and Space
Physics





 
      
      Astronomy
Links:

       
      			Discover the
Cosmos! - At this site you can find the Astronomy Picture of the
Day, which includes stunning observations from the Hubble Space
Telescope and ground observatories as well.






      			Cassini Mission
- This is a mission that CU had a hand in developing.  Launched in
October of 1997, it is now close to Saturn sending back amazing data
and images.






      			The Cosmic Perspective - A
great resource for The Cosmic Perspective 3rd ed., Bennett,
Donahue, Schneider, and Voit






      More Links:

       
      			Caltech Submillimeter website






      			Caltech Astronomy website






      			NASA's Jet Propulsion Laboratory(JPL)






      Submillimeter
Resources:

      



      


 			SCUBA-2 - A
new wide-field
camera for the James Clerk Maxwell Telescope





 
      
      			Herschel Space Observatory -
A description of the instrument from JPL






      			Space
Techology-Herschel Space Observatory - An informative article from www.space-technology.com

        






      Tutorials and
information on the Early Universe

      



      			Wilkinson Microwave
Anisotropy Probe (WMAP)-This is a mission that has provided some of
the best Cosmic Microwave Background data available to us.  The
website provides excellent information on cosmology and the early
Universe.






      			Cosmology 101-Part of
the wMAP site, this tutorial gives extensive information on Cosmology.
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Courtesy RAL
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What is submillimeter astrophysics?



Astronomers learn almost everything they 
know about the Universe through electro-magnetic radiation, or light.  
Light comes to us in all different wavelengths.  Short wavelengths 
correspond to high energies and long wavelengths correspond to low energies.  
We can observe the high energy gamma rays shining from amazingly powerful events 
and objects, like pulsars, quasars, and supernovae.  We can also observe 
low energy radio waves coming from cool clouds of dust in space where stars are 
formed.  Submillimeter refers to the band of the spectrum from about 250 
microns to 2.1 mm.








Why is the submillimeter band important?



In the submillimeter band, 
we can observe objects that are very useful for finding out more about the early 
universe.  This band extends from the near infrared to the high frequency 
radio band.
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        Submillimeter Astrophysics			
            			
            
            General Info


			
            			
            Group Members


			
            			
            
            Instruments


			
            			
               
            Bolocam


			
            			
               
            Z-Spec


			
            			
               
            SPIRE


			
            			
               
            CSO






        
        Teaching



        
        
        The Early Universe



        
        Useful Links



        
        Contact Info



        s


			
        Here 
        is some general information and links to instruments being used by our 
        group.  Since our interest lies in submillimeter wavelengths, we 
        draw from both infrared and radio astronomy technology and techniques as 
        well as using technology unique to submillimeter astrophysics.  
        Here are links and information on a few of our most frequently used 
        instruments:Bolocam



        Z-Spec



        SPIRE



        
        Cal-Tech Submillimeter 
        Observatory
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      			 Here is information regarding
current group members:
       Jason Glenn

      



       James
Aguirre

      



      Randol Aikin

      



      Lieko Earle

      



      Quyen
Hart

      



      Kevin Heng

      



      Glenn Laurent

      



      Phil Maloney

      



      James Schlaerth
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      			 Lieko Earle

      lieko@casa.colorado.edu

      

      CASA-ARL, 1255 38th Street, Boulder, CO,
80303

303.492.4349

      

      

      

      

      

Edumacation

      
      			Graduate
Student, Physics, University of Colorado – Boulder			Boulder, CO

            			2001-Present

            


			Sc.B.,
Physics, Brown University 

            			Providence, RI

            			1997

            






      


      

Employment

      			Research
Assistant

            			Astrophysics
Instrumentation

            			CASA

University of Colorado

            			2002-Present

            


			Teaching
Assistant

            			Introductory
Physics

            			Department of
Physics

University of Colorado

            			2001-2002

            


			Volunteer
Leader

U.S. Peace Corps

            			Field Support
& 

Volunteer Training

            			Dar es Salaam,
Tanzania			1999-2000

            


			Volunteer
Teacher

U.S. Peace Corps

            			Physics Teacher

High School A-levels

            			Minaki
Secondary School

Pwani Region, Tanzania 

            			1997-1999

            


			Research
Assistant 			Low-temperature
Physics 

			Department of
Physics

Brown University			1995-1997
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Jason Glenn--Curriculum Vitae



ADDRESS

Assistant Professor of Astrophysics



Department of Astrophysical and Planetary Science




University of  Colorado, CASA 389-UCB


Boulder, CO 80309



EDUCATION
  
Ph.D.: Astronomy, University of Arizona, 1997






BS: Physics, University of New Mexico, 1992 



RESEARCH
Far-infrared to millimeter-wave astronomical instrumentation; cosmology: observations of galaxies and galaxy clusters; interstellar medium


EMPLOYMENT
Assistant Professor of Astrophysics, U. of Colorado, 2000-present



Postdoctoral Scholar in Physics, Caltech, 1997-1999






Graduate Research Assistant, Univ. of Arizona, 1992-97






Physics Research Assistant, Los Alamos National Laboratory, 1991-92






Astrophysics Research Assistant, Univ. of New Mexico, 1990-92






Optical Engineering Aide, Lentec Corporation, 1989, 1990



FELLOWSHIPS & AWARDS






Fermi Postdoctoral Fellowship, Univ. of Chicago 1997 (declined)






NASA Graduate Student Researchers Fellowship, 1994-97






NASA Space Grant Consortium Fellowship, 1991






University of New Mexico Presidential Scholarship, 1986-90



TEACHING AND NATIONAL COMMITTEES






Undergraduate & Graduate Astrophysics courses



Atacama Large Millimeter Array North American Science Advisory Committee, 2003-present






National Radio Astron. Observatory User Comm., 1999-2002



AFFILIATIONS
Associate Scientist, SPIRE Camera, Herschel Space Observatory






Member, American Astronomical Society



REFEREED JOURNAL PUBLICATIONS



Glenn, J., Jewell, P.R., Fourre, R., & Miaja, L.  A Polarization Survey of SiO Maser Variability in Evolved Stars, Astrophysical Journal, Vol. 588, pp. 478-485, 2003.



Feed Horn Coupled Bolometer Arrays for SPIRE—Design, Simulations, and Measurements, Chattopadhyay, G., Glenn, J., Bock, J.J., Rownd, B.K., Caldwell, M., & Griffin, M.J.  IEEE Transactions on Microwave Theory and Techniques, Vol. 51, pp. 2139-2146, 2003.


Glenn, J., Chattopadhyay, G., Edgington, S.F., Lange, A.E., Bock, J.J., Mauskopf, P.M., & Lee, A.T.  Numerical Optimization of Integrating Cavities for Diffraction Limited Millimeter-Wave Bolometer Arrays, Applied Optics, Vol. 41, pp. 136-142, 2002.



Glenn, J., and Hunter, T.R.  A Comparison of Tracers of Cool Gas in Galaxies and the 12CO/13CO Luminosity Ratio in Luminous Infrared Galaxies, Astrophysical Journal Supplement, Vol. 135, pp. 177-182, 2001.



Turner, A.D., Bock, J.J., Nguyen, H.T., Sethuraman, S., Beeman, J.W., Glenn, J., Hargrave, P.C., Woodcraft, A.L., Hristov, V.V., & Rahman, F.  Si3N4 Micromesh Bolometer Arrays for Submillimeter Astrophysics, Applied Optics, Vol. 40, pp. 4921-4932, 2001.



Bhatia, R.S., Chase, S.T., Edgington, S.F., Glenn, J., Jones, W.C., Lange, A.E., Maffei, B., Mainzer, A.K., Mauskopf, P.D., Philhour, B.J., & Rownd, B.K.  2001, A Three-Stage Helium Sorption Refrigerator for Cooling of Infrared Detectors to 280 mK, Cryogenics, 40, 685.



Glenn, J., Walker, C. K., and Young, E.T.  1999,  Magnetic Fields in Star Formation Regions:  1.3 Millmeter Continuum Polarimetry, Astrophysical Journal, 511, 812. 



Glenn, J., Walker, C. K., Bieging, J. H., and Jewell, P. R.  1997, Millimeter-Wave 



Spectropolarimetry of Evolved Stars:  Evidence for Polarized Molecular Line Emission, 



Astrophysical Journal Letters, 487, L89.



Glenn, J., Walker, C. K., and Young, E. T. 1997,  Cyclops: A Single Beam 1.3 Millimeter 



Polarimeter, International Journal of Infrared and Millimeter Waves, 18(2), 285.



Glenn, J., Walker, C. K., and Jewell, P. R. 1997, HCO+ Spectropolarimetry and Millimeter Continuum Polarimetry of the DR21 Star Formation Region, Astrophysical Journal, 479, 325.



Duric, N., Glenn, J., Grashuis, R., Kunkle, J., and Collins, A. 1996, Radial Light Distributions in Five Spiral Galaxies: The Relationship Between Young Stars and the 



Relativistic Gas, Astrophysical Journal, 470, 814.



Glenn, J., Schmidt, G. D., and Foltz, C. B. 1994, The Polarization and Nuclear Structure 



of the Broad Absorption Line QSO CSO755, Astrophysical Journal Letters, 434, L47.



Glenn, J., Liebert, J., and Schmidt, G. D. 1994, Follow-Up Observations of the Remarkable Double-Degenerate Binary LB11146, Publications of the Astronomical Society of the Pacific, 106, 722.



Glenn, J., Howell, S. B., Schmidt, G. D., Liebert, J., Grauer, A. D., and Wagner, R. M. 



1994, A Broad Observational Study of the Eclipsing Magnetic Cataclysmic Variable RE2107-053, Astrophysical Journal, 424, 967.



CONFERENCE PROCEEDINGS



WaFIRS: a waveguide far-IR spectrometer: enabling spectroscopy of high-z galaxies in the far-IR and submillimeter, Bradford, C.M., Naylor, B.J., Zmuidzinas, J., Bock, J.J., Gromke, J., Nguyen, H., Dragovan, M., Yun, M., Earle, L., Glenn, J., Matsuhara, H., Ade, P.A.R., & Duband, L.  Proceedings of SPIE Conference on IR Telescopes and Instruments, Ed. J.C. Mather, Vol. 4850, pp. 1137-1148.



Current Status of Bolocam: a large-format millimeter-wave bolometer camera, Glenn, J. Ade, P.A.R., Amarie, M., Bock, J.J., Edgington, S.F., Goldin, A., Golwala, S., Haig, D., Lange, A.E., Laurent, G., Mauskopf, P.D., Yun, M., & Nguyen, H.  Proc. Of  SPIE Conference on Millimeter and Submillimeter Detectors for Astronomy, Vol. 4855, Eds. T.G. Phillips & J. Zmuidzinas, pp. 30-40, 2002.



Z-Spec: a broadband, direct-detection, millimeter-wave spectrometer, Naylor, B.J., Ade, P.A.R., Bock, J.J., Bradford, C.M., Dragovan, M., Duband, L., Earle, L., Glenn, J., Matsuhara, H., Nguyen, H., Yun, M., & Zmuidzinas, J.  Proc. Of  SPIE Conference on Millimeter and Submillimeter Detectors for Astronomy, Vol. 4855, Eds. T.G. Phillips & J. Zmuidzinas, pp. 239-248, 2002.



Design and performance of feedhorn-coupled bolometer arrays for SPIRE, Rownd, B., Bock, J.J., Chattopadhyay, G., Glenn, J., & Griffin, M.  Proc. Of  SPIE Conference on Millimeter and Submillimeter Detectors for Astronomy, Vol. 4855, Eds. T.G. Phillips & J. Zmuidzinas, pp. 510-519, 2002.



Combined Cosmology Programs with SPIRE and Planck HFI, Gromke, J.J., Bock, J.J., Nguyen, H., & Glenn, J.  The Promise of the Herschel Space Observatory, Eds. G.L. Pilbratt, J. Cernicharo, A.M. Heras, T. Prusti, & R. Harris, ESA-SP 460, p. 425.


Closed-cycle Cooling of Infrared Detectors to 0.25 K for the Polatron, Bhatia, R.S., Bock, J.J., Hristov, V.V., Jones, W.C., Lange, A.E., Leong, J., Mason, P.V., Philhour, B.J., Sirbi, G., Church, S.E., Keating, B.G., Glenn, J.G., Chase, S.T., Ade, P.A.R., & Haynes, C.V.  Proc. of 11th Int. Cryocooler Conf., 20-22 June 2000.


Bolocam:  A 144 Element Bolometer Array Camera for Millimeter-Wave Imaging, Mauskopf, P.D., Gerecht, E., Rownd, B.K., Edgington, S.F., Hristov, V.V., Kornfeld, B.M., Lange, A.E., Bock, J.J., Nguyen, H., and Glenn, J.  Proc. NRAO Radio Imaging 1999 Conf.



Bolocam:  A Millimeter-Wave Bolometric Camera, Glenn, J., Bock, J.J., Edgington, S.F., Lange, A.E., Zmuidzinas, J., Mauskopf, P.D., Rownd, B., Yuen, L.,  and Ade, P.A.R.  1998 SPIE Conf. on Adv. Tech. Millimeter-Wave, Radio, and Terahertz Telescopes, Vol. 3357, 326.



Silicon Nitride Micromesh Bolometer Arrays for SPIRE, Bock, J.J., Glenn, J., Grannan, S.M., Irwin, K.D., Lange, A.E., LeDuc, H.G., and Turner, A.D.  1998 SPIE Conf. on Adv. Tech. Millimeter-Wave, Radio, and Terahertz Telescopes, Vol. 3357, 297.



Laser Micromachining of Silicon: A New Technique for Fabricating High Quality Terahertz Waveguide Components, Walker, C. K., Narayanan, G., Knoepfle, H., Capara, J., Glenn, J., Hungerford, A., Bloomstein, T. M., Palmacci, S. T., Stern, M. B., and Curtin, J. E. 1997, Proc. 8th Int. Symp. on Space Terahertz Tech., March



25-27, eds. R. Blondell & E. Tong, p. 358.



INVITED TALKS



“Bolocam Observations of the Sunyaev-Zel’dovich Effect”, Workshop on Cosmology with the Sunyaev-Zel’dovich Effect, University of Chicago, September 2003.



“Bolocam and Z-Spec:  Millimeter-Wave Observations”, Green Bank Telescope High Frequency Workshop, Green Bank Telescope, September 2003.



“Probing the High-Redshift Universe with Millimeter-Wave Surveys for Galaxies and Clusters”, Astronomy Colloquium, University of Arizona, April 2003


“Probing Galaxy Formation at High Redshift:  Millimeter-Wave Surveys for Galaxies with Bolocam and Z-Spec”, Physics Colloquium, University of Wyoming, November 2002.



“Current Status of Bolocam:  a large-format millimeter-wave bolometer camera, SPIE Conference on Millimeter and Submillimeter Detectors for Astronomy, August 2002.


“Probing Galaxy Formation at High Redshift:  Millimeter-Wave Surveys for Galaxies with Bolocam and Z-Spec”, Star Formation Seminar, University of Texas, April 2002.


“Probing Galaxy Formation at High Redshift:  Millimeter-Wave Surveys for Galaxies with Bolocam and Z-Spec”, Radio Astronomy Seminar, University of California, Berkeley, February 2003.


“Bolocam:  A Bolometric Receiver with an Innovative 280 mK Triple-Stage Helium Refrigerator”, National Radio Science Meeting, University of Colorado, January 2000.



“Submillimeter-Wave Cosmology, Cosmic Genesis Workshop”, Sonoma State University, November 1999.



“Finding Distant Galaxies and Clusters with an Innovative Milllimeter-Wave Camera”, University of Colorado, Boulder, Department of  Astrophysics and Planetary Sciences, and Brown University Physics Department, March 1999.



“Millimeter Polarimetry of Star Formation Regions and Evolved Stars”, FCRAO, University of Massachusetts, February 1998, and California Institute of Technology, January 1997.



“The Polarization and Nuclear Structure of the Broad Absorption Line QSO CSO755”, meeting on the polarization of Active Galactic Nuclei and Quasars, California Institute of Technology, March 1995.



“Submillimeter Astronomy in Arizona”, invited speaker at Tucson Amateur Astronomy



Association meeting, 1995.
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Curriculum Vitae



Glenn Thomas Laurent



Ph.D. Graduate Student / Research Assistant



Astrophysical and Planetary Sciences



Center for Astrophysics and Space Astronomy



University of Colorado



Campus Box 593


Boulder, CO  80309-0593


ARL 150A


(303) 492-1289


glaurent@Colorado.edu



Education



Ph.D. (9/1999-present) University of Colorado -- Astrophysical and Planetary Sciences









        Cum. CPA: 3.919









        Expected Defense: August 2005



M.S. (12/2001) University of Colorado -- Astrophysical and Planetary Sciences








        Cum. GPA: 3.919



B.S. (6/1999) Colorado School of Mines -- Physics








          (With Highest Honors)








          Cum. GPA: 4.000



B.S. (6/1999) Colorado School of Mines -- Chemical Engineering








          (With Highest Honors)








          Cum. GPA: 4.000



Research Interests



· Detection of Protogalaxies at Submillimeter & Millimeter Wavelengths



· Submillimeter / Millimeter Wave Bolometer & Polarimeter Instrumentation



· Cosmology: Photometric Redshifts of Galaxy Clusters



Awards



· NASA Graduate Student Researchers Program (GSRP) Fellowship -- 2002 - present.



· University of Colorado Astrophysics Fellowship --  1999-2000, 2000-2001, 



 


      2002-2003, 2004-2005


· Outstanding Graduating Senior Award, Physics -- 6/1999



· Outstanding Graduating Senior Award, Chemical Engineering -- 6/1999



· Jon Sorci Outstanding Chemistry Student Award -- 1998



· Colorado Masons Benevolent Scholarship Award -- 1995-1999



· Colorado School of Mines Presidential Scholarship Award -- 1995-1999



· National Honor Society Commended Student -- 1995



· Colorado School of Mines Dean's List -- 1995-1999



Appointments



· University of Colorado (6/1999 - present)



     Research Assistant



· University of Colorado (8/1999 - 12/1999)



     Teaching Assistant



· Los Alamos National Laboratory (5/1998-8/1998)



     Research Assistant



· Colorado School of Mines -- Physics Department (5/1997-8/1997)



     Research Assistant



· Colorado School of Mines -- Chemical Engineering Department (5/1997-8/1997)



     Research Assistant



Additional Skills



· Master Scuba Diver (PADI open water, NAUI  advanced, NAUI master diver)



· Private Pilot License


· Foreign Languages:  German, Russian



Publications



· The Bolocam Lockman Hole Submillimeter Galaxy Survey: Galaxy Candidates and Number Counts



     Laurent, G.T., et al., ApJ, 2004, submitted


· Bolocam 1.1-millimeter Galaxy Survey of The Lockman Hole



     Laurent, G.T., et al., 2004, AAS, 204.4305L



· Bolocam 1.1-millimeter Galaxy Survey



     Laurent, G.T., et al., 2003, AAS, 203.5003L



· Population Gradients in Abell 2390



     Laurent, G.T., Ellingson, E., Lin, H., Yee, H., 2004, ApJ (in prep.)
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      			 Jason Glenn-Assistant
Professor of Astrophysics
       University
of Colorado at Boulder



       Department of Astrophysical and Planetary
Science



       University of  Colorado, CASA 389-UCB



        Boulder, CO 80309



       EDUCATION   
   Ph.D.: Astronomy, University of Arizona, 1997



                
   
              
BS: Physics, University of New Mexico, 1992  



 

RESEARCH      
   Far-infrared
to millimeter-wave astronomical instrumentation; cosmology:
observations of galaxies and galaxy clusters; interstellar medium





 See complete Curriculum Vitae with complete list of
publications and employment Here
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      			 Glenn Laurent-Ph.D.
Graduate Student/Research Assistant
       University
of Colorado at Boulder



       Department of Astrophysical and Planetary
Science



       Center for Astrophysics and Space Astronomy



       ARL 150A



       Boulder, CO 80309



       EDUCATION     Ph.D.: 
      
Astrophysical and Planetary Sciences, University of Colorado,
1999-Present



         
           
           M.S.: Astrophysical and Planetary Sciences,
University of Colorado, 2001



          
           
          B.S.:
Physics, Colorado School of Mines, 1999



                     
            B.S.: Chemical
Engineering, Colorado School of Mines, 1999  



        



        RESEARCH        -Detection
of
Protogalaxies at Submillimeter & Millimeter Wavelengths



                      
           
-Submillimeter/Millimeter Wave Bolometer & Polarimeter
Instrumentation



                     
             -Cosmology:
Photometric Redshifts of Galaxy Clusters



       See complete Curriculum Vitae with complete list of
publications and employment Here
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      			 James
E. Aguirre

      james.aguierre@colorado.edu

      

      CASA-ARL, 1255 38th Street

Boulder, CO,
80303

Room 175I

303.492.5942

      

      

      

      

      

Education

      
      			Postdoctoral
Research Associate 			University of
Colorado

            			2003-Present

            


			PhD Physics

            			University of
Chicago

            			2003

            


			MS Physics

            			University of
Chicago

            			2003

            


			BS Applied
Mathematics, highest honor

            			Georgia
Institute of Technology

            			1997

            


			BS Physics,
highest honor

            			Georgia
Institute of Technology

            			1997

            






      

Appointments

      			Postdoctoral
Research Associate

            			CASA

University of Colorado 			2003-Present

            


			Graduate
Research Assistant

            			Department of
Physics

University of Chicago 			1997-2003

            


			Undergraduate
Tutor

            			Georgia
Institute of Technology

            			1997


			National
Undergraduate Fellow in Plasma Physics and Fusion Engineering,

            			Princeton
Plasma Physics Laboratory

            			Summer 1996

            


			Undergraduate
Teaching Assistant

            			Department of
Mathematics

Georgia Institute of Technology

            			1996-1997






      

Scholarships, Fellowships, and Awards

  -National Science Foundation Graduate Research Fellowship,
awarded 1997.

  -National Undergraduate Fellowship in Plasma Physics and Fusion
Engineering,

    awarded by the Princeton Plasma Physics Laboratory,
Summer 1996.

  -Outstanding Graduating Senior in the Georgia Tech Physics
Department, 1997.

  -President's Scholarship, awarded by the Georgia Institute of
Technology, 1993 - 1997.

  -Governor's Scholarship, awarded by the State of Georgia, 1993 -
1997.

  -HOPE Scholarship, awarded by the State of Georgia, 1993 - 1997.

      

Complete Curriculum Vitae (Adobe Reader
required)
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Curriculum Vitae



James E. Aguirre
University of Colorado at Boulder



Center for Astrophysics and Space Astronomy
Room 175I



1255 38th Street
Boulder, CO 80303



(303) 492-5942
james.aguirre@colorado.edu



Education



University of Colorado, Boulder, Postdoctoral Research Associate, 2003
University of Chicago, PhD Physics, 2003
University of Chicago, MS Physics, 2003
Georgia Institute of Technology, BS Applied Mathematics, 1997, highest honor
Georgia Institute of Technology, BS Physics, 1997, highest honor



Appointments



Postdoctoral Research Associate, University of Colorado, Boulder, Center for Astro-
physics and Space Astronomy, 2003 - present
Graduate Research Assistant, University of Chicago, Department of Physics, 1997 - 2003
Undergraduate Tutor, Georgia Institute of Technology, Department of Physics, 1997
National Undergraduate Fellow in Plasma Physics and Fusion Engineering, Prince-
ton Plasma Physics Laboratory, Summer 1996
Undergraduate Teaching Assistant, Georgia Institute of Technology, Department of
Mathematics, 1996 - 1997



Scholarships, Fellowships, and Awards



National Science Foundation Graduate Research Fellowship, awarded 1997.
National Undergraduate Fellowship in Plasma Physics and Fusion Engineering,
awarded by the Princeton Plasma Physics Laboratory, Summer 1996.
Outstanding Graduating Senior in the Georgia Tech Physics Department, 1997.
President’s Scholarship, awarded by the Georgia Institute of Technology, 1993 - 1997.
Governor’s Scholarship, awarded by the State of Georgia, 1993 - 1997.
HOPE Scholarship, awarded by the State of Georgia, 1993 - 1997.
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List of Publications



Refereed



Aguirre, J. E., Bezaire, J. J., Cheng, E. S., Cottingham, D. A., Cordone, S. S., Crawford,
T. M., Fixsen, D. J., Knox, L., Meyer, S. S., Norgaard-Nielsen, H. U., Silverberg, R. F.,
Timbie, P., and Wilson, G. W. (2003). The Spectrum of Integrated Millimeter Flux of
the Magellanic Clouds and 30 Doradus from TopHat and DIRBE Data. Astrophysical
Journal, 596:273–286.



Laurent, G. T., Aguirre, J. E., Glenn, J., Ade, R. A. R., Bock, J. J., Edgington, S. F.,
Goldin, A., Golwala, S. R., Haig, D., Lange, A. E., Maloney, P. R., Mauskopf, P. D.,
Nguyen, H., Rossinot, P., Sayers, J., and Stover, P. (2004). The Bolocam Lockman Hole
Submillimeter Galaxy Survey: Galaxy Candidates and Number Counts. Astrophysical
Journal; submitted.



Silverberg, R. F., Cheng, E. S., Aguirre, J. E., Bezaire, J. J., Crawford, T. M., Meyer, S. S.,
Bier, A., Campano, B., Chen, T. C., Cottingham, D. A., Sharp, E. H., Christensen, P. R.,
Cordone, S., Timbie, P. T., Dame, R. E., Fixsen, D. J., Kristensen, R. J. K., Norgaard-
Nielsen, H. U., and Wilson, G. W. (2004). The TopHat Experiment: A Balloon-borne
Instrument for Mapping Millimeter and Sub-millimeter Emission. Astrophysical Journal
Supplement; provisional acceptance.



Conference Proceedings



Bradford, C. M., Ade, P., Aguirre, J., Bock, J. J., Dragovan, M., Duband, L., Earle, L.,
Glenn, J., Matsuhara, H., Naylor, B. J.,Nguyen, H., Yun, M., and Zmuidzinas, J. (2004).
Z-Spec: a broadband millimeter-wave grating spectrometer — design, construction, and
first cryogenic measurements. In Millimeter and Submillimeter Detectors for Astronomy
II. Edited by Zmuidzinas, Jonas; Holland, Wayne S.; Withington, Stafford. Proceedings
of the SPIE, Volume 5498, pages 257–267.



Haig, D. J., Ade, P. A. R., Aguirre, J. E., Bock, J. J., Edgington, S. F., Enoch, M. L.,
Glenn, J., Goldin, A., Golwala, S., Heng, K., Laurent, G., Maloney, P. R., Mauskopf,
P. D., Rossinot, P., Sayers, J., Stover, P., and Tucker, C. (2004). Bolocam: status and
observations. In Millimeter and Submillimeter Detectors for Astronomy II. Edited by
Zmuidzinas, Jonas; Holland, Wayne S.; Withington, Stafford. Proceedings of the SPIE,
Volume 5498, pages 78–94.



Oh, E., Bier, A., Chen, T., Cheng, E., Cottingham, D., Dicamillo, B., Fixsen, D., Naegli, C.,
Silverberg, R., Wilson, G., Cordone, S., Gundersen, J., Timbie, P., Aguirre, J., Bezaire,
J., Crawford, T., Golden, A., Knox, L., Meyer, S., Christensen, P., Hermit, S., Kristensen,
R., Ramussen, I., Omoe, K., Polny, J., and Piccirillo, L. (1999). The TopHat-Spinner
Experiment for Measuring Anisotropy in the Cosmic Microwave Background Radiation.
Bulletin of the American Astronomical Society, 31:982.
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Silverberg, R. F., Aguirre, J., Bezaire, J., Cheng, E. S., Christensen, P. R., Cordone, S.,
Cottingham, D. A., Crawford, T., Fixsen, D. J., Kenny, P., Knox, L., Kristensen, R. E.,
Meyer, S., Noergaard-Nielsen, H. U., Timbie, P. T., and Wilson, G. W. (2003). The long
duration flight of the TopHat experiment. In Airborne Telescope Systems II. Edited by
Ramsey K. Melugin, Hans-Peter Roeser. Proceedings of the SPIE, Volume 4857, pages
195–203.



Wilson, G. W., Aguirre, J., Bezaire, J., Cheng, E. S., Christensen, P. R., Cordone, S.,
Cottingham, D. A., Crawford, T., Fixsen, D. J., Knox, L., Kristensen, R., Meyer, S. S.,
Norgaard-Nelsen, H. U., Silverberg, R. F., and Timbie, P. T. (2002). An update on the
TopHat experiment. In AIP Conference Proceedings 616: Experimental Cosmology at
Millimetre Wavelengths, pages 23–30.



Posters



Aguirre, J. and Bolocam-COSMOS Collaboration (2004). A Bolocam Survey of the Central
Region of the COSMOS Field. American Astronomical Society Meeting, 204.



Laurent, G. T., Aguirre, J., Bock, J., Edgington, S., Enoch, M., Glenn, J., Goldin, A.,
Golwala, S., Haig, D., Maloney, P., Mauskopf, P., Nguyen, H., Rossinot, P., Sayers, J.,
and Stover, P. (2004a). Bolocam 1.1-millimeter Galaxy Survey of the Lockman Hole.
American Astronomical Society Meeting, 204.



Laurent, G. T., Aguirre, J. E., Bock, J., Edgington, S., Enoch, M., Glenn, J., Goldin, A.,
Golwala, S., Haig, D. J., Maloney, P., Mauskopf, P., Nguyen, H., Rossinot, P., Sayers, J.,
and Stover, P. (2003). Bolocam 1.1-millimeter Galaxy Survey. American Astronomical
Society Meeting, 203.



Thesis



Aguirre, J. E. (2003). Properties of astrophysical submillimeter emission near the South
Celestial Pole from the TopHat telescope. Ph.D. Thesis.
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Jason Glenn--Curriculum Vitae 
 
 
ADDRESS  Assistant Professor of Astrophysics 



Department of Astrophysical and Planetary Science  
University of  Colorado, CASA 389-UCB 
Boulder, CO 80309 



 
EDUCATION    Ph.D.: Astronomy, University of Arizona, 1997 
   BS: Physics, University of New Mexico, 1992  
 
RESEARCH Far-infrared to millimeter-wave astronomical instrumentation; 



cosmology: observations of galaxies and galaxy clusters; interstellar 
medium 



 
EMPLOYMENT Assistant Professor of Astrophysics, U. of Colorado, 2000-present 



Postdoctoral Scholar in Physics, Caltech, 1997-1999 
   Graduate Research Assistant, Univ. of Arizona, 1992-97 
   Physics Research Assistant, Los Alamos National Laboratory, 1991-92 
   Astrophysics Research Assistant, Univ. of New Mexico, 1990-92 
   Optical Engineering Aide, Lentec Corporation, 1989, 1990 
 
FELLOWSHIPS & AWARDS 
   Fermi Postdoctoral Fellowship, Univ. of Chicago 1997 (declined) 
   NASA Graduate Student Researchers Fellowship, 1994-97 
   NASA Space Grant Consortium Fellowship, 1991 
   University of New Mexico Presidential Scholarship, 1986-90 
 
TEACHING AND NATIONAL COMMITTEES 
   Undergraduate & Graduate Astrophysics courses 



Atacama Large Millimeter Array North American Science Advisory 
Committee, 2003-present 



   National Radio Astron. Observatory User Comm., 1999-2002 
 
AFFILIATIONS Associate Scientist, SPIRE Camera, Herschel Space Observatory 
   Member, American Astronomical Society 
 
REFEREED JOURNAL PUBLICATIONS 
 
Glenn, J., Jewell, P.R., Fourre, R., & Miaja, L.  A Polarization Survey of SiO Maser Variability 
in Evolved Stars, Astrophysical Journal, Vol. 588, pp. 478-485, 2003. 
 
Feed Horn Coupled Bolometer Arrays for SPIRE—Design, Simulations, and Measurements, 
Chattopadhyay, G., Glenn, J., Bock, J.J., Rownd, B.K., Caldwell, M., & Griffin, M.J.  IEEE 
Transactions on Microwave Theory and Techniques, Vol. 51, pp. 2139-2146, 2003. 
 
Glenn, J., Chattopadhyay, G., Edgington, S.F., Lange, A.E., Bock, J.J., Mauskopf, P.M., & Lee, 
A.T.  Numerical Optimization of Integrating Cavities for Diffraction Limited Millimeter-Wave 
Bolometer Arrays, Applied Optics, Vol. 41, pp. 136-142, 2002. 
 











Glenn, J., and Hunter, T.R.  A Comparison of Tracers of Cool Gas in Galaxies and the 12CO/13CO 
Luminosity Ratio in Luminous Infrared Galaxies, Astrophysical Journal Supplement, Vol. 135, 
pp. 177-182, 2001. 
 
Turner, A.D., Bock, J.J., Nguyen, H.T., Sethuraman, S., Beeman, J.W., Glenn, J., Hargrave, P.C., 
Woodcraft, A.L., Hristov, V.V., & Rahman, F.  Si3N4 Micromesh Bolometer Arrays for 
Submillimeter Astrophysics, Applied Optics, Vol. 40, pp. 4921-4932, 2001. 
 
Bhatia, R.S., Chase, S.T., Edgington, S.F., Glenn, J., Jones, W.C., Lange, A.E., Maffei, B., 
Mainzer, A.K., Mauskopf, P.D., Philhour, B.J., & Rownd, B.K.  2001, A Three-Stage Helium 
Sorption Refrigerator for Cooling of Infrared Detectors to 280 mK, Cryogenics, 40, 685. 
 
Glenn, J., Walker, C. K., and Young, E.T.  1999,  Magnetic Fields in Star Formation Regions:  
1.3 Millmeter Continuum Polarimetry, Astrophysical Journal, 511, 812.  
 
Glenn, J., Walker, C. K., Bieging, J. H., and Jewell, P. R.  1997, Millimeter-Wave  
Spectropolarimetry of Evolved Stars:  Evidence for Polarized Molecular Line Emission,  
Astrophysical Journal Letters, 487, L89. 
 
Glenn, J., Walker, C. K., and Young, E. T. 1997,  Cyclops: A Single Beam 1.3 Millimeter  
Polarimeter, International Journal of Infrared and Millimeter Waves, 18(2), 285. 
 
Glenn, J., Walker, C. K., and Jewell, P. R. 1997, HCO+ Spectropolarimetry and Millimeter 
Continuum Polarimetry of the DR21 Star Formation Region, Astrophysical Journal, 479, 325. 
 
Duric, N., Glenn, J., Grashuis, R., Kunkle, J., and Collins, A. 1996, Radial Light Distributions in 
Five Spiral Galaxies: The Relationship Between Young Stars and the  
Relativistic Gas, Astrophysical Journal, 470, 814. 
 
Glenn, J., Schmidt, G. D., and Foltz, C. B. 1994, The Polarization and Nuclear Structure  
of the Broad Absorption Line QSO CSO755, Astrophysical Journal Letters, 434, L47. 
 
Glenn, J., Liebert, J., and Schmidt, G. D. 1994, Follow-Up Observations of the Remarkable 
Double-Degenerate Binary LB11146, Publications of the Astronomical Society of the Pacific, 
106, 722. 
 
Glenn, J., Howell, S. B., Schmidt, G. D., Liebert, J., Grauer, A. D., and Wagner, R. M.  
1994, A Broad Observational Study of the Eclipsing Magnetic Cataclysmic Variable RE2107-
053, Astrophysical Journal, 424, 967. 
 
CONFERENCE PROCEEDINGS 
 
WaFIRS: a waveguide far-IR spectrometer: enabling spectroscopy of high-z galaxies in the far-IR 
and submillimeter, Bradford, C.M., Naylor, B.J., Zmuidzinas, J., Bock, J.J., Gromke, J., Nguyen, 
H., Dragovan, M., Yun, M., Earle, L., Glenn, J., Matsuhara, H., Ade, P.A.R., & Duband, L.  
Proceedings of SPIE Conference on IR Telescopes and Instruments, Ed. J.C. Mather, Vol. 4850, 
pp. 1137-1148. 
 
Current Status of Bolocam: a large-format millimeter-wave bolometer camera, Glenn, J. Ade, 
P.A.R., Amarie, M., Bock, J.J., Edgington, S.F., Goldin, A., Golwala, S., Haig, D., Lange, A.E., 
Laurent, G., Mauskopf, P.D., Yun, M., & Nguyen, H.  Proc. Of  SPIE Conference on Millimeter 











and Submillimeter Detectors for Astronomy, Vol. 4855, Eds. T.G. Phillips & J. Zmuidzinas, pp. 
30-40, 2002. 
 
Z-Spec: a broadband, direct-detection, millimeter-wave spectrometer, Naylor, B.J., Ade, P.A.R., 
Bock, J.J., Bradford, C.M., Dragovan, M., Duband, L., Earle, L., Glenn, J., Matsuhara, H., 
Nguyen, H., Yun, M., & Zmuidzinas, J.  Proc. Of  SPIE Conference on Millimeter and 
Submillimeter Detectors for Astronomy, Vol. 4855, Eds. T.G. Phillips & J. Zmuidzinas, pp. 239-
248, 2002. 
 
Design and performance of feedhorn-coupled bolometer arrays for SPIRE, Rownd, B., Bock, J.J., 
Chattopadhyay, G., Glenn, J., & Griffin, M.  Proc. Of  SPIE Conference on Millimeter and 
Submillimeter Detectors for Astronomy, Vol. 4855, Eds. T.G. Phillips & J. Zmuidzinas, pp. 510-
519, 2002. 
 
Combined Cosmology Programs with SPIRE and Planck HFI, Gromke, J.J., Bock, J.J., Nguyen, 
H., & Glenn, J.  The Promise of the Herschel Space Observatory, Eds. G.L. Pilbratt, J. 
Cernicharo, A.M. Heras, T. Prusti, & R. Harris, ESA-SP 460, p. 425. 
 
Closed-cycle Cooling of Infrared Detectors to 0.25 K for the Polatron, Bhatia, R.S., Bock, J.J., 
Hristov, V.V., Jones, W.C., Lange, A.E., Leong, J., Mason, P.V., Philhour, B.J., Sirbi, G., 
Church, S.E., Keating, B.G., Glenn, J.G., Chase, S.T., Ade, P.A.R., & Haynes, C.V.  Proc. of 11th 
Int. Cryocooler Conf., 20-22 June 2000. 
 
Bolocam:  A 144 Element Bolometer Array Camera for Millimeter-Wave Imaging, Mauskopf, 
P.D., Gerecht, E., Rownd, B.K., Edgington, S.F., Hristov, V.V., Kornfeld, B.M., Lange, A.E., 
Bock, J.J., Nguyen, H., and Glenn, J.  Proc. NRAO Radio Imaging 1999 Conf. 
 
Bolocam:  A Millimeter-Wave Bolometric Camera, Glenn, J., Bock, J.J., Edgington, S.F., Lange, 
A.E., Zmuidzinas, J., Mauskopf, P.D., Rownd, B., Yuen, L.,  and Ade, P.A.R.  1998 SPIE Conf. 
on Adv. Tech. Millimeter-Wave, Radio, and Terahertz Telescopes, Vol. 3357, 326. 
 
Silicon Nitride Micromesh Bolometer Arrays for SPIRE, Bock, J.J., Glenn, J., Grannan, S.M., 
Irwin, K.D., Lange, A.E., LeDuc, H.G., and Turner, A.D.  1998 SPIE Conf. on Adv. Tech. 
Millimeter-Wave, Radio, and Terahertz Telescopes, Vol. 3357, 297. 
 
Laser Micromachining of Silicon: A New Technique for Fabricating High Quality Terahertz 
Waveguide Components, Walker, C. K., Narayanan, G., Knoepfle, H., Capara, J., Glenn, J., 
Hungerford, A., Bloomstein, T. M., Palmacci, S. T., Stern, M. B., and Curtin, J. E. 1997, Proc. 
8th Int. Symp. on Space Terahertz Tech., March 
25-27, eds. R. Blondell & E. Tong, p. 358. 
 
INVITED TALKS 
 
“Bolocam Observations of the Sunyaev-Zel’dovich Effect”, Workshop on Cosmology with the 
Sunyaev-Zel’dovich Effect, University of Chicago, September 2003. 
 
“Bolocam and Z-Spec:  Millimeter-Wave Observations”, Green Bank Telescope High Frequency 
Workshop, Green Bank Telescope, September 2003. 
 
“Probing the High-Redshift Universe with Millimeter-Wave Surveys for Galaxies and Clusters”, 
Astronomy Colloquium, University of Arizona, April 2003 











 
“Probing Galaxy Formation at High Redshift:  Millimeter-Wave Surveys for Galaxies with 
Bolocam and Z-Spec”, Physics Colloquium, University of Wyoming, November 2002. 
 
“Current Status of Bolocam:  a large-format millimeter-wave bolometer camera, SPIE 
Conference on Millimeter and Submillimeter Detectors for Astronomy, August 2002. 
 
“Probing Galaxy Formation at High Redshift:  Millimeter-Wave Surveys for Galaxies with 
Bolocam and Z-Spec”, Star Formation Seminar, University of Texas, April 2002. 
 
“Probing Galaxy Formation at High Redshift:  Millimeter-Wave Surveys for Galaxies with 
Bolocam and Z-Spec”, Radio Astronomy Seminar, University of California, Berkeley, February 
2003. 
 
“Bolocam:  A Bolometric Receiver with an Innovative 280 mK Triple-Stage Helium 
Refrigerator”, National Radio Science Meeting, University of Colorado, January 2000. 
 
“Submillimeter-Wave Cosmology, Cosmic Genesis Workshop”, Sonoma State University, 
November 1999. 
 
“Finding Distant Galaxies and Clusters with an Innovative Milllimeter-Wave Camera”, 
University of Colorado, Boulder, Department of  Astrophysics and Planetary Sciences, and 
Brown University Physics Department, March 1999. 
 
“Millimeter Polarimetry of Star Formation Regions and Evolved Stars”, FCRAO, University of 
Massachusetts, February 1998, and California Institute of Technology, January 1997. 
 
“The Polarization and Nuclear Structure of the Broad Absorption Line QSO CSO755”, meeting 
on the polarization of Active Galactic Nuclei and Quasars, California Institute of Technology, 
March 1995. 
 
“Submillimeter Astronomy in Arizona”, invited speaker at Tucson Amateur Astronomy 
Association meeting, 1995. 
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Curriculum Vitae 
 



Glenn Thomas Laurent 
 



Ph.D. Graduate Student / Research Assistant 
 



Astrophysical and Planetary Sciences 
Center for Astrophysics and Space Astronomy 



 
University of Colorado 



Campus Box 593 
Boulder, CO  80309-0593 



 
ARL 150A 



(303) 492-1289 
glaurent@Colorado.edu 



 



Education 



Ph.D. (9/1999-present) University of Colorado -- Astrophysical and Planetary Sciences 
              Cum. CPA: 3.919 
              Expected Defense: August 2005 
 
M.S. (12/2001) University of Colorado -- Astrophysical and Planetary Sciences 
             Cum. GPA: 3.919 
 
B.S. (6/1999) Colorado School of Mines -- Physics 
               (With Highest Honors) 
               Cum. GPA: 4.000 
 
B.S. (6/1999) Colorado School of Mines -- Chemical Engineering 
               (With Highest Honors) 
               Cum. GPA: 4.000 
 
Research Interests 



• Detection of Protogalaxies at Submillimeter & Millimeter Wavelengths 



• Submillimeter / Millimeter Wave Bolometer & Polarimeter Instrumentation 



• Cosmology: Photometric Redshifts of Galaxy Clusters 
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Senior Thesis:  "A Fourier Transform Spectrometer for
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Observatory

       

Public Site: http://www.cso.caltech.edu/bolocam                       
Private Site: http://bolocam.caltech.edu

      
      Bolocam is
a millimeter-wave
camera constructed for
cosmology for the Leighton Telescope at the Caltech Submillimeter
Observatory.  It is a large-format bolometric camera for
observations between 1.1 and 2.1 millimeter wavelengths, utilizing
a total of 144 Bolometers.  Bolocam is a collaboration between the
California Institute of Technology (Observational
Cosmology ), the University of Colorado in
Boulder, the Jet Propulsion Lab (JPL), the
Large Millimeter Telescope project, and Cardiff University. 

      



      Observations at 1.1 mm are
sensitive to thermal emission from dust grains in regions of star
formation, both in the Milky Way and in distant galaxies.  In
collaboration with the Spitzer Legacy Cores-to-Disks team we are
surveying the Perseus, Serpens, and Rho Ophiuchus molecular clouds to
measure the dust emission in the vicinities of protostars and young
stars.  When combined with the Spitzer far-infrared data, the
Bolocam observations will enable the temperatures of the dust to be
measured and the total gas mass heated by the stars to be estimated.
 We are also using 1.1 mm Bolocam observations to detect
submillimeter galaxies, which are high redshift (z>1) galaxies with
extreme luminosities (>10^13 solar luminosities) and star formation
rates (~10^3 solar masses per year).

      



      2.1 mm observations are sensitive
to secondary anisotropies in the 2.73 K cosmic microwave background

radiation.  Using Bolocam, we are surveying two regions of sky to
try to detect secondary anistropies to constrain the dark matter and
dark energy content of the Universe, as well as begin to measure the
numbers, masses, and eventually redshift distributions of galaxy
clusters, which give rise to the secondary anisotropies.

      



      Bolocam is fully commissioned and
observing proposals are being accepted by the CSO (see http://www.cso.caltech.edu/bolocam for procedures
and policies). 



       Current Status of
Bolocam: a large-format
millimeter-wave bolometer camera, Glenn, Proc. Of  SPIE Conf on
Millimeter and Submillimeter Detectors for Astronomy, Vol. 4855, Eds.
T.G. Phillips & J. Zmuidzinas, pp. 30-40, 2002. 

      

      

       

      This is the Bolocam
instrument mounted with the cryogenic housing.  Here it is seen
with the Caltech Submillimeter Observatory.  Click to enlarge.

      

       

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

Click to Enlarge

      
      Here is the array of the 144 silicon nitride micromesh
bolometers that
make up Bolocam.  Each of these are spider web bolometers 5mm in
diameter.  The silicon wafer is 300 microns thick.  These
are described in  Infrared Bolometers with Silicon Nitride
Micromesh Absorbers (Bock et al., 1996, ESLAB Symp. Proc., and
references therein).

      

      

      

      

      

The Feedhorn
is used to concentrate radiation to
each of the bolometers.  

Pictured is the 2.1 mm hornplate. 
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      The Cal-Tech
Submillimeter
Observatory (CSO) is located on the summit of Mauna Kea,
Hawaii.  This beautiful location allows for better observations
since the thin, dry atmosphere contains much less water vapor than
other locations around the Earth.  Water vapor is a problem for
submillimeter astronomers because light in this band interacts readily
with water molecules.

       



      The
Cal-Tech Submillimeter Observatory, Mauna Kea, Hawaii



       http://www.submm.caltech.edu/cso/
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      			 Here is some general information and
links to instruments associated with our group:
      Bolocam

       
      Z-Spec

      

      

      



       
      SPIRE

       Cal-Tech Submillimeter
Observatory
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      The
SPectral and Imaging REceiver is one of a suite
of three instruments on board the Herschel Space Observatory, which is
intended for launch in 2007.  Herschel and SPIRE will be used to
observe the cool interstellar medium and sites of star formation in the
Milky Way, as well as high star formation-rate galaxies out to high
redshifts (z>1).  
      SPIRE has two
compononents:  A 3-color, 337-pixel mapping photometer and
a two-band imaging Fourier
Transform Spectrometer for 200 - 670 um.  The 300 mK bolometers
are composed of silicon nitride micromesh absorbers and germanium
thermistors, with a similar design as Bolocam's
bolometers. The radiation from the telescope is coupled to the
bolometers by a close-packed array of precision-machined
feedhorns.  The photometer will be used to map thermal
emission from dust in molecular clouds in the Milky Way and nearby
galaxies.  The observations will enable the dust temperature to be
measured and the mass of interstellar gas to be estimated.  SPIRE
will also be used to detect thousands of submillimeter galaxies,
high-redshift (z>1) galaxies with extreme luminosities (>1013
solar luminosities) and star formation rates (~103 solar
masses per
year).  The spectrometer will be used to map molecular and atomic
line emission in the Milky Way to probe the temperature, density, and
kinematics of the gas in the interstellar medium. 



      

      SPIRE is a consortium of many
institutions, headed by the University of Cardiff. 
The bolometer arrays are being fabricated at JPL.

      

      

      Some useful SPIRE links:

      http://herschel.jpl.nasa.gov/

      

      http://www.rssd.esa.int/SA-general/Projects/Herschel/

      

      			

            			This photograph shows the
partially assembled SPIRE cold qualification model at the Rutherford
Appleton Lab.  The backs of three mirrors are visible (lower left)
as are the casings of the three photometric bolometer array assemblies
(cylinders in the upper right; courtesy RAL).  


			

            			A collection of neutron
transmutation doped germanium thermistors

before being indium bump bonded to the absorber array.  The dime
shows

the size scale!

            


			

            			A zoom-in on a single
silicon nitride micromesh ("spider web") bolometer.  The spider
web mesh absorbs submillimeter radiation and germanium thermistor in
the center detects the radiation (courtesy JPL).


			

            			A photograph of a SPIRE
bolometer array with a pen for scale (courtesy Dr. Jamie Bock at JPL).
 The bolometers are biased and read out via the gold leads on the
silicon wafer


			

            			The bolometer detector
array assembly for the middle band, 350 um.  The inner part of the
assembly will operate at a temperature of 300 milliKelvin.  It is
mechanically suspended and thermally isolated from the 2 Kelvin outer
structure by Kevlar string.  The entrance apertures of the
feedhorns that feed radiation to the bolometers from the telescope are
visible at the top center  (courtesy Jamie Bock). 
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         SPIRE  
          Cal-Tech Submillimeter
Observatory

      

Submillimeter galaxies are high redshift (z>1), high luminosity
(L>=10^13 L_solar) galaxies with prodigious inferred star formation
rates (~10^3 M_solar per year).  It has been proposed that they
are the progenitors of modern day elliptical galaxies.  Redshifts
are needed to measure temperatures, luminosities, and distances of the
galaxies detected in submillimeter and millimeter-wave surveys.
 However, their star formation is highly obscured, making it
difficult to determine their redshifts optically. We are building a
millimeter-wave spectrometer, Z-Spec, to measure redshifts using
rotational transitions of the carbon monoxide molecule, which are not
subject to extinction.

      
      
       The
Z-Spec instrument will be used to detect CO
rotational lines and also atomic fine-structure lines in submillimeter
galaxies.  The purpose of the instrument is to detect redshifts of
submillimeter galaxy populations and introduce a new design for
spectrometers intended for observing the far-infrared portion of the
spectrum.  The Z-Spec bolometer array and diffraction grating are
cooled to 100 mK to achieve sufficient responsivity, low noise, and
minimize thermal background.  



       The
new design of Z-Spec incorporates a parallel plate waveguide grating
architecture, rather than the free-space architecture.  In the
future, this will be very significant as its more
compact design will allow for similar submillimeter spectrometers to be
utilized for space-based missions.



      The complete design
can be found at:

      http://www.submm.caltech.edu/~bradford/publications/Z-Spec_SPIE02.pdf
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      Collaborators

      

      Waveguide Diffraction Grating   
      Prototype for space
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      Cryogenics
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Bend Blocks:

      The
dispersed light from the faceted grating is coupled to a linear array
of 160 bolometers via 8 waveguide bend blocks.  Each block mounts
20 detectors above and below the plane of the parallel plate waveguide
in an alternating fashion, maximizing spacing between adjacent
bolometers.  The waveguides have a constant rectangular cross
section and use curved waveguide feeds.  The blocks are fabricated
by bolting 21 slices together.
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      Collaborators for Z-Spec:

      

      JPL

James J. Bock

      

      Matt Bradford

Mark Dragovan

Hien Nguyen

Minhee Yun

      

      CASA

James Aguirre

Lieko Earle

      Jason Glenn

      

      Caltech

Bret Naylor

Jonas Zmuidzinas

      

      Cardiff
U.

      Peter
Ade

      

      CEA, France

Lionel Duband

      

      ISAS,
Japan

      Hideo Matsuhara
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      Detection

      

      			160
Si3N4 micromesh
bolometers with NTD germanium thermistors
at 100 mK






      
      			Each
bolometer mounted on separate alumina module and screwed
onto waveguide bend-blocks






      
      			Design
NEP ~ 4x10-18 WHz-1/2 with
15 ms thermal time  constant






      ~ 4 mm
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      Waveguide
Diffraction Grating

      
      This
is a schematic of the Waveguide Far-Infrared Spectrometer (WaFIRS)
concept.  The top plate is cut away to illustrate the path of the
incoming radiation.  Light from the telescope enters the parallel
plates on the left hand side via a corrugated feedhorn coupled to a
rectangular waveguide.  The radiation is transmitted onto the
curved diffraction grating surface, which focuses the spectrally
dispersed light onto a linear array of bolometers.  The three
colors illustrate the spectral dispersion from the incoming "white"
light.

      

      

      

      

      

      

       

      

      

Hardware photos:
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      Pictures:
Inside the Cryostat:

      The
first picture shows the inside of the cryostat, with the ADR in the
foreground and the sorption fridge behind it.  The WaFIRS module
is shown in the middle of the cryostat, mounted to the 300mK radiation
shield.  The circular hole in the shield corresponds to the dewar
window, where the light from the telescope enters the spectometer.

      

      

      

      

      
      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      The
corrugated feedhorn (shown at right) couples the light to a rectangular
waveguide which then feeds it into the parallel plates.

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      The
various temperature stages in the dewar are thermally isolated using
Kevlar isolation posts.  The posts are made of 2 pieces of
aluminum held together with Kevlar yarn and tensioned with belleville
spring washers. The picture on the right shows the posts supporting the
grating module, and the picture on the left shows 4 Kelvin bench,
before the 300 mK box is mounted to the posts shown.
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      Z-Spec
Instrument Overview:

      
      
      			Waveguide
Far-IR Spectrometer
(WaFIRS), waveguide-coupled
diffraction grating concept 






      



      

      			•Broadband
– 195-310 GHz 






      			•Resolution
– 250-400 






      			•Observe
first from the CSO  (...then IRAM
30m...LMT?)






      
      			Prototype
for future far-IR spaceborne / stratospheric mission   (SPICA, SAFIR, SOFIA)
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      Cryogenics
      

      

3He/4He Sorption
Fridge (Lionel Duband, CEA): 
      

      			
          Precools
          grating to ~400 mK

        


			
          Intercepts
heat load from wires & 4.2  K
radiation

        






      Adiabatic
Demagnetization Refrigerator:

      
      			
          Cools
Grating and Detectors to 100 mK

        


			Automated


			No
Pumping on 4He Bath


			Hold
Time > 1 Day
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      Concept
Demonstration for Space-Based Application:
      			
          
          

          Compact  (62 cm x 48 cm x 3.3 cm) 

        


			
          
          Curved
grating simultaneously disperses and focuses light

          

        


			
          
          Stackable
– this will enable multiple gratings in a focal plane, thereby allowing
a greater bandwidth or multiple beams
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       Collaborators for
Bolocam:

      University of
Colorado, Boulder

      Jason Glenn

      Glenn Laurent

      

      Caltech

      Mihail Amarie

Samantha F. Edgington

Sunil Golwala

Andrew E. Lange

      

      JPL

      James Bock

Alexey Goldin

Minhee Yun

Hien Nguyen

      
      Cardiff University

      Peter Ade

Douglas Haig

Philip D. Mauskopf
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ABSTRACT 



  
We describe the design and performance of Bolocam, a 144-element, bolometric, millimeter-wave camera.  



Bolocam is currently in its commissioning stage at the Caltech Submillimeter Observatory.  We compare the instrument 
performance measured at the telescope with a detailed sensitivity model, discuss the factors limiting the current 
sensitivity, and describe our plans for future improvements intended to increase the mapping speed. 
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1. INTRODUCTION 
 
Bolocam is a millimeter-wave bolometer array camera for astronomical observations from the Caltech 



Submillimeter Observatory (CSO) and Large Millimeter Telescope.  It utilizes an array of 144 Si3N4 micromesh 
bolometers with semiconductor thermistors integrated on a single wafer of silicon.  We are optimizing Bolocam for large 
mapping speed by combining a 7.′5 field-of-view with stable, AC-biased readout electronics. The bolometer arrays are 
of the same type as the submillimeter bolometer arrays being fabricated for the SPIRE instrument on the Herschel Space 
Observatory1.  Bolocam has 1.1 mm, 1.4 mm, and 2.1 mm bandpasses (one per observing run) selected for observations 
of thermal emission from cosmic dust in galaxies, from the Milky Way to high-redshift submillimeter galaxies, and 
observations of the Sunyaev-Zel’dovich Effect toward distant galaxy clusters. 
 



We have had engineering runs at the CSO in all three bandpasses with a subset of bolometers and scientific 
observing programs have commenced.  Bolocam is still evolving toward its final state, with a full complement of 
bolometers and fully optimized optics.  In Section 2 of this paper, we describe the overall layout of Bolocam, including 
the closed-cycle 270 mK cryogenic system.  In Section 3 we describe the bolometers.  In Section 4 we describe the 
bias/readout electronics and data acquisition system. In Section 5, we describe the Bolocam optics.  In Section 6, the 
performance of Bolocam to-date is described, including comparison to a comprehensive system sensitivity model.   



 
 



2. CRYOGENICS AND INSTRUMENT LAYOUT 
 
Bolocam was designed to minimize cryogenic complexity and operation at the telescope.  Our design goals included 



a computer-controlled, closed-cycle, sub-300 mK helium sorption refrigerator, an ambient pressure (non-pumped) 
helium bath, 24-hour hold time, and minimal helium usage by the cryogenic amplifiers.  We achieved these goals using a 
standard cryostat with 16-liter liquid nitrogen and helium reservoirs and a triple-stage (4He/3He/3He) refrigerator.  A 
schematic of the Bolocam cryostat is shown in Figure 1 accompanied by a photograph of the focal plane assembly.    



 
The central feature of the Bolocam cryogenics is the triple-stage, closed-cycle helium refrigerator custom built for 



Bolocam by Chase Cryogenics.  The design and operation of the refrigerator is described elsewhere2.  The ultra-cold 
stage (UC) of the refrigerator, to which the bolometer array is mounted, operates at 250 mK (loaded).  The intercooler 











stage (IC) operates at 360 mK and is used to thermally intercept the UC mechanical support structure and the bolometer 
and thermometry wiring, sinking most of the heat load conducted from the non-pumped liquid He cold plate.  The 
refrigerator cycle is automated and takes approximately 4 hours, including equilibration.  With this configuration, the 
250 mK temperature is maintained for >24 hours and the system hold time is usually limited by the capacity of the 
helium reservoir.   



Bolocam uses cold JFETs in its electronics readout chain (see Section 4).  JFETs typically exhibit their lowest 
voltage noise in the temperature range 100 – 150 K.  To locate the JFETs near the bolometers, the JFET modules are 
mounted in a light-tight box within the 4.2 K space.  The JFET modules are suspended from the liquid He cold plate 
from a fiberglass assembly and heat-sunk to the liquid N2 reservoir through a “cold finger” that runs through the center 
of the liquid He reservoir.  The JFETs dissipate 3.2 mW per pair, allowing them to self-heat to their optimal 140 K 
operating temperature. 
 
 



3. BOLOMETERS 
 
Bolocam’s detector array comprises 144 micromesh “spider-web” bolometers3 with neutron-transmutation-doped 



germanium (NTD) thermistors (Figure 2).  The array is fabricated on a single, monolithic wafer by photolithographic 
methods.  The thermistors are indium bump-bonded to the absorber webs prior to the final etch that removes the Si 
substrate beneath the webs.  Each bolometer’s thermal link to the thermal sink (the Si wafer substrate) is defined by 
metal leads deposited on one of the web support legs.  The thermal conductance is controlled by the dimensions of the 
metal link.  Bolocam currently has only 80 working detector channels.  Most of the channels that do not work have non-
functioning bolometers, and the remainder have failures in the load resistor or JFET packages.  New fabrication and 
packaging techniques are expected to bring the fraction of working detectors close to 100%.  



 
The thermal and electrical properties of the NTD-Ge based bolometers used for Bolocam can be summarized in four 



parameters.  The first two parameters, R0 and ∆, define the thermistor temperature-resistance relation,  
Rb(Tb) = R0 exp √(∆/Tb).  R0 and ∆ are determined by the doping concentration.  They help determine the bolometer 
operating resistance and responsivity.  The second two parameters, g and α, characterize the power flow through the 
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Figure 1—Left:  A cross-sectional view of the Bolocam cryostat, 
showing the liquid He reservoir, JFET amplifier box, focal plane 
assembly, and cold optics. Right:  A photograph of Bolocam.  On 
top of the structure, covered by a copper-colored, metal-mesh, 
low-pass filter, is the bolometer array.  The cables and RF filters 
are visible on the left and the refrigerator is visible on the right 
with a heat link running to the uppermost, 250 mK stage. 



 











thermal link between the bolometer and the low-temperature bath via P = g(Tb
α - Ts



α), where P is the sum of all powers 
deposited in the bolometer (Joule heating and optical power) and Tb and Ts are the bolometer and bath temperatures.  
The thermal conductance, G(Tb) = gαTb



α-1, relates a small power input dP to the resulting bolometer temperature rise 
dTb via dTb = dP/G(Tb).  (Note that G(Tb) is frequently written as G(Tb) = G0(Tb/T0)



β where T0 is some convenient 
reference temperature, G0 = G(T0), and β = α-1.)  G is tuned for the expected background loading and bath temperature.  
Since we use only one bolometer array for all three Bolocam bandpasses, we have tuned for a compromise background 
loading of 5-8 pW per bolometer with G(300 mK) = 100 pW/K. 



 
R0, ∆, g, and α were measured from IV curves taken at 



multiple refrigerator base temperatures with no optical loading.  
In the absence of optical loading, the heat flow from the 
bolometer to the bath is given by Pe = g(Tb



α - Ts
α), where Ts is 



the bath (sink) temperature and Pe is the Joule power dissipation.  
To determine g and α, the IV curves at different bath 
temperatures were  converted to Pe(Rb) curves and differenced 
along the Pe direction, yielding ∆Pe = g (Ts2



α - Ts1
α).  The Tb 



terms cancel: Rb and thus Tb is the same for two points being 
differenced.  These difference data were calculated for many 
pairs (Ts1, Ts2) and fitted to find g and α.  Using the derived g and 
α, the Pe(Rb) curves were converted to Tb(Rb) curves.  Curves at 
different base temperatures were overlaid and a linear fit to Tb



-1/2 
versus ln (R) gave R0 and ∆.  Plots of ∆ versus R0 and α versus g 
are shown in Figure 3 with histogram of the derived G(300 mK).  
The bolometer parameters are summarized in Table 1.  The G’s 
fall within approximately 20% of the design value, giving a 
sensitivity within  a few percent of optimum. 
 



 



 
 



     
 
Figure 3: Bolometer parameters.  Left: α versus g.   Center: Thermal conductance at reference temperature of 300 mK. Right: ∆ versus 
R0. 
 
 



 
 
Figure 2—The Bolocam bolometer array in its mount. 
Fanout boards on the six sides are gold wire bonded to 
the detector array, with micro-D-sub connectors on the 
bottom.  The wafer is 3 inches in diameter.  It is divided 
into six hextants for bias and readout. 











Table 1—Bolometer Parameters. 
We give the standard deviation of the distribution of each parameter over bolometers to indicate the pixel-to-pixel variation.  The 
measurement uncertainties are negligible in comparison.  In addition to the parameters defined in the text, we also calculate the 



approximate operating resistance by giving R(350 mK). 
 



g [pW/K] α G(300 mK) [pW/K] R0 [Ω] ∆ [K] R(350 mK) [MΩ] 



190 ± 15 2.42 ± 0.04 79 ± 6 120 ± 28 39.5 ± 1.4 5.2 ± 1.3 



 
 



4.   READOUT ELECTRONICS 
 
When observing faint astronomical sources at millimeter wavelengths, such as cosmic microwave background 



anisotropies or submillimeter galaxies, it is necessary to avoid sidelobe modulation to prevent spurious detections.  Such 
modulation is minimized by drift-scan or slow raster-scan scan strategies.  However, such scan strategies result in very 
slow temporal modulation of the astronomical signal.  For example, it takes 4 seconds for a source to transit the FWHM 
(58″) of a Bolocam 2.1 mm diffraction-limited beam.  Thus, excellent low-frequency stability of the readout electronics 
is required.  We have used a fully differential, AC-stabilized, quasi-total-power readout (Figure 4). 
 



The bolometers are biased by applying a 130 Hz sine-wave bias voltage, produced from a bandpass-filtered square 
wave, to the load-resistor-bolometer networks shown in Figure 4.  The load resistance (10 MΩ + 10 MΩ) is significantly 
larger than the bolometer operating resistance (~5 MΩ), resulting in a pseudo-current bias, as is appropriate for 
thermistors with negative dRb/dTb.  A common circuit supplies the bias voltage to all 144 such networks, though each 
hextant of 24 bolometers has its own output voltage divider and 10% amplitude trim.  The bias frequency was chosen 
based on three criteria.  It must be much faster than the bolometer time constant (τ ~ 10 – 20 msec) to ensure the 
bolometers see an effectively constant bias power.  The bias frequency must avoid electrical and thermo-mechanical 
microphonic resonances of the system.  Finally, the bias frequency must be much slower than the RC time constant of 
the bolometers and wiring capacitance (R ~ few MΩ, C ~ 50-100 pF ⇒ f-3db ~ 300-600 Hz) to avoid attenuation and 
phase shifts arising from capacitive shunting. 



 



 



 
 
Figure 4—Simplified Bolocam electronics schematic.  The bias, pre-amplifier, and lock-in amplifier electronics are all room-
temperature, whereas the bolometer and load resistors are heat stationed to the 250 mK UC stage and the JFET modules self-heat to 
140 K from the 77 K liquid nitrogen stage. 
 











To further reduce susceptibiliy to electrical microphonics, RC rolloff, and RFI/EMI noise, the signals are buffered 
near the array using differential, unity-gain, source-follower circuits, consisting of die-mounted JFETs at 140 K.  The 
differential output of each JFET pair travels to room temperature for further amplification.  The JFET power, bolometer 
bias and signal, and thermometry wiring are all filtered as they enter the 4K cold space using custom-fabricated pi filters.   
 



Once outside the dewar, the signals are amplified by low-noise instrumentation amplifiers.  A low-passed version of 
the signal is available for bolometer and optics characterization (gain = 100, bandwidth = 10 Hz), while a version band-
passed around the bias frequency is used for low-noise AC-bias operation (gain = 500, bandwidth = 3000 Hz).  The AC 
signals are square-wave demodulated using a set of lock-in amplifier circuits, switching on the square wave used to 
generate the AC bias.  The demodulated signal is amplified by 2.6 and low-pass filtered to provide a baseband from 0 to 
20 Hz.  The large DC level of this signal is proportional to the carrier amplitude, and thus to the bolometer operating 
resistance, and so is made available for digitization as the “DC output”.  The DC level is then removed using a high-pass 
filter (f-3dB = 16 mHz) and is further amplified by 100 before digitization (“AC output”).  The overall amplification is 
83000 and the available signal band is 16 mHz to 20 Hz.  Excellent stability has been achieved down to 10 mHz. 
  



Each hextant possesses a bias monitor circuit, consisting of preamplifiers on the bias-generator board that view the 
bias voltage sent into the dewar.  These signals are demodulated in the same way as bolometer signals.  The low-gain 
lockin DC outputs thus give the rms value of the AC bias sent into the dewar, while the high-gain lockin AC outputs 
allow for monitoring of and corrections for fluctuations in the bias amplitude. 



 
For each bolometer, both the low-gain DC output and the high-gain AC output signals are digitized, for a total of 



288 signals.  The digitizer consists of a set of 12 National Instruments SCXI-1100 multiplexer banks (32 differential 
inputs per bank) connected to a single fast A/D PCI card (National Instruments PCI-6034E) located inside the DAQ 
computer (a PC).  We also record the bias monitor AC and DC lock-in amplifier outputs.  Additional housekeeping 
signals, environmental data, and various opto-isolated telescope-related timing signals are recorded.  The digitizers are 
read out and the data stored using a simple LabVIEW-based data-acquisition code. 
 
 



5. OPTICS 
 



The bolometers reside in integrating cavities coupled to straight-walled conical feedhorns by single-mode 
waveguides.  While the same detector array is used for all three spectral bands, parts of the three-piece feedhorn-
waveguide-cavity assembly are different for each band.  The middle part of the assembly serves to mechanically support 
the detector array and readout wiring and is the same for all three bands.  The array of feedhorns and waveguides, and 
the front part of the integrating cavities (“frontshorts”), are machined into the top piece, while the back part of the 
integrating cavities (“backshorts”) are machined into the bottom piece.  For the 1.1 and 1.4 mm bands, there is one 
feedhorn per bolometer, with opening aperture diameter 4.8 mm (1.5⋅f/#⋅λ and 1.2⋅f/#⋅λ, respectively).  For the 2.1 mm 
configuration, fewer, larger feedhorns (37 feedhorns with 9.8 mm diameter opening apertures ⇒ 1.6⋅f/#⋅λ) are used to 
improve the per-pixel optical efficiency, while the remaining bolometers are used to monitor system drifts.  Numerical 
simulations of the electromagnetic fields in the integrating cavities were used to optimize the cavity and absorber 
parameters4. 



 
The Bolocam feedhorn array is coupled to the CSO through a combination of on-axis optics in the cryostat (Figure 



1, left panel) and ambient-temperature mirrors outside of the cryostat, converting the f/12.4 beam from the telescope to 
f/2.8 at the array.  From the telescope, radiation is redirected by two flat mirrors onto an off-axis ellipsoidal mirror.  The 
axes of the ellipsoid were set to optimize the image quality across the 7.′5 field-of-view using the method described by 
Serabyn5.  A double-parabolic high density polyethylene lens removes most of the field curvature and focuses f/2.8 
beams onto the feedhorns for a final plate scale of 7″/mm.  Geometrical optics analysis yielded Strehl ratios of greater 
than 0.95 across the entire field-of-view, providing diffraction-limited performance in all three bands. 



 











The dewar window is Zotefoam (type PPA30, Zotefoams, Inc.), which has very low absorptive loss.  Its index of 
refraction is very close to 1, rendering reflection and interference losses negligible.  Out-of-band radiation is rejected by 
a filter stack consisting of metal mesh low-pass filters comprising layered capacitive and inductive grids, an infrared 
blocker, and the feedhorn waveguides.   



 
The ellipsoidal mirror forms an image of the primary mirror on the 4.2 K window, which serves as the cold stop.   In 



the time-reverse sense, the beams radiated by the feedhorns are truncated by the cold stop when they intercept it, with an 
edge taper as small as -3 dB at 1.4 mm.  In the absence of diffraction, the primary illumination is expected to be given by 
the truncated beam.  However, diffraction due to the finite size of the ellipsoidal mirror (the limiting optic in the system) 
results in a modified primary illumination.  It is important to note here that it is diffraction at the ellipsoidal mirror, 
rather than at the cold stop itself, that causes the primary illumination to differ from the beams at the cold stop; were the 
ellipsoidal mirror and (and the flat mirrors and secondary) infinite in transverse extent, we would expect the primary 
illumination to match the beams at the cold stop exactly.  The effect of this diffraction on the primary illumination is 
given approximately by convolving the cold stop intensity distribution with the diffraction kernel appropriate for the 
ellipsoidal mirror.  The resulting primary illumination is thus a somewhat blurred version of the truncated beam at the 
cold stop, with ripple arising from the lobe structure of the diffraction kernel.  The beams have been mapped a few 
inches beyond the cryostat window, at the location of the ellipsoidal mirror, at the Cassegrain focus, and at the location 
of the CSO secondary mirror, and compared to physical optics calculations from Zemax EE (Focus Software, Inc.), 
shown in Figure 5.  Zemax EE does a full physical optics propagation, adjusting the grid size with the beam transverse 
size based on the evolution of a Gaussian pilot beam.  The excellent agreement between the measured and expected 
beams confirms our understanding of the optics. 
 



 



 
Figure 5—Comparison of measured and Zemax EE-predicted beam maps for representative pixels.  Top, left: map of pixel B09 at 
approximately 280 mm from the dewar window.  Top, right: map of pixel B09 at the ellipsoidal (tertiary) mirror.  Both were taken 
with 2.1 mm optics.  Bottom row: maps of pixel D21 at the distance of the CSO secondary (through the relay optics) using 1.1 mm 
and 2.1 mm optics.  The data have been displaced and stretched to yield the best fit (to allow for uncertainty in the absolute position of 
the source used to make the maps), but the beam profiles themselves have not been modified.  Note the excellent agreement on the dip 
and ripple features that arise from the details of the phase evolution of the beam. 











Because the beams in the far-field of the telescope are the Fourier transforms of the primary mirror illumination, the 
ripple structure on the illumination pattern has little effect in the far-field.  The fairly sharp truncation of the primary  
mirror illumination, however, does result in ringing of the far-field beams – they are more Airy-like than gaussian.  This 
expectation has been confirmed in all three bands with observations of planets and quasars.   
 
 



6.  SYSTEM PERFORMANCE AND SENSITIVITY MODEL 
 



We have used data from laboratory testing and observations to develop and test an end-to-end instrument 
performance model.  The model yields a detailed understanding of the instrument, and indicates what modifications 
promise the largest improvements in white-noise sensitivity.  The observed white-noise sensitivity—noise at temporal 
frequencies above the sky noise—is about 20% larger than the instrument model prediction.  Currently, 1/f noise, largely 
sky noise, limits the instrument performance at the astrophysical signal modulation frequencies (< 1 Hz). 
 



The first component of the instrument model is the bolometer model, which was described in Section 3.  The second 
component is the optical model, which consists of the peak-normalized spectral bandpass function t(ν), the optical 
efficiency, η, which provides the absolute normalization of t(ν), the effective spectral band center, ν0 , and the effective 
spectral bandwidth ∆ν.  The non-normalized t(ν) was measured with a Fourier transform spectrometer.  The spectral 
band center and bandwidth are given by ∆ν = ∫ dν t(ν) and ν0 = [∫ dν ν t(ν)] / ∆ν.  The optical efficiency is determined 
from the difference, ∆Q, in optical power detected when beam-filling hot (293K) and cold (77K) loads are placed in 
front of the dewar window.  The optical efficiency is given by η = ∆Q/ [2 kB (Thot – Tcold) ∆ν].  ∆Q is measured by taking 
IV curves while viewing the hot and cold loads, converting to Pe(Rb), and differencing along the Pe direction.  (Note that 
∆Q and the resulting optical efficiency do not depend on the bolometer model.)  Averages of t(ν) over a subset of 
bolometers are shown in Figure 6.  Histograms of η are shown in Figure 7.  The median values of ν0, ∆ν, and η and 
dispersion of these parameters are summarized in Table 2. 
 



The third component of the instrument model is the optical loading, which was determined from IV curves recorded 
at different telescope elevations (IV curve skydips), from lab data, and from the bolometer model.  The IV curves were 
converted to Pe(R) curves, and the optical power at each elevation h, Q(h), was calculated by differencing the Pe(R) 
curve with the Q = 0 bolometer model Pe(R) curve.  The Q(h) data were fit to Q(h) = Q0 + Q300 [1 – exp(-τz / sin h)], 
where Q0 is the non-atmosphere loading contribution (from the telescope and inside the cryostat), τz is the zenith optical 
depth in the band, and Q300 is the zenith optical loading for τz → ∞.  It is expected that τz = a + b τ225, where τ225  is the 
225 GHz zenith optical depth measured by the CSO’s 225 GHz tipper, which we monitor continuously during 
observations.  The coefficients a and b were determined by fitting to the τz data from skydips taken at various τ225 over a 
given observing run.  In the limit of low τz, we fit to the approximate relationship Qz = A + B τ225.  While τz is not 
determined for such cases, the atmospheric optical loading is.  In either case, these relations allow continuous calculation 
of the atmospheric loading as τ225 varies with time (Q0 is constant).  Table 3 summarizes these optical loading 
parameters.   
 



A significant fraction of the constant load (Q0) arises from the cryostat itself.  Some small loading (< 2 pW at 1.1 
mm, < 1 pW at 2.1 mm) is expected due to spillover of the beam onto 4K at the cold stop.  We measure the total dewar 
load by comparing the hot/cold load data to the IV curves expected from the bolometer model in the absence of optical 
loading.  We find a total cryostat load of 7.3 pW [45 K] and 4.3 pW [55 K] at 1.1 mm and 2.1 mm, respectively.  
Possible sources of this “excess loading” are vignetting of the beam by the windows warmer than 4K, unexpected 
scattering of off-axis radiation into the beam by reflective surfaces inside the dewar, and unexpectedly high emissivity of 
the in-beam optical filters.  We are currently attempting to track down and eliminate this excess load.  Experience 
indicates that there is no reason it cannot be eliminated.  Bolocam is fundamentally less sensitive to instrument emission 
than other instruments, such as BOOMERANG, that observe a much lower background from outside the receiver, and 
for which instrumental emission has been reduced to a small fraction of the emission now observed in Bolocam. 











 
The final components of the instrument model are the telescope efficiency, ηt, and effective telescope area, At.  The 



telescope efficiency is distinct from the optical efficiency η because η is measured using loads at the cryostat window.  
The telescope efficiency gives the fraction of the power incident on the telescope that couples to the beam exiting the 
cryostat window (or, in the time reversed sense, it is the fraction of the power in the beam exiting the cryostat that makes 
it through the optics to the sky in the main beam).   However, ηt does not tell the whole story because the primary may 
be under illuminated.  The telescope efficiency may be essentially unity because no beam is lost, but, from the 
perspective of a point source, the full geometrical area of the telescope is not used.  While there are a number of methods 
to measure the telescope efficiency and effective area (calibrator point sources, atmospheric loading, and telescope 
loading among them), our data analysis is not mature enough to determine these quantities with high confidence.  We 
have good reason to believe ηt will be well above 90%: the Zemax simulation indicates that all the optics are well 



              
 
Figure 6—Peak-normalized spectral transmission averaged over a subset of bolometers.  Left: 2.1 mm band.  Right: 1.1 mm band. 



 



      
 
Figure 7—Optical efficiency distributions.  Left: 2.1 mm band.  Right: 1.1 mm band.   
 



Table 2 – Optical Model Parameters 
As for Table 1, the standard deviations given are those of the distribution of parameter values over the array. 



 
Band ν0 [GHz] ∆ν [GHz] η 



1.1 mm 264.6 ± 1.2 42.3 ± 1.2 0.141 ±  0.012 



2.1 mm 146.9 ± 1.4 18.1 ±  1.9 0.154 ±  0.010 



 











oversized, and the CSO surface roughness is known to be in the range 25-50 µm rms.  We take ηt = 1 in the following, 
with the understanding that a better estimate of η t is needed.  At alone can be accurately determined from high-quality 
beam maps using the antenna theorem, At = λ2 / Ωbeam.  However, accurate beam maps require proper deconvolution of 
the effect of the 16 mHz high-pass filter, which we have not yet accomplished.  For now, we take At to be that given by 
the Zemax-predicted primary illumination, which is approximately 48 m2, corresponding to illumination of 7.8 m of the 
10.4-m diameter primary. 



 
Using the instrument model, we calculate sensitivities for comparison to observations.  The most model-independent 



number is the observed bolometer noise-equivalent voltage (NEV) because it is directly measured.  Following Mather6 
and Lamarre7, the model NEV includes terms, added in quadrature, from bolometer Johnson noise, phonon noise, photon 
shot noise, photon “Bose” noise, load resistor Johnson noise, and amplifier noise.  The expected value requires 
knowledge only of the bolometer model and optical loading model described above.  The measured noise (at the 
bolometer) is approximately 25 nV/√Hz and is shown in Figure 8 (top spectrum); at high temporal frequencies, where 
sky noise and thermal drift contribute negligibly, it should approach the NEV expected from the instrument model.  
Figure 8 also shows two other noise spectra.  The bottom spectrum is the measured room-temperature-electronics noise, 
approximately 8 nV/√Hz.  The cold JFET noise is expected to be of the same magnitude, and the load resistor Johnson 



Table 3 – Optical Loading Parameters. 
We give Q0, Q300, and coefficients a and b of the τz(τ225) relation for the 1.1 mm band from a May, 2002, run, during which τ225 was 
high (~0.3 median), and Q0 and the coefficients A and B of the Qz(τ225) relation for the 2.1 mm band from a December, 2001, run, 
during which τ225 was low (< 0.1).  Powers are also given in “cryostat-window” Rayleigh-Jeans temperature. 



 
1.1 mm band 2.1 mm band 



Q0 Q300 a b Q0 A B 



10.0 ± 1.9 [pW] 38.2 ± 4.4 [pW] 0.021 ± 
0.016 



1.27 ± 
0.19 



6.3 ± 0.8 [pW] 0.171 ± 0.045 [pW] 4.2 ± 1.4 [pW] 



62 ± 16 [K] 237 ± 27 [K]   79 ± 6 [K] 2.2 ± 0.6 [K] 54 ± 18 [K] 



 



 
Figure 8—Power spectral densities (PSDs; averaged over the channels).  Three PSDs are shown.  Bottom: room-temperature 
electronics noise only (JFETs not included).  Middle: bolometers dark but base temperature elevated to mimic operation under optical 
load (see text).  Top: bolometer under normal operating conditions at 2.1 mm, with optical load.   
 











noise to be negligible, giving a total of about 11 nV/√Hz total for amplifier and load resistor noises.  The middle 
spectrum is the noise measured when the bolometers are kept dark but the base temperature is elevated and the 
bolometers biased so that they operate at the same current and resistance as when under optical load (done by solving Q 
+ gTs1



α = gTs2
α where Ts1 and Ts2 are the nominal and elevated base temperatures).  Under these conditions, the Johnson, 



load resistor, and amplifier noises are exactly as under optical load (approximately 8, 1.5, and 11 nV/√Hz, respectively) 
while the phonon noise will increased by approximately √2 (to 8 nV/√Hz) due to the elevated base temperature.  The 
measured value is about 18 nV/√Hz, consistent with the quadrature sum of the above contributions.  Finally, combining 
all these contributions (correcting the expected phonon contribution downward by √2) and adding in the expected photon 
noise, we expect about 23 nV/√Hz, in good agreement with the measured 24 nV/√Hz at.  While photon noise is the 
single most important factor, Johnson and amplifier noises are not negligible. 
 



The observed and expected noise-equivalent powers (NEPs) are calculated by converting the measured NEV to NEP 
using the bolometer model.  Table 4 summarizes the observed NEPs and the ratios of the measured to expected NEPs.  
The agreement is in general not as good as given in the above discussion, with the measured noise typically being 15–
20% higher than expected. 



 
Of more general interest are the astronomical sensitivities, given by converting the observed NEP to noise-



equivalent Rayleigh-Jeans temperature (NETRJ), noise-equivalent CMB temperature (NETCMB), or noise-equivalent flux 
density (NEFD).  Of particular relevance to the Bolocam science goals are two additional quantities.  For distant dusty 
galaxies, it is useful to scale the NEFD scaled to 1mm (NEFD1mm). We do this assuming a ν3.5 source spectrum. 
Conversely, the sensitivity to galaxy clusters via the Sunyaev-Zeldovich effect is given by the the noise-equivalent 
Compton y parameter (NEy).  Calculation of these quantities from the observed NEP requires application of all three 
components of the instrument model and also correction for the atmospheric opacity.  NETRJ is straightforward to 
calculate from the NEP: NETRJ = exp(τ) NEP / [2 kB η ηt ∆ν], where τ is the atmospheric optical depth in our spectral 
band and for the zenith angle at which the NEP was measured.  NETCMB can be calculated from NETRJ using a 
correction factor that depends on the spectral bandpass function.  NEFD can be calculated from NETRJ by NEFD = (2 kB 
/ At ) NETRJ, where At is the illuminated telescope area.  Finally, NEy requires a conversion from power to y parameter 
that depends on the spectral bandpass function, similar to the conversion from NETRJ to NETCMB.  



 
It is not appropriate to simply present the sensitivities extrapolated from the measured NEP because the weather 



conditions for the observations we have are not typical.  The historical median τ225 at the CSO is 0.091; at 1.1 mm, the 
median value for the usable data was ~0.13, while at 2.1 mm the median observed value was ~0.06.  Instead, we 
calculate sensitivities from the instrument model for τ225 = 0.091 and then multiply by the measured/expected NEP ratio 
to approximately correct the instrument model.  The sensitivities calculated in this fashion are presented in Table 4. 
 



There are two factors that currently limit the white-noise sensitivity of Bolocam.  The first is the excess cryostat 
loading, described above.  This optical loading contributes additional shot and Bose noise.  Reduction of this excess load 
to the value expected only from spillover onto the 4K cold stop would improve the white-noise sensitivity by 25% to 
30%.  The second limiting factor is the unnecessarily small spectral bandwidths, especially at 2.1 mm.  Both photon shot 
and Bose noises contribute to the NEP as sqrt(bandwidth), while any signal will increase (approximately) linearly with 
bandwidth, so the expected sensitivity would be improved by increasing the spectral bandwidth. 



 
The low-frequency (<1 Hz) sensitivity that we have achieved with Bolocam in mapping speed (mapping speed ∝   



NEFD-2) is a factor of 2-3 worse than what would be expected given the per-bolometer sensitivity.  The loss in 
sensitivity is from 1/f noise that is largely due to imperfect atmospheric subtraction and long-term instrumental drifts.  
The third trace in Figure 8 shows the PSD from a typical observation with sky removal implemented by simply 
subtracting the average of all the bolometers every sample.  At high frequencies, the noise approaches the noise expected 
from the bolometers, electronics, and photon noise; however, at low frequencies the sky-subtracted noise exceeds the 
white noise.  We are taking steps to reduce the 1/f noise by implementing more sophisticated sky subtraction and 
mapping algorigthms, and possibly another form of modulation to shift the signal band to above 1 Hz, such as chopping 
the secondary mirror. 











 
7.   CONCLUSION 



 
Bolocam has entered is commissioning phase at the CSO.  The measured performance is consistent with a detailed 



instrument model that takes into account 1/f noise, excess optical loading arising inside the cryostat, and less than 100% 
yield in electronics and bolometers.  We are currently implementing solutions to each of these problems, and expect the 
mapping speed to improve substantially in the near future.  
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Table 4 – Measured and Expected Sensitivities 
Definitions of quantities are given in the text.  For the measured NEP and the measured/expected ratios, the standard deviation 
given is that of the distribution over bolometers.  For the remainder of the quantites, we choose the median instrument model 



parameters and apply the median measured/expected correction as described in the text.  The large NETCMB and NEy at 1.1 mm 
and the large NEFD1mm at 2.1 mm reflect the facts that the 1.1 mm band is not ideal for CMB and SZ work, and likewise the 2.1 



mm is unsuitable for galaxy searches.  
 



Quantity 1.1 mm band 2.1 mm band 



Measured NEP [aW/√Hz] 103 ± 50 103 ± 20 



Measured/Expected NEP 1.22 ± 0.14 1.14 ± 0.14 



NETRJ [mKRJ √sec] 0.98 0.92 



NETCMB [mKCMB √sec] 4.56 1.55 



NEy [10-3 √sec] 1.12 0.57 



NEFD [mJy √sec] 56 54 



NEFD1mm [mJy √sec] 86 670 
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import java.awt.*;


import java.awt.event.*;        //FOR EVENT CLASS


import java.applet.*;           //FOR APPLET CLASS





public


class curve extends java.applet.Applet implements Runnable {


    int frame;


    int delay;


    Thread animator;





    Dimension offDimension;


    Image offImage;


    Graphics offGraphics;





    Image frames[];





    /**


     * Initialize the applet and compute the delay between frames.


     */


    public void init() {


    String str = getParameter("fps");


    int fps = (str != null) ? Integer.parseInt(str) : 10;


    delay = (fps > 0) ? (1000 / fps) : 100;





    frames = new Image[10];


    for (int i = 1 ; i <= 10 ; i++) {


        frames[i-1] = getImage(getCodeBase(), "redshift/curve" + i + ".jpg");


    }


    }





    /**


     * This method is called when the applet becomes visible on


     * the screen. Create a thread and start it.


     */


    public void start() {


    animator = new Thread(this);


    animator.start();


    }





    /**


     * This method is called by the thread that was created in


     * the start method. It does the main animation.


     */


    public void run() {


    // Remember the starting time


    long tm = System.currentTimeMillis();


    while (Thread.currentThread() == animator) {


        // Display the next frame of animation.


        repaint();





        // Delay depending on how far we are behind.


        try {


        tm += delay;


        Thread.sleep(Math.max(0, tm - System.currentTimeMillis()));


        } catch (InterruptedException e) {


        break;


        }





        // Advance the frame


        frame++;


    }


    }





    /**


     * This method is called when the applet is no longer


     * visible. Set the animator variable to null so that the


     * thread will exit before displaying the next frame.


     */


    public void stop() {


    animator = null;


    offImage = null;


    offGraphics = null;


    }





    /**


     * Update a frame of animation.


     */


    public void update(Graphics g) {


    Dimension d = getSize();





    // Create the offscreen graphics context


    if ((offGraphics == null)


     || (d.width != offDimension.width)


     || (d.height != offDimension.height)) {


        offDimension = d;


        offImage = createImage(d.width, d.height);


        offGraphics = offImage.getGraphics();


    }





    // Erase the previous image


    offGraphics.setColor(getBackground());


    offGraphics.fillRect(0, 0, d.width, d.height);


    offGraphics.setColor(Color.black);





    // Paint the frame into the image


    paintFrame(offGraphics);





    // Paint the image onto the screen


    g.drawImage(offImage, 0, 0, null);


    }





    /**


     * Paint the previous frame (if any).


     */


    public void paint(Graphics g) {


    update(g);


    }





    /**


     * Paint a frame of animation.


     */


    public void paintFrame(Graphics g) {


    g.drawImage(frames[frame % 10], 0, 0, null);


    }


}
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Displayed is the flux density of a typical submillimeter galaxy as a
function of frequency.  As the curve moves due to higher and
higher redshifts, we see that varying emission lines move into the
Bolocam bandpass indicated in blue.  Also, we see that at higher
redshifts, the flux received on Earth diminishes substantially. 
However, it stays relatively constant in the bandpass indicated. 
This allows us to observe very distant galaxies with the Bolocam
instrument.
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import java.awt.*;


import java.awt.event.*;        //FOR EVENT CLASS


import java.applet.*;           //FOR APPLET CLASS





public


class animation extends java.applet.Applet implements Runnable {


    int frame;


    int delay;


    Thread animator;





    Dimension offDimension;


    Image offImage;


    Graphics offGraphics;





    Image frames[];





    /**


     * Initialize the applet and compute the delay between frames.


     */


    public void init() {


    String str = getParameter("fps");


    int fps = (str != null) ? Integer.parseInt(str) : 10;


    delay = (fps > 0) ? (1000 / fps) : 100;





    frames = new Image[10];


    for (int i = 1 ; i <= 10 ; i++) {


        frames[i-1] = getImage(getCodeBase(), "redshift/red" + i + ".jpg");


    }


    }





    /**


     * This method is called when the applet becomes visible on


     * the screen. Create a thread and start it.


     */


    public void start() {


    animator = new Thread(this);


    animator.start();


    }





    /**


     * This method is called by the thread that was created in


     * the start method. It does the main animation.


     */


    public void run() {


    // Remember the starting time


    long tm = System.currentTimeMillis();


    while (Thread.currentThread() == animator) {


        // Display the next frame of animation.


        repaint();





        // Delay depending on how far we are behind.


        try {


        tm += delay;


        Thread.sleep(Math.max(0, tm - System.currentTimeMillis()));


        } catch (InterruptedException e) {


        break;


        }





        // Advance the frame


        frame++;


    }


    }





    /**


     * This method is called when the applet is no longer


     * visible. Set the animator variable to null so that the


     * thread will exit before displaying the next frame.


     */


    public void stop() {


    animator = null;


    offImage = null;


    offGraphics = null;


    }





    /**


     * Update a frame of animation.


     */


    public void update(Graphics g) {


    Dimension d = getSize();





    // Create the offscreen graphics context


    if ((offGraphics == null)


     || (d.width != offDimension.width)


     || (d.height != offDimension.height)) {


        offDimension = d;


        offImage = createImage(d.width, d.height);


        offGraphics = offImage.getGraphics();


    }





    // Erase the previous image


    offGraphics.setColor(getBackground());


    offGraphics.fillRect(0, 0, d.width, d.height);


    offGraphics.setColor(Color.black);





    // Paint the frame into the image


    paintFrame(offGraphics);





    // Paint the image onto the screen


    g.drawImage(offImage, 0, 0, null);


    }





    /**


     * Paint the previous frame (if any).


     */


    public void paint(Graphics g) {


    update(g);


    }





    /**


     * Paint a frame of animation.


     */


    public void paintFrame(Graphics g) {


    g.drawImage(frames[frame % 10], 0, 0, null);


    }


}
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public synchronized class animation extends java.applet.Applet implements Runnable {
    int frame;
    int delay;
    Thread animator;
    java.awt.Dimension offDimension;
    java.awt.Image offImage;
    java.awt.Graphics offGraphics;
    java.awt.Image[] frames;
    public void animation();
    public void init();
    public void paint(java.awt.Graphics);
    public void paintFrame(java.awt.Graphics);
    public void run();
    public void start();
    public void stop();
    public void update(java.awt.Graphics);
}
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public synchronized class curve extends java.applet.Applet implements Runnable {
    int frame;
    int delay;
    Thread animator;
    java.awt.Dimension offDimension;
    java.awt.Image offImage;
    java.awt.Graphics offGraphics;
    java.awt.Image[] frames;
    public void curve();
    public void init();
    public void paint(java.awt.Graphics);
    public void paintFrame(java.awt.Graphics);
    public void run();
    public void start();
    public void stop();
    public void update(java.awt.Graphics);
}
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