
Possible Topics for Class 
Presentations  

April 16, 23, 2014. 
(10 Minute Powerpoint) 

1.  Extrasolar (Earthlike?) Planets 
2.  New Evidence for Inflation. 
3.  New Monster Telescopes on Earth 
4.  Telescopes in Space 
5.  Supernova Remnants 
6.  Enceladus (water ice volcanos) 
7.  Life in the Universe 
8.  Dark Energy 
9.  Messenger and Mercury 
10.  Mars Rovers 
11.  Supernovae Discovery 
12.  Lake Vostok search for life, Antarctica 
13.  Earth bound Comets and Asteroids 
14.  Search For the First Stars 
15.  Astrobiology 
16.  Henrietta Levitt (Cepheid Variables) 
17.  Galileo 
18.  Jocelyn Bell (Pulsars) 
19.  Black Holes 
20.  Gravitational Lensing 
21.  Orion Nebula. 



Topics for Class Presentations  
April 16, 23, 2014. 

(10 Minute Powerpoint) 

1.  Irfan – Muslim astronomers 
2.  Bwest – Greek mythology 
3.  Emmarose – Galileo 
4.  Bb – Life in the universe 
5.  Jonathon – New monster telescopes on Earth 
6.  ZZ – Telescopes in space 
7.  Margaret – Terraforming on extra-solar planets 

8.  Eli – Tycho Brahe	

9.  Dustin – Henrietta Levitt 
10.  Bockarie – Orion nebula 
11.  Rhiannon – Black holes 
12.  Rohit – Supernova remnants 
13.  Adam – Dark energy 
14.  Diego – Gravitational lensing 
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Gravitational lensing 

•  How can a black hole or a neutron star 
act like a lens? 

•   The answer comes from Albert 
Einstein, who proved in 1919 that light 
follows in the path of the bent time and 
space which is warped due to the 
gravitational force of a massive object.  

In the formation known as Einstein’s Cross, 
four images of the same distant quasar 
appear around a foreground galaxy due to 
strong gravitational lensing 



Gravitational Lenses 

• Gravitational lenses are observed quite frequently with the Hubble Telescope  
• In some cases, the amount of matter needed to make the gravitational lens is much 

more than can be accounted for by the visible matter.  



Black Holes 

•  A black hole is an object with a gravitational field so strong that 
nothing, not even light, can escape. 

•  Black holes have only three properties: 
–  Mass 
–  Angular momentum (if it is spinning) 
–  Electric charge (not astrophysically important since 

macroscopic objects are neutral) 
•  Black holes cannot have magnetic fields, or a temperature, or a 

color, etc. 

http://www.youtube.com/watch?v=w0q4zNQIOjA 
 
http://www.youtube.com/watch?v=ou3TukauccM 
 





The probe falling into the black hole experiences huge gravitational tides 
which stretch vertically and compress horizontally. The probe would be 
pulled apart and disintegrate as it falls inward.  

Q. What does the observer inside a probe falling into 
a mass black hole see? 

-Someone on the probe observes something different. They see the 
probe cross the event horizon an continue falling toward the black hole’s 
singularity. 

-A person watching you getting closer and closer to event horizon 
sees you move more and more slowly because the light from you takes 
longer and longer to reach the observer.  

The light is stretched out and as you cross the horizon your image will 
hover at the horizon and never reach the observer.  

You will actually become invisible way before that because the longer 
wavelength will change to infrared and to radio etc.  



Detecting a Black Hole 

•  If light cannot escape from a black hole, how do we detect them?  
By looking at material close to the black hole, before it disappears, 
or by looking at fast moving objects orbiting around a black hole. 

•  Black Hole at the center of the Milky Way galaxy: 
 http://www.youtube.com/watch?v=ZeBH89ckjnU 



Supermassive Black Holes 

•  There is evidence that most (if not all) galaxies have black holes with 
masses 106-109 the Sun’s mass at their centers.  These black holes 
don’t come from single stars. 



Detecting a Black Hole 

•  If the black hole is close 
to another star, it can pull 
material off that star.  As 
the matter falls into the 
black hole, it gets very 
hot, and emits X-rays. 

Q. If light cannot escape from a black hole, how do we detect them?  
By looking at material close to the black hole, before it disappears… 



Detecting a Black Hole 

•  Jets of matter can also be 
produced. 



The X-ray Sky from HEAO I 

•  There are a few hundred bright X-ray sources in the sky, and most are powered by 
accretion of matter onto a compact object like a Black Hole or Neutron star. 



What’s Next? 

•  After an X-ray source is identified, what happens next? 
•  If the X-rays “turn off”, then it is a Binary system, and companion star 

can be seen: take and measure the Doppler shifts of the companion  
star to determine its “radial velocity curve.” 

•  Use Kepler’s laws to deduce mass limits. If the mass exceeds the 
maximum mass for a neutron star, the source must be a black hole.  



M33 

•  Spiral galaxy in 
Triangulum. 

•  d = 840,ooo pc 
•  M33 X-7 discovered 

by Einstein in 1981 



M33 

•  X-ray source localized with Chandra and optical counterpart 
found with HST by Pietsch et al. (2004) 

•  They showed that M33 X-7 is an eclipsing binary with P=3.45 
days. 



•  Chandra X-ray “light curve” 

•  (Doppler) Radial velocity 
curve obtained from Gemini 
North 8.2m telescope. 

 

M33 X-7 Results: 



M33 X-7 Results: 

•  From the data, there are two closely orbiting objects. 
•  M1 = 70.0 +/- 6.9 solar masses – O star 
•  M2 = 15.65 +/- 1.45 solar masses – Black Hole 

•  The optical spectrum indicates the companion is an O-star with 
T=35,000 K and a radius of R=19.6 solar radii 

•  Links to press releases: 
http://chandra.harvard.edu/press/07_releases/press_101707.html 
http://advancement.sdsu.edu/marcomm/news/releases/fall2007/pr101707.html 



                                                             

Candidate For Black Hole 

Example: Cygnus X-1  
Binary Star w/ two objects:  
• M=30 Msun primary (seen) 

• M=7 Msun companion  

– Too small, too X-ray bright, and too faint at visible wavelengths to be a 7 
M star. 
– Far too massive to be a white dwarf or neutron star. 


