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Planets

Peter K. Detterline images



Peter K. Detterline images



The Moon



Star Clusters



Double Cluster in Perseus

Open or Galactic Cluster

Related to each other/11 million yo
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M39:  Open or Galactic Cluster in Cygnus
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Dave Moll and Moravian College Students

M13:  Great Globular Cluster in Hercules

22,200 light years distant

11.6 billion years old

300,000 to 500,000 stars



M92-Hercules-Globular Cluster
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26,700 light years distant

13 billion years old

200,000 stars
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What does the Milky Way Galaxy look like?



M104, Sombrero galaxy

Distance:  28 million light-years away in Virgo

Mass:  800 billion suns

One of the most massive objects in the Virgo galaxy cluster.

Hubble Space Telescope



Elliptical galaxy





What’s Happening Here?



Veil Nebula



Western Portion of Veil Nebula



What State Nebula?



Pillars of Creation

Hubble Space Telescope James Webb Space Telescope

Visible Light Infrared Light





Dumbbell Nebula, M27



Dave Moll and Moravian College Students

How will most stars die?

M57:  Ring Nebula

2300 light years distant

7000 years old





Eskimo Nebula

Hubble Space Telescope



Planetary Nebulae Come in All Shapes



Ursa Major’s Alcor and Mizar
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A Visual Double Star



Alcor and Mizar-Ursa Major
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Alcor

Mizar









What Makes a Good Telescope?

Invention of the Telescope

Refractors and  Reflectors

Compound Systems

Catadioptric Systems

Identifying Telescopes
Gary A. Becker image



Two Important Concepts

Focal length:  Distance that light must 

travel after passing through a lens or 

reflecting from a mirror before it comes to 

a focus.

Focal ratio:  focal length of the telescope

diameter of the mirror or lens







1. Light Gathering:  A telescope must gather a sufficient 

amount of light to see objects (aperture)

2. Resolution:  A telescope must differentiate objects of 

close angular separation (aperture).

3. Definition and Contrast:  A telescope must produce 

images which are sharp and have a good separation of 

lightness and darkness (optical excellence of telescope).

4. Magnification:  A telescope must make the image look 

bigger (inverse square rule = 1/d2 governs brightness).

5. Field of View:  A telescope must create a large enough 

viewing area to see the object of interest (inverse square 

rule = 1/d2 governs angular diameter of field of view).





Light Grasp = 0.63 x D2 =  7D2 
approximately

0.32

Where 0.63 = transmission factor

D = aperture in inches

0.3 = opening of eye in inches 

I = 2.51x

Where  I = intensity = transmission factor

x = difference in magnitude                                 

Limiting Visual Magnitude = 8.8 + 5 log D

Where    D = aperture in inches

8.8 = limiting magnitude of a 1-inch aperture telescope
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C O N T R A S T

D E F I N I T I O N



Contrast:  The Weeders, Jules Breton (1827-1906), French
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Use your smart phone to take a picture of 

the previous Harrison Ford image 

showing empty magnification.

Look at the amount of detail on the 

photo you have taken.  Is it more or less?

Explain why the slide and your picture are 

so different.

Finally, enlarge the image to produce 

empty magnification once again.
Spring 2014:  Sarah K. Durham and Amanda Van Fleet



A telescope must have a sufficient 

field of view to see the object that 

you are trying to see.

large image, Gary A. Becker
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Venus and Jupiter, March 15, 2012
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Pleiades or Seven Sisters



What is missing in this picture of the Pleiades?

What kind of 

telescope imaged the 

Pleiades?



H a n s   L i p p e r s h e y—Dutch Optician





Gary A. Becker image right





Galileo             

Galilei

Galileo’s History and 

Demonstrations-1613

Gary A. Becker collection







Galilean Telescope Cutaway

reproduction



Refraction

Chromatic 

Aberration 



Hevelius’s Long   Refracting 

Telescope               (ca:  1647)

German:  1611-1687



Johann Hevelius’s      140 foot-telescope



REFRACTIVE INDEX

The refractive index of 

water is 1.33, meaning that 

light travels at the speed 

of light divided by/1.33 

slower in water than in a 

vacuum. 

186,000 mi. per sec. /1.33 

= 140,000 mi. per sec.









Reflecting Telescope-1668/9

1671



Newton’s Telescope
A replica of the second reflecting telescope 

Newton presented to the Royal Society 

Made for the Science Museum in 1924 by 

Mr. F. L. Agate

Wikipedia



Newton’s first 

reflector was much 

smaller with a tube 

length of about six 

inches. It was lost.  

Newton then built a 

second larger 

telescope which he 

presented to the 

Royal Society in 1671.  

This is the one that 

can be seen in the 

picture. 

1668/9, 1671

The Real Deal



Isaac, meet Susan.
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Dobsonian 

Mounts
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Pulpit Rock Astronomical Park
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Schmidt-Cassegrain Reflector



Cassegrain Reflectors

200-inch Hale Telescope
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La Fin

La fin
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