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Through the Looking Glass

• With out any assistance man was limited as to what could be 

seen in the sky.

– The Sun is the Brightest Object  (BO)

– The Moon (2nd BO)

– Planets: Venus, Mars, Jupiter, Mercury (3rd-6th BO)

– Stars: Sirius, Canopus (7th +8th BO)

– Comets: Halley, Hale Bopp…

– Nebulae

– Two recorded Super Nova’s

– Meteors (Not Asteroids and Meteoroids) 



The Bread and Butter

• Two key devices made to aid in astronomical 
observations:

– Timing Devices: Recognizing patterns and movements 
makes predictions possible.

– Telescopes: (GR: Tele→far,  Skopein→to look or see) 
mirrors and/or lenses curved to focus and intensify the 
electromagnetic spectrum.



A History of Time

• Egyptians used duodecimal system to divide the day into twelve parts 

(sundial).

– Each finger has 3 segments.

– Decimal system would be counting just whole digits.

• Babylonians (from the Sumerians) used sexagesimal.

– Why? 60 is divisible by 1-5, 10, 12, 15, 20, 30.

• 1956: Time was defined in terms of earth rotation.

• 1967: After discovering radiation, a second could be defined on the 

atomic level.

• 1997: Account for absolute zero and rest energy.

• Atomic clock is not in perfect sync with astronomical time, so eight 

times a decade a minute will get an extra second added.



Time Keeps on Turning

• Some terms associated with time:

– Millisecond: 10-3-s     Second: 1-s

– Minute: 60-s     Moment: 90-s (1/40-hr)

– Hour: 60-min     Day: 24-hrs

– Week: 7-days     Fortnight: 14-days

– Month: 28-31-days    Quarter: 3-months

– Year: 12-months    Olympiad: 4-yrs

– Lustrum: 5-yrs    Decade: 10-yrs

– Indict: 15-yrs     Score: 20-yrs

– Generation: ~25-yrs    Century: 100-yrs 

– Millennium: 1000-yrs   (A)Eon: 1 billion-yrs



Light: Seeing is Believing

• Traveling through space at 300,000,000-m/s, the 

electromagnetic spectrum is the fastest and different parts 

give amazing insight as to what is out there. 





Light from Above

• Only a few parts of the EM 

spectrum reach the surface.

• Optical: We can see stars and 

planets ( by reflected light). 

Telescopes enhance/add to what 

can be seen.

• Radio: We can detect radio signals 

from stars… and perhaps other 

life?

• To observe other parts of the 

spectrum such as Infrared, Gamma 

and X-Ray other technologies have 

been developed.



Type of 

Wave

Source Uses Problems

Radio
Stars, Planets, Old 

Supernovas

Communication, Remote Control, Medical 

(MRI)

Micro
Pulsars, Active 

Galaxies

Communications/Cellular,

Ovens, Radar

Infrared
Cooler Nebulas, 

Planets, Moons
Remote Control, Thermal Imaging, Heating

Atmospheric 

Absorption

Visible 

Light
Stars Photosynthesis, Vision

Ultraviolet
Very Hot Stars, Old 

Supernovas
Sterilization, Vitamin D

Cancer, Ozone 

Depletion

X-Rays
Galaxies, Coronas, 

Old Supernovas

Security, Medical Diagnosis, Cancer 

Therapy
Cancer

Gamma 

Rays
Nuclear Reactions

Security, Medical Diagnosis, Cancer 

Therapy

Cancer, Cellular 

Damage



Collecting What's Out There

Reflection- Mirrors used to 

bounce light

Refraction- Lenses used to 

bend light

Diffraction/Interference- 

Bending around openings 

and interacting with each 

other. 

Polarization- Allowing a 

specific direction of wave 

to pass through.



How do we see it?

• Your eye receives 

electromagnetic waves in the 

form of light.

• Your eyes can see from 400-700 

nanometers.

– Red-Violet

– Rods are low light collectors.

– Cones are used to see color.



Optical Telescopes

• Light, like that from stars, radiates out in all 

directions as rays. (spherical)

• Given long distances these rays become parallel.

• Lenses and/or mirrors focus and intensify the parallel 

rays back into a single point.



Optical Telescopes

• Key Parts:

– Aperture: The hole in the front of the telescope that lets the light in. 

(Larger = More light captured = Brighter)

– Objective: The first mirror/lens that collects/focuses light.

– Focal Length: The distance from the lens or mirror to where the light 

comes to focus. (Long→small objects, Short→wide area)



Three Optical Types (1/3)

• Galilean (refractor): Bends to become focused at the 
eyepiece

• Developed by the Dutch 1608.
– Superior glass production.

• In 1609 Galileo built and then      
improved on the design.



Three Optical Types (2/3)

• Newtonian (reflector): A combination of curved and 

flat mirrors form an image.

• Newton built the first one in 1668.



Three Optical Types (3/3)

• Catadioptrics: A combination of mirrors and lenses 
fold the optics and form an image.

• In the 1820’s, Augustin-Jean Fresnel      
developed several of these for     
lighthouses.

– Uses: Searchlights, Headlamps.



Radio Telescopes

• Radio Telescopes use a large parabolic antenna (dish), or 

arrays of them.

– Karl Jansky discovered them in coming from space in 1933.

• Waves are received by a computer which translates them and 

can be interpreted by astronomers.

• The first radio telescope was built by American Grote Reber 

in 1937. 

8/15/77 

Big Ear (OSU)





Need to Know: Reflect

• Name/Location: W. M. Keck Observatory. Summit Mauna Kea, HI

• Operator: W.M. Keck Observatory (USA)

• Fame: These two are the largest reflecting telescopes…each 10-meter 
telescope is a composed of 36 hexagonal segments that work together 
as a single piece of reflective glass.



Need to Know: Reflect

• Name/Location: Very Large Telescope (VLT). Atacama desert, Chile

• Operator: European Southern Observatory

• Fame: Current record holder for the largest total collecting area of an 
array (4). Each is 8 meters in diameter and normally are operated 
independently.



Need to Know: Reflect

• Name: Gemini Observatory.

• Operator: Gemini Consortium and The Association of Universities for 
research in Astronomy (AURA)

• Fame: Provide almost complete coverage of both the northern and 
southern skies. Among the largest and most advanced optical/infrared 
telescopes available.

North: Mauna Kea, Hawaii South:Cerro Pachón, Chile



Need to Know: Reflect

• Name/Location: Leviathan. Birr Castle, Ireland

• Operator: 1847 William Parsons, Currently: Tourist Attraction

• Fame: Was the largest telescope (72-inch) in the world from 1847 until it 
was dismantled in 1908. It was not succeeded in size until the 
construction of the Hooker Telescope in 1917. Its Metal Mirror tarnished 
so easily it had to be polished every six months.



Need to Know: Refract

• Name/Location: Yerkes Observatory. Williams Bay, WI

• Operator: University of Chicago

• Fame: Is the largest refracting telescope that can be positioned.



Need to Know: Refract

• Name/Location: Nice Observatory. Nice, France

• Operator: Observatoire De La Côte D’azur

• Fame: In 1888 the .76 meter was the most powerful refractor. In 1889 the 
.91 meter Lick Observatory (UCSC: San Jose, CA) became operational, 
heralding the last time Europe controlled the most powerful telescope.



Need to Know: Radio

• Name/Location: Arecibo Observatory. Arecibo, Puerto Rico

• Operator: Cornell University (In Cooperation with the NSF)

• Fame: Appeared in the movies Goldeneye and Contact. In mid 2020 
cables started to snap. Decommissioned in November.



• On Dec 1st the 900-ton (same as 3 747’s) instrument platform fell and 
crashed into dish. Future: Cleanup and rebuild?



Need to Know: Radio

• Name/Location: Very Large Array (VLA). 50-mi west of Socorro, NM

• Operator: Cornell University (In Cooperation with the NSF)

• Fame: 27 independent radio antennae, each of which has a dish 
diameter of 25 meters. Appeared in the movies 2010: The Year We Made 
Contact, Contact, Independence Day and The Arrival.



Need to Know: Radio

• Name, Location: Five-hundred meter Aperture Spherical Telescope 
(FAST). Nicknamed (Tinyan Heavenly Eye) Guizhou, China

• Operator: National Astronomical Observatories

• Fame: Came online in January 2020, now the largest dish. Tourists are 
forbidden to use phones/radios within 5-km (3-mi) of dish.



Need to Know: Radio

• Name/Location: Event Horizon Telescope. Global Network.

• Operator: Collaboration (13 different groups)

• Fame: Collecting data (from download to synchronization) from eleven 
different sites taking unprecedented images including a black hole, 
Messier 87 and a blazar.



Need to Know: Space Reflector

• Name/Location: Hubble Space Telescope. 366-mi.

• Operator: NASA

• Fame: (1990-20??). Reflector, it can take pictures in the UV spectrum. 
Produced some of the most famous astronomical pictures. Serviced 
by astronauts, as of 6/21 not operating (equipment failure).



Need to Know: Space Reflector

• Name/Location: James Webb Space Telescope. Halo Orbit.

• Operator: NASA

• Fame: The Hubble upgrade uses hexagon collectors (1/2 mass, 6x 
collection) (infrared to low visible). Planned for launch in 2007, delays 
pushed out to 12/25/21, mission began 7/12/22. 



Need to Know: Space

• Name/Location: Compton Gamma Ray Observatory. 280-mi.

• Operator: NASA

• Fame: (1991-2000). The 2nd of Great Observatories. Before it was 
deorbited CGRO observed an unprecedented amount of Gamma 
Radiation.



Need to Know: Space

• Name/Location: Chandra X-ray Observatory. 6213-87100 mi.

• Operator: NASA

• Fame: (1999-20??). The 3rd Great Observatory, Highly elliptical orbit 
allows continuous observation for up to 55. Made great advances in the 
area of x-ray studies including black holes and supernovas.

Image:Chandra X-ray Observatory inside the Space Shuttle payload bay.jpg

http://upload.wikimedia.org/wikipedia/commons/3/3a/Chandra_X-ray_Observatory_inside_the_Space_Shuttle_payload_bay.jpg


Need to Know: Space

• Name/Location: Spitzer Space Telescope. Space (Earth-Trailing).

• Operator: NASA

• Fame: (2003-2009/2020). The fourth and final of the great observatories 
contains three district observational units for infrared study. All but two 
instruments froze when it ran out of helium fuel May 15, 2009. 

Image:Spitzer- Telescopio.jpg

http://upload.wikimedia.org/wikipedia/commons/c/c1/Spitzer-_Telescopio.jpg


Getting Into Space

• Two things are needed to be in 
space:

– Travel at 25,000-mph. 

– Be 100-km (62-mi) above the 
Earth.

• This ‘can’ be done three ways:

– Use thrust to propel an object 
from earth.

– Fly an object into low orbit then 
launch saving weight (fuel). 

– Use an elevator… materials? 



Getting Into Space: Initial

• Ancient Chinese developed and used ‘black powder’ to 
propel objects into the sky.

• The race to get objects into space began in the 20th century.

• USSR launched the first satellite: Sputnik (1957), and the first 
man: Yuri Gagarin (1961) into space. 



Getting Into Space: Response

• In 1961 America responded to USSR’s successes 
– John F. Kennedy announcing the Apollo Program with a goal of 

getting to the moon by the end of the decade.

– This was three weeks after the Mercury program launched Alan 
Shepherd into space.



• The now retired (familiar delta style) space shuttles were first launched 
April 12, 1981.

• Six were built, five to transport cargo and passengers into space with 
133 successful missions.
– Enterprise had no heat shield or engines, test model. (On display in NY)

– Two blew up: Challenger (1986) after launch, Columbia (2003) re-entry.

– Three retired/on display: Discovery@ Smithsonian, VA (2/11), Endeavour@ 
California Science Center, CA (5/11) and Atlantis@ Kennedy Space Center, FL(7/11)

Getting Into Space: 3 Decades





Getting Into Space: SST

• The Space Shuttle Transport was reusable.
– Booster: Two boosters provided 83% of the total thrust needed for 

liftoff. They were jettisoned two minutes after launch and then 
parachutes deployed to be recovered.

– Orbiter: An aircraft look with double delta wings. The craft has 
ceramic tiles, able to withstand the atmospheric friction upon reentry 
(Gliding Decent).

Image:SSLV ascent.jpg

http://upload.wikimedia.org/wikipedia/commons/e/e4/SSLV_ascent.jpg


Getting Into Space: SST

• Take Off: Cape Canaveral, FL

• Landing: Kennedy Space Center, FL or if the weather is bad 
Edwards Air force Base, CA.
– Numerous other sites (including abort sites) around the globe were 

also available.



Getting Into Space: NASA’s Future

• Artemis Program is currently being tested. 
– Each Orion spacecraft can carry a crew of four to six astronauts. 

– Space Launch System (SLS) will be the primary propulsion system.

• Missions:
– I: (11/21), Unmanned 25-day test to moon and back.

– II: (9/23),  4-person lunar fly-by.

– III: (10/24), 4-person lunar orbit, 2-person lunar lander.

– IV: (3/26), 4-person lunar orbit, Delivery of Gateway-iHAB 
Image:SDLV rockets.jpg

http://upload.wikimedia.org/wikipedia/commons/2/2e/SDLV_rockets.jpg


Getting Into Space: $$$

• NASA is funded by the Government… Private companies 
have also taken up the task.
– Blue Origin (Bezos/Kent, WA): New Shepard (10/12), Crew of 4 (7/21).

– Boeing (Seattle, WA): CST 100 (11/19), Currently indefinite delay.

– Space X (Musk, Hawthorn, CA): Dragon (2020) Crew of 2 to ISS.

• Other countries are also in the hunt: China, Europe, India, 
Iran and Russia.
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