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Stars and Planets
• Stars are “fixed” relative to each other. They produce their 

own light which is independent of Sun’s location. What 

stars you see in a given night changes through the year. 

And depends on latitude (North-South location)

• Planets have complicated (but predictable) orbits when 

viewed from the Earth. Wanderers. Brightness does 

depend on Sun. Small numbers of such objects (5 planets 

visible to unaided eye). Planets are located along the 

ecliptic and which you can see at any time changes each 

month/year
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Different seasons, different constellations
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Different seasons, different constellations
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Different hemispheres, different constellations

Sky seen at North 

pole (up) and South 

pole (right)
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Winter triangle
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Summer triangle

Deneb

Vega

Altair
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STARS:What to Remember - NS
• Polaris (the North Star) doesn’t “move” due to the Earth’s 

rotation. 

• The angle of Polaris to the north horizon gives the observer’s 

latitude

Polaris Location      Latitude

directly overhead       900 N  (NP)

about halfway up        420 N (DK)

on horizon                  00 (Equator)

below horizon           Southern hemisphere

• Other stars “move” in circles about Polaris. 1 day to complete 

circle. Angle between star and Polaris gives declination (N-S 

location). Viewing particular constellation at certain time/day 

also gives observer’s latitude 



PHYS 162 Class 2 8

STARS:What to Remember - EW
• What time during the day a star rises, is overhead, and 

sets changes with the seasons

• look up on Star Chart (right ascension is the East-West 

location)

• Changes 2 hours/month

• Only on the Equator can all stars be viewed from a 

single location  Hawaii or northern Chile a good place 

for telescopes (all of northern or southern hemisphere 

plus a little bit of the other)

• Stars (plus accurate clock) give EW location 

(longitude). Used for navigation pre-1950 (in WW II)
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Zodiac Constellations (not on tests)

• a line between the Earth and the Sun traces 

out a “circle” in the sky

• called the ecliptic

• the 12-13 constellations along the circle are 

the “signs” of the Zodiac

• changes with the seasons
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Zodiac Constellations (not on tests)
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Solar System

• Sun plus 8 (or 9 with Pluto) planets many of 

which have moons

• plus “debris”: comets, asteroids, meteors, etc

• We’ll go over historical understanding of motion 

(which is “complicated” when viewed from the 

Earth) and later look at Solar System formation, 

planetary atmospheres, and planets discovered in 

other star systems
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Solar System distances to Sun clearly not to scale)
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Sun vs Earth.           

100 times larger radius  1,000,000 times 

larger volume and 300,000 times  larger mass
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Solar System - Orbits
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Mean Distance

from Sun

Sidereal

Orbital Period
Mass

AU Pe Me

Mercury 0.387 0.241 0.055

Venus 0.723 0.615 0.815

Earth 1.000 1.000 1.000

Mars 1.524 1.881 0.107

Jupiter 5.203 11.857 317.828

Saturn 9.537 29.424 95.161

Uranus 19.191 83.749 14.536

Neptune 30.069 163.727 17.148
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Planets before telescopes
• Five planets can be seen without a telescope. 

• Ancients (Babylonia, Egypt) included Sun and Moon as 

“planets”  gave names to days of week 

FRENCH            ENGLISH

Sun               Dimanche             Sunday

Moon            Lundi                   Monday

Mars              Mardi                  Tuesday (Germanic)

Mercury      Mercredi                Wednesday (Germanic)

Jupiter         Jeudi                      Thursday (Germanic)

Venus          Vendredi                Friday (Germanic)

Saturn           Samedi                 Saturday
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Planetary Motion

• Planets “move” relative to stars

• motion is “odd” as sometimes East to West but 

mostly West to East against the background of 

stars (E to W called retrograde motion)

• Historically large problem explaining planets’ 

motion; reality  relatively simple
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Planetary Motion - Historical

• “Classical” natural philosophers put 

philosophy/theology first and dismissed 

science/observations                                                     

 obsessed by Earth being at center       Archimedes

 obsessed by “perfect” objects like circles

• Perfectly symmetric Universe  lifeless void

• It is the asymmetries that allow our existence
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Planets – Example Jupiter – 2014-2018
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Planetary Motion - Retrograde

• Mars: Sept 2009 through June 2010
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• Earth and Mars orbit Sun: Earth 1 year to orbit and Mars 

1.9 years  sometimes Mars is “ahead” and sometimes 

“behind” Earth compared to distant star field
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Models of the Solar System
Ptolemaic – Geocentric – Earth centered

• Earth at center and motionless

• Sun and other planets orbit the Earth 

Copernican - Heliocentric – Sun centered

• Sun at center and motionless

• Earth and other planets orbit Sun 

Both models were considered by Greeks 2200 years ago. 

Ptolemaic most familiar to Europeans in 1200s as it had 

survived.  Use of experimental observations to resolve 

about 400 years ago helped start modern science
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Understanding Planetary Motion

• Use experimental observations (made prior to 

telescopes) to understand motion of the planets

• Leads to Kepler’s 3 laws of planetary motion

• Provides experimental observations which are 

later explained by physics developed by Galileo, 

Newton and others
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Models of the Solar System
Ptolemaic - Geocentric

• Earth at center and motionless

• Sun and other planets orbit the Earth on circles within circles.

Think Tilt-a-

Whirl at Cornfest

Works very badly 

for Mercury and 

Venus which 

clearly are 

orbiting the Sun
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Copernican - Heliocentric

• Sun at center

• All planets move about Sun on epicycles (circles 

on circles)

• Earth revolves on axis once per day

• Catholic Church adopts Ptolemaic as “revealed 

truth” in 13th Century (when first Universities in 

Europe began). Copernican model published in 

1543 with detailed comparisons to observations 

(after Copernicus’ death so Church would not 

punish him)
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Copernican vs Geocentric vs Catholic Church

• Bruno was burned at the stake in 1600 in Rome 

for (partially) stating Copernicus was correct

• "Innumerable suns exist; innumerable earths revolve 

around these suns in a manner similar to the way the seven 

planets revolve around our sun. Living beings inhabit 

these worlds." — Giordano Bruno

Campo d’Fiore Rome

also has farmer’s market 

and 4 nice inexpensive 

restaurants
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Other Models

• Tycho Brahe’s - Earth at center but other planets 

orbit the Sun (effectively the same as Copernican)

• Kepler’s - Sun at center with planets orbiting the 

Sun in elliptical paths CORRECT

• Differentiate models by comparing predictions 

with observations

SCIENTIFIC METHOD

need best observations as possible
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Brahe and Kepler

• Brahe led team which collected data on position of planets (1580-

1600 no telescopes)

• Kepler (mathematician) hired by Brahe to analyze data. Determined 

3 Laws of planetary motion (1600-1630)

• Input - 20 years of data on:

angular position of planets 

approximate distances from Earth (accurate relative distances)

• Few “modern” tools (no calculus, no graph paper, no log tables). 

Just Euclidean geometry
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Observations of Brahe 1580-1600

• Brahe was a Danish nobleman 

who became famous after 

observing a supernova and 

showing it was “far away”

• Danish king provided funding and 

an island where Brahe set up an 

observatory – no telescopes just 

(essentially) sextants - that is long 

sticks to measure angles which 

could be flipped to measure both 

E-W and N-S angle at same time
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Apparent Shift = Parallax

• A moving observer sees fixed objects move.

• Near objects appear to move more than far objects

• The effect is due to the change in observation point, 

and is used by our eyes for depth perception.

angle A

angle B

Earth

Geocentric parallax 

Earth as base

Heliocentric parallax-use orbit about Sun 

as base. Use for stars as need telescope
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Sources of Parallax

• Heliocentric parallax uses the sun as a base.

• Take a photo with telescope at two different 

seasons  come back to later for stars 

• Geocentric parallax uses the earth as a base.

• Make a measurement two or more times in one 

night.

• Use for planets/Sun/Moon  Brahe’s data also 

had distances to planets plus position in sky
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Kepler’s Laws of Motion

• Kepler figured out correct orbital 

shape and determined some 

relationships between the orbits 

of different planets

• A big step was realizing that 

Earth’s orbit about the Sun also 

wasn’t a circle – mostly he used 

relative location of Mars after 

repeated orbits around the Sun 

(Mars is close and so most 

accurate measurements)


