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R U B R I C



O U R  S O L A R  S Y S T E M

• 8 planets in our solar system (including 
Earth). 

• Planets orbit the sun. 

• All planets orbit on same plane. 

• Orbits are close to circular.



P E R S P E C T I V E  F R O M  E A R T H

• Planets orbit around the Sun, but we 
don’t see that on Earth. 

• We see the Sun and planets move in 
the sky.  

• Sun and other planets move along 
the Ecliptic.



3  M A I N  C O O R D I N AT E  S Y S T E M S

• Heliocentric 

• Geocentric 

• Equatorial



H E L I O C E N T R I C

• Centered around the sun. 

• Longitude is counterclockwise from 
0 to 360 degrees. 

• Latitude is -90 to 90 degrees. 

• 0 degrees longitude is with respect 
to the First Point of Aries.



G E O C E N T R I C

Earth is at center. 

Longitude and Latitude are 
similar to the heliocentric model. 

0 degrees longitude is also 
respect to the First Point of Aries.



G E O C E N T R I C  V S .  H E L I O C E N T R I C  V I E W

SunEarth Mars

Geocentric View Heliocentric View



K E P L E R ’ S  L A W S

• 1st: Planets are on elliptical orbits around 
its star. 

• 2nd: Equal area in the same amount of 
time, ie A1 = A2 

• 3rd: Period of orbit squared is equal to 
the semi-major axis cubed, ie P2 = a3



T R I A N G U L AT I O N

• Uses geometry of ellipses to calculate 
orbits of other planets from Earth. 

• Need to know heliocentric longitude (HL) 
of Earth and geocentric longitude (GL) of 
other planet from two vantage points. 

• Planet being measured needs to be at 
same location at both times. Need to 
know orbital period prior!



D ATA  P O I N T S

N O T E :  T H E  2  
D AT E S  I N  E A C H  

PA I R  A R E  E I T H E R  
6 8 7  D AY S  A PA R T  
O R  1 , 3 7 4  D AY S  

A PA R T.

P E R I O D  O F  
M A R S  O R B I T  
=  6 8 7  D AY S



First point of Aries

P O S I T I O N  A :  
[ H L  E A R T H :  1 7  D E G ,  G L  M A R S :  2 9 0  D E G ]  
[ H L  E A R T H :  2 9 3  D E G ,  G L  M A R S :  2 1  D E G ]

R=5cm



P O S I T I O N  A :  
[ H L  E A R T H :  1 7  D E G ,  G L  M A R S :  2 9 0  D E G ]  
[ H L  E A R T H :  2 9 3  D E G ,  G L  M A R S :  2 1  D E G ]

N O T E :  A N G L E S  >  1 8 0  D E G .  Y O U  W I L L  N E E D  
T O  D O  S O M E  M AT H .  E X :  F O R  H L _ E  =  2 9 3 ,  

3 6 0 - 2 9 3  =  6 7  D E G ,  O R  2 9 3 - 2 7 0 + 9 0  =  1 1 3  D E G

0 deg / 360 deg

90 deg

180 deg

270 deg



P O S I T I O N  A :  
[ H L  E A R T H :  1 7  D E G ,  G L  M A R S :  2 9 0  D E G ]  
[ H L  E A R T H :  2 9 3  D E G ,  G L  M A R S :  2 1  D E G ]

N O T E :  A N G L E S  >  1 8 0  D E G .  Y O U  W I L L  N E E D  
T O  D O  S O M E  M AT H .  E X :  F O R  H L _ E  =  2 9 3 ,  

3 6 0 - 2 9 3  =  6 7  D E G ,  O R  2 9 3 - 2 7 0 + 9 0  =  1 1 3  D E G

0 deg / 360 deg

90 deg

180 deg

270 deg



17 deg293 deg

P O S I T I O N  A :  
[ H L  E A R T H :  1 7  D E G ,  G L  M A R S :  2 9 0  D E G ]  
[ H L  E A R T H :  2 9 3  D E G ,  G L  M A R S :  2 1  D E G ]



Geocentric point of Aries

Geocentric point of Aries

P O S I T I O N  A :  
[ H L  E A R T H :  1 7  D E G ,  G L  M A R S :  2 9 0  D E G ]  
[ H L  E A R T H :  2 9 3  D E G ,  G L  M A R S :  2 1  D E G ]



P O S I T I O N  A :  
[ H L  E A R T H :  1 7  D E G ,  G L  M A R S :  2 9 0  D E G ]  
[ H L  E A R T H :  2 9 3  D E G ,  G L  M A R S :  2 1  D E G ]



290 deg

P O S I T I O N  A :  
[ H L  E A R T H :  1 7  D E G ,  G L  M A R S :  2 9 0  D E G ]  
[ H L  E A R T H :  2 9 3  D E G ,  G L  M A R S :  2 1  D E G ]

21 deg



P O S I T I O N  A :  
[ H L  E A R T H :  1 7  D E G ,  G L  M A R S :  2 9 0  D E G ]  
[ H L  E A R T H :  2 9 3  D E G ,  G L  M A R S :  2 1  D E G ]



P O S I T I O N  A :  
[ H L  E A R T H :  1 7  D E G ,  G L  M A R S :  2 9 0  D E G ]  
[ H L  E A R T H :  2 9 3  D E G ,  G L  M A R S :  2 1  D E G ]

R=??





Q U E S T I O N S

• Q 2: Measure all distances between Sun and Mars, take the average. 
Convert from cm to AU (Astronomical Units), R_Earth = 1 AU. 

• Q 3: Eccentricity defines how elliptical or circular an orbit is. Low 
eccentricity = more circular, high eccentricity = more elliptical. Semi-major 
axis = 1/2 distance of major axis (the larger axis). Note: e=ea/a 

Major axis

Semi-major axis (a)

eaFocal point



Major axis

Minor axis



Q U E S T I O N S

• Q 4: Perihelion distance = closest distance between Mars and Sun. 
Aphelion distance = farthest distance between Mars and Sun.

Perihelion

Aphelion



Aphelion

Perihelion



Q U E S T I O N S

• Q 5: Based on their orbits, how often 
does Earth pass Mars? 

• Hint: P_Earth / P_Mars = ? 



Earth at 0, 365  
and 730 days

Mars at 730 days
Mars at 365 days

Mars at 0 days



Q U E S T I O N S

• Q 6 & 7: In which month would Mars and Earth be closest? Which month 
would they be farthest? 

• Hint: Closest/farthest encounters are located when Mars is at 
perihelion/aphelion. Look at the dates associated with the HL of Earth 
with respect to Mar’s orbit. 



P O S I T I O N  A :  
[ H L  E A R T H :  1 7  D E G ,  G L  M A R S :  2 9 0  D E G ]  
[ H L  E A R T H :  2 9 3  D E G ,  G L  M A R S :  2 1  D E G ]

Oct. 1st

July 15th

Hint: 
Earth is in same month 

at same position in orbit, 
no matter the year.



Q U E S T I O N S

• Q 8: Calculate ratio between period and semi-major axis using Kepler’s 3rd 
law for both Earth and Mars. 

• Remember Kepler’s 3rd law: P2 = a3. Where P = period (in days), and a = 
semi-major axis (in AU). 

• If calculations for a_Mars is correct, the ratios for Mars and Earth 
should be the same.


