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What is Science
Science has a two-fold definition

A body knowledge 

A process of learning about nature

Mathematics is a tool for science

Analyze, test and quantify theories
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Scientific theory
Begins with a hypothesis

But theories may break down

Tries to describe and predict the natural world  

Explain observations/experiments

Possibly contributing to or encompassing physical laws  

➢

➢

●

May not be able to explain new observations/ experiments ➢

A new hypothesis is then proposed to modify or replace 

current explanations 
➢

Must also be under observational/experimental scrutiny ●
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Occam’s Razor
When there exist two competing theories that make 

exactly same prediction, the simpler one is the better

➢

➢ A scientific theory should be 

simple 

without fewest unproven assumptions 

verificable
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An Early Scientific Question  
Is the Sun or the Earth at the center of our universe? 

The answer is neither
but which view best explains the motions of  

the stars, planets, and Sun in our sky?  

How this question was tackled over the years gives insight 

as to how science is performed 

also gives a historical context to astronomy  

➢

➢

●

●

4



Early Astronomy and Planetary Motion

– Earth is a sphere that is positioned at center of theuniverse 
– Geocentric cosmology  

– Sun is at center of the universe  

– Sun and stars are stationary 
– Earth and planets revolve around the sun 

Aristarchus

Aristotle

– the Earth-centered universe became the accepted norm 

– Earth is not felt to move beneath ones feet, so it must be 
stationary  
– Stars, planets, and Sun seem to revolve around the Earth  

In contemporary Greece, Aristotle was far more 
influential than Aristarchus 

Observational evidence: 

5



Claudius Ptolemy 
90 AD ʹ 168 AD 

 

͞Almagest͟ 

Claudius Ptolemy 
90 AD-168 AD

6



Ptolemaic Model 

•  Claudius Ptolemaeus 
–  devised a Geocentric model to describe the 

motion of the heavenly bodies. 

•  Based on the teachings of Aristotle 
and other Greek scholars 
–  the motion of celestial objects must 

have perfect uniform circular motion 

•  Explained the observed retrograde 
motion of the planets  

Ptolemaic Model
Claudius Ptolemaeus 
Devised a Geocentric model to describe motion of heavenly bodies 

Motion of celestial objects must have 
perfect uniform circular motion 

Based on teachings of Aristotle and other Greek scholars 

Explained observed retrograde 
motion of the planets 
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Retrograde motion  
Retrograde motion 

•  Object seems to reverse its general direction with respect to the 
background stars 

•  Example: Path of Mars 
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Retrograde motion  
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Retrograde motion 

•  Object seems to reverse its general direction with respect to the 
background stars 

•  Example: Path of Mars 

Retrograde motion of Mars  

Object seems to reverse its general direction with respect to 
background stars 

Example ☛ Path of Mars  
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Retrograde motion 
A Geocentric Explanation 

•  In order to account for retrograde motion the 
Ptolemaic model incorporates epicycles 
–  The epicycle orbits on a circle called the deferent 
–  The planet moves along the epicycle 

Retrograde motion  

A Geocentric Explanation

➢ In order to account for retrograde motion Ptolemaic model
incorporates epicycles 

Epicycle orbits on a circle called the deferent  
Planet moves along epicycle 
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Retrograde motion
A Geocentric Explanation

Ptolemaic model reasonably explains retrograde motion

Further predictions of planetary positions using Ptolemaic model  

did not match observations

➢

➢

Retrograde motion
A Geocentric Explanation

Retrograde motion 
A Geocentric Explanation 

(http://users.clas.ufl.edu/ufhatch/pages/03-sci-rev/sci-rev-home/resource-ref-read/chief-systems/08-0retro-2.htm) 

•  Ptolemaic model reasonably explains retrograde motion 
•  Further predictions of planetary positions using the 

Ptolemaic model did not match observations 
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Retrograde motion
A Geocentric Explanation

Ptolemaic model reasonably explains retrograde motion

Further predictions of planetary positions using Ptolemaic model  

did not match observations

➢

➢
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Niocolaus Copernicus (1473 - 1543)
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Placing the Sun at the Center  

heliocentric cosmology 

Ideas of Aristarchus were revived 

Planets, including Earth, orbit the Sun 

Easily explains complex motions of the planets 
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Copernican Model

Copernican Model 

•  Correctly placed the position 
of the known planets of the 
time 
–  Mercury, Venus, Earth, 

Mars, Jupiter, Saturn 
•  The Moon orbits the Earth 
•  Stars are fixed 

•  Elegantly describes 
retrograde motion 

•  Error is introduced due to the 
assumption that orbits are 
perfect circles 

•  Nicolaus Copernicus 
–  Devised a heliocentric model of the universe 
–  the Sun is the center, and planets revolved around it in 

perfect circles. 

Devised a heliocentric model of universe  

Sun is the center, and planets revolved around it in perfect circles 

Correctly placed the position of the known planets of the time 

Mercury, Venus, Earth, Mars, Jupiter, Saturn 

	 The Moon orbits the Earth  

 	 Stars are fixed 

	 Error is introduced due to assumption 

 	 Elegantly describes retrograde motion

that orbits are perfect circles 

14



Retrograde motion
A Heliocentric Explanation

1-4 ☛ Mars appears to move eastward with respect to background stars  

4-6 ☛ Earth passes Mars–Mars seems to reverse direction 

6-9 ☛ Earth passed Mars–Mars resumes eastward motion 

Explained due to Earth being closer to Sun than Mars and orbiting more rapidly 
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Planetary Configurations 
(See: http://astro.unl.edu/naap/ssm/animations/configurationsSimulator.html) 

•  Inferior planets (Mercury, Venus) 
–  Inferior conjunction: Planet in line with Sun & Earth on same side of Sun as Earth 
–  Superior conjunction: Planet in line with Sun & Earth on opposite side of Sun to Earth 
–  Elongation: Planet makes 90 degree angle between Sun and Earth 

•  Superior planets (Mars, Jupiter, Saturn, Uranus, Neptune) 
–  Conjunction: Planet in line with Sun & Earth on opposite side of Sun to Earth  
–  Opposition: Planet in line with Sun & Earth on same side of Sun as Earth 

Planetary Configurations  

Inferior planets (Mercury, Venus) 
Inferior conjunction: Planet in line with Sun & Earth on same side of Sun as Earth  
Superior conjunction: Planet in line with Sun & Earth on opposite side of Sun to Earth  
Elongation: Planet makes 90 degree angle between Sun and Earth 
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Planetary Configurations 
(See: http://astro.unl.edu/naap/ssm/animations/configurationsSimulator.html) 

•  Inferior planets (Mercury, Venus) 
–  Inferior conjunction: Planet in line with Sun & Earth on same side of Sun as Earth 
–  Superior conjunction: Planet in line with Sun & Earth on opposite side of Sun to Earth 
–  Elongation: Planet makes 90 degree angle between Sun and Earth 

•  Superior planets (Mars, Jupiter, Saturn, Uranus, Neptune) 
–  Conjunction: Planet in line with Sun & Earth on opposite side of Sun to Earth  
–  Opposition: Planet in line with Sun & Earth on same side of Sun as Earth 

Planetary Configurations  

Superior planets (Mars, Jupiter, Saturn, Uranus, Neptune) 
Conjunction: Planet in line with Sun & Earth on opposite side of Sun to Earth  
Opposition: Planet in line with Sun & Earth on same side of Sun as Earth 
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Early Astronomy and Planetary MotionEarly Astronomy and Planetary Motion18
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Early Astronomy and Planetary Motion
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Synodic and sidereal periods
Synodic and Sidereal Periods 

•  Synodic Year: 
–  the time between consecutive conjunctions of planet with Earth 

•  Sidereal Year: 
–  Time for that planet to make one full rotation around the Sun 

with respect to the background stars 

Synodic and Sidereal Periods 

•  Synodic Year: 
–  the time between consecutive conjunctions of planet with Earth 

•  Sidereal Year: 
–  Time for that planet to make one full rotation around the Sun 

with respect to the background stars 

SynodicYear
☛ time between consecutive conjunctions of planet with Earth 

☛ time for that planet to make one full rotation around Sun 

with respect to background stars 

Sidereal Year 
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Tycho Brahe (1546-1601)

• Tycho had made the most 
accurate observations 
obtained at that time on 
the planets.

• Tycho’s model of the 
heavens had the planets 
orbiting round the Sun 
and the Sun orbiting 
round the Earth at the 
center of the Universe.

Tycho’s cosmos

Kepler’s laws of planetary motion

• Tycho died after two years and Kepler inherited his data 
and his title: Imperial Mathematician to the Emperor 
Rudolf II.

• Kepler dutifully attempted to reconcile the Mars data 
using models of Ptolemy, Copernicus, and Tycho.

• None were successful at representing Tycho’s accurate 
data for Mars.

• After six years of work he gave up attempting to use 
circles for the planetary orbits.

• Kepler realized Mars moves in an ellipse around the Sun.

• In his Astronomia Nova (1609) he presented his first two 
laws of planetary motion.

Geometry of ellipses

Kepler’s First Law

First Law: Planets move in elliptical orbits with the Sun at 
one focus of the ellipse.

Kepler’s Second Law

Second Law: A line from the Sun to the planet sweeps out 
equal areas in equal times, i.e. planets don’t move at 
constant speed.
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• Kepler dutifully attempted to reconcile the Mars data 
using models of Ptolemy, Copernicus, and Tycho.
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• After six years of work he gave up attempting to use 
circles for the planetary orbits.

• Kepler realized Mars moves in an ellipse around the Sun.

• In his Astronomia Nova (1609) he presented his first two 
laws of planetary motion.

Geometry of ellipses

Kepler’s First Law

First Law: Planets move in elliptical orbits with the Sun at 
one focus of the ellipse.

Kepler’s Second Law

Second Law: A line from the Sun to the planet sweeps out 
equal areas in equal times, i.e. planets don’t move at 
constant speed.
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Tycho’s cosmosTycho Brahe (1546-1601)

• Tycho had made the most 
accurate observations 
obtained at that time on 
the planets.

• Tycho’s model of the 
heavens had the planets 
orbiting round the Sun 
and the Sun orbiting 
round the Earth at the 
center of the Universe.

Tycho’s cosmos

Kepler’s laws of planetary motion

• Tycho died after two years and Kepler inherited his data 
and his title: Imperial Mathematician to the Emperor 
Rudolf II.

• Kepler dutifully attempted to reconcile the Mars data 
using models of Ptolemy, Copernicus, and Tycho.

• None were successful at representing Tycho’s accurate 
data for Mars.

• After six years of work he gave up attempting to use 
circles for the planetary orbits.

• Kepler realized Mars moves in an ellipse around the Sun.

• In his Astronomia Nova (1609) he presented his first two 
laws of planetary motion.

Geometry of ellipses

Kepler’s First Law

First Law: Planets move in elliptical orbits with the Sun at 
one focus of the ellipse.

Kepler’s Second Law

Second Law: A line from the Sun to the planet sweeps out 
equal areas in equal times, i.e. planets don’t move at 
constant speed.

Tycho had made most accurate 
observations obtained at that 
time on planets 

Tycho’s model of heavens had 

planets orbiting around Sun and 

Sun orbiting around Earth at 

center of the Universe 
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Johannes Kepler (1571-1630)
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Kepler’s Laws 

•  Defined by Johannes Kepler 
–  Using Tycho’s observations 

•  Assumption planetary orbits are circular introduces errors 
when making predictions 

•  Invoking elliptical orbits provides a far better description 

Kepler’s LawsKepler’s Laws 

•  Defined by Johannes Kepler 
–  Using Tycho’s observations 

•  Assumption planetary orbits are circular introduces errors 
when making predictions 

•  Invoking elliptical orbits provides a far better description 

Defined by Johannes Kepler  

– Using Tycho’s observations 

Assumption planetary orbits are circular introduces errors when making 

predictions 

Invoking elliptical orbits provides a far better description 

23



Geometric Aside 
Elliptical Eccentricity 

•  aphelion distance - distance farthest from Sun 
•  perihelion distance - distance closest to Sun 

•  Eccentricity measures the deviation of a circle 
•  As eccentricity e increases the shape elongates 
 

Geometric Aside 
Elliptical Eccentricity

Geometric Aside 
Elliptical Eccentricity 

•  aphelion distance - distance farthest from Sun 
•  perihelion distance - distance closest to Sun 

•  Eccentricity measures the deviation of a circle 
•  As eccentricity e increases the shape elongates 
 

➣ Eccentricity measures the deviation of a circle  
➣ As eccentricity e increases the shape elongates 

➣ aphelion distance - distance farthest from Sun  
➣ perihelion distance - distance closest to Sun 
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Tycho Brahe (1546-1601)

• Tycho had made the most 
accurate observations 
obtained at that time on 
the planets.

• Tycho’s model of the 
heavens had the planets 
orbiting round the Sun 
and the Sun orbiting 
round the Earth at the 
center of the Universe.

Tycho’s cosmos

Kepler’s laws of planetary motion

• Tycho died after two years and Kepler inherited his data 
and his title: Imperial Mathematician to the Emperor 
Rudolf II.

• Kepler dutifully attempted to reconcile the Mars data 
using models of Ptolemy, Copernicus, and Tycho.

• None were successful at representing Tycho’s accurate 
data for Mars.

• After six years of work he gave up attempting to use 
circles for the planetary orbits.

• Kepler realized Mars moves in an ellipse around the Sun.

• In his Astronomia Nova (1609) he presented his first two 
laws of planetary motion.

Geometry of ellipses

Kepler’s First Law

First Law: Planets move in elliptical orbits with the Sun at 
one focus of the ellipse.

Kepler’s Second Law

Second Law: A line from the Sun to the planet sweeps out 
equal areas in equal times, i.e. planets don’t move at 
constant speed.

Geometry of ellipses
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Kepler’s First Law 
(See: http://astro.unl.edu/naap/pos/animations/kepler.swf) 

The orbit of a planet around the Sun is an 
ellipse, with the Sun at one focus. 

Kepler’s First Law

The orbit of a planet around the Sun is an ellipse, 
with the Sun at one focus 
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Kepler’s First LawKepler’s First Law 
(See: http://astro.unl.edu/naap/pos/animations/kepler.swf) 

The orbit of a planet around the Sun is an 
ellipse, with the Sun at one focus. 
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Kepler’s First Law
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Kepler’s First Law
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Kepler’s Second Law 
(See: http://astro.unl.edu/naap/pos/animations/kepler.swf) 

A line joining a planet and the Sun sweeps 
out equal areas in equal intervals of time. 

Kepler’s Second Law

A line joining a planet and Sun sweeps out 
equal areas in equal intervals of time 
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Kepler’s Second LawKepler’s Second Law 
(See: http://astro.unl.edu/naap/pos/animations/kepler.swf) 

A line joining a planet and the Sun sweeps 
out equal areas in equal intervals of time. 
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Kepler’s Second Law
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Kepler’s Second Law
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Kepler’s Second Law
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Kepler’s Third Law 

•  The square of a planet’s sidereal period 
around the Sun is directly proportional to 
the cube of the length of its orbit’s semi-
major axis (P2 α a3) 

Kepler’s Third Law

The square of a planet’s sidereal period around the Sun is directly 
proportional to the cube of the length of its orbit’s semimajor axis

<latexit sha1_base64="ejSMcwWaXL21ziDl8Vtzbmg9S1o=">AAAB+XicdVDLSsNAFJ3UV62vqEs3Q4tQEUJSodpd0Y3LKn1Bk5bJdNoOnSTDzKQQQv/CpRsXirj1T9z1b5y2Cj4PXDiccy/33uNzRqWy7ZmRWVldW9/Ibua2tnd298z9g6aMYoFJA0csEm0fScJoSBqKKkbaXBAU+Iy0/PHV3G9NiJA0Cusq4cQL0DCkA4qR0lLPNIv1bsnlIuIqgrfds5OeWbCtiu1Uyg78TRzLXqBQzbund7NqUuuZb24/wnFAQoUZkrLj2Fx5KRKKYkamOTeWhCM8RkPS0TREAZFeurh8Co+10oeDSOgKFVyoXydSFEiZBL7uDJAayZ/eXPzL68RqcOGlNOSxIiFeLhrEDOov5zHAPhUEK5ZogrCg+laIR0ggrHRYOR3C56fwf9IsWU7ZKt/oNC7BEllwBPKgCBxwDqrgGtRAA2AwAffgETwZqfFgPBsvy9aM8TFzCL7BeH0Hc0eV5w==</latexit>

(T 2 / R3)
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Galileo Galilei (1564-1642)
32



Galileo Galilei
Made many discoveries that supported heliocentric view 
and Kepler’︎s laws 

Was the first to make use of and published results using 
a telescope 

Discovered moons of Jupiter 

Discovered that Venus has phases 

➢

➢

➢

➢
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Galileo’s Observations of Venus 

•  Venus appears small at gibbous phase and large at crescent phase 
–  Note: Ptolemaic model does not predict Gibbous nor Full phases 

(See: http://astro.unl.edu/classaction/animations/renaissance/ptolemaic.html) 
•  d is diameter in units of arcsec 

–  the farther an object is the smaller its angular size  

Galileo Observations of Venus

Venus appears small at gibbous phase and large at crescent phase  

– Note: Ptolemaic model does not predict Gibbous nor Full phases 

d is diameter in units of arcsec 

– the farther an object is the smaller its angular size 

➣

➣
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Phases of Venus
In the Ptolemaic system (left), Venus always lies between the 
Sun and the Earth and it would always show a crescent phase

The Copernican system (right) predicts a full range of phases 
for Venus as it passes from between the Sun and the Earth to 
being on the opposite side of the Sun from the Earth
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➢ Because of orbital mechanics, a planet with a superior orbit 

 ➢ Somebody on Jupiter would see phases on Mars,

➢ Earth will go through phases from the point of view of any

➢ This extends to the relative position of any planet

 ➢ Somebody on Neptune could see phases on all seven

but not on Saturn

of the other planets

planet that has an orbit superior to earth

(one that orbits the Sun further away than Earth) will not 

go through phases, as we see it, because the planet won't 

cast a shadow from our perspective
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May 6, 2018

➢ Mars is a partial exception to the superior orbit rule 

➢ You will not see phases on Mars from Mars' shadow

This can make Mars appear irregular (or gibbous) because

Planets further out into the solar system are too distant

of Earth's interference with the light from the sun
➢

of sunlight, but Mars is close enough to Earth that Earth's 

shadow can cause some partial phasing

for Earth to interfere in this way

➢
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The Galilean Moons of Jupiter 

•  Discovered that Jupiter has moons. 
•  Confirmed the orbits of the moons obey 

Kepler’s laws (P2 α a3) 

Galilean Moons of Jupiter

Discovered that Jupiter has moons 

Confirmed orbits of moons obey Kepler’s laws 

➣

➣
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(T 2 / R3)
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What is the motion called when a planet seems to be 

moving westward in the sky?  

A. retrogade 

B. parallax 

C. reverse parallax 
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What is the motion called when a planet seems to be 

moving westward in the sky?  

A. retrogade 

B. parallax 

C. reverse parallax 
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A. elipse 

B. parabola  

C. circle

In Copernican system, what is shape of planets’ orbits?  
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In Copernican system, what is shape of planets’ orbits?  

A. elipse 

B. parabola  

C. circle
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On what planet does a “year” last only 88 days?  

A. Mars 

B. Mercury  

C.  Jupiter 
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On what planet does a “year” last only 88 days?  

A. Mars 

B. Mercury  

C.  Jupiter 
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In what year did Galileo first use an optical telescope to 
study the moon? 

A. 250 BCE  

B. 1611 

C. 1945

45



In what year did Galileo first use an optical telescope to 
study the moon? 

A. 250 BCE  

B. 1611 

C. 1945
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Galileo discovered something about Venus with his 

telescope that shook the old theories.  

Which of the following was Galileo’s discovery? 

A. Venus surface is similar to Earth  

B. Venus has phases like the moon  

C. Venus has rings 
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Galileo discovered something about Venus with his 

telescope that shook the old theories.  

Which of the following was Galileo’s discovery? 

48

A. Venus surface is similar to Earth  

B. Venus has phases like the moon  

C. Venus has rings 



Heliocentric means around:  

A. Sun  

B. Earth  

C. Moon  

D.  Jupiter 
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Heliocentric means around:  

A. Sun  

B. Earth  

C. Moon  

D.  Jupiter 
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The greatest distance of a planet from the sun is 

called what? Is it the planet’s: 

A. aphelion 

B. perihelion  

C. helix 

D. eccentricity  
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A. aphelion 

B. perihelion  

C. helix 

D. eccentricity  

The greatest distance of a planet from the sun is 

called what? Is it the planet’s: 

52



According to Kepler’s Laws, the cube of the mean 

distance of a planet from the sun is proportional to the: 

A. area that is swept out  

B. cube of the period  

C. square of the period  

D. fourth power of the mean 
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A. area that is swept out  

B. cube of the period  

C. square of the period  

D. fourth power of the mean 

According to Kepler’s Laws, the cube of the mean 

distance of a planet from the sun is proportional to the: 
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According to Kepler’s Laws, all orbits of the planets are:  

A. ellipses  

B. parabolas  

C. hyperbolas  

D. squares 
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A. ellipses  

B. parabolas  

C. hyperbolas  

D. squares 

According to Kepler’s Laws, all orbits of the planets are:  
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A. Yes  

B. No 

With a telescope here on Earth, would we ever see Venus 

in a crescent phase?  
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A. Yes  

B. No 

With a telescope here on Earth, would we ever see Venus 

in a crescent phase?  
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With a telescope here on Earth, would we ever see 

Jupiter in a crescent phase? 

A. Yes 

B. No
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With a telescope here on Earth, would we ever see 

Jupiter in a crescent phase? 

A. Yes 

B. No
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QUERY 3

[AU is the abbreviation for astronomical units, where 1 AU = 1.5 × 1011 m 

is the mean Earth-Sun distance]

(ii) Jupiter’s mean orbital radius is 5.2 AU. What is the period of 

Jupiter’s orbit around the Sun?

(i) Mars is 1.5 AU away from the Sun. What is its orbital period?
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QUERY 3

[AU is the abbreviation for astronomical units, where 1 AU = 1.5 × 1011 m 

is the mean Earth-Sun distance]

(ii) Jupiter’s mean orbital radius is 5.2 AU. What is the period of 

Jupiter’s orbit around the Sun?

(i) Mars is 1.5 AU away from the Sun. What is its orbital period?

Kepler’s law ☛

Since Earth is at 1 AU and it takes 1 year to go around the Sun ☛

(i) Period of Mars is ☛

Period of Jupiter is ☛(ii)
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<latexit sha1_base64="MDfNQtmnJYW9XBLPdngGADFf30k=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqVC9C0YvgpUq/sE3LZrtpl242YXcjlNB/4cWDIl79N978N27bHLT1wcDjvRlm5nkRZ0rb9reVWVldW9/Ibua2tnd29/L7Bw0VxpLQOgl5KFseVpQzQeuaaU5bkaQ48DhteqObqd98olKxUNT0OKJugAeC+YxgbaTHh+7ZFbpDtW6ply/YRXsGtEyclBQgRbWX/+r0QxIHVGjCsVJtx460m2CpGeF0kuvEikaYjPCAtg0VOKDKTWYXT9CJUfrID6UpodFM/T2R4ECpceCZzgDroVr0puJ/XjvW/qWbMBHFmgoyX+THHOkQTd9HfSYp0XxsCCaSmVsRGWKJiTYh5UwIzuLLy6RRKjrlYvn+vFC5TuPIwhEcwyk4cAEVuIUq1IGAgGd4hTdLWS/Wu/Uxb81Y6cwh/IH1+QNtFY94</latexit>

R3 = KT 2

<latexit sha1_base64="hQuOmBYQrVDtMWTt3t8hZPHaDiI=">AAACCnicbZDNSsNAFIUn/tb6F3XpZrQIrkpSpboRqm4ENxVMW2jSMplO2qEzSZiZCCVk7cZXceNCEbc+gTvfxmmbhbYeGPg4917u3OPHjEplWd/GwuLS8spqYa24vrG5tW3u7DZklAhMHByxSLR8JAmjIXEUVYy0YkEQ9xlp+sPrcb35QISkUXivRjHxOOqHNKAYKW11zYNbeAHdQCCcpq7g8NLJOifZlEci61SyrlmyytZEcB7sHEogV71rfrm9CCechAozJGXbtmLlpUgoihnJim4iSYzwEPVJW2OIOJFeOjklg0fa6cEgEvqFCk7c3xMp4lKOuK87OVIDOVsbm//V2okKzr2UhnGiSIini4KEQRXBcS6wRwXBio00ICyo/ivEA6RzUTq9og7Bnj15HhqVsl0tV+9OS7WrPI4C2AeH4BjY4AzUwA2oAwdg8AiewSt4M56MF+Pd+Ji2Lhj5zB74I+PzByjAmfg=</latexit>

K =
AU3

yr2

Kepler’s constant

<latexit sha1_base64="Ufwg55e8JVn+XuppygzjS7l1OVE=">AAACCXicbVC7TsMwFHXKq5RXgJHFokJiCglUpQtSBQsSS0F9SU2oHNdtrToPbAcpisLIwq+wMIAQK3/Axt/gthmg5UhXOj7nXvne44aMCmma31puYXFpeSW/Wlhb39jc0rd3miKIOCYNHLCAt10kCKM+aUgqGWmHnCDPZaTlji7GfuuecEEDvy7jkDgeGvi0TzGSSurqsA7PoC3uuExubk+OrlL1tIxK6SGxuQdjnnb1ommYE8B5YmWkCDLUuvqX3Qtw5BFfYoaE6FhmKJ0EcUkxI2nBjgQJER6hAeko6iOPCCeZXJLCA6X0YD/gqnwJJ+rviQR5QsSeqzo9JIdi1huL/3mdSPYrTkL9MJLEx9OP+hGDMoDjWGCPcoIlixVBmFO1K8RDxBGWKryCCsGaPXmeNI8Nq2yUr0vF6nkWRx7sgX1wCCxwCqrgEtRAA2DwCJ7BK3jTnrQX7V37mLbmtGxmF/yB9vkDZBGYRg==</latexit>

T =
p

R3/K = 1.84 yr

<latexit sha1_base64="HaymeKEsgpXdgmqKqPm6Thu3s1U=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCExhYRH6YJUwYLEUlBfUhMqx3Vbq84D20GKorCy8CssDCDEyhew8Te4bQYoHOlKx+fcK9973JBRIU3zS8vNzM7NL+QXC0vLK6tr+vpGQwQRx6SOAxbwlosEYdQndUklI62QE+S5jDTd4fnIb94RLmjg12QcEsdDfZ/2KEZSSR19uwZPoS1uuUyubw73L1P1tCyjfHyf2NyDMU87etE0zDHgX2JlpAgyVDv6p90NcOQRX2KGhGhbZiidBHFJMSNpwY4ECREeoj5pK+ojjwgnGZ+Swl2ldGEv4Kp8Ccfqz4kEeULEnqs6PSQHYtobif957Uj2yk5C/TCSxMeTj3oRgzKAo1xgl3KCJYsVQZhTtSvEA8QRliq9ggrBmj75L2kcGFbJKF0dFStnWRx5sAV2wB6wwAmogAtQBXWAwQN4Ai/gVXvUnrU37X3SmtOymU3wC9rHN91pmII=</latexit>

T =
p

R3/K = 11.85 yr



QUERY 463

Earth has an orbital period of 365 days and its mean distance from the Sun is 

1.495x108 km. The Pluto’s mean distance from the Sun is 5.896x109 km. 
Using Kepler’s third law, calculate Pluto’s orbital period in Earth days 



QUERY 464

 
 

4.) Earth has an orbital period of 365 days and its mean distance from the Sun is 1.495x108 km. 
TKH SOaQHW POXWR¶V PHaQ GLVWaQFH IURP WKH SXQ LV 5.896[109 NP. UVLQJ KHSOHU¶V WKLUG OaZ, 
FaOFXOaWH POXWR¶V RUELWaO SHULRG LQ EaUWK Ga\V. 
 

𝑇ா ൌ 365 𝑑𝑎ݏݕ 

ாݎ ൌ  𝑘݉ 10଼ݔ1.495

௉ݎ ൌ  10ଽ 𝑘݉ݔ5.896

𝑇௉ ൌ? 
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365 𝑑𝑎ݏݕ
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ቆ
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𝑇௉
ଶ ቇ ൌ  10ିହݔ1.63

𝑇௉ ൌ ඨ1.3210ݔହ 𝑑𝑎ݏݕଶ

10ିହݔ1.63  

𝑇௉ ൌ  ݏݕ10ସ 𝑑𝑎ݔ9.00

 

 

 

 

 

 

 

<latexit sha1_base64="/LEa7WffmpLONXZ/kj5l5Bmmt90="></latexit>

TP = 9.00⇥ 104 days

Earth has an orbital period of 365 days and its mean distance from the Sun is 

1.495x108 km. The Pluto’s mean distance from the Sun is 5.896x109 km. 
Using Kepler’s third law, calculate Pluto’s orbital period in Earth days 

What we know ☛
<latexit sha1_base64="V+nGYWzHdJIbdoxQ15wO7sWFbto=">AAAB+3icdVDLSsNAFJ3UV62vWpduBovgKiRtTOtCKIrgskJf0IYwmUzboZMHMxOxhPopblwo4tYfceffOGkrqOiBC4dz7uXee7yYUSEN40PLrayurW/kNwtb2zu7e8X9UkdECcekjSMW8Z6HBGE0JG1JJSO9mBMUeIx0vcll5ndvCRc0CltyGhMnQKOQDilGUklusdRyr86r9im8H/Ag9dFUzNxi2dDP6nbFsqGhG0bNrJgZqdSsqgVNpWQogyWabvF94Ec4CUgoMUNC9E0jlk6KuKSYkVlhkAgSIzxBI9JXNEQBEU46v30Gj5Xiw2HEVYUSztXvEykKhJgGnuoMkByL314m/uX1EzmsOykN40SSEC8WDRMGZQSzIKBPOcGSTRVBmFN1K8RjxBGWKq6CCuHrU/g/6VR009btG6vcuFjGkQeH4AicABPUQANcgyZoAwzuwAN4As/aTHvUXrTXRWtOW84cgB/Q3j4BSNuUAQ==</latexit>

TE = 365 days

<latexit sha1_base64="Pdobd49O3qUEPgB1nSgeoMguiLw=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFZIY0roQi25cVugL2lAm00k7djIJMxOhhP6DGxeKuPV/3Pk3TtoKKnrgwuGce7n3niBhVCrL+jAKK6tr6xvFzdLW9s7uXnn/oC3jVGDSwjGLRTdAkjDKSUtRxUg3EQRFASOdYHKd+517IiSNeVNNE+JHaMRpSDFSWmo3Bw14cTkoVyzzvOY5rgct07KqtmPnxKm6Zy60tZKjApZoDMrv/WGM04hwhRmSsmdbifIzJBTFjMxK/VSSBOEJGpGephxFRPrZ/NoZPNHKEIax0MUVnKvfJzIUSTmNAt0ZITWWv71c/MvrpSqs+RnlSaoIx4tFYcqgimH+OhxSQbBiU00QFlTfCvEYCYSVDqikQ/j6FP5P2o5pe6Z361bqV8s4iuAIHINTYIMqqIMb0AAtgMEdeABP4NmIjUfjxXhdtBaM5cwh+AHj7RPGOI6i</latexit>

TP =?

<latexit sha1_base64="0+9rYudZlbUklq6yoeOMKd4FQbE="></latexit>

rE = 1.495⇥ 108 km
<latexit sha1_base64="PKHMO3IqmSzndajCmpIU7SoabRM="></latexit>

rP = 5.896⇥ 109 km


