
  

ASTR1070 – Lecture 5
The Night Sky I: The Reasons for the Seasons

Lecturer: Patrick Wilcox 
6/20/2016

Image credit: beaverisland.org



  

Who am I?

● 3rd year Physics Ph.D. student 
studying gamma-ray astronomy

● Currently studying extremely 
high energy emission of 
supernova remnants

● Originally from northern 
Michigan

● Live in Kalona with wife and 2 
kids

Crab Nebula 
(image credit: NASA/Hubble)



  

Who am I? (cont.)

● Email: patrick-wilcox@uiowa.edu
● Office: VAN 602
● Office Hours: Weds 1:30p – 2:30p (or almost 

any other time by appointment)

mailto:patrick-wilcox@uiowa.edu


  

The Night Sky

● Today (6/20)
– Specific language

– Debate about the 
cause of seasons

● Tomorrow (6/21)
– Moon phases

– Eclipses

● Wednesday (6/22)
– Coordinate systems

– Path of the sun and 
moon in the sky

● Thursday (6/23)
– Review

– Quiz



  

The Reasons for the Seasons

Q: What is the primary cause of the annual change of 
the seasons?

a) Earth's varying distance from the Sun due to its 
elliptical orbit. 
b) The tilt of Earth causes parts of the Earth to be closer or 
further away which varies the Sun's intensity. 
c) The tilt of Earth causes the angle that the Sun's light hits 
Earth's surface to vary.
d) A combination of the above effects all have major 
contributions to the seasons.



  

The Reasons for the Seasons 
(cont.)

Q: What is the primary cause of the annual change of 
the seasons?

a) Earth's varying distance from the Sun due to its 
elliptical orbit. 
b) The tilt of Earth causes parts of the Earth to be closer or 
further away which varies the Sun's intensity. 
c) The tilt of Earth causes the angle that the Sun's light hits 
Earth's surface to vary.
d) A combination of the above effects all have major 
contributions to the seasons.

Only one of a, b, or c is correct – we'll 
explore this question again later.



  

The Reasons for the Seasons 
(cont.)

Q: Earth's tilt varies over the course the year?

a) True
b) False



  

The Reasons for the Seasons 
(cont.)

Q: Earth's tilt varies over the course the year?

a) True
b) False

Either could be correct... from a certain point of view.

When viewed from the Sun: Earth's tilt does vary.

When viewed from outside our solar system: Earth's tilt 
does not vary.



  

Specific Language

● Rotation – an object turning about itself 
(eg: spinning)

The rotation of Earth is our day/night cycle. 

● Revolution – an object in a roughly circular path 
around another object (eg: orbiting)

The revolution of Earth around the Sun is our yearly 
cycle. 



  

Specific Language (cont.)

● Viewed top-down looking at the North pole of Earth: 
– Earth rotates counter-clockwise (right-hand rule).

– All planets revolve around the Sun in a counter-clockwise motion 
(right-hand rule).

– The Moon revolves around Earth in a counter-clockwise direction 
(right-hand rule).

– All planets, except Venus and Uranus, rotate counter-clockwise.
● Venus rotates clockwise (remember this in a few slides)
● Uranus is on its side

– Closer planets to the Sun revolve quicker 
(Kepler's 3rd Law: p = r1.5)



  

Specific Language (cont.)

We need to define how to measure one complete 
rotation or revolution of an object.

● Synodic – pertaining to successive alignments of 
celestial bodies (internal perspective)

● Sidereal – by the stars (external perspective)

Sun-Earth-Moon cycle differences: 
https://www.youtube.com/watch?v=gHHS0IRtjhU



  

Specific Language (cont.)

● Defining types of cycles:
– A planet's day is a single rotation about its own axis

– A month (moon-th) is roughly a revolution of the 
Moon about Earth 

– A planet's year is a single revolution around the Sun

● Q: Is our calendar (the Gregorian calendar) 
based on sidereal or synodic days, months, and 
years?



  

Specific Language (cont.)

● Cycles are defined seperately based on their 
perspective
– e.g. Synodic Day vs. Sidereal Day

● Scientific method often deals with interchanging the 
two
– Converting synodic/internal to sidereal/external systems 

if often the basis for different theories

– e.g. Development of heliocentric solar system model is a 
perfect example of this: the need to explain synodic 
patterns in an external (sidereal) perspective



  

Specific Language (cont.)

● Let's practice: which has a longer period?
– A synodic vs. sidereal Earth day

– 1 typical calendar year vs. 1 sidereal year (Earth)

– Sidereal Earth year vs. Earth-Mars synodic cycle

– Sidereal Earth year vs. Earth-Venus synodic cycle

– 1 typical Earth year vs. Earth-Venus synodic cycle

– A synodic vs. sidereal Venus day
reminder: Venus rotates 'backwards'



  

Specific Language (cont.)

● Before moving on: any questions on the 
following terms?
– Rotation vs. Revolution

– Sidereal vs. Synodic



  

What Causes Seasons?

● Typical seasonal cycle:

(* this can vary by a day or two depending on the year)

Season Temperature 
(in Iowa)

Official “start” of 
season*

Spring Mild March 21

Summer Hot June 21

Autumn (Fall) Mild September 21

Winter Cold December 21



  

What Causes Seasons? (cont.)

● Seasonal changes are clearly a yearly cycle.

● But... what causes them?



  

What Causes Seasons? (cont.)

Group activity:
● Get into groups of 3-4 (quickly please)
● Discuss my claim: which will be false
● Come up with observations (evidence) that 

demonstrate the statement to be false
● After a few minutes of in-group discussion, we 

will evaluate the evidence that demonstrates 
the claim to be false



  

● False claim #1:

Seasons are caused by Earth's elliptical orbit around the 
Sun. 

At different points in Earth's orbit, it is a different distance 
away from the Sun which changes the Sun's intensity.

Earth is further away = winter
Earth is closer = summer

Sun

What Causes Seasons? (cont.)

Not to scale.



  

What Causes Seasons? (cont.)

● False claim #1: Seasons are caused by Earth's elliptical 
orbit around the Sun.

● Evidence that False claim #1 is false:
– Seasons are opposite in the North and South

– Permanent sun/shadow at poles during parts of the year

– Sun is roughly the same size in the sky during different times 
of the year

– Sun is at different elevations during different seasons

● True explanation: Earth's axis is tilted relative to the Sun



  

What Causes Seasons?

Image credit: http://www.weather.gov/cle/Seasons



  

What Causes Seasons?

Image credit: http://www.weather.gov/cle/Seasons

● Start of each season defined by the maximal 
and minimal tilts of Earth towards the Sun:
– Vernal (Spring) and Autumnal Equinoxes are 0° 

– Winter Solstice is 23.5° away from the Sun

– Summer Solstice is 23.5° towards the sun

Note that all measurements are 
done from a Northern perspective.



  

What Causes Seasons? (cont.)

Sun

Earth is 
closest on 
January 3-6

Earth is 
furthest on 
July 2-5

Not to scale.

Additional evidence against False Claim #1: 
The Earth-Sun distances are opposite of what one would 
expect if the distance between Earth and the Sun mattered 
for Northern seasons.



  

What Causes Seasons? (cont.)

● False claim #2: 

Distance still matters. The tilt of Earth is just making one half closer 
or further away as Earth completes its orbit.
That means that b being longer than a is what causes seasons.

Not to scale.

N

a

b

Instead of looking for observations you could do yourself: 
what information would be helpful to counter this claim?



  

What Causes Seasons? (cont.)

● False Claim #2: Earth's tilt causes seasons 
because it moves one hemisphere closer to the 
Sun.

● Evidence False Claim #2 is false:
– The distance between Earth and the Sun varies by 

almost 5 million kilometers. That's almost 750 times 
Earth's radius.

– The distance between the N-Hemisphere and S-
Hemisphere and the Sun is negligible compared to the 
orbital change.



  

What Causes Seasons? (cont.)

● False Claim #3:

Since the Sun-Earth distance doesn't matter, 
seasons must be a local occurrence, 
independent of the Sun.

What observations can YOU make to demonstrate that it 
really can be Earth's tilt with respect to the Sun, and not 
distance, that causes seasons?



  

What Causes Seasons? (cont.)

● False Claim #3: Since distance doesn't matter the Sun 
doesn't influence the seasons.

● Evidence False Claim #3 is false:
– Evening and morning are cooler than during the day: the 

position (angle) of the Sun matters for how much it heats the 
surface of Earth

– Energy needs to 'spread out' more at larger angles

– Shadows grow longer as the Sun is lower in the sky

Simulation: http://astro.unl.edu/naap/motion1/animations/seasons_ecliptic.html



  

What Causes Seasons? (cont.)

In summary:
● Earth's tilt with respect to the Sun varies at different parts of 

its orbit (eg: throughout the year).
● The changes in Earth's tilt varies the incoming angle of 

sunlight.
● The angle of sunlight is responsible for the temperature 

variations which characterize each season. NOT a change 
in distance.

● The Earth is maximally tilted 23.5° with respect to the Sun.
– This changes about 0.01° over a century due to precession.



  

Seasonal Landmarks
Summer Solstice

Image credit: NASA/JPL



  

Seasonal Landmarks (cont.)
Winter Solstice

Image credit: NASA/JPL



  

Seasonal Landmarks (cont.)

● Tropics
– The most extreme latitude where the Sun ever gets directly 

overhead – 23.5° N and 23.5° S

– Cancer in the North, Capricorn in the South

● Arctic/Antarctic Circles
– The least extreme latitude that will ever see perpetual light or 

darkness – 66.5° N and 66.5° S

– Arctic circle in the North, Antarctic Circle in the South

● Equator
– The latitude where the Sun is directly overhead on the Equinoxes 



  

Summary

● We have to distinguish between Synodic and 
Sidereal periods to be specific when talking 
astronomically – both are useful!

● The temperature changes that characterize 
seasons are caused by Earth's axial tilt 
modifying the angle at which sunlight reaches 
the surface
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