
Earth’s Place in the Universe 
NGSS Aligned - Sun, Earth, and Moon Investigation 

SUMMARY 

In this investigation, students will use an online tool to set size, distance, 
orbital velocity, and tilt angles for the Earth/Moon system. Students will 
develop different models which accurately describe different features of the 
Sun, Earth, and Moon system. 

Essential Questions 

1. How do the sizes of the Sun, Earth, and Moon compare? 
2. What are orbital and rotational differences between the Sun, Earth, 

and Moon? 

NGSS Performance Expectations  

Students who demonstrate understanding can: 

MS-ESS1-1. Develop and use a model of the Earth-sun-moon system to 
describe the cyclic patterns of lunar phases, eclipses of the sun and moon, 
and seasons.  

MS-ESS1-2. Develop and use a model to describe the role of gravity in the 
motions within galaxies and the solar system. 

MS-ESS1-3. Analyze and interpret data to determine scale properties of objects in the solar system.  

Objectives  

Knowledge - Students will know that: 

● The diameter of the Earth is 109 times smaller than the Sun. 
● Earth’s seasons occur because of the tilt relative to the ecliptic plane. 
● The Earth’s orbit around the Sun is elliptical. 
● Lunar phases occur as the Moon changes location as it orbits around the Earth relative to the 

Sun. 

Skills - Students will be able to: 

● Develop a model using data. 
● Construct an argument from evidence. 
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Learning Experiences 

ENGAGE - Relative Sizes (Day 1 - 20 minutes) 

Warm-up: How big is the Earth compared to the Sun? Draw one circle for the Sun and another for the 
Earth. Write a math equation. E = Earth’s diameter. S = Sun’s Diameter. Explain that this is their best 
guess, based on what they know about the Sun and the Earth. 

To compare the Sun, Earth and Moon, use a tennis ball (Earth) and a marble (Moon). The Sun would 
be a two storey (23 feet) tall sphere. The marble would be about 2 yards from the tennis ball. The Sun 
would be about 8 football fields away from the Earth/Moon system.  

After they have illustrated their answers to the warm-up, have them discuss with their neighbor. Lead a 
short class discussion and introduce to them the Sun, Earth, and Moon visualization tool. 
 

https://www.interactive-earth.com/earth/solar-system.html 
 

 

Change the Control Settings so that the Earth’s diameter is 0.01 the size of the Sun (1/100). Set the 
Moon to 0.25 (one quarter of the Earth). Then zoom in, using the mouse wheel, so the students can 
see the spot over the Sun. Explain that the Earth is much farther from the Sun and the Moon is much 
farther from the Earth. This is what it would look like from Mars when the Earth made a transit across 
the face of the Sun (though the Moon would be so close). 
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Provide students access to computers or laptops, so they can explore the tool and learn how to use the 
settings. Students should work together in pairs. 

EXPLORE - Seasons (Day 1 - 10 minutes) 

1. Ask the students: What causes the seasons on Earth? Have them play with the tool until they can 
generate the moment in which the Northern Hemisphere is in winter. Explain that they may make the 
Earth appear larger relative to the Sun to highlight the planet’s configuration. Also, let them know they 
can set the Earth’s orbital velocity to zero to capture a moment in time. They should discover that the 
Earth in winter is actually closer to the Sun than in summer because of the orbital eccentricity. 

 

2. Ask the students: Because the Earth orbits in an ellipse and not a perfect circle, what else do you 
notice about the orbit? If they don’t notice the Earth’s orbital acceleration when it nears the Sun, give 
them the hint to adjust the orbital eccentricity.  

EXPLAIN - Elliptical Orbit (Day 1 - 20 minutes) 

1. Show this two-minute video on why planets orbit gravitationally: 
https://www.youtube.com/watch?v=uhS8K4gFu4s 

2. Explain that the video describes circular orbits, but that all orbits with two-body systems are elliptical 
because the masses interact with each other. The Earth exerts a force, though small, on the Sun. The 
way planets move around the Sun is described with Kepler’s Laws. The history and physics of Kepler 
and his laws is quite interesting, but beyond the scope of NGSS MS-ESS1-1. 
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With any remaining time in the class period, have the students answer the following question: Does the 
Earth spend more time further away from or closer to the Sun? Use the response of this question as an 
exit ticket. Students should illustrate their response.  

EXPLORE - Lunar phases (Day 2 - 20 minutes) 

Warm-up: Why do we see a full moon and a 
quarter moon at different times during a month? 
Answers should contain an illustration and a 
written explanation. 

Have the students adjust the Moon’s rotation. 
Zoom in on the Earth and generate views of the 
Moon from the Earth’s viewpoint in different 
phases. 

 

EXPLAIN - Eclipses (Day 2 - 20 minutes) 

Project the tool on the class projector and describe and explain the following configurations. 

1. Display the ecliptic plane and explain how most planets lie exactly on that plane. Since the model 
also shows the galaxy, you may also extend the idea to the galactic plane and show that the solar 
system is not aligned with the galactic plane, but is 60 degrees off. 

2. Show a moment in time where the Moon is in the shadow of the Earth (Lunar Eclipse, left). 

3. Show a moment in time where the Sun is being eclipsed by the Moon (Solar Eclipse, right). 

 

 

 

 

 

 

Exit Ticket: Why do the words eclipse and ecliptic plane have the same root? 
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EVALUATE (Day 3)  

As an assessment, display the following instructions on the board: 

 

Have the students provide you with three links from the Sun, Earth, and Moon Visualization tool. They 
can copy the URL and email their animation to you, or submit the links via Google Classroom. An 
alternative assessment is available. 

Teacher Background 

(Modified from Wikipedia) 

Solar and Lunar Distances 

The astronomical unit (symbol: au,or AU) is a unit of length, roughly the distance from Earth to the 
Sun and equal to about 150 million kilometres (93 million miles). However, that distance varies as Earth 
orbits the Sun, from a maximum (aphelion) to a minimum (perihelion) and back again once a year. 
Originally conceived as the average of Earth's aphelion and perihelion, since 2012 it has been defined 
as exactly 1.495978707×1011 m. The astronomical unit is used primarily for measuring distances within 
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the Solar System or around other stars. It is also a fundamental component in the definition of another 
unit of astronomical length, the parsec.  

Lunar distance (LD), also called Earth–Moon distance, Earth–Moon characteristic distance, or 
distance to the Moon, is a unit of measure in astronomy. It is the average distance from the center of 
Earth to the center of the Moon. More technically, it is the mean semi-major axis of the geocentric lunar 
orbit. It may also refer to the time-averaged distance between the centers of the Earth and the Moon, or 
less commonly, the instantaneous Earth–Moon distance. The lunar distance is approximately 400000 
km, or a quarter of a million miles. 

The seasons result from the Earth's axis of rotation being tilted with respect to its orbital plane by an 
angle of approximately 23.4 degrees. (This tilt is also known as "obliquity of the ecliptic".) 

Seasons 

Regardless of the time of year, the northern and southern hemispheres always experience opposite 
seasons. This is because during summer or winter, one part of the planet is more directly exposed to 
the rays of the Sun than the other, and this exposure alternates as the Earth revolves in its orbit. For 
approximately half of the year (from around March 20 to around September 22), the Northern 
Hemisphere tips toward the Sun, with the maximum amount occurring on about June 21. For the other 
half of the year, the same happens, but in the Southern Hemisphere instead of the Northern, with the 
maximum around December 21. The two instants when the Sun is directly overhead at the Equator are 
the equinoxes. Also at that moment, both the North Pole and the South Pole of the Earth are just on the 
terminator, and hence day and night are equally divided between the two hemispheres. Around the 
March equinox, the Northern Hemisphere will be experiencing spring as the hours of daylight increase, 
and the Southern Hemisphere is experiencing autumn as daylight hours shorten. 

Relative Sizes 
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Body Radius Volume Mass 

(km) (109 km3) (1021 kg) 

Sun 696342±65 1414300000 1988500000 
Jupiter 69911±6 1431280 1898200 ±? 
Saturn 58232±6 827130 568340 ±? 
Uranus 25362±7 68340 86813 ±? 
Neptune 24622±19 62540 102413±? 
Earth 6371 1083.21 5972.4 
Venus 6051.8±1.0 928.43 4867.5 
Mars 3389.5±0.2 163.18 641.7 
Mercury 2439.7±1.0 60.83 330.1 
Moon  1737.4 21.958 73.42 
Pluto 1188.3±0.8 7.057 13.03±0.03 

https://en.wikipedia.org/wiki/Sun
https://en.wikipedia.org/wiki/Jupiter
https://en.wikipedia.org/wiki/Saturn
https://en.wikipedia.org/wiki/Uranus
https://en.wikipedia.org/wiki/Neptune
https://en.wikipedia.org/wiki/Earth
https://en.wikipedia.org/wiki/Venus
https://en.wikipedia.org/wiki/Mars
https://en.wikipedia.org/wiki/Mercury_(planet)
https://en.wikipedia.org/wiki/Moon
https://en.wikipedia.org/wiki/Pluto


Prior Student Knowledge 

Learner Preconception/Misconception: Making size and distance comparisons between the Earth, 
Moon, and Sun can become very difficult because of the vast differences in size and particularly 
distance. 

Instructional Clarification: Students need to use a mouse to navigate the visualization tool. Slider 
bars are difficult to manipulate without them. The mouse scroll-wheel is helpful for zooming. 

Resources 

Components of Next Generation Science Standards Addressed  
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General Resource 

Sun, Moon, Earth 
Visualization Tool 

https://www.interactive-earth.com/earth/solar-system.html   

Worksheets 

Alternative Assessment https://docs.google.com/document/d/1c-Hl8QNkCBz6UZzi6
EVqPTKGUkDecrUmZVg885dHYrA/edit?usp=sharing 

  

Videos 

Why the Solar System 
Can Exist? 

https://www.youtube.com/watch?v=uhS8K4gFu4s    

Instructional Video https://youtu.be/ECWBTcb9uvU   

Science and Engineering Practices 
 
 Developing and Using Models 

● Modeling in 6–8 builds on K–5 
experiences and progresses 
to developing, using, and 
revising models to describe, 
test, and predict more 
abstract phenomena and 
design systems. 

● Develop and use a model to 
describe phenomena. 
(MS-ESS1-1),(MS-ESS1-2) 
 

Constructing Explanations and 
Designing Solutions 

● Constructing explanations and 
designing solutions in 6–8 
builds on K–5 experiences 

Disciplinary Core Ideas 
 
ESS1.A: The Universe and Its Stars  

● Patterns of the apparent 
motion of the sun, the moon, 
and stars in the sky can be 
observed, described, 
predicted, and explained with 
models. (MS-ESS1-1) 

● Earth and its solar system are 
part of the Milky Way galaxy, 
which is one of many galaxies 
in the universe. (MS-ESS1-2) 

   
ESS1.B: Earth and the Solar System 

● The solar system consists of 
the sun and a collection of 
objects, including planets, 
their moons, and asteroids 

Crosscutting Concepts 
 
 Patterns 

● Patterns can be used to 
identify cause-and-effect 
relationships. (MS-ESS1-1) 

 
Scale, Proportion, and Quantity 

● Time, space, and energy 
phenomena can be observed 
at various scales using 
models to study systems that 
are too large or too small. 
(MS-ESS1-3),(MS-ESS1-4) 
 

Systems and System Models 
● Models can be used to 

represent systems and their 
interactions. (MS-ESS1-2) 

https://www.interactive-earth.com/earth/solar-system.html
https://docs.google.com/document/d/1c-Hl8QNkCBz6UZzi6EVqPTKGUkDecrUmZVg885dHYrA/edit?usp=sharing
https://docs.google.com/document/d/1c-Hl8QNkCBz6UZzi6EVqPTKGUkDecrUmZVg885dHYrA/edit?usp=sharing
https://www.youtube.com/watch?v=uhS8K4gFu4s
https://youtu.be/ECWBTcb9uvU


 Common Core  

Math 

Practice.MP1: Make sense of problems and persevere in solving them. 
 
Practice.MP4: Model with mathematics. 
 
Practice.MP5: Use appropriate tools strategically. 

CCSS.Math.Content.6-7.RP.A: Understand ratio concepts and use ratio reasoning to solve problems. 
 

Credits 

 
Developed by David Zelenka, last updated on January 22, 2020. 
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and progresses to include 
constructing explanations and 
designing solutions supported 
by multiple sources of 
evidence consistent with 
scientific ideas, principles, 
and theories. 

● Construct a scientific 
explanation based on valid 
and reliable evidence 
obtained from sources 
(including the students’ own 
experiments) and the 
assumption that theories and 
laws that describe the natural 
world operate today as they 
did in the past and will 
continue to do so in the future. 
(MS-ESS1-4) 

that are held in orbit around 
the sun by its gravitational pull 
on them. 
(MS-ESS1-2),(MS-ESS1-3) 

● This model of the solar 
system can explain eclipses 
of the sun and the moon. 
Earth’s spin axis is fixed in 
direction over the short-term 
but tilted relative to its orbit 
around the sun. The seasons 
are a result of that tilt and are 
caused by the differential 
intensity of sunlight on 
different areas of Earth across 
the year. (MS-ESS1-1) 

● The solar system appears to 
have formed from a disk of 
dust and gas, drawn together 
by gravity. (MS-ESS1-2) 

 
Connections to Nature of Science 

● Scientific Knowledge 
Assumes an Order and 
Consistency in Natural 
Systems 

● Science assumes that objects 
and events in natural systems 
occur in consistent patterns 
that are understandable 
through measurement and 
observation. 
(MS-ESS1-1),(MS-ESS1-2) 

 
 


