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Grade 6  

Introduction:  
 
Outer space is a valuable natural resource because it is home to space-based telescopes, such as Hubble, that are critical for 
understanding the expanding universe and its galaxies. To ensure that such orbiting observatories can continue to navigate 
space safely, we need to design technologies to remove large pieces of debris from orbit. 
  
Students gain an appreciation of Hubble and the universe it reveals through an interactive classroom resource designed by 
NASA and aligned with 6.MS-ESS1-5 (MA). It enables them to classify objects in the Hubble Deep Field, describe their 
characteristics, and use a table to display their data; it also enables them to demonstrate their knowledge of galaxy 
properties and characteristics.  
  
Extension 1 materials include a video, news articles, and books.  A short video on Hubble helps students understand how 
astronomers have used its images and data to assemble our current understanding of the universe.  News articles help 
students learn about a new Hubble initiative that uses gravitational lenses to capture images of galaxies that are ordinarily 
too distant to acquire a clear image, and also how Hubble is helping scientists answer questions about the universe’s size, 
shape, and age with a clarity and depth that was not possible in the past. 
  
Extension 2 features a design team project—Engineering Designs for Active Debris Removal—that is aligned with 6. MS-
ETS1-6 (MA). Basic educational materials in the form of readings and videos are used to inform students about the threat 
orbital debris poses to spacecraft and about several active debris removal technologies that are under 
investigation.  Student teams are assigned to research one or another design and report back to the class on its strengths 
and limitations.  
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Grade 6  

2016 Massachusetts Science and 
Technology/Engineering 
Curriculum Framework Alignment 

Spacecraft Featured: 
Hubble Space Telescope 

 

NASA Main Page for Featured Spacecraft: 
Click here for Hubble Space Telescope. 

 
Disciplinary Core Idea/Sub-Idea: 
ESS1. Earth’s Place In the Universe 
The Universe and its Stars – (ESS1.A) 

Credit: 
http://www.aerospaceguide.net/spacehistory/hubble-
history.html 

 In the 21st century, the Hubble space telescope 
is providing us with information about as yet 
uncharted regions of the universe and the 
promise that we may learn something about 
the origin of the cosmos. 
 
                    -Floyd E. Bloom 

Grade 6: Earth and Space Sciences 
 
6.MS-ESS1-5 (MA).  Use graphical displays to 
illustrate that Earth and its solar system are 
one of many in the Milky Way galaxy, which is 
one of billions of galaxies in the universe. 
 
Clarification Statement: 
 
Graphical displays can include maps, charts, 
graphs, and data tables. 

Lesson Plan (from NASA Wavelength) recommended by protectouterspace.com 
Instructional Resource: “Deeper Views” – from the Hubble Deep Field Academy 
 

For the overview of this resource as posted on the NASA Wavelength website, click here. 
 
This interactive, online activity allows students to explore Hubble’s deepest surveys of the far universe, as well as distant galaxy surveys made by Hubble and other 
observatories.  This activity includes science content reading material for “The Hubble Deep Field Academy” online exploration.  Detailed teacher pages, identified as 
“Teaching Tips” on the title page of the activity, provide science background information, lesson plan ideas, and related resources.  Through participating in this 
activity, students will be able to: 

• Generate questions based on observations of the Hubble Deep Field image and compare their questions with astronomers’ questions. 

• Estimate the number of objects in the Hubble Deep Field and compare their estimate with astronomers’ estimates. 

• Classify objects in the Hubble Deep Field, describe their characteristics, and use a table to display their data. 

• Estimate the distances of objects in the Hubble Deep Field from Earth using the relationship between size, brightness, and distance. 

• Demonstrate their knowledge of galaxy properties and characteristics by answering questions. 

• Read and comprehend informational text independently and proficiently. 

https://www.nasa.gov/mission_pages/hubble/main/index.html
http://nasawavelength.org/resource/nw-000-000-002-021/
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Extension 1: Outer space is a valuable natural resource, serving as home to spacecraft that provide essential information and 
perspective for understanding Earth’s Place in the Universe, Earth’s Systems, and Earth and Human Activity. 

 
Instructional Focus: The Hubble Space Telescope’s surveys of the far universe and distant galaxies 
help scientists answer questions about the universe’s size, shape, and age with new clarity and 
depth. 
 

• Video: Hubble Extreme Deep Field Pushes Back Frontiers of Time and Space – NASA - (3 min.) 
 
This brief video provides an excellent accompaniment to the lesson plan ideas and activities 
referenced above.  Click here for the video. 
 

From the website: This video explains how astronomers meticulously assembled mankind's 
deepest view of the universe by combining Hubble Space Telescope exposures taken over the 
past decade. Guest scientists are Dr. Garth Illingworth and Dr. Marc Postman. 
 

• Star Witness News – NASA Wavelength 
 
This series of articles written for students was inspired by press releases about the Hubble Telescope.  
Through reading and discussion of Star Witness News: Frontier Fields – Hubble Goes Deep, students 
learn about a new Hubble initiative that uses gravitational lenses to capture images of galaxies 
ordinarily too far away to be able to capture clearly.  Descriptions of gravitational and optical lenses 
and parallel fields are included.  Supplemental educational materials to accompany Star Witness 
News include vocabulary lists, discussion questions/answers, and alignment with Common Core 
standards for English Language Arts. 
 
Click here for a description of Star Witness News. 
 
Click here for the Star Witness News: Frontier Fields – Hubble Goes Deep document. 
 
Two books are especially recommended for grade 6, and are excellent resources correlated with the 

NASA Wavelength lesson. 
 

• Book: Hubble Deep Field: How a Photo Revolutionized our Understanding of the Universe, by Don Nardo (Reading Level grades 5-7).  This book outlines 
Hubble’s role in helping scientist answer questions about the universe’s size, shape, and age with a clarity and depth not possible in the past. 
 

• Book: Hubble’s Universe: Greatest Discoveries and Latest Images, by Terence Dickinson (Age Range: 8 and up).  This book helps students see the wonder, 
beauty, and mystery of outer space through the lens of the Hubble Space Telescope. 

https://www.youtube.com/watch?v=gu_VhzhlqGw
http://nasawavelength.org/resource/nw-000-000-003-932/
http://amazingspace.org/news/archive/2014/01/


5 
 

Extension 2: The growing problem of space debris requires us to clean up the space environment - utilizing new technologies 
and public advocacy - before it becomes too dangerous to navigate. 
 
Instructional Focus: Students participate in a design team project entitled “Engineering Designs for Active Debris Removal” that is aligned with 6.MS-ETS1-
6(MA).  After learning about ongoing research into several technologies, student teams research the various concepts and report to the class on their 
respective strengths and limitations. 

 
 

2016 Massachusetts Science and Technology/Engineering Curriculum Framework Alignment 
Grade 6: Technology and Engineering 
 
ETS1. Engineering Design 
 
6. MS-ETS1-6 (MA).  Communicate a design solution to an intended user, including design features and limitations of the solution. 
 

 
Background:  In 2011, the National Research Council (NRC) reported the debris problem had reached a tipping point in key Earth orbits. The density of debris 
is now so great that collisions among existing objects generate new pieces of debris faster than atmospheric drag remove them from orbit.  Donald Kessler, 
who led the NRC study, said we have lost control of the space environment. 
 
Because debris is growing exponentially, removing dead satellites and rocket bodies from orbits where collisions are most likely to occur is essential for 
stabilizing the space environment. Active Debris Removal (ADR) technologies reduce the volume of debris from which new debris can be created.  Several ADR 
concepts are under investigation, but each poses technological challenges.  
 
Two articles, two videos, a book, and a design team project are recommended for grade 6: 
 

• Article – “What is Orbital Debris” – from the NASA Knows! series for grades 5-8 
 

This article provides a helpful overview of the space debris issue.  (Protectouterspace.com has updated this article, which is attached.) 
 

• Article – “Space Junk” – by Josh Adler - Readworks.org  
 
Click here for this article, as well as an accompanying vocabulary list, comprehension quiz, and answer key. 
 
 

https://www.readworks.org/article/Space-Junk/f4d334cc-e77b-43ad-b1c0-8bf5b7efe207#!vocabularySection:satellite/questionsetsSection:548/articleTab:content/
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• Video: Tracking Space Junk - The Verge - Jan. 16, 2017 – (6 min.) 
 
This video introduces students to the problem of orbital debris.  From the website: 
There is a whole bunch of debris zooming around our planet at more than 17,000 miles 
per hour. This space junk ranges in size from smaller than a marble to larger than a 
baseball, and it makes Earth orbit a whole lot more crowded — and dangerous.  
 
Click here for the video. 
 
(Left: from video - Tracking Space Junk – Narrated by Lauren Grush) 
 

• Video: 5 Strange Ways to Clean Up Our Space Junk – Scientific American Space Lab - 
Feb. 20, 2014 – (4 min.) 
 
This video introduces students to Active Debris Removal (ADR).  From the website: We 
look at some of the strangest proposals to combat the ever-growing cloud of space junk.  

              Click here for the video. 
 

• Book: Space Junk – The Dangers of Polluting Earth’s Orbit, by Karen Romano Young (Recommended for ages 12-18) 
 
This book provides excellent background reading for the design exercise, particularly the sections entitled, “House 
Cleaning” and “The Time Has Come” – p. 46-51.  “Taking Out the Trash” on p. 40-51 covers different types of methods 
for active debris removal, such as the CubeSail, the electrodynamic tether, the ElectroDynamic Debris Eliminator (EDDE), 
the Space Debris Elimination (SpaDE), the TAMU Sweeper, the e.DeOrbit, and CleanSpace One.  Quote: “It’s not only 
economically sound to clean up space. Satellites are vital to our modern way of life” – (p. 50).  The book could be read by 
the entire class, or, it could be used as an enrichment/challenge activity for selected students to read.   
 
Description provided by the publisher: This book examines the proliferation of space debris in outer space and discusses 
methods of retrieving and disposing of the material.  School Library Journal Review: "A great cover beckons readers inside 
what should be a fascinating tour of the space around Earth—and it is … There is little else available for students about this 
important topic for future space engineers.” 
 
 
 

 
 
 

https://www.bing.com/videos/search?q=tracking+space+junk+the+verge+youtube&view=detail&mid=A61F9E6879B3CC442AE8A61F9E6879B3CC442AE8&FORM=VIRE
https://www.youtube.com/watch?v=j847hzLjrWQ
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• Design Team Project – Engineering Designs for Active Debris Removal 
 
 
 
After viewing the Scientific American video, divide the class into five teams, 
one for each of the designs discussed in the video: lasers, nets 
(ElectroDynamic Debris Eliminator or EDDE), sails, Sling-Sat, and electrified 
tether. 
 
Have each team research its assigned design, and report back to the class on 
the design’s strengths and limitations. If possible, invite a local STEM 
professional, ideally an aerospace engineer, to attend and participate in the 
discussion. 
 

 
 

 
 

 
 
 

 

 

 
 



June 8, 2010 

https://www.nasa.gov/audience/forstudents/5-8/features/nasa-knows/what-is-orbital-debris-58.html 

 

What Is Orbital Debris? 
 
This article is part of the NASA Knows! (Grades 5-8) series. 
 

Orbital debris (duh BREE) is "junk" that is circling Earth. It is 

pieces from spacecraft. Humans have been launching objects 

into space for more than 50 years. Most of those objects have 

fallen back to Earth. A piece of debris falls back to Earth about 

once a day. These objects either land or burn up in the 

atmosphere. Most objects that return to Earth end up in water, 

since it makes up 70 percent of Earth's surface. But many of the 

objects sent into space are still in orbit around Earth. 

 

How Big Is Orbital Debris? 

On one extreme, debris can be as small as tiny flecks of paint or bits of metal that have come off spacecraft. On the 

other, large debris could be an entire satellite that is no longer working. The most common source of orbital debris 

larger than 1 centimeter (0.39 inches) is the explosion of objects orbiting Earth. These are often rocket 

upper stages. They can contain fuel or high-pressure fluids.  

 

Why Is Orbital Debris Important? 

Most "space junk" is moving very fast. It can reach speeds of 4.3 to 5 miles per second. Five miles per second is 

18,000 miles per hour. That speed is almost seven times faster than a bullet. And if a spacecraft is moving toward 

the debris, the total speed at which they collide can be even faster. The average impact speed of a piece of orbital 

debris running into another object is 22,370 miles per hour. Since it is moving so quickly, a tiny piece of orbital 

debris can cause a lot of damage. Being hit by a piece of debris smaller than half an inch around - traveling at about 

six miles per second - would be like being hit by a bowling ball moving at 300 miles per hour.  

Most orbital debris is in low Earth orbit, where the 
space station flies. 
Credits: NASA 

 

https://www.nasa.gov/audience/forstudents/5-8/features/nasa-knows/what-is-orbital-debris-58.html
http://www.nasa.gov/audience/forstudents/5-8/features/nasa-knows/index.html


 

*How Much Debris Is in Orbit? 

To keep astronauts safe, scientists use radar to keep track of all the 

debris in orbit. They classify it by its size. About 13,000 known objects 

are bigger than 10 centimeters in diameter. Scientists believe that there 

are more than 100,000 pieces of orbital debris between 1 cm and 10 cm. 

And tens of millions of pieces are smaller than 1 cm. All pieces of debris 

larger than 10 cm are carefully tracked using radar and telescopes. That 

information is used to estimate the number of small pieces of debris. 

Even though they cannot detect every piece, scientists have an idea of 

the amount of debris that is out there. 

To determine how many pieces of very small debris - smaller than 1 

millimeter - are in orbit, scientists study the space shuttle when it returns 

from orbit. They look for damage from debris impacts. When the space 

shuttle returns from missions, scientists count the number of 

impacts it experienced. They then compare the number of dents or 

holes to the amount of space the shuttle traveled through. These 

comparisons help them estimate how many of the tiny objects are 

in orbit around Earth. 

NASA also has performed experiments in space to learn more about orbital debris. Satellites like the Long Duration 

Exposure Facility are brought back to Earth. Scientists then count the number of objects that hit the satellite. The 

LDEF was a satellite that was left in space for over five years. It tested what happened to materials exposed to 

space. 

How Do Astronauts Stay Safe From Orbital Debris? 

Since NASA keeps track of larger debris, spacecraft with crews are able to dodge it. When an object is expected to 

come within a few miles of the International Space Station, NASA can slightly change the station's path to avoid the 

object. Plus, the space station is the most heavily shielded spacecraft ever. It can survive impact with smaller pieces 

of debris. The debris would hit panels that serve as shields instead of vital parts of the station. 

Experiments like the Long Duration Exposure 
Facility helped scientists learn more about orbital 
debris. 
Credits: NASA 

 

*Note from protectouterspace.com editor: Some figures are outdated.  Here are the updated figures from the     

European Space Agency: 

  Today 23,000 known objects are in the catalogue. 
  
  The European Space Agency says that as of January 2017, the number of debris objects 
  estimated by statistical models to be in orbit is: 
 
  29 000 objects >10 cm 
  750 000 objects from 1 cm to 10 cm 
  166 million objects from 1 mm to 1 cm 

 



Spacesuits also help protect crew members from orbital debris 

and micrometeoroids when the astronauts are outside the 

space station. The suits include a layer of strong, thin material 

that protects astronauts from impacts. This layer is made from 

the materials used in bulletproof vests. 

Since the smallest pieces of debris cannot be tracked, collisions 

with them are bound to happen. The space shuttle often returns 

to Earth with tiny impact craters. Impacts have even created 

small cracks in the front windows. Windows are replaced after 

almost every mission. The shuttle has three layers of windows 

to protect the crew. 

 

What Is NASA Doing About Orbital Debris? 

As humans launch more and more objects, will Earth orbit turn 

into a dangerous, crowded junkyard? Space agencies around the 

world are working to make sure that does not happen. Since 1988, the United States has had an official policy to 

keep the creation of new orbital debris to a minimum. NASA even has an Orbital Debris Program Office at Johnson 

Space Center in Houston, Texas. This office looks for ways to create less orbital debris. It also looks for ways to get 

rid of debris that is already in space. Many U.S. aerospace companies also follow guidelines to reduce the creation 

of debris. The Russian, Japanese, French and European space agencies are keeping the creation of new debris 

low, too. 

NASA and other space agencies are doing many things to reduce the problem of orbital debris. The upper stages of 

launch vehicles, and some satellites, are being placed in lower orbits. This location will cause them to re-enter the 

atmosphere and burn up sooner. Debris in orbits below 373 miles usually falls back to Earth within a few years. 

Objects at heights of more than 621 miles can stay in orbit for more than a century. 

 

 

Words to Know 

stage: one of two or more sections of a rocket that have their own fuel and engine 

micrometeoroid: a tiny (size of a grain of sand) particle of space debris, natural or artificial, traveling through space 

at high speeds 

 

 

Multiple layers of material in a spacesuit protect 
astronauts from being hurt by orbital debris impacts 
while on spacewalks. 
Credits: NASA 

 

 

https://www.nasa.gov/sites/default/files/orbitaldebris3_0.jpg

