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I often think that the night is 
more alive and more richly 
colored than the day. 	  

Vincent Van Gogh	  

AAS	  Meeting,	  NSF	  Pavilion	  January	  8,	  2016	  



•  One	  of	  5	  International	  Year	  of	  Light	  	  “Cosmic	  Light”	  	  projects	  funded	  by	  

the	  International	  Astronomical	  Union.	  

•  Produced	  by	  the	  National	  Optical	  Astronomy	  Observatory’s	  Education	  

and	  Public	  Outreach	  group	  for	  IYL2015	  

–  Dark	  Skies	  Rangers,	  Dark	  Skies	  Africa,	  Dark	  Skies	  Yuma	  

•  Launched	  in	  December.	  To	  be	  used	  in	  schools,	  afterschool	  programs,	  

museums	  and	  national	  parks.	  

•  Designed	  around	  problem-‐based	  learning	  scenarios.	  

•  Adaptable	  to	  age	  group,	  venue,	  time	  allotment,	  etc.	  
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•  Teacher	  =	  Mayor	  of	  the	  city.	  

•  Citizens	  have	  complaints	  about	  lighting.	  	  

•  Students	  get	  into	  task	  groups	  to	  solve	  six	  issues.	  

•  Context	  with	  respect	  to	  the	  City	  of	  the	  Future.	  

The National Optical Astronomy Observatory (NOAO) is the 
U.S. national observatory operated by the Association of 
Universities for Research in Astronomy, Inc. (AURA) under 
cooperative agreement with the National Science Foundation 
(NSF).  

The City of the Future 
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Light Pollution and Light Trespass 
Light Trespass 

 
•  Light trespass is when light goes somewhere it is unwanted 

and unneeded, such as into a bedroom window at night. 
•  As you may have experienced, it can be hard to fall asleep or 

stay asleep with light shining into your room.  

Sleep Cycles 
 

•  Humans have a biological clock that follows the 24 hour 
cycle of day and night called the circadian rhythm. 

•  Exposure to light at night can disrupt this cycle, such as light 
from a streetlight coming in the window or looking at 
computer, tablet, or phone screens before bed. 

•  This can cause fatigue and insomnia (the inability to sleep at 
night) as well as other sleep disorders and health issues.  

Lighting Responsibly 
 

• Making sure lights are task-oriented is key to reducing light 
trespass. Task-oriented means the light has a specific job. 
How can the light be directed only where it needs to be?  

•  How might the height of the pole or the spacing between 
poles affect light trespass? 

 
Blue Light at Night 

 
• Most white lights contain all the colors of the rainbow and a 

lot of blue.  
•  Blue light at night can have negative effects on people who 

are frequently exposed to it.   
•  Because blue light waves are the right size to bounce off 

particles in our atmosphere, it easily scatters in our 
atmosphere and thereby contributes to a lot of light 
pollution.  

• While you sleep, a chemical called melatonin is produced. 
Melatonin helps regulate many functions in our body. Any 
light at night will decrease melatonin production, but blue 
light suppresses production more than other colors of light.  

 

David Fernández-Barba 

Ian Cheney 

The photos above show two examples of light trespassing into a 
window. The picture below shows how a streetlight can trespass. 

Semini Pathberiya 
The National Optical Astronomy Observatory (NOAO) is the U.S. 
national observatory operated by the Association of Universities 
for Research in Astronomy, Inc. (AURA) under cooperative 
agreement with the National Science Foundation (NSF).  

Now Try This! 
 

•  You will have a scene that includes a street, a house, a 
streetlight (represented by a Maglite or book light), and one 
figurine of a person. The person should be in the house, 
laying by the window as if they are sleeping. 

•  Place the house near the street but in the grass. Remove the 
cap on the Maglite, and place it on the bottom of the 
Maglite to be used as its base. Carefully put the ping pong 
ball over the bulb. Place the Maglite across the street from 
the house. What are your observations? Where is the light 
going? Where is the light not going? Where should the light 
be going? Try moving the Maglite to different locations. 
Record your observations. To log your observations, you 
may want to make a table. Repeat this step using the black 
cap provided in your box. 

•  Repeat the above step with the book light. Also try 
changing the angle of the top of the book light from 45 
degrees to horizontal.  

•  Try to recreate the problems presented in the Issues Poster 
using each of the lights. What are the problems? Can you 
make the light go into the window? 

•  Think of ways to solve the issues and problems you came 
up with. What might your solutions look like? Can you 
draw a picture of it? You should also make a case for why 
this is an important issue. Generalize this beyond the Issues 
Poster. What is the purpose of the streetlight? What are the 
consequences (both positive and negative) of your 
solution(s)? 

•  Create a powerpoint, a video, or a poster in which the 
issues, problem(s), and your resulting recommendations are 
presented to the Mayor.  

 
 
 

•  Light trespass 
•  Circadian rhythm 
•  Blue light at night 
•  Light shielding 

•  Light pollution and  
 health 

•  Task-oriented lights 
 

Key Ideas 
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Light Pollution and Animals 
Sea Turtles 

•  After sea turtles hatch, they make their way to the ocean,  
as shown in the picture to the right. 

•  Normally, sea turtles hatch at night when most predators  
are asleep. 

•  They use the light of the moon and stars reflecting off the 
ocean to find their way.  

•  If there are bright lights near the beach, the sea turtles go 
the wrong direction and never make it to the ocean. 

 
Birds 

 
•  Migrating birds can become confused by bright lights. 
•  Birds will circle around the light, become exhausted, and 

collapse or die. 
•  The photograph on the bottom left shows birds circling 

around a very bright column of light. 
•  Birds can also crash into bright buildings, causing injury or 

death. 
•  It is estimated that between 100 million - 1 billion birds die 

from striking buildings every year in North America alone. 
 

•  Sea turtles and light 
•  Bird strike lights 

•  Animal navigation 
•  Wildlife and light pollution  

Insects 
 

•  Insects see primarily blue and purple light. Bright white 
lights usually have a lot of blue light. 

•  Insects will circle around lights, making them easy prey 
for predators. 

•  The bottom right photo shows insects flying around an 
outdoor light. 

Other Animals 
 

•  Light pollution affects the habitats and habits of other 
animals including bats, amphibians, and marine animals. 

•  Some animals affected by light pollution, like sea turtles, 
are already endangered species. 

 

Sleep Cycles 
 

•  Animals have an intrinsic biological clock that allows 
them to tell time.  

•  When animals are exposed to lights at night, this 
biological clock is disrupted and they become fatigued  
and disoriented.  

•  This can also disrupt migration and mating patterns. 

dbgg1979 

NIH 

Now Try This! 
 

•  You have a game board, game pieces (buttons), game 
cards, a die, and game instructions. In this game, you are 
a Kirtland’s Warbler, a type of bird, migrating north from 
the Bahamas to the breeding grounds in the Great Lakes 
region of the United States and back again. These birds 
mostly fly at nighttime. 

•  Read the game instructions for information on how to 
play the game.  

•  After you’ve played the game, discuss what happened. 
What are the problems? How do these related to the 
issues raised in the Issues Poster? 

•  How can you solve the problems you came up with? 
What are the consequences (both positive and negative) 
of your solutions? 

•  Create a powerpoint, a video, or a poster in which the 
issues, problem(s), and your resulting recommendations 
are presented to the Mayor.  

Key Ideas 
Newly hatched sea turtles (top) and insects (bottom right) are 
attracted to light. Birds and bats are attracted to light from the 

Luxor in Las Vegas, Nevada, USA (bottom left).  

Tracey Byrnes 

The National Optical Astronomy Observatory (NOAO) is the 
U.S. national observatory operated by the Association of 
Universities for Research in Astronomy, Inc. (AURA) under 
cooperative agreement with the National Science Foundation 
(NSF).  
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The National Optical Astronomy Observatory (NOAO) is the U.S. 
national observatory operated by the Association of Universities 
for Research in Astronomy, Inc. (AURA) under cooperative 
agreement with the National Science Foundation (NSF).  
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Congrats! You did it! 
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The National Optical Astronomy Observatory (NOAO) is the U.S. 
national observatory operated by the Association of Universities 
for Research in Astronomy, Inc. (AURA) under cooperative 
agreement with the National Science Foundation (NSF).  
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 Instructor’s Guide 

 

The National Optical Astronomy 
Observatory’s 

 
International Year of Light 2015 

Quality Lighting Teaching Kit 
 

Instructor Guide 
 

Presented by 
 
 
 
 
 
 
 

In partnership with 
 

 
  

Quality Lighting Teaching Kit Inventory 

!

Kit contents are color coded mainly by activity as follows:  
General Energy Glare Animals Safety Night Sky Light Trespass 
 

• Loose in Main Container 
o Aluminum Foil 
o Lux Meter 
o Star Master Projector 
o “The Migration Game” 

Board 
o Eye Chart 
 

• Poster Tube 
o Our Globe at Night Poster 
o Issues Poster 
o Problem Solving Poster 
o Energy Poster 
o Glare Poster 
o Animals Poster 
o Safety Poster 
o Night Sky Poster 
o Light Trespass Poster 
o City of the Future Poster 
o Energy Calculation Mat 

(double-sided) 
 
• Instructor’s Envelope 

o Instructor’s Guide 
o Rubric for Presentation 
o Problem Solving Sheets 
o Kit Inventory 

 
• Energy Envelope 

o Houston Grid Map 
o Wet Erase Markers (2) 
o “Energy Calculation 

Worksheet” 
o Page 10 of the “Energy 

Calculation Worksheet” 
o “Types of Lights” Document 
 
 
 
 
 
 

• Animals Envelope 
o Game Instructions  
o Kirkland’s Warbler Facts 
o Game Cards 
o Dice (1) 
o Buttons (6) 
 

• Light Trespass Envelope 
o City Mats – Street (2) 
o City Mat – Grass (1) 
o House – to Assemble (1) 

 
• General Supplies Container 

o The City Dark DVD 
o Flashdrive 
o Globe at Night postcards (30) 
o QLT Kit postcard  

 
• Glare Container 

o Mini Maglite 
o Flashlight 
o D Batteries (2) 
o Inkjet Transparencies on 

Ring 
o Measuring Tape 

 
• Night Sky Container 

o Mini Maglite 
o AA Batteries (3, for Star 

Master Projector) 
o Book Light 
o Black PVC Cap 
o Ping Pong Ball 
o Black Construction Paper (2) 

 
• Light Trespass Container 

o Mini Maglite 
o Book Light 
o Plastics Figurine 
o Black PVC Cap 
o Ping Pong Ball 
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•  Through this program, students are presented with     
real-life issues on light pollution’s effects on energy, 
wildlife, safety, light trespass, glare and the night sky.  

•  Posters provide background for each issue.  

•  Activities provide understanding of the issues through 
experimentation. 

•  “The City of the Future” poster provides inspiration for 
students to solve the lighting issue through the Problem-
Based Learning. 

•  Instructional support is provided by the instructor’s guide, 
the video tutorial, the Google+ Hangout, the kit supplies 
for the activities and other documents. 
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Many	  hands	  will	  make	  light	  work!	  
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•  We	  would	  like	  to	  go	  for	  further	  funding.	  (Ideas?)	  

•  Interested	  in	  future	  collaborations?	  

•  Interested	  in	  receiving	  (or	  buying)	  a	  kit,	  email	  Connie	  Walker	  at	  	  
cwalker@noao.edu	  using	  “QLT	  Kit”	  in	  the	  subject	  line.	  

•  Websites with our light pollution activities: 
o  Quality Lighting Teaching Kit  kit (11-14 yrs): 

www.noao.edu/education/qltkit.php 
o  Initial version of the Quality Lighting Teaching Kit (14-18 yrs): 

www.noao.edu/education/iyl-focus/ 
o  Dark Skies Rangers activities (8-11 yrs): 

www.globeatnight.org/dsr/ 
o  The International Dark-Sky Association: www.darksky.org 
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Questions?!
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Globe	  at	  Night	  Citizen-‐Science	  
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•  With	  a	  lux	  meter,	  measure	  lighting	   	  	  	  	  	  	  	  	  	  	  	  
levels	  in	  different	  situations	  with	   	   	  	  	  	  	  
different	  lights.	  

•  Determine	  the	  lowest	  level	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
needed	  to	  function.	  

•  Compare	  results	  with	  Public	  Lighting	  Standards.	  

•  Determine	  what	  number	  a	  lux	  meter	  should	  read	  to	  
have	  enough	  light	  to	  see,	  but	  not	  to	  over-‐light	  an	  
area.	  How	  might	  you	  design	  a	  light	  to	  do	  this?	  Do	  
all	  parts	  of	  the	  city	  need	  to	  be	  lit	  the	  same	  amount?	  

AAS	  Meeting,	  NSF	  Pavilion	   34	  January	  8,	  2016	  


