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 Dear Librarian, 

 Exactly 100 years ago, Albert Einstein came to a revolutionary idea: Mass 
and energy are not distinct, but are two forms of the same thing—related by 
the formula E = mc2. While most of us can recite this famous equation, what 
does it actually mean? On October 11, NOVA’s “Einstein’s Big Idea” 
illuminates this deceptively simple formula by unraveling the story of how  
it came to be.

 Based on David Bodanis’s bestselling book E = mc2: A Biography of the 
World’s Most Famous Equation, the program explores the lives of the men 
and women who helped develop the concepts behind each part of the 
equation: E for energy; m for mass; c for the speed of light; and 2 for 
“squared.” The drama spans four centuries of passionate thinkers—
including many women and other scientific “outsiders”—who worked 
relentlessly to find answers and gain acceptance in their societies.

 We invite you to join NOVA in celebrating the centennial of Einstein’s miracle 
year in physics. We’ve developed this guide to help you create displays and 
programs to spark your visitors’ curiosity and inspire deeper investigations 
using the resources of your library.

 Paula S. Apsell
 NOVA Executive Producer

 Dear Colleague,

 We are pleased to have assisted NOVA in developing this library guide for 
“Einstein’s Big Idea.” As community resources, libraries are in a unique 
position to help people explore Einstein’s famous equation during its 
centennial celebration. Inside you’ll find a range of ready-to-use display and 
programming resources for libraries large and small—all designed to simplify 
your efforts and make E = mc2 programming accessible and enjoyable.

 
 

 Deb Robertson
 Director, Public Programs Office
 American Library Association
 www.ala.org/publicprograms
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Einstein’s Big Idea
Premieres on PBS
October 11, 2005
Tune in to your local PBS station for NOVA’s 
two-hour special presentation “Einstein’s Big 
Idea,” and explore the dramatic stories of 
men and women whose innovative thinking 
led to Einstein’s breakthrough equation. 
Based on David Bodanis’s bestselling book 
E = mc 2, the drama chronicles the people and 
discoveries behind each part of the equation: 
E for energy; m for mass; c for the speed of 
light; and 2 for “squared.” The program also 
looks at the equation’s tremendous impact  
on humanity, including unlocking the secrets 
of the atom and the race to build the  
atomic bomb.

Watch NOVA October 11, 2005, at 8pm 
Check local listings, as dates and times  
may vary.

Visit NOVA Online  
www.pbs.org/nova/einstein 
Watch a preview and find more information, 
including a Teacher’s Guide. 
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 Despite the limitations placed by society on her gender, Emilie du 
Châtelet (Hélène de Foujerolles) mastered the mathematics and 
physics of her day and was the first person to translate Newton’s 
great works into French.



 Using This Guide
 The Einstein’s Big Idea Library Guide has been reviewed by a national board of public 

librarians and is designed for public libraries of all sizes and for visitors of all ages. We 
hope you’ll use this guide to create displays, conduct programs with science activities, 
and plan community events. Inside you’ll find:

   • Display ideas  
   • Display materials (including resource lists, a poster, display sheets,  

     magnet/sticker template, and Web site markers)
   • Reproducible information handouts  
   • Hands-on science activities
   • Scavenger Hunt and Trivia Night event plans

 These resources can be used to demystify Einstein’s famous equation, reveal its 
fascinating “backstory,” and showcase science as a process of inquiry and 
collaboration. All these materials are available online in html and PDF format at:

 www.pbs.org/nova/einstein/lrk.html

 Physics Degree Not Necessary!
 You don’t need to be a science expert to inspire your visitors to explore E = mc 2.  

The “Big Ideas” below offer ways to approach the content, regardless of science 
background. Each resource inside this guide is connected to these ideas.

 Big Ideas behind Einstein’s Big Idea
 1  E = mc 2 has a human story. And it is dramatic—filled with people obsessed with  

 finding answers, struggling to gain acceptance in societies that scorn or dismiss  
 them, buoyed by friends and lovers, and betrayed by colleagues and nations. 

 2  Science is a process of inquiry and synthesis. Scientists ask questions about the  
 world and test their ideas. Their results lead to new questions. Scientists learn from  
 and build on the work of others. Einstein, with his radical imagination, distilled a rich  
 idea from his own and others’ questions and answers.

 3  Science is influenced by society.  
 Other people can help or hinder  
 the work of a scientist, and the  
 time must be right for an idea to  
 be accepted. Politics, religion, and  
 war have profound influence on  
 scientific ideas and their  
 applications, and on the lives  
 of scientists.

 4  The legacy of E = mc 2 continues.  
 A myriad of inventions, techniques,  
 and discoveries owe their  
 existence to E = mc 2.

Celebrate Physics in 2005!
Did you know that 2005 marks the 
centennial of Einstein’s famous  
equation E = mc 2 and has been declared 
the “World Year of Physics,” an 
international celebration of physics 
endorsed by the National Science 
Foundation? Join the celebration . . . 
bring E = mc 2 displays and programming  
to your community!

Taping Rights  
and Video Purchase
You may tape “Einstein’s Big Idea” and 
make it available for noncommercial, 
nonbroadcast educational use for up to 
one year after the broadcast date. The 
program is also available on DVD and 
VHS approximately 12 weeks after 
broadcast. Call WGBH Boston Video 
(800) 949-8670 or visit www.shop.
wgbh.org to place an order. 

Note: All videos purchased from 
WGBH Boston Video may be shown in 
a classroom and include limited public 
performance rights. They may also be 
shown to any public group when no 
admission is charged.
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 A tax collector with a passion for science, Antoine-Laurent 
Lavoisier (Julian Rhind-Tutt) demonstrated that the total 
amount of matter is conserved in any chemical reaction.



 Display Ideas
 Help visitors of all ages explore E = mc 2 with these display themes. 

 For Children (ages 6–12)
 
 Who Are Scientists? People Like You!
 Some scientists are old, some are young. Some scientists work in  

labs with chemicals or microscopes. Others work outdoors on boats or in  
jungles. Not all scientists liked science when they were growing up. Scientists  
have families, pets, and hobbies. Scientists are people—just like you.

   Display Materials: 
   •  Book jackets or photos of scientists such as Albert Einstein, Lise Meitner,  

   Michael Faraday, and Shirley Ann Jackson 
   •  Photos and articles about school-age scientists, such as local science  

   fair winners or participants from contests such as TOYchallenge  
   (www.toychallenge.com) and Odyssey of the Mind (www.odysseyofthemind.com) 
  •  Copies of Who Was Einstein? handout (p. 18)

   •  Books (see children’s listings from About Einstein and E = mc 2: Scientists  
   Connected to  the Equation resource lists, pp. 5–6) 

 Explore Energy
 You probably use the word energy a lot. You might have too much energy to sit still.  

Or you might have too little energy to take out the trash. In science, energy means being 
able to move something or cause a change. Explore some forms of energy: light, heat,  
chemical, electricity, and magnetism.

   Display Materials: 
   •  One Powerful Equation display sheet (p. 9)
   •  Props, such as flashlight and mirror; assorted magnets; glow stick or  

   instant heat pack; toy car and ramp; wind-up toy 
   •  Copies of Magnet Maze activity sheet (p. 21)
   •  Books (pull titles on magnet and energy activities)

 For Young Adults (ages 13–17)  
and Adults (18 and over)

 These themes can appeal to both young adults and adults. To customize a display for 
each audience, choose age-appropriate books from the resource lists.

 Get to Know E = mc 2 
 You can probably recite this equation, but do you know what it means? Written in 1905 

by Albert Einstein, this short equation represents a revolutionary idea: Energy and mass 
are not distinct, but are two forms of the same thing. To arrive at this deceptively simple 
statement, Einstein built on the innovative thinking of other scientists. How did E = mc 2 

come to be, and where is it taking us today? Find out with these resources.

Big Ideas
E = mc 2 has a human story.  

Science is a process of inquiry  
and synthesis. Science is  

influenced by society.  
The legacy of E = mc 2   

continues.

Ready-to-Use Materials 
Dress up any display with materials 
provided in this guide.

• Theme Statement 
 Make a large, colorful theme   
 banner and include a short   
 statement about the specific theme   
 (see statement suggestions below   
 each display theme title, such as   
 Get to Know E =  mc 2).

• Poster and Display Sheets 
 Use the full-color poster (see   
 center of guide) and tear-out   
 display sheets (pp. 9–14) for   
 eye-catching centerpieces. 

• Reproducibles 
 Include a basket or box with   
 photocopies of the resource   
 lists (pp. 5–7), handouts  
 (pp. 18–20) and activity    
 sheets (pp. 21–23) when    
 appropriate.

• Web Site Markers 
 Place Web site markers (p. 8)   
 near computers and at other highly  
 visible areas to invite visitors   
 to learn more at NOVA’s Einstein’s   
 Big Idea Web site. If possible,   
 create a link from your homepage   
 to the site.

• Magnet/Sticker Template 
 Make E =  mc 2 magnets and stickers   
 (p.15) to use as giveaways.
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   Display Materials: 
   •  Large letters/symbols for the equation
   •  Photos of images related to the equation and its symbols: (e.g., the sun or  

   stars, a mushroom cloud, a nuclear power plant, a beam from a headlight or   
   lighthouse)

   •  Poster (see center of guide)
   •  One Powerful Equation, What Does It Mean?, and What Has It Done for You   

   Lately? display sheets (pp. 9–14)  
   •  Copies of E = mc 2 Explained handout (p. 19) and E = mc 2 Puzzle activity sheet (p. 22)
   •  Images of scientists such as Albert Einstein, Lise Meitner, Michael Faraday, and  

   Shirley Ann Jackson 
   •  E = mc 2 cartoons (for those of scientific cartoonist Sidney Harris, visit  

   www.sciencecartoonsplus.com for terms of use)
   • Books (see young adult and adult listings from About Einstein, E = mc 2: Scientists   

   Connected to the Equation, and The Legacy of E = mc 2 resource lists, pp. 5–7)

 Who Was Einstein?
 When you think of Albert Einstein, do you picture an old man with wild white hair  

and a flair for the eccentric? In 1905, when Einstein wrote five papers (four of which 
revolutionized our understanding of light, time, and space), he was a handsome  
26-year-old clerk who couldn’t get a job promotion in a government patent office. When 
he was 60, Einstein’s letter to President Franklin Roosevelt about a possible Nazi nuclear 
program helped initiate the successful U.S. effort to build the first nuclear weapon—
something Einstein regretted for the rest of his life. Learn more about Einstein and his 
role in history with these resources.

   Display Materials: 
   •  Einstein poster (a wide variety can be found at www.amazon.com by searching   

   on “Einstein poster”). Include images of Einstein at age 26. 
   •  Magazine covers (e.g.,Time, February 19, 1979, vol. 113, no. 8: “Rediscovering   

   Einstein: His Centennial Year”)
   •  Book jackets or cartoons (for those of scientific cartoonist Sidney Harris, visit   

   www.sciencecartoonsplus.com for terms of use)
   •  Props, such as a compass, clock, toy train cars
   •  Books (see young adult and adult listings from About Einstein and The Legacy   

   of E = mc 2 resource lists, p. 5 and p. 7)

 Tap into Your Inner Einstein
 Quick—name a scientist. Like most people, you probably named Albert Einstein, the 

most recognizable scientist of the modern era. But who exactly are scientists and what 
do they do? In some ways, scientists are like detectives, piecing together clues to 
discover and explain how the natural world works. Scientists are human, too. Many 
great scientists have struggled to find acceptance for themselves and their ideas. Social 
class, gender, religion, race—or just having an idea that is too different—are all 
obstacles many scientists have had to overcome. Learn more about how scientists 
work—then tap into your inner Einstein with these resources.

   Display Materials: 
   •  Images of scientists such as Albert Einstein (young and old), Lise Meitner,   

   Michael Faraday, James Clerk Maxwell, and Shirley Ann Jackson 
   •  Poster (see center of guide)  
   •  Einstein quotations (see list at left)
   •  Copies of Some Outstanding Women in Nuclear Physics handout (p. 20)
   •  Books (see young adult and adult listings from About Einstein and  

   E = mc 2: Scientists Connected to the Equation resource lists, pp. 5–6)

Einstein on Thinking
“Imagination is more  
important than knowledge.” 

“The important thing is not to stop 
questioning.” 

“Why is it that nobody 
understands me, and 
everybody likes me?” 

“Do not worry about your difficulties 
in mathematics—I can assure 
you, mine are still greater.”

“Common sense is the collection  
of prejudices acquired by  
age eighteen.” 

All quotes drawn from The Expanded Quotable Einstein, collected 
and edited by Alice Calaprice. Princeton University Press, 2000.

4 Displays

 Beginning as a poor bookbinder, 
Michael Faraday (Stephen 
Robertson, at right) went on  
to lay the groundwork for the 
modern scientific concept  
of energy.
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BOOKS
Albert Einstein  
by Ibi Lepscky.  
Barron’s Educational Series, 1992. 
Looks at Albert, the playful child  
with an active imagination. 
Available in Spanish as Albert. YC

Albert Einstein: A Life of Genius  
by Elizabeth MacLeod.  
Kids Can Press, 2003. 
Uses photographs, cartoons, and 
quotations to tell Einstein’s story. C  

Albert Einstein: Genius Behind the  
Theory of Relativity  
by Fiona Macdonald.  
Blackbirch Press, 2000. 
Discusses Einstein’s personal, 
professional, and political lives. YA 

Einstein: His Life and Times  
by Philipp Frank.  
Da Capo Press, 1947. 
Paints an intimate portrait of Einstein  
as seen through the eyes of a colleague 
and close friend. A  

Genius: A Photobiography of  
Albert Einstein 
by Marfé Ferguson Delano. 
National Geographic, 2005. 
Simplifies Einstein’s theories and  
illustrates his life and times with  
historical photographs and artifacts. YA 

The New Quotable Einstein  
by Alice Calaprice, ed.  
Princeton University Press, 2005.
Presents a comprehensive selection  
of Einstein’s commentary on a variety  
of topics. A  

Odd Boy Out: Young Albert Einstein  
by Don Brown.  
Houghton Mifflin, 2004. 
Focuses on Einstein’s unique brilliance  
and misunderstood childhood in 
picture-book biography format. C  

The following icons indicate 
recommended audience for resources:

YC Young Children
C  Children
YA Young Adult
A  Adult

WEB SITES
American Museum of Natural  
History Einstein Exhibit
www.amnh.org/exhibitions/einstein
Features a comprehensive overview  
of Einstein’s life, work, philosophy,  
and legacy. YA  A  

Einstein Archives Online
www.alberteinstein.info
Serves as a digitized archive of  
Einstein’s personal, professional,  
and biographical documents,
including many of his handwritten  
papers. A  

Jewish-American Hall of  
Fame Einstein Exhibit
www.amuseum.org/jahf/virtour/ 
page20.html#alberteinstein
Features a collection of medals and  
coins from around the world with  
Einstein’s image and an interactive  
quiz to test your knowledge of the  
scientist. A  

NOVA—Einstein’s Big Idea
www.pbs.org/wgbh/nova/einstein
Includes a time line of significant events  
in Einstein’s life, interactive simulations  
of the speed of light and the effect of 
motion on time, and essays on Einstein’s 
extraordinary contributions. YA  A  

Way to Go, Einstein!
www.ology.amnh.org/einstein
Offers interactive explorations of  
Einstein’s scientific ideas along with  
simple, hands-on activities. C  

VIDEO
NOVA–Einstein Revealed
WGBH Boston Video, 1996.
Gives a biographical portrait of Einstein 
based on his letters and explains the 
fundamentals of his key discoveries. YA  A

NOVA–Einstein’s Big Idea 
WGBH Boston Video, 2005.
Dramatizes the stories of the men and 
women whose innovative thinking across 
four centuries led to Einstein’s bold 
breakthrough. YA  A    
 

About Einstein
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Inspire Your Inner Scientist
BOOKS

How to Think Like Einstein:  
Simple Ways to Break the Rules  
and Discover Your Hidden Genius  
by Scott Thorpe.  
Sourcebooks, 2000.  
Describes strategies and techniques  
to improve creative thinking and 
problem-solving. A  

Turn It Loose: The Scientist in 
Absolutely Everybody  
by Diane Swanson.  
Annick Press, 2004.  
Encourages a child’s inner scientist by 
showing that the scientific thought 
process is used everywhere—not just  
in science. C  

Ultimate Girls’ Guide to Science: 
From Backyard Experiments to 
Winning the Nobel Prize!  
by Beth Caldwell Hoyt and Erica Ritter. 
Beyond Words Publishing, 2003. 
Highlights various scientific fields and 
careers with “what would you do”  
self-quizzes, experiment ideas, and 
narrative. YA

 
What Is a Scientist?  
by Barbara Lehn.  
The Millbrook Press, 1998.  
Shows how children’s natural curiosity 
is a form of scientific inquiry. YC 

WEB SITE

World Year of Physics 2005—Einstein@Home 
www.physics2005.org/events/
einsteinathome/index.html 
Offers the opportunity, by running a 
screensaver on your home computer, to 
help scientists study waves in space.  
YA  A

BOOKS
E = mc 2: A Biography of the  
World’s Most Famous Equation  
by David Bodanis.  
Berkley Books, 2000.  
Explores the innovative thinkers behind 
each piece of the equation, its synthesis  
by Einstein, and its impact on society. A

Emilie du Châtelet: Genius, Gender and 
Intellectual Authority by Judith P. Zinsser 
in Women Writers and the Early Modern 
British Political Tradition 
by Hilda L. Smith, ed.  
Cambridge University Press, 1998.
Details the challenges that du Châtelet 
faced in an intellectual environment that 
excluded the participation of women. A

A Life of Discovery: Michael Faraday,  
Giant of the Scientific Revolution  
by James Hamilton. 
Random House, 2002. 
Tells the story of the bookbinder who laid  
the groundwork for the modern scientific 
concept of energy. A  

Lise Meitner: A Life in Physics  
by Ruth Lewin Sime.  
University of California Press, 1996. 
Investigates Meitner’s life and work, 
including her discovery of nuclear  
fission. A

Lise Meitner: Discoverer of  
Nuclear Fission  
by Rachel Stiffler Barron.  
Morgan Reynolds Publishing, 2000. 
Describes the life and career of Lise 
Meitner. C  

The Man Who Changed Everything:  
The Life of James Clerk Maxwell 
by Basil Mahon. 
John Wiley & Sons, 2003. 
Relates the story of the Scotsman  
whose brilliant mathematics helped to 
define the nature of light. A

E = mc2: Scientists Connected 
to the Equation

Nobel Prize Women in Science:  
Their Lives, Struggles, and Momentous 
Discoveries, 2nd ed. 
by Sharon Bertsch McGrayne. 
Birch Lane Press, 1998. 
Profiles 15 women who have won or 
contributed significantly to a Nobel Prize  
in science. YA  A   

Two-Fisted Science: 
Stories about Scientists 
by Jim Ottaviani.  
G.T. Labs, 2001.
Depicts, in graphic-novel format, episodes 
involving Einstein, Feynman, Oppenheimer, 
Bohr, and others. YA 
 
WEB SITES
American Institute of Physics  
History Exhibits
www.aip.org/history/exhibits.html
Offers online exhibits of Einstein, Curie, 
Heisenberg, and Lawrence, and includes an 
audio tour of the discovery of fission. YA  A

NOVA—Einstein’s Big Idea
www.pbs.org/nova/einstein
Examines the scientists before Einstein who 
helped pave the way to our modern 
understanding of energy, mass, and the 
speed of light (Ancestors of E = mc 2).  YA  A

VIDEO
NOVA—Einstein’s Big Idea
WGBH Boston Video, 2005.
Dramatizes the stories of the men and 
women whose innovative thinking across 
four centuries led to Einstein’s bold 
breakthrough. YA  A    
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recommended audience for resources:
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BOOKS
Albert Einstein and the Theory of Relativity 
by Robert Cwiklik.  
Barron’s Educational Series, 1987. 
Explains how Einstein’s novel ideas changed 
the way we think about matter, time, space, 
gravity, and light. YA 

E = mc 2: A Biography of the World’s Most 
Famous Equation  
by David Bodanis. 
Berkley Books, 2000. 
Explores the innovative thinkers behind 
each piece of the equation, its synthesis by  
Einstein, and its impact on society. A

Einstein 1905: The Standard of Greatness 
by John S. Rigden.  
Harvard University Press, 2005. 
Focuses on the impact of Einstein’s work 
during 1905—the “miraculous year” when 
he published E = mc 2 and four other  
universe-changing papers. A

Einstein’s Cosmos: How Albert Einstein’s 
Vision Transformed Our Understanding of
Space and Time 
by Michio Kaku.  
W. W. Norton, 2004.  
Presents Einstein’s complex theories as 
simple visual images, like speeding trains,  
falling elevators, and moving clocks. A

WEB SITES
Nobel Prize Web Site
www.nobelprize.org/physics/educational/
energy
Gives an illustrated, step-by-step 
walkthrough of the meaning and 
implications of E = mc 2.  YA  A

NOVA—Einstein’s Big Idea
www.pbs.org/nova/einstein
Presents the myriad inventions and 
discoveries that owe their existence to 
E = mc 2 (The Legacy of E = mc 2) and tells how 
E = mc 2 figures into the cutting-edge 
research of three young physicists  
(The Equation Today). YA  A

TIME Person of the Century 
www.time.com/time/time100/poc/
magazine/albert_einstein5a.html 
Summarizes Einstein’s singular impact on 
science and history. A  

The Legacy of E = mc2

New Discoveries and Understandings

BOOKS
American Prometheus: The Triumph and 
Tragedy of J. Robert Oppenheimer 
by Kai Bird and Martin J. Sherwin.  
Alfred A. Knopf, 2005. 
Presents the story of Oppenheimer’s life  
and work—before, during, and after the 
Manhattan Project. A

Fallout 
by Jim Ottaviani, et al.  
G.T. Labs, 2001. 
Explores, in graphic-novel format, the 
Manhattan Project and the personalities of 
some of the key scientists involved. YA  A  

Manhattan Project: America Makes the 
First Atomic Bomb 
by Don E. Beyer.  
Franklin Watts, 1991. 
Gives an overview of life at Los Alamos, and 
shows how these events still affect 
international relations today. YA 

Now It Can Be Told: The Story of the 
Manhattan Project 
by General Leslie R. Groves. 
Da Capo Press, 1962. 
Tells of the political, logistical, and personal 
problems of the project’s leader during the 
race to build the bomb. A

WEB SITES
Atomic Museum, New Mexico
www.atomicmuseum.com/tour/
manhattanproject.cfm 
Presents information and photos concerning 
the Manhattan Project and other topics 
related to nuclear science. YA  A

Manhattan Project Heritage  
Preservation Association  
www.childrenofthemanhattanproject.org 
Offers detailed history and first-person 
accounts related to the Manhattan  
Project. YA  A

VIDEOS
The American Experience—
Race for the Superbomb
WGBH Boston Video, 1999. 
Traces the creation of the atomic bomb and 
the birth of the nuclear arms race. YA  A

The Day after Trinity
Image Entertainment, 1980.
Documents the Manhattan Project and the 
subsequent nuclear arms race, compiled 
from Oppenheimer and other participants’ 
own commentaries.  YA  A

The Manhattan Project

The following icons indicate 
recommended audience for resources:

YC Young Children
C  Children
YA Young Adult
A  Adult
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   a. melt a pound of lead
   b. power New York state for about two days
   c. power our entire world for a month

 According to E = mc 2, the mass of  
100 pennies has just enough energy to:

 Think you know who put the E in E = mc2?  
It wasn’t just Einstein.

Find out at www.pbs.org/nova/einstein

Cu
t

Cut

Cu
t

fold

 Web Site Markers
 Link to NOVA’s “Einstein’s Big Idea” from your library homepage. Then direct 

visitors with these Web site markers. Just photocopy, cut, and fold in half.  
Place near computers, on tables, and at other highly visible locations throughout 
your library.

Cut

fold
© 2005 WGBH Educational Foundation

© 2005 WGBH Educational Foundation

Find out at www.pbs.org/nova/einstein



If you could turn every one of the paper clip’s atoms into pure energy, the 
paper clip would yield 18 kilotons of TNT—that’s roughly the size of the atomic 
bomb that destroyed Hiroshima in 1945. Einstein’s breakthrough realization was 
that energy and mass are different forms of the same thing. Under certain 
conditions, mass can be converted into energy, and vice versa. On earth, 
however, there is no practical way to convert a paper clip or any other object 
entirely to energy. It would require temperatures and pressures greater than 
those at the core of our sun.

If you could convert the mass of  
a paper clip (.03 ounces) entirely to  
energy, how big a punch would it pack?

One powerful equation 
E = mc2

a. one ton of TNT
b. an atomic bomb
c. burning 20 gallons of gasoline

Einstein’s Big Idea www.pbs.org/nova/einstein
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Squared
Multiplying a number by  
itself. The enormous size of  
c 2—90,000,000,000 (km/sec)2   
or 34,596,000,000 (miles/sec)2— 
means that a tiny mass yields a 
vast amount of energy.

E = mc 2

Energy
The ability to do work or 
cause change. Energy comes 
in many forms (such as 
mechanical, thermal, 
electromagnetic, and 
chemical), and it can change 
from one form to another.

Equals
Einstein’s key revelation: Energy 
and mass are the same thing. Each 
can be converted into the other 
using c 2—a number so huge that the 
amount of energy bound up in even 
the smallest mass is mind-boggling.

Mass
A measure of the amount 
of matter (material) in a 
physical object. 

Speed of Light 

The maximum possible speed in  
the universe. That’s approximately  
300,000 kilometers per second 
(186,000 miles per second).  
The c stands for the Latin word  
celeritas, meaning swiftness. 

What does it mean?

Einstein’s Big Idea www.pbs.org/nova/einstein
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Keeps You Safe
Many smoke detectors contain a tiny amount of a 
radioactive element called americium that 
continuously converts a very small fraction of its 
mass into energy, powering a smoke-sensitive 
beam for months or years on end. 

Generates Electricity
Inside a nuclear power plant, nuclear reactions convert  
tiny amounts of mass into large quantities of energy. For  
some countries, such as France, nuclear power is a primary 
source of electricity. 

Warms the Earth
At the heart of the sun, under tremendous 
pressure, hydrogen atoms fuse together to form 
helium. Each new atom of helium, though, has less 
mass than the four original hydrogen atoms that 
created it. In accordance with E = mc 2, the “lost” 
mass radiates off as energy that warms the earth 
93 million miles away.

E = mc2
What has it done for you lately?

Adapted from E=mc2: A Biography of the World’s Most Famous Equation by David Bodanis (Berkley Books: 2000).
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 Magnet/Sticker Template
 Make your own E = mc 2 magnets and stickers to use for decoration, displays, prizes, and giveaways.  

 To print magnets and stickers: 

 View the Library Guide PDF at www.pbs.org/nova/einstein/lrk.html and click on the Magnet/Sticker 
Template link.  

 Print on 8 1/2" x 11" magnet or adhesive paper, then cut to size. (Materials are available at www.staples.com, 
fi ve ink jet magnet sheets for $10.69, item #46771; 25 laser adhesive sheets for $12.59, item # 765321.)

1

2



 Using Handouts  
and Activities 

 Handouts (pages 18–20)
 Who Was Einstein? • E = mc2 Explained • Some Outstanding Women of Nuclear Physics

 Place handouts in the E = mc2 display area or near related books. Distribute handouts to book   
groups before they read about related topics. For book suggestions, see handouts and resource  
lists (pp. 5–7). Use the questions at the end of handouts as discussion starters. 

 
 Magnet Maze (page 21)
 Use magnets to move paper clips and learn about  

invisible magnetic force.

   Ages: 3–7 
   Time: 10–15 minutes 
   Group Size: 1–10 children
   Materials (per child): 1 bar magnet; about 12 small metal paper clips; Magnet Maze  

  activity sheet taped onto a piece of poster board; pencil or crayon

  Get Ready 
  Photocopy the Magnet Maze activity sheet and tape onto pieces of poster board. Obtain  

 bar magnets from Nasco (www.enasco.com, 12 small magnets for $2.70, item #SB16503M)  
 or Carolina (www.carolina.com, 10 large magnets for $12.50, item #95-5033).

  Run the Activity
  Introduce how magnets work by putting a paper clip on the floor or a low table. Ask: Who  

 can lift up this paper clip? (A child will pick up the paper clip.) Now, can you lift the paper  
 clip without touching it? What if I give you a magnet? (Child will use magnet to pick up the  
 clip.) So the magnet does something that moves the paper clip, even though we can’t see  
 what that is. Let’s find out how strong this magnet’s force is.

  Distribute materials to each child. Can your magnet pick up two clips in a chain like   
 this? Demonstrate by picking up one paper clip with the magnet, then touching that   
 clip to a second clip (don’t link clips). How many paper clips do you think your   
 magnet could pick up? Make a guess and then try it.

  Explain that a magnet’s force can even work through something else, like a piece of   
 poster board. Hold the poster board at a slight angle, then move a paper clip on top of the  
 poster board by holding a bar magnet underneath it. Now explore your maze. Without   
 touching the paper clip, can you move it through the maze?

  Encourage children to put the paper clip on top of other materials (such as a book, a   
 glass jar, a table top). Does the magnet work through these materials?

  What’s Happening
  Magnets are surrounded by a magnetic field, which generates a force    

 that pulls on things that are made of certain kinds of metal (like paper clips). The   
 magnetic field around the magnet can cause certain other objects, such as paper   
 clips, to become temporarily magnetized and stick to the magnet. The stronger a   
 magnet is, the greater distance it can act across, and through a thicker material, such   
 as the poster board. 

Running Activities
Try an activity yourself before 
doing it with a group. You will know 
what to expect and can modify 
materials or instructions based on 
your setting.

Share your enthusiasm for the 
topic—it will be contagious! 

Photocopy the activity sheets 
onto colored paper for extra appeal.

Make extra copies of activity 
sheets for participants to take home. 

Establish a signal—such as ringing 
a bell—that tells everyone to stop 
and listen to you. 

Do not hand out materials until 
you are ready for participants to 
use them.

Connect the activity to science.  
At the end of an activity, ask: What 
do you know now that you didn’t 
know before you did this activity? 
What new questions do you have? 
Point out that scientists, like 
Einstein, work in this way: 
Observations lead to questions, and 
investigating those questions leads to 
new ideas and new questions. 
Encourage participants to continue 
investigating at home.

Big Idea
Science is a process  

of inquiry.

Big Ideas
E = mc 2 has a human  

story. Science is  
influenced by  

society.
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 E=mc2 Puzzle (page 22)
 Solve a crossword puzzle using questions related to  

Einstein and his ideas.

   Ages: 8–13
   Time: 15–20 minutes 
   Group Size: 1–10 participants
   Materials (per person): E = mc 2Puzzle activity sheet; pencil

 Run the Activity
 Distribute photocopies of the activity sheet and invite players to work alone or in  

pairs. Explain that players will complete a crossword puzzle by answering questions 
related to Einstein and his ideas. They can use the jumbled word bank for extra hints. 
Then they solve a riddle by arranging the circled letters of the completed crossword. 

 Putting the Pieces  
Together (page 23)

 Work as a group to solve a puzzle and learn about the  
scientific process.

   Ages: 10–14 
   Time: 15–20 minutes 
   Group Size: 6–10 participants
   Materials (per group): 1 set clue slips (see Get Ready);  

  Putting the Pieces Together activity sheets; pencils; scrap paper; table 

 Get Ready
 Make clue slips by copying the clues listed at right onto index cards (one clue per card). 

Place clues in an envelope. Photocopy the Putting the Pieces Together activity sheet.

 Run the Activity
 Have each player pick a clue from the envelope. If there are fewer players than  

clues, go around again. If there are more players than clues, pair up extra players  
with those holding clues. 

 To get started, ask: What kinds of things are on your clues? (part of a name and part of  
a phrase) What do you think might be the problem you need to solve? (to figure out  
how the words go together) 

 Participants first need to determine that the scientists’ names will help them pair up.  
Although some names may be unfamiliar, logic and elimination will help players form  
the correct pairs. Once correctly matched, give each pair a pencil and scrap paper so  
they can write down what their clue slips form (some need to be unscrambled). Then  
have the whole group decide what the lines together form. They can rearrange the  
lines by moving the sheets of paper on a table. If they get stuck, ask each pair to read  
aloud their line, or suggest they look for punctuation or rhyming words.

   
 Once the puzzle is solved, hand out the activity sheet with the complete limerick. Talk  

about the problem-solving process by asking: How many people did it take to solve  
this puzzle? (many or all of them) How is this like the way scientists work?   
(Scientists collaborate and rely on findings of others to help make sense of their own  
work, find answers, and inspire new questions.) Even Einstein did not figure out  
everything behind E = mc 2 himself. He relied on centuries of questions, ideas,   
experiments, and debates that occurred before and while he was working. The names  
of the scientists on the clue slips are just some of the men and women whose work  
helped Einstein come up with his ideas.

 

Big Ideas
Science is a process  

of inquiry. The  
legacy of E = mc 2  

continues.

Big Ideas
Science is a process  
of synthesis. Science  

is influenced by  
society.
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 Einstein had a birthday, of course. 
 It was March 14, 1879. He was born in the small city of Ulm, Germany.

 What was his family like? 
 Albert’s dad, Hermann, worked with electrical equipment. Albert’s mom, Pauline, 

loved music and was a talented pianist. His little sister and lifelong friend, Maja, 
was two years younger. 

 It wasn’t obvious that he was a genius.
 Actually, he didn’t talk until he was nearly 3. At school he did not try hard in 

subjects that bored him.  

 What did he do for fun?
 Albert liked doing puzzles, reading books about nature, and playing violin. He was 

fascinated by the invisible magnetic force that makes compasses work. And he 
was very curious about math.  

 
 Albert married and had children.
 When he was almost 24, Albert married a fellow physics student named Mileva 

Maric. They had children together, but eventually they got divorced. Albert later 
married Elsa Löwenthal.

 1905: A miraculous year.
 At 26, Albert wrote four papers that changed how people understand light, energy, 

matter, time, and space. He studied these ideas through “thought experiments” 
rather than in a laboratory like most scientists. He asked himself questions like, 
“What would happen if I were riding on a beam of light, and I looked in a mirror?” 
and then figured out the answers using his imagination (and some math).

 Albert used his fame to speak up for what he believed.
 Albert won a Nobel Prize in 1921 and became world famous. In 1932 he escaped 

Nazi Germany by moving to the United States. He campaigned for the formation  
of Israel and for world peace. He also wrote a famous letter to President Franklin 
D. Roosevelt, warning him that Germany might build an atomic bomb and urging 
nuclear research.

 Albert remains famous today.
 He died in 1955 at age 76, but people continue to use his ideas.

 What Does It Mean to You? 
 What do you and Albert Einstein have in common? How are you different?  

If you were famous like Einstein, what would you speak up about?

Who Was
Einstein?

Now Check This Out!

Albert Einstein: A Life of Genius  
by Elizabeth MacLeod.  
Kids Can Press, 2003.  
Get to know Einstein’s story through 
photographs, cartoons, and 
quotations. 

Odd Boy Out: Young Albert 
Einstein  
by Don Brown.  
Houghton Mifflin, 2004.  
Learn about Einstein’s unique 
brilliance and misunderstood 
childhood in picture-book  
biography format. 

Way to Go, Einstein! 
www.ology.amnh.org/einstein 
Explore Einstein’s scientific ideas 
through interactive features and 
hands-on activities. 

 When you hear the name Albert Einstein, what do 
you think of? Many people picture a brilliant but 
absent-minded man with wild white hair. But like 
all of us, Einstein started out as a kid.
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E = mc 2. It’s the world’s most famous equation, but what does it 
really mean? “Energy equals mass times the speed of light squared.” 
On the most basic level, the equation says that energy and mass 
(matter) are interchangeable; they are different forms of the same thing. 
Under the right conditions, energy can become mass, and vice versa. 
We humans don’t see them that way—how can a beam of light and a 
walnut, say, be different forms of the same thing?—but Nature does.

So why would you have to multiply the mass of that walnut by the 
speed of light to determine how much energy is bound up inside 
it? The reason is that whenever you convert part of a walnut or any 
other piece of matter to pure energy, the resulting energy is by definition 
moving at the speed of light. Pure energy is electromagnetic radiation—
whether light or X-rays or whatever—and electromagnetic radiation 
travels at a constant speed of 300,000 km/sec (186,000 miles/sec).

Why, then, do you have to square the speed of light? It has to do 
with the nature of energy. When something is moving four times as fast as 
something else, it doesn’t have four times the energy but rather 16 times 
the energy—in other words, that figure is squared. So the speed of light 
squared is the conversion factor that decides just how much energy lies 
within a walnut or any other chunk of matter. And because the speed of 
light squared is a huge number—90,000,000,000 (km/sec)2—the amount of 
energy bound up into even the smallest mass is truly mind-boggling. 

Here’s an example. If you could turn every one of the atoms in a paper 
clip into pure energy—leaving no mass whatsoever—the paper clip 
would yield 18 kilotons of TNT. That’s roughly the size of the bomb that 
destroyed Hiroshima in 1945. On earth, however, there is no practical 
way to convert a paper clip or any other object entirely to energy. It 
would require temperatures and pressures greater than those at the 
core of our sun.

Now Check This Out!

E = mc 2: A Biography of the 
World’s Most Famous Equation  
by David Bodanis.  
Berkley Books, 2000.  
Explore the innovative thinkers 
behind each piece of the equation, its 
synthesis by Einstein, and its impact 
on society. 

Einstein 1905: The Standard  
of Greatness  
by John S. Rigden.  
Harvard University Press, 2005.  
Examine the impact of Einstein’s work 
during 1905—the “miraculous year” 
when he published E = mc 2 and four 
other universe-changing papers. 

NOVA—Einstein’s Big Idea 
www.pbs.org/nova/einstein 
Get to know Einstein and his ideas 
through a time line of significant 
events in his life, interactive 
simulations of the speed of light  
and the effect of motion on time,  
and essays explaining E = mc 2 and 
Einstein’s other contributions. 

Explained
 E = mc2

19Einstein’s Big Idea www.pbs.org/nova/einstein

     ©2005 WGBH Educational Foundation

Einstein’s Big Idea www.pbs.org/nova/einstein

     ©2005 WGBH Educational Foundation



Now Check This Out!

Lise Meitner: A Life in Physics  
by Ruth Lewin Sime.  
University of California Press, 1996.  
Find out about Meitner’s life and work, 
including her discovery of nuclear 
fission.

Nobel Prize Women in Science:  
Their Lives, Struggles, and 
Momentous Discoveries, 2nd ed. 
by Sharon Bertsch McGrayne.  
Birch Lane Press, 1998.  
Learn about 15 women who have won 
or contributed significantly to a Nobel 
Prize in science.

Contributions of Twentieth-Century 
Women to Physics  
cwp.library.ucla.edu 
Explore biographies, photographs, 
quotations, and documents of 86 
pioneering women in diverse areas  
of physics, including those related  
to E = mc 2. 

 Lise Meitner (1878–1968)
 An Austrian Jew and a woman, Meitner was constrained early 

in her career to working without pay in a basement room in 
Berlin. For many years, she collaborated closely with the 
chemist Otto Hahn; they even discovered a new chemical 
element together. But Hahn later betrayed her friendship, failing 
to keep her from being expelled from their institute after the 

Nazis had gained power. Isolated in Sweden, she nevertheless continued to guide 
and interpret Hahn’s work, ultimately realizing that his results represented the 
splitting of the atom—nuclear fission—in accordance with Einstein’s equation 
E = mc 2. Hahn claimed the discovery for himself and accepted a Nobel Prize for it 
without crediting Meitner. She later received informal recognition for her role.

 Maria Goeppert Mayer (1906–1972)
 The young Goeppert thrived in the stimulating environment of 

the university town of Göttingen, Germany, where many 
world-famous physicists worked and studied. Her intellect 
and abilities were encouraged by her supportive father and 
many available mentors. She married a physical chemist, 
Joseph Mayer, but due to rules against nepotism, she had 

trouble finding jobs at the universities where he worked. During World War II, she 
was part of the Columbia University team of the U.S. government’s secret 
Manhattan Project to build an atomic bomb. In 1963 Mayer won a Nobel Prize for 
her work on the shell model of nuclear structure.

 Chien-Shiung Wu (1912–1997)
 Wu was born in China, where her father opened the first girls’ 

school. He advised her to always “Ignore the obstacles . . .  just 
put your head down and keep walking forward.” In 1936 she 
came to the University of California at Berkeley. She received 
her doctorate there and began working on the Manhattan 
Project. She developed a process to separate fissionable 

uranium-235 from uranium-238, a key step in accumulating uranium fuel for the 
bomb. Later, as a professor at Columbia University, she conducted experiments that 
led to a Nobel Prize—awarded to two male scientists who had requested her help. 
However, Wu did receive other prizes and recognition for her important work. 

 What Does It Mean to You?
 Each of these physicists had to overcome challenges to be recognized and  

respected in her society. Do you notice some similarities in their stories?  
What kinds of challenges face people today who wish to become scientists?

Outstanding Women 
Some

of Nuclear Physics
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Magnet
Maze

 When the famous scientist Albert Einstein was five  
years old, he loved to play with a magnetic compass.  
He asked lots of questions: How does it work? What 
makes it move? In this activity, you can explore the 
same magnetic force that fascinated Albert Einstein. 

  Make a prediction
  Do you think your magnet can hold more than  

 1 paper clip in an unlinked chain?  Yes___   No___  
  

  Can the magnet hold more than  
 5 paper clips?   Yes___   No___ 

  Try it 
  My magnet held______ paper clips.

  Explore the maze
  Use your magnet to move the  

 paper clip through the maze.

1
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3
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Now Check This Out!

Magnets  
by Anne Schreiber.  
Grosset & Dunlap, 2003.  
Try some simple hands-on magnet 
activities.

What Makes a Magnet?  
by Franklyn M. Branley.  
HarperTrophy, 1996.  
Learn how magnets work and make 
a magnet and a compass.

Preschool Express Magnet Fun  
www.preschoolexpress.com/
discovery_station03/discovery 
_station_jan03.shtml 
Explore magnets with these  
activity ideas.
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  Across
 2 Scientists can win this famous prize for   

 outstanding work.
 6 As a child, Einstein was fascinated by this object  

 that always points north.
 7 E = mc 2 explains how the ______ shines. Atoms  

 inside are squeezed together into new atoms,  
 and some of their mass is converted to energy.

 8 Einstein was born in this country, whose capital  
 today is Berlin.

 9 E = mc 2 explains how the radioactive material  
 inside an ______ sign gives off a red glow.

E = mc 2  Puzzle
 Be a problem-solver like Albert Einstein! First, complete the 

crossword. (Use the jumbled word bank for extra hints.) Then 
rearrange the letters in the circled spaces to answer this riddle:

Einstein often talked about keeping things simple, in science and in life. 
What did Einstein decide was “just a waste of time,” and so he stopped using them?

___   ___   ___   ___   ___

NEYGER  
RKSIY  
BEONL  
RMEGYNA
STLEIF
CRIEU
TEXI
NSU
PSMACOS 
OLIIVN

Word 
Bank

22

  Down
 1 Einstein enjoyed playing this musical instrument.
 3 In Einstein’s famous equation, E stands for ______.
 4 Einstein predicted that building nuclear weapons  

 would be a ______ business.
 5 Squaring a number means multiplying it by ______.
 6 Marie ______ investigated radioactivity with her  

 husband, Pierre.
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Putting the  
Pieces Together

 What’s the Big Idea?
 It’s almost impossible to solve a problem alone. Even brilliant 

scientists, like Albert Einstein, are always building on the ideas of 
others. For example, you may have heard of the famous equation 
E  =  mc  2. Written in 1905 by Einstein, this short equation represents  
a revolutionary idea: Energy and mass are different forms of the 
same thing and each can be converted into the other. Einstein did 
not figure out everything behind E  =  mc  2 himself. He built upon the 
work of many other scientists. Scientists have confirmed Einstein’s 
equation countless times since its creation and continue 
researching its implications today. You can read about some of 
these women and men in the resources listed at right.

  

Albert shrugged when his teachers glared,  
And to reject Isaac Newton he wasn’t scared: 

“Energy and mass are the same.  
I just need a catchy name;  

I’ll call it . . . E = mc 2!”

Lise Meitner: Discoverer of  
Nuclear Fission  
by Rachel Stiffler Barron.  
Morgan Reynolds Publishing, 2000.  
Explore Meitner’s life and work, including 
her discovery of nuclear fission.

Two-Fisted Science: Stories  
about Scientists  
by Jim Ottaviani.  
G.T. Labs, 2001. 
Explore, in graphic-novel format, stories 
about Einstein, Feynman, Oppenheimer, 
Bohr, and others. 

NOVA—Einstein’s Big Idea 
www.pbs.org/nova/einstein 
Get to know the scientists before Einstein 
who helped pave the way to our modern 
understanding of energy, mass, and the 
speed of light (Ancestors of E  =  mc  2).

Now Check This Out!
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  E                      =                                       mc            2 Scavenger Hunt
  Answer questions related to E  =  mc  2 by collecting information from library resources.

    Ages: 10–14 
    Time: 1 to 11/2 hours 
    Group Size: 10–20 kids 
    Materials (per pair): Nametags, copy of E  =  mc 2 Scavenger  

   Hunt activity sheet (p. 26), pencils, prizes

 Get Ready
 Advertise the scavenger hunt
 • Choose a date and time for the hunt. 
 • Three weeks before, begin advertising via posters in the children’s, young adult, and  

 reference sections; notices on library bulletin boards, Web site, and in library  
 newsletter; and through young adult groups (homework clubs or book clubs). Let  
 kids know  they can win prizes. 

 
 Sign up participants
 •  Post a sign-up sheet at the children’s, young adult, and main desk. Participants  

 should include their names, ages, email addresses, and phone numbers. 
 •  Have a waiting list in case you have cancellations.
 •  Call all participants to confirm attendance the day before the hunt. Use the waiting list  

 to fill any cancellations.  
 •  Recruit staff members to help run the event.

 Prepare the hunt
 •  Survey the questions on the Scavenger Hunt activity sheet. Revise or replace any  

 questions that can’t be answered with your library’s resources.
 •  Photocopy the Scavenger Hunt activity sheet on colorful paper. Make extra copies.
 •  Make and post clues for the final question. Collect four index cards and write one of  

 the letter sets (at left) on each of the cards. Then post each card in a visible place near  
 relevant resource sections (such as the reference section, card/computer catalog,  
 biography section, science experiment section, and journal/periodicals section).  
 Participants will copy the letter sets as they find them, then unscramble the letters to  
 answer the final question.

 •  Download video clip from NOVA program “Einstein’s Big Idea” at: 
  www.pbs.org/nova/einstein

 •  Obtain prizes (see ideas at left).

 Do a test run
 •  Check hunt resources and final question clues to make sure none have been moved  

 or hidden behind other items.
 •  Make sure any “off-limits” areas are clearly indicated. 

 Prepare the start area
 •  Set up a sign-in table staffed by library personnel. 
 •  Supply blank nametags and markers for participants to make nametags.
 • Provide snacks and drinks if permitted. 

Prize Ideas 
• Einstein- or science-themed   
 bookmark, pencil, or pocket   
 notebook

• Pass to a local science museum

• Book from the resource lists in   
 this guide (pp. 5–7)

• Einstein-themed dolls, mugs,  
 t-shirts, and posters (available  
 at science museum gift shops or   
 such Web sites as  
 www.physlink.com/estore and  
 www.scienceteecher.com)

• Coupon for a video store, movie   
 theater, or ice cream shop

Big Ideas
Science is a process  

of inquiry. The legacy of 
E =  mc  2 continues.
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 Run the Event
 Welcome
 •  Welcome and sign in participants. Direct them to the Start Area where they can make  

 nametags and have snacks while waiting for others to arrive.
 •  Do a short icebreaker activity to help people get to know each other. Use your  

 favorite, or try one of these suggestions:
   * Each person in the circle says his or her name and favorite breakfast cereal. 
   * Each person receives a slip of paper with half a famous scientist’s name on it  

     (e.g., Albert . . . Einstein, Marie . . . Curie, Galileo . . . Galilei, Isaac . . . Newton,  
   Niels . . . Bohr, Antoine . . . Lavoisier, Enrico . . . Fermi), then has to find the other  
   half. Each pair exchanges names and a little information about themselves. 

 •  Connect the hunt to E = mc 2. Explain that 2005 marks the centennial of Einstein’s famous  
 equation E = mc 2. Ask participants to share what they know about the equation. Offer  
 some background and/or show a clip of the NOVA program “Einstein’s Big Idea” to  
 introduce the young Einstein and other scientists whose work laid the essential  
 groundwork for the equation (available at www.pbs.org/nova/einstein).

 •  Form pairs for the hunt. Let participants form their own pairs or stay in the pairs  
 created during the icebreaker activity. 

 Explain the rules
 •  Hunt Rules: The Hunt is made up of questions related to Einstein and E = mc 2. To  

 answer the questions, you need to find an appropriate library resource. One of the  
 goals is to explore the library, so we’ve placed clues on four index cards near key  
 resources for some of the questions. (This means you can’t rely on the computer only  
 to finish the Hunt!) When your sheet is complete, return to the Start Area to have it  
 checked. Pairs with accurately completed sheets receive a prize! Remember, it’s not  
 about doing it the fastest, but about using the library to find all the information.

 •  Emphasize any “ground rules” for working in the library, such as respect off-limits  
 areas, keep noise to a minimum, and don’t move any clues. 

 •  Set a time limit, such as 45 minutes, if necessary.

 Distribute materials
 •  Give each pair a copy of the activity sheet and a pencil. To avoid a stampede, assign  

 “start clues” by circling different numbers on each copy of the sheet, and instruct  
 pairs to start their search on the circled item.

 •  The hunt is on! Library personnel can circulate to assist or clarify as necessary.

 Wrap up
 •  Check answers and share discoveries. Ask which clues they found most difficult.  

 If there were any “stumpers,” review them with the group. Invite participants to share  
 something new or interesting they learned.

 •  Find out what worked. Ask participants to fill out a brief evaluation (be sure to ask  
 what they would suggest you do differently if repeating the event). 

 •  Hand out prizes. Offer the same prize for all participants, or have one prize for  
 participating and another for completing the sheet, as appropriate for your group.

 Answers
1 Swiftness or speed; celeritas;  
 dictionary 

2 Answers will vary

3 Answers will vary

4 Stockholm; almanac, atlas, or  
 encyclopedia

5 Journals might include Science  
 (weekly) and Nature (weekly);  
 magazines might include   
 Scientific American (monthly),  
 Discover (monthly), and   
 Popular Physics (monthly);  
 periodicals area or in an online  
 database

6 Answers will vary

7 Exit sign; locations will vary

Final Question: Paper clip
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Events

 Lise Meitner (Emily Woof) and her nephew, physicist 
Otto Robert Frisch, were the first to understand that 
uranium atoms could be split. They calculated how 
much energy would be released each time a uranium 
nucleus underwent fission—a dramatic example  
of E = mc  2.



  E = mc 2 is a famous equation written by Albert Einstein in 1905. It says that energy and mass   
 are different forms of the same thing. You can convert energy into mass, and vice-versa, using  
 the conversion factor of c 2 (the speed of light, squared). The c comes from a word that is   
 also the source of the English word celerity.

  What does celerity mean? _____________________________________________________
 
  Celerity comes from what Latin word?____________________________________________

  In what library resource did you find this information? _______________________________

  Before Einstein came up with E = mc 2, he thought a lot about different kinds of energy,    
 including how magnets work and how light acts. A lot of other scientists studied the energy of  
 magnets and light by conducting experiments. 

  Find a book of hands-on science experiments. 

  Author:  ________________________    Title: ______________________________________    

  Call number: __________________   In what area did you find it?______________________

  In many ways, scientists are like detectives, piecing together clues to discover and explain   
 how the natural world works. Einstein is just one scientist who led a very interesting life. 

  Find a biography of a scientist other than Einstein. 

  Author:  ________________________    Title: ______________________________________    

  Call number: __________________   In what area did you find it?______________________

  Working after Einstein proposed his famous equation, Lise Meitner was the first to show that   
 a uranium atom can be split, converting a tiny amount of mass into an enormous amount of   
 energy according to the formula E = mc 2. Meitner was living in the capital of Sweden when   
 she came to this discovery.

  What is the name of this city? __________________________________________________
  
  In what library resource did you find this information? ______________________________

Scavenger Hunt
E = mc 2 

This Scavenger Hunt is made up of questions related to Einstein and E=  mc2. To 
answer the questions, you need to find an appropriate library resource. Remember 
to look for the posted clues so you can answer the final question. Good luck!
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  An important part of scientists’ work is communicating their results so that other scientists can  
 learn from the research or ask new questions about it. One major place where scientists share  
 ideas and results is in science journals (specialized magazines). 

  Find a journal or magazine about science. 

  What is the name of the journal or magazine? ________________________________________

  How often is it published? _______________________________________________________

  Where in the library did you find it? ________________________________________________

  The idea behind E = mc 2 led other scientists and engineers to develop many new technologies.  
 One of the most notorious is the atomic bomb. In 1945, the United States dropped two atomic  
 bombs on the cities of Hiroshima and Nagasaki, Japan. The war ended, but the loss of life and  
 destruction were devastating. 

  Find a nonfiction book about the atomic bombs in World War II. 

  Author:  ________________________    Title: ______________________________________    

  Call number: __________________    Where in the library did you find it?__________________

  Other applications of E = mc 2 are more peaceful. One example can be found in a library or other  
 public spaces. If the power goes out, this object will still glow red, helping you find something  
 important in an emergency. As tiny bits of radioactive matter inside this object are converted into  
 energy, they give off the red glow.

  What is this object? _____________________________________________________________

  Find one and describe its location: _________________________________________________

5

6

7

Final Question
Einstein’s equation says that energy and mass are different forms of the same thing. If you could turn every  
one of this everyday object’s atoms into pure energy, it would yield 18 kilotons of TNT. That’s roughly the size of 
the bomb that destroyed Hiroshima in 1945. What is this object?

Collect letters from the four index card clues. Then unscramble the letters to find the answer.

Clue letters: ___  ___  ___  ___  ___  ___  ___  ___  ___ 

Answer: _____________________________________ 
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 Trivia Night at the 
Science Kaffeehaus

 In the spirit of the Zurich cafés where Einstein did some of his most creative thinking, 
turn your library into a lively Science Kaffeehaus. Your guests can hear from a local 
scientist and take part in a trivia game—all related to E = mc  2. It’s a fun and effective  
way to reach new audiences and help bridge the gap between the scientific 
community and the public. 

   Ages: 18 and up 
   Time: 21/2 hours
   Group Size: 15 or more (depending on your space)

  Get Ready
  Get to know E = mc2

  Don’t worry—it’s not your job to explain the equation! Your goal is to feel comfortable   
 sharing the following background information: 

   * The year 2005 marks the centennial of Einstein’s famous equation E = mc 2—a   
        groundbreaking insight he came to at the age of 26. 

   * To derive the equation, Einstein built upon the work of many scientists, including   
       women and other scientific “outsiders.”  
  * The equation’s legacy continues in countless inventions and discoveries (these   
        connections can be made by your scientist speaker).    

  •   Visit NOVA’s Einstein’s Big Idea Web site (www.pbs.org/nova/einstein).
  •   Read David Bodanis’s book, E = mc 2: A Biography of the World’s Most  

  Famous Equation.
  •  Review other resources of interest from the resource lists (pp. 5–7).

  Set a date, time, and location
  •  Hold the event on an evening when the library is closed, or in a large meeting   

  room. If possible, choose a space where snacks can be served. 

  Find a scientist to host the trivia event
  •  Contact the World Year of Physics 2005 Speakers Program, which can help   

  locate scientists who have a knack for explaining to the public Einstein’s ideas   
  and their impact (www.physics2005.org/speakers/index.html).

  •  Contact your local chapter of Sigma Xi, the Scientific Research Society,  
  whose members represent a diverse set of scientific disciplines  
  (www.sigmaxi.org/chapters/lists/index.shtml). 

  •  Inquire at local colleges and museums for suggestions of experts who would be   
  interested in presenting. 

  •  Seek articulate, engaging presenters. Also, consider breaking down    
  stereotypes by finding scientists from underrepresented groups, such as women   
  and minorities.

  •  Explain their role: To engage the general public in a dialogue and trivia game   
  related to E = mc 2, its significance, and how it affects them today. Inform them   
  that the time commitment is small and little preparation is necessary. 

  •  Establish whether a monetary incentive is needed for your speaker and, if so,   
  how you can fund it.
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Big Ideas
E = mc  2 has a human story. 

Science is a process of  
inquiry and synthesis.  

Science is influenced by  
society. The legacy of  

E = mc  2 continues.
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Materials
A/V Equipment  
• Microphone/speakers 
• Screen/television 
• Projector 
• Computer 
• Cables, extension cords 
• “Einstein’s Big Idea” video   
 clip from www.pbs.org/nova/einstein  
 (4 min. 38 sec.) (optional) 

Welcome Table 
• Pencils 
• Nametags 
• Markers

Trivia 
• Trivia Question sheet for  
 Round 1 (p. 31) 
• Blank paper or notepads  
 (for Round 2 answers) 
• Pencils 
• Markers 
• Scoreboard (whiteboard or  
 flipchart and easel) 
• Stopwatch and buzzer 
• Prizes (see ideas below)

General 
• Agenda 
• Scientist’s props 
• Snacks 
• Evaluation form

Prize Ideas
For all participants:    
Bookmark, pencil, or pen with library 
name or science theme. 

For the winning team (at least 5 
prizes to accommodate a big team): 
Video store, movie theater, or restaurant 
coupons (local establishments may 
donate coupons); free passes to a local 
science museum; book from the resource 
lists in this guide; Einstein-themed 
mugs, t-shirts, and posters (widely 
available at science museum  
gift shops or such Web sites as  
www.physlink.com/estore and  
www.scienceteecher.com).

Events



 Publicize the event
 • Send a press release or information about the event to local television stations  

 and to online and printed calendar listings in listservs, newsletters, and   
 newspapers (see sample press release at right). 

 • Post flyers for the event at the library and in the community.
 •  List your event in the World Year of Physics national events database 

 (www.physics2005.org/events/index.html). 
 •  Suggest people sign up individually or in teams, and ask people to register  

 (by sign-up sheet at the library or by email) so that you have a sense of the group size. 

 Recruit volunteers
 Enlist library personnel or volunteers to moderate, judge, and provide A/V support.
 • The moderator will introduce the scientist, clarify rules for trivia, and run   

 the Q & A session. The moderator should be comfortable speaking in public and  
 familiar with the concepts being discussed.

 • Have two to three volunteers hand out, collect, and score trivia answer sheets.  
 They don’t need to have any special expertise but should understand the   
 questions and answers so they can accurately score response variations.

 • An A/V volunteer should set up any equipment before the event begins and be  
 available to help with glitches that may arise during the evening. Use of a   
 microphone is recommended to ensure that everyone can hear.

 Gather snacks, prizes, and materials
 • Create a Swiss Kaffeehaus by offering coffee, tea, and hot chocolate, along   

 with small pastries such as strudel slices and butter cookies. Play classical   
 music, such as Bach’s Brandenberg Concerti.

 • Obtain prizes for all participants and/or the winning team. 
 • Photocopy the Round 1 question sheet (p. 31) for each team.
 • Collect blank pads of paper and pencils for teams to record answers during Round 2.
 • Create your own trivia Q’s. Increase the challenge by adding a third round of   

 questions. You can develop your own or choose from those provided by the World  
 Year of Physics at: www.physics2005.org/events/projects.html#teachers 

 Do a test run on the day of the event
 •  Prepare the space, set out food and trivia materials, and test any A/V equipment.
 •  Set up a welcome table with blank nametags and markers available.
 •  Set up a whiteboard or a flipchart on an easel to use as a trivia scoreboard.
 •  Have the scientist run through his or her presentation before the guests arrive.

 Run the Event
 Welcome
 • Welcome and sign in participants. Invite them to make nametags and have  

 a snack while waiting for others to arrive.
 • Introduce the evening to the entire group.
 •  Show the NOVA video clip to introduce the young Einstein and other   

 scientists whose work laid essential groundwork for the equation. (optional) 

 Introduce the scientist
 • Scientist comments on video clip (optional), reiterates the main concepts of   

 E = mc 2, gives an example of how it affects our daily lives, or makes a connection  
 between the equation and his or her work. 

Sample Press Release
<LIBRARY NAME> INTRODUCES  
THE “SCIENCE KAFFEEHAUS”: 
A LIVE TRIVIA NIGHT TO CELEBRATE  
THE CENTENNIAL OF E = mc 2

Hosted by <Scientist Name, Affiliation>

WHAT: A Trivia Night with a Science  
  Flavor and Wide Appeal, hosted  
  by <scientist name>

WHEN: <Start Time to End Time> on  
  <Day, Date, Year>.

WHERE: The <Library Name>,   
  <address>, <town>, <phone>,  
  <Web site>
 
In the 19th century, people packed the 
lecture halls of Europe to hear talks and 
debates by prominent scientists—who 
were considered the rock stars of their 
day. Now the <Library Name> is 
introducing this tradition of lively public 
dialogue about science with our Science 
Kaffeehaus. The Kaffeehaus will serve up 
a mix of popular culture and science-
flavored trivia, with teams competing to 
answer questions and win prizes. Trivia 
sessions will be interspersed with 
question-and-answer sessions with 
<scientist name> of <institution>. 

The Science Kaffeehaus is inspired by the 
new NOVA special program, “Einstein’s Big 
Idea” (www.pbs.org/nova/einstein). The 
two-hour film brings to life the dramatic 
stories of men and women whose 
innovative thinking led to Einstein’s 
revolutionary equation, and explores  
the tremendous impact of the equation 
on humanity. 

This exciting event is designed for all—
physics degrees are not required! To join 
us, sign up at the library’s main desk or 
email <email contact>.
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Round 1 Answers
 1 Germany (Ulm)

 2 You might think the metal would  
  weigh less, but Lavoisier’s   
  experiments showed it actually  
  weighed more. He also determined  
  that the surrounding air weighed  
  less afterward than it had before,  
  by exactly the same amount—as  
  if some of the mass from the air  
  had “stuck to” the metal.

 3 Marie Antoinette

 4 (a) Marie and Pierre Curie. 
  (b) Ossie Davis and Ruby Dee. 

 5 (c) 29 million years. If every  
  particle became energy, the lump  
  would yield around 25 billion  
  kilowatt hours—enough to keep  
  the bulb glowing for about 29  
  million years.

 6 (a) flea. Even zooming at roughly  
  18,000 mph, a space shuttle is  
  nowhere near a speed that would  
  significantly change its mass.  
  When subatomic particles travel  
  near the speed of light, though,  
  as they do in the world’s most  
  powerful particle accelerators,  
  they can become 40,000 times  
  heavier than they are at rest.

 7 Franklin D. Roosevelt

 8 Walter Matthau

 9 300,000 km/sec; 186,000 miles/sec

 10 Israel

Round 2 Answers
(See questions and answers on p. 32.)

 Explain the trivia rules
 •  There will be two rounds, each introduced by the scientist.
 •  Participants should form teams of 2–5 (depending on group size). Each team    

 should select a name. (For fun, offer a prize for the most creative team name    
 that’s related to E = mc 2.) Each team should pick an answer recorder. 

 • For Round 1, teams use the pre-printed question sheet. Remind teams to write their   
 team name at the top of their sheet and to turn in the sheet to one of the volunteers at   
 the end of Round 1.

 •  For Round 2, questions will be read aloud. (For multiple choice questions, you can write  
 out the answer choices for all to see.) Teams will have two minutes to submit the   
 answer to each question. The scientist will give the answer for each question after all   
 answers have been turned in and before moving to the next question.

 •  For all rounds, correct answers will be announced. 
 • Team totals will be tallied and posted after each round. Each answer is worth   

 one point. Multi-answer questions award one point per answer. The last question   
 in Round 2 can make or break a winner—it’s worth up to ten points. Teams wager   
 points based on their confidence in their answer. These points are added to a   
 team total for a correct answer and subtracted from a team total for an  
 incorrect answer.

 
  Play the trivia game (see sample time line below)

  Wrap up
  • Hand out prizes. 
  • Wrap it up and thank participants. Ask them to fill out a brief event evaluation. 
 

3

5

4

30

Sa
m

pl
e 

Ti
m

e 
Li

ne

Events

When  Who    What
 
4:00  Moderator, Volunteers  Set up A/V (e.g., computer, screen, projector, microphone, speakers), chairs, and Welcome Table with   

     sign-up sheets, nametags, markers, and any handouts.

5:00  Moderator, Scientist,  Run through welcome, video clip (optional), and Scientist’s presentation. Set out snacks and all trivia materials.
  Volunteers

6:00  Moderator, Volunteers  Help guests settle in. Play classical music.

6:10  Moderator  Welcome participants, explain purpose of the evening, introduce E = mc2, and show video clip (optional).

6:18  Moderator  Introduce scientist.

6:20  Scientist  Discuss how work relates to E = mc2 (or other appropriate topic).

6:30  Moderator, Scientist  Moderate brief Q & A session for scientist (to be continued after the trivia). Review trivia rules. Teams choose names.

6:40  Scientist  Introduce Round 1. Teams read and answer questions directly on trivia question sheet (see p. 31).

6:55  Volunteers  Collect Round 1 sheets.

7:00  Scientist, Moderator,  Give the answers for Round 1. Volunteers score Round 1 and record team results on the scoreboard. 
 Volunteers      

7:10  Scientist, Moderator  Introduce Round 2. Scientist reads each question aloud; teams have two minutes to turn in single answers after each  
     question is read. Moderator presses a buzzer when answer period is over. Scientist gives answer for question after  
     all teams’ answers have been turned in and before reading next question. 

7:10  Volunteers  Score answers as they come in. Halfway through Round 2, tally and post team standings on the scoreboard.

8:00  Moderator, Scientist  Invite the group to ask the scientist more questions. Repeat participants’ questions so the entire audience   
     can hear. Encourage a dialogue.

 
8:00  Volunteers  Tally final team standings.

8:10  Moderator, Scientist  Announce final scores and give prizes.

8:20  Moderator, Scientist  Have the audience fill out an evaluation form. Point participants to library displays, books, and handouts related  
     to E = mc2.

8:30      Event ends.

 



E  =  mc2 
Trivia

Team Name:

 In what country was Einstein born?

 Antoine-Laurent Lavoisier was an amateur chemist who was very concerned with accuracy. He  
set up an elaborate apparatus to measure where every part of the mass involved in a chemical 
reaction would end up. His results showed that when a piece of metal rusts, it weighs (a) LESS, (b) 
MORE, or (c) THE SAME afterward as it did before?

 Lavoisier was also a tax collector. Unfortunately, his obsession with accuracy led him to rebuild a 
6-foot wall surrounding the city of Paris to facilitate tax collection. Naturally, he was quite 
unpopular as a result. A few years later during the French Revolution, Lavoisier was executed, as 
was this reigning queen:         

 The couple that works together, stays together. 
   (a) What husband and wife duo investigated radioactivity and discovered the element radium?
  
 
   (b) What husband and wife team performed together in such productions as    

     Raisin in the Sun, Purlie Victorious, and Do the Right Thing?
   

 The equals in E  =  mc 2 represents what Einstein realized: energy and mass are not distinct, but 
different forms of the same thing, and each can be converted into the other. If converted entirely to 
energy, a lump of coal weighing 2.2 pounds could power a 100-watt light bulb for about how long?

   (a) 67 hours   
   (b) 30 years  
   (c) 29 million years  

 Just as mass can become energy, energy can become mass. When a space shuttle travels at its 
top speed, the energy of motion adds to its mass. The amount of gain is roughly comparable to:

   (a) a flea      
   (b) a cantaloupe 
   (c) a bowling ball

 From his equation, Einstein also understood the potential for creating a highly destructive bomb. 
To which U.S. President did Einstein write a letter warning of a possible Nazi nuclear threat?

 
 Who played Einstein in the 1994 movie I.Q. with Meg Ryan and Tim Robbins?
 

 Light can travel from the earth to the moon in 1.28 seconds. How fast is this in kilometers per 
second or miles per second?

 What nation once invited Einstein to be its president?
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code name for this invention? 
 Answer: “Ginger” is the code name for the Segway Human 

Transporter. Also acceptable, “IT” (rhymes with “fit”).

 How long does it take for light to travel from the sun to earth?
   (a) 10 seconds
   (b) 85 minutes
   (c) 850 minutes
   (d) 10 minutes
   (e) 8.5 minutes
 Answer:  (e) 8.5 minutes

 This Hollywood comedian who starred in the movie iThree 
Amigos! wrote a play called Picasso at the Lapin Agile  
about a fictional meeting between Albert Einstein and  
Pablo Picasso.  
Answer:  Steve Martin

 What instrument did Albert Einstein play starting at the age 
of five?

   (a) Trombone
   (b) Violin
   (c) Piano
   (d) Accordion
 Answer:  (b) Violin

 Working after Einstein proposed his famous equation, Lise 
Meitner was the first to show that a uranium atom can be 
split, converting a tiny amount of mass into a prodigious 
amount of energy in accordance with the formula E = mc 2. 
What is the name of this splitting process?  
Answer:  Fission

 Suppose you have a light bulb shining on a page of a book. 
Now you move the bulb half the distance closer to the page. 
How much more intense will the light be on the page?

 Answer:  4 times more intense. The intensity of the light has 
an inverse squared relationship to its distance from the 
page. 

 Ten-Point “Make or Break” Question
 (Note to host: Remind players that they can wager up to ten 

points on this question. Points will be added to a team total 
for a correct answer and subtracted for an incorrect 
answer.)

 To what institute did Einstein come when he immigrated to 
the United States? 

 Answer: Institute for Advanced Study (located in Princeton, 
New Jersey, but not affiliated with Princeton University)

 Directions
 These questions are to be read aloud by the scientist host. 

Teams will have two minutes to submit the answer to each 
question on a sheet of paper (be sure to include team names) 
and hand in each sheet for scoring. The host will give the 
answer for each question before moving to the next one.

 Introductory  
Demonstration

 Scientist host should take out a cell phone and loudly pretend 
to place a call to someone a few hundred miles away in 
another state. After “hanging up,” the scientist should ask the 
group for a show of hands to indicate who they think heard his 
or her words first—the Kaffeehaus guests in the back of the 
room (about 10 meters/30 feet away) or the friend in another 
state. The answer may surprise some, but it gets back to the 
speed of light. Cell phones carry signals as electromagnetic 
radiation (that is, at light speed). Light speed is 900,000 times 
faster than the speed of sound traveling through the air of the 
room. So the scientist’s voice made it to the other state before 
it made it across the room to the people’s ears.

 Questions & Answers
 Einstein was fascinated by the nature of light. One interesting 

thing about light is that although it appears white, it can be 
broken out into a spectrum of different colors by passing the 
white light through a prism. What are the colors of the rainbow 
from longest wavelength to shortest? Answer:  Red, orange, 
yellow, green, blue, violet (Also acceptable is red, orange, 
yellow, green, blue, indigo, violet—forming the familiar 
mnemonic ROYGBIV. The labels used for the colors of the 
spectrum are arbitrary, and while indigo is no longer commonly 
used, it is included to make the sequence easier to read.)

 What was the name of the top-secret U.S. government 
program to build the atomic bomb?

 Answer:  The Manhattan Project

 What radioactive element was used in the bomb that was 
dropped on Hiroshima?

 Answer:  Uranium; offer bonus point for naming specific 
isotope uranium-235

 Einstein was working as a patent clerk in Switzerland when 
he arrived at E = mc 2. A particularly notable patent that was 
awarded within the last few years was to inventor Dean 
Kamen for the Segway Human Transporter. What was the 
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