EXPLOSION OF A UNIVERSE

Overview:
Students will watch several demonstrations of the methods scientists use to collect information about the
universe. They will be introduced to the Hubble Law and complete an activity based on this law and the
expanding universe. They will illustrate and describe the general principles of the Big Bang Theory.

Objectives:
The student will demonstrate scientific principles that support the current theory of the origins of the universe.

Targeted Alaska Grade Level Expectations:
Science
[9] SA1.1 The student demonstrates an understanding of the processes of science by asking questions,
predicting, observing, describing, measuring, classifying, making generalizations, inferring, and
communicating.
[9] SD4.2 The student demonstrates an understanding of the theories regarding the origin and evolution of the
universe by explaining that the position of stars changes in the expanding universe.
[9] SD4.4 The student demonstrates an understanding of the theories regarding the origin and evolution of the
universe by identifying the Big Bang Theory.
[10] SA1.1 The student demonstrates an understanding of the processes of science by asking questions,
predicting, observing, describing, measuring, classifying, making generalizations, analyzing data,
developing models, inferring, and communicating.
[10] SD 4.1 The student demonstrates an understanding of the theories regarding the origin and evolution of
the universe by recognizing phenomena in the universe (i.e., black holes, nebula).
[10] SD 4.2 The student demonstrates an understanding of the theories regarding the origin and evolution of
the universe by explaining that the position of stars changes in the expanding universe.
[10] SD 4.4 The student demonstrates an understanding of the theories regarding the origin and evolution of
the universe by describing the Big Bang Theory.
[11] SA1.1 The student demonstrates an understanding of the processes of science by asking questions,
predicting, observing, describing, measuring, classifying, making generalizations, analyzing data,
developing models, inferring, and communicating.
[11] SD4.1 The student demonstrates an understanding of the theories regarding the origin
and evolution of the universe by describing phenomena in the universe (i.e., black holes, nebula)
[11] SD4.2 The student demonstrates an understanding of the theories regarding the origin and evolution of the
universe by using evidence to explain how the position of stars changes in the expanding universe.
[11] SD4.4 The student demonstrates an understanding of the theories regarding the origin and evolution of the
universe by describing the Big Bang Theory and exploring the evidence that supports it (L).

Vocabulary:
background radiation – the natural radiation constantly present in the natural environment of Earth; some
radiation is thought to be remnant of the Big Bang
Big Bang Theory – model of the origin of the universe that states a violent explosion of an extremely small, hot,
dense body of matter between 12 and 18 billion years ago formed the universe we know today
blue shift - a decrease in the wavelength of radiation emitted by an approaching celestial body as a result of the
Doppler effect; objects appear bluish because the shorter wavelengths of light are at the blue end of the
visible spectrum
cosmology – the branch of astronomy that deals with the origin, evolution, and structure of the universe
Doppler effect – the apparent change in the frequency of waves, as of sound or light, when the source of the
waves is moving toward or away from an observer
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galaxy – any of numerous large-scale collections of stars, gas, and dust that make up the universe; a galaxy may
range in diameter from 1,500 to 300,000 light years
helium (He) – second lightest and second most common element in the universe, colorless, odorless element
that is a noble gas and occurs in natural gas, in radioactive ores, and in small amounts in the atmosphere; it
has the lowest boiling point of any substance
Hubble – Edwin Hubble, an American astronomer, demonstrated that there are galaxies beyond our own
and that they are receding from ours, bolstering the theory that the universe is expanding; Hubble
also established the first measurements for the age and radius of the known universe; his methods for
determining them remain in use today
Hubble’s Law – a law of cosmology stating that the rate at which astronomical objects in the universe move
apart from each other is proportional to their distance for each other; current estimates of the value of
this proportion, known as Hubble’s constant, puts its value at approximately 71 kilometers per second per
megaparsec
hydrogen (H)– a colorless, odorless, highly flammable gaseous element that is the lightest and most abundant
element in the universe; in the sun and other stars, the conversion of hydrogen into helium by nuclear
fusion produces heat and light
red shift - an increase in the wavelength of radiation emitted by a receding celestial body as a result of the
Doppler effect; objects appear reddish because the longer wavelengths of light are at the red end of the
visible spectrum

Materials:
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Foam football
Piezo buzzer (2.8-k Hz)
Heavy duty 9-V battery snap
On/off switch
Wire (22-AWG)
Hollow cylinders from ballpoint pens (two)
Balloons, 12-inch (30-cm) round latex (one per group, one for teacher)
Light source (penlight, candle, or flashlight)
Burner or torch (need to be able to increase fuel to change color of flame)
Permanent marker (one per group)
Ruler (one per group)
Paper clip (one per group)
Goggles (one per student and teacher)
Multimedia projector
String, 24-inch (60-cm) (one piece per group)
Colored pencils, five color (one set per group)
Video clip of an explosion
Video clip of a train going by with sound
TEACHER INSTRUCTIONS: “Doppler Football”
VISUAL AID: “Universe”
STUDENT INFORMATION SHEET: “What’s Going on with the Universe?”
STUDENT LAB: “Explosion of a Universe”

Whole Picture:
Origins of the Universe
Humans have wondered about the origins of the universe for thousands of years. The prevailing theory at
present is called the Big Bang Theory, which posits the universe started from a single point (a hot, dense body of
matter). A violent explosion estimated at 14 billion years ago caused the matter to rapidly expand and cool and
the expansion continues today.
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Based on current research, the universe was very hot, 10 billion degrees in the first second. Neutrons, protons,
electrons, anti-electrons (positrons), photons and neutrinos were formed by the end of the first second. As the
universe expanded it cooled and protons and electrons were formed by neutron decay and other neutrons
formed deuterium. Still expanding, still cooling, deuterium atoms combine to form helium. Lithium forms in
trace amounts. This formation of light elements all happened in the first three minutes. Then it took about
400,000 years for the universe to cool enough for the light atoms to retain electrons and form neutral atoms. It
has taken 14 billion years to get to the present.
Supporting Evidence
Scientists currently observe that galaxies appear to be moving away from Earth, which is considered supporting
evidence for the Big Bang theory. Einstein’s Theory of Relativity (E=mc2) predicted an expanding universe.
Hubble’s observations have confirmed this to be true, distant galaxies are moving away faster the further away
they are from Earth as shown by the greater red shift for the more distant galaxies. The subsequent Hubble’s
Law, the speed of recession is proportional to distance, confirms what was predicted for a homogeneous
expanding universe where no galaxy occupies a special place in the universe.
In addition, cosmic microwave background radiation present at all times is believed to be the light leftover
from the Big Bang and the abundance of the light elements (H, He, Li) supports the prediction that these
light elements should have been fused, in the discovered amounts, from protons and neutrons in the first few
minutes after the initial explosion.

Activity Preparation:
1.

Locate the theme song to the television show “The Big Bang Theory,” and bookmark or download. (Note: the
YouTube version scrolls the text of song.)

2.

Locate online and bookmark the following video clip examples to share with students:
• an explosion in slow motion
• a train passing by with its horn blowing (with changing pitch)

3.

Construct a Doppler football. See TEACHER INSTRUCTIONS: “Doppler Football”. You will use a piezo buzzer,
9-V battery snap, on/off switch, 22-AWG hookup wire along with two hollow cylinders cut away from
ballpoint pens to construct a buzzer inside a foam football. The teacher instructions will guide you through.

Activity Procedure:
1.

Perform the following demonstrations for students to observe and discuss.
a. With goggles on, blow up a balloon until it pops. (Use a balloon pump if available.) Ask the students,
“Where did the air and the balloon pieces go?” (All directions away, from the source.) Write the
observation on the board.
b. Turn out the classroom lights. Turn on a light source (pen light, candle or flashlight) Move the light
away from the students. Ask the students, “What do you observe about the size and brightness of
the light as it moves away?” (The brightness and size decrease as the source moves away.) Write the
observation on the board.
c. Turn on a burner or torch. Slowly increase the temperature. Ask the students, “What so you observe in
the flame as the temperature increases?” (As the temperature increases the color changes from orange
to blue and even white, the heat given off increases.) Write the observation on the board.

2.

Show a video clip of an explosion in slow motion. (See Activity Preparation.) Ask students, “What do you
notice about the pattern of the exploding debris, especially small versus large? What do you notice about
the brightness of the explosion?” (Big particles don’t go as far as smaller ones. The explosion was brighter at
first. Further away from the source the fire is not as bright.)

3.

Show a video clip of a train with its horn blowing as it goes by. Ask the students, “What do you notice about
the sound as the train approaches, then moves away?” (Pitch or frequency of the sound increased as it
approaches and decreases as it moves away. This is called the Doppler Effect.)
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4.

Ask the students how these demonstrations relate to studies of the universe. For fun, play the theme song
to the television show “The Big Bang Theory” (see Activity Preparation).

5.

Hand out STUDENT INFORMATION SHEET: “What’s Going on With the Universe?” Display VISUAL AID:
“Universe”, pages 1 to 3 while you review and discuss the concepts. Explain this is only a brief introduction
to complicated space physics.

6.

Show students the Doppler football. Turn it on and toss it across the room. Ask students what is being
demonstrated. (Doppler effect) If possible, take students to a larger space such as a gymnasium, cafeteria
or, weather permitting, outside. Spend some time tossing the ball to get a sense of the Doppler effect – the
shift in the sound wave frequency as the Doppler ball passes by.

7.

Hand out STUDENT LAB: “Explosion of a Universe.” Allow students to complete the lab. Circulate to check
understanding.

Extension Ideas:
1.

Ask students to locate pictures of the galaxies named in the activity. Visit: http://www.hubblesite.org/
gallery/album/galaxy.

2.

Ask students to complete the following activity at home. The activity estimates the number of stars in the
night sky. On a piece of 8-inch paper measure a 1-inch border. Cut out a hole in the center to be used for
viewing. To keep the paper the same distance from the eyes, tape a 16-inch piece of string to one corner of
the paper. The other end will be taped to the shoulder of the person observing the stars. This size square
will divide the sky into 40 sections. While gazing through the hole in the paper (be sure to hold the paper
16 inches from the eyes), count the stars in five different sections of the sky. Record the numbers, add them
together then divide by five to get the average number of stars in the square. Next multiply the number by
40 to get the number of stars in the night sky. Why might this number not be the same on different nights
or if done by different people?

Resources:
http://teachers.net/lessons/posts/1484.html
http://map.gsfc.nasa.gov/universe/
http://www.hubblesite.org/gallery/album/galaxy
http://archive.ncsa.illinois.edu/Cyberia/Bima/doppler.html
http://www.physicsclassroom.com/class/waves/u10l3d.cfm
http://ssscott.tripod.com/BigBang.html
http://en.wikipedia.org/wiki/Background_radiation
http://en.wikipedia.org/wiki/Hubble%27s_law
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The Big Bang Theory states 12- to 18-billion years ago the universe was formed by a violent explosion of
extremely small, extremely dense body of matter. Immediately following the explosion the universe rapidly
expanded in all directions. As the universe expanded it also cooled allowing particles to coalesce until over
billions of years, stars were formed. The universe continues to expand at the present time.
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The Doppler Effect
The apparent change in the frequency of waves, as of sound or light, when the source of the waves is moving
toward or away from an observer.
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Red Shift is due to an increase in the
wavelength of radiation emitted by a
receding celestial body as a result of the
Doppler effect. Objects appear reddish
because the longer wavelengths of light
are at the red end of the visible spectrum.
Blue shift is due to a decrease in the
wavelength of radiation emitted by an
approaching celestial body as a result of
the Doppler effect. Objects appear bluish
because the shorter wavelengths or light
are at the blue end of the visible spectrum.
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WHAT’S GOING ON WITH THE UNIVERSE?
The Big Bang Theory - According to the Big Bang Theory, the universe was formed by a violent explosion of
extremely small, extremely dense body of matter between 12- and 18- billion years ago. Immediately following
the explosion the universe rapidly expanded in all directions. As the universe expanded it also cooled allowing
particles to coalesce until over billions of years, stars were formed. The universe continues to expand in present
time.
Red Shift - An increase in the wavelength of radiation emitted by a receding celestial body as a result of the
Doppler effect. Objects appear reddish because the longer wavelengths of light are at thre red end of the
visible spectrum.
Blue Shift - A decrease in the wavelength of radiation emitted by an approaching celestial body as a result of the
Doppler effect. Objects appear bluish because the shorter wavelengths of light are at the blue end of the visible
spectrum.
Star - A celestial body that produces its own light and consists of a mass of plasma held together by its own gravity.
Nuclear fusion in the core of a star is the source of its energy.
The Hubble Law - Edwin Hubble, an astronomer in the 1920s, discovered while observing distant galaxies that the
further the galaxy was from Earth, the faster it was moving away. This supported the theory that the universe
was expanding. The Hubble Law became supporting evidence for the Big Bang Theory.
Doppler Effect - The Doppler Effect is the apparent change in the frequency of waves, as of sound or light, when
the source of the wavees is moving toward or away from an observer
Supernova - A supernova occurs when a massive star undergoes a sudden, extreme increase in brighness and
releases an enormous burst of energy. This occurs as a result of the violent explosion of most of the material of
the star, triggered by the collapse of its core.
Sun - The sun is the star that is orbited by all of the planets and other bodies of our solar system and that supplies
the heat and light that sustain life on Earth. It has a diameter of about 864,000 miles (1,390,000 kilometers), an
average distance from Earth of about 93 million miles (150 million kilometers) and a mass about 330,000 times
that of Earth.
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NAME: __________________________
EXPLOSION OF A UNIVERSE
Directions:
Follow steps one through seven to complete the table then continue to Page 2.
1.

Blow up the balloon to 10 centimeters in diameter. Do not tie the balloon. Instead twist then fold over the
end of the balloon and clip it shut with a paperclip.

2.

Mark six widely scattered dots on the balloon using the permanent marker. These represent distant 		
galaxies formed in the early universe.
•
Add a circle around one dot and label it MW for the
Materials:
“Milky Way” galaxy. This will be home.
• 1 round balloon, 12-inch (30-cm)
•
Label one dot BB for “Baby Boom” galaxy.
• permanent marker
•
Label one dot TB for “The Blaze” galaxy.
• 1 piece of string, 24-inch (60-cm)
•
Label one dot W for “Whirlpool” galaxy.
• metric ruler
• paperclip
•
Label one dot S for “Sombrero” galaxy.
•

Label one dot BE for the “Black Eye” galaxy.

3.

Measure the distance from the “Milky Way” to each “galaxy.” Use the string to find the distance and
measure the string with the ruler. Record your answers in the chart below.

4.

Add air to the balloon until the diameter is approximately 15 centimeters. Measure the distance from
the “Milky Way” to each “galaxy”. Record your answers in the chart below.

5.

Add air to the balloon until the diameter is approximately 20 centimeters. Measure the distance from
the “Milky Way” to each “galaxy”. Record your answers in the chart below.

6.

Add air to the balloon until the diameter is approximately 25 centimeters. Measure the distance from
the “Milky Way” to each “galaxy”. Record your answers in the chart below.

7.

Add air to the balloon until the diameter is approximately 30 centimeters. Measure the distance from
the “Milky Way” to each “galaxy”. Record your answers in the chart below.
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Directions: Graph your results. Use a different color for each galaxy. Label the X- and Y-axes. Then answer the
questions that follow.

1.

How did the distances from the “Milky Way” to each galaxy change as you increased the size of
the universe? _______________________________________________________________________
___________________________________________________________________________________

2.

Which galaxies appeared to move the greatest distance? Does your model support the Hubble Law? 		
Explain. ____________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
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