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t was a wonderful balloon! After spending at least 
15 minutes arguing about the balloons for Andy’s 
9th birthday party, Abby and Paul finally agreed 
on this balloon, which had “Happy Birthday” 

spelled out in multicolored fireworks on both sides. 
It was one of those Mylar jobs, which had to be filled 
with the gas that made them float for weeks. It also 
made them try to escape into the clouds if you let go 
of the string. 

Chapter 14

 The lady at the balloon counter attached it to a tank 
of gas, turned the knob and the balloon expanded and 
tugged at her hands. The silver envelope filled with the 
gas and became slick and smooth without wrinkles. “I’ll 
give you lots of gas,” said the saleswoman, “so it will last 
a long time.” 
 “Thanks,” said Abby, “It’s a present for a birthday 
party.”
 “Be sure to hold on to the string tightly,” the lady 
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said as she tied a pretty ribbon around the neck of the balloon. 
 Clutching the floating silver sphere, the two proudly walked toward the exit 
with the prize trailing them like a floating dog that had been told to “heel.” 
 It was January and a frosty one at that. Temperatures had been hovering around 
zero for a week. Abby and Paul stopped at the door and zipped up their jackets and 
pulled their ski caps down over their ears. Their big sister, Ruth was driving them 
today and was doing some shopping for herself. Ruth finally met them at the exit 
door and they all ran through the frosty night to the chilly car. 
 Once they were strapped in, Ruth started the engine. “Turn on the heat!” 
commanded Paul in a shivering voice. 
 “Geez! Wait a bit for this old engine to warm up!” muttered Ruth. “Anyway, 
with this old car, we’ll be home before it gives off any heat.” Ruth had just earned 
her driver’s license and their parents were allowing her to use their older car. It had 
its problems, one of which was a poor heater. But it ran, and it was a safe car. 
 Abby, holding onto the balloon, glanced up at it as they pulled out of the park-
ing lot and onto the main road. 
 “Uh, oh!” she said. “We got a bad balloon! It must be leaking.” At the next red 
light, Ruth turned around and saw that the balloon was all crinkly and was not 
floating like it had before. Paul too, looked disappointed at its condition. 
 “Better take it back now,” he said. “We’ll never get to come back again tonight 
and the party’s tomorrow.”
 “Oh, all right,” said Ruth as she reluctantly turned the car around and started 
back to the mall. In a few minutes they were back and Ruth decided to double-
park at the entrance while Paul and Abby returned the balloon. It looked pretty 
sick by now. 
 The two children made their way back to the counter but the saleswoman was 
not there. They looked up at the deflated balloon. They looked at some other bal-
loons they might substitute for the deflated one and after about five minutes, she 
returned. 
 “Can I help you with something?” she asked.
 “Our balloon is leaking,” said Abby.
 “Yeah,” added Paul. “We’d like a new one.”
 The woman looked at the balloon and said, “What’s wrong? It looks perfectly 
fine to me!”
 Paul and Abby looked up and to their utter amazement saw that she was right. 
The balloon was as full and plump as it had been when they bought it. 
 “But, but...” stammered Paul. “Just a while ago it was half flat looking and 
wrinkled and it wasn’t floating or...”
 “Did you take it outdoors?” interrupted the lady. 
 “Sure, we were taking it home,” offered Abby. 
 “That may be a clue to what happened,” said the lady winking at them. “Trust 
me, take it home and see what happens. You won’t be disappointed. It’s a magic 
balloon that is always plump when it is indoors.”
 Reluctantly, the two children went out to the car. Abby turned to Paul and 
said, “I don’t buy the magic stuff, but it sure did leak and refill again once we went 
inside. What could happen to the stuff inside to make it shrink?” 
 “At least it seemed to shrink!” said Paul puzzled. “Let’s take it home and see 
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what happens. She said to trust her.” 
 With that, the two got into the car and Ruth drove them home. They watched 
the balloon very carefully the rest of the trip and well into the evening and again 
the next morning.
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Background
Purpose
This is a story that has meaning for anyone who has ever seen a parade with float-
ing balloons or has gone to a celebration where balloons were present. Floating 
always seems like magic because it appears to be defying the law of gravity. The 
helium filled plastic envelopes that reach for the heavens fascinate babies to adults. 
For this story, the main purpose is to explore the relationship between temperature 
and pressure of gases but it may spill over into the concepts of floating and density 
in older children. It also asks questions about gas being a form of matter that has 
mass and takes up space. Basically, it revolves around a law developed by French 
chemist/physicist Jacques Charles in 1787 now known as Charles’ Law. We’ll take 
a look at how it explains a lot of apparent mysteries concerning balloons and ob-
jects that float in the air and hope it stimulates your students to ask a lot of good 
questions about this phenomenon. Incidentally, in 1783 Jacques Charles ascended 
to the altitude of 914 meters in a hydrogen balloon of his design. When he landed 
just outside of Paris, terrified peasants destroyed his balloon. Fortunately, he wasn’t 
hurt. Here was a man, way ahead of his times! 

Related concepts
•	 forms	of	matter		 •	 gases	
•	 volume		 •	 float	and	sink	
•	 density		 •	 forces	
•	 temperature		 •	 energy

Don’t Be Surprised
Most children and even some adults have a difficult time understanding that gases 
take up space and that they have mass. They seem to understand that the balloon 
inflates due to the increase in the amount of air you blow into it or helium that is 
put into it. Many will balk at the idea that “free” air around them has mass since they 
walk around in it all day and don’t feel its impact on their bodies. They may believe 
that the gas is warmer since they have been told so often that warm air rises.
 In the literacy area, I strongly recommend the book, Le Ballon Rouge (The 
Red Balloon) by Albert Lamorisse. The story follows a lonely little boy and a red 
balloon in their mutual friendship in Paris. There is also a movie from which the 
book was made. The movie is short and has no dialog. The story is a metaphor for 
friendship and loneliness and should open the door to a lively discussion, whether 
read to the children or shown as a movie. It is a classic in either form. 

Content Background
If you have ever had the opportunity to experience what the kids in the story have 
you might have noticed the same reaction of the balloon to changes in tempera-
ture. If not, you can make it happen right in your own kitchen and be prepared 
for what your students bring to your class after hearing the story. If you were to 
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put a balloon filled with any gas, even that from your lungs, into the refrigerator 
or freezer for a short time, you will notice that the balloon takes up less space; has 
less volume after being chilled. It is much more fun with a helium filled balloon 
because it adds the dimension of floating and provides another property to ob-
serve. The balloon will not pull at the string as much after being chilled and may 
appear wrinkled due to the lack of volume the gas takes up in the Mylar envelope. 
Given that most classrooms do not have refrigerators, you may want to try this 
story during the cooler part of your school year so that the outdoors can do the 
cooling. Most students will ask questions about the gas in the balloon and these 
questions will give you an insight into their preconceptions, most of which will 
not jibe with the scientific explanation. For example working with the questions 
raised in the story may give them some insight into the behavior of gases since they 
will be able to see changes in the shape of the balloons. Most of these observations 
cannot be explained adequately without accepting the concept that gases actually 
possess mass and take up space. 
 Older students may also be more interested in why the helium balloon floats 
and how much weight it can pull to the ceiling. Others may want to see if they 
can put enough weight on the string to allow the balloon to float and yet not rise 
to the ceiling. Can it be done? Try it and see.
 Picture in your mind that the balloon is filled with molecules of gas, which con-
stantly strike the surface of the inside of the balloon and push it into an inflated 
state. When the balloon is subjected to differences in temperature the amount of 
motion of these molecules changes. For example, when the temperature of the gases 
in the balloon is raised, the molecules move faster and faster and constantly strike 
the inside surface of the balloon with greater force and the balloon expands since it 
is stretchable and pliable. Conversely, when the temperature of the gas inside the bal-
loon is cooled, the molecules move more slowly and thus strike the balloon’s surface 
with a lesser force and the balloon deflates accordingly. This is what happened to the 
balloon as the children went outside into the cold winter air. It reversed itself when 
they went back into the warm store and waited for the salesperson.
 Students may also wonder why the balloon filled with helium floats on the 
air in the room. Also related to the inflation size of the balloon is the fact that the 
balloon filled with a gas that is less dense than the surrounding air will receive an 
upward, buoyant force on it by the surrounding air and this pushes it upward. By 
density we mean the amount of mass an object has in relation to its volume. Den-
sity is a property of any substance. No matter what the size of a piece of, say, lead, 
its density is the same. In a larger piece of any given substance, the mass obviously 
increases but the ratio of mass to volume, or density, remains the same. Think of 
the balloon and the helium inside it as a closed system. Nothing gets in or out 
but the gas inside the balloon can exert more pressure on the elastic balloon and 
make it swell and take up more space. The gas inside can also exert less pressure 
on the elastic balloon, and make it take up less space. As the size of the balloon/
gas system decreases, its combined density increases since it still weighs the same 
but now takes up less space. Thus, it receives less force in an upward direction 
and succumbs to the force of gravity. This is the same principle that explains why 
things float or sink in water. If you have ever tried to push an inflated ball down 
into the water, you can feel the force of the water pushing upwards. Think of a 
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balloon floating in the atmosphere that is pushing it upward in the same way. The 
larger the ball, the more force you can feel. Think of the difference between push-
ing a tennis ball under water and a large beach ball. The secret is in the relationship 
between the volume and the mass of the object and that of the “liquid” in which 
it is floating. 
 Most helium filled balloons will slowly lose helium through the Mylar and even-
tually lose enough volume so that they no longer float. This phenomenon is some-
thing that just about everyone has witnessed but is not directly related to this story. 
 Hot air balloons follow the same principle. As the air is heated, it expands due 
to its increased pressure, filling the bag with air. The pressure of the molecules in 
the heated air is also increased and forces the bag to billow out and take up more 
space. At some point, the upward force exceeds the mutual pull of gravity and the 
balloon rises. In order for the balloon to stay aloft, the pilot must also keep the 
air warm by lighting the flame in the cockpit or basket. Should the air cool and 
the pressure in the bag decrease, the balloon would slowly sink toward the earth. 
In fact, when the pilots want to land, they open a valve in the top of the balloon 
releasing air and decreasing the volume. 
 Should some of you wish to delve more deeply into the physics of the gas laws 
you will find some interactive material at the following website:
www.chm.davidson.edu/ChemistryApplets/GasLaws/Gasconstant.html.

Related Ideas From National 
Science Education Standards  
(NRc 1996)

K–4: Properties of Objects and Materials
•	 Objects	have	many	observable	properties,	including	size,	weight,	shape,	

color, temperature and the ability to react with other substances. Those 
properties can be measured using tools, such as rulers, balances and 
thermometers.

•	 Materials	 can	exist	 in	different	 states—solid,	 liquid	and	gas.	Heating	
or cooling can change some common materials such as water from one 
state to another.

5–8: Properties and Changes of Properties 
in Matter

•	 A	 substance	 has	 characteristic	 properties,	 such	 as	 density,	 a	 boiling	
point, and solubility, all of which are independent of the amount of  
the sample.
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Using the Story With Grades K–4
Children in the early years normally are not ready for excursions into density but 
are certainly capable of noticing the difference in the shape and size of party bal-
loons in different temperatures. You may use either helium balloons or common 
balloons inflated with regular air. If you were fortunate enough to have a difference 
between indoor and outdoor temperatures in your region in the fall or winter, this 
would be a good time to try this story. If not, placing the balloons in a refrigera-
tor or freezer for a while will result in the same shrinking. You may get questions 
about what further heating will accomplish. Holding the balloon in a warm place 
will have an effect as well. You might hold it carefully over a warming plate (care-
ful, not too close!) or hold it under a stream of warm water. Younger children, 
though they have a difficult time believing that air has mass and takes up space 
around them, are ready to accept that a gas will blow up a balloon and that it is 
inside the balloon. It is possible, but difficult to weigh an air-filled balloon before 
and after inflation on a scale such as a triple beam balance. The difference will be 
small but it does show a difference in mass due to the air that has been added. 
Depending on the age level, you may also want to ask them if they think that the 
shrunken balloon will weigh less, more, or the same as the original balloon. They 
may be surprised to note that mass does not change in a closed system. Some may 

Related Ideas From Benchmarks for 
Science Literacy (AAAS 1993)

K–2: The Physical Setting
•	 Objects	 can	be	described	 in	 terms	of	 the	materials	 they	 are	made	of	

(clay, cloth, paper, etc.) and their physical properties (color, size, shape, 
weight, texture, flexibility, etc.).

•	 Things	can	be	done	to	materials	to	change	some	of	their	properties,	but	
not all materials respond the same way to what is done to them.

3–5: The Physical Setting
•	 Heating	and	cooling	cause	changes	in	the	properties	of	materials.	Many	

kinds of changes occur faster under hotter conditions.

6–8: The Physical Setting
•	 Equal	volumes	of	different	substances	usually	have	different	weights.
•	 Atoms	and	molecules	are	perpetually	in	motion.	Increased	temperature	

means greater average energy of motion, so most substances expand 
when heated.
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realize that if nothing is added or taken away, the result in mass is the same before 
and after cooling. If you can get a helium balloon, the result of the activity will be 
more dramatic but regular balloons react the same as far as size is concerned. Vari-
ables to investigate may include time in the cooler, size of the balloon, thickness of 
the rubber in the balloon, color of the balloon, and temperature differences, which 
can be accomplished by comparing freezer with refrigerator cooling. Many oppor-
tunities for controlling variables exist here and experience in talking through the 
experimental designs is also a valuable part of the activity. If you are using helium 
filled balloons, you can time the differences it takes for the balloon to rise from the 
floor to the ceiling. For this you would need a stopwatch. And don’t forget to have 
the children write in their science notebooks! 
 I recommend your reading Bill Robertson’s Science and Children article en-
titled, “Why Does Air Expand When You Heat It and Why Does Hot Air Rise?”
 Latex can be a serious allergen, so it would be prudent to send a note home 
before this lesson to confirm all students can handle the balloons safely.

Using the Story With Grades 5–8
Many of the same kinds of questions will probably arise from the older children. 
The fact that the balloon reacts so readily to temperature gives fast feedback for 
experiments. These children need a great deal of work with talking science and 
designing experiments around gas volume and temperature. If they are capable 
of measuring the circumference of balloons before and after chilling, graphing of 
their results is a must. Some teachers have had success in attaching a strip of paper 
around the diameter of the balloon. When cooled, the paper might fall off the bal-
loon or if heated, the paper might tear if the balloon stretches enough. The graph 
could match time in the freezer and circumference of the balloon (the paper or 
string). Also, if there is a thermometer in both the freezer and the refrigerator, you 
can graph temperature with circumference. Remember also the option of warming 
the balloon further to measure differences. Once again, I recommend your read-
ing Bill Robertson’s Science and Children article entitled, “Why Does Air Expand 
When You Heat It and Why Does Hot Air Rise?”
 Now comes the question of floating in the atmosphere and overcoming the 
force of gravity with an upward force. Density is a difficult concept for many stu-
dents to understand, mainly because they have to keep in mind two properties of 
a substance at once. These are volume and mass, not only of the object in question 
but also of the medium in which they are floating or sinking. Help them think of 
the atmosphere as a “liquid” in which the balloon floats. Its mass/volume ratio is 
less than that of an equal amount of room air, by volume, when it floats. When its 
mass/volume ratio becomes more than an equal amount of air by volume, it does 
not float. This is because the volume decreases due to the reduction in temperature 
or the natural loss of gas over time. You can feel the resisting force when you push 
down on a helium-filled balloon. It feels the same as pushing a hollow ball under 
water. This kinesthetic addition to learning can be powerful for many students. 
Even though the water’s density makes this upward force greater than that of air, 
the feeling is so similar that most students get the point.
 You might also be interested in giving your students a probe (“Comparing 
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Cubes” or “Floating High or Low”) from Uncovering Student Ideas in Science 
(vol. 2) (Keeley, Eberle, and Tugel 2007). Either or both probes will give you a 
good idea about where your students are in their understanding of density. 
 Your students might also be interested in inquiring how much mass a balloon 
can lift off the ground and how the balloon’s change in volume relates to this abil-
ity. This is a fairly indirect way of looking at the balloon’s volume but comparing 
the heated balloon’s or room temperature balloon’s lifting power to the cooled bal-
loon’s lifting power can be done and graphed easily. 
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ry techniques, and/or teach for conceptual 
change, like to have a few resources at their 
disposal. If there is a professional library in 

your school, the following books would make a fine 
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sonal library and will soon become dog-eared with 
use. All these books are available from NSTA (www.
nsta.org/store).
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Each has a different role to play in planning for inquiry 
teaching. Making sense of secondary science is a compen-
dium of research on children’s thinking about many 
science concepts. In this book you will find the kinds 
of student preconceptions you can expect to find preva-
lent in your students’ minds. National Science Educa-
tion Standards is considered the base upon which all 
state standard documents are written. This is also true 
about the Benchmarks for Science Literacy. You will also 
want a copy of your own state’s standards. Science Mat-
ters contains an overview of a broad range of science 
topics written for popular consumption, clearly stated 
and easily understood by the general population. Sci-
ence Curriculum Topic Study: Bridging the Gap Between 
Standards and Practice does just what the title implies.
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