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Stories

Basic Concepts

The Magic 

Balloon

Bocce, 

Anyone?

Grandfather’s 

Clock

Neighborhood 

Telephone

System

How Cold 

Is Cold?

Energy X X X X X

Energy Transfer X X X X X

Conservation of Energy X X

Forces X X X

Gravity X X X

Heat X X

Kinetic Energy X X

Potential Energy X X

Position and Motion X X

Sound X

Periodic Motion X X

Waves X

Temperature X X

Gas Laws X

Buoyancy X

Friction X X

Experimental Design X X X X X

Work X X

Change of State X

Time X X

Basic Concepts

The Magnet 

Derby

Pasta in a 

Hurry Iced Tea Color Thieves

A Mirror Big 

Enough

Forces X

Properties of Matter X X X X

Energy X X X

Changes in State

Heat and Temperature X X

Structure of Matter X

Properties of Materials X

Light Energy X X

Molecules X X X

Changes of State X

Chemical Bonds X X

Energy Spectrum X X

Color Spectrum X

Thermodynamics X X

Reflection X X

Refraction X

Energy Transfer X X X X

Temperature X

Physical SCIENCE and TECHNOLOGY MATRIX

continued
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Basic Concepts

Warm 

Clothes?

The Slippery 

Glass

St. Bernard 

Puppy Florida Cars?

Dancing 

Popcorn

Forces X X X X

Experimental Design X X X X X

Scientific Inquiry X X X X X

Properties of Matter X X X X X

Energy X X X X

Changes in State X

Properties of Materials X X X

Heat and Temperature X X

Structure of Matter X X X

Properties of Materials X X X

Molecules X X X

Changes of State X X

Chemical Bonds X X

Chemical Change X

Thermodynamics X X

Energy Transfer X X

Temperature X X

Changes in Weight and Mass X X

Buoyancy X

Density X

Basic Concepts Sweet Talk Cooling Off

Party 

Meltdown

The Crooked 

Swing

The Cookie 

Dilemma Stuck!

Melting X X

Dissolving X

Temperature X X X X

State Change X X X

Mixtures X X X

Solvent X

Solute X

Heat X X X X X

Thermal Energy X X X X X

Thermometers X

Calorimeters X

Conduction X X X

Equilibrium X X

Thermal Conductivity X X

Periodic Motion X

Problem Solving X X X X X X

Model Building X X

Problem Analysis X X X X X X

Creativity X X

Systems X X X X X X

Chemical Reactions X

Friction X

Static Friction X

Kinetic Friction X

Net Force X

Force X

Interaction X X X X X X
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Chapter 5

Grandfather’s 
Clock

I
t was tall and skinny. Once it had been carried 
through the doors between the porch and the liv-
ing room, it sat almost wedged between the fl oor 
and ceiling. It had a lovely face and delicate hands. 

In a way, it looked almost human and not a piece of 
furniture. Th e word beautiful came to Mary’s mind. 
Her parents called it a grandfather’s clock but her 
grandparents had not owned it as far as she knew. It 
had come to them from an aunt of her dad’s who had 

died recently and willed the clock to them. Mary’s par-
ents were quite excited about it—something about its 
being 200 years old and in the family for a long time 
and other stuff . Grownups seemed to think old things 
were really cool. Mary couldn’t quite fi gure out why 
old things were cooler than brand-new things, but 
whatever! Th e grandfather’s clock was now in a place of 
honor, sitting against the wall and looking really big in 
their small house. 
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Th e clock was made of dark wood with a long narrow window in front. Th is 
window could be opened and inside there was a kind of metal pole that hung 
down from somewhere near the top of the clock. You could touch the pole. It had 
a brass dish about the size of a small saucer attached to it at the very bottom end. 
Mary’s parents called the pole thing a pendulum. When you pulled the pendulum 
to one side and let it go, it kept swinging back and forth and the clock part up 
top made tick-tock noises. If it went long enough, you could see the hands on the 
face of the clock move. You also had to wind the clock with a key about once a 
week so the pendulum would go on swinging and the hands would go on moving. 
Th e hands of course told the time the old-fashioned way, not like the neat digital 
face they had on other clocks. Mary guessed that the clock was pretty special to 
be working so well after 200 years of ticking and tocking. She had a digital alarm 
clock that hadn’t lasted a year before it broke.

Two weeks passed and Mary made an observation. “Mom,” she said, “the 
grandfather’s clock is always running slower than the other clocks in the house.”

“I noticed that too, Mary,” replied her mother. “We have to move the hands 
ahead every day but it always runs slow. Th e next day we have to do it again and it 
never keeps good time. We looked for a button or switch to make it go faster but 
can’t fi nd any.” 

“Th e pendulum seems to make the clock go. Maybe it needs to swing faster,” 
off ered Mary. “But, how do we do that?”

“Maybe the dish on the bottom of the pendulum is too heavy,” suggested 
Mom. “If it’s too heavy, it could slow down the swing time.”

“Or the pendulum swings too far from side to side—it takes too long to make 
a swing. If we could make it take shorter swings, it would go faster.”

Mary shared her problem with her teacher, Ms. Patel, the next day. “It’s a 
beautiful old clock,” complained Mary, “but it doesn’t keep good time, so in a way, 
it’s useless.”

“Why don’t you set the clock to go faster?” asked Ms. Patel.
“How? We can’t fi nd any switches or buttons!” replied Mary. “We think the 

long pole that comes down from the top has something to do with how fast the 
clock goes but we can’t seem to make the pole change speed.”

“Th at pole and the bob on the bottom is called a pendulum,” Ms. Patel 
explained to the whole class. “Th ey swing in regular patterns but we have to know 
more about them in order to change how they move.

“Let’s make some pendulums out of string and washers,” suggested Ms. Patel. 
“We can test these and see if we can fi nd ways to speed them up or slow them 
down. So, for a start,” she said as she drew the pendulum on the board, “What 
parts of the pendulum can we change? And how can we fi nd out if changing these 
parts is what makes a diff erence in how fast they swing?”

Later that week, after experimenting with the pendulums in class, Mary went 
home and fi xed the clock. Now it keeps perfect time but if it doesn’t someday, Mary 
and her family know just how to fi x it. It really is simple—when you know how. © H
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Grandfather’s Clock

Chapter 5Purpose
Th e main purpose of studying the pendulum in this story is to provide a vehicle 
for fi nding and sorting out variables and designing a study for discovering the 
variable that controls the period (the time for a back-and-forth swing) of the pen-
dulum. Th e physics of the pendulum is much too sophisticated for young children 
and will wait for later years. On the other hand, it will come as a surprise to most 
students, and possibly to adults, that the only variable that makes a diff erence in 
the period of the pendulum is the length of the pendulum. Th e period is defi ned 
as the time it takes for the pendulum to make one complete swing, forth and back.

If possible obtain the October 2006 issue of Science and Children and read the 
featured article “Inquiry on Board.” Th is article by Helen Buttemer shows how, using 
easily constructed visual aids, you can visually guide the planning, conducting, and 
analyzing of experiments such as the one required in this story. Dr. Buttemer makes 
the set up and design of an experiment clear to students of all ages by putting vari-
ables on sticky notes and moving them through the design process so that students 
can participate in the process and see the results. It will make a diff erence in your stu-
dents’ understanding of experimental design. I cannot recommend it highly enough. 

Related Concepts 
• Periodic motion  • Period of the pendulum 
• Time  • Hypothesis 
• Variables  • Controls 
• Fair tests  • Data 
• Analysis • Conclusions

Don’t Be Surprised
Th is activity will bring out many preconceptions including (1) the weight of 
the pendulum aff ects the period and (2) the size of the swing aff ects the period. 
Another outcome of the activities may be the discovery that the pendulum may be 
used as a timing device. It seems so counterintuitive that the weight does not aff ect 
the period that your students may not believe their own data. Th e investigation 
may have to be done as a demonstration and any deviation may be an excuse for 
them to challenge the result. Th eir expectation will be that the further the pendu-
lum swings or the heavier the pendulum bob is, the shorter the period.

Content Background
Mary’s solution to taming the unruly grandfather’s clock is a very simple one. Th e 
pendulum must be shorter in order to swing more often in a given period of time. 
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Chapter 12

How Cold is 
Cold?

K
ristin fi lled her glass with ice cubes from the 
freezer, all the way up to the top. She then 
fi lled the glass with lemonade and sat down 
to drink it. Th e day was hot and muggy and 

Kristin did not take long to fi nish her drink. When she 
was fi nished she dumped almost a full glass of ice cubes 
into the sink. 

Kristin’s father had been watching the entire 
scene. “You know, Krissy,” he said, “you don’t have to 
waste all of that ice. Why do you put so much ice into 
your glass?”

“I like my lemonade really cold,” she responded, 
“and the more ice I put in, the colder the lemonade gets.”

“Are you sure about that?” asked her dad.
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“Of course,” answered Kristin. “It makes sense. More cold ice makes a cold 
drink, well … colder.”

“Maybe,” said her dad “more ice might make it cool down faster, but would it 
really make it colder? Look! You threw away almost all of the ice!” 

“It was cold enough, so I drank it all down. I can’t help it if all of the ice 
didn’t melt. Besides, if I let all of the ice melt, the lemonade would have gotten 
colder and colder and maybe too cold to drink. Th ere was a lot of cold in the ice 
that had to go into the drink and the more ice, the more cold there was to cool 
the drink.”

“I don’t know,” mumbled her dad. “Something doesn’t quite make sense here. 
Could the lemonade get colder than the ice that’s in it?”

“Well, I think so,” Kristin replied cautiously. “Or maybe not. I don’t really 
know. More ice would keep on making it colder as long as there was still ice, 
wouldn’t it?”

“We need to do some experimenting,” said her dad. “We need a hypothesis or 
two. It looks like we have a least a couple of questions here.”
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How Cold is Cold?

Chapter 12Purpose
Heat and cold are often diffi  cult concepts for children to understand. First, our 
everyday sloppy language gives them a predisposition to such common misconcep-
tions as cold being a substance that moves from place to place. How often have we 
told others to “Close the door, you’re letting the cold in?” Our colloquial language 
often reinforces the existence of “cold energy,” when it is scientifi cally acceptable 
to refer only to heat as a form of energy that is transferred from a warmer object to 
a cooler one and that cold is an absence of heat.

Secondly, the story tries to set the stage for discussions and inquiry into the nature 
of temperature and heat and to the fact that heat exchange is the cause of what scien-
tists call a phase change—when something goes from liquid to solid or vice versa. In 
essence this may be the students’ fi rst encounter with the laws of thermodynamics.

Th is story actually has its origin in a personal event that happened to my 
family while we were living in Africa. Our highly prized and ancient refrigerator 
labored daily against the oppressive 43°C degree temperature and did so valiantly 
just to maintain an internal temperature low enough to preserve our food. Making 
ice in the refrigerator was a luxury and we used it sparingly, all except our teenage 
daughter who is personifi ed as Kristin in the story. Her insistence on using large 
quantities of ice for her drinks led to many confrontations between Kristin and 
me, which are literally very close to the dialog in the story.

Related Concepts
• Energy  • Energy transfer 
• Temperature  • Heat 
• Th ermal energy  • Melting 
• Cooling  • Freezing 
• Solid  • Liquid 
• Phase change  • Physical change

Don’t Be Surprised
Your students may well believe that cold is something that moves from colder 
places into warmer places and cools them off . Air conditioners blowing out cold 
air may add to this idea. Th ey may believe that cold is an entity that moves much 
like a wind or an object. Who can blame them when we use language that empha-
sizes that belief? It would follow that they would believe that more ice would add 
to the transfer of more cold into the lemonade. Kristin thought that the more ice 
there was in the glass, the colder the drink would become for that very reason. 
Th ey will be surprised when they fi nd out that once a drink with ice cubes reaches 
a certain temperature, the continued presence of ice in the drink will not lower the 
temperature further.
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