
Mrs. Lee 
 
5th week 2nd semester 
 
Intro to Physics 
 
This week we will be completing Ch. 6.  Please read sections 6.7 -6.9 and complete questions 
at the end of each section.  This Wednesday is complete all missing assignments day.  Please 
turn in all work to mlee@floydbroncos.com or 575-562-0154.  
 

6.7 Thermal Expansion 

Learning Objective 

Relate the open crystalline structure of ice to water’s maximum density at 4°C. 

Molecules in a hot substance jiggle faster and move farther apart than molecules in a 
colder substance. The result is thermal expansion. Most substances expand when 
heated and contract when cooled. A bimetallic strip bends differently at various 
temperatures and is useful in ovens and thermostats for regulating temperatures. 
Sometimes the changes aren’t noticed, and sometimes they are. Telephone wires are 
longer and sag more on a hot summer day than they do in winter. Railroad tracks laid 
on cold winter days tend to expand and buckle during the hot summer. Metal lids on 
glass fruit jars can often be loosened by heating them under hot water. If one part of a 
piece of glass is heated or cooled more rapidly than adjacent parts, the resulting 
expansion or contraction may break the glass. This is especially true of thick glass. 
Pyrex glass is an exception because it is specially formulated to expand very little with 
increasing temperature. Thermal expansion accounts for the creaky noises often heard 
in the attics of old houses on cold nights. The construction materials expand during the 
day and contract at night, creaking as they grow and shrink. 

Thermal expansion must be taken into account in structures and devices of all kinds. A 
dentist uses filling material that has the same rate of expansion as teeth. A civil 
engineer uses reinforcing steel that has the same expansion rate as concrete. A long 
steel bridge usually has one end anchored while the other rests on rockers. Notice also 
that many bridges have tongue-and-groove gaps called expansion joints . Similarly, 
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concrete roadways and sidewalks are intersected by gaps, which are sometimes filled 
with tar, so that the concrete can expand freely in summer and contract in winter. 

With increases in temperature, liquids expand more than solids. We notice this when gasoline 
overflows from a car’s tank on a hot day. If the tank and its contents expanded at the same rate, 
the gas would not overflow. This is why you shouldn’t “top off” a gas tank when you fill it, 
especially on a hot day. 

Math Connection 

Linear Thermal Expansion Equation 

Thermal expansion and contraction of materials must be taken into account in the design of 
large structures. A steel bridge, for example, will expand and be longer on a hot day and 
contract and be shorter on a cold day. The copper wires in a power line will lengthen on a hot 
day (as noted by their conspicuous sags) and contract on a cold day. Different materials expand 
and contract differently. Each material has a characteristic coefficient of linear expansion α 
which is defined to be the change in length (ΔL) per unit of length (L) for a temperature change 
of 1 Celsius degree.  

Expansion of Water 

Water, like most substances, expands when it is heated, except in the temperature 
range between 0°C and 4°C. Something fascinating happens in this range. Ice has a 
crystalline structure, with open-structured crystals. Water molecules in this open 
structure occupy a greater volume than they do in the liquid phase. This means that ice 
is less dense than water. 

 



6.7 Thermal Expansion 

18.Which generally expands more for an equal increase in 
temperature—solids or liquids? 

19.Explain why ice is less dense than water? 
20.Why does ice form at the surface of a pond instead of at the bottom? 

6.8 Heat Transfer: Conduction 

Learning Objective 

Describe the nature of conduction in solids. 

Heat transfers from warmer to cooler objects, so that both objects tend to reach a 
common temperature. This process occurs in three ways: by conduction, by convection, 
and by radiation. 

When you hold one end of an iron nail in a flame, the nail quickly becomes too hot to 
hold. Thermal energy at the hot end travels along the nail’s entire length. This method of 
heat transfer is called conduction, which we define as the transfer of thermal energy by 
means of the movement of particles in a material, mainly electrons. Every atom has 
electrons, and metal atoms have loosely held electrons that are free to migrate in the 
metal. We shall see in our study of electricity that metals are good electrical conductors 
for the same reason. Thermal conduction occurs by atomic particles colliding inside the 
heated object. 

Solids whose atoms or molecules have loosely held electrons are good conductors of 
heat. Metals have the loosest electrons, and they are excellent conductors of heat. 
Silver is the best, copper is next, and then, among the common metals, aluminum and 
iron. Poor conductors include wool, wood, paper, cork, and plastic foam. Molecules in 
these materials have electrons that are firmly attached to them. Poor conductors are 
called insulators. 
 
Wood is a great insulator, and it is often used for cookware handles. Even when a pot is 
hot, you can briefly grasp the wooden handle with your bare hand without harm. An iron 
handle of the same temperature would surely burn your hand. Wood is a good insulator 
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even when it’s red hot. This explains how fire-walking coauthor John Suchocki can walk 
barefoot on red-hot wood coals without burning his feet, as shown in the opening photo 
to this chapter. (Caution: Don’t try this on your own; even experienced fire walkers 
sometimes receive bad burns when conditions aren’t just right.) The main factor in 
firewalking is the poor conductivity of wood—even red-hot wood. Although its 
temperature is high, very little energy is conducted to the feet. A fire walker must be 
careful that no iron nails or other good conductors are among the hot coals. Ouch! 

Air is a very poor conductor as well. You can briefly put your hand into a hot pizza oven 
without harm. The hot air doesn’t conduct thermal energy well. But don’t touch the metal 
in the hot oven. Ouch again! The good insulating properties of such things as wool, fur, 
and feathers are largely due to the air spaces they contain. Porous substances are also 
good insulators because of their many small air spaces. Be glad that air is a poor 
conductor; if it weren’t, you’d feel quite chilly on a 20°C (68°F) day! 

Snow is a poor conductor of thermal energy. Snowflakes are formed of crystals that trap 
air and provide insulation. That’s why a blanket of snow keeps the ground warm in 
winter. Animals in the forest find shelter from the cold in snow banks and in holes in the 
snow. The snow doesn’t provide them with thermal energy—it simply slows down the 
loss of body heat generated by the animals. Then there are igloos: Arctic dwellings built 
from compacted snow to shield those inside from the bitter cold of Arctic winters. 
 

Technology 

Thermal Windows and Glassware 
Glass is notorious for being a good heat conductor, as evidenced by heat loss in warm 
homes through glass windows on cold days. But that is not so with double-pane 
windows. Between the panes is a low-conducting gas that slows the transmission of 
thermal energy, and sound as well. A better insulator of heat is a vacuum, which is used 
in thermos bottles, but it isn’t practical in windows because, with no counteracting 
medium between the large panes of glass, atmospheric pressure would smash the 
panes together resulting in serious breakage. Air would be an acceptable medium, 
except its moisture content can condense and produce fogginess. Most double-pane 
windows use argon gas, which has no water content, doesn’t condense, and is relatively 
abundant in the atmosphere. How nice that thermal pane windows help to keep a home 
warm in winter, cool in summer, and quiet throughout the seasons. 



Double-pane windows may have inspired double-wall thermo-glasses that you can 
comfortably hold in your hands whether the beverage is icy cold or steaming hot. Air 
between the double walls has been evacuated, leaving a vacuum, the ideal insulator. 
Unlike large window panes, the much smaller and exceptionally strong borosilicate 
glass counteracts the surrounding atmospheric pressure. With no moisture between the 
walls, no fogginess occurs. Since the outer wall is at room temperature, there is no 
outside condensation, which means coasters are not needed beneath the glasses. The 
double walls of thermo-glasses keep cold drinks cold and hot drinks hot for a longer 
period of time than traditional glasses. And they are attractive, showing a beverage that 
seems suspended inside. 

6.8 Heat Transfer: Conduction 

21.What is the role of “loose” electrons in heat conduction? 
22.Distinguish between a heat conductor and a heat insulator. 
23.Why is a barefoot fire walker able to walk safely on red-hot wooden 

coals? 
24.Why are such materials as wood, fur, and feathers—and even 

snow—good insulators? 

6.9 Heat Transfer: Convection 

Learning Objective 

Describe the nature of convection in fluids. 

Liquids and gases transfer thermal energy mainly by convection, which is heat transfer 
due to the actual motion of the fluid itself. Unlike conduction (in which heat is transferred 
by successive collisions of electrons and atoms), convection involves the motion of a 
fluid—currents. Convection occurs in all fluids, whether liquids or gases. Whether we 
heat water in a pan or heat air in a room. As the fluid is heated from below, the 
molecules at the bottom move faster, spread apart more, become less dense, and are 
buoyed upward. Denser, cooler fluid moves in to take their place. In this way, 
convection currents keep the fluid stirred up as it heats—warmer fluid moving away 
from the heat source and cooler fluid moving toward the heat source. 
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Convection ovens are simply ovens with a fan inside. Cooking is speeded up by the 
circulation of heated air. 

We can see why warm air rises. When warmed, it expands, becomes less dense, and is 
buoyed upward in the cooler surrounding air like a balloon buoyed upward. When the 
rising air reaches an altitude at which the air density is the same, it no longer rises. We 
see this occurring when smoke from a fire rises and then settles off as it cools and its 
density matches that of the surrounding air. To see for yourself that expanding air cools, 
right now do the experiment. Expanding air really does cool. 

A dramatic example of cooling by expansion occurs when steam expands through the 
nozzle of a pressure cooker. The combined cooling effects of expansion and rapid 
mixing with cooler air will allow you to hold your hand comfortably in the jet of 
condensed vapor. (Caution: If you try this, be sure to place your hand high above the 
nozzle, at first and then lower it slowly to a comfortable distance above the nozzle. If 
you put your hand directly at the nozzle, where no steam is visible, watch out! Steam is 
invisible and is clear of the nozzle before it expands and cools. The cloud of “steam” 
you see is actually condensed water vapor, which is much cooler than live steam.) 

Cooling by expansion is the opposite of what occurs when air is compressed. If you’ve 
ever compressed air with a tire pump, you probably noticed that both air and pump 
became quite hot. Compression of hot air warms it. 

Convection currents stir the atmosphere and produce winds. Some parts of Earth’s 
surface absorb thermal energy from the Sun more readily than others. This results in 
uneven heating of the air near the ground. We see this effect at the seashore. In the 
daytime, the ground warms up more than the water. Then the warmed air close to the 
ground rises and is replaced by cooler air that moves in from above the water. The 
result is a sea breeze. At night, the process reverses because the shore cools off more 
quickly than the water, and then the warmer air is over the sea. If you build a fire on the 
beach, you’ll see that the smoke sweeps inland during the day and then seaward at 
night. 

 



6.9 Heat Transfer: Convection 

25.Describe how convection transfers heat. 
26.What happens to the temperature of air when it expands? 
27.Why does the direction of coastal winds change from day to night? 

 


