Objectives

Define temperature in terms of kinetic energy &
common temperature scales.

Define Heat, thermal equilibrium.
Distinguish between internal energy and heat.

Describe how the quantity of heat that enters or
eaves a substance is measured.

Describe specific heat and compare the specific heat
capacities of different substances.

Give examples and applications of thermal expansion
of solids.




THE BIG §When matter gets warmer, the

IDE A;atoms or molecules in the
TS : matter move faster.




All matter 2 solid, liquid,
' and gas? is composed of
' continually jiggling
“atoms or molecules.

. Because of this random
‘motion, the atoms and
‘molecules in matter have
~Kinetic energy. The

= average kinetic energy of
these individual
' particles causes an effect
. We can sense? warmth.




Whenever something becomes warmer, the kinetic energy
of its atoms or molecules has increased. When the atoms or
molecules in matter move faster, the matter gets warmer.

Its atoms or molecules have more kinetic energy.



Temperature

The higher the temperature of a substance, the faster
IS the motion of its molecules.




. The quantity that tells how hot or cold something is compared with a standard is
. temperature.
 Nearly all matter expands when its temperature increases and contracts when its
 temperature decreases.
A common thermometer measures temperature by showing the expansion and
-~ contraction of a liquid in a glass tube using a scale.




f’j'_CeIsius Scale

- The most widely used temperature scale is th&elsius scale.
E The number 0O is the temperature at which water freezes.
E The number 100 is the temperature at which water boils.
-~ The gap between freezing and boiling is divided into 100 equal parts, calledegrees.




' Fahrenheit Scale

- The temperature scale used commonly in the United States is th&ahrenheit scale.
E The number 32 is the temperature at which water freezes.
E The number 212 is the temperature at which water boils.
E The Fahrenheit scale will become obsolete if and when the United States goes
metric.




' Kelvin Scale

- Scientific research uses the Sl scatethe Kelvin scale.
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E On the Kelvin scale, the number 0 is assigned to the lowest possible
temperature? absolute zero.
F At absolute zero a substance has no kinetic energy to give up.
F Zero on the Kelvin scale corresponds ta273C.




' Temperature and Kinetic Energy

4 Temperature is related to the random motions of the molecules in a substance.
In the simplest case of an ideal gas, temperature is proportional to theveragekinetic
-~ energy of molecular translational motion.

~ Insolids and liquids, where molecules are more constrained and have potential
~ energy, temperature is more complicated.

- The warmth you feel when you touch a hot surface is the kinetic energy transferred by
- molecules in the surface to molecules in your fingers.




Temperature isnot a measure of thetotal kinetic energy of all the molecules in a

. Substance.

~ Two liters of boiling water have twice as much kinetic energy as one liter. -
- The temperatures are the same because the average kinetic energy of molecules in ea
‘is the same.
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What is the relationship between the temperature of a

substance and the speed of its molecules?

Temperature

CONCEPT
CHECK



Heat

When two substances of different temperatures
are in thermal contact, heat flows from the
higher -temperature substance into the lower -
temperature substance.




. If you touch a hot stove, energy enters your hand from the stove because the
. stove is warmer than your hand.
_If you touch ice, energy passes from your hand into the colder ice.
- The direction of spontaneous energy transfer is always from a warmer to a
cooler substance.
~The energy that transfers from one object to another because of a temperature
difference between them is calledheat.




i Mt e ang
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. Itis common? but incorrect with physics types? to think that matter contains

heat.
Matter contains energy but it does not contain heat.
'Heat is energyin transit, moving from a body of higher temperature to one of

~ lower temperature.

-Once transferred, the energy ceases to be heat.
~ Previously, we call the energy resulting from heat flonthermal energy,to make

* clearits link to heat and temperature.

~ We will use the term that scientists prefer, internal energy.

=~ When heat flows from one object or substance to another it is in contact with,
~ the objects are said to be inthermal contact.




21.2

A cool lake has more
internal energy than

a red-hot tack, even
though the tack is at a

higher temperature.




. Just as water will not flow uphill by

. itself, regardless of the relative
~amounts of water in the reservoirs,

~ heat will not flow from a cooler
substance into a hotter substance by

itself.




What causes heat to flow?

Heat
CONCEPT
CHECK



Thermal Equilibrium

When a thermometer is in contact with a
substance, heat flows between them until they
have the same temperature.




. After objects in thermal contact with each other reach the same
. temperature, we say the objects are irthermal equilibrium.

~ When objects are in thermal equilibrium, no heat flows between

them.

~To read a thermometer we wait until it reaches thermal equilibrium
~with the substance being measured.
' The temperature of the thermometer is also the temperature of the

" substance.
~ Athermometer should be small enough that it does not appreciably
= alter the temperature of the substance being measured.
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21.3

Suppose you use a flame to add heat to 1 liter of water, and the water
temperature rises by 2C. If you add the same quantity of heat to 2 liters of
water, by how much will its temperature rise?




21.3

Suppose you use a flame to add heat to 1 liter of water, and the water
temperature rises by 2C. If you add the same quantity of heat to 2 liters of
water, by how much will its temperature rise?

Its temperature will rise by I°C, because there are twice as many molecules in
2 liters of water and each molecule receives only half as much energy on
average.




Thermal Equilibrium

CONCEPT: How does a thermometer measure

CHECK : temperature?




Internal Energy

When a substance takes in or gives off heat, its
Internal energy changes.
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No matter how cold an
object is, it always has
some internal energy.




What happens to the internal energy of a substance that takes in

or gives off heat?

Internal Energy

CONCEPT
CHECK



Measurement of Heat

The amount of heat transferred can be determined
by measuring the temperature change of a known
mass of a substance that absorbs the heat.




. Heatis energy transferred from one substance to another by a temperature
. difference.
- When a substance absorbs heat, the resulting temperature change depends on
- more than just the mass of the substance.
- To quantify heat, we must specify themassand kind of substance affected.
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. The unit of heat is defined as the heat necessary to produce a standard

- temperature change for a specified mass of material.

- The most commonly used unit for heat is thecalorie.

- The calorie is defined as the amount of heat required to raise the temperature
-of 1 gram of water by IC.




| Thekilocalorie is 1000 calories (the heat required to raise the temperature of
.1 kilogram of water by 1C).
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referred to as the calorie.

: To distinguish it from the smaller calorie, the food unit is sometimes called a
~Calorie (written with a capital C).

~ The calorie and the Calorie are units of energy.

- ,' In the International System of Units (Sl), quantity of heat is measured in
 joules, the Sl unit for all forms of energy.

. One calorie equals 4.186 J.




Measurement of Heat

.. The energy value in food is determined by burning the food and measuring

. the energy that is released as heat.

- Food and other fuels are rated by how much energy a certain mass of the fuel
~ gives off as heat when burned.




£ To the weight watcher, the peanut contains 10 Calories; to the physicist, it
releases 10,000 calories (or 41,860 joules) of energy when burned or digested.




Measurement of Heat

-Whlch will raise the temperature more, adding 1 calorie or 4. 186 ‘
joules’? :




Measurement of Heat

Whlch will raise the temperature more, adding 1 calorie or 4. 186
joules’> ;




How can you determine the amount of heat transferred to a

substance?

Measurement of Heat

CONCEPT
CHECK



Specific Heat Capacity

The capacity of a substance to store heat depends
on its chemical composition.




. Some foods remain hot much longer than others.
|  Boiled onions, for example, are often too hot to eat while mashed
potatoes may be just right.
E The filling of hot apple pie can burn your tongue while the crust will
not when the pie has just been taken out of the oven.
E An aluminum foil covering can be peeled off with bare fingers right
out of the oven, but be careful of the food beneath it.




You can touch the aluminum pan of the frozen dinner soon after it has been .
. OAEAT #&OiI I OEA EI O I OATh AOO Ui 0811 AO¢

~ contains.




. Different substances have different capacities for storing internal energy, or
- heat.
E A pot of water on a stove might require 15 minutes to be heated from
room temperature to its boiling temperature.
E An equal mass of iron on the same flame would rise through the same
temperature range in only about 2 minutes.
E For silver, the time would be less than a minute.




. A material requires a specific amount of heat to raise the temperature of a given mass *
. a specified number of degrees.

- The specific heat capacity of a material is the quantity of heat required to raise the
. temperature of 1 gram by 1 degree

Absorbed energy can affect substances in different ways.
F Absorbed energy that increases the translational speed of molecules is
responsible for increases in temperature.
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“

-1 BB N Specific Heat Capacities

Water
Aluminum
Clay
Copper
Lead
Olive QOiIl

Silver

0.448

Steel (iron)




Specific Heat Capacity

-

| Water absorbs more heat per gram than iron for the same change in temperature.
. Water has a higher specific heat capacity (sometimes simply calledpecific heaj than
~_iron has. :
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21.6

Which has a higher specific heat capacity water or sand?
Explain.

Water has a greater heat capacity than sand. Water is much
slower to warm in the hot sun and slower to cool at night.
3ATA6O 11 x EAAO AADPAAEOUh OEI
morning and how quickly it cools at night, affects local

climates.



Why do different substances have different capacities to store

Specific Heat Capacity

CONCEPT
CHECK



The High Specific Heat Capacity of Water

The property of water to resist changes in temperature
Improves the climate in many places.




21.7

Water is king when it
comes to specific heat
capacity!




. Because of this, water is a very useful cooling agent, and is used in cooling systems in:
. automobiles and other engines.
- Foraliquid of lower specific heat capacity, temperature would rise higher for a
~comparable absorption of heat.
Water also takes longer to cool
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~ Water takes more energy to heat up than land does.

Europe and the west coast of the United States both benefit from this property of
~ water.




= E

The High Specific Heat Capacity of Water -

-4
1

g Water has a high specific heat and is transparent, so it takes more energy to heat up
~ than land does.




Thermal Expansion

Most forms of matter 2 solids, liquids, and gases ?
expand when they are heated and contract when they
are cooled.




. When the temperature of a substance is increased, its molecules jiggle
. faster and normally tend to move farther apart.
~ This results in anexpansionof the substance.

F Gases generally expand or contract much more than liquids.

F Liquids generally expand or contract more than solids.




. The extreme heat of a July day in Asbury Park, New Jersey, caused the buckling of
+ these railroad tracks.




' Expansion Joints
_If sidewalks and paving were laid down in one continuous piece, cracks would appear

~ due to expansion and contraction.
To prevent this, the surface is laid in small sections, separated by a small gap that is

- filled in with a substance such as tar.
~ On a hot summer day, expansion often squeezes this material out of the joints.




21.8

hermal expansion and
contraction account for
the creaky noises often
heard in the attics of old
houses on cold nights.




| it allows the bridge to expand




| Bimetallic Strips

In a bimetallic strip, two strips of different metals are welded or riveted together.
E When the strip is heated, one side of the double strip becomes longer than the
other, causing the strip to bend into a curve.
E When the strip is cooled, it bends in the opposite direction? the metal that
expands the most also contracts the most.
F The movement of the strip can turn a pointer, regulate a valve, or operate a

switch.




In a bimetallic strip, brass - £
~ expands (or contracts) more 7 ICE ; BRASS} 5
= when heated (or cooled) than ‘ vt y
- does iron, so the strip bends as \,mm/
~ shown. IRONJA
¢ ROON\ TEMPERATURE




" Thermostats

A thermostat Is used to control temperature.
FE As the temperature changes, the backand-forth bending of the
bimetallic coil opens and closes an electric circuit.
F When the room is too cold, the coil bends toward the brass side and
closes an electric switch that turns on the heat.

EZ When the room is too warm, the coil bends toward the iron side and
opens the switch and turns off the heating unit.
- Bimetallic strips are used in refrigerators, oven thermometers, electric
~ toasters, and other devices.
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21.8

Why is it advisable to allow telephone lines to sag when
stringing them between poles in summer?

Telephone lines are longer in summer, when they are warmer,
and shorter in winter, when they are cooler. They therefore sag
more on hot summer days than in winter. If the telephone lines
are not strung with enough sag in summer, they might contract
too much and snap during the winter.



Thermal Expansion

CONCEPT: How does matter change when heated or cooled?

CHECK:




Expansion of Water

At 0°C, Ice Is less dense than water, and so ice
floats on water.




. Almost all liquids will expand when they are heated. Icecold water, however, does just *
. the opposite!
' F Water at the temperature of melting ice? 0°C (or 32F) 2 contracts when the
temperature is increased.
E As the water is heated and its temperature rises, it continues to contract until
it reaches a temperature of 4C.
E With further increase in temperature, the water then begins to expand.
F The expansion continues all the way to the boiling point.
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1 A given amount of water has its smallest volume and thus its greatest density at
b 4°C.
- The same amount of water has its largest volume and smallest density in its solid
-~ form, ice. (The volume of ice at OC is not shown in the graph.)
~ After water has turned to ice, further cooling causes it to contract
~ -~ This behavior of water has to do with the crystal structure of ice.
' E The crystals of most solids are structured so that the solid state occupies a
smaller volume than the liquid state.

E Ice, however, has openstructured crystals due to the shape of the water 3
molecules and the strength of the forces binding molecules together at certain“#
angles.




Expansion of Water

. Water molecules in their crystal form have an openstructured, six-sided
. arrangement. As a result, water expands upon freezing, and ice is less dense than
~water,
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Expansion of Water

éThe six-sided structure of a
- snowflake is a result of the
~ six-sided ice crystals that

~ make it up.
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