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Lecture 5 THEEMAL ENERGY

SCIENCE CORE: PFHYSICS OF ENERGY, continued

We are begmning to fill in the hist of “forms of enerpy” and to give examples of the
magnitudes._. the amounts...of energy present in famihiar objects. The kinetic energy ina 1 ks.
rock moving at 1 meter/zec 1z ¥ Joule. As shown earhier, Ch. 2 sec. 2.11, a flowing river can
contain a large kinefic energy by virtue of its size. . itz mass (although there 1t makes sense to
consider the power flowing past an observation pomt on the niver, as well as the kanefic energy
per ke. of water). We will see again that thermal energy 1s ‘rich’, or concentrated and chemical
ENETZY 13 EVen moTe 30.

THEEMAL ENERGY AND THE HEAT ENGINE

Thermal energy ... 'heat’. . .can be transformed mto mechamcal enerpy or vice-versa. Heat can
move by radiating light or invisible, mfrared radiation But some aspects of thermal enerpgy are
quite simple. Earlier we infroduced the 1% law of thermodvamics, znd mentioned the idea of an
engine that produces mechanical energy by converting some thermal or chemical energy. If vou
squeeze a gas it becomes warmer. . instantly. This happens because “squeezing’ means
exerting a force and changing the volume of gas. Recall that exerting a force on a
moving object requires work in the amount:

work = force x distance traveled. .. Joules

and this correzsponds to: power = force x velocity of the moved object ... Watis.

This 15 equal to the change in energy of the moving object. In our case the object 13 the
gas, and compressing it requires work, and the work goes into internal heat energy of the
gas: it warms up. Thinking of a gas like air as billiard-ball like molecules flying around,

bouncing off each other and bouncing off the walls of their container, you can imagine

that squeezing the gas could make the molecules move faster. 'We can illustrate this by
squeezing the air in a spherical glass vessel, measuring the increase i pressure, and
seeing the temperature nize (for example, by the change in color of a liquid erystal
thermometer). {elaboration: When vou hit 2 termis ball with a racquet, the spead of the ball is greatly
incraased. Mow think of 2 billiard ball bouncing off a wall If no enerzy 1= lost (the collision is called “edaztic™), then
the spaad of the ball perpendicular to the wall after reboundine. U, 1= the same 3= befors reboundims. 17, vet m the
opposite direction: TT=11.. If mstead the wall iz moving steadiby toward the ball before the collision, then the ball's
reboumd spead will be greater, U, =10 + 217, . We can see why by imazininge that we are riding with the moving
wall In thiz frame of reference the ball bounces simply, conserving its velocity which is U+, both before and afier
the collizion. An obzerver not riding on the moving wall thos sess spead: 1T, and U, + 21U, before and afier the
collizion. }

In the 1% Law of Thermodynamics, that 15 the thermal energy equation,
AE =A'"O+A'W



where Eiy is the internal, thermal energy of the gas. We just described an event where
the internal energy change (lefi-hand side) was produoced by work done by squeezing.
AYW, which iz equal to -PAv, or the produoct of prezsure P and the change in volume, v,
The muddle term  A’() 15 the heating, for example by a candle, which was not active. In
the simple case above, P (force per unit area) multiplied by Av (change i volume of gas)
15 the zame as force multiplied by distance traveled. Check the unitz: force per square
meter times volume change in cubic meters, or {fum&"mj] xm’ = force x m.

Bemjamin Thompson, Count Rumford (1733-1514) invented fireplaces,
gunpowder and the relation between heat and mechanical energy (and fierce loyalty to
the Britizh King). The device below was designed to observe the heating that occurs
when a cannon barrel 13 bored out of a block of metal The lathe was driven by a horse 1
believe. This established that thermal energy.. "heat’ .. was not a mysterions substance
{called “caloric™ but could be produoced from mechanical energy. through the “work™ term

in the first law of thermodynamics above.




The idea of temperature. Temperature aroze as an intuitive feeling, and it was
then noticed that some clear phyzical events correzspond well to this feeling. The height
of a column of mercury or aleohol, for example, provides a useful scale that seems about
right In thiz way temperature could be measured. The expanzion of a matenial as it 15
warmed can be analyzed in the simplest case: an ideal gas This perhaps should be called
“idealized gas’. It 1z a model of a real gas based on having molecules far apart (a “dilute
gas ) and simphifying their collisions as being those of billiard balls; no energy loss
(known as “elastic collisions™). The kinetic molecular theory (KMT) for this gas provides
a theoretical model of the distribution of velocity among the molecules. In doing =o 1t
relates their kinetic energy to the pressure that 1s felt on the walls contaming the gas.
Working models illustrating the KMT model of a gas can be found at
hitp://comp.uark edu/'~peabana'mol dyn/KmThl himl

hitp:/"www.chm davidson edu/Chenmistry) Auuletﬂfhnﬂh:hinlecularﬂem ‘BasicConcepts himl
Of great importance, the Kinetic Molecular Theory gives a phvsics-based definition of

temperature, I, such that T is proporiional io the kinetic energy of molecules making up an ideal
gas. And, what we call thermal energy is the kinetic energy of molecules of an ideal gas.
Yet the physics defimtion and the intuitive sense of temperature have to be reconciled.

Temperture as we experience it came to be associated with the expansion of zolids and
liquids. . .mercury or alecohol 1n a glazs tube became a thermometer. The marvelous thing

15 that these two different ideas of temperature agree!

Equation of state for an ideal gas. The results of the kinetic-molecular theory of
gases (based on a billiard-ball model of molecules and their collisions) include an
equation which connects the pressure, P, temperature, T, and v n:rlume, v, of a gas. [Don't
confuse the symbol for volume v (m™) with the zpeed V {m sec’ :I] It prew out of



