Essay question for Chapter 2: Due Friday Jan. 21, 2010

Chapter 2 in the textbook:

Question #1

or

Question #8. On this problem, you may work in groups.

To get full credit you must get the answer right and explain in

English how you got the answer and show the simple math you did
To get the answer.



ECE 495
PffP- Week-2, Ch. 2, S10
Atoms and Heat

Quandaries:

e Asteroids — KE —Heat, what is heat?
e Two different objects at room temperature, one feels colder, why?

e Global warming — carbon dioxide, even if no ice melts, why will
the sea levels rise?

e What are heat pumps and why should they be more efficient in heating
your home than burning fuel?

Atoms and Molecules and the Meaning of Heat

Important to remember: atoms and molecules that are moving
(shaking) have kinetic energy (KE) and KE is in fact heat!!
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The Speed of Sound and the Speed of Light

The speed of shaking molecules is the same as the speed of sound:

Sound travels by molecules bumping into each other. In air at room

temperature the speed of sound is about 700 miles/h, 1000 ft. per second, or 330
Meters/s

The speed of light: 186,000 miles/s, 3x108 Meters/s (in vacuum)
Remember: the speed of light is 1 ft in 1 nanosecond (computer cycle time)

The Enormous Energy in Heat: Heat = KE = (% )(mv?)

Example: let’s throw the textbook at something at the speed of sound.
The book weighs 1 kg, v =330 M/s, KE = Heat = (1/2)(1x3302) = 50,000 joules
This equals about 12 w-h

Hiss and Snow: Electronic Noise



Temperature

e Temperature is the measure of the the “hidden” KE of molecules
e Objects at the same temperature have the same KE.
e Lighter molecules with the same KE moves faster than heavier molecules

e Bodies in contact tend to reach the same temperature: 0% Law of
Thermodynamics

e Temperature scales, C, F, and K, T, = (T-32)(5/9) = T, — 273
e Absolute 0 =0Kor-273°C
e aninterval of 1°C = 1.8°F

e KE/molecule =2 x 10T,

Where is our Hydrogen?



Heat exchange during a change of phase:
What is a phase? solid, liquid or gas

When 1 gram of liquid water freezes it gives up about 0.1 Wh of energy
(latent heat of fusion)

When 1 gram of ice melts it absorbs about 0.1 Wh of energy (latent heat of
melting)

When 1 gram of liquid water cools by 9°C, it gives up about 0.01 Wh
of energy (sensible heat)

Therefore, it takes only 1 gram of ice to cool 10 grams of 9°C water to
the freezing temperature of 0°C!

Assume Bourbon has the same sensible heat as water; Question:
if you want to cool the Bourbon to the freezing point of water, i.e. Bourbon
on the rocks, and end up with the least amount dilution, would you use a

large excess of ice or just enough ice that will melt and bring the mixture to
0°C?



The Cold Death

« Stars burn out

* Universe is still expanding
T, —=0

* Freeman Dyson

The Columbia Space Shuttle Tragedy
« T= 300M? (The Mach Rule)

Thermal expansion
» sidewalk cracks

* highway gaps

* New Orleans levees

* shattering glass



Levees in New Orleans, broken at their thermal expansion joints. They didn’t break from heat,
but from the pressure of the flood.
(US Army Corps of Engineers photo)



Contraction and Expansion vs. Temperature
* For most matter as T increases, the dimensions of the mass increases

» Notable exceptions: water and ice, semiconductors

Global Warming and the Rise of Sea Level
* Even if there is no ice melting the sea level will rise
» 5°C will raise sea level by 6 feet!!!

http://flood.firetree.net/

Temperature in the Shade vs. in the Sun

* The “temperature” is the same (0" law)

Thermal Conduction (0t law)
e Bodies with different thermal conductivities at the same temperature

but not body temperature will “feel” like they have different temperatures
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Solid, Liquid, Gas and Plasma

*«As T 4 matter goes from solid to a plasma

Exploding TNT

* energy content: 0.65 Wh/g

* before explosion, KE = 0.004 Wh/g (T =300 K

« after explosion KE 167x increase: T, = 300 x 157 = 50,000 degrees!

» solid to gas: volume in increases 1000 x

» combined effect: a very hot gas with a volume 167,000 x the solid TNT
* Bottom line: TNT explodes converted into a hot gas which expands to

167,000 x original mass



Gas Temperature vs. Pressure: The “Ideal Gas Law”
* P=constant x T,

Automobile Airbags

Leidenfrost layers, sauteing and firewalking
Internal Combustion Engines ICEs (deflagration)
Wasted Energy

e |CEs convert gasoline energy into work at the transmission

at a 20-30% efficiency: “well to wheel” efficiency is about 10%

Heat Engines and their limit efficiencies

e VW Beatle, high gas mileage, low carbon but high NOx



Refrigerators and Heat Pumps
e Heat pumps: take out the heat from one place and put it

some place else, e.g. refrigerators, air conditioners, area heating

Laws of Thermodynamics

e Ot Law: objects in contact tend to reach the same temperature

e 15t Law: energy is conserved (considering all forms)

e 27 | aw: heat cannot be extracted without a temperature difference

3 Law: nothing can reach the temperature of absolute zero

Physics of Heat Flow, Conduction, Convection, Radiation

Entropy and the Disorder: Entropy change = Q/T, - Q/T,
Therefore the entropy of the Universe is increasing.



