Announcements 22 Apr 09

» Homework #11

— Written homework due at the start of class on Monday
— Online homework due on Tuesday by 8 am

 Exam 3

— Tuesday May 5 from 7 to 9 pm
— Arrange makeup exams now
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Chapter 11
Using Energy

Topics:
e Efficiency
* How energy is used in the body

* Heat, temperature, thermal
energy

* First and second laws of
thermodynamics

e  Entrepy

Sample question: :
How much energy are the fighters using? How do the masks
they are wearing help us figure this out?
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Energy Transformation Question PRS

When you walk at a constant speed on level ground, what
energy transformation is taking place?

Echem - Ug
Ug - Eth

E —- K
Echem —E

K—E

chem

th

moow»
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Efficiency
While energy as whole is e =

conserved, certain energy what you had to pay
transformations lead to a
decrease in “useful forms
of energy”

(e.g. increase in thermal E)

what you get

General definition of efficiency

Example: walking up
the stairs

Initial
position

What you get:
Change in potential
energy, 1800 J

What you had to pay:
Energy used by the .- 18007

= =025=25%
body, 7200 J 7200J
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Efficiency Example

1Yy
Jilj

Coal-burning power plant

-

Efficiency for producing e
. . of thermal energy
electric energy Is enters the turbine.
"y , —p
35J

=2 _035<359 oL LLs
“= 1007 0 T/—) VinEE

3. The turbine turns a
‘ generator, producing

35 J of electric energy.
{ Py
1. Burning coal "4. 65 J of thermal
produces 100 J energy is exhausted
of thermal energy. into the environment.
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Sample Problem 1

A person lifts a 20 kg box from the ground to a height of 1.0 m.
A metabolic measurement shows that in doing this work her
body has used 780 J of energy. What is her efficiency?

PROBLEM-SOLVING . o
@ STRATEGY 11.1 Energy efficiency problems

prepARe There are two key components to define as we prepare to compute

efficiency:

© Choose what energy to count as “what you get.” This could be the useful
energy output of an engine or process or the work that is done in com-
pleting a process. For example, when you climb a flight of stairs, “what
you get” is your change in potential energy.

A “What you had to pay” will generally be the total energy input needed
for an engine, task, or process. For example, when you run your air con-
ditioner, “what you had to pay™ is the electric energy input.

soLve You may need to do additional calculations:

® Compute values for “what you get” and “what you had to pay.”

® Be certain that all energy values are in the same units.

- . o . h e

After this, compute the efficiency using e = wiryosiad o jis-

assess Check your answer to see if it is reasonable, given what you know

about typical efficiencies for the process under consideration.
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Sample Problem 1

A person lifts a 20 kg box from the ground to a height of 1.0 m.
A metabolic measurement shows that in doing this work her
body has used 780 J of energy. What is her efficiency?

What you get?
Gravitational potential energy increase due to change in height

AU, = (Ug)f —(Ug)i = mgAy
AU, = (20kg) x (9.8m/s*) x (1.0m) =196J

What you pay?
| AE =780J

chem |

Efficiency A
U 196J

e=—>~—= =0.251=25.1%
AE 7807

chem
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Energy In The Body

Chemical energy in food provides
energy for body to function

C¢H,,0, + 60, —= 6CO, + 6H,0 + energy (11.2)

Measure energy content of food by burning it and measuring
the change in thermal energy E., — E;,

Thermal energy is measured in units of calories (cal)

lcal=4.19J
1 “food calorie” is 1 Cal = 1 kcal = 4190 J
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Sample Problem 2

A 75 kg person climbs the 248 steps to the top of the Cape

Hatteras lighthouse, a total climb of 59 m. How many Calories
does he burn?

What you get?
Gravitational potential energy increase due to change in height
AU, = mgAy

AU, = (75kg) x (9.8m/s%) x (59m) = 43kJ

What you pay?

AU, 43kJ

AE —— =170kJ = 41 kcal = 41 Calories
0.25

chem| —

How much food?
1 slice of pizza contains 300 Calories
climbing up the lighthouse “burns” about 1 / 7 of a slice...
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Sample Problem 2’

A 75 kg person climbs the 248 steps to the top of the Cape
Hatteras lighthouse, a total climb of 59 m. How many Calories
does he burn if he now also climbs down?

What you get?
Gravitational potential energy increase due to change in height
AU, = mgAy

AU, = (75kg) x (9.8m/s*)x (0m)=0

Do you pay nothing? Where does the energy mostly go?

The chemical energy is mostly transformed into thermal energy
This process is irreversible
This energy is “lost” to our use
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Thermal Energy and Temperature
What do we mean by thermal energy?

What is the difference btwn thermal energy and temperature?

Thermometer measures temperature via expansion or
contraction of a small volume of mercury or alcohol inside
glass tube

* Celsius scale (T)
0 °C freezing point of pure water
100 °C boiling point

» Fahrenheit scale (Tg)
T. = S(TF - 32°)
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Ato m |C V| ew: Id eal GaS 1. The gas is made of a large number N of
atoms, each of mass m, all moving randomly.
Consider “ideal” gaS of atoms 2. The atoms in the gas are quite far from

each other and interact only rarely when

\ % they collide.

:'m y 9
System of many non-interacting y )
particles, the only internal energy e 9
is the total kinetic energy of the °
atoms making up the gas -
- -l
J 7
9 9
<

3. The collisions of the atoms with each other
(and with walls of the container) are elastic; no
energy is lost in these collisions.
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The Ideal Gas Model

The temperature of an ideal gas is a measure of the average
kinetic energy of the atoms that make up the gas

3. The temperature
2 Kavg i l\.slwnmcixx:ul
3 kg
Typical (root mean square) speed ,
of atoms in the gas 2

3K, T a
Vv — B

rms m > p

A_A

Before After

Thermal energy = total kinetic y A‘_ _
energy of N atoms SR

2. This heat increases

1. Heat is added the Kinetic energy of

— § to an 1deal gas the gas atoms
Eth_szBT an ideal g he gas ¢

Boltzmann’s constant:  k; = 1.38 x 1023 J/K



