Announcements 27 Apr 09

* Online homework grade
— Only 10 best scores are kept for grades posted in SPARK

* Homework #11
. — Written homework due now
— Online homework due tomorrow by 8 am
— Problem 11.10: : :
Assume mass of the person = 68 kg

Power expended to ride a bicycle at a speed of 15 km/h = 480 J/s
(i.e. 480 W)

1 gram of gasoline corresponds to an energy of 44 kJ
» Written homework #12 due on-Monday
» Exam 3 : :
— Date change to Wednesday May 6 (7 to 9 pm)

82

Firstlaw of thermodynamics For systems in which only the thermal energy
changes, the change in thermal energy is equal to the energy transferred into
or out of the system as work W and/or heat Q:

AE, =W+ Q (11.14)
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Energy Transfers
Energy is always transferred from a hot reservoir to a cold reservoir

(b)

Heat energy is transferred
from a hot reservoir to a cold
reservoir. Energy conservation
requires Q. = Q,,.

Hot reservoir  : L

System

2

Cold reservoir ¥

Heat Engines

Some of the energy transferred from the
hot reservoir to the cold reservoir can

be converted to other forms (e.g. electrical
energy to run a small fan)

DEMO: Peltier device

(a)

Copper bar

Heat energy is transferred
from hot to cold.
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Heat Engines

Hot reservoir

Efficiency to do useful
Oy work W,

TH
\j_ what you get
Hegt > W o= youg
engine . what you had to pay
= W{mt = QH - QC

QC l QH QH

Cold reservoir T

Tc
Chax = I = 7 (11.16)
H

lheoretical maximum efficiency of a heat engine
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Geothermal Efficiency

At the Geysers geothermal power plant in northern California,
electricity is generated by using the temperature difference
between the 15 °C surface and 240 °C rock deep underground.
What is the maximum possible efficiency? What happens to the
energy that is extracted from the steam that is not converted to
electricity?

Te 1 283+15 (439 - 43.9%
T, 273+ 240

Convert temperatures to Kelvin!

e=1-

The energy that is not converted to electricity ends up as heat
transfer to the surface (i.e. the temperature of the surface will
increase)
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Chapter 14
Oscillations
Topics:

* Equilibrium, restoring forces,

and oscillation

* Mathematical description of
oscillatory motion

* Energy in oscillatory motion

* Damped-eseittations

* Resonance

Sample question:

The gibbon will swing more rapidly and move more quickly through
the trees if it raises its feet. How can we model the gibbon’s motion

to understand this observation?

Oscillations examples

There are many situations in life where we have
periodic motion or oscillations
What do we mean by periodic motion?

Examples: swings, pendulum like in a clock,
heart beat, waves of all sorts, vibrational motion of
molecules and atoms or any other situation where
we have similar types of motion

Whenever we have motion that repeats itself over
and over again we have what we call Periodic
Motion or oscillations
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Equ ilibrium and Oscillation  Restoring force is responsible
' o for oscillatory motion
When the ball is displaced When moved from equilibrium
from equilibrium . . . and released, a restoring force pulls
® the ball back toward equilibrium . . .

Equilibrium

iti but inertia = where the restoring
3 position ol 8. s +.« « WIICIC ‘ 2
. 2 oy g B causes the ball force is directed back
. . . a free-body du}gr;nn '!hc l;mh.cn_ away to continue toward equilibrium. The
shows a net restoring from equilibrium, moving to the ball reverses direction
force, as for a mass on the greater the net other side . . . and continues oscillating.

an inclined plane. force. .
Successive beats of the heart produce

approximately the same signal

Period 7

DEMO: ball inside
loop-the-loop

Voltage across chest
. s L

0 1 2 3
Time (s) %

Oscillations properties

DEMOS: Pendulum
Mass connected to a spring

Main characteristics of oscillations:

amplitude A \

= max displacement from equilibrium point

Period T
=time to complete one full cycle

Frequency f=1/T
\ = number of cycles per second /

Unit of frequency: Hertz
1Hz=1cycle/s=1s"'
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Period dependence on the amplitude PRsS

How does the period of a
pendulum change if its
amplitude (max displacement s)
Is doubled?

A. The period doubles.
B. The period halves.
C. The period stays the same.

m
S

Arc length
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Period dependence on the amplitude

DEMOS: Pendulum with timer
Mass connected to a spring with timer

How does the period of oscillation change when the
amplitude increases?

The period of oscillation does not depend on the
amplitude!

Why?

93



Period dependence on the amplitude

(b) The tension is
@) directed toward

the center of the
) Center Y s ;
# and s are 6 and s are of ciréle circle. There is
negative on positive on no tangential
the left. the right. component.
L
t
i wsin 0
i Tupgenuul "
r axis \/‘\

Arc length The weight

has a tangential
component w

w =-w sinf.
Restoring force magnitude grows with displ. s : [(F,,e,)t = —("zg)s]
=>» acceleration increases with increased

distance s resulting in the same amount of time needed to
travel greater distance

9
Period dependence on the amplitude

Spring Spring

stretched stretched

by AL by AL —y
o

B | SR ey
m ‘,‘? R
- L k = spring
/ I\io\'inu the constant
Block’s 5 :

block upward . . . 2
...resultsin a
net force
downward.

Restoring force magnitude grows with displacement y from
equilibrium position =» acceleration increases with y

equilibrium
position
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