College Physics I: 1511

Mechanics & Thermodynamics

Professor Jasper Halekas
Van Allen Lecture Room 1
MWEF 8:30-9:20 Lecture
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Announcements |

Students with valid excuses for missing the
exam are taking makeups Tuesday (with a

different test)

If anyone missed the exam and has not contacted me
with a valid excuse, please be aware that Tuesday is
the *last* possible date for you to take the exam

| will post solutions to the exam after Tuesday
| will also be happy to discuss the exam after Tuesday
You can pick up your exam if you want after Tuesday



Announcements |l

Labs and homeworks as usual this week
Only three more labs!
Only four more homeworks!



Announcements Il




Definition: Temperature

Common sense:
A measure of how “hot” or "cold” something is

Scientific:

Temperature is a measurement of the average
kinetic energy of the atoms or molecules in an
object or system.



Temperature at the Microscopic
Level

Cool gas, fewer and less Hot gas., more. ffﬂd more
energetic collisions energetic collision



Temperature Scales

Temperature Scales

Fahrenheit Celsius Kelvin
Boiling
Point of =————ss= 212°F =—————vcsus= 100°C 373.15K
Water
Highest
Temp. —— .~ 134°F ————~ 56.7°C 330K
ever recorded
in US
Freezing
Point of - 32°F - 0°C - 27315 K
Water - 0°F + 18°C i 255 K
Moon, at _200° 4770
its coldest —TTI | 280°F =——————siss= -173°C 100 K
Absolute -480°F ————t -273°C 0K

——r
Zero e s "eis



Celsius & Fahrenheit

Fahrenheit Human Body

Freezing Temperature Boiling
-19" 32° 98.6° 212°
0 T40" a0° 120° 160° 200"]
| | | | | |
| l | l | |
-20 20° 40° &0° 20°
-40 0 37° 100°
. Freezing Human Body Boiling
CeIS|us Temperature

°C=(°F=32)x5/9

°F=(°C x9/5)+32




Kelvin Temperature Scale

100 C ~ Boiling point of water 373 K
Freezing point of water
0C 1 - 273 K
Absolute zero
273 C OK
Centigrade Kelvin

°C =K-273



Absolute Zero

Absolute Gas Temp. Scale
PV = nRT

pressure
. gas1

this is how you

p - gas 2
discover absolute zero |.-”

-273°C temperature



Absolute Zero

Absolute zero means zero temperature

Zero temperature (properly expressed in Kelvin)
means zero kinetic energy for the molecules in a
substance

This means there is no motion — everything is
“frozen solid”

T L

gasathi T gasatlo T gas at T = 0K




Phases of Matter

Solid Liquid Gas
Definite shape Takes shape of Takes shape and
Definite volume  container. volume of container
Most dense

Definite volume Least dense

vaporization
melting (evaporation)
freezing condensation
(solidification)

Everywhere this says “definite volume” it should say “almost definite volume”



Thermal Expansion/Contraction

Almost all materials (solids, liquids, and

gases) expand at least a little bit when
heated, and contract when cooled

Notable exceptions occur when materials
change phases

e.g. When water cools and freezes to from a solid
(ice), it actually expands



Linear Thermal Expansion

This is the fractional
change in length,
which is a natural
quantity to use.
Since one would
expect a 4m rod

to expand twice as
much as a 2m rod,
the fractional change
would be the same.

Linear expansion

A_L — (XAT&

/Lo

Different substances
expand by different

amounts. An

The change in temperature
determines the fractional change
in length. One would expect that
a 2°C change in temperature
would lead to twice as much
expansion as a 1°C change. This
relationship shows that.

experimental
expansion coefficient
is necessary to quantify
expansion.




Thermal Expansion Coefficients

Coefficient of linear

Coefficient of linear

Substance thermal expansion, Substance thermal expansion,
o («107° /° C) a(x107°/°C)

Aluminum 230 Nickel 12.8

Brass 18.9 Silver 18.8
Copper 16.3 Steel 132

(Glass (common) 8.5 Tin 20

Iron 11.7 Zinc 397

Lead 293 Ice 51

Don’t use these values in homework problems — only use values given in book!




Concept Check

;: 0.5cm
' 0.5¢m

Imagine you make a flat (at room temperature)
two-sided strip with metals with different
thermal expansion coefficients. What happens
when you heat it?

Nothing
t bends towards the steel
t bends towards the copper
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Concept Check

;: 0.5cm
' 0.5¢m

Imagine you make a flat (at room temperature)
two-sided strip with metals with different
thermal expansion coefficients. What happens
when you *cool* it?

Nothing
t bends towards the steel
t bends towards the copper




Concept Check

;: 0.5cm
' 0.5¢m

Imagine you make a flat (at room temperature)
two-sided strip with metals with different
thermal expansion coefficients. What happens
when you *cool* it?

Nothing
t bends towards the steel
t bends towards the copper




Bimetallic Switch

com\f—.-r)

1?_}1

Wire I Wire
Bimetallic Strip

Base —»



Concept Check

A square metal plate with edge length L
(area A=L_?) is heated so that it expands and
its new edge length is1.01 L_. What is its new
area?

A:(1.01) L
B: Less than (2.01) L 2
C: More than (2.01) L2



Concept Check

A square metal plate with edge length L
(area A=L_?) is heated so that it expands and
its new edge length is1.01 L_. What is its new
area?

A:(1.01) L
B: Less than (1.01) L 2
C: More than (12.01) L2

Answer: The new areais (1.01 L )*=1.02 L.
(1.01)?> = (2+0.01)(1.01) = 1.01+(0.01)(1.01) =
1.01+0.01 = 1.02



Binomial Expansion and Thermal

Expansion

(14+X)2 =1 + 2X + X% ~ 1+2x (for x <<1)

Therefore area expansion has a coefficient
twice that of linear expansion

Similarly:
(14x)3~ 1 + 3x (For x <<1)

Therefore volume expansion has a coefficient
three times that of linear expansion



Concept Check

Imagine you take a i

O
square sheet of metal, RN
cut out the center, and ...

then heat. What ——p—

happens to the size of

the hole? N B
Stays the same EEE
Gets bigger

Gets smaller



Concept Check

Imagine you take a

lll C 1
square sheet of metal, L]
cut out the center, and ... . -

then heat. What

happens to the size of

the hole? =../
Stays the same ...
Gets bigger

Gets smaller



Thermal Expansion

-— L

— - H

0 ‘AL

-
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Linear expansion Area expansion Volume expansion

AL - gAT AA —2gAT AV _30AT
L() A() V()



Volume Thermal Expansion

Volume Thermal Expansion

T Izo+ AL 'l‘+ a'l'
Lo

‘.,"'. '0 oy 3 .'../-" LO | ﬁ""'
LO ] ,0+ AL

oince linear expansion happens in all three directions

AV =V-V, ={L, 1+ a AT} L}
AV =3V _a AT (for solids)
AV =V _BAT (for liquids) ,

where PBis “volume expansion coefficient.”




Thermal Expansion Coefficients

TABLE 13-1 Coefficients of Expansion, near 20°C

Coefficient of Linear Coefficient of Volume
Material Expansion, « (Co)1 Expansion, 3 (€)1
Solids
Aluminum 25 3 TI0r® 715 % D
Brass 19 x 1076 56 x 107°
Copper 77 5¢ e 50 % 1
Gold 14 X 107° 490 3¢ DY
Iron or steel 120S10R° 358 Rl0n
Lead 29 X 107° ST 10n
Glass (Pyrex®) 3x10°° 9 X 1076
Glass (ordinary) ©) 5% 107 207 S0
Quartz 0! 3% 1™ 1l 5% 1
Concrete and brick ~12), S¢ IR ~36 X 1076
Marble 1.4-35x107° I=l0P o
Liquids
Gasoline 950 x 1076
Mercury 180 x 107
Ethyl alcohol O ¢ e
Glycerin 500 x 107°
Water 2108 10"
Gases
Air (and most other gases
at atmospheric pressure) 3400 x 1076

Don’t use these values in homework problems — only use values given in book!



