Atoms in a Solid, Liquid, and Gas
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Converting Between Fahrenheit and Celsius

T =27+ 32

Fahrenheit 5 Celsius

T =>(T - 32

Celsius 9 Fahrenheit



Intermolecular Forces

At large distances 0
intermolecular forces

are attractive but
weak A

y

o At small distances

Atom intermolecular forces
are stronger and repulsive
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Intermolecular forces —»

Repulsive force
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Distance between atoms —»



Celsius and Fahrenheit Temperature Scales

Fahrenheit

180 Fahrenheit
degrees

212°

114°
98.6°

68°
320
18°

water boils

Average daily high temperature
(July) in Death Valley, CA

normal human body temperature

comfortable room temperature

water freezes

Average daily low temperature
(January) in Fairbanks, AK

100°

45.5°

37°
20°
00
-28°

Celsius

100 Celsius
degrees



Heat Transfer
75°F 98.6°F

“@" Heat

Heat ">

Heat flow depends on temperature differences.



Specific Heat
Comparing Silver and Aluminum

Silver Aluminum
Specific heat: 235 J/kg°C | Specific heat: 900 J/kg°C
Heavier atoms mean fewer Lighter atoms mean more
1 kilogram atoms per kilogram atoms per kilogram
) 4 v
Energy is spread —d Energy is spread
over fewer atoms 1 kilogram over more atoms
v
More energy per atom Less energy per atom
v v

Higher temperature Lower temperature
gain per joule gain per joule
(lower specific heat) (higher specific heat)




Specific Heat Values of Common Materials

water 4,184
aluminum 900
steel 470

oil 1,900
concrete 880
glass 800

wood 2,500




Temperature and Time Graph

Start with ice ¢<—Ice S¢— Ice and —|¢&— water —)
at -20°C water
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° 20
g Temperature Phase
= 10 changing changing
1111 o 0 Temperature
Add heat energy g -10 changing
at a constant rate. = -20

Time —



Thermal Conductors and Insulators

Thermal conductors

Aluminum

Thermal insulators
Wood ¢

Foam




Density Range of Common Materials

High
density
‘ .
Aluminum  Rock Plastic’s density is greater
2.7 g/cm3 2.5 g/cm3 than water’s density, but
?tg el/0m3 ‘e? L the bath toy floats!
j 9 Plastic Why is this?
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Solving Density Problems

DENSITY

<+—— Mass (kg or g)
Density —» D — ﬂ s

(kg/m3 or g/cm?) V +—— Volume (m3 or cm?)



Average Density Explanation

Average density is the total
mass divided by the total volume.

Solid steel ball Hollow steel ball
volume = 25 ml volume = 25 ml
mass = 195 g mass =20 g
195 20
Avg. density = 22 mgl Avg. density = 55 r?ﬂ
Avg. density = 7.8 g/ml Avg. density = 0.8 g/ml

SINKS! FLOATS!



Example of Buoyant Force

s
s

Free body Free body
diagram diagram
=4 | 24 A
= Scale o | Scale
00.4 N §§2° 29.4 N 19.6 N> —g;-zo 10.6 N T
. - =5 == ? . Buoyant
=" ‘ = force
= il Weight | 98N
Mass = 3 kg Weight 29.4 N
Volume = 1000 cm3 29.4N Y
Y
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