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(Thermal Physics) du,f,3-f clsjasdf

e g diggilly &)lyelly 4S8l lgio £lil Bie ] plucYIa8Us @i
g losadly Ol 481l 3yl e Lo doglaia) doylyoedl dBUA)I s
AT ol (y3eang ST dylyodl Lgadlh o6 LS de i 0da oy LS
8)ly> Lgpoud (I dBUall 0dg) jlae (p Dgeudld

dulys (p Lylyedl bl

Bylyxdl Ay o

Bylyl o
Bolal e o 555 LS <

105 PHYS Dr. Abdallah M. Azzeer

dyylyzdl bl

Ao Bylymell ol § olpailly diing pUasl G 8RN Jogoxs eulies duylyell sLindll i3
oyt &oylanlt glar) blge duylyoell Baalioll yglal O ¢ Lsw)G

a3ty dAbludly dxkall 1LISAT araces Bolel) dlueSlg &ibinall Y gl @igs

Bolel) & g8l ilius=ll (internal energy) dds-lul &8Uall (o sj= (2 dlyadl ddlally
&Sl ilivjaelly ol gSied 1 23Ul g163 pgaza” gl Balal) A1l d3Uall Byl

"85 Sl AdUally dblueuSIl d3Uallg Aol d8log A8yl dBUall (Jie Balel)

105 PHYS Dr. Abdallah M. Azzeer

Dr. Abdallah M. Azzeer



105 PHYS — CH17_18

Lol Bl ole § raall 0308
Zeroth Law of Thermodynamics
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Temperature Scales
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Temperature Scales

Celsius Scale

Temperature of an ice-water mixture is defined as 0° C
— This is the freezing point of water
Temperature of a water-steam mixture is defined as 100° C
— This is the boiling point of water
Distance between these points is divided into 100 segments or degrees
Fahrenheit Scales
Most common scale used in the US
Temperature of the freezing point is 32°
Temperature of the boiling point is 212°

180 divisions between the points
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Temperature Scales

Kelvin Scale

When the pressure of a gas goes to zero, its temperature is —273.15° C
This temperature is called absolute zero
This is the zero point of the Kelvin scale
— =273.15°C=0K
To convert: T.= T, —273.15

— The size of the degree in the Kelvin scale is the same as the size of a

Celsius degree
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Temperature Scales

Comparing Temperature Scales

Temperature (K) Some Kelvin
Temperatures
109

Steam point  100°— 3 hd

108 Hydrogen bomb

107 < Interior of the Sun

106 Solar corona

i o ! o s

104 B
<— Surface of the Sun
103 Copper melts

102 «— Water freezes
<— Liquid nitrogen

10 < Liquid hydrogen
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<— Liquid helium

|l o= ol b el o il

Ice point i 32°

== Lowest temperature
achieved ~10-7K

Some representative Kelvin
temperatures
Note, this scale is logarithmic

Absolute zero has never been Celsius Fahrenheit Kelvin

reached 2005 Bracks/Cale - Thomsan
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Converting Among Temperature Scales
8ylyedl dzyd uealiie o gl

Tc =TK -273 e Where T. , T, , T is the temperature in Celsius
9 centigrade), Fahrenheit and Kelvin, respectivel
T, =T +32 Lt pectively

e Kelvin is the proper Sl unit

T, ==(T, -32) rJbie
9 S Sshel il Ayl (B o ¢ (77° F) Ayadl Bly> dexys 36 13)

AT, ==AT, TC=§(TF-32)=§(77-32)=25° C

Ay ad 09N per § Gulesedl Wl e Byl Ay (B L
5 5 §-10° C udlall Byly>
TF=gTC+32=g><(-10)+32=14° C
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| T =T, +273= -70+273=203° K|

105 PHYS Dr. Abdallah M. Azzeer

Dr. Abdallah M. Azzeer



105 PHYS — CH17_18

CHAPTER 18
(Thermal Concepts) duyf > mstloo
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* Calorie T

10 xS A

— An historical unit, before the connection .
between thermodynamics and J=4.186 J/cal
mechanics was recognized c ol gi

— A calorieis the amount of energy
necessary to raise the temperature of 1 1cal=4.186J

g of water from 14.5° Cto 15.5° C.
e A Calorie (food calorie) is 1000 cal

9
1 kcal =4186J

Heat Capacity 4!yl daudl
Heat Capacity 4yl daud!
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Specific Heat &gl 8yly=xl
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Heat both |
Same heat quantity |
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AQ AQ

=— andc=——— — .. C=cm
AT m AT
AQ=m-c-AT or AQ=C-AT
. dwl Jouxdl é ‘Q_{.E.H =L Y) ,.)lj.ﬁ-" Olows (p0 doww ‘f ¢ C¢ 2\_{.&3;” 5_)‘_)’5"

.(I:?I:n: :; -: s:r‘\)te:riefsi's:u:e::dszo"c 8 a.lii.ni
unless otherwise sta:::)ciﬁc —— < 90 0 Cc d! 30 0 C ‘}Q GlA-N y 20 g M h}}{" B)bz" ‘?Q [P
Substance J/kg-C° ::acllﬂ(g.'((:;) Covater = cal/g =
Aluminum 900 022 AQ=mX*cxXAT=20%x1x60=1200 cal
Alcohol

(ethyl) 2400 0.58 _ J _
Coppc{ 390 0.093 =1200 calx4.186a—5032 J
Glass 840 0.20
Iron or steel 450 0.11
Lead 130 0.031 I3 At R o at g S Jab
Marble 860 0.21 LGJJ!)! ‘QJ)U‘ o‘)b"" ‘éb ‘6 39 c 4")‘)7 4?‘).)‘9 30 kg
Mercury 140 0.033 - & z - - .
Silver 20 0056 daudl 0L e 37 °C dyly> dyd muad Jak)l gz (0
Wood 1700 0.4
Water 3470 J/kg.°K Ol M:J dus gl doylpedl

Iee (—5°C) 2100 0.50 / g © : " 'yJ “J)’EJ

Liquid (15°C) 4186 1.00 c, =3470 J/kg.°K

Steam (110°C) 2010 0.48 umane
Human body AQ=mXc><AT=30><3470><(37-39) =-2.1J

(average) 3470 0.83
Protein 1700 0.4
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duc gl Byl yedlg Bylyell
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Latent Heat of Melting & Vaporization
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5eaillg g &l Byl youll
Latent Heat of Melting & Vaporization

:Jle

Blozo § slegll adg 20 °C &yly> dxpy 0.25 kg Wylde sl o AS o g slog
Bl o cuale 18] 0°C a2l ) Jgzmia § slodl (oo L) 2331 51yl ol (Freezer)
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AQ=mc(T,-T,)+(-mL,)
= 025x4.2x10° (0-20)+(-0.25x334x10%)
=-1.05x10° J
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Thermal Expansion
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Volume Expansion L?.o:,wdl Sl
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¢ 60 °C &l dz> I 20 °C HH> dmys oo slall Mo §lang 250 cm3 doz> (b W8 (5w
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Thermal Expansion
Coefficients of Expansion, near 20°C
Coefticient of Linear Coefficient of Volume

Material Expansion, « (C°)™! Expansion, y (C°)™*
Solids

Aluminum 25 x 107 75 x 107

Brass 19 % 10°° 56 x 10°°

Copper 17 X 1076 50 X 1076

Gold 14 x10° 42 x 10°°

Tron or steel 12 x10°° 35 x10°°

Lead 29 X 10°° 87 X 10°°

Glass (Pyrex®) 3x10° 9% 10°°

Glass (ordinary) 9 x 107° 27 X 107°

Quartz 0.4 % 10°° 1Xx10°°

Concrete and brick ~12 X 107° ~36 X 107°

Marble 14-35x 1076 4-10 X 10°¢
Liquids

Gasoline 950 X 10°°

Mercury 180 X 10°°

Ethyl alcohol 1100 x 10°®

Glycerin 500 X 10°°

Water 210 X 10°®
Gases

Air (and most other gases

at atmospheric pressure) 3400 x 10°°
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Unusual Behavior of Water
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1.00

1.0004

1.04 |-

V(cm?)

While water generally expands as

temperature increases

1.0003 -

20 40 60 80 100
T(°C)

V (cm?) = beligen 0°C and 4°(

the volume decreases with

increasing lemperature

Water is most

dense at

1.0002 i
420
1.0001 %
1.0000 T(C)
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