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CMB is a blackbody radiation at 2.725K -
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The smooth curve is the best fit :
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Light and matter
are coupled
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(a) A constant-volume gas
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(b) Graphs of pressure versus temperature at constant volume
for three different types and quantities of gas

Plots of pressure as a function of
temperature for gas thermometers
containing different types and
quantities of gas
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FIGURE 1-6

Simplified constant-volume gas
thermometer. Mercury
reservoir is raised or lowered
so that the meniscus at the left
always touches the indicial
point. Bulb pressure equals
plus atmospheric pressure.

K C F
Water boils /[\ 373 /I\ 100° —T212°--
100K |100C° |180 F°
Water freezes —\L273 " \I/ 0° \l/ 32°+
CO, solidifies 195 —78° +——109° 1
Oxygen liquefies 90 +——183° +——298°1
Absolute zero ——— 0 -+— —273° +——460°+
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(a) For moderate temperature changes, AL is
directly proportional to AT.
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Some Coefficients of Linear Expansion®
Substance a (107%/C") Substance a (107%/C")
Ice (at 0°C) 51 Steel 11
Lead 29 Glass (ordinary) 9
Aluminum 23 Glass (Pyrex) 3.2
Brass 19 Diamond 1.2
Copper 17 Invar® 0.7
Concrete 12 Fused quartz 0.5
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Specific Heats of Some Substances at 25°C
and Atmospheric Pressure

Specific heat ¢

Substance J/kg-°C cal/g-°C
Elemental solids

Aluminum 900 0.215
Beryllium 1 830 0.436
Cadmium 230 0.055
Copper 287 0.092 4
Germanium 322 0.077
Gold 129 0.030 8
[ron 448 0.107
Lead 128 0.030 5
Silicon 703 0.168
Silver 234 0.056
Other solids

Brass 380 0.092
Glass 837 0.200
Ice (—5°C) 2 090 0.50
Marble 860 0.21
Wood 1 700 0.41
Liquids

Alcohol (ethyl) 2 400 (.58
Mercury 140 0.033
Water (15°C) 4 186 1.00
Gas

Steam (100°C) 2010 (.48




Specific Heats of Some Substances at 25°C

and Atmospheric Pressure

Specific heat ¢

m]_ClATl + m2C2AT2 =0

Substance J/kg-"C cal/g-°C
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Aluminum 900 0.215
Beryllium 1 830 0.436
Cadmium 230 0.055
Copper 387 0.092 4
Germanium 3922 0.077
Gold 129 0.030 8
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Brass 380 0.092
Glass 837 ().200
Ice (—5°C) 2 090 (.50
Marble 860 .21
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Melted Gallium

TABLE 17.3 Melting/boiling temperatures and heats of transformation

Substance T, (°C) L;(J/kg) T, (°C) L, (J/kg)
Nitrogen (N,) —210 0.26 X 10° —196 1.99 X 10°
Ethyl alcohol —114 1.09 X 10° 78 8.79 X 10°
Mercury =30 0.11 X 10° 357 296 % 10°
Water 0 3.33 X 10° 100 22.6 X 10°

Lead 328 0.25 X 10° 1750 8.58 X 10°

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Addison-Wesley.






AEURBILN N2 ZIMIRER - BIAFA
EEfEAEEN | 20E ] DUt D B g A |

SREEETIFTERYL) - g EE - EARGUREIE N |
W ~Q

THEAZNGE RS - (He A 2R —HERPEE 7



Sir Benjamin Thompson
Count Rumford 1753-1814

EERHVRE R TS - 1S PRI S B R ORI > g2 TED TS -
7 LS (B ] DUER BT T T8 - VeV ERTSUAR AR -
FEEE BTN A B EE 7T |



1845 Joule

Fig. 1.

194
(b) ERRBRER - EEMEERILERRE O BKEESEIE
BRI BE AT AN - 30T D 1 0F .

Thermal
msulator
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Specific Heats of Some Substances at 25°C

1 2 3 4 5 6 7
1O O and Atmospheric Pressure
/ (a) Circle Circular |
/ hole Specific heat ¢
LR LRI LA LN LRR LAY AR RRR ALY LI LA RLAL
1 2 3 4 5 O 6 O 7 Substance J/kg «20 cal,/g -°C
(0) Elemental solids
. . . Aluminum 900 0.215
Some Coefficients of Linear Expansion® Beryllium | 830 0.436
Substance a (107%/C") Substance a (107%C") Cadmium 230 0.055
Copper AR7 0.092 4
Ice (at 0°C) 51 Steel 11 Germanium 322 0.077
Lead 29 Glass (ordinary) 9 Gold 129 0.030 8
/ ) B} *1- i 2 ) e
Aluminum ﬁg anss (Pyrex) 3.3 prn 448 0.107
Brass It Diamond 1.2 Lead 128 0.030 5
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The vertical component
of velocity decreases by  The horizont
9.8 m/s every second.

al
component of velocity
is constant throughout
the motion.  }
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) -19.6

Velocity vectors are o X

shown every 1 s. v

Values are in m/s. When the particle returns

to its initial height, v _is
opposite its initial value.
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