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Physical Data Often Used®

Acceleration due to gravity 9.80 m/s*
Average earth-moon distance 3.84 X 10°m
Average earth-sun distance 1.496 X 10 m
Average radius of the earth 6.37 X 10°m
Density of air (20°C and 1 atm) 1.20 kg/m®
Density of water (20°C and 1 atm) 1.00 X 10% kg/m?
Mass of the earth 5.98 X 102 kg
Mass of the moon 7.36 X 102 kg
Mass of the sun 1.99 X 103 kg
Standard atmospheric pressure 1.013 X 10% Pa

SI

egs cmfs cm/s?
British engineering fie fi3 ft/s fi/s®

(conventional}

SI PREFIXES

Factor Prefix Symbol Factor Prefix Symbol
1018 exa E 10! deci d
10\ peta P 102 centi c
104 fera T 1073 milli m
10% giga G 1076 micTo u

106 mega M 10-° nano n

10 kilo k 11 pico p

10? hecto h oS femto f
10t deka da o8 atto a
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SOME UNITS AND ABBREVIATIONS

ampere A kelvin K

atmosphere atm liter L

British thermal unit Biu meter m

calorie cat mile i

coulomb C minute min

day d mole mol

degree Celsius °C newion N

degree Fahrenheit °F chm Q

electron-volt eV pascal Pa

farad F pound b

foot ft radian rad

BAUSS G revolution rev

gram g second 5

henry H tesla T

hertz Hz unified atomic mass unit u

haorsepower hp voit v

hour h watt W

inch in. weber Wb

joule J year y

SOME MATHEMATICAL SYMBOLS

= equals = is of the erder of magnitude of

= equals approximately « is proporicnal to

# is not equal 1o Hm 1he limit of

= is ideniical 1o, is defined s ) the sum of

> is greater than I the integral of

-3 is much greater than . Ax the change or difference in x

= is greater than or equal 1o Ix1 the absolute value or magnitude of x

< is tess than X the average valie of x

< is much less than dfdx the derivative of fwith respect of x

= is less than or eqnal 10 afjax the partial derivative of £ with respect to x
THE GREEK ALPHABET
Alpha A o lofa 1 + Rho P »
Beta I B Kappa K s Sigma b3 o
Gamma r b f.ambda A A Tau T T
Della A & Mu M B Upsiton Y [}
Epsilon E € Nu N v Phi [} L
et P Xi = H Chi Xy
Eta H y Omicron 23 & Psi b4 w
Thela [Z] [ Pi n L4 Omega 113 2]
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- SOME DISTANCES FROM THE EARTH

To the moon* 3.82 X 108 m
To the sun* 1.50 X 104 m
To the nearest star (Proxima Centauri) 4.04 X 108 m
To the center of our galaxy 2.2 X 102® m
To the Andromeda Galaxy 2.1 X 102 m
To the edge of the observable universe ~10% m

*Mean distance.

THE SUN, THE EARTH, AND THE MOON

PROPERTY UNIT SUN EARTH MOON
Mass kg 1.99 x 10% 5.98 x 102 7.36 X 1022
Mean radius m 6.96 X 108 6.87 X 108 1.74 X 10°
Mean density kg/m?* 1410 5520 3340
Free-fall acceleration

at the surface m/s? 274 9.81 1.67
Escape velocity km/s 618 11.2 2.38
Periad of rotation® — 37 d at poles? 23 h 56 min 27.3d

26 d at equator®

Radiation power* w 3.90 X 10%

aMeasured with respect to the distant stars,

#The sun, a halt of gas, does not rotate as a rigid body.

Just outside the Earth's atmosphere solar energy is received, assuming normal incidence, at the rate of

1340 W/m?,
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SOME PHYSICAL PROPERTIES

Air (dry, at 20°C and | atm)
Density
Specific heat capacity at constant pressure
Ratio of specific heat capacities
Speed of sound
Electrical breakdown strength
Effective molar mass

Water
Density
Speed of sound
Specific heat capacity at constant pressure
Heat of fusion (0°C)
Heat of vaporization (100°C)
Index of refraction (1 == 589 nm)
Molar mass

Earth

Mass

Mean radius

Free fall acceleration at the Earth’s surface
Standard atmosphere

Period of satellite at 100 km altitude
Radius of the geosynchronous orbit
Escape speed

Magnetic dipole moment

Mean electric field at surface

Distance to:
Moon
Sun
Nearest star
Galactic center
Andromeda galaxy
Edge of the observable universe

1.21 kg/m3
1010 J/kg- K
1.40

343 m/s
3X10°V/m
0.0289 kg/mol

1000 kg/m?
1460 m/s
4190 J/kg K
333 kJ/keg
2260 ki/kg
1.33

0.0180 kg/mol

598 X 10M kg
6.37 X 105 m
9.81 mys?

1.01 X 10° Pa
86,3 min
42,200 km

11.2 km/s

8.0 X 10% A-m?
150 V/m, down

382X 108 m

150X 10" ' m
4.04 X 10 m
2.2 X 10 m

21X 102 m

~ 0% m
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TABLE 1. 5 Densntnes of -

Gold 19.3 X103

Uranium 18.7 X 103
Lead 11.3 X 103
Copper 8.93 X10°
Iron 7.86 X103

Aluminum 270 X10?
Magnesium 1.75 X103

Water 1.00 X107
Air 0.0013 X 108
PLANE ANGLE
° ! i RADIAN rev
I degree = 1 0 3600 LHEX T 278X 10
I minute = 1667 X 1072 | 60 2500 X Mt 4630 X 108
Tsecond = Q778X 109 1667TX 10-2 | 4848 X 105 FTEX T
1 RADIAN = 57.30 3438 2008 X 100 1 0.1592
1 revolution = 360 2 x 10! 1296 X 108 6,983 1

SOLID ANGLE

I'sphere = 4 steradians = 12.67 steradians
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FORCE

dme NEWTON b pdt g kef
ldme= 1 10-* 2AHRXI0F TBINI0D 102X 1973 LO K10
1 NEWTON = 11i¥ 1. 0.248 7.233 1020 0.1020
pound = 4448 X 10° 4448 | 17 4536 0.4536
I poundal:= - 1.383 X 104 (0.1383 3108 x 107 | 14.10 1410 X 162
I'gram-force = 9807 9807 107% 26X MY 7093 % 1072 ) 0.001
Vkilograni-force = 9.807 % 102~ 9,867 2.205 093 1090 I
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744 5.076 154.8 OS]
90.1 3.39%4 126.2 O il
93.1 3496 - 133 CO
124 5117 283.1 Ol

98 9,008 373.6 H2S

200 4,256 369.9 Ol
113 6.242 3095 Ctbiial

308 -~ 4.053 55321  ila oluSa
260 4,924 562.1 O

94 " 7.387 304.2 CO2
72.5. 11.4 405.6 | i gl
311 1,374 4695 "oy
368 3.03 507.3 Hlassa
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56.8 6473 #la
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Energy

UNITS AND CONVERSION FACTORS

1 Joule =

Pressure

107 ergs

0.2389 calories

9.480 x 107 Btu

9.869 x 10~ ? liter-atmospheres
0.7376 foot-pounds

2.778 x 10 * watt-howrs

3.724 X 1077 horsepower-hours

1 Pascal =

Volume

1 Newton/m’

10 dynes/cm’

10 baryes

10y° bars

1.450 x 107* <psi(pmnm‘lf-';/inc.h?‘)
0.9869 X 147 atmospheres
7.5006 » 10~ Torr (or "mm Hg'")

1w’ =

10° em?

107 liters

6.1024 % 10* inch®

35.315 £

264.17 U.S. gallons

219.97 British Immperial gallons

Temperature

T(eC) = T(Kelviny — 27315
T(°R) = 1.8 X T{Kelvin}
T(°F) = T(°R) — 459.07 = 1.8 X

CONSTANTS

T(eCY4 32

(1077 J ferg)

(4.186 J /cal}

(1055 J/Btu)

(101.3 J /liter-atm)
(1.356 I /it-pound)
(3600 J /watt-hr}
(2.685 X 10® J/hp-hr)

(6897 Pa/psi)
(1.013 % 10" Pa/atm)
(133.3 Pa/Torr)

(1.639 % 10 > m*in’)
(02832 m®/ft%)

(3.785 x-10 ¥ m’/gal)
(4.546 % 1077 m'/gal)

R = 8.314 foulefmole-Kelvin = 1,946 caloriesimole-Kelvin

k= 1381 X 10 1 Joules /Kelvin
N, = Rk, = 6022 % 107 /mole
A = 6.626 x 1077 Joule-sec
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Ideal-gas specific heals of various common gases

{a) At 300 K
{ias constant, £ 6 G

Qs Formuky kikg - K kg K kikg K k

Air - 0.2870 1.005 0.718 1400
Argon fr 0.2081 05203 03122 1.667
Butans CiHhp 0.1433 17164 15734 1091
Carbon diovide 00, 0.1880 0.846 0,657 1.289
Catbon monoide ¢0 0.2968 L1040 0.744 1400
Ethane CH; 0.2785 1.7662 14897 1,186
Ethylen CHy 0.2964 15482 12518 1237
Helium He 20769 51026 3.1156 1,667
Hydrogen Hy 41240 14.307 10,183 1405
Hethane CH, 05182 22537 L7354 1299
Neon Ne 0.4119 1.0299 0.6179 1667
Nitrogen Ny 0.2968 1,039 0.743 1400
Octane CeHis 0.0729 17113 16385 1044
Oryaen 0, 0.2508 0918 0.658 1.365
Propane CiHy 0.1885 1.6794 14909 L1%6
Steam H0 0.4615 18723 14108 1327

Notes Tha untklikg - K I aquivaent o kg 5,
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Fundamental constants

Quantity

Symbol and equivalences

Value

(Gas constant

Zero of the Celsius scale

Standard slmosphere

Standard molar volume of
ideal gas

Avogadio conslant

Boltzmann cons{ani

Standard seceleration of
gravity

Flementary charge

R
T,
Po

Vo = RTglp

Ny
o= RIN,

g
4

§.31441(26) J K.~ mol
273, 15 K exactly
£.01325 x 10° Pa exactly

22.41383(70) % 107* m® mol ™!
6.022045(31) % 10** mot™!
1.380662(34) x 10727 T K™

9,80665 m s % exactly
1.6021892(46) x 10719 C

Mathematical constants and series

w = 3.14159265. ..
e = 2. T182818. ..

In x = 2.302585.. . log;yx

. P u bra A EE

am,\‘-»»x-wg—!—elwg!—-«ﬁ (all x}
1 6

co&.,le-»-i Tl = (all x)

’ ¥ xr xt

o :1+}”+E{+'§”{+Eﬁ+ . (all x)

In{l + x) = x — %x?’ -+ %xa - -é;x'i _ \‘)‘ =]

Q+x)!=1-x+x>=x>+ - x2 <1

=x)l=1+x+2+x"+ - x? < 1

(1= x) %=1+ 2x+ 3"+ dx” -+ by & 1L
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Special names and symbols for certain Si derived units

Name Symbaol Definition
of for of

Physical quantity ST unit SI unit ST unit

force newlon N kgmg-?

pressure = force/aren pascal Pa Nm ?=kgm~! g2

energy joule J N o= kpm? g2

power = energy/lime watl W Js7! = kgmig-?

electric charge coulomb C As

electric potential difference volt v JC ' m kgm2 =3 At

electric resistance ohm 0 VAT = kpm? g2 A2

¢lectric conductance siemens 5 AV m kg im-2g3 A2

electric capacilance farad E CV™ om kg=Im-2g1 A2

magnetic flux weber Wb Vs = kpmig-2 5!

magnetic flux density tesla T Whm™2 = kgs 2 At

irequency hertz Hz 571

A e A O J__mJ - e
Substance AH k] mol ™! AGRKY mol™" | §°/1 1K1 o~ CoIK " Tmel !
Ofg) 249,17 23175 160.946 21,91
O ] v 205,037 29,35
Galw) 142.7 163.2 238.82 020
H(g) 217997 203.26 114.604 20.786
Ha(g) 0 ] 130.570 28.82
OH(g) 3895 34.23 18364 29.89
H,00) - 285,830 —-237.178 69,950 7529
H,0(g) —241.814 --228.589 188.724 33.577
H,0,()) ~ 18778 — 12042 109.6 89.1
Fig) 79.39 61,92 £58.640 22.14
Fag 0 0 202.685 31.30
HF(g) —273.30 ~275.40 173,665 2913
Clg) $21.302 105.70 165.076 21.84
Cli(g) 0 0 222.965 339
HCXg) —92.3] —95,299 186.786 29.
Br{g} 111.86 82.429 174.904 20.79
Br(D) 0 0 152.210 75.69
Bry(g) 30.91 314 245,350 36.02
HBr(g) ~36.38 —53.43 198.585 2914
I{g) 106.762 70.28 180.673 20.79
S) 0 0 116.139 54,44
LAz 62.421 19.36 260.567 , 36,9
HI(g) 26.36 172 206.480 29.16
S{c, rhombic) 0 0 32.054 226
S(¢, monoclinic) 0.33
S(g 276.98 238.27 167.715 2367
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Substance AHG&Imol™ | AGHkI mol™! | §3 K™ mol™h | €3 K~ mol™!
50,(g) —296.81 —~300.19 248.11 39.9
SO4(®) —195.7 ~37L1 256.6 50.7
H,5(g) —20.6 —~33.6 205.7 34.2
H,50,1 ~813.99 - 690.10 156.90 138.9
N(g) 472,68 455.57 153.189 20.79
N,(g 0 0 191,502 29.12
NO(g) 90,25 86.57 210.65 29.84
NO 3318 51.30 240.0 37.2
N,O(g) 82.0 104.2 219.7 38.45
N,Os(8) 837 139.4 312.2 65.6
NoO4(e) 9.16 978 304.2 713
N,0+(g) 1 s . 356 85

Parameters for the van der Waals Equation of State

a RT a
(P + V'%)(Vm by = RT; i — V5 V2
Substance afPamb mol™> b x 109 m? mel ™
Amimonia 0.4225 e 3.707
Argon 0.1363 Fay 3.219
Carbon dioxide 03640 5 4.267
Helium 0.003457 2.370
Hydrogen 0.02476 2.6601
Methane 0.2283 4,278
Neon (.8636 1,709
Nitrogen 0.1408 3.913
Oxygen 0.1378 3183
Xenon 0.4250 5.105
Water 0.5536 3.049
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Glatkuaal 4458

Absolute

Absolute Zero

Absolute Temperature

Absolute Temperature

311

scale ks bl 2o ol
Absorption wabalial
Action Uad
Adiabatic aslaS
Adiabatic compression s Lolassl
Adiabatic expansion psbS 204
Adiabatic Process doglaS G lee
Air ol
Angular Frequency @by ilgs
Angular Momentum b & Ll
Antisymetric DBl e Ghlig e
Asymmetric bl Y
Atmosphere e
Atmosphere Pressure (Ss o
| Avogadro Number PETLHRTS L ¥ |




Barometer
(gsadt daraall (e
Binding Force Jaglyi 558
Black Body YW PRTES
Black body radiation 3303 asndl g lai
Boiling ol
Boiling point olalalh Adaks
Bolometer @hall & iy nlida
Boltzmann constant Slaiilgr cul
Boltzmann distribution Chasilss 360
Bond adayy
Bosons Calig ys
Boundary Conditions dpagastl Jag pill
Boyles Law Sigs 38
C
Caloric b
Calorescence Gl s
Caloric effect @b Jsmie
Calorie JOPT
Calorific power Aghs By
Calorimeter A

Celsius degree
. Centigrade degree

Aggia ¢ g ies Ao

312




Celsius scale
Centigrade scale

gy plu
Change of state Al
chemical potential L (a8
Classical SIS padi
Coefficient Jalaa
Coexistence Line Opysl g das
Collision P
Elastic Collision Qo polial
Inelastic Collision (e e asbial
Concentration Bry
Condensation S
Conditions Lyl
conductivity 48t
Conservation Lalaast
Conservation of energy A3l dalaas
Constant eyl
Continuity Dbt
Cool 3l
coordinates Silifaa)
critical o
Critical point Aas ddady
Critical pressure o~ b
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Critical potential

T s

Critical volume > e
Cubical expansion PRCENRIv
Cycle dala
D
Degeneracy caludad
Degenerate Algie e Jlate ¢(Guaie
Degree of freedom dgps dnyd
Demagnetization daieall Al
Demagnetizing field idairall (Lye Jis
Density dals
Density of States w44
Depth Bec
\ Diagram Jalada
Diameter kil
Diatomic 88 AU
Diesel engine Jia yaa
Differential Jalds
Differential element (ol pualc
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