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10

Fundamental physical constants (c.g.s.)

c=2.99792458 x 10!°cms !
G=6.67259x 10" 8dyncm? g2
h=6.6260755x 10727 erg s
e=4.8032068 x 10 1%¢esu
m,=9.1093897x 10728 ¢
m,=1.672623 1 x 10724g
m,=1.6749286 x 10~ 2*¢g
m,=1.6605402x 10~ 2% g
my/m,=1836.152701
he/2me? =1/a=137.035989 5
e2/mc?=r,=2.81794092x 10" 3cm
h?/4n*m.e* =a,=0.529177249 x 10~ cm
h/mec=2,=2.42631058 x 10~ '%cm
2mme*/ch3 =R, =109 737.315 34 cm !
k=1.380658 x 10" 1®ergK !
o=2n°k*/15h3 c?
=5.67051x10"%ergcm 2K 457!
8nr,2/3=,0=0.66524616 x 10~ 2*cm 2
eh/dnm, = up=9.2740154 x 10~ ! gausscm?

Speed of light in vacuum
Gravitational constant
Planck’s constant

Electron charge

Mass of electron

Mass of proton

Mass of neutron

Atomic mass unit (amu)
Proton-electron mass ratio
Fine structure constant
Classical electron radius
Bohr radius

Electron Compton wavelength
Rydberg constant
Boltzmann constant
Stefan—Boltzmann constant

Thomson cross-section
Bohr magneton

(Based on constants recommended by the 1986 CODATA Committee in previous

table.)

Sun—Earth system constants

Equatorial radius for Earth

Dynamical form-factor for Earth
Gravity at Earth’s surface (mean)

Ratio of mass of Moon to that of Earth
Lunar distance (mean)

Astronomical unit

Mass of the Earth

Solar parallax

Tropical year (1900.0)

Ephemeris day

Constant of aberration (2000.0)

Obliquity of the ecliptic (2000.0)

General precession in longitude per
Julian century (2000.0)

Constant of nutation (2000.0)

Earth’s magnetic dipole moment

Angular rotation rate of Earth

Average depth of ocean

Flattening of Earth

a,=6378.140 km
J,=0.001082 63
g.=980.7cms 2

u=0.012 30002

3.84401 x 10!°cm

AU = 1495978 70 x 10'3cm
M,=5976 x 10*7 g

To = 8".794 148

365.242 days

3.1557 x 107 ephemeris seconds
86 400 ephemeris seconds

K =20".49552
e=123°26'21".448

p = 5029".0966

N =9"2055

M, = 8.02 x 10?2 Am?
Q=7.292115x10"5rads ™!
H =3800m

1/f=298.257

© Cambridge University Press e Provided by the NASA Astrophysics Data System



Cosmological data

11

Hubble constant

Hubble time
Hubble distance
Critical density

Volume
Smoothed density of galactic material
throughout universe (Allen 1973)

Space density of galaxies

Luminous emission from galaxies

Mean sky brightness from galaxies

Cosmic background thermodynamic
temperature

Weak coupling constant

Hy=(50-100)kms~! Mpc~!
=(1.6-32)x 1071851
1/H, = (19.6-9.78) x 10° y
R=c/H, = (6050-3025) Mpc
p. = 3HZ/87G
=(520)x 107 3°gcm 3
47R3 = (9-1) x 10! Mpc3

2x 107 gem™3
1x 10" 7atomem ™
3x 10° M Mpc~?
0.02 Mpc 3

3% 108 L, Mpc™?
1.4(my = 10)deg 2

3

274+ 0.09 K
Gui = 1435 x 10~ *° ergcm?

Unit conversions

1keV: hc/E =12.398 54 x 10" 8 cm
1keV: E/h=2.417965 x 10!" Hz
1keV: E/k = 11.6048 x 10° K
1.0EHz: hv=4.13571keV

1keV =1.602177 x 10 % erg
1joule = 107 erg
lcalorie = 4.184 joule

1 parsec = 3.261 633 light years = 3.085 678 x 1018 cm

1light year =9.460 530 x 10!7 cm
1XU =1.00209 x 10" ' cm
1 Angstrom=1 x 10~ 8 cm

lamu: Mc?>=1.49241 x 1073 erg = 931.494 MeV

760 torr = 1.013 x 10° dyn cm ™2 = 1 atmos. = 1.013 bars = 1.013 x 10° Pascals
1 Rayleigh = (1/4n) x 10° photonscm 25~ !sr!

1Uhuructs ™' =17x 10" ergcm 257! (2-6 keV)

=24x 10" ergem 251 (2-10keV)

1flux unit = 10~ 2° watt m~2 Hz~ ! = 1 Jansky
1.0Jy=10""ergem~2s ! EHz!

=0242x 10" ergem™2s 1 keV ™1 =1.509 x 10 *keVcem 25 ! keV ™!
1 curie: amount of material undergoing 3.7 x 10'° disintegrations s ™!
1 nautical mile = 1852 m
1 statute mile = 1609.344 m
intensity (ergem™2s~ ! Hz™!)=3.33 x 107 !° A%(A) intensity (ergcm " 2s~ 1 A1)
1barn = 10724 cm?
1tesla = 10* Gauss
0°C=273.15K
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Numerical constants

n=3.1415927
e=2.7182818
In2=0.6931472
log,,2=0.3010300
In 10=2.302 585 1
log,,6=0.4342945
(2m)t/2 = 2.506 628
n? = 9.869 604
219=1024

e 1=0.3678794
I'(n + 1) =n!,integern
I'(1/2)=n'?

rad = 57.29578 deg
=3.437 747 x 103 arcmin
=2.062 648 x 103 arcsec
steradian = 32 400/n2 = 3.2828 x 103 deg?
= 1.1818 x 107 arcmin?
=4.2545 x 10'° arcsec?
degree =0.017 453 3 rad
arcmin = 2.908 88 x 10~ “rad
arcsec = 4.848 137 x 10~ ° rad
deg? =3.0462 x 10~ *steradian
arcmin? = 8.4617 x 10~ 8 steradian
arcsec? = 2.3504 x 10~ !! steradian

Feigenbaum’s number: é = 4.669 201 6

Powers of 2:
2n

=

1

2

4

8

16

32

64

128

256

512
1024
2048
4096
8192

16 384
32768
1048 576
33554432

DO ARNUN DW= O

[\ T N N T W T
S LOWBnPWN -

log 2"

0.00
0.30
0.60
0.90
1.20
1.51
1.81
2.11
241
271
3.01
3.31
3.61
391
421
4.52
6.02
7.53
0.301n

Number system conversions:

Decimal Octal Binary Hexadecimal
0 0 0000 0
1 1 0001 1
2 2 0010 2
3 3 0011 3
4 4 0100 4
5 5 0101 5
6 6 0110 6
7 7 0111 7
8 10 1000 8
9 11 1001 9

10 12 1010 A
11 13 1011 B
12 14 1100 C
13 15 1101 D
14 16 1110 E
15 17 1111 F
6 20 10000 10
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Mathematical formulae

(a-*-x)"=a"+na"_1x+#a"‘zx2 An(n_g)'(n_2)a"'3x3+"-+nax”_1+x”,
N ' " where n is any positive integer.
e"=1+x+5+§+---.
ln(1+x)=x—:+i3~i4+"-f0r—1<x<1.
2 3 4
x> x* X7 xz x* xS
sinx=x—§+§——77+---, cosx=1—§!—+:ﬁ—a+---
judv=uv—fvdu+c, J‘nsinznxdx= ncosznxdx=g
° ° for an integer, n # 0.
Jw e~ dx = 1!/2/2a, Jw x"e *dx=T(n+1)/a"*!.
0 0

(e o]

F(u)= jw £0) o~ 2miux dx e f(x) =J‘ F(u) 2miux

n! ~ 2n)!/2n"* 2 e~ " (for large n).

b a b c b
Jf(x)dx=—f f(x)dx, jf(x)dx=j f(x)dx+j f(x)dx.
a b a a c

4 re Y 8 9 o] = o 8
af[”(x)]—du I’ | T [u(x)v(x)]—vdx+udx.
d% In y(x) = y'(x)/y(x), 2.30log;o x = log, x

sin(A + B) = sin A cos B + cos A sin B.
cos(A + B) =cos A cos B —sin A sin B.
e = cosx +isinx.

Elementary particles (short list)

Mass Magnetic Mean
Particle Charge (amu) Spin  moment life® (s)
Photon 0 0 1 0 stable
T-meson +1,—1 0.14984 1 0 2.60x 1078

0 0.144 90 0 0 0.83 x 1071¢

Neutrino 0 <1076 1/2 ~0 stable
Electron, positron —1, +1 0.0005486 1/2  1.001 160 ug®  stable
y-meson —1,+1 0.1134 12 00048424,  220x 107°
Proton +1,—1 1.007276 1/2 2.792 85 pug® stable
Neutron 0 1.008 665 12 —1.91304 uy 917+ 14

@ half-life = mean life x In 2

® pp=eh/dnm,c=9.2740154(31) x 1072*J T !

© un = eh/dnm,c =5.0507866(17) x 10727 J T~ 1.

(Data from ‘Reviews of Particle Properties’, Rev. Mod. Phys. 52, No. 2, April 1980)
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Elementary Particles

(The second column is the isospin t, while the next column is the spin and parity, J©.
Masses and lifetimes have generally been rounded; see the original reference for
error bars and a complete listing of particle properties.)

Particle t JP Mass (MeV) Mean life (s)

LEPTONS

e 4 0.511003 Stable

u i 105.6594 2.197 14 x 10~°

T i 1784 5x 10713

NONSTRANGE BARYONS

p 1 1+ 938.280 Stable

n 1 1+ 939.573 925

A 3 3 232 6 x 10724

STRANGENESS = —1 BARYONS

A 0 1+ 1115.60 2.63x 10710

hoh 1 1+ 1189.36 8.00 x 10~ 1!

0 1 1+ 1192.46 6 x 10720

- 1 i+ 1197.34 1.48 x 10710

STRANGENESS = —2 BARYONS

g0 1 L+ 1314.9 2.9 x 1071

5" 1 I+ 13213 1.64 x 1010

STRANGENESS = —3 BARYON

Q- 0 3+ 1672.5 82x 101!

NONSTRANGE CHARMED BARYON

A 0 1 2282 1x 10713

NONSTRANGE MESONS

nt 1 0~ 139.567 2603 x 1078

n° 1 0~ 134.963 83x 10717

" 0 0 548.8 8 x 10719

p 1 1- 769 43x 10724

w 0 1- 782.6 6.6 x 1023

n' 0 0~ 957.6 24 x 10~ 21

¢ 0 1~ 1019.6 1.6 x 10~22

J/¥Y 0 1- 3096.9 1.0 x 10720

Y 1- 9436 1.6 x 1072

STRANGENESS = —1 MESONS

Kt B i 0~ 493.67 1237 x 108

K° K° 1 0~ 497.7 K:892x 10711
K,:5.18 x 1078

CHARMED NONSTRANGE MESONS

D* 1 0- 1869.4 9x 10713

D, b° 1 0" 1864.7 5x 10713

CHARMED STRANGE MESON

F* 0 0~ 2021 2x 10713

(From Shapiro, S. L. & Teukolsky, S. A., Black Holes, White Dwarfs, and Neutron
Stars, John Wiley and Sons, 1983, with permission.)
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Energy conversions

lerg = 1dyne-centimeter = 10”7 joule
1joule = 1 newton-meter

1foot-pound = 1.356 joule

1 calorie =4.184 joule

1Btu = 1.055 x 103%joule

1 horsepower-hour =2.6845 x 10° joule
1kilowatt-hour =3.6 x 10° joule = 3.413 x 103 Btu
1MeV = 1.6 x 107 13joule

Energy of fission of 1 atom of 235U =199 MeV =3.2 x 107! joule
Energy equivalent of 1ton of TNT =4.2 x 10° joule

Energy of fission of 1kilogram of 235U =20 kilotons of TNT

Hydrogen fusion: D+ T - ,He*+n+ 17.6 MeV
Energy equivalent of 1gram of matter =9 x 103 joule

High heat value of 1ton of coal =26 x 10° Btu

High heat value of 1cord of red oak =30 x 10° Btu
High heat value of 100 gallons of fuel oil= 15 x 10° Btu
High heat value of 20 000 cu ft natural gas= 20 x 10° Btu

US energy consumption =10%° joule yr~! (proj. 1970-2000)
Earth’s daily receipt of solar energy = 1.49 x 10?2 joule = 4.2 x 10'2 Mwh
Earth’s rotational energy =2.2 x 10%° joule

Earth’s total heat content =3 x 1031 joule

1 D-cell flashlight battery = 10* watt-s = 10* joule

Prefixes and symbols
(used with SI units to indicate decimal multiples and submultiples)

Multiples Submultiples

Factor Prefix Symbol Factor Prefix Symbol
108 exa E 1071 deci d

1013 peta P 102 centi c

1012 tera T 1073 milli m

10° giga G 10°° micro U

10° mega M 107° nano n

103 kilo k 1012 pico p

102 hecto h 10715 femto f

10 deca da 10-18 atto a
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Periodic table of the elements

GROUP
A

| oorst PERIODIC TABLE
-252.7
= OF THE ELEMENTS

HYDROGEN 1A
3 6939[g o022 ATOMIC KEY
e | 30 eeaTg—aome

- BOILING T WEIGHT
0.53 L . 1.85 Be POINT,°C ™~ g06

MELTING 4195 Z §

LITHIUM | BERYLLIUM POINT, °C [ 7 n b sYmBOL
|| 2298%8(|p 24312 DENSITY
oo2 — (g/mi} ZINCe— NAME
97.8 650
.0.97 NO L74 Mg

SODIUM | MAGNESIUM ne ve \:] VI8 viie r VIl 1
|9 39102 |20 40.08 2| 44956 | DD 47.90 | D3 50.942 | D4 51.996 25 54.938| 2@ 55847 D7 58933 |Dg 5871
760 1440 2730 3260 N 3450 2665 2150 3000 2900 2730 .
63.7 838 1539 1668 1900 1875 i2a5 1536 1495 1453

0.86 K 1.55 CO 3.0 SC 451 T' 6.0 V 719 Cr 7.43 Mn 7.86 Fe 8.9 CO 8.9 NI
POTASSIUM | caLCium SCANDIUM TITANIUM | VANADIUM | CHROMIUM |MANGANESE IRON COBALT NICKEL
37 854738 ©762(3g 8890540 9l.22]4| 92906 42 9594|43 (98) [ 44 10107 | 45 102.905 46 '064
688 1380 2927 3580 3300 5560 _ 4900 4500 3980
389 768 1509 1852 2468 2610 2140 2500 1966 1552

1.53 Rb 2.6 Sr 4.47 Y 6.49 Zr 8.4 Nb 10.2 Mo n.s T@ 2.2 Ru 12,4 Rh 2.0 Pd

RUBIDIUM | STRONTIUM | YTTRIUM | ZIRCONIUM [ NIOBIUM [MOLYBDENUM |TECHNETIUM |RUTHENIUM | RHODIUM | PALLADIUM
55 132.905 | 55 137.34[ 57 13831 | 7D 178.49[ 73 180948 74 '8385| 75 (862G 1902 |77 1922]pg 195.09
590 840 3470 8400 s425 5930 5900 5500 5300 4530

. 9 6 3410 3180 3000 2454 1769

i.90 Cs 35 BG 6.17 La 13 Hf 16.6 TO 19.3 W 21.0 Re 226 Os 22.5 Ir 21.4 PT

CESIUM BARIUM | LANTHANUM | HAFNIUM | TANTALUM | woLFRAM | RHENIUM OSMiUM IRIDIUM PLATINUM

(223) (226) (227)

§_7 38 8_9 104 58 '40:2[BQ 140907| gy 14424 [ gy (147 62 '5035|g3 596 1gq 157.25
(2m) Fr i Ro 1030 AC 3468 3127 3027 — 1900 1439 3000

— 5.0 _ 795 C 935 P 1024 Nd (1021)P 10728 826 1312 Gd

6.67 e 677 r 7.00 —_— m 7.54 l l l 5.26 7.89

FRANCIUM RADIUM ACTINIUM

VALUES FOR GASEOUS ELEMENTS ARE FOR
LIQUIDS AT THE BOILING POINT,

OUTLINE - SYNTHETICALLY PREPARED.

CERIUM

PRASEODYMIUM | NEODYMIUM

PROMETHIUM

SAMARIUM EUROPIUM | GADOLINIUM

3850

THORIUM

90 232.038 9' (231) 92 238.03

3818

1750 (1230) 132
17 Th 15.4 PO 19.07 U

PROTACTINIUM] URANIUM

93

NEPTU

637 840
ws Np|™™

(237) 94

3235

(242) 95 (243) 96 (247)

Pul:; Am|—Cm

NIUM |PLUTONIUM | AMERICIUM CURIUM
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Periodic table of the elements (cont.)

VIHIA
2 4.0026
-2689
-269.7
ol2e He
1A IVA VA VIA VIIA HELIUM
.9994 18.9984 20.
5 lo.8il 6 12.0H1i5 7 14.0067 8 15.999 9 8.998 IO 0.183
— 4830 -195.8 -183 ~188.2 -246
(2030) B 37274 C -210 N -2188 O -219.6 F' ~24a.sN
234 2.26 0.8 114 1505 1.20 e
BORON CARBON NITROGEN OXYGEN FLUORINE NEON
K X . .064 .4 .948
|3 26.9815 |4 28.086 |5 30.9738 |6 32.0! |7 35.453 |8 39
2450 2680 280w 4446 -34.7 -185.8
660 Al 1410 S‘ 44.2w P 119.0 S -101.0 C' -189.4 A
2.70 2,33 ' 1.82w 2.07 1.56 1.40 r
1B [11:} ALUMINUM J SILICON PHOSPHORUS [ SULFUR CHLORINE ARGON
29 63.54 30 65.37 3' 69.72 32 72.59 33 74.922 34 78.96 35 79.909 36 83.80
2595 906 2237 2830 613 685 58 -i52
1083 419.5 29.8 937.4 8i7 217 -7.2 -157.3
8.96 CU 714 Zn 5.91 GO 5.32 Ge 5.72 AS 479 Se 3.2 Br 2.6 Kr
COPPER ZINC GALLIUM | GERMANIUM J|. ARSENIC SELENIUM BROMINE KRYPTON
47 07870148 112.40 | 4Q 11482 | () 1869 |§| 121.75 | 5D 127.60| 53 126.904| 54 131.30
2210 765 2000 2270 1380 989.8 183 -108.0
960.8 320.9 156.2 2319 6305 4495 [IER BITRY
10.5 Ag 8.65 Cd 7.31 ln 7.30 Sn 6.62 Sb 6.24 -re 4.94 I 3.06 Xe
SILVER CADMIUM INDIUM TIN ANTIMONY § TELLURIUM 10DINE XENON
79 196:967 | g() 200.59 | §| 20437 | @5 207.19 | @3 208.980| g4 (210) f g5 (210) | g@ (222
2970 357 1457 1725 1560 A= — (-61.8)
1063 -38.4 303 327.4 2713 254 (302) -71)
19.3 AU 13.6 Hg .85 TI 1.4 Pb 9.8 Bl (9.2) PO _ A1 ——Rn
GOLD MERCURY THALLIUM LEAD BISMUTH POLONIUM ASTATINE RADON
65 158.924 66 162.50 67I64.930 68 167.26 69 168.934 70 173.04 7' 174.97
2800 2600 zsgo 2900 1727 1427 3327
1356 1407 1461 1497 1545 824 1652
8.27 Tb 8.54 Dy 8.80 Ho 9.05 Er 9.33T| l I 6.98 Yb 9.84 LU
TERBIUM | DYSPROSIUM | HOLMIUM ERBIUM THULIUM | YTTERBIUM | LUTETIUM
. 97 (247) 98 (249) 99 (254) |OO (253) |o| (256) |02 254) Io3 (257)
BERKELIUM [CALIFORNIUM|EINSTEINIUM [ FERMIUM [MENDELEVIUM | NOBELIUM |LAWRENC!UM
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Greek alphabet

A« Alpha N v Nu

B S Beta =2 ¢ Xi

'y Gamma Oo Omicron

A S Delta Imn= Pi

E ¢ Epsilon P p Rho

VANA Zeta 2o Sigma

H g Eta T+ Tau

® 0 Theta T v Upsilon

I Iota o ¢ Phi

K x Kappa X x Chi

A2 Lambda ¥y Psi

M u Mu Qow Omega
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