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"TABLE 1.3 EQUALITY OF m; AND mg

Experimenter(s) Year Method lm; — mg|/m,
Galileo® ~ 1610 pendulum <2 X 1073
Newton' ~ 1680 penduium <1073
Bessels 1827 pendulum <2 X 1073
- Eotvgste 1890 torsion-balance <§X 1078
Ebtvos et al.l? 1905 torsion-balance <3 X 107
Southerns!® 1910 pendulum <5 X 10
Zeeman® 1917 torsion-balance <3 X 108
Potterz® 1923 pendulum <3 X 1078
" Renner® 1935 torsion-balance <2 X j0-10
Dicke et al 22 1964 torsion-balance; sun <3 x 107U
Braginsky et gl 1971 torsion-balance; sun <9 X 10718

* Pronounced ut-vush (u as in turm).
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TABLE 53 TIME DILATION EXPERIMENTS

Experimenter(s)

Adams, Moore'?
Popper!®

Pound and Rebka'®
Brault®?

Pound and Snider
Greenstein et al.'s
Snider!*

Hafele and Keating®

Year
1925, 1928

1954

1960

1962

1964

1971

1971

1972

Method

redshift of H lines on
Sirius B

redshift of H lines on
40 FEridani B

redshift of y-rays on
earth

redshift of Na lines
on sun

redshift of y-rays
on earth

redshift of H lines
on Sirius B

redshift of K lines
on sun

time gain of cesium-
beam clocks

A Vex/ A Vih

0.2t00.5
1.2 =03

1.05 +0.10
1.0 =005
1.00 = 0.01
1.07 0.2

1.01 +0.06

09 =02

3+
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TABLE 5.2 TIME DILATION WITH CESIUM-BEAM CLOCKS
Time gain, westward Time gain, eastward

(273 £7) x 107" sec (—59 + 10) X 107? sec

Observed mean

Kinematic correction 96 = 10 —184 = 18

Remainder (observed dilation) 177 + 12 125 =21
179 = 18 144 = 14

Predicted dilation
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Table 8.3. Comparison of Theoretical and Observed Centennial Precessions of

Planetary Orbits.®

6xMG  Revolutions A¢ (seconds/century)

a

Planet  (10° km) e L Century Gen. Rel.  Observed
Mercury

(§) 57.91 0.2056 *0.1038" 415 43.03 43.11 + 0.45
Venus

(%) 108.21 0.0068 0.058” 149 8.6 84 + 4.8
Earth

(®) 149.60 0.0167 0.038” 100 3.8 50 +1.2
Icarus 161.0 0.827  0.115” 89 10.3 9.8 4 0.8
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TABLE 3.2 EXPERIMENTAL RESULTS ON THE DEFLECTION OF
LIGHT?

Observatory Eclipse Site @ (sec)
Greenwich May 29, 1919 Sobral 1.98 = 0.16
Greenwich * “ Principe 1.61 = 0.40
Adelaide-Greenwich Sept. 21. 1922 Australia 1.77 = 0.40
Victoria “ H Australia 1.42 to 2.16
Lick “ “ Australia 1.72 £ 0.15
Lick “ * Australia 1.82 + 0.20
Potsdam May 9, 1929 Sumatra 2.24 * 0.10
Sternberg June 19, 1936 U.S.S.R. 2.73 = 0.31
Sendai oo Japan 1,28 to 2.13
Yerkes May 20, 1947 Brazii 2.01 = 027
Yerkes Feb. 25, 1952 Sudan 1.70 = 0.10
U. of Tevos? June 30, 1973 Mauritania 1.58 = 0.16*

* According to a preliminary data analysis.

TABLE 3.3 EXPERIMENTAL RESULTS ON THE DEFLECTION OF
RADIO WAVES

Bty)

Radio Wavelength Baseline 0
Telescope {(cm) (km) (sec)
'Owens Valley! 3.1 1.07 1.77 0.20
+0.26
‘Goldstone® 12.5 21.56 1.82 {__0 {7
National RAQ® [1.1and 3.7 ~2 1.64 =0.10
;Mullard RAO? 11.6 and 6.0 ~ 1 i.87 =030
Cambridge® 6.0 4.57 1.82 +0.14

6.0 1.44 1.68 +0.09
3.7 845 1.73 +0.05
11,1 and 3.7 35.6 1.76 +0.02
21.2 and 6.0 ~ 1 1.82 +0.06
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TABLE 4.1 FREQUENCY BANDS FOR GRAVITATIONAL WAVES

Designation Frequency Typical Sources
Extremely low 1077/sec cosmological? '
frequency to explosions in quasars
10~4/sec and galactic nuclei
binaries
Very low 10~4/sec short-period binaries
+ frequency to huge black holes
10-"/sec (~10° to 10® M) i
|
Low frequency 10~!/sec !
‘ to pulsars
10%/sec
Medium frequency 10%/sec black holes (1-10% M)
to collapse of stars
10%/sec supernovae, birth of neutron stars i
High frequency 10%/sec
to man-made?
10%/sec
Very high 108/sec black-body
frequency to cosmological?

10 /sec



" TABLE 4.3 ASTROPHYSICAL SOU

RADIATION¢®
Source Spectrum
Binary star system discrete, v = 2 X 1073/sec
"~ (ofthe AM CVn
type)

_"Collapse of
' neutron binary
* system

‘Pulsating neutron
~ star

.‘rRotating neutron
. star (with rigid
.. deformation)

i_R‘apidly rotating
. heutron star

* (with rotation-
* induced defor-
“ mation)

: s’;l*{eutron star fall-
;" ing into black
" hole (10 M)
:Gravitational col-
»- lapse of star
(10 M) to

R
!'h
2

fgrm a black hole

LOr in terms of the integrated fux (

glissando, v ~ 200/sec

increasing to

v~ 2 X 103/sec
discrete, v = 103 — 10%/sec

discrete, v = 3 X 10%/sec

discrete, v = 1.5 X 10%sec
(slight drift to higher

frequency)

continuous, peaked near

v ~ 104/sec

continuous, peaked near

v ~ 10%sec

107 erg/fcm? sec

10! ergfcm?

10* erg/cm?

107! erg/cm? sec

10° erg/cm?

10 ergfcm?

10 ergf/cm?

. Based, in part, on the summary given by Rees, Ruffini, and Wheeler.*
The energy is giveu in ierms of the fAlux (ergfom? sec) for sources that radiate continuously
:rgfem?) for sources that radiate only for a short time

RCES OF GRAVITATIONAL

Energy received® Comments

not
detectable

detectable

detectable
with tuned
detector

not
detectable

detectable
with tuned
detector

detectable

detectable

It has been assumed that the distance to the source has the standard value of 100
lght years; if the distance is r, the energy must be multiplied by (100/2,
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Fig. 9.20 Totnt mass as a function of central density for cold stars. Different curves result
from different aceumpriong about the equation of state. (Courtesy of Prof.
R. Ruffini, Institute for Advanced Study.)
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Fig. 321 Structue of a neutron star. (After Ruffini, in DeWitt and DeWitt, eds. Black
Holes)
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TABLE 9.2 FLICKERING X-RAY SOURCES

Mass of
Time scale Orbital primary
X-ray source of bursts period (days) Primary star star My
Cygnus X-1* ~ 0.001 sec 5.6 HDE 226868 30M, =6 M,
SMC X-1 ~ 1 min 3.89 Sk 160 20 ~6
Vela X-1 ~ 0.1 sec 8.9 HD 77581 ~15 ~ 1.5

"Cygnus X-1 is not an eclipsing binary. The orbital period is determined from the velocity
curve of the primary star (obtained from Doppler shifts).
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Figure 14.11 The radio galaxy 3C295 in Boétes. The spectrum of this galaxy, shown
below, reveals a red shift z = 0.46, the largest yet observed for any galaxy. This
photograph and spectrograph were taken with the 200-in. telescope at Mt. Palomar.
(Courtesy Mt. Wilson and Mt. Palomar observatories.)
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TABLE 10.1 THE MEAN MASS DENSITY OF THE UNIVERSE
FForm of Matter

Galaxies

Galactic halos, and intergalactic stars, dwarf

galaxies, or black holes
Electromagnetic radiation
blackbody (2.7 °K)
radio waves
starlight (optical)
X-rays
Cosmic rays

(in clusters)

Intergalactic hydrogen (atomic)
Intergalactic hydrogen (molecular)
Intergalactic plasma (~ 10° °K)

Total protons, neutrons, and other baryons

Mean Mass Density (g/cm?)*
2% 16°*

S 2 % IO—.“HJ

4 x [0~

10~
10~
10-7
10-%

< 4 X 10738 g/em?® (2 X 10730)"
< §x 1073
= 10

=6Xx 10731°

 Densities in this table 2:¢ based on the value Hy = 5.5 cm sec™! pc™' for Hubble's con-

stant.

b The second number does not assume a cosmological redshift for quasars.
¢ From theory of deuterium production.
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Fig. 10.17 Eras in the evolution of the universe. (After Harrison, Annual Review
of Astronomy and Astrophysics, /973.)
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