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Extremely sensitive readout of a stable "etalon of length" is achieved with laser fre
quency-locking techniques. Rotation of the entire electro-optical system maps any cosmic 
directional anisotropy of space into a corresponding frequency variation. We found a 
fractional length change AZ/Z = (1.5±2.5)xlO"15, with the expected P2(cos#) signature. 
This null result represents a 4000-fold improvement on the best previous measurement 
of Jaseja et al. 

Our conventional postulate that space i s i s o 
t rop ic r e p r e s e n t s an ideal izat ion of the null ex
p e r i m e n t s of Michelson and Morley 1 and the l a t e r 
improved exper imen t s of Joos . 2 Lorentz 3 and 
Fi tzGera ld 3 showed that a specific longitudinal 
contract ion could account for the null r e su l t . In 
his study of the axiomat ic bas i s of the spec ia l 
theory of re la t iv i ty , Robertson 4 has shown how 
this r e su l t may be combined with s imi l a r ly idea l 
ized exper imenta l r e s u l t s from the Kennedy-
Thorndike 5 and Ives-St i lwell 6 expe r imen t s to lead 
unambiguously to the spec ia l theory of re la t iv i ty , 
a s suming the constancy of the speed of light. He 
shows that—between two iner t i a l f r ames moving 
along x—the m e t r i c t r a n s f o r m s a s 

ds2 = dt2-c~2(dx2 + dy2 + dz2), 

dsf2 = {gQdt')2 - c ' 2 [ ( g l d x f ) 2 + g2
2{dy'2 + dz'2)]0 

(1) 

The spec ia l theory of re la t iv i ty co r responds to 
g0 = g1=

:g2= 1» A recen t Le t t e r s u m m a r i z e s the 
excel lent a g r e e m e n t obtained in a wide var ie ty of 
p rec i s ion exper imen t s with the predic t ions of 
spec ia l re la t iv i ty , 7 Still, major advances in the 
t h r e e fundamental exper iments a r e c lear ly of 
s t rong scientif ic in te res t , s ince in genera l we 
have only finite exper imenta l l imi t s for the v e 
locity or absolute or ienta t ional dependences of the 
g{. For example , the Joos vers ion 2 of the Michel-
son-Mor ley exper iment shows that g2/gl - 1 = (0±3) 
x lO" 1 1 . 

The sensi t iv i ty advantage of l a se r frequency 
metrology for length m e a s u r e m e n t s was f i rs t 
pointed out by Javan and Townes, and with co
w o r k e r s they w e r e the f i r s t to apply l a s e r t echni 
ques to a Miche l son-Mor ley - type measu remen t . 8 

Unfortunately the i r length e ta lons w e r e in fact 
l a s e r s , and a s e r i o u s sys t emat i c frequency shift 
(275 kHz) was observed a s the appa ra tus ro ta ted . 
Thus, although the i r excel lent in t r ins ic l a s e r 
s tabi l i ty ( -30 Hz) gave a g l impse of future m e t r o -

logical poss ib i l i t i e s , the l a rge spur ious s y s t e m a t 
ic effect l imited the i r t e s t for cosmic anisot ropy 
to gjgx ~ 1 =±2 x lO" 1 1 . This value is about 10"3 

of the "predic ted e ther dr i f t , " based on E a r t h ' s 
orbi ta l velocity [(v/c)2 -10""8] and r e p r e s e n t s only 
a sma l l improvement over the Joos resul t 0 The 
p r e sen t paper extends the null r e su l t by a factor 
4000 below the value of J a se j a et al.* to a f r e 
quency shift l imit of ±205 xlO""15, cor responding 
to ±5 x l O - 1 5 in g2/g1-l. 

Our exper iment has been designed to be c l e a r 
in i ts in te rpre ta t ion and free of spur ious effects. 
I ts pr inciple may be unders tood by r e f e rence to 
Fig. 1. A He-Ne l a s e r (A = 3.39 /im) wavelength 
is se rvos tab i l i zed so that i ts radia t ion sa t i s f ies 
optical s tanding-wave boundary conditions in a 
highly s table , isolated F a b r y - P e r o t i n t e r f e r o m 
e t e r Because of the s e rvo , length var ia t ions of 
th is cavity—whether accidenta l or cosmic—-ap
p e a r a s var ia t ions of the l a s e r wavelength. They 
can be r ead out with e x t r e m e sensi t ivi ty a s a f r e 
quency shift by optically heterodyning a por t ion 
of the l a s e r power with another highly s table 
l a s e r , provided in our case by a CH 4 -s tabi l ized 9 

l a s e r . To s e p a r a t e a potential cosmic cavi ty-
length var ia t ion from s imple drift, we a r r a n g e d 
to ro ta te the d i rec t ion of the cavity length by 
mounting the length etalon, i t s l a s e r and opt ical 
a c c e s s o r i e s , onto a 9 5 - c m x 4 0 - c m x l 2 - c m g r a n 
ite s lab which, along with se rvo and power-supply 
e lec t ron ics , may be continuously ro ta ted . (The 
frequency readout beam comes from a beam 
sp l i t t e r up along the rota t ion ax is and is d i rec ted 
over to the CH 4-s tabiI ized l a s e r . E l ec t r i c a l pow
e r comes to the ro ta t ing table through Hg-fi l led 
channels and a contactor pin a s s e m b l y below the 
table.) The table rota t ion angle is sensed via 25 
holes p ie rced in a me ta l band under the table . A 
single, s e p a r a t e hole provides absolute r e s y n -
chronizat ion each turn . The l a s e r beat frequency 
is counted for 0.2 sec under min icomputer con-
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FIG. 1. Schematic of isotropy-of-space experiment. 
A He-Ne laser (3.39 /im) is servostabilized to a t rans
mission fringe of an isolated and highly stable Fabry-
Perot resonator, with provision being made to rotate 
this whole system. A small portion of the laser beam 
is diverted up along the table rotation axis to read out 
the cavity length via optical heterodyne with an "isola
tion laser" which is stabilized relative to a CH4-stabil
ized reference laser. The beat frequency is shited and 
counted under minicomputer control, these frequency 
measurements being synchronized and stored relative 
to the table's angular position. After 30 minutes of sig
nal averaging the data are Fourier transformed and 
printed out, and the experiment is reinitialized. 

trol after each synchronizing pulse, scaled and 
transfered to storage and display. A genuine 
spatial anisotropy would be manifest as a beat-
frequency variation ocp2(cos#). The associated 
laser-frequency shift may be conveniently ex
pressed as a vector amplitude at twice the table 
rotation frequency, / , of 1 per -10 sec. Further
more, its component in the plane perpendicular 
to Earth's spin axis should precess 360° in 12 h. 

Our fundamental etalon of length is an inter
ferometer which employs fused-silica mirrors 
"optically contacted" onto a low-expansion glass -
ceramic10 tube of 6-cm o.d. x l - c m wallx30.5-cm 
length. The choice of 50-cm mirror radii pro
vides a well-isolated TEMM mode. Dielectric 
coatings at the mi r ro rs ' centers provide an inter -
ferometric efficiency of 25% and a fringe width 
—4.5 MHz. The interferometer mounts inside a 
massive, thermally isolated Al vacuum envelope. 
The environmental temperature is stable to 0.2 
°C. 

Fringe distortion due to optical feedback is p re 
vented by a cascade of three yttrium-iron-garnet 

Faraday isolators, each having a return loss 
^26 dB. The laser is frequency modulated -2.5 
MHz peak to peak at 45 kHz. Both first-harmonic 
and third-harmonic locking were tried, the un
used one being a useful diagnostic for adjustment 
of the Faraday isolators. Based on the 200-/iW 
available fringe signal, the frequency noise of the 
cavity-stabilized laser is expected (and observed) 
to be about 20 Hz for a 1-sec measurement, 
using a first-harmonic lock. 

Our CH4-stabilized "telescope-laser" frequency 
reference system achieves a comparable stabil
ity.9 The random noise of the beat signal in a 
typical 20-min data block is observed to be - 3 
Hz, compared with the laser frequency of almost 
1014 Hz. To ensure absolute isolation of the 
cavity-stabilized and CH4-stabilized lasers, the 
latter actually is used to phase lock a "local -
oscillator" laser offset by 120 MHz. The -35-
MHz beat of this isolation laser with the cavity-
stabilized laser is the measured quantity. 

The useful sensitivity of our experiment is 
limited mainly by two factors: drift of the inter
ferometer (--50 Hz/sec) and a spurious nearly 
sinusoidal frequency shift at the table rotation 
r a t e / . This latter "sine-wave" signal was typi
cally about 200 Hz peak to peak, and arises from 
a varying gravitational stretching of the inter
ferometer, if the rotation axis is not perfectly 
vertical. The centrifugal stretching due to rota
tion is -10 kHz a t / = ( l turn)/(13 sec) and implies 
a compliance -10 times that of the bulk spacer 
material. 

We find that taking data in blocks of N table ro
tations (N - 8 -50) is helpful in minimizing the 
cross coupling of these noise sources into the 
interesting Fourier bin at 2 cycles per table revo
lution (actually at 2N cycles per N table revolu
tions). Typically 10-20 blocks of N revolutions 
were averaged together in the minicomputer be
fore calculating the amplitude and phase of the 
signal at the second harmonic of the table rotation 
frequency. The average result is an amplitude 
of cos20 of —17 Hz (2xl0~13) with an approximate
ly constant phase in the laboratory frame. A 
number of such f-h averages spanning a 24-h 
period are illustrated in Fig. 2 as radius vectors 
from the origin to the open circles. The noise 
level of each such average was estimated by com
puting the noise at the nearby Fourier bins of 2N 
± 1 cycles per N table revolutions. For a ^-h 
average {N= 10, averaged 10 times) the typical 
noise amplitude was 2 Hz with a random phase. 

To discriminate between this persistent spuri-
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3 r ^ 

FIG. 2. Second Fourier amplitude from one day's da
ta . The vector Fourier component at twice the table ro
tation rate is plotted as the radius vector from the ori
gin to the open circles. After precessing these vectors 
by their appropriate sidereal angles they are plotted 
as the (+). For the 24-h block of data the average 
"ether drift" term is 0.67± 0.73 Hz, corresponding to 
Av/v = (0.76 ± 0.83) x 10"14. 

ous s ignal (17-Hz ampli tude at 2/) and any gen
uine " e t h e r " effect, we made m e a s u r e m e n t s for 
12 or 24 s i d e r e a l hou r s . We must ro ta te each 
vec tor to obtain i ts phase re la t ive to a fixed 
s i d e r e a l ax is p r i o r to fur ther averag ing . A v e r a g 
ing af ter th is ro ta t ion leads , a s shown in Fig. 2, 
to a typical 1-day r e s u l t below 1± 1 Hz. A v e r 
ages for 24 h w e r e s o m e t i m e s quieter than 12-h 
a v e r a g e s , an effect which may be re l a t ed to the 
observed 24-h pe r iod of the floor t i l t (« /xrad). 
A number of 12- a n d / o r 24-h a v e r a g e s a r e shown 
in Fig. 3. These data include mos t of the points 
taken dur ing var ious diagnostic expe r imen t s , 
The data taken after day 238 cor respond to a p 
prox imate ly " idea l " automated operat ion of the 
p r e s e n t appa ra tu s . The lack of any significant 
s ignal or day dependence al lows us to pe r fo rm 
an overa l l ave rage . This final r e su l t of our e x 
p e r i m e n t is a null "e ther dr i f t" of 0.13 ±0.22 Hz, 
which r e p r e s e n t s a f ract ional frequency shift of 
( 1 . 5 ± 2 . 5 ) x l 0 - 1 5 . F r o m Eq. (1) we have Av(20)/v 
= %[(g2/gi) - 1]> s o t h ^ o u r exper imenta l resu l t 1 1 

can be wr i t t en in the form gjgx - 1 = (3 ± 5) x 10"15 . 
We may conservat ively use E a r t h ' s velocity 
a round the sun to calcula te the "expec ted" shift 
j>(v2/c2) ^ ( 1 0 ~ 8 ) , which gives a null r e su l t 1 1 

some 5xl0T 7 s m a l l e r than the c l a s s i ca l p r e d i c 
tion. This l imit r e p r e s e n t s a 4000-fold i m p r o v e -

220 230 

Day Numbers (1978) 
250 

FIG. 3. Averaged data of isotropy-of-space experi
ment. Data such as those in Fig. 2, were averaged in 
blocks of 12 h (thinner bars) or 24 h (thicker bars). 
For completeness this figure includes data from diag
nostic experiments before day 225. The data after day 
238 represent near-ideal automatic operation of the 
present apparatus. A 1-Hz amplitude represents ~ 1.1 
xlO"14 fractional frequency shift. The reference axis 
for the projection is the direction identified by Smoot 
et al. [11.0-h R.A. (right ascension),6° dec. (declination)], 
Ref. 12. 

ment over the most sens i t ive p rev ious e x p e r i 
ment., This advance i s due to s m a l l e r spur ious 
s ignals in our exper iment (2x l0~ 1 3 ins tead of 
1(T9), to supe r io r da t a -p roce s s ing techniques , 
and to super io r l ong - t e rm stabi l i ty of the length 
etalon and re fe rence l a s e r . 

The p r e sen t sensi t ivi ty l imit a r i s e s from two 
s o u r c e s : the finite averag ing t ime and some 
mechanica l p r o b l e m s . To improve our r e s u l t 
another decade by s imple averag ing would r e q u i r e 
15 y r . The s a m e decade improvement should be 
poss ib le in s e v e r a l months ' averaging , with i m 
proved mechanica l design (rotat ion speed s table 
to 10"4 and the rota t ion axis act ively s tabi l ized 
to ±1") and be t te r vacuum stabil i ty inside the 
in t e r f e romete r (to reduce the drift) . 

The recen t d iscovery of a pu re P^cosfl) a n i s o -
t ropy in the cosmic blackbody radia t ion was i n t e r 
p r e t e d a s a Doppler shift produced by our motion 
(~400 k m / s e c ) r e la t ive to a "pr iv i leged" ine r t i a l 
f rame in which the blackbody radia t ion i s i s o 
t ropic . 1 2 If th is velocity is cons idered to be the 
re levan t one, our sens i t iv i ty 1 1 i s ~ 3 x l 0 ~ 9 and 
const i tu tes the mos t p r e c i s e t e s t yet of the L o -
ren tz t rans format ion . It wil l be especia l ly i n t e r 
es t ing in the near future to develop techniques to 
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look even more sensitively for some extremely 
small residual "preferred frame" or general-
relativistic effects.13 
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