
MEASUREMENT 
OF LIGHT 
FREQUENCIES 
A METHOD FOR OBTAINING PRECISION MEASUREMENTS of 
the frequency of visible light, by directly relating these 
measurements to the microwave frequency standards 
provided by atomic clocks,' is being developed at the 
IVBS Institute for Basic Standards. The method was 
conceived by atomic physicists Z. Bay and G. G. Luther' 
of the Institute's Atomic and Molecular Physics Division. 
T h e  aims of the method extend beyond frequency meas- 
urements to  include the establishment of reference lines 
f o r  spectroscopy and length measurements, and  to im- 
prove precision in measuring the speed of light, c. Sub-  
sequently, time-of-flight measurements by terrestrial and  
space radar  may be translated to direct distances using 
the new method. 

The main pieces of apparatus used in this method 
include a helium-neon gas laser, a microwave modulated 
electro-optic crystal, and a Fabry-Perot interferometer. 
Extremely sensitive servo systems that position the re- 
flecting mirrors of both the laser and interferometer are  
responsible for the great precision in measurements us- 
ing the new method. 

The laser heam of frequent). 1' is modulated electro- 
optically a t  the microwave frequency W, by a potassium- 
dihydrogen-phosphate (KDP j crystal placed inside the 
laser cavity. The modulation generates two sidebands 
having frequencies, V + W  and V-01, which a r e  separated 
f rom the main laser beam by passage through a bire- 
fringent calcite plate. The  two sidebands then enter a n  
evacuated Fabry-Perot interferometer of very high 
finesse. A double servo system adjusts the length of the 
interferometer and simultaneously the length of the laser 
cavity so that both sidebands a re  transmitted with maxi- 
mum transparenc) through the interferometer. From the 
theory of the Fabry-Perot interferometer, the ratio of 
the  two measured sideband frequencies ( V + W )  / ( v - w )  

can be deduced to equal the ratio of two known integers 
---the so-called order numbers. 3, that refer to the total 
number of wavelengths of each frequency analyzed b!- 
the interferometer. Since the difference of the two fre- 
quencies. LJ. is known very precisely with respect to the 
frequency standard. one is able to compute the stabilized 
optical frequency, I,. as a rational multiple of 01. Thus  
the measurement of the very high optical frequencies 
( a s  high a s  lo1' to 10'; Hz, for which n o  direct measur- 
ing devices, operating fast enough, are known a t  present) 
is  reduced to the known techniques of the measurement 

Zoltan Bay alines a K D P  crystal with the active beam of a 
hehum-neon gas laser in preparing to redetermine the 
celocity of light. 

of the relatively low (10'" to  10" Hz) microwave 
frequencies. 

The  computation for determining the laser frequency 
requires neither the knowledge of c nor the use of any 
length measurements. This  suggests that the new method 
may have interesting applications for future measuring 
techniques. 

The present experiments have incorporated the 6328 
A red line of a helium-neon laser, but the stabilization 
and  frequency measurement is applicable to  any laser 
line. Reference lines for spectroscopy can be established 
throughout the spectrum in terms of stabilized laser lines 
of known frequencies. 

Combining corresponding wavelength I A )  and fre- 
quency ( I, I measurements leads to a redetermination of 
c by applying the equation c=Av. Since the expectation 
is that the new method can provide frequency measure- 
ments with a precision of one par t  in 10'. or better: the 
limiting accuracy in the measurement of c will be given 
by that of the krypton-86 line that defines the meter at 
present to one part in 10'. In the future twii different 
approaches to the p r o l ~ l ~ i i i  t i f  improving tht' iengt!? 
standard are possible. 

In the first approach, the precision of the ien=rh stand- 
a rd  can be improved by choosing one \vel1 stahilized 
laser line, instead of the kr!-pton-86 line emitted by a 
gas-discharge lamp. 

The second approach is to hase the new definition of 
the meter oli a specified vaiuc tlf c puck that i t  is com- 
patible with the present meter. Then all the reference 
lines of known frequencies can serve simultaneously as 
reference lines for length measurements because their 
lvavelength is known as X = C / V .  It follows from a basic 
contention of present theoretical physics that the value 
of c remains the same regardless of the local frame of 
measurement reference. 

The comparison of frequencies represents an easier 
task for future metrolog! than the intercomparison of 
wavelengths in distant parts of the spectrum. Therefore. 
Drs. Bay and Luther prefer the second approach for a 
new and final definition of the meter. 
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