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Comparing frequencies 
In the interesting news item "Absolute 
laser trequency measurements" (April. 
1972. page 171, which described the 
measurement o f  the  88-'I'Hz trequrnc,y 
ot cesium, a s ta tement  was made that 
" A  chain ot  experiments is needed he- 
cause two trtvliirncies diftering hy more 
than  a tactor 0 1  12 cannot he compared 
directly." Although the  article other- 
wise was very well written. this  s ta te-  
rnent is incorrect and  misleading. 

On :I Septemher  1970. D. t i .  McI)on- 
ald.  A .  S. Kislev. . I .  I). Cupp ,  and I(. 
M. Rvenson at  the National Bureau o f  
S t anda rds  in Boulder directly com- 
pared the 0.89-7'Hz l'requencv ( X -  
micron wavelength) ot an  H C N  laser 
with an  S - h a n d  trequency. Th i s  was a 
tactor ot' 100 in one s tep. '  O n  12 Au- 
gust 1971 the  same  group directly com- 
pared the :1.82-'I'Hz frequency (78 mi- 
cron) ot an  H 2 0  laser with an  ?(-hand 
t'requencv. Th i s  was a factor ot 401 in 
one step.' Thev  used a Josephson 
junction as the nonlinear e lement .  Al- 
though the rxultiplication tactor was 
l'ar greater t han  12, the  signal-to-noise 
ratios ohtained in these experiments 
were excellent, and McDonald and 
coworkers presently are sett ing up  an  
experiment to ohtain a tactor ot about 

1100 in one s t ep  from X-hand .  It' suc- 
cessful, this precedure will allow a di-  
rect comparison of' a 10.7-THz (28 mi- 
cron)  HzO laser frequency with a n  X -  
band frequency s t anda rd .  

Their  pioneering work in high-order 
single-step frequency mult iplicat ion 
should he regarded as a signil'icant a(L 
vance towards very versa1 ile met hods 
o f  infrared and visihle radiation tre- 
quency svnthesis t ha t  will he highlv 
prec'isc as well a s  being relativc.lv h i m  

1)Ie. inexpensive and reliable. 'l 'hcw 
desirable teatures are expected to  he 
at ta inable  partly because it is possible 
to compare two frequencies directlv. 
although they ditter by much more 
than  a tactor ( i t  12. 'I'he w e n t u a l  i r w  
pact on technology and  science may he 
c ~ n s i d e r a h l e . ~  

KENNETH EVENSON t t w x s :  I h n a l d  
Haltord's comments  are correct. T h e  
sentence in question could he better 
expressed: A chain ot lasers is needed 
when one uses the room temperature  
metal  metal  diode hecause the signal- 
to-noise ratio decreases with increasing 
harmonic numbers,  t hus  limiting the  
maximum uset'ul harmonic number.  
T h e  twelfth harmonic was the maxi- 
miini one used in the  experiments de -  
scribed in the April issue a s  well as 
those revised ones reported in Haltord's 
rct'erence 1. which resulted in the IO()- 
fold improvement in the accuracy of 
the  speed of light. However. signals 
with higher harmonic numhers  t'rom 
metal  metal  diodes might he ohtain-  
able with longer averaging t imes.  We 
presently are  sett ing u p  a n  experiment 
t o  ohtain a factor ot' 33 in one s t ep  
from a laser with a metal-metal  diode. 
Much  higher laser harmonics might he 
ohtainahle with the  .Josephson ,junc- 
t ion. 
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