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Abstract A ~nodulator based on s~andftlg density waves i ~ .  Piczoelertdc 
driver 

\yater for a parallel-ray interferometer is described. The 
local changes in the refractive index of tile water lead lo 
optical path modulation at a typical frequency of 100 kHz, 
This modulator is easy to construct, has a high, optical 
cfliciency and low powcr consumption. 

Du~+ing our work with a stellar sheering intefferometctr, 
(Ribak and Lipson 1981), wc encountered the necd for a 
convenient n~oclulator. The inlerferotlleler has two parallel 
ligh~ bcanis, and the modulaSor m u ~ t  invoducc an altornaliq$ 
path djn'crence of a quartcr-wavelength bclwcen thcm, 
Because of atmospheric flucluations, it Is necessary to work 
at frequencies abovc about 50 kHz, which is too lriglr fnr 
mechanical systen~s. Most other modulators were also rulad 
out since they involve polarisers and therefore waste at least 
half of the light, which is very prccious in astronomical 
o bscrvat ions. 

Thus tllc idea arose of using density waves in watcr. Density 
wavcs causc a change in the rcfraqtive index, which rnodulates 
ihc op~ical pnlh. Watcr is known (Hartfield and Thompson 
1978) to be vcry cficicnt for this purpose and is w i l y  
available. 

The geon~clrical layo~tt is shown in figure I. A staading 
acot~stic wavc is excited across a water cell, and the two light 
beams intcrscct it transversely at two antinodes of the wave, 
At a pcak of the acouslic wavc, onc bcam experiences a 
maximum of refractive index and the other a 1ninirn~1111; 
(lti~s the optical path dilTcrence is achieved. The amplitude of 
rhe acoustic wavc is chosen so that the path diifercnce is a 
c~~twicr-wavclenglh. Half a cycle Intcr, tllc path dill'ercncc is 
rcvcrscd. At the 0~11pilt of the interferorneler rlrere is a con- 
structive interference in one exit and destructive at tllc 
complc~~lcntary onc. After half a cyclc the rolcs are revcrscd, 
siricc the pI>asc diKerencc has changed by n. It shoitld be 
noted that ON the light that enters thc interferometer reaclles 
one cxit or the other, and can therefore be used. This is the 
advantage of this type of modulator over other types. 

The cell was tnachined frbm an aluminium block of dimen- 
sions 40 x 40 x 35 1n1n3. Two horizontal holes were drilled 
through i t  a1 right anglcs, onc for the light beams and onc for 
~ h c  acoustic wave. The former had a diameter of 25 n ~ n l  and 
wits closed by two parallel optical windows. The iattcr, of 
30 mm diameter, was closcd by two thin (0.3 mm) stainless 
stecl plates. On one of thcm was glued a honle-made piezo- 
electric stuck driver; the other acted as a plan6 reflector. 
Finally two small holes ( I  mm) werc drilled in the top to 
allow the ccll to be filled without leaving air-bubbles. The 
light beams have a path length of 35 mm, of which approxi- 
~naiefy 10 mill (dcpendcnr on' frequency) is within the modula- 
ted region. The acoustic path is 40 mm long, It is possiblc 

Pigurc 1 Top vicw of tlzc interfcromctir and Qc modulator. 
Diagonal hatchcd lillcs represent nraxinia atrd minima h 
water, 

that u spectroscopic cell (cuveite) could bc tldiptcd for this 
purposc. 

When a frequency scan was applied to the drivcr, i t  was 
found that low modes werc difficult to excitc, becausc of beam 
dlvergencc, At higher frequencies, SLIG~I as 124 kHz, a satisl 
factory rcsonance was foiind with acoustic wavcleagth of 
12 mn1. Tl~us  light beams up to about 3 mm diamcter could 
bc nlodulated it* separuted by G or 18 mm, The ccll has worked 
sstisCdctoriiy up to 2 MHz, but the beam diameter must thcn 
bc vcry small. The necessary driver voltage was found to be 
7.5 V 1 1 ~ s  and the power consumption was less than 0,25 W. 
I t  is an advantage that lhc resonance is not vcry sharp ( q ~  10) 
because then the driver frcquellcy does not need accurate 
stabilist~lion. 

To  summarise, a simple, highly efficient modulator has 
becn dcscribcd, which does not involve polarised ligl~t sad 
can be used at high frequencies. 
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