
Los Al-mom Nallonal LatIormorY m opmwed by Iho Unwedlr crf Cahlornm for lha Unllmd SIMOE Dmarhmant of Energy under conlrmcl W-7405 -ENG-36

-. .._-

TITLE MULTI-CHORD, NEAR INFMRED INTERFEROMETERS FOR THE CTX
AND ZT-40M EXPERIMENTS

LA-UR--86-848

DE86 008729

AUTHOR(S) Ernest W. ;ewrnan, CTR-5
C. J. Buchenam;ci, CTR-2
Hiroshi W. Hoida, C1’R-5

SUBMITTED TO Sixth Topical Conference? on High Temperature
Plasma Diagnostics, 9-13 March 1986.
Hilton Head, SC
Sponsored by .,rncrican Institute of PhyBics

This rqwl WM prcp#rcd nh tin IICCOUIII (If w~rk !pmwwcd l’Iy un UHCIIC) (II Ihc ll,IIIcd Slulm

(iovcrnmcnl, Nt-ilhcr Ihc Ilniicd SIIIICS (iovcrrrmcnt nor Ilny nHcncy Ihclcol, II(II III)} d IIICII

cnlploycr.>. IIIIlk C~ unv wltrrnnl~, express or Implid, I)r III*lllllc* IIIIY :CHIII 1111~~1111~l)r rc~lm~ll+l

hIIIIy Ior Ih( ,tt,.urmy, t(IIIIplcIcnc~s, (II uwfIIIIIcw ()[ 11111 In(t)rnliiii,)n, lil)lmr,itus, pr,dilcl, or

pr(htw dI~LldWd, <d ItiIII..tiIIl3 (II-II II. II t *tIuld 11111i(,(tirlgt IIIibIIlcly mVIId IIHhlS li. IcI

CIICC hcrctn 10 Ilny s~ciftt ConllllCILilll II MIIIL’(. prcacwl or scrvicc hv Irmlc III I:IIC, lrdcmilrk.

mnnufucturcr, or IIlhcrwlsc dots 1101 M)cccmnrdy curwlllulc 01 inlply IIN cr’lur.,cmcni, rccaml

mcndn!mn, or fnvorinn hy Ihc IJni(c(l SIIIICS (iovcrnmcn! or Hny i+cnt’y (hcrcd I’hc VICWK

nml opinion! II( tiulhori :aprcsnal hcrcm dtI IIM ncccwmrlly ~IIIr or rcflcd IIIIMC of Ihc

llnilml Stutr~(iovcr~lllcltlor” unyugcncylhercd

DISTfllBUllflN (l} lltlS IJIICUMIN1IS UNLIMITED ‘)\ lf’p

~~~ ~~~~~~ LosAla!nos,NewMe)(ico875.5’ ‘
Los Alamos National Laboratory

About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.

For additional information or comments, contact: 

Library Without Walls Project 
Los Alamos National Laboratory Research Library
Los Alamos, NM 87544 
Phone: (505)667-4448 
E-mail: lwwp@lanl.gov



:lult i-Chord, Near Infrared Interferometers for the CTX and

ZT-40H Experiments

E. W. Newman, C. J. Buchenauer, and H. V. Hoida,

Los Alamos National Laboratory, LOS Alamos, New Hexico 87545

A versatile, multi-cnord C02 interferometer design with a wide dynamic range

is adapted to several different experiments. The systems are double-pass,

Mach.-ZehnderP heterodyne, interferometers, that employ a single germanium

Bragg cell and 2‘+1-1 (n an integer) 5(’)% beamspli~ters to produce 2“

interferometer chords, and d single reference beam with matched optical path

lengths. Heterodyne signals detected vi cl] room-t.empera”:ure l{gCd’1c

photo-resistors are demodulated vilh digital phase detectors ~hat can track

several fringes per psec. The real-time electron density readours provide a

considerable savings in AOC channels and computation time when compared vith

quadrature nhase detection schemes.

tornperature controlled wave-guide C02

intnrmittant duty. The CTX instrument

tligh rcliubility is achieved with a

lnsor opcrntillg on R singJe mod~ at

hns been operating wi:h 8 chords since

Hal-cl], 1984. The ZT-40H instrument, whjch is under conxtruclion, employs n

second wavelength to correct for room vibrations in the 0.01 fringe density

l-illlg~ .



-2-

INTRODUCTION

A versatile mult i chord heterodyne co~

interferometer design is presented. The design

is adaptable to several diiferent experiments and

has been implemented on ~X. The systems provide

a wide dynamic range, real ci,me density readout,

high reliability and a minimal number of optical

components.

1, DESCRIPTION
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The basic design for an expandable

multi-chord system is shown in FiE. 2. The scene

and reference ~eams travel side by side and are

divided by an array of 50% beam splitters which

is used to form 2n interferometer chords. The

beam splitters are used at near normal incidence

to preserve the polarization state and tO

minimi:u errors cnused hy torsional modes. The

cnmnmn reference I)eam l~g matches the Fath length

Of nll Sccllc Iwam:;.

The wiivc-.gui[l~ (X)2 lilser :; temperature

ctmlroll(vl :Illd op(Drn[cId in n xingltI mode. It is

pu]scd 011 dtll.iltg lhr cxpcrirncnt. A germanium

Uragg cell dopp]cr shifts the frequency of the

rl~(Ol-(?llc(l hOilM I)y IhLI ncnus[ic drive frequency f

(40 MlI;!). 111’t(’lo[lyt)~’ ::i}:llnis nrr dctcrtcd vlth

I“(1OIII t(tlllll!llill(llt’ 11~(~(1’1’(’ III1(I1O. rusislol:: ill)d {11(+

dvmodlllnllvl 11~ ,1 [11}:11;11 llllilS(h dl?tCCtOl” (Fig. 3)

Vhirh v;tx drvt~lopc~cl If) m-w::urc rho ph:l:;c shlf t

l)[~(vrull Itlr dt!l~l’tt’d RF :. iglli~l nlld IhC I(F drive,

ml dvmwlul;llf)l IiIll ll”ilI’k !4vVrl”n) fl”lng(!s pul”

II::!*(’, ‘1’IIC*I{!;ll [jml~ ]Isilllolllj wll(~ll r(lmparfwl 10

(’t)llVCtllt ll~llill l~llillll illlll (’ llllil:~[’ fJI.Itwl 1011 :Ichww:::

I l~!:lll l:: Ill il Iflll:. 1!l{’1.llllt’ ::NV1III:!: III Id)(:

(’llilllll(tl~~, I’fInlIllt; Il it)ll I 11111,:IIId compult’1 mrmoly.

‘l’IIIS I}llit!il’ lll~llll}lllllill(jl I)l}fhl ill(~% (ill Illt’ Ill ;.,(’;il;t’

01 {1 X11111 (’lll!:!;lll~ I Ilm lll[-i~!i(ll vmt’ul IllIll llll~i II
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range of 2nN. The experimental requirements are

met by choosing N appropriately, and by

presetting the initial conditions of the counters

before the shot so that the output remains in the

linear range during the measurement.

The

operating

The

CTX instrument (Fig. 4) has been

with eight chcrds since Malchl 1984.

ZT-40H instrument (Fig. 5),vhicl] is

under construction, employs a second vnvclcll~th

to correct fur room vibrations to the 0.01 fringe

lF:VU1.

1 . . EXPERIMEN’iAl, DATA

Data from the

Fig.6. The raw

funclioll 0[ time

CTX interfcr(,mcter is SIIOWII ill

SigllillS ral”c displayed ii!; il

and impart 1),11 ”;1111(” t (’l” m ‘1’11(’

Signals ale ltlvcrtcd llfiill~ il suhtl,icticll

algorithm resulting ill il “disrl”tllu” illvvl.::iol]

(Fig, 7).
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Fig. 1. Basic single-chord interferometer.

Fig, 2. flulti-chord interferometer.

Fig. 3. 2n digital phase detector

Fig, 4. Eight-chord infL-ar@d interferometer for

experiment.

Fig. 5. ‘rvo-wavelength eight .chord intcrtcrornctcr

zT-4ot4cxpe: iment.

111(.?

101

l:i~, (), Avcl.agc li]le intrglntcd, IIlll”ccillccd, dul]si ty

Ilistories for differcn: [il(iial positions.

l:i~. 7, IllVcl-tcd density time’ Ilislotios 101- diftvt(’111 I“;l{liill

positions, TIIC disrrcl{’ ill~’t)l:;i[)l~ v;Is l)(!Il(Ilm(Ifl ,)i;!;l]mil)};

cylil]dri~fii symmetry.



BASIC S;NGLE-CHORD INTERFEROMETER
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MULI I-~tIuHu IN I m+t-tHcNViETcR DESIGN SCHEME
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TWO-WAVELENGTH EIGHT-CHORD
FM INTERFEROMETER FOR THE ZF40M EXPERIMENT
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