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Tenzitiva rotation s3nsors have oceen madg2 pOsSsSiple bDecause
of the racent developmant of low loss ontical fibers. This
prozect wsinyg thesr aed fow loss fibvers was nropouszd  and
develowed by Aobert Lokuta and Taresa “oruzzi. .e, the naw

aemberTs of the VFiber Jotic Rotation Sans

Q
L |

team, #ill onroczed
Alth the construction of itne spacsa WOorthy systems This svstem is

to be iamunched on o 1985 space shuttle Fiiynt,



()

Jarga

[n thls apranidua te tne vetarans”® final report e Jiscuss

the wvarious chanjye that e have »roposed tor the fipsr optic

L

retation sz2nsor (FONS). Tne new of rookia teaw on thisz projact
has  tanen ovar tie tasxk of devaloping a rORC that will be fully
tested and prepared to undergo the rigors of space flight. dost
of  the tneoretical material nas been covared by the veterans of
this preject, so we «#ill g0 peyond tnat point in our ragort and
Wwply  4aat they nave ressarched inte osuilding of the space~raady

FNLS,

2 will first briefly lescribs tne2 prototype ang systen
28149 Then wWe will covar tne possivle modificatiosns such the
uss of ang couplar instead of two, .and *tha monitoring of the
flezg  driver to detect fluctuation «ue  to temperaturs. The
seericn cadled "Inplementation™ in incluaszd fn this raport dus to
the  importance of the aligynment of the fipor loop in the spacs
shuttlte.  Jnticirated problems such 28  polarization, elsctrical
and ontical noise levels and sensitivity range will pa discussed,
Finslly, we 4ill includa intended t2stiny procedurss such as the
inveztigations of tane piezo driver®s sansitivity to teaparature,

ret=ting table for calibrational purposes and running. the TGRS

()

toer  extsanded periods of tilwe to check for system arift andgd

1

Datnery 1ifz,

241 figures @itn numbers (such as #ig. 3.1) originats from
tha vetarans® report, and are coviad in thiaz Csport for the

T2a-ler”s convaninnga,
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is composed of six kay aloments (sea Fiqg.

o]

e ystsT S0P
. ), hese eleaents ara!  one kiloseter of single mode cotical
Iibrr, @2 ie.3 nmicror suparluminescent diods (SL2), twe 2x2
couslers, 4 piszo slzciric cylindar, a PIVFet photo detector, and
finzlly tha associated circuitry neca2ssary to run ali tis  above

Ccopiporents.

Tne S5L2 produc2d oy - Valtac eorporation, opesratas at a
wayeiength o¢f 1.3 nmicrons and 3t 3 power of 153 udattz. The
laser cones equipped with & lenath of fibar sttached to it. Tha
liynt launched 1nto this piece of fiber is split into tao halves
By the first coupler. “ns of these two halves is aissipated, the
otuar half pHropagatas intd  the  3szconl 2x2 coupler wnich then
splits it into two othar waves, The s:2cond couplar i3  cohnactad
12 9y 195 inch 2lligtical ioop, whers ona kilcomater of
optic tiozxr is wound, Jne of the split waves travels 1in tne
cloc¢wrss  tlraccioa, aaills the other in the counterclocxwisa
air<ctioan.,  Tha 140 wavas will recomoins at the secsad couplear,
and  deoe=-nding of tha rotation af the system, willi recombine
constructivaly or dsstructively. The intensity of thz iight at
thic poiat can v asscrived as:

I = . (1 - cos 7 ) :

ihere TH = andgle of rotation

The output intensity i{s its maximum <hsn the T8 is agual to =zero



e

(=17 deir ) dilch 15 nen angular velocity ((2) 0@ thae Snuca
Zhuttls i35 7273, In toe =zwmation, "IM™ 1is indszoendsnt of
GJirreetion ot Tobtatlon,. Thervefora, thera 1is 10 Way ot
ditfarsatiating batvean positive and negativae rotation. Also

thz oatput corrasdonds to the lsest sansitive part of

[
=
L
]
1]

ths retzfienal s5n8inyg CUTVe.

Te zeive tne asove amsntioned probisws tae light wavas are
Fupmittsd to a ¥" deyras phase biis. To ¢do this a length of

tiv~r 15 4rapp21 around tne piszo elsctric cylinger, which

zxpeads At zontracts o ar £ i, Tsing this approach tne
Jositive  ano pagativa rotation rate  of the Shutils are

digecernint:, and the wmost sensitive part of the curve is used,

Thisz way one wave «wil) travel a distanca of a quartaer of a

"

wav=}length wmora taan the other wave,

e PLoFet photo datactor receivas  and  convert  the light

irtoe & cucront,. This curreant i3 inteqrated over 3 pariod of

thres sewoanis to averags out the Yigat jevzi.

(3]

The svatan controller «will kes> the system on for +thres

!

s2Cen s osut  of  ayary sSiX. Qariag the 3 second pariasd, 2uSec
pulzes will snargize the 3SLD and sense the rotation rats  of the

o~
]

huttls every 125 uSec. Aporoxiaacsily 39,300

¥

sam>ias are taken
ovar the 3 sacond perieds The sun of tnese samples sre hald by a
capaciter in tne sduple an4d noll circuit, The enviromuental A5t 3
acguirslition unit senses and records tha voltaje of this capacitor
gyary SiN f8C0le.e 1018 DrOC2st 4ill bpe repeated ut six 3eCONG

intarvals, three 3econis on =~ *threz sacends off until the pewer
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fardas b

cells risaliy bHecoma complatzly aischerged.

S osod €N s&3 An Tha systam diagram  (Fia, Jel), 4We ETe
Uslael TuHo caudlers  1or  tne salitting of tne aaves, LT first

irst

vay

siynt, tals ailgn® sesm 4asteful bacauss of thres re150n5.
of =L, due to thae tuo Adead enas, wme usuld loze half ot the 1ignt
ipteonnity. Sscondly, the addition »f a sacond couplsr would maan
mors  wsignt, «hich is  undesirabie. Thirdly, tie cost of eacn
counler 15 zporoximately 32,707, ‘jpwevar, there is an axtromely
important reason nehindg this Jdesian. if one coupler is used, ths
lishts tnul ars to De compared woul?d not have the sane history}
2w toid heve  bean countsd twice, and the other transmit:ta

tuice (F13. 3.3a)s 1L, for examole, the coupler introducss a
solurization in  the lights, the two woula not comdine properly.
toweyer, If we use two couplars, e can et twe waves that ara

("1g. 3.3b)Y. Youw we cah

i

=40 counlad onea and transmitta ] ane

Coamare Lo daves «€ith tn2 same nistory (RT and T). Lxoeriaents

>

woult He sonducted to test the feasinility of usingy one coupler,
e rinal dzcis=ion on whather to sz one coupler ar two woull bpe
Dared nwan  tradeoffs, i.e. <hether or not the above aentioned
inaccuraciss caudsed oy using onlv ona coupler are orth  the
SEBVINIS.

MGDIFICATINHSG 79 PRGLATYRE

Thz nrototype, is can he seen on the systea diagram on  Fig,
3.1, makes uss of t4o couplars, a2 modification that we proposs
is the us2 ot only one couplar. This way the cutout of the loon

will e taken Irom th2 1ree sad of the coupler; this iight
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enerqy a5 ilscarded in the orsvious dasign.  The WAy €8 brepes3e
Ty

to  test  fne  T2asidiiity  or this uesign 15 to set the loop ana

tr

diogea up o tsing orly one coupler, and aonitor tae output currcent
0f the istectar. If a Jood corraswvondencs betwseen the rotation

.

0f wu2 rrotutyne and this ontput voltijgs ig celacted, wa will

concluns that this arrangement is f2asipile.

rnethar aodification that we proposa is in the area of arror
canrailation, ‘ith tne current a2sthod of measurzment, any arror
1n thes vnagse bildas will nave 3 large effect on the outout voltaga.
e oreiation is as follows:

Tout = 4\gos ( L+ sin ( 2+1))

Mnare, Vout = Jutout Voltage
A - Proportionality constant
L) - 2rror in ’hass Bias
5 - inygle Datween counter propagating waves

Jdus o rotation of sauttis

1f Ya= odhese pias daviates froam tha calibratad amari of 92
12qTa2s, 1t will aistort tha data. ™na nodifications w2 have in

mind Is to iantrosluce a phasa bLias that changes sign {but constant

wagnltulz)  zvery ather cycle of tahe  SLo. In other words,
2lternate the #9 deyress with a -3  Jegraes Dphase bias, Tha

relation netween the output and errar is cslculatsd b2lou,
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The relation between output and phas2 is as follows »

L4




O

Atter a2 +/- PH phase shift the ralations are : )
Q

Ny - A
‘:“)‘., / '
1
)
f
hY W i '
— ) ) !
~ TN W
V“Taking'the difference between these turves :
\r'
Yout =. I ( COS(H~PHY + 1 ) = I ( COSCW+PH) + 1)
= 1 ( COS(W=-PH) - COS (%+PH) ) .
r .
L = 21 ( SIN PH )( SIN 4 )
= 21 {( SIN (93+E) SIN ¥ )
= 21 ( €0S E ){ SIN ¥ )
Adding 2I bias so signal does not reverse sign
Vout 2 { (COS-EX( SIN % ) + 1)
With. the new switching bias the error, if close to zaro, will

have only a small effect on the outout,

above

cylinder is our master clock.

The hardware will not be very difficult to

measuring scheme, The

puild for tha
oscillator that drives the piezo

It will run at approximately 89
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W

2 T=23%  of  the circuit ierives its tislng freow the

ey
-

Lo P T

Cylindsr. Jo latroduce a1 pogitive nhasa shift on  tne  siczo  uye

3

trigger s 3L 50 thuat it firss on the risiag %12 ar the
sawtcotn yave of tha cyliader driver. In introducing a neative
bias we  simodly nave to triggar on  the talling evje of tha

Aaveriars,

't tnls polnt  in the project, a3 svstem controllsr nas
zlready basen ouilt and tested, Ihis controller has been wirad
toyaiher using ‘Ars-uyrap owever, and 42 will nave to transfer it
to = printed ecircuit »soard per instructions of rrof. Looit,
itrader o1 the technical stseriay  coanittee, depending on  zur
dacisicin of the srror cancellation scheae w2 @ill also modify tha

coarztion of ths controllar itselif,

1owary important sart of our system is the gphase bias
clament, Ihigs devicz will he physicaliw escillating, ang similar

to =zl oscillatingy obpjocts 1its axcursion is feavarature

deoonient. any deviation from the calipbrated gpoint will
introducs <rror in the ocutoput voltage of the intagrator, ar

o1 ix tau= to wonltor the status of the pizzo caranic cyiipder,
and to nrovide sene forn of reeridvback to control its oscillation.
Jp t2 aoa  two m2thols have beefn thougnt un by the group. The

tirst 1%ex is to use a nmiccorhone nickxu». Tha nroblza with this

ct

iz the log fensitivity of currant audio Al1cTonhnone to fregquencies
nighar than 15x9z. This circuit is also ssnsitive to krnocks snd
fdaags  caus-d by extarnal nolse saurces, iutroqucing noise in rha

faedbeck loop. Ancther ilsam 13 tha wuss of 3 thir.d alectrola  on
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the piezo cylinder. This third elsctrode can be fabricated by
cutting and isolating a pizce of the silver elactrode on the
cylinder.  The signal +tapped from this wire can be used as
positive feedback -to keep the oscillator going, In a sense the
cyiinder then becomes the crystal controlling the frequency ot
oscillation, This concept is wused in many bpiezo  buzzars

incorporatad in many alarm clocks.

Any deviation dus to temperature will not ‘only change the
crystal®s excursion  due to the driving voltage, but will also
introduce another serious source of error: a phase differenca
between the driving voltage and the resultant motion of the
crystal. At resonance, the phase between theas motion of the
crystal and the driving voltage will be zero, Please ses

])@

diagranse.

$

)

The SLD is triggered by the électrical signal, while the phase
bias 1is related to crystal responss, A deviation from resonance
will cause the 1light waves to arrive at a different times at the

cylindar than planned, resulting in a reduced phase bias.

The two last wentloned sources will add to increase the
arror causad by the temperature changes, Tha previously

mention2d error canceling techniques will be tried if the crystal



2Y11Dits ‘miaceantabla temnsraturs  cndractaristics. e owill
investijats tais vy chsczing tha crystal’s response over 4 #€ide
fr&uu¢£3y CAaTiday, comparing Qhase apd sxcursion at tamparaturas

Ircm =2 7 tg +3* 7,

The suncr-luninescant diode wds to have a maximum Jowar  of

e
H
.

todaver, W2 ware racently told that this has been raducad

-

to 157w i, Inls i3 2 reduction by a factor of 6.67. Tha output,

]

whien is coilected py the data acjyaisition unit is a voltage
whose maxiqauw vaiue is to be 5Y. Inis 1is the resuit of tha
adiition o1 37,71° samples, So =2ach sample should contriopnute up
o (5%)/52,%0=.167 w¥e This is the voltage on a capacitor which
nas s ¥=I reiationsniog

I = T 4¥74t

ARsuming a relatively constant curreant, which is the casa for our

T

W

uare oyl

é .

U

U]

I = cyyv
C and T ar» constants, So V i3 directly vrogortional to I, which
i 1in turr directly oproportional tos thae light impinged on the
dztactor. So if the light intensity drops by a factor of 6.67, I
a7 would “rog, and the amplification would have to be boosted
ue Dy tie sane factor. This would in  turn c¢ause g@ora noiss,
ahica wouly gecr2ase the SHk.
IMPLEMZNTATION

¥ince the axis 5f the loop has to be paraiisl to tne roll axis ot
the shuttls, tne »laine on which it is to be implanented dould
nave to ova placed parallel to the cannistsr dalls, fuz  plana

itsalf 13 3 square. ‘fowevel, since the side of thne cannister is



*
o

W
[~
b
(¥

curv:d, the loop, «<hich his a gertain <idth, woulid ot fit if it
Wwerz to usa tha 2atirs nlanse. 3aa diagrame
el — " Tor Y
A B N
T .
N . e
oo™ e e '
E L4 e 4 "
.?& \\
-~ / Y
S /,/

"hus, fitting 4 perfect circle on it would mean a raducting  in
the aremt The naxiwum possible radius would approxinately Do
<bH5L. Uonsequeatly, the saaxiasua arza w=ould hol

T T T

& T -
zut rortunately, the Sagnac srffsct is iandapendent of tne shidpe of

tne 1cop. However, it doas depand 2i the urea =nclosad by it:
"& . S:‘?' e / ¢ f-,-"‘i;._ /l
’ - rs

"

"o UakeE adviantaye o aaxiaum space sllotted, *tae  ioop was
chossn 1> be .alliptical, «oith radii of ,2%4m zand .155m. This

douln yicld a surface or!

.
- 3 um

+ - =]
r - e . ¥ P

3 e =
My = Tlals

This ranrasents a gain in ar=a ot:

~L.3

WSO VIR I

A
A8 vOou can sse,tie pnase snift,®, also depands on tha numpar on
LUETIS, e Usiny an ellipse would ascrease tnz nuadber of turns,

“ith a eircle, we would have a periaeter of 2 = 27r, , and the

susiber of turns woul:d be:

Rk YO <N & A PN
iv T s -
¢ 7 g

The periametar of an 2llipse is appraxisataly squal to:

P ) PP
2 2 ?!“}f ¢ 3 P

PR N Ed

N = Lo PR TR
¢



i conFam=Entiv, Wa ol naves

™

n o
M dar o

fvﬁlql
fhaer= i+ 2n2 aora2 advantage to this aesigne Siace tna nuiber ot

turns  1s  raducaed, the Width of the loow would also be reducsad,

arcd we “nuld e apie to use a 1ittls wors of the mounting plana,

The «iliptical loop 1is currently na2inj suilt by the mschanical

Assambly team and is ma:da of fiober jyiass. “he alectronic davicas

A

@ould yo inside the looun. Please see 41370 dde
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UrEliaingry circult dlagraa for tna Iatearator and the #ioza

L

Lo

2rivar  sre  on figurss & aznd . The 18signs ars tno2 product ot
thae n=ookl- groiup, und are  only praliisainary hecause tecisions
cencarining  error-cancaling  fechnijuas have not been firalizsd,
Wnat has nean designad Is for  tae siaplest option: constant
Mhass bias, @ulsed SLD oepsrations 4 brief circuit description
Inltows. Jur alygn valrtaye =ource «ill 22 2 ¢oil obpulsed by 1
755<, icrovower va:rszion of the 555 tiler. This simpls 9C~to-0¢

conwert:irT providel pproxiaately 50 or aore wolts. Tne converter

-

fmeds  only  to supnly about 1 23, since2 the piezo iz a very high
imp=2anae doyica, Tais voltaye iz gtfactively reyulated Dpecause
1t 15 insiaz  tha fesdback loop of np-amp Al, tugether 4ith 01,

Tus to firednack any voltage applied to 41 is  asmplified  and

applisa ty 27, 12 and A3 are signal-conditioning circuits to
sicy ~tT tae yave fora apnlied to 227, int  the two tlip z1lops

Listie s+ y=ry Aaccurata TusSeg pulse te the LIZD, The wiuth of thisg

pulve 15 criticsil nacause the outout pulse is ths  resulc: ar  an

inte~yration, sy daviation in langtn of thne pulse will rasult in
srrencons output., A4 will turn on tas integration it tne  input
Light Lavel 35 aiaghar thaa a presat sasunt, This will r=ject any

Dachscattsrsd Lijht %o increasa t4e sijnal to noise ratio, A% is

o

the wvoltaygs—to-current convartasr tnat charges the capacitor, «nd

tinally ~% 12 a ouffer schoing the voltag2 on Cle
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AVIIZIRATUD PROBL IS

Tlact uR g4re peasuring  the phasa difisrenca hetween  tyn
MAYEs, Yy Sptlcal noise thut is reciprocal, i.s.  effeciing both
comnoments 2ounlly, a3 lonyg as it i3 amall comparsd w4ith the
coset 1 tha light bean, would only dacreasae the sansitivity of
the zijnal, in the sense that the detection would bhe more
aitricult ¢ aiynt require bvetter timing, filtering ...2tc ). On
the otnel nund, norreciprocail noise, ~hich atfzcts ths two wWaves
iirrarsacly, coula cause wmuch Jgraeater errors, because it can

-

rasult 1n =rrenpus Arifts in ohasa, w@hich could he #istakanly

(g

Lo For  rot4tion,. fossibla snurces  or optical olse nra
solarization and faraday effect. 4Also, any nonideal »lactrical
systew fas 3 o certaln aaount of noiss associated with it, [urs is

not an azi.canmtions. Dther possible factnrs are shot noise and

a0dANIXino,

nen asapolarized lignt is split by a2 be=zmsplitter, the
[2tlaegtead iraction i3 Sartly #olarizzd parallsl ts the
oeamsniiiter surtace, aad the raetractsd »art tends to have &
polarizatior perpendicular  to tn2a  surface (see fig., ().  The
valtiz) solarization becomss 3130 Lolarization when tas reflactred
Wave 35 at  right  anglss witn tae refractad ons. hen tnis
situation occurs, tn2 angls of inciiencs:,& is callei srestar®s
anyle, .3 long as our couplers don"t use planz surfacas to spiit
the bezqns, this situation woeuld not sceur. out simitar problems
with 2olarization migynt occur, aonz of which could ne vradictad

petore exgeriasats  are coriucted @ith the polarization.
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corfe L7

.

GEbeang on th? nelise caused in taes system dus to polarization,
i atant hav: Lo usa one orf wore uolarizers to plice at differant

stenrzs of  the (rocess, and uss nolarized light throughout the

nother seurce of noise associatad Hith tne polarizition is
tire Taraiay atfect, Light, 4nen »oassing tarough 2 magpnetic
rield, chaages polarization. 0ur cincern is witn the sffects of
Ealtn®s Maynetic  fisld on the Hezaa, [f our 1ight reasins
uiipslarized throughout the systam, 3 snift in solarization awould
net  atfzct anyvthing. I the other aand, if wartiel woalarization
accurs, 5T it solarizers ate us=a, thisc neoiss sourcs could become
simiiicant, duviously, the only «ay to find out about this is

Dy wxpsriuantisd.

ool onoise i oa Yripple® that  aight occur in  the outsut
featdrng, as  1nuividual ohotoms it the detuctar. The Anergy
associated witn aach photon is:

=0y

4nErs voils tie frequsncy of the photon xnd h is ¥#lane’s constant,

s 1 . Ia our caxe, the frejguency of bdronagatisn is

Aprroxisataly xyual tod N

2x/0  mfpve "o

\\l = - ! v i ——— & ,o{fy,-\' o‘lgj T
53 a8 E o

0 tas aeTdy associated with every photen of light would oas

L

dis . £ ]

=154 x 1Y Hz)(6.5625 x 13 J=sec)= 13 J



A iotal loss  of  soproximately  9,46a9% i apticinatad,
Thareforn, the poder in the Yight reaching the aatector, after

yolng trrnugn the zlisnuvations, ig aodoocut %1% of the inuwt, in ihne

[N
vi

E

743

orasr o1 . fiftesen aicrosdatts, The duration of avery puil
Jusrce  iherefore, Yhe snergy in every dulse is in tne ordsr of:

- - -
X 1Y Y2 x 17 sec)=3 x 1709

P
L3}

2

e« e can caloulate P, the nunbar of photons ir evary

puls-e

_ .
Do BEIO Y 2e ga s
{ : N {
A0 J
“as 1=tector  turns  Iignt  (photon  fiow) into currant
(elecrrn  flowd, The number of =lsctrons flowing is directly

provertinaai $o ths numoer of vhotons reaching the detzctor.
denntiry  t.e current by I, the nuwdar of electrons flowing wmould

I

ahara ¢ = T,0 v 13 € is the charge 2f an alectron. Tha 2eriod of

S0 tne tetal nuswoar of slectrons in every mazasuresent would bes
4 = aT = (I/7=2)Y{1/2)
Jepoting %o error in the nuaper of 2lectrons by I, &2 have!l

AT

P

ST

The above aquation holds for our systam, pacause 22ch eilactron

[’
<
a
£

Lr

i1

A1 ih=s canpacitor independant of tne others.s3o!

N = h{/2:3
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and The »rpuf 173 Th2 cUurrant ist

e o= eI {I72TY) = Z38paM
REsuMiaey o quantuy 2rfliciency as lod as %1 (every 10) _Lhotons of
tight couss 272 =zlaciron of currznt), we would nave a total
pusthaer oy alecirons sgual Tod

o= {3 7 13?)(.$1) = 3 x 1
" >

-

anag the «rror in tne above would hHat f =-71 = 1.73 x 1. and since
I = Qasn, @ have A1 =  2234N Yoy tone 2ercant arror could be
calcuilatszids

£ .0/1) (5122) = 0229 A9 A(2a3%){%i00) = 4,577
dbviously, tnis is not a significant aoise lavsl, Thaerafore,

2hot poiss should not pe of smignificant faportsncs.

‘tien 1ight, consisting of components in rcertain «o0d8s is

transmitted through 3an  id=al fidver, 1t retains its shapa2, and

Ly}

1]

#3 its Pdestination" without any part o1 it going to a

4]

4

et

difarart oande, sul  any nouideal optical fibosr has imputities,
alr pupplas, siight bandings, and other material sroplems, which
cayse it to 9o from one mels to another. This iz callsad
modazmel ing, Jince our fiber is single wode, these 1ight

cosnonents wouldi not propagat2 insivga it, and woula imasaiately

oJ]

ttar into the environneat., Seo this should not be 3 source of

L]

C
nelse  we tne  letector, bhut rather @ cause Lol lnossa2s “uring

aroenanatiali,.
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o a¥s hean &3le to obtain oaly wery little dinformation
abont  our  pieis eylinders from its aaaufactursr, Veranitron. Up
To *his _oint 4e ¢20 onuly cstimats the nuaper of turns o>f glass
fio~r “hat we w1li nsvs ¥o wran arcund the evlindar to produce
Tite corract atount 5L pnase oias. 2 als0 have very little ides
of our cylindsr s tasparature stabilitv. this forces us to
etarmine thasa parawmelers sxperimentally, an advantages Decause
T will =navde 43 o ygain experience in the use ot ithase devices,
erothe suma?r ogaveral of our tean wambers, in parti~ular “dwarcd
Crvung, Int ad to do soma experimantation with the five cviinders

that ~¢ nave In OUTr DO3ReSS10ii,.

T0o tast ths rotational sensor w2 4ii) nesd a turntaple tnat
spins vary slowly and accurately in the range of 301 to .21 rom.
Tner: is & turntanple at “PI, nut this taole spins far too rast,
-8 will  probadly have to wmodify & racord turntabl: for our

fuUrzes=e s, There 1ight also o2 one at ‘{itre or “IT wnich we conig

Norrow Lo toat pur Senaor.

-nE oaysted joulld he sipasctad to endure a wvihrational rorce
of 1%y, inece the canister is baing shared by sevaril projects,
it is crucial fat notaing coues loose during  take~off. Since
The optical loon ana the zlsctroanic components are attachasd only
by cablas, th2 vipration tssuting would be conducted on  the loou
and the =lsctronics saction separately. TFhis woul:d b2 done by

wounting the componants onto a shak: table exactly as they woula

be  set up in tne canister, rTach cowponznt would be fuested thraa



times, 2men tiae the vibpbratiosn hainy appliad at a Hiffarsnt axis,.

-~

The frapa2a0y Landge would de from 2747 L0 2¥HZ.

Thaer= wouid 3180 D2 an acoustical tazsting. iAp acoustical
vinration of 14343, ranging in froaquency from 170z t3 35Xz, would
pe apelizd toe thes differant componeats, to se2 if thay can 2ndura

the zcoustical vibrations.

"in¢e the s:nsitivity of ths systanm is diractly atfectad oy
ne now2r in the light iapiaging uopon tne destector, svary effort
would b oaads to iinimize the loss Auring proopagatian througn the
Linsr ant rthe couplers. dne imoortant cause of the loss of pouar
iz 2ad natcping bpetween the cores of Aiftsrent pizces or finer,
ar  conmaetion points. wshen connecting fipers from the aitferent
CONnonEnts, accurate alignasnt is difficult, bpecause tne fiber
corve  nys o oa razius of only Tuae At TRL, tners is a vevice,
sihten shai connectsed o the end of a finsr, would shew a0  much

power  ig rlowing tnrouygh it. During s»licing, ov heving one end

]
f ]
[
=
1%
-

ivers connected to a2 light source and tae otner end to
this apparatus, 4e can align for ainiwmum loss. ibviously, there
woUl1l always 29 losses at the connection points, but these would
hepetuliy we  controllat s0 as not to atfect the overeli

efficiancy,

The @200 =ources ot loss in the system are ths couplers and
the finer looy 1Tself, Tn the forward path, the first counlar
sends nhalf or the wave into a deal 2nd, causing a loss of Jd8,
On the path to the detector, tiae sscond couplar sants 2482 of tha

wave into the a=ad =ni, d4na the tirst coupler sands apnother 343



DaCk  AmEa e 300, Thig adds i to 3 totzl or 9d.. Tha fibar
itzatf nax o 1us: of T .4b6:th/xm,. Taisz  aould give a loss of
agpraxlaztely L. 4018 in the laosp. o tne total Yoous 13 2.45d4

onseoyziitlv, 51l1.32 of the powsr 4oull rz2ach  taa uetector.

b

i

Tna: irr loss=ss tnat  aven A system with parfact splicing,

14

detection eseente would suftar, The JdR loss mentioned apoeve iz

the @mnain T2ascon Jdhy e are looxing into the use of ons coupler.

Riucs the capister w@ould have to be sent down to  TASA
several y2sgs belora the actual flight, precautions aust He taxan
te nake cortain that zvaryvithing i3 worikzing at faunch  tiae, ihe
srovaryne  would b2 set up and left idle for a long pariod, =nd
than turnesd on. 1 this Time, Itw«wp things would have to be
Chagizens

1) Th2 system would ba tested for any drift in »hase as a

result of the long tiwe~lapsa,.

) The battaries doultd pe testad to sse how long they will
supply  anoujh  powRT 10T  the svstem to functisn properiy,
“hagy analyzing the data atfter the flight, the team would
knos now  mach of it is5 accurate. Lasead on a power

conslaition of 6mA (P56 of vat®s report) wa anticipate that

tha projsact will run for about three days.



Olx 4 = “wyaten iocnanics

“or infornstion on weighi, 3ize, and Voiume slegns <ss  page

EH 0L ¥elarHsnsT 20T h.
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ilagraa or the aysted piaceament in the canister is on nage

9 af Thiy appaniun,

i



APE_EBIL A = developnent Schadule

\. 1) SUtwo? 724 = SCyuire Parts
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- [avasztidgatae Proparties of
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= Zaganren in #fibsr Opotic fieid

&) A=Toi4 03 = Tasiyn and sreadboarding ot Circuits

- Tonstruction ot Finer Loop

~ Taratruction . of Phase "ias :lsmant

= Pledard 1T EWNOTK
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et
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H=TEFA THe - Populating PC~boards
lh - Zraliginary Teastiog
= Tonstruction and Hookurs

= %uport 2 Tea2cnnical Tteering vomnittes due
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Imstallation into
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cnu2iers nave besn sither donated
O 20Ut S 411l try owar Zae sdmaar o st thess coupglers
donat=g. ouaver, if 4e do not succesd 42 will have %0 buy thesa
cnunlere, Tine couplers® soecy are ! si-vgle mode, steponed index,

0%=5% (or 34.), ana operating at i Javel=ngth of 1,3 microns,
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