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thls reDort disc\rsses the theorqllt€J ^asno iE,gfr di^opr.o b1e_6_of the pho toelas t 1c shrrt tJi a,i;ef df,afl"ffi #I.on. 
", " "oEI|s r-576 a t the uassachusetts Ins t1 tut;-rfi EuE{*uifoil, 

",;, 
L f ropartr.culal 1t 18 an l]xvesrlsat:on_ oi the ,;r;;GiGfloptr"*rsyst€na.us6al 1n. co_arrectton *ith f.hIs st ri t ie r-anA-iiruu u to o.,..terrtn tb.€ roost fayorabte sysrem to ue uiio i-o-r iiiiinrns 

-
tlaxlEuD range of transnj,ssl,on.

^fhe- L16ht- t lansnttted by ihe shutter is in qeqsrat a
nlxture of natural- l lght and eUj.it1ca1ly polarlzed fi6irt, f.e.
l?:911199 p?I!11+l{,gi] lprtcaLty- (aobrev. !s), o.r eveaiuaity
palr]-alty_t1l1earr (plr, or pa.rtlalLy clrcular (pc) polarlzed-
rrgnE. tnl.s ts true even lf th€ shulrer ls lLLulslnated wltl
i?t99f l9gal+c. l l .neal_( l) ,  _errtpu cal .  (e),  or crrcui- i  ( ; )  

---
pol'arlzed .l1gllt. SlDce the e6 tl:eoatlcal" tooLs necessr.v f^v
the handllng of problens fuvolvlns oart
llSht appear to be ltttle know' 2l io "

rtlauy pol.artzed (pp)u.re r'lgrr.€ vl pr-esr.€lrs ravarva4g partlarJy po.l,artzed (pp)
Itgltt appear to be liti le taaown ?, ie start-oirr Oiscussron nitfra sholi exposttlo! of thes€ oathe;atlcat nethods.

Part, A, POLAfiIZATION 0p3lcs.

f) Polncarirs leoresentetion qf polarlzed 11sbi.

!. polarlzed 11ght, beaB ls usually doscllbed by glvLng
lts electrlcal vector

E ' pl cos (0t+f1)

ln cos (ot+yr)8 v =

r€ferred to a systs8 of aJces -ivl tJ} the z alesof, p!'opasatlon. ,f, = 
* 

,6 V yZ = Zni-.
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aLoag tha dlrectlon
12 are the phese

' r l
! 'e prefer nllnear poLarlzed .Lldhtn over the 6ore cotr.r.\atuused nrtatlon niLa;e polarlzed Iis,ht.n
The_ r'r1ter knons nf, nJ textbo3k 1n wi.ich these oaihematlcal
Betbods are discussed. certaln aspects of tie n"iiroOdlscusssal here are gtven by F. perrin, Jou"nar 

-oi"ji l6l1cri

Phy.lcs fJQ 4L5 (r9/,2) wher:i olcler rerirencti-nay- u"--il"nu,
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?f;s'iil"3 ;"3I""'fi :;;-t#$€ u&'3$,3"S!#nl**tiiiu",'*"".
1t ls sufflclent for the iElEnSeE-t4't*ap-Rf the s ta.te of
polarlzation- of q ].lgbi beao to g1ve"'thidd"quantl tl€s, naoe].y,v | u  9 v  Y \ . o r r  v t  v . E , ,  : . c g

^tz  = bt  -  5z = 5"  Ythen e lLber  one of  t i re

E r r = a c o s t ) t
(2)

to frleftt ell1ptical polarl .
1s ttrerafore obtaiaed by

Eyr . tb sln &)t

pt, pe *ct ' i ^ tZ = li1 - 62 = $. Ythen elLber one of tir
three paranetels 1s ,ero tbe llght 1s plane polarlzed; pl
E = L 1/2 are the parareieF 1-or-r1ghi (+) ani feft (-J

clrcular po].arLzatlon.

Since pl p2 arLd d change wlth a change of the
orlentatlotr of, ths :, y axes, they are not convenl-ent for a
Bath€natlcal analygls. A better set of paraneters ls oblraLned
flon tbe e].ll.pse rhLctt i9 the LocuE of the end poltrts of the
vector E, If the princlpal ases xl , yt of the eJ.llpse are
chosen as Teference, axes S ls gXven by the equatlon

Ylters +b 
"efers 

to nrlghtt aad -b
zetlo!. A n€r set of, paranaters
glvlng,

<( = the angle batseen the dlrectlon of the @alor
arla atd ths referenco axLs r" Oeo<<Tf,

.|' ihlrd set can be obtalned by lntroduclng the intensity of
the llght be+n, fhe lntetslty ts gl.ven by po1ntingr s veeto!
I = 

1? 
( Er" t Ey" ). glnce we ere lnierestgd only 1n

lntenslty ratlos, lt ls sufflclent to clraract€rlze the lntenslty
oy

a : half the nalor axis. lhls is io be consldered.
an absolut€ quanilty.

ln = r,."rt the nlno" ax:.s lal € a

r .  #  =  e r 2 + e 2 2. s,2 + b2, It r'l

l j,tlp .ih:f two paraDeters one chosesc<, 8a deflned aboye,and the ratlo b/a, or, b€tter, one lntroduees the nelllptj,cit,
/g deflneal by 

-

tanp = t b/a, rhere -45" eF <!45o u)
!t_t9 naraneter-s lr4t.A lead to p,olncar6r s. representatioq ofpolarlzE.t tlsht. slnce I"o, oz<<n,;{! pfl+



the st!, ie of polari"zaiLon of auy ;- 'olarj.;ed :l"1ghl beara can be
reDreselted by a vector )f ]eatsih. I !&hose dLrectlcns are
glven by rhe angles 2< and 2/3 , as shobn in diagran0 l,
Inere 2.. lE the longltude and 2.F rhe equaiolLa.l dLstance"

If l ight undergoes a ch.inge of polarlzatlon, *ithoul
a si8ultaneous cirange of lntensit. ' , ' !  f. i ., 1!hen 1t goes throug.T
a transparent crystal or a sug;ll r;olutlon, the representative
polnt P ruoves afong the surface. ol ' '  a sphexe, the so-eal}ed
Po lnca ld  gpbp le  (ab t r .  P-sph l re j .  , -+ r .y -po ln t  o l ' l  the  equator
(€  =  O)_  9 l  th ls  sphere  repre :e i r l s  (U l leh t ,  the  l lo r th  po le  1 .
r lgh t  (d ) ,  the  Souuh po le  le f t  ' .e  and genera l l y  any  lo ln t  o4
the northetn hemlsphere Tepr:scnt., riJht_(s) l ight, and 'c!re
southern  heBlsphere  cor resp) : : rds  c )  le f t  (e ,  11gbt ,

2. Polncard representatlon o f _t\f-ae!I!n -€_glglefg_Qlli*gelfi;TF[fi6nti]--.-
* _ . . - " . - . --, o-r' poi"arl zaii?it optlcal irstrulr,ent R.rich

changes polarlzed Ught lnto other polarlzed (but not into
partlall"y polarlzed) llght can noy be described by Etatine hot
1t  ln f luenceE the representat lve lector"  Lhe ef lects  ass-oc!  red
tlth these instluleats are:

(Sugar- so1u1llrn, Quaxtz &lth l1ghi palallel
effect) " lfx rlotate$ th€ ancle of rotatit  e f fect ) ,  : f_X-r"otares the angle o i  ro ta t io : .to ax

Ct( ='
lne D
to a-
;lo..,t, 1

of the optlcaLl:; i.ctlFe substanCe" lt, chanee'j
any represen:atj-ve Poini P alonr: the soherep

t
.any. rgpres-en:atj-ve Poini P. algnd -the sph(I obLalned by rotatlon lf the P Ephere 'a-th€ P EpI -the sphere

a*is NS by an angle A(, See fig, 2"

(paraL1e1 crystal pLate, Kerr cel], Photoelasticl-

to aiescrlbe the actlon af a doubly refrastlrlg plato
one nust glve!

I) The orle4tatlon f, t.e,, the argte nhlch ttre optlcal,
arla of the plate (ax1s .of 

'the elupse obtalned by lntersectlon
r,lth the lndix ellipsold) foros rlth'the reiiitnce'aiti X,

2) The phase shlft between the ordi-nery and extraordlnrry
l lght  coroponent  created by the.o l l te ,  1 l={  h(ns-ne) ,  x} rera r :
1s tlr€ thlckness of the plete.

Slnce no lntensLty change ls lnvo:-ved (negleeting reflectlon)
th€ representatlve polnt noves aLong ihe P sphere, Its end
posltlon PN can be found by the follolilng constructioni Rota l;e
the P-sphere by an angle V aro!",nd an axls ln the equatorlal
pLaD€ whlch fo!I08 an anCLe 2f nith tlr.e re!@4qejEE@, Ses
d'agra' 2 " RY ul6iFsu"""t'"Y ot
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i . P.etgltiec (filcbol, Polarold)

If the - axis_ of the po.Lar,lzei. fcl,Bs an angl€ dp $ithth€ refer€nce arLs, the transml ,t?d (t) r:_Jnt-i"-rE;resented ,.ra yector tn the equate,*!a1^ptau+ i:rhlch ls ut 
"n 

."cii"iip"i[ 
'."

tire- x arle,, The leng{h of this vector fn ils iouaa-a"follors: Constluct the noroat p:o5ectlofi iio oiT-o" 
""uglven ciirectlon of Ip. See flg, 2i Tten t 

-- - ' '

! 1l - * t:- (tr 
nt"ig*€";fl :il"l g*'iii 

"' l 
g ltr ;!J/,; 33:, of :#"6?""pola!lzatlon,

prate' tt"{nlltl,l"Sil 
be tralsr]rlced lnto (r) LLEr'Lt bv-a-^/+

irre a:es ;i ;fr;-"iii;;:"rff1./1"*li"ini'.:*"fl*i:;rtiiililniir"
orlented at an an5le-l io ttr,Li. :iesl- 

-i;6';;;#;r 
cocpensat)p)

. ::-::::r{3il#:tg,?3:1"*'9"::3:5i.ff .,1:":#*t5;:; 3}"ff:,-lransnltted l1ght d€o€n(because the 8dd1t1on- or'ir,l?ri*l,';lti3::ti: ;5rt3:#*?iii;".
fhe lntensltv of 11ght EransDltied thxoudh a polarlaer' :ff tsirilS{,ipr*],*ll5r l;"1qr1i1fi i;if" 

"il;;i';r:";;'in:'
; and yarlei ivrtrr-lrre '-#rent!iroole'!"3"lifi?"fo,u""" .<p = 4+9c
t

rn = * [t + Mnax cos 2({p-*t
1 = *r [r  + coep cos ztnp-ql 

(6)

; t,:':;fi:lf "*,3.i:"":ii:1 "o!"i3' 1iu,f, "lf ;:"1::*" or :yrp,.ate,
l) A varlable nelrarter-pavd,r a..6.:.,

iiii;;;,li:ki--'ihq;'ii#tl, ii.ili"i'ir;ftffifii*sli:

I n  =  | ( I

. (sote that up ls

: lhe valtd1ty of these
.- tton of certaj.n slnple

+ . i d - )

an algeb:alc quantlty.)

"llg9 
r.y rcad.lly be checked by ve:,lfl.ca-,

ccnsequeng?s, as for exafiple!'

(5)



stcRgl
- t -

beirig servj,,te;rbfe fcr oaly o$.e wavciengtll
varles y?j-ti j .,L., F'or' lnstanc€ the coEn0inl, '

correct usur.*]. '. fcr ,{-9POOA, For lnfrar.,d
they_ are apitro;ieateLy 'l/3-plates and for
of ,\= 4000 ihrjy aie 3tl/4-pIates"

Fron Poinc€,rer s reileseltatlon 1t 1s apparsnt th€.t
wlratever can be accodpLlsired hi:h a ^/4 pLate, can also be ob"
talned by uslng t$o or llore arbitrary {-plaie! in successlon"
For lnsta ce the transfotnatlon o: (t) l-nto (c) llght caq be
accoDpllshed . Dy_ two 1p plates, pro.lded JA-*.*A3ti/ 4 " Thus t",onv1-s1b1€' UA- pLE!.a& can perfor',i  ̂ the (1.) -{tflre nstorraiion f )i
]lght ot any 

"avelengtt 
betHee:r 4rl20lo- to ti = 40004. By

edjustl4g. Lhe angLes of the$e g:!rii:es Telatl,q€ i3 the orlenttt.,on
of tle (1) light a nQuarter-'eavcn p1€.te fcr any klnd cf jlght
slthln thls range n]ay be collsifl. lcted" The dl-t,eetions fdr th:;s
constructl-on can easlly oe deriverl froi! tlte PoincaT6 sphere al
fof,loas (s€e dlacran 3) "

Let _P on the equator reJtrresent the lDcldent (1) l1gtrt,"
I f  the f lxs t : r lp fa te  1s orLenred. . t  an angle v ,  to  t t re  or lenr .
tlon of the (i-) l lght, l i sh*fls :he polnl P ta Pr by a rota!. ('n
?aloundAr.lthere AP = APt = ztf ! To attaln (c) llgirt a secol:d
ldeatlcal 'g-p7a:!e is lntroduced, If lts axls fonas an ane].e oc.
T l th  that  b f  the-  f1 ls t+p l . . ,e ,  1 ; :  c reeteE a rcLat lcnV er6unr '  

^
B, nhere gB = zYZ, lhls roiation sliLfts Pr to pB, axld the
_transo_1tted. Ught ts (c) po1ar16ed 1f Ptr Ls at ths potrB l- e. :Lf
BPn = BPt  e  90o,  Bhlch 1Ep11es a lso t t ra t  P$BA'906.  

-  
3he

8pherlca1 trlangle AP!ts glve5 si.n la,!i

the disadv:,i:t..ge of
of 11-ghi, l:ecause t'
used YA llates r,re
Ltgbt of ,t.= 9000A
uLtra-vio]-et llilht

2

ej-n zqL s1n { 90-!p)
ffiTF = srn*{rsFa

or sin 2f1 : cotg<y'

Cos-lar!

Cos 90 = co' 2Ll, cos zqz

Cos 2f1 = cos 90 cos 2y?

xheace

(7)

sln 2f, s1a 2f, cosr'
sin 90 s1n 2f, sLn fi

tan 2qz =

sLn 2q2 =

and, using (?) one obialns

cotg 2fl-io--:7*

cas et-rtrV



SECRET

Equatlons JZ) alq-(g) det€nd.ne the orlentaticn ct both Dlaies
shen. tbe phase shift, y of the plates are ll,loim
for the paltlcuLar $avclengti used, The reiulting values ot f.la'Jd_\lL+fd -, the latter glvlng. the orlentatlon .,i ihe- 

"u"orroy*pl" !g t r i rh rgspecr ! r  the.(1)  t lghr, .  are prot tea- in r ie"" i .
Ig!:_!1.1.(If i{ i l ,S1 l.paxrnuq {ot + = 6oa. Eenel srlghi!:!:_!!.1.(.11:ii! 41 l.paxrnu! ta; +-'606:-' G.""li '"iient"
9la$!" 91 rn€ wavetength or of 1f do not aff€ct the orleniatl"on
gf, !h9 !99?"9 pLare, arrd onlj, thit of ure iirsi pr"t"":." crjrlcalir,r J"i""iii"i,'";; ftpil;d;:'";#"';; ;+i,iii:f fl:ij:"i;""11:
used to lake a "/L Dlate fo! r lnfrarori l iehrused. to nak€ & ^/4 plate ror rnfrarea uini.

cos ? = co ie2 ,!.t (6)

. -It ls fu0portant. to nate that.t"hts douile plate"
al though_l t  t ranEforos (r )  ;+cn!  inro (c)  i r j r , i , -n" i - [ r "p"r t t " "shlch .llffer flom rhat or' A/!,-prate. 'cirn"iEe.i,r], 

lr;. it slrtpo:.arlz€d at 454 to that repreientea ty 9..---ifrrs'iieit *orro
l:_!^f_"ry$9d r.ry. an ordi.nary. ).14 pture "' rue a"r ;"jrliiili,
l lE iy" r ,  chandes- the po lar lzaLlon of  th ls  I lght ,  because t r ,_ ,r(!d trona around dlfferent aon tr,e i-ipiere G;i.;;;;;"*'*i,.,':il".ll,ioi3"i}:l"l"3futl.t ot".
tlqhl, l:-"9plg"enred. by polnt Q jn aiJg"i"- i,"'*r,"iJ "FC = votne rlrst rl!"pfate shlfts this point to Q, anA the secord. io qr,
Q!r - is  agaln Jn the equaror ,  1 ,b_ rhe r ransnl t ted f i i i i - i " - { f ) tpolaxlz€d, because PtrQlt rauic be 90o ,na i;;-i. 

-"i 
ifr!"p"r".

A slaDle calcu_latlanr- uslng the fact that AQ = Aq: BQr =,BQn = 2V.J. + 90, srroors i.rrat ir,E q-irchi 
-tJ'-iJd.iea 

oy anangle d:  gU
2

[ = eo - 
F. 

(f l.fr] (e)
Tests Dlth doubLe iAplates hEve vorlfled the above cohctuslons.

fn lasslne
It should be possl ble
all the propeitles of

lt uay be noted th-t hlrh three raplates
to construct nulttpLe ,-plates irnicfr nave^/4 plates

1)

_ Stockes has shonn. that any arbl,t lary oonochlometl4
_1-1ght, f.1. as obtalned by the Euperposl t lon ;f Eln arbJtrarvnueber of polarlz€d, coheient cr incbnerent, ;;re,;";;;;; ' ;; i
fflar.s. u-e constdered as a superposl.uon oi iaiurii--iJii,t (e,r.
l:l-*l't191, E.aaBuoes arr crreitrini-,ioJ pr,""iii 

-r,lili 
ii8 

"u."plobabllltl) and etttptlcal.l.y pof-riiJa-itefri " 
"* -ii"""u]" 

tot.fr.rarenslty I of any (p.p) rrgirt'can l" o""Jiiili"a iiiiJ



SFCRET

'  .  ?  l T
4  -  ! M  i  3 n

I  =  I N + I p

I  = In cos 2Bcos &= p.-2 -  p22

C = fp cos 2{t sLn 2( = 2ptpz"os 5- _
S = In sln 2p = 2 nrnrsh 5

aaal the addltlon of lncoherent coaponents glvea

(ro)

rh€re IN and ID are the intensltles Jf tbe nalural and the
polsrl.zed coBpoaents. The polarlzed conponent 1n turn can
be represented_by Polncarets representatlon by bhree parameters
tp, kt %. Thus. the_ representa tton of (p.p) llght iequlres
4-paraBeiers. hhile IN, Is; o( and p are the set wlth a slnDte
ihtslcal slgnlficaace, ihey'lre not those r,hlcn are iufi"Ufe---
for calcu-la 11ons.

To arrlvg &t a nole sultable set we conslder the
prgb+-eu ?f- the superposltlon of tso (p.p) 11eht colllponenis.
Iret t&e flrst couponent be cha.racterlteit ty ift, IL;,,J, pt,
1 t  =  f1  + I l  ,  the second co loponent  by I f t ,  I l ,4 i r  gn,
Ii = Ifi 

I 
I$ aad the result of the superposlilon by Ijlp Inr dr

p, f = f* i t^, If ttle tvio conpoaents ale coh€rent the
saldltlon Elvesvobvlously I, = !fr i {fl, Ir - Ii f I!, buv r}Ie va}ues

of_o4 and _p cannot be gtyen because they depend on the phase
relatlon. betrreen. the conponents" The' supalposltlon 1i qulte
dlff€rent rhen the g$o conponeats are lncohetent" In ttls
case IoiIfi + fi l, because the superposltlon cf tno lncoherent
poLarized co[]ponents ttILl ln general produce a natural
conponent, . (ExaDple: tBo (1) coololents pofa,rlzed 1n dlfferent
dlrectlon8.) Thus lt ls seen that IN and ID are not addLtive
paranetere for lncoherent superposltlon. honEver. since
I = It + It nill aL?,ays ho1d, r-e flnd t6at I is;n addltlve
paraleter and thergfore nore sultable than I}l and fD for the
representatLon of (p,p) j-leht, Io flnd the"other iultablepalaneters lt ls necessary io det€rruLne the polartzed conponent
-or the }esultant of lncoherent _ superpositlon. A souaEhal Lengthybut elelientary caLculatlon leads io the slmp1e resufi tfrat fnroucarers repre8entgtion Ip ls obtalned by vector addltlon oftne, vectore I$ and li i. lhls resutt lupl1es naturatly that thecarleslaa coo-rdlnates of the representatlve poiBts pr ard pn
ar€,add1t lve q uant l t t€s. for - lnaoherent  supeipos l t lon.  fh€sultable paraoeters for (p,p) Ilght a.re thireiore, see flg. I

(u)



SECRET
I  =  I t  +  I r

U = tr{r + Ulfl

C  '  C r  +  C n

E  =  6 r  +  g n

ttre foEr par:uleters are calleal Stockesr paraDeter (abbr.St-p)"
lote tbat f aacl I are lldependent of cholce of the 

-r"fer€nc€'

erls r = I. A rotatLon of t!:e refarenca axlE by an angle lr,
c h i n g e s U a n d C t o

Fr€n the 4
polarlu€d

' f , - "

ten 20(

sLn 2p

and th€

I  - 0

I *  =  n [  e o s  2 A +  C  s 1 a 2 ] .

Cr . -!d sin 21 + C cos 2a
(12)

St-P aU lnforwrtlon concernlng t!t6 natural and
conponents can b€ derlved by neans of the

reLatlors

rp = *y'u2 + c2 + E2 = p,z + p22

- r p

= e A
_ slrr,

follohlng l8pllcattons are apparent3

lupl1es (p1) l1gbt "
14pues that the axls of the elLllse representlns
the poLalized, conponent ls Fralle1 or norEal to 

-
r,ne rererence arls X.

lnpLles that thts axls ls at 45o to X,
= 0 lnp1les (pc) l1eht.

=g=O lDpl les natura l  l lght "

r12 = tr(rn+*)
pe2 ' l(:n-u)
taaf = s1g

I = 0

u = C

x = C

5) the su9erposlttoo of lncoherent conponents "
. The 1ar of addltll ' lty of the St_p can of course beertended to arbltrary naay :.nlonereni I;p) ;;p;;d;;

r  = f  t ,

" = I r ,

^  _ J . ^
"  - L " t

t  = I t t



SECRIT

and san b€ put 1l} lnlegral" forn as l l luslrated by ihe fa11ofi"-
lng exaspleS

Conslder a plate of area A lihleh eBlts l l t jht,
Assuse ih:it t i te lntensLty and state of Fol-atization va"les
contlrluously over the axea. The llgfit coning froB an el"enent
dA. alxdy can then be chatastertaed by

dI = J(x,y) alxdv

dlr ' Jr(x,v) cos r.p(x,v) eos A(x,y) dxdy

dC = jn(x,y) ess Zq(x,y) sin Z.((x,y) drdy

a$ - Jn(*,y) sir 2B{n,y) dxdy

= n(xry) dxdy

= c(r.,y) diidy

'  s (x ,y i  dxdy

end if all contrlbutlons are ineoherent the additlou las st-tes

:  = Jrar
M  =  f - a o-  

J - - -

. = J " *
g . f"d"a,

the question Lihether iRo components a?e eoher€nt cr lncchereni
ls sonetlnes dlfflcu]-t to decl.de. Tbey are certainly lncoher-
ent when they orlginete in dlfferent 1lght sources or {hen the
lt;trt paths fron ttie conloon souree dlffer gleatly, also $hen
theo"etlcal reason calr be gtl'en that, the coeponents have
sllghtly dlffelent frequencles, even though this. dlfference can
not be experlEentally sholvn (f.i. Doppl€r effect) so rhat for
8I1 pr-ctlca] purposes ths tno conponents haye tbe saoe
r requency,

Of speclal Interest for our appllcatlons ls the
folloring case; Suppose tBo l1ght bea;i or1g1nat6 in the sans
soulce, pass through d.lfferent lnstrunents and ene?ge dlfferently
polarlEed although the length6 of the teo paths is ihe saue.
Lt can be sholn that these bear0s can be consldered to be inco-nelent, provlded the apertur€ stops ln both bea!0s are sufflcient-
ry rarge so that the path of both beans ean be desclibed in
teros -of. geooetrlcal optlcs. The sltuatlon can be explalaed by
conslderlng a oodlflcailon cf youngts experlment fot' the
dlffractlon of 11ght ln r,hlch the llNo l1abt eaves f,roa tvo
conerent sources pass through dlfferent polarlzing devices" Intne arrangenent shown ln flg. 5, the Ught fror0 the ts,io sources
?lr 9a ar" oade (1) polarlzed, vertlcal and hortzontal, lespec-
llveLy, by the t&o Polarolds P1 and p2, nltbout th€sepolarlzers the lEage on the scieen Sc-le the well-ktoyyn dtffrac-
l lon pat tern r l lh  nax lEa at  equld ls tant  po ln6Ar .  xrhere the
tto waves are ln phase !f lth the polarliers tni6rtea tne



dlffrhc_11on pattern qisappears, but due to the phase relaiions
le ccl' lcruae -"hat at the positlons A1 the }esulting ]lght yliu
! :-!1)_fgr:I1f:9 :\ *2.i Ar poinri ni urrvay-68tiJln a1,ane?e rne o1n13a rouLd ber the resultlng f+sbt ls (1) polei,lzed
at -456 , and- at internedl;te polnts tt is (E) poi.iileo.
T!l:_!|:-dllf"1ct1on parter.n co..:rd a,sal"rr u,i iraite viirt:"e ly
oDservlng Ehe screen through a ihi"d polarLzer at 45o to pi ajrd
?e: --{:l_1f the sllts are-opened tne'screln 

"r]o""-i" 
lsage ofthe prl-urary source S and the_llght ln tbls ini.ge 1s the super_posl t lJn of  a l l -s taLes of  polar tzar ion,  * i r fcn in t [ f i - . " ""glves nir.EuraJ- tlghts Hence_l.n th6 fraBeaork of geometrlcal

optlcs the tso beans-S1 and SA, al-thougn tney niv8-i*ionnon
Sourse, rlus! oe consldered lncoherent"

: L l -

uzLI , 
"ZZ 

ll. + a23 C +

tj':. I * u32 ni + ar3 C +

"4! 
r + a42la + a43 c +

SECRFT

(r?)

6')

. .  4 9"8p ot  Ushr y l t lh t le i : t .p.  11: ,U,  ,  C, ,  Sr enrertasany optl.caL lnstruoelt. prodBces trans_olrteh' (oi.'reiiectea"
rerracred or  scatrercd) 1 l lF!  lu1ih.st . l .  I l  ,  id , ' ,  Cl  ,  sJ:lhese oay refer  e l ther ' to ihe eo.erglng bean in 'a b6t lh i te c i rec-j+"",,?. 

"t? 
tlf !?!"i q?tcrated) .;ueiglng usnL. 

---oiii,i6uJi!.- -
r ;  - r i ,  u i ,  c ;  a r e  c e r t a i n  f u n c t l o n s  o f  I r ,  f i , ,  C , ,  S ,  a n d  i h eactlon.of any optlcej- instruoent can Oe dhicr:.6ea 6y-'gfvtngthese four flrncilons. If now a seccnd LncJherent 6e;rn wlth
,tlt" l!.P:,ir: rtdr,.Cr., S"r trhtch stves rr;; io 

-i-franirrtaa 
0".^Ltt dlt, et, sC entels sLoultanecusLy yJlth che first bec-oriclri6e iiou- tr'l ioarii':.ii 

-:."n-irrl 
t, 

-;i 
i;- =" i; if , ff8,'d) 

* " "-
I' - fl * f! = f1(I r ,!, | ,C r ,S r ) + f r(!'L,uL,CL,sa) =

f1( I rurc,9)  = f1( I ,+r" ,  u,"Mz, cr+ca,  st  +s2)
( r6)

Ilil"-l-1-b-:1":ywhere rhe -sane func rlon. stuott ar equatlons

9l : ii?i-i:i.il;. {1' =ft'tri{l3l'i1''u;"'ti:l'ah'li,, oe sa,,s-
fi ;'" il':T,iT:itSltfli"'**iffi"*t *i piratoeters'---' Bence we

I l . 1 1  I * " 1 2 U + a l 3 C + 8 1 4 S

I

s'

a ^ ,

a ^ ,
)4
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s€cFrr

tlcal lnstlulo€lt or
lclents afl. can be
to establGh the

rhere the natrlx alk nlth 16 coeff,l.cl-ents ls characieristlc
fo? the lnstrunen'';" a1k is ln general dependent on ih€
dlrectton of the Lncldent light and of the- dlrectlon of ob-
seryatlon, - a1k are called the Perrtr coefftclellts. It can be
shorn that for any lnstrurent hhlch satlsfled the so-caIled
reclproclty relatlon aIk = t sk1. The leclprocity relatlon
llplles that rhen the posltiJn of source and obseryer ..re €x_
changeal the lntenslty reachlng the obsetver ts the safie (rlf I
can.aee you, you can aeerDsr, holals for losi lnstruoents; ex-
eept  ror  !a tecay €t  tect ,  J

. l
I

0 l
I

slnll

"""nl

t

t .

. $ltce tile St.p, parauetep caa 
"sadily 

be tranelornadbt eeaas,sf 9-s , (12) to any new reference axr!,-it-is sutftelentto-cmslder !4e case rehere the axLs of th€ * pfite fs fn the
_x-dlrectloD _(,f=0). ts the.tntenstty is noi, irrarii"A'oy aY-plate (negtectlng reftectlons) one- tras- !11 = il"iiz = a13 = al4
:^1?l : .?t = 9+r = O" Since polaized rlEnt is 

-noairiEa

lll"ifl3yrog tci a rotatlon ./ of rhe p spheie aroi.rnd ttre x=t arLa

. l lr€ probLen of any polarluatloa o
sffect Ls therafore eolved ilh6n tbe 16 coei
evaluat€d. It ls tb,e pulpos€ of the paDer
natrlr alk f,or the photoelastlc shuttEi.
uEed 1n conjunctlon lth tbe Bhutter. Tne

.p Platel

one flnds

cost
-s1n l,

and for !,lstruEents
latter are!

(r8)

tran8Eltted 1isht
=  f '  s1n  2dp1 ST =

L s (1)

azl : all cos ?4p,
, arc alk = akl,-are

1 0

o l

o 0

0 0

0l "" l=



sEc&F-i

a1! 
"1L

J , g

ald tbe chalrge

. - , ' . . "

sos 2{p

"ou2 
21n

sln 2dp cos 2{p

+ u{ co" z< + cf srn e<]

+ ; cos 2<+ Ct slr. MJ

sln 2{p

sin 2$ cos }(p 0

si-nz 2an

0

I

cos 2{_

stn 2q- { le}

rb€re all = L/2 u|,en j@ ot nature.L llght ls trans&itted,

7) Se trq,nsfo n0rrtlon of Pol"a!1zat1on cha&Ae6 lLto fLtetsltv
chanses .

the atate of polarlzatlon qf a lLght bean carnot De
dlrectly observed. Experliientally lt ls always necessary to i!r_
troduce auxl1L4ry equLpaent lnto th€ bea{0 to tr.rnsfo?a cbanEes
of po1allzatlon lDto chenges of lntensj.ty. As au:rl}iary e{uip-
Dent re have only to conslder /=P1ate€ and pglaxizers. -3h6 -
Iatter 1s always necessary, slnce 1t 1s the only instru-aent fcr
xhlch the traoEnltted j.ntenslty varies Blth the statg ot pole.rl-
zatlon ol the Lncident 1lght, The problen as tt arlses j"n
connectlon $lth the resej.ver for ihe photoelastic shutter may be
fornulated as followst

If at the t1!4e tl the }lght ls cbrracterlued by
I r  =  I r  n | r r  C | ,  g '  a n d  a t  a  t a t e r  i l s e  t ,  b y  I r  =  f .  . ,  C " "  S ,
rbat should be the orlent.itlon of s. y'-pt5te'and ttre 

- 
anr;iyzlig 

-
Polarold ln order to create the te,rgesl lntenslty change lD
th€ f,1aal' recelver (photoce[). T5 answer thls- p3ob16n re ask
firEt! If tro beaos have the sace total lntensltv I but
dtfferent polar_l?€d componenrs ISl and I$a, wiri i iust oe tr,e
orlentatlou of 16 In the polncai'e repre-seirtatlon ln order thate p€rfeet PoLaro-1d creates the largeat lntenslty dlfference?
accotdlng to (19) the transEltted intensltles J are

r
t .
L
Fr
L-

18

a'r e rldz ' *[u!-u11 cos a(p + (ci-cb 
"r" 

aC

ryo;Orf*aaf), tci-cil
\rpr -.rpzr, anO COA

ar€ the U erd. C
zo(p and sln 2(p

conpoaents of the vector
can be lnterpreted as the



- j :  -

and C conponent
E6nce 2aJ can be

(rnl-ipl.

A J * "  ' *

of a unlt vector
lnterpreted as

[ur+r)2 tsr+;l (21)

"t .n" 
"#llnlilflrestrlcteal to caseeIestrlctlon ls that

AJa3l depenils only on theu:. : :_;' ilein - tirii, tiJ ;;T, 5it;.:i"t i)o'il.un trnere only ID 1s alteled"the totar lntenslty l'" ,r, 
"f,lirifilY.^1th rlme^

SFCRFI

,iin"llrjl"ri5litorial pr"an€.

2 . A r = { " t r r l _ i n i l (20)

that AJ ls 8 naxlnu4 then lrof-rof) 1s paralteL to/ ? t r * \ nust be pa!a11el to the equatoxlal ptane,

+ (co-cr) 2 +

aad t2 do x3l lIrlSF"o*3"*f:.q-"99Pel9lts of t+e ]1eh
can be chansed uy a 1-osr?b9Ye, 

coioltlon i;"'Cr1:i;{2]irrl}
rh6D rbe uErii iitl"! ffi';"il":ffi: *;.::lsil;'i"':rll*t"#;.

;ifi li!,i,"r*{:"3; :,*;i"ti ilr1er"i;'st.il";.'ii",ilff _,#:;i ii*;*Tijli* t_.# *': *i*li xilli I :i T:jfl :r' ;"
,  lhe ansrer  to  ou"_problen. is -  therefore:  fanC /  9g

liln"lili $#iJ:i:li!ixi. iii;";1i1$p;*iFiii;t ;'::""'
ffi*;;tJl ttti;iiriiFi#;:'iirniffih:;il",i:i ij',i"_



SFCRET
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the thlskn€ss of

Par3 . l f e i  i J  v ,  Tho  t { ch+
dix€"t.ioo . 

- 
?s ;,1,1 Vi"': '*f:

J i  : h F  S o U { . d  r , . . V e "  { r  -  l u
me8acye!.e anci ls 

'a;e1;1 
g"5

of the sirain Xr is giren ir,y'

sln os i
t 2r\

. atanding uave !,1th nodes
rnrough the p13te l jr the z
savelenb th anC l rea lrecc v
exper le  .n ts  Vs  ls  i l rou t ' t

fhe photoelastic effect

0x = I o.,r si" Z/ht

ffi l*;*t-.;*':'q'jqiiii{ilr$il,;5i",i;"$,,*;;r*
= n + v sin 2D-f sin ars t

! = g,) srn er{ sin ,,J t*  4  
- s -

7 r =

rrhere

b€1ng

( u-o)

ihe pl.ite "

re Yil.L1 neglec! the
&e cc]]rlder f i"st thre
constatt yaLucr t:, ./r

8) 0ptlc@l e]]erae te!.i 9t1cs_,qf lhe €tr'ilttet.

the sliutter as described fu! a pr.,/ ious lepert, Lo arectargular J! squeIe plat,e-cf g-ass .tn in1"fr-i""i.:,lu:1"g

iiiiFirllll,ilciilrif in"':it:.,?: *:;:";:,I;*i:: j:;l;,
tiodal planes parall,el io the faces .f tfrJ-pfo-ti, ' i, l i "i i.re 

rr"_
ff;:"ff":T"l:"3!t3;;;0,;"";!:t unlv o'e -sei'- ii-i'Jii upp"u".
la ter  d lscuss ion,  6u 

"or , " I -? l iJ t '  
9e ts  3 f  nooes is  ]e f t - ' f  : r  a

atralns tn the grass 
"u" 

o"t$3l"fiiE -oliv tile case !'he!e ihe

X* = A sln 2rR sin 0s 1

l y  =  Z B = X y = 2 " = y u = C .

1 , e ,  ,  a
pags es
are the
cur?ent
c!.
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t: :i,'.:,:: :,:.i SECRrT
i : . .  :  . i  :
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i '
] rn  by  pe ] i )o i  ra lJy  y , ry j . " .  f J r ,c  ! l  L r " ) : ,  i i i l , ,  , rcced, r i . c'11 , *1 : : :_ : "^  

" . ip rox l :ca t  
t r r  r  bocEuse t ;  i s  k r : r in  thaL c . . .e  o^er i_

car el1ecf, )r a s[-nd-_og super;onlc !+a,re 1s Ir.rL a sinpj-e si.perposltl:n rf the.ef:ects_-of i lc; siiople 
"rivi i 

i""uif.rl,; .o
oppostce-cl.recticns. I{cr,ie yer, ihe ez&ct salutioti l ; for e:i!pfactieal cascs su.ff iclentty ciose tc cur approxlrr:ai1cn ttuii
l t seerns.ullneceSstry to presenl here tl.Ie r&..Lbe I ' el"ab6::.,te
exacl sol"ur1on,r  : .

, - 
ghe,optlcal probfeE of the shlrite:, can be dlscussed

b{ - ! i9 .T !1 i : l y .d i f fe ren t  i le thods  &h j .c l r  . r r "  p re" " r r roc  : r . ,  Ur*Augceeo]ng  SeCl l .o r r ,

, ,9,1, the dlffractlon 49!!1!)d.

, i  , , : .  &e  assu&e tba t  the  en t i :e  a lea  A o f  the  shut te r  i . sl l lurl lnirted unifornlv at.norn.r.l. -:ncf aenie--l|-a 
-j iane 

rtgtt *ave* t th an arbiErrry et i in !1c1ry,  r .e,-ur"- inc io ln i - i ignt  rschs.racterlzed by-

i
'.,:i. ' Er ' Fl eos (r'rt+ fr)

, i  
, .  Ey '  ez cos (ot+fr) 

(25j

t .3t  
bv the s i .  -P.

: , t . , . '  
7  .  p!2 + p22

= prz - p22 
(26)

.  I . ' = Zptqz cos (fr- y.)
.  : ' i : '  

'
. Zptpz s1n (fr- fr)

.-

#S"illdilii ::iff:;:i;:'*,i:i) "rd*.":t;:3"Ls:":.:ie shlf t r"rei it,'passes" ir,roiEi"tii ;i;;;,;#:l;"i;;T_
AP.  =  z fd  - -  

' ' - - - - - '  - - " x
- r I  

T  ( " * u  s : n z r f t )

'pha€e-€ratingn ror eacrr"t:.gnt eonponeni.-' n"ir,, iii iilil,snom- that the n corrugatedtr 
-r+ave 

cin le aec"rol".i-i"t^Eedn \cve ctn be decgmposed hto! 3f nlane.raves i""i."ii,ie-r""eiir!il,', iiiillti3i5i
:__.r" l le dlf,fracrlon ord;rs" As is the ."." i,.,- an o!-

The shutter

Ad is the case forg"atlng $1th a perlod \ the diflraetlos angles are
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glret| bY

al ' . l  U. = i i_
) 6

{ 1 . o ,  L  I ,  ! 2 " " " , ' ) \27)

and ihe a!0pfltuctes of the dlfiracted {faves aae found ts be

r"r ' oa s' (4)

Er1 = r, Jo (y2)

* ,  = z P "

Jt  denotes the tsessel  fuact j -on of  i ! th  ordsr ,I ?here

= a F ' (p6)
nt,,

i iii:iiiii*i:t l#:::-ifif il; -l*"im;f i;i;irji.il"*iff ,.
i iiiililii:i:l:li!.di"-Hil;F sifr"ff j{il;ii:i;;,;;;ili;*.," "
i ftffljlfiil:i:!ff i!9"?.Li!ii;.6";15:i";5"r*"ii a.iislf:;"_

etagr lc_shut, tcr ,  hh€n op(. ratea ni  r " .quJnJi i " - " i ' i io ,

, iiii;i":i*'"9,:t:F;;s"iiil :i:1fi i"ii!,iir"l;i* ;;ild!"ii5l;
r ilgi;;""ru;i3u""iii,l'nlol"]li*.:;;;;lii:.:Jf:"iii:ii .'

iiic'hc"i" . rn rne ir,"Lii""iii-in,";;;'j,l:';J::"uii litrnufact that the various diff

+ iiii"r_*i; "'l:fi ii:; ji.i_ #::i:l ::$ff ;,?ff 3i'l;: "3:19."
lillgil i, separailon oy-'pJiarrzatia:r isi1"*91"i3,1;, ""Til: q:":l:: "f:-iE"",ii"!""i'.ii'liiliJiJi"l"'rIot f lequencles can be used " ' !ev J4psrbe rus or

{ni^t'!n.r ere !i6n,?.r{rh ,"": l l?l!! +t hi9 tre. dlaacvanrage of:?:x'tl:T,, ::n:ii* 3': " - t?6- ttti: f , i; ;i;";!" h;'#: " HHs;h:istronger supersclr1cs can be produced.-it -i"i-i"!LrJiil 
ill

l
I
i

gu-1,o0""$3"1?f"ln3!"Er'i"*iFlilBlisfi lls"ls"B:t*fjEud:sr,,i l lffr€ction aagle (of about
srbre conpared t" il- ;i;;; ;f';nli#ir"#;:tfi"Fl ts nes:i-

.  . .  I l  car ry i , .g  f ,u t  the. -dd j t lon c f  a .L t  d l f f ract lonorders It shouLd be nored tirat tn" f* una ;;-";;;;;r:; 
","ffi;";f,:lltrf;3::"5lil-ili"3"9i"3e t"6v n.u"' ti"*5Jil""Jpti".r

J.lght. Eorvever, the l lshr 
ts t4€ sirBc as in Ehe lnclaent

re-ilcoherini. --'r+riii"-tfliJ 
i:_;ff If, liff : f:i'i;:':;1, ?l::;;oase, 1t Eust be so for the,dynau-lc c*ou, 

-ire"iui""uiJ-"rr,r.t""
eodulates the Llght in the dlfferent rrd6rs 6V-u 

-aiii"i*rrt
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.
,- - .It foltonis that, the St-p. of each order can be
. ?olBpulec rn rne satre lnanner as for the lncldent llght

-17-

lent to guaratty lncoherency.

rr = p12 l ,2 l,!r) t erz t ,2 Wr)i . ,,t:,., 
rt = P1^ J1-(V1) + p2' t r'W2)

.  - I' 
ul = nr, rrz{1r) _ vr2 trzblr)

r r  !  r -  -  r  t r ,  \  a  r - t  \  - ^ -  r r o  t 0 \

..,.*ql aaCttfon of all ordsrs gives for the transr:tted Llght
: ' ' . !

r r  =  , ) r ,  g ,  =  f c .

cl = &'';z.lrt/r) ,lr(*r) cos ({r-{")

., Sr = 2DrD2 Jt(?t) J1(*2) s1n (fr-fr)

: (
i t r  =  J u .  s r =  f ^

I-- L | .t

.:'r*l
-, g-nese. BuEs _take a sinple forn cn account of ihe foLlorlllg. ElatlJls for Jessel functlons!

1=+ oP

I tr. (x)
t-

/  J r  (x )  J r
/_-

JBl, 
rutr"" relatlon see hhlttaker &

(v) = Jo (r-y)

inio account (26) aIla notlng that

SECRET

quency (1..e. dlffelent harnqnj-cs of ys),. The ffequ€ncy
ft ls nuch too s$all to be observed 1v!7v = 3l.O-9,'Uui fs

llratson, lAodern Ana].ysls,

accordhg to (26) and
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flnal r€Bult

*18-

' f ^ (:01

K = Jo(tE) (.:r1

I r

l ! r

s r

it

(c

r8

In carrylng cut th18 !€thod we dlvide th€ shutter
slL strlps of uldth dx and co!6idcr each str{D es E

lts axls parallel to x and a phase shlft
. ff I, rd, C, S sre the Stoekes paraneber

B lncldent, ll.ght, $hieh ls sssuoed tg be untforn over

l"1l""" 
rt ttre shurre.r, then rt.e llgh! faJ,Ilng Jn ihe

r 4ccolu1ag
tor{ strlp has

Tldttt of the
rltbout, lrss

dlr = dI

dllr = dl,

dcr :.dC

dsr c dg

tbe arguocnt

J
!l

' cosy' + 65

sinf r  cg

cf sectisn 5,

dI

di

dc
ql'

Jd"x

n{ix

cdx

sdr

I ltt

t!/vi

a/v
slv

(tz)

shutter i.n the x-dlrectlon and car] be
of gonelall.ty, to be a rhrle nrultlple

to- eq..(18) the ltght tlansnltfod th"ough
the St-P.

ern p \tt)

co" f
these coniltbutlons are
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co,asldered Lleoherent, hence the trans ltted l1ght 1s

t  = T

-$;5;:firt!*$r$ik$$tiii*3'i i:: ii"iirn*i_
I

o
0

0

0

0

a

0

x'
0

sEcRrr

.v -vl, (w . (v (3t-)-. f Jcos(/, 
sln zr{)a* - s $J"rnty, sin 2t)dx

- ,  r w  , .  -  ,  t w' -c fi Jsin(% sin'zf*)d:r * s $ f cosffi srn 2t+) dr' "  -E "J  -  Aa-

the perlodU:1ty of the lntegrand. lt fol-lors.for both lnte_
t*t f i j= t j  '  lhe substltutlon aft =z trans-

s lnto

| -zrl
os (/" srn z) d,z and, *r | "r"(% 

8rn z)dz_  . \ )

:!_lyult. fhe flr.st tnrcirat 1s-rhe Eell_known lntesralBenta+lon 
"f,r'J o(1r), rh6 second. r,it"Jiit-fJ"i"ii, =..

,. J 
= -J . Henc€ the flnal resuJ.t

s t  C r . t r C
! r  . B ' = K G  

r  -  J o ( / r )  O ,

li1th that derl.vsd by thE dlffraetioa nethod,

( ro;
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the folloning conclr]slons are eLeiite!1tsryi

a )  Natura l "  l1shr  ( I !O,O,O)  and ( I )  o r  (p ,1 )  I i .gh t
( I , i6 ,0 ,0 )  v l .b ra t ing  para l le l  o r  norBe]  to  x  a r€  no t
changed by the shutier"

b )  S lnce . fo r  p rac t lca t  reasons  the  iEc ldent  l tahr  l s
po la r+zed (and noL pp) ,  rhence I2  =  M2 +  C2-+  52 ,
a]lq auce tle i l  conponent renaina unaltered, the
ehutier r]111 glve the best results uhgn C and S a"e
as lalge as poeslbie" This requlres .id = 0, and
Beana that the axls of the lncident lleht ls todeana that the axls of the lncident I
orlerted at 456 to x (or to the nodes

of the lncident iJ-ght 1a to be
x {or to the nodes) " Any ellip-orlented at 45. to x (or to the nodes) " Any ell ip

tically polarlzed l1ght of tt i ls shara-cter is'tr6ns:
formeC lnLo oartlallv ell lDtical l lsht rr 'J. th the ex6
tically polarlzed l1ght of tt i ls shara-cter is'tr6ns:
formed-lnl,o pall lauy ell lpttcal Ught wtth the ax€slotmec ]-nLo 0art].a].l.y el-L1nt:.caI I lsht wl-th the
reoalninE at-45e, The natirral compdnenL has Lhe

I/ihen the shutter 1s not operated, lft! = 0, and
= Jo(0)  = 1"  appt lc* t lon of  a  s t ress c iea ies a-chaoge of

I from C to KC ano of Sr froo I bo Kg, -{rs shorrr in secti.olr
the largest possLblo lnte4slty varLatlo!] whj-ch the Etress

cteats - using the nost etfei.:t ive a,Dalvzer - la ihere-
e

aJnax = * (1-K)

tztl
= i r (1_8)

lE entlrely lndependent rf whether the lncldent 1i.ght ls
r elllptlcal or not. The most sinple and at the si.ne

the nost effectlye 4ethod conslsts tfierefore 1n uslng (1)
1d€nt l lght, polarlzed i,t 456 t e.!, M = S = 0, C = I,

t ransn l t ted  Ught  w l th  Mr  =  Sr  =  O,  C =  KI  l s  then (p r l )v ,  v _ A 5

1zed, and slnce lts ID vector ls Ln the equator a sluple
o!,d, parallel or cros'scd, 1s the best anelyzer, fhu$

.shutter operates best between crossed or parallel- PoLarolds
l5o to x. A phase plate can b6 lnserted in front of -r,he 

]:

lntensXtt IW = I(1-S), ihe polallz;d coBpcnent
Ip = KIr the elupttclty of the lgiter is the s:,.Ea
a's for lncldent l1ght (Ci,lst = C7r6)

I' ter, but then a conpensatlng plate (rith the s-ue a,i, but
Iota.ted by 9Oo) nust be us€d in front oi' the snalyzer"

!t fol addltlonal reflection losses, the l-atter eetltod )i6 the aane result as slnole PolarolAs. the use )f Jhase 
'l

€s ls recoonended cnly ,rhen additiqnal secrccy ls ;
1Ied.

L"rl'/n



Freouqney ch;racteri gULcs of u:rlJ'ers shutter "

a) !'or C B .transnlsslon

- 2 t . - SECRFT

,i:""lJfi"ii*1i:*" Til" Ti**y;.ffiiit:l si /,,'"%ii3*"-
T F

,  -  
t "  . + f  - J o ( l * s r n r . r " t f

Jo t*!u!i_ be the lncldent ltght
I9flg"!19n losses eere neet_lelELe

u ,W ct natuxal l l t iht. The
xll1 be Eaken lnro accoirni later.

the function r-Jo(x) = (tz

(:41

fa11lng on tfte shuttEr
a.nd lf the polarolds xould
ccI!.eetion6 necess_tJl for

- r*D-"(44. BbI,($6 ..
:"::.:"1::r:::^..,I:Tg: !I'I9. FoulLer deyetopBenr of J I'111

?lll" tl9 Lrosugncles alor"., i. 
" " 

- 
tt u' ;;ill;";iu:"

.::":y" d *: ::::."j. jl". : 1"1]fr i"'ielr J!-e; 
-;;; 

i;;;i;;;y
.ll?99":, -Io d€relinlne tne irreneiii-li ;h"";;"ifiXIn lca  re  se t3

or Sourlert s theorens 0e gbtaln

[.t",n, 
sia cr"t)] = so(y'J - 

ftr,Wi 
eos 2 n,.]sr (3e)

.'".,*, 
= + ff- 

ro(f, sln ,uu"r)] u, (4o)
,preaents the avera.ge constant r!€ht trtenslty passlng the
::^3:"39 C,ti_. tr..nsnlsslorr, rne srrengrh cf the radLoEents are glven by

,, rzl,rtt -  I  f  - , t

Yil = 2 f I ltt.fy, s1n 2rrsi) / cos 41nv.t dt (41)
J . . L  J  o r  ^ v

. tutlns 2fv-:r = z and norins t*t f 
t!- 

e I one rr.nos

Ko(,rr) = I 
[r- +_/'r"<* "ro,l'u,] 

i

rll -
Rzo$r) = , 

i ) 
t oV^ stu z) cos(2nz) dz
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Jo' i$q ]. Ts Ll  : (42)

(;,3)

. :iff5""::1f,:i":i{ii:F"iii.ifti'3,ll?:,i5 ts'i:"3.1:3::'j'T *"",
f fr 
'il:-etr;iiii:ff 

:,i:ilhiirif iii;:r";iii"i:t5,{;l.:

(8ee llatsoar Theoty cf Oessel Furctj.ons, C aBbr:d.gs lgr:Z, p..3A")

, A dlscusslon ,rf these funcirions is_gls.€n 1ri th€ scncLudii_rg'  sect lon of  the repor i ,  See ! ' ie .  g i -  
- - -  - "  - * -  '

,, t) lltc d( aeasuremcn-,e.
a"

. car sysrem and ncnce ..r.rhrur ; ;t#s,;-;:";;._';;;i.ilt1;:i'fi3;;;.
9l.Igf wlth Ehat tran;oit.Led_ Lh"r"rii_""-"r"iri!r r.;-r cr, ir devle-
1f f " :1. : :  ?:s l : , i  f ro&. tho.n*oss5cin r . ; i ; ; ; : -  s1nc" rn is

, $tfii'jlrii;*l ;:il,:ii:;il;:;i:;*;:4*,:*:"#,i fl;i"o( for rhr ch ti,. trini*l'i"i,"-lr,i.l,lir,' tii"";ffJ;il:;ilF" riii*,ls .  the-same as through the_v1br.r ln;  sr ' . " i to"" i i i i - " " r . "u"
;iifi i:li; l::f :*i-:. a:l:""T:"" ti ",i-l? f"t''-ir,i i ?ntnoo r " pu"-
,jl!"}?lll":ll,J"i"ot-io"'f.,* I 

-;;:";' &fr;""_";tj; fril3,:l ";:^i:bgirricurt. ir," iJi",iiTilJii"il.;;#4""j;J ff.i:';fSti:u':':':; .  6 .  " s u k s s l . , _  d t r l r  / n

' i : : i l .

i illli:*$:itrillui:Siiiliiil :jl}n" ?iirilli:13s3ili3"
,treoenaance_"i-"<*';"il5;-iii;'Ji:i. "' if,: HllSl;"i5fij,
-!ues.or' )y are glven ln the
tssc ra lne xlos f. im.^,+.i+ -..:: i-:-:"-rlo-p- of the flg,ures 

"f:i..ri_-{" raost-rmporlini";.il;-i";"/,u:1. j,,!"i.pji: "'*r-ry_ proportlonal the €s senre other i'u"ves'-iie -rJri;;#"iii,l:fu':Aii 
:1" 3;r:?!1il "".

i,. 'c) ticF snd rrol.ce transmissron,

;?t,f i" :iiL3i5.;f":iilili :::"34:n:"ii:f ,3.iH:1's.'3'*,1n"
:i*r ;lli!{tli"133fi :.'31.'1 t;. ll"':"1*"f ";;ili:;i;",._

nrn = .rn2 $)

or .}a". *eales -5 -iSiiiirl-il"ilril,T 
ii"il3';,""]!g #iil
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;

' ll l+1"r"*-r*+,itii;i'ri;$l**;rlri*ri'"r;i,..,
, -.,glou" a $odutated radto outrrii cf ure piroloJJfi,'

i i,r' ",""u .,. 1'o5*li- ln:, f #i:'ii# E:i, I j ";!Ji.."##Hg".i,:"' 
:g,i13l};1."'"otj)J;"ili;;; 

- ;;-;,,"" " ;;;iilE",tlifl ?fr i'lxl,ri:ifi !;.va rid f o r sialr

xo fy',{r*" srn onrll = ^",+,", .[3!: ) r J.,* srn aAt , .."..
L  )  -  -  Y ' " /

the Fourler analys l s

i 
t*,""[y'r{t*" sin gt) = r"0.,(?6) + 

f.r,aon 
o:n n"rt

ttrnlshes not for the ;

, .r,:**,tt:t,*;-r6-3fi 

-lis"ifll*fyuu "'o'jr 
the aoculaied eo','trleRi

,  rn,, 
no' " %:i ' ,  '  *4 i  *- '{  """"...

r ii. ;ff "' |;31"'l' *' ri"';',3iu,:i"ti:"iT;";"1:;*i, "il,:" iir{ }"",, to take

i oo' = y, tr e,.+)

1 ff !H*e,|fi i;i?'triii l"i"!3a,,F"E5'if, " "iilr*il,:i'8F L:.u'"
Y

i o,' = *^?; u5)
;  ' f r

i 3ff:;r3fg*-6tons can be represenred 1n rerus of uessel

f 
oo' = * .-o(+i4 r'(*il (44')

g A, '  = N,#tz) |  r , r* tzt !  -  r , t*r l1 (+5,)
. $ ' ,  

" ' ' L - " " " ' '  " ' '  J

#.,T:"" 
functj.cns are pLotted in f1s. 10, and rhe lnpt-lc;. tlons are

#;i i

ffi{u
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scussed in Nhe concludlng sectlon,

,r"utl: ;liij.leatures of Lhe unlfcri! shurter nay be

.  a )  I t  pena l ts  C.y r .  t la l
Euneo !o t.ri,r lc€ rha 

"".",,^-::*i:"1:n' 
but the }ecelve! &usr,lifii3"'in:.lii":*i"3i:;"ia;*:ii-;;;'";;j";:" $;:":ffi:"T;:.

,.t^^-O)... *.:g.:t" *d vrlce transnlssiorr can be obtalned
Hl::"3y"*ot. 

receprion or n.F. recepLl"n .i iiJ*iijiir"lequencY. e! !4e Lr\ruDae

"-r.31*rlnioiitlli:;i;:i:*d:t:- 
recelver rs at$avs el the,' (r)

placed at Lhe sender ."'"":di+:i:t 
rn whether the analvz6r'

:*rHt:ff,i:,*li:" if^:"i tlf nosr .effectlve nethod#tr"ii;:i:f ;ii;;,*: "::Ii, !i#"i,' "tfr" Ti j";'f; : j,;:,,r:il3:
Lilj":i':I ",. "T:_ t:iii_;i_!4 i;:, ";:'f "i:l:" I";iallx:'il i{,ii"':li:::;il $"*r."ii;; ;i ffi:":f;;,:i::?'*: i??l-",;*ig;'i*i"-f-: ;."il' ;j - + ill3i3';n". of rhe ugirt rr6uirr ;h;; 

"f";p
by

a(dr r )  =

a (dcr) =
o a(dna') = o
dC (l-cos ?) - dS s1n y'
+dC sln* + ils (l_eos t')

(+a)

accordLng to (2])
the ntarinulB cbalge of lntenslty ls,

A(tr) = l ftawl2 + rass,)z]

= "h4 .,f;;:;;-

iis""lfi"! 3Y",ff3 ;ng'i;,g:i,":Hj,lt; ffi,,,",

,18":Tf":,luof dC and dg.
d c = d I , d S =

A (5J) = dr.srn !/2 (+z)

^Ugns-lder tl:e tuo cases
rn Ehe flrst case the
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to obtatn the lergest aetj.on af a narl'crr sLtj.p a 7/4 p];atelruaL oe insefted betxleen pola,rlzel enA a,",e:-"jEr" eiinerbef e or after the shuttir;

the 4ax1!'du& lntenslty varlation :.s AI slr. fl2, hence st,er,
Z,  v .?r+gs per l rd lca lLy the ln tens j . ry  u .  i i . t i l " ' i r - i i i .  o"u.LrT)1 L ' re  saEe l requency as t j ie  superso ix tc i
ths naxinum vartafi.cn ls larger than that obtai.ned for" loeeoncltlons ot trax. efl ' lcl_ency of the ulfj 'orn 

-sniit 
teii ' lorcxossed r to la- ro lds at  l ,5o !h_-- rar ro i r  s t r lp  ! ive:  an in ler .s l r ,ychaDge cf  A(rJr )  =  dJ s lnz,p/2.

.:,. rl!_:::"::"_therefore apparert th!r l.r musr be posstbl-eatruct an op"r""i-"vsi! i- i"""t i i*Jii i ," ' i","i5n"!i i i i i !
I a r g e r  f f u c i u a L i o n  c u r . r u r "  . n c  r , n j . h  , r -  r h 6  . . a ^  + ,  - . .

{ ! f  u t r  \ ; re i r !e
.. Larger ffuctuation cutrut, and &hich at ttre sajne- irnefrequency o ouhlinE.

to egn-

avo 1d scy  doub l ing .

The-forer;oii:e results are taken into account ln iheoperatlon rf l ierr' ceLls v,here a biaslng f:.ete fi ' introcuceC"
I l t : . j *"_1"-"nosen so.as to_.createa {= n/ i  

" i i  
icts thererore_ rnr.s- Dras 1s cltosen so as to_createa != t/2 and acts th€refore

ift llii:"ii,!*,1{f "xTi:; ""1;:},'3i;"H.ii;{-;;"-;i;h;";;;;i;;"rqprove rir'e'iiii ;;;; "'rH;-i&&;;;"i: ;iit'i:";*ffi ;:lil""
. lli:":'::":":::19,1"..:g1lluignt io-iitiiaiilini'".1+ pr"ru,,, : #iir;:I":{l::,t"3",:iilffi':f;,:"13"i"j;81:'x,,: 3*"*;r:.""ra sectLcn 11 thaE thls .)rocedure 

"i""i"" "r'?ai.iiue".
Frequency doublinC and lorv respon$e of the unlfor8!Ete!  ar lse f roo the facr  that ,  srnce i i rotoei is i iJ i lv- i "  .

il"-lll::i: -t!:. gh.+gu of / is .,ruuriv-oit"n-p;;i;i"; .".^1s-leeatly6 niu.inifi" ii""' 
"i"tiitii;d"'i:i::'#";vSioerne,el ,!he rnote.. are the int,edraL over sln +jz. ii"ii 

'"

": ir,:*"rf rf'"r Y#';l;: ;.T,, ?llLs:.1;; 6'""r'!qu "n" v t" ",0,

d;l#3rii,iii:.i$i":ii!:* :,'."ffi ff:i:"{""3 :ii?k,'ll5"l'i3*3,iii'\)i."0,!(21!i!_"_vit,#)",:5"i;y"li*,,""
te ln

uus t
1t1rr'e

SECREI

l l gh i  1s  c l - rcu la r j  l \ ( iu ! ) , , .= ;d I  s ln - l r , " ,A(dS ' )  =  t i I ( ] -cos / )
ard fcr.ssa11 values of f tne 6$iot1 iect6r li-ln ti:e
equat t r la l  p l r .ne.  Accofo in-g tJ  the 'd iscuss iJn in  sect ion (?)
the anafyaer luust fiIeretot:e be a pola:,old nrtn lne ;it;-;i, ",
45.1 to .x ,  In  t l le  second ces€ y ie  get  fo ! ,  s !0a11 ve, iur i -c i - l
a(qc!)_= o, a(dst) = d el ? .unE io outi in- i"* i io, 

"""p"n"". 2 A/4 pLaLe eust be j.nserled Lefoye ttre poiii;ofa--Jl tne
recelvet. Siurnarlzlng these results :ne ouy 

"ioi, 
tnot
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g! 1'lee verse, thj.s eeans Jf cours€ thai the ^/4 pl,ar,e to
be inLroduced &ust conslst of strlps Jf a uldth equiL to ^u12,
6.1" _ha,lt the. ravelength of the supersonlc wave, or equal to 

'

lhe dlstance bet1een successlve nodes-of the stinding raves.
Ii al.ternate strlps the axls of tl-1€ A/'4 p:.a.te must differ by
9o'. '

ld fbeorv of the nstrlrpedr shutti!.

. Practical l lult i" i lons arl,sing fro$ the fact that no
4 plaie 1s accurate and eannot be acdureite 1or ! f jajl. ".,.oth€ Bpectrurit,, and. frol0 the clrcuustanee that th€ strlpg rsay

lle-91!9i1!.!t not be.accurartely natched to the nodes; 1nd;ce
lo cons3der a sonei{ha t nore genLral problen,'---V,;-;;;,18"
t the hcldeat natural l ight passes through a nstrllpednr t4 rr4r 'cr-  l . . r .8l lL pasBes - lnrcugn a I 'st1.1trpedn
arrize! before it err|ers the bl-ock, gach sttlp is 

'\r,p 
wide

- !9H1?!:.lf_..-Po1i.ro1d tollo',;ed oy. a * ptare, for r,i icr, 1,approxloately 7/2, Accordlng to Lne pie;Join! ailcusston=Ur,  149 yorarold aust  have i ts  axls a\  45 to 3 ano the s;( is
he a/ p:.ate 1s psrallel io X" In suciesslve strtis-tle
tol_d axls or the axLs ;f the 1U pJ-ate, ox bothe ctii ier oy

lle consldet therejore I sases.

st"lpped Polarold, unilorn .y' plaie.
For  th ls  case the  Stockes  paraoeEer  t f  the  l i sh l  Dass : - "
Ghrough the  t lo  se is  c f  s t r lps  a re !

Flrs t  Set

r t  =  t

d t = o

" 1  - "

u l  =  t

onlforo polarotd,

Secand Set

' 2  -  '

s e = o

" 2 - *

3 z = {

st r lpped. / -p la te"

" 2  
-  '

u e = o
C^ =-C

S ^ = S .

- 1  -  .

id l  =  0

' t - "

S ,  =  S
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fhig cas6 reverts
a n o . a e n d b b e c o n e

Strlpped polarold and

r t = t

f l l  = o

- l - v

s t = s

Er|JIr u = Uo

src*i1fu";:ii#*fiiirllfii"4i€Hi"u fi,3"{}.t3 tro:

r lr l-^"h . / ^t''. -l-t 
['1.*"r:.. ,, 1.,::; *u" ]
, ( fr|,^/z r&+ rs- f Lu I""t"r u*. r, / 

-"t, 
+* /

, f .{n^# ^r.,*4.u"h J

t  )t t  1 "tny' ix + c" I sur'*- i
L *. *:r4" I
, f ,x"+\,/z "{,1..*f t  

I .* '  * *.  t .J.. ;"" n {
= *, 

"u 
zV;,. subsrltutlng z = ?.fr gnd ne11.a

g r

8 l

e t

SECRFT

tius?tHi'if,1,?l';' nn"o t = o,

strlpped 
/-llate.

' 2  -  t

u e = o

- 2 - - '

-  8 e = s

:?"i"l.i-?!l (o)'iecoBe. rdenrlal hhen s and the cas6:: or tnd i-ir."i-'"l,,lii!i"dTffii.i"iT.f":
o.

poJiTiJ,""3f"tflI"":3:y"d tc. deviate bv a

i'ff:;!::i3rj":fiir*:*:i*i,t l ;ii u p=,;l t&i1""i31""0,f;3 l$";"*lit;i*: "- :i': \i. !t' *f ;o), "" "'*.3,:T;"";Fj" tj"i:iiii;.iii" I.i l?ii"=1s carriad out.S3,!?'5.Tf:"i"*]:l ;:fi iil'"i5"L3'i' i33'f 5"';;:'J;::f ":tor of the tri""ririJi -iidi,t

J t  =  I

i l t = O

tba



27fXo
7 8

s l n z ) a z = !

$a srn z) az =

(tr8)

Jo('r'J. dence

SECRET

t ' a z = (y, srn z1 d,z = o

* n u (1, 
"tn "21 aa . r o(y'r)

4+af

cos (yrstn z) dz
r-1r

sln z) dz

(/, sin z) dz + s1 Jo (y'e)

r etr-
. f i  l c o s

| - t-,27
t  [ -

f t J s t "

.4tetr-h J .,"

r l

2 n I
I

aln ('y',

cr Jo (%) + (c.-c1)

-6r-rr) *n ['
Jo.,

a l26rJ1r(cr-c1) fu / 
sh

"at1r

' . 9

+1tr

s1!

zo

Z.r 2t

cos

i lgns

'n)

^ 2 "
I

J

l c ,
76r11

atlor

$-)
z.

r

I

vlat

Jo (9

1

3 abble

f , ' =

& t =

[ "

J 
sln

8 r  =

+ (sr-s1) * ft 
iJ" (ry'. sin z) crz

nh ue)
' fiJ"r"td"r"4 d z
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e artlves at the llnal resur!;

1 :  : ,  i

c t = l ( c t + c z ) r + ( s 2 - s r )

st = (cr-Ca)Ks + l (sr+sz)

Appllcatlon to the three= O, ln a1]- cas€s, but 1n Case

cr = .esBt gt

Case b)

Case c)

rtlng ^.hat
= Jr.'6r'u)

ch shoBs
tter ls

' trsnsnlited n

:: case

Ct = CK - 2SI(l Sr = O

C t = 0  g r  - 2 6 f , l i  S f

yrheD ihe shulter ts nct vlbrating /m ==^lt 
Fr = 0 y'e.arrlve at the j.olioiihe

r,ne cnange ef the llght character nL6n
ops la ted "

x1

E

U r  i  0

cases glvess

= 2C(I

( 5o)

( l ;

p1
pc

I ' l
l o r  I
l p c  I
l l
llnes

pl
n
lI'

Gzt

\ 2 t )

table,
thc

I = natural, I = llne.:r, pl=partlally Eic .

-, the, lulgest posslble tntensi ty Erlatlon r,hlched. $1th the strtpped shurter ts ieiairi-io-uri&* i5

for Case (a) aJ = Kr f
(b) aJ = c-l(r-K) + sKr
(c) aJ = s*{1-K,) - cK1

can be
be

-lebte t

a

(5t)



rer- b6 nade
(a,  ls  ag

la:ser thaa {II, thu; iiiir trrrs potnr sf vlerc5c as aoy of tbe oth€r rneth6.l.-- 'r ' . ^1^.agc,o.i as. aoy_ o.f-tte otir"r-nEtioi;.'--i; ;i";;q:_ 9p!19.1. propeltrei- oi-iire sirrppia 
-liiiter

cfnsrcer the optlqs,rf the recelrEi.
sloa of

SFCRET

r:::l'y!"lilfll"l:*"ln:l i?i_fi"i: ii!"3,*3",5ff","",ourxteled in rhe unlfora srrutt6i.,-' r i-giiJ"'ii!",li.rient
*:*:.t"" Fyi:^::::ei191. ard radlo reiepirrn-ii iie-iouure
I"3lI.:, ilr hg*91"i, betns.an add l*;ii;;""; *,iTiillt
:"3?1i::"i:"":t-.ll:^fttt:lgy of . f,he supersonrc, a;a-aoeereEls rer in an audr.o 

",,iriiii"-ir,i"l !55"lif ii!"-ilt:i:i t"lilS :'r l3i"l3i"lil','jl":' "X"'i:,"i:ajf !:,;::i;';€;. #;i;;8i6,-  _ ____: rc lvt  u€aaraole
,1! teducas the Becrecy of trananlssion. }lor.in-----(c,, the t,ero ln (I-K) calr b
E tnls ,,nhltA! +rr-. +L^ __re_el1@inated only by taklng

*!ff iiiii:ifr i+fr ri:Fgsftl'r' ii;ii:i'i; :J'rijtlon, ls' 6rlurnatea. - -i;;;; 
?ui"if;""jd3*i"i::1":l*

!y:-t tg+nqlned provlded the. sirippld pi;;; ;i;;;-i"se Eo a 4/4 plat€. Case (r
r  ra l ' 6 , ! h ra  h6 , - , . ^ ^  .+  - , . - i f ,  noseve r ,  18  dec lded ly  th6
,fi:::"ur", because lt eri,ii.lei'.iliy';"ffi ;iiiii jf""uaro

toi if;!"1i"f,?tt:"filiit:5 9:":-("), ro''o's rron tabre r.
*;*lt"riii.ir#;5;il;#J: %J33iH.ii opsra'1on
;:$i";;":I*:'*"';n::ll,li;bii^'l*#l$tilhij"lt:

i5,ii#{'*:i,i#ttF*:rt fr iai#I*: :i:;';j: :"-
::i4H* "'"**i::tiJ:u'"ai"i'ii,r'r,r"i"il'"'li 

"iii"li"pt
;Ttll f""r*ji;:i#iry_:iiffi"[il, 

nil';;:,,i!8 l*l;of-411, l.€. n'nen'tire ooi.i--- '---*-' 
'u !r!c t 'rssE s1

'ord, nor folloyred l", """ 1P1iiirl" f*:plt :^:?!iilq"g'

:F{i"jiuift1:*$iJiitT**Tiillqiixi$";rv.
l:l'ii!"fr1.,S.;l::i"* ii",f; ;i.*it'iijtfi ii,*r:,"f?""!gi -tr1lt uebi-"J"ii' di;'":e8i# i# 3.tfr;r.li.;
*+;i:+1". ::::lye,r^ runed to. trre f requ€ncy 

"i-tr,J "ioii.".:olll e1v. 1sp99 sr i,re ui 
- 
inJ 

- 
tii! #-;;iili ;;"$L;ff"'

:r:y."::lfl.lif-"rustti,ns ;r rJ flnd 
"ut 

taal-ir,i-----oD l.nvolves tire poiarraiirdn ii rtdi.

":Piloggr 
+.lereforer that the best nethod ls 

"€aehedrnen rhe etllpp€d polarold fs noi iJirorei-uy'i'..--

' , .  
t t  oay o:^:?!:u_Sry_ 

"_quation 
(54) rhar rhe rerb rE El
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SECRET
a. st-rlpped polarcld
rr-gnE are

1 r = I t  U r = 0 ,  C t = 0 ,  S r  =  Z I & 1

to lPn^changes the ID vector froB OEransiort! the polarlzatlon chB.nse

,lo 
=.O.we say the strlpped polarold 1s nnatched,

l""l{rlit'j2 i}i i:"*I:;l?:t:i e;i.;-iti,-ti,!-,iii:!iontc. -zo <1t/2 rs thi aigree-oi.-",ifriltJiiiniil="
ii$"35"loi"igil*3: Kl(fr, zo) r" b,"t oirrr"d

iensi.ty ch.lnge lransforn [rre poraifziiioi- cha.nge 
-

:t! pLar,e ls necessary to turn the
"1 lo ll"_ftu*9orlai !kne. ii ir:i"'i,r"i""ii""""d

l: _l::. -*l_1 j f/e., tr,"' co,po".ri^pJliir6i'iE ii"tortat plane ls 2Ir1 cos 1'ana iir'eriioiJ-tri! iiiiensrtyt1o!

A,J = trrl cos lp

note that ally reasoneblv eo-og 
ll! plate !,lth g dLfferlng

::,, :lT" :., ::?:,Tl? ZyZ:- nr e spe'cirir- ra"i" "i" ..aEiii 
i"ause the-devi.arlon reduses tni i.niJ"siiv.iiiitiiiilf; "[

i"'li?"*1. l"::-3*,i*::i^i*::. rji ra,jin!i-,l;;A;';"#te *hlch_1e_ correcr for So0oA 
'can- 

be"i.riJi-i.li"!o3" i{tr.ge t'roo 9000A ro l0oooA nrith:ut tatrodu"i"i-ipi"!,JiJii,ofs ln cul equation.

The response of ih6 strlpped. shutter is glven by

= * = \ = * r (y' sln z) dz

to
lnto
arp

(56)

,  1"e.  the
of the
The

= 
" Lr r,,rr/^) stn (2n + t) r

s1n ( 2 n  +  t )  2 6 2 =
f,*rD' cos (2n+1)



: ? 2 -

= +faga cos (2n+r) zo
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$21

# prW "o" oo * * ur<yJ cos 3 zo + Lu t

Eatched crystaL the varlation ls largest, naeely for

Kr(r,, o) = +/'?i*r{P (:s;

oi"]"1utro"" lt ls irore convenlent !o use a

" -* F -ry'W #. ...-.f (5s)
*i3::'"i:.6= 2'o4 fthere lts value ts ((r)n.x

:1,!i:i;E Fii!::i". "infn"ulshu?)
n, 1106 the FourLer analysls

K'I(*E srn {..rs t) = 
| 

ni 
"r"

-  r 1 "D  -  r  |  - . ,-I - 
7 J 

tr1(9, sin x)

rrom the porer serles (J!)

"o" 
: u^]

:l

gerles

I

representa
!ecel,l'er

response
natched

anplltuds of the
to the frequency

ls the
for the

rgest tere ts Rl shlch
aa recorded bvra ladlaa recorded byra radlos€nater. Stnie

t r "

tb6
tuned

stn x dx



-3j -
SFCRFT

:q= # F ry.H-#*..  =eit ;+r: (60)
:n1tp u"" the firsr raxrau, (Bt)rax - o.oTr" *n. 2.33.

and 8I a!,e

"3*3l,htt'."::f,io;.""u 
u dl.scusaron or ih" cu"v" ls

g#ffiHi##{-i-t$flryffi

n in the

;f;s:: I'is;;:Ltltjllr^,:-'"pr"s" *, by'l*3,",t1}"Xl j;i"{"ii'ii;tii3f til"'5'T3l""i j,/,'""1;;'itrit; jg;i;Ti"i{*"T:f f,q,.ti-ff i$'Til:^i:;  l ' ,r '- i in-i i^i l  J# i: ' ; . '""elver ts_ervc;-bi- '^ '
h's the sane'6idrJii"i"rliq,Jff i3o*: ti#ufi,"l"ioii6

= * J"{r5"', "ro *)-l sln x d:

For an

-2
+ +?) +f'-tu

t t
g^2lI *^4(# o #'{n,

-t
. . .  I

J
(61)

Hliii*|#*.'tr'itii"ii j:i,i:;:ie,i:i;rrr, jt:

ili:'ff$"ill:j"i, 3{1":: :^re' Ee.rhoq or audioiii; :l;$Fr g+is:",r+s: iil,jJillsif d!T*":;i#iff :"e'igff"3v.B"Ii:6n tf -;o*il":;A 
or

1?_
rron eeu. - 

iii)';;.;il.r,f,tl:-:"3

I

I
I
I

j
I

fl
fl
{

{

the

"y
19hen

Polarold lE
i , nhlch occurs *hen the strlrped



tin*it'jttn,f;^,:?1 
"+i: h:lilll ber'een nodes

.6u'"i'l' i l. i,j"" 
-r;$ 

;#',Hff ;"i$.f "iiiitruj"21r

SECRET

(62)

t o a
lYe

,(h,J =#LW(-1)! srn (2n+1) yo

*^ il =+ "* ,f' - €t,<z. *.#-ry - g,+
(+ - + "1.=3tn + .,!. sin 5y.i,. sin yo ' 

600 --I;-yl 
I

therefore nltl l
1s glven by

t,n =+ ".,, rofr , (*), *. du S*
. ry)' #E' (r + f s1+3ro . * ffi31

d"iil""i"r"#tl ;, {;il;"*ili:ifff!'i*"
$*t:ittit*it r*'liii' !til!"ltr3; * ri;:"

'#'y"4.g*'.1"#:iiiry:{i:?}nin""'tti,fi i$pi:is"i3:;5.hfi :ry{ibiii::ri:.ir,:ltit:;d;{l:tfi :iil'a Eed li l th. Hr(?,n)

=.0 16 chosen o"- i " " i - ,!n an aBplltude a< lr/A:
sln yo stves *rtir'!i = ;"il"5;;
.i"#;i;ii.;Lf ili.l'"'iil""::i^il:_ :iti;;The approxloa tX.on

sLgneJ.
lhis tlon

zlf

chan
varle

'tf I

the  9o€1t1rn . l f th€

I, v) (1(/, sln x, y) sin x dx

the value

lhls

t63)

-1" " t

be
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a stn J,,t) = Rr(9r) stu (a sr'n 'l$)

g into a fourter series

(

Lvt 
sin i  o^ t

ln analogY tlth the ilerllatlcn
e of the- f@danental"

cf K1 and R1, for

SECRET

.:
: rr = Rr(*J at(e)

stsall Yalues of a R1(a):^$ - and tf
S* i?lT:.i;"$ 'Xlll"rz.T r5T 'i

Afr bas the sane sl.gnlficance
ttte re fore

:.' Ior 1"3 ff/"u"""'
as Ar tn tb€..'l' *here

ctfons and

e; = ! nr$,)

es of t ASdecreases.
. 2  4 . 4 O ,

(64)

f t b e ! ! = l o n e f l n d s ,

at +_ . 2.33 (o( = 31o)snat- approrlnatlcar re
ls  0,2I1

sooerhat snaller and occur

ihe stripDed ehottar naY be

audlo
not

be rec€tved only rrlth
by a photocel l  and, -
the 6ender. A t'14
fron! cf tho snalyter.



16,  0  onc lu  s lonJ

lo arr'1ye at the physical j.r.ttelpretai,ion of oor
thegretlcal results tl]€ folloe.tng potnts AhJul_d Oe trept innlldt

l) - _fhe theoretlcat quantlt les gi,re ihe irlensj.+,ies or tha
goplltudes Jf the lntenslty iLirctuaii.ons as fr<ctlsns of the
11 j t l t -  in tens iNy . lnc idco t  o i ]  ihe  d j .  Dz ,L  t i r rd  b lockr  ne ; lcc l_ : .nB
ary  subsequeEt  in tens l ty  lo :ses"  I t  * ru lo  be  : f  g i . - tb r
pfa:l l9ai-. vaLue to elp.rc:-s these qui.n.j-t;cs j.rr r,eris , l '  che
rl 'gnE rnLer,sl Ly 14hl.ch yru.rl-d. r!ach Lj_e recelyel v,nen no in_gt runent  $od-o  bc  ln te rposed,  1"e-  , ;he  ic te r -s i ry  o f  rhe  d l rec tbeao froq the dlr, cre,] lourci, If trus f lux :-i cienoi,eo ov .r
lhen ._ the .L l lenc t ty  r . .ach1n6 r l la  DLoc: {  r :  aDout  o" j j  io , -  

- '  -o

::"94u:"..t" the Lrr.i l f)r,n and-th€ strippea sfiuiier'. i- iL),st
2 \ to  0 r  E ! ]e  l ] .d i t i  l s .absorbed i , r .  t l t c  f i t , s r "  pc I ; , ro lo .  Ac iua t1y
:o: .T9: !  l : ] . fo+ds (vrs lo i .e or  NAN) r ,hg t r . .nsoissl jn rhrouEh
:.:+ryl:_:?:!! 1s usuaLl.y_tess L:nar\ A.{rt, The 'sf,rippinsn

. . !ll1-_ilt:9duce a-certain lLshi, toss, uui tnii-ean'oe nestecredror  Ene nulatchedn shut ter  because U1e l l ;h t  pas: - in j  thcoughth6 nodes 1s nrl acted uprn. Onty for ii e irie-ci nech.aiicaf
1:lr, f:3*:1Tl.-:?*t:ti:t 9i f 9+1ps. io{l 1;-'du;-i; ihe s brr.rprng "!.9ss_ aue tJ reflectlon at irornai-:.nci6"n"u-Ji Jici,'^.d;;;d";'i

the btock and th€ l, / , i .  ol r ro nrr,. :*:-bil9k and the r/{ pLare nxay be assuiued. to amouni'io-ii,--
;:Y:-:* ::"1:9ilrl factor for rhe ̂ lisht, reachins rhe anatfzJ-ng
lg*l*:u i " ;b;; t - ii. 3r 

- 
i"i ir.i,iiii rJiil;'6:;'6"F" ;";n3"3i{f 'Jii5u

i!lJt"::.. Flna1l.y, trre analyzer ii 
"ot-ia*ii,- 

-io"iiIa"Ji"*

,"ifl :'1:'llq, ?y:-91 ii!!14. ircht lt lransulis o"ti- tri, iitcn
!lI:: .': aairiionai. d" """"ii Ji'IJc i;" ";;-d:i :" i;;i.';.i;Ar*"""
*r:ll.d to- the tntenslty ot the source, aii'our--iiiuu" *un tore. reauced -ry'-J 

i;;;;;-;i ii",i'ioli l' ""in3-;;il ;;'fi : ;5;;r
::*:^:l-11q"""" I and 9 refers ro rr"c t,i:,, ii-Jo ^no i" ,niy: approxisate.

2)-_ ffre n quanilLl€s gl.ve rjte aEplltude JI the audlo noquLarec;qonponent of tlre ttght; referrLd 
'to-foOg 

noqifitiSi]- rv or,srpellnentally 1! Ilas beerr found that the acNual nodulation at-
.!:r l l91-in the block 1s sualler evsn if the drlvlnE oscll"l i ,tor
io-r.u{JF noduli.teo. !.he &rdulatlon decreases rlth lncreaslng

STCRTT

In ccntxast "!o the ulifol, i! shutter for r,hich Ene
lntensity reacil iDJ the photocell ls zer'6 rhen the shutter i j ,
Dct operated, tfre average lntensity. pF,ssing thrJugl.r the sNrlp_
ped shutier ls alBajs the sa-me" tne alffJrenee tetr,,een tn€
typ€s  c I  rn tens l ty  f -Luc lua t lcns  fo I  . \ l "L r , f ! ,  t xa .ns i l i ss lcn  o f
tbe  thc  shut texs  ls  lL lusNr4 ted  in  31 .e .  6 "

:requency fron about 804 at 1OO cycles to zqo at 2OOO cycLesl



sECRrr

9:i:F-.1 average value of 506 fo]. ibe enttle aud.io ra!.se
SnJuIo lntloduce a correctlon factor of O.l r,hen the

tiensitte8 &re referred to Jo aBd to ttle lractlcaj cinOitfcns"

- - Ilr thg e{ise of neohanical oodulalion the sane faetor
^3lgl_i:.!l?1. fucause a. l.lbratlon ot' f u1r irpriCrae-;/+-iiii
troouce cJnslderable dlstcrtlJn of' the audlo slgnal, rr i8stirated llat thg dlstortlolx,ls not serfoui-wbei'i-l "0. 

f,.e. rr,en the enpu,tude ts 1y'8. In this aonn;;tion it- itrouranentloned tnat.ln :!e pres'ent strutter; 
- 
i;-t;-;6;; 6;i ce,a.curve€ refer-therefore to an a!0p1Ltude 5f vfuriiiori'of tfie

1pp€o. ! 'olalold sheet Jf onlv 0"06 cn" $h.t ah in.a'?< r^ {., :a
i*itr3SriiiL?"06 

cE, r'hlch app€a"s tc nake
Eethod a pract lca l  pos s lb i i i ty .

l_- In dl,scussing the practlca]- edvantages of the soveral
911-msr r!9 dttl-lcuJ.tles ln - produclng large values of "po or r(
B.the decldi?g faetor. Uslng vlslble l-lEht and rfoef! orq, thi.chess it ls f,ouad that in bLocks rlIh an o( lireJr than
91.exc96s1Te beatlng of,.the btock ts utavaidabt e.' Srnce 1ta_rls€_ to spurious blrefrlngence, thts shculd be ivolied,

f'or the aboye concltlo4s VD = 2"2j aJpearrs to be the4t rgr rre eooye concLtlonF ya - 2"25 appearS to be the
Per llnlt. Nor ?- = r.r'&
;. - ^. (nt-na), where iols the optlcal

ength, t the thlckness of the b1ock, lhe blrefrlnsence
-\Zl c7g oe a-aEraeal to be independent of^.. It follers--n2) c39 be a_aEraed to oe iriciipenaeni or-i].for a Lr'block rhe upper lbrt'oi?fi-roi nari r.s-reaiiea

.5, or a( = 2lo. To-irc sure thls vilue cil ro-",li"i 
"

,5, or q ' 2lo. to 'oe suse thls value can
slng a thlcker block. Dut thls st1l rrrrbablv

be ralsed by
block, Dut rhls wi1l proba.bly increase th;

, and lt seenE reasonable to conclude th;t, a( = ,0.upper practl.cal ].1!dt for llAN transelssion, and lhat forttnuous operailon o(4 2Oc $ou1d be destrebtil

i?A.ll :9"11!?ses over t!9 uniiorn itruiii"l---siiTJii"to"ytlcn ls re.rched for o<= 2oo, .ln r.acrJiii-6r x-i"ii-Io"

0n the ba,sl,s of tirese considelatlons and the curvess. 9_ and 10r. the cholce betweea the dlfferent proc"aui..
te clei-r. For C.t. transnisslon trre s trrppeo'ilui ier

does nct_l.ncrease the output suffrcieniiv-io ,it"-fi-h51re. Ine ulrlforn Ehutter has 1n thl's range an overtires snaller output flxan the strlpped strutt6r. .na !v."rease or c( to 4Oc nould nJt rake lt superior t6 theged shutte? at, o(= 2Oo.

.sldsr:

ItF receptlon r,1th strlpped shutter, glven by Al ,

Audlo receptlon with untforn shutter, glven by Al
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ltF receFlrl.on rulth untf,oro shuttel, glven by AA.

..Q 
* receptlon r,iih nechanical ood[lai1on, glven by Afi-

the t$o curves Labeled O and 1 for Ar iind A,L referall percentage and 1006 nodr-to i,e uJeti-i" iii-rJiit""-l*"Ti"l;oTio";l*';*f l .11*::t*l*i:1,**';#'iiit,:*s$'i'$,t,h"il"*l#';;
e8aln i t  ls  qul te 

"1. . :_ 
t | : t - f91 I .eO.. . t t "  El r tpped

:il3*'3JT3l"l:3:"'i*:li::t"^l: ^.:ldlt:1.. - uJiiLiiiii-1on can.not reirch thn sane outpuCl-ii""'ir iil.Tliifii"
"ljf:+::'*"*"-: ""j " _ "Tl" gitg ;, "niir i",,". r,"ilf J"'I'f lups:lof &hen an c< ' z+.-"*-ui-!p;iT;;:" ii"i]'i;.,,$l*llilJ^.l:_rher -,"ire dlf f I cu1 rle s Lirc o unt e r"a 

-", 
iir,*.vibratlons_ can oe overconel 

- "-i;-;";i;";"';H;XrJil. 
o.

:l ::., *";"1F. "3L?pLj:?l l-l!h *re unrrorm- iiu;il;: ;;;";,,or ont y about : 5f 
- 
over. tr,J--sii'i p p.ii' Jiilt iil';;;id';:":;,

:.*!l':l"ot: il-t"*. *_.-:h:5-wcuLd. rive to u" 
""o"i!-ioiirua.T.i,li5"olni"*i';iH ;Tifl a"r.iii,"iJ'piJpf i;i;i,i"Hi;g

*l:, 
i:r:^::::::: 6ppty atso, rhoueh ro a tes6er*lL ::lt?"::":p!t:l:.' -It:-yeil ;i:;;;J;. ;" 

.;iolioro 
""_:":ff:.::"1"'i: ri"t,"nli ft T"il;;;'#i"E;r:; illiS'":!"tfl : : ? | ".* *: glt, .i; ";i, 

- ;;i;i;s*ii,i'lii"lif, iii"'l:,,i:* ,h., rt can reilirf-;;-j"ilil'ff iii".;:f3"#Sl:source.

t*'B#Hit6i"5;utj,li"":::*tti:- th"'- lb:- :ltlpped shutter
i"'i TIrX!""3$ ffo*i.f,iI"ililt.". It^;*t1!:i'!i;il:

strlsslcn has all l-ltlhtl ieaclr. of irre 
-5iiirr^"nrs 

anattre sscreey fe-tures riifii"e rn t]r"
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