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Cohevence 1n Yaduo l‘n{erfemmd%

1., Whot i's coherence ?

2. Where do we make use of coherence n
Y adio fn'-‘cv'f’evomdv(y?

3. What ave the AMum,oh‘ms and fvnph'cat‘:'ons?
4. Potential applicakions and YuV,u'fem ents.

1. l/\)hod; IS COACY‘encef

CO"S:déY s field In Some COO‘AA'Y\atG) 3P0€¢
and for time | eleckric fields E(T¢), for example.

We_ define C,ol'-erence ﬁenera.Ua A
T(E0.5):-C €07, £) E(7,,6.) @
and l's colled as mwﬁuaﬂ cohevence.

The Fieldh ave sasd to be Incoherent when
CEF,t) EN(7,4)) =0
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2. Where do we use wheve,nce_ n rodio "n-l:cr-F'e.mme{:rJ?

Visibi Lities |
- %,
Vo»b = <E(Y“)E (‘(b)> @

The well-known Van Cittert -Zernike (Vez)

theovem relokes the Visibilily (spattal
cohevence of thwe E-fields meacwred in the

a,pevf-m) to the intensities on the sk»a.
~13E % (v -¥%)
V, :II(Q)e AT e S

where,

= 1(d = |e®1)

Taok is, the E-fields on P fmo.ae. plane
ave inctohevent. Ths w an asump tion that wao
madee In orden t denive B Fonmlian fom of

4Ahe VEs:'b{lX-E‘y i'n the vadio ;’nl:mf'gfomd,—,a
mLaSurement Wd:u‘on,
Moye on this )o\kcvl
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Mono chromatic vadiakion and cohevence

"‘A”\y do we hean of 1,MMi—mvnaJ\wmakf¢
Lyeatment o EM vadiakion in l’n'l:u\-feromd-ry

and not PW’J‘J monoch romalkic Yadﬂ.“}’"""?

~And what is its velatien to coherence 7

Consider monochromakic yadiakion fwm two
Sounced on Hw Sk»d.

EMiGS;OV\ Plane Ay P' , &t =g' é(wlk—:é‘.'))

LW

?;2, 7 A‘k le iz_; gze"' 2,

% €, | .
X | B(t) 1s on arbttYar Pkmg
d tom which coul \/oma
WFth %;fmel ;n 6enerd‘
W, = 2T, and W, =2,
A. bik\l'fe. v ave b‘e Ff%mu‘qg O,c'
‘;—;\M\& A .l # errision foom Bre o
U ! EA ° ‘Qg Sources.
E J

8
The E-fiotde Tecrived ok poinks Aand 8 in the
Aperbure, o (V;OHV-jjens-Fstnci Su‘oevpos;*:’on)

| | YL
E = i,e' Yo 225' “, E = e P re,e “® @
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e\'%'; e'chAlé(#lB)mJ c‘¢15 one tne f’(opagm‘bfj

4’14 = 2Ry, , Ry = distonce (?1, ), ... @

c
Then, " ] . .
(e ) = (8 rge I(EE™+ET™)

= (g™

+ < ,6"\26.&(¢u"¢z')>

nefal., there ovYe terms ln&and that

In ge
m Q'\e VCE Yheovem. ﬂ\c lowt two terms

Jemoke the Cohevence Of the fields on the
emission plane. On of “\Q'J ove incohevent
thak is, L ef) = €& =0

i the emiasion plane, the Vez theorem

5 valld and veduces o the Yadso
)mker-(‘-e,'fomeﬁwy meadw~e men b Cill\‘hbﬂ.
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let us inspect <€,£:>.

Ceery = (g8 HLaot-oedy
For bus \lam's"\)

W, F W,
o, O) F constant
Eifher of these J‘mply ok the emitted
E-£rdde cannot be monodvomaﬂc."’kd’ 1‘5,
the Pkwae, term (w,-—w,_)t—o(t) must VM#
within the aven kj\‘f\g intenval . TP 8(%) vone,
tien Yre emitted E-fiedd can't be cennideved
monvchvomakic.

If w,=w, and 6(Y) = conatant, then P
emitked E-fiddds, € and £, ave -I:owd
mono thomakic, in whith e

. ? | monochremakt <

<£n£:> = (;g-:)é"& #0 cokg'ence

dnd the E-fields ave not fnoobeven'bl
That’s whj q,msi—monockﬂmwl;fc is used. .

3. 4ssumptions and implicakions of sky coherence

In pb¥ aarmn the VCZ ‘ﬂ\cwe_m, we simpla
enforee (eiej*) =0 f l';‘:j (inc.oherer\ce)
Wwich etminakes the infamuliar terms.
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L

mokes b Visih lila' dependent onla on Y,—Yg

(Spd:l‘al s{-ah’onmrff}"). Thak fs/ the absolntz
positions do not makter buk on!a e Mffevence.
Thes e what allows us b accumudate Visibilibies

uS?na Earth v o takion s‘yn{:hes?g, If 51:0‘:\'0Mu‘i5
whed

Cammrl.‘ be, o~$su.mg,,f, the v;‘sfba‘h‘h'es meao“. a
di-FFe.Yeh{' instonees (even for the Soome 12-"(8)

will not be identical and Camot be Qcumwlabed.

Bow valnd 15 the Msuvah‘on of .;'Ji(j ,}\cokm’nc,e?
Eov most sc.enan'osf it v volid because we do

not expeck the micYostopic emission process to
be identical or have knowledJe of the fiedd ak
other locations b be corveloked. So, it is

é‘enevalia o ﬂooo! Assummption +o make.

hevent
/ par & coherent

yture plane —
e P (poinct) / (e bercled)

Makfn& the $kn4 evwussion sneoherent v Lwhat

50, ey ssion ylm\e —> Inco

bhen is % favalid ¢
When theve 15 an yntermediate plane (eg. 'ehsfna

ov scattering) Bat has arquived partiol Cohevence
ARd 1S now dab‘ng rs the hew emissionplone
ik is Teceived” a¥ the operture plane,
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Howeven, o treatment of mubual cohevence and
1ts prpagaﬁo?‘ fvom ore plane o another &
possible [see Principles of Optics” by Born & Wolf
" gpokistical Optics’ l’ﬂ thoodman, and the papers
Van Gitert (1934) and Zevnike (1932).]

P'ropakﬂa:"jo*’\ of Mubuwod Co hevence

ey

Portiod Coher®
on nker medinke Pl‘me

Emis s
?\ome.

APQ,THAVC
F, ané

The @Mnﬁka, mutual Coherence, ) denvted ba

T(p,7, v = LE(R,t+DE(7,.%)) @
Consider only mukual intensity (when T=0).

The Fro'aawh'on of mubual \'nl:ens}tj bebween ony
two planes P and Q v 9iven ba

(@) _ ¢ V(e -
T (8., Qe) = -)?_ jST ')(?‘,?z) o X Cs, Sz),\‘]\-: d?, dp,

¢ ¢ 5152
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l—leve, S=N8, , 8= 2,9, . The VCZ Huorem ts G
sfeu‘a* cane of HYus Q‘]/'*"‘H"‘ bg se":ﬁna P=F
and fmpos?r\a Y incoherence critenion in Plane,?.
Consider three planes, O A and B as shown in
e -Fiawe. The coherence funchions in planes (J and
B Can be velaked b}

J (9(3:;3:.) = —\%J(; 3’(0)(0' .0e)W(Q,8) \/\T(O,_, Y dO, 40,

@
18 (p+g)
W(o,® = [ T(n) e,’M A @
A

15 the dimensionless P'ro‘max\:vf from O — 3
and 15 defined on Pla.ne A usi ng He trans nussion

funchion, T (A), on plane 4.
The Fachorizadiliby of 3™ (5,,8,) inko berms thak

depend on By and By is o test for the ¢oherence
of < adxakion inctdent on plane oH.

wl\ere ,

Tf J_(B)(B,,Bz) 15 S‘wFchfehH/a 50\mp'¢d, ik can be
used Yo infer W(0,B) and hence T(A) and “ts

process i Called hOIogMp“({ of the scaﬁ;en‘na- scveen.
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4. Applications of mutual fnbens?tf’ % vequirements

— What applicabions can we think of 7
— What have we done s0 far 7

— Whak else 1 '(eq,w‘red from modenn avroys
to explore these ”‘PP“‘“*“"“‘ 2

—~ St aﬂ‘ev,‘ng Sscveens (I.PS, Iss ) 2

(Tem?ﬂ‘ o Tew‘mwnks severe 7)
—~ Plaama. / Qfav:‘-\:akr‘onax ,ans:’na ?

(Tem?am( 'reaVM‘vem’rs velaxed 7)
AL A~ om,
Tps: b, ~ 10-50ms, B ~ 0.1 ~1"
Tss: t, ~ 10-1005, 6 ~ 0.01 — 04

—Req/w.‘re aood otrer'bwfe SamPlA‘na on these Limesonles.
= VLBT 1 difficulk foe TSS buk arvos ke
VLA moy be wsed for TPS...
- ViS;biw"d accv\mulad:l‘on Hmescale haoto be
S?awf{-‘n‘mnb\ﬁ shorber than -ts (~ -0 ms) ?

— Can SKA1-Low, RSkAP, EDAZ, MWA, ekc. saku‘d-‘(\/
Hrese qu,\ﬁve,m.cni:s and be vseful 7

- j)egcngfacjj bebween km""\g a srﬁh\au'a Cohevent

objed and a s cabbeving Scveen i umin aked
unve solved backa-rov\n . nare b& 41
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~ Be covdiows abont using sedf— calibrakion since the
Lost for coherence invelWes o onceo!».fe. stnulon
Cebf- colibrakton of doata in amptil:vdz. andk phase

bu U«S\'r\a a po?r\'\.' cource model.
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