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S u m m a r y .  - -  Extending calculations carried out before (3), ~he present 
paper is dealing with the exact statistics of the fluctuation of wave trains 
emitted by a source the extension of which cannot be neglected. As before 
the individual wave trains are supposed to decay exponentially, however, 
it is assumed here that the iudividual trains have different frequencies, 
intensities and pol~rization. Various experimentally observed effects, 
~mong them that obtained with the stellar interferometer by tIA~BU~Y 
B~OWN and TwIss (x) can be quantitatively accounted for. 

1. - A beam emit ted by  any  light source shows fluctuations of intensi ty;  

t he  fluctuations are caused by  the random superpositions of the wave trains 

emi t t ed  by  the individual  a toms of the source. This problem was dealt with 

phenomenologically by  H A ~ U R Y  B~ow~ and TWIss (1) and others; the quan tum 

mechanical  t r ea tmen t  was considered recently by  ~r (2) and we have 

also dealt with this problem previously (3). However,  so as to predict  quan- 

t i t a t ive ly  effects caused by  this f luctuation it is necessary to consider the 
problem in more detail. 

I n  the first par t  of this paper  we determine the simultaneous distribution 

funct ions  of the electric vectors produced by  the source at given times in given 

points of the receiver and their t ime derivatives. In  the second par t  we shall 

determine certain experimental ly observable quuntities and discuss a number  

of  effects. 

(1) ]~. I~ANBV~u ]~l~O~rN and R. Q. TWlSS: t~roc, t~oy. Soc., A 242, 300 (1957). 
(~) L. 1VfANDEL: PrOC. Roy. Soc., 72, 1037 (1958). 
(~) L. Js Nuovo Cimento, 6, 111 (1957). 
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2. - Consider a l ight  source s i tua ted  a round  a po in t  P and  ~ receiver  si- 

t u a t e d  a round  a point  Q, we denote 

P--O:L and  :ILI. 

The a toms  of the  source are s i tua ted  in p o i n t s / ~ ,  while points  of the receiver  

m a y  be denoted  Q~, we shall wri te 

~ = R~,  ~-q~ = ~ .  

Thus the  vec tor  point ing f rom P~ to Qk is g iven b y  

(1) L~k = L -t- rk - -  R , ,  Z,~ - -  [Li~ ]. 

We shall suppose t h a t  the a t o m  in P~ is suddenly  exci ted a t  an ins tan t  T~. 

and  thus  s tar ts  to emi t  an exponent ia l ly  decaying wave  band.  The f ront  of 

the  wave  b a n d  arrives a t  a t ime  T i §  in the  l~oint Qk. The electric 
vec to r  of the  wave  t ra in  in Q~ at  a t i m e  tk can be wr i t t en  

(2) 

with  

E(, 7~) = E,e(Tt~ ,  ) cos (~o~t~ § 27eqi) 

ti~ = T i  - -  t~ -~- Lik /c  , 

where 7 is the  damping  cons tant  of the  emi t t ing  a tom,  (o~ the  f requency  emitted~ 

~v~ the  phase.  Ei  is a vec tor  giving polar iza t ion  and  in tens i ty  of the  emission, 

finally 
e - x  x > O ,  

(3) e ( x )  = 
0 , x < O .  

Str ic t ly  speaking, the  vec tor  E~ depends also on the  posi t ion of the  poin t  Qk. 
We  shall, however,  assume t h a t  b o t h  the  l ight source and  the  receiver h a v e  

dimensions small as compared  with  L, thus  we assume 

(4) R~, rk << L ,  

and  therefore  we shall neglect in our calcula t ion the  dependence of Ei u p o n  
the  posi t ion of the  point  Q~. F u r t he r  we shall use such an  approx ima t ion  t h a t  
we m a y  assume E~ to be perpendicu la r  to L ;  in order to inves t iga te  effects 

of polar izat ion,  we fix two directions (( 1 ,> and  (( 2 }> perpendicular  to each other  
and  perpendicular  to L;  the  components  of Ei in these directions m a y  be de- 
no ted  b y  ~(~) l~--1, 2. The corresponding components  of the  field s t r eng th  

% 
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in Qk at  t~ can be wl.itten 

E~" E'~'e(vt.) cos (o),t,, + 2~9',')), / = 1 ,  2. 

I f  _~(1) i ~.(2) W~ ~ W~ , the radiat ion emit ted  is elliptically polarized. 
Finsl ly,  in order to be able to work out  intensities of the radiation, it  is 

useful to introduce quantit ies which are proport ional  to the t ime derivatives 
of the field strength.  We shall write 

(5) 

where we suppose 

u(klm) E~l,e(~tik)Cm((Oitik ~_ 2$.Cqp(il)) 

c~,(x) 
COS ,~!, 9~ ~ 1 

sin x ,  m = 2 .  

1 = 1, 2~ 

The four quantit ies F (~'z') l, m =-1, 2 fully characterize the effect of the emis: 
sion of the a tom in P~ in the point  Q,~, at tT,. The toted field s trength in (~, 
at  tk is given by  the four quanti t ies 

(6) E (~)  - :  ~/9~'~'~), 1, m - 1, 2. 

We shall be interes ted in the simultaneous values of the field s t rength in two 
points say QI and Q2 at  times t~ and t,,, respectively.  The state  is described 
thus by  eight quantit ies E (~), where we suppose tha t  ~ can take eight values 
corresponding to the eight vMues of the triple index klm with k, l, m : 1, 2. 
We shall also denote these eight components  by  one symbol 

(7) = . ~ ( I )  E ( I [ ) ,  E ( v I [ I )  
�9 . .  5 9 

where I, II ,  ..., V I I I  s tand for 111, 112, ..., 222, respectively.  

3 .  - Present ly  we determine the simultaneous probabi l i ty  distr ibution of 
the eight components  of (~. We denote this distr ibution by  P((~); we shall 
res t r ic t  ourselves to the determinat ion of the logarithmic generating funct ion 
of P(@), thus 

(s) R(,) = ]njexp (~0)P(@) d(~, 

where the integral  is an ei~'htfold integral  of the eight components  of ~ and 

VIII 

,-~=I 

D - ~ i ,  q)li,  . . . ,  vVtl t  
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are  the eight t ransformat ion parameters  corresponding to the components  
,of @. 

So as to determine P(~)  or H(O) we have to make  assumptions about  the 
emissions. E~eh. emission can be characterized b y  the following parameters  

namely ,  point  and t ime of emission, ampli tude and phases of emission. I t  
will be convenient  to split JR into two components  

(9) R = A + B ,  

where  A is parallel to L, while B is perpendicular  to L;  fur thermore,  we are 
in te res ted  in the components  E (" and/~(~) of E.  We characterize thus an emis- 
sion more precisely by  a se~ of l~arameters , which we denote by  a symbol ~ ,  

name ly  
{10)  9~ = T, A, B, E(', E(% (o, ~(i), ~(~). 

We suppose the  probabi l i ty  of an emission inside an interval  ~ , ~ - p  dgX to be 
equal  to 

The  probabil i ty  density ~ 0 l )  shall be assumed not  to depend explicitly either 
on  the  t ime T or on the average phase 

Thus we ma y  write 

(11) 

= �89162 + r 

~ ( ~ ) d ~  -- Np(a) d a d T d ~ ,  

where the symbol a stands for the 1)arameters 

(12) a = A, B, E (1), E %  o~, ~p 

only,  and where we have in t roduced 

N is the number  of impulses emi t ted  per uni t  time. 

0 3 )  ~ = NI27 

The quant i ty  
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has the dimension of a pure number  and can be regarded as a measure of the 
overlap of the exponential ly decreasing wave bands. In  most  practical  eases 
we m~y suppose 

n > > l .  

So as to determine the generuting funct ion H(~) we have to introduce the 
functions 

(14) 

v, i th 

(15) 

and 

(16) 

~ ( ~ ' )  = E ( I ) ( ~ ) ,  E ( I I ) ( ~ ) ,  . . . ,  E l v m ) ( ~ )  , 

E(=)(~) = E(%(yt~k)c~(~t~k [- 2 , ~  (~)) 

t~tk = T - -  tl~ + [ L - - R +  rk ] /C . 

E(~)(9~) gives the eight components of the field s t rength which arise in Q~ and 

Q~ at the times tl and t2, provided nn emission took place with the para- 
meters 9~ inside the source. 

As it was shown elsewhere (4) the generating function H(~) can be writ ten as 

(17) 

where we have put  

H(,, :f(ex, 
VHI 

4. - With  the help of the generuting funct ion (17) we can determine the mo- 

ments of the distr ibution P(~).  We shall denote the derivatives of H(O) into 

%,, va, ..., G at the point  ~ = 0 by  H with suitable suffixes. Thus we write 

( i s )  ~ C / , = 0  = ~ '  ~ ] , = 0  = H ~ ,  . . . .  

Differentiating (17) into v~, v~, ..., v 8 we find for ~ = 0 

(19) 

In t roducing the explicit expressions for E(~)(9~) f rom (15) we find with the 

help of (11) tha t  on account  of the averuging over the phase 

(20) H = 0 ~ ~ = I~ II~ . . ,  V I I I ;  

(4) G. G~AFF and L. Js in press. (Acta Phys. Hung. 10, n. 3). 

2~ - I1 N a o v o  C i m e , n f o .  
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similarly, all odd order derivatives of H vanish for ~ = 0, in part icular  

(21) H~# r -~ O .  

Differentiat ing (8) one to  four times, we find with the help of (20) the fol- 
lowing expressions, which will be used fur ther  below 

(22) 
<E(~)~E(z)~> - -  <E(~)'><E (~)~> ---- H ~ - } -  2 H ~ ,  

the meaning of the suffixes ~, fl is as follows: 

(23) o~ = k l m  , t~ : -  K L M  ~ k~ l, m ,  K~ L ,  M = l~ 2 . 

The expressions (22) can be evaluated  using (19) and (15)�9 We f ind  with the  
help of (11) and (13) when we carry out  the integrat ion into T 

g ~  ----- n f e x  p [ - -  y I t ~  - -  t ~ k  I]cm(ept~k + 27~(~)) �9 (24) 
. /  

"eM(O~t~K -4- 27~q~(L))E(~)E(~)P(a) d a  dcf . 

The above expression can be simplified if we pu t  m = M ~nd sum over this 
index;  we find 

rife (25) ~_~ H ~ =  X p [ - - y l t ~ K - - t ~ k H "  
~ r t = M = l  

�9 cos [co( t~K - -  t~k )  ~ 2~(~v (L) - -  qY))]E(~)E(L~p(a) d a .  

Another  impor t an t  expression derived f rom (24) is the following: 

(26) o _12 t~k]§ 

�9 COS [(o(t9s K - -  t~Ak ) - -  (o'( t~,  K - -  tu ,  k) ~- 2~(~v (L)-  ~v (L)' - -  ~(~) + ~v(z)')] �9 

�9 E(~)E(~)'E(~)E (~)' p ( a )  p ( a ' )  d a  d a ' .  

Finally,  we write down an expression containing four th  derivatives which will 

be needed fur ther  below 

1 ! 
(27) ~ H ~  = ~ exp [--  2~/It~[K - -  t ~ k  I]E(~)~E(L)~p(a) d a  �9 

5 .  - The expressions (25), (26) and (27) can be fur ther  simplified if we 

neglect suitable small terms. 
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Split R into its longitudinal  and t ransversal  pa r t  according to (9) and split 
rT~ similarly into 

rk = ak+ b~ , 

where ak is parallel, b~ perpendicular  to L;  expanding (16) into powers of 1/L 
we find 

(28) t~i k = T - -  tk § L § aT~ § 215 

Neglecting higher orders we m a y  pu t  

(29) 

where 

(30) 

and 

(31) 

We note  tha t  

+ te rms of higher  o rde r ) .  

t~gK - -  t?i  k = t @ T92s 

1( bE ~ b~  

B(bx-- bk) 
T ~ K  = L c  

ZA 
where 

A = c/7 

is the half length of the individual  wave trains. 

(32) L, A>>Bo, bo , 

B(b•-- bk) Bobo 
YV~kE: - -  "~ L A  ' 

I f  we suppose 

L ]Lo 

The la t te r  quan t i ty  has ~ signi- 

L 2  

where we have  pu t  2:~c/co = 4, 27ee/O)o = )~o. 

24* - l l  Nuovo  Cimento. 

Bo,  bo are the orders of magni tude  of the t ransversal  dimensions o2 cathode 
and light source, then  we have 

(33) yv~ikK ~ 0 ,  

and we m a y  pu t  

(34) ~ I t ~ : - -  t~k I ~ 7 t .  

When evaluat ing the integrals in Sect. 4, we cannot  neglect, however,  

B(b j r  - -  bk) 2gBobo 
( 3 5 )  w ~  K = 2 z  - , - - -  
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f icance well k n o w n  in in te r fe rence  optics.  I f  

Bobo 
L;t-~ << 1, 

t h e n  the  source P wi th  t r ansve r sa l  d imensions  Bo produces  on the  screen w i t h  

t r ansve r sa l  d imens ion  b o a  coheren t  image.  

W e  can,  however ,  neglect  

2sBobo 
(36') (co - -  Wo)~kK'" LA'  '~ 0 ,  

where  

(37) A '  = - -  
A~oo 

is the  coherence  l eng th  of the  b e a m  as d e t e r m i n e d  b y  the  spec t ra l  w id th  o f  

t he  emissions only,  w h e n  d i s regard ing  the  ef fec ts  of damping .  

E q u a t i o n s  (33) a nd  (34) express  t h a t  we suppose  the  t r ansve r sa l  d i m e n -  

sions Bo, bo of l ight  source a n d  receiver  b o t h  to  be small  as c o m p a r e d  w i t h  

e 2~c 
A = - a nd  A '  = - -  

A~o " 

So as to  s impl i fy  the  in tegra ls  in Sect.  4 i t  is also useful  to  a ssume s o m e  

s y m m e t r y  proper t ies .  I f  we assume the  p ro jec t ion  of the  l ight  source o n t o  

a p lane  pe rpend icu l a r  to  L to  h a v e  c i rcular  s y m m e t r y ,  we can a s sume  the  

p r o b a b i l i t y  of an  emiss ion cor respond ing  to  a co-ord ina te  vec to r  B to  be equal  

to  t h a t  w i th  a co-ord ina te  vec to r  - -  B ;  therefore  a va lue  of ~ K  = ~ appea r s  

wi th  the  same  p robab i l i t y  as ~I~K = - - v  and  u n d e r  the  in tegra l  we m a y  re- 

place 

cos a)(t + ~/kK) 

b y  

�89 co(t + ~ k K )  + COS ~o(t-- T~jkK)) = eos cot cos 09V~dkK.. 

F u r t h e r m o r e ,  we can  wri te  because  of (36) 

F ina l ly ,  if we suppose  

( D T ~ k K  ~ (A)o Tp)~k K �9 

f sin (o~ - -  (9o)tp(a) d(o ~ 0 ,  
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then  we can  replace  u n d e r  the  in tegra l  
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cos o)t b y  cos o)ot" cos (~o - -  r 

We  thus  ge t  the  lo l lowing a p p r o x i m a t e  express ions :  

2 

(38) Z 
r e = M - 1  

/ -  
/ / ~  ~ n exp  [ - -  ~ It l] cos O)ot]E(*)E(L) cos (~o r  " 

�9 cos 2z(~ (L) - -  ~(~)) cos 2z  B ( b ~ -  b~) 
L2o 

p(a) d a ,  

(39) 2 ~ //I/~ = n e x p  [ -  y l tt (')E (~' cos (o~ - -  ~o)t" 
m , M = l  

B(b~-- b,~) )2 
�9 cos 2~(q) (L) - -  ~(~)) cos 2~ L2o p(a) da . 

( In  ob ta in ing  the  las t  express ion we also supposed  on g rounds  of s y m m e t r y  

/ s i n  2zrB(bL~o b~) dB = 0 .) 

(40) ~,M=~ H ~ z z : l n e x p [ - - Y ] t ] ] f  E(z)~Et~)*p(a)da" 

The  expressions (38) and  (39) can  be f u r t h e r  simplified if we t ake  the  distri-  

bu t ions  of A,  B,  of ~o and  of E ~,  E( G q~2 - -  cf~ to  be i n d e p e n d e n t  of each o the r  

(41) p(a) = pdA ,  B)pdr (', E(G %--cf~) ; 

we have  

(42) H ~  = n e x p  [ - -  y It l] cos ~ot(E(~)E (~) cos 2xr(~(~)-- ~(~))}- 
r e = M = 1  

�9 (cos  (~o--  ~oo)t) cos L~o - - / ;  

(43) 
m, M = I  

�9 <cos (~o - ~o)t> cos L~o / ]  ; 

(44) 
m, M=I 
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II .  

We apply  the expressions obtained in the previous Section to the evaluat ion 

of certain observables effects. 

6. - T w o - r a y  i n t e r f e r o m e t e r .  

We receive in a point  Q of the screen two coherent  images of the source P.  
The effect is the same as if we were to  add up the emissions received in two 
points Q1 and Q2 at  one and the same ins tant  t l - - t~  ~ 0. We muy specify 
the  points Qk by  writing al = b, ~ 0, a2 ==-x, b2 = y.  If  we regard the com- 
ponent  polurized into the direction l we find for the intensi ty  in Q 

2 

(45) J(Q) = Z + 

The expected value of J(Q) is obtMned with the help of (42) und (22) 

where 
<J(Q)) = 2Jo(l + e), 

Jo--- (E(~)~) , 

is the in tens i ty  of the single beam, and 

2 

(46) ~ = "~ 
m , M = l  

and 

H~,~/Jo = exp [-- X/A] cos (2~X/~0)" 

�9 <cos (~ - -  oM'X/e) ~cos  2~ L~0/~ �9 

y 2  
X = x  + - ~ .  

The second factor  on the r ight  of (46) gives the interference pat tern .  The 

first describes its ext inct ion with increasing pa th  difference due to the damping 
effect, the  th i rd  t e rm 'gives the ext inct ion arising f rom the band  width  
Acoo = o~--COo, the last factor  gives the effect of the finite size of the source. 

The third,  respect ively four th  factor  approach un i ty  if 

Boy 
AcooX/e -~ 0,  resp. ~oo -+ O. 
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7.  - F l u c t u a t i o n  of i n t e n s i t y  in  a po in t .  

The mean  square f luctuat ion of in tens i ty  in a point  Q is given b y  

F a r t h e r  

((~J(l~)) ~) : (j(lz~') __ (j(i~))' . 

j(lz) ~ E( I"?  + E(I~) ~ " 

Thus 

m , M = l  

~nd therefore  according to (22) 

2 2 

m , M = l  m , M = l  

Thus if we pu t  /~= K = I ,  l =  35 we get wi th  the  help of (43) and (44) 

((3J(t~))2\ i n ( E ( , ' \  • n~<E,~ ' )  ~ 

n ( F , " ) ' )  = Jo , 

~7 2 

a 2 = ( E " ) ' } / ( E " ? } 2 . ' ~  1 . 

Writ ing 

we have  

(47) 

where 

(48) 

The first t e r m  of (47) gives the f luctuat ion caused b y  the interference between 
the independent  w~ve trains,  the  second t e r m  gives the  Poisson f luctuat ion 

c~used b y  the  f luctuat ion of the  num ber  of emission processes per  uni t  t i m e  

8.  - F l u c t u a t i o n  on  a n  e x t e n d e d  c a t h o d e .  

The current  received f rom a pho toca thode  can be t aken  to be propor-  

t ional  to the integral  of the  square of the  field s t rength  over  the  ca thode 

surface;  if we consider f luctuat ions of this current ,  we have  to t ake  into ac- 

count  t h a t  the  electric recording ins t rumen t  averages the current  i n t ens i ty  

over  some per iod v of t ime.  Thus the  in tens i ty  f luctuat ion is charac te r ized  

b y  ~, where 
T ;) ( /+ ?]1 

(49) ~- : r ,  t) d b  - -  r ,  t ) d b  j ~ S 2 T 2 ,  

o o 
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J o = ( J  (~} being the  average  value of in tens i ty  and S = fdb is the i l luminated 
p a r t  of the  surface of the  cathode. 

I n s t e a d  of (49) we may- also write 

(50) 

T 

t")}db'db"/S~J~v 2. 
0 0 

We note  t ha t  we m a y  pu t  according to (22) 

2 
2 2 , <~j<~)~j<~z)} __ ~ (H ~B + H ~ )  

m , M = l  

~ klm, fi = K1M. 

With  the help of (44) and  (43) we find if we assume t=t ' - - t " ,  l = L  

(51) 
1 

@J(r, t') ~J(r, t")} -----~ n exp [ - -  27 I t ' - -  t" I](E (*)'} + 

-F (n exp [-- y lt'-- t" l (E(*)~} (cos (o~ -- o~o)(t'-- t")} ~ cos 2~ 
b,,)\7 

/]" 

In t eg ra t ing  into b '  and  b" we get a fo rm fac tor  

/ / ~  B(b'-- b")\2~ L, ~,_,,,,~ 
(52) g~ = cos 2= ZX0 / u o  u o / o  �9 

I f  the  l ight spot on the ca thode  is coherent,  i.e. if 

Bobo 
- -  ~ 1 ,  
L~o 

then  g ~ 1. 
The in tegra t ion  into t' and  t" can be curried out  when we express the  square 

of the  expecta t ion  value of cos ( c o -  wo)(t '--t") b y  u double integral,  and  car ry  

out  the  in tegra t ion  into t '  and  t" first. We find 

a" 02 

where  we have  t aken  

(53) 

l f f  e, 0 ~ = ~  xpE--2~it'--t"i]dt'dt", 
o l) 

p =  l 

09 ~ 0,)" �9 p~( )p~( )d~o 'doY 'd t ' d t " ;  
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if VT>>I, we find 

and  

(54) I s ~ [ 
d 

J 1 , if 7T(< 1,  
0 s / 

[ 1/y'c, if 7T ~> 1 

7~(~ ~ + u s + v s) 
(ys + u s + vS)S _ 4uSv s ps(~Oo + u)ps(r + v) d u d v  . 

(55) 

Supposing 

The la t te r  integrals can be approximate ly  evaluated for certain ext reme cases 
and  we find 

] 1 ,  if y>>Aa~o, 
P / 

[ ~ps(oJo)7, if y<<Ar 

ps(~o) ~ Aogo 

(the la t te r  relat ion holding exact ly  if ps((o) is a Gaussian distribution), we find 

{56) 

thus 

(57) zs 

0-s 

2gffS 2n ' if 77:, Ar 

gS a s  

~-~ + 2n7~,  if 73 >) hr 1 ,  

~/2~g ~ as 
Aego + 2 n y ~ '  if hCOor>>~v, 1 .  

We note  tha t  according to (13) 

2 n ~  = N T  

is the number  of emission processes taking place during the collecting t ime 3; 
thus the second t e rm in (57) represents the contr ibut ion to the f luctuation of 
the  r andom fluctuations of the number  of emission processes taking place 
during the  t ime 3. The first t e rm gives the f luctuat ion caused b y  the inter- 

ference of the wave trains superposed at  random. In  general, the first t e rm 
is more impor t an t  than  the second; however,  if either the geomet ry  of the 
a r rangement  is such tha t  g~ becomes small, or if the wave hand is broad  so 

v~ 
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t h a t  A(oo >>?, then  the  first t e r m  becomes small  as compa red  with  the  second 
one which is independent  of the  geome t ry  or width  of the  wave  band.  

The effect corresponding to the  first t e r m  was observed recen t ly  b y  BRANNEN~ 
FE~aUSO~ and WE~LAV (a) count ing individual  photons.  

9. - S i m u l t a n e o u s  f l u c t u a t i o n  o n  t w o  c a t h o d e s .  

The correlat ion coefficient of the  f luctuations of in tens i ty  as observed on 

two cathodes  can be obta ined  as 

I~2 ~- f @J  (r~ , t') 8J(r2, t')} db~ db2dt' dt"/( <SJ~) (3J~) )�89 S ~  ~ , (5S) 

where the  in tegrat ions  into t '  and  t" have  to carried out  f rom 0 to ~ and  the  

in tegra t ions  over  b~ and  b2 over  the  surfaces of the first and  the  second cathode.  
I f  we split  a b e a m  into two coherent  components  and  projec t  exac t ly  the  

same  p a r t  of the  two beams  on each cathode, then  we find /'~2 = 1. I f  on 
the  other  hand  we th row the  same image on two similar cathodes  bu t  a t  dif- 

ferent  distances f rom the source, i.e. if bl = b 2  bu t  a2 = as+x,  we find wi th  

the  help of (43), if we pu t  t =  x/e, 

2 2 2 - -  (59) _U12 = exp [ - -  2x/A] <cos 2~(o - -  w0) x]G~}g~] ~ + 2n a g ] +2n " 

For  the  sake of an example  we suppose t h a t  the  spectral  dis t r ibut ion is 

Gaussian distr ibution,  i.e. t ha t  

(60) p~(w) = exp [ - -  2(0) - -  O)o)~/Awo ~] 

We have  

_ (.61) exp [ - -  x/A] <cos 2~(w - -  coo)x/c} = exp xlA ~e ~ j �9 

We see thus t ha t  the  pa r t  of the  correlat ion which depends on the  f r equency  

band  decreases more  rap id ly  with x t han  the  f requency  independent  pa r t .  

Fo r  large values of x, we have  thus 

(62) F~ ~ exp [ - -  2x/A] for xA~oo/C>~'~l, 

independent  of the wid th  of the  spec t rum.  We note,  however,  t h a t  the  cor- 
re la t ion  coefficient / '~  thus  obta ined  follows f rom a pure ly  classical p ic ture .  

(5) E. BRANNEN, I~. I. S. F~RGUSO~ ~nfl W. W~gLAU: Can. Journ. Phys., 36, 
871 (1958). 
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lO.  - S t e l l a r  i n t e r f e r o m e t e r .  

I t  was poin ted  out  by  Tw~ss and  t tA~DBVnau BaOW~ (1), t h a t  the cor- 
relat ions of the f luctuations on two cathodes can be used similar ly to a ~ iche l son  
stellar in te r fe romete r  for the de te rmina t ion  of the  angular  size of a l ight source. 
This effect follows also f rom our formulae.  Calculating the correlat ion co- 

efficient of the  in tens i ty  f luctuat ions for two small  cathodes,  so t ha t  al ---- a~ = 0; 

b ~ = b l ~ y  we get  

~ B y \  ~ 1 
(63) FI~ =- cos ~,o L / o /  § t e rms  in n - "  

Supposing the source to be a disc of radius B0 we find 

(sin ~B0 1 - -  cos ~B0~ 2 

The correlat ion decreases with increasing distance y and  with  increasing angle 

of vision 2BolL. We have  neglected t e rms  in :l/n; the l a t t e r  t e rms  become 

p redominan t  in the  region, where the  t e rms  we have  considered above  are 

small. 

11 .  - C o i n c i d e n c e s  o b s e r v e d  w i t h  p h o t o n  c o u n t e r s .  

( 6 6 )  

with 

Suppose two par t s  of a b e a m  to fall onto the  cathodes of pho ton  counters.  
The expected  ra te  of coincidences registered with  an a r r angemen t  of resolving 

t ime  v is given b y  
r 

-~ 2p]t ( J ( r l ,  t )J(r2,  t ~- t ')} db~ db2 dt ' ,  (65) 2412 
, ]  

0 

where Po is the  expected  ra te  of impulses produced b y  the  uni t  in tens i ty  falling 

on the  cathode.  

Wi th  the  help of (43), (44), (48), (57) 

r 

~ = 2 ~  1 + ~ f e x p  [ -  ~,t'] at' + ~ / e x p  [--.~,t'] <cos (~o --  ~Oo)t'>~ a t ' ,  
0 0 

N1 = JopoS . 

Jo is the average  in tens i ty  and  S the surface of each cathode.  
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Evaluat ing the last integral we find for y~>>l  

(67) = 2N0  + + - + 

Fur ther  we may  put  

(68) (1  + (co - -  ~o)2/y 2' 
] ,  

zp..(~Oo)/r , 

if Awo<<y, 

if A~%)>? �9 

The rate of accidental coincidences, in case of a constant  intensi ty would be 

(o) = 2N~T (69) U12 �9 

- -  ( 0 )  The excess ~12 -u12 consists of two components.  The first one, which is in 

general t he  more important ,  is sensitive to the degree of coherence of the light 

spot on the cathode and in addit ion to the spectral width of the band  of emis- 

sions. The second term (which represents a kind of Poisson fluctuation) de- 

pends only on the rate of emission processes of the source. The lat ter  term 

should become preponderant  if the first term becomes small on account  of 

geometry  or band  width. 
We hope to re turn  to the problem as to what  modifications in the above 

formulae are to be expected if the light waves are subjected to quantization. 

R I A S S U N T O  (*) 

Estendendo calcoli eseguiti prima della (3) il presence lavoro si oceupa della statistica 
esatta della fluttuazione dei treni d'onde emessi da una sorgente di estensione non 
trascurabile. Come precedentemente, si assume ehe i singoli treni d'onde decadano espo- 
nenzialmente; tuttavia qui si assume che i singoli treni abbiano differenti frequenze, 
intensit~ e polarizzazioni. Vari effetti osservati sperimentalmente, fra cui quello otte- 
nuto coll'interferometro stellare 4a HANBU~Y BROW~ e TwIss, si possono giustificare 
quantitativamente. 

(*) T r a d u z i o n e  a cura de l la  TCeaazio~e. 


