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A theoretical model of a modulation optical interferometer designed to measure the an­
gular dimensions of a source is considered. Expressions have been obtained for the fluc­
tuation limits of sensitivity and precision. Experiments are described which indicate that 
the theoretical sensitivity and precision limits can be obtained in practice. The influence 
of atmospheric perturbations in a stellar modulation interferometer is estimated. 

l. STATEMENT OF THE PROBLEM 

WE DESIGN ATE as an optical mudulation inter­
ferometer an interferometer arrangement where: 

(a) one or more of the parameters of the system (for 
example, the position of one of the mirrors) change 
periodically with time and thereby give rise to peri­
odic changes in the interference pattern, which de­
pends on some physical quantity to be investigated, 
and (b) these changes generate through a photo­
electric process an electrical signal which is then 
separated by suitable electrical filter. 

The sensitivity (resolving power) of this arrange­
ment is determined by its optical parameters and the 
smallest detectable electrical signal. It is well 
known that in an expedient design the second of 
the factors is determined solely by the fluctuations 
and not by the technical imperfections of the sys­
tem (as for example, the amplifier drift). The small­
est detectable electrical signal (the fluctuation lim­
it of sensitivity) can he made as small as desired if 
a filter with a high time constant is used. This 
means that in principle the sensitivity (resolving 
power) of a modulation optical interferometer with 
given optical parameters can he made as high as 
desired 1• 

A similar statement can he made also with re­
spect to the precision with which an optical quan­
tity surpassing the threshold value can be measured 
with the modulation optical interferometer. With 
proper design, the measurement error of the instru­
ment is determined by the fluctuation error and can 
be made as small as desired by increasing the ob­
servation time. The modulation optical interferome­
ter can also be used to measure small periodic (or 
transformed into periodic) changes in the relative 

motion of two light beams 1• 2 (cf. also survey, Ref. 
3). The fluctuation limit of sensitivity of these 
measurements has been calculated theoretically and 
attained experimentally by Bershtein 4 • Under rela­
tively simple realizable conditions this limit is on 
the order of w- 2 or even 10- 3 A. It should also be 
pointed out that in a similar problem Tolansky5 was 
able to obtain the maximum possible sensitivity on 
the order of tens of Angstrom units by means of mul­
tiple beam interferometry in conjunction with a visual 
analysis of the interference pattern. 

A number of applications of the modulation optical 
interferometer and related arrangements is described 
in the literature (see for example, Refs. 6 and 7). 
Equally as important as interference measurements 
where it is required to determine changes in path 
differences are measurements where it is required to 
determine changes in the intensity contrast of an 
interference pattern caused by changing one of the 

system parameters. Measurements of this type are 
used to obtain information on the size of a light 
source (Michelson's stellar interferometer) or of the 
degree of its monochromaticity. A modulation op­
tical interferometer properly designed can also be 
used for measurements which will be discussed in 
this paper. 

It is of interest to estimate for a certain model of 
the modulation optical interferometer the theoretical 
fluctuation limit of detectable changes in intensity 
of the interference pattern, and thereby obtain an 
estimate of the fluctuation limit of resolution and of 
the fluctuation error in measuring the intensity of 
the interference pattern. It is also of interest to in­
vestigate experimentally the attainability of the 
theoretical values of the fluctuation limits of sen­
sitivity and precision. 
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2. THEORETICAL MODEL OF THE MODULATION 

INTERFEROMETER 

We will consider a sufficiently simple theoretical 
model of a modulation interferometer designed to ob­
tain information on the size of a light source. In the 
choice of the theoretical model consideration was 
given to the fact that it was contemplated to use this 
model as a basis for an experimental setup (as was 
indeed done). Partly because of this a readily real­
izable practical arrangement of the Rayleigh type 
interferometer was chosen. 

FIG. l. Theoretical model of the modulation optical 
interferometer designed to measure the angular spread of 
a light source. 

Consider a distant light source of angular dimen­
sion \{!observed through an (optical) objective. If 
the objective is covered by a non-transparent screen 
with two parallel slits, separated from each other by 
a distance s, a system of interference fringes will 
be observed in the focal plane of the objective. 
The intensity distribution of the interference fringes 
is uniquely given by the separation of the slits, i.e. 
the base s and the angular dimension of the source. 
Consider now that in one of the interfering light 
beams a section is created with a periodically vary­
ing optical path length. \\e will refer to this opera­
tion as the modulation of the interference fringes. 
It can be realized, for example, by an oscillating 
plano-parallel glass plate covering one of the slits. 
The modulation of the interference fringes leads to 
intermittent time variations of the interference pat­
tern. If now a slit which is parallel to the interfer­
ence fringes and is narrow compared with their width 
is placed in the focal plane of the objective and the 
light beam passing this slit directed to the cathode 
of a photo multiplier, the photo-multiplier current 
would reproduce as a time function the spatial in­
tensity distribution of the interference pattern. 

Let us now assume that the screen covering the 

objective has three slits a0 , a 1 , and a 2 (as shown 
in Fig. l), and that a mechanical closing structure 
(obturator) covers alternately slits a 1 and a 2 with 
frequency F 0 • In this case the length of the base s 
will be the variable quantity. We will refer to this 
operation as base-length modulation. We will assume 
that in the light beam common to both bases modu­
lation of the interference fringes is accomplished as 
before. At a finite angular dimension of the light 
source, i.e. \{! > 0, the modulation of the base length 
s leads to periodical changes in the intensity con­
trast of the interference fringes and consequently 
to modulation of the photomultiplier current with a 
modulation frequency F0 • The depth of this modula­
tion depends on the angular dimension of the source 
and the geometry of the arrangement. For a point 
source (\{! = 0) the modulation is absent, since the 
intensity contrast is equal to unity in either base. 

Suitable electronic apparatus permits determina­
tion of the site of the light source from the presence 
of periodic amplitude modulation in the variable 
component of the photocurrent. The electronic ap­
paratus (see Fig. l) may, in particular, consist of an 
amplifier I tuned to the frequency with which the 
interference slits are passing by the slit of the 
photomultiplier, an amplitude detector 2, and a 
narrow-hand filter 3 to separate the frequency F0 of 
the baselength modulation. In this arrangement the 
smallest detectable electrical signal of frequency 
F0 at the detector output determines the threshold 
value of the angular dimension of the light source 
and, consequently, the limit of the resolving power 
of the setup. 

This raises an additional problem. Suppose the 
angular dimension of the source exceeds the mini­
mum detectable value; with what accuracy can it be 
measured? The unknown accuracy is obviously de­
termined by the smallest detectable changes in the 
modulation depth of the electrical signal. The 
smallest detectable change will be a minimum if a 
null method is used to measure the electrical sig­
nal. This will exclude the effect of slow drifts in 
the amplification of the instrument (see, for exam­
ple, Ref. 8). The precision of the measurements is 
then determined by the same factors as the thres­
hold value of sensitivity-by the amplifier and filter 
fluctuations and bandwidths. 

In our arrangement the null rriethod can be accom­
plished by varying the width of the slit a 2 • The 
variable portion of the photocurrent which corre­
sponds to base s 2 is proportional to the width of 
this slit (we will denote the width of any slit with 
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the same symbol as the slit itself). It is obvious! y 
possible to choose such a slit width a 2 <a 1 which 
will compensate for the increase in the variable 
component of the photocurrent due to shifting from 
bases s 1 to s 2 • The instrument at the filter output 
will then read zero. This will also eliminate at suf­
ficiently high modulation frequencies F 0 (in practice, 
20-30 cps) the effect of slow drifts in the amplifi­
cation of the system. The width of the slit a 2 can be 
callibrated directly in values of the angular dimen­
sion of the source. 

A close analysis of Fig. 1 makes apparent one 
intrinsic shortcoming of the system, which fortuna­
tely can be easily removed. The point is, that when 
a 1 of= a 2 the "de" component of the photocurrent 
will also be modulated and with it, consequently, 
the shot noise of the photo-multiplier. Such modu­
lation of the internal noise is extremely undesirable 
in modulation systems. In our system this modula­
tion can he eliminated, for example, in the following 
way. A new slit, a 3 , is cut through the screen not 
far from slit a 2 • This slit is covered with a thick 
plano-parallel glass plate in order that the oscilla­
tions of the light waves passing through this slit 
are incoherent with the oscillations of the waves 
passing through the other slits. With a proper 
choice of a 3 , the modulation of the "de" component 
of the photocurrent is eliminated. The slit a 3 is not 
shown in Fig. l. 

To conclude the theoretical investigation it is 
necessary to express the fluctuation limit of sensi­
tivity (the smallest detectible angular dimension of 
the source) '¥11 and the fluctuation error IL'l'P / 'P 111 
(of the measurement) in terms of the optical and 
electrical parameters of our model. It would be of 
interest to consider this problem from the general 
statistical point of view which is at present exten­
sively used in problems of radio-signal detection 
(see, for example, Refs. 9 and 10). However, we 
will restrict ourselves in this paper to a simpler 
approach using the signal to noise ratio. We shall 
assume arbitrarily, as is customary in problems of 

this kind, that the limiting value of the signal 
which can be detected is approached when the sig­
nal to noise ratio at the output of the system is 
unity. The smallest detectable angular dimension 
IJ!11 of the source will thus be determined as the 
value which results in a signal to noise ratio of 
one at the output of the system (provided that the 
system is balanced for IJ! = 0). In a similar way we 
will determine the relative fluctuation error 

I L'liJ!/ \jJ I w 

In the analysis of the system it is convenient to 
intro<luce instead of the angular dimension 'P of the 
light source the normalized dimension ~~,defined as 
IJ!/IJ!0 , where IJ!0 = A.lsu and s 1 is the length of the 
larger base (i.e. the distance between the slits a 0 

and a 1). We will, as before, refer to 'Yrz as the 

fluctuation limit of sensitivity and to IL'liJ!/ yl11 = 

= IL'liJ!/IJ! lfl as the relative fluctuation error 
of the measurement. In the analysis we shall as­
sume that the source is monochromatic. ~lore de­
t~iled calculations show, however, that the obtained 
results can be adapted also for sources with rather 
broad spectral bands (practically up to 500-700 A). 

3. THE BALANCE CONDITION 

If the shot noise of the photomultiplier is neg­
lected the current i of the photocathode is the sum 
of the dark current i d and a component proportional 
to the light flux striking the photo-cathode through 
slit b (see Fig. 1). Slit b is assumed to be narrow 
compared with the width of the interference fringes 
and even more so compared with the dimensions of 
the Fraunhofer diffraction pattern produced by slits 
a, and is located near the common center of these 
images. The light flux striking slit b through each 
slit a is therefore proportional to the square of the 
width of the respective slit. 

Applying the general theory of interferometry, we 
obtain for the base sl' i.e. when the slits a0 and a 1 

are open, 

and for the base s 2 , when the slits a 0 , a 2 and a 3 are 
open, 

Here I is the value of the photocurrent when only 
one of the slits a is open and its width is unity; v1 
and v2 are the values of the intensity contrast of 
the interference pattern for s = s 1 and s = s 2 respec­
tively, given by 

(3) 

u1 and u2 are the values of the function 

(4) 

for s = s 1 and s = s 2 respectively, which describes 
the leveling off of the variable component of the 
photocurrent because of the finite width of slit b. 
The parameter y is the ratio of the width b to the 
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width of the interference fringes at base s 1 • The 
function cp(t) describes the modulation of the inter­
ference fringes. 

It is obvious that when 

(5) 

the modulation of the quasi-constant component of 
the photocurrent will be absent. If in addition, 
a 1 =a 0 ,then 

where 

i = i 0 {2 + 2m(t) cos cp(t)} + id, 

{ 
v 1 u 1 if s = s 1' 

m(t)= 

~v2u2 if s = s2, 

Here i 0 =Ia~, and ~=a2 /a 0 • 

(6) 

(7) 

We will assume that cp(t) is a linear sawtooth 
function of time with an amplitude cp 0 = 2rrn, where 
n is a sufficiently large number. In this case we 
may write approximately 

cos cp(t) = cos W 0 t, 

where w0 = 8rrn/T. 
The system will obviously be balanced when 

m (t) is independent of time. Denoting by ~0 the 
value of ~at balance, we obtain 

V1U1 = ~oV2U2, 

or, using equations (3) and (4), 

4. DETERMINATION OF FLUCTUATION 

LIMITS OF SENSITIVITY AND PRECISION 

(8) 

(9) 

(10) 

We will now consider with what accuracy it is 
possible to satisfy condition (10) in the presence 
of shot noise in the photomultiplier. (The shot 
noise of the photomultiplier is under usual condi­

tions of the experiment several orders of magnitude 
higher than the noise in other part of the system). 

We will therefore trace the useful signal and the 
noise through all sections of the system shown in 
Fig. 1. 

(a). Photocathode Current. Taking the shot noise 
into consideration and taking equation (8) into ac­
count, equation (6) becomes 

i = i0 { 2 +2m (t) cos W 0 t} + id +in (11) 

where _in is the noise component of the photocurrent. 
Since the signal component of the current is a 

function of time, the noise in is a nonstationary 
random process. However it can be shown that in 
our case the noise at the amplifier output is the 
same as if the photocurrent were a stationary ran­
dom process with a mean square spectral density 
G JfJ corresponding to the case when m = 0. More­
over (see, for example, Ref. ll), 

(12) 

where e is the electron charge and B is a constant 
which, according to Chichik 11 , can be assumed to 
be equal to 1.5. 

(b). Detector Input Voltage. The regular portion 
of the photocurrent establishes a voltage at the 
detector input which, apart from its phase, can be 
represented by 

E c cos w 0 t, E c = 2 i 0 K1m (t). (13) 

In this equation K,(f) is the frequency response of 
of the instrument portion up to the detector. For 
simplicity we will assume that K,(f) is a rectangle 
of width 11[. In writing equation (13) the assump­
tion was made that 11f » F0 • 

The spectral density Gu (f) of the noise voltage 
at the detector input within the band 11 f is given by 

GJ[) = 2eK~ (l +B) (2i0 + id). (14) 

Outside of this band Gu (f)= 0. 
(c). Detector Output Current. Assuming specifi­

cally that the detector is linear and denoting the 
slope of its characteristic by S we obtain, using the 
result obtained by Bunimovich 12 : 

lzJ(t) =(Sa /V 2,;) [ocq (t) + e-~q(t)J, (15) 

G zr(F o) = G zr(O) = (S2 cr 2 /4rrl1f) (~ + iJ;). (16) 

In these equations lzr(t} is the regular component 
of the low frequency detector current; G1r(F) is the 
spectral density of the low frequency current fl uc­
tuations (the condition 11 f » F0 is assumed); 
Gzr(F0 ) is practically equal to Gzr(O); a is the norm 
of the noise voltage at the detector output, given by 

a = [Gu (f) 11f] '!,; ( 17) 

q(t} is a shorthand notation for 

q(t} = Ec (t}/ a-..)2.; (18) 

a is~ constant coefficient equal to 2/..;rT, and b1 

and b2 are time averages of the functions 
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b1 (q) = (8/rrH1-l.5 e- aq (t) +0.5 e- 3 aq (tJ], 

(19) 

Expanding I 11 (t) into a Fourier series and taking 
into account that D..q(t) « 1, the following approxi­
mate expression is readily obtained for the ampli­
tude /1 of the first harmonic (of frequency F0 ): 

/1 = 271- 3~ io KlSaO-e-aqo) [ ~v2 v2- v 1 VI], (20) 

where q0 is the time average of q(t}: 

q(t) = q0 + D..q(t). (21) 

In. the sense of the problem we assumed 6. q « 1, 
since otherwise it would be possible to detect the 
amplitude modulation without any filter. Consider­
ing that 6. q(t) is small we may also in calculating 
Gzr(F0 ) replace q(t) in (19) by its time average q0 • 

This gives 

Gzf (F 0) = (S2 cr2 I 4"'6.f) 

X(2,5- 2,3 e-oxq, + 0,8 e-3cxq, ). 
(22) 

In the determination of q0 it is natural to assume 
that the balance condition (10) is satisfied. Then, 

(23) 

where ~00 is a shorthand notation for V 1V1. It should 
he noted that by its definition ~00 is equal to .;, for 

s 2 = 0. 
(d) Filter Ouput Voltage. The amplitude of the 

sinusoidal voltage of frequency F0 at the filter 
output is 

(24) 

The dispersion of the filter output noise is 

(25) 

where D..F is the filter bandwidth. 
(e) Fluctuation Error of the Measured Angular 

Dimension of the Source. In accordance with the 
assumption made in Section 2 we will determine the 
fluctuation error I D..'¥/ 'V 111 from the condition of 
equality of signal and nOise at the filter output, 
i.e. from 

A 2 I 2 = a[· (26) 

Setting ~ = ~0 + 6. ~and taking into account equa­
tions (20, (22), (24), (25), and (26), we obtain after 
some simple transformations 

' il" I,. I 'It X ( ) I l::,.F j'l• I ·; so fl = 2 aqo L b:f ' (27) 

where 
(2 5 2 3 -aq, + O 8 -3e<q0} '/2 

X (aq0 ) = ' - ' e ' e , (28) 
aq0 (1 - e-cxq,) 

I D..~/ ~0 lrz represents the normalized fluctuation 
error of the measured quantity ~0 for a given angular 

spread of the source. ID.. 'V /11' 111 is readily obtained 
from this quantity. 

From equation (10) it follows that 

from which 

(30) 

where, 

Y('V)=----------1 ______ __ 
'V[(S 2 /S 1 ) cot111J!S 2/S1.-cot111J!] (31) 

It is obvious that equation (30) is correct for values 
of 'V only which are not too close to either zero or 
unity. 

j4¢/!i>l(t 
QJ r--..---..----..-.-----,.---,-----r--, 

OJ az aJ {('I 

FIG. 2. The fluctuation error 16. 'V/'VIrz as a function of 

the relative angular dimension 'V of the source with the 

photocurrent i0 as a parameter. The values of io are: 

l-5xl0" 16, curve 2-I0- 15, curve 3-I0- 14, and curve 

4- I0-13 amp. 

(f) Fluctuation Limit of Sensitivity. To determine 
'V fl we will rewrite equation (20). v.e will first 
assume that the apparatus is balanced for a point 
source. Then, ~ = ~o = V1/V2 • Taking U1 in equa­
tion (20) outside the parenthesis and setting it 
equal to unity, we obtain, approximately 
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In view of the relatively small value of TTijl in 
comparison with unity, we may expand v1 and v2 in 
a power series in terms of TTijl and neglect all terms 
of order higher than 2. This gives, 

(33) 

According to our previous assumption the signal 
is considered detected when the signal to noise 
ratio at the filter output i!'! not less than unity. If 
this condition for signal detection is written down, 
we obtain after some simple transformations 

ljlfl=[l- (52 /51 ) 2 ]-~[X (a%)]~ L:'lF I ~f]%. (34) 

In Fig. 2 the fluctuation error ~~ ljl/ljll fl is shown 
as a function of ljl for several values of i_ 0 • Fig. 3 
shows the fluctuation limit of sensitivity '!Itt as a 
function of the photocurrent i 0 (lower graph). The 
following values for the parameters are assumed for 
the plots: B = 1.5, id = 2 X 10- 16 amp,, I:J.f = l cps, 

s 2 I s 1 = ~ and y = 0.35. (This value of y is an op­
timum from the point of view of signal to noise 
ratio.) 

\ 

\ 
\ 

1\ 

1""- ......._ 1'----
r--. t- r-- r-r-

I lr--
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_ . ., ,-. 
11 I J < I I 111 I J • i I f/J l J t i 6 10 ·IZ 4,(11/ 

FIG. 3. The fluctuation limit of sensitivity ljlfl as a 

function of the photocurrent i0 • For the upper curve 
id =4xi0-15 amp, B =6.5; for the lower curve id=4xl0-16 

amp, B = 1.5. 

5. THE EXPERIMENT 

The described thoretical model was adapted as a 
basis for developing the experimental setup. A more 
detailed arrangement of the setup is shown in Fig. 
4. 

FIG. 4. Schematic diagram of the experimental set-up. 

The light source used is a calibrated slit x ill u­
minated with a very strong motion-picture projection 
lamp. The light beam from the collimator illuminates 
diaphragm D. Four parallel slits are cut through the 
diaphragm. The widths two slits, a 2 and a 3 , can .be 
varied by means of micrometer screws. The interfer­
ence fringes are modulated by means of a plane 
parallel plate p1 on which angular oscillations are 
imparted from a mechanical oscillation generator 
MOG. Plate p2 is used for compensation of the con­
stant difference of the (optical) path lengths. The 
modulation of the base length is produced by means 

of a obturator of frequency F 0 = 23 cps. Th"e inter­
ference fringes formed in the focal plane of the ob­
jective 0 2 are projected with large magnification on 
the slit of the photomultiplier. The width of this 
slit is only a fraction of the width of the interfer­
ence fringes and is such to give the optimum condi­
tion for y, i.e. y = 0.35. 

For visual control of the position of the interfer­
ence fringes an adaptor A behind the microscope is 
used. By means of a tilting prism P this enables to 
observe the interference pattern through a viewing 
telescope. When the prism is tilted back the light 
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beam passing through the slit b and a green filter 
F (L'l ,\ "' 500 A) strikes the photocathode of a 
FEU-19-M multiplier. The voltage of the photo­
multiplier load is applied to the input of amplifier 1. 
This amplifier is tuned to the frequency {0 "' 1100 
cps with which the interference fringes are passing 
(the slit b) and has a bandwidth L'lf = 100 cps. The 
photomultiplier output voltage is applied to linear 
detector 2. A sinusoidal signal of frequency F0 = 23 
cps appears at the output of the detector. The 
balance is accomplished at the output of a narrow­
band filter tuned to the frequency F0 , comprising a 
heterodyne filter which consists of a preliminary 
filter 3, a balancing detector 4 and a de filter 5. 
A reference voltage is applied to the balancing de­
tector from a generator, the rotor of which is rigidly 
coupled with the obturator. The phase of the refer­
ence voltage can be varied by rotating the stator of 
the generator. Its value was chosen to obtain maxi­
mum sensitivity for the filter. The bandwidth of the 
heterodyne filter, determined by the de filter, was 
set equal to l cps. 

We made experimental estimates of sensitivity 
and pr:eci sion with which the angular di~re nsion of 
a source can be measured. The result of these 
measurements is shown in Fig. 3, where the small,. 
est detectable values of \jl are shown as a function 
of the photocurrent i 0 • A comparison with the 
lower graph of the same figure, which gives the 
theoretical values of the fluctuation limit of sensi­
tivity calculated for the parameter values assumed 
in Section 4, shows a wide discrepancy in the re­
sults. This discrepancy can be explained by the 
fact that the photomultiplier used in the experiment 
had parameters inferior than assumed in the theoret­
ical calculations. Measuring the spectral density of 
the shot noise of the photomultiplier used in the 
experiment at 1100 cps it was found that 
i d = 4 X w- 15 amp and B = 6.5. The theoretical de­
pendence of \jifl on i 0 for the corrected values of i0 

and B is shown in the upper graph of Fig. 3. 

The result of experimental estimates of the error in 

measuring the angular dimension of the source is 
shown in Fig. 5. Also shown in the same figure are 
the theoretical curves of the fluctuation error c alcu­
lated for the parameters of the experimental set-up. 
The agreement between the experimental and theor­

etical results can be regarded as satisfactory. The 
theoretically found fluctuation limits of sensitivity 
and precision can thus be attained also in practice. 

An essential advantage of the modulation inter-

\ \ l_ 
1\z 1 

0.2 \ \ 
\ \ 

r--.... • 
1"-..: 0-- .. 

1---. 00 0 

0,1 

OJ az OJ 0.5 117¢ 

FIG. 5. The fluctuation error IL'l\jl/\jll fl as a function of 
the relative angular dimension \jl of the source. B =6.5; 
i d = 4 x 10-15 amp. Curve 1 and points marked • are for 
io = 4 x IQ- 1• amp; curve 2 and points marked 0- for 

i0 = 4 X I0-13 amp. 

ferometer is its noise rejection with respect to 
shifts of the interference fringes due to changes in 
path differences of the interfering beams. Such 
shifts may result, in particular, from mechanical 
disturbances of the interferometer. Based on theor­
etical considerations it may be expected that the 
modulation interferometer is insensitive to random 
shifts of the interference fringes provided the fol­
lowing conditions are fulfilled: (l) the mean square 
value of the shifts is less than or equal to the width 
of the fringes and (2) the correlation time of the 
shifts is much larger than 't = 1/ L'l f. 

These theoretical considerations have also been 
confirmed experimentally. In a number of investi­

gated cases where the presence of mechanical dis­
turbances made the interference pattern completely 
indistinguishable in visual observations the mod u­
lation interferometer was still practically able to 
utilize completely its theoretical possibilities. 

6. SOME REMARKS ON THE POSSIBILITY OF 
USING THE OPTICAL MODULATION 

INTERFEROMETER TO MEASURE 
ANGULAR DIAMETERS OF STARS 

It is well known that the idt'a of using the- inter­
ference principle for measuring angular diameters 
of stars was first expressed by Fizeau in 1868. 
Later this idea was developed further by Michelson, 
who proposed the so-called stellar interferometer, 
in which the folded optical paths made it possible 
in principle to increase indefinitely the dimensions 
of the base and, consequently, to increase indefi" 
nitely the resolving power of the interferometer 
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(see, for example, Ref. 13). In 1920 l\lichelson was 
able to measure the angular diameters of some of 
the bigger stars. Equipment was used with base 
lengths of 6 and 18 meters. Michelson considered 
that a further increase in the base length is pre• 
vented by the atmospheric and mechanical disturb­
ances which impose an upper limit on the practically 
realizable base values and at the same time estab­
lish the lower limit of the measurable angular dia­
meters. This consideration is in accordance with 
the capabilities of visual observations. 

Some years ago Bershtein and Gorelik pointed out 
in their notes 14 that the application of radio-phys­
ical methods to analysis of the interference pattern 
of an optical steller interferometer may substan­
tially widen its potentialities. One of the steps in 
this direction may be the application of the bal­
anced modulation interferometer described above. 
Of special importance here is the previously 
mentioned stability of the modulation interferome­
ter with respect to phase fluctuations of the inter­
ference fringes. 

It is of interest to estimate the potentialities of 
the modulation method in its application to the 
stellar interferometer when atmospheric disturb­
ances are considered. Below we will give a brief 
report on the results of these estimates. 

In our calculations we used a theoretical model 
of the modulation stellar interferometer which was 
in principle very close to the model shown in 
Fig. l. Since stars can be replaced as uniformly 
luminous disks we have, instead of equation (3), 

V = 2/1 (1.2217 \jl sis 1 ) I 1.2211 \jl sis 17 (35) 

where JJX) is the Bessel function of first order, 
and \jl now denotes the quantity '1151 /1.22.\. In ad-

dition, making use of a folded path of the rays it is 
possible to obtain in the modulation stellar interfer­
ometer the same width of the interference fringes 
for both bases s 1 and s 2 • The indicated distinguish­
ing characteristics are not essential. Their effect 
is that the values of \jill and I~ ljl/ljll 1 obtained for 
theoretical model of the stellar interferometer in the 
absence of atmospheric disturbances differ by no 
more than 5 to 10 percent from the corresponding 
results for the investigated model. These can there­
fore be used also for the stellar interferometer. 

The photocathode current i0 can be calculated 
from the following approximate equation: 

(36) 

where m is the visual star magnitude. This equa-

tion was obtained under the assumption that the 
investigated model has geometrical dimensions of 
the same order as the latest version of Michelson's 
stellar interferometer. The sensitivity of the photo­
cathode was assumed to be 3 x w- 5 amperes per 
lumen. 

The following was found concerning the effect of 
atmospheric disturbances: 

(a) There is no sense in using modulation inter­
ferometer unless the average turbulence angle t0 is 
much smaller than.\/!, where l is the linear dimen­
sion of the interferometer mirror (the notation of 
Dan jon and Kude 15 is used). It should be pointed 
out that the corresponding condition is apparently 
even more stringent for the common stellar inter­
ferometer. 

(b) If the condition t0 «.\/! is fulfilled it is 
always possible, at least in principle, to choose 
such parameters (for example, the modulation fre­
quency F0 ) that the phase fluctuations of the inter­
ference fringes, which are caused by the fluctua­
tions in the optical path lengths in the passage of 
the light through the turbulent medium, have a neg­
ligible effect on the results of the measurement. 

(c) As to the intensity fluctuations, the calcula­
tions show that they increase the spectral density 
of the noise component of the photocurrent from the 
value given by Eq. (12) to 

i~g(lf-fo i), (37) 

where g(f) is the spectral density of the relative 
intensity fluctuations. This result is obtained under 
the assumption that the intensity fluctuations in the 
various paths of the interferometer are independent 
of each other. 

A number of experiments on the investigation of 
g({) is described in the literature (see, for example, 
He£. 16 and 17). On the basis of these studies it 
was possible to estimate g (If- {0 i) for frequencies 
close to {0 , i.e., for frequencies in the pass band 
of the amplifier. For good atmospheric conditions 
it may be assumed that in the region of the ampli­
fier pass band g(i{-{0 I) is 3x10- 4 cps. 

It is convenient to introduce the ratio of the 
spectral density of the photocurrent fluctuations 
brought about by the atmospheric disturbances to 
the spectral density of the shot noise in the am­
plifier pass band. Denoting this ratio by C and as­
suming for B the value 1.5 we obtain 

C = 2·10 14 i0 = 6· 2.5-m. (38) 
It can be shown that under the atmospheric condi­

tions discussed above for very bright stars the 
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fluctuation limit of sensitivity '+' fl and the fluctua­
tion error in measuring the angular quantity 
It\ '+'/ 't' I fl are given approximately by 

'+'rt = <'+'rl (1 +c) 'I.., (39) 

It\ 't'l't'l fl =It\ 't'l't'l fl (1 +C)%. (40) 

In the above equations the index 0 refers to the 
ideal case of quiet (undisturbed) atmosphere. The 
effect of "atmospheric" noise is, as should be ex­
pected, stronger for the bright stars than for the 
weak stars. Form"" 0, for example, •atmospheric" 
noise increases the fluctuation error in measuring 
the angular quantity by 2.65 times, and the smallest 
detectable angular dimension by 1.63 times. At a 
very quiet state of the atmosphere the effect of at­
mospheric disturbances is even smaller. 

Comparisons with visual observations show that 
the use of the modulation optical interferometer to 
measure the angular dimension of a light source 
does not under readily realizable experimental con­
ditions result in a large increase of the resolving 
power. However, the theoretical possibilities of 
the modulation interferometer may be fully realized 
under conditions of strong disturbances (noise rejec­
tion). This, in part, implies that the modulation 
stellar interferometer can have much larger bases 
than are permissible in visual observations. 

I would like at this point ot express my thanks 
to Professor G. S. Gorelik for his constant interest 
in this work. 
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