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(iv) 

Abstract  

In the past three-beam interferometers have taken the form 

of analogues of the Rayleigh two-beam interferometer. The present 

work was undertaken with a two-fold. aim. The first was to make a 

detailed study of the permissible tolerances on the relative 

orientations of the three waves and of the influence of differences 

in amplitude between theme the second was to design and construct a 

three-beam analogue of the Michelson interferometer and to study the 

possibilities of photo-electric detection. 

Three-beam interference is usually considered as the coherent 

superposition of a third wavefront on the two-beam fringes formed 

by the other two. The third wavefront has then to be parallel to 

the bisecting plane of the other two waves if uniform fringes are 

to be obtained. Formulae for the tolerances on this setting have 

been obtained. The amplitude of the third wave, relative to that 

of the other two, can be chosen to optimise the signal/noise ratio 

if photo-electric detection is employed, Formulae for this purpose 

have been studied. An important finding was that even a small 

inequality of amplitude of the waves forming the two-beam background 

fringes leads to significant asymmetry of the three-beam fringes. 

This last requirement could only be met in the Rayleigh form by 

imposing impractically severe tolerances on equality of width of 

the two slits. 



(v) 

The new instrument was designed in the general form of a 

Michelson interferometer, The reflecting system in one arm has a 

glass cube interferometer in which the resulting two beams both 

undergo a reflection and transmission. In this way, equality of 

amplitude for the two-beam fringes was more easily ensured. The 

mechanical design of the apparatus untrtunately did not permit 

the extreme degree of stability demanded by the great sensitivity 

of the fringes. The form of the three-beam fringes was also 

found to be highly sensitive to errors of flatness of the third 

wave. For these reasons, and shortage of time, only a preliminary 

experimental study of the problem was possible. 
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CHAPTER I 

Introduction: 

In a two beam interferometer two coherent beams of light are 

arranged to combine in such a way that reinforcement and cancellation 

of the illumination takes place at different points, depending on 

the phase differences of the two beams. Also the light emitted by 

all elements of the source must form identical fringe patterns in 

which the maxima fall in the same place, otherwise the various patterns 

may overlap maxima and minima and result in reduced, or even zero, 

contrast. When the above mentioned conditions are satisfied the two 

beams are said to be "spatially coherent". 

The basic system of an interferometer can be shown by a block 

diagram, Fig. 1. The way in which two beams are split-off from the 

primary beam constitutes a possible basis for the classification of a 

two-beam interferometer. The main methods are:- 

a) Aperture-splitting 

b) Diffraction-splitting 

c) Amplitude-splitting 

We consider the first one. A good example of this is met in Rayleigh's 

interferometer, whose arrangement is shown by Fig. 2(a). 

Light from a vertical slit source S
1 

is collimated by a lens L
1 

which falls on a screen pierced by two slits, S2  and S3  and then 

passes through the tubes T1  and T2. The light is brought to focus 

again by another lens L2, when fringes are formed in its focal plane, 
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which are viewed with the help of eye piece E. The fringes first 

observed when the two tubes T
1 

and T
2 are empty, and gas is then intro-

duced in the tube T2, which will produce a difference in optical path 

length between T2  and Tl. If the refractive index of the gas let into 

one of the tubes is 40  a path difference Oa 	tOµ (t being the length 

of each tube) is introduced, and the fringes are displaced from their 

former position. The difference of refractive index may be measured 

by observing fringe shift directly or more conveniently by the compen-

sation method considered below. 

As an improvement a compensator, known as the Jamin compensator, 

is employed. This is shown in Fig. 2(b). It consists of two glass 

plates H and K fixed to a common axis LM and inclined to one another at 

a small angle. This arrangement can be rotated as a whole about LM and 

the rotation is indicated on a circular scale. The compensator is 

mounted as shown in Fig. 2(a), such that LM is horizontal and one plate 

lies in the path of each of:the beams traversing the tubes T1, T2. It 

will be seen that if the rays pass through the plates at different angles 

an optical path difference is introduced and this is varied as the 

compensator is rotated as a whole. By employing monochromatic light 

and observing the passage of fringes across the field of view as the 

com7ensator is rotated, the scale can be calibrated to read optical path 

differences in terms of wave length. By varying the angle between the 

compensator plates, the sensitivity of the device is changed, being 

greater when the inclination between the plates is reduced, 51_1-Ice a 
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larger rotation is required to introduce a given optical path difference. 

The setting requires a judgement of the position of fringes relative to 

a fixed reference, and the precision obtained does not exceed -
0  even 

under good conditions. 

In order to have a more sensitive and stable arrangement Zernike 

proposed a three-slit interferometer, based on Rayleigh's form, where 

the judgement to be made is one of equal intensity. This method can be 

more stable, and the estimated sensitivity is also much gre-,ter, being 

x 
2.50 

In Zernike's three-slit interferometer light beams from the two 

outer slits combine to form 2-beam frinc.res. The third beam, after having 

suffered the path difference to be measured, is superposed upon these 

fringes. The result is that the fringes are alternately reinforced and 

weakened in intensity, provided the third beam is not in exact quadri-

phase with the 2-beam fringes. This may be explained by reference to 

Fig. 3. The two beams I and II produce fringes because their wave-fronts 

are slightly inclined, the maxima being at the points 0, 1, 2, -1, -2, 

etc. where the separation of the fronts equals the indicated whole 

number of wave lengths. If now the wave front III from the central slit 

bisects the angle between I and II, as shown, the even numbered fringes 

0,2 etc. will be reinforced, and the odd numbered ones are weakened by 

the superposition of III. This is because the phases of alternate 

fringes in the 2-beam system differ by 1E. The reverse will occur if 

beam III has opposite phase. If, however, beam III has a plias° 
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difference of -±n , its intensity will have to be added everywhere, 

that is to say, that all the fringes will remain of equal intensity. 

Summarizing this, one can say that fringes of equal intensity are 

caused by outer slits, together with the coherent background from the 

middle slit, which alternately reinforces and suppresses these fringes. 

Zernike proposed the following practical arrangement for this. A screen 

with three equidistant vertical slits is placed on the table of a large 

spectrometer and illuminated by parallel light. Beams I and. II consist 

of light which has passed through the outer slits while beam III is one 

which has passed through the middle one, To equalize the amplitude of 

beam through the middle slit and those coming from the outer slits, the 

middle slit can be made twice the width of the outer ones. The fringe 

system is observed by means of the spectrometer telescope, and the path 

length compensation is obtained, with no alteration in the intensity of 

the fringes, by adjusting the position of the eye piece of the telescope 

along the axis. A phase strip to be measured may be.placed behind the 

middle slit so that it is in the path of the middle or the central beam 

III. This will result in an outward or inward shift of the eye piece, 

X 
which can measure the path difference to an accuracy of the order of 230  

The experimental arrangement of Zernike's metjTod is shown diagram-

matically in Fig. 4. Here parallel light falls on a screen with three 

slits S1, 511,  S111, 
when the outer two beams form fringes, with which 

the middle beam forms the three-beam fringes seen by telescope. 

Vittoz proposed another arrangement which is a modification of 
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Zernike's method, In this he uses a variable phase compensator for the 

III beam. The arrangement due to Vittoz is shown by Fig. 5. 

In Zernike's arrangement, namely the 3-slit analogue of the 

Rayleigh interferometer, the fringes are formed by the interference of 

three diffraction patterns, namely the images formed by the three 

aperture slits of the object slit. The mean intensity and the envelope 

of the fringes is thus non-uniform. The method of 3-beam interferometry 

which we propose to study is of Michelson form, which lends itself to 

photo-detection and higher sensitivity. The lay-out is shown schema-

tically in Fig. 6(a) The source s considered is a pin-hole 
illuminated by mercury green light. Two-beam fringes are formed by a 

cube which together with a right angled prism cemented to it forms one 

arm of theahcman interferometer. The other arm consists oa 

pentagonal prism in addition to a right angled prism. This is necessary 

to avoid reversal of the third beam relative to those forming two-beam 

fringes, which would result in poor spatial coherence between them. 

The plane of best contrast of the 2-beam fringes is at the 

reflecting faces F of the cube interferometer, and this plane is re-

imaged by the lens L to give a real image of the fringes at F'. 

The expected form of the fringes, for the case of Fig. 6(b) is 

shown in Fig. 6(c). ahile considering Fig. 6(b) it is assumed that we 

have the ideal conditions, that is the third wavefront is parallel to 

the line of intersection of the other two and exactly bisects the 

angle between (1) and (2). 
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A proposed photo-detection method is as explained below. A scan 

grating, whiCh is a radial square wave grating, driven at a constant 

speed by a motor, is placed at the fringe plane Ft. Light signals 

from the grating are fed to a photo-multiplier tube. The out-put of 

the photo-multiplier is fed to a frequency selective amplifier, and 

then to a final detecting circuit. 

The expected sensitivity of the proposed arrangement for the 

measurement of path difference is 1 
700 

In Fig. 5(b) we have considered ideal conditions. In practice, 

however, we have various departures present. All these are discussed 

in detail in the next chapters. 
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CHAPTER II  

Intensity Distribution in the Three-Beam Fringes  

In a three beam interferometer three coherent waves contribute 

to form interference fringes. The interference pattern is con-

veniently looked upon as the result of interference between the 

third wave and the coherent fringe pattern resulting from inter-

ference of the other two waves. 

Ideally, the third wave front should be parallel to the line 

of intersection of the other two and also parallel to the plane 

bisecting the other two waves. In practice, however, these con-

ditions will not be fulfilled exactly. Accordingly, an expression 

will be fuund for the final intensity distribution obtained when the 

third wave has both of these components of tilt error. Let the 

three plane waves be denoted by (1), (2) and (3). 

To find the distributhn of intensity in the three beam fringes 

we first find an expression for the complex amplitude produced by 

the plane waves (1), (2) at a point P in the plane of intersection 

of the two waves (1) and (2) (see Fig. 1., Fig. 2.). Then the 

total complex amplitude at P is found when the third plane wave also 

falls there at a distance d from the line of intersection between 

(1) and (2), and having both the component of tilt errors mentioned 

above. 

Thus let N1 
and N

2 
be the normals to the waves (1) and (2), 

and let us choose the Y-axis to be perpendicular to the plane 
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(N1, N2) and X-and Z-axes such that the Z-axis bisects the angle 

(N/, N2). Let ::;;)'" be the angle between N1  and the Z-axis. ,5e is 

then also equal to the angle between N2 and the Z-axis. Suppose 

now that the two plane waves (1) and (2) fall on the X-Z plane with 

normals having direction cosines 11, m1,n1  and 12, m2, n2  respect-

ively. Also, let the phases of the two plane waves (1) and (2) be 

taken to be zero at the point O. The phases of the disturbances 

produced by (1) and (2) at the point P will be given by k IP'PI 

and k [VIP] respectively, where k=21t , (fig. 2). The complex 
X 

amplitudes due to (1) and (2) at the point P will be given by 

ul=ale-ikl x and U2 = a2e
ikl   where a

1 	2 
and a 	are the 

amplitudes of the waves (1) and (2). Now N1  has direction cosines 

11  = Sin R.', m/  = 0 and N.2  has direction cosines, 12  =-Sin.9' 

and m2  = 0 so that the complex amplitudes of (1) and (2) at P will 

be given by: 

U = ale-ik Sin ►fix 

IT 	= a2e+ik Sin 9'x 
2 

Denote by U3  the complex amplitude produced at P by the wave (3))  

which is at a distance d from 0, the point of intersection of 

waves (1) and (2), and whose normal has direction cosines (l, m) 

relative to the axis OZ (Fig. 3) Then, 

U
3 

= oeikdeik(lx + my) 
	

( 2) 

where p is the amplitude of the third wave, and k =2n . The 
X 

zero position of the third wave is shown by the continuous line 

(]) 
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while the dotted line shows the third wave when it is phase shifted. 

The total complex amplitude at the point P is now given by 

U=U+U+ U 
1 	2 	3 

and the distribution of intensity in the fringes will be given by 

I 	+ U2  + U312  

that is, by 

=0J.2.1 2 	lyj.2.42 	1:.0.3.12 

+ Ul*U2 
+ U 	+U U * 

	

2 3 	1 2 

U2U3*+ U3*U1  + 113.U3* 

where * denotes the complex conjugate. Substituting for U1, U2 

and U
3 

from (1) and (2) in ( 3) and rearranging the various terms 

we get, 

Ip = al+ a22  + 2a1a2  Coe ( 2k Sin 6.x) 
+132  +- 2'43 ( az  + ai) oa, tk(lx+my)+kdi Cos(kSinfAc) 
+2p(d2-ai) Sin [k( lx +rry) +kd Sin( k Sine'x) 	(4) 

It is now convenient to make the substitution 
	1 )x 

and (4) then becomes 

Ip = a1 2 +az
2 
 + 2a, a2  Cos (2kSin (3-x) 

+(32  +213( az  +al).  Sin {k(lx + my) + 	Cos ( k sinbc) 
-1-4( -al)Cos [k( lx + my) +23-cd Sin(k Sin&) 

(5) 
Expression (5) gives the distribution of intensity in the three 

beam fringes when the beams (1) and (2) are assumed to have un— 

equal amplitudes, namely a ,1  and a 2 respectively, and beam 

three has tilt errors. 

Ip  

( 3) 



while the odd fringes will have maxima of intensity, 

Ip = (al  + a2)2  + p2  - a(al  a2)p.sin(2ae) 

fringes will 

Ip = 
have maxima of intensity, 

a1
2 + a22  4 2a 1a2 p2 

(al  + a2)2   + p2 + 2(al  

+ 2p (al + a2)Sim 2ne 

+ a2)P Sin(2'ite) 

20. 

If we consider a tilt free system, that is 1 =m =o, (5) 

becomes, 

Ip = io+p2  2p(a2  am)Sin 2ne Cos(kSinCYx) 

	

+2p(a2  - al)Cos 2ne Sin(k Sin &'x) 
	

(6) 

where 	= a1
2 + a22 + 2n1a2 Cos(2k Sin `x) 

is the intensity distribution which would be given by the two- 

beam fringes alone. 

To explain this further, the curves corresponding to different 

terms in ( 6) are shown in Fig. 4. There, 0 represents the intensity 

distribution, I , in the two beam.fringes;CD shows that due to the 

constant term p2 plus the cosine; and 6) shows the sine term. 

The curve of Ip is the sum of those in 	, (D and 	Clearly, 

the effect of ) plus (o)  will be to produce fringes on a back-

ground intensity, in which the fringes 0, + 2, + 4, ...., are 

increased in intensity, while the fringes +1, + 3, ...., are 

reduced in intensity. Thus, in the absence of 	, the even 

The mean of these maxima is 

Ip = (al  * a2)2  + p2 
	

(9) 

and the difference in intensity between each of the alternate 
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maxima as a fraction of their mean intensity is 

4(a1 + a2)0 	Sin (2n E) Ip 	(al + a2)2  + 132  

Now, c is only absent when al = a2, or writing a for each of these, 

8Ip 	8ap  
Ip 	4a2 + p2 Sin (2n z/..--) 

To obtain an estimate of the expected sensitivity, put a = 	p 

and Sin(2nE)=2n , and assume that the minimum detectable 8Ip is 

2% of Ip so that §112  = 0.02. 	Then, Ip 

. 8p 	0.02 
% 	3.8n 

where S p is the difference in path length, the above formula gives 

(13) 

and this represents an order of magnitude improvement in sensitivity 

over conventional fringe setting methods. 

It will be noted, however, that unequal amplitudes for waves (1) 

and (2) will introduce asymmetry into the fringe pattern, and impair 

the accuracy. The amplitude of the term (c) is 213(a2-a1) Cos (2.r..), 

and is thus equal to 2P(a2-a1) when 	o, which is at the desired 

setting. The two beams (1) and (2) thus need to be of equal amplitude 

to a high degree of precision. This is assured more easily in the 

arrangement proposed here, as is shown in Fig. 5(a) of Chapter I. It 

requires only that the reflecting faces of the Michelson cube interfer- 

ometer be equal, and this is not difficult to achieve. 	On the 

other hand, to arrange that the outer slits in the Rayleigh form 

22. 

(10) 

(12) 
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of interferometer be equal in -width to, say, ± 1% is not easy. 

It would seem, moreover, that previous workers havenot appreciated 

this important factor in 3-beam interferometry. Again, as 

mentioned earlier, the fringe pattern is not uniform in the case 

of the Rayleigh interferometer, whereas with the Michelson variant 

uniform 3-beam fringes are obtained. This is useful if a photo-

electric scanning technique is to be used to determine the null 

setting. 

It was for these reasons that the present study was under-

taken, together with the advantage of the Michelson over the 

Rayleigh form in the matter of the maximum source size giving 

good fringe contrast. This advantage is also preserved in the 

3-beam forms, in that the three rays intersecting at any point in 

the fringe plane can be made to derive from almost exactly the 

same ray leaving the source. 

A more detailed theoretical treatment, and an account of the 

fringe scanning technique will be given in what follows below. 

2) 	Photo-electrid. Detection  

Nearly all the detection systems are operated with an 

alternating signal at some convenient frequency. This is done 

partly because it is convenient to amplify alternating current, 

as compared with the direct current, and also because detection 

systems operating on a direct current basis are subject to drifts 

and changes in sensitivity to which a.c. systems are not. Thus 
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direct fringe scanning methods have the serious drawback that 

any fluctuations in light intensity can lead to errors. Also, 

since noise represents the ultimate limit on the sensitivity of 

a detecting system, we requirea method in which this is reduced 

to a minimum. 

It is here proposed to use a scan grating which is a square 

wave radial grating moving with constant speed. If the grating 

has a period Po and is moving with a uniform speed, as it moves 

across the series of sine waves of intensity, a detector placed 

to accept the total light transmitted will only produce a constant 

signal provided the sine wave components present have periods 

equal to Po, Po .,..,Po ....Po • These are the spatial 
2 	3 

frequencies corresponding to the fundamental and harmonics of 

the grating. The form of the electrical output from a photo—

electric detector of this total light is a periodic signal. 

The intensity distribution in the fringes, given by (4) 

is of the form ip 	(2a2 4.(32 )  +a2.L2ikSinf',6c + 
+apee ikd 	ik(Sinf-Y+ 'Ox+ e -ik( Sin& -I-  )3j 

eikmy 4e-ikd [eik(Sin.01 - 4..)x e  -ik( Sin 

e-ikmy 	 (14) 

where it is now assumed that 	a. The scan grating is 

placed at the real image of the fringes. Let the transparency 

at the point X.:of the grating at time t =0 be denoted by Z(X) 

Since Z(X) is periodic, of period Po, write, 



+`O 	-I 2rtn X  
Z(X) = Z Zn e Pa— 

n 

in terms of which the transparency at time t is given by 

Z(X - yt) = Z 
. 2an +°' Zne  -1 7-- (X - yt) 0 

n = -ca 
that is, 

_.2an X +1-g114  yt 	(17) Z(X yt) = 	Z Zne 115-6-  e n- ao 
where y is the peripheral velocity with which the scan grating is 

moving. It is convenient to use the spatial frequency in place of 

Po. Thus, let c;:= 1 be the spatial frequency of the grating. 
po 

Also let i
0  
- =I) and rft=fnbe used to denote the temporal frequencies. 

Then 117} can be written 

Z(A,-.1,0 = i"cc.  Zre-L• 23"lec.s*  ,,,, i.2.-irrif t 

Now the total light flux transmitted by the grating when illuminated 

with the fringes is 4,,J 1..4  

	

AO 	 1' it, 

F(t) r_ j 	i 	it) z-fr -di-Yelxcly 	0) 
..),c0 ..--,f,9. 

or substituting for Z(X - It) from (18) 
X o 	+ %a- ...... - i 21X n LIZ, Xci xt chi  1 e  ; I lr- Tt 

F(t) .-: "r Ze, If 	1 	1.pe 

	

nv-04 	4 -%o :Y64 	-., 
The fringes are here assumed to be limited by a rectangular aperture 

of height 2Yo and width 2Xo. This is aTeriodic function of time, 

with fundamental frElquency fl  = V)e-  Oral The expression (19a) 
Po 

gives the total light flux seen looking through the grating. It 

contains a D.C. term and an A.C. term. The D.C. term is of amplitude 

Xo (Yo Fo = Zo ( _ 	Ip ct x sly 	120) 
L.ro )1-Yo 

and the complex amplitude of the fundamental A.C. term is 

25. 

(15)  

(16)  

Ji  -Xo 	-Yo 
F1  2Z1  Ip eiz7rCe X x dy 	(31) +Xo +Yo 
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The values of these amplitudes may thus be 

appropriate form for Ip in the integrals. 

are simply the values of the 2-dimensional 

for the spatial frequency pair (o, oro) and 

to find the value of Fo1  substitute for Ip  

found by substituting the 

It may be seen that Fo  and F1 

Fourier transform of Ip = I (x y) 

(o, otro) respectively. In order 

from (14)in (20), giving 

+Xo  
F0 = Zo 	

4f1.(2a2+p2)+a2-'e2ikSin9:x -2ikSin&cx 

-X0  +Yo 

+ap eikdeik(Sin&+1)x  +e  -ik(Sine'-1)x] 
L. 

.e 	aPe 	e ikmy+  -ikd-  ik(Sin(91-1)x +e  -ik(Sin&+1)x] -ikmy
. 

 dxdy 	(22) 

Fo  = Zo. 
2  +X +Y o 

e
2ikSin &'.x(2a2+p2)dxdy + a j 

-X0  -Y0  

-2ikSin0-0(1 	+X0  +Yo  
+e 	I dxdy +aP 	11  

-xo -Yo 
e
ikd eik(Sin&+1)x+e  -ik(Sine=1)x ei kmydxdy 

+X° +ap 	1:1✓,0 e  -ikd eik(Sin&-1)x +e  -ik(Sine+1)x];ikmydxdy 

The various integrals when evaluated give 

1 ( ° 2 %20: +p ) dxdy = 4x0Y0(2a2+p2) 
-X0  -Yo 

the following: 

(e 
2 

a2 
	

f 
+X +Yo 2ik,Sin&:x --2ikSine:x) dxdy - 2y0a 4Sin(2kSin6:xo) e 
-X0  +Yo 	 2kSin 

+X0  +Yo  . ap 	e  ikd e  ik(Sin&-+ 1)x 4. e-ik(Sine-- 1)x] e  icy dxdy 
-X° -Yo 

L 

( 23 ) 



2YoSin kmY ikd 	Sin [k(Sin 	xo + 2 Sinik(Sin &*-1)X 
0413 

krnYo Ek(Sin E+1)1 	[k(Sin 69"-1)] 

+X0  +Y0 ikrny 
0413 -i ekd 	ik(Sin er-1)X+e  -ik(SinEr+1)X e 	dxdy 

-X 0  -Y o 

. up 2Y, Sin kmY0  r-ikd 	0=1)X01 + 2SinEk(Sin er+1)X01 
kmY0  Ek(Sin e?-1)1 	Ek(Siri 6411 

Substituting these integrals in (23) and rearranging the terms we get, 

F0  = 4X0Y0Z0  f(2042 + 132) + 2042  Sin(2k Sin 9:X0)+ 20413 
(2 k Sin GI X0 ) 

Sin kmY0  
kmY0  

r
SinEk(Sin e'+1)X0] 

11( Sin 8+1 ) X03 

which gives the amplitude of the D.C. component. 

Again, from (21 we have 

Ip ;i 2ua5x  dxdy 	 (25) F1  = 2Z
1 -X0 -Yo 

and substituting for Ip from equation (14) we get 

+X0  +Yo - Y 2 	2 	-i2ncroX 	2 +, +r cr 2ikSin (1.97. X F1 = 2Z 	(204 +p ) e 	dxdy + 	j 	e 
1 -" v  o  v 	 -X0 _Yoh, 

+X0  +Y0  
+e 	t9'.: i 

	

-2ikSin X] dxdy 	rei kt k(Sin EY+1)L.-ik(Sine--1)1 j 
-X° -Yo 	

.  

-ikmv +X0i.  -YO  -ikd [ ik(Sin er"-i)x -ik(Sin 0-+1)XleikmY dxdy e 	dxdy + ap 	e 	e 
-X0  -Yo (26) 

27. 

_J 

SinLk(Sin &-1 )X0] - 

[k(Sin (er-1 )X0] 
Cos kdl 	 (24) 



28. 

The following notations will now be used 

p Sin tr = X 
2 

= 1 = 2Sin  
p 	X 

k ain (3' = 2nSiller= ncr 	 (27) 
X 

1 u = /X 

v = m/x  

where p is the spacing of the 2-beam fringes, X the wavelength of the 

	

light and &'the half-angle between waves (1) and (2). 	Thus er is 
the spatial frequency of the 2-beam fringes. Also, since (1, m) are 
the direction cosines of the normal to the wave (3), (u, v) are reduced 
direction cosines giving the components of tilt error. 	With the 
above substitutions (27), the expression (26) becomes 

4:1:o +Yo Jr (2a2432);i2ivbx 	-1.4, *yd- . 	. 
F1  = 2Z1 1 f,- 	

2 	i27vzi21.= ;i2nerox dxdy +a , 	e ,.,. 	a : 	 dxdy 
L-4o -Yo 	 -X0  -Y6- 
+Xo  

e
ikdi 4-Y

4

- 127c(2-112) -i(57-402n e i2nvye-i2u0bx 
+ap e 2 +e 	 dxdy 

-Xo  

	

-ikeo +Y9 i2n(g- - u) -i2n(T+ 9-i(2nvy); 	dxdy [ e  
. 

+ape 	 j 	 j e 	2 	+ e 	2 	 (28) 
-X0  -Yo 	 .1  

The various integrals in the above expression give the following: 
+Xo +Yo 

f 
-xo  -Yo 

2.21-p21 -i2n6bx dxdy = (2a2+p2 )-2y0. 

 

Sin(2norox0) 
na6 

   

+X +Y 
a2  10 fol e i2n0c4 	 dxdy  i2:td1 

-X0  -Yo  

= 2y0 a2[Sin 2n(1-aOxo  Sin2n6TIFoOxo  
n(cr--1-6) 	n(li-,  os) 



+X° +Y°  'kd 
aP dr  I el  e 	+ u) -i2n(2 - u)] ei2nvy -i2ncrox +e 	dxdy 

eikd sin(2nno) [Sin 2n(-1-11-4-0x0  Sin2n(2-u+cb)xl 
(2nvy0) 	n( -u+(75) 	n(gu+o-(5) 

+X0  -goe 
	e i2‹-u)x4i2n(2+u)x -t,-;52/IvY-;i27"5-6x  dxdy aR X0   

-X0 -Yo 

=2y0 	ap.e 

	

(7- 	4-  
Sin(2nvY0) -ikliSin2n(-u-o + 0)xo  Sin2n(2+u+0-0)xo 

(2nvio) 	7G( F-U- CSE) ) 	R(2111-170) 

and the expression (28) can thus be written 

29. 

F1=2Z1  4x0.10 a
2+132) Sin(2110-0x0)+a  2in 2Th(0co --)xo Sin2u(a+06)x0  

i
1-S  

2n(c+a6)xo  (2ncoxo) 	L 211(0---0-(5)xo 

+ap
Sin(2nvY0)-  Sin[2n(Fu-o- o)xo] + 5in[271( 4I -u+0.5)xo] eikd 

(2nv-Y0) 	r2n(+u-c3)xo] 	C2n(lt:u+c6)x03 - 2 	2 

+e -ik inE2n(i-u-C1-0)xo] SinE2n(F-i-u+ciE)x01 

Emco(Fu-co)] 	E271,(2-+u+0-6)x03 

 

  

giving the amplitude of the fundamental in the A.C. components 

of the total light flux F(t). 

For a perfectly adjusted system with no tilt between the 

wave (3) and the bisecting plane of (1) and (2), as illustrated 

(29) 



Nor) _t_ (j... 	s,r,p  11071.y) 
(2N, -Tc)./ rsk ) 

30. 

above in Fig. 5. , the parameters have the values 	2._CC);u:.: 	o 

The first of these conditions assumes that the spatial frequency of 

the fringes matches exactly that of the grating. For such a 

perfectly adjusted system the expression for Fo, namely (24) 

becomes, 

Fo  = 4 2.0•ko  \fp S(2.c0-1- (32)-1- 2.d2-  .54,-) (4 rico' xc, ) 

i,... 4 at; 5,,-,(2)-8,-. cs  xi:) cos  
(2 X CP X c7r."--  

and from (29) Fl  is given by 

Further, let thete be an exactly even 

length of the grating, 2Xo. With the notation (27) N is given 

by 2c 	:_N, that is O—X N Also, let N be integral and .  
2 

represent the number of grating periods. Then 20X tr.N y 

being the fundamental spatial frequency of the grating. In the 

present case N = 2ND, and so, from (30)we get, 

FC;  472bXolo 	c-1-42  }4* 2A2 S 	 N°7C.)  -t- 	13 -s'sr-21N°75)--Cos k.cd 
C2 NI 31  1 	(No ) 

or, N being integral, 

F-0  7- 4 zo  ><, Yo 	-t- ;S 2  ) 

Again, from (31) we get, for this case 

rL 
	

C(2c4-2̀ ÷ 152-  ) 5.1,1(NolT)-t- 	( No TO  --t- 
(_No ) 

COS IA
) 

a,1 -2:i xo yo 	ri 2-)  s;,-1(ark-  076 )(0) (31) 

ir,(-2.-Tr(yb.,4.)+swiEvq30-0)xo  +2.60(l4 &,-,r):5-pco)x.1)  
ircrox„) 	DA-(3 (5-0)A0 	 0.0-c;)ge,3 e )  

kCi 
number of fringes, N, in the 



(3) 

31. 

(2) 

L. 

F 3. 5 • 



or, since No is integral, 

F1 - 16 Z1 Xo Yo c1/4--0 Cos kd 

Again making the sub6titution 

d 	( )(± - 14') A 

the parametere gives the departure of .d from the null-setting 

value + N -4-. 	Then F1  becomes, 

F
1 	

16 Z
1  X0 

 Yo ' 0., 13 Sin 231 6 

and this gives the amplitude of the A.C. signal which is detected 

The sensitivity of the method will be dependent on the 

signal to noise ratio. The noise will be due predominently to 

fluctuations in the intensity Fl, and the r.m.s. value of this 

noise at any frequency will be proportional to liF., since the 

fluctuations will be of Poisson type, Thus, the signal to noise 

ratio will be proportional to 

1 	16 Z, X Ya  2 (s Sin (23r4) 

./ 4 z0  X Yo  (242241 fj:2) 

Or 

• 
T. 	

i
z1 

 \ 1
4 X„, 

____ 
Yc 	0 0 	sin (2 tr 6) (35) 

Ti- 

	

Fi  	!_. 1, _ 

	

= 	0) 	,g20(2--ITO ) c., 
in which the factors which may be varied are (Z145) and 

04/ 	2a2 	The factor 114170  is simply the square root (2oc +r ) . 
of the area of the aperture limiting the fringes, so that this 

needs to be made as large as possible consistant with what 

tolerance conditions will allow. 

32. 

(33)  

(34)  



33. 

If r is the ratio of the turk to sp!',ce widtAs of 

the square wave grating, the Fourier coefficients Zo and 

Z1  are given by 

Zo 1 

 

- Po r+1 

r 
,+(r+1)22°  

. 2 I _  
r 

Zi 	Po 	
Po 	(ix= 1—,r  Tr  sin (,0.) 

r 

  

so that 

Z1 	Sin(r7f-1) 3r- 

and it is required to find the value of r which maximises 

this expression. The maximum occurs when 

Zi‘  
o dr 4Zo 

that is, when t
r+1 	

maximises 

requires that 

Sin t  This 

  

„27 Cos t 	Sin t 1 1 2 t 	0 

1 or 	t Cos t 	- f Sin t 

that is when 

tan t 	2t, 



34. 

This is turn occurs when 

I  
t 	) = 1.16 

so that r= 0.59 is the optimum value for the mark to space 

ratio of the grating. 

The remaining factor is (-4V Now the 
(2a-2  + 0 2) 

original beam is split into two beams of amplitude a-and one 

of amplitude f . /Jhus (20-2  + P 2) is the total light flux 

and is constant, being determined by the luminance of the 

light source, and the geometry of the system. It is thus 

necessary to find the maximum value of the product F(cL,,$) 

	

subject to the condition that 2.04 + p 2 	k, where k is a 

constant. Using the method of undetermined multipliers of 

Langrange, this requires the solution of the equations 

I 	 ( 	 ) 
Po(  i-n

1 p
ct    2 0(2 
	2 
+ k — k 

t ' o / 3 f.. 
1 a. 	( 	2 	-, 2 	; F  r -I- A ---.: 1  2 4._ +( 	— k 'i. 	o , 	a ;.; 	,1 

- - 	j 
or 

11/474-j .1: 0 

A 2S r 	0 
Lt. 

From the second of these, the multiplier is given by i\=(_ 
2 t, 

so that the first becomes 

0 - (% ) 4-rt. = 0 

that is 

2 
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or p = 	a. Thus the optimum ratio of the intensity of the third 

beam to that of (1) or (2) is 2. 

Using the above optimum values for the signal to noise ratio, 

the ratio of the A.C. to the D.C. amplitudes is 

Fi = 1.12 Sin2nE_ 
Fo 

and, if a value 
Fi

= 0.02, is detectable, the precision of finding 
Fo 

the path difference is 

Sp = 350 

and for a double pass 

op = % . 
700 
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CHAPTER III  

Reference has been made to the quetion of tilt errors 

in the third beam in Chapter II. The present chapter deals 

with these in more detail, and treats the question of the size 

of tilt errors which can be tolerated in the system. The effects. 

of mismatch between the width of the aperture and the fringes, 

and between the fringe spacing and that of the ,crating, are also 

determined. 

(1) Tolerances for the permissible tilt errors in the third beam. 

Re-writing the oppression for Po  and F1  from Chapter II 

from (,a,4„), (I) and (2?) we get 

F0 = 4 z0 Y o o 
(2 0, 2  43 2) + 2a 2  Sin (2 7I a X0) 

(2no-x0) 

+ 	Sin(27t VYo) 

(2n VY0 ) 

Sin 2 Ref + U)X0  

2 7t(2 + U)Xo  

(1) 

+ Sin 2a (21.1  - U)Xo 2 	Cos kd 

2a 2  U)Xo 

(2a 2  + p  2) 	Sin .(25Icro-X0) 

7-2a c7-Z,X T 0 

gin 27t(a- 60)X0  + Sin 2n (611- 0-o  )X o) 

0)X0 	27t (0-4- CY ) X 
o 0 	Cont. 

P1  = 8z1X00 

+a 2 



Equation (2) 
continued. 

+ap Sin(2R VY0  

(211 VYo) 
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Sin 27 	+ u — To) xo  

271 (1+ U - 0-0)X0  

 

  

  

    

Sin 2n (27 	CY - U + )X o o 	ikd 
2 ( Cr 2't (-27  - u + 6)x 	
) 

 

+/Sin 2n (11:- U -0-0) 	Sin 2 a(2+ U +Co) e  -ikd 

2n (I- U 	27[ 	u + 0-) 

In expressions (10) and (11) we have a system with both the' 

components of tilt error being non-zero. ITe proceed by assuming 

one of the component errors to be present in turn, with the others 

equal to zero. Pig. 1. (a) and (b) shows the situation with the 

tilt errors present separately. 

(a) System with 17:-component of tilt error equal to zero. 

As we are considering agystem which is otherwise perfectly adjusted 

so we have from Chapter II 

= c5-0  

26X
o 
= N 	 (3) 

where TandCr are the spatial frequencies of the fringes and of 

the grating respectively. and N is the number of fringes in the 

length 2X0, N being assumed to be even. From (1), (2) and (3) 

we get, 



• 

(d-) 

38. 

(b.) 

.Fie. 

Diagrammatic representation of the ty.1 -error's.  



Fo = 4ZXY 0 0 0 
2, 	2 

+ 2a 	Sin (N 7t )  
(N5C) 

39. 

+ 2 a13 

 

Sin (n 27C UX0) 

2 Jt UK 0) 

 

_ 2 - 

 

Sin (7 71  + 27t  UX0) 

frr + 2 jL  IT)/0) 

Cos kd. (4) 
1 

F1=8zixoyo  2 	 N (2a 	+ (32) Sin 	•ft + a2 

/171  
2 

Sin (3 -12I 71 

(3 	)  

r( 
a 	(Sin 2 aux° 	+ 

21-LUX 

Sin (N7t-2 UX0 ) 1 	eikd 

(Nn-2 UX0) 
+ //Sin (271  UX0) 

(27[ UX0) (5) 

Sin (11-9" + 2 a TTX0) 

  

 

-ikd e 

  

   

(Nn + 2 7t UX0) 

(4) and (5) ,on simplification and putting p 

expression of F0  give, 

2= 2  a2  in the 

Fo = 16 ZXY a 2 
0 0 o 

   

(6)  

= 16 Z1XoYo 
a(3 Cos kd Sin (2`11UX0) F

1  

 

(7)  
(2RUX0) 

If the tilt error specified by U is other than zero, the A.C. 

 

signal is reduced, the new signal to noise ratio is proportional 

to, 



Signal = F = 4Z 

Noise rF 	Zo 	

y 
 o 	2 R UXo 

o 
o 

which expression serves as a basis for the tolerance on the tilt 

error U. If in (8) 	Sin (2R UX0) 	0.9,  

(2R UX0) 

the signal to noise ratio is not significantly affected. Then the 

maximum value of 'U' which can be tolerated for a given X0  (equal 

-to 4.5 mm in the present case) in the system is about 50 seconds 

of arc. 

(b) System with U-component of tilt error equal to zero 

From expression (1), (2) for the present case when the 

U-component of the tilt error is zero, but V is non-zero, making 

substitutions from (3) we get Fo and P1 as 

F
o 	4Z 0  X 0  Y 	

2 
0 	(2 a + (3 2) + ) + 2a 	Sin Na 

NR 

44 Sin 2a VY0 	SinT   	Cos kd) 
2R 	VYo 	Nn 

2 

F1 1 = 8Z X. Y 
1 o 

f (2 a 2  + p2  ) 
i  
L 

N Sin - 'IL 
2 

+ a2 Sin —N  t 2 + 
N 
f n  

N n  
7 

Sin 3N + 2apiSin 2 7c VY0  
3N 	 VY 0 

Sin N gl Cos 
Ngt 

40. 

(8)  p Cos kd Sin 2TE UXo 

(9)  

1 + 
(lo) 



41. 

Simplifying (9) and (10) and putting 

F = 16ZXT a2  
0 	o o o 

p 
2 2 a 2 in (9) we get 

Fl  = 16 VoY0  apCos kd Sin 27lyTo 	(12) 
271 Vro 

Again, a non-zero value of the tilt error reduces the A.C. signal 

and from (11) and (12) the new signal to noise ratio is found to be 

proportional to 

Signal 	F1 = 4Z1  X0Yo p Cos kd Sin 2R VYo 	(13) 

(8)9 

(UXo
) being merely replaced by (VYo). Again (13) serves as a basis 

for imposing a tolerance on the tilt error V. If in (13) 

Sin (2 nwo  0.9, the signal to noise ratio is not significantly 

(2 'It 170)  
affected. Then the maximum value of 'U' which can be tolerated for 

a given Yo  (equal to 4 mm in the present case) in the system is 
about 45 seconds of arc. 

(2) The effect of mismatch of the fringe spacing to the grating 

In a system which is perfectly adjusted and where there is 

exact matching of the fringe spacing and the grating spacing the 

spatial frequency of the fringes is equal to exactly twice the 

spatial frequency of tile grating: that is, 

= 26; 

5andCrobeing reapectively the spatial frequencies of fringes and 

Noise PO"  j 
271 'VY

o 

It may be noted that (13) is formally identical with 



Cos kd Sin 2 gt (f.# 	U)X0 

2 It 	— U)X0 

Sin 2 7C V; [Sin 27c 	+ U)X0 

2 it VYo 	2 rc (2. U)X0 

42. 

grating. We will consider a system where there is a mis-match 

between the spading of fringes and that of the grating. In this 

case the spatial frequency of the fringes may be written 

is~= Cr+ oar 	 (14) 

where 0-is the spatial frequency, equal to 200, giving perfect 

matching. Thus, 

= 2 4'a + So- 	 (15) 

From (3) we have, 

2Cr' Xo = N (16) 

for the number of fringes in the length 2X
o. Let No 

be integral 

and equal to the number of grating periods in 2X0. Then, in the 
• 

ideal conditions fri=d= 21:7 and. so, 

N = 2N 

and from (3) No = 2C-0 Xo. Rerriting the expressions for 

Fo, F1, from (1) and (2) we have, 

% F
0 = 4 ZoXo oY 	

2 	
2 ) t.(2a +13  +2a2 Sin 2 it CY"' X0 

 

21t Cr' Xo 

(17) 

(18) 

F 1XoYo 1  
(2a2 + (32) Sin 2 .3-ccrx 	+a 2 • o 

2 'RC:TX o o 

Sin 21t (CT' - 4:70)X0 

2rt (c" 60)x0 



Sin 27[ (5.-" 	U +03) X0  e
ikd 

27c (c - U +0-0)X 

Sin 2 it (i+ U 	,\ 
 

2 it 	U + Co)) 

e
-ikd 

 

( 9) 

  

    

    

+ 	 + 

	

Sin 21-E (61  + Cro)X0 	Sin 2 a VY 

	

27t CF'1 + 0X0 	 27E VY o 

43. 

,sin 2TE(11  + U 0- )X 

	

2 	o o 
294 + U -0-0)X0  

	

4- Sin 21t 	_ u 0---o)xo  
— U 0-0)x0  

Using (14), (15), (16), (17) in (18) and (19), these formulae 

reduce to 

Po 	= 4 Z o  X  o  Yo  f(2 a 2  

( - 	4 4 Sirvt+7E6 0-• X0  1 Cos kdi 	 (20) 

En+ 'KO Xo 2 

and, 

F 	8 Z X Y 1 - _. 	1 o o 2a 2+ p 2)   Sint 7t 
 

TT a  
2 

a2 Sir 7C  + 2 TCOO-Xo 	+ 	Sin-3-1-47[ + 2 ROCrXo 2 	 2 
E2 	+ 2 abcrx -IT 4- 2 a6Crx 231T 	

0 

+ 2ap 
Sin( no TX()) + Sin(N TE  + 7tocy-X0) 

( 7E.50" X-03- 	(Na + RE. (75-  X0) 
Cos kd 	(21) 

  

res)ectivelys (20) and (21) may lye further simplified, and putting 
2, 2a  2 in (19) then gives, 

p 2
) + 2 a2 Sin Na + 2abT,X.0  

+ 270'0 
•••••• 



44. 

Fo = 16 ZoXoyoa 2 
	

(22) 

F = 16 Z,X Y ap Cos kd 
1 	1 o o 

Sin(a6-45) 

(Tut,  6ro-Y (23) 

From (22) and (23) we get the signal to noise ratio being proportional 

to, 

Signal _ F1 = 4Z1 
Noise oY  00 Cos kd sin (I 6c5.x0) 	(24) 

( 7c50-X(1.) 

Again, from (24), the effect of this error is seen to be to reduce 

the strength of the A.C. signal. 

(3) The effect of mismatch between the width of the aperture and  

fringes. 

It is now assumed that the system is free frar tilt errors 

and also that the spatial frequencies of the fringes and of the 

grating are perfectly matched. Let us suppose, however, that the 

width of the apertir2e is not exactly equal to a whole number of 

periods of the grating. That is the length 2X0  is now represented 

by 2(X0  +6 Xo), where 25Xo 
is the error in the width of the 

aperture. Write then 

xo = Xo + 6X0 

From (3) we have 

— 
20 X

o = N  

2 CrX = o 

= 2;7 

(25)  

(26)  
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Substituting nou from (13), 	(19), 	(25) 

that Xo in (13) and (19) is replaced by 

Fo 	4Z 
0 
(X0 	6Xo)Yo  1(2 a2  

2a 2sin(Thz 	+ 2 it66Xb) 

and (26) 

X0 	?re 

2) 

Cos kd 

1 

and. remembering 

get 

(27) + 4 al3 

(NM + 	27E 0- 6 )70-3—  

. 	N 	+1t 	Xocr) 2 _ 
-1-7. 6 X Cr ) 2 	o 

Sin(N 	27( ..);;5X0) 
(NJE 27 ‹T, 65cy 

Sin(No ÷ 27t e3-61 ) + Sin(3No  7+ 3.2 70;6X0) o 
(N it + 2ao;- OX.0) 	TSTI0  + 3.2 gItr,bXe7 

0 

+2 a(3 [ 1 + Sin(27E No  + 41t6;6 Xo) 
(21To7t + 41.7e:5, X0-  

Cos kd 	(28) 

  

Expressions (27) and (28) on simplificationl  and pirtting13 2= 2a 2 

in (27) and d= 	1)X (as in Chapter II), give 

Fo = lba 2  Y
o o o + 6 xo) 	 (29) 

F1 	8 Z1 (Xo + 6X 11 0) o )No  Sin(27t C-,-0  6 xo) 

7No 27 1(5; 6 Xo)  

F1 = 3Z1 (X0 +6 X0)Yo [(2 a2  2)  

2 

Sin(3.27acpX0) 
70TE + 3.210-; 0 

+ 2.84 Sin27t E (30) 

  

  

From (29) and (30) the signal to noise ratio is, 



Signal = = 2Z1 Nry: 

Noise ------- g: 4r7; 	 
X _fox 	5(-1)7° Sin 2110;6 x 

a o ° 
 

No 	+ 2 acro O x0  

(32)  0 0 a Sin 2 nE 

	

Signal 	P1 	5.68 Zi  

	

Noise 	Y- °o 	0 

(_1)N0 5(-1)11  67[C5-0 6X0  
3No it 

27[ 1" 6 X- 
0 o 

N 7C 0 

o Noise 51 0 

N = o ..gives, 

2.84Sin) Sin2nE + 2.84 Cro  6 X0  
No  

46. 

+(-1)11° Sin(3.27t 070  b X0 ) 
(3E-0 71 	3.27tcro :rt-0") 

+ 2.84 Sin 2 gti 

Signal to noise ratio is maximum for 6 Xo = o (31) then gives , 

(31) 

For 6 X0  small (31) gives 

Signal = 	= 2Z.3.  
a JC(0(1 

Noise Po Nro 

+ 2.84 Sin 2 It d 

(33) on simplification and putting 2X0  

Signal =  F1 = 12 °73  oXo + 

Signal 	12 06 X o + 0.09 Cro  6 X0  + 2.84 Sin 27te 

	

Noise 	N 	 N0  

12.09 tr. 	Xo F1 	= 	 2.84 Sin 27LE 
ro. 	No 

From (34) we get, 

(34) 

(33)  

oxo) 
2X0  



    

47. 

 

 

12.09 (5—c, 6 Xo  

 

Z..< 	2.84 Sin 2gt 

 

(35) 

 

No 

   

      

Substituting No  = 2 550  X0, putting Xo = 4.5 mm and Sin 2ne 

(from Chapter II) = 0.032 we get, 

eiXo < 0.06 mm,. 



CHAPTER IV 

(a) Spatial Coherence and 3—beam Fringes  

Fig. I shows schematically the general arrangement of a 

three—beam interferometer. Light from a small source proceeds 

by way of the a.ms a), (2) qnd. (3) to produce fringes in the plane 

at P. Conjugate object points P1, P2 and P
3 

are found in the 

source space such that P is the image of P
1 
formed by light 

traversing arm (1), P2  similarly is the object point which is 

imaged at P along arm (2) and P
3 

is the object point which is 

imaged at P along arm (3). Let an element ds of the source prod-we 

complex amplitudasUI, U2  and U3  at Pl, P2  and P3  respectively. 

If fl'  f2 
 and f

3 
are the complex transmissions for the paths 

P1 to P, P2 
to P and P

3 
to P, then the total complex amplitude 

at P is given by the sum, 

f
1 	

+ f tr 	f3U3  
2 2 (1) 
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The intensity due to ds at P is then 

rflul + f2u2 	f3U3  A2  ds 	 (2) 

Total intensity at P due to whole of the source is given by 

Ip 
	

(flu]. f2u2+ f3U3  r as 
	

(3) 

Expanding the brackets in (3) and noting that 

I 	= (-(ki 2
1  ds 

2 
t 12 	ds 
21 

13 	=4r u3  i2  ds 

we get the expression for the total intensity at P due to whole 

of the source as, 

. 	, 
Ip =1,.f 	+ 1;f )1

2 
 I + Cf A I 1 	1 	\ 2 - 2 	3 •

2 
 3 

2Ref Ui* U2  f1,  f2  ids 
s 

▪ 2RerU2*U3f2;-  f3 lds 

• 	2RSL

•  

IVUlf3 iTl ICIS 

S 

In (5) I1, I2 and 13 
represent the separate intensities at P

1, 

P2 and P3 due to whole of the source. The sign 4 in '(5) denotes 

the complex conjugate. The degrees of coherence between the points 

P 	P2 and P3, taken in pairs are defined by, 

(4)  

(5)  
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r  	f up112  ds 
21 v 12 

U2ic-U3ds 

- /1 
-1

"-f-  - -3 
11*U ds 3 1 

and thus, using (6) in (5), the latter becomes, 

I 1 jr. 	i.f2 ri2 + I 

• 2 /I
1  I2  Re( qiii*f2) 4 

• 	2,n 
 I Re( FT f 	) 2  3 	32 2 3) 

+ 3 I1 
 Re(flyTi) 

As f1 
is the complex am,?litude produced at P by a wave of unit 

amplitude and zero phase at P
1 

therefore, 

fl 
1 
 fl I exp(i41)  

Similarly, 

f2 =1 f21 exP(142)  

f3 	I f3  I exp(i (03) 

In expression (8) 

01 	(phase at P) - (phase at P1) 

1)2  = (phase at P) 	(phase at P
2
) 

4)3  = (phase at P) - (phase at P3) 

Also if I1' I2 and I3' are the separate intensities produced at 

= 
32 

jr-r- 
2 3 

(6)  

(7)  

(8)  

( 9) 



52. 

P then 

I1' 
	

f1j1I1 

1
3 = f3  .1213  

2
' 
	f2 PI2 
	 (10) 

From (7), (8) and (10) we get 

1p = 	' I.31  4. 2,17' 4121 eott -401))  

+2J12 	Re(r/  e 32 
	).3 -4>2) 

5(1  —45'1) 
+21I371-1  1-  Re r13e - 	) 

From (6) and (8) we can say that r 21 r 32' r13 respectively 

are determined by the degree to 7thich the phase differo-f-,,es 

betweenN, P103, 1321A, P3)1varys for light from 

or the source. In the genoral case 
X3
21r = 21 	21 

r32 = 32 
e g3  32 	 (12) 

r13 = V13 14313 

From (11) and (12) we now get 

1p = 	+ 12' + 131 + 2V2r/13. 112  aoa [(42 —CPI) + (323] 

+ 2V32  I2'Cos [ ((I)3  — 	+ 1332] 
	

(13) 

+ 21/13113  II, I Cos [ (4)1  — 	) • + P13 
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(13) gives the general expression for the intensity in the fringe 

plane. In order to investigi:.te the effect of the introduction of 

the third beam on the two-beam fringe system formed by light beams 

from the cube we proceed in the manner given below. 

Fig. 2 shows schematically the three beam interferometer. 

The plane of best contrast of the two-beam fringes is at the 

reflecting faces of the cube interferometer and this it re--imaged 

at a convenient position by the dens Fl. P1 and P2 are coincident 

(in the case of two-beam fringes) and so f' 21r. 1. This means that 

the visibility remains high even for larger source sizes. (13) gives 

the general expression for the intensity in the fringe plane. To 

find an expression for the intensity of two-beam fringes we put; 

- 223  x & 	 (14) 
1 • - 	x  

x  and. e,respectively represent the distance in the fringe 

plane and the tilt. (13) and (14) give,: 

1p 	= Ill + 12' + *1'12' Cos (i-kixk l 	(15) 

The varying part of (15) is diagrammatically represented by Fig. 3. 

(15) gives the intensity of the fringes in case of the two-beam 

fringes. Let now the third beam be introduced. In order to get 

the expression for the distribution of intensity in this case let: 
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Fig. 3. 



r13  r32 = r= v.exp(ip ) 

From (13), (14)  and (15) we get 

Ip= + I2' + I3 
+ 

217/12 '13 ? Sinf 

(16) 

1 12' Cos (11, 11: x 

6'x + 	—(3 )1 

	

x - (€ _p )1 	 (17) 

403 =  it. 
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Let us consider 

1p = 211  + 

(18) shows that 

the case when 	'=
2 =_ I'. This gives: 

3 f + 21' Cos (121. xe") 
X 

4v I'13 'Cosh &x sin(E—D  
3 h. 	2 

the effect produced by 3  , the argument of 13 9  
4 represents (18) graphically 

source, p s expected to be 

to be so, the effect of the third beam on 

is seen to be to introduce an additional 

term of spatial frequency equal to one half 

fringes. Thus alternate frines of the two— 

is to shift the zero of E: . Fig. 

Glirn a symmetrically shaped small 

zero. Assuming this 

the two—beam fringes 

D.C. term and also a 

that of the two—beam 

beam system will appear to be increased and decreased respectively 

in intensity. 	scanning grating has a fundamental spatial 

frequency component introduced by the third beam. In perfect 

adjustment the scanning will, therefore, detect on the presence 

of the new component, whose amplitude is proportional to Sin 2. 



2.1: 

- ..•••••- - 

4v. 	1,13  • 2 	+ 2 I I  Cos A 

• Fig. 4 
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Tolerance on the source size  

Fig. 2 represents schematically the three—beam interferometer 

which we propose to study. In order to find the tolerance on 

the source size we re—draw the diagram as is shown by Fig. 5. 

In order to find the points P12 and P3' 
images Q12  and 0% of 0 

in the reflecting surfaces of arms (1) and (2) are found as is 

shown in Fig. 5, and., then P
129 

 P 
	

the object points in the 

source space c conjugate to Q129 	is here the collimating 

lens. 
Q
12 is the image of Q formed by the reflecting surfaces 

P
19 

P
2 

of the cube. Let F be the focal length of the field lens 

C' and let D denote the distance between F and T'. (Fig. 5). 

T1  represents the reflecting surface in the arm (1). IT'u7i7hor let 

d be the distance of the object point Q from T'. Al;Ao if R represents 

the 11-:-:flecting surf;:,ce in the 77,11 (2) then let 1-01 ,_: 	As 012 

Q
3 

are the images of Q formed by the reflecting surfaces in arm 

(1) and (2) their distances from the front focus of C' will be 

(D — d) and (D d — 2t) respectively. C' is considered here as 

a mirror image of C. A)plying Newton's conjugate relation for 

C' we get 

(D — a) R, = F2 	
(19) 

(D 	d — 2t) R2  :=F2  

From (19) we get, 



(-D 	- 2t) 
P3  

Q T 

Q2  F 

PI . - cL 



K1 = 
77:7) 

R 	F
2 

2 - 
-727.7-TC) 

R, and R2  in (20) represent respectively the distance of P12  and 

P
3 
(the object points in the source 9733e), from the Tocal plane 

of the lens C . 

It car 1)s, sl,own, that fo-. 	T=3,ximum size of the source 

giving a contrast 	0.80 we have the expression: (ref. to 

H.H. Hopkins Advanced Optical Techniques, Chapter 6). 

4 	1 4".  0.4 i = (7 2  : ) 	[. A2  a- 

In (21) or is the source radius 	A, B are defined by the 

exprecsio, 

60. 

(20) 

(21) 

(22) 

B  = 	[(a2 - a  1)2  + 	2 - P 3A 
	

(23) 

f and R2  in (22) are defined by (19) and (20). Also a 1, (31,a 2 , (32  

are the direction cosines of P P12 and P P3. From (19) and (20) 

we have, 

(24) 



aL.N.2  2. A2 -4 kx  / 3  

2 O"2? 

4 = 0,20 

0.20 

(27)  

(28)  
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The point P12  lies on the axis so al  = pi  = 0 The distance of 

Q
3 
from the axis is 2(d t)&. (Fig.5) where ®'is the tilt of 

R (third beam). In order to find the value ofo2  the angle 

which P
3 

makes with the axis we make use of the magnification 

relation which gives us, 

a = 2(d + t)CY 
F 

From (23) and (25) we get 

B —
2(d. t)CY 

F 

Re-writing (21) we have 

=(.1[..)2 p.  2 
Cr 

A  
"- 	 + B2 (5—  

4: 

3 - 0.4 

From this we can also -write 

(25)  

(26)  

we can write (27) and (28)  as 

=. 	3x0.20  cr
ir 4/ 

7C
2

A2 

6-
=  0.20 X 

gr.B 

(29) and (30) would give tolerances with respect to path difference 

It' and tilt leo. Substituting for A and B' in (29) and (30) we get 

(29)  

(30)  

ert = V0.60 (31) 



      

6 2 . 

 

 

= 	0 . 20 

   

( 3 2 ) 

 

t + d ) et" 

 

If we take t =1 mm, & 0.0003, d= 1 mm, and x 0.0005 mm then 

we get, 

7.--; 37 1  F 
c-t 

0 
F 

The size of pinhole used. as the source 7-Fr.,' chosen to be Cr = 0.27 mm 

g'g 3 	(F = 12 inches). ivi 
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CHAPTER V 

(1) Introduction 

This chapter describes constructional details of the three-

beam interferometer, the general arrangement of which is shown 

schematically in Fig. 1. 

Amore detailed diagram of the interferometer is shown by 

Fig. 2. This arrangement has a number of advantages, of particular 

importance being the equality of the amplitudes of beams and that 

the system lends itself well to the use of photo-electric detectioh 

These are matters that were discussed earlier, in Chapter I and 

Chapter II. 

With these general remarks, we may proceed to describe 

each component in detail. 

(2) Illuminating System  

The illuminating system consists of a Phillips low pressure 

mercury lamp rated at 125 watts, supplied from a Phi]/ips leak 

transformer, type L 4140. The mercury lamp is enclosed in a lamp 

house, the emergent light passing through a condensing lens G, and 

a field lens G
2 

falls on the pin-hole of radius 0.26 mm. The 

pin-hole is at the focus of a collimating lens, which is a doublet 

lens of 12 inches focal length. A wratten No. 77 filler is placed 

between the pin-hole and the collimating lens which isolates 5461°A 

line of the mercury spectrum. The light from the collimating lens 

is limited by a square aperture. 
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Plate I - The three-beam interferometer (General Viei) 
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(3) Beam-Splitter  

Light from the collimator falls on a beam-splitter, B in Fig. 2, 

where it is split into two components going to arm (1) and arm (2) 

The beam-splitter used is a flat of 3 inches length, 0.44 inches 

thickness and 2 inches width. It has a refractive index of 1.5175 

and is flat and parallel to one eight of a wave-length, the beam-

splitting layer being of aluminium. 

As explained in Chapter II the intensity of the third beam 

should be preferably equal to twice the intensity of each of the 

beams (1) and (2). Two-beam fringes are formed by the light beam 

which falls on the cube C (in Fig. 2), which consists of two prisms 

cemented together, with their interface semi transmitting and 

reflecting.FacesC
1 
 and C2  (fig. 2) of the cube are fully 

reflecting. 

The beam-splitting surface of the cube C was arranged to have 

approximately equal transmission and reflection, and the reflection 

coefficient of beam-splitter B was then arranged to hRve a value 

giring the desired intensity ratios for the different beams. Let 

T and R be the transmission and reflection coefficients of the 

beam-splitter B (Fig. 2), and Ti, R1  be the transmission and reflection_ 

coefficients of the beam-splitter of the cube C (Fig. 2). Also let 

Ro be the reflection coefficient of the reflecting faces Cl,C2)   

of the cube. The pentagonal prism P1  in the arm (2) of the inter-

ferometer merely reflectsthe third beam, and so let Ro denote the 
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Plate II - Illuminating System 



reflection coefficient of each of these three surfaces. 

As p and a are the final amplitudes of beam (3) and of 

each of the beams (1) and (2) (Chapter II), they are given by 

„,2 	
T2Ro3 
	

(1) 

a2 = 	R
2
T 
1 1 02 

From (1) and (2), the ratio of the intensity of beam 

of (1) o (2) is 

1=  p 2 	m  2 
) 	) a 

	

	 R1 1 2 

(3) 

(2) 

to that 

(3) 

The cube beam—splitter has an aluminium film, whose transmission 

and reflection coefficients were found by measurement to have the 

values T1  = 32% and Ri=  28%. Ro, which represents the reflection 

coefficient of the fully aluminised faces of the cube, was assumed 

to have a value equal to 95 per cent. These values for Ro, R1 and 

T together with the required value ofI= ¢ 2 = 2, gives for the 
1 	 a 2 

ratio T, which is ratio of transmission coeffiecient to the reflection 
R 

coefficent of the beam—splitter B9  the optimum value of 0.44. TIV 

ooating used for the beam—splitter B has the values T= 16 percent 

and R = 40 percent. These give very nearly the optimum value of 

the ratio T. 
R 

The beam—splitter B fits in a mount which is fixed to a very 
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heavy base plate, having adjusting screws for levelling. The 

mount of the beam-splitter also has adjusting screws, which can 

(a) move the beam-splitter laterally and (b) tilt it. Both these 

are fine motions. 

The beam-splitter B divides the incoming light into two 

components going to the arms denoted by I and II in the diagram 

of the interferometer, Fig. 2. We shall discuss each of the arms 

I and II in turn. 

(4) Arm I 

Arm I of the instrument has the cube interferometer, wth 

a right angled prism cemented to it. The light leaving the cube 

forms two-beam fringes, having the plane of best contrast at the 

reflecting faces Cl
, 
C2 of the cube (Fig. 2). The right angled 

prism which is cemented to the cube merely displaces the path of 

the out-coming beam laterally by a desired amount so as to let it 

fall at the position 'e' on the beam-splitter B(Fig. 2). 

(a) The cube interferometer  

The cube is formed by cementing together two right-angled 

prisms, cut from a single longer prism as shown in Fig 3.(a) to 

ensure exact evality of the adjacent angles. The glass is of 

refractive index 1.5175. The length of the sides is 1". The faces 

EF and BC Rig. 3 (b) of the prisms Oand (2) have fully reflecting 

aluminium coatings. The hypotenuse, AC, has an aluminium coating 



Plate III - Arm I of the interferometer 



with 32 per cent transmission and 28 percent reflection. The two 

prisms are cemented with Bettie Resin (made by BIP Chemicals Ltd,) 

which has a refractive index of 1.534. The prisms are placed as 

shown by Fig. 3 (b), and cemented in the jig shown in Fig. 3 (c). 

The jig is placed in one of the arms of the Twyman interferometer, 

and adjustments are made to the relative positions of the two 

prisms until 2-beam fringes of about 70 fringes to inch are obtained. 

The cement used takes two days for hardening. 

(b) Right Angled Prisms 

The right angled prism P which is cemented to the cube C to 

displace the out going beam by about 1 inch, id of glass of 

refractive index equal to 1.5175 and sides 1 inch in length. It 

is cemented to the cube also using Bettie Resin. The angles of 

this prism are accurate to 10 seconds of arc. 

This combined unit of cube and prism is placed on a mount; 

which, in turn, is placed on a slide to permit adjustment of the 

distance of the unit (cube and prism) from the beam-splitter B. 

The mount itself has adjustments giving both vertical and longitud- 

inal motion in the vertical plane, and also tilt about both horizontal 

and vertical axes. 

-(5) Arm II 

Light transmitted by the beam-splitter B passes along arm II 

of the interferometer, and a means is also provided in this arm to 
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reflect the beam and displace it by the same amount as the lateral 

displacement of the beam in arm I, fall on the beam-s.litter at 

the proper position. The pentaprism;  P1, is provided as well as 

the right angle prism P
2 

in orde-,:' to have three reflections in. 

arm II as well as in arm I. This avoids relative reversal of the 

wave in this arm relative to the two waves reflected from the prism 

system in arm I. Such a relative reversal would result in poor 

spatial coherence between them (Chapter I), and a large reduction 

in the size of the pin hole would be needed to preserve fringe 

contrast, 7Tith a consequent large reduction in light level. The 

pentagonal prism has length of its sides as 1.3" and 1" and two 

faces P
1
' and P2 	- ' (Pig. 2). fully reflecting. The refractive index of 

the glass used Dor the pentagonal prism and for the right angled 

prism is 1.5175. The right angled prism has its side 1" in length. 

The pentagonal prism and the right angled prisms are mounted on 

separate mounts, which are fixed to a common base. Each prism 

can be given separate tilt adjustments about both horizontal and 

vertical axes. They can also be adjusted as a single unit in two 

perpendicular directions in the horizontal plane. The mount as a 

whole can be moved on a slide consisting of rods, and has arrange-

ments for clamping the unit in any desired position. 



Plate IV - Arm II of the interferometer 
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(6) The Viewing System  

The right angled prism P
3 

is used to reflect 

the beams emerging from the interferometer in a convenient 

direction. This prism has sides1" in length, and refractive 

index equal to 1.5175. 

The plane of best visibility of the fringes is 

near to the faces C
1, C2 

of the cube interferometer C. 

A piano—convex lens LI  of 14" focal length and 

4" diameter is placed at a distance of about 3" from the 

right angled prism P
3. 

Fig. 2. This forms an image of the 

fringes at infinity. To observe the fringes visually one 

has thus to place the Eye at the rear focal point of L
1 t 

 where 

an image of the pinhole is formed. 

As the spatial : frequency of the two—beam 

fringes has to be m.g.de equal to twice the fundamental spatial. 

frequency of the scan grating, anothiir lens L2  is placed 

after the lens Li. It  is a double—convex lens with power 

6 dioptres and diameter 1". 

The sensitivity of the interferometer 



Plate V - Viewing System 
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may be tested by pressure scanning of air. For this purpose an 

air-cell is placed in the arm II of the interferometer. The 

air-cell is of 3 mm internal thickness, and has all faces flat 

and parallel to an accuracy of A. The cell is connected to a 
8 

simple manometer, which can introduce changes in pressure in air- 

cell of the order of 1 mm of mercury. 

To make the path in glass in both the arms equal a compensator 

is placed in the arm I of the interferometer. 

With 	and L2  in position the overall magnification is not 

sufficient to observe easily the effect of change of pressure in 

the air-cell on the fringes. To facilitate visual observations 

we use a X10 eye-piece, which makes the total magnification of the 

observing system equal to about X5. With the fringes observed 

at a distahce of 250 mm, the fringe spacing is then equal to about 

1.7 mm. 

(7) Scan-grating and photo-electric detection  

A scan grating placed at the position where 1,1  and L2  forms 

an image of the fringes. The grating is a square wave radial 

grating, and has a total of 1000 lines around its periphery. The 

mark-to-space ratio is 1:1, which is contrary to the theoretical 

optimum value of 0.59:1 for maximum signal to noise ratio. Simply 

because of immediate availability the grating with mark-to-space 

ratio of 1 g 1 was used. 
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The grating is driven at constant speed by a syhchronaus 

motor coupled to the drum through a 1 : 6 reduction gear box. 

The motor4.is connected to the gear box by means of a rubber shaft 

which helps to minimise the effects of vibration. For a motor 

speed of 1500 r.p.m. the rate of rotation of the grating is 250 

r.p.m. The A.C. carrier frequency generated is given by 

Af" = (I)c/s 

where'f, is speed (ins. sec-1), and P is grating period 

Thus, 

	

-v. 	2Tc a— r 
60 P 

where IT is number of r.p.m., and r is the radius of the grating 

Using the values for the present instrument, namely, 0 . 250 r.p.m. 
1 r= 	and P-757- 

4100 c/s 

for the frequency of the signals to be detected. 

(8) Photonultiplier Detector 

A photomultiplier is employed to convert the sinusoidally 

varying light fluxes into sinusoidally varying electric signals. 

The photomultiplier is mounted in a brass tube which is blackened 

on the inside. Th e photomultiplier used is an E.M.I. type 6094 

It has a spectral response as shown by Fig. 4 (a). The mercury 

line used in the experiment hasX = 5461 R, for which the photo-

multiplier has almost its maximum sensitivity. The 6094 B is an 
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eleven dynode, venetian blind type tube, with a 1 centimetre diameter 

photocathode. 

The high tension for the tube is obtained from a stabilised' 

2000 volt D.C., supply coupled to a potentiometer unit. Fig. 4 (b) 

shows the resistor chain used and connections to the photomUltiplier 

Typical operating characteristics for the 6094 B are as follows, 

E.H.T 	= 1400 r- 

Voltage between 
dynodes 	117 v7 

Current Drain 	= 0.705 m A 

- Dark Current 	3 x 10 10  A  

Sensitivity 	= 200 A/Lumen 

Phase Selective Amplifier  

The output of the photomultiplier is fed directly into an 

Elliott type B801 synchronous amplifier. This instrument comprises 

a high-gain low-noise amplifier with coarse and fine attenuation 

of 80 d 11 in steps of 20d Bland 2d B plus a smooth interpolating 

attenuation of 6d 71 at all positions. The amplifier characteristics 

are claimed to be stabilised throughout by negative feed-back 

circuits. The output is coupled to a phase sensitive rectifier 

which rectifies those components of the signal which are in synchron-

ism with a reference signal which is derived from the radial grating. 

The reference signal is automatically controlled to a constant level 
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within the instrument and it can be varied continuously in phase 

before presented to the phase sensitive rectifier. 

Fig. 5. is a block diagram of the circuits incorporated within 

the Elliott Amplifier. Since only those parts of the signal in 

phase with the reference signal are rectified all signals in 

quadrature and at harmonics will give rise no deflection. 

The Elliott Amplifier requires a sinnsoidal (or triangular) 

wave form of between 2 and 20 volts r.m.s. at an input impedence 

of approximately 10 K to 20 K for the reference channel. 

Fig. 6 is a schematic diagram of the reference channel 

prior to the Elliott Amplifier. The OCP 71, a junction transistor, 

is effectively bottomed by roughly focused light from a peanut—

lamp. The output of this circuit is 15 volts 1414..S (as measured with 

a CR0) and consists of a sine—wave with slightly clipped peaks on 

the positive side. This appears to be suitable for the Elliott 

Amplifier. 

Because of the extremely high sensitivity of the Elliott 

Amplifier, extreme care is required in separating the input channels. 

Input leads should always be kept short and well shielded. 
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CHAPTER VI  

Adjustments of the Interferometer 

Results: 

A detailed description of the various components of the 

interferometer is given in Chapter V. The present chapter deals 

first with the adjustments required for observing three-beam 

interference. 

The illuminating system of the interferometer is designed 

to give a uniform level of illumination in the fringes. The 

lenses G
1 
 and G

2 
(in figure 2. Chapter V) form an image of the 

mercury lamp at iris diaphragm, which constitutes a secondary 

source for the interferometer. The separation between 	and G2  

is such that G
2 

is close to the aperture in the iris diaphragm, 

and acts as field lens imaging the aperture of G
1 
 at the collimator 

L. It thus produces uniform illumination on the collimating lens. 

The interferometer has two arms I and II. Arm I forms the 

two-beam fringes and arm II has the reflector of the third beam. 

To shall consider the adjustments of arms I and II separately. 

Arm 19  as mentioned earlier in Chapter V, has a cube inter-

ferometer which is mounted on a plate which has adjusting screws, 

which tilt the cube about two horizontal axes at right angles to 

each other. To obtain lateral displacements of the cube this plate 
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and adjusting screws are fixed to a larger plate which can be 

moved horizontally normal to the incident light. The whole of 

this assembly is carried on a further base plate which can slide 

parallel to the incident beam, and gives adjustment of the path 

length in the arm I of the interferometer. 

Arm II has the reflector of the third-beam, which consists 

of a right angled prism and a pentagonal prism. The right angled 

prism receives the light transmitted by the beam-splitter B and 

the pentagonal prism reflects it back to the beam-splitter at 

the position te' (Fig. 2 Chapter V). 

It is necessary to provide adjustments for tilting this 

reflector unit in order to render the wave front of the third beam 

parallel in the final fringes to the bisector plane of the two 

wave fronts returning from the cube interferometer in arm I. For 

this purpose the two prisms are placed on separate plates, each 

of which has screws which provide tilt adjustments in the horizontal 

and vertical planes. The prism P
2 is first adjusted laterally to 

superpose the reflected wave fronts on those coming from arm I. 

The direction of the reflected beam in arm II is then adjusted 

for the tilt error using the second prism, P2'. 

It was found that the adjustment initially provided for the 

tilt of the third beam, namely using the two screws of the prism 

plate, was very much too coarse to allow proper setting of the 



88. 

reflector unit, and this unit of the interferometer aas according-

ly modified in the following manner. The plate carrying the two 

prisms was clamped rigidly to a beryllium-copper flexure spring 

which provided angular movement about a horizontal axis, and the 

other end of the flexure spring was attached to the main base 

plate through a vertical strip of beryllium-copper, providing 

then angular movement about a vertical axis. To obtain the fire 

movements needed for the adjustment of the tilt of the third 

beam, two levers are used with micrometer screw adjustments to 

provide fine motion. The initial arrangement was kept as a coarse 

adjustment. 

Results: 

With the light from arm II blocked out, 2-beam fringes were 

observed formed by the cube in arm I,The o or photographed 

using a plate-holder at the fringe plane as imaged by the lenses 

L1  and L2. Figure .shows a photograph of these fringes. It will 

be noted that these fringes are not exactly straight, and this 

points to residual errors of surface flatness or glass inhomo-

geneity in the prisigs forming the cube interferometer. Visually 

the fringes are of high contrast. 

Even with the lever-operated flexure hinges it was found 

extremely difficult to obtain 3-beam fringes of uniform appearance. 
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Fig. 1. 
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The best results obtained are shown in Fig. 2, To the middle 

and right of this photograph it will be seen that alternate bright 

fringes are of greater and less intensity, but, even here, looking 

along the length of fringe (from top to bottom) the relative 

intensity in a given fringe varies. This is seen also in moving 

from left to right across the centre of the fringe photograph. 

The difficulty encountered arises from the extreme sensitivity 

of the interference effects with three beams. A very slight tilt 

error of the third beam -rill mean that the path difference between 

it and the light in the two-beam fringes varies from point to 

point over the pattern. A variation of X400  should be easily seen, 

and this would mean a precision of setting of the reflector unit, 

and a freedom from vibration or other movement of A
/200' 

Unfortunately stability of this order was not found possible with 

the arrangement used. The effects of residual tilt error are 

shown more markedly in Fig. 3, which is much more typical of the 

results obtained. 

Given very precise adjustment of the tilt of the third beam 

relative to the 2-beam fringe system, the 3-beam fringes would 

still be very sensitive to errors of flatness of the third beam. 

Indeed this is so much the case that the technique might perhaps 

be used for the final checli..ings of flatness of, say, Febry-Perot 
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, 
interferometer plates, uhere errors of the order of / 00 can  

be of importance. Unfortunately, shortage of time has prevented 

this from being studied in practice. 
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