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The Diffraction of Light and its Relation 
to the Performance of Telescopes. 

By C. V. RAMAN. 

I propose in the present paper to diflCuss (with a few 
illustrations from my own work on t·he subject) some pheno­
mena of the diffraction of light, and the fundamental prin­
ciples by the aid of which they ean be rendel'ed intelligible. 

I shall also discuss and emphasise the importance of the 
part played by diffraction in telescopic work, though here 
I have necessarily to follow largely the lines laid down by 
pioneer investigators like Lord Rayleigh. 

To begin with, we may consider the case of a reflecting 
telescope which is directed towards a star at a sufficient alti­
tude and let us put aside for a moment all trouble due to at­
mospheric conditions. We have coming in into the telescope 
a stream of light from the star in one definite direction, within 
very elose limits. The text-books say that if the figure of 
the mirror is a paraboloid of revolution with its axis in the 
direction of the star, the light p?lssing into the telescope is 
condensed into a point at t.he focus of the mirror. 'l'his seems 
evident. from the principle of the reflexion of light, since at 
each point at which the light falls upon the mirror the norma'! 
to its surface bisect,s the angle between the join of that point 
with the focus and a line parallel to the axis of the mirror. 
Now the question which both the physicist and the pract,ical 
astronomer will ask is this : Is all the light really condensed 
into a point ~ A little consideration of phYi'iical principles 
will show that it cannot be so, even if the figuring of the mirror 
were theoretically perfect. Such a condem!ation would ob­
viously involve a sudden transition from a very large illumina­
tion at the focus to zero illumination a,t immediately contigu­
ous points. Such a state of things seems a p1'iori extremely 
unlikely on any physical. theory of the propagation of light. 
On the analogy of sound-waves, which as we know can go 
round or over a brick wall of moderate size without entirely 
ceasing to be a,udible, it seems evident that a certain amount 
of bending or spreading out is inevitable. In the case of a tele­
scope, the entering beam of light is ordinarily limited by a 
circular aperture and what we get at the focal plane of the 
telescope as the image of a point source is a diffracHol1 pattern 
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which consists (v'ide Fig. 1 in the plate) of a central bright 
disc followed by successive dark and bright circular rings of 
greatly reduced intensity. In actual astronomical work, 
the second and third bright rings cannot ordinarily be seen 
because of their excessive faintness. They can, however, be 
observed in laboratory work, and if white light is used the 
rings are coloured. 

It is not difficult to make out in a general way why we 
should get these rings. It is well, however, to begin with a 
simpler case, i.e., when instead of a circular aperture we 
have a long narrow rectangular slit limiting the beam of light. 
Let A B in the diagram represent the width of the rectangular 
slit. A parallel beam of light is incident normally on one 
side of the plate in which the slit is cut, and of this beam all 
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except the portion that can rass through the slit is cut off by 
the plate. We can now consider the effect produced by such 
of the light as actually gets through at a screen S S placed at 
a great distance from the slit (this is shown in the diagram 
muoh too neal' the screen for the sake of space and clearness). 
If there were no diffraction, we would evidently have on the 
screen merely a narrow bright strip of light identically similar 
to the slit in width and length. What we actually get is a 
broadened central bright band parallel to the slit with alter­
nate dark and bright bands of diminishing intensity situated 
symmetrically on either side of it. We may explain the 
formation of these bands in the following way. Let C be 
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the mid-point of the aperture A B. We may conceive that 
the two halves of the aperture A C, a B are further divided up 
in the same way into a very large number of equal elements. 
We may properly assume that each of these small elements 
acts as a source and sends out wavefl on its own account in all 
directions into the region behind the aperture. To find the net 
result at any place we have to add up the effects of these in­
dividual waves and strike a balance. In working this out it 
is convenient to consider the elements in pairs, i.e., the first 
one in A C and the first on C B, and so on. The waves sent 
out by the two elements of a pair intersect all over the field. 
The effect of these two sets is somewhat analogous to what 
we should have on the surface of mercury in a trough if we 
had two needles a,ttached sidc by side dipping into the liquid 
and moved rapidly up and down by an attachment to the 
prong of a vibrating tuning fork. Both needles would act as 
centres of disturbance sending out circular ripples on the 
surface of the mercury and by their criss-crossing we would 
have a regular interference pattern on the surface. In 
certain regions the crests of one set of ripples would always 
coincide with the troughs of the 2nd set and the troughs of 
the former would coincide with the crests of the latter. The 
mercury surface would remain practically quiescent in these 
regions. In other regions the crests of one set of rippJes 
would coincide with the crests of thc 2nel flet and the trougJlR 
of the former with the troughs of tho latter, and we would 
have l'ipples of double amplitude t.ravolling along t,hese 
regioll::;. We have an a,nalogol.ls effect with the light waves. 

1£ D is the point on the screen exactly opposite the slit, 
and on the assumption t,ha.t the former is at a sufficiently 
great distance from the latter, it is evident that the length C D 
differs from A D by a quant,ity which is too small to be appre­
ciable, and it is clear that, the elements at A and C produce 
practically identical results at the point D. This is also the 
case in resp.ect of all the other elements in the aperture A B, 
and as the result we have bright illumination at the point D. 
If, however, we consider the effect at a point removed to one 
siele, i.e., say at E, the case is different. The distance C E is 
greater than A E by the length C Y. The crests of the waves 
from the element at C therefore lag behind those of the waves 
from A, and we would have appreciably less illumination than 
at D. If the angle DeE is of such magnitude that the dis­
tance C Y is half a wave-length, i.e., the distance between a 
crest and a trough, the wave from the element at C just 
annuls the wave from the element at A, and this is aJso 
obviously true of each pair of elements in the two halves of the 
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aperture and we would have complete da,rkness.E would 
then be the position of the 1st dark band. Similarly on the 
other side of D, F would be the position of the 1st dark 
band if D E =D F. If we go further out on either side 
beyond E or F, the elements would cease to annul each other 
ttnd we would have a restoration of the light, but in greatly 
diminished intensity, since now the different pairs of elements 
do not all work together. The formation of the successive 
dark and bright bands can be traced in this way. ~rhe ttngular 
width 2 9 of the central bright band can easily be caJcuhtted 

. L I since C Y =:r where L represents the full wave- ength. 

Putting A B = a, the equation is 
L 

Sin e =--. 
(~ 

If we now substitute a circular aperture of diameter a 
for the rectangular slit of the same width, it is evident from 
considerations of symmetry that we would have circular rings 
instead of para,llel bands on the screen, but the nnguhr widt It 
of the 1st dark ring is somewhat, greater than t,hat given by the 
formula for the rectangular Rlit. The reason for this i:,; easily 
surmised. For the width of the bands increases when the 
aperture is decreased and a is only the maximum width of the 
circular aperture as measured on a diameter. Along parallel 
chords the width is less. A full mathematical treatment shows 
that in the case of the circular aperture the angular radius 
of the 1st dark ring is given by the formula 

I:) in G = 1·22'-£'. 
a 

In the discussion given ~tbove it is assumed that t,he 
screen is at a sufficiently great distance to give us these rings 
in perfection. When, however, the aperture is large, the dis­
tance at which the screen would have to be held would be un­
manageable and the simplest thing would be to put in a lens 
just behind the aperture to focus the diffraction pattern on to 
the screen, which should then be placed in the focal plane of 
the lens. We may regard the object-glass or reflector of a tele­
scope as serving this purpose and the angular diameter of the 
rings seen in the focal plane would be determined by precisely 
the same formulre. 

Another instructive way of regarding this question would 
be to commence with considering the effect of the object-glass. 
The function of an object-glass is evidently to convert the plane 
parallel waves arriving at it into converging sphericil>l waves. 
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which come to (;1, focus at their centre, as shown in the diagram. 

I 
-------

o ~::::::=======-_ -------------------

'rhis the object-glass effects by itt:; varying thickness 
from point to point, the central parts of the glass retarding 
the progress of the waves to a greater extent than the mar­
ginal areas with the result tha,t on emergence they are 
spherical and convergent. The distances D A, D C, D 13 
are equal, D being the centre of the convergent wave. To 
find the effect at a,ny point on a screen, held in the foca.1 plane, 
we have now to divide up the spherical surface A C 13 into 
little elements and consider the interference of the wavelets 
proceeding from the difrerent elements, which depends as be­
fore on the difference of their distances from t,he point D apd 
the further treatment is on much the same lines as that given 
before. We have the ring or band system round the point D 
as centre, this being the position where the waves from t1ll 

the elements conspire and produce the largest effect. 
A numerical example would be useful here. The reflect­

ing telescope presented by Dr. Harrison to the Society has an 
aperture of 4 inches. The angular radius of the 1st dark ring 
in this case is given by the formula 

l 
e=1'2 -_. 

a 

.£ for yellow light is about 50,~OO- inch, and a is 4 inches 

60 x 60 x 180 x 7 . 
& = 1'2 x-- --- ...... --. '. seconds of arc 

22 x 200,(:00 
= 1'2" • 

The diameter of the central disc is double this, i.e., 2'4" 

In the cases that have been considered in the foregoing, 
the apertures were taken to be held in a position normal to 
the direction of the beam of light whose width they restricted. 
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It i:,; evident that it is aJso possible for the incident beam of 
light to be re~tricted in width by an obliquely-held aperture 
and such cases are fairly common in spectroscopic work. In 
the ca,se or the rectangular aperture, the first effect or inclining 
it is to increase the width of the bands while their genel'al char­
acter and symmetry remain unaltered. The reason for this 
is clear. With <1.11 obliquely-held slit, the effective width 
of the beam of light entering the telescope is less than when 
the aperture is held normally and the width of the bands is 
therefore necessarily increased in inverse proport,ion. 

When the obliquity is very considerable, the character 
of the diffraction bands undergoes certain modifications, which 
are not only interesting in themselves but throw much light 
upon some matters of fundamental principle. 0ne effect is 
that the diffraction pattern becomes unsymmetrical, the bands 
on one side of the system becoming much broader than those 
on the other side. This is well shown by Figs. 5 and 6 in the 
plate. In taking these photographs, the d~ffraction pattern 
was obtained by reflecting the beam of light into the telescope 
by a recta.ngular mirl'ol', obliquely held, the source of light 
being a di~tant vertical slit, the direct image of which broad­
elled by photographic hala.tion also appears in the photographs. 
These unsymmetrical bands can, of course, also be obtained 
by transmission through an obliquely-held aperture, the two 
arrangements being equivalent ill theory. 

The asymmetry can be explained in the following simple 
manner :.-

Q 
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In the diagram A B is the aperture on which the light is 
obliquely incident. I have already explained that in the 
direction o£.the incident beam (i.e., A C or B D in the diagram) 
we get the maximum light in the diffraction pattern. 

To get to the first dttrk band on either side, the angle 
turned through must be such that a wavelet from an element 
at B gains or 10Res a waNe-length over a wavelet from A. 
From the figure it is obvious that to gain a w,we-Iengt,h on 
the side B H a, smaller angle need be t,nrned t.hrough than is 
necessary on the side B F to lose a wave-length, a,nd the an­
gular width of the bands on the right.-hand side is therefore 
less t,hnn the width on the left, The number of bandR on t.ll(~ 
latter side is aIso limited. 

With a circular aperture held n,t a moderate obliquit,y 
we get a, system of elliptical bands (Fig. 2 in the plat,e), since 
the projection of the aperture, i.e., its effective shape itself 
becomes an ellipse. At very oblique incidences the bandR 
become unsymmetrical, i.e., are elongated on one side in pre­
ference to the other. This is clea,rly shown in Fig. 3 in the 
plate. Theory shows that in this case, the dark and bright, 
rings t,ake th0 shapf:' of ("artesian Ovals. 

Figs. 5 and 6 it) Ute plate whieh relate to diffract,ion at, 
very oblique incidenees show another effect that is really of 
fundamental importance. It will be observed by compa,ring 
corresponding bands on either Ride of the pattern that they are 
less in intensity on the side on whioh t,hey arc broader than on 
the side where they are narrow. In order t,o explain this effect, 
it is necessary, as I have ::;hown elsewhere, to consider the pe­
culiar character of the waves which in the preceding :treat­
ment we have assumed the elements of the aperture to send 
out and which by their interference produce the observed 
diffraotion pattern. In the foregoing discussion I said we may 
reasonably assume that the elements send out waves (or 
wavelets rather) in all directions into the region behind the 
aperture. But do they send out wavelets with equal strength 
in all such directions ~ This point, important as it is, had 
never been worked at from an experimental point of view. 
Experiments on norm any held apertures c~tnnot throw any 
light on the subject. For in such cases, the diffraction 
pattern is formed at regions contignouA to the apex of the 
hemispherical w~velet,s sent, out, by the "eleluents In the 
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direction C D in the diagram. 
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The mtensity at D due to anyone element is obviously a 
maximum and at any neighbouring points it, cannot differ very 
appreciably. If, however, we work at very oblique incidences 
so that the diffraction pattern is formed in the region mu.rked 
0, 1, 2, 3, we should get some "obliquity" effects as I have 
called them. For, at, the point 0 the amplit.ude must be zero 
and at anyone of the points 1, 2, 3 it must be finite and in­
crease as we go up. A diffraction pattern form(>d at such 
an incidence should obviously show a progressivo incroase in 
brightness from one side to t.he other superposed on the fiuct,u­
ations caused by the interference of the wavelets. rrhat tll(l 
effects actually observed are due to such a cause, 1 have shown 
by photometric determination of the relative intensity of 
corresponding bands on either side of the pattern (using 
the well-Imo1tn method of ,< revolving sectored-disc "), and 
the mathemat,ical Jaw of obliquity proposed by me has been 
fully verified. 

The diffraction of light is of great importance in practical 
telescopic work. If, as we have seen above, the image of a 
mathematical point is not itself a point but a diffraction pat­
tern, it is evident that the telescopic image cannot be an 
exaot representation of the object viewed. Much detail is 
necessarily obliterated. The simplest case is that of a double 
star, A photograph of the diffraction pattern due to two ad­
jacent point sources as seen through a circular apert.ure is 
shown in Fig. 4 in the plate. It is seen that the two discs have 
rllll together into a slightly elongated patch and, except pro­
bably under the most favourable atmospheric conditions, it 
would be impossible to detect that an object of this kind was a 
double'star, or a triple star or one st,ar l by its(llf. Herein lies 
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the principal advantage of telescopes of large aperture. As 
the angular diameter of the diffraction disc due to a point 
source decreases in inverse proportion to the aperture, the re­
sol ving power increases pari pas811 provided that the figuring 
of the mirror or lenses continues perfect. 

The same principle applies also in planetary work. Other 
t,hings being the same, t,he larger the aperture the finer the 
det,a,il t,ha,t can be revealed by the instrument. This point 
is easily verifiable in labora,tory experiments in which a disc 
with a,lternate white a,nd black strips ruled on it is observed 
or photographed through an aperture with adjustable jaws. 
As t,he width of the aperture is gradually reduced, the white 
strips become fuzzy ~\'nd broaden out, and after tt cert,ain stage 
completely obliterate the black areas in spite of the fact that 
t,he lens performs best with the smallest apertures. 

On a small scnJe, this experiment can be made by the 
readers of this Journal with very simple apparatus and with­
out any telescope at all. A piece of wire gauze and a card­
board in which t,wo holes have been pierced with a pin are all 
that is required. One of the holes in the card should be larger 
tha,n t.he othor. The piece of gauze should be placed against 
a window ::;0 as to he backed by the sky, or in front of a lamp 
provided with a ground glasR 01' opal globe. You then look 
at the gauze through the pinholes. Using the smaJler pinhole 
and gradually dmwing back from the ga,uze, you find that you 
loso definition and ultim:1tdy all sight. of the wires, though 
there is light. enough for the purpose. The dist.ance at whioh 
thh; will happen dE'pends upon t.he finenE'ss of the gauze and 
the size of the pinhole: 5 or () feet will probably be suffi.cient. 
If, when looking through the smaJler hole you have just lost, 
the wires, you shift the card so as to bring the larger hole into 
operation, you will see the wires again perfectly. 

In closing I should mention that. Prof. Lowell holds that. 
in planetary work there is no use increasing your apertures 
beyond a certain point, i.e., say 20 or 25 inches, the reason 
advanced by him being the trouble from atmospherio 
condit,ions. If this point could be at.tacked and decided 
mathematically t.here would be good work done, I think. 
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