geometrical shadow of the obstacle. This shows that
,, round an obstacle. All phenomena like this which are
ed when the incident wavefront is somehow limited are called
of light. The effect is found to be significant when the

n of the diffracting element becomes comparable with the
; h of light. '

~ Fresnel gave a satisfactory explanation of this phenomenon by using

Huygens’ principle in conjunction with the principle of superposition.

According to Huygens’ principle each point on the wavefront acts as

a source of secondary wave. The mutual interference of these secondary
. waves derived from a particular wavefront, produces the phenomenon
3 of diffraction. Thus interference effect is due to the superposition of
| two distinct waves coming from two coherent sources while diffraction
' is the effect of superposition of the secondary waves coming from the
? different parts of the same wavefront.

All optical instruments use only a limited portion of the incident
wavefront and hence some diffraction effects are always present in the
% image. Diffraction effects are accordingly of great importance in the
i detailed understanding of optical devices.

- 11.2 FRESNEL'S HALF-PERIOD ZONES OF A PLANE
WAVEFRONT AND THEIR APPLICATIONS :

Fresnel gave an explanation of the phenomena of diffraction of light
on the basis of the mutual _
interference of the secondary waves //,ﬂ
or wavelets from the various points [a
of a wavefront.
In Fig. 11.2-1(a), let ABCD
 be the plane wavefront of light
of wavelength A, advancing to ¢
. right. To find the resultant P//
bance at P due to all .the gy i
elets coming from every points oo
; ont, the whole wavefront is
¥

==
w

~

O'_II
o
+
/S
-

divided into a n
s | Ygabin




 half-peiod zone. The ar
,one, between the circles H,

b*)-n(PH?_, -b°)

om0} x{(o 1) -

[assuming b>>2) ...(11.2-1)

' zones are approximately of equal area. Actually' the area

increases with the increase of its order number m.

verning the magnitude of the amplitude of disturbances

@g, ... @, be the resultant amplitudes at P due to all
ning from the first, second, third mth zones
ce the resultant amplitude at P que to all the

" R -al+az+aa+ e +am,

n tho amplitude @, at P due to wavelets coming
nds on the following factors - |




- al—a’+:za-a‘+ . N e (11.2-2)

- bo writtgn as,

a, (a,+a as +a 8.
e —é‘-+(—1—2—-3-—a2)+(—-§—§~—"’—-a4)+ ...... +—-§—

------

(if m is even)

: : ; a, +a
As a,, a,, a; are in descending order of magnitudes *—2—3 ~ @y and

on. Hence all the terms within the brackets in the above two

e, a
- R= £y -+ —2’"— (when m is odd)
= G
R= = + —%— - (when m is even)

n m is very large, greater obliquity of zones causes a, , and
hingly small and hence R:‘—’zl. :

‘the resultant amplitude at P due to the whole wavefront
half the amplitude of the secondary waves from the




e
sreciable number of half-perio_ As the
riod zones are very small, a tiny obstacle is
r a large number of half-period zones _by which t
: ce is practically cut off. This fact 1s interpreted as
* propagation of light.
lar disc in the path of a plane wavefront :

AB be an opaque circular disc on which the plane waves of a
of wavelength A are
in a direction normal
disc (Fig. 11.2-2). Let us
oroceed to find the
ination at points P, P,, P,,
on the axis of the disc.
area of a half-period Bl

ith respect to an axial point situated at distance b from the dise,
. Thus the disc will intercept more number of zones for a nearer
(b less) and for a light of shorter wavelength.

ose the point P is at a sufficient distance from the disc for which
of the first half-period zone is such that a portion of it is only
by the disc. The illumination at that point is the same as that
| when the disc is absent. Let now the points of observation
ted to P,, P,, etc, which are nearer to the disc such that the
spectively intercepts the first, the first two, etc. half-period zones
points. The resultant intensity at the points P,, P, etc. will
Proportional to (@,2)% (2 etc. As o 0. o cto. are in |
ing -‘fo_I:d.er of magnitudes, the intensitylat 12;,he 3(;entre of the
the circular disc gradually decreages. When the point o |
ery close to the disc, total darkness would be obtained:
af the ppint lqe kept fixed but the size of th
¥ the intensity at the point will be proporti
di E;p as the size of disc is such




, path of a plﬁne we
ves of a light of wavelength A, be allowed to pass thr

181’ aperture in a screen in a direction at right angles to
(Fig. 11.2-3).

intensi.ty at any point on the axis may be obtained by dividing
,_ﬂperture Info a number of half-period zones with respect to the

? A
_f
e 5 N . :
P, P, P
a
> DI |
. Fig. 11.2-3
;

given point. The area b\ of a zone will be smaller, when the distance |
- b of the point from the aperture is smaller and the wavelength of the |

 light is shorter.

Suppose for a distant point P on the axis, the aperture transmits (
only the first half-period zone of the wave. The intensity at P will then |
' @ha proportional to a?, which is four times that obtained with the whole
ave.

With a wider aperture or for a nearer point P, on the axis, let the
e transmit only the first two half-period zones of the wave. The
intensity at P, will be proportional to (a,-a,)?, which is very
zero.
a still nearer point P, on the axis, let the aperture transmit
. three half-period zones of the wave. The resultant intensity
m zbe proportional to (@;-a, + ag)® or very nearly
to a, which is again maximum.
‘we may say that a point on the axis will have m
according as the aperture |

1 zones with respect to -

"10






