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Let ABCD be a plane wavefront of
wave length A perpendicular to the
plane of the paper.

P is a point where the resultant
intensity is to be calculated. For this
purpose Fresnel divided the
wavefront into no of zones.

These are known as Fresnel’s half
period Zones.




Construction

e Draw aperpendicular OP to the wave front, let the point OP be b.
e Thepoint O is called the pole of the wavefront, with P as center and radii equal tob + A/2, b + 2)/2,

b+3A2,....,b+nA/2 draw spheres.
e Theplane ABCD cuts these spheres in concentric circles with center O and radii OMl, OM2, ...... ,
OM

.

e Theareaof firstinnermost circle is the 1t half period zone, similarly the areas enclosed between
first and second circles, second and third circles,....... (n-1)f"and nt" circles are known as 24,34
...... ,n" half period zones respectively.

e Eachzonediffers from its neighbouring zone by a phase difference of & or a path difference of A/2

or by a half period (T/2). So they are called half period zones.



Radii and Area of Zone

Radius of 1° half period zone
OM, = V(M,P)2- (OP)?
=V(b+1/2)? - b?
=vb2+22%/4 + bl - b2
= Vb

Radius of 2" half period zone =
oM, = w/(MlP)2 - (OP)?
=V(b+A/2)? - b?
=+/2b),

Similarly the radius of the nt half period zone = OM = vnba

[*." Ais very small A% is negligible]

Thus the radii of half period zones are proportional to the square root of natural no’s



Radii and Area of Zone

Area of 1%t half period zone = & (OM1)2 = bk

Area of 2" half period zone = 7 (OM,)? - 7 (OM,)?
= 2ab) - ab) = zb)
In the same way area of n*" half period zone = 7 (OM )?-7 (OM_,)?

= b

Thus the area of each half period zone = abk



Resultant Intensity at P

The amplitude of disturbance at P due to the wave from a zone varies

1. Directly as the area of the zone

2. Inversely as the distance of P from the wavefront

3. Directly with the obliquity factor

Area of the Zone:
e Areaof each half period zone = Zbk

e Sincetheareaisindependent of n, all zones have the same area. They send equal no of waves to the

point P



Average distance of a zone:
As the order of the Half Period Zones increases the distance of the zone from P increases so the

amplitude decreases

Obliquity Factor (6 ):
This is the angle between the normal to the zone and the line joining the zone to P. The obliquity

factor is denoted by f(en).

As the order of the zone increases f(en) decreases .Thus, the amplitude of wave from a zone

at P decreases as n increases.



RESULTANT AMPLITUDE:

LetR,,R,, R, ... Represent the amplitudes of the waves at P due to the secondary waves from the second and so
on half period zones respectively. The path difference for any two consecutive zones from P differs by A/2 which
corresponds to a phase difference of . Thus if the amplitude due to 1% zone is positive, it is negative due to 2"
zone.

Thus the resultant amplitude at P due to the entire wave front

*R (if nis even last termis -A viceversa.)
As the successive amplitudes R ,R ,R R, ......... are gradually decreasing R, is slightly greaterthanR,, R, >R,....

R,=(R+R;)/2 =R, /2 + R)/2

R,=(R,;+R.)/2 =R,/2 + R /2 .......

R=R/2+(R/2-R,+ R3/2) + (R3/2 -R, + R5/2) +...t(R /2-R_+R /2)+R /2 nisodd
=> R=R,/2+R /2 whennisodd

R=R,/2+R_,/2-R whenniseven



when n->o R.,R ,->0 (*." the amplitudes are gradually decreasing)
.. Resultant Amplitude at P due to whole wavefront =R =R,/2
The resultant intensity | «<R? i.e. | o< R?/4

Hence intensity at P is only (% )™ that of due to first half period zone.

Rectilinear propagation of light:

If a small object is placed at o, it blocks no of first few half period zones . Hence the intensity at p will be
negligible and practically no light will be received at p. If the size of the obstacle is placed in the path of
the light is comparable to the wavelength of light used, then it is possible to observe illumination in the

region of geometrical shadow also. l.e., rectilinear propagation of light is only approximately true.



