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FRESNEL DIFFRACTION

The diffraction eflects obtained when either t

or both, are at a finite distance from the dj
the classification of Fresnel

experimentally, the only appa

he source of light or the observing screen,
ffracting aperture or obstacle come under
diffraction. These effects are the simplest to observe

ratus required being a small source of light, the dlﬁ““;
ting obstacle, and a screen for observation. In the Fraunhofer effects discussed in the

preceding chapters, lenses were required to render the light parallel, and % S0 lt
on the screen. Now, however, we are dealing with the more general case of dw.ﬁ,genu
light which is not altered by any lenses. Since Fresnel diffraction is the casicRt ln
observe, it was historically the first Lype to be investigated, although its cf(plaﬂi‘“{‘:m
requires much more difficult mathematical theory than that necessary in tr}}lllh;
the plane waves of Fraunhofer diffraction. In this chapter we consider some 9

o . = a - - < 1 [‘ai[ly
simpler cases of Frespel diffraction, which are amenable to explanation by
direct mathematjcal and graphical methods.

18.1 SHADOWS

ne of the greatest dif
2y In the ex planation
‘hus if we Place an o

- ‘ o light
ficulties in (he carly development of the wave thc‘0‘f¥ ;[ [ines:
of the observed fact that light appears to travel in strals® asts
Paque objecy

. 2, jred
n the path of the light from a point sourt
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1w having a fairly sharp outline of the same shape as the object. It is true
(hat the edge of this shadow is not absolutely sharp and that when exnmincﬁi
:;}‘"' shows a system of dark and light bands in the immediate neighborhood of
- e In the days of the corpuscular theory of light, attempts were made by
. .1di and Newton to account for such small effects as due to the deflection of the
" .rmuscles in passing close to the edge of the obstacle. The correct explanation
'L:,T.:.ﬂ of the wave theory we owe to the brilliant work of Fresnel. In 1815 he showed
.~ oaly that the approximately rectilinear propagation of light could be interpreted
«« the assumption that light 1s 2 wave motion but also that in this way the diffraction

1=

To bring out the difficulty of explaining shadows by the wave picture, let us con-
wder first the passage of divergent light through an opening in a screen. In Fig. 18A
= ight originates from a small pinhole H, and a certain portion MN of the divergent

wae front is allowed to pass the opening. According to Huygens’ principle, we may
rzard ezch point on the wave front as a source of secondary wavelets. The envelope
¢these at @ later instant gives a divergent wave with H as its center and included
teween the lines HE and HF. This wave as it advances will produce strong illumin-
£5on i the region EF of the screen. But also part of each wavelet will travel into the
§ex behind LM and NO, and hence might be expected to produce some light in the
fepons of the geometrical shadow outside of £ and F. Common experience shows
“ lere s actually no illumination on these parts of the screen, except in the im-

“Se vicinity of £and F. According to Fresnel, this is to be explained by the fact
“atin the regions well beyond the limits of the geometrical shadow the secondary
st arrive with phase relations such that they interfere destructively and produce
Pactically complete darkness. . |
N h:. secondary wavelets cannot have uniform amplitude in all directions, since
r_“}j:.r“l:;m, they would produce an equally strong wave in the buck‘?atrfl d:r:‘.\:::\?e
;r;-..cbrgi;;, lllérﬁn\‘elope on the left side of the screen would_rcpmwf ]il f'-‘:;‘; hence
o tuslm\ard H. Obviously such a wave docs: not exist phwrt‘;lc 3:; sero. The
I exger [Bumc th_a! the amplitude at the back of a Sf'coﬂdary . and also gives
ormulation of Huygens’ principle justifies this assumption an g

k_
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FIGURE 18B
The obliquity factor for Huygens’
secondary wavelets.

quantitatively the variation of the amplitude with direction. The
Jactor, as is illustrated in Fig, 18B, requires an a
0 is the angle with the forward direction. At ri
of the figure, the amplitude falls to one-half and the intensity to
maximum value. Another property that the wavelets must be g
order to give the correct results, is an advance of phase of one-quarter
of the wave that produces them. The consequences of these two rath
properties and the manner in which they are derived will be discussed

S0-calleq Ob’iquiry
1 + COS 0’ Whel’n
rections p g4
ONe-Quarter of ;
Sumed to have, i

mplitude varying ags
ght angles, in the g;

period aheag
€T Unexpecteg
later,

18.2 FRESNEL’S HALF-PERIOD ZONES

arc, are s.. 5. s f circles whose distances from O, measured along the
frox,n P Ilt: tl:c,s dai’s.tz;ﬁ oP = t each circle is a half wavelength farther

' - = 0, the circles will b i 2. b + 22
b+ 3420 b + mif2 from p © at distances b + 112,

FIGUR'E 18C
Construction of half-

: Period zopeg on a
spherical wave front,
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pdiference Aata distance s from the \
Patind R .
:\:‘. of a spherical wave. %

ﬂ:,‘.,lﬂn{n proving this, we refer to Fig. 18D, where a section of the wave spread-
3 N{m»m H is shown with radius a. If a circle of radius b is now drawn (broken
"‘:::'x\\ilh its center at P and tangent Fo l;lle wave front at its “pole” O, the path
3?1\ Jonger than H OP by the segment 111q1caled by A. For the borders of the zones,
mh difference must be a \:\’11016 mllllnple of 4/2. To evaluate it, we note first
por ’., all optical problems the distance s is small compared with a and b. Then s may
;’mnsidm‘d as the vertical distance of Q above the axis, and A may be equated to
+»cum of the sagittas of the two arcs OQ and OR. By the sagitta formula we then

have

s S, of the zones, i.e., of the rings between successive circles, are practi-

s st a+b
A==+ =3’ 18a
2a  2b 2ab (182)
Tee radii s, of the Fresnel zones are such that
A ,a+b
m-==s, 18b
! 2 2ab (185)
id the area of any one zone becomes
S, = sy — Swy?) = A 2b _ 8 g (18¢)

2@ ap dwh

To the approximation considered, it is therefore constant and independent of m.
A more exact evaluation would show that the area increases very slowly with 7.
By Huygens' principle we now regard every point on the wave as sending out
:;‘i’d“}' wavelets in the same phase. These will reach P with different phases,
;“ill eilCh_ travels a different distance. The phases of the wavelets from a given zone

- Motdiffer by more than n, and since each zone is on the average /2 farther from
I clear that the successive zones will produce resultants at P which differ by .

! “alement will be examined in more detail in Sec. 18.6. The difference of halF a
:onl:s ;? l,he vibrations from successive zones is the origin _Of thf: namt;: halj};penod
he SU'CCCS“'Q- represent by A,, the resultant amplitude of the light from t lc: mth zon;,
"»mean“s',\c values of A,, will have alternating signs because changmg‘ the p a;teUd)é
leg eversing the direction of the amplitude vector. When the resultaqt ampli

¢ Whole wave s called A, it may be written as the sum of the series

A=A, — A, + A, R G L ™ (18d)

h . PERERTE e
I becaur:e factors determine the magnitudes of the successive terms 1 this series:
¢ the arey of each zone determines the number of wavelets it contributes,

2020/4/2. 1
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approximately equal but should increase slowly. (5

i b : : -
with the average distance from P of the zqp, 1

ms should be
amount which increases with . and (3 F”“-;w_,’,
=7 U

aces inversely
re reduced by an

the fcr ‘
amplitude decre

e he terms A . . : ’
mrdtlS ﬂ‘;‘ reasing obliquity, their magnitudes should decrease. Thus WE gy can,
of the mcreasiis ' ; e

i due e mth zone as |
the amplitude due to tl v
Ap = const =2 (1 4 ¢gq 0
d,, (g

where d.. is the average distance to P and 0 the n'ngl.c at which the light leaveg the .-
It 1ppcn?*s in the form shown because of the obliquity factor assumed in the pr;ﬁf‘;f-:
cection. Now an exact calculation of the S,’s shows that the factor b eding

. - n Eq. (jo.,
must be replaced by b + A, where A is the path difference for the midd|e Oft]i'?”?:ﬁ
T 0ns

Since at the same time d,, = b + A, we find that the ratio S,/d, is a constan; "
pendent of m. Therefore we have left only the effect of the obliquity factor | 4~’cfu:
3 J;~

which causes the successive terms in Eq. (18d) to decrease very slowly. Tpe decre :

is least slow at first, because of the rapid change of 0 with m, but the amplitudes .,
5 500

become nearly equal.
With this knowledge of the variation in magnitude of the terms, we may evajy:
ate

the sum of the series by grouping its terms in the following two ways. Suppos
m to be odd, .

A A
A=_1+(71_A2+ﬁ)+(£§_A4+%)+...+Am

[}

2

="

2 2

= 1‘—2—(——2—A3+—)—(__._A5+_5)_... P;-I,A

Now si i
iy rxntfa;:lhilampl}tudes.A 1> 4, ... do not decrease at a uniform rate, each one is
1€ arithmetic mean of the preceding and following ones. Therefore

the quantities in .
, parentheses in th . .. :
mequalities must hold : ¢ above equations are all positive, and the following

__'""_1+Am

Because the amplitudes for any two adj

to equate 4, to 4,, and 4 acent zones are very nearly equal, it is possible
m

-1 10 4, The result is

=

A=A A (3
2 2

f 3 s

=4

— —

ence the conclusion js 2
that .
e sum or half the dmerencet(l)lﬁt;esultan% amplitude at P dye to m zones is either hall
we allow m to become large en;e amplitudes contributed by the first and last 200¢*
U8h for the entire spherical wave to be divided it

Al Am
2
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FRUSNEL DIFPRACTION 383

FIGURE I8E
Addition of the amplitudes {rom half-
period zones.

ans, 0 approaches 180% for the last zone. Therefore the obliquity factor causes
i tob come negligible, and the amplitude due to the whole wave is just hall’ that
lna w0 the first zone acting alone.

Figure I8E shows how these results can be understood from a graphical con-
aruction. The vector addition of the amplitudes 4, 4, 4, . .., which are alter nately
positive and negative, would normally be performed by drawing them along the same
lme, but here for clarity they are separated in & horizontal divection, The tail of each
wetor is put at the same height as the head of the previous one, Then the resultant
uplitude A due to any given number of zones will be the height of the final arrowhead

hove the horizontal base line. In the figure, it is shown for 12 zones and also for a
very large number of zones.

Scanned with CamScanner



