|

.iRAcTION BY A CIRCULAR APERTURE

& amine the effect upon the intensity at P (Fig. 18C) of blocking off the wave
o US LAt

on pierced by a small circular ap.erture as shown in Fig. 18F. If the radius
4 s;f;']e » = OR is made equal to the distance s, to the outer edge of the first half-
gﬁhc

4 zone,* the amplitude -will b.e A, anc.i this' is twice the aml?litude due to the
‘ m ed wave. Thus the mtensny. a.t Pis 4 t1me§ as great as if the screen were
e When the radius of the hole is increased until it includes the first two zones,
gboent itude is 4, — A, or practically zero. The intensity has actually fallen to al-
the amP; 25 a result of increasing the size of the hole. A further increase of r will
mff;ezge intensity to pass through maxima and minima each time the number of
;gnes cluded becomes odd or even. : ' . .

The same effect is produced by moving the point of observa.non P contmu.ously
ward or away from the aperture along the perpendicular. This varies tl_le size ‘ff
i zones, so that if P is originally at a position such that PR — PO of Fig. 18F is
17 (one zone included), moving P toward the screen will incre'flse this pat-h .dlﬂ“erence
2))2 (two zones), 34/2 (three zones), etc. We thus have maxima and minima along
the axis of the aperture. _ .

The above considerations give no information about the intensity at pmqts
of the axis. A mathematical investigation, which we shall not discuss because of its

* We are here assuming that the radius of curvature of the wave striking thi St‘?“:;’; S‘:
large, so that distances measured along the chord may be taken as equal to

measured along the arc.
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Diffroctin
screen g/ .

/ ?C '“’Vl-n’
. ”38,1 i
]
—

FIGURE 18F /
Geometry for light passing through a /
circular opening. V

complexity,* shows that P is surrounded by a system of circular difrpeq:

Several photographs of these fringes are illustrated in Fig, 183G o raction lrings,
placing a photographic plate some distance behind circulqr holes Ocrwc@ takev}
illuminated by monochromatic light from a distant point source St‘/ar.:oux Sz
upper left of the figures, the holes were of such sizes as to exPOsé Onamng at {h,
etc., zones. The alternation of the center of the pattern from bright to dz’ ]:vyo, threy
the result obtained above. The large pattern on the right was produced b K Mustryg,,
containing 71 zones. Y an apery,

184 DIFFRACTION BY A CIRCULAR OBSTACLE

When the hole is replaced by a circular disk, Fresnel’s method leads to the surppis;
conclusion that there should be a bright spot in the center of the shadow rplr:l(s)mg
treatment of this case, it is convenient to start constructing the zones at the' edoeruar
the disk. If, in Fig. 18F, PR = d, the outer edge of the first zone will be d :;n I
from P, of the second d + 2/2, etc. The sum of the series representing the amplitud; |
from all the zones in this case is, as before, half the amplitude from the first exposed :
|
|

zone. In F_ig. 18E it would be obtained by merely omitting the first few vectors
Hence the intensity at P is practically equal to that produced by the unobstructed |
wave. This holds only for a point on the axis, however, and off the axis the intensity |
1s small, showing faint concentric rings. In Fig. 18H(a) and (b), which shows phote-
graphs of the bright spot, these rings are unduly strengthened relative to the spt |
by overexposure. In (c) the source, instead of being a point, was a photographic |
negative of a portrait of Woodrow Wilson on a transparent plate, illuminated fro?
be}}mf?- The disk acts like a rather crude Jens in forming an image, since for &
pont in the object there js a corresponding bright spot in the image.
The complete investigation of diffraction by a circular obstacle shows that

besides the spot and faint rings in the shadow, there are bright circular fringes bo_rdﬁ'

Ing the outside of the shadow. These are similar in origin to the diffraction &

from a straight edge to be investigated in Sec. 18.11.

and
* See T. Preston “Theor i » Macmillan Com?
: y of Light,” 5th ed., pp. 324-327, The Mac
New York, 1928, ght,” 3th ed., pp

d
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FRESNEL DIFFRACTION 385

FIGURE 13G_ X .
Diffraction of light by small circular openings. (Courtesy of Hufford.)

The bright spot in the center of the shadow of a 1-cent piece can be seen by
ining the region of the shadow produced by an arc light several meters away,
£l

rably using 2 magnifying glass. The spot is very tiny in this case and difficult
I:ﬁnd [t is easier to see with a smaller object, such as a bearing ball.

45 ZONE PLATE

This is a special screen designed to block off the light from every other half-period
one. The result is to remove either all the positive terms in Eq. (18d) or all the negative
ems, In either case the amplitude at P (Fig. 18C) will be increased to many times its
vilte in the above cases. A zone plate can easily be made in practice by drawing
wncentric circles onr white paper, with radii proportional to the square roots of whole
wmbers (see Fig. 18I). Every other zone is then blackened, and the result is photo-
mphed on a reduced scale, The negative, when held in the light from a distant point
ouree, produces a large intensity at a point on its axis at a distance corresponding

(a) (b)
FIGURE 1814

Miraction by a circular obstacle: (@) and (b) point source; (¢) a negative of
oodrow Wilson as a source. (Courtesy of Hufford.)

bom
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FIGURE 181
Zone plates,

to the size of the zones and the wavelength of the light yseq Th
these quantities is contained in Eq. (18b), which for the pres‘?nt.pu,. € relatj,

n .
OSc may be ‘Ilfgn

mi:sAZ(I + 1 wﬁ"?h
2 2 \a 5) (g,

Hence we sce that, for given a, b, and A, the zones my

The bright spot produced by a zone plate is so inte
a lens. Thus suppose that the first 10 odd zones are €xposed, as in tp :
Fig. 181(a). This leaves the amplitudes Ay, As, A, .. A, (seo Fig elzgc;Ene Plate ¢
of which is nearly 10 times 4,. The whole wave front gives 14, so f:ha ) the sy
10 exposed zones, we obtain an amplitude at P which is 20 times ag greatt:aslulpg oy
plate is removed. The intensity is therefore 400 times as great. If the oqg When ¢,
covered, the amplitudes A, A4, Ag,... will give the same eff Zomes 3

ect. The obees ..
image distances obey the ordinary lens formula, since, by Eq. (18h), € object a4

st have 5, A

~o

nse that the plate a'cLs much;
.‘f(“

1

e + l = In—l = .1_
a b = P
the focal length f being the value of b for a = oo, namely,

s 2 s 2
(] =m 21 8
f mi y) 19
There are also fainter images corresponding to focal lengths f/3, f/5, f/7, ..., becars
at these distances each zone of the plate includes 3,5,7, ... Fresnel zones. Whenit

includes three, for example, the effects of two of them cancel but that of the thiri
is left over.

Apparently the zone plate was invented by Lord Rayleigh as evidenced by 2
entry in his notebook, dated April 11, 1871: “The experiment of blocking out ‘t
odd Huygens zones so as to increase the light at the center succeeded very well...-

18.6 VIBRATION CURVE FOR CIRCULAR DIVISION OF
THE WAVE FRONT

Our consideration of the vibration curve in the Fraunhofer diffraction
(Sec. 15.4) was based upon the division of the plane wave front int o the e
elements of area which were actually strips of infinitesimal widtl.1 parallethc amplitud:
of the diffracting slit. The vectors representing the contributions to

. I
by a singe !

o infinitesi®
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C|B
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Y4 Z
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D

A
(b)

FIGURE 18]
yibration spiral for Fresnel half-period zones of a circular opening.

om these elements Were found to give an arc of a circle. This so-called strip division
o the wave front is appropriate when the source of light is a narrow slit and the
iifracting aperture rectangular. The strip division of a divergent wave front from such
+source will be discussed below (Sec. 18.8). The method of dividing the spherical
vave from a point source appropriate to any case of diffraction by circular apertures

« ohstacles involves infinitesimal circular zones.

Let us consider first the amplitude diagram when the first half-period zone is
fiided into eight subzones, each constructed in a manner similar to that used for
i hall-period zones themselves. We make these subzones by drawing circles on the
wie front (Fig. 18C) which are distant

11 22 A
b+8 . b+82, ey b+2
]];3;;]:; CIhC light arriving at P from various points in the first subzone will not vary
e ?lsrjnore than 77:/8 The resultant of these may be represented by the vecto;
i“bloneg'th (). To this is now added a,, the resultant aqxphtude due to the secon 1
e en 4, due to the third subzone, etc. The magnitudes of these vectors wil
fah s[m:“_’ slowly as a result of the obliquity factor. The phase difference & between
Wl \SISWe one will be constant and equal to #/8. Addition of all eight subzones
lngjpg thi:ctor AB as the resultant amplitude from the first half-period zone. CO}I:—
Wstltgng rOrp rocess of subzoning to the second half-period zone, We find CD z$ht e
ot oy this zone, and AD as that for the sum of the first tWO zones. These
W he ﬁgm:s::r ; t1 those of Fig. 18E. Succeeding half-period zones give the rest
» 45 Shown
B re .
i'bﬁ“itel ":n;:‘o“ to the vibration curve of Fig. 18J(b) rest
"oy $irg] mber of subzones in a given half-period zone.
» &ventually approaching Z when the half-period zone

|ts from increasing in-
The curve is now a
s cover the whole
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URES AND OBSTACLES WITH

ion of the diffracting screen, instead of h
edges like those of a slit or wire, it is pc
a point. The slit is set parallel to these e
'produced by each element of its length are
1siderable gain of intensity is achieved ther
s possible to regard the wave front as cyli:
at to produce such a cylindrical envelope

Is points on the slit these must emit co/
ly be true. Nevertheless, when intensities

‘mission, the resulting pattern is the sam

’u., 7 PRO
;hAMERA w

\
3

:ﬁ.v!'..: . e
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- eylindrical wave. In ll)c following treatmeny of
mﬂ'““"« “c shall therefore make the simplificat proble

' ion or
«JeeSs . y :

ot eOE L ated by a parallel monochrom

4B e illumit

AT - involving
atic beam SO‘HSUm.mg the source
1o ” ’ 1at it emifs g truly
Ji 1if‘1l wave.

STR]P pIVISION OF THE WAVE FRONT

priate method of construc.ting half-period clements
fula!\r\st in dividing the latter into strips, the edges of which are :
jont €' ;\,:1\'clcl131h farther from the point p (Fig, 18K). Thus thce: 5“?‘31
el W on the circular section of the cylindrical wave are at dis.tancesr;,ol’l;t:c,L ,:fg,

" "_’/, __from P. M is on the straight line SP. The ha 0 + A2,

pt Mo now stretch along the wave front paralle] 1o the l::‘]ilf n\%ci srlnnps 4‘1]0.1{ I
""":"r;g'srrl'l’ division of the wave front. Rl
N(]i:: the Fresnel zones obtained by circular division, the areas of the zones wer.

pearly equal. With the present type 9f division this is by no means true, Th:
;ie:ﬁ of the half-period strips are proportional to their widths

: » and these decrease
apidly 2 We 80 out along th.e wave front from M,. Since this effect is much more
pronouﬂced than any variation of the obliquity factor, the latter need not be

idered.
g The amplitude diagram of Fig. 18L(a) is obtained by dividing the strips into
abstrips in @ manner analogous to that described in Sec. 18.6 for circular zones.
Dividing the first strip above M|, into nine parts, we find that the nine amplitude
vctors from the substrips extend from O to B, giving a resultant A, = OB, for the
frt half-period strip. The second half-period strip similarly gives those between B
ad C, with a resultant 4, = BC. Since the amplitudes now decrease rapidly, A4, is
wnsiderably smaller than A,, and their difference in phase is appreciably greater
ten 7. A repetition of this process of subdivision for the succeeding strips on the
wper half of the wave gives the more complete diagram of Fig. 18L(b). Here the

ecors are spiraling in toward Z, so that the resultant for all half-period strips above
e pole M, becomes 0Z.

189 VIBRATION CURVE FOR STRIP DIVISION.
CORNU’S SPIRAL
When e g0 over

3 %o : " ai > vibration
o to elementary strips of infinitesimal width, we obtain the vibrate
35 8 smoot

Wit h spiral, part of which is shown in Fig. 18M. The c‘omplc‘te\usfl\‘:

8 the whole wave front would be carried through many more L

5901ms Zand 7, Only the part from O to Z was considered above. The lower

" > Arises from the contributions from the half-period strips below M«o: wole &
S Curve, called Cormys* spiral, is characterized by the fact that $hs ange

haf,

i sics Ecole Poly-
*M. A. Cornu (1841-1902). Professor of cxperimental physics at the Ecole

technique, Paris,

b
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(a)

FIGURE 18L

Amplitude diagrams for the formation of Cornu’g spiral,

it makes with the x axis is proportional to the square of the djs¢
from the origin. Remembering that, in a vibration curve, §
lag in the light from any element of the wave front, we obt
curve by using Eq. (18a) for the path differ

ance v alop ¢ cuy
? TCpresentg the p as:
ain thig definitig, 0

ence, as follows: Fth
2

5= 2, _ ma it b) st =T -

abi 2 J

Here we have Introduced a new variable for use in plotting Corny’s spiral, namey

2(a + b)
V=g 18k
’ \/ abl (1

t is defined in such a wa

Y as to make it dimensionless, so that the same curve may be
ised for any problem, re

gardless of the particular values of a, b, and A.

8.10 FRESNEL’S INTEGRALS

- . — two inte:
he x and y coordinates of Corny’s spiral can be expressed quantitatively by

ions. They
als, and a knowledge of them will permit accurate plotting and Cﬂlc"l‘:;lo(?;'ﬂmin.
@ derived most simply as follows. Since the phase difference 0 is the a;;é:oordi e
8 the slope of the curye atany point (see Fig. 18M), the changes in the
I a given smal] displacement dv along the spiral are given by

2
nv? . LA
dx=dvcosé=cos7dv dy = dvsind = s 7
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()
e
0o
?'
FIGURE 18M

Cornu’s spiral drawn to include five half-period zones on either side of the pole.

where the value of & from Eq. (18)) has been introduced. Thus the coordinates of any
paint (x,) on Cornu’s spiral become

» 2
] x = j cos ™ v (181)
o 2

v 72 |
y = J‘ sin 1—T—U— dv (18m)
8 2

Thesg are known as Fresnel’s integrals. They cannot be integrated in closed form
E\L.l;l?e‘.d in.ﬁnite series which may be evaluated in several ways.* Althou%h 1t1he acr:ltgl
i valllon 1s too complicated to be given here, W€ have included a table o . t et;:::m N
acmra ues of the integrals (Table 18A). In Sec. 18.14 the method of using
aLte computations of diffraction patterns is explained. ve «miral of Fi
®Lus first examine some features of the quantitative cornus Splr? > u%t
on ' Which is a plot of the two Fresnel integrals. The cc?ordmates lOf Mclly(lpsom)
€ curve givc their values for a particu]ar upper llmlt p I Eqs (18) an )

; V. Wood, “Physical
* For the methods of evaluating Fresnel’s integrals, S;:e\:{ly\ork oo eprinted
Optics,” 2d ed., p. 247, The Macmillan Company, ’

. , 1968.
(paperback) by Dover Publications, Inc- New York
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The scale of vis marked dircetly on the curve and hag cqual djy;

Particularly uscful to remember are the positions of the points , Ong iy, "
the curve. They represent one-half, one, and two half-pcﬁod st i P i % N
can be verified by computing the corresponding values of fr()n:; }r:'ps Pe 'iv‘ \
portant, however, are the coordinates of the end points 7’ and 7 “f;- (lgj)_ M ely, "
and (4,1), respectively. ~. Th

As with any vibration curve, the amplitude dye to any giyep, . ™~
front may be obtained by finding the length of the chord of the aPOruon' Ofthe,
of the curve. The square of this length then gives the intensi[y T Priate Segpi’:
spiral of Fig. 18N can be used for the graphical solution of gjf,. us ey

. racti Oty
will be illustrated below. It is to be noted at the start, howevyer Clion Probe,.. s

. v, . . v ’ th Py - 19, '\",
values ol intensities computed in this way are relative 1o value of ) fOra:hthv ““meﬁ;i
wave. Thus, if A represents any amplitude obtained from the € unob:truc,;j

) : . plot, the i,
expressed as a fraction of that which would exist if no screep Were pretshe Interg;,
ent,

Siong al

shall call 7, is Which g,
1 = 2
I, =i (13
Table 18A TABLE OF FRESNEL INTEGRALS
v X y v X y 1 x )
000 00000 00000 | 300 06058 04963 550 0ami o

010 01000  0.0005 3.10 05616 05818 ! 555  gusg  om
0.20 0.1999 0.0042 3.20 0.4664 0.5933 5.60 04517 oam)
0.30 0.2994 0.0141 3.30 0.4058 0.5192 5.65 04926  Qau
0.40 0.3975 0.0334 3.40 0.4385 0.4296 5.70 0.5385 045
0.50 0.4923 0.0647 3.50 0.5326 0.4152 5.75 0.5551 0509
0.60 0.5811 0.1105 3.60 0.5880 0.4923 5.80 0.5208 0541
0.70 0.6597 0.1721 3.70 0.5420 0.5750 5.85 04819 051
0.80 0.7230 0.2493 3.80 0.4481 0.5656 5.90 0.4486 0318
0.90 0.7648 0.3398 3.90 0.4223 0.4752 5.95 0.4566 0468
1.00 0.7799 0.4383 4.00 0.4984 0.4204 6.00 0.4995 047
1.10 0.7638 0.5365 4.10 0.5738 0.4758 6.05 0.5424 °:§
1.20 0.7154 0.6234 4.20 0.5418 0.5633 6.10 05495 0318

38
130 06386  0.6863 4.30 0.4494 0.5540 || 615 05146 8:‘
140 0543 07135 || 440  0.4383 04622 || 620 04676 M
15004453 06975 || 450 0261 04342 || 625 04493 %

16003655 06389 || 450 03673 0.5162 || 630 04760 0
170003238 05492 || 470 guola o036 || 633 0520 M
(503336 04508 || 480 04338 oases || 640 O oo
15003944 03738 || 490 0’5002 04350 || 645 05292 g
200 04882 03434 || S0 05637 04992 || 6.50 04816
210 05815 03743 205 05450 05442 | 655 0BT g
2.20 0.6363 04557 || 510 o490 0.5624 || 6.60 °'466| 0459
.30 0.6266 0.5531 5.15 0.4553 0.5427 6.65 0 ,167 04"
.40 0.5550 0.6197 5.20 0.4389 0.4969 6.70 "'5;07 0%
.50 0.4574 0.6192 5.25 0.4610 0.4536 6.75 0-383; 03‘,
§0 03890 05500 || 530 o507  oad0s | 680 O 0%
70 03925 04529 || 535 05400 04662 | 685 : i
80 04675 03915 || 540 03573 osi40 | 690 05207
90 0.5624  0.410] 545 05260 05519 | 695 o
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FIGURE 18N

Cornu’s spiral; a plot of the Fresnel integrals.

Toverify this statement, we note that according to the discussion of Sec. 18.8 a vector
drawn from O to Z gives the amplitude due to the upper half of the wave. Similarly,
“efom Z' to O gives that due to the lower half. Each of these has a magnitude

| . . .
df\ﬁ, %0 that when they are added and the sum is squared to obtain the intensity
U 10 the whole w

o ave, we find that 7, = 2, with the conventional scale of coordinates
“din Fig. 13N »

181
' THE STRAIGHT EDGE

€] S
te s;rl:;lse“gaho" of the diffra
2 eree . a.pphcation of Co

» llay e
conespondi Ing 1tseedg<? par
point

ction by a single screen with a straight edge is perhap:
rnu’s spiral. Figure 180(a) represents a section of sucl
e ng to th al]e} to ?he slit S. In this figure the half-p‘eriod strip
" Mare off o (1 P being situated on the edge of the geometrical shadoy
" haf op the © Wave front, To find the intensity at P, we note that since th
Wave is effective, the amplitude is a straight line joining 0 and :

"It will pe notice
behing that of ¢
Wavelet reachin
ONe-quarter pe

'SCussion of ¢

d that the phase of the resultant wave is 45°, or one-eighth perio
he wave coming from the center of the zone system (the Huygen
g P from M, in Fig. 18K). A similar phase discrepancy, this time «
riod, occurs in the treatment of circular zones in Sec. 18.6. For
Nter t.le Phase discrepancy in Cornu’s spiral, see R. W. Ditchburn, *Light
, science Publishers, Inc., New York, 1953; 2d ed (paperback), 1963.
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— p’
)
S b !

FIGURE 180 '
Two different positions of the half-period Strips relative o a straj
Ight edge N

(Fig. 18P) of length l/\/E. The square of thisis 4, so that the intensity a¢ the eq
shadow is just one-fourth of that found above for the unobstrycteq wave. & of

Consider next the intensity at the point P’ [ Fig. 180(a)] at a distance I
To be specific, let P’ lie in the direction SM;, where M, is the upper edge orthove P
half-period strip. For this point, the center M, of the half-perjod Strips e Ocﬁrst
straight line joining S with P’, and the figure must be reconstructed as in Fig 182)(!?;

The straight edge now lies at the point M|, so that not only all the half-perioq l'lps

above M, are exposed but also the first one below M. The resultant amplitud; 4
is therefore represented on the spiral of Fig. 18P by a straight line joining p' andé
This amplitude is more than twice that at P, and the intensity 42 more than 4 iy

as great,
Starting with the point of observation P at the edge of the geometrical shady

(Fig. 180), where the amplitude is given by OZ, if we move the point steadily upward,
the tail of the amplitude vector moves to the left along the spiral, while its head e
mains fixed at Z. The amplitude will evidently go through a maximum at 4', a min-
imum at ¢/, another maximum at d’, etc., approaching finally the value Z'Z for the
unobstructed wave. If we go downward from P, into the geometrical shadow, the tal
of the vector moves to the right from O, and the amplitude will decrease steadil,
approaching zero.

To obtain quantitative values of the intensities from Cornu’s spiral, it is o
necessary to measure the length A for various values of ». The square of A gives the)
intensity. Plots of the amplitude and the intensity against v are shown in Figs. ISQ(;:E
and (b), respectively. It will be seen that at the point O, which corresponds “]’ t[ue
edge of the geometrical shadow, the intensity has fallen to one-fourth that for ﬂac
negative values of v, where it approaches the value for the unobstructed wa;,
other letters correspond with points similarly labeled on the spiral, B, C’[ i
representing the'exposure of one, two, three, etc., half-period strips beloY Ai?{ts at
maxima and minima of these diffraction fringes occur a little before thest p(\)/eco ,
reached. For instance, the first maximum at &’ is given when the amplitud® on’
has the position shown in Fig, 1gp, Photographs of the diffraction pane'rlﬂh vt
straight edge are shown in Fig. 18R(a) and (b). Pattern (a) was taken wi 2 densh!
light from a mercury arc, ang (6) with X rays, 2 = 8.33 A, Figure 18R ltsonleter'
race of the photograph (a), directly above, and was made with a microP'°
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FIGURE 18p

Cornu’s spiral, showing resultants for a straight-edge diffraction pattern,

~ Perhaps the most commo
¥ a very striking one, oc¢

n observation of the straight-edge pattern, and cer-
Piered Spectacles, The edge

urs in viewing a distant street lamp through rain-
Tefrac jngo M : of each drop as it stand§ on the glass acts lil.<e a prism,
£l the fieyg .° Pupil of the eye rays which otherwise would not enter it. Beyond
Tegulgy by t I8 therefore dark, but the crude outline of the drop is seen as an
Fie gy, he fl_’atCh bordered by intense diffraction fringes such as those shown in
Rauge o the BES are very clear, and a surprising number can be seen, presumably
achromatizing effec of the refraction.

]8.]2
RE
“.hen We ; CTILINEAR PRO

iy, MVestigaqe th
K in;1 Arently rey
g hay, Particylg,

t B

PAGATION OF LIGHT

.e.scale of the above pattern for a particular case, the reason
llinear Propagation of light becomes clear. Let us suppose
"¢ @ =b = 100cm, and 4 = 5000A. From Eq. (I8K), we

S=yp \/a_bl_ = 0.0354v cm
2(a + b)

Scanned with CamScanner



396 FUNDAMENTALS OF OPTICS
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FIGURE 18Q
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(@) Amplitude and (5) intensity contours for Fresne) diffraction
ata Straigp
tedy,

This is the distance alop 8 the wave front
the screen, we note from the figure that

FIGURE 18R
S‘raight-edge diffra

of (a),

Py .“';.'\__

Ction pattern
length 4309 4 and (b)) X ;

(c)

[Fig. 180(0)]- To Change it to distanCtsl
on

. . tof\w‘
$ photographed with (a) \{lSlble ligh fer 0%
rays of wavelength 8.33 A. (c) Microp

hotomet®

A
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I)’ Pr
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Mq p g
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(a) )

FIGURE 18S
Division of the wave front for Frensel diffraction by a single slj
SIngle slit.

of the s
7om the upper part of the wave. ¢condary wave
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08 FUNDAMENTALS OF OPTICS
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FIGURE 18T
Cornu’s spiral, showing the chords of arcs of equal lengths Av.

student may make a straight scale marked off in units of v to tenths, and meas
the chords on an accurate plot such as Fig. 18N, using the scale of v on the SPiffJ
to obtain the constant length Av of the arc. The results should then be tabulated® |
three columns, giving v, 4, and 42, The value of v to be entered is that for the centtil
point of the arc whose chord A is being measured. For example, if the inm:ﬂ |
frox?a v = 09tov = 1.4 measured (Fig. 18T), the average value v = L1518 tabuli®
against A = 0.43, ifer
Photographs of a number of Fresnel diffraction patterns for single slits Ofd“.r.?drt
ent widths are shown in Fig. 18U with the corresponding intensity Curves'b:ﬁ‘
them. These curves have been plotted by the use of Cornu’s spiral. Itis Ofm[uic"
to note in these diagrams the indicated positions of the edges of the geomewinﬁ
shadow of the slit (indicated on the p axis). Very little light falls outside thesle pr:stff
For a very narrow slit like the first of these where Av = 1.5, the pattern 8 ynceb“
les the Fraunhofer diffraction pattern for a single slit. The essential dIF® re(o B
ween the two (compare Fig, 15D) is that here the minima do not com¢ quﬁ i
xcept at infinitely large v. The small single-slit pattern at the top W s :mf[eni‘h
1ys of wavelength 8,33 A, while the rest were taken with visible light e

358 A. As the slit becomes wider, the frin ges go through very rapid change®

(ol
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FIGURE 18U
Fresnel diffraction of visible Ij
courtesy of Kellstrom, Univer.

ght by single slits of different wid
sity of Uppsala, Uppsala, Sweden.)

ths. (X-ray pattern

edge diffraction pat-
osely spaced fringes superimposed on the main fringes at the outer
i) figure are clearly seen in the original photograph and may be
“tected in the reproduction,

By y

o OF FRESNELS INTEGRALS IN SOLVING
e g RACTION PROBI Epps
I a ul

™ ate? Yalues of Fre grals in Table 18A can be used for higher ac-
- Uy he t‘:t Obtainaple Plotted spiral. For an interval Av = 0.5, for
| ST:)btraqed alge > values of x ¢ ghe ends of this interval are read from the table and
poz:l::rrespo d-ralca"y t0 obtain Ax, the horizontal component of the amplitude.

n ln L] L]
€ re] WO values of Y are also subtracted to obtain Ay, its vertical com-
%, Singe . Intensity w;

snel’s inte
with the

Will then be obtained by adding the squares of these
nlemeth | I'ay A2 _ (Ax)z + (Ay)2 (ISP)
m&de in c:i‘? aCcu,-ate but - ) . ions are to be

N pargg of Tay @y be tedious, especially if good interpolations fEedi:
able 184, Some problems, such as that of the straig
muﬂl¥
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Av=05
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Av=2.5

FIGURE 18V
Fresnel diffraction by single opaque strips.

are simplified by the fact that the number of zones on one end of the intervalisat
limited. The values of both x and y will be % at this end. Another example of s
type will now be considered.

8.15 DIFFRACTION BY AN OPAQUE STRIP

he shadow cast by a narrow object with parallel sides, such as a wire,
udied by the use of Cornu’s spiral. In the case of a single slit, treated 10 Sedlena
was shown how the resultant diffraction pattern is obtained by sliding 8 1*¢ et:vo
"the spiral, Av = const, along the spiral and measuring the chord betwee['ldc of the
d points. The rest of the spiral out to infinity, i.e., out to Z of Z' on e i he st
'ment in question, was absent owing to the screening by the two sides © ae %
now the opening of the slit in Fig. 18S(a) is replaced by an object Of. supPO“
1 the slit jaws taken away, we have two segments of the spiral to cons! t i 7
obstacle is of such a size that it covers an interval Av = 0.5 on the SP " the spir'#
 the position jik the light arriving at the screen will be due to the P artS;’ sectio” l;
n Z'tojand from k to Z. The resultant amplitude due t0 these tV° oo #°
ained by adding their respective amplitude as vectors. Th

e lower Se“c,heﬂd st
umplitude represented by a straight line from Z' to j, With th l

e arro
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» amplitude for the upper section is represented
ihthe arrowhead at Z. The vector sum of these t
-y and A* gives the intensity for a point v halfway
1hr€6 diffraction pE'ittCmS PTOC_thCd by small wires ar

by the corresponding theoretical curves.

WO gives the resultant amplitude
between ] aqd k. Photographs of
e shown in Fig. 18V, accompanied

({o
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N
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