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SUMMARY
The procedure for designing a detour phase computer generated
holograms is described with particular reference to a scale and
rotation invariant transformation filter known as a Mellin transform

filter., Experimental results are presented which demonstrate the
main features of the devices.
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1 INTRODUCTION

Coherent optical systems possess the great qualities of high data through-
put with parallel processing. In the last few years several areas which utilise
these qualities have developed and are becoming increasingly important with the
development of high resolution holographic film and real time coherent light
valves. Phase masks which were not possible to achieve using purely optical
systems are now bein% developed using the various techniques of computer
generated holography 1= Likewise real time optical correlator systems
have been demonstrated using the new generation of optical light valves. The
two main optical correlators that are usually demonstrated are the frequency
plane correlator and the joint transform correlator. Both of these systems
exhibit spatial invariance but are sensitive to scale and rotation. 1In 1983
saito et al{l) described a scale and rotation invariant real time optical
correlator which employed a Mellin transform phase mask. The purpose of this
nmemorandum is to describe the methods employed to create this Mellin transform
filter and to discuss some of its limitations. During this exercise it is
hoped that the reader will obtain some insight into the field of computer
generated holograms.

2 CONTINUOUS PHASE DESCRIPTION FOR A MELLIN TRANSFORM FILTER: THEORY

Consider the Fourier transform properties of a simple lens. The light
intensity in the front focal plane of a lens, F(u,v), is related to the light
intensity in the rear focal plane, f(x,y), by the relationship

F(u,v) -.l];(x,y) exp(=jkxu/f) exp(-jkyv/f) dxdy (1)

where f is the focal length of the lens and k = 27/A, A is the wavelength of
the light. 1In our particular case we consider an initial input function which
has only amplitude information, the phase content of the function f(x,y) is
supplied by a phase plate that is coplanar with this input function, thus
f(x,y) = g(x,y) exp(j¢(x,y)) and

Flu,v) = .17;(x,y) exp(j(¢(x,vy) = kxu/f = kyv/f)) dxdy 2)

By applying the method of stationary phase to evaluate this integral it can be
shown that the point (x,y) of plane f(x,y) is mapped into the point (u,v) of
plane F(u,v) by the following relationships

YT ISV T
u o= 5o (x,y) v 27 By (x,y) (3)

For a continuous phase computer generated hologram we require that the func-
tions u and v have continuous partial derivatives in a simply connected region
of plane f(x,y). This implies

du _ 3V 3 [se) . 8 (3¢ .
3y ax or 3y (ax) ax (ay) ()

In most cases of computer generated holograms the mapping that is required
is defined and it is necessary to calculate the appropriate phase function
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¢(x,y) using equation (3) (subject to the continuous phase conditions of
equation (4)). 1In Appendix A the case {s considered when equation (4) is not
satisfied,

In the present case we choose the mapping

X u tn(r)-s 2n(x2+y2)° s/2
+ = = -1 (s)
y \Z -8s -tan (y/x) *s
Careful evaluation of equation (4) confirm that this function does indeed .

produce a continuous phase function and solving the two differential equations
(3) yield the final form of the phase function (Ref 1)

P(x,y) = -%ﬂf—s {ytanq(}z‘-)-% En(xz*yz) +x+ 7y H(-x)} (6)

vhere s is a scaling factor and H(~x) is the unit step function which has the
following definition

H(~x) = 1 x <0
7
H(~x) = 0 x>0

3 THE BINARY FRAUNHOFER HOLOGRAM AND THE MELLIN TRANSFORM FILTER

A binary hologram consists of transparent dots on an opaque background:
the transmittance of the medium being either one or zero at all places on the
transparency(“‘5). In order that a complex amplitude f(x,y) can be realised
on the hologram we must consider how phase information can be recorded. There
are three ways in which the phase of a light wave can be influenced: retarda-
tion while travelling through a dielectric, phase jump at reflection and detour
phase. The mechanism of detour phase can be visualised using the description
of grating diffraction. 1In the first order diffraction pattern light from
ad jacent slits have a relative 27 phase shift, this is the detour phase and
if the relative centres of the slits are not correctly placed it is clear that
an alternative value for the detour phase can be realised.

In the synthesis of the complex filter function it is assumed that the
cells are of such a size, (Ax) » that the function f(x,y) will almost be
constant across the cell

f(x,y) =~ f(ndx, mdy) = fnm = Apm exp(i¢nm) (8)

The cells may also be so small that the envelope function that they add to
the waveform is unimportant. Several ways of implementing the phase and
amplitude information have been tried. For the Mellin transform filters in
this memorandum the schemes shows in Figure 1| have been used. The simplest
case consists of a slit whose width is8 half of the cell size and whose height
is normalised so that the maximum amplitude required by the function corres-
ponds exactly to the cell height. The position of this element relative to
the centre of the cell is a measure of the detour phase required of this
element, One disadvantage of this scheme {s that there is a slight possibility
of the contribution from adjacent cells overlapping. This may be overcome by
folding the aperture round within the cells so that we effectively either add
or subtract 27 from the detour phase of the contribution outside the cell to
bring it back within the cell walls (see Figure 1).
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; When diffracted light from a regular array of cells of dimension Ax is
Y collected by a lens of focal length f, the diffraction pattern seen in the
& focal plane of this lens 1s a regular square array of points where the
separation of the points Au is given by
LY
1y a
N Au = —f = Ay (9)
] Ax
-
b We have chosen to map the (x,y) plane to the (u,v) plane in such a way that a
rotation of an object about the origin by an angle 6 in the (x,y) plane will
i correspond to a linear shift of 8s in the v direction of the {(u,v) plane. .
’: We choose, therefore, the size of the cells in the hologram to be such that :3\
- the separation of the diffraction orders 4v in the (u,v) plane to correspond N
N . to an integer multiple of 27s, the linear shift introduced in the v direction :(3
) due to complete rotation of the image in the (x,y) plane. ~
b In this way the diffraction order spots will give a direct calibration
. of 6 and &n(r) in the (u,v) field. Thus
L%
(A
-~ Af Af A f
[~ Ay = Ax J7ns = = v (10)
¢ all linear dimensions are measured in the same units. Next we choose the
-~
A separation of the orders in the (u,v) plane to be 5 mm, a convenient size to
o image on our TV system. Thus Av = 5 = 2%s, The parameter s therefore
= takes the values (5/27) and (1/27) respectively for the two conditions
35 (n=1) and (n=5) considered in the experiments (using equation (10)). For
A= 514.5 x 1076 mm and f = 1000 mm the above choice of Av corresponds to a
- cell size in the hologram of 102.9 um square.
ﬁ The Mellin transform filter that would be produced using these parameters
s was simulated using the 'basic' program included in Appendix B. It is clear
s

from these programs that an amplitude term has bheen included in the plot. The
Mellin filter is a phase-only mask and the amplitude term is included so that
a linear magnification of the input image will result in a corresponding shift
in the output pattern but will have no resulting change of intensity of the
transform image. In the absence of such a term a magnified input image would
have a transformed image that was much brighter. This is not desirable when
the detecting system may have a limited dynamic range and where one would wish
to define a suitable operating point that is invariant with respect to scale.
As an image intensity will scale according to an r2 term with respect to
iniform illumination, the amplitude term must vary as r=l (the amplitude in
our plots is set arbitrarily to unity for r ¢ 1 mm, and scaled as 1/r for
r >1 mm). The resulting filters are shown in Figure 2. The final holograms
" were produced using the Electromask facility at RSRE. This facility has a
. minimum slit of 2.6 um amd a maximum slit of 1.5 mm. The positioning accuracy
of the slit is 0.25 um over a 60 mm field. The size of transform filter we
can reasonably produce is limited by the writing speed of the electromask

* LI ]
.Ill.l .

.; ) (4 k/hr for chrome masks, 16 k/hr for emulsion masks). For our particular
> device the write time of between 2 and 8 hours was required for the 3 x 10%
nY images.
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4 EXPERIMENTAL RESULTS

The first Mellin transform filter (MELLIN No 1) has been used to demon-
strate the £n(r)-0 transformation in various situations. All of the experimental
results were taken using the system depicted in Figure 3. Light from an Argon
ion laser is spatially filtered and collimated on to the transform filter which
is in the near focal plane of a 1 m focal length achromatic doublet lens. The
lens collects the light and focusses it on to the active surface of a lowlight
TV camera which lies in the front focal plane of the lens. The image i{s then
displayed on a suitable monitor. Amplitude modulated input data is placed just
behind the Mellin filter in the collimated light.

The active area of the filter has a 10.29 mm radius. 1Illumination of the
whole of this area corresponds to a band in the &n(r)-9 plane as depicted in
Figure 4. This defines the region of the transform plane (u,v) that meaningful
results can be measured. The upper edge of the illuminated region of the (u,v)
plane corresponds to r = 10.29 (2&n(r) = 2.33 = 0.747n), Correspondence between
the theory and experiment can be seen to be very good.

When the aperture has a restricted outer radius the upper edge of the
image in the transform plane lowers (see lower part of Figure 5). If the lower
radius of the image 1is also restricted so that the filter is illuminated by a
circular arnulus (Figure 6) then the transformed image becomes a narrow band
in the (u,v) plane whose width is given by 2n(b/a) where a and b are the inner
and outer radii respectively. 1f this circular annulus is further restricted
so that only a half of the aperture is transparent (Figure 7) the image becomes
restricted in the 6-direction also. Figure 7 demonstrates the effect of rota-
tion of the circular half annulus on the transformed image. It is apparent
that the major effect is not in the fine detail of the image but is merely a
translation of the same image along the 6 axis. This overcomes one of the
problems of the space invariant transform - namely that of invariance to
rotation. This effect is further demonstrated in Figure 8 with a full square
annulus. 1In this case the peak features, corresponding to the corners of the
square, shift by n/4 in the transform plane upon a rotation of the illuminating
image by a similar amount. Note also in this figure the multiple diffraction
pattern associated with the cell diffraction spots. This pattern is a repli-
cated version of the pattern that one would observe at the centre of the trans-
form plane if a single cell of dimensions Ax2 1s placed in the input plane, and
is useful in confirming the orientation of the square annulus with respect to
the Mellin axes.

When an image is no longer on axis and does not even include the origin
in the x,y plane, the pattern in the transform plane is very different. For a
circular aperture (Figure 5) the pattern is an oblated circle whose size and
distortion depends on its position with respect to the (x,y) origin. If a
more complex shape, eg the square annulus, is taken off axis its pattern
depends strongly on the orientation of the square with respect to the Mellin
axes., Two such cases are shown in Figure 9 and Figure 10 for two orientations
of the square which differ by a rotation of %/4. The patterns are obviously
very different although the same shape is employed but the correspondence
between experiment and theory is still excellent. This demonstrates the fact
that the Mellin transform can only show rotation invariance with respect to its
own centre - not the centre of the concerned object that illuminates the filter.
This i{s a particularly important point with respect to use of the filter in a
correlator system - obviously targets of interest must be aligned before
analysis i1f this scheme is to be used.
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In this section experimental data has only been displayed for the first
Mellin transform filter (Mellin No 1). An improved version of this filter
was constructed {(Mellin No 3) using the alternative method of CGH construction
shown in Figure 1. The filter itself looks more aesthetically pleasing to the
eye (see Figure 2) showing no large gaps in the filter and displaying a more
continuous form. Experimentally however there is only marginal improvement
in performance using this filter and so no data is presented. This lack of
significant improvement is probably due to the sampling conditions of the
object (ratio of the cell size to object size) remaining the same for the
two filters. An alternative filter (Mellin No 2) hoped to overcome some of
the problems incurred due to the near undersampling of the phase function by
the previous two holograms. The phase function was expanded by a factor of
5 and this resulted in a contraction of the output image of a similar factor
(Figure 11). 1In Figure 11 we note that the 6 field does not appear to be
symmetrical about the diffraction orders. At first this may appear to be
incorrect but if the form of the phase function is reconsidered (equation (6))
it is noted that images in the 2nd and 3rd input quadrants (negative x) have
an additional linear phase term. This linear term acts like a single
sideband modulator shifting the field produced by these two quadrants to an
asymmetric position about the final diffraction pattern. The magnitude of
this shift is such that the field for positive x and negative x meet
precisely. In practice this effect is of little consequence as it only
produces a linear shift of the output plane.

5 CONCLUSIONS

The use of a detour phase computer generated hologram to provide a phase
plate which can produce a given transformation has been demonstrated. The
filter, when used in conjunction with the appropriate coherent light and lens
of correct focal length, has been shown to produce an output image whose shape
is independent of magnification and rotation about the transform filter origin.
This filter may be of significant use in particular areas of optical signal
processing where the direction of the image is known in advance (otherwise a
raster type scan must be employed). Of the three filters most of the experi-
mental data displayed in this memorandum was obtained using Mellin No l. An
improved version of the filter using a modified plotting routine (Mellin No 3,
Figures 1 and 2) showed no significant advantage over the first type. It is
true that the improved filter is aesthetically better with regard to the absence
of obvious errors in the phase description but the limited number of cells that
describe particular images still results in some distortion of the images,
especially with regard to the O and " positions in the transform plane.
Similarly the modified plotting routine that described the filter with a slower
varying phase characteristic shared no significant improvement. This once
more was probably due to a similar number of cells still being used to describe
the same images. The major experimental difference between Mellin No 2 and
Mellin Nos 1, 3 was the reduction in the output plane that was usefullv emploved
(Figure 11).

We have chosen to implement these filters using binary computer generated
holographic techniques. As only phase only functions are used in these filters
it may be more appropriate to develop future filters using alternative tech-
niques, eg Referenceless On-Axis Complex Hologram (ROACH) N, These techniques
have the advantages of high efficfency and that of the transformation being
directed on~axis and not to the first order diffraction pattern.
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FIGURE 4

THE MELLIN TRANSFORM FILTER (MELLIN #1) FULLY ILLUMINATED. COMPARISON
OF EXPERIMENTAL DATA WITH THEORY. EACH SQUARE HAS DIMENSIONS OF n/3 IN
EACH DIRECTION. ¢ni(r) IS PLOTTED VERTICALLY, 6 HORIZONTALLY. THE DOTS
CORRESPOND TO THE DIFFRACTION PATTERN FROM THE CELL SIZE USED IN THE
COMPUTER GENERATED HOLOGRAM
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FIGURE 6

THE MELLIN TRANSFORM FILTER (MELLIN #1) ILLUMINATED BY A CIRCULAR
ANNULUS ON AXIS. COMPARISON OF EXPERIMENTAL DATA WITH THEORY. EACH
SQUARE HAS DIMENSIONS OF 7/3 IN EACH DIRECTION. 2n(r) IS PLOTTED
VERTICALLY, 6 HORIZONTALLY. THE DOTS CORRESPOND TO THE DIFFRACTION
PATTERN FROM THE CELL SIZE USED IN THE COMPUTER GENERATED HOLOGRAM
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.. THE MELLIN TRANSFORM FILTER (MELLIN #1) ILLUMINATED CY A HALF CIRCULAR
1 ANNULUS ON AXIS AT VARIOUS ORIENTATIONS. COMPARISON OF EXPERIMENTAL
DATA WITH THEORY. EACH SQUARE MAS DIMENSIONS O* /3 IN EAGH DIRECTION.
n{r) 1S PLOTTED VERTICALLY, @ HORIZONTALLY. THE DOTS CORRESPOND TO THE
DIFFRACTION PATTERN FROM THE CELL SIZE USED IN THE COMPUTER GENERATED
HOLOGRAM
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FIGURE 8

THE MELLIN TRANSFORM FILTER (MELLIN #1) ILLUMINATED BY A SQUARE

: ANNULUS ON AXIS AT VARIOUS ORIENTATIONS. COMPARISON OF EXPERIMENTAL

) DATA WITH THEORY. EACH SQUARE HAS DIMENSIONS OF /3 IN EACH DIRECTION.
2n(r) IS PLOTTED VERTICALLY, 6 HORIZONTALLY. THE DOTS CORRESPOND TO THE
DIFFRACTION PATTERN FROM THE CELL SIZE USED IN THE COMPUTER GENERATED
HOLOGRAM
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FIGURE 10

THE MELLIN TRANSFORM FILTER (MELLIN #1) {LLUMINATED BY A SQUARE
ANNULUS OFF AXIS. COMPARISON OF EXPERIMENTAL DATA WITH THEORY. EACH
SQUARE HAS DIMENSIONS OF =/3 IN EACH DIRECTION. (ni(r} 1S PLOTTED
VERTICALLY, ¢ HORIZONTALLY. THE DOTS CORRESPOND TO THE DIFFRACTION
PATTERN FROM THE CELL SIZE USED IN THE COMPUTER GENERATED HOLOGRAM
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FIGURE 11

THE MELLIN TRANSFORM FILTER (MELLIN #2) FULLY ILLUMINATED. COMPARISON
OF EXPERIMENTAL DATA WITH THEORY. EACH SQUARE HAS DIMENSIONS OF 57/3 IN
EACH DIRECTION. ¢@nir) IS PLOTTED VERTICALLY, 8 HORIZONTALLY. THE DOTS
CORRESPOND TO THE DIFFRACTION PATTERN FROM THE CELL SIZE USED IN THE
COMPUTER GENERATED HOLOGRAM
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APPENDIX A

) SOME ALTERNATIVE GEOMETRIC TRANSFORMATIONS USING COMPUTER GENERATED HOLOGRAMS

In the text we have discussed the stationary phase method of realising
a geometric transform where the phase function has a continuous form. In

" general this may not be always true and we must consider how a hologram may
u be constructed when this is not the case. One solution is to subdivide
. the hologram into subholograms(znlo): where the phase variation within a
S subhologram is continuous but across subhologram boundaries need not be

continuous. The format in which the subholograms appear depends critically
- on the style of transformation that is being attempted. For example
Cederquist and Tai(2) discuss the mapping of rings in the (x,y) plane to
point along the v axis in the (u,v) plane.

x (u) (Vx2+y2)
+> =
y v 0
. Clearly this transformation does not obey equatioﬁ (4) in the main text
. and the phase is not continuous. The hologram was therefore divided into N
concentric rings of average radius rp and width Ar with

¢(x,y) = 27 x/Af

for

| Vx2ay? - r | < ar/2 .

A similar transformation can be realised using the Mellin transform filter
described in the text and a second hologram which transfers lines into
points. Both of these hologram have continuous phase description and can

l potentially have a higher space-bandwidth product.
{: Other optical map transformations have been investigated by Bryngdah1(6).
I The first case he considers is a preservation of geometric similarity
N
~ X u x
: Y, v y
Use of equations (3) result in a phase function
. _om 2.2
3 ¢ (x,y) X (x“+y9)

which is, of course, the phase factor introduced by a lens of focal length
f, ie a Fresnel zone-plate.

A second transformation described by Bryngdahl used the example

? (x) (u) p exp(-x/q) COS(Y/Q))
‘::j y v (p exp(-x/q) sin(y/q)
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This transformation maps horizontal lines into circles of given radius,
and vertical lines into radii. The phase function had the form

p(x,y) = -~ B%%E exp(=x/q) cos(y/q)

The third transformation described by Bryngdahl involved using a chirped

one dimensional grid structure for local modification of an image. Sections
of an image could be extended to position relative to the features in the
CGH.
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. APPENDIX B
» PARAMETERS AND PROGRAMS USED TO DEFINE THE MELLIN TRANSFORM FILTERS
' DESCRIBED IN THE TEXT
Q 2ns -1 2 2
t: p(x,y) = SF {ytan (—;\:—)—% In(x“+y") + x + Ty H(-x)}
N
' H(=-x) = 1 x <0
N H(=x) = 0 x>0
\
N
N A = 514.5 nm
f = 1000 mm
s = 5/2% (for Mellin Nos 1,3)
s = 1/2n (for Mellin No 2)

Ax = Ay = 102.9 pm
¢ = 0.5 (see Figure 1)

= 1 (r <1 mm)
App = 1/t (r > 1 mm)

r(max) = 10,29 mm

Type of CGH - type 1 (for Mellin Nos 1,2)
type I1I (for Mellin No 3) (see Figure 1)
2 DR
- B-1 .
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Bl: Mellin No 1

S ! MELLIN # 1 4p7a XI=C1+41-4
1€¢ PLOTTER IS 7815 O 4119 GOSUB 5889
26 PAD ¢ 4128 RETURN
In LINIT @.252.6,1508 S@08 MOVE X8.Y9
46 LOCATE ©, 16@¥PATIO. . 106 S@16 DRAM ¥9,YS
S% SCALE -<12%¥RATIOY.12%RATIC, - =@208 DRAW X9.YS
12,12 S92 DRAK XE&.YE
60 COSUR 1260 SP498 DRAW X8.Y9
76 PRUSE 5@Se PENUP .
10@@ ' PLOT: BIM IN mm S@S1 FOR X7=X8 TO X9 STEP .81
1216 ¥1=_102% @ ! ¥ CELL SIZE S@SZ2 MOVE %7.Y9
1028 Yi= 1829 ® ! ¥ CELL SIZE 5253 DRAW X7.Y8
1076 Hi= @E2€ €  MIN HEIGHT OF S@S4 NEXT &7
eLIT £8SS PENUP
1946 L= PBPS5145 ® ' WAVELENGTH O s@c2 RETURN
F LIGHT
1959 FZIGBG @ ! FOCAL LENGHT OF
LENZ
1568 0= 5 @ ! WIDTH OF SLIT
1876 £9=1 @ ! MIN RAD FOF AMF CO
RR
@107S §=5/(2%FI) & ! SCALE FACTOR
, FOF PHASE CALCULATION
Y 1928 FOR X2=-199 TO 1090
. 105G X=L1XNZ
- 11998 FOR v2=-1P(SOR:108Q0-%2¥X2)
- ;1) TO IF(SOR(1@BEA-XZXX2)+
- .
1118 Y=Y1¥YZ
o 1120 IF ¥2=8 AND v2=8 THEN 1178
- 11326 GOSUE z@ne
- 114a IF A=3 THEN 117@
- 1156 GOSUE 30806
- 1168 GOSUR 499
- 1179 NEXT Y2
1198 NEXT X2
- 1198 RETURN
b zp@a3 | AMPLITUDE
- 2016 F=SOF(XA2+Y~2)
o @28 IF R:>R9XY1-H1 THEN A=8 @ GO
- TO 2050
o 2979 IF R RS THEN A=R9/R ® GOTO
E zoSe
- za4a A=t
= 285a PETURN
- 2820 ' PHASECREF SAITOY
Ieig IF X3=6 THEN P=RES(Y)¥IPI-Z
R GNTO 3948
2026 P:YtﬁTH(?/X)—.StxtLOG(XAZ#Y
~A254+% .
2838 IF X<@ THEN P=P+Y%PI
2046 F=-(23PIXPXS . CLXFY)
2850 P=ATN2¢(SINCP),COSCP)}
2066 FETUPN
¢ 42009 ' HOLEAR
4810 YS=A¥Y1X.S
4228 Ci=X+PXX1-(2%P1>
C 48320 Y3=Y+YS
O 4948 Y3=Y-Y5
4860 X8=C1-X1/4
B-2
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B2: Mellin No 2

! MELLIN # 2
FLOTTER 1S 785

RAD

LIMIT 6.255.6,182

LGCATE @.18aftkRTIC. 0. 106
SCALE -C12¥RATIO».12XRARTIC, -
1712

,O-UE 1ean

DIM IN mm

eze & + x CELL SIZE

Bza @ ! ¥ CELL SIZE

6z2e € | MIN HEIGHT OF
S

T
e & ' WAVELENGTH O
1
A8A @ ! FOCAL LENGHT OF
s
1

2 ! WIDTH OF SLIT
& | MIN RARD FOR AMF CO

S=1-72*%P1Y ® | SCALE FRACTOR
FOF PHASE CALCULATION

FOR #2=-1908 TO0 189

nEXIARE

FOR Y2=-IP(SQR(1B82AA-X2%X2)
+12 TO IP(SGR{18866-12XX2)+
12

¥Y=Y1¥¥ze

IF X2=@ ANMD Y2=8 THEN !1T@
GOsUE z6eo

IF A= THEN 11i7é@

GOSUE 3aas

GOSUB 4801

NEXT Y2

NEXT X2

FETURN

! AMPLITUDE

P=30FR (X ~2+Y~2)

IF R:RI%Y1-H1 THEN H=0 ® GO
TO 2856

IF P:RP2 THEN A=R2/R 2 GLOTO
zase

H=1

FETUPN

! PHASEREF SAITD)

1F ¥2=6 THEN P=RESCY)>XFI1-Z
& GOTOD 30849
PYRATHOY )~ SEXNRLOGCR~Z+Y
~AZI+

IF %70 THEN P=P+YXPI
P=—(2XFISPXE (LXF)
P=ATH27SINCP),COAS(P>>
FETUFN

! HOLBAR

Y5=A¥Y12.5

Cl=xX+PEX1-(2EPI>

¥B3=Y+YS

¥YI=¥-Y¥S

ng=C1-%1-4

NRANASL D
DODDD- =D
S 4 DI
OOODDDDOM

I=C142i-4
GASUR S8es
FRETUFN
MOVE X8.,Y2
DRAK ¥9,Y9
DRAKW X3, Y8
OREAW XE&, YVE
DRAN X8, Y2
FENUF

FOR X7=X8 TO X2 STEF .81}
MOVE X7.Y9
ORRMW X7.Y8
NEZT X7
PENUP
RETUPN
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B3: Mellin No 3

| MELLIMN & 3 O 4aca
PLOTTER IS 78BS 04&9
ERD
LIMIT @,2508.0,1388 O4059
LOCATE @&, 1AGXRATIO.Q. 106 0O
SCALE -(¢12%RRATIOY.123RATIO, - 0499‘3
303U @00 04149
PRUSE o

' PLOT: DIM IN mm 04118
¥1=.162%9 ® | ¥ CELL SIZE -
Yi=.18629 @ ' ¥ CELL SIZE é31ze
Hi=. @826 @ ' MIN HEIGHT OF S899
SLIT Jea%
L=.8005145 €@ ! WAVELENGTH 0O —elia
F LIGHT 3028
F=1098 @ ' FOCAL LENGHT OF gggg
LENS 2
C= S ® | WIODTH OF SLIT tase
F3=1 € ! MIK RAD FOR AMF CO ;gg}
RR s@sz
€=5-72¥P1> @ ' SCRALE FACTOR %8532

FOF PHASE CALCULATION 2934
FOR X2=-189 TO 1G6 855
Y=n1xsz Jece
FOR Y2=-1FP(SOR(10QAB-X2ZX¥2)

+1) TO IP(SER(108BA-X21X2)+

1)

Y=vY13yz

I X2=0 AMD Y2=0 THEN 1176

GOSUE 2669

IF A=3 THEN 1170

GOSUE 38ae

GOSUE 400832

NEXT v2

HEAT X2

PETURN

! AMPLITUDE

B=SOR(X~Z24+Y~2)

IF P>ROXY1-/H1 THEN R=0 @ GO

T 2050

IF R*R2 THEN A=R9-/R @ GOTO

zase

f=1

RETURN

! PHRSECREF SRITO)

1F %2=0 THEN F=ABS(Y)>XPl,Z

& GOTO 3940
F=7sATNCY 7%= SEAXLOG(K~2+Y

A2)+A

IF X<8 THEN P=P+Y%PI
F=—(2%FI1SPXS/(LXF))
P=ATHZ(SINCP),COS(P»)

RETUPN

! HOLBAR

YS=A¥Y1X .S

C1=X+P%X1-(2%PI1)

Y8=Y+yS

Y9=Y-vS

IF P<~(PI-2> THEN GOTD 4650

B-4

el e St il o

1F F>F1-2 THEH GCTCG 4166
X3=C1-¥1-4 @ X9=C1+X¥1-/4 @
OSUE Seen @ RETURN
X2=X-%1/2 B XI3=C1+X1/4 GO
SUE Seera

Xg=C1+374K1-4 @ XI=X+31-2
GOSUE Sebe & RETURN
X8=C1-¥1-4 @ X9=X+X1,/2 @
SUBR Saae

[~}

@

GO

K8=X-X1,/2 @ X9=[1-3xX1-4 @
GOSUB 50066 €& RETURH
RETUPRPN

1F X9-¥8<{H1 THEH 5660
MOVE X&.\Vs

DRAW X9.,Y3

DRAK X2, YE

DRAW X&.Y8

DRAW Xg, Y9

PENUP

FOR X7=Kg TO X9 STEFP .61
MOVE XK7.,Y9

ORAW X7.Y8

NEXT X7

PENUIP

RETURN
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