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ABSTRACT.— A method for preparing beta diagrams has been programmed for the I1BM
0S/360 (FORTRAN H) computer. The 570 CALCOMP system has been used to output the result-
ant plots. The program finds spherical coordinates of intersections of traces of individual seg-
ments, then projects them on an equatorial plane by using stereographic projection principles. It
makes necessary corrections to fit the projected points to an equal area polar net (Billing net).
The program, then, to calculate intensity of distribution of projected points performs the following
tasks: (@) distributes the additive value of each point to a one percent domain by using the Mellis
method; (b) takes care of the values which might fall outside the primitive circle; (c) chooses a
suitable contour interval and integrates the values between contours. The final distribution is dis-
played both by an output from line printer and an output from CALCOMP plotter on a 20-cm
Billing net. The computer program described in this report may be used, by slight alterations, to

prepare various diagrams used in structural geology and in fabric data analysis in structural pet-
rology.

INTRODUCTION

This study was carried out by the author at Stanford University during
the spring of 1968.

The program is prepared to draw beta diagrams, but by slight alterations
can be used to prepare other useful diagrams.

Programs in different languages and using somewhat different techniques have
been provided by Robinson (1963) and by Noble (1964). The method used in
this program is believed by the present author to give more accurate results than
the above-mentioned works; however no attempts will be made to compare be-
tween them.

In the following chapters the meaning of beta diagrams, the technique in
their preparation and the computer program itself will be discussed rather briefly.
A listing of the program and outputs from a test run are presented . at the end
of the text. Operating instructions for the program are given in the program as
comment statements in logica steps.

EQUAL AREA NET

The following paragraph which summarizes the use of equal area net is
quoted from Turner and Weiss (1963) :
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«... Structural analysis is concerned especially with orientation data relating to planes and
lines (fabric elements) and their intersections. In study of crystal morphology the relative orien-
tations of planes and lines are conventionally represented and their geometric relations determined
by means of the familiar stereographic projection —a tool which is commonly employed, too, in
graphic solution of many problems in structural geology. In structural analysis, the necessity to
evaluate preferred orientations of fabric elements imposes a peculiar limitation on graphic proce-
dure. All equal area on the surface of the reference sphere must remain equal on the projection
itself. This is not true of the stereographic projection, in which centrally situated areas are dimin-
ished relatively to peripheral areas of equivalent size on the reference sphere. To obviate this
difficulty it is customary in structural analysis to use a type of equal-area projection — also
known as the Lambert projection (after its inventor) or the Schmidt projection (after W. Schmidt
who first used it in structural geology).

Both types of projection employ a reference sphere in which planes and lines passing
through the center intersect the surface as great circles and points respectively. In equal-area projec-
tion as in stereographic projection, these are projected — but from the lower hemisphere only —
onto the equatorial plane; but the graphic procedure employed maintains the desired equal-area
specification which is absent from stereographic projection. Because of this property, density
distribution of points on the projection faithfully reflects the preferred orientation of the corre-
sponding lines passing through the center of the reference sphere. Stereographic projection is from
a point source, and circles on the reference sphere appear as arcs of circles on the projection.
This is not true of the equal-area projection; circles are projected as elliptica arcs, save where

they lie in or normal to the plane of projection (the boundary circle and diameters of the pro-
jection respectively)...

Figure 1 illustrates the princi-
ples of the stereographic projection. T
For the stereographic projection can v AN
the transfer of configuration on sphere
of a plane be carried out by direct
geometrical construfction. In equal -
area type of projection the configura-
tion is obtained by computational W
methods for which such concepts as
the plane of projection, the center of -
projection and line of projection do
not have a simple graphical meaning.
Both, stereographic net (Wulff net)
and equal-area net (Schmidt net or Lambert net) can be prepared as equatorial or
polar projection. Equatorial projection is more often used because it enables the user

to evaluate the coordinates of the intersections. In the present program the polar
variety of equal-drea net (this net is also called Billing egual-area net) is used,

because it can be drawn much easier by plotter, and coordinates of intersection
vectors are calculated by mathematical methods. Polar and equatorial nets of

stereographic and equal-area projection are illustrated in Figure 2. Scde and area
distortion on these nets are also presented on the same figure.

STATISTICAL USE OF EQUAL-AREA NET

The nature and degree of preferred orientation of a given type of planar
or linear fabric element are expressed graphically by the distribution on an equal-
area projection of points (poles, in the case of planar elements), representing the
individual orientations of a large number of representative measured elements of
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the kind in question. The points so plotted constitute a pattern of preferred
orientation or an orientation diagram of the given element. A statistically random
orientation is expressed by a pattern in which there is no obvious tendency for
reproducible local concentration of plotted points. Most orientation diagrams
representing tectonite subfabric show marked reproducible local concentration and
complementary voids or sparcely populated areas. These are graphic evidence of
preferred orientation.

To sharpen the pattern of preferred orientation expressed by points on a
net, it is customary in structural analysis to draw density contours on the point
diagrams. Each contour delineates an area within which the density of distribution
of plotted points exceeds some minimum value, eg. 5 % of the total points per
1 % of the projection area.

To count the points lying within any one percent circular area of the projec-
tion and to draw the contour, several contouring procedures are currently used:
Schmidt method is by far widely used. In this method a contouring counter (Fig. 3a)
is the principle device. It is a card with a circular hole 1/100 of the area of the
complete equal-area net. This counter is placed on the net and the number of
points which can be seen within the circle are counted and the percentage concen-
tration is calculated (Fig. 3b). For example if there were 500 poles on the net, and
at one position of the counter 10 occur-
red within the hole, then the percentage
at the center of the counting circle would
be (10 X 100/500) 2 percent. These per-
centages are recorded from place to place
(usually controlled with a grid) on the
net and the density distribution contour-
ed. At the periphery of the net the per-
centage are calculated with a special coun-
ter (Fig. 36) so that a complete one per-
cent area isused. Méellis method or circle
method is another tool to contour the
population density. Circles of 1 percent
are drawn around each point taking the .
point as the center (Fig. 4aand 46). Over- -
lapping area between two circles have a "
2 percent concentration, those between Fig. 3 (a-b).
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a Fig. 4a-db. b

three circles have 3 percent concentration, etc. This method has sounder statistical
meaning; aso, it is the least subjective method of contouring: the only one by
which strictly identical diagrams will be produced from the same point diagram
by independent workers. But its application is limited because it becomes amost
impossible to count the number of overlapping circles. However this inconvenience
is overcome by using computer (in our program we have used this method).

The object of counting is to draw density contours connecting centers of
circular areas within which the measured points are equally concentrated. Con-
touring is an arbitrary procedure the statistical significance of which has not been
rigorously evaluated. The following rules are recommended by Turner and Weiss
(1963): (1) On any diagram the number of contours should not be more than six.
(2) The highest contour is chosen to emphasize and differentiate maxima large
enough to stand out clearly on a projection 2 to 3 inches in diameter. For in-
stance, if the areas of local concentration of 10 to 12 percent are small, it may be

advisable to draw the highest contour at 8 percent. (3) In any diagram contour
intervals should preferably be uniform.

BETA DIAGRAMS

The following paragraph is quoted from Ramsay (1967) :

«...Surfaces within a cylindrical fold contain aline parallel to the rectilinear generator and
therefore the intersections of any two observations of measured tangent planes to the folded sur-
face intersect in a line parallel to this generator. This line is known as a beta axis and is parallel
to the fold axis. The stereogram or equal-area projection offers a very convenient way for graphic
determination of the orientation of such beta axes. All the beta axes computed in this manner
should have a parallel orientation (i.e., all the great circles representing individual surfaces in the
fold should pass through a single point). In practice, however, folds rarely have a perfectly cy-
lindrical form and the measurements of the fold surfaces are always subject to a certain error. This
means that the computed beta axes do not generally coincide, but they are unimodally grouped
around a point which gives the best fit orientation for the mean beta axis or fold axis. The num-

ber of beta intersection produced by the intersection of n observed planes (tangent planes) in the
fold is given by the arithmetic progression:
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If n> 3, the number of beta intersections outnumbers the observation and in practice it may be
almost impossible to determine their position in a single diagram (for example, if n = 500, then
S = 124,750)...

However usage of high speed digital computers overcomes this impractica-
bility.
Figures 5a and 5b illustrate the use of beta diagram.
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Beta diagrams can aso be used to solve complex folding by dividing it to
cylindrical portions. A fan of cleavage can be analysed by using beta diagrams.
Other orientation studies can be performed by making dight changes in the present
program or/and using only parts of it. (The function of every part in the program
is explained by comment statements in the program itself and aso in the next
chapter so that one could modify the program.)

MAJOR STEPS IN THE PROGRAM

A real (100 X 100) array is
used to fill in the values to be used
in plotting, and an integer array
KAR (100 X 100) is used to trans-
fer values in real array to the cor-
responding percentage.

In PART ONE" the cdlls of
the array outside the projection
circle (net) are filled with 10,000
(Fig. 6).

In PART TWO angles repre-
senting measured form surfaces are
read in (see chapter explaining the Fig. 6

10000 e dowadus nmg
saha
[27 tares #iled be 008)

00.0

) 7
ug 505

! The beginning and end of parts are indicated in the program by means of comment
statements.
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inputs to the program). Pole of these surfaces are computed and direction cosines
of the computed poles are stored in X, Y, Z arrays. (Positive X directionis to
the north, Y to the east and Z downward.) These arrays are declared with 200
spaces each. This means one has to adjust this size if he wants to deal with
more than 200 measurements. No other change in the program is required for
such a modification. But it should be remembered that number (IS) of intersec-
tion is related to the number of the measurements by the formula mentioned
above. IS might be a little smaller than the value predicted by the formula, be-
cause for surfaces having the same attitude, intersection is not possible. This fact
is taken into account in the program (see Part Three).

In PART THREE direction cosines of vectors generated by the intersection
of every two surfaces are evaluated using the following relations:

X'"A +YB + Z'C =0 (cross product)
X" A+ Y"B + Z"C =0 (cross product)
A% + B> + C* =1 (theorem for direction cos)

where X', Y', Z' are direction cosines of one and X", Y", Z" are direction cosines
of another vector. A, B, C are the corresponding direction cosines of the vector
generated by intersection. Then these coordinates on the sphere are projected to
an equatorial plane. Billing equal-area net is used in this case. For the equal-area
projection the basic equation connecting the radius vector o with the polar dis-
tance (-) has the form

o = 2 R sin

(Vistelius 1966)

In the program A and B are transformed using the above formula and geo-
metrical relations (Fig. 7).

0o=0OR —Ct=1_¢ (OR is radius and equals 1)
(OR =1)

2
. o l1—cos & X . .
2 sin 3 = 2 S trigonometric relation
\/ 1 —cos @
o’ 2 2

o’ o i—c

o’ = 2 sin

But Cos ) = C and the formula takes the following form:

y,_v 2
e I+C

From similar triangles shown on Fig. 8
AA[A and BB/B ratios can be calculated

2 2
AA = AV T BB“B\/TTT

The next step 'is to fill the AR'array by using AA and BB coordinates
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Diameter of the projection net is 90 cells as shown on Figure 6. One per-
cent circle will have a diameter of 9 cells. The filling operation is illustrated in
Figure 9.

x,X' are the cdls defined by AA and BB and (AA)' (BB)'. The values are
added to previous values of the neighboring cells (occurring in 1 percent influence
circle). It could be figured out that several (even thousands) of circles may com-

prise the same cell.
In PART FOUR the value in cels outside the net are added to their cor-

responding portion inside the net (Fig. 10). Outside cells are left filled with
10,000 to differentiate them from all of the inner cdls.

;BR "array "inin 03 52+ 1
ir hucresj g 7+
{1 cell of ARarray ) ™ 4/5? 8311 |89 W?\\,o;; !
‘AP 1+ |1
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LI T R I I T 2 \
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i 141 N |1+
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\ 111
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Figo 9
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In PART FIVE values of AR array are .
transported to integer KAR array and in the mean . ' (._,%zm:w
time values in each cell aredivided by (total number . T e
of points in the net/100) to find representative
percentage value. [
In PART SIX the final value of each cell is !
printed out. Coordinate axes are also printed. The * .
circle is deformed to an ellipse, due to rectangu- (3
lar form of the characters. Area outside of the e =T
primitive circle is filled with = sign. The values Fig. 10
smaller than 1 are not printed. Values larger than
9 are represented by alphabetical symbols. A table of these symbols is given at the
bottom of the map. The maximum value on the map is also printed below them.
The main objective of printing out such a map, despite the great distortion, is to
furnish user with a reference table showing actual values in each cell.

In PART SEVEN 'CALCOMP plotter subroutines are caled to draw a
20-cm Billing equal-area net. 10° interval is used.

In PART EIGHT 'CALCOMP plotter subroutines are caled to plot the cell
values by classifying them as it is shown in the table below. Symbols used in
plotting are :

N, S, E, W for north, south, east, west.

*for values ™ 4/5 of the max. value.
QO for values > 3/5 bur =l 4/5 of max.

/\ for values >> 2/5 but = 3/5 of max.,

€ for values > 1/5 but << 2/5 of max.

O for values = 15

values less than one are ignored and left blank.

INPUTS TO THE PROGRAM

The number N of measurements to be used should be punched in the very
first data card. 15 format is used for this purpose. The upper limit for this N
number is limited with the size of X, Y, Z arrays and it is st to 200 in this
program. It could be augmented by simply changing the size of these arrays,.

N data cards must follow the very first card bearing the value of N. 215
format is used in these cards. First number being the azimuth and the second
latitude of vectors representing dips. Azimuth value is the angle (from 0 to 360°)
which the direction of the dip of measured plane makes with the north (clock-
wise direction being positive). It is expressed as integer degrees. Latitude is aso
expressed as integer degrees. It is the angle that the dip vector makes with the
horizontal (from.0 to 90°).
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JCL card must contain a special sign to cause page ejects to be supressed,
thus permitting to obtain a map printed without gap across page margins.

Another job control statement should designate that plotter is going to be
used. One should examine the listing of the program for detail, but should also
keep in mind that these formats are subject to change any time.

The program consumed maximum 2 minutes computer time for a data set
of 50 measurements.
Manuscript received April 14, 1970

REFERENCES
NOBLE, D.C. & EBERLY, S.W. (1964) : A digital computer procedure for preparing beta diag-
rams. Am. Journal of Sci., v. 262, pp. 1124-1129.
RAMSAY, J.G. (1967) : Folding and fracturing of rocks. McGraw-Hill Co, 568 p.

ROBINSON, P.; ROBINSON, R. & GARLAND, S. (1963) : Preparation of beta diagrams in
structural geology by digital computer. Am. Journal Sci., v. 261, pp. 913-928.

TURNER, F.J. & WEISS, L.E. (1963) : Structural analysis of metamorphic tectonites. McGraw-
Hill Co., 545 p.

VISTELIUS, A.B. (1966) : Structural diagrams. Pergamon Press, 178 p.



LEVEL

[§1
15N
15K
I5n
15N
IEL]
15N
i3k
IEN
135N
isn
158

15K
158
(L]
L5N

ISk
15k
L5h
(1
5%
313
T5h
(31,4
15N
I15h
154
158
158
L5k
[ELY
I5n
15N
1in
[E1LS
Iam
15N
i5n
L5n
iSn
(1N
15k
I L
LELY
Ih18

W3 L2? wa¥ nl}

COMPILER Pl i

4 FHEPERATTN MF HETA CIAGARMS
4
C
[
(#nanranstmnavsandnnptnnsnmrnpL Ny IltG LF PAET UNE
o2 CDIMEMSICN AdT]0u, LI
[ [ATIEIVIF TR S SR NHY)
o004 0C 2000 Lel,luy
GGy Jo0e AALEL L D=0,
(i) ML 2100 Kel,%
coed EL Z103 b=l, 14
cocy ARLK,L)=Y0000 .,
augy ARILykia L0000,
L ELILAR IR ES [HID N
o1l il ARAL A Gael OO0,
o112 L. 2BOD IM=zl.2
aoL B 2800 [N=14”
Yol Al=5%
[ LFE] MlcE)
LE R TS Ki=d
aon? JECIRLEDL LY el 10 2
anLy ml=10t-¥7
[ 2] Fl=t
qu2l [ LX) ML P ) IR PYR P
ozl wlaQiL=K!
Q04 22 G 2208 w=wl, N)
0oa2y FE aU(K T s Uy,
a02e Flreh
AQBz7 AR
a2y LFEAMLEL. LY 6T 1y 23
go3ac BizLQL=F]
LR Mi=g
Ui ag 2t TFLINEd.E G 1 Za
00 34 KislRl=%}
e i~ L0200 mewdn]
RS 2300 beid, ] jal000y,
Qu i LE 2900 K=22402,2
[THEF] Mlsbhien
VL L] nl=l+kid
i FECNFLES.IE LU M 25
D04 [SERIHELY
0u4a i Mi=&
00 &% ] JEUIR.Exel ) GL 3C 28
0040 KEl=21C1-n1
Qual 2w CL 2400 F=am),. K]
A04d 2400 AREM, K] =10QC0D0.
00 & 0o 2500 K=1,10
goso HlzTaeK
LR Klslen
052 LFLIFLEC. L 6L Tu 27
US4 winkCE-FL
LR LERS
OB5e 2t JEUIRLEQLLD Wl T 2B
0ose el=1C1~-n}
wo sy FL] i 2500 MMl N
[H1-1] 2500 AR{M,al)= lODDO,
qusl 0L 2600 K22y 00,2
Goe2 Mls BBrNsE
ogs 1FCIMLEG. LY G JY 24
Q065 LEEFSOSL Y
[T LIETY
4ge? 4% oo 2600 IKal,2
Q0ad Kl=21+ke[x
Q0645 SE4INLEC. L) GO T 3}
(LX) rl=101-%E
L PR F] il LC-2600 MxN],n]
CIYES ey ARTM L R] F= OO0,
W e LR
[T TECIMLEC.TY GG TO 37
QoY ML= LQL-M1
Hila LI EX]
(<12 L] 32 bL 2700 L=Mlsh]
[L+1- 1] DO 2¥C0 m=l,y
buay [AEEEILS
auez PECINLEQLLD G 16 2100
a0d4 rlel0)eK]
ours RENN AR (L, ¥] pe10QU0,
QQEL miesh
uoet Klnle
0Qéad IFilF . Ex, L) GO f2 3%
[ELiLTH Hlre
[l R IFCIR.EQUL) GL TG 14
quws i rlrag
[H: LT OC 2800 Ka] .5
L+ ] id afiml K +61= LODOD.

COMPUTER PROGRAM LISTING

Tad 3eQ

FULTARN H

vad

B LS9F00.49.05

= hirts  MAINCUPT=00 LINECNT=5T, SOURCE,EBNCONCoNOL LST  NIDECK (LIKAD , MAP , MUEDLE . HOE D

LErnsagys "Tunsr 2 ue e s RsUNRPEFN]D UF PART (NE

o
c

PAGE ONZ



r

LRtk ra et e b e BEG [N TNG COF PART TwOd  F

Ish B0we IMTEGER AZIPLT, DIP.G

13k Ut SIMENSTUN R12Q0 0. YI200h, £i20uy
136 Cose NATEU DL TAS

[ah Q04+ ScALd S, 10] W

156 Cleu 1.7 FORMET{ZIS)

I3 9101 G 1L f=].n

IRLE I RN REAUIS R AFIMUT LI

LesedremesFrf DIRECTICN JF Tef PERPENLGILI A EIAF PILF) T InF FEASE 15 £4 1CndTey
Lewsmsaow|n THE MERD 5 LY

I3y wileda TEEAZIPLT WL E, 2800 G Lis L

154 Ujan wanafjat eI T-190 ) oRh 2]

tin Qo v Il 2

Luh Gt 1o Agoed laLadIMUl e Uy enay

Fah Apg- 4RI F=|FG=riPyedal
Cemsewwsw SPHERCAL CHRORUIKATE S OF Twd Fopf [5 CALLELATFL I8 Feb NERT & | I%ES Alu
Cesdanune i TLRED Ih Xe¥o] Abnidrs

LR ¥ COSDEPaLCEERannIn)

L d114 A= PLS THAUAZT

1a5 Gl1) EERRRIA ST A LS AT LRI PR}

IR ¥ Ity FEID-STNIRETREe)
Ly L Y N T T TR E LN NTE 0 B 9|
z PELE MY
-
C
(e e rdaenbbbsasmnxsbandavabmnpybi ihNLNG Uf PAFT THRIF

15k Q113 15=0

I5h Glla Mapy=]

15M D11% DIMERSIUN ELT)

[5h Oli& LATA EJULCH 052, 0.m3, [ b HT 0.2, 0.0

LSk o1d UG 200 Ksi.M

{58 ONLH dEK 4]

ISh L1019 Cu 200 I=J4N
Cowsronme | THE MEXT & LINES PULES wiTol Sasf CLUNADTMATES ARE CHOSEN AND  JUNPED

I5M 92U FFCMIRYLNELRETR) 50 [0 3

T5h Ql22 TFIYIRbanELY (LB G0 I 2

I15m 0124 IF{2IRTILNELZAL)) GO TC

15h Ul2n G TQ 2}
Cuwawwows[n IHE Minl 37 LINES TeE SPHRQZAL CIMPRINATFS (F THE |NTERSECT 10N ARF
Corwncenrl ALLLLATEL

I3k wla? FoalZeewdweld i)

SN OL¢H S FEE LSl AN Y]

139 vl2v AXL=ER b ing

M 0L s LPFaR NN Er LY |

15h 012k FLIZ=TE8I0I51)

Psn QL 22 Yeil=vinl*ling

FEN 0L PEERIY, (2L X2YLT G4 TL Ay

i3K U is taal3el

[5n uLse PR P RN R R R N L S PR L PR A PR PEANYAE I R FRY FLN N K

EZElL])

13h Ci2? ERISA R AR F AN AT IR FEE P S B

P55 01Ye BRI YR PR REFIETN KO 4 J V]
feevwerar|h T, FOLLCWIMG PEnTy uNTEL 2TATP™MENT NUMBEFFD 200, »fHERIC AL GCOCRDI -
Cemserama AN AFE THRANSFORFEL TG & HILLING NEL AND O PERTET CIRCLE A REA ARE
LeEdvemERp L CL wile VALUES

158 Clis TRARS s LRT [T a=2 , 20/ 11— (*ar )]

15N 014y ab s ARTRANS

IS-LAN TS e TRANS

5K Olag LRI R EYFSNTENEY Y L THN

JELI Y RIS L T EF YD M

15h Clas Taa=24l

158 glst HEETLYS

IEL O T3 ThaMi= | Ak~2

Tan Clwt I15aF2=ad+d

15k Q14w lyghs[gp-3

15% Ula- ILELSL N1 ]

lah Lisu LEBP: =] 8d -2

ISk uvibi IgiFealpg+

15k GBSy TR AU LrlABMZ, [AAPZ

L5h ULS5s LU M0 Gel8BRI, 1BRK A

15K D154 il ARIL s hehd il Gl #1L.

158 0155 il MW L=[HEM2, 18BEZ

15% 0156 AREDRA“ S, L] AR JAR=3,Lisl,

16 Q157 AT AR LAR* I, LY=ARE TAAC S LD+,

T5h 0154 0C 3200 Lal 9,0

150 OLS9 U0 3200 G=1.T7

15h 0160 EFOD BAl I AA=S4L [WU-%+GIRART JAk= 5L, IBB-%+GISE(L)

15K )4l N0 33UG LAl .4

15N 0182 00 23040 Gal,7?

158 0183 [ETVA) ARG RA~4 4G, JAB-3+L )= AMT JAA- 4+ Ga {BB-S+ LI +E (G

15h Qles 00 3400 LelaFye

130 dlen T T TP P Y : Lad . o

Th o lee EER A AHT1A4- R4l ol au=be ) aaRi [hb=doy [ad-as3)t.

Lan Jiwd Mg WUl BHUE Fasn oot
LrdsTnERsttendannearRsarannse hD OF PevE TowEt
¢

<



LI P
Dl Dlee
ok OLTu
FECIET IR
L3k G177
Esh D17
HELWE Ty
LiN Ol Te
i 03
Y ]
Lih G TY
[ibh DLBD
156 ULB2Z
ik QIE?
[ah O)B4
[k ) 8Y
Eah OIMT
Wk g
iyh U] A%
Ish Ulny
[k OLY:
ML )

14 (15
15% aLse
i3k 014y
{3k ClSe
Tah o ULeY
V3% 0194
Iah Q2eu
I3h 020/
Tk 20
156 D20w
i5h OZOY
i3k Qgtin
1% e

15h Os12

Tok w2l
ISh G2l
3N 021%
[3N 021
Lih 0217
I&h DZIS
Lok 0220
L5k D221

15N B22a
3% D224
ism D22}
ish 0224
156 Del2%
148 0230
15h 0221
156 Q232
158 D231
L5 0234
156 D22%
[SN &73e
158 0237
15N 0238
130 023w

13K UZay

ik 0241
15k 242
[Sh D242
15K Q244
L5k O24e
13h OZ&p
154 U248
[3h 0250
tSh Q251
15h D252
150 02%3
(3N 0254
156 0285
ISk 025a
15N 0257
i5h 0258
E3h 02%5
Psh OZen

r

G""ﬂ"""‘““"'-""""nFG]thNG £F FARE EOUR

47
a3

44
at

LT
[T

€

LA
Lanany

51

e
a0
[ LEY

I

4

Lo

I L LRl
[T%]

F)

Caswwnwnmys UES GREATER ThEK NINE

Ly 40Uy L=l lUD
DC &0ud Me],ylod)
LE LAMIL M) L LE,LUO0D,} GU TC 4000
ILL=igl=-2
PILLIFLCATI LI
IMNE)D L= 2%m
HIWMEnfFLCATI [MME
RILLLESD. FSARTIARIMMIRILLINNZ ]}
ILLLEIF I RILLLY
HLHFEaSOLFSERTLIRILL/RTMA Y2+ 0D
[ECV IR AR LN E L)
TFE L LY .0a0) G0 TD &2
JLLlisieliLL
LU 10 &3
ILLLL=L=]LLL
IFEAMM LT 001 60 TO &4
I MMEME W] M
GUT0 4%
TMMEF P - | MM
AL LLL ffHMPMIRARCTLLLL o [MFMMESARIL . MI-10000 .
AR ILaM )= LOQA0 .
CEhIIRLY
aunssvmyvinvunnashsxnanfihy OF PART Fium

andr bRkt nrr g G INNING OF PART FL¥E
IRTEGER KAk 0, LdU) .
4lSsFLUATATS)
Al=RISF U0,
Sy SU0 KE] 100
ne SE00 Lelyioo
1FCARCK L F.EQ.10000,) LO TO 52
[HIAHLALLFLEC.O.00 CO TC 5)
nAk (M, LIsaREN 1T
oG TU w004
wWARIN, L In]
LG fa udo
AARIK L )*] 1D
CUATENL
wnsnmaunavavvdessmnnhasnihl, GF PANT FIWE

madsanaRsbnunRuE R s kb ade HEGTHMNIRG DF PART SIX
(WY FANRT R

Akl JELt 800

FORMATEIR 12, 100410

CI¥EASICh PAR{AD] . HEUMELUD)

SVALUES FROCM L TO NIME Wil BE PRINTED WITH WHE[R NUMERICAL VALY ES

LonovraenanOTATION ETORED IN PAR ARRAY
CxemswwadyALUES SHALLER THEN 1 WILL 8FE LEFT BLANK

b4

IR}

&l
100

eacy
7L

LI1]

daip

BATA p‘n;ul.'lzu‘lal'i‘l'tgl'iﬂc'lro.lsi'tol.l‘o.‘uo,ltl'lal'ﬁet‘.
AR AR L N FAF L A L] N¥ptUP SRR Q0 amr 151 e Tk ayay
LRKUME /T 207 AMUMY T P 7 RRURESS
JU£R0U KLL=).1C0
Ka1gl-ngL

LC 8100 L=1.100
PTRAR K L)
PRIl . h10) 60 I ¢4
HRLF{LY =RELMT

wu TJ 100
IFS§1LGE L) G TD 63
HELM{ L] skELMY

U To sl00Q
TFELLLE.30) Gy T 4l
HALM{LI=AKLME

Wi To 100
HEUFILYI=PARLT)
CONTLHUE

WALTECG 20 P IK  LHKUMIL b, Laf, 10O) b

CCATLANUE

HIMEWSION LTCHILYM)

CATA JCCR/ALDWDS
FORMATLE® *alelind
WRITESS, TC) (LN
FORMAY LA 14 1)
nHETE1 B, 3C)

FURMATCY 82 LU Asllos b2 0L 1,Ex1d FulS,Gala? o /Y HelT . [elB, x| 9, ka7
;362-21.H-?2.u-21'.1' Codd, P25, 0026, R T 3m20, TwiR, Uad*, /v Xay]-}

]

MRETE L&y RE)

f

Coknbaubensntansnbsduatdaenss el OF PART SiX

|
<

LN
Conus

LITH L]

ETH

CEEIBURPARRY RSN REAR e BEG (AN NG OF PART SEYEN
HAX=KARI&AC, 4L}
LO BD0D W=l LOD
I 8000 Lello0
JEIRARIK, LILEC.LLOr LG TU 8000
UFIRARIM 1L G MAL] MAK R ARIK,L ]
TONTINUE
MANGGa[MA XSG ) /Y
MAZISE{PAN¥ILSS
HaX2twlMANe 2] /%
MAK ) SuMAN S
mRITELS 430}
FURMAT{® PAX=*, |1
WRITETO,SOIMAX
CALL ETRTPLYLYU)
RELL DEFAF1 OLA Y uwaPlAd. L9L592657 ,#[18,PLIBD,0I1V¥,50FAC
Pllpep]rra.
Fll180eP] /180,
Glwm 2L, 7l 2.5%45%500)

WILL HAVE THEIR CORESPONDING ALPHABET ILAL

PAGE OBS



15k
T5n
15m
15
15h
15NM
(313
15h
15N
[£1.]
15h
15m

I5n
15n
15k
51
15k
15N
TSN
[ 518
15h
I5h

[§3]
313
I5K
[ L]
15k
(310
(313
15n
158
15k
15n
W5N
158
15n
15K
15
15n
158
[R13
51
L5k
IELY
11
158

L5
150
1SN

15h
[EL]
(1]
i5h
L5N
iS5k
1iM
ik
I5h
isN
15h
154
158
156
15K
15K
15k
[R1)
15M
L5k

ESh
Ixh

G2kl
0263
0263
D244
a2es
D2bsb
d2at
ozen
02e9
Qzro

[ F R

(PR s
Ly
azis
BéTe
Q2i7
0Ty
azile
0z 80
028l
a2e:
0263
L P L]
220%
0ZEe
g2al
LiFd T
aza-
u29u
0Zwl
D258
g2y
G254
02wy
qas?t
4255
LETHH
03GL
0302
Yo
B0
widy
a3
a3de
G304
(LER LT
IR
a3z
a3l
- ¥ 3]

EE]
Q317
03 Le
LETR)
a3z
LUEFA)
[ F¥)
03ia
03z2%
q32e
0327
032y
a3ize
[EEH
[ ETS
9313
Q334
932
RERLY
PERE

PEEL]
NEES]

1040

MFAC=030.72,503 /02, »5IN190. 72, )% RADI}
vaS0, 001V
w=5,0%0LY
CALL PLOTLIV,w, 13t
20 Y040 ATETawl0.90410
Dlas2wSThd I ITETA/2)9P I GRY. | JoSCF AL
CO 7000 IFlml,36]
Fiz41FL=1)*P 1] BD
Yo SiKiF[heCIdeS0.*DIY
WeCCSAFINeQTAe S0 D1V
CALL PLOTLIV . W, 2
CCNTENLE

LERFREER S PR R SN e R R e RO REND DF PART SEVEN

z
L
Lo
L4
L

Ty

He

LE]

L]

L1}

E100

WEwrv e hv i en bbb v e bh kPR BECINNI NG GF PART EIGuT

MA=2#5IHI19G, /2, ) ¥RAQFRECF AL

Wl TLOD EFL=L, 19
tIsttFL-1L1*F{0R
vaSIA{FTF*0 A% S, Oy
wrlCSIFIF*Claes0,. 000y
LALL FLOF iV .mat)
FlziLFI«LT)%P])a
VeSThAFLbeClasS0. oL 1Y
2= LUSIFLFaGIA+SO, . mlY
TALL FLATYIIveme2)
CUOANT I KLE

Fasla,=0.50vL ]y

W 3. 0=0.59CEY

AALER R Py L]

1fMERLTOR BCOI14Y

GATA  BLDSlbb, %Y 262+ L% POELLIT0 407 8% JLeny

LAt L
LaLy
CALL
wALL

SYMBLIt w4 o VS G0 SO BCDIE I, 0,D,-11
SYMBLLOWSB W90, 0. 08 BCOT 20 UL lh, =10
SYMBLL CvSU Ve, 0.08,BC0M3,0.8,-4)
SYPBLLL S0 Y on , 0adBBEII A gl o= Yk

U EL00 R, (00
GLoaldy Ll lon
PFIREMEA Lol Lo OREAREN, L, G, 10%) uk PL 4100
TEIMEA TRy LI LE.MRNAS) Gl T Ay
AT YT
[LLFEIN ELE B PR LT Y
FRLL=L
ERLEE{ERLL =0, %) %01y
CRLL SYMUL ECEHE 2, ERRZ UL Ul HU LD S0 Dt
IR -3
TEERARCK LD LE.#BX35] LT b A9
FCLEELY
FRKE=IERKL =G, 9 1L ¥
FRLT=L
LHLZELERL A =G 5 F*Clv
TALL SYMBUIIERLZ cbethd o o RC M b0 = 1)
vl T3 ALUG
TFIRBREA, LILLEL*ANSE G T n4
rRRl=K

PRRZI=CERKL -0 o leCly

LRLLEL

FRLZ={ERL L -0, 53%0LY i

CALL SYPBLICERLZ JERNZ (0. 0B, BLGI T, 0.0.-18
wll Ty 8100

[FiRAN LKL T LEMANLED GO 00 BY

EHR] YK

EAKZ=GERRL=-0.5k%0)V

FRLL=L

LHL2eERL ] -0, 522D] ¥

CALL SYMBLICERLZ,EAK2,0,C8.BCOL8) 0.0,=1}
40 10 800

TR iMAN, LTS GO IO 8104

ERK }®K

FWNZa(ERNG~0.5 )01y

EREDaL

LRLZ= TERL =0, 5 0000v

LALL SYFELLAFHLE £ R¥2 40 08, hi D193 U 0s~ 11
U TINLE

AL FNDRI

Cumsssamaparaasnnnisbnnansnesiii LF BADT | LGnl

.(lld}
LN

PhLE

-

I

LR



BETA DIAGRAM DRAWN BY LINE PRINTER DURING A TEST RUN OF
THE PROGRAM

LUGAN AN ¥ n i a R a s e W e b Uy a Ny BT AN T N Rl T A NN NN NN AN INR AR AA AN AN SN NS RN ANV d Vs
SRR R RSN NN NN AR NN N b AN AN BN AR R AR AN AR AN AU RN R ENAN D pN A
SRR NN TR AN AN NN NN RN R AR A RN RN R RN ER GO NNV T IR P RN NE SRR MR RAN VRN
TN AN AR AR NN YA AN RN R RS RN AN NN RN RN EN RN ANE IR A A ROk r N Aot a i nan
R T Ry T N T L T e L Y Er R R TI L Py YT Y]

LY R N RN TN i L F L ENT R LN LT 111 11 PN AN NN AR AR AR F N RN
L T TR T PR L R T I L T 1T 1235574322 1111111 nnndnd NEnuanu i dndaiadRVaidnNy pakans
LE N R T N I E R IR P Y FY AL Y] ZEZH]l 1122443232233332111 WUENRRO RN AR RNV AN IR Y
GRANRASN P VNN YN 10113322221 11123323222333322221 SARARNNNSARREEANAVANIR KRR ba O nD
GhanaNmERTnEuan U bR N RN NN ND 2315122222 11123320131 42222221311} FUROARANEAN SR MRS
GUARRU SR N RN RN ek na R AR RN IE2332320211 1 LR11L221 111222123211411 ELL LTI PR L ey NP T
HGra R AN AN AN PN FIRSSS50e0eL 3321100 E11LLNL 11201221211 1 ARINNA RN RS A e
ERpR RN B a RN AN eSO TEDER43 23211 L1LT0T10111 Loliiii BRI LI L LT P T ]
BINHCAP AN A RN d N4 SabaT FE543222211001110102101L10 111} NEARRUNAARANEARN N HANERA
BEXRNARF RN R NANRA N NN RS ERTeTIeB322 1224102210120 1) 1 AR AL LI LS
ACARNP RN WA NN SS BT TIRSG 2221110122201 722222211 WANEYNAN AN AN aan Ry
EQdibapd RN AN 2 NARETOOBSR 2220111112222 0822828221 1 FhANENAN AR AN
BIXRRNT AR a ¥R N | 2257945542221 TELLLLLLZ2222222Y FTETErITITT

B2ZAN RN AR AN NN N1 L] TEo54432] 1L LL2z22ezezez 11 LTS R IT YT ]
ISR EORhrRS N NN 22205432211 1hlinilzzzzazzzzl 1 LI D R P F T T
BORNANANAN VAN NZ 2266531 TnLiilnegnzazazal 11 LI IY PN TET TS
TONPRARK RN RANN NN 22 2056131 ELLLLL LidlLlizaz) L1 1 PR LI L]
TORRAUNA AN BANA 22294421 fLLLr rLILNLil 1 L1t LLLRER P TYYN T
Tine XTI R FELELEY) 1111 1t LA LN T Yy
TEARCNRIANM BN 2 I0an B LLLLILI]l wenNddmasuwne
TERAURANRNNIN 22204371 11 11112211 seameasnnes
ThuRasdpdewbnl 222332 122212\ 1 A0désasnana
TINRSANNRNRG | 22333222] L22Z22E21 ¥ndwgpaxnin
TZadandmnenn 1]33222222) ] L2221 L1 4eknanarsn
Tienenadann  L132322:2301 LL22211Y] Afanaumey
TLadaqONNER 2333222211 L2211 W¥eaanenr
LShWRANIAY 1212332222 TL121121  %wamanwn
CEMNENNNON 12255222882 LET1YY  uawwawn
GTRkadbeN  Z1E1102222281 11 Tainane
coANrNaNd 1111111222211 1 FEARBA R
eSheRuRNNLLi11111222]0 !

baknedtn 1102111022210 '

siaamnaw LLLLILRL222010)

GFanadd T110111LL0L0LI0D 111111 1
Glawaaer  111111LLNLY 11111 1111t aa

EA T ERY L] Ll el 1t 1111
SYnEaed 11 1 111 L
SEngNan L1l 1Ll 1 1111
FRIETTY] 1 L1kl

LT N ] 111
SEANINN 111

Y LITI L1}
SAndwnn)ll L1i1
SZheana 1111
Siwensn 11 N g L322
sodMERr L1 TLLLEL 1222
#94keen 11 1L 111

ELTI LTI NN 11111 1l
wTNENER 51 1L

Sondany L

wSemngd 11

LSunwaen L1 1k101

Sanseen 11 111111

H2aiaeE 11 11110EL

Llunxey 11 11at3lirl 11 wawww
ADARNEER 111111111 L1
AGHRRRNE LILALLLLL 1L Ll

11118111 t1i111111)
it LLALRLLL211
111 101100102121 wpe

ISNENSNEN MILII21111L » |
ELTITFLT R 11111 1121222222811 12 unusan
IINNRNEERN 111222111 1112272222 1140000any
EFATEFITEF] la2za3z2 IL1122222221 1 a0 aendns
ALARAAAR AN 12235332211 . TIRILILLIR2ZZELLNdE REnmnn
IQNNNINNEEN LK 1233333322111 SRS RREFIRNR AR RN N TE Y ITFTT I
Z9hsNRZONNES 12333333321111 1110L1222212221) a¥aanupnan
ZENBNAIRENNS | 12233333322111 TL1L22222223211 4a%

Ziansmandzens | 123333333211111 1111 1111222334331 «asa
223223322T1111 TT11Y1 1111122233334ce3l  SAENdadvaws
1122222211111 1122222111112334444545411 e LILIETY]
1122111111 112222222311254566665685221 ARtNlssnanae
11111 122222234211 HSETPPLTTR 2L SuukINa eIy
1282223332 2a6GTOAAGT A IZVavadN T sl ka0 s

AR TIYECITTNYITITS 1122223532236780ABBRASCIRAAT ARt phap s
JOMORUNBNINNENIRAY 11111 11222232224670ARBCIR 64 AU NN AN EuNNA NS
194NENREARNNENRANNE 1111111 11122222224679ARCCGT SNINEANIN SV sdaNnp
184N ANARENERIRTERIRY ISR RN 11111101 24679CECACGN KAANRKANaREn KR s
NS LITRY ENYRTITT L Y] LLAL1lLallL 111111123S6ACROGT R s sqansuRa Adan s
1608 UTARNLNINBN B dFANN [BERASETNRRRENI TLRIL1 2367967758 F K NN RN SN AR SE g AR s ¥
1SHRERvEAN FRLERLLLLLALL LL1L23S5T0LGFuaeddndnunenrsy
ICYTETIT Y LILRLLLIDRdRELLLILY 11 11LE2ITST2IFIudpnd winadninyain
1I4RNNNNERNS ETERIFITITY) FLITTRRLELINRRL2221 111 112225615111 1NN NIRNNN LELES T TT T
LZBSUARRRNARRaRdRaRaRddiy TILLELLYLLLELILE122222010112221011 3342110 losannsnionvvdansiananyens
LLNANNRN VAN ANANA RN R NARAN RN T RLLLN RN LA 2222222 N 1222 22 2 822132 L1 RN R AANAANRARNUL YO TN R d
LONRUNERRANSHBE NN SRR bR dap EOLILINL222222222222200 22282232 12110 |anvaassdndvansibunpaedsasynsna

LT T T I Y T R TP T PP Y 1111122222283334433211 2222223 21 LI1MnunimadedsapRodidesvbinenenan
HARASSA RN SN NRARNARANI R RO o panan 2123202203640 SR 22 1222221222 1L Y0NS WRNARNEN RSN NRINERTUNRURERANIS
TENU RN RN R AN AR O MRy [ § 2222253063543 021110112200 monauiusisuvad s aidN e nendns
slbEAN NN ERRNRINY SENECRNOEV ERNRA RN 2221 123323322]) JLLLUNAGURNERNN YR RN RN URARRNTOR
S T L L T L L T ey T PP e TY XTI T )
ELI I T YY) [LLFS LY ) ‘.t!‘.lll‘l1!‘!ﬂﬂ‘ll’lil"}“!.l#ll‘llll‘ ANMBO AR E AU AN SO
JAEAFARARA LA NRS AURIEARV AR NARA RN R RN RS RERRNRNENANNR AR AR
Zann HANANNNNA AN R I rN Y
TANARAE RO P iR A AN AN O RN N By
< a ']

yae

FekaensynETN RN ANNA
i) Ly

] L] 1]

AsBOMBR1l,0ai2 D213 Enlasbals,gn]s

3-;:.:1;:.J-Iﬂ.l-ZO.l‘Zl-Nl?Z:N-2J

L3 ., Brlb Ra - = -
Srarapels, PREZT Sm2E Fa29,0r3g A= 12



Beta disgram entirely drawn by CALCOMP plotter during & test run of the program. (Original
diameter was 20 ¢m. The symbols are darkencd by hand for printing purposes)



