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SUMMARY

The system co.nprises a complete method tor conducting field tests
£ on illumination flares. The physical model (fig. 8) was selected for the
general test requirements of artillery and aircraft flare tests. It is not
specifically tailored to any individual test requirements. The physical
test configuration can be optimized for specific test requirements while
cove:ing a specified flare drop area. In such cases, computer pragrams
can be used to assess the accuracy of the configuration.

LS M R e AL L

The cell’'s photometer reproducibility is a critical factor in obtaining
accurate candlepower measurements. (Appandix B has the computer pro-
gram for evaluating transmissivity error ve. sus cell reproducibility for
the configuration shown in figure 6. ) Also we acruracy of obtaining
candlepower is limited by the maximum fiel .~of-view. The angle stbtended
by the cell's field-of-view should be kept 0 a minimum within test con-
straints. See appendix C for computer program to plot system error versus
distance to the most remote cell.

The illumination falling on the cell is measured to the accuracy cf
the cell photometer itseli, which will be as good as the system calibration.
The accuracy of reading the candlepower will have a greater error because
of the added effects of changes with distance and effective cell area vs
angle. Candlepower reading will be limited to 10 to 20 percent for a prac-
tical system. Transmissivity measurements with a 2% photometer ~epro-
ducibility will have less than 10% error.

There is also error associated with background illuminstion. Error
caused by background illumination can be largely accounted fcr by mea-
suring and subtracting from the test illumination levels becwuse the flare
subtends only a small part of the field-of-view angle of the cell. Even
so, it is advisable to use a location and configuration having small illum-
ination levels compared to the signal.
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BACKGROUND

Candlepower measurements are not made directly, but are
obtained by measuring the illumination and calculating the candlepower
using tl.e inverse square law. This requires that the distance between
source an2 sensor be known with a degree accuracy. This has been the
most difficult problem in the field testing of large flares because the para-
chute flares must be tracked as they are deployed and descend, drifting
with the winc.

The resalts of tests of artillery- and aircraft-deployed illumination
flares are reproducible when testing is condwctad under controlled condi-
tions. Test conditions are controlled by using tunnels or towers which
are available frcm the tri-services and some contractors. These faciiities
are employed primarily n developing new systems. The typical informa-
tion derived through testing is the flare's efficiency, intensity, burning
time and spectral distri’ ation of light in relation to the various factors
affecting the intrinsic <haracteristics of the item as a light source. When
deployed by aircraft or artillery, a descending flare produces spatial and
time variations in ground area illumination.

One facility for conducting field testing is the Pyrotechnic Evaluation
Range (PER) located at Yuma Proving Grounds (YPG). The PER records
ground area illumination to preset levels, foot-candles. From this infor-
mation, a computer is programmed to produce all recuired test data.

A major problem encountered in field testing is controlling or ac-
counting for environmental factors affecting the test. Previous metnods
employed to overcome this problem have required many peopla to trans-
port, locate, and man the equipment. The quality of the test data, which
are often incomplete or unreliable, does not justify the cost of this method.
For example, evaluating the flare's candlepower in the field requires that
the flare's position be determined versus time. The PER uses three CINE
theodolites for this purpose, and many people to operate them. Another
field testing problem is correlating times and coordinating data systems
with the firing of the flare. During field tests performed at Ft. Hood,
manned photometers were deployed over large areas; stations were separ-
ated by thousands of meters.

New. ultrasensitive, prototype photometers were used with L-Band
RF Links to record remote location information ia a telemetry van. The
flares were tracked by optical techniques. Typically, some data is lost
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during tests of this kind because the position of the item is lost temporarily
during its burning. Also, flrres descending and travers,, ; with the wind

occasionally saturate near st ions and produce weak signals at distant
stations.

To evaluate the light source intensity with any dagree of accuracy,
the atmospheric transmissivity of the test range environment must be
assessed. In the past, weather reports provided crude estimates of visi-
bility limitations. Also, since the varying configuration of a flame pro-
duces a flickering . nonisotropic light, source intensity can be determined
reliably only when it is derived through spatial integration of candiepower,
i.e., average light intensity when viewed from all directicns.

The method described in this report uses an array of highly sensi-
tive photometers incorporating automatic change ¢7 scale circuitry and
automatic calibratior to operate without a man in the loop.

DEVELOPMENT

System development involves two inrovations to the state-of-the-art
of flare testing. Tle first is a method of determining candlepower of tne
flare item without knowing its position or distance. The second is a means
of assessing the transmissivity of the atmosphere over the test area to an
accuracy better than 10%. The candlepower measurement is corrected by
the transmission factor to yie'd the true field candlepower of the flare. The
photometers record ground illumination. All other parameters are derived
through data processing. These measurements are taken in real time as
the item burns and descends by parachu’z.

The photometers have a fixed fielil-of-view and a position that is
determined by the system equations and mathematical model. A rsstricted
field-of-view and optimum angle-of-iocok are required to reduce system ezrors
caused by background illumination and field test configuration. The field~
of view for each cell will be designed through the use of a series of baffles
to view only the region of operation of the item. The effects of background

illumination will be further reduced by an automatic calibration and cor-
rection system.

Calibrating of the system is a three-step procedure. First, the
optical equipment is calibrated with a laboratory standard. Second, equip-

ment in the field is calibrated with an optical transfer standard. Third, the
signal-conditioning electronics and RF link are electronically calibrated.

- H i uw-a.mdd
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'The field photometers consist of an ICI-Y photocell which is corrected
to ob.sin spectral response equal to the avercge human eye, a filter, a
cone, and electronics (fig. 1). A silicon photovoliaic barrier layer photo-
cell is used for its stability and small temperature coefficient. The cell
drives a low~-noise operational amplifier which is used 1n its inverting
mode to enhance the system's dynamic charge. Operating the cell into an
effective zero impedance extends the cell's lireay range. Threz operation:l
amplifiers (G1 ‘*ru G3, figure 1) measure resclution and dvhamic range.
The auto:uatic circuitry selects the appropriate amplifier and outpats data
to a co &r-.ional telemetry system. The photometer output is transmitted
via an L « and PCM/FM/FM RF link from each rer nte fieid sensor to a cen-
iral recerding van where the data are processed and recorded. Tc imnrove
system accuracy each photometer has a pulse code modulator (PCM) which
digitizes bef~re transmission. The PCM word len/th is set to reduce quan-
tization errocss to meet system requirements. Parity is used to detect trans-
mission link errors. E.ch photometer incorporates a voltage controlled
oscillator ("CO) which contains photometer scale information. Ar auto-
m- *ic change of scalz is used to improve the sysiem dyramic range. The
owy,.L*s of the PCM ane VCO modulate the L-band RF transmitter.

T . automatic circuitry selects the appropriate system gain to optim-
iz~ > . atput data, provides scale information on a separate VCO channsel,
ar .. surcs data calibratior by an automatic calibration interrupt.

The transmitted signals from each field photometer are received by
an L-band antenna and receiver at the central receiving station (fig. 2).
The receiver output is applied to two discriminators. One discriminator
cor.:sins the illumination data, in PCM format, and the other provides the
automatic range information.

The processor operates on both tne data and scale information from
each remote photometer and cutputs to a visual display the real time illum-
ination levels (E) for each remote site.

A simplified general field test configuration, using thr=e remote
photomuiers and a source flare, is illustrated in figure 3. Dy, D,, and D,
represent the distance from the scurce filace to each respective photometer
with E,, E;, and E,; representing the levels of illuizinadon they receive.
These illumination levels are transmitted to the central recording site and
impressed on the input of the processor. At the beginning and at the end
of the test, the processor calculates toe transmissivity (T) from E,, E,,
and Ey. Using the transmissivity and any two of the illumination levels,
the processor calculates the intensity of the source (I).
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Candlepower Measurements

Candlepower is calculated fromn the difference of two photometer
readings. A typical geometry is shown in figure 4. Photometers are lo-

cated at fixed positions E, and E; with a fixed field-of-view and directed
as shown.

This system uses an in-line array of two photometers to make the
flare item appear as an isotropic radiator. 7Two photometers are placed in
a line at a distance from the anticipated position of the flare's trajectory.
Given these conditions, the candlepower of the test item can be determined
by a relation of the two illumination levels recorded by the two photometers
E, and E; and the fixed distance between thiem. This eliminates the need

to track the flare and measures its distance, with respect to time, from
tiie photometers.

Consider the simple case (tig. 5) where the f'are (source) is at

posiuicn 0. The expression for the illuminaticn being seen by the photo-
meters is:

1
Ea ="I')§ (1)
E, =1 (2)
D}
Dy =D, +d (3)

76 <olve {o: the candlepower (I} of the :are, the follcwinp equations
are used (distances I); and D, are unknownj-

from equation 1

I=E,D} (4)
from equation 2
1=E,D} {3)
where E = Muminatior

= intencity of source in candlepower

D = Distance.
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Then
E,D} - E,D} =0. (6)
Using equation 3 to eliminate Dy,
Eg (D, +d)? - E,D} = (7)
Solve for D, using quadratic
-d (Ey *-\1 E,Ey)
D, = . (8)
2 (E; - u,)
Substitute D, to solve for 1
1= E,; (D, +d)? (9)
2
d (E; + VE; E; )
I=F (;— - 2>3) 10
3 L E, - E, (10)
Put in simplest form
d 2
1= T 1 (11)

1
‘, F.3 V E,; ]
! J
Therefare, knowing the illumination levels E, and E, and the fixed distance,
d,separating photometers #2 and #3, it is possibie to compute candlepower I.

This simplified case does not represent a typical flare field test
configuration because the flare in the field test is not directly in line with
the photometers. Flares are deployed to burn from a height of approxi-
mately 2,000 feet to 800 feet and then extinguish. Measurement accuracy is
improved by aiming the cells to view this region of operation (fig. 4) op-
timizing the angle at which the light rays impinge on the cell. This angle
is critical because if it is not cptimum, it will reduce the effective area of
the cell swhich in turn reduces the illumination Jevel that the ceil experiences
A light incidence angle of 10° off ceil axis nor.ual would cause an error as
high as 4%. To parually compensate for this errcr, the cells will be aimed
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at a point between the 800 ft and 2,000 ft elevation. For the test configur-

ation of figure 4, cells E; and Ey are set 9.93° and 7.25° respectively,
above horizontal.

The computer program in appendix A computes the expected accuracy
of the system and the optical separation between stations E, and Eg for the
configuration inputed. For the test configuration of figu:e 4, the optical
separation, d, is computed using equation (3):

d = D3 = Dz (12)
where Dy = 11088.73 ft
and D, =8121.58 ft

then d=2967.15 ft

This value of d applies only to the cenfiguration described in this report.
A new value of d would be computed when the configuration is changed.

Besides eliminating the tracking equipment and the additional people
needed to set up and man the tracking equipment, this method simplifies
the data recording and evaluztion. With the old method, extensive data
processing was reqtiired; with this system the data are processed while
the test is in progress. The ground illumination, E, and F,, is being re-
corded and plotted in real time. The flare's intensity (i) is also being
computed and plotted using the equation (11) and E,, E; and the system
constant, d. This requires a data processor consisting of three integrated
circuit chips for generating the flare's intensity in real time analog form.
In actual field tests more than one array of two photometers may be deployed
depending on test requirements. There are 10 stringent requirements on
the photometer/receiving station RF link; L or S band telemetry trans-
mitters have been used with FM/FM modulation. Depen:ling on system
accuracy rejuired, either FM,/FM or PCM/FM can be used.

Transmissivity Measurements

Transmissivity is caiculated by finding the differe:.ce hetween il'um-
ination measurements. The difference between the two meast:rements in

the array from the same source indicates the transmissior: of light cn the
optical path.
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The system for measuring transmissivity uses highly sensitive
photometers with automatic change-of-scale circuitry to extend the dynamic
range without limiting instrumental accuracy. The in-line array of three
photometers (fig. 6) yields a method of assessing the loss of hight caused
by atmospheric attenuation to within 10%. If a large flare is burned as
shown in figure 6 before and after each test, the transmissivity of the test

range environment can be measured. Figure 7 shows a typical test config-
uration.

(Y

LT T

The general expression for deter:aining the intensity (I) of a flare
with an in-line array of two photometers is

R R e o et

(r

1 = 4/ E; - 1/\ED) (13)

where d is the known optical separation between sensors Il and I, and E,

and E, are the illumination levels ({fig. 6). This general expression can
| be modified to include atmospheric attenuation by scaling the illumination

levels as a function of T (transmissivity) and distance from source.

i =c/(1/ VTP -1 VE,/TD"') (1)

A similar equation can be obtained using the illumination data from
sensors Il and III.

1 = d<1/ V(E,/Tdm -1/ E,/TD> (15)

TR WrPEYCF T I ¥

TYIRTT

Eliminating I in equations (14) and (15) yields
\

—_— N
<1/\]7:,/TD -1/ EI/TD-d)
= (1/\[5,/rn*d -1/ \"E,/TD> (16)

By multiplying numerator and denominator by 1/ \ TD and simpli-

(LA ra0T Ln At

Lo o

fying
2 Td/2 T-d/z

\,Ez ) \E; ! E, (7
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Solve for T by changing variables anc using quadratic equation.

l b \]l'.3/E2 + i:‘.: = E‘; (18’

The solution of T yields the transmissivity for the test range en-
vironment, which can be inserted in equation (14) or (15) along with i
measured values of E,, Ey, 2nd the fixed value of d to obtain a more ac-
curate field measurement of the flare candlepower. This system assesses
the atmospheric transmissivity of the test range before a test is conducted
Test data are accurate to within 10%. Transmissivity tests are performed

with the equipment provided for the basic illumination measurements, so
the system is highly efficient and very economical.
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APPENDIX A

Program to Find Worst Case Error in Candiepower Calculations,
Neglecting Transmissivity from Test Configuration as Shown in Figure &
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3 REY ==~= CANDLEPOY EF CALCULATIV.IS, JZULLECTILG
4 FEl === TRANSHMISSIVITY FIOG TEST CONFICUDNATION
€ CEL e-- AS SHO'H I Flus -

;, 18 PRINT L P P TP T YT T T T L L

3 2C PRINT

3 3® PRINT

3 49 PRINT

4 4S5 PRINT "PRESS RETURN TO CONTINUE PROGRAM®

3 46 INPUT A

3 47 {F A<>@ THEN 579

3 5@ PRINT “INTENSITY OF FLARE";

3 51 INPUT 1

E 52 PRINT “MIDDLE OF CUBFK (X-COORDINATE)'

3 S3 INPUT Xi

: 68 PRINT “ERROR OF CELLS IN DECIMAL FOR4":

E 61 INPUT E

I e PRINT “CELL SEPARARTION';

3 63 INPUT D

3 65 PRINT “PRESS © TO CHANGE VARIABLLS,OTHERVISE PRESS RETURN"
67 INPUT J

68 IF J<>@ THEN 18

7@ PRINT "DISTANCE IN X DIRECTION FROM FURTHZST CELLS';
71 INPUT XX

72 PRINT "Y=*3

73 INPUT Y

74 PRINT *l=v;

7S INPUT 2

80 LET DS=SQR(X1eX1+!.960B0E+06)-SCR((X1-D)s(X1-D)+1.960MQE+256)
81 LET TIsATN(1480/(X1-D))

LET T2=ATN(1486/X1)

138 GOSUB 480

LET B=D

216 LET HJIsH!

PRINT “INTENDED SEPARATION °*L° =*DS

27@ “PRINT “INTENSITY OF FLARE-"l

PRINT “CELL ERROR="ABS(Ee18¢)

308 PRINT “DISTANCE BETVEEN CELLS~"B

PRINT “ERROR OF SYSTEM="HJ

x gy d e el e e ol S N L
et

NV N —-R

DO o= = I

[*X 2 ¥ T

©
—
®

4 328 PRINT “LIGHT INTENSITY SYSTBY FINDS=*P

i 368 PRINT Yewwcecececccccrrececcoubcomcacomnenanccssescnconcanoaanaa?
E 378 GOTO 65

3 489 RPM--=--~--D=SEPARATION

492 REM -~-~~--DSaINTENDED SEPARATION
@S REM~« ~====X,Y,Z=COO0RDINATES
REM==e~-==]1aINTENSITY
415 FRi4------<~E=ERROR OF CELLS
428 RPY~~-----SUBROUTINE TO CALCULATE ERROR
42! LET VisSQR(XsX+Ze2)
3 822 LET U2sATN(Z/X)
3 423 LET V3=v2-T2
424 LET VasVisCOS(VI)
425 REM---~~~--H1sERROR OF SYSTEM

TR
&
-
(-]

: 426 LET V6sSQR((X=D)s(X-L)+Z=2)
3 427 LET V7«ATN(Z/(X-D))
- 428 LET VB=VU7-T1

429 LET V9=V6sC0OSCVB)

438 GOSUB S99

4490 LET Y2=Hi

445 LET PS=P

4589 LET Es-E

ABRE  § 5T OCeD

4584 GOSUB 5S¢

478 IF H1 >= K2 TKEN 568

488 LET Hi=H2

48S LET P=PS

498 GOTO 56¢&

538 LET Die(X~D)s(X=-D)+YeaYeZeZ

518 LET D2uXeXeYaYelel

%28 LET Eia(I/DI)e(V9/SQR(DIIIe(i+E)
S38 LET E2(1/D2)e(Va/SQR(DZ) I 1~E)
Sa@ LET PleDS/¢1/SQRCE2)~1/SQR(EL))
545 LET PePlePl

$58 C.ET HI=ADS(((P-~1)/1)«10®)

hA

; 569 RETURN
i 576 END
3 READY

21
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RUN
sk e a0 ok oK 3 3K ok K K o5 o 3K A 3 3K ok KR ke ok oKk 3k s ko i ok ok 3k 3 ok kT K ok R o o ok ok Ak sk ok koK

AMARLLLALHA LA A R Wt iat i VD AL SER B

ATRAYeNY

TR

PRESS RETURN TO CONTIMUE PROGRAM
”

WETRTRYY

INTENSITY OF FLARE?10G22C0O

MIDODLE OF CUBE (X-CGORDIMATE)

211000

ERROR OF CELLS IN DECIMAL FORM?.02

CELL SEPARATICN? 3009

PRESS 9 TO CHANGE VARIABLES,OTHERWISE PREIS RETURN

2?

1 DISTANCE "N X DIRECTION FROM FURTHEST CELLS?1168%
E Y=70

2 2=71400

INTENDED SEPAFATION °*D*' = 2967.157

INTENSITY OF FLARE= 1020000

; CELL ERROR= 2

% CISTANCE BETWEEN CELLS= 3080

: ERROR OF SYSTEd= 14.29149

LIGHT iNTENSITY SYSTEM FINDS= 1142915§

PRESS 9 TO CHANGE VARIABLES,OTHERUISE PRESS RETURN
29

3k 206 o8 20 8 0 K 2K A o K o0 % ok 3k A oK o o 3k A ok ok ok ok ok ok Kk k2K 3k 2k ok ok 3 o 3 2k 3Kk e oK K 5 Kok K 2 K

PRESS RETURN TO CONTINUE PROGRAM
29

STOP AT LINE 572
REALY

salmestiy adldy
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APPENDIX B

Special Program for Finding Wo

rst Case Transmissivity Error
vs Cell Reproducibility Using

Configuration Shown in Figure 6
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! REM =~ TITLE - SPECIAL PROGRAM FOR FINDING WORST CASE
2 REM === TRANSMISSIVITY ERROR VS. CELL REPRODUCABLITY
3 REM --- USING CONFI1GURATION SHOWN IN F1G.6
1 12 PRINT
: 13 PRINT
14 PRINT TRANSM1SSIVITY PROGRAM I*
1S PRINT
16 PRINT
17 PRINT “INPUT THE FOLLOWINGS T,H,E";
18 INPUT T,H.E
19 1IF T<e THE 17
20 IF H<p THEN 17
21 IF E<d THEN 17
22 PRINT
23 PRINT
24 PRINT * TEST CONFI1GURATION®
25 PRINT
26 PRINT
27 PRINT * 1o HORTY
28 PRINT * o
29 PRINT *
3¢ PRINT *
31 PRINT *
32 PRINT * LT S TR RNy 7 FUY PRV AP R RIORS Y PSR 2
7¢  PRINT
71  PRINT
72 PRINT “Ta*;T;*,CELL ERROR='E
75 PRINT
86 PRINT D3 AND D2 MUST BE FQUAL™
| 85 PRINT
98 PRINT “TYPE @ FOR DI1,D2,D3 TO RESTART PROGRAN™
95 PRINT
185 PRINT “INPUT C1,D2,D3";
11¢ INPUT D1,D2,03
111 1F D2<>D3 THEN 105
112 IF DI<@ THEN 105
113 IF D3<@ THEN .25
114 IF Dl<>@ THEN 119
11SIF D3<>0 THEN 119
116 GOTO 1@
119 LET R=0
128 LET L3=(C1+D24D3) t2¢HsH
130 LET L2=(D2¢DI) t2¢HskH
148 LET Li=D1eDl+HeK
1S8 FOR X=-1 T0 | STEP
168 FOR Y=-1 T0 ! STEP
17@ FOR 2=-1 TO 1 STEP
188 LET A=Ee2
198 LET B=EeY
20¢ LET C=EeX
218 LET E1=180200./L1sTt(SGR(LIY/S26€)%(1+A)
228 LET E2310808008./L2¢T1(SGR(L2)/ 5280 (1+E)
238 LET E3=100003./L3sT1(SCR(L3)/ 528 v (1+C)
240 LET T12SQR(E3/E2)
2S¢ LET T2=SQR(EJ/E2-SQR(EI/ZEL))
268 LET T3=(T1«T2)1(2/(D3/5280))
278 LET R12(T3-T)/T~10¢
286 1IF ABSC(RI)>ABS(R) THEN @¢
298 NEXT 2
308 NEXT Y
310 NEXT X
328 PRINT
338 PRINT
348 PRINT "=m---=mscscocmcmnccmccacoo
350 PRINT “Dl=*;Dl;*D2e"3D2;"D3="; D3
25¢ PRINT “ERROR OF T=*R
370 PRINT "meecwe-emcmcmmcmccomncaco™
398 GOTO 95
438 LET ReRl
al8  GNTO 296
428 END
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APPENDIX C

Program to Plot System Error vs Distance to Farthest Cel|
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1 REM APPENDIY C
2 REM TITLE fROGRAM TO PLOT SYSTEM ERROR VS
DISTANCE TO FARTHEST CELL

LIST

3 LEY G=)258

16 LET JeRS90

1S LET Esjetgeo.

17 LET M=-2.88008E-02

29 LET Le3g08

25 DEF INX(X)s{X-L)t2eGr2e 12

3 DEF FNY(X)aXtReGrReJr2

33 DEF FNZ(X)=SQRC(X-L)t2¢Jr2)

40 DEF FNV(X)=ATNC(J/7(X-L))-ATNC(1480/(X-L))

45 DEF FNT(X)«FNZ(X)®COS(FNU(X))

5% DEF FNM(X)=S R(Xt2¢1.960EHE<06)-SQRI(X-L)12¢1.96088E+86)
8S DEF FNS(X)=SQR(XtQ2+Jt2)

68 DEF FNR(X)=ATR(J/X)~ATN(1488/X)

€5 DEF FNQ(X)sFNS(X)*COSC(FNR(¥))

70 DEF FNP(X)={(E/FNX(X))S(FNT(X)/SQR(FNX(X)))s(1+M)
TS DEF FNO(X)a(E/FNY(X))e(FNQ(X)/SQR(FNY(X)))®(1-M)
80 DEF FNN(X)=(FHM(X)/C1/8QR(FNO(X))I~1/SQR(FNP(X)))) 2
100 DEF FNF(X)=(FNN(X)~E)/Ee¢l00

1586 DIN Z(1e)

488 LET Rled

%8 LET Li=0

688 LET Q1=0

7080 PRINT “PLEA3E INPUT THE FOLLOWING PARAMETERS:"™
888 PRINT “LEFT X~ENDPOINT"™}

988 INPUT A

1688 PRINT "RIGAT X-ENDPOINT™}

11860 INPUT B

1888 PRINT "“X~SPACING™:

1366 INPUT D

1486 PRINT "THE NUMBER OF UNDEFINED POINTS (IF NONE, ENTER #)"}
1388 INPUT N9

16080 IF NY=8 THEN 2180

R A G T ARt KR TR T it Lo T e

1788 PRINT “ENTER THE UNDESINED POINTS., FOLLOVING EACH WITH A RETURN"

1 888 FOR K7e1 TO N9

1988 INPUT Z(X7)

9888 NEXT K7

2188 DEF FNG(X)=INTC((YT-L1)/D1¢.5)¢1S
SR0¢ LET L2=R2aNE(A)

2388 FOR XeA TO B STEP D
2488 FOR l=1 TO N9

2563 IF X=Z(I1) THEN 3108
2660 NEXT 1

27868 IF FNF(X)>L2 THEN 29882
8866 LET L2=FNF(X)

2900 1IF FNF(X)><R2 THEN 31u8
Wo¢ LET R2«FNF(X)

3160 NEXT X

3R60 1IF L2<§ THEN 3300

3388 LET RisRR

3488 GOTO 3928

3%e8 1F R2>8 THEN 3788

3688 GOTO 3808

3768 LET Ri=R2

3Bee LET LisLR

988 LET Di=(R1-L1)/%0

4880 1IF Li<Rl THIEN A3SP
4108 PRINT "THIS IS THE FUNCTION YeCONSTANT.™
4208 STOP

26

LY

e |




R S A AT N I e TR

A RS SRS AR T AT RS T ey > TR

L ad
2080
L e d
e
4108
L ied
00
e
100
%0
Ve
k d
€se
500
sree
ko
900
[ i
100
[ ied
[l d
4400
6580
400
6700
i d
Lo
000
1100
200
nie
1000
00

PRINT “THE NIMINUN VALUR OF THE FUNCTION 1S™3Le
PRINT “THE NAXINUN VALUZ OF THE FURCTION IS*ine
PRINT “THE SPACING ON THE Y-AXIS 1s*101

PRINT ==

LET FoiNT(-L1/D1¢s8)01s

1P A <o 0 THEN SO0

I¥ A/7Dv6 THEN SOR®

LET Gley

IF Lie® THEN 3300

PRINT TABCF); ™o~

PRINT

G070 1800

FOR 1a] TO INTCA/D-.S)

PRINT TAB(F) ™%

¥EXT 1

LEY Qlep

FOR XeA 10 B STEP D

17 D<1.800000E-04 THEN 6389
IF ABS(X)»1.00000E-05 THEN LT ] )
LET Xea$

PRINT X.

FOR Pe3 TO N9

17 X0ZZP) THEN 7300

IF X00 THEN 71389

FOR 18«1 YO sp

PRINT “e=;

NEXT 12

LIT Q)

PRINY Y=

gGOT0 9907

PRINT TAB(F)3~en

noTo 9907

WEXT P

1F Xe(X4D)> 0 THEN 9co0
IF Xe-D/8 THIN 96890
FOR 1=p TO SO

I7 Q10 THEN 8200

LET Y7ePUrix)

IF MNB(Xdele)s THEN B389
1F te1%eF THIN 8700
PRINT “e%;

GOT0 ssee

PRINT “e=;

0010 ssee

PRINT =0™;3

NIXT 1

17 1+3150F THEW 9190
PRINT “e=;3

PRINT =Y~

LET Qe}

IF CQle1del THEN 9997
IF (Qleldeg THEN 9580
1F (Q1¢1)e3 THEN 9916
1F Xe(X-D)s0 THEN 9809
IF X <o D/2 THEN 7880
e LET YIaFPNFIX)

9908  IF FNG(X)>F THFW 9906
MEL IF PNC YeF THEN 990a
902  PRINT SHBCFNGIX) )2 0™ TABCF ) nes
03 GOTO 997

P64 PRINT TAB(F)I; e~

908 COTO 9997

9906 PRINT TABCF)1™e™} TABCING(X)) ) ™e=
997  WEXT X

MO8 1F X re & THEN "”1?
WY IF -xX/Dré .MEN ”1L7
i FOR 1= TO INTC-X/D=a8)
i1 PRINT TAB(F)I~e~

»Iir wexrt o

AT

1S 0OTO 7808

916 PRINT TAB(F)3™e=

PWIT PRINT TABCF)II~X~

918 17 9=0 THEN 9930
srop

PRINTY ~ SINCE THE REAL Y-AXIS IS OrFF THE GRAPH.™
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