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COMPUTATION OF APERTURE EFFICIENCY AND RADIATION 
PATTERN FOR A CASSEGRAIN ANTENNA 

1» Introduction 

This report describes a program which calculates taper, spillover, 

and phase efficiencies, a relative aperture voltage distribution, and the 

radiation pattern of a cassegrain antenna system given the feed power 

pattern data and the cassegrain geometry. The prograun language is Basic and 

is written for use on the Hewlett-Packard 9830A calculator. 

Circular symmetry is assumed throughout the program. Plots of 

the aperture voltage distribution and the radiation pattern are provided in 

addition to numerical tables of each. A provision is included for accounting 

for aperture blockage due to the subreflector or prime-focus structure. This 

program can be used for a prime focus antenna if the angle subtended by the 

subreflector is chosen to be the same as the angle subtended by the main dish. 

In this case the cassegrain magnification factor is unity and all calculations 

are identical to those for a prime focus system. A brief description of the 

theory for the major parts of the program is given. The program is then 

described and examples of input and output data are provided. 

A future memo will describe how the program may be applied to a 

cassegrain system in which the reflector surfaces have been shaped for high 

aperture efficiency. 

2. Taper Efficiency 

The taper efficiency of a parabolic reflector system is defined as 

the ratio of the effective area of the paraboloid with tapered illumination to 

the physically projected areas of the paraboloid, and is shown by Weinreb^" to 

be expressable as 

(l) 

o G(0) sin 0 d0 
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for a prime focus dish, with 0O = 2 tan ^ ~ edge angle, F/D = the focal 

length to diameter ratio, and G(9) is the power pattern of the spherical wave 

propagating towards the parabola from its focus. Figure 1 defines the impor¬ 

tant parameters of a cassegrain system. 

2 . 
Potter derives two equations which allow equation (1) to be applied 

to a cassegrain system. They are the relationship of 0 and y (see Figure 1) 

tan ("I") = M tan (2) 

and the power pattern weighting factor 

g(9) = <fsra>2 o) sin 0 
LR 3 

where M = —-— is the magnification of the cassegrain system , and F(y} is the 

feed radiation pattern. 

Using (2) and (3) we obtain 

0 = 2 tan ^ [M tan (^-) ] (4) 

-nH r/0> _ sin2(Y) [F(y)]  
sin2 [2 tan~l (M tan (^-)) ] ^ ^ 

Substituting equations (4) and (5) into equation (1), and using the 
4 

logarithmic expansion for the arc tan , it can be shown that 

MP 2 I/I0 v^TY) tan^-dYl2 

nT = 32 (^) 2 1  (6) 
Jo

0 F(y) sin Y dY 

Thus, for a cassegrain system, the taper efficiency is the same as if the feed 

had been used to illuminate a parabola of focal length MF. The physical reason 

for this is that the subreflector tends to "bundle" energy towards the outside 

of the parabola (as shown by equation (3)) so that the effect of space-taper 

on the feed pattern is offset and a higher taper efficiency results 
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3. Spillover Efficiency 

The spillover calculation is identical to that of a prime focus 

dish. The assumption is made that all of the radiation illuminating the 

subreflector dish also falls upon the main reflector after striking the 

subreflector. The spillover efficiency, which is the ratio of energy 

incident upon the subreflector to the total energy emitted by the feed, 

can be expressed as1 

rYo 
J0 F(Y) sm y d y 

ns = —if  (7) 
J F(y) sin y d y 

where Y^ = the angle subtended by the subreflector. 

The program sets all points of the feed pattern which are not assigned 

a value to 60 dB below the feed axis reference point. 

4. Phase Efficiency 

Phase efficiency can be defined as the ratio of the on axis power 

with phase errors to the on axis power with no phase errors. It can be 

expressed as y 2 

J /g0 (y) tan y/2 d y I 

% = ,Yn   : n—— (8) 
/ /F(Y) tan y/2 d y 

Small linear phase shifts across the aperture tend to merely shift the true 

direction of the beam rather than degrade the efficiency of the antenna. 

Therefore, phase errors should be taken as the deviation in phase from the 

best fit linear phase shift across the aperture. If the feed phase infor¬ 

mation is not available, this section of the program may be by-passed. 

5. Aperture Distribution Calculation 

If the illuminating pattern is known for a prime focus dish, the 

corresponding aperture voltage distribution can be calculated as a function 

of the reflector radius R^" 

E(R) = /GO) cos (0/2) (9) 

R is calculated from the definition of a parabolic surface5 (see figure 1) 

»- 
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^ 2F sm (0) Thus: R =   r— n i \ 
1 + cos 0 l-L1' 

The calculation for a cassegrain system is performed by substituting 

equations (2), (3) and (11) into equation (9). 

The aperture distribution is calculated for only those points in 

the aperture which correspond to feed pattern points falling on the sub- 

reflector. This number of points, which depends on the feed pattern incre¬ 

ment of angle and the angular extent of the subreflector, is usually an 

insufficient number of points for accurate evaluation of an integral in 

the radiation pattern section of the program. A polynomial regression 

routine is used to best fit a 6th degree polynomial to the aperture data 

using a least-squares fit. This section is taken from the Hewlett Packard 

Math Pack tape with some modifications. The polynomial is then used to make 

51 estimates of aperture voltage at equal increments across the aperture. 

At least seven feed pattern points must fall on the subreflector for a 6th 

degree polynomial fit. 

6. Radiation Pattern 

The relative voltage radiation pattern of an antenna with a 

circularly symmetric aperture can be expressed as^ 

1 
F (u) = / f (R) J (uR) R dR (12) 

0 0 

, it D sin 0 
where u - ^ , f(R)=aperture voltage distribution and R=normalized radians, 

This integral is evaluated for u = 0 to 10 in increments of 0.5 u. 

The resulting normalized points of the radiation pattern are printed in 

tabular form and are also plotted. The Bessel function evaluation is taken 

from the Hewlett Packard Math Pack program with modifications. 
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7. Program Description 

The program is located on tape files 1-8, beginning with file 1. 

The program's input format is conversational. It will ask for all data 

required at the beginning of the program. The feed pattern information 

should be expressed in DB below a zero DB reference. A maximum of 151 

feed pattern data points may be used. The increment of angle should be 

small enough so that several points fall on the subreflector for accurate 

calculations. Phase points and the angle increment are expressed in 

degrees. For phase calculations, the minimum number of phase points used 

should equal the total number of feed points falling on the subreflector 

plus one. A maximum of 50 phase points may be used and they must be in¬ 

cremented identically to the feed pattern points. 

For prime focus dish calculations, the angle subtended by the 

subreflector should be set equal to the value of 0 given by 

0=2 tan ^ D/4F (13) 

This value insures that the magnification factor M=1 so the taper efficiency 

integral will be correct. 

The printed output lists the taper, spillover, and phase efficiencies 

and their product. It then lists values of aperture voltage and radius, both 

normalized to maximum of unity. Coefficients of the 6th degree polynomial 

are then printed, along with a number labeled, R Squared" which, if it ex¬ 

ceeds unity, indicates an inaccurate curve fit. Next, 51 estimates of the 

aperture distribution are listed while they are simultaneously plotted. 

Values of normalized radiation pattern voltage are then listed and plotted. 
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8. Efficiency Program Verification 

To determine the accuracy of the integration techniques and the 

overall efficiency sections, a feed pattern resulting in known efficiencies 

for a standard Cassegrain system was chosen. 

The feed pattern was: 

•n f \ 2ay 2 Y F(y) = e cos J (14) 

and the angle subtended by the subreflector was chosen as Y0=15 degrees. 

Feed data points were chosen at increments of one degree, and data points 

were fed in out to 60 degrees. A comparison of the program calculated values 

to the known values follows: 

PR0GRAM% KNOWN% 

Taper Efficiency 98.3572% 98.3570% 

Spillover Efficiency 30.52% 30.45% 

Total Efficiency 30.02% 29.95% 

9. Example Program 

A sample program follows to demonstrate typical input and output 

data. The example used is for the 140-ft. diameter dish with the following 

Cassegrain geometry. 

F/D = 0.4286 Yg = 7.14 degrees subreflector diameter = 10.4 ft. 

Data points were taken from graphs of the feed power pattern and the feed phase 

pattern. Seventy-five feed pattern points and sixteen phase points were taken. 

Percent radius blockage was 7.4% (this is the ratio of subreflector diameter 

to main reflector diameter). Feed patterns were sampled at increments of 

0.5 degrees. A listing of the input data appears in Figure 2. Output data 

is listed in Figure 3. 
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The program's plot of the aperture distribution appears in Figure 4. 

The X axis is normalized radius and the Y axis is normalized voltage. Note 

the effect of the subreflector blockage for values of R less than 0.08. 

The radiation pattern plot appears in Figure 5. The X axis is 

u=0 to 10 and the Y axis is the normalized pattern voltage. The X axis can 

be converted to angle 0 at a particular wavelength X using the definition 

ir D sin 0 
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FIGURE 1 - CASSEGRAIN GEOMETRY 
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RUH 
FOP PHASE CfiLCULfiTIOH- INPUT 1 
IF PHASE NOT DESIRED* INPUT 0 r'l 
F D F AT 10 '.4286 
PEPCENT PAD IUS BLuCtAGE?7.4 
ANGLE SUBTENDED BY SUBPEFLECTOR''?. 14 
IHlF'EMENT OF flNGLEo0.5 
NUMBEP OP FEED DATH POINTS'^FS 
INPUT DATA POINTS'-' u 
0. 1 
0.2 
0.4 
0. 7 
0. ? 
1 . 4 
1. - 
d.4 

7.4 
8.4 
10. S 
12. i. 
1 3. h 
15. _ 
lb. 7 
20. "■ 

J4. t 
11.4 

30. 5 
:■ 1 . _ 
32. 4 

34.- 
■■4.8 
54. 7 
i4.b 
34. _ 
34. 2 
34.5 

NHtiBi-F i.h PHASE F UI NTS "'if infmt phhse in degfee: 

0. 5 
i 
1 .s 

11 
14 

LET UF PLOTTER FIGURE 2 — INPUT DATA 
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fiPEPTURE EFFICIEHCY 

F D F'fiTIO 0.4286 
TflF'EP EFFICIEHCY= 93.55:. 
PHHSE EFF1C1EHCY= 99.45;-; 

MflGNIFICflTION= 9.3493 
SPILLOVER EFFICIENLY= i31.6b>. 
TOTFIL EFFICIENCY= 75.97ri 

RPERTURE VOLftTGE DISIRIBUTIOH 

PADIUS R VOLTAGE E'R1 PHA SE P 
R= 0.0000 E^P:^ 1.0000 P= 0.0 F'= 0.0699 Ei R > = 0.9^85 P= g.n 
P= 0.1399 E'P> = 0.9772 P= 0.0 
F= 0.2098 E(R^ = 0.9548 P= 0.0 
P= 0.2798 E^R) = 0.9223 P= 0.0 
P= 0.3497 E< P> = 0.9011 P= 0.5 
P= 0.4197 £■ R> = 0.8506 P= 1.0 
P= 0.4897 EiR) = 0.8028 P= 1.5 
R= 0.5597 Ei,R> = 0.7577 P= 2.0 
R= 0.6298 Ei.R ■ = 0.6908 P= 3.0 
R= 0.6998 EI:R>= 0.6154 P= 4.5 
R= 0.7699 E<.R ) = 0.5808 P= 6.5 
R= 0.8400 E(R> = 0.5174 P= 8. n 
R= 0.9102 E(R> = 0.4716 P= 11.0 
R= 0.9803 ECR> = 0.4250 P= 14.0 

COEFFICIENTS 
Bi 0> = 0.9994 
B( o= -0.0327 
Bv 2> = -1.6362 
B(. 3) = 6.0954 
B( 4) = -15.1281 
B< 5> = 15.9767 
B( 6> = -5.8596 

R SQUARE = 0.999218447 

R= ri E<P = 0 
R= 0. 02 E<P = 0 
P= O. 04 E<P = 0 
R= 0. 06 EC R = 0 
P= 0.08 E(R = 0.988S8S696 
P= 0. 1 Ef'R = 0.984528906 
R= 0. 12 E<R = 0.979715088 
R= 0. 14 EtR = 0.974506167 
R= 0.16 Ei R = 0.968934871 
R= 0.18 E',R = 0.963012102 
R= 0.2 E''P = 0.956731049 
R= 0.22 ECR = 0.950071024 
R= 0.24 ECR = 0.943001027 
P= 0.'26 EiR = 0.935483049 
R= o;28 E'P = 0.927475095 
R= 0.3 E'R = 0.918933942 
R= 0.32 E<R = 0.909817632 
R= 0.34 E'P = 0.900087681 
R= 0.36 E<R = 0.889711033 
R= 0. 38 ECR = 0.878661736 
P= 0.4 E(R = 0.866922350 
R= 0.42 E(R = 0.854485082 
R= 0.44 EtR = 0.841352656 
R= 0.46 ECR = 0.827538910 
R= 0.48 EtR = 0.813069126 
R= 0.5 E<R = 0.797980080 
R= 0.52 EfR = 0.78231984 
P= 0.54 EtR = 0.766147274 
R= 0.56 Ei R = 0.749531304 
R= 0.58 E<R = 0.732549880 
R= 0.6 E(R = 0.715288688 
R= 0.62 ECR = 0.697839590 
R= 0. 64 E<R = 0.680298789 
R= 0.66 ECR = 0;662764724 
R= 0.68 EtR = 0.645335705 
R= 0.7 ECR 0.628107262 
R= 0.72 E<R = 0.611169239 
R= 0.74 E<R = 0.594602686 
R= 0.76 ECR = 0.578476011 
R= 0.78 EtR = 0.562842056 
R= 0.8 EtR = 0.547733301 
R= 0.82 EtR = 0.533158006 
R= 0.84 EfR = 0.519095598 
R= 0.86 EtR = 0.505491863 
R= 0.88 EtR = 0.492253882 
P= 0.9 EtR = 0.479244678 
R= 0.92 EtR = 0.466277614 
R= 0.94 EtR = 0.453110503 
R= 0.96 EtR = 0.439439456 
R= 0.98 EtR = 0.424892463 
R= 1 EtR = 0.409022697 

FIGURE 3 - OUTPUT DATA 
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PROGPfiM LISTING 
TAPE FILE HO. 1 
18 PfiB 
20 DIM GSC 150 ]> HSC 50 ]< ESC 51 F'SC 51 ]> C[ 3b ]< BE 8 ] 
30 FUR 1=1 TO 150 
40 G[n=b0 • 
50 HE;:T I 
60 FOR 1=1 TO 50 
70 Hl I ]=0 
80 HEST I 
90 DISP "FOR PHASE CflLCULRTI OH< INPUT 1" 
100 UfilT 3000 
110 DISP "IF PHASE NOT DESIRED. INPUT 0" 
120 WAIT 1.000 
130 INPUT MS 
140 It ISP "F D PATIO' ; 
150 INPUT F 
160 DISP PERCENT RrtDIUS BLOO AGE" 5 
170 INPUT H9 
ISO DISP "ANGLE SUBTENDED BY SUBREFLECTOR '! 
190 INFIIT E 
200 Ii ISP ' IHCFEMEHT OF ANGLE"! 
210 INPUT A1 
220 DISP 'HUMBEP UF FEED DATA POIHTS"! 
2 30 IHPUT D1 
^40 DISP "INPUT DATA POINTS": 
250 POP 1=1 Tu D1 
260 IHPliT G[ I ] 
270 PRINT G[ i] 
280 fnE'iT I 
290 IF N5=l THEN I-lrt 
300 IjOTii ":-I0 
310 DISP "NUMBER OF PHHSE POINTS"! 
-:20 INPUT D3 
330 DISP "INPUT PHft'-.F IN DEGREES"! 
340 FOP 1=1 TO D3 
350 INPUT HI I ] 
360 PRINT HCU 
370 H[n=H[I]-PI 180 
360 NE:,T I 
390 DISP "SET UP i-'LiiTTER ' 
400 hAIT 4000 
410 FOP 1=1 TO 150 
420 :c 11=1 •• mt■ GI n • 
4 30 HE"T I 
440 M=1 14-F-THH'1E-PI 180' 
450 N='E PI ' + 1.5 
460 A3=A1-PI ISO 
470 El-E-PI 180 
480 111 = I NT' ■ El A -■ +11.=, 
490 P= El-ni-h3> ft.' 
500 : INf 2 

TAPE FILE NO. 2 
10 RAD 
20 DIM GSC 150 3'HSC 50 ]< ESC 51 ]» RSC 51 ]> C[36 ]j BC S ] 
30 R3=V1=Q1=U1=S1=T1=0 
40 FOR 1=2 TO N 
50 Q=A3*<I-1> 
60 V=SQR<G[ I ])*TANCQ/2^A3 
70 V1=V1+V 
80 U=GCI ]*SIN<Q)^A3 
90 IJ1=U1+U 
100 NEXT I 
110 U1=U1-U+U*(0.5+P) 
120 V1=V1-V+V*(0.5+P> 
138 Nl = <(32*<F*M)t2*Vlt2)/-Un*100 
140 1=1 
150 1=1+1 
160 C!=A3-KI-n 
170 0=GC nitSIN<Q)i«-fl3 
180 01=01+0 
190 IF 1=150 THEN 220 
200 IF 8>PI THEN 270 
210 GOTO 150 
220 Q=Q+A3 
230 IF O/PI THEN 270 
240 Rl=SIN<Q}*A3*lE-0b 
250 R3=R3+R1 
260 GOTO 220 
270 R3=R.3+01 
280 N2=ail/R3 '*100 
290 PRINT " APERTURE EFFICIENCY" 
300 WRITE <15.310>F>M 
318 FORMAT 2'' J 3X« "F 'D RATIO="» F7. 4. 19X, •■MAGNIFICATION=" , F8. 4 
320 WRITE aS.SSeJNljNZ 
330 FORMAT 3X5"TAPER EFFICIENCY=">F7.2> '";"j19X>"SPILLOVER EFFICIENCY">FT.2, 
340 IF X5=l THEN 39i3 
350 N3=N1*N2 ^1E+02 
360 NRITE '' 15> 370^N3 
370 FORMAT /, 25X; "TOTAL EFFICIENCY=" > F7. 2< 
380 GOTO 540 
390 FOR 1=2 TO N 
400 o=A3%n-n 
410 B9=SCIR''GC I ]>*TftNc.0 '2)+A3 
420 T=B9*CQS<HCI 3) 
430 T1=T1+T 
440 S=B9^SIN' HC I 3,' 
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450 S1=S1+S 
460 NEXT I 
470 T1=T1-T+T*<0.5+P> 
480 S1=S1-S+S*';0.5+P ■ 
490 T9=Tlt2+Sl't2 
500 T8=CT?'Vlt2;*100 
510 N3=Nl*N2*T8/lE+04 
520 WRITE <15>530>T8,N3 
530 FORMAT 3X< "PHBSE EFFICIENCY", F7. 2, , 19:;. "TOTRL EFFICIENrY=" < 4;'i< F 
540 LINK 3 
TRF'E FILE NO. 3 
10 RflD 
20 DIM GSC 150 ]j HSf 50 3< ESI 51 ]< RSt 51 ]» CC 36 ]< BC 8 ] 
30 EE 1 ]=1 
40 PC 1 ]=0 
50 El = a-'M wSOPCGt 1 ] ■ 
60 WRITE (.15»70> 
70 FOPMflT 3.'<25X« "RPEPTURE VOLRTGE DISTRIBUTinti" 
80 PRINT 
90 PRINT 
100 PPINT ■■ RADIUS P VOLTAGE EP <"TflBt"4"PHflbE F' 
110 PPINT 
120 PPINT TRB5"P= 0.0000,,TRB3 j"E'P>= 1. 0rinf'i"TfiBi-"4"P= n.0" 
130 FUP 1=2 TO N 
140 0=03+-. I-n 
150 B=2^flTN''M-TAH'. 0 2 ■ ■ 
160 bC I ]=1 (.SIN1 Q 1 SINB j > +SQP•'GL I ].j*(COS'' B- 2 'T2' El 
170 PC I3=4*F*SIN'B • ' ■ l+rn^iB 1 > 
180 MEoT I 
185 FOP 1=1 TO 50 
186 HI I ]=HCI3+c180 PI ■ 
187 NEXT I 
190 FOR 1=2 TO H 
200 WRITE < 15.21L1'P[ I 3.EE IIiHI I 3 
210 FORMAT SX! "R=' . F". 4» 19' I> "E1 P.' = " > F7. 4. I*:;. "F = " - F5. 1 
220 NEXT I 
230 i-INH 4 
TAPE FILE NO, 4 
10 DIM CC 36 3.BC8 3«ESE51 3.PSC51 ] 
20 M8=N 
30 FOR 1=1 TO 8 
40 CE I 3=BE I 3=0 
50 NEXT I 
60 FUR 1=9 TO 36 
70 CEn=0 
80 NEXT I 
90 BE 13=1 
100 M=N=S1=52=83=84=;5=0 
110 D2=6 
120 FOR K=1 TO M8 
130 BE 2 3=RE K3 
140 ' '=EE i 3 
150 y=fn::i 
160 NEXT h 
170 PEDIM PE13 
180 LINK 5 
190 BEF FN:,' I 1 

200 FOR 1=2 '0 D2 
210 BE 1 + 1 ]=£» I 3*EE ^ 3 
220 NEXT I 
230 BE D2+2 3=Y 
240 P=0 
250 FOP 1 = 1 TO D2-I-2 
26U FijR ! = I TO D2+u_ 
270 P=P+1 
280 .. E R 3=': E P 3 + BE I 3*B[ J 1*2 
290 NEXT J 
30^ NEXT I 
310 ■l=Sl+BE13+2 
320 r.2 = S2+EE2 3t2-I 
340 •s4=S4+Y-*V-f^ 
350 ^5=S5+BE2 3-Y-Z 
360 N=h+I 
370 RETURN O 
TAPE FILE NO. 5 
10 DIM rr :.k3'BE8 i * E 1 T1 3 
20 IF N = IC-W THE'J _."Ci 
30 Dl=6 
40 IF W=e THEN -..-U 
50 T-0 
60 FOF 1=1 TO Dl+1 
70 EE I 3=0 
80 FOR J=i tn Dl-l-J 
90 P=> 1+ i-l ■ + ' D2<-J-0. -j* I + J' 
100 EE I 3=BE I 3+CET+., ]-CEF 3 
110 NE-'T J 
120 T=I»'D2+ J-I - ^• 
130 NE"T I 
140 P1=0 
150 TOR 1=2 TO 
160 F 1 =F 1+L-E I 1 P"'+1 ' 2 ' 31 J 
170 NE'-'T I 
180 T0=CE■D2+1>*■IC+2 23 
190 T0=T0-CED2+1 ]T2 
200 PRINT. 
210 PPINT TAB33"ruEFFICIENTS" 
220 PPINT 



230 FORMAT 30X>F3.0!F12.4 
240 FOR 1=1 TO Dl+1 
250 WRITE (15J230)"Bf ,,I-r,) = ,,B[ 1] 
260 NEXT I 
270 PRINT 
280 PRINT 
290 PRINT TfiB2S"R SOUflRE = "R1/T0 
300 PRINT 
310 GOTO 730 
320 IF hrii2 THEN 350 
330 DISP "NOT ENOUGH POINTS" 
340 END 
350 P=W=1 
360 112=1)2+1 
370 FOR J=1 TO D2 
330 C[P ]=SQRC[P ] 
390 FOR 1=1 TO D2-J+1 
400 CCP+I ]=CCP+I ]- CEP] 
410 NEXT I 
420 R=P+I 
430 S=R 
440 FOP L=1 TO 112- I 
450 P=P+1 
460 FOP M=1 TO r2+2-J-L 
470 CCP+M-13=CC R+M-1 ]-C[P ]*CIP+M-! 
480 HE::T M 
490 R=P+M-1 
500 ne::t l 
510 P=S 
520 NEXT J 
530 T=|B2+1>*•D2+2 1 2 
540 FOR 1=1 TO B2-1 
550 T=T-I-I 
560 CC T ]= 1 -CCT] 
570 FOP J=1 TO D2-I 
580 F-D2+1-I-J 
590 P=P*i Ii2+1-'. P-l ■ 2 '-I 
600 P=P-J 
610 E.=0 
620 IJ=I + J-fl 
630 V=P 
640 FOP t=l TO J 
650 7=V+U-K 
660 ';=S-C[ F+t ]+C[ V ] 
670 NEXT K 
680 CCP]=S.-CCR3 
690 NEXT J 
700 NEXT I 
718 CC1 ]=1/C[ 1 ] 
720 GOTO SO 
730 LINK 6 
TAPE FILE NO. 6 
Ki DIM Ct 36 ]J BC 8 ESC 51 ] 
20 R=Q 
30 B=1 
40 C=0.02 
50 V=FNZ0 
60 STORE DATA 8)E 
70 LOAD 7 
80 DEF FNZ'Z'' 
90 PRINT 
100 19=8 
110 SCALE 0.1-0.1 
120 FOP I=A TO B STEP r 
130 V=BC Dl + 1 3 
140 FOP J=D1 TO 1 STEP -1 
150 y=VtI+BCJ] 
160 NEXT J 
170 IF H9=0 THEN 200 
180 IF I ■ ''H9- 100,1 THEN 200 
190 i'=0 
200 PRINT "R=" I! TAB20 'E' R '' = "V 
210 19=19+1 
220 EC 19 3=Y 
230 PLOT I,Y 
240 NEXT I 
250 DISP 
260 PETUPN 0 
TAPE FILE NO. 7 
10 DIM ESC 51 ]< PSC 41 ] 
20 LOAD DATA S-E 
30 PRINT 
40 PEN 
50 N=IJ=0 
60 FOP J=1 TO 21 70 pi=p=0 
80 FOR 1=2 TO 51 
90 R=R+0.02 
100 X=P*IJ 
110 P=EC I ]*R^0. 02-t'FND' X • 
120 P1=P1+P 
130 NEXT I 
140 Pl=Pl+0.5tp-P 
150 PC J]=ABS' PI ■' 
160 IF J=1 THEN 200 
170 PC J]=PCJ] -PC 1 ] 
180 PRINT "IJ= " j IJj "Ft!U-■ = " » PC J ] 
190 GOTO 210 PPTNT "U=",Us"FfU» = "- 1 
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£iy U=U+M.5 
220 NEXT J 
230 U2=0 
240 PC 1 ]=1 
250 SCALE -1J10.5 J-0,1>1.05 
260 XflXIS 0 f 1? 0 ?10 
270 YRXIS 0? ©.In 0.i 1 
280 FOR 1=1 TO 21 
290 PLOT U2? PC I ] 
300 02=112+0.5 
310 NEXT I 
320 DISP 

o y L R B E L < * ? 1 ? i ? 0 ? 7 /10 > 
340 FOR Y=0 TO 1 STEP fi, 1 
350 PLOT 0 ? Yf 1 
• 6 U C PLOT - 6 ? - 0. 3 
• 7 M L R B E L (44 0) Y 
380 NEXT Y 
390 FOR X=0 TO 10 STEP 1 
400 PLOT Xp0J1 
410 CPLOT -3? ~2 
4'd y L R B E L (4 5 0) X 
430 NEXT X 
440 FORMAT F4.1 
450 FORMAT F4-0 
460 E HB 
470 DEF FND(X) 
480 Q2=X/2 
490 Q1=0 
500 Q3=Q4=i 
510 FOR Q5=2 TO ABSN 
520 Q3=Q3*Q^ 
530 NEXT Q5 
540 Q0—Q3 — 1 Gi3 
5 5 0 Q 3=- Q 3 * Q 2 •••*■ Q 4 ^ Q 2 ' < N+Q 4) 
560 IF RBSQ3/Q0<1E-10 THEN 610 
5 7 0 Q 0=Q 0+Q 3 * ( Q 3 )• 0) 
580 Q1=Q1+Q3*(Q3<0> 
5 y y u 4=L-! 4 +1 
600 GOTO 550 
610 E=10+LGTABS<1+Q1/Q0) 
b ii' y RET U R N (Q 0+Q1) * (Q 2 + (Q 2=0) * (N=0)) t N 

TRPE FILE NO. 8 

DATA STORAGE 




