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NATIONAL RADIO ASTRONOMY OBSERVATORY
Green Bank, West Virginia

MEMORANDUM May 28, 1981
To: Green Bank Electronics Division
From: Roger Norrod

Subj: LADDER Analysis Program

Introduction:

An APPLE computer system is now available at Green Bank for use by the Elec-
tronics Division. The purpose of this memo is to acquaint potential users
with a program available on disk. The LADDER program was written by Sandy
Weinreb and calculates the input impedance of a network. Results can be
displayed in table form or plotted on a Smith chart. The program consists
of a group of subroutines which perform various functions. The user writes
a series of BASIC language statements describing his network and calling the
proper subroutines.

To use the program, first insure that a disk marked NRAO LIBRARY 1.¢ is in
the disk drive. Then type RUN LADDER and return. After a few seconds a
"menu" will be displayed (Figure 1). Just follow instructions on the menu
to execute the program. Table 1 describes the functioning of the menu sub-
programs.

To describe his network, the user writes a BASIC language program in lines
180 to 998. Table 2 lists subroutines the user can call from within his
program, and Table 3 gives a partial list of variables with special meaning
to LADDER. To insert his own program into LADDER, the user should type LOAD
LADDER, and then DEL 1$0§,998 to eliminate any old programs. He then types
in his own program and SAVE LADDER to store his version on disk.

Example 1:

Figure 2 is a listing of a program used to analyze a three-pole bandpass
filter. For those not familiar with Applesoft BASIC, anything following REM
(for remark) is ignored by the computer and colons are used to string state-
ments together. Lines 140 through 210 are executed for each frequency de-
fined in line 130. Line 150 initializes RN and XN to the terminating imped-
ance, in this case 75 ohms. Line 160 defines the first filter element, a
2258 pF capacitor in parallel, and calls subroutine 1300. This subroutine
converts RN and XN to admittance, combines it with the admittance of the
capacitor, converts this total admittance to an impedance, and stores it in
RN and XN. Lines 170 through 200 add elements until RN and XN have the input
impedance of the total network. Line 210 calculates the resulting reflection
coefficient, prints it on the screen and plots it on a Smith chart overlay.
Line 220 loops the program back for the next frequency. When all frequency
points have been completed, line 999 sends the computer back to wait for the



user to select another menu item. Figure 3 shows the printout caused by
selecting menu items (T) and (P) after running the above program. The pro-
gram takes about three seconds per frequency.

Example 2:

A program written to analyze a coaxial bandpass filter with design cutoff
frequency of 10 GHz is listed in Figure 4. Subroutine 1400 is used to ro-
tate impedances through transmission lines. Figure 5 shows the printout
for this program. About five seconds were required for each frequency.

Program Listing:

A complete listing of LADDER is included with this memo. Table 4 lists some
subroutines used by LADDER internally. These would normally not be called
by the user program but are available if needed.

Housekeeping:

Manidals describing the use of the APPLE system are normally kept on the rack
housing the computer. A three-ring binder labeled ADIOS #4 has much useful
information. I will be glad to assist anyone interested in getting started.

Anyone using LADDER much would probably be wise to have their own disk so
that other users don't erase their program. We have several blank disks
and copying the NRAO LIBRARY 1.0 disk takes only a few minutes.

Future Expansions:

I hope to add a subroutine in the near future that will calculate the fring-
ing capacitance of a stepped coaxial line. Anyone else who has a suggestion
for a useful subroutine, let me know so that it can be made available to all
users.

RDN/cjd
Enclosures:
1. Table 1 - LADDER Subprograms Accessed thru Menu
2. Table 2 - LADDER User Subroutines
3. Table 3 - LADDER Variables
4. Table 4 - LADDER Subroutines used by LADDER
5. Figure 1 - Menu Displayed by LADDER
6. TFigure 2 - Analysis of Lumped Element Bandpass Filter
7. TFigure 3 - Printout for Lumped Element Bandpass Filter
8. Figure 4 - Analysis of Coaxial Lowpass Filter
9. Figure 5 - Printout for Coaxial Lowpass Filter

10. Program Listing



TABLE 1

LADDER SUBPROGRAMS ACCESSED THRU MENU

Menu Line
Item No. Function Returns to
H 74 Clears screen. End
L 4209 Prints list of lines 1$$-999. Menu
R 84 Executes user program. Menu
S 5¢14 Loads fresh Smith chart. Menu
T 93¢0 Displays table of calculated data
with hard copy option. Menu
U 5009 Loads utilities (Smith chart and
HGR shapes). Menu
P 6500 Prints copy of graphics table. Menu
TABLE 2
LADDER USER SUBROUTINES
Line
No. Function Inputs Outputs
1009 Admittance of Series R, L, C R, L, C, W G, B
1019 Impedance to Admittance RE, X G, B
11¢9 Impedance of Parallel R, L, C R, L, C, W RE, X
1114 Admittance to Impedance G, B RE, X
12¢0¢ Series Branch, Series R, L, C R, L, C, W, RN, XN RN, XN (new)
13¢#  Shunt Branch, Series R, L, C R, L, C, W, RN, XN Rn, XN (new)
1400 Series Xmission Line W, LE, 2§, RN, XN RN, XN (new)
1564 ZN toT = SR + j SI RN, XN, R@ SR, SI
166 T to ZN = RN + j XN SR, SI, R® RN, XN
2009 Complex Multiply: C = A * B AR, AI, BR, BI CR, CI
2199 Complex Reciprocal: C = 1/B BR, BI CR, CI
22909 Complex Divide: C = A/B AR, AI, BR, BI CR, CI
80@9 Smith Chart Plot SR, SI —-—
9099 Maxes Table on CRT and
Stores F, RN, XN, SR, SI, SWR F, RN, XN SR, SI




TABLE 3

LADDER VARIABLES
(Partial List)

Variable Description
R Resistance of Circuit Branch, Ohms
L Inductance of Circuit Branch, nH
c Capacitance of Circuit Branch, pF
W Radian Frequency, 2m % GHz
RE Real Part of Impedance
X Imaginary Part of Impedance

Real Part of Admittance

B Imaginary Part of Admittance
RN Real Part of Circuit Input Impedance
XN Imaginary Part of Circuit Input Impedance
SR Real Part of Reflection Coefficient
SI Imaginary Part of Reflection Coefficient
z9 Characteristic Impedance of Transmission Line
LN Length of Transmission Line, mils
AR, BR, CR Real Part of Complex Number A, B, or C
AI, BI, CI Imaginary Part of Complex Number A, B, or C
TP 2w, defined by LADDER for user
TABLE 4

LADDER SUBROUTINES USED BY LADDER

Line

No. Function Called By
5300 Turns on Printer 9200, 4209
9199 Stores Data in Arrays 9909

9200 Prints Table of Calculated Data 9300




LAGGER
METHORK AMNALYSIS PROGRAM
NRAO-——AFRIL 1., 1981

MORMAL UMITS ARE GHZ,MILS,NH. AND PF
UTILITIES SHOULD BE LOADED AT START OF ERACH SESSION.
TYPE (H)> TO HALT

CL> TO LIST MAIN PROGRAM

{R)> TO RUN ANALYSIS

(S» TO LOAD FRESH SMITH CHART

(T TQ MAKE HARD COPY OF DATA

(> TO LOAD UTILITIES FROM DISK

(P> TO PRINT GRAPHIC THBLE

CHICL R 3,C80,(T2,CU3,0R (PJ)7

FIGURE 1

MENU DISPLAYED BY LADDER



ClZ L2

‘ |
e k. Ic:

ZN=RN+JXN

lag  REM LUMPED ELEMENT BPF

195 REM 73 0OHM. 3.50B CHEBYSCHEV, 3POLE,S.8-7.5 MHZ BANDPASS
118 R8 = ?5: REM DEFIME CENTER OF SMITH CHART

129 C1 = 2238:L1 = 249:C2 = B84.5:L2 = 3739: REM DEFINE ELEMENT WURLUES

138 FOR F = 3.5 TO 8.9 STEF @.1

149 W = TP * F ~» 1889: REM CONUERT MHZ TO B5HZ2

158 BN = 73:¥N = 8: REM TERMIMATION=7S OHMS

159 R = 8:L = 8:C = Cl: 505UB 1399: REM 15T SECTION

1788 R = B:L = L1:C = 8: GOSUB 1388: REM 15T SECTION COMPLETED
139 R = 9:L = L2:C = C2: 50508 1293: REM 2MD SECTION

196 R = @:L = Li:C = 8: 6OSUB 1388: REM 3RO SECTION

2889 R = 9:L = 3:C = Cl: 505UB 1383: REM 3RD SECTION COMPLETED
219 G60SUB 9966: GOSUBR 88@9: REM STORE & PLOT INPUT IMPEDANCE
228 HNEXT F

933 GOTO 72: REM END ANALYSIS, 50 TO PROMPT

FIGURE 2

ANALYSIS OF LUMPED ELEMENT BANDPASS FILTER



F RERL 2 IMAG 2 /GAMMAZ ANGLE  USHR
5.5 B 33.2 <337 132.3 153.3
2.8 1.3 39.1 =re 124.9 ©¢8.3
3.7 3 43.1 <344 114.6 34.3
5.8 9 63.2 . 8639 93.3 14.28
3.3 35.1 37.2 .B33 8.2 2. 31
b 183.4  55.4 333 435.6 2

B.1 78,3 -1.2 .83 =154 1.85
b.2 45.7¢ 2.8 . 244 173.1 1.85
5.3 33.4 12.1 . 327 135.2  1.97
6.4 41.9 19.8 . 329 139.5 1.98
5.3 21.2 24 . 263 124 1.71
B.& B65.3 19.7 <133 1935.1 1.37
B.7 74.3 3.1 .821 391.3 1.94
6.8 639.1 -13.6  .115 -184.4 1.26
5.3 33.8 -23.1 228 -113.3 1.59
7 45.2 -21.3 .3 -134.5 1.88
7ol 44,4 -13.3  .325 -143.6 1.38
7.2 41.8 -7 7 . 2491 -163.2 1.82
7.3 51.3 7 . 182 -173.3 1.44
7.4 79.1 -1.6 . 828 -28.4 1.86
7.5 184.3 -53.3 ,323 -44.3 1.97
7.6 49,3 -91.5 .B18 -53.3 4.2
[£X4 15.5 -73.3 . 392 -83.4 3.63
7.8 6.5 -58.3 .89% -1a84 18.35
7.3 3 -43.2  .345 -114.5 35.83
8 1.8 -41.4 .963 -122.2 61.87

FIGURE 3

PRINTOUT FOR LUMPED ELEMENT BANDPASS FILTER



166 REM SEUVEN SECTION., CHEBYSCHEUV., CORXKIAL LPF.
116 kB = S: FEM ODEFINE CENTER OF SHMITH CHART
120 F 1 T 15.9 STEP 1

= 1.
130 W = TP # F:RN = 59.8:%N = ©.9: REHM

8.1 DB RIPPLE.

TERMINATION = 38 OHMS

148 R = 9:L = 8:C = .92: BO5UB 1393: REM FRINGE CRAP
158 728 = 15:LN = 2¢7: GOSUB 1449: REM  1ST SECTION
168 R = 8:L = 8:C = .84: GI5UB 1308: REM FRINBGE CAP
170 Z8 = 85:LN = 178: GOSUB 1468: REM 2ND SECTION
133 R = 9:L = P:C = .84: 505UB 13898: REM FRINSGE CAP
199 28 = 15:LN = 49: 6505UB 1480: REM  3RD SECTION
299 R = 8:L = B:C = .94: 505UB 1388: REM FRINGE CRAP
210 Z3 = 85:LN = 194: GOSUB 14@G: REM  4TH SECTION
223 R = Aa:L = 8:C = .B4: BO5UB 1308: REM FRIMNSE CAP
238 28 = 19:LN = 49: GOSUB 14@3: REM  OSTH SECTION
299 R = B:L = 8:C = .84: 5058 1398: REM FRINGE CAP
259 2@ = 85:LN = 17@: 50SUB 149@: REM 6TH SECTION
258 R = 8:L = 8:C = .84: GISUB 13889: REM FRINGE CHP
278 Z6 = 15:LN = 27: 505UB 1489: REM  ¢TH SECTION
233 R = @:L = 8:C = .82: 505UB 1389: REM FRINGE CRP
29 GOSUB 9@96: GOSUB 880@: REM PLOT POINT ON SMITH CHART
3ia  MEXT F

333 GOTO 72: REM EMD ANRLYSIS, G0 TO PROMPT

FIGURE 4

ANALYSIS OF COAXTAL LOWPASS FILTER



F REAL 2 IMAG 2 ~5AMMAZ ANGLE  USHR
1 43.7 =.3 BE-43 -113.8 1.91
2 oH. 2 .1 ZE-03 34.3 1

3 53.2 .1 8331 .3 t.98
4 96.7 -4.1 L8744 -29.2 1l.16
3 24.3 -18.8 .111 ~23.56 1.23
B 43.6 -11.5  .117 -98.3 1.28
7 45.1 -3.5 871 -121.3 1.15
8 22.8 1.3 Ryt 23.2 1.88
3 B5.4 -3.1 143 -3.2 1.33
18 £3.1 -17.9 .194 -44.9  1.43
11 99.1 -5.5 . 855 -35.3 1.12
12 3 43.2 411 41.56 2.4
13 2583.7 -2¢5.8 .335 -1a.7 11.12
14 8 -126.4 952 -43 46,25
13 1.2 -31.7 . 337 -52.3 147.53

54 OHM LPF

...........

A

.....................

PO eeemeeel,

FIGURE 5

PRINTOUT FOR COAXIAL LOWPASS FILTER
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PROGRAM LISTING

PROGRAM LEMGTH= 384@ BYTES UARIABLES= 35 BYTES
FREE MEMORY= 12484 BYTES
S5THRT=18335 LOMEM=24423 FREE=24450 STRING=35354 HIMEM=353854

S
(%]

REM RLADDER VERSIONM 21MAY31

12 REM HMOUE PROGRAM TO HIGH MEMDRY

14 PRINMT ° CHR¥ (4);"BRUN LOMEM:": 2% LOMEM: 16354

15 HIMEM: 356354

13 POKE 18913,75: POKE 1814,12: POKE 1815.,151

28 POKE 1816,75: POKE 1817.,8: POKE 1913,151

23 PRINT CHR$ (4);"BRUN LOMEM:": % LOMEM: 16334

38 TEAT : HOME W = 2

32 VUTHB WJ: HTHB 15: PRINT "LADDER"

33 VUTAB U + 3: HTRAE 8: PRINMT "METHORK AMALYSIS PROGRAM
34 UTAB U + B: HTAB 18: PRINT "MRAOD—HAPRIL 1, 1931"

35 VUTAB U + 18: PRIMT “NORMAL UNITS ARE GHZ.MILS,MH, AND PF": PRINT

"UTILITIES SHOULD BE LURDED AT STHRT OF ERCH SESSION.": UTAB U +
15: REH

33 REM IMITIALIZE COHSTAMNTS

40 D¥ = CHR¥ (4): REM D¥=CTRL D

45 IN = 1E85: DIM FS5{38),R5{58,45(383,M5{581,A5(58),U5(58 >
43 HCOLOR= 3: SCALE= 1: ROT= 8

39 TP = b.23313:K1 = 11311:K2 = 57.2953: REM

53 REM DEFIME ROUMDIMNG FUHCTIONS

63 DEF FH Ri<X> = INMT €¥ % 18 + .5) 7 16

B8l DEF FM R2{X) = INT <X * 198 + .5 » 199

62 DEF FH R3(X) = INT X * 188 + .5) ~ 1988: REM

55 REM DISPLAY MENU FOR LUSER
B

3 PRINT “TYPE (H> TO HALT": HTAB B8: PRINT "(L> TO LIST MAIN PROGRAM":
HTAB 6: PRINT "{R> TO RUN AMALYSIS": HTAB &: PRINT "{S) TO LOAD FRESH

SMITH CHART"
7?8 HTAB B: PRINT “(T>» TO MAKE HARD COPY OF DRATA *“

71 HTAR 6: PRINT "<¢U> TO LOAD UTILITIES FROM DISK": HTRAE 6: PRINT
“(P> TO PRIMT GRAPHIC THBLE"

72 PRINT "CHI,{LI{RI,(S52,{T2{U0OR (PI?";: GET P¥: PRINT CHR$ (8):

HOHE

74 IF P$F = "H" THEM TEXT : HOME : END
75 IF P% = “L" THEM 6GOTO 4203

75 IF P$ = "R" THEWM 5OTD 34

73 IF P$ = "S" THEN GOTOD 5914

73 IF P = "T" THEM GDTD 9399

88 IF P = "U" THEN G6OTO S@H4

31 IF P$ = "P" THEN 307D 5533

g2 60TO 68: REM  DISPLAY MENU

34 REM BEGIN ANALYSIS

98 12 =4

33 I = PEEK (38125) + 1

96 POKE 8125,I: REM CHANGE PLOT SHAPE
33 VUTHB (21): REH
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33 REM BEGIN DEFINL.[ON OF PROBLEM
18 REM SEUEN SECTION. CHEBYSCHEW, COAXIAL LPF.
118 RY = 39: REM DEFINE CENTER OF SMITH CHART
126 FOR F = 1.8 TO 15.8 STEP 1

138 W = TP * F:RN = 50.8:¥MN = 3.3: REM TERMINATIOM = 58 DHMS

8.1 DB RIPFLE.

158 28 = 15:LN = 27: G0OSUB 1488: REM 15T SECTION
173 22 = 35:LN = 178: G05UB 1498: REM  2ND SECTION
198 Zi = 13:LMN = 49: GOSUE 1488: REM 3RO SECTION
218 28 = 35:LN = 134: 505UB 1498: REM 4TH SECTION
230 20 = 15:LN = 49: GOSUR 1488: REM  STH SECTION
239 26 = 33:LN = 178: 505UB 1408: REM  BTH SECTION
2 20 = 15:LN = 27: GOSUB 1483: REM  7TH SECTION

230 GOSUB 9869: GOSUB 888@: REM PLOT POINT ON SMITH CHART
398 NEXT F

333 BOTO 72: REM END ANHLYSIS. 50 TO PROMPT

1998 REM CONUERT IMPEDANCE TO ROMITTANCE
1661 X = L * W:FE = R
1895 IF C < > 8 THEN ¥ =3 - 1888 7 (C * H)

1916 D=RE ~ 2 + XK ~ 2:5 =RE » D:B = -4 ~ DO: REM INUERT Z=RE+.JA
T0 Y=5+JB

1828 RETURN : REM

1183 REM CONUVERT RDMITTANCE TO IMPEDAMCE

1181 6 =1 » R:B =C % H ~ 186G

11es IFL < >8THENB =B -1 7 (L * W

1118 0 =6 ~ 2 + B~ 2:BE =6 0= - B 7 D: REM INUERT ¥Y=G+.B
TO Z=RE+JX

1126 RETURN : REM

1293 REM  SERIES ELEMENT: SERIES R.L.C

12681 A =L # H

12853 IF C < > 8 THEM X = ¥ — 1893 7 (C * H?
1218 RN = R + RH:¥N = X + #M

12289 RETURN : REM

1388 REM  SHUNMT ELEMENT,SERIES R.L.C

1394 RE = ReX = L # H

1363 IF C < > 8 THEN K = ¥ - 18@d ~ (C * H)
1319 HEM SHUMT ELEMENT., RE+.JX

1313 GOSUEB 1418:5651 = G:B1 = B

1328 RE = RN:X = #N: GOSUB 1819

1228 6 = 61 + 5:B =B1 + B

1348 GO5UB 11183:RN = RE:AN = X

1358 RETURN : REM

1498 REM SERIES TRANSMISSION LINE WITH CHARACTERISTIC IMPEDANCE 26
1419 TH = TAM <H * LN ~ K1)

1420 AR = RM:AI = RN + 28 * TH
1439 BR = 1 — XN * TN ~ 20:BI = RN * TN ~ 29

1444 BOSUB 2288:RN = CR: AN = CI: REM  CALCULATE RN+J XN=CAR+J AI 37CER+J
BI )

1458 RETURN : REM

15998 REM 2N TO 6AMMA (REFLECTIOM COEFFICIENT SR+J SI); ASSUMES REAL
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R&; DEFAULT RB=58 M5

1565 IF Rad = @ THEN R& = 58.8

1518 AR = RN - RA:AI = AN

1528 BR = RM + RE:BI = XN

1339 605UB 2289@:5R = CR:SI = CI: REM CALCULATE SR+J SI={ZN-R2>/{ZN+RO)
1543 RETURHM : REM

1688 REM GAMMA TO ZM; ASSUMES REAL RE; DEFAULT Re=5@ OHMS
1683 IF RB = @ THEM Ra = 58.9
1510 AR = R@<1 + SR:AI = R # SI

1624 BR = 1 - SR:BI = - 51
1539 GO5UBR 22883:RN = CR:AN = CI: REM CRLCULATE RN+J XN=RB(1+SR+.J
SI»(1-SR-1 SIJ

1543 RETURN : REM

2088 REM COMPLEX MULTIPLY C=H+B
2819 CR = AR * BR - AI * BI

2824 CI = AR # BI + Al * BR

2033 RETURM = REH

2198 REM COMPLEX RECIPROCAL C=1-B
2118 AR = 1:AI = 8: REM

220 REM COMPLEX DIVIDE, C=A/B
2218 D = ~ 2+ BI ~2

2229 CR = (AR * BR + AL # BI> » D
2239 CI = (Al * BR — AR * BI} ~ D
2249 HRETURH : REHM

4268 REM LIST MAIM PROGRAH

4219 TEAXT : HOME : POKE 33,33: 505UB 5399: REM  TURN PRINTER ON
4224 POKE 1913.,65: REM LEFT MARGIM

4243 LIST 186,339

4258 PRINT D#;"PR#3": REM TURN PRINTER OFF

4268 POKE 33.48: HOME

4278 50OTO 63: REM  DISPLAY MEMU

5988 REM LOADS SHAPES,HGR CHARACTERS.AND SMITH CHART
Sadl DF = CHRE <45

5993  PRIMT D#%;"BLOAD SHAPES"

S04 POKE 232.191: POKE 233,31

5918 PRINT D#;"BLOAD H5R CHR GEN"

5214 REM LORD SHITH CHART INTO GRAPHICS

5815 HGR

58929 PRINT D$;"BLOAD NUMB SMITH.A3192"

5625 POKE B8125.9: REM PLOT SHAPE PARAMETER IS IN 8125
9933 TEXT : HOME

5848 SCALE= 1: ROT= @: HCOLOR= 3
5939 BOTO 53: REM DISPLAY MENY

5393 REM  TURNS DM TRENDCOM PRINTER
5365 D% = CHR$ (4): REM D$=CTRL D
5357 PRINT CHR$ (9)

5319 PRINT D$:"PR# 1": PRINT CHR$ (8)
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53289 POKE 1913.8: PusE 1735.78: REM MARIZIMS
9338 POKE 1657.88: REM LINE LENGTH
5349 RETURN : REM

6588 REM DUMPS SRAPHICS TABLE TD THE PRINTER. NO ROTATION, NORMAL
SIZE.

6318 POKE - 15381.,2: POKE - 16388.3: POKE - 16237.8: POKE - 16384.0:
REM DISPLAY GRAPHICS TRELE
6528 WUTRAB 23: INPUT "LABEL?";LA%

6548 PRINT D$:"PR#1": PRINT TARBC 8):;LA$: PRINT D$:"PR#G": REM
PRINT LABEL

8358 POKE 1784,15: POKE 1912.178: POKE 1272.8: POKE 1144.32: POKE

1528,8: POKE 14@9,1: POKE 1656.8: REM SET PRINTER GRAPHICS TEMPORARIES
5558 CALL - 158983: REM CALL PRINTER SERVICE ROUTINE
6588 TEXT : HOME : 60TO 68: REM DISPLAY MENU

f@da REM  SHITH PLOT

866z ON I 60SUB £606,8607,80605,8609
8993 GOTD 3918

8935 SH = 2: ROT= B: SCALE= 1: RETURHN

8837 SH = 5: ROT= 8: SCHLE= 2: RETURN
3923 SH = 2: RIT= B: SCHALE= 2: RETURN
8659 SH = 2: ROT= @: SCALE= 3: RETURN

8919 POKE - 16394.,8: POKE - 153098.0
881+ POKE - 16297,8: POKE - 16381.9
8912 HCOLOR= 3

8628 RM = 79:XC = 148:YC = 88

8939 XP = XC + 3R * RM

804ty ¥YP = YC - SI * RN

8958 DRAHW SH AT XP.YP

8066 RETURN : REM

e5om  REM
8561 FRETURM : REM

3318 CALL 25574: REM  IMIT H5R CHR GEN
8528 PRINT CHR# (1); CHR¥ (17)

3533 HCDLOR= 3

8535 DRAW SH AT 1,7 * I

8349 INPUT “COMMENT? ";CH$

8558 UTHAB (I): HTAB (2): PRINT CH$

8558 CAHLL 1813: RETURN : REM

3938 REM PRINT ON CRT

9a85 FZ = FN R2(F)

9918 RZ FN R1{RN>

9828 X2 = FN R1(XN)

9822 GOSUB 1589

9624 SM = SOR (SR ~ 2 + SI ~ 2}

9926 SA = K2 * ATH (SI 7 SR)

8827 IF SR < 8 THEN SR = SA + 1808
9923 IF SR > 188 THEN 5A = SA - 368

9635 IF SM > = 1 THEN SHR = IN

9949 IF SM < 1 THEN SHR = (1 + SM) -

9845 SM = FH R3{(SMI:SA = FN R1{(SA>:S
DATA FOR DISPLAY

= A
D e
ny
-n
z-

R2(SHR?>: REM  ROUND
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3978 PRINT F2: TRB{ 3):RZ2; TABL 160;¥2;: TAB! 24);5M; THBC 32);:5R
9383 GOSUB 91@@: REM STORE DATA IN RRRRYS
35389 RETURN : REM

9188 REM STDEES F, 2N, AND GHMMA IN RRRRYS
318 12 = 12 + 1

128 FS{IZ) = FZ:RS(IZ2Y = RZ:HS(IZ) = ¥2
91398 MSCIZ? = SM:ASCIZ) = SA:US(IZ) = SKR
3143 RETURM : REM

<
DA

2

w  REM  PRINTS THBLE OF CRLCULATED DATA

2ﬁ1 HOME : GOSUB S53@d: REM TURN ON PRINTER

3203 I$ = CHR$ (932 REM I$=CTRL 1

9265 PRINT I#:;"M": REM OISHBLE UIDEQ

9287 POKE 33,33: REM SET APPLESOFT LINE LENGTH

9228 REM PRINT HERDING

3233 PRINT TAB{ 33:“F"; TAB( 163:"REAL 2"; TABC 24);:“IMAG Z2";
9248 PRINT TRBE( 32); “/bRHHH’“‘ TABC 48);"ANGLE" 7 THE( 48J,“UbHR"
9245 FOR J = 1 TD 56: PRINT "-";: NEXT J

9258 PRIMT "*

9255 REM PRINT DRTAR

9zed FOR J =1 T0 I2

9275 PRINT TRAB{ 3)3;F5(J>; TAB( 18):RS{J3; TAB( 24);X3{J);
9283 PRINT TAB( 323;:MS(J)>; TAB! 4@);RSCJ15 TABL 4B8);:USCJ)
3235 HNEXT J

3239 PRINT D$:"PR#2": REM TURN PRINTER OFF

g92a2 POKE 33,4@: PRINT I$:"I": REM RESTORE VIDEO

3235 TEAT : HOME : RETURN : REM

(D 1L

9398 REM DISPLAY3 VIDED TRABLE OF CALCULATED DATRA

g3z0z IF IZ = @ THEH PRINT " %+ NO TABLE *+": PRINT "": G0TO &8

3285 J2% = 9: REM IMITIALIZE ARRAY CDUNTER

9318 TEXT @ HOME

3328 REM PRIMT HERDING

3339 PRINT “"F"; TAB{ 3);"REAL 2"; TAB( 168):"IMAG Z": PRINT *"

9348 J1% = @: REM INITIALIZE SCREEM COLMNTER

9358 J1% = J1% + 1:J2% = J2% + 1: PRINT FS(J2%); TAB( B);R3(J2%)5 TAB(
163;:45¢ 2% REM PRINMT LINE

9359 IF J2% = IZ THEN GOTO 9499: REM CHECK FOR END OF RRRAY
378 IF J1% < 20 THEM GOTO 9359: REM CHECK FOR FULL SCREEM

3338 UTAB 23: PRINT "PRESS ANY KEY FOR REST OF TRBLE";: BET P#: PRINT
CHR @)

3333 GOTO 3318: REM  PRINT REST OF ARRAY
943 J2% = @: REM IMITIALIZE ARRAY COUNTER

3455 UTAB 23: PRINT "PRES5 ANY KEY FOR REST OF TABLE";: GET P$: PRINT
CHR$ (@3>

9418  TEAT : HOME
94z FREM PRINT HERDIMNG
9433 PRINT "F"; TAB( 32:“/5AMMA-"; TABC 18):"ANGLE"; TAB( 24);“USHR":
PRIMT “*
3449 J1% = 3: REM IMITIALIZE SCREEN COUNTER
9458 J1% = J1% + 1:42% = 125 + 1
9455 PRINT F3{.J2%2; THB(
FEM PRIMT LIME
9458 [F J2% = IZ THEN ©5OTO 9589: REM ©CHECK FOR EMD OF ARRAY
Q478 IF J1% < 26 THEW GOTO 9458: REM CHECK FOR FULL SCREEN
3438 UTAB 23: PRINT "PRESS ANY KEY FDR REST OF TABLE";: GET P$: PRINT
CHR# (@3
9433 GOTO 3419: REM  PRIMT REST OF TRBLE
ase@  UTAE 23: PRINT “HARD COPYT(Y/MN2";
93184 BET P$: PRINT CHR(B)
§522 IF P$ = “¢* THEN GOSUB 9288: TEXT : HOME :

3533 IF P$ = "N" THEN TEXT : HOME : GOTD 63
9543 6GOTN QS5KRR REW

B3:MSC.I2%0; TABC 183:AS5(J2%)5 TABC 24 );US(J2%):

GOTO &8
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Some revisions and additions have recently been made to the LADDER program
at Green Bank. The revised program is stored on the NRAO Library 1.1 disk-
ette under the name LADDERI. The changes are:

1. Three items have been added to the menu. These are:

(M) TO DISPLAY MENU
(G) TO DISPLAY GRAPHICS TABLE
(z) TO SAVE LINES 100-999 ON DISK

Item (Z) allows the user to save his analysis program and
later EXEC it back into LADDER.

2. A soft reentry point has been provided. The user may restart
LADDER after halting (with menu item H) by typing ESC 9.

3. Subroutine 1700 has been added. This routine combines the
impedance RN + j XN with the admittance of a shunt stub having
impedance Z@ and length LN.

4. Subroutine 7000 has been added. This routine calculates and
stores the reflection coefficient, VSWR, and reflection loss
of the impedance RN + j XN at frequency F. This could be used
when studying filter networks and would be called instead of
subroutine 9000.

A listing of the revised program follows.

Distribution:
M. Balister J. Payne R. Lacasse TU Mountain File
S. Weinreb P. Napier H. Hvatum TU Downtown File

GB Library CV Library VLA Library C. Burgess






SEEDOM | FHRTH= 9SA2 RYTES UORTARLES= 35 RYTES
FREE HEMORY= 10335 BYTES
STERT=15355 LOMEM=25934 FREE=25G73 STRIMNG=326354 HIMEM=35254

18 REHM RI_ADNER UERSTION 41932

17 REM  MOUE PROGROM TO HYGH MEMORY

14 PRINT CHRF (43:"BRUN LOMEM:": & LOMEM: 18334

16 HIMEM: 38354

i3 POKE 1813.78: POKE 1814.12: POKE 1815,151

28 POKE 1818,76: POKE 1A17.8: POKE 1818.151

25 DIM U1CSE 0,02 S8 L0030 58 .04 580, 05¢ S8 3,U5¢ 53 v REN

30 TEXNT @ HOME =i} = 2

32 UTARE U: HTAE 18: PRIMT “LADDERL®

33 UTER U + 2: HTAR 3: PRIMT “HETHORK AMALYSIS PROGRAM “

34 UTRE U + 4: HTHAE 18: PRINT "HRAG—4JAN1ZE2"

3% UTHAEB U + B: PRINT "NORMBL UNITS ARE GHZ.MILS.HH. AMND PFY: PRINT
"UTILITIES SHOULD BE LORDED AT STRRT OF EACH SESSION.": UTAB U +
18: REM

32 REM INMITIRLIZE COWSTRHTS

48 0F = CHRE (45 REM  DF=CTRL D

45 IN = 1E6E

43 HCOLOR= 3: SCALE= 1: ROT= B

98 TP = B6.25318:K1 = 11811:k2 = 57.32952: REHM

92 REM  DEFTHE ROUNDIMG FUNCTIONS

24 [DEF FHN Ri{HD INT ¢¥ % 168 + .50 7 14

58 DEF  FH R20HD IHT ¥ = 188 + .5 » 188

38 DEF FM R3{¥) INT €% = 1888 + .53 ~ 1@8d: REH

BE REM  OISPLAY MEMU FOR USER
B2 PRINT "TYPE (i3> TO DUSPLAY GRAPHICS": HTAB B: PRINT "{H) TO HALT
CUSE ESCO TO RESTART »": HTAB 6: PRINT “{L) FOR HARDCOPY LINES 188.939¢
B2 HTAE B8: PRINT “(M)> T OTSPLAY MEMU": HTAR 8: PRINT “(R> TO RUN
PROGRAM 186": HTAB G: PRINT (S TO LOAD FRESH SMITH CHART®
54 HTAB B: PRIMT (T Td DISPLAY TABLE OF DATA"
B8 HTAB &: PRINT *C(U> TO LOAD UTILITIES FROM DISK": HTRB B8: PRINT

"L P> TO PRINMT GRAPHIC TRBLE": HTAB B8: PRINT (2 TO SAUE MRIM PROGRAM®
68 PRIMT : PRIMT “ENTER SELECTION "s: GET P#: PRINMT CHR$ (8): HOME

78 IF PE = YH" THEN TEXT : HOME @ END
71 IF P$ = "H" THEM TERT : HOME : GOTO 68
72 IF P$ = "L" THEM GOTO 4268
73 IF P$£ = *"G* THEN GOTO 3589
74 IF P = “R" THEW GOTO 98
76 IF P$ = "S* THEW G30OTO 5814
73 IF P£ = “T" THEN GOTO 33883
86 IF P%£ = "U* THEN GOTO 58649
31 IF P = "P" THEM GOTO BS99
g2 IF P$ = “2" THEN GOTO 25608

33 G0TO E@: BREM  DISPLAY MEMU

98 REM  BEGIH AMBLYSIS



IZ =08

I = PEEK (21255 + 1

POKE 3129,.1: REM CHAMBE PLOT SHAPE
UTRE <212 REM

O i L D
o O

93 REM  BEGIM DEFINITION OF PROBLEM

INSERT USER PROGRAM
HERE

933 GOTD 53 REM EMD ANALYSTS DISPLAY PROMPT
1683 REM CONUERT IMPEDRNCE TO ROMITTARNCE

1881 ¥ = L ¥ WiRE = R

1885 IF C < >

1918 D = RE ~ :
TO ¥=5+1B

182 RETURM : REM

=X - 1888 ~ (C ¥ W)
R~ 2 b RE » D:B= - X~ D: REM IMUERT Z=RE+JX

o+ Sy
—f
X
m
=z
:x,

1198 REM CONUERT ADMITTANCE T IMPEDANCE

1181 6 =1 7 R:BE=0C # { ~» 1804

1185 IFL< >aTHEN B =8B - 1 7~ {L ¥ W)

1118 0 =G~ 2 +B ~ 2:RE=656 7~ D:x= - B ~ D: REM INUERT ¥=i5+.B

T Z=RE+J%
1122 RETURN : REM

1288 REM  SERIES ELEMENT: SERIES R.L.C

1201 X = L *# H

1285 IF C < > 8 THEM X =X - 1808 7 (T % KD
12189 RN = R + Riz#H = X + N

1228 RETURM : REM

1308 REM  SHUNT ELEMEMTL.SERIES R.L.C

1334 RE = Re¥ = L * W
1285 IF © > 8 THEH ¥ = ¥ - 1888 ~ <C % H)
1318 REHM SHUMT ELEMENT . RE+.R

1315 GOSUB 1“13 51 = G:B1 = B
1373 RE = RM:¥ = ¥M: (05UB 1@81a@
13738 6 =61 + 5:cB=81 + B

1349 GOSUR 1118:RM = RE:=M =
1358 RETURM : REM

1493 REM SERIES TRAMSHISSINN LIME WITH CHARACTERISTIC IMPEDRNCE 28
1418 TH TAM ¢H ® LM < K1)

1428 AR RH:AL = ¥N + 28 * TH
1438 BR ] = SH 2 TH ~ Z8:BI = RN * TN ~ 2a._



BI)
1453 RETURM 3 REM

1588 REM ZH TO GRMMA (REFLECTION COEFFICIENT SR+4 SIa; ASSUMES REAL
Ra: DEFRULT Ra=DE 0OHMS
1585 IF R3 = @ THEH R = S5@.8

1518 AR = RH - RE:AI = ¥

1528 BR = RN + Fa:BI = XM

1538 GOSUR 2280:3R = CR:51 = CI: REM CRALCULATE SR+J SI=(ZN-RE X/ ZN+RAD
1548 SHM = SOR (SR ~ 2 + 51 ~ 23

1545 58 = K2 ¥ ATH (5] » 3R)

1558 IF SR <« @ THEW SA = SA + 1808

1535 1IF SR =

> 130 THEM SR = 55 -
1568 IF SM > = .939 THEM SHR =
1565 TF SM < .993 THEM SHR = <1 + SM)> ~ {1 - 3SM)
1573 RETURM : REH

1688 REM  GAMMA TO 2M; PASSUMES REAL Re: DEFAULT RE=S52 OHMS
1683 IF RA = @ THEW R8 = Sd.E
1518 AR = RA{1 + SR:AL = R =
1628 BR = 1 - SR:BI = - 51
1638 GOSUR 22088:RM = CR:¥M = CI: REM CRLCULATE RM+J MM=Ra{ 1+5R+.J
ST/ 1-5R-1 SI2

1548 RETIRH 1 REM

1788 REM  SHUNT SHORTED STUR,. LENGTH LM, IWPEDAHCE Z8

1718 RE = RH:¥ = ¥M: GOSUR 1@1é: REM CALC THPUT RDMITTAMCE AND SAUE
728 51 = G:BL =B

17308 RR = @:¥H = 8: GOSUR 148@: REM  CRALC IMPUT IMPEDANCE OF 3TUB
1748 RE = RM:¥ = #M: GOSUB 1818: REM ©CHLC STUB AROMITTAMCE

1798 6 = G + G1:B =B + Bi: GOSUR 1118: REM COMBINE ADMITTAHCES AND
CONUERT TO THPEDAMCE

1766 RM = REt¥M = ¥

1778 RETURM : REM

1988 RUMN 25: REM REEMTRY UIR ESC 9
Zan REM COMPLEY HULTIPLY C=R%B

2418 CR = AR # BR - AI * BI

Zaze CT = AR # 8T + AL = BR

2233 RETURM : REHM

2188 HEM  COMPLEY RECIPROCHAL C=1-B
2118 BR = 1:RAI = B: REH

A2 REM COMPLEX DIVIDE. C=RA<R

2218 D = BR ~ 2 + Bl ~ 2

2228 CR = (AR # BR + Al * BIY ~ DO
=(HI #* BR = AR * BI> » D

2588 REM  CAPTURE LISTIHG
2505 TERT @ HOME



2514 PRIMT ":¥

2516 PRINT "THE TEMT FILE CAM BE RECALLED INTO"

2518 PRINT “THE LADDER1 PROGRAM BEY:*

2528 PRINT TARB. 53:;“FIRST - LOAD LADDERL®

2522 PRINT TRB{ 4);:;“SECOND — EXEC FILENAME"

2524 PRINT TABC S3:"THIRD - RUN®

2526 PRINT "

2338 INPUT “NOM,. WHAT NAME WOULD YOU LIKE LLIME NUMBERS 1A2-333 SAUED
UNDER? ";TF%

2335 PRINT " ": PRINT "THRMK YOLl, PLERSE HAIT®

2548 PRINT D$;"0PEN";TF®

2545 PRIMT D#;:"DELETE":;TF$

2558 PRINT D$:“0PEN";:;TFS$

2555 PRIMT DE:;"HRITE":TF$

2568 POKE 33,38

2565 LIST 189,333

2572  PRINT D#:*CLOSE“:;TF$

2575 TEXT : HOME : PRINT “LIMES 1A3-333 SAUED UMDER FILEMAME “;TF$
2581 UTAE 5: G0TO 88: REM  DISPLAY HMEHNU

4298 REM LIST MAIM PROGRAM

4213 TEMT : HOME : POKE 32.38: 50SUB 5388: REM  TURM PRINTER ON
4z2z2@ POKE 1913.5: REM LEFT MARGIN

4248 LIST 166,333

4258 PRIMT Df;"PR#:a": REM TURMN FRIMTER OFF

4260 POKE 33,48: HOME

427 GOTO B52: REM DISPLAY MENU

5988 REM  LORDS SHAPES.HGSR CHARBCTERS.AMD SMITH CHART

Sa81 0F = CHRE (40

5933  PRINT D#:"BLORD SHAPES.A3127": REM LENGTH 24 BYTES

5684 POKE 232.191: POKE 233,31

5914 PRIMT DF:;"BLOAD HGR CHR GEM.A2848%: REM LENGTH 3323 BYTES
5A14 REM LORD SHMITH CHART INTO GRAPHICS

5@15 HGR

S22 PRINT D$:"BLOAD NUMBE SMITH.A2192": REM LENSTH 31392 BYTES
5825 POKE 8125.8: REM PLOT SHAPE PARAMETER IS IWM 81295

98378 TEXT : HOME

5848 SCALE= 1: ROT= 9: HCOOLOR= 3

5891 GOTO 68: REM DISPLAY MENU

5333 REM  TURNS ON TRENDCOM PRINTER

5385 D = CHR¥ (43 REM D$=CTRL D

5387 PRINT CHRS <@

5314 PRIMT DE:"PR# 1": PRINT CHR$ (@)

5328 POKE 1913.8: POKE 1735,78: REM HARGINS

5332 POKE 1857,38: REM LINE LEMNGTH

5348 RETURN : REM

B33 REM DUMPS GRAPHICS TABLE TO THE PRIMTER. MO ROTATION, NORMAL
SIZE.

5318 POKE - 168381.8: POKE - 16308.08: POKE - 15297.8: POKE - 153984.,3:
REH DISPLAY SRAPHICS THELE

5528 UTaR 23: THPUT L AREL?Y 1A%

5344 PRINT D#:"PR#1%: PRINT THBC 3);LR%: PRINT DF:"PR#3": REH
PRIMNT LAREL

£E558  POKE 1734.15: POKE 1912.178: POKE 1272,8: POKE 1144.32: POKE
1522.,8: POKE 148@.1: POKE 1656,8: REM SET PRINTER GRAPHICS TEMPORRRIES
RO6d  CALL - 1ea0@: REM  CALL PRINTER SERUICE ROUTINE

6580 TEXKT : HOME : GOTO 68: REM DISPLAY MENU



FEgs REM PRIMTS REFL COEFF, SMHR. AHD LOSS OF CRT
7el BOSUB 1588: REM  CRLCULATE GAMMA AND USHR
2 L“'? = - 4,342345 ¥ LDG {1 - SH ® SHM REM  CALCULATE INSERTION

FM RZ(F:L0SS = FH R2(LOSSHSHR = FH R2(SHRY: REM  ROUND

[!HTH )
FTHAE SH = FH RZ2ISH»28 = FH RLOSH)
TOSAE  PRINT FZ2; TABC 23:L055: TAB. 1582:SHR: TREC 24);:5H: TABL 3222:5

PASS ULF = "FREG":U2E = "LOSS*:U3F = "USHR":U4$ = “<GAHHAS":USE
LjBi - " it

7EEA  BOSUR 716
7078 RETURN :

R
"ANGLE":

5H EEH STORE DRTH IM ARRAY
REF

7igin REM  STORES F. LOSS,. GAMHMA. AMD SHR IH RRRAYS

flig 12 = 12 + 1

TIZA LT = F2:U2(12) = LOSS: U325 = SHR: U4 [2) = SH:US(I2) = SR
7148 RETURM : REM

agEil REM SHMITH PLOT
a2 ON 1 GOSUBR SDPE 8887 8808 ,0883
SRa3 GOTO 2481.

2uln SH = 2: ROT= @: SCALE= 1: RETURHM
2087 SH = 2: ROT= 8: SCALE= 2: RETURN
@Rt SH = 2 ROT= @ SCPALE= 2: RETLURM
BAE3 SH = 2: ROT= 8: SCRLE= 3: RETURN

2018 POKE - 16384.0: POKE - 10389.8
8411 POKE - 16257.@: POKE - 16381.8
2812 HCOOLOR= 3

2828 RM = 7350 = 144:5YC = 28

S038 XP = MO + SR * RN

8848 ¥YP = ¥YC - S1 = RHM

2458 DRAM SH AT HP.YP

gasd RETURH : REH

S5@e REM  DISPLAYS GRAPHICS TABLE AND
8518 REM THEHN RETURMS TO PROMPT.
8528 POKE - 18384,8: POKE - 183983.9
8538 POKE - 18257.8: POKE - 18381.9
83543 UTHE 22: GOTO 63: REM

DQaal REM PRIMT OM CRT

9885 FZ = FH R2{F>

3ain RZ = FH R3(RMD

SE28 X2 = FN R30HHM)

Rz ROSUE 15689

9343 SM = FM R3(SMMSA = FH RICSAXMSHR = FH R2(SHR»: REM  ROUND

DATA FOR DI’PLH?

9878 PRIMT FZ2: TAB( 23:RZ; TRAB! 18):HZ: THR( 24:SMs: TAB( 323:5R

2875 UiF = "FREQ":UZ2% = "PEHI Z2U:UZ%F = “IMARG Z":U4% = “/GAMHAS"1UDS
= "AHGLE":LSF = "USHR®

s‘

SG3@  GOSUBE 918d: REM  STORE ORATA IM ARRAYS
Q9w RETURM @ REM

9188 REM STORES F. ZH. AHD GAMMA IN ARRAYS
9118 12 = 12 + 1



H148  RETURM : REM

32000 REM  PRINTS TOBLE OF CRLCULATED DATA

9281 HOME @ G0SUB 5388: REM TURN ON PRINTER

9203 1% = CHR$ (92 REM I$=CTRL I

9205 PRINT I%;:;“N": REM DISRBLE VIDED

22007 POKE 33.33: REM  SET APPLESOFT LIME LENGTH

9228 REM PRINT HERDING

9238 PRINT TAB( 2):U1E: TABD 163:U2%;: TABC 24):U3%;

92489 PRINT TRBC 32);:U4%;: TABC 4Q);US%; THBC 487:UBs

9245 FOR J = 1 TO 55: PRINT "-"i: MNEXT J

89258 PRIMT »*

9255 REM PRIMNT DATA

9208 FOR J =1 TD 12

Q275 PRINT  TRBC 32:U1C00: TABC 18):U2000: TRAB( 24 3:U37 1);
9238 PRINT TABC 320:U04CJ);: TABC 485:USCJ);5 TRBC 48308040
9285 HMNEXT J

9233 PRINT D$:“PR#3“: REM TURMW PRINTER OFF

9292 POKE 33,468: PRINT I#:;“I%: REM RESTORE VIDED

9235 TEXT : HOME : RETURM : REM

i

38

=

REM DISPLAYS UVIDED TABLE OF CALCUMLATED OATA

9382 IF IZ2 = @ THEN PRINT * == NO TRBLE =#x": PRINT "": GOTO 68

9385 J2¥% = B: REM INITIALIZE ARRAY COUMTER

9318 TEXT : HOME

9328 REM  PRINT HEADING

9338 PRIMT Ul$: TRBC 33;U2%; TABC 16):13%: PRINT ¢

9348 J1x = B8: REM IMITIALIZE SCREEMW COUNTER

Q358 J1% = N¥ + 1:.02% = J2% + 17 PRINT ULCJ2% 35 TABC 2:U20 2% TABC
182U 2% REM PRINT LINE

9388 IF J42% = IZ2 THEN GOTO 94@@: REM CHECK FOR EMD OF RARRAY

9378 IF ¥ < 28 THEM GOTO 9358: REM  CHECK FOR FULL SCREEN

9380 UTRB 23: PRINT “PRESS RMY KEY FOR REST OF TRBLE":;: GET P#%: PRINT
CHRE <@

9338 GOTO 3318: REM  PRINT REST OF ARRAY

9488 J2% = @: REM INITIALIZE ARRAY COUNTER

9485 UTRB 23: PRINT “PRESS AHY KEY FOR RESY OF TRBLE“:: GET P#: PRINT
CHR$ <4

9418 TEXRT : HOME

9423 REM PRINT HERDINS

9438 PRIMT Ul$: TEB( 2:U4%: TABY 152:US¥: TAB! 24):US¥: PRINT "¢

844 1% = @ REM INITIRLIZE SCREEN COUNTER

2458 H% = % + 1:.02% = J2% + 1

9455 PRINT UIC 2% TRBC 20704 J2%); TABC 18)3:USC.12%0;: TRB. 24 ;U8 12%)
REH FRINWT LINE

9450 IF 42% = IZ2 THEM GOTO 93588: REM CHECK FOR EMD OF ARRAY

a47n JF % < 28 THEM G0OTO 345@: REM CHECK FOR FULL SCREEN

9434 UTAR 23: PRIMT “PRESS ANY KEY FOR REST OF TABLE™:: GET P#: PRINT
CHR$ Q)

3439 GOTO 9418: REM  PRINMT REST OF TABLE

9538 UTAB 23: PRINT “HRARD COPYT(Y- HY;

9518 GET P$: PRINT CHR{G>

S5260  IF P = "y* THEM GOSUR S9208: TEXT @ HOME : BOTO 60.

9538 IF P£ = WY THEM TEAXT @ HOME = sO7TH &2

a954@ GOTO S950i: RFEM
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NATIONAL RADIO ASTRONOMY OBSERVATORY
Green Bank, West Virginia

MEMORANDUM May 28, 1981
To: Green Bank Electronics Division
From: Roger Norrod

Subj: LADDER Analysis Program

Introduction:

An APPLE computer system is now available at Green Bank for use by the Elec-
tronics Division. The purpose of this memo is to acquaint potential users
with a program available on disk. The LADDER program was written by Sandy
Weinreb and calculates the input impedance of a network. Results can be
displayed in table form or plotted on a Smith chart. The program consists
of a group of subroutines which perform various functions. The user writes
a series of BASIC language statements describing his network and calling the
proper subroutines.

To use the program, first insure that a disk marked NRAO LIBRARY 1.4 is in
the disk drive. Then type RUN LADDER and return. After a few seconds a
"menu" will be displayed (Figure 1). Just follow instructions on the menu
to execute the program. Table 1 describes the functioning of the menu sub-
programs.

To describe his network, the user writes a BASIC language program in lines
10§ to 998. Table 2 lists subroutines the user can call from within his
program, and Table 3 gives a partial list of variables with special meaning
to LADDER. To insert his own program into LADDER, the user should type LOAD
LADDER, and then DEL 1$#,998 to eliminate any old programs. He then types
in his own program and SAVE LADDER to store his version on disk.

Example 1:

Figure 2 is a listing of a program used to analyze a three-pole bandpass
filter. For those not familiar with Applesoft BASIC, anything following REM
(for remark) is ignored by the computer and colons are used to string state-
ments together. Lines 140 through 210 are executed for each frequency de-
fined in line 130. Line 150 initializes RN and XN to the terminating imped-
ance, in this case 75 ohms. Line 160 defines the first filter element, a
2258 pF capacitor in parallel, and calls subroutine 1300. This subroutine
converts RN and XN to admittance, combines it with the admittance of the
capacitor, converts this total admittance to an impedance, and stores it in
RN and XN. Lines 170 through 200 add elements until RN and XN have the input
impedance of the total network. Line 210 calculates the resulting reflection
coefficient, prints it on the screen and plots it on a Smith chart overlay.
Line 220 loops the program back for the next frequency. When all frequency
points have been completed, line 999 sends the computer back to wait for the



user to select another menu item. Figure 3 shows the printout caused by
selecting menu items (T) and (P) after running the above program. The pro-
gram takes about three seconds per frequency.

Example 2:

A program written to analyze a coaxial bandpass filter with design cutoff
frequency of 10 GHz is listed in Figure 4. Subroutine 1400 is used to ro-
tate impedances through transmission lines. Figure 5 shows the printout
for this program. About five seconds were required for each frequency.

Program Listing:

A complete listing of LADDER is included with this memo. Table 4 lists some
subroutines used by LADDER internally. These would normally not be called
by the user program but are available if needed.

Housekeeping:

Manuals describing the use of the APPLE system are normally kept on the rack
housing the computer. A three-ring binder labeled ADIOS #4 has much useful
information. I will be glad to assist anyone interested in getting started.

Anyone using LADDER much would probably be wise to have their own disk so
that other users don't erase their program. We have several blank disks
and copying the NRAO LIBRARY 1.0 disk takes only a few minutes.

Future Expansions:

I hope to add a subroutine in the near future that will calculate the fring-
ing capacitance of a stepped coaxial line. Anyone else who has a suggestion
for a useful subroutine, let me know so that it can be made available to all
users.

RDN/cjd

Enclosures:
1. Table 1 - LADDER Subprograms Accessed thru Menu
2. Table 2 - LADDER User Subroutines
3. Table 3 - LADDER Variables
4. Table 4 - LADDER Subroutines used by LADDER

5. Figure 1 - Menu Displayed by LADDER

6. Figure 2 - Analysis of Lumped Element Bandpass Filter
7. Figure 3 - Printout for Lumped Element Bandpass Filter
8. Figure 4 - Analysis of Coaxial Lowpass Filter

9. Figure 5 - Printout for Coaxial Lowpass Filter

10. Program Listing



TABLE 1

LADDER SUBPROGRAMS ACCESSED THRU MENU

Menu Line
Item No. Function Returns to
74 Clears screen. End
4200 Prints list of lines 1§9-999. Menu
84 Executes user program. Menu
5914 Loads fresh Smith chart. Menu
9349 Displays table of calculated data
with hard copy option. Menu
5099 Loads utilities (Smith chart and
HGR shapes). Menu
6509 Prints copy of graphics table. Menu
TABLE 2
LADDER USER SUBROUTINES
Line
No. Function Inputs Outputs
109# Admittance of Series R, L, C R, L, C, W G, B
1019 Impedance to Admittance RE, X G, B
1109 Impedance of Parallel R, L, C R, L, C, W RE, X
111§ Admittance to Impedance G, B RE, X
12¢@ Series Branch, Series R, L, C R, L, C, W, RN, XN RN, XN (new)
1364 Shunt Branch, Series R, L, C R, L, C, W, RN, XN Rn, XN (new)
1409 Series Xmission Line W, LN, Z@, RN, XN RN, XN (new)
1569 ZN to T = SR + j SI RN, XN, R§ SR, SI
1609 T to ZN = RN + j XN SR, SI, R@ RN, XN
2009 Complex Multiply: C = A * B AR, AI, BR, BI CR, CI
2169 Complex Reciprocal: C = 1/B BR, BI CR, CI
2209 Complex Divide: C = A/B AR, AI, BR, BI CR, CI
8PP  Smith Chart Plot SR, SI -—
9¢P® Maxes Table on CRT and
Stores F, RN, XN, SR, SI, SWR F, RN, XN SR, SI




TABLE 3

LADDER VARIABLES
(Partial List)

Variable Description
R Resistance of Circuit Branch, Chms
L Inductance of Circuit Branch, nH
C Capacitance of Circuit Branch, pF
W Radian Frequency, 27 x GHz
RE Real Part of Impedance
X Imaginary Part of Impedance
G Real Part of Admittance
B Imaginary Part of Admittance
RN Real Part of Circuit Input Impedance
XN Imaginary Part of Circuit Input Impedance
SR Real Part of Reflection Coefficient
ST Imaginary Part of Reflection Coefficient
ZP Characteristic Impedance of Transmission Line
LN Length of Transmission Line, mils
AR, BR, CR Real Part of Complex Number A, B, or C
AI, BI, CI Imaginary Part of Complex Number A, B, or C
TP 2w, defined by LADDER for user
TABLE 4

LADDER SUBROUTINES USED BY LADDER

Line .

No. Function Called By
5399 Turns on Printer 9209, 4200
9199 Stores Data in Arrays 9¢99

9209 Prints Table of Calculated Data 9399




LACDER
METHORK HHALYSIS PROGRAM
NRAJ——FAFRIL 1, 1921

MORHMAL UMITS ARE GHZ,MILS.MH. AND PF
UTILITIES SHOULD BE LORDED AT STHART OF ERCH SESSION.
TYPE (H)> TO HALT

(L>» TO LIST MAIN PROGRAH

(R> TO RUN AMALYSIS

(S)> T LORD FRESH SMITH CHART

(7> TO MAKE HARD COPY OF DATRA

CU» TO LOAD UTILITIES FROM DISK

(P> TO PRINT GRAPHIC TABLE

CHIACLXCR2,052,(T2,{U2,0R (FH7

FIGURE 1

MENU DISPLAYED BY LADDER



199
195
119
129 C
136
149
159
159
174
139
194
201
2149
228
333

CﬁZ L2

|
C 4
S8 éu i

- Ly

ZNM=RN+JXN

REM LUMPED ELEMENT BPF
REHM
RB = ?5'

73 OHM. B8.50B CHEBYSCHEV, 3POLE.B.8-7.3 MHZ BRANDPASS

REM ODEFIMNE CENTER OF SMITH CHART

:Ll = 243:C2 = B4.5:L2 = 3739: REM OEFIMNE ELEHENT URLUES

5.5 TO 8.8 STEF 4.1

= 2
F » 1833: REM CONUERT MHZ TO i5HZ2
N =

REM TERMIMNATION=7S OHMS

B:C = Cl: 505UB 13@9: REM 15T SECTION

Li:C = B: GOSUB 1388: REM 1ST SECTION COMPLETED
L2:C = C2: 5605UB 1293: REM 2HD SECTION

Li:C = 9: 6DOSUB 1388: REM 3RO SECTION

@:C = Cl: 50508 1398: REM 3RD SECTION COMPLETED
AR: GOSUR 8@@3: REM STORE & PLOT INPUT IMPEDRNCE
REM END ANALYSIS, 60 TO PROMPT

FIGURE 2

ANALYSIS OF LUMPED ELEMENT BANDPASS FILTER



REAL 2 IMAG 2 /GAMMAY ANGLE  USHR

F
2.3 .5 33.2 . 337 132.3 153.3
3.E 1.3 33.1 <974 124.3 76.3
5.7 3 43.1 344 114.8  34.3
5.8 g 63.2 . 863 93.3 14.28
2.3 33.1 37.2 .B33 7h.2 3.31
b 183.4 J. <333 45. 6 2
5.1 7.3 -1.2 .83 =154 1.85
5.2 45.7 2.3 « 243 73. 1.65
5.3 32.9 12.1 . 327 133.2 1.97¢
6.4 41.9 19.8 <329 133.5 1.98
5.3 51.2 24 . 263 124 1.71
B.& 5.3 15.7 « 1355 162.1 1.37
5.7 74.3 3.1 .B21 91.3 1.94
E.5 b3.1 -15.6  .115 -184.4 1.28
5.3 33.8 -23.1 . 223 -119.3 1.33
45.2 -21.3 .3 -134.5 1.88
. 43, 4 -15.3  .335 -143.58 1.365
. 41.2 -7.7 . 291 -163.2 1.82
21.3 ) . 132 -173.3 1.44
73.1 -1.58 Laze -28.4 1.8

-J T

-33.3 . 323 -44.3
43.3 -91.5 .bl& -53.3
15.5 -73.3 . 382 -33.4 3.
6.5 -55.3 .83 -1a4 18.35
3 -43.2  .943 -114.5 33.893
1.6 -41.4 .9868 -122.2 61.87

$a -

L] L[]
AR AVE YY)
0

WO =T AR W -
Pt
o
3
Ll

Q0 N AN A SN

6.9-7.5 HHZ BPF

e

FIGURE 3

PRINTOUT FOR LUMPED ELEMENT BANDPASS FILTER



160
116
129
139
148
155
169
174
159
192
269
219

25
230
240
250
2659
279
239
29
399
999

FEM SEVEM SECTION, CHEBYSCHEY., COAXIAL LPF. @.1 DB RIPPLE.

R = Sa: REM ODEFINE CENTER OF SHITH CHART
FIRF = 1.0 TD 13.8 STEP 1

™

s o= .82: GO5UB 1300: REM FRINGE CAP

=l
L1)

= TP * F:RN = D8.8:XN = ©.d: REM TERMINATION =
%

8 OHKMS

LN = 27: 6OSUB 14: REM  1ST SECTION

= 9:L = 89:C = .94: GOSUB 1388: REM FRIMSE CARP
Z8 = 83:LN = 179: GOSUBE 1400 REM  2MD SECTION
R = 9:L =8:C = .94 G0OSUB 13a9: REM FRINSE CAP
Z9 = 15:LN = 49: 50SUB 14@@: REM 3RO SECTION
R =9:L = 8:C = .94: 505UB 1389: REM FRIMNGE CAP
Z8 = 895:LN = 194: GOSUB 14@8: REM 4TH SECTION
R =8:L = 8:C = .04: GO5UB 1393: REM FRINGE CAP
Za = 15:LN = 49: GOSUB 1488: REM  3TH SECTION
R = 8:L = 8:C = .34: 505UB 1398: REM FRINGE CHP
26 = 85:LH = 179: GOSUB 1499: REM 6TH SECTION
R = 9:L = 9:C = .894: GOSUB 1399: REM FRINSE CAP
Z9 = 15:LN = 27: 50SUB 1408: REM ¢TH SECTION
R = 8:L = 9:C = .82: GOSUB 1389: REM FRINGE CARP
G0SUB 9@0@: GOSUB BBBE: REM PLOT POINT ON SMITH CHART

NEAT F

50T 72: REM END AMALYSIS. 50 TO PROMPT

FIGURE 4

ANALYSIS OF COAXIAL LOWPASS FILTER



-n

REAL 2 IMAG Z ~GANMA, ANGLE  USHR
1 43,7 -.3 BE-83 -119.8 1.81
2 56.2 .1 ZE-BE 3o.8 1
3 53.2 .1 831 .3 1.85
4 56.7 -4.1 873 -29.2 1.1k
3 54.9 ~-18.8 111 -33.8 1.25
6 42.6 -11.%  .117 -93.32 1.28
? 45.1 =3.8 L1871 -121.83 1.13
3 S2.86 1.3 BZE 25.2 1.865
3 B5.4 -3.1 . 143 -3.2 1.33
18 E3.1 -17.9 . 154 -44.9 1.43
11 59.1 -3.8 . B35 -35.3 1.12
12 S 43.2 .411 41.8 2.4
3 253.7 -=275.8 .3835 -18.7  1t1.12
14 8 -126.4 ,958 -43 46.35
15 1.2 -81.7 .957 -582.3 147.53
5@ OHM LFF

B S .2

FIGURE 5

PRINTOUT FOR COAXIAL LOWPASS FILTER
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PROGRAM LISTING

PROGRAM LEMS5TH= 3849 BYTES UARIABLES= 35 BYTES
FREE MEMOEY= 12484 BYTES

STHRT=163335 LOMEM=24423 FREE=24458 STRING5=35354 HIMEM=35364

18 REM RLADDER VERSION 21MAY31

12 REM MOUE PROGRAM TO HIGH MEMORY

14 PRINT CHR% <4)3;"BRUN LOMEM:z": & LOMEM: 18334

15 HIMEM: 35354

13 POKE 1813,75: POKE 1814,12: POKE 1815,151

28 POKE 1816,768: POKE 14817.08: POKE 18138,151

25 PRIMT CHR$ (42;"BRUN LOMEM:": % LOMEM: 15334

33 TEAT 3 HOME :M = 2

32 VUTRB J: HTHAB 15: PRINT “LRDODER"

32 VUTARE U + 3: HTRE 8: PRIMT "METHORK RNALYSIS PROGRAM "
34 UTAB U + B: HTAB 1©: PRINT “MRAD—HPRIL 1, 1931°

35 VUTAB U + 1@: PRINT "NORMAL UMITS ARE GHZ,MILS.MH, RAND PF": PRINT

“YTILITIES SHOULD BE LOADED AT START OF EACH SESSION.“: UTAB U +
15: REH

33 REM IMITIALIZE CONSTHMNTS

43 0f = CHR$ (4)>: REM D#=CTRL O

45 IMN = 1ES5: DIM F3{583,R5{387,X5{58>,M5{58),R5(58),US(58)
43 HCOLOR= 3: SCALE= 1: ROT= 4

99 TP = B.23313:K1 = 11311:K2 = 57.2353: REM

53 REM OEFIME ROUNDIMNG FUHCTIONS

63 DEF FM Rlix) INT ¢X = 18 + .5) 7 18

B1 DEF FM R2{x) INT (X * 183 + .3) 7 1499

62 DEF FH R3CR)D INT (¥ * 1888 + .5) ~ 1080: REM

wonu

65 REM DISPLAY MEMJ FOR USER

53 PRINT "TYPE (H» TD HALT": HTAB 6: PRIMT “<(L)> TO LIST MRIMN PROGRAM":
HTAB 6: PRINT “{R> TO RUN ANALYSIS": HTRAB B: PRINWT "(S> TO LORAD FRESH
SHITH CHART"

70 HTAB B: PRINT "(TJ TO MAKE HARD COPY OF ORTA *

71 HTAB 6: PRINT “CU)> TO LOAD UTILITIES FROM DISK": HTRAB B: PRINT
"(P> TO PRINT GRAPHIC TRBLE"

72 PRINT "CHOACLD,C(RI{(52,(T2,{U2,0R (PI?";: GET P¥: PRINT CHR$ (B):
HIOME

74 IF P$ = “H" THEM TEXT : HOME : EMD
75 IF P$ = “L" THEM GOTD 4284

75 IF P¥ = "R" THEM ©GITO 34

7?3 IF P¥ = "S" THEM GOTO 5414

73 IF P$ = "“T" THEM GOTD 3394

29 IF P$ = "U" THEN 6GOTO 5054

31 IF P$ = "P" THEN GOTD 55929

g2 G6GOTO B3: REM DISPLAY HEMU
34 REM BEGIN RHALYSIS

99 I2 =4

95 I = PEEK (8125 + 1

968 POKE 8125,1I: REM CHANGE PLOT SHAPE
93 UTAB x21): REM
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REM BESZIMN DEFIM1.fON OF PROBLEM
REM SEUEW SECTION. CHEBYSCHEY. COEXIAL LPF.

5.1 OB RIPPLE.
8 = 38: REM DEFINE CENTER OF SMITH CHART

FOR F = 1.8 TO 15.9 STEF 1

= TP # F:RBM = 38.8:¥N = 8.8: REM TERMINATION = 98 DHMS
15:LH = 27: GOSUB 1400 REM 15T SECTION

35:LN 17 BOSUB 1468@: REM  2ND SECTION

15:LM = 49: GOSUB 1468: REM  3RD SECTIONM

35:LHN 134: GOSUB 1498: REM  4TH SECTION

15:LN = 49: G0SUB 14o0: FEM  5TH SECTION

25:LN 179: 60508 14889: REM  BTH SECTIDN

15:LM = 27: GOSUB 14@@: REM  ?TH SECTION

BO5UB 98993: G05UB 39@a: REM  PLOT POINT ON SMITH CHART

MEXT F

BOTD 72: REM EMD HAMNHLYSIS. B0 TO PROMPT

a
%)
“
o

Wy aptan
W oo i}

REM COHUERT IMPEDANCE TO RDMITTANCE
A =L ¥ HiRE = R
IFC< >8THEN ¥ =21 — 1888 ~ {(C * H)

LY

D=RE ~2+ X ~2:5=RE ~»:B= - &~ D: REM INUERT Z=RE+.JA

TO ¥Y=60+1B

1626

1183
11a1
1163
1114
TO 2
1124

1269
1201
1283
1219

1229

1389
1344
1385

319
1315
1329
1328
13459
1354

1466
1418
14243
1439
1445

BI
1459

1580

RETURN : REH

RE

-

41 CONUERT ADMITTAMCE TO IMPEDAMCE
BE=C=H~s 1583
B=8B-17dL % H

2+BA~2:FE=6G 0% = -8B ~ D: REH INUERT Y=i5+.1B
+J3
FETURH : EREHM

IF
0=
=R

REM  SERIES ELEMEMT: SERIES R.L.C
A=L *H

IFC< >898 THEM ¥ =¥ — 19898 » (C * H)
FH = R + BH:¥H = & + HH

RETURN : REM

REH  SHUMT ELEMEMT.SERIES R.L.C

FE = Rid =L # H

IFC < >8 THEH A = ¥ — 16688 7 (C * H)
REM SHUWT ELEMEHT . RE+.IX

G0SUEB 1418:51 = 5:B1 = B

RE = RH:X = #N: GD5UB 1819

5 =61 + 65:B=8B1+8

505UB 1118:RH = RE: XN = X

RETURM : EREH

REM SERIES TRAMSMISSION LIME WITH CHARACTERISTIC IMPEDANCE 26
TH TAN ¢H * LN ~ K1)

AR = RMN:AI = X4 + 28 * TH
BR =1 — XM * TN ~ 28:BI = RN * TN ~ 29
GOSUB 2288:RN = CR:AN = CI: REM  CALCULATE RMN+J XN=CAR+J1 Al 3/ BR+J

RETURM : REM

REM 2N TO SAMMA (REFLECTIOM COEFFICIEMT SR+J SI»; RASSUMES RERL
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R&; DEFALULT R8=53 M5

1565 IF RA = @ THENM RB = 58.8
15184 AR = RM — RE:AI = XN

1528 BR = Ri s

1538 G0OSUB 22@m:SR = CR:SI = CI: REM CALCULATE SR+J SI=(ZN-RB)>/(ZM+RO)
1548 ERETURH : REH

1608 REHM GAHMA TO ZM:; ASSUMES REAL RE; DEFAULT R@=358 OHMS
1593 IF R3 = © THEM R8 = 58.8

1818 AR = RB{1 + SRI:AI = R * SI

1528 BR = 1 - SR:BI = - SI

1539 GO3UB 2289:RN = CR:»N = CI: REM CHLCULATE RM+J XN=Ra(1+SR+)
SI)»/{1-5R-J SI3

1543 RETURM : REM

REM COMPLEX MULTIPLY C=R*B
CR = AR * BR - AI #* BI
CI = HR # BI + HI * BR
RETURM : REH

[AV R
DA o
[¥8] Py = 150
XA O]

Q_J 4]

2199 REM COMPLEX RECIPROCAL C=1-B
2118 AR = 1:AI = @: REM

2znd  REM COMPLEX DIVIDE., C=R/B
2218 D = BR ~ 2 + BI ~ 2

2223 CR = (AR * BR + Al * BI> » D

2233 CI = (Al * BR — AR # BI>» 7~ D

2243 RETURH : REM

4z20n REM LIST MAIM PROGRAM

4219 TEAT : HOME : POKE 33,39: 505UB 5389: REM  TURM PRINTER ON
4220 POKE 1913,6: REH LEFT MARGIN

424%n  LIST 199,333

4253 PRINT D#;:;"PR#9": REM TURN PRINTER OFF

4266 POKE 33,49 HOME

42¢v3 GOTD 53: REM  DISPLAY MEMU

Soa3  REM  LOADS SHAPES,H5R CHARACTERS,AND SHMITH CHART
So81 DF = CHRF (40

5993 PRINT D$:"BLOAD SHAPES®

Sond4  POKE 232,191: POKE 233,31

5918 PRINT D$;"BLOAD H5R CHR GEN"

S#14 REM LORD SMITH CHART INTD GRAPHICS
5915 HGR

5829 PRINT O$:“BLOAD NUMB SMITH.A3192"

5025 POKE 8125.8: REM PLOT SHAPE PRRAMETER IS IN 8125
9939 TEXT : HOME

5048 SCALE= 1: ROT= @: HCOLOR= 3
5539 B0TD 53: REM DISPLAY MENU

5358 REM  TURNS ON TRENDCOM PRINTER
5365 0% = CHR$ (4)>: REM D$=CTRL O
5397 PRINT CHR$ (3)

5318 PRINT D$:"PR# 1": PRINT CHR$ (8)
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5329 POKE 1213.8: PueE 1735,.73: REM MARBINS
53278 POKE 16537.588: REM LIMNE LEMSTH
3343 RETURN : REM

@ REM DUMPS GRAPHICS TABLE TO THE PRINTER. MO ROTATION. NORMAL

6315 POKE - 15391,8: POKE - 16308,98: POKE - 18237.8: POIKE
REM OISFLAY GRAPHICS TRBLE

6528 UTHB 23: INPUT "LABEL?Y:LR$

6548 PRINT D$:"PR#1": PRINT TAB. 8);LA%: PRINT D$;"PR#9": REM
PRINT LABEL

6553 POKE 1784,15: POKE 1912,172: POKE 1272.8: POKE 1144.32: POKE
152&8,9: PDOKE 1498,1: POKE 1655.49: REM SET PRIMTER GRAPHICS TEMPDRARIES
5358 CRLL - 1sd@8d: REM CALL PRINTER SERVICE ROUTINE

65930 TEKXKT : HOME : 60TO 623: REM  DISPLAY MEHNU

~ 16324,8:

gema  REM  SMITH PLOT
ganz ON I GOSUB &@oe,8007,860068,5003
8983 BO0TD 3319

3295 SH = 2: ROT= B: SCALE= 1: RETURN
8887 SH = 2: ROT= 8: SCHALE= 2: RETURHN
3933 SH = 2: ROT= B: SCALE= 2: RETURN
8459 SH = 2: ROT= @: SCALE= 3: RETURM

3913 POKE - 16394.8: POKE - 15388.8
841+ POKE - 16297,8: POKE - 16381.8
8912 HCOLOR= 3

86268 RM = 79:XC = 148:¥YC = B4

8933 XP = ¥C + SR * RM

8a40 YP = ¥C — SI * RM

8959 DRRAW SH AT XP.YP

806 RETURH : REH

g30a  REH
€561 RETURM : REM

3319 CALL 25574: REM  INIT H5R CHR GEN
8520 PRIMT CHRE$ (1); CHR$ (17D

3533 HCOLOR= 3

8525 DRAW SH AT 1.7 * 1

8249 INPUT “COMMENT? “:CH$

8550 UTAE (I): HTEB (2): PRINT CHM$

3559 CALL 1813: RETURM : REHM

9999 REM PRINT ON CRT

9885 FZ = FM R2(F)

9518 RZ = FN R1{RM)

9620 X2 = FN RICKHD

9322 BOSUB 1599

9524 SM = SOR (SR ~ 2 + SI ~ 2)

9925 SA = K2 * ATH (SI ~ SR)

9627 IF "SR < @ THEM SA = SA + 160

9923 IF SA > 139 THEN SA = SA — 359

9635 IF SM > = 1 THEN SHR = IN

3349 IF SM < 1 THEN SHR = (1 + SM) 7 (1

9845 SH = FM R3(SM):SA = FN R1{SA):SHR
DATA FOR DISPLAY

SM2
FN R2(SHR»: REM  ROUND
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9678 PRINT F2; TRB{ 38):R2; TAB( 15);X2; TABY
gu8a GOSUB 9164: REM STORE DRATA IN ARRRYS
9399 RETURN : REM
918 REM STORES F, ZN., AND GAMMA IN ARRAYS
3118 12 = 12 + 1
91209 F(IZ) = FZ2:RS(I2)> = RZ:¥S(I2»
9138 NSCIZ) = SM:AS(IZ2) = SA:US(IZ)
3143 RETURM : REM

243;35M; TABS 32)3:35R

x2
SR

ewd  REM PRINTS THBLE OF CRLCULATED DATA

1 HOME : GOSUB 5384: REM TURN ON PRINTER
=203 I = CHR$ (3): REM I$=CTRL I

5 PRINT I$;"N": REM DISRBLE UIDEQ

5297 POKE 33,33: REM SET APPLESOFT LINE LENGTH
92z REM PRINT HERDING

-

233 PRINT TABC 33:"F"; TRB{ 183:;"REAL 2"; TABC 243;:"IMAG 2;
9245 PRINT TRB( 32);:"/GAMMA-"; TAB! 4@):;"ANGLE"; TRE{ 48);"USKR"
9245 FOR J = 1 TO 56: PRINT "-";: NEXT J
9258  PRIMT "

9235 REM PRINT DATR

gze FOR J =1 70 I2

3273 PRINT TAB{ 3)3;F5(J>; TAB( 15)X:RSCJ); TAB( 24);MSCJ);
9228 PRINT TABC 32)3:MS(J); TRBC 48):ASCJ3; TABC 48);:VUs(U)
3235 HNEAT J

9233 PRINT D$;"PR#3": REM TURN PRINTER OFF

9292 POKE 33.,48: PRINT I¢:;"I": REM RESTORE VIDEG
9235 TEAT = HOME : RETURN : REM

»l s}

=t 5
S

: FEM DISPLAYS UIDED TRBLE OF CALCULATED DATA

9362 IF IZ = @ THEM PRINT " +* NO TABLE #*": PRINT “*: 50TO 68

9385 J2% = 9: REM IMITIALIZE ARRAY COUNTER

9318 TEXT : HOME

§328 REM PRINT HEADIMG

9330 PRINT “F"; TRAB( 8):"REAL 2": TAB( 162:"IMAG 2": PRINT **

9348 J1% = @: REM INITIALIZE SCREEM COLMTER

9358 J1% = J1% + 1:J2%7 = J2% + 13 PRINT FSCJ2%): TABC 8):RS(J2%1: TABC
167:%5¢ J2% )1 REM PRINT LIME

3359 IF J2% = IZ THEN 60TD 9499: REM CHECK FOR END OF ARRAY

9378 IF J1% < 2@ THEN GOTO 9359: REM CHECK FOR FULL SCREEM

9332 UTAB 23: PRINT "PRESS ANY KEY FOR REST OF TRBLE":: GET P$: PRINT
CHR$ (@)

9339 G50TD 9319: REM PRINT REST OF ARRAY

9469 J2% = 9: REM IMITIALIZE ARRAY COUNTER

9495 UTAB 23: PRINT "PRES5S ANY KEY FOR REST OF TABLE";: GET P$: PRINT
CHRS (@)

3419 TEXT : HOME

9420 REM PRINT HEADING

3439 PRINT "F"; TABC 3):"/GAMMA/": TAB( 152;"ANGLE": TAB( 24):“USHR":
PRINT **

5449 J1% = @: REM INITIALIZE SCREEM COUNTER

945@ J1% = J1% + 1:J2% = J2% + 1

3455 PRINT F30J2%); TABC 32:MSCU2%)5 TABC 162:AS(J2%)5 TABC 2423US(J2%):
REM PRINT LIME

9450 IF J2% = 12 THEM GOTO 9599: REM CHECK FOR END OF ARRAY

9476 IF J1% < 20 THEN G6OTO 9450: REM CHECK FOR FULL SCREEN

3433 UTAB 23: PRINT “PRESS ANY KEY FOR REST OF TRABLE":: GET P$: PRINT
CHRE (@)

3439 GOTO 3419: REM PRINT REST OF TABLE

g508 UTAE 23: PRINT “HARD COPYTCY/M)";

F519 BET P$: PRINT CHR(D)
9526 IF P$ = "y" THEN GOSUB 9288: TEXT

: HOME : GOTO 58
233@ I!if-s__ "N" THEM TEXAT : HOME : R/NTN R2

]



