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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
16P 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:

Maniuals 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
H 74 Clears screen. End
L 4200 Prints list of lines 1$$-999. Menu
R 84 Executes user program. Menu
S 5(014 Loads fresh Smith chart. Menu
T 9399 Displays table of calculated data
with hard copy option. Menu
U 5000 Loads utilities (Smith chart and
HGR shapes). Menu
P 6509 Prints copy of graphics table. Menu
TABLE 2
LADDER USER SUBROUTINES
Line
No. Function Inputs Outputs
1099 Admittance of Series R, L, C R, L, C, W R
1910 Impedance to Admittance RE, X G,
1169  Impedance of Parallel R, L, C , L, C, W RE, X
1119 Admittance to Impedance G, B RE, X
120¢  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)
1409  Series Xmission Line W, LN, Z{§, RN, XN RN, XN (new)
1509 ZN to T = SR + j SI RN, XN, R SR, SI
160 T to ZN = RN + j XN SR, SI, R RN, XN
2099  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
84%#9  Smith Chart Plot SR, SI -
9999% 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

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

SI 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
5309 Turns on Printer 9209, 4209
9199 Stores Data in Arrays 9909

9200 Prints Table of Calculated Data 9309
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REM LUMPED ELEMENT BPF
REM 73 OHHM. B.50R CHEBYSCHEV, 3PDLE.S.8-7.5 MHZ BRNOPASS
Fg = ¢3: REM DEFIME CEMTER OF SHMITH CHART

C1 = 2233:L1 = 243:C2 = B84,5:L2 = 373@: REM DEFINE ELEHMENT URLUES
FOR F = 5.5 TO 8.8 STEF 6.1

H=TP * F ~» 1@8E3: REM CONUERT MHZ TO GHZ

o8 BN = 75:8M = 8: REM TERMIMATION=7S OHMS

R = 9:L = 9:00 = Cl: GOSUB 1399: REM 1ST SECTION

R = @8:L = L1:C = 9: GOSUE 1398: REM 15T SECTIOM COMPLETED

R = 9:L = L2:C = C2: GOSUB 1209: REM 2MD SECTION

R =@:L = L1:C = B: GOSUE 1369: REM 3RO SECTION

R = @:l = @:0 = Cl: BOSUR 1399: REM 3RD SECTION COMPLETED
GOSUB 9AG@: GOSUR 8@33: REM  STORE & PLOT INPUT IMPECAMCE
MEXT F
5OTO 72: REH EHMD ANALYSIS. 50 TO PROMPT

FIGURE 2

ANALYSIS OF LUMPED ELEMENT BANDPASS FILTER
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REM SEVEHM SECTION, CHEBYSCHELY, COAXIAL LPF. @.1 OB RIPPLE.
F@ = 5@: FEM DEFIME CENTER OF SHITH CHARRT
FOR F = 1.8 Td 15.8 STEP 1
H=TF * F:tRM = 58.9: XN = B.0: REM TERMIMATIOH = 58 0HMS
R = B:L = @:C = ,82: G038 1388: REM FRINGE CAP
£8 = 13:LN = 27: GOSUBR 146@: REM ST SECTION
R =@:L =8:C = ,84: GO5SUB 1388: REM FRIMSE CAP
Z8 = 85:LN = 1?5' GOSUE 140@: REM  2MD SECTION
R =08:L =9:C = .84: 505UB 1388: REM FRINBE CAP
28 = 15:LN = 49: GOSUBR 148@: BEM  3R0 SECTION
R =g:L = 8:C = .84: G05UB 1388: REM FRIMNSE CAP
2 = 85:LN = 194: GOSUBE 1469: REM  4TH SECTION
R = 8:L = 8:C = .84 G0O5UB 13889: FEM FRIMGE CAP
Z8 = 15:LN = 49: GOSUE 14@9: REM  STH SECTION
R =8:L = 8:C = .24' BOSUB 1398: REM FRINGE CAP
28 = B3:LH = 170: GOSUB 1469: REM  8TH SECTIOM
R =8:L = 8:C = .894: (USUB 1388: REM FRIMSE CRHP
ZB = 15:LN = 27: 505UB 14889: REM  ¢TH SECTION
R =#@a:L = 89:0 = .892: GO5UB 13%3: REM FRINGE CAP
GOSUE 99an: GOSUB 8B9E: REM  PLOT POINT ON SHITH CHART
MEAT F
GOTO 72: REM EHD AMPRLYSIS, 5D T3 PROMPT

FIGURE 4

ANALYSIS OF COAXIAL LOWPASS FILTER
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PROGRAM LISTING

PRIOGRAM LEM5TH= 3040 BYTES VARIABLES= 35 BYTES
FREE MEHORY= 12484 BYTES

STHRT=15333 LOMEM=24423 FREE=24460 STRIMNG=35354 HIMEM=35354

18 REHM RLADDER VERSION 21MAY31

12 REM MOUE PROGRAM T HIGH MEMORY

14 FRINT CHRF C4):;"BRUM LOMEM:": % LOMEHM: 18334
15 HIMEM: 35254

13

POKE 1913,78: POKE 1814,.12: POKE 1815,151

FOKE 1916,.78: POKE 1817.8: POKE 18135.151

PRINT CHR$ {42:"BRUM LOMEM:": % LOHEM: 18334

TEAT ¢ HOME U = 2

UTAB W: HTAB 15: PRIMT "LRDDER"

UTAE U + 3: HTAE 2: PRINMT "METHWORK RMALYSIS PROGRAM "

UTAR U + B: HTAB 18: PRIMNT “MRAD—APRIL 1, 1931"

39 UTRE U + 1@: PRIMT "MNORMAL UMITS ARE GHZ-MILS,.MH. AND PF": PRINT

"UTILITIES SHOULD BE LOADED AT STRRT OF ERCH SESSION. “: UTRé Ul+
15: REH

] il pa i
',‘;’;’ il Fa O @

33 REM IMITIALIZE COHSTAMNTS
48 OF = CHRF <4): REM  D#=CTRL D

43 IM = 1EGs: DIM F530582,.R3{(58 13,4553 ),M5{ 58
43 HCOLOR= 3: SCHLE= 1: ROT= @

29 TP = h.23313:K1 = 11311:K2

IRAB(58,US(59)

27.2953: REM

23 REM DEFIME ROUNDIHG FUMCTIONS

B DEF FH Riik> = INT €X * 18 + .93 7 18

51 DEF FH R2{¥> = IMT (X * 1898 + .3) - 1494

62 DEF FH F3CR> = INT <¥ + 196@ + .5 ~ lg@ad: REM
BS  REM DISPLAY MEMJ FOR USER

B3 PRIMT "TYPE ¢H> TO HALT": HTRAB B:

PRIMT "(L> TO LIST MAIN PROGRAM":

HTAE 8: PRINT “(R> TO RUN AMALYSIS": HTAE &: PRIMT “"(S) TO LOAD FRESH
SHMITH CHART®

79 HTHB 6: PRIMT "(T» TO MAKE HARD COPY OF DRTA “

71 HTAR 6: PRIMT "(U)> TO LOAD UTILITIES FROH DISK": HTAE 6: PRINT
“(P3 TO PRINT BRAPHIC TABLE"

72 PRIMT "iHM (L RIS, T2, U2:0R (PI?":: BET P¥: PRINT LCHR% (A):
HOME

T4 IF P$ = "H" THEM TEXT : HOME : EMD
73 IF P$ = "L" THEM @&GOTO 4264

75 IF P¥ = "R"™ THEM GOTO 34

78 IF P$ = “S" THEM GOTO 3914

73 IF P$ = “T" THEM G0OTOD 3392

89 IF P = "U" THEW GOTO S@54

31 IF P$ = "P" THEN G0OTD 5554

Bd GOTO &3: REM  DISPLAY MENU

REM BEGIN AHALYSIS
Iz = @
I = PEEK (8125) + 1

POKE 5125,1I: FEH CHAMGE PLOT SHAPE
UTHB (21): REM

" (O o0 WD OO
SO LN o



11

23 REM BEGIM DEFIML, [OM OF PROBLENM

1888 REM SEUEN SECTION. CHEBYSCHEW. CORXIAL LPF. 8.1 DB RIFPFLE.
119 Ra = %_ REM DEFINE CENTER OF SMITH CHART

128 FOR F = 1.8 TO 15.8 STER 1

133 W = TP * F:BH = 93.8:»M = 8,3: REM TERMINATION = 53 DHMS
158 28 = 15:LH = 27: G(0OSUR 14686: REM 15T SECTION

178 28 = 35:LN = 17G: R05UB 19608: REM 2HD SECTION

196 23 = 15:LH = 49: GOSUE 14686: REM 3RO SECTIOM

218 28 = 35:LN = 134: 505U 1488: REM 4TH SECTION

228 Z@ = 15:LN = 49: G0OSUE 14668: REH STH SECTION

258 289 = 39:LM = 178: 505UB 14@8: REM BTH SECTION

278 2@ = 15:LN = 27: GOSUE 14&66: REM TTH SECTIOH

2958 GDSUR 9509: 305SUB 30@a: REM PLOT POIMT OM SMITH CHART

I HEST F

933 5070 F2: REM EMD GHALYSIS. B0 TO PROMPT

15895 PEW COMHUERT IMPEDANCE TO ROMITTAMCE

1G6l =L * H:RE = FE

1955 IF C < »8 THEH no=H - 1888 £ (C ¥ H)

1818 D = FRE ~ 2 + & ~ 2:5 = RE « 0:E = - & ~ DO: REH INUERT Z=RE+.A
T3 Y=5+JB

1328 RETURMN @ REH

1188 REM COMUERT BDOMITTAMCE T2 IMPEDAMCE

1161 5 =1 F:E=C % H » 1864

1195 IF L < >@ THEM R =B -1 7~ {L ¥ H?

1118 0D =5 ~ 2+ B A~ 2:FE=6G » 0D:n = -8B « D: EEH IHUERT Y=G+1B

T Z2=RE+JA
1128 RETURH : REH

1239 REM  SERIES ELEMEMT: SERIES R.L.C

12681 W = L # H

1283 IF C < > 8 THEM ¥ = X — 1988 ~ (C ¥ HJ
1218 FH = R + BH:xH = ¥ + =H

1228 RETURM : REM

136889 FREHM  SHUHT ELEMEMT .SERIEZ R.L.C

1394 FE = Red = L # H

1285 IF C = > 8 THEH ¥ = ¥ - 1668 » (0 % H)
1219  FEM SHUHT ELEMEHT . RE+JX

1315 GOSUE 1é18:51 = G:Bl = B

1328 RE = RM:¥ = HM: GO5UB 1819

1238 5 = 51 + 5:BE =Bl + B

1349  GO5UB 1118:RH = REzXM = X

1356 RETURM : REHM

1499 REM SERIES TRANSMISSIOH LIME HITH CHARACTERISTIC IMPEDAMCE 28
1418 TH = TAM (W # LM ~ K1)

1420 AR = RH:AI = %M + 2@ * TH

1433 BR = 1 — ¥N # TH ~ 2@:BI = RN * TH ~ 29

144 BOSUB 228@:RN = CR:#M = CI: REM CALCULATE RM+J #M={AR+J AI 2#CER+J
BI

1459 RETURM : REM

1566 REM 2N TD GAMMA (REFLECTION COEFFICIEMT SR+J 5135 ASSUMES REHL
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= CR:5I = CI: REM

12
= 53.4d

AN

H
CALCULATE SR+J SI=(ZN-RBI/(Z2M+R1D D

H = CI: REM CHLCULATE RN+J XM=Ra{ 1+SR+J

REM COMPLEX MULTIPLY C=A+B
CR = AR * ER - HI = EI
CI = AR # BI + ARl * BER

RETURM = REH

FEM COMPLEX RECIPROCAL C=1-B

A AR = 1:RI = 9:

REHM

FEM COMPLE® DIVIDE, C=RAsB

0 =EBR ~ 2 + BI

CI
RETURH : REM

B 2

CR = <HR * BR + RI # BI> » D
= (Al ®* BR — AR = BI» < D

FEM LIST MAIM PROGRAM

TEAT = HOME :

POKE 1913.5: REHM

LIST 189,333

PRIMT DF:"PR#9":

POKE 33.48: HOME
DISPLAY MEMU

5072 53: REH

POKE 33.33: 505UB 5399: REM  TURM PRINTER ON

LEFT MARGIH

REM TURMN PRINTER OFF

REM LORDS SHAPES,HSR CHARARCTERS-AMD SMITH CHART

O = CHRE$ <42

PRIMT D#:"BLOAD SHAPES"

POKE 233,31

PRINT D$;“"BLOAD HS5R CHR GEM"

REM LORD SMITH CHART IMTOD GRAPHICS

POKE 232,191z

Hi5R

PRIWT D#%:"BLOAD NUMB SMITH.A3132"
POKE 8125,9: REM PLOT SHAPE PRRAMETER IS IM S123

TEXT = HOME

SCALE= 1: ROT= @z

BOTD B3: REM

HCOLOR= 3

DISPLAY MENU

F=M  TURMHS OM TREMDCOM PRINTER

0¥ = CHR¥ (4):

REM

PRINT CHE$ (9>

PRINT D#%;"PR#

1"e

D#=CTEL D
PRIMNT CHREf <@}



13

2328 POKE 1913,8: PunE 1735,73: REM MARGZIMS
9338 POKE 16537.88: REM LIME LENMGTH

9348 RETURMN : REM

E K

33 REM  DUMP3 GRAPHICS THBLE TO THE PRINTER. NO ROTATIOM, NORMAL

6318 POKE - 1682Z41.8: POKE - 16386,0: PIKE
REM DISFLAY SRAFHICE TRELE

B5ZR  WTAER 23: IHPUT "“LABEL?":LR%

6540 PRINT D$:"FR#1": PRINT TREC 8):;LA%: PRIMT D#:"FR#4": REHM
FRIMT LREBEL

B358  POKE 1734.15: POKE 1312.17@: POKE 1272.8: POKE 1144.32: POKE
1525,8: POKE 14@88.1: POKE 1855,8: REM SET PRIMTER GRAPHICS TEMPORHERIES

= 16237.8: POKE - 16384,9:

5558 CALL - 1s@@@d: REM  CALL PRINMTER SERUICE ROUTINE
6520 TERT : HOME : 6070 68: REM  DISPLAY MENU
gE@m REM SMITH PLOT

fEGZ  ON I 6OSUE E60E,E007 ,2008,5053

8983 GOTD 3914

35 SH = 2: ROT= B: SCALE= 1: RETURN

88037 SH = 2: ROT= 8: SCHLE= 2: RETURH

88983 SH = 2: ROT= B: SCALE= 2: RETURN

8an9 SH = 2: ROT= B: SCALE= 3: RETURH

881y POKE - 15384.8: POKE - 15368.9

8A1: POKE - 1€297.,8: POKE - 16381.4

2512 HCOLOR= 3

Boza RM = 79:¥C = 148:YC = 38

a3 XP = AC + 5K * RM

gadn YP = YC - SI * RH

9855 DRAKW SH AT XP.YP

gacs RETURM : REHM

g28a  FEH

€501 FETURM : FREM

3519 CALL 253574: REM IMIT HER CHR GEN
8528 PRINT CHRF (125 CHR¥ (172

95328  HCOLOR= 3

8525 DRAW SH AT 1.7 * 1

8548 INPUT “"COMMENT? “:CH$

8550 UTRE (I): HTHEB <2): PRINT CH3

3568 CHAHLL 1813: RETURM : REM

399 REM  PRIMT OM CRT

9385 FZ = FM R20F)

9418 RZ = FM RL1CEMND

96z A2 = FN R1CAH?

922 GOSUB 1599

9524 SH = SOR (SFE ~ 2 + 51 ~ 2)

9926 SA = K2 ¥ ATH (51 ~ SR>

9u2? IF SR < 8 THEWM SH = SR + 1£4

9923 IF SA > 1388 THEMN 5H = SR — 369

9933 IF SM > =1 THEN SHWR = IM

a4 IF 5M < 1 THEN SHR = {1 + 5M)> 7 (1 - SMD

945 SM = FM RICSMI:SRA = FHN R1CSAX:SHR = FN R2(SHWR»: REM  ROUND
DATA FOR DISPLAY
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FRINT F2; TRBS 33:RZ: TABLY 15)2;:X8Z2;: TAB! 242:5M:; TARY 323;:50
GOSUE Siea: REM  STORE ODATA IM BRRAEYS

RETURN : REM

EEH ISTDR%S F. 2N, AHD GEMMA IH BRREAYS

Z =12 +

FOOIE) = F2sRS(IZD = RZ:NSCIZ)Y = X2
MSCIZ2 = SMeASCIZY = SH:USIIZ)Y = SKR

RETURM : REM

32099 REM  PRIMTS TABLE OF CALCULBRTED DATH

921@1  HOME ¢ GDSUB S3@3: REH TUREM ON PRIMTER

3283 IF = CHR$ (3>: REM I$=CTRL I

92605 PRIMT I$;“M": REM DISAELE WIDEQD

2287 POKE 33,33: REM SET APPLESOFY LINE LEMSTH

9228 REM PRIWNT HERDIHS

9238 PRINT TABS 23:"F"; TEE. 183:;"REAL 2" TAB( 24»:"IMAG 2";

924 PRINT TREC 323:"~GAMMA-<"; TAB. 4@):"ANGLE"; TREC 48)2;:"USKHR!

2243 FOR J =1 TO 55: PRIMT “"-":: MNEXT J

92583 PRIMT "

9255 FREM PRIMNT DATA

Szem FOR 1 =1 TO I2

2273 PRIMT TABC 3)3:F5(J0: TRAB! 1683:RSCUDX: TARY 243;:¥3 135

9288 PRIMT TRBL 322:HSCd2: TRE! 4@3:RS50.42: TABY 48)H;US{d>

9235 MEAT J

9238 PRIMT DF;"PR#3": REM TURM PRIMTER OFF

8292 POKE 33,48: PRIMT I£:"I": REM RESTORE UIDEQD

3235 TEAT : HOME : RETURN = REM

9389 REM DISPLAYS UIDEDS TRELE OF CRLCULATED DATA

9262 IF IZ = 8 THEH PRIHT " %+ MO TAELE ==": PRINMT "": GOTO 53

9235 J2% = 89: REM INITIRLIZE ARRAY COUNTER

9318 TE=T ¢ HOHE

9320 REM  PRIMT HERDIMG

9333 PRIMT “F"; TEBC 3)3:"REAQL 2"; TABY 18):"IMAG 2": PRINT "¢

9348 J1¥% = @A: REM IMITIALIZE SCREEM COUHTER

D39 J1¥ = %R + 1:02% = J2% + 1: PRINT FS{J2%)>; TRAB! 32:;RS(J2%>; TEB(
163:7450 J2% 3 REM FPRIWT LIHE

9368 IF J2¥% = IZ THEM 6070 34899: REM CHECK FOR EMD OF RRRAY

9zZ7@  IF Ji¥% < 28 THEM GOTO 9359@: REM CHECK FOR FULL SCREEHM

9331 UTAB 23: PRINMT "PRESS ANY KEY FOR REST OF THBLE";: BET P$: PRINT
CHRE® <@

9333 [OTO 9318: REM  PRINT REST OF ARRAY

9403 2% = A: REM IMITIALIZE ARRAY COUNTER

39485 UTAB 23: PRIMT "PRESS ANMY KEY FOR REST OF TABLE";: GET P¥: PRINT
CHRE @3

3418 TEAT = HOIME

9423 REM PRINT HERDIHG

9433 PRIMT "F"; THBC 32:"/GAHMB-": TRABY 153:"ANGLE"; TRAB( 24 )3:"USHR":
PRINHT "®

9448 1% = A: REM IMITIALIZE SCREEM COUNTER

ad458 J1% = J1% 4+ 1:J2% = 2% + 1

2455 PRIMY F3 2% TEBC 33:MSCA2%0: TAB! 18)3:A5CJ2%);5 TABC 24 3;US( 2% ):
FEM  PRIMT LIHE

Q458 IF J2% = 12 THEW 530To 35@3m: REM  CHECK FOR EMD OF RARRAY

Q473 IF J1% < 2@ THEM GOTO 9454a: REM  CHECK FOR FULL SCREEN

9433 UTAB 23: PRIMT "PRESS ANY KEY FDR REST OF TRBLE":: GET P$: PRINT
CHREE C@n

9433 3070 2418: REM  PRIMT REST OF TABLE

a5aEd UTAE 232: PRINT “HARD CORYYIYsMA";

3318 BET P$: PRINT CHR:9)

8528 IF Fs$

= "¢ THEM GOSUBR 9268: TEXT : HOME -
IF P = "N" THEM TEXT : HOME : &DOTN 82

-~ —— -

GOTO 68



NATIONAL RADIO ASTRONOMY OBSERVATORY

ELECTRONICS DIVISION TECHNICAL NOTE NO. 96
ADDENDUM

TITLE: LADDER Analysis Program —-- ADDENDUM
AUTHOR(S): Roger D. Norrod
DATE: January 4, 1982

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
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