LADDER ANALYSIS PROGRAM

FOR THE HP-41C

'\O/(@
Varian EIMAC

301 Industrial Way
AS-49-34 San Carlos, California STK#484796



|

-

TELAFTLD BACKKARDS LADDIR ANALYSITE FRAGA
*
J

BEY GARY D. FREY WoXd (3948

ONiZ OF ThHE SIMFLEIBET  WAYE TO ANALYZE A LADDER
CIRCUIT I5 TO ALSLME AN GUTFUT CURRENT? THEN WORK
BACAKARGS THRCAG-  THE NETwOR{ CETAINING  ALL VOGLT-
AGES AND CULRRENTS  IN TEAMS OF THE ASSBUMEID  OUTPRUT
CURRENT. FOR A LINEAR NETHORSy GAIMN ANS  IMPEDANCE
TARGLGREUT ThaE  CIRCUIT  ARE INBEFENDENT 0OF ACTUAL
CURRENT aANS  VOLTAGE cVELS  AND THE REZBFONSE (ALl
VOLTAGES  AND CURREINTSS DUE TO  ONI VALUE OF EXCI-
TATION MAY BE LINEARLY BCALED TG  ANCTHER VALUE OF
EXCITATION - FOR EXAMFLE YOL MIGRT WANT TO KNCOW ALL
VOLTAGES AND CLRRENTS WITHIN A CIRCJIT FOR A SFEC-
IFIC INFUT POWER IN DRDER TO DETERMINE THE VOLTAGE
AND CURRENT RATINGS OF ALL THE COMAPONINTS.

"ELAF® X8 A CCLOECTION OF SUBROUTINES FOR THE
HA—418 WHICH EMFLOYS THI "BACKKARDS® ALGCGRITHM. THE
LOAD CURRENT I5 ABSGMID 1.0+Jd0 AMPIRES FOR  CONVEN-
IENGE,  TRIE MAKES ThE LUAD VOLTABE RL VLTS FOR
EBIBITIVE LOAD  RL AMND THE  LGAD PORIR X8 RL wATTS.
WORRING  BACK TOWARD  THE GENIRATOR: IF A BERIES
IMFEDANCE I8  ENCOUNTERED THE CURRENT I8 UNCHANGED
EUT THe VOGLTAGE I8 INCREASZE  BY THE DROF ACROSBS THE
SERIES IMFoDANCT  (V=VU+IxZE. IF A PARACGEL ADMIT-
TANCE IS  ENCOJNTEREZD THE VOLTAGE IS UNITHANGED BUT
THe  CURRENT XI5 INCREABES EBY  THE CURRENT  FLOWING
THRIWGH THE SHUNT  ADMITTANCE {(I=I+YF%V). & LIBRAXY
OF 28 BERIZGE/FARALLE. TYME ELEMENTS IS8 AVAILABLE
(ALL  SBSIMFLE SERIZG/FARALLEL RILC COMBRINATICGNSY  OFEN
Al BRORTED TRANSMISSION LINZ STUs8s AND SERIZE AND
BrUNT  IMPESANCESS . Thi-FOXRT  ELEMENTS  MAY  ALSD ZE
INCLUSED  IN A LADDER CIRCUIT. FOUR TWO-FGRT  ELEM-
ENTS ARE PROVISEDS

GE RESISTIVE FRidiBACK GAIN BLOCK

BG FEACKKRARDE" GAIN BLODK

TI. TRANEMIESION LINZ

T IDEAL TRAMNGTORMER .
THiZ  GAIN BLOCK I8 A REASONASLE  AFPROXIMATION CF A
SINGLE TRANSISTOR EBROADSZAND RESIBTIVE FEEDEACK
AMSLIFIER  WWICH IS  COMMGNLY EMPLOYED IN MODORN
CIRCUIT DESIGN (AVANTEKy CPFTIMAXy W-dJdy ANZACy ETC.
AMPLIFIERS ) AND INCLUDES THE COUPLING FROM  LOBAD TO
SOURCE DUz TO THE  INTENTIOMAL FIESEBAZH, BG IS THE
SAMLE  GAIN  BLOCK  In THE REVERSE DIRECTION HWKICH
ALLOWS ANALYSIS IN EXITHER DIREZTION OF  ANY  LADDER
CIRCUITy EVEN CNE INCLUDING AMFLIFIERS.,

AL ELZMENT SUSROJTINES AREI GIVEN GLOBAL LABZLS
80 THAT THEY MAY BE CALLED BY A SEFARATE FROGRAN
WHZICKH DEBCRIZES THE CIRCLIT, OTHER ELEMENT SUSADL-
TINES MAY Bo ARDED TO *2ilAF® ~OR UNUSED ONEZS MAY BE
DELETED. THE SUSRIOUTINE MUST COMPJTE THE INPUT
CURRENT ANO VO TAGE IN TERMS O0F  THE ®HXNOWN® OQUTRUT
CURRENT  AND VOLTAGE FOR THE ELEMINT BEZING MODELED.
A BRIEF STUDY OF THE REGISTER UBAGEy  THE AFFEINDIX»
AND  THE ~REGRAM LISTING O0F  80MI OF THE SUSROUTINZS
USZID ShLUL2  ENaASLE THI UBEAR TO GENERATE HIS OkN NEW

ELEMENTS.,



8IX "COMFUTE  AND  PRINT® COMMANDS  ARC
AVATAELE IN THE BLAF FROGRAM3
"RL®™ INITIALIZES LOAD AND "AVIEWS" FREGUENDY
"RGF COM~LTES AND "AVIEHS® GAIN
8" COMFUTES AND "AVIEWS"™ FORWARD ANO INFUT
"S" PARAMEITERS (SF AND B8I) IN DE
sZ*  COMPUTES AND "AVIEWS® Z=U/I AT ANY FOINT
URY S RAVUTEWS" UV AT AlY FOINT
RIS CAVIEWE"™ I AT ANY FOINT
EXCEPT FOR "RL" WhHICH INITIALIZES THE CIRCUIT (AND
I8 ThHE FIRST COMMAND USUALLY EXECUTED)s THE V»I
DATS TE NOT DISTUREBED BY ANY OF THE COMMANDS 80
THESE MAY BE EXECUTED ANYWMEREZ WITHIN THE CIRCUIT.
TRE" OR 87 WILL NORMALLY BE THE LAST COMMAND EXE-
CUTED. IN ADRITION TO THE S8IX COMMANDS ABOVZs REG-
ISTER UBABE IN BLAM I8 COMFATIELE WITH "PRFLOT®™ IN
THE #RINTER ROM  MALING IT  EASY TO FLOT ANY DESIRED
CIRCUIT RESFONSI. *FRPLOT* SBUFPFLIES THE FREGUENCY
TG TWE  CIRCUIT DESCRIPTION FPROGRAM HWHHICH IN TURN
RETURNS THE COMFUTED FARAMETER TG "PRFPLGT™.

USING ElLAF

*RLAFT COMMANDS  MAY BE  MANUALLY  EXECJTED TO
ANALYZE A GIVEN CIRCUIT AT A  SINGLE FREGUENCYS
HOXEVER MOST OF THE TIME THE COMMANDS HWILL BE
STCRZD IN A FROGRAM IN ORDER TO "SWEER® THE SELEC-
TED RESFONSE VERBUS FRERUaNCY. THE FRESENT  ANALYSEIS
FREQUENCY —IN GHZ- MUST BE STORED IN REGI3TER 08 5C
THE CIRCUIT DESCRIFTION FPROIGRAM WILL USUALLY BE
CONTAINED  WITHIN A LOOF WHICH INCREMENTS RO8 EITHER
LINEARLY (ADDITIVE INCREMENTS) OR LOGARITAMICALLY
(MULTIALICATIVE INCREMENTS). "PRFLOT®  AUTOMATICALLY
FROVIDES A  LINEARLY INCREMENTED FREGUENIY (X) LOOF.
PRPLETY CAN  BE MADE TO PROVIDE MULTIFLICATVZ INC-
REMENTS BY INITIALLY SFECIFYING A& 8MALL NON ZERD "X
INCREMENT" THEN MJLTIFLY RCGé  BY THE DESIRED INCRE-
MENT IN THZ CIRCUIT DESCRIFTIGN FROGRAM  (RO6 I8
"FRFLOT® X5, R17 CONTENTS ARz TACKED ONTO THE DIGs-
FLAY NAME FOX  "Z%y *VUF'y Ok *I8" TO KEEF TRACK OF
ThRE OUTRUT DATA. USBUALLY START WHITh © IN Ri7 AT
LOAD END  AND INCREMENT R17 BY ONE FOR EACH NEW
ELEMENT ADDED. EBEGIN THE PROGRAM WITH AN *RL." LOAD
INITIALIZE COMMAND  THEN MWORK TOHARD THE GEMIRATOR
UBING THE ELEMENT COMHMANDE TO DEBCRIZE Tha CIRCUIT
~ YO MAY  ASSIGH COFTEN-USED COMMANDSG AND  ELEMENTS
TO USIR KEYS TC  8AVE TIME. OQuTRUT COMMANGS MAY BE
INSEZRTED  ANYWHERE INTERMEDIATE RESJLTS ARE DESIRED.
THE  LAST COMMARND WITHIN TeE CIRCUIT DESCRIFTION
LOGF WILL NORMALLY  EBE  EITHER "RG" OR 8" TO OBTAIN
THE CVIRALL REBFPINBE. EXAMAPCES OF *BLAF®T  INCLUDING
USING THE FLOTTER AND BOTH LINZAR AND LOG FREGLINCY
SCALES  ARE INCLUDED ALONG WITH THE FROGR&M  LISTING
TO AID THE UBER IN CREATVING RIS OWN CIRCUIY DESCR-
IFTION PROGRAMS .



COMFPLEX  NUMEBER MATHIMATICS IE€ USUALLY REGULIRED
FOR CIRCOIT ANALYSIS (EXCEFT AT DC OX FOR RESISTORS
OMLY Yo PELAPT CARRIEZS COMPFLEX NUMEERS IN RECTANG-
ULAR  FORM FOR ALl OPERATICNS IN ORDER TC ACHIEVE &
BFEZD IMPAGVEMENT  OVER USING R-F  AND F-R  DPERAT-
TONG.  THE AOUTINES WITRIN *BLAF® EMFLOY  ONLY STADK
REGIBTERS  (XvTyZeToldy RG4r AND FLAG 14, =47 AND
tee® EVEN BAVE TLABT X+JdY®" IN THE 8TACH (Z+4Ty. THE
COMPLEX  ARITHMETIC COMMANIS  MAY EBE EMPLOYED FOR
GENcRAL JBE OJTEISZ OF "i#uAP® -  JUST REMEMZER THAT
LR OUSES REGISBTER 043 ALL OTHER COMPLEX OPFERATIONS
AFFEZCT OhoY THE S8TACH.

QUICH REFERENCE GUIDE

AT LEABT THO MEMORY MODULES ARE REGUIRED-
BlLAF COMMANDSS
NaMe  DATA FORMAT FUNTCTION PERFORMID

Ri. Ak INITIALIZE LO&D RESISTANCE

G REG COMPJTE GAIN FOR RG GEN.

5 RG COMPUTE 8F AND 8T FOR RL/RSG

Z  (UBE R17 COMPUTE IMPEIOANCE

VF AL INDEX COMPJTEZ UDLTAGE T0 GROLND

is MARKERD COMPUTE BLALES CLRRENT

BLAF ELEMINTES
NAME LDaTe FCRMAT FUNCTION PERFORMED
o ROOF GO REVEIRSE GAIN BLODK
@ RO * GDE TRANSIBTOR GAIN BLCCK
Ti. RO A2 B0 Fa TERANSMIBEION LINZ
TF N IDEAL TRANSFORMER
FRXS R FAaRALLEL RILC IN BERIELS
FRXP FARALLEL RLLC IN FaRALLEL
SRAF SERILS Ri.C IN PARALLEL
SRXS BERIES RLLC In BERIES
PLES FARALLLE. LE IN BERIES
FLCF FARALLEL LT IN FARALLEL
8L.CH BERIED L0 IN FARALLEL
8LCS SERIES LE IN BERIES
FROS FaRALLEL RO IN BERIZE

AR % M e N YA A A M N
i"lt‘“.l&"lf“if‘.!t":i"!ﬁi”'r"z""i""
\A‘L‘A‘Ag
oo n 4

Frie FARALLEL RZ IN PARALLEL
SRCF SERIZE RC Ih PARALLIEL
SRC3 SERIZE KL IN BERIES
PRLE FARSLLEL RL IN SERIES

R —
3

FaARALLEL Ri. IN FPARALLEL
L SERIES R IN PARALLDL
L. SERIES RiL. IN SERIES

PR~
SKRI.F
SRLE

L s i i i i b= Bt b~ e xS S el x s B M
D33 ™ Ny

R HME R IN PARALLEL
S R IN SERIES
L N L IN FARALLE.
LS L IN SERIES
CF s C IN FAERALEL

Cs
Z#
25

C IN SERIES
R+dX IN PARALLEL
R+uX TN BERIES

pchibe b 5 B w0 o B s Y

X

X
aaeTF i A80 AFC OFEN STLE T FARGLE.L
0578 b0 AB80 2 Fo OFEN B8TLE T SBERIES
S5TF @ A8 A F0 SHIRTED STLE IN FARALLEL
8678 G A e A FE SHAORTES 8TuU: IM SERIES
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COMPLEX MATH OFZRATOR

< "LAST X+Jv® :
+ SAVED IN Z+dT =

I+ % N =

OFERATION FERFORMED
Xtu¥e=id /(X+oY s
XtdY={Z+JdT I/ (X+JY)
ArdY={ X+, Y ) R{Z+JT)
Xed¥={(X+JY I +(Z+JT)
X4JY= {(Z+dT 3= { X4+UY)

REGISTER USET{MIN BIZE 020y DEG MCDEZs» FOO0-04 CLEAR)

0o
[
0z
03
<04
05
0s
67
w08
0%

FLOTTER YMAX
PLOTTER YMIN
PLOT NNMN.AAA
FLOT CHARACTER
SCRATOH REGISTER
FLOTTER "FIX" N
FLGTTER FRERJJZINIY
FLOTTER "X UNITS®
FREJQUENTY GHZ
FLOTTER XMAX
GARY D

10 PLOTTER XIND
11 FLOT "NAME®
=12 RE{VS
=13 IM(W
14 RE(CID
=18 IM{IS
»1& Ri.
»17 INDEX BYMED.L
*18 SLCRATUR REGISTER
*1% SQORATCH REAGISTER
FREY WéXa: (3948)
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THE DERIVATION OF BOMEZ GF THE *BLAM* ELEMENT
SUBRGUTIMEDS IS PRESENTED IN ThIS SeCTION TO AID THE
UBER  IN  CRIATING CUETOMIZE SUSRGUTINES FGR HIS
NEEDE . FAMILIARITY  WITH CIRCUIT ANALYSIS AND  WITH
USING THE HF-41C ARE THE ONLY PREREGUISITES.

BERIES-FARALLEL RLE'S

IR 1 I
+1 2 +U1

PERXGT *SRXFT
i=12 Vi=yz2
VisVE+TERI ITi=I2+V2xY
Vi=VEZ+I2X{R+JWL~J/HT) I1=I2+VEx1/2Z
(o e e G Demrrss RS S 0
i I 2 i l~—L“~] 2
kR L O S Pl
T Ty [ o o s e e s G
TRERXE "FRXG®
Vi=V2 Ii=IZ
ITi=T2+VExY Vi=V2+T2%2
Ti=I8+V2R{L/R~J/ M+ JNED Vi=V2+IZxi/Y

EXTHIR  THE IMFEDANCE OF A SERIES RLC OR THE ADMIT-
TANCE CGF A PARALLEL RLC IS5 COMPUTED, "Za3Y"  TRANS-
FORMATION ~IF NECESSARY- IS FERFOAMED USING THE "1t
COMMAND. FLLAG 04 I8 USED TO DISTINGUISH BETWEEN
SERIZE  OR PARALLZL RLC CONNECTION WITHIN THE ELEM-
ENT  =~FO04 IS8 SBET IF THE FIRSBT LETTER OF THE *"NAME®
85 "' -+ FLAG 00 IS USED TC DISTINGUISH ZETHEEN
SERTZS OR PARALLEL UBAGE OF THEZ ELEMENT WITHIN THE
LADDER NETHOAR® -FOO0 I8 SET IF THE LAST LETTER OF
THE ELEMENT "NAME" I8 *F* -, FOGls702» AND FOJ ARE
SET IF RESBFECTIVELY Rysiiy OR C ARE  PRESENT WITAIN
THE BLOCK, THE FLAGS ARE TESTED LATER TC REMOVE ANY
UNUSED  ELEMENTS  FROM THE GENERAL Ri.C  ELEMENT. IF
FLAGS 00 AND 04 MATCH» THE ELEMENT I8 USED A8 I8y
OTHERANIBE ThHE "1" COMMAND CONVERTS Z<xY.

STUES

TRANSHMISSION LINE STUSS MAY ALSBC  SIMFLY BE
REFREDENTED AS IMFEDANCIE OR ADMITTANCES. THE Sn0-
RTED 8Tda I8 REFRESBINTED AS AN IMFEJANCEs WHILE THE
GFEN STUE IS5 REFRISENTED AS AN ADMITTANOE.
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) i=Vs
Vi=U2+Ioxs ITl=IZ+V2KY
Z=0+UROKTAND Y=0+J{1/R0 ) X TANG
0=00%F /7 O=0)KF/F G

THE GNLY DIFFERENZE BETKIEN THE GHORTED STLE  IMAE-
DANZE -Z- AND ThRE OFEN  S8TUB ADMITTANCE -Y- I8 RO
VERELS 1/R8. FLAG 94 IS SET FOR AN OMEn STUB ~FIRST
LETTER "0" AND FLAG 00 IS8 SBET FCR PARALLEL STU&
UBAGE - LAST LETTER *FY., ONCE ThiE S8Tie IMFIDANCE OR
ADMITTANCE I8 DETERMINED THE ELEMENT IS HANGED
WITHIN "ELAAY JUBT LIKE LUMFED IMFEDANCE OR ADM-
ITTANCE.

ALMOBT  ANY FABSBIVE FILTER MAY BE ANALYZIED
USING  ONLY ThHE IMPEDANCE/ADMITTANCE ELEMENTS DESC~
RIEED AEBOVE, T"BLAMT  DORS NOT PROVIOZ ALL FOSSIELE
RLT COMEINATIONS? HOKEVERy  AND ALSC THE USER MIGHT
FIND IT CONVENIENT AND FASTLR TO CREATE COMSINAT~
IONS OF EXIBVING ELEMENTS. THO EXAMFLES WRICH MIGHT
WARRENT THEIR OWN  COMMANDS ARE A QUARTZ CRYS8TAL
-SERIES  RLC WITH & CARPACITOR IN  FARALLE.- AND A
REAL COTL OR REBIBTOR —-SERIES R IN FPARALLEL WITH A
CAPACITOR. THESZ ELEMENTS MaAY BE REALIZED  UBING
NORMAL  "BLAF"  COMMANDS  ONLY IF THEY ARE UBED A8

PARA-LEL ELEMENTS.
TWO~FORT ELEMENTS

Al OF  TrE ELERENTS DESRIEED 80 FAR  HAVE
EITHER IDENTICAL VOLTAGSE ON EITHER SBIDE -PARALLEL
ELEMENT~  OR  IDENTIOCAL  CURREINT  ON ETITHER SILE
~SERTESE  ELEMENT. MANY VERY USEFUL ELEMENTS MOODIFY
B0Tr  THE CURRKENT AND VOLTAGE AND MUST BE CONSIDERIDS
A8 THO-FORT  NETWOAKS  ~IN FACT THE ELEMENTS DEBCR-
TEED ABDVE  ARE BPECIAL  TRIVIAL CABES OF TWO~FORT
NETHORKS-, THE INFUT/0UTRIT  RELATIONSHIF OF A& THO-
FORT  CaAi  BE DESCRIEZED IN MadMY EQUIVALENT WAYS -
ZsY¥yBorlyByARLD -  DEFENDING  UFOM THE Cn0OICE  FRGH
ILsV1T8,V2 GF THE FAIRE OF INDEFENDENT AND  DEFEN-
DENT VARIABLE FAYRS. IN FELARP® IZ2sy  AND VZ ARE  THE
INDIFENDIZNT VARIAERLES 80 kE  ARC REALLY  UBING
TEATHAARDET  ABCDS  FPARARETERS.,  THo FOUR  TWI-FORTS
USED IN PELAST ARI PREBENTED BELCOWS
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THE TWO-FORTS INCLUDE

THE TRANSMISSION LINE
AND THE GAIN BLOCK I8
ISTOR SUZH THAT THE
DETERMINED BY THE
Bi.OCK

EACH GAIN

AMFLIFIER FERFORMANCE
FEEDBACK RESISTCGRS.
SHIFT AND IS A FERFECT
"DESTIGNS®

7 HAS 180 DEGREES FRHABE
MATCH IN A RO OHM SYSTEM.
BELOCK - COMPUTES RF AND RE FOR SPECIFED
DE GAIN AND SYSTEM RESISTANCE RO-.
FERFECT MATCH WITH THE GAIN ELOCK

V1=U2%Ni /N2
Niy NZ +/-

0-- —==0

'E:GIS
Vi=RFXIZ+VZ
Ii=IZ+V2/R&

RO=83RT(RFXRE)
SZ2i=(RE-RF3}/(RE+R0)
GDE=20xL.0GC¢ 821 )

ARE ALL "IDEAL"

AND TRANSFIORMER ARE
EBUILT USING AN IDEAL
Is

"BELAF" ACTUALLY

ELEMENTS.
LOSSLERS

TRANS-
SOLELY

THE GAIN

STMULTANEDLS
IS ONLY FOSSIELE

IF THE GENZRATOR AND LOAD IMFEDANCES ARE ERUAL. THE

"GET MAY ALWAYS

MATCHING NETWORK
SOURCE
ONDITIONALLY STAELE
MATCH IS PERFECT IN A

BE CASCADED WITH A TRANGFORMER

TO CETAIN
ANDG LCAD IMFPEDANCES.
SINCE

RO OHM SYSTEM AND THE REVERSE

ANY

THE INFUT AND

ISOLATION I8 GREATER THAN THE FORWARD GAIN.

OR

COMEBINATION OF
THE GAIN EBELOCK IS UNC-.

OUTFUT

CANSIDATES FOR OTHER TWO-FORT ELEMENTS ARE
LIMITLESS. LOSSY TRANSMIGSION LINEy NON-TDE AL
TRANSFORMERSy AND GAIN BLOCKS HAVING "REAL"T TRANSB-

ISGTORE ARE DEVIOUS EXAMPLES.
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