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Short program computes
response of RLC networks

by Werner A. Schnider

Swiss Federal Institute of Technology, Zurich

When designing filters, amplifiers, and other circuits,
the frequency response can be determined with a For-
tran program that is very short and requires much less
computation time than many common circuit-design
programs such as ECAP-1. By introducing current-
controlled current sources, the program can analyze
transistor circuits directly, while with a little modi-
fication it works as well with circuits containing oper-
ational amplifiers. The program stores three matrixes—
basically of resistance, capacitance, and reciprocal in-
ductance—during the whole frequency-response compu-
tation, and from them builds the node-admittance
matrix for each frequency.

The computational procedure for each frequency re-
quires the set-up of a node-admittance matrix, [H], and
the computation of two determinants, |H;,| and |Hjl
and the gain V,/V;. The gain is the quotient of the two
determinants—a consequence of the equivalent current
vector having only one non-zero element, correspond-
ing to the input node. In the abstract, each of the two
voltages that determine gain is the matrix product of
the current vector and the inverse of the node-admit-
tance matrix. Computing that inverse usually involves a
great many determinants. But when the current vector
has only one non-zero element, the matrix product be-
comes a scalar product, and, because the gain is a
quotient of two such products, everything cancels out
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00 & I=1,20
DO 8 J=1,20
L] DC(I,JY=8C(T,J)=ECLI,J1=).
NZ=3
CALL MNREAD(NX)
2 CALL NREAD(TYPE,K1,K2yWERT)
IF(TYFE,EN. BLANK) GOTO &
PRINT 10,TYPI,KE,K2,RERT
10 FORMAT(IH 4A1,2(T4) yuX,E12.6)
IF(TYPI.NZ,8) GOTY 3
HEFTZHERT®OMIKY)
HASNKA (X1)
NE=NKB8(X1}
NAQ=UKB (K2)
NAA=MXA (K2)
IF INA M2 .0 JAND NAALRELD) ACINAZNAA) =3C{NE,NAR) ¢ REFT
IF(MALNE.O.END ME3.NEL D) 2% (NA,N33)=BC (MA 489 -HERT
IF(NB.NELSANDNBALNE. ) 9C (NAyNBA)=3C (NB,NAB) e NERT
IF (NB.NE,0.ANTNAANE, O 3C(NA,NAA)ZACINT,NAA) ~WERT
60TN 2
3 CONTIMUE
NZ=MZe4
NEALNT) =K1
HKA(NZ) =K2
IF(TYPZ,E1.R) GMINZI=1./HERT
IF(TYPTEQ.FI CALL MATRIK1,X2,BC,GMINZ))
IF(TYFE.FQ.C) CALL MATF (K1,K2, 00, WERT)
IF(TYPE,EQ,LQ) M=l /HERT
IF(TYFELEQ,LA) TELL MATR(X1,X2,EC,H)
GoTo 2
6 CALL NREAN(XA,X3)
CALL NRIADIF1,F2Z,Y)

OPINT 20,KB KA F14F2,"
2t FORMAT{ /5149 [/0-P0RTS,2T4 )74 4H BHFL-F2-N=,2E14.4,T18
PRINT 1LMZ4%K
11 FORMATU/ 4LH oT6,9H ARANCHES 10X, Tk, 6H NODES,//)
£ COMPUTATION OF FREQUENCY SESPINSE.
DEL={F2~F11/(N-1)}
nn 56 I=1;M
FPEI=F1¢(I=1)"DEL
OMERA=6,2331852%FFEQ
DN 51 K=igNK
DG 51 L=iyNK
s1 4Ky 11 =CHPLX(BC (K,L) , OMEGA®DC {K,L ) =ECIK )L ) /OMEGA)
CALL CCODETEA,XA,KA,NK,CD)
CALL CCNETIA,KEyKA,NK,CEY
CP=CE7GN
AHPL =C22S(CD)
IF(REAL(COY,€E0.,0,) CO=CN#1.E~16
PHASE=ATANZ (ATMAG(CD),REAL (CT))
PMASE=PHASE® 180,/ 3.1415926
PRINT 619FREQ ANFL 4 PHASE
6C FORMAT (6H FRENZ,E104 355X )SHAMFL S, E1240, 5N 6HPHASE=,E12,5)
N1I) =AMPL <
P{I) =PHASE
5C CONTINUE
CALL FPLNT{A,P,NsFi;0FL)
END

SUBROUTINE MATRIKLsKZy0C,WERTS
DIMENSION DCA20,201
IFEKLaNTo0) DCIKLHXL)=NCIKL LK) #NERT
IFIXZ.NE«Q) DCUK2,K2) =DCIKZ,K2Z) +WERT
IFCKL.EC,0+0R,K2.€2,9) 6OTO 9
DCIKL»K2¥2NC UKL 4X2) -WERT
BCIK2,K1)SDCIX2,K1) ~HERT

a RETURN
END

SUIPNUTINE CCOET10,I2,TSyNK, VALUE)
CNMPLEX N123320),08020,23) yVALUE
NKM=HR=1
NO 16 K=1,NK
DN 16 L=1,yNK
10 CAIKyL) =0(K,LY
IFIIZ.EC,NX} GOTD 3
NO 2 XaIZ,NKM
00 2 L=g,NK
CAUK,L1=0(Ke1,L)
IFUIS,E2NK) GOTO §
D0 & K=iyNK |
DO & L=1IS,NKN
CAUK, L) =CAIK,L #5)
CONTINUE
CALL CDETICA,NKM,VALUE)
VALUESVALUE® (=1 )" (12418)
RETURN
END
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FREN> 2,000E+05 AMPLE  T,2734E+00 PHASE=  1,79063E¢02
FREQ= 4.0D0E¢05 AMPL=  7.3804E400 PHASE=  1,7795E402
FREQ= B,00CE+0S AMPL=  T.559)€40¢ PHASE= 1.7660Ee02
FREQ= B.0DGE¢DS AMPLE  7,8091E40C PHASE= 1,7499E002
FREG= 1.000E+06 AMPL=  $.1295€+03 PHASE= 1,7287E*02
FREQ= 1.2D0E¢06 AMPL=  B.516)E+00 PHASE= 3,7017E002
FREG= 1.400E40E AMPL=  8.9594E+J3 PHASE= 1,6677E»02
FREQ= 1.600€408 AMPLE 9.4415E+00 PHASE= 1.6256E+02
FREQ= 1,800E+06 AMPL=  9.9313E£4J6 PHASE= 1,5748E+02
FREQ= 2.500E¢06 AMPL= 1,0382€401 PHASE: 1,5148E+02
FREQ= 2.20GEH6 AMPL=  1.0732€+31 PHASE= $,L46LEND2
FREQ= 2,400E406 AMPL=  1.0920€+01 PHASE= 1,37138+02
FREQ= 2.600E+016 AMPL=  1.0898Z+01 PHASE= 1,2925E+02
FREQ= 2,800€+06 AMPLE  1.0B58E401 PHMASE= 1.,21356€»02
FREQ= 3.000E*06 AMPL= 1.0231E4d1 PHASE= 1,1378E#02
FREQ= 3.2C3E+06 AMPLE  9,6741E40Q PHASE= 1,0677E+02
FREG= 3.400E+06 AHPL=  9,0501E400 PHASE=  1,0047E402
FREQ= 3.600E+06 ~  AMPL= B.4103E+uL PHASE= 9.,L897€%01
FREQ= 3.800E+06 AMSL=  7.7396E400 PHASE®  8,9997E+G1
FREQ® 4,000E+06 AMEL=z  7.2076E400 PHASES A,5710E+01
FREQ= 6+20CE*06 AMPL=  6,B730E400 PHASE=  8,1960E+01
FREQ= %.400€+06 AMPL=  6.1BTIE4DG PHASE= 7,8653E+01
FREQ= 6,600€006 AMPL=  §,75(3EM0C FMASE= 7,5721E»81
FREQw 4,800E¢06 AMPL=  5,3567E+00 PHMASES  7,3104Ew01
FREQ= §,0005+06 AMPL=  §,0026E406 PHMASE= 7,0769E401
FREQs 5,200E406 AWPL=  &,6837E400 FHASE= 6,8616Fs(1
FREQ= 5.405E¢C6 AMPLz 4, 3958E400 PHASE= 6.6666EFL1
FREQ= 5,600Es36 AMPLE  §,1352E400 FHASEs B,LB76E*01
FREQ= S.800E#06 AMPL=  3,89062400 PHASE= B6,3221€+01
FREN= 6.000E¢06 AMPLz  3,6831E+00 PHASE= €.1683Er01
FREQ= B.205E¢06 BMPL=  3,6363E490( OHASEs B.0265E(1
FREQ® 6.400€+06 AMPL®  3,3059E%00 FHASEs 5.8896E401
FREQs 6.600E¢d8 AMPLa 3,6y 1E%00 PHASES 5,TB26E¢01
FREQs 6.800E406 AMPLz  2,9874E0 3 PHASEs  5,6421€eJ1
FREQ= 7,006E+36 A¥PL=  2,B4B2ESIL PHASE=  5.528)E801

except the two determinants mentioned.

So, to establish the node-admittance matrix, number
all the nodes, beginning with zero for the common-in-
put-output port. Place the data cards—either punched
cards or an equivalent data-entry medium—at the be-
ginning of the program. The program includes a sub-
routine, NREAD, that eliminates all requirements for
specific formats. All data elements are separated by
commas.

The first data card specifies the number of nodes
minus 1. It is followed by cards listing the branches with
their elements. The first two characters on each branch
card are alphabetics that specify the type of the passive
element in that branch: AR for a resistor, AC for a ca-
pacitor, AL for an inductor. These are followed by two
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integers that denote the beginning and ending nodes of
this branch, and a floating-point number that gives the
value of the element in ohms, farads, or henries. The
program numbers the branches automatically in the se-
quence the cards are read.

The branch cards are followed by catds giving the
current-controlled sources with their amplification fac-
tors. Each of these begins with the letters AB, which
identify this type of card. Then two integers specify the
number of the controlling branch and the number of
the controlled branch, and a floating-point number de-
notes the amplification factor. This is followed by the
end card, which has only the letter A, one blank, and a
series of commas, to signify that all the branches and
sources have been listed.

Next comes an input/output card, with two integers
that denote the numbers of the input and output nodes.
The last data card carries two floating-point numbers
that specify the frequency range and an integer that de-
notes the number of frequency steps—up to 100—to be
calculated within the specified range.

The program uses five subroutines, three of which are
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available in most scientific computer centers, so are not
listed here. They are NREAD (format-free reading of
data cards), CDET (to compute the determinant of a
complex matrix), and FPLOT (which plots the amplitude
and phase of V,/V;. FPLOT is optional and if it is used,
two arrays called A and R are required for storing the
data to be plotted.

Two other subroutines are MATR, for setting up the
matrixes, and CCDET, which computes the determinant
|Hy;| from the matrix [H] and the specified row and col-
umn. The program can handle any circuit with up to 20
nodes and 30 branches.

Here is an example. In a compensated rf amplifier

(see drawing) the transistor is replaced by a current-
controlled current source and by passive elements. The
new program computes the frequency response of this
circuit in 35 steps between 200 kilohertz and 7 mega-
hertz on the Control Data 6400/6500 in less than 1.4
seconds. This includes use of the FPLOT subroutine and
computation of the plotting values, but not the actual
plotting itself. The same circuit computed with a modi-
fied ECAP took 3.4 seconds. (The output listing and the
plot, prepared on a 1,200-line/min printer, comprise 94
lines, which take another 5 seconds or so to produce.)
The data cards that describe the circuit in this ex-
ample are listed in the table. O



