
JOURN A L OF RESEARCH of the No tiona l Bureau of Standards - B. Mathemati cal Scie nces 

Vol. 73 B, No. 2, April - June 1969 

A Digital Computer Technique for Calcu lating the Step 

Response of Lumped or Distributed Networks 

James R. Andre ws* and N. S. Nahman* 

Institute fo r Basi c Standards, National Bureau of Standards, Boulder, Colorado 80302 

(February 17, 1969) 

This pa per d isc usses a tec llniqu e to so lve ste p res pon se probl e ms for lumped or di stribut ed 
ne twor ks with the a id of a d ig it a l comput e r. Th e Rosenbroc k g ra ph ic a l c urso r tec hni qu e for obt ainin g 
th e s te l) res pon se from the fre qu e nc y res pon se through th e in ve rse Laplace Tra ns format io n was 
a dapt ed fo r c ompu te r use. In add iti on, it was Illodifi ed to inc re ase it s acc uracy wh e n used wit h a digital 
compu te r. 

Th e re s po nse of a se ri es HLC lum pe d ne t work is compu te d a nd the num e ri ca l so lution is co mpared 
to the a na lyti c a l so lution. Also , a n ume ri ca l so lution i give n for th e s te p res pon se of a t ra ns miss ion 
lin c possess in g s kin -cffect me ta l loss a nd De b ye di e lec tric loss. 

Key word s: Digit a l com put e r progra m ; di s tribut e d ne twork s; in ve rse La pl ace Tra ns form ation ; 
lumpe d ne twork s : Rose nbroc k c ursor: s te p res ronse: tran s mi ss ion lin e. 

1. Introduction 

Th e tra ns ie nt properti es of lin e ar ph ys ic a l sys te ms ma y be s tudi ed from t wo viewpo int s, 

name ly, th e frequ e nc y domain and th e tim e dom a in . Us ually th e inform a tion ob tained from the 

sys te m res pon se to a unit s te p in pu t is more d irec tly re lc vantthan the frequency d o main res po ns e. 

Howe ve r, th e ma th e mati ca l ana lys is of s uch sys te ms is us ua ll y eas ie r to acco mpli s h in th e fre
qu e nc y domain . The tim e dom a in res ponse is conve nie ntly meas ured [Sa mulon , 1956; Oliver 1961J. 

The conn e c tion be t wee n th e tim e a nd frequ e ncy domain s is th e Laplace tra nsform for se mi
infinit e time fun c ti o ns (f(t) = 0, t < 0) o r th e Fourie r tran s form for time fun c ti ons' th at ex is t for 
-00 < t < + 00 [ Garcl ne r a nd Barnes, 1942; Hil de brand , 19621 . It is not usually too diffi c ult to ob ta in 
the Lap lace tra nsfurm F(s) of a t ime function/(I). F(s) is give n by 

F(s) = ! Xf( l )e- " d t; 
(1 

(1) 

manipul ati ons of th e tra nsform F(s) are also s tra ightforward. Th e rca l difficult y In thi s c lass of 
proble ms lies in ob tainin g th e in ve rse Laplace trans formation give n by 

I(t) =~J F(s)e s1ds . 
27TJ /II', 

(2) 

B"1 is th e Bro mwich con tour [McLac hlan , 1963J from f3 - j 00 to f3 + j 00 . f3 is c hosen so th a t all the 
sin gulariti es of th e integrand a re on it s left. 

The unit s tep response h (t ) of a stable linear sys te m , initi ally at res t , is 

*Ibd io Standard ,:;. EII /! ineerill J,! Di vision. Radio Stand ards Informal in n Ce nt er. National Burcau of S tand ards I.aboraturies . BfJld de r. Culo. H0302. 
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(3) 

in which A(s) is the system transfer function [Rosenbrock, 1955]. 

2. Derivation of Rosenbrock Cursor 

Rosenbrock r1955, 1959] developed a graphica l technique for evaluation of (3). In an appendix 
rRosenbrock, 19551, he showed that h(t) may be expressed as 

h(t) =; L:o Re[A (jw)] sin ~wt) dw (4) 

or 
2 fX . cos (wt) 

h(t)=h(t=oo)+; w= O Im[A(Jw)] w dw. (5) 

The transfer function, A (s), of the linear system must satisfy the condition that there are no poles 
in the right·hand half-plane or on the imaginary axis, although a pole of A(s)/ s at the origin is permis
sible. The unique feature of the Rosenbrock method lies in the change of the variable of integration 
from w to In w. Notice that 

Substituting 16) into (5) obtains 

dw 
- = d(ln w). 
w 

h(t)=h(oo)+;L: olm[A(jw)] cos (wt) d(lnw) 

Letting 
O=wt , 

(7) may be approximated by 

2 x 

h (t) = h ( 00) + - ~ 1m [A (j w,,)] cos (0,,) [,In (In 0)]. 7T"LJ , 
11. = 1 

(6) 

0) 

(8) 

(9) 

The product cos (On) [an (In 0)] is the incremental area under the curve of cos (oj versus}n 0, in 
figure 1. With the assumption that ImrA(jw)] remains relatively constant throughout the interval 
an (In 0), it is approximately true that . 

where 

or 

-2 11' 
h(t) =h(oo) +- L Im[A(jwn)]WFn, 

7T" 11=1 

W F n = r H b cos (0) d (In w) .
J8(J 

Equations 110) and (11) form the basis for the Rosenbrock cosine cursor. 

(0) 

(11) 

(12) 

Rosenbrock's graphical technique consists of laying his transparent cursor over a plot of the 
imaginary part of the transfer function, ImrA (jw) I, versus log (w) and summing up the intercepts 
of the cursor and the ImrA(jw)J plot. The cursor is shifted over the ImrA(jw)] plot fOf_various 
tTm~s, t.- A pa~ticular p~sition ~f thecurso~ ~ver the imaginarypart plot yield~f(td. Another posi
tion of the cursor yields another vaiue of jl t), i.e., j(t2); and so on. 
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FIGURE 1. Cos (0) versus In (8). 

3. Computer Adoption of Rosenbrock Cursor 

As a means of saving time and labor in step res ponse problems, the authors adapted the 
Rosenbrock cursor so that modern-day digi tal compute rs may be used to solve this class of problems. 

Us ing the FORTRAN IV language, the s ubprogram ROSEBK, Appe ndix 1, computes (10). 
It uses th e tabulated valu es for the Rosenbrock cosine c ursor [Rose nbrock , 1955; Gooch, 1960]. 
It is se t up as REAL FUNCTION ROSEBK (T, A i M , HiNF) where the parame ters are: T, the 
value of time t in seconds; AIM, th e na me of another FUNCTION s ubprogra m to ca lc ulate 
lm[A(iw,,)J; and HINF . the value of h(t = (0) . Thi s progra m is adequate for we ll-be haved fun ctions 
whose imaginary parts do not have rapid changes in th e m_ In thi s program N = 35. 

To tak e advantage of th e in creased accuracy ava ilable with a digita l computer, the c ursor 
method was ex panded to e mploy 168 data points (N = 168). This modifi cati on cons is ted of brea king 
the cos (8) vers us log (8) c urve (fi g. 1) into many segme nts as tabulated in table 1. 

The s mall and large 8 regions res pec tively , (8 < .01) and (8 ) (-)u d, need more di sc ussion. If 
Jm[A (jw) J be haves as = aw for 0 < (-) < 0.01 , then 

l WI=O.OI cos{w/)dw l WI=o.o, 1 
Im[A(jw)] = (fw - dw 

o w () W 

An approximation is a lso necessar y for the region (-J > 31¥. 

Table I. Scheme for subdividing cos (0) versus log (0) curve 

() region 

o -> 0.01 
0.01-> 0.1 

0.1 
1r 

->32 
1r 1r 

3- ->72 2 
1r 

7-
2 

1r 
-> 152 

1r 1r 
152 -> 312 

1r 
312 -> 0,,1. 

(Jill, ----3> 00 

Division 

1 point (ap proximation) 
20 equal 6. (In w ) segme nts 

70 equal 6. (In w) segments 

20 equal 6. (In w) segments 

12 equal samples/period 

8 equal samples/period 

1 point 

0,,1. chosen such that 
r ~ cosiO) dO = 0 
)6ul. 0 
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The integral J X Im[A(jw)] cos8 (8) d8 
Oil !. 

is approximately 0 if Im[A (jw )] is c lose to 0 or essentiall y cons tant , because cos (8) alternates 

ver y rapidly for large 8 whe n plotted on a logarithmic scale (fi g. 1). F or 8 > 31 ~ the sum of the 

positive and negative contributions te nd to cancel [Gooch , 1960]. The upper limit , 811 ! " can be 
found from the cosine-integra l fun ction Ci(x) [Jahnke and Emde, 1945], 

Ci(x) = - L'" cos8 (8) d8 

= sin (x) x ~ l. , 
x 

Thus 811!, is c hosen to be the next point after 8 = 31 ¥ whe n sin (8) = 0, i.e . , 

7r 
811!,=32 2 . 

(15) 

(16) 

(17) 

A computer program was writte n to calculate 811 and WF II , (11) or (12), usin g the subdivision 
scheme li sted in table l. 

The low and hi gh 8 approxim ations impose limits upon th e values of time, t, at whi ch accurate 
solutions can be obtained . The limits can be vi s ualized by considering the graphi cal technique 
of placing the trans parent cursor over a plot of Im[A(jw)] versus log w. For small t, the cursor 
will be shifted to the right . Two possible sources of error may arise. One , the function Im[ A (jw)] 
to the left of the cursor may no longer be adequately approximated by a linear fun ction of w. Second , 
the re may be rapid oscillations or c hanges in the Im[A(jw )] curve under the cursor for large values 
of w (see fi g. 4) s uch that the assumption , that Im[A(jw)] is essentially a cons tant for e ach sample 
segm ent d(ln w) is no lon ger correc t. 

The de termin ation of the upper and lower limits of validity for t must be considered as a 
special case for each problem. F or large values of time, t , tJle cursor will be shifted to the left. 
Errors encountered in thi s region will probably not be as signifi cant as th ose for small t. In this 
c ase a significant portion of the Im[A(jw)] curve is to the right of the cursor. Thus the ass umption 
that Im[A (jw )] for 8 > 8'ti, is close to 0 or is esse ntially constant is no lon ge r valid , but the cos 8 
c urve c hanges sign rapidly and the large 8 s ummation may tend to cancel out. 

Appe ndix 2 contains the li s ting for ROSBKM subprogram for computing (10) with N = 168. 
It is set up as REAL FUNCTION ROSBKM (T , AIM , HINF ). The paramete rs have the same 
de finition as used in ROSEBK. 

4. Examples 

To demon s trate this technique of ste p res ponse calculation and to obtain a measure of the 
accuracy involved , two e xamples are prese nted below. The first example is the c urrent s te p re
s ponse of a lumped series RLC circuit drive n by a unit ste p voltage source. The second e xample 
deals with a di s tributed circ uit a nd presents the original solution for the voltage ste p res ponse 
of a coaxi al trans mission line with simple skin effect and a dielectri c with Debye molecular relaxa
tion. To the authors ' knowledge thi s proble m has not bee n solved prior to the work reported here. 

NLC Series Circuit. Th e in iti a l conditi ons are ass um ed to be ze ro. The tra nsfer fun ction 
is th e)oo p admitta nce 

Y( ) _ sC 
s - 1 + s R C + s~ / , C 118) 

The analyti c expression for i l l ) du e to a un it volt al!:e s tep ap plied at 1= 0 is 
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i(l) =~I e - a l s in (WI/t). 
Wl/ ~ 

l > 0; (19) 

where 

(20) 

and 'J 0) Vwi-W,, = W(j -cq. 122) 

Th e ima~inary part of Y(jw) I S 

. _ wCll -(~rJ 
IIllIY(./W) I- l ( )'1 2 

1- !!!... + (wHC )~ 
WI) 

(23) 

A program was written to calculate i(t) fro m (19) a nd also from th e Rose nbroc k c ursors, N=35 
and .'V= 168 us in g (23). Th e resu lt s arc s hown in figure 2. Onl y a fe w of the point s ca lc ulat ed 
us i ng th e C II rs or are s hown. Th e co m put a t io ns we re mad e fro m 1 = O.OJ /LS to 1= 5. 00 /L S. Th e 
e rror was co mput ed as a pe r(' e nta~e of th e absolute maximum of i(l ). ( 19). The ave rage e rror 
us in g ROSEBK (N = 35) was ± 5.32 pe rce nt , whil e th e ave rage e rror was ± 0.0177 pe rce nt us ing 

ItOSBKM (iV = J68). 

)( 

1 . 0 IO~~ . \ ~~. 
(in -m A ) . 5 !:\ 0/ ."\ 

Ix x/x:\ ~ 
0 t-------~------.---~--~------,,------~------_.------_.~ \ 

\

6 . 8 / 1.0 1.2 1. 4 V~'6 . 2 . '-

T i n microseconds ~ 

- . 5 ~ 

:~ ~/ 
$t-----

-J . 0 

FIG URE 2. Current step response of a series RLC circuit driven by a unit step voltage source. Initial conditions 
are zero. R = t20 0 , L = t25 J-I-H. , C= 200 pF. Solid curve is analytic so lution. Sample solutions using the 
Rosenbrock cursor are des ignated by an X(N = 35) and by a O(N = 168). 

Lossy TrullSl71issiOIl I.in e. This example de mon stra tes th e &pplic3tion of th e R(Jse nbroe k 
c ursor technique to more co mplicated problems. It was used to calc ulat e the voltage s te p res pon se 
of a coaxial tran s mi ss ion line with losses res ultin~ from two causa l material mode ls: (1) s impl e 
s kin e ffect and (2) De bye dieleetri c molec ular relaxation. The equivale nt c irc uit ptr unit le ngth 
is shown in fi gure 3. 
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FIG URE 3. Equivalent circuit for transmtsswn 
line with simple skin effect and a dielectric 
with Debye molecular relaxation .. 

The propagation fun ction , y(s), is defined as the geometric mean of the series impedance 
Z(s) and th e s hunt admittance Y(s) per meter. Consequently y(s) is given by 

~ / S [( k 1) ( ~+ s )] 1; 2 

y(s) = vY(s)Z(s) = V 1 1+[ Vs 0/7+s) (24) 

where 7 = C t IC , s. (25) 

CO = C1 + Ct . F/m (26) 

1 
m/s. V1= -- (27) 

V/,C 1 
and 

The seri es inductance I"~ shunt capacitance C, and the skin effect constant k , are defined in 
Appendix 3. The transfer function of the line is 

A(s) =e-Y(~X (28) 

which is an exponential fun ction with an irrational argument. The time delay of the line is given by 

TDI == lim Im[X----'-y..::..v_w-"-.)] 
w- oo w 

s. (29) 

(30) 

To improve the accuracy of the compute r calc ulations, it was desirable to remove the time delay 
of the line by a time shift, 

T=t-TDI. 

Thus a new transfer function, A (s), must be considered. 

where 

-s~ .«(s ) - l ) 
A(s)=e ' 

168 
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(33) 



and 
~(w) =1J(w) -jcp(w). (34) 

The minus sign is used with Im[Ww)] so that cp(jw) and a(jw) are positive. Us in g (34). A(jw) may 
than be split into real and imaginary parts, 

(35) 
where 

(36) 

A 100·ft. hypothetical coaxial line having a liquid dielectric was used in the numerical calcula· 
tions. The data used in the calculations is listed in table 2. A plot of transmission versus frequency 
(fig. 4) shows a sharp cutoff, low· pass filter characteristic. The imaginary part of A (jw), (35) was used 
in the Rosenbrock cursor and is shown in figure 5. The unit step response of the hypothetical 
line was calculated using ROSBKM (fig. 6). 

1.0 l--------~ 

.8 

3' 
« ' 

• 6 A 

.4 

.2 

04---------------.--------------.--------~----,_------------_,r_------------, 
lOll 1012 

wrad./ sec 

FIGURE 4 . Magnitude of the transfer function L.\ (jw)] versus frequency. Curve A is a coaxial cable with only simple skin 
. effect losses. Curve B is for a cable with simple skin effect and a dielectric with Debye molecular relaxation. 

The general shape of the calculated step response (fig. 6) can be verified from physical reason
ing. For very high frequencies (w p liT) , the shunt admittance Y(s) reduces to simply a pure 
susceptance jwCI. Likewise for low frequencies (w <If liT), the shunt admittance is simply 
jw(C 1+ C2 ). Thus , the very high frequencies propagate at a velocity VI, (27), while the low fre 
quencies propagate at the slower velocity, 

(37) 

These two different propagation velocities result in a longer delay time TD2 , (38), for the low fre
quencies than for the high frequencies, TDI (30). 

338- 397 0 - 69- 8 169 



FIG URE 5. I rnaginary part 0./ the transfer jimction Im[A(jw) J versus frequency for coaxial cable with simple skin effect and 
a dielectric with Debye molecular relaxation. 
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FIG URE 6. Unit step response of 100 ft of theoretical coaxial transmiss ion line with simple skin effect and a 
dielectric with Debye molecular relaxation. 

Table 2. Hypothetical coaxial transmission line data 

Line le ngth .................... . ... . . . ... . . .. ... . . .. . .. . . .. .. . .. . . .. .. . . . .. . . . ... ..... . . ... . ... ....... ... .. ... . . . 
Inne r co nductor radiu s .. . .......... ... . .... . .. .. . .... . ........ . 
Outer conduclor radius . .. . ......... .. ... . .. . .... ... . . ... .. .. . . .. ... .. . .. ... .. .... .. .. ... .. .. .. . .. . ........ . 
Conductor conductivit y. .. . .. ... . ... . .. . .. . . ... .. . . ... .. ............ . . ....... .. . 
Low frequency relative die lec tri c co nslant .. . .......... . ... . ... . ... . . . . . . . .. . .... . . . . ... . ..... . . 
High frequency relative die lec tri c eonstant. .. . .......... . ............ ... .. ..... .. . .... ... . . .. .. . . 
Dielec tric relaxation time...... ... ........ .. . ....... . . .. . ...... . .. . . . 
Low frequency charac teris ti c impedance .. . ..... .. .. . ... .. ...... . ... . . ... . .............. . ... ... ..... . 
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100 ft. 
0.204 c m 
0.710 em 
6.30 X]07 mho/ m 
2.24 
2.00 
29.5 ps 
50.0 n 

(38) 



The differe nce between th e two time delays is 8.38 ns . Thus the initi al part of th e outpu t (T < 8 ns) 
is produ ced by th e hi gh frequency compone nts of the input step, while the latte r portion of th e 
output (T > 9 ns) is produced predominantly by the low frequency compone nts. Conseque ntly , it 
follows th at in co mpari so n to a lossless line possessing a propagation velocity VI, the output wave · 
form' s 50 percent delay time s hould be· about 8 ns larger than that of the lossless line. Th a t s uch 
is th e case is s hown in figure 6. 

lt should be pointed out that the desire to solve this transmission line probl e m was th e prime 
motivation in developing the modified Rosenbrock c ursor , ROSBKM. Because an a nalyti c solution 
to this problem was not available, the c ited results were compared to those obtain ed by a different 
numerical technique, namely an improved Fourier Series method [Manney, 1968]. For amplitud e 
values greater than 0.01 the differences were less than 0.5 perce nt as compared to the waveform 
maximum value of unity. For amplitudes less than 0.01 and T less than 7 ns the ROSBKM res ults 
departed fro m the zero amplitude axis. Th e reasons for th e de parture ar-e presently being deter
mined [Ives, 1968]. 

The two examples shown he re used analytic expressions for Im[A (jw)]. It is also possible for 
minimum phase tra nsmi ss ion lin e losses to obtain h it) from experime ntally measured trans mission 
line atten uat ion vers us frequ e ncy data. Gooch [1960 1, has shown how thi s may be accomplished 
us in g the graphi cal Rose nbrock c ursor techni q ue. Anoth er extens ion would be to read the measured 
data into a co mputer a nd to use inte rpo la tin g polynomi als for Im[A (jw)1 a nd use ROSEBKM to 
find h it). 

5. Conclusion 

This pape r has di sc ussed th e exte nsion to digital co mputer co mputations of a trac table graph
ical technique for evalu ati ng the s te p respo nse of a linear physical sys te m. Examples we re in c luded 
to demo nstra te it s use a nd acc uracy. 

On e of th e exa mples prese nted an ori gin a l soluti on for th e ste p res pon se of a coaxial Lin e pos
sessing co mbined losses res ulting from two causal mate ri al mode ls : (1) simple skin effect a nd (2) 
De bye di elec tr ic molecular relaxation. 

Finally , furth er ex te nsion s of the method di sc ussed here are possibl e. In particular, because it 
is ass um ed th at I m[A(jw)] re main s re la ti vely cons tant throughout the interval ~1I(lne) (fig. 1) 
Rose nbroc k's procedure makes no use of the variation of Im[A(jw)] within the interval. If it is 
necessary 10 more effec tively use the data within the interval, the n the variation of Im[A(jw)] 
within the inte rval s hould be expressed in term s of so me approximating function. 
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APPENDIX I 

REAL FUNCTION ROSEBK(T.AIM.HINF) 

THIS PROGRAM CALCULATE S THE S TEP RESPONSE OF A LINEAR SYSTEM. 

THE ROSENBROCK CO S INE CURSOR TECHNIQUE IS USED WITH N=35. 

T=TIME IN S ECONDS. 

AIM I S THE NAME OF A FUNCTION SUBPROGRAM THAT CALCULATES THE 
IMAGIN ARY PART OF THE SYSTEM TRANSFER FUNCTION. IM(A(JW)). AT A 
GIV EN FR EQU ENCY W. W IS IN RADIANS/SECOND. 

HINF=VALUE OF TIME FUNCTION. H(T), AT T=INFINITY. 

DIMENSION THETA(35).WFM(35) 
DATA(THETA( 1)= 
DATA(THETA( 2)= 
DATA(THEH( 3)= 
DATA(THETA( 4)= 
DA T A ( THET A ( 5) = 
DAT.A.(THETA( 6)= 
DATA!THETA( 7)= 
DATA(THETA( 8)= 
DATA(THETA( 9)= 
DATA(THETA(IO)= 
DATA(THETA(II)= 
DATA(THETA(I2)= 
DATA(THETA(I3)= 
DATA(THETA(l4)= 
DATA(THETA(I5)= 
DATA(THETA(16)= 
DATA(THET .A.(I7)= 
DA T A ( THET A ( 18 ) = 
DATA(THETA(19)= 
DATA(TH ETA( 2 0)= 
DATA(THETA(211= 
DATA(THETA( 22)= 
DATA(THETA( 23 )= 
DAT A( THETA (24) = 
DATA(THETA( 2 5)= 
DATA(TH ETA(26)= 
DATA(THETA(27)= 
DATA(THETA(28)= 
DATA(THET A(29)= 
DATfdTHETI>. ( 30 )= 
DAT I>(THETA( 3 I)= 
DATA( THE TA( 3 2)= 
DATA ( THE TA( 33 )= 
DATA(TH ETA(3 4)= 
DATA(TH ETA( 35 )= 
W=THET A( lllT 
SUM=6.*(AIM(W)/WF M(I)) 
DO 1 1= 2.3 5 

O.llO),(WFM( 1)= 0.086) 
0.133) ,(WFM( 2)= 0.087) 
0.I59).(WF~( 3)= 0.087) 
0.19I)'(WFM( 4)= 0.087) 
0 . 2 30),(WF~( 5)= 0.088) 
0.276),{WFM( 6)= 0.089) 
0.331),{WFM( 7)= 0.091) 
0. 3 98).{WFM( 8)= 0.093) 
0.478),{WFM( 9)= 0.097) 
0 .574) .(WFrvq 10)= 0.102) 
0.689) .(WFM( 111= O.llll 
0.828),{WFM(12)= 0.127) 
0.994),(WFM(13)= 0.157) 
1.190),(WFM(14)= 0.233) 
1.430),(WFM(15)= 0.626) 
1.720) .(WFM( 16)=-0.560) 
2.070) ,(WFM( 17)=-0.180) 
2.480) , { WF M ( 18 ) =- 0.109 ) 
2.980) .(WF~( 19)=-0.088) 
3.580) • ( WFM ( 2 0 ) =- 0.096 ) 
4. 300) .(WFM( 21)=-0.220) 
5.130),(WFM(22)= 0.200) 
6. 0 80),(WF~(23)= 0.110) 
7.210),(WFM(24)= 0.155) 
8.540) ,(WFM( 25)=-00160) 

10.100).(WFM(26)=-0.130) 
12.500),{WFM(27)= 0.098) 
15.600).(WF~( 2 8)=-O.12 3 ) 

18.800)'(WFM( 29)= 0.148) 
21.900),(WFM( 3 0)=-0.17 3 ) 
25.100) ,(WF~( 31)= 0.197) 
28. 2 00 I, (WFM( 3 2) =-0.222) 
31.400),(WF~( 33 )= 0.247) 
3 4. 5 00),(WF~( 3 4)=-0.271) 

3 7.7()0 )'{W FM( 35)= 0 . 568) 

W=THETA( I) IT 
I SUM=SUM+AIM(WI/W FM(I) 

ROSEBK=HINF+SU~ /I OO . 
RETURN 
END 
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APPENDIX II 

REAL FUNCTI ON RO SBKM (T,AIM,HINF) 

THI S PROGRAM CALCULATES TH E S TEP RESPONSE OF A LIN EAR S YSTEM . 

TH E RO SE NBROCK COS INF CURSOR TECHNIQUE I S USFD WITH N=168. 

T=TIM E IN SECONDS . 

AIM IS TH E NAM E OF A FUNCTION SUBPROGRAM THAT CALCULATES THE 
IMA GIN AR Y PART OF THE SYSTEM TRANSFeR FUNCTION, IM(A(JW», AT A 
GIVEN FREQUENCY W. W IS IN RADIANS/SECOND. 
HINF =VALUE OF TIME FUNCTION, H(T), AT T=INFINITY. 
DIMENSioN THETA. (168),WF(168) 
DATA(THETA( 1) = 1.0592537252F - 2 ),(WF( 1)= 1.1512279585E -1) 
DATA(THETA( 2)= 1.1885022274E - 2 ).(WF( 2) = 1.1512112353E -1) 
DATA(THETA( 3)= 1.3335214322E - 2 ).(WF( 3) = 1.1511901820E -1) 
DATA(THETA( 4)= 1.4962356561E -2).(WF( 4)= 1.1511636777E -1) 
DATA (TH ETA ( 5)= 1.6788040181E - 2 ).(W F ( 5) = 1.1511303112E -1) 
DATA (TH ETA( 6)= 1.88364 908?5E -2).(WF( 6)= 1 .1 510883055E -1) 
DATA(TH ETA ( 7)= Z.11 34890398E - 2 ).(WF( 7)= 1 . 1510354243E -1) 
DATA (T HETA( 8)= 2 . 3 71 3 737057 E - Z )'(~F( 8 )= 1.1509688520E -I) 
DATA(THETA( 9) = Z. 66072505?R E - Z) ,(W F( 9 )= 1.1 5 088 50 ~4 2E -1) 
DATA (T HETA ( 10)= 2 . 9853826190 E - Z ).(WF( 10 ) = I . I507795393E -1) 
DATA(TH ETA( 11)= 3 . 34965439I6E - Z ),(~F( 11)= 1 . 150646721ZE - I) 
DATA(THETA( 12)= 3 .75 817404~ OE - Z ),(WF( 12 ) = J . 1504795?02 E -I) 
DATA(THETA( 13 )= 4 . 21696503 44 E - 2 ),(WF( 11)= 1.1502690 3 83E -1) 
DATA (TH ETA( 14)= 4.731512 5895E -2).(WF( 14)= 1.1 500 0 4075 5E -1) 
DATA(THETA( 15)= 5030884 l .44 24E - 2 )'(W F ( 15)= lol496705359 E -1) 
DATA(TH ETA( 16)= 5 . 9 56621435 5E - 2 ),(W F ( 16)= 1 . 1492506~03E -1) 
DATA (T HETA( 17)= 6.683439175 8E - 2 )'(W F ( 17)= lol487221860E -1) 
DATA(TH ETA( 18)= 7.498 9420937E - 2 ).(WF( 18)= 1.1480569 66 3E -1) 
DATA (TH ETA ( 19)= 8.413 95 1416 5E - 2 ) .(WF( 19 ) = 1 .14 72196B66E -1) 
DATA(TH ETA( 20)= 9 .44 0608 762 7E - 2 ).(W F ( 20 ) = 1 .1 46 16 59G:OE -1) 
DATA(TH ETA ( 21)= 1. 02 79020267E -I ).(W F ( 21 )= 5 . 47490551G7E -2) 
DATA(THETA( 22)= 1 . 0 86063371 9 E -I ).(W F ( 22 ) = 5 .4 7 152 65 2?4E -2) 
DATA (TH ETA( 23)= 1 .147 5 156358E - 1 ),(WF( 23) = 5 .4677551496 E - 2 ) 
DATA(THETA( 24)= 1.21244 50271E - I ),(W F ( 24)= 5 .46 35459366 E - 2) 
DATA (TH ETA( 25 )= 1 . 281048290 7E - I) .(WF( 25)= 5 .4588481 8G~E - 2 ) 
DATA(THETA( 26)= 1.353533303 7E - I ).(WF( 26)= 5.45360535S SE - 2 ) 
DATA(THF:TA( 27) = 1.4 301197055E -1)'( 'IJF( 27 )= 5 .4477544 0 7 2E - 2 ) 
DATA(TH ETA( 28)= 1.511039563 3E -I).(WF( 28)= 5.4412250747 E - 2 ) 
DATA (TH ETA( 29)= 1.5965380751 E -1),(WF( 29) = 5 .4 339390C66E -21 
DATA(THETA( 30 )= 1.68687431 3DE -l)'(WF( 30)= S . 4258089093E - 2) 
DATA(THETA( 31)= 1.78232Z00 eOE -l ),(WF( 3 1)= 5 .4 167374 ge SE - 2 ) 
DATA(THETA( 32)= 1.883170 3795E -1).(WF( 32)= 5 .406616413SE - 2 ) 
DATA(THETA( 33 )= 1 . 98972 5 0117E -1),(W F ( 33)= 5 . 39532 496 36E -2) 
DATA(TH ETA ( 34)= 2 .1 023087795E - 1 ).(~F( 34) = S . 382728 77 3 1E -2) 
DATA(THET A( 35)= 2 . 22 12628270E -1),(WF( 35 ) = 5 . 3686782763E -2) 
DATA(THETA( 36)= 2 . 3 46 9476011E - 1 ).(WF( 36 )= 5 . 3530070597E -2) 
DATA(THETA( 37 )= 2 .4797439434E - 1 ).(WF( 37 )= 5 . 335530 0 284E -2) 
DATA(THETA( 38)= 2.6200542451E -1).(~F( 38)= 5.3160414295E -2) 
DATA(THETA( 39)= 2.7683036649E -1),(WF( 39)= 5 .29431260 33E -2) 
DATA(THETA( 40)= 2.9249414191E -l),(WF( 40)= 5 .2700896503 E -2) 
D A T A ( TH E T A ( 4 I ) = 3 . 0904 42 14 C 9 E - 1 ) • ( W F ( (11) = 5. 2430907494 E - 2 ) 
DATA(THETA( 42)= 3 .265 30 732GIE -1 ).(WF( 42)= ~.2130033813E - 2) 
DATA(THETA( 43)= 3 .450066821 5E -1),(~F( 43)= ~.1794811748E - 2 ) 
DATA(THETA( 44)= 3.64528049J6E -l).(WF( 44)= '1.14214063BOE - 2) 
6ATA(THETA( 45)= 3.8515398542E -l).(WF( 45)= 5.100557786 5E -2) 
DATA(THETA( 46)= 4.0694699027E -1) .(WF( 46)= 5 . 054263R974E - 2 ) 
DATA(THETA( 47)= 4.2997309952E -l).(WF( 47)= 5.002742054 3E - 2 ) 
DATA(THETA( 48)= 4.S430208535E -1).(~F( 48)= 4.9454226707 E -2) 
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DATA(T HE TA ( 4 9 )= 4. 8 0 00766 7 87E -1J,( ',JF ( 1,9 ) = 4. fl8 16 7 932 ? OE - 2 ) 
DAT A(TH E TA( 50 )= 5 . 0 71 6 77 38 5 1 E -l),(',AIF( 50 ) = 4 . 8 1082 4 33 1 ':J E - 2 ) 
D AT A (TH E T ~\ ( ') 1 ) = 5 . 3 5864 5 95 92 E - l )'(W F ( 5 1 ) = IJ. . 7 3 2 1 0 44 583E - 2 ) 
DA TA(TH ET A( 52 ) = 5 . 6618519 5 4 6 E - 1 ) , ( '.-I F ( 52 ) = I.. . 6 4 46967071E - 2) 
DATA(T HETA( ')3 )= 5 . 9 8 22 14 1 2ME - 1 ), (WF ( 53 ) = 4 . 54 7 7 04 IJ. 637E - 2) 
DATA(TH ETA ( 5 4) = 6 .3 207 032 1 52E - 1 ),(W F ( 5 4) = 14 . 44 01 5 4 ]782E - 2) 
DAT A(TH E TA ( 55 )= 6 . 678 3 448 887 E -1 ) , ( '.-IF ( 5 5 ) = 4.3 2 0 99 2 8 5;j9E - 2) 
DATA(THETA( 5 6)= 7. 0 ')6 222 8 502:: - 1 )'(WF( 5 6) = 1... 189()8670 7 2:: - 2 ) 
DATA(TH ETA( 5 7)= 7 . 4 5 5IJ. 82 1 2C2E - 1 ) , ( '>'i F ( 5 7)= I< . C4 3221 4 9 7 0 :: - 2 ) 
DATA(THETA( 58 ) = 7. B773 325 07 6E - 1 ) , ( '.v F ( 58 ) = 3 . 88210505 74 :: - 2) 
DA TA(THET A ( 59 ) = 8.32 30522 77 6E - 1 ) , (l'iF ( 59 ) = 3 . 7 0 437272 8 1E - 2 ) 
DATA(TH E TA ( 6 C )= 8 .7 9 3 99202 C9E - 1 ) , (\-iF ( 60 )= 3 . ')0859 6 ') 7 C)8E - 2) 
DAT A(TH ETA ( 61) = 9 . 29 1 5 78 747 3E - 1 ) , ( WF ( 61 ) = 3 . 2 9 32 9 9 4 8 4 6E - 2 ) 
DAT A(TH ETA ( 62 )= 9 . 8 17 3202 1 34 E - 1 ),(W F ( 62 )= 3 . C569 7 5 44 88 E - 2) 
DAT A(T HETA ( 6 3 )= 1. 03728J9 486E 0 ) , ( \'IF ( 63 )= 2 . 79tH I 7", 7 1? E - 2 ) 
DA TA(T HETA ( 6 4)= 1. 0959729 77 4E 0 ) , (viF ( 6 4) = 2 . 5 1 52 5 4 5 1I, 6 E - 2) 
DATA (T HETA ( 65)= 1.157 9859 5 2 3 E 0 ) , (.-I F ( 65 ) = 2 . 2 0 70 0 14 1 32C: - 2 ) 
DAT A(TH ETA( 66)= 1. 22 3 50 77811 E 0) , ( WF ( 66) = 1. 8 7 2 1 2 0 8?O9[ - 2 ) 
DAT A(TH ETA ( 67)= 1. 2 9?7 3 7 0 0 38F 0 ) • (W F ( f) 7) = 1. 5 096 0 3?56 9E - 2 ) 
DA TA(THET A ( 68)= 1. 3 6 5 8 8' 'I 9 4 3E 0) • (W F ( 68 )= 1 • 1 18 7 66 1, 7 10 E - 2) 
DATA(THETA( 69)= 1.44 3 1 685 9 6 1 E o ) , (v!F ( 69 ) = 6. 9 9 375 6 7 92 ;) E - 3 ) 
DATA(THETA ( 7 0 )= 1. 52 48 26 7 937E 0 ) , (l'iF ( 70 )= 2 • " 1 7 9 3 9 I , 96 4 E - 3 ) 
DAT A(THET A ( 71) = 1.6111 05 4 22 5 E 0 ) , (IoJ F ( 7 1)=- 2 . 22 B4 5 11 9 3 SE - 3 ) 
DATA(TH ETA( 7 2 )= 1.70226 59 18 I, E 0 ) , (W F ( 7 2 ) =- 7 . 22 4 29 9 3780 C: - 3 ) 
DATA(THET A ( 7 3 )= 1.7 9 8 5845 100E 0 ) , (W F ( 7 3 : : -1. 2 4 363 4 3696 E - 2 ) 
DATA(TH ETA ( 74)= 1. 9 00 353055 9E 0 ) , (W F ( 7 4 )= - 1 . 78 16'i14 9 00 E - 2 ) 
DATA(THET A ( 75)= 2 . 0 0787 99 28 3E 0) , (W F ( 75 ) =- 2 . 329 9 02R35 5E - 2 ) 
DAT A(TH ETA ( 76)= 2 . 12 14 9 0 9 4 8 JE 0) , (W F ( 76 )=- 2 . 87 9 7 3268s7 E - 2 ) 
DATA(T HE TA( 77)= 2.241 5303 7 2 0 E 0 ) , ('t; F ( 77) =- 3 . 1..20103 7984 E - 2 ) 
DA T A ( THET A ( 78)= 2 . 3 68 36 1 935 9 E 0 ) , (\<,' F ( 78 ) = - 3 . Q3 7 3 1 9 61 e9 ~ - 2 ) 
DATA(THETA( 7 9 )= 2. 502369956 5 E 0 ) , (W F ( 7q )=- 4 .4 !~B I 0 0 620 E - 2 ) 
DATA(THfT A ( 8 0 ) = 2.64 39 6 0496 2 E 0 ) , ('li F ( 80 )=- 4 . 8 33 03 1 9 71, 3 E - 2) 
DATA(THFTA( 81 ) = 2.7 935 6 25 9 3 S E 0) , (WF ( 81)=- 5 .16 9552 792 6 E - 2 ) 
DATA(TH ETA( 8 2 )= 2 . 951629')629 E 0 ) , ('t; F ( 82 )=- 5 . 39 9 4048656 c - 2 ) 
DATA(THETA( 8 3 )= 3.118 6 4 03 6 86 E o ) , (~I F ( 83 )=- 5 . 495 8 17C 36 8C: - 2 ) 
DATA(THETA( 84)= 3 . 295 1 0 1 076 1 E 0 ) , (W F ( 8 4) =- 5 . 43 144 6 1 3 4 2 E - 2 ) 
DATA(TH ETA( 85)= 3 .481 5 46 384 9 E 0) , (';JF ( 85 1=- 5 .1 802379623 E - 2) 
DA TA(T HE TA( 8 6)= 3. 6 785 41 2501 E 0 ) , (.iF ( 8 6) = - 4 . 72 0 037 0 4 G3~ - 2 ) 
DATA(TH ETA ( 87)= 3.88668 2 592 1 E 0) , (W F ( 8 7)=- 4 . 03 t O'l10 3 0 4 l - 2) 
DATA(TH ETA ( 88)= 4.1 0 6 60 1107 2 E 0 ) , (W F ( A8 ) =- 3 . 12 50 1 0Rc ! IE - 2 ) 
DATA(TH ETA( 8 9 ) = 4. 3 38 9 6317 92E 0) , (WF ( 89 ) =- 2 . 0 00 3 24734 7E - 2 ) 
DATA(TH ETA ( 9 0)= 4. 5 8447 2 895 3 E 0) ,( WF ( 9 0)=-6. 9 71 2 23 80 4 5E - 3 ) 
DATA(TH ETA ( 9 1)= 4.81 32 73628 2 E 0) , (WF ( 9 1)= 4.2744 5 6 3 Olf 8 E - 3 ) 
DATA(THETA( 92 )= 5 . 02 1 5 6849 2 '> E 0 ) , (WF ( 9 2)= 1.2 8 814744 6 6 E - 2 ) 
DATA(THETA( 93)= 5 . 23 8877 336 7E 0 ) ,( WF ( 93 ) = 2.1 25 8 99 745 ':JE - 2 ) 
DATA(TH E TA( 94)= 5 .465 5 9 02 411 E 0) , (IvF ( 9 4)= 2. 89 24 5 1 9 54 0E - 2 ) 
DATA(TH ETA( 95)= 5 .7 02 111d 67 9 E 0 ) , (W F ( 9 5) = 3 . 5335580857t - 2 ) 
DAH, ( THET A ( 96)= 5 .948873 68 92 E 0) • (Io:F ( 9 6)= 3 . 99 1 9 7 3 1387E - 2 ) 
DATACTH ETA( 97)= 6. 2 06 3 117 5 21 E 0) , (\JF ( 97 ) = If. 2 11 9 6 9? 6 65E - 2 ) 
DATA(THETA( 98)= 6.474 890/~71 0 E 0 ) • (I'.'F ( 9 8)= 4.14 5462 71 3 7 E - 2 ) 
DATA(THETA( 99)= 6.75 509 1 9587E 0) , (\o,'F ( 99 )= 3 .7 59622 0600E - 2 ) 
DATA(THFTA(1 00 )= 7. 0 4741 9 1 9 2 3E o ) • (~' F ( 1 00 ) = 3 . 0 4 5 4 922967E - 2 ) 
DAT A(T HE TA (1 0 1)= 7. 352396 9 1 38E O )'(W F (1 0 1)= 2 . 026 7163 3 4 5E - 2 ) 
DAT A(TH ETA(1 02 )= 7. 6 7 05 7 25 74 9E 0 ) , (\\,F ( 1 0 2 ) = 7. 668 9 5 1 9987E - 3 ) 
DATA(T HE TA (1 03 )= 8. 0 025 17 3 17 2E 0 ),(WF( 1 03 ) =- 6 . 26 4 4562724E -3 ) 
DATA(TH ETA ( 10 4) = 8 . 3 4 88 2699 93E 0 ),(W F (1 04) =- 2 . 00 3 7 23 64 28E - 2 ) 
DATA(TH ETA (1 0 S )= 8 . 71 0 12 3 26 4 1C O ),(W F ( 105 ) =- 3 . 18 35 6 68586E - 2 ) 
DATA(TH ETA ( 1 0 6 ) = 9 . 08 7 05 466 03 E 0 ),(\\' F ( 106 ) =- 3 . 97 3 478 29,)8E - 2 ) 
DAT A(TH ETA (1 07 )= 9 . 48029 779 6 9E o ) , ( \<,' F ( 1 0 7 ) = - 4 • 2 0 14 19 4 8 6 0 E - 2 ) 
DATA(THET A (1 08 )= 9 . 8 9 05 5 85 6 64 E O ),(W F (1 0 8 ) =- 3 . 7 5 61585339E - 2 ) 
DATA(THETA(1 0 9) = 1. 0 3 1 85 7 3 4 G9E 1 ),(W F' (1 0 9 ) =- 2 . 6303 86R0 9 8 E - 2 ) 
DATA(THETA(11 0 )= 1. 0765 11 0634 E 1),(WF (1 10 ) =- 9 . 5610 165352E - 3 ) 
DATA(TH ETA(111)= 1.1 25 7 37 3677E 1 ) , (WF ( III ) = l.l 8 12 59 64 22E -2) 
DATA(TH ETA(112)= 1.1780 9 7 24 53E llo(WF(11 2 ) = 3 .101 3 7 2 ",97 9E -2) 
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DATA (TH ETA(113)= 1 . 23() 4 ':> 71 228E 1),(WF(11 3 )= 4 . 0 6 2 1 0 6679 9E -2) 
DATA(TH ETA(1l4)= 1. 2 8 28 1 70003E 1 ) , ( ~I F ( 1 1 4 ) = 3 . 9 00077 3 61 3E - 2 ) 
DATA( TH ETA( 115)= 1.3 35 17 68779E 1)'(WF(l15)= 2 . 7 464 6 17 72 1 E - 2 ) 
DATA (TH ETA(1l6)= 1. 3 87 536 7 555E 1)'(WF(116)= 9 . 716 325 1 0 7 5 E - 3 ) 
DA T A ( TH ET A ( 117) = 1.4 39 8 96633 1 E 1), (I-.'F( 117 )=-9. 25 0114 6800C: - 3 ) 
DATA (T HETA(118)= 1 . 49 225 6 5 1Q7E 1) ,(WF( 118 )=-2.44 93078391E - 2 ) 
DA T A ( TH ET A ( 119) = 1.544616 3882E 1 ),(WF(11 9 ) =- 3 . 23 6067 8 401 E - 2 ) 
DATA(TH ETA (1 20 )= 1.5969762653E 1 ),(WF(120)=-3.13240 0 7 35QE - 2 ) 
DATA ( TH ETA( 121)= 1.6493361433E 1) , (I-.'F( 121 )=-2. 222 5 01 99 4 3E - 2 ) 
DATA(THETA ( 1 22 )= 1.7016960209E 1 ) , ( W F ( 1 22 ) = -7 . 91 32 "> 4 2 5 6 If E - 3 ) 
DATA(TH ETA(1 23 ) = 1.7540558985E 1)'(WF(123)= 7.601247,)6 54 E - 3 ) 
DATA (TH ET A (1 2 4)= 1 . 8064157760E 1),(\>.'F(124)= 2 . 023818C65 3E - 2 ) 
DATA(THETA(1 2 5)= 1.8,)87756:)3I)E 1),(WF(125)= 2.6892288850 E - 2 ) 
DATA(TH ETA(126)= 1 . 9111355311E 1),(WF(l26)= 2.6172497 7 92E - 2 ) 
DATA(THETA(127)= 1.9634954087E 1),(WF(l27)= 1.8664407829E - 2 ) 
DATA (TH ETA (1 28)= 2 . 0158':>52863E 1)'(WF(128)= 6 . 674655 11 DE - 3) 
DATA(THETA(129)= 2 . 0682151638 E 1 ),(WF(129)=-6.4513005203E - 3) 
DATA(THETA(130)= 2 • 1 2057:) 04 lIf E 1 ),(W F(1 3 0)=-1. 7242853145E -2) 
DATA(THETA(131)= 2 . 17 2 934919 0 E 1) , ( I>JF( 1 3 1 )=-2.3004943621E - 2) 
DATA(THETA(132)= 2 . 22 529479 6SE 1 ),(WF(1 32 )=-2.247617Q369E -2) 
DATA ( TH ETA( 1 3 3)= 2. 2 776 5 4 6 741E 1 ) , ('.-I F ( 13'3 ) = -1. 6 087172661 E - 2) 
DATA(THETA(1 3 4) = 2 . 33 0014 55 1 3E 1 ),(W F (1 3 4) =- 5 . 77 1 32595 4 ">E - 3) 
DATA(TH ETA(1 3 5)= 2 . 3 9 5 46'-I 3 9 R7E 1) ,(W F (1 35 ) = 1. 2 164 0 4 'JO I 7E -2) 
DATA ( TH ETA(136)= 2 . 47400421 50E 1), (W F ( 1 36 ) = 2 . 85589 6 2 6 "l i) E -2) 
DATA(TH ETA(1 3 7)= 2 . 5 5 25 44 03 14 E 1) '(W F(1 37 ) = 2 . 772 75 33397E - 2 ) 
DA TA(TH ETA(138)= 2 . 6 3 108 3 84 77E 1),(W F (1 38 ) = 1. 1 18 ">9 0771 S E - 2 ) 
DATA (T Hf TA(1 3 9)= 2 . 70 9 6 23 6 6 4 0E 1),(W F ( 139 ) =-1. 076008Q 5 8 2E -2 ) 
DA TA(TH ETA(140)= 2 . 78816348 0 4 E 1) ,(WF( 14 0 ) =- 2 . 5 3 4 3 0 93 7 59E - 2 ) 
DATA(T HETA(141)= 2 . 86 6 70 3296 7 E 1), (WF( 14 1 ) =- 2 . 4686 225530t: - 2 ) 
DATA ( TH ETA(142)= 2 . 9 4 52 4 3 11 31E 1) ,(W F (1 42 )=- 9 . 98 7 5 40 8397 E - 3) 
DATA (T HETAi14 3 )= 3 . 023 78 2929':>E 1)'(WF(14 '3 )= 9 . 6466781 555E - 3 ) 
~ A T A(TH E TA(144)= 3 . 10 23 2 2 74 5eE 1 ) • I WF ( 144) = 2 . 2 778 2 0? 33 0E - 2 ) 
D A T~ (TH F TA(14 5 )= 3 .1 8 08 62 56 2 1 E 1 )'(W F ( 14 5 ) = 2 . ?2 4617 580 8 E - 2 ) 
DATA ( THF TA(14 6 )= 3 . 259 4 023 7 86E 1 ) , ( WF ( 146) = 9 . 02 11 0 1 9 511 E - 3) 
DA Til ( TH E T A ( 147) = '3 . 33 7 9 4 2 19 4 8E 1 ) ,(W F ( 147) =- 8 . 7 4 2 0 9 4':l861 E -3) 
DAT4(TH E TA ( 148)= '-l . 4164 820 11 2E 1 ) , ( ~i F ( 1 4 8 ) = - 2 • 0 684785 21 7 E -2) 
LlA T,td THE TA : 149 ) = 3 . 49502 18 276 [ 1 ), (,-JF( 149 )=- 2 . (J 245116396E. - 2 ) 
DAf /I ( THE T A ( 1 50 ) = 'I . 57356 1 6 4 3,)E 1), (WF( 1 'J 0)=-8 . 2 252000384E -3 ) 
DA T ,~, ( THI:: T A ( 1 ':> 1) = 3 . 6 5 2 1 01 4 603::: 1 )'(W F(1 5 1)= 7 . 9 92619031'1E - 3) 
DATA I THETA (1 52 )= 3 . 730 6412/6 6E 1)'(WF(1 5 2)= 1.8943782059 E - 2 ) 
DAT~ ( THE T A (1 53 )= 3 • 8 09 1 U 1 n 9 2 'J E 1) '(W F(l53)= 1.8574352439E - 2 ) 
DAT~ (TH E T A (1 5 4)= 3 . 8 e 7 72 I) 90 9 3 E 1)'(WFU54)= 7 . 5 58354691 7E - 3) 
D AT A (TH E T ~ (1 5 5)= 3 . 9 66 2 6 () 7 256E 1 ).(WF(155)=-7.3615066 2 64 E - 3 ) 
D A T ,~ ( T H F T /I ( 1 5 6 ) = 4 . 0 448 0(),) 41'1 E 1) , (WF( 156)=-1.7473109114 E - 2) 
DAT<\ (HI ETI' ( 1 5 7)= 4 .1 23 3 4 (''l58 4 [ 1 ) ,( VI F ( 1 57 ) = - 1 • 7158 3 38403 E -2 ) 
D A T ~(TH E TI'(] 5 8)= If • 2 0 1 8 8 (' 1 74 7 E 1 ),(WF( 1 58) =- 6 . 991 5293 81 3E - 3 ) 
DATA(T HE TA(1 59 )= ' • • 28041 99910:: 1 ) , ( I-IF ( 1 5 9) = 6 . 8 22"1 6 9 6 27 1 E - 3 ) 
DATll, ( THETA(16 0 )= 4.3 58 9 5':18074 E 1) ,(W F(16 0 )= 1 . 62 14 33 8 5771:: - 2) 
D AT A (TH E T~(161)= 4 . 4 3 74 9':1 6 237::: 1)'(WFI161)= 1 . 59 4 293 56 2:'E -2) 
DATA ( TH ETA(16 Z )= 4 . ':l 16 03 9 44 CI E 1 ) , I WF ( 16 2 ) = 6 . 503790 6 5 56E - 3) 
DATA IT HETA(16 3 )= 4 . 59 4 57 Q 25 64 E 1).IW F ( 16 3 ) =-6. 3575 0 94445E -3 ) 
DATA(THET ~ (164)= 4 . 6 7 3 11 9()7 23 E 1),(WF(164)=-1 . 5 12474905ZE -2) 
DATA ( TH ETA(16S)= Ih 7516 5 888 91E 1), (\;IF (165) =-1.488833 151 7E - 2 ) 
DATA(TH ETAI166)= I f . 8 30 1 98 7 Ci 5 4 t 1),(~F(166)= - 6 . n796658 1 02E - 3) 
DAP(THFT/-. (167)= 1. () n o oo(' w) OO E - 2 ) , (WF ( It: "1 ) = 1. 0 000nOOOOOE 0) 
DAT\(TH ETI'(168)= 5 . 026548?465E 1)'(WF(168)= 2 . 0124038192E - 2 ) 
PI= 3 . 1 '+l 5 ° 2 6 5 4 
S l! r-1= (l . 
DO }(l 1=1.168 
',J=TH E TA( I) IT 

10 ::,(JM= S UM+AIM (W) *WF( I) 
RO SB KM=HINF+SUM*2 ./PI 
R E 1 URN 
END 
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Appendix III. Coaxial Line Parameter Definitions 

series inductance 

L=L In (!!!) 
27T ri 

shunt capacitance 

c= 27T~ 
In(~) 

skin effect constant 

~ 1 (1 1) k- -- -+-
(J 27T ri ro 

In the above I.t is the magnetic permeability, E the dielectric constant, (J the conductor conductivity, 
and ri and ro the radius of the inner and outer conductors. 
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