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Bashkow s Analysis Method for Ladder Networks

Consider a ladder network consisting of n branches
and excited by a voltage source E as shown in Figure
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General n—-branch doubly terminated ladder network
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Bashkow’s Analysis Method for Ladder Networks

Applying Kirchhoff's voltage and current laws alternately leads

to the following equations:-—
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Bashkow’s Analysis Method for Ladder Networks

these equations may be rewritten in matrix notations form as:-—
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e -1 Yn_l I. . - v -1
o e -1 zn_2 In_z
e ; 2.2
o Yk vk ( )
o -1 Y3 1 @) v3
O o) -1 z2 12
o (®) -1 Yl vy

12/19/2015 1



Bashkow’s Analysis Method for Ladder Networks
or simply as - — b = A. x (2 3)

It can be shown that the determinant of matrix A can be written as a
sequence of the following determinant equations:-—

d = Y

1 4
d2 = 22 Yl + 1
d3 = Y3 (zzYl+l) 4 Yl = Y3d2 4 dl (2.4)
dn = (Zn or Yn) d -1 + dn-2
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Bashkow’s Analysis Method for Ladder Networks

assuming that do =1 , and d_l = 0 . dn is the wvalue of the determinant
of A. Now assuming Cramer's rule to solve equation (2.3) for the X: s
i.e. Ii ox Vi r Whexre i =1, 2, 3, ..., n, gives:-
i |
X, 8 = (2.5)
4 A

where A = dn , and Ai is the matrix in which the i'th column of matrix

A is replaced by vector b.
From Figure 2.1, the voltage transfer function of the ladder is:-

1
F(s) < (2.5)
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Using Cramer's rule to find the voltage transfer

the following;-

l. Replace the b-matrix in column n of A as:-

Z i O @) .eoe 0] E
n
=L 2 _. /) e
o -1 z@ Y o
O
A =
n
S O
=z, o©
o o @ =1 o

12/19/2015

function leads to
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or

Bashkow’s Analysis Method for Ladder Networks
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Bashkow’s Analysis Method for Ladder Networks

or

A = -E . M (2.9)

The determinant of matrix M 1is equal to -1 as the product of the

principle diagonal elements, i.e.

An = E £{2.10)
v A
= S NV N\H ;
therefore F(s) = YL o RY - Or in general
(V. or I )/E = Ya - k-1 (2.11)
k k dkk-l d )
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Bashkow’s Analysis Method for Ladder Networks

Each branch (Zk or Yk) IMk will be considered as a ratio of

two polynomials in the complex frequency variable, i.e.

IM = ?Eiil 12.12)
L Dk(s) '

Substituting (2.12) into individual sequence of the determinants di

of (2.4) gives:-



Bashkow’ s Analysis Method for Ladder Networks

or in general
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where Ak(s) = Dk(s)D (s) ... Dl(s)

k-1

hence ZH{_l(s) = Nk—l(s) Ak-2 (s) (2.14)

and B (s) = D _l(s) B (s)

k—1 k k-2

Taking into consideration equations (2.14) and substituting them
into equation (2.13), it follows that an expression is obtained without

commcocn factor as:-—

N (s) A _,(s) + D (s) D__,(s) A ,(s)

_ (2.15)
I D, _(s) D__, (=)
where AO-—-BO:DO:}. and A_l=0, ka=? .2 2.2 Na ; s
Thus:—
v B (s)
_ A _ n
TLEE = == =0 T @ o)
I n
D (s) D 8} «s:. D.\S
(s) D__, (s) L (s)
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The formulation of (2.15) provides a simply programmed method of

Ak(S)
Bk(s)

evaluation dk = , therefore the required voltage transfer function

is found as:-

F(s) = —— (2:17)

Equation (2.11) can be used to evaluate the other network functions:

in the present application, only the voltage transfer function is required.



Input data corresponding LCR-prototype topology
AAKKAKKA KKK KKK KKK AR R ARK AR KKK R KKK KKAKAX KKK KKKAKK
No.branches™4

Analyses required till termination TIELZ
No.coeffs in num % den (Max:14,14) 73,4

Num coeffsi{specificationi: (Lowest degree lst):
1o @ 1 12020, 0: 123901 |

Den coe+§5\uppc1+1cwtion):\loww 't degree lstl)=l:
1,1.84653014,1,.09128700a0 75 1

Req'd den const (DUFL) %4

Lossy {(0) or lLossless(l) realizaton req’d:7o
Tapology 1,2, 28R Lii.s

Branch 171 ,

Value :R{kEven) /& Udd) 1

Branch 275

Yalue L l

Branch 274

Values: L, 1/81,R1;C, 1/8c,G8506171;0,1,:1,0,0,0

Branch 475
Values: L, Rs71,1



Optaimization strategy required
SEISEERISEETEEEES T ETETEL LR

.east square methodsl  Fletcher-Fowell methodid!
1

head 1/p data for EO4GAF 1-5 optm.method

lethad 1,4, =71

[ter-print 0,1=70

Mancal="71EL:

[ta1l="
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Final sum of squares 1s .8l1303%8E=-14

At the prototype element values

- e - - - -
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Coefficlent sensitivity analysis:

Filem: 1o Num: L QGOOQ0E+O0 |, OUOO00E+00 , QOOGD0OE+D)

Den: .7a0000E+00 ,772115E+00 ,7781&6ZE+00 L 100000E+01
Fleams e Nume L O00000E+00 L D00000E+00 , DO00O0O0OE+00

Den: L QODOOOE+DD |, 356262E+00 L &iaF4ab+00 |, BBEBBEE+DD
clem:  3rNums  QUOOODE+QD , QOO000E+00 , JTOD0OGESD]

Den: L O00000E+00 , 000000E+00 |, [1ASHZE+O0 | 22062 1E+00
Eieme s Nums L QUOODOE+OD |, JO0000E+0] , [O0GO0E+D]

Den: L QO00D0E+00 |, 2830AQE+00 |, 1OOO00E+DT L 10GO00E+01
Flems  JeNum: L Q00000E+00 , [OOO00E+0] , O0QQ00E+D0

Den: L OUOOD0E+GD |, 749151E-01 1077756400, O00000E +00

tlem:  Gufums , GOODOOOE+DQ , DOODUDE+OD , DUODOGE+(0

Dens L ODOODOE+OD , 308169E+00 24947 2E+00 ,BE7491E+O0

Flem: 7«Num: . O00000E4+00 , GOO000E+00 , 000000E+00

Den: . 720000E+00 |, 266241E+00 , 66828RBE+00 , DOODGOE -+
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Transter function senzitivites analyse

oot frequency ranges?]
ctart,stop fregs. (Rad/sec) 0,3
e

No.points do ovau wants (Max=a00) 2500

Ampl T.F sens: maximum (Range 0.0 to

Elem. 1: -0,9904 at 5.0000
Elem, 2  -1,0321 at 1.8100
Elem, 3¢ 1. 6232 at 5. 4500

Elem. 4: -2, 2316 at L2500
Elem., o3 0.9681 at 2.8400
Elem. 6&: -0, 8494 at 5.0000
Elem. 7: -0, 7900 at 0, 0000
Maw. Ampl.T.F. sensitivity: -2.2516
Max.Ampl.sens, at W=l Rad/sec:
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FDNR sensitivity required ?1

Hranch s

Eimt, Z:R:.&594954 1E+00
tiranch 3
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clmls
Elmt.

.1015103E+00
o 4y T and & ¢ CL{ECE) and R 217030&E+02, 2392274E-03

i ==
e

La e
I‘; o "3 :r_} o

- I
~~d
=

L EHEETEIESDO
. LOO0D0D0DE+DT

s

s r-c)-\ Aapey if [“"‘l)

':'\'m(':\” 1(5.‘ : C.‘.\uqt.zf JE l‘]. len 15 : J-.IL..'.L "
Cmay 1 o7 0R08E4+01 Bmiri g = 1, O00000E+00
LB95110E+02 C-spread 18 2. 170306E+01

R-cpread 1€
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