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NOTATION -

Sections and subsectlons in this thesis are labelled
with a decimal system, each new level of subsection being
represented by a decimal point in the 1ebe1, i. e. subsectlons'
to Chapter 5 are 5¢1, 5 2, etc. No. of pages figures and
tables are related wlth the Chapters, i,e. first flgure of .
Chapter 7 is 1eve1°d as Flg. 7.1, flfth page of Chapter 7
is lebelled as 7.5, f;rst table in Chapter 2. is 1ebeiled_

as Table 2.1 etc.
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ABSTRACTS

. Different electrical circuits of different,onders have been

constructed using resistors . and capaciters. Theijr frequency

' responses'have been determined experimentally using Lissajou's

flgure. With these frequency responses their transfer functloDS'n

have bean dotervined wging comelex curve rlttlng methodu « These
'fitted tfansfer functions haﬁé'beEn.comparedﬂwith tﬁheir
theorltlcal tra nsfer functlons; To calculate uhe theoflulual
transfer functlen the valuee ;f the reeistOrS-e, eapacitors

and the internsl resistances of the capacitors have been’

determined from experimental data.

‘1n;One*band*radio%receiver hasxbeenetakéﬁf—Thezfreqnency
reeponses ef tne R.F. Sectinn (including the I.ﬁ.‘Seetions)
of the receiver has been obteined _exnerimentally using
- Lissajoyrg figure. Then the transfer function of this Section
nas been determined using complex curve fitting method .

The frequency responses nf the fitted transfer function gives

satisfactory result. Cowplex curve fitting method developed by

Levy and Zaman was not fully complete. Some changes.have been

.-\,‘



“maximum - p0551b1e“crder"b¢ the*sys*em. L ) ‘ [f

.......

‘made. to improve its facilities.

—— - . R P

. o Prev1ous method of determination of the exact ordahoflg .

§ e e

system did not always give.the correct results. Emperical "

relatlon have been developed for obtalnleg the actual order

of a system fof uee in complex curve flttlng meteod. Thlslhas.
been done analysilg the errors-at different orders. This
fofﬁulaticn heS*been testeerfcr'differentlsystems.

tm a4 e ——— = e —_—— ‘. o - '

& - .A_computer Programme has been deveLOped for the generallsed
Vcomplex curve flttlng method The advantages of thls Program

over the'previous program are -

1) There is no necessity. for previous estimaticn about the
P

II) Computer itself will determine the actual order and will
. - o L ; !
print it out.

III) If the data is so noisy that good fit is not possible,

the cemputer will glve negssage abeout it.

In Levy's method transfer functicn of higher type system was
not possible to determine practicaliy without having any idea

about the exact type. In this work a technieue has been developed

«



X1
-_ ‘ ) l
to overcome the above problem, The computer program which .
has. been developed in this work.is also applicable for

higher tyﬁe system, This method has bheen fested for systems \
of different type.

To get an idea about the critical freguency band, ' !
frequency responses of several systems have been studied, |
Also the effect of frequency interval and Ehe effect of

errof in the sampled frsquency response QQ the fitted

transfer function have been studied,
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 CHAPTER - 1
INTRODUCTION

1.4 Introduction : ~The transfer function is a type of mathematical

model necessary foi designing a system or using a system as a
part of a big system.”This'caﬁ be determined analytically if the

circuit parameters are known.

In determiningjthe trgnsfer function of an electrical
system it is not alwa?s_possible tp know fhe;inne: defails of
the systems, or it maj'be.very‘compiicated. More_over.manufacturer's
ratingé'of circuit péramefersfmay‘vary from théir actual values. i
and may not be that much accurate as they aré-theorétically
considered. Some times it became necessary to determine the
transfer function of a cvircui¥ cpnsidering it as a black 5ox.
Hence forlthese cases complex curve fitting methdd is necessary

for the determinatibn of the transfer functiomn. In this method

transfer function is obtained from sampled frequency response.

work has been done on finding the transfer function from

frequency response by Levy1 and Sanathanén et-al?. Lev;y'Et'1

141



methodAdoés not give a good fit in the low frequency‘rénge
whenlthe transfer function is to be determined over several
decades, Sanathananat ai's work is an improvémeﬁt'deveiopmeﬁt
_of'Levy's1jwork which giyes é gqod‘fit_in the:1ow freQﬁeﬁcy

range, -

Thé main diSadﬁantage of both methods are that
a) Some estimation of the exact order of the systems

has to be made from the freguency r¢5ponse,

b) The computer programme has to .be changed if the assumed
:order of the system is changed.
3 work is an'imprbveneht develoﬁment of Levy1

Zaman's
and Sanathanan et aiz'é method in which only a guess about the
maximum possible‘order is necessary. The computer programme
has not::to be changed whatever the ofder.may be, -The. order
s-of the -system -has been-taken here—as that-order at which the
normali{ed square error first:drops to a very small valﬁe

comparedito'the previous values, But these methods have the

following disadvantage -

a) Here a guess about the maximum possible order of the

system is nescvessary.

1.2



b) The exact order is not-always that order at which
the normalised mean square errcrs first: d;pps to a

very small value w1th compared to the prev1ous values.

c) . It is not practically possible to obtain transfer.
function of highér,type? systems_(eyStems aning

infinite gain at zero frequency).

However in this werk, methods have been developed where

the above deficiencies are.eliminated,. © .

Transfer function of differenthelectrical circuits of
T different orders and the R, .F. Section (lncludlng the I.F.

Section) of a radio receiver have been determlned considerlng
I

tem_as black box using the complex curve fitting method.
In this work the frequency responses have been obtained

from:Lissajou's Patterns,
i
|

1.3



CHAPTER 2

METHCD TG PROCESS TRQWSFER FUNPTION FROM FREQUENCY
RESPONSES

2.1, Introduction: E.C. Levy'1 developed a method to process

transfer functions from frequency responses of linear dynamic
systems. However his method does not give a good fit at thé low
frequency range when the transfer‘function is to be determined
for ffequencies ?xtending over sevéral decades. Santharan et algs
work is an impro&ement defelopment of Levjr's1 work-which gives a
reasonably good fit at all frequencies. In both these methods the
order of the system hae to.be. ascertained accurately from the:
frequency re5ponse before proceeding to. evaluate transfer functlon
which is not always posslble. Zaman3 in his wo;k developed a genera;
lised method by which the transfer function can be evaluated by .
Sanathanan et al's method, but without ascertaining accurately the
order of the system before hand. Here only an idea about the maxi-
mum possible order of the system is necessary . Here in this work
an improvement of ‘Zaman's geﬁeralized.method.has been done where
no idea about the maximum possible order will be necessary.

[

2 3

Lequ, Sanathanan et al“, and Zaman's” methods are descri-

bed below for ready reference.

2.2 Levy's complex curve fitting method: Trérsfer function,

G(jw), of a linear dynamic system can be expressed as a ratio of
two freouencv d=pendent polynomials as shown below :
" A () o+ Ay (Gw)? Az (3w)°
O+ ,«I J - 2 JW + dw + sasee

() eeee(2.0)
. 1 4 Bq\JW) + 32 (Jw) + BB (JW) toaas -

2.1



where Ay , A4 A2 5 eees=y By Bsy ... aTe gonstant‘coefficients of

the transfer functlon,

Equation (2.1) can be rewritten as

(3 - A A4w4- S R ¥ (Aq—A3w2 +;A5w4 - )
G(jw)= ' ' _ ...(2.2)
| (VB2 + Bya= we) + Ju(B=Byw" + Bgw = «a2)
_of 4+ Joop e (2.3)
6 +jw¥ | -

it

L P(Gw) " ¥
ST R - (2.

But.function F(jw) is an. ideal function, one which represents
the data exactly and which can be obtain experimentally.
F(jw).is a compiex quantity.It has real and imaginary

components, R and Q respectively.

F(3w) =R +JQ  eereeen o | - (2.9)
The numerical dlfference between the two functions G(jw)

and F(jw) represents the error in flttlng,that is

e(w) = F(Jw) -GGIwW) e (2.6)
= F (ju) - %%%%% : '-_ . (2.7)
: e'(ﬁ) = e(w); I(Jw) = F(jw)'](jﬂ9;~P(ﬁ“0 SIS (2.83/

NS
N



At any specific value of frequency Wy

e (w) = Iy 1(Gw)- P(Jw) e (2.9)
or e'(w) = 0(w) + JACw) cee (2.10)
[%'(wk)} 2 Plw) v aBw) .. (2.17)

Now E is defined as being the function given in (2.14)

sﬁmmed over all the sampling fréquencies wk. Hence
- '7 2 2 B i . i
E: E C (Wk) + d (wk) RN . (2-112)

where m ig the no of data.

The unknown polynomial coefficients A, and By, i=0,1,2,3

are evaluated on the basis of minimising the error function E.-

Using equation§(2.3) and. (2.5) we get

o ! i
CE= . Z | [(Rk 6% -wk'rk0.k‘-dk)2
' k=1 |

+ (MR +6, % = wkpk)z} cee - (2.93)
Tollowing the usual mathematical précedure equation(2.13%)
is now vartially differentiated with respgct to each of the
unxnown coefficients A; and By and'the:results are set equal to

zero. In this way it is possible to obtain as many eguations

2.3



as there are unknown. The results are cordenged by the following

relationships.ﬁ
eSO 1 L |
1 . Yk | (2.14)
. i ,
) Si= E Wk Rk e ( 2. 5)

N ST oW Q | .. (2.16)

| i, 2 >
Uy= EE:; e B @y L (2D
= - , '

The final equations in the matrix notation, due to partial .

differentiations of E, are as follows (detail procedure is

given in the Appendix A)

where,r.;\D 0 -y v} A Ty
0 Aq ) M 6o =B, T, 3y
M0 M o A Tz o8, -5
g Ay ) “Ré o -t =5, Ts Se,
T, =S, - T, 5, Ty ... Uy 0 -,
S, Ty -8y ~T, Sy ....0 T, K
O Tp oo By 0 g

L o

- {2.9



) _So‘

A, T,

A, s,

. r,
{%;' . '...,..........;(2.20) | c] - ; ceea(2.21)
) s | .

B, 0

. .

. 0

L | ‘;. 'I

The unknown materix [D] can be obtained after calculating [I’]

and [C] matrices from experimental data.

2.3 Deveiopment of,Levy's me thod bj Sanathanan et al,.: Seri-
ous deficiency of this technique is that it does not give.a |
good fit at lower fréquencies_when the transfer function is to
be determined for frequenciea extending over seﬁeral decades,
This deficiency can be overcome by an iteration process as des-
cribed below and this is the coﬁtribution of 3anthanan et 312.
. c L-,‘
P(jwg) + TGy Fliw)y o

- ——".'"—"'"' '.oto." (2'22)
I(iw )1, I(ka)L-1



Where the subscript L'corrésponds to the iteration number., As
I(jwk) is not known initially, it is assumed to be equal to 1.
The subsequent iteration tends to converge rapidly and the
coefficients evaluated become effictiveiy those obtained by
-minimising the sumlofl-e(m-rk)'-'2 at all.data points. From
equation (2.22)

}F(jwk) I('jwk)L - P(‘jwk)]'_-‘ : _
- ] : . . e e enass (2-23)

Let, V. = ' '
R A e, (22

en(wk)

m

>

k=1

2

Hence E!

e"(Wk)

™
2. VKL eee-s (2.25) L

i
i

m

k=1

e¥(wk)

Equation 2.23 is now partially differentiated-with respect to each
‘of the polyﬁomial-co—efficients and equated to Zero., Method is the

same as above ,buf all equtions are to be multiplied by vkL'

They would yield the same form of matrix equations as that in (2.18

!

but here Ai’ Si’ Ti’ Ui will be replaced byjhi’Si, Tk’ Ui

respectively, where
‘ m

Ay > WiV . (2.26) |

k=1 !
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m ) - . .
s . E W R T L. (2.27)
1 . k k kL _’-. [ )

, m ] - ' ' .
Ti= > wo o @ KL ... (2.28)

k=1,
m
/ Cd 2 2 5 -

..lo-.Bﬂ, B2 * awaw

-3

The coefficients CAgaAg A,

_ evaluated at fltteration (I-1) are used to evaluate

vkL for the I-th iteration.

2.4 Brief description of Zaman'sa Generaliced Method :

In actual use of the above method to evaluate the transfer
‘function‘from the firquency response, the order of the system:

- has to be ascertained . That is,‘fhe function iﬁ the form
given in equa%ion (2.1) has to be assumed accurately which
is_to be curve fitted with the experimental frequency response.
This was gﬁnerally done by the Bode plot of the frequency
response5. This may not alﬁays be accurate and feasible.
Observing the symmetry in the [P:] and [C] métrices,

Zaman developed a generalised method in which he formulated

15 equations. These equations generatel:P] and [C]matrices

‘
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exactly whatever the order of the system may be. The equations

are given below :

row of a matrix

column of matrix
order.of‘the éystem
(2. 0+ 1), W, = (W) /2,

H
2 o = H
R

Ny = (N +3)/2, N-5 = (W+3) /2,

[Pq: -~ Béfrix

- : , TM=1Y2 o _ . . )
p' (I,M) = (-1) | A1 +I-2), I=1,Ny,2
| | M=1,N,, 2
(M-2)/2 X _ )
p'(I,M) = (-1) ' (M+I-2) I= 2,N,2
M'—‘- 2,1‘11, 2J
» (M-1)/2 , )
p'(I,M) = (1) ; T (LI-Nz) I=N,N,2
M= 1, N2
(M-1)/2
L] 4 —
P (IgM) = (-1) g (M+I—N5) . I=N5' N,E
M’= 1’N/|, 2
(M/2) ’ o o
PN - (D) - S I-m), | I= FpN, 2
| M= 2, N,, 2

~J
(9.0]



*p(I,M) = (1)

p' (I,ﬂ) =

p' (I’N) =

*pt (M) = ()

(-1)

(-1)

*p' (L) = (1)

p' (1,1 = (1) -

*p' (I,M) = (-1)

Rezgt of the {p'] -Matrix elements are zero.

--(P‘I+2)-/2 , ’ '
T ne-wy),

T3 -3y,

(M=(N-1)/2 }/2 .,
S S (mI-Ny),

(M-Ng )/2 , |
2 (M+ I~N3)s
(_M—N5')/2 ’
5 R (M I-y),
(M-NB)/z' |
U I(M+I—N-4) ’
(M~N5)/2 ,

YV oMy 1-8-1),

M= N

51

2

N
-

ho
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&']_ - Mqtrix- : ‘7'

! (]-‘T) ' = -Sl' (h-—'])"' M= 1,N,|'2
¢t oD =Ty,  me2, m,2
o (M) = g'(M_qu), . M=Ng N, 2

* These equations will not exdist for 1st order system.

Emperical formulae were alsc developed for‘finding out the
frequency response from fitted transfer function of any order.

These equations are necessary for determination of frequency

ounad

response from fitted transfer function and also error in complex

airve fitting .They are-

(M-1 );/2

(M)
** F=D(1) + (-1) D(11) Wye » M= 3,8,
4y (1-2)/2 -
Po(~1) D) Y M=2,N,

** X = 14 (~1) b} wk(M"N"| )

2

2

, M= Ng, N,2



=1 :
7 ‘ : | .
Hk = [ztan T{FT tan Y/x ]
= Cos H
Zay Zk‘ >
= &, - Sin
e X B

where Zk Zlgk is the freguency response of the evaluated

-transfer function.

] . 2 .
E'_ = :é;% [ (Rk_ Z1k ) +‘_(Qk —Zek )?.]
Z’“ 2 2
k=1 ‘

¥
where Er is the normalised error of E,

.
. l

2 2
v = 1/ (x +¥ )L_q
kL
** For 1-st order system Y= 1 cnly a2nd

F= D (1) only;



When actually using Zaman's’ method, it is necess=zry to
make a guess about the'maximum possiblé order .of the system ,
this can be ascertained from the résuits_and can be modified
accordingly. The experimental ffequenéy response is_then
used to find themtransfer functionninitiallyaassuming a first
order system and then subséquently raising the order untill
the-qrder of the guess is reached, In each case the transfer
function is evaluated and the error bétween the frequency
re5ponée-from'this transfer function éqd the exverimental fre-
quency ré5ponses:are calculated; normalised, squared and added
for all data points, For ﬁoise free data; the cnrfect transfer
function is one which gives the minimum,error;,The minimum error
should be very small with respect to the normalisation criter-
ion. If a reasonable minimum error is not obtained then it is
-to be-understood: that the guess .was not right and:>still a higher
order guess in necessary. On thé other hand, the correct answer
can be obtained even if the guess of the order is too high.For
noisy data the correct.order of éransfef function is one at which
the érror drops to & very small value compared with previous

values,

2.9 Results showing the accuracy, of cerplex curve fitting

me thod: : : o
The generalised complex curve fitting method has been
checked extemnsively to varify its accuracy. To do this the foll-

owing examplas of differant order system have' been sel 2crted

212
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A program has been developed tb evaluté'tﬁé fréquency reéponse
from these transfer functions. Then from these frequency respon-
ses their transfer fﬁnétions haﬁe‘been evaluated using the
'Generalised Complex qgrvé fitting Hethd}: The results which

are given below were found very accurate.

i) First Order System; -
14+ 0.09s

The transfer functibn wés selected as G(jw) = y

The fitted transfer function was found as 1st order as it was "
The values of the coefficients of the fitted transfer function

Areciven initatle 2.1,

Table 2.1

Showing the accuracy for 1st order system

Constant ' From QOriginal From Fitted

coefficients transfer function transfer function
AO 1.0 1.0 .
A1 - Q0709 . 0,09002
Bo _ 1.0 | ’ 1.0
Bq 0.1 0.1




ii ) Second order system : The trarsfer function was selected

as G(jw) =  1+0.095 + O. ooo7a§m

1+ 0.18 + 0.00088%

The fitted transfer functien was found very accurate at'End
order as it was. The values of the coefficients of the fitted

transfer functlon were glven Table 2e2 Melow.

Table 2.2

Showiﬁg the accuracy for 2nd order syste@

Constant ' ' From original’ From Fitted

coefficients : . -transfer function  Transfer function
A, 1,0 ~ . 0.99987
A2 0.00079 0.00079
BO g 1.0 1.0
. I : _
B, { 0.1 - - 0.09999
B, E 0.0008 0.0008

1i1) 3rd order system : The transfer functicn was selected as

1+ 0.3097¥10 S 4+ 0.283x10778°

G(Jw) = "
1+ 0.212 310 708 6 39580107482 1 0. 104310783



T —

The fitted transfer function wéélfound very accurate at 3rd ord
as it was, The values of the éonétanf cbefficients of the fitted

transfer functioné@re given in table 2;3:

1 N [

X

Tahle 2.3'

Showing the accuracy for 3rd order system -

: - | 5
Constant - From- original From Fitted

coefficients Transfer function = Transfer function
A 107 . 0.9999999
A, 0.3097x107> 0.3098x10™°
Ay 0.283x10~7 0.283x10~7 -
Ay 0 0
B, 1.0 1.0
1 -
B, 0.312x10= 0.312x10
B, - - 0.3758x10 ; . 0. 3758%10
By 0.104 x1077 0.104x10™7
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- - CHAPTER -3

DEVELOPMENT TO COUNTER THE DEFICIENCY OF ZAMARS METHOD,

3.1. Deficiency of Zaman's method:

3

In Zamans® method it_is.neceésary to guesé'a highest
possible order of the system..If a'reééonébie'ﬁinimﬁm
error is nﬁt found,it is to be understénd that the

guess was nat right and a still higher order guess is
necesszry, In his metbod the actuﬁlibrder of the system

Was supposed to be that order at whlch the error first

'drons to a- small value compalred w1th prev1bus values,

~

But it has been found that the above method of
deciding the actual order does not always give the
right 6rder of the system. As an exawp'e, a system-

‘having a tresosferfunction. of

1+ 0.312 x 10725 4 0.286 x10™ 752

- -

1+ 0.312 x1071s + 0.379 x10™*s% , 0.105x10~ 75>

3.1



. e

generates the following errors at different orders.

In thise case 20sets of data within thé'frequency bénd'

5 Hz to 575 Hz were tised. ~ Tt

a) ‘At 1st order, Error = 0;2097 x 10°

Fitted transfer function at this order is

e ¥

11,0046 = 0.3308 x 10708

7 140.30929 x 10 "1 5
b) At 2nd order , Error = 0.200 x 10"

Fitted transfer furnction at this order is.

£0.99978° = 0.2128' x107*s 4 0.203576 x11077s?
- AT
1+ 0.3085 x 1071 8 4 0.2779 x10~+ &°

¢) At 3rd order, Error= 0.598 x10-12
Fitted transfer function at this order was

found very accurate and it was j—

3.2



0.999999 4 0.311768 x 10™28 4 0.28599 x 10~7g2

14 0.311997 x 101s + 0.3789 x 10™*s2 , 0.1049 x 10~7g>

d) At 4th order ,Efror = 0.81722 x 10712

- fitted tfansfer function at thiS'orde: is

0,99999 + 0f933 x.1o'3s + 022246 x10~0g2

+ 0217768 x1071983 | o0.568 x10718s* .

1+ 0.318 x 10~ '8 4 0.5728 x 107452 .. 0.3404¢10-7g>

+ 0.652 x 10~ Mg

According to the previous method the order of the

~--8ystem should be 2nd-order=;-Because-it-first-drops-from
0.209 x 10° to a reasonable minimum value of O,éx10—4 ©
But the system is actually 3rd order . So it is evident that

the above concept of deciding actual order of a system is som

time confusing.

3.2 Development to counter the deficiency of Zaman's method:

To eleminate the above difficulties three emperical

relations are developed observing the error of different

~



systems.

The actual order of a system is decided here considering

the following conditions.

a) The error should be reasonably swmall, d
b) If x is the actual order:then
E(x—E) - E(x—ﬂ) . E(x—ﬂ)ésx ' E,- s(x+1)
< >
E(x-2) | By 1 By

e e (31D

Where Exr-errbr at x-th order.

In the—previousﬁekample~errors~atidifferent orders

were

E, = 0.2097x10°
E, = 0.200x10~Y
Es = 0.598%x107'%

5, = 0.817 x10712



Here ,

Eiz-2) ~ Ez-1)

, = 0.9999

B(3-2)

E(3 -1) = 3

— ‘ = 0.9999999
E(3-1)

Bz = Ez,1)
: = = 0,366,
Ex ' '

Therefore it is foumd that

E(3-2)" E(3-1) - Eeey "B By =B
< e

B(3.0) - E(za1) Es

According to this method the result indicates that the
gystem is 3rd order and actually it is of 3rd order. Hence
supports the above emperical relation for the detection of

of the actual order.

3.5
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The relation (3.1) is applicable for systems higher than

2nd order. If the sysfem satisfies fhe relaticn

. : t - .,

Where Eruz naximum acceptable error limit
to consider as good fitting, then the system will be of
_ﬂsf order. . !

For 2nd order system the relatiom (3.71) can be used only

replécing E(x-a) by Er

- i.e,. E -E,. . _-E, - E

r .1 1 2
: <
E
T El
E
- E
2 - By
Es
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To support the above emperical relations several

more examples are given below.
" 1) Transfer function is taken as

0.0 + 0.3097x10"3.5+ 0.283x1077 §°

14 0.312x107 1 5 + 0.375776x10™" 82 + 0.3x107%8>

At 3rd order the fitted transfer fumcticn was found very
accurate 39 data'séts between 5HZ2 to 765 HZ were uged.

The fitted transfer function was

0.180x10™2 , 0.30964%10™2 § + 0.28289 x 10~ 752

1 2

14 0.31488 x 10 ~

The errors at' different orders are ‘ L

Crder Error
1st 0.8859 x 107
end © 0.168 x 107
* 3rd ~ 0.554 x10~
4th 10.759 x 1072

5 + 0.37589.x107*8% 4+ 0.2999. x 107783 |

S0 o

g



Here

B3 -2) D)

Fea

E(zmy - &3

B

Bz = E(z41)

E

3

= -Pherefore ' :
BBy Ee-nT B

= 008629

E(3-2)

<

E(z 1)




According to this method the system is of ?rd order
and actually it is. Hence the above,exampie supports
this method.

II) Traznsfer function was taken as

1+ 0.3%x1072 8§ + 0.3x107 /8%

18+ 0.8x107% 8% 4 0.3x1072 52

1+ 0.312 x10°

At 3rd order the transfer function was found very'

accurate 39 sets of data between S:HZ to 765‘Hz

were taken . The fitted transfer function at this

order wag

' o | o 7.2
0.99999 '+°0.299999x10™ > * 0-29999 x 107S

—

T 8+ o0 x0~*8% 4+ 0.29999 x107° §3

1+ 0.31199 x107

Erors at different orders were —



- Order Error

18t 0.5774 x10%
2nd - _-0.'.4839':‘:120',""

* 3rd 0,216 x 107
4th - O..2056 x 10712

. Bere ,

E(3-2) = B(3-1).

= 1
E(3-2)
(3""-) Ea
. ’r!" '1 r
' E(3f4)
By = By
= 0.999
3
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—e
s I
i

III) Transfer function was takeﬁ as

© 1470.038 + 0.00048%

Frequency response was taken from 5 HZ to 100 Hz. At 2nd ;dag

PR RN :.

oy ﬂ\_-‘.

order the system was found very accurate and 1t was f"

14 o.ozggéé;s'+o;ooo39999'52

s i‘\. N

|
1+ O. 01999993 .+ T.499995
| o

Errors at different orders were
Order - - ' Error

156 0.353x10"

2nd 0,180 x 107

t. =

_-‘—Im-\f
LA

3rd v, 256 x! 10

\.

~10

10

)
L

" e
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Here

Er = E(2—1)

= ~ 35299

o
T

For noise free data error E ' 1s

taken as 10"4

Eom)~ Ba
. = 4
ey
B2 - E(a=ny
= = 0422
Eo

Therefore for.2nd order

BBy E-1) T Ey B2 - By )

T E(E—ﬂ)

Hence it supporis the relstion ( 4. 3)

3.1



iv) Transfer function was taken as

1+ 0.9x1071s + 0.4x 1072 57 _

"4 4+ 01g o+ Ou1x 107287

Fréquency response were taken between 5 HZ2 to
100 Ez . At 2nd order the transfer fumction was found
accurate and it was

. - e N _3.. 2
1001 + O.gqx 10—18 + 0.4C x 10 S

14 0.108 + 0.417 x 107787

The errors at different orders are

Order ' Error

18t . 0.528 x 10‘2
2nd | 0.275 x 1076
3rd 0.111 x 10~8

3134



Bp = B(e-m
= - 127999
E
£
By = B2 - |
= 0.,9999999
S EXD
Ey- E(2+1)". | , :
' = 0.99596
52 |
B B Bo-1y ~E2 Eom E(aen)
< > -
E E

i .
r Eio_1)
o

Hence it shows that the systenm

it is .

is 2nd order and actually

3.14 1

[—



v) Transfer function was taken as

1+ 0.13.8

1+ 0448

Frequency reSponse was taken between 5 HZ to 100 Hz

At 1st-order fitted transfer function was found
accuraté and it was

0.9979 + 0.12965

1.0 + 0.4388

Error at different grders

Order . Error
1st -~ 0.94 x 10~
2nd - 0.286 x 10~ 1° |
Here
Er - Eﬂ
= 0.99999
E



. Hence the system is 1st order

and actually it is -

vi) Transfer function was taken as .

1 + 0.09.8. | -

1+ 0.18.

At 15t order the fitted transfer function was. found very"
accurate. Frequency response was taken between 5 Hz to

100 Hz The fitted transfer function at 1st order was

1+ 0.093

1+ 0. 135

Error at different orders were



. Order S il . - Error
18t . T T 0.3145x1078
2nd : o . 0.3948 x10°8
Here
E, -E,

E
T
E1 E(1+1)'
Eq
E - F - .
Therefore ‘r gl nq‘- E(1+ﬂ) |

a7 o
N : . ‘ E,1 :

Hence the system will be of 1st order and actual it is,

All the above examples support. the empericsl relations of

3.1,3.2 & 3.3,
Hence the above error analysié gives the correct order

of the system.



3.3. Method to process transfer function of higher Type
systems ( systems having infipite gain at zero frequency) |

In dé;eloping the complex curve fitting-methodegqu
considered B as 1. For this reason transfer functionm qfﬁ
higher Type5 system is not possible ftgféyaiuateiditectl&fﬁ‘;
If this method has to be éppliéd for a syéteﬁ'Héving infinite
gain at zero frequency the transfer.function to bglmultipliédh,
by (jw)n, n being large epqugh to reduce the'absolute-magnitudé

ot the function at zero frequency to a finite'value.'Then

from the modified frequency response a transfer function-is
obtained. Dividing this fitted transfer function by (jw)n_the

actual transfer function c¢can be obtaired.

ct

But for practical system having no idea abcut the ype;
of the system it is very difficult to obtain the sctual

~transfer function. A tecnniQue has been developed in this

work to overcome this probleu.



let us consider a transfer function of the following form:

25
A0+A18+AES

G(,jw).._'= | , i - . ('3_4 ) B

. n 1+0 2 th
B8t 38T s® T

L 2
n. AO+ A,is + AES

< 2
S” (B, + BS + B3'3 ¥ {
When n="1, it is Type one systenm

. When n= 2, it is Type two systen

‘According to Levy's method it not directly possible

to determine the trapsfer function from the sampled
frequency re'si)onses_.r Let -us suppose at w{c the sampled
. . . : P

f_requency I‘eSpODS-\{'. ) is Fy L-(PK .

Then the frequency response of _fi'_ L..CPK_

will corresponds to the transfer function of the system—-&ftjm)_

Taking n= -

3.19



. ‘ 2 3
S _ 4 ) B,'S\+B2S + le S
G (Jw) = G_(_j'__)_-_ = ) 72l (3'5)
W ‘ ] :
: ) Ao, szﬂ§+ 42?'
Or
B,/

- 2
ho S+ B/ 4,87, p/a 87

G (W)

- (36)
T, s eay s -

Then ﬁﬁe t:ansfer function of the éystem corresponds to
equation | (5.6) can be obtained directlj using femants)
'geﬁerélised method ,if itsmfrequeﬁcy-réquﬁée is.known. But this
frequéncy re3ponseican be easily‘obtained faking-theﬁiﬁyerse

of the frequency response of the actual higher type systeﬁ.

By thié inverse frequency response the transfer functicn d'(jﬁ)
can be obtained . The actual tfansfer function G(Jjw) can be

__ 1
obtained by simply inverting the fitted transfer function G (jw)

Computer program has been develcped in this work on the basis of
the above concept t'o determine the transfer function of hi gher
type systems. This method has been tested for different systems

and satisfactory results have been found.

Three exampleshavebeen given below for higher type systems.

1) System was taken as ' ' : i

| - 4.2
1+ 0.2235 x 107 * 0-5% x 10778

-—A -
0. 269 x 10723 + 0.137 x 10~'g2

s

-



using the above method the fitted transfer function was:
found as

1+ 022499 xqo + 0. 559999x10 ~hg2

0.268999 x10™%s +_é.18? =752

'Frqquency regponse was taken from 5 Hg to 260'H;
No of date sets were —E

II) Tfansfgffunctiqé was taken as

5 x10™452 6.3
1+ O.}xﬂo'qs + 0.375 x10 'S™ + 0.3x10 _S

0.3 x 10776+ 0.283 x 107 /s 2

- using the deserve méthod the fitted transfer function was
¥ _

found as- i

1+ 0.3 x 10-Tg + 0-375 x107s% + 0.3 x 107053

0.3 x 10™25 + 0.28299 x 10~ /g2

Frequency response was taken between

SHzto 195 HZ. No.of data sets were .

-



III) Transfer function was taken as’

1+ 0.0223558+ 0.54x40_482 + 0.143340;683

0. %5 %1022 + 0.145 x10~’g>

.Frequency response was takén'ffom 6HZ. to 385 Hz.No of

data sets were 39. The fitted tran fer furction using the -

above method was found as

1+ 0.022%4968 + 0.53999x107 "5 2 4 0.14299x107 783

0434499 x 10_582 + 0;14499'):’10_785



CHAPTER 4

EFFECT OF FREQUENCY RANGE AND FREQUENCY INTERVAL OF

DATA SETS ON THE FITTED TRANSFER FUNCTION

4.4, Introduction: In dete:mination—oftransferlfunction frou
frequency response using complex curve fitting method, it is
necesséry to know the range of exact frequency band over which
the sampled data should be taken. The selection of-incorrect
frequency band may'change the fitted transfer function by
'a great deal.lIn tnié chapter the effect of tﬁe frequency

range on the fitted transfer function has been discussed

'wiﬁh éxample; An atteupt hes been made to get an idea about
' thelcritical frequency band cbserving the rééults at various
conditiéﬁs. Finélly the effect cf frequency interval of

data sets within - & definite frequency band has been studied.

4.2. Effect of the frequency range : The most important factor

of deterwinaticn of transfer function froum the frequency

b1



resPOﬁsé using the coﬁbiex curve iitting:méfhod is the
.freQUéncy fange; withiﬁ which the data setékére taken;'éhe
values of the coéfflclents as well as the oruef oi tne fitted.
transfer functlon maﬁ'vary as the”freqﬁency band w1th1n thch
the data is taken is narrowed. 48 an example, a 3rd order
practical circuif 1s taken whose transfer function is as
follows . "

1+ 0.3097 10775 + 0.283x10775%

— e ——

o -4 2 R
1+ 0.312 x10- g+ 043758 x1077ST + 0.104 x1077 g

The constant coefficients are -

Ay= 1.0, A

, = 043097 %1073~ A5 =083 x10~7

B, = 1.0, By = 0.312 X107, B,= 0.3758 x10™*

0.10% x 10~7

=
]

a} wWhen the frequency range of the sampled data sets weve
between 5 Hz to 100 Hz (Ho. of data sets were 20), the
transfer function was found 2nd order and the constant

coeffieients of the fitted transfer function were -

4.2



A = 0.99999, A,= 0.693 x 10°

A, = 0.3827 x1077,

B = 1.0, B, = 0.2082 x 10~
o = '"¥s Pq F '5_\, x

B, = 0.2 10~
2 = - 588 3{ 10

b)

4

When the frequency band of the safmipled data sets were

between 5 Hz to 475 Hz' (No. of data sets were .35 ), the

fitted transfer function was-found 2nd order again., The

constant coefficients of the fitted transfer function wefg

n

0.9999, 4, = 0.6072 x

= 1.000, B, = 0.30826 x 1

A

0

~1
0

!Ag

¢} Frequency range was between| 5 Hz

sets were %9).

= 0.35306 x 10~ 7

= 0.261556 x 10~+

to 385 Hz (no. data

The order of the system was found,ard, and ' the crnstant

coefficients of the fitted transfer function were

4.3



5 = 0.9999997 , A, = 0.3099079 x 1072, &, = 0.2829 x 107/

A =

Ay = 0.59 x Tomibi

BO = 1.0, B{: 0.312021 1-:;'10"1 ; B2 ; 0.3%7583 kq;‘A ’
By = 0.10405 x 10™7

The above results were. found to.be acceptable .

d) Frequency range was between 5 Hz to 765 Hz (39

sets of data were taken).

The order of the system was found %rd and the '

constant coefficients of the fitted transfer function
. : i - o o
were - !

Ao = 0.9999999, 4, = 0.3098 x 1077, Ay= 0.2830 %1077
A, = 0.78 x107

1

B = 1.00, B, = 0.312 x Tomk 5

B, . Bz='o.3758 x 107
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135:" 0.104 x 10“_‘.

This result i3 found to be very accurate. _

4.3, Detection of critical band : _Té get'an:idea about the

the selection‘ofiéritiéal fréquency band;’three arbitrary.
transfer functions of ﬁst, 2nd and 3rd oraer haveubegh £akéq.
Using these tranbfe: functions frequency,re5pdnsgs are gener-—
ated and at diff;fént conditions Fheir=fiéted.tf§ns£ér functioﬁ
have been dete:ﬁinea using_pompiex.cdfvé.fitting method. The
conditions areéaNo,‘ of data sets, starting'frequencf of the
sets and the frequency interval of tnhe data sets. Observing
-these results an attempt has been made to reach a conélusion

_ about the critical frequency band.
a) Transfer function wess taken as 1 + 0,008 Pfeqhehdy

. . e . m . Pee .
responsd has been generasted from the tremsfer function and is

given in the Teble 4.1,
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FREQUENCY.

16
15
20
30
40
50
60
30

 Table 4,1

1 + 0.095

1+ 0,18 '

F(L)
0.972739
0.940036
0.922892

10.914313
0.909659

0,902604

0.901174
0;900664
) |

0.900295
i

10.900167

0.900107
0.900074
0.900042

PHI(L)

-0, 046

-0.052

-0,032

~0.,017
-0,012
=0,009
-0,006
-0.004
-0.004
=-0.003
-0,002

Contd. ..

Frequency responseﬁfor"fhe 1st order éystem'

-0,045

4-6
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Table 4,1 (Continued from last page)

FREQUENCY - F(L) j "PHI (L) (RAD.).
100 - 0.900027 I 20,002
120 ~0,900019 ; '~ 20,001
140 0.900013 . -0,001
160 0.900010 | ~ -0.001
180 0.900008 .  -0,001
200 . 0.900007 o __-;' 0. 001
220 © 0.900005 -0,001
260 . 0.900005 o .0.001

N,B. Where F(L) is megnitude,

PHI(L)} is phase in radisn. :

i
i
i
[
i
i
t

P



_ The following results have been found at different
conditirns 3

Table - 4.2
Results at different conditions for the syctem

( 1. + 0.,098) /7 (1 + 0, 1u) o _
No. of sets Starting Frequency Remark on the fittead

of Data frequency  interval transfer function.

Hz Hz .
15 -5 S K 5 a .~ gives accurate result
16 ' 100 5 | ﬁoes;not give accurate

' result _

5 50 s
15 02 02 Gives accurpte result
15 25 02 Does not give actual result

From the data in Table 4.1 it is found that the maximum
_ % : 7
rate of change of magnitude and phase difference is at

the lower frequency regibn ( nearly upto 45 Hz) and it

decrease as frequency increases. Again from the table 4.2
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it is seen that only those data sets whose frequehcy.band
' covers the relatively lérge changing (in.gggnitude and - -

angle) regicn give the accurate results .-

b) Seccnd order system
The transfer function is taken as :

1+ 0.095 4 0.000795°

174+ 0.8 +0.0085°

The following results are found at different conditioms :

. - ~ _Table 4.4
Results at different conditicns for the system

(1 + 0.095 + 0,000795°) / ( 1 + 0,15 + 0.0085%)

N¢ »f sets Starting "Frequency _ Rewark on the
.of data H:f?equency_ .1nterva} | : . Fitted frans fer
Hz Hz . funetion. ?
. : S g i
14 25 5 Does not give accura
o result
14 15 5 "
25 15 5 | "
15 1 1. : gives exact result
15 15 - : 1 : Doeé not give
20 10 1 glves nearby exact
190 10 5 "
4 5 5 gives - caet resuly o



B Table L|'-3 e

Frequency response for the 2nd order system

FREQUENCY
1
,

3

10
15
20
30
40

50
60
80

100

120

1+ 0,095 + 0.000795°2

~F(L)

1,207619
1.113841
0.699077
0.485776

0.193417

0.147115
0,127913

0.112536

'0,:106701

0.103902
0.102353
0.10079

0,100060

0.099662

1+ 0,18 + 0. 00852

0.374261

PHI(L) (RAD.)

-0,215
-0.865
=1,175
-1,234
-1,221

- »1,010
-0,820
-0,678
-0,493

-7 740,383
-0.3i2

- -0,263

-0.199

-0,160

-0, 134

Contd,..
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FREQUENCY

140

160

180
200
220

240

Table 4_3ﬁ(C5ﬁtinued from last page)

F(L)

0.095421

'0.099264

0,099156
0.099079
0.099022

10.098979

~0.101
-0,089
-0,081
-0.073

-0,067

| ﬁPHI(L)’(RAD,)f-l-

4-11
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From the data of Table 4.3 it has been sgen that the change

in mégnitude and angle is greater 1n the lover frequency range
than that of the higher, __and from the above statistics of Table
4,4 1t 13 evident that only those data sats which lies in thet .
ragioh give accurste results, o \

¢c) Third order system The trensfer function is taken as

1+ 0.3097 x 10773 + 0,283 x 1077 §2

: ] 3
1+ 0,312 x 10779 + 0.3758 x 10~4 g2 + 0,104 x 10~ 19
" The Pollovwing results are observed st different conditions r
Table 4,6
Results at different conditions for the system
(1 +0.3079x 1077 8 +0.283 21077952 )/ (14 0.312 x 10~'g

+ 0.3758 x 10~% 32 4 0.104 x 10”7 g3 )

S t_’ oo : [_'I
‘No of sets - Sterting Frequency Remark on the
of data - frequency '.1nterva; - £itted trangfer fgnct;on
20 5 5 ' Does not gives accurste i
' result i
35 5 5 "
39 5 10 gives exact result
20 100 10 Doe s not give accurste
: rasult |
30 100 .10 . glves exact result
30 200 10 ' Does not give exact
_ . ramlt
b.12



FREQUENCY

10
15
20
30
40
50
60
70
80
100

120
140
160
180

Table 4,5

Frequency response for the éystem'

1+ 0,3097 x 10735 + 0,283 x 107/8°

A

F(L)

0, 727925
0,468424

0.332664

0.255103

0.171910

0,128393
0.101629
0.083452
0.070261

0,060228
0.045940

0.056250
0.029271
0, 024042

0.020015

4.2

PHI(L) (RAD,)

:¢0.784
2—1;1h1
-1.318
-1.428

- =1.570

Contd,

-1.670
-1,752
~-1,824
-1.889
-1.949
-2,059
-2,156
-2.242
~-2,319
-2.387

1+ 0,312 x 10°15 + 0.3758 x 10~2s2 + 0.104 x 10”87



B

o Ta}ale 4-5(Continued from last page)

FREQUENCY 'F(L) S S "PHI(L) (RAD.)'V.‘.'
200 o 0.016848 R
220 o 0.014318 . =2.499 .
ou0 . 0.012271 ~2,545
260 - 0.010597 | | -2,584
- 280 . 0.009215 - - 3.665
300 ‘ 0.008064 . . 3,636
320 ~ 0.007100 . 3611
340 - . 0.006285 | 3.590
360 © 0.005593 - 3,573
380 | 0.005002 3,559
wo 0.004494 - : 3.549
620 - o 0,004056" 34541
wo 10.003675 ' 3,535
460 . ' ~ 0,003344 | 3.531
480 0.003053 34529
500 0.002798 3,529

. Contd,...



‘ Tabéhe 4,5 (Continue _frdrh last page)

FREQUENCY | FL) - PHI(L) (RAD.)

520 © .0.,002573 3,531

Ssho 0.002374 ' 3.534
560 | ~ 0.002197 - 3.538
580 0.002039 . - 3,543
600 - 0.001898 - 3.550

" 620 o 0,001772 . . 3.557
640 . | 0.001658 o 3,564
660 : 0.001555 | 3,573

. %
415



Froﬁ the data sets in Table 4.5 it is seen'thaf.iﬁ th; ;ower
frequency range (about upto 300 Hz) 5oth mégnitﬁde and

angle cranges rélatively rapidly than that of the highef
_frequeﬁcy rahgé. Now f;qy,thq above ?tat%éticsfit can be
assumed that if the datérsets.cﬁveruthe féiativély rapid

changing region will give accurate result.

Finally it can be said roughly that to, get actual result
the frequency range should be as large'aé possible and it nust
cover the relatively rapid changing (both magnitude and angle)

region.

4.4, Effect of freqpencz_interval : If the number of data sets

are increased wittin a definite frequency band, it has been
founa that tﬁe_result does not improve rémarkably. AS an
'example— the following result was observed . Frequency range was

between 5Hz .to 77/0Hz. Three frequency intervals of data were

taken (10 Hz, 15 Hz, 20 Hz) .The transter function was taken as

14 0. 3097x10775 + 0.283 x10™ /g2

1+ 0.312 x 10'13 + 0.35776 x 1075 + 0.104x10™ 787

4.16



Tabie b7 -

- Showing the effect of frequéncj interval, L
Constant vActual Value ., . Constant at differeﬁt frequenéy‘intefvéi_
Soefficientsiof constants' . - \ I
Co . 10Hz - ASHz o " 20Hz
-t 4.000 . 0.999999 0.999999 . - 1,000005
4, . 0.30971x1077.  0.30972x1077 . 0.30972x1070 - 0.30976x10” 7
=i 0.28%x1077 0.283x10™7 0.283x10™7 0.28%x1077
2 'f : - : - [ ) -
As 0.1 | 0.424x107"7 0.45x1071% o.18x107
Bo. 1.00 0 100 1.00 71,00
PRI s -1 N I
B, 0.312x107" . 0.3120x10 . 0.320x1077 L 0.3120x70
- i - i ~1}
B, 0.35776x10 0. 37577%10 0.37577%10 0.3757x10
B, 0.104x10™" 0.104x10™7 . 0.108x1077  0.104x1077




 CHAPTER 5

EFFECT CF ERROR IN THEE SAMPLED FREQUENCY RESPONSE

5.1. Introduction : The effect of différent léﬁéls of -
e;ror—in the sampled frequency response onithe:fittedf
transfer fUHc£ion has beén"stﬁdiéd ih:tﬁiéjéhapbér with
the help‘of'few exauples. The frequéncy responses are
generatéd frdm fhetransfei:functions and efrorslhave been
introduced randomely-witﬁin.a éerfain‘leyei. Here three
error'leﬁeis

x 1Y 2, and ¥ 3% have be_eh studied .

The results are given in tabulag:.: form.f

5.2. EXAMPLIES :

a) The transfer function was taken as

+-0.286 x10~ 782

1+ 0.%312x10" 28

2 4+ 0.105 x 10~7g>

. 4
1+ 0.312 x 107 1g + 0379 x10.°5

The constant eoefficients of the fitted transfer functions

at different error levels are shown in the Table 5.1, 20

sets of data within tThe frequency band 5 Hz to 585 Hz were taken

51



Table 5.1

Results showing the effect of error in the sampled

for the transfer functidn

1+ 0. 312%x107 75 + 0.286x107 /82

%52 4 0.105 x10~ 75>

1% Q372 o~ 1g + 397 x 10 5"

P .

¥ ]
] ]
Constant From original ' 0% error ' From , From : From
coefficients , Transfer function | ; 1% erron 2% errar 3¥error
T - |
A, . 1.0 . 0.999999 1.0052 1.0278  1.0455
A 0.312%1072 - 0.31177 "10.2103 -0.21479 -0.10936
L -3 . & 17 x10-
x 10 2 x.10 - x407"
A, 0.286x10™ " 0.28599 0.16456 0.3095 O-2792%
h %1077 1077 x10™7 x10
As 0.0 0.0 0.0 0.0 0.0
B, ' 1.0 1.0 1.0 1.0 1.0
- ' :
B, 0.312x10 0-311997 4.3066 0.51% 0.318949
-1 -1
%107 x1071 - - 10~
B, 0.379 «10™ 0.3789. -~ 0.29159 0.2762  0.2858
2 o -} ~4 il
g x10 , X 10 x 107
B . -7 -
"3 0.105x707 0.1049; .G 0 .0 ST



Fig 51 Polar plot of frequency respose showing the effect of different
levels of error in the frequency response on the transfer function
v | +0312x 1038 +0°286xI57 S* | -

| + 0.312 X107 S+0.379 X0 I sZ+0 105 xI07S>
o', 072 03 Oy o5 - 06 |

+1% Error in data
i -‘:2°/o-Err.or in data

—————————— *3% Error-in data

-0 4 ' © '10°/0Err01r ln ‘thCl

o

tad




\.

From the above Table 5.1:it is found that for all the

' e, 2%, % o )¢ i £ '

error ( 1%y 2% o : ) the fitted transfer
function are of 2nd order whether in the original trans-
fer function it was of 3rd order. Though these fitted
transfer functions. are quantitively - incorrect but froﬁ
the polar plot of the frequency response of fig. 5.1

it is found that the results are qualititively acceptable

b) Transfer function was taken as

| -5.2
1+ 0.3x107%g *+ 0.3x70 ’s

10~ *g% - 10-0g3
1+ 0.3x10"1g O+4x10778% ~+ 0.5 x 10778

i

The constant coefffcientslof the fitted transfer functions
at different error levels are shown in the Table 5.2.

20 set of data within the frequency band 5 Hz to 585 Hz

were taken.
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CTABLE 5.2 = e

Results showing the effect of error in the sampled data for the
transfer function ' '

2

1+ 0.3x107°5 + 0.3x10" g%

1

14+ 0.3x10" g e

+ 0.4 10" %g

4 0.5 x107753

¥
]

From original

T 7
' From¢0% ‘From+1%

f ]
t

Ccnstant ' From £ 2% + 20
coefficient: Transfer functioq error 'error ferror i E;gﬁr_ 3%
L : L] ] 1 .
A, 1.0 - 1.0 0.99936  1.01487° 1,1042
4, 0.3x1077 0.30x107° 0.3012x  0.2871  0.3499%7
: x10 x10~ x10™°
A : > -5 ~ -5
2 J.3%x10 C.950x 0.3%02x 0. 32x10 0.%48338
-5 -5
<10 x10 x10~2
. 0.0 0.0 0.0 0.0 0.0
B, 1.0 1.0 1.0 1.0 1.0
B 0.4x10™4 o.4x10™t O-¥B2 g ugpon 0.5
X10~ -4 ~4
x10 x10
B3 0.5x107> 0.5x . 0.502 0.494 03521
x’105 x 'TO,_5 x40~ ? x10
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From the Ta%le 5.2 it 'is seen that the fifted tfaﬁief
functioqs - are of 3rd order as they were. Upto i'z%
error the ;fitted transfer function is quantitively_
acceﬁtabié.lt islalsorprerved that as the magnitude of

the constant coefficients increases, the effect of error

C
on the fﬂtted transfer funection is lesser.

]
|
L :
¢) Transfer function was taken as

1+ 0.038 + 0.00048°.

1 4+ 0.02 S + 0.0005 g2
The constant coefficients of the fitted transfer funetion

at difterent error levelSare shown in Table 5.3,20 sets
A . ,

[

~of data within the freéuency band 5 Hz to 100 Hz were

Vtaken.
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Table 5.3

Results show1ng the effect of error.in tne sampled data for

the transfer functlon o e

1 + 0. 035 + 0. OOO4S

1+ 0.02 'S+ 0.00055F

T - )

Constant - ' From originall From 0% ! From Z 1% Prom * 2% . From T
coefflclentq giigsfgi : error i grror : erTor 'E error
L 1 o L] I
A, 1.0 1.0 0.99%%  0.99588  0.9777
A, 0.0% . 0.0% 0.03088 ~ 0.03091  0.0327
4z . 0.0004 . 0.008  0.000413 0.000413 ° 0.0004l
B, 1.0 1.0 1.0 1.0 1.0
By  0.02 002 - 0.02049 0.02037  0.0215
By 0.005 10.005  0.000517 0.0005159 - 0.0005505
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85

Fig 5.2 Polar plot of frequency respose showmg

the éffec‘t of'

different levels of error in the frequency response on the transfer

functton

1 £0.0%S + 00004 52

1+ C.028 +00005s2

__01 4

_0'2..‘

__O.Lr 1

02 . O o

1% Error in data
—_ 2°/9 Erro‘r in data
——=—=—=3% Error in data

© O”/.,'E_rror in data




From the above Tabie-5.5 it is seen that the results are
acceptablé,; The Polar plot of the freq@énéy responses . .

for thesgﬁfitted.transfer function is given in fig. 5.3

-

5.3. Conélusibn : From the above examples it{is clear.that
:though i % érror even ¥ 1% error maychangg order of the
:fitted transfer fundtion‘but still the respft is qualititi-
jvely.a@céptablé. The deviation of fhé valuéé-of the
cdﬁstaﬁtéiof:the-fitfed tfénsfer function.wi£ﬁ error from
that of the noise:free céSé depends on the error lefel

as well as the relativVie magnitudes of the constants.
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CHAPTER 6.

MEASUREMENT OF DATA

6.1. Selection of circuits: Different electrical circuits .of
different orders were constructed using resistors.« and capacitors.
‘their circuit diagrams and the theoritical callulation procedure

of transfer function aré given in the Appendix B

6.2, Instrument used : Theimstrhmenxs used for cafrying out the

experiment were- Phasereter, Oscilloscope, Digital multimeter,

frequency generator, frequency counter. -

S Difficulties of the phase meter: The Phasemeter was of

mcodel Type 2971. It can measure phase difference in both radlans
and degrees. It has two ‘voltage gselective circuit —1) 5V to 10va
and other was 2) 15 V to 30mv., The general procedure of measuring
phase difference is to keep the voltage level of the points from
‘where phase difference will be measured as bigh as possible within

the selective voltage range.

It is found that the voltage level -effects the phase.
reading badly. The higher the voltage ievel; the higher the phase
reading (the more accurate reading). This voltage characteristics

of the phase- meter made the experiment impossible for two reasonsS:

1) In higher frequency (about 100 Bz to above depending on
loading condltlon) the frequency generater could not effort the
minimum requ1red voltage level (10mV to 5V_range,, so the phase

reading found was lower tban that of the actual, value.

6.1



2) The output voltage of a clrcult is generally much less
' than the 1nput voltade. Though in some case the 1nput voltage
could be kept in the required level, but the ocutput voltage was

much less. So obviously error in reading occurs.

Owing to these;reasoqs,'fo determine phase difference

'‘Lissajou's figure' has been used.

6.k, Lissajou's pattern: A Lisajou's pattern;# is the figure

created on an Oscilloscope screen when 31ne—wave potentlals are
applied to both the horlzontal and vertlcal deflectlng plates.

If the frequency of,these two component potentlals are thersame
but they differs in phase, the resulting pattern is a measure of
the phase difference between the two waves and the'retio of the

‘output and input voltages (gain) at that point;

To see that this is so, let us suppose that the potential

—

across the norizontal deflecting plates of the Oscilloscope is

denoted as ~ ~ o
and that accross the vertical deflecting plate is given by:

ey = E2 Sin (wt + eéf) cese (6.2)

X = Sin wt Cos 81 4+ Cos wt SinQ, +.. (6.3)

]
Frd



and e

o = Sig wt Cos 6'2 + Cos wt SinQ, .... .(6.4)

To ¢l minate the time factor wt, let us multiply the first

equation by Gos'e2 and the second"'equation by Cos 6‘,1.Then we get -

e . .
X Cos 9;2 = Sin wt. Cos 61'005 e 5> + Cos wt  Cos 9'2 Sine,] (6.5)
1 -

and e . L L
. Cos © 4 = Sin wt Cos § 4 Cos’ Gi, +:Cos wt Cos O, 5ing,(6.6)
E .
2 . : ' :

Subtracting equation ¢ 6.6) to. (6.5) we get

e
~-X . Cos 0, - °y 6056 " Cos wt(Sing@, Cost §,-Cosd, SinG,(6.73
E ,
1 E2

ulmllarly, multlplylng the flrst by Sln egand the second by

Sin 9 4 and subtractlng we get -

X o e .
..E.:...:'..... ,\_,11192 - ¥ Sin01= (COS 62 —Sin61 Cos 92), Sln wt ..-‘(6.8)
E
: 2

equation (g,7) and (6.8) can be written as

o ,

-~ Cosp, -° " .

5, 0805 -}EE—- Cose,]= - Cos wt Zin (82 —61 ) eeeaa(6.9)
L2

(@)
¥a)

et



e - o - . : :

x . e : o : . :

. 027 I 5in@,- Sin wt Sin (6,-0, )  ....( 6.10)
2

Squaring and adding equation ( 6.@)'and(6;ﬁ0)‘§e get - |

2 2

e e Pe_ e S B :

X s T X Y cos e -0) = 5in° (9,}-_94 ). eee (6.11)
2 ' P 1 = : .

- 2 E, E : |

B By TR |

This is ther‘equation o_f an ellipse whose pf_incipal axes coincide
with the_a -c'orordi'nate..'axesn L;rhen 92-91 =ﬂe/2' Hehc_é 1n most céses
the resuif— is an ellipse (except- de '=  0\_&49%‘ 1), the 6ri;anta—
tion of'which_.deper_:lds upon the phase_diffe,renrcé between the two -

waves. - e

+The results have the form illustrated in Fig. 6.1

ol
RS

ag=mj2 - T £alrw

7 apL3n/z A8 =3n/2 3Nk el
' | !

N

y
- 2
| 40-0  Odecnp |
; 48,=1

y

3

Fig. 6.1 : Form of eliipSe at differént phase difference.
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© If the amplitudes of the potéﬂfialjaﬁplied to thé‘veftigal
and horizontal,deflecting'plates are equai then the pattern at
phases de’ ::"IT/j_ and 40=3T/2will be circular.

- - F(u = ‘ .
'Evéﬁuz)ﬁ;/) |
. 1 E -
(// Exfmar; o

Fig. 6.2. Generaiﬁform_of an ellipse for a Particular

considion .

-~

The experimental procedure necessary for measuring the

phase difference and gain between the two potential is quite

direct and consists in measuring the three distances Ey‘(cut)
: _ . weREs _ o ,
.Ey (Max ) and . Ex(,max);
' o . E_(max) '
Otviously, gain = Y ' (6.12)

' Ex(max) .

Ey(cut) is the value of ey,at thg golnt when e_= O.Then from

equation ( 6:11 )

Ey(cut) = E25in(0504) (6.13)

ASBIN E. i stin moydmenn e 5.5



Eglé ;y (mak)
S Ej(max) g
0, - 0y =simt Fytewn) ey

o

The shapejand rotation of the ellipse illustrated in Fig. € .1
can be explainedhéfapﬁically6_when two sinusoidal voltages of
equal frequency which:are:inbhaseiﬁith each other are épblied )
to the horizopﬁdif;ndfvéfficalPdirlégtiﬁg plateé; the.patferh -
appearing on fhé'sbreen is a straighfiliné as is clear from

Thus when two equal ﬁoltages of equal frequency but with 90°
phase displacement are applied to a CRO, the traceon the sereen

is-a circle. This is shown-in Fig. 6.4. -

|

When two ééual voltage of equal frequency but with a
phase shift (Not equal to O° or 90) are-applied to a CRO we
obtain an elipse as shown in Fig 6.5, An ellipse is also obtained

when unequal voltages of same frequency are applied to the CRO.

A number of conclusions:csn be drawn from the above discussions

wheﬂ two sinusoidal voltages of same frequency are applied:
i) A straight line results when the two volteges are équal
and are either in phase ¥with each other ,or 180 out of phase

L
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Vertical applled
- voltage—e,

Honzontal applxed voltage-_ex
Flg 6- 3 LISSGJOUS pattern when phase

difference is zero and equal voltage is apphed

) i
| A —
|

|

Horizontal applled voltage — ey

Fig 6.4 Form of ’1:sajous pattern when phase
difference is /2 and equal voltage is applied
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with each other . The angle formed with the horizontal is 45°
when the magnitudes of voltages are equal. An increase in the

vertical deflection voltage causes the line to have &n angle

greater than 45° with the horizongal.

ii) Two sinusoidal waveforms of the same frequency .producé a .
Iissajou's pgttern,'which may be a straight line, a circle
or an ellipse depending upon the phase and magnitude of the

voltages;

A circle can be form;d only when the_magnitude of fhe two
signals are équal and the phase difference between. them is
either 900 or 2700. Howe%ef; if the two voltages are not equal
and/or out of phase an ellipse is férmed .If the Y voltage is
is larger, an ellipse with vertical major axis is formed while
if the x plate voltage has a greater magnitude, the major axis of

the ellipse lies aléng horizontal axis.

3ii) Tt is clear from Fig. &.6 that for equal voltages of same
frequency progressive variation of phase voltage causes the
pattern to vary from a straight diagonal line to ellipses £

different ecentricities and then tc a circle, after that turough

[

again . ‘ . Jﬁ

f

o
another series of ellipses and finally a diagomal straight lime ..
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: : o ] -

L - ; L

Vertical applied voltage H _l; y
& '< o

~ Horizontal apphed'youage.
e |

Fig 6.5 Shape of an ellipse at'a phase difference @
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SN VAR S

o

3 o

(-
N

o
|
|

|/

™

N
B -
-
1
|
|
N W0
@)
Vertical applied voltage

C
3

aS,
X

N AT AW/ S

P = 120°

Horizonal applied 'voltage

Fig6.6 Forms of Lissajou's patterns at.different
conditions: when equal voltages are applied.
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The rotation of figure 6.1 can be explain:easilx:frmm

fig. 6.6.

when .0 246 £.T/L and the voltage at hoxrizont2l

axis is zero., then voltage on vertical axis has some
+fe value corresponds to- the phase difference. As '
voltage on VXjaxis increases, then the resultant voltage
voltage vector starts to move towards the +ve X~ axis .
So rotatlon +akes place as 1ndlcated in fig. 6.1 Similarly

when 3/ 2 4494 2.1 the same form\o ellipse occurs

but the rotatlon is .in opposite dlrectlon that of fof'Os;m9<:n/2,
In this case when voltage on X-axis is zero then voltage on
y-axis has some -Ve voltage. 48 voltage on X -axis increase

the resultant voltage vector starts to move towurds the

+ve x-axie, arnd form the rotation as in fig. 6.1.

for all conditions the rotatien,of the ellipse follows the

rotation of Fig. 6.1

1

6.5 Measurement procedure : The input was connected to the

frequency generator and the horizontal axis of the Oscilloscope.
The out-put was connected to the vertical axis of the Cscilloscope
preperly. Then varying the input frecuency aﬁd voltage level,

data were taken. The Lissajou's figures were made as large as

?

possible on the Oscilloscope screen within its callibration so

6-11

i



thatlfull scale readings could be taken. Voltage readings were

'also taken.byfdigital multimeter as well as in the ‘Oacilloscope.

6.6. ',‘Errors in measuremenf :1The possible reasons for which

error may include in the data were -

i) . The data was taken by graphical method.So personal error-

may be encounteed.

ii) The frequency generator generates hlgher harmonics
espe01ally at low frequency range. The use' of filter lowered the
input voltage by such a low level that the output voltage was

- very diffiult to measure. So without using fiiter at low frequ-

encies average of several sets of readings were taken.

iii) At some frequencies the “attern of Lissajou's figure was
lﬁdt steady. At these.COnditions reading were téken estimating the
midpoint. To ﬁiﬁimiza this error, different sets of readings were B
tékeniat different occasion and if steady readiﬁgs were not

found, an average of those sets had been taken,

6;7. Measurement of cricuit paraﬁéters: To check the accuracy
of the fitted transfer functions of different electrical -
circuits obtained from their frequency responses using genera-
1iied complex curve fitting method,it is necess=ary to know
their theorecal trarsfer fuactions. To cbtain the theoretical

~transfer function it is necessary to inow the values of

6.2



the Circuit parametersaccurately. The parameters were reéistons;;
and capacitors. The resistance, capacitanceand the.internai
resistance of a capacitor'were obtained'by the following
proceduré . 1t has been 6b5erved that the rated values especially

in the case of a capacitor varies greatly.

L
i3

Fig. §.7. ¢ R-C dipcutt showing the internal resistance of

a cajacitor.

Vi = input voltage
vV, = voltage accross the resistance
Vio = Cutput voltege

]

vnltage accross the terminals of the capactor.

6]3 S



Vo % Voltage drop due to the internal resistance

of the capacitor

v = Actual voltagze drop for the capacitor.

If there is no internal resistance in the capacitor °

fhen.
2
LE v 2 |
co - o (6. 15
But it was found that
> > > (6.16)
Vi > ‘fr + vco. :

Then it is evident that there is an internal resistance
component in thp capacitor. The vectcr diagram of the voltage s
drops at different sectionsis shown in Fig §.8."

i

B

[ 3 . ' J

0 | ‘ E A
- Vr— L’ . V )

rx

Fig €-3 Vector diagram showing the djtferent vdltage
drops at different sections of q R-C Circuit.



Here,
0C= Vi = input voltage
EC = Vco = Voltage accross the terminals of

the capacitor.:

0B= AC= Vc actual voltage drop for the capacitor

EA = Voltage drop due to the internal resistance

i

of the capacitor.

= Vrx
The. resistive drop V. €8n be isolated from Voo by the

following trial and error method.

= a 2 '
vfo." Vo * Vpx (6.17)
_ 2 2 © (6.18)
let, V}C = _Jvr o+ VCO .
. 2 2 , |
iee. Voo o+ V2 = Vg (6.19)

Since.there is resistive drop component in VCO an small
1

amount of voltage E is subtrated from VCO verctorically

and added with V. algebrically .
For conveniant of operation E is taken as

E= V-- v
1 X (6.20)

2 ‘

o
J

£



let, V' (1)

1]
%
0N
o]
I
=
M
{
~
o
L ]
M)
Y
~

' - . ‘ -
and vr(1) = Vv o+ E '_(6.22)

Then again it is checked that whether
2 . 2. oo . 2 . . .
Yi_ >>_ Veo (?) + V2

If it is so, the same produre will be repeated until

v, - JV'Z 2

com) + V r(n) ) ‘falls behind a predetérmined

small value (s..0. 0001) . Where n is the - iteraticn no.

Then V.. =~ v.r(n)-vr - (6.23)

| - | (6.24)
Ve = véo(n) .

Now, R, R.and C can be obtained if the current,I'and the

" corresponding - frequency, f is known.,

v .
Rr L ( 6.25)
-
Be = Vg , - ( 6.26)
1
C = 1
ICRARRYS : ( 6.27)
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CHAPTER 7  ~~-~

. DETERMINATICN OF TRANSFER FUNCTIONS OF DIFFERENT
ELECTRICAL CIRCUITS

7.1 Introduction: Different circuits of st order to 3rd order

have beén conétructedﬂusing resistors and'dépacitors.of diffefént
~values '« The values of the resistores, capapitores and the ..
internﬁl r;sistances of the capaéitors havé been calculated

from eiperimental data using the techhiqué%éxp}ained in section
6.7. With these valueé, their theorétical ﬁfansfer funcfions'
were calculated (The calculation ﬁrocedures have been given

in Appendix B).

The frequency response of these circuits have been
obteined experimentally using Lissajou's pattern and they are
given in tabulap:: form in Table 7.1, to Table 7.5.With these

- frequency responses fitted transfer functions have been deter-

mined using the generalized complex curve fitting method.
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7.2. Practical Exaumples :

1) 1st example (18t order system )i

<
P
o

Fig. 7.1 18t order circuit

Riq = 97.550 Byqqa 1870, Chqp o = 83.92 )J'f

‘The theoretical transfer function was calculated as

1.0 + 0.0001238 | o

1.0 + 0.00831 8

I
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Experimental data for the 1st order system from Lissajous patterns.

1 + 0.000123S

1+ 0.008315

T Y T — T g . T ] [] . ] g
No, or ' Frequ-"' Vertical Axis Readings' Horizontal * Yoltage _'Rotation ' Gain ' Phse differeme
Obs. t ency ! o , Axlis Readings , Readings . 1 c ! ) o '
' . S . volts , !
‘' Bz, 8/D ,Yout ' Ymax ' S/D , X mex ' Outpur Tmpur’' . ' A . ,
' ! . : P ey (v . o
* 1 ] R | i ' ' 1 ' e H
] L L ] . [ 1 : 1 1
1 5 -7 N X 20/ 4.2 . . - .'iqfi;z— 0.9524  =15.90
2 o + 1.3 4,0 " 43 L - . v.9%02 =19.57
3 7 " 15 4,V " 4.4 - - W - 0.9091 -22.04
4 5 n 1.25 3.0 " 5.35 - . - o U.8955 ; =24.62
5 9 Iv/D 1.8 40 IV/D b e = e 0.8889 - | -26°74
& * 10 M 1.9 4.0 " 4.6 - - . 0.8696 -29.%4
7 12 " 2,47 4.0 " w8 == e 0.83s5 =s2m5
s 15 " - 1.85 3.0 " 3.9 - - o 0.7692 . =38.07
9 20 n L 2.88 4.0 - - 3,00 boazs o 0.6780 .. -4605
10 25 0.5v/D 3.1 4.0 - - 1.463 2,435 0;8V13 =50.81
11 30 " 3.5 . 4,0 - - 1.485 2.783 - .. .. . 0.53% -55.59
12 40 3.55 4.0 - - 1448 338 o 0,4299 ~6256
13 50 0.2v/D 3.65 4,0 - - ©0.575 1.1 0. 1571 -65.85

contd....




w

maBLE 7.1 (continued from last. page).

¥ Y - - T ¥ "
No. of : Frequency ' Vertical Axis Resding' Horizontal : voltage reading, Rotation -, Gain ' Phase difference
obe. , . N ) . v pAxis Reading volts , ' AR v in degrees
; i : ‘ : er—— oo ' - :
! Hz : s/D ' Y cut , ¥ max ! S/D: X max tout ! Input ' ' :
1 . ] ' t L ]

! : \ : ! ' :Pu o 1 . '

a L P % Y 3 =
A4 60 0%V/D  3.75 4.0 - -  0.578 1.867 —6;2‘ | 0.3074% —9.64 -
15 70 " 3.8 4.0 - - 0.567 2.103 2 0.2696 ~71.81
16 80 " 3.8% 4,0 - - 0.571 . 2.3%% T © 0.2384 -73.24
A7 100 n 3,80 4.0 - - 0.5%60 2.898 b 01932 74,80
18 120 n 3,90 . 4.0 - - 0.562 3.460° . 0.1624 ~77.16
19 150 n 2.92 . 4.0 - - 0.282 2.16%. ’ © 0.1 504 -78.52
20 200 " 3,95 4.0 - - - u.ar 2.8%8 . 0.0994 279,27
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F|g7 2 Polar plot of frequency response showmg the- accuracy |

of the fitted transfer function .55 4 o 1279x1073s

10 +0°8G25X 102

N |
_ B -0
, ‘ — , R- , ; ~WN=0 &
| ol 02 0% (=2 o5 06 07 o8 . ©'9
‘From Theor@tical' Transfer FUnction
eut , -
—_——— From Fitted Transfer Function ~
o Ex,perlmental ,Frequency R'-E'SPO-NS‘?
o D e e
o3
-0°4+
-0’5t 7.5



The fitted transfer functionrby this method was found as -

-'0.990 + 0.00012798

1.0 + 0.0086253

The result is found to be quite satisfactory ,

The polar plot of frequency response has been shown in

Fig. 7.2. :

ii) 2nd Example (1st order system }:

R12 |
A~ —

!

Fomm m———
J 3|
7|
@)
o
D e —

g d——— < ——— g

Fig 7.3 1-st order circuit
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Table

.2

.éxperimental data from Lissajous p;ftern for the 18t order system

1+ 0.0003633

1+ 0.013858
gg; of | Frequency Vertlcalleia Re'adlng__ Ii;fgzgg:i.‘ ' Rota- :'Gain ' Phase
* -z S/D ; Y cut : Y max: dings - - E tion : :'dlzierence
. ' ' i y 5/D } X wax | i i .g'ree_

1 7 N & T 2w 4.;_ —é};-z '0.9%0. -20.5

2 8 . 2.2 4 " 5 . 0800 =355

3 10 - " 235 3.7 5 v 0J780  =39.4

4 15 " 232 5 " 5 « 0.600  =50.7
5 .20 ", 2.0 .24 4w & S =564

6 25 fﬁgn' 347 8.0 % hast . 0.7 £0.2
5 20 Xl 3.4 _"5."/“ " 5.0 y O.ji?d‘ -63.1

o 35 n 3.0 33 L 5.0 . o.}au' -65.4

9 40 " 2.7 2.9 " 5.0 ¢ 0.290  -69.1

10 50 n 2.3 2.6 5.0  *  u.2te  -69.2

11 60 0.5¥/D 3.75 4.0 " 4.8 v 0.208 -69.6
12 90 oo o 3.5 5;5.?- "o 5.0 0.185 °  -71.1
1? 80 " 3.08 3.2 ¢ s;u v 0,160 ;74.5
14 - 90 " 2.8 2.9 " 5.0 e 0,185 —74.9
15 100 " 2.98 2065 M 5.0 4 0,135  -76.8
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e

vege o B e g ;

fitted transfer function 0. 9857+0 00033258

1+0. 013315
y — » From Theorétical Transfer Function
| ——— e - From Fitted = Transfer Function
© Experimental Frequehcy lResponse', .
. R . =0
X -~ Oz?'.' R :0.'4..- R | 0--'6-’, o oe
-0°1 1
_0’2.
) -0"31
-0'44




Here -

Ryp = 967.5-2 , Ry = 26,089 , C 5 = 15.93 4§

The theoretical transfer function is calculated a8

1+ 0.0003%635

14+ 0.012%285g

The fitted transfer function with this method was found as

0.9857 + 0.0003325g

1.0 + 0.01§§1§‘

The polar plgt of the frequency response of these transfer

functions have been shown in fig. 7.%.

The result is found to be quite satisfactory.
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iii) 3rd Example (2nd order system.);

R21 | R22
X W W— 3
i I
' | X
Vi | é?xmg ! 2 ‘22E v,
I I | o I
| - I "
C ; /=C !
1A Lo22,
| |

Fig; 7.5 : 2nd order circuit

a) In this case the parameters were as follows :

R

= gL < = . = 2 [
Ry = 92.53%, Ry, 1,479, C,, = 83.92 M g
| |
pp = 97.00%, Ryny = 2.272, G, = 65.8 A
The theorétical transfer function is calculated as

1+ 0.27272x 1025 + - 0.184 x 10~ /52

1+ 0.212575 x 10775 + O.5506x’|0—482 '

7.10



TABLE 7.3

Experimental data from Lissajou's patterns for the 2nd
order system . o K

1+ 0.27272107350.184 %1075 -  | ,
1+0.212575x10715 +0.5506 107452 - L L o
I;!_g;.ofi Fregeency i Vertical A)dglReadings E ' Izi‘gzﬁggt;‘al Axis ; Rotgtﬂion E.Gai? N : " Ppase different
;’ Hz i S/D '; Y cut ; Y max i S)’D ; X anx E ) ; . ' E ' Deg‘reé.
1 -5 0.2V/D 2.5 4.0 'o.zwm)_ Cue _CA/};L © 0:8333 - 3868
2 6 - 2.7 4.0 N / 0.8000 _ s2.45
5 2 n 2.6 4.0 T 0.7407 - 47,73
4 8 " 3.78 4.0 o.5v/p 225  w C 07111 - 52.66
5 9 " 3.35 4.0 " 2. I " 0.6667 - 5_13;:8@
& T 10 n P 4.0 u | 2.55 : " _ '0'.62'é5 ' -16‘1504
9. . 12 n . 3.65 4.0 e 2.82 ., o 0.5674 -65.85
8 s " 3,85 4,0 R : ST 0.4706 : l-:'74.26
9 " 4.0 40 .t anp | 4—69— | Coumos . =90.00
0. 30 n 3.9 4.0 1V/D 3,32 %3__ . o.zuez -102.84
11 40 "o 3.68 4.0 n ‘ 4.66l . ' . 0.1717 -11%,07
12 50 0.1V/D 3.45 4,0 " 3.2 T e 0 1250 C =120.40
13 60 " 3.2 4.0 "o . ti.a o -, ey 0.0835 - -126.87
14 7C o 3.00 4,0 " 5.15 0“ ' 6._0777 - - 131-.41

contd. | 7.1



Table 7.3 (continued from 1a5t‘pége) .

No. of .: Frequency ,: Vertical Axis Readings’ :‘ Horizontal Axis X Rotétion :  Gain ! Phase different
Cbs. . ) ‘ ! Readings -t C o P
f — 1 - ' — ' - '
! Hz : 5/D ' Y cut: Y max : 5/D ; - X max | ‘ 1 Ly Degree
14 20 0.1V/D  3.00 4.0 /D 5.5 %’ 0.0777 ¢+ = 131.81
15 w0 5cmv/D 2.8 | 4.0 S 3.5 . 0.0606 . "‘?5-57
16 9o - 26 . 4w "o 4.0 e . 0.0500 | - !139!.46
17 . 100 " 2.45 4.0 " “s i v 0.047 2.3 :
18 120 “ 1.5 3.0 © sw v 0.0300 - 146.63
19 140 20mv/D 2.1 4,0 oo | - 345 o 0.023¢ o ~148,33
2V 60 1.9 4.0 o aw . A '-0.0182.'_ . -i51.6s
21 . 180 . 1.6 3.6 - " 5.0 .o ‘u.mq# =153.6°
22 o0 " | 1.26 3.0 e s o 0.0720 155017
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fitted

transfer function

Fig 7-6 Polar plot of frequency response showing the accurcmy of the

‘0079 — O smo"s 0374 x10°7s%

1°0 +0°224x10'S +0-508x1074 g% . -
] R

d 02 - o3 0 o

LA Cg ~ L4

oG

G

From' Theorétical Truhsfer Fun'ction

From Fltted Transfer Functson

Q _f Exper:mental F_requency -Response |



The fitted transfer function was. found as

-4

1.0079 -0.8 x 10778 = 0.374 x 107752 - -

14 0.224 x 10718 4+ 0.508 x 10~ g2

The result is not very accurate . The order is~found.to be -

same as. the theor@tiéal‘tranSfer function and the constarmt

coefficientsrof the denominator is nearly- accurate. But from

the polar plot of the frequency response of fig 7.6 it is seen

that the result is qualltgtlvely' s&hgﬁmtory.'

iv} 4th example (2nd order system ) ,
Rp3 R,

—A —AW

| A e 1T
[ - =Rxo3; | FRy
Vi- ‘ | : i | ;
- 03 | T C24. 1

J S I“"""'T:M L.

Fig 710! 2nd order circuit

e

R25= 567.98 L1, R,é} = 26. og_n. Cy 23 L 13, 95 MY

Ry, = 974.86 2Ry, = 39.B L, C,, =.12.74 B

714
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TABLE

Experlmental date from Lissadous pattern for the 2nd

oraer systen 1.0.865x1073S +0.1823 =10°652 .
1+0.391x1071 S « 0.1834 = 1,0'3 52

No. of ' Frequency | Vertical Axis Readings ' Borizontal Axis Voltage Readings " Rotation' Gain , Phasge
obs. 1 o : , 1 Readings . - 'in volts e : Differenmce
[] 1 - 1] N : .L T = .l : T : -
- Hz s 5/D : Y cut ! Y max , S8/b ' X max ' : output , Input , ! Degree
t ' ! f ) ! ' S ,(V } ' (vi) \ ! . ¢ :
1 ' [} } 1 [} 0 : 1 1
1 A 1 1 1 1 : 1 ] 1
1 5 » Iv-/b 3.3 4.0 av/dD 3.2 - - o 7?— 0.625 =56 .4
2 -6 " . %.55 4,0 . " 3.5 - - ' o 0.571 1 -62.6
3 -7 " 3.7 . 4.0 " 3.9 - - 3 0.513 / |_67.7
. B .o ' ' i ’
4 U‘ n 5.8 4.0 n 4-5 - .- X Uo“b) I -?1-5
> R “ 3.8 40 " asy. - .- , e O.s26 -74.8
6 10 n 5.9 4.0 - -~ . m.m5 - - 8.8 - 0,380, -77.2
2 M " 3,98 4.0 - - 5.16 a8.7 el 0,351 =84.3
s 15 " 3.0 3.0 - - 2:375 8,175 - _{Eﬁzz}— 1 0.291 -90.0
9 15 . 3.98 - 40 - - 3,036 12.0 _Qb_ 0.253  -95.7
10. &0 0.5V/D .92 4.0 . = - 1.496 7,875 . oo 0.190  =1071.5

contd.. B
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TABLE 7.4 (conginued fromllast page)'j“

T 1
No. of , Frequency |

Vertical Axis readings

L]
Horizontal Axdis.

" Yoltage readings: Rotation: Gain

Phase

]
obs. ¢ , Readings © 'in volts ' differem e
1 : \ ) R .. . .l .
] ' ! - I : ' ! 1
Hz ! S/D ! Teut ! Y max ! 8/D , X max Outpur ' Input- * Degree .
] ' ' . 1 (v ‘o \'j \ ] i R .
| - i : ! ! ' ] o IF i ! 1 9
12 30 " 3.67 4.0 - - 1.432 12.51 . . 0.114 -11%5.4
15 55 " 505 &0 - - 1.417 . 15.255 y 0.095 ~119,0
14 L HO0 0.2V/D 4.42 4.0 - - 1.002 14.273 *as 0.077 -121.2
15 50 n 3.2 4,0 - - V5B 10.30 ” 0.055 ~126.9
16 bO n 5.0 4.0 - - _0.5% 13.33b ‘s 0.042 " -'13’1.4 -
17 20 " 2.9 4.0 - - 0.280 8,465 0.033 - -133.5
18 .80 " 2.75 4.0 - - 0.277 10,294 e 0.027 -136.6
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Fig 7.8 Polar .p[otr of frequency're's'pon_se showin_g"the accuracy of the

fitted transfer function  ©:977 +0°6508x10% — 01081 %15 562

Y 10+0 408 x10's + 0o 1629‘ x;ofg-_r,’- |

P yhe

o4 . 02 - 03 . . Ok

R——=  W=0

— From Theorétical Transfer Function

b e p— tim— —

From F}tted Transfer FuthiOn.-

;-
0o
/

I

1

by : o.-; Experimental Frequency Response
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. The theor@tical transfer function was calculated as

1+ 0.865 x 10775 + 0.1823x10052

13 + 0.183 x10~ 752

1 + 0.391 x 110

The fitted transfer function was found as

0.977 + 0.6508 xﬂO-BS + O.a081x10—58

1+ 0.408 x 10715 + 0.1629 x 10”752

The fitted transfer fuqctioniis not very accurate.

1

The order is same as theor@tically it was . The constant

coefficien~-ts at the denominator are nearer t0 that or theorgtical
values. Though the fltted transfer functlon is not quantltmwely

very accurate,but from the frequency response plot of fig.

7.8 .the result is- found satisfactory.
S C
E



v) 5th example (3rd order system) ;

, SRy R32 ~ Rag
g W W — W - 2
| i il r-bkz---- i -"-"“:;‘.“-“-?
v : RX31: : §§RX32E ! RX3$
i R
T LT o
\

Fig. 7.9 3rd order circuit.

Here

Ryq= 100.262, B, = 13.139, C,= 13.31 o

R3p= 98.08-0., R sy = 0.750,¢5, = _18‘1‘.45}*1"

Ry, 10.1'1-n., B33 = 1.180, Oy =261+.38Hf

The theoritical transfer function was calculated as

1+ 0.5‘1'1949):'!0_38 + 0.2863:’10-782

1+ 0.312212x 107's + 0.379 x 10~*s2 4 0.105x10~753



Lap:

AT

Experimental date fro. Lissajsu's pattern for the3pjorder system

1.0-311949x1073 5

+0.286 107752

140312212 10’1s+0 379 x1074 52+ 0.105x10° 753

Horizontal Axds °

contd..

No. of - ' Frequency : Vertical Axis Readings \ '  Rotation Gain . ' Phase
obs. : . ., Teadings, . y v ' : : ; difference -
E' Hz LS/D - ; Y cut , X max |, S/D .: X max l L l | ; Degree
1 5 0.5v/D ~ 2.95 4.0 D 2.9 ;tf;;;{'- 0,689 - 47.52
2 10 o 5.8 4.0 "o 1i_ 4.5 T o auna - 66.93
15 " 3.9 4.0 2v/D: | 3.2 ,;A - 0;5525 ~77.16
20 0.2v/D ' 5975 4.0 IV/p . 3.3 . 0.2upa ~83.59
> 25 " - 3.99 4.0 n 4.1 ' __-& ‘ - C.1951 ,7-85.95
6 30 " 4.0 4.0 " 4175 ;{EE?;};- 0. 1684 290,00
7 40 " 3.99 4.0 2v/D i' 3.25 '”tigzzﬁ; 0.1230 -94.05
8 ) 50 20wv/D 5.93 4.0 ,o.év/n‘- 4,07 © o o.09828 ~100.73 -
9 6V . 3,85 4.0 "”_ | ; 4.95f :4 0.08081 =105-74
10. 80 " 2.775 3.0 o 5.1 v ooseEz -112.35
11 100 " 3.55 4.0 0.5¢/D 3.5 " 0.04577 -117.44
12 120 " 3.35 4,0 n 4,42 o 0.03620 -12%.12
13 150 100v/D 3.0 4.0 " 2.99 y 0.02676 - 131,81
14 200 n 2.4 4,0 n a.aé u.'ﬁ' 0.01798 - 14Z,13
15 250 L 1,95 4.0 IVD 3.25 . " 0.012%1 -152.82
16 300- n 1.45 4,0 " 4,5 o 0.00889 - 58,75 7 20



Table 7.5 (continued from last page)

L

No. of ,: Frequency ' Yertical Axis Readings : Horizontal pxis ' Rotation. e Gein - Phase
Obs. ! . readings . T ‘ L - !difference

‘ ! 1 ' — -~ ! -

t Hz . ; 5/D Y cut ¢ X mac ' S/D : X max = 1 v Degree

! . / : _=_ '. ‘ 1 { ! (] : §
17. 350 10mv/D 1,06 4,0 o 2v/D T 3.0 —%— 0.00667 . - 164.63
18. 400 . 5mv/D  0.75 4.0  IV/D 4,0 . 0.,00500 - =169.19
19. 450 no 0.46 . 3.95  m 5.0 5. o 0.00395 - 173,31
20. 500 S 0420 3.15 . 5.0 e 0,00%15 -176.38

’ - N : oL . i:m-,-: c b
. Y - . N
21 spu " "0°0 2.3 " 50 —N . 0-00235 -180.00
22 690 n 0.10 1.5 " - 5.0 EE ~,  0.00150 185.82
23 815 L 0.10 1.0 " s - L 0.00100 . -185.74
\: <

S Y



Fig 7.10 Polar plot of frequency response showing the accuracy of

the fitted transfer function — e
| 0°99 28 — 0°1928C X 15 S + O 105¢ X 10 'S 2
10 + 0'3285)(10"3 +0°235x1079 g%

o2 o4 o @

| From Theoréti’élcil ‘Transfer  Function
———— From Fitted Transfer Function
@ | Experimental. Frequency Response
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= —
—

The fitted'transfer functiqn waé found as 2nd order and

it was

0.9928-0. 19286 x 10 =35 + 0.!036 x 107 7 2"

1.0 + 0.3285 x 10~ s + 0.235 x 107'5"

At 3rd order it was

0.99-0.1252 x 0725 + 0.1331 x 107°s°

r-73
1+ 0. 31/6 x 10~y - 0.1075x 10'432 -0.2277x.10 °S

Qpantltﬂwely the result is found to be unsatlsfactory. But
. Lo
from the frequency response plot of flg. 7 ﬂ)lt is found that

the result is quite satisfactory. d

7o B4 easons for; variation from eoretical values : as
7.3. R £ iat from theor@tical val It has_

- ) -
found that ,in 2nd order system, gpecially in the case of 3rd
order the fitted transfer functions differ from that of the

tneorétical.

7-23



It is not possible to tzke 100% accurate data by graphical
method. Moreover the vzlues of the paréméters-were found

different at different frequencies. If we 1ook_into‘the

7

the equivalent cirguit of a capacitor’ we can see a

series resistance Ty & series inductance L and a

parallel resistgnce rp

: 1
i

r .
| P |
P A~ 1
I _ .
: g L |
:W\r' o |
o C ]
t [{
l 15 |
o g

Fig. 7.1 Eqﬁivaient circuit of camnacitor.

| :

T
In calculating the capacitance and the internal resistaﬁce,
the effect of indictance and parallel resistance is neglected

So the vzlues cf internal resistance Rx and capacitor ¢

which are measured are not very accurate.

¢
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It has been observed in the‘chgptérNS that in most of the
cases £ 1% errof glves satisfactory fesults .Hence error in
measSuring %he frequercy response should not be”greater tﬁan

¥ 1% , But so much accurancy cannot be expecfed when frequency
reSpoﬁée is measﬁred f:gm Lissajagispa;tégnﬂence‘better
instru?ent for measuring ffeQuency response is neceésary“

which is not available in our department at present.
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CHAPTER 8

DETERMINATION CF TRANSFER FUNCTION OF THE R.F.
SECTION OF A RADIO RECEIVER.

8. 1' Introduction: An one bénd radio receiver. was takeh.
Tracing the whole circuit of the receiver its c1rcu1t diagram
has been constractpd The . R.F. section 1nc1ud;ng the I.F.
sections is selected as a circuit whose ffansfér function is to

be determined.

The frequency response.of the circuit has beengébtained
using Lissajou's patterﬁs cdnsidering the whole syétém aé a
black.box. Then from this frequency fesponse transfer function of
the whole section has been determined ‘using genefalized complex

curve fitting method.

8.2. Measurement procedure : The‘transformers of the converter and
I1.F. stages are designed v for very low voltage level. But the
signal generator requlres a minimum voltage level to generate

any desired frequency perfectly. This level ig much higher than
that of the saturation level of the transforme%s. More over the
gain was so high that it was almost impossible to take the

frequency response using oscilloscope.

To overcome these difficulties a high resistance was

connected to the circuit at input. -
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High TRE ]

| | Resistance | ] | section| T
Vix Vi SR | Vo i

-

Fig. 8.2 Block diagrufh of the R.F section with High Resistance

The high resistance acts as an attenuator'which lowered

"the voltage level suffiéiently at tne input of the R.F. section

to keep 1t in the requiied voltage level. Moreover this time
| L L
the gain, VO/Vix is possible to obtzin from oscilloscope.

- .
e

- The transfer function of the R.F. section = vo o (8.1)
- - v,
. T . l
_ Transter function of the high resistance section
s
= e i eerei————— - & B P S & a4 » P (8.2)

vix

The transfer function of the whole system

v : | . '
= . Q. .......-0-0(8'3) . ' |
Vix ' |
Therefore,

Vo ‘Vb Vi

— = / A - & " 6 o on (.8.4)

v, v, v

i ix ix

8.3



TABLE 8.1

Experimental data from Lissajou's pattern for the L High Resistance'
Section for determination of transfer function -of the R.F. Section

] _ [] N i r ‘ ) T ) T * .
No. of + Frequency ! Vertical Axis Readings' ‘% .' Horizontal Axis ' Rotation ' Gain  Phase Differenee °
obs. (R ' + Readings . ' ' - . )

a — - —_— —

. Hz t 3/D 'Y cut’ - v Y max ) 8/D° ' X max . ' N

. : . 4
. ) . ‘ ) . ) .-' . . '& . . .
.1 400300 20mv/D 1.1 2.3 “5v/D 5.0 _d?—[_ 0.00184 28.57
2 407200 . 1.0 2.4 LA 5.0 T 7T 0400192 24.62
3 414135 E 1.05 P 3h " 5-0 L 0.00.'188 26,54
4 421020 " 1.0 - " 5.0. . 0.00192 24,62
5 428000 " 1.0 2.4 " S.Ut . 0.00192 . 24.62
6 434780 " 0.9 2.4 w7 5.0 - . 0.00192 - 22.02
7 442010 0" 0.6 2.5 . 5.0 T 0.00200 7 13.87 T U
. ' ' e

5 450250 " 0.0 1.4 n 5.0 T . o.00m2 . 0.0
y 453138 - " 0.4 1.1 n 5.0 : *_é;z_ 0.00088 -  21.32
10 460150 n 1.0 1.7 a0 8.0 T 0.00136 ~36.03 )
11 468900 " 1.1 1.9 " 5,0 w1 0.00152 35,3
12 495980 1.19 2.1 " 9.0 "o 0.00168 ~33.20
13 485660 n 1.2 2.15 n 5.0 y 0.00172 " ~33.93
14 . 493850 " 1.2 2.25 no 5.0 . 0.00180 ~32, 42
15 502290 " 1.2 2.25 " 5.0 " 0.00180 32,23
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Experimental date from Lissajou's pattern for the

the transfer function or the R.F, Section.

' RF + High Reisstance! section for determination of

Horizontal Axis

contd...

No of + Frequency , Vertical axis 'Rofation' ',.'-Gaiﬁ Phase difference
obs Beadings : Readings S L '

: Hz i S/Dh": b3 cutgtix max 5/D : X max o . ' . Degree

' ' ! : - N SRR N "
K 300000 51av/D 0.0  0-0071 IV/D . 50 . 0w 0.0
2 400000 n 0.0 0.001" WL 5.0 . 0.0 0.0
3 4235 50mv/D 1.4 1.50 20mv/D 5.0 —Yfi;z— - 0.7900 -62.38
4 425298 " 1.8 1.92 " 5.0 g 6.960 -69.64
5 427503 n 2.6 2.75 " 5.0 . 1.375 -70.99
6 42954 n 3.8 3.9 " N 5.0 . 1.95 : -79.00
? 432252 0.17/D 3 3 " 5.2 -5 2.e85 I ~g0.00
8 434452 m 3.8 3.95 o 5.0 ‘_1(‘;5_”'?3.'950 | ~105.84
9 436904 0.2v/D 2.0 2.7 " 5.1 e 5.9 -132.21.
0. 438518 " 1.4 3.1 " 5. " \ 6200 =153.15
11 439812 " 0 3.4 v 5 A‘Y . 6.800 -780.0
12 440395 " 1.0 3.5 & 5.0 ' -E%'\ " 7.000 -196.60
13 . 441064 " 2.0 3.6 " 5.0 N 7.7.'200 -213.75
W 441793 " 3.0 3.65 " 5.0 o 7320 -235.65
15 443030 " S 3.75  3.75 " 5.0 —E} 7.500 -270.00
1% 444193 " 3.0 3.78 u 5.0 : _é . 7.580 -327,47 .
17 444825 " 2.0 3.75 " 20 S 74500 -3e7.78 87‘5



Table 8.2

(contd, from last page})

No. of: Frequency ' Vertical Axis Rendings : Horizontal Axdis "Rotation Gain i Phase differermc
obs. - ’ Readings ) ’ P ‘
o 1 o e ' o '
i Hz . 57D 'Y cut : T max ¥ 5/D . ' % max ! Degree
[ — 1 . A
, , ‘
18. 4us462  0.2v/D 1.0 3.7 20mv/D 5.0 : ‘[f; N 7.40Q - 384,32
19 446003 wo 0.0 3.6 " 5.0 B 7.200 0.0
20 446624, " 1,0 - 3,55 " 5.0 E“ )~ 7.100 ~16.36
21 aupugy " 2.0 3.4 " 5.0 LT 6,800 . .  =36.03.
22 451974 " 2.15 n "_ﬂﬁ 5.0 _-G} ;‘.J' 4-390 ) -90-00 :
23 454658 0.1vw/D 2.8 2.87" " 5.0 -525— 2.870 | -102.08
24 456725 " 2,0 2.1 n . 5.0 s . 2.100 -107.75
25 461228 K 1.0 443 . v . 5.0 w1130 -117.7%
.26 468273 " 0.4 1,075 " 5.0 IR 11,0750 -158.15
27 4485 38 spv/D | 0.0001 0;0001  aw/D., 5.0 ;’T “ 0.0 . -180.00 -
28 550999 " .0.0001  0.0001 = " 5.0 - 9 0.V -180.00 -
29 600000 n 0.001 0.0001 " 5.0 0.0 =100 .00
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8.3. Results and the errors: Using
and using equation (8.4) the transfer function of the sgstém was -

found as

¥

——O=
. Ex : -8
14 0.26177x10

- 0.16317 x1072"s3 ., 0.7668x107%8*

s+ 0.25683 x107 2s° 4 0.3380x1072" g3

+ 0.16485 x10"25s%

0.1494310™2 —0.2817510 g

i
-1
5, 0.67768x10 %

0.744969x10™% ~0.2297 x10™ s , 0.1672x107 452
v -0.16204x10"2"s> 10.7657x10"s*,0.51966x10>7s°
2= : 7 —
o, Y e
77 10,1494-0.2426 x10”'0g + 0.3837x107 s

. ~23,- '

- 0.46443x10~0g5

The freqency reSponses.were taken using lissajous figure.
To get exact results from the Lissajods figure the input output
frequency must be same. 3Since there afe active elements in the
circuit, the input and output frequency were obviously different.
The I.F. amplifers are tuned .So it attemuates all the frequencies

-except its tuning-frequency « Therefore the effect of the frequences

¢
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outside the tuned band is eliminated. Tﬁough for'this'reason

" the effect due fo the different frequencies on the Lisséjoy's
figur§ was partially eliminated , the figuré was found uﬁsymﬁet%
rical. For'tne_high resistance section it was;never found
distinct. The daté.was takén for this cése on-tne basis of an

approximate figure.

The phase differenqe‘and.gain both had a great'variation.
it the input voltage level was changed. The feadings were taken
at the maximum input voltage level at which the Lissajou's

pattern was most nearer to its symmetry.

Though the exact frequency response was not possible

to obtain for the above reasons, stillztne fitted transfer

; .
function was found satisfactory. The frequency response obtained
| -

from the fitted transfer function is plotted in fig. 8.3.
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CHAPTER 9 -

" QUGGESTIONS AND CONCLUSIONS

9.1, Summary and conclusion : The complex cutve fitting -

method for_obtainmng transfer function from frequencﬁ response
gives wery accurate result if the frequency response is‘noiée

. free and the correSpondingjérror in fitting the'freéﬁencﬁ |
response tolthé transfer fﬁﬁction is very small, i.e, of the

-4

order of 10" or smaller?%But if the frequency response is noisy

then the above error is larger and may be of the order of 10-1,

Because of the noisy data a better fitting cannot be obtained.

Some times it may become difficult to ascertain the

correct order of the transfer function using the previous method3

The emperical relatiocns developed inwsection.3}2 eliminates

the problem. : . ' 7 . . i

In previous method'1 determination of transfer functions

-

of higher type systems were not practically possible. The technique

which has been developea in this werk in section 3.4



on the concépt of inyertiné fhe.data gives excellent fittings
for hiéher‘tfﬁe-systems.
- The fféduency range over which the data sets are taken.ig very
;mportantlractor.-h smg%ier range may,evén change thelordei'
of the transfer function; To get adcurafe reéulf the frequency"'
range éhould béltaken as'large as possitle and the cﬁitical
' frequencf 5aﬁd has to befincluded.'The critiéal frequency
band is that regipn‘wheré both the‘magnituqc and angle changes

relgtively rapidly than that of the other frequencies.

‘fo get the actual transfer functicn from the frequency responce,
data should be very accurate. It hzs been found that in some
cases ¥ 1%.error may change the fitted transfer function

quantitively and evén_the order of the transfer function . N

~

Finally the‘transfer:function_of'six practical‘electricai'
systems of différent order including the R.F. Section of =a
Radio receiver ha?e been obtained using generalised complex
curve fitting method. It has been found that in some cases
the fitted transfer furction is quantﬂ@gvely different and?for

the case of 3rd order system the order of the traunsfer function

9.2



has been found difrereﬁt froﬁ“thét of the theorétical .

From error analysis in Chapter 5.it has been observed

that for obtaining accurate result, the error should be
less than ¥ 1% for some cases. But it is not practically
poséiﬁle to get so muchia§¢uraf§ daté froﬁ oscilloscope
using Lissajou's patterh; So thé variation of the fitted
transfer functions.fromhthat of their ther@tical values

is obvious .But from'fhg'frequneéy response plots of the
fitted tranéfer-functio;s the résuits were found reasdnably'
acceﬁtablé;

9.2. Scope of Future Research i In this work the Titical

frequency band has not been determined accurately ,only an
idea about the critical frequency band has been given.
- Further work is ﬁeceSSary to determine the actual critical

frequency band.

The computer programme is developed in Fortran IV
lsnguege. Fortrna IV compiler can handle data of maximum
magnitude of about 1075. If the frequency is higher likeR.F.

frequency the magnitude of the data inside the calculation

9.3



_ procedure some times become larger than that of the maximum
- handliﬁé'capacity of the Fortran IV compiier,'To'ovefcbme
this prdblem program should have to develop in othe? langufu

ages (such as combination of Fortran and Assembly ).

- The programme which have been develépéd is not 6ptimised.
Oﬁtimised program shcvld be developed for the savinz of

computer.

1

valuable C.P.U time of the

The measurement of frequency. response for the R.F. Section
withIissajou's pattern was not very accurate .Since the
N L. : P ' _
input ocutput frequencies were not the same, More accurate

result will be obtain if better measurement technique is used.

In this work Lissajou‘s-figure'has been used to measure

o~ e o | : . ‘
frequency response. It has been observed that.i 1%jerror nay

change'the.fiftéd tfansfef fﬁnétibn, To get accurate result
error should be iess thant 1% .Eut itlis not possible to
obtain so much accurate result ucing liscajou's figure. 5o
better instruument for measuring frequ?nqy resnonse is3pege—

ssary to work practiéally.
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APPENDIX - A

DETAfLED CALCULATIONS OF THE COMPLEX CURVE FITTING'HETEOD

Transfer function, G(jw), of a linear dynamic system can be
expressed as a ratio of tﬁb’f:equency dépepdent ?olynomialsigé{éhown
below:

Rgtha (30 + Ky(3W)%eag(3W) % Lous e =

' G(gw) = RS-
' : 1+B1(Jw)}B2(Jw) +B3(qw) ceceancace
where Ay, A4y Ao, ...7..} Bq,7B2; ... are constant coefficients'

of the transfer function. Equation (1) can be written as - °

o gl v gy s K Peig boieee )
G(3w) = - yn — " — ee.. (2)
- (’1-—B2 + B,W ceve) + Jw(B1 = BBW +B5w asee )
R (3
. 6+3w_, T - - _ _ &
_ B(gw ... O

I(Jw

FQjw) is the ideal function, i.e., one which represents the data

exactly. It has real and imajinary components.
F(3w) = R(w) + Jalw)  .i... G

The numerical difference between the two functions



F(jw) and G(jw) represents‘the error in fitting, that is

e(w) = F(jw) - 6(3w) . ... T (8]
Now, et(w) = e(w) I(jw) = F(jw). I(qﬁj'-P(jﬁ) ;;... (8).

‘At any specific value of frequency W,

& (w) = F(aw) T(iw) = P(iw)  wees (9

]

C(wk)'+ jd(wkj‘ ';.,} e o | (10)-

The magnitude of the function e“(wk)‘is given by -

gl = 160 + 300w ] = Vo2 + () weee (D)

G . - 2 _ .
! 0r,1€3(wk)| = Ca(wk) + dz(wk) cenes : (12)

Now, E is defined as being the function given in (12) suumed over all

‘the sampling'frequencies'wk. Hence

E - - 2 2 - "
= S Co(wy) + d (W )| eeee (13)
k=1

The  unknown polynomial coefficientS‘Ai and Bi 1= 031425e0e0
: . L]
are evaluated on the basis of minimising the function E. Using

equationé (3) and (5) -

m - - ' : l
5T Eq [(Rk 6y — T By T"Ck)‘g + (TR 64 By - kﬂk)i}"(ﬂ)



Now,

the following relationships are defined:

. m{ . L | ‘ e '
TRy = DL W eese - (19)
k=1 . - T o .
- l'Il - . ' '
8y = = oW Ry o - (16)
k=1 k |
Too= ST W Gy e | | (17D
k=/| " -

o P
m _ . .
U, - 21;:1 i (Ri + Qf{) e | (18)

Now, partially differentiating E with respect to each of Ais and B;s
and ‘substituting »;, si', Tiy Ujsie
é - ' m . : . : PR . '

S5 =7 SELDANV R
D&y~ en [“2( 6 B = ¥ie Ty Oy = %) ] =0

or 'z:m =2 R("I—Bw2+Bw4. ) ~w, &, (B —Bw2
' . k 2%k 4 *cem k k1 3%k
k=1 ‘

+ B5wi ceose) = (AO - Aewi + LA "'f)}] = Q ees (19)

i

ceveene = Bo eens (20)



Sg %

W oFEr 7o | 2R Nl f 6 Sy - k'ﬁk_)] =0
m : .
ory > .2 R, (By-B,w2 + Bewr ) +Qy (1-BwS
= Wy, {wk 1(Bq=Ba¥Wy + BoWy sceevd) +Qu(1-Bywy
;Buw;-_,....) -.lwk(A,_I'- - A+ Asw; )}] @
Oy A4y = gy + Be Ag-hodg + -oo- -B132+B2T5+B584- - BT -
- 33586'15 ceses = T, | (22)
111) = 2w (63R - Wy By ""Ck)] =0
§a, kT | A S
or mZ‘ 2w R(1—B1;12+BW4- ) + w,_@.(B
’ e TE{TIBoWe + By - e x Bx' B4
-1

- or, Aoag - A224 + Aq_ﬂ,é.— Aé/'ls ¥ caceeee + B‘,]T5 + B,S

- B3T5 - B4S6 + B5T,7 + sees = 82..... (24)




m

m : ‘ .

or, - Z 2“3

1
N

n

- . ' -
k [ka}: (B,J- - B5wk + B5 wk ......). + 'Qk("I-B

2

2V

: +B4wk — eese)-wy (44 - ‘A3wi+ _A5wi - ...._...-)J;-—- 0 ee.. (25)

ofy hyAy = Ayag + A5 g TApAqg ¥ eeer “BiSy + By

+B386 - B’-I-Tr? - B588+ ase = Talooc‘c-

m . . )
v) 5%1 - = [_2wk @, ( GkR]F:' - W Y Q) _-0(?5)
E k=1 - . o

41

+

2B (W Ty By + ;‘icg'k‘. kﬁk)]. =0

4

k=1

2!
By 5¥y

| 2kak ( Wle‘.{(B,-] - ijlgc + B5w§ - ";"') + 9,']'[-{('1_-.

2

2k 47k

. ' o |
_B5UI-I-+B5U6-B7U8+ aea = 0 aen . -

rs

m .
. " SE 2 .
5 = A

!

2 o | i
wk+BW - ....-) ." (AO-—A2WR+A4Wk— .o.--)) +

4 - > 4
Bw +Bw - -loc) -k(A1‘A5Wk+A5wk- --oc')).-

(26)

(27)

(28)



2 - . w8 -
2wy (TR + 6% &y "’kﬁk)J; =0

m : . ) .
,.- . 2 4 ot -‘ R ..
2 L ' 2 2 -

~2wg Qk( Rk (B4-By Wl +7135’_w’; - ieeed) + Q1=

2 4 | 2 4yl
. ngk o BLI. k ...-.)_’- wk(A _Aawk_.'. As k -\....))]

O I

or, AOS2+A,IT5 A284 A5T5+ 6t 7'.f;.";. fB2U4“'

— B£|-U6 + B6U8 - B8U,1O+ .-o.o=.U2.--.‘;- (50) ‘

- 8By - k=1

vii) =SB . 3= [2‘“5&1{( ;"' e 1 Qg ‘“331:( LY SR

oy - By

> n 2 n
-B;wk + Bswk - .-.-) - (AO - Azwk + A4Wk - ..ooo))

-;2wi R (w R, (B, - B5w§ + Bswil{' — eeceas )
o+ Qk(1—B2w§ + Buwt — etese) " eeae) - (A A3 i A5wi ‘
cee))] om0 (31)



- BBUG + Bglg = Bplgg + weee = 07 eenens L G2

PR

From equatlons (20), (22), (24), (26), (28), (30) and (32) a matrlx

equatlon can be written as

Where, N
e y o —
Ao 0 ==) 0 Ny evee Ty 8y =Ty -5, I
i .
o Ny O =N O eeae =8, Tg 5. -I, -S4
’ ) ]
e
- - - - - - .o . e o I - - = - & =
3-
(34)
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APPENDIX - B

THEQORITICAL CALCULATION OF TRANSFER FUNCTION

a) First order 'szsftem:
R,

|
|

pig.B]: 18t order R.C. circuit

v = ,(R1 + Rx,‘) I+ —gxgm S

v

Ie i
R1 + Rx4+ 1/015f
v "R o+ 1/ C,8 .
) x 1 ’
. = - . 1+ Rx C,S
- 194
V.
1 -
R,.| + Rx1 + 1/ C.«|S 14 (31 + ‘qu) cﬂs
D) Second Order system : .
3 Ryt

l __?31_? T C2 1

Fig.B2:; 2nd order R.C. crcuit




0 = = R+ V/Cy8) Ty " + (Rt Ryt Reprg= * o) Ta 0

31'+:3g4 +_1/qu li;Qf[Y;',*_;Jl{"&

e LT .

“(Reqt /04 O

S R TP B
~(Ryq + 1/C45) Bot Xt Rt s Y TS

| (1+R_, C 8) V./Cqs
- Iz = A ¢ R T (170 +1/C
o L 2 u:Rq.R2.+"RqW(RK1“¢qu2) t.ﬁxq.‘R2.+ x2) + q( /_q+ / 2)m7

1

e S T
RO+ Ry * Ryp/Cq /5 4 1/(Cy CpsT)

. D .
1+R 4 B 5 C4 G587 + (R4 C,; + R, Cy) s

— 1+ R(C, +Cy) + R, Cy * R, C5 + Ros C5) s+

S,
1 02’ s°

Rq By + Ry(Rpg + Ryp) + Ry (Ry + Ryp) C

¢) 3rd Order system: «

"



- | ._ | - - RZ S | | .

’ 1 -- | o “-i | | r' | ‘ | | T
f‘?xnc | o

g L 1C2 ~

S

| 'Pi"ﬁ-,B3:'?'_- 3rd order. circuit- .

_-vi = (31 +,RX1.+W1/Cqs) I, ‘,(qu + 1/Cqs) I, + O.I5

- (Rgy + 1/C48) I, + (R4 + R, + R, +1/C 8 1/Cé;s);12 -

o
i

= Ryp + 1/C8) Iy

0= -0.I, = (R, + j/cgs)12 + (Rep + By + Ry + 1/02s +1/C58)1,

V.

TRy Ry V/Ce) Ry I/Cye) P

—(RX"I + "|/C,is) } '(Rx1 + 32_+ RX2-+ 1/013 .+"1/i028) O

@]

0 —(Rx2 + 1/025)

IB B (R/I + RX"I + 1/c.13) —(Rx,l + /'/C,]Sj ) 8]

~(R 4 + 1/0,'13) (R + R, + 'iéx2+'1/c,1's+1/0'25). ' -(sz + ’1/025)
0 -(RX2+1/025) (Rx2+R5+Rx3+1{CES + 1/035)
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,.H' (Rx"l C

Cq C3 + Ryp Bys C2 + Rx1 <2 B

AR i LR,
’ T S ‘ b i
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LEt "‘,’Rﬂ':' I?,‘\- . '] -

s/
N-
n
p2v)
Mo
+
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n

Ra' = R3 +_:Etx5

4;ng¥ég;2,+ R x3 Ca)s + (Rx1 Rxe C1 C Rx1 Rx5
a3
01 C, Oz 8

41

+

Rx2 Cé?¢3_+ Raf,(c1.05 +‘¢2 Ca)f.sz Cﬂ 95' f-Raf (Rkéﬁ

+ R1'6Q1 +C, + C ) + Ry ' (C, + 05) + R5 Cz = R 4(C, + 03)

Rx2 51 S + Ry qu (c c2+ C 03) + Ry (c 02 + c1 g )

1

2

Rz') Cp Gz - RO, (01 o+ Gy 03) - Rep €5 C3 Rx1 (R

\ : 2 : ' ' '
Ré) C, c3 s+ R} R4 (Rx2 + Ra) + RS (sz + Ré )

2 .2 | i
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