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1. INTRODUCTION

This program has been written with the express purpose of
encouraging industrial concerns engaged upon design work to experiment
in~house with an electronic design package. It is written in such a form
that it can be readily implemented upon most computers that have a
Fortran IV compiler. Since core size is often a limiting factor in
preventing a successful implementation this package has been made available
in a number of sizes, with varyf g capabilities,

Some engineers who will use the program will wish to become
more familiar with the techniques employed. It has been assumed that such
people will not always be aware of the details of algorithms generally
employed in this field., Consequently the maths used is the simplest approach
to generating the nodal solution of magnitude and phase against a base of
frequency for general linear active and passive circuits.

For those users who wish to limit themselves to simply using
the program to evaluate circuit performance the input format has been
made highly user orientated. It also forms the general data base approach
adopted by the APACE organisation in order that a large variety of electronic
analysis packages may be used with a common user input format. A number of
diagnostics have been employed with two aims in mind:-

(a) To indicate to the user just where his mistakes are.

(b) To try to ensure that no matter how badly the input
data are presented, the program will handle all the faults
without causing the computer to end it's attempts at read-
in by an unintentional stop. Doubtless a number of users
will succeed in foiling this aim!

2. PREPARING CIRCUIT DATA

The first examples will consider only passive networks, These
will be made up of resistors, inductors and capacitors in the units of
ohms, henries and farads. Of course a circuit need not contain all three
items but can be any desired assembly of them, The starting point to
preparing the data for computer analysis is the normal electronic
circulit diagram,

2.1 Example of a series tuned circuit

As a first example a series tuned circuit is given.

Li RI ci
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As 1s common practice the circuit components are numbered, named
and valued. The only additional work required is to put in the node numbers.
That is to number the interconnection points of the circuit,

In the example these go from 1 to 4 but can be placed in any
order,

LIKE THIS o—YYY o [ 1o |—o
! 4 3 2

OR THIS o—/YY Y oyf 1o |—@
2 I 3 4

OR THIS ——YYY o1} |—e
|

3 4 2

Node numbers not only define the circuit position of an element
but also indicate the direction of current flow. In ELCA positive current
flow is assumed to be from the first stated node to the second stated node.
It may also be defined as the first stated node being positive with respect
to the second, If errors are made in numbering the node signs will be
reversed and 180° phase errors will appear in the printout, If feed-back
is employed then particular care must be taken with node numbering. In
numbering any circuit, somewhere, there must be a sequential order of the
nodal numbers, The common (earth) node must always be O.

2,2 Coding R, L and C

To describe the example, as far as it has gone, to the computer
requires the introduction of some coding rules, For the general case of
passive components it is:-

Component name, interconnection points, value.

For the general resistive branch

Rname, node 'a', node 'b', value in ohms.

For the general inductive branch

Lname, node 'a', node 'b', value in henries.

For the general capacitive branch

Cname, node ‘a', node 'b', value in farads.



Applying these rules to the given examplé‘providés tﬁe following
codes= . o : . o .

| 01 H 2 ion 3 \uf

4
—— e }—e—{|—e
—_— —_— —
R1, 2, 3, 10 - RA, 3, 2, 10.0
c1, 3, 4, .000001 or LA, 2, 1, 0,1
Li, 1, 2, .1 CA, 4, 3, 1.E~6%

From this example it will be seen that the component order,
disposition on the page, name, and values with or without decimal points
are of no consequence. However, the following points are vital:=-

(a) The name must not exceed 4 letters, numbers or a mixture
of both,

(b) The left to right coding sequence must be in the correct
order,

(c) Commas must be placed between each piece of information.

(d) Nothing must follow the last piece of information,
2,3 E notation

The use of the E notation is merely a shorthand method
recognised by the computer as meaning that the following figure is an
exponent value raising the preceding figures by that power of ten. From
the example

cl, 3, 4, 1.E=6  then  1.E-6 = 1.0 x 10°°.
Examples of the correct use of the E notation:-
1.E3 = 1.0E3 = 1E3 = 10E2 = 100,0E1 = 1000
5.5E-1 = 0,55

Note: The exponent value must be integer incorrect use is
1.E3.0 or 10E2.0

*See section 2.3,




2.4 Coding driving sources

In an ac analysis program the driving sources are considered
as sinusoidal and in ELCA both current and voltage generators may be
selected. The current source is the ideal current generator with infinite
impedance. The branch representation is

e .
NODE ‘a NODE 'b

‘____<ZE|> ®

I A

and it is coded
component name, interconnection points, value,
For the general case this is
SAname, node 'a', node 'b', value in amps,

The voltage source must contain a series source resistor and
the branch representation is

g
NODE ‘e N on NODE ‘b’
¢ &) T——1+—=

IOmV
and it is coded

component name, interconnection points, value, source resistor.
For the general case this is
SVname, node 'a', node 'b', value in volts, resistor in ohms.

2.5 Coding the frequency of the driving source

A circuit may be investigated at any frequency or over a
range of frequencies in ascending order. The maximum number of frequency
points permissible in any one run is fifty. If this number is exceeded a
warning is printed out and the circuit is analysed over the first fifty
frequency steps.

The coding is
FREQUENCY, value or values in Hz,
The assumption is made that the first value is zero but in an
ac analysis this step is ignored from the point of view of calculation

and print-out. A specific example follows giving a series of groups with
log spacing, but note that in any decade the steps will be linear.




roup 2 __group 4
FREQUENCY, 1, 10, 10, 100, 100, 1E3, 1E3, 1lE4
group 1 group 3 |

Each set of frequencies is taken as a group of three, In the
above example these are:~

From O Hz to 10 Hz in steps of 1 Hz = group 1.

From 10 Hz to 100 Hz in steps of 10 Hz = group 2,
From 100 Hz to 1 kHz in steps of 100 Hz = group 3.
From 1 kHz to 10 kHz in steps of 1 kHz = group 4.

The next example gives a large initial step followed By a.
detailed investigation,

group 2

I |
FREQ%ENCY, 9,9E6, 9.?E6, 1.E4, 10.1E6

group 1
In the above example the grouping is:-
From 0 Hz to 9.9 MHz in steps of" 9 9 MHz = group 1.
From 9.9 MHz to 10.1 MHz in steps of 10.0 kHz = group 2,

The final example shows an investigation at both ends of a
frequency band with large steps in the anticipated pass~band.

group 2

FREQ?ENCY, 10,43?0, SE3, 15.353, 1000, 1.E6

group 1 group 3

It will be seen that the user has not bothered to evaluate the
exact final frequency knowing that the program will stop after fifty
frequency steps have been taken, The resulting groups are:-

From 0 Hz to 200 Hz in steps of 10 Hz = group 1 = 20 steps.
From 200 Hz to 15.2 kHz in steps of 5 kHz = group 2 = 3 steps,

From 15,2 kHz to 42.2 kHz in steps of 1 kHz -‘group 3 = 27 steps.



2.6 Coding to obtain print-out of results

The print out is in tabular form using a fixed format and
providing information. ‘

Plotting
Code

Log gain in decibels between any two points in the circuit DBS
Linear gain in volts between any two points in the circuit V@LTS
Phase shift in degrees between any two points in the circuit PHASE

The real component of the nodal voltage at the selected output  RC@MP

The imaginary component of the nodal voltage at the selected ICgMP
output
The magnitude of the nodal voltage at the selected output ABS

All this information is provided against the frequency base as
selected in the detail of section 2.5.

The coding is

PRINT, ref. node, output nodes not exceeding forty in nos,
For the general case this is

PRINT, Ref., Node, node 'a', node 'b', ...... node 'n'

For a specific case this is

PRINT, 1, 3, 10

This would provide information as shown above for nodes 3 and
10 referenced to node 1.

Note 1: All nodes are referenced to the common line. Therefore it
means that the magnitude between Node 3 and Common is
referenced to Node 1 and Common. From this it will be seen
that it is not appropriate to reference Node O,

Note 2: It should be remembered that the voltage gain expressed in
decibels is only correct when the reference node and output
node have the same loading conditions.

3. A WORKED EXAMPLE OF PASSIVE CIRCUIT ANALYSIS

The information provided up to this point is sufficient to enable
the user to analyse passive circuits. The example will be that already
considered in section 2.2, but with a driving source added.
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For results of above circuit see appendix A.
3.1 Comments

It is often desirable to include a written description of the
circuit being analysed; or comments may be required describing the
purpose of the tests. This is accomplished in ELCA by enclosing any
information requiring print-out between deddar signs., An example is

Qrostr up he 7
$ This is a comment for print-out only. %

ELCA also uses this for a heading to each sheet of output data but if
more than one comment is used it will print the last comment as a heading.

3.2 Execution

The computer has to be informed when the cirucit description is
completed and analysis should commence. So when all the coding has been
completed it must be finalised with the command ‘

EXECUTE

Note: A PRINT statement must be included in the original data
set otherwise the analysis will not be executed.

3.3 Producing the coding form

The circuit data must now be produced on punched cards and the
form with the above example coded upon it is shown in figure 1, The
punch operator will produce the cards directly from this form. Each
line of code will result in one punched card,



4, DEPENDENT SOURCES

Circuit elements that have inputs associated with other
elements elsewhere in the circuit are usually termed "dependent sources".

The following shows a simple example:~

i

r_-_

ai

The dependent current source
the current flowing in the resistor Rl
developed across that branch, ie, VR1,
as the transconductance, or gm, of the
ELCA. It can be shown that
where B is equal to

B
gm = iTy

If the controlling branch is

vl
LI

is DSR which is dependent upon
or alternatively the voltage
This dependency commonly known
device is measured as A/V in

the gain of the device.,

reactlve

el

DS

the dependent source is designated DSI
to the real dependent source, DSR,

4,1 Describing a transistor

s, otherwise the use is identical

If the library facility is not used a transistor may be
described using the dependent source technique., The following example
shows its use in the hybrid-pye model:=-

TRANSISTOR TI

I o
| SN
Rbc
Rb
o225 o ¢ H :
BASE e COLLECTOR
Cbhe s
I Rce
Che :: —- 1
Rbe . = 100
\\ Rbe = 1000
\,
-@- ~@—
EMITTER
0

10



4,2 Coding dependent sources

As shown in the above examples there are two forms of coding
dependent sources according to the type of driving branch. However, both
have the same common form:-

component name, nodes of driven branch, nodes of driving
branch, gm. If the driving branch is resistive then the general case

is DSRname, node 'a', node 'b', node 'x', node 'y', gm in A/V.

In the specific case as used in the hybrid-pye model above it

is
DSRT1, O, 5, 4, 0, 0.1
The gm value is as calculated above, ie, if beta = 100
if Rbe = 1000,
then gm = beta/Rbe = 100/1000 = 0.1.
4.3 Dependent source branch

In each of the above examples a branch component is shown in
parallel with the dependent source. This is essential to complete the
matrix operations within the program. If not actually a real circuit
member then a dummy value, such as 1.E8 must be introduced,

5. A WORKED EXAMPLE OF ACTIVE CIRCUIT ANALYSIS

The example worked in section 3 will now be enlarged to act as
a passive network within a circuit containing active elements., The whole
forms a low frequency amplifier. Note that the capacitor elements of the
transistor model have been omitted because it is a 1f application.

9 +B

]

R3
c3
|
3
c2
R2 R4 [] [] R6
- C4
@ -@ L

11



R1 10 @ cl 1 uF Tl Beta 100
R2 600 Q €2 25 wF Rbe 500
R3 7.5 k@ C3 30 wF

R4 1.2 k@ C4 100 wF

R5 300 @

R6 12 kQ L1 0.1H

Figure 2 shows the equivalent circuit and appendix B shows
ELCA print-out.

6. SENSITIVITY ANALYSIS

A circuit may be subjected to a sensitivity analysis for a
given parameter at a selected single frequency., This analysis will
automatically alter each component by + 10%. The resultant print list
provides the parameter change against circuit change. Any parameter
changes exceeding 17 are also indicated in histogram form. For an example
of a sensitivity analysis print-out see appendix C.

6.1 Coding for sensitivity analysis

For the general case this is

SENSITIVITY, ref. node, output node, parameter, frequency in
Hz. The parameters which may be investigated singularly are exactly as
shown for the print listing in section 2,6, If more than one parameter
is to be investigate this 1s carried out as a modification. The details
for the modifications are as given in section 8,

The following examples give specific cases of sensitivity
analysis. If the input node of an amplifier was 1 and the output node

was 14 and a sensitivity analysis for gain in decibels was required at
50 Hz and 50 kHz the following applies:-

o Je et e Fe 3 e e F e e ve Fe o Kk

Jedede Jodo sk gk e s de v Kok k

SENSITIVITY, 1, 14, DBS, 50

dod deded v ek ook ek

EXECUTE

SENSITIVITY, 1, 14, DBS, 50.E3

feddeddehfdededed ek dokk

A study of the phase sensitivity across nodes 4 and 7 within
the same circuit is made:~

dekdekkdkkdkfkkkkihk
SENSITIVITY, 4, 7, PHASE, 50,E3

If this option is utilised and modifications are required
please note section 8,3.

12



7. PRINTER-PLOTTER CAPABILITY

The output of the circuit analysis may be presented in a
graphical format using the on-line printer. This will produce a coarse
plot because the grid containing the graphical information is limited by
the number of characters that the ordinary page will accept. Normally
this will be approximately 40 or 50 vertically x 120 horizontally,

The general format required to obtain a plotted output is
PLPT, frequency base, numbers of plots, parameters.

The frequency base can be either logarithmic -~ L@G
or linear - LINEAR

The number of plots is limited between 1 and 10, This will be
the number of plots taken from the print list in sequential order. For
example if the print list statement was

PRINT, 1, 4, 6, 7, 8
and the plot statement was
PLGT, LINEAR, 3, DBS

three plots of logarithmic gain at nodes 4, 6 and 7 referenced to node 1
would be obtained against a linear base of frequency.

The parameters are limited to six in any one plot statement.
These are the same as given in section 2.6, An example using all six is
given:-

PL@T, LG, 2, VPLTS, DBS, PHASE, RC@MP, IC@MP, ABS
The order of the six parameters may be as required, It should be noted
that 1f the full capability of this statement is used it will result in
sixty graphs being plotted!

8. CIRCUIT MODIFICATION

Any circuit may be modified in terms of the circuit values,
driving functions, or output functions. Circuit topology may not be
modified. Changes always follow an EXECUTE statement.

The modification to the original circuit values is carried
out,

For the general case this is

*0riginal component name, new value or values,

13



The following generalises for the various components:-

*Rname, new value in ohms

*Lname, new value in henries

*Cname, new value in farads

*SAname, new value in amps

*SVname, new value in volts, new value in ohms

*DSRname, new value of gm

*DSIname, new value of gm

To modify the statements PRINT, FREQUENCY, PL@T, or
SENSITIVITY the statement is repeated in full following an EXECUTE
statement. The * sign must not be used. It is not essential to make
either of the last two statements in the original listing before the first
execution. For example an overall frequency print~out may be required
but only plots of say the hf roll-off. This could be obtained by omitting
the PLPT statement in the original list and then introducing it after the
first execution with a different frequency listing.

It is essential to repeat the PRINT and FREQUENCY statements
in any modified runs following the use of the SENSITIVITY option.

9. LOSSLESS TRANSMISSION LINES

In an ac linear analysis it is sometimes a requirement to use
transmission lines within the network, These have been included in ELCA
as "black boxes" which equate to balanced, lossless lines.

2.1 - Coding for a lossless line

For the general case this is

component name, intercomnmection points, line length, velocity
ratio, surge impedance.

XLname, nodes 'a', 'b', 'c', 'd', value 1, value 2, value 3
where
line length is in wavelengths

velocity in the line
velocity in free space

velocity ration is

surge impedance is in ohms.

14



9.2 Examples of a balanced and |unbalariced line

! .
For a specific examples the following shows balanced and

un~balanced lines.

//
! // 2
) /e
°+ : /;/ 'J-'"o

XLinel, 1,0,0,2,0.5,,333333, 72.6

o ./// -
///
y

—Q 4

2 ﬁ
XLbd 'g " 2. 4. 3, 0. 8, .‘2, 80

For an example see appendix D.
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START
$

SVIs0e Y050 10
LY 1,2,041
Cle247,VE=6

APPENDIX A

OF PASSIVE CIRCUIT .

A RCRKEN EXAMPLE OF PASSIVE CIRCUIT ANALYSIS.

S18

PHASE SHIFT
1 '
+0DOE 00
«000E 09
«00UE 00
«000E 00
«00CE 00
+0I0E 00
«000E 00
«000E 00
«000E 0D
«000E 00
«009E 00
«000E 00
«000E 00
9.095E~13
9.095E-13
b SUTE-13
1.800E+062
1.800€+02
1.800E+02
1.B00E+02
1.800E+02
1.800E+02
1.800E+02
1.800E+02
1.800€402
1.800£+02
1.800E+02
1.800E+02
1.800€+02
1.800E+02

PRINT, 1,2

FREQUENCY 4254 42545, 575

EXECUTE

$ A WORKED EXAMPLE OF PASSIVE CIRCUIT ANALYSIS,
FREQUENCY NODE GAIN(DBS) GAIN(VOLTS)
th) ' (REFERENCE INPUT AT NODE

We 7SNNTAECESD2 2 1. 08UE+QY 3. 485E400
b ICINONDLESQ2 2 16 137E4+01 3.TO3E+00
b 13200 2CE402 z 14 194E+C 34953E+00
B ¥0CONNNCESG2 2 1e255E+01 442u3E+00
K USCORIOCES)2 2 Yo 322E+01 be582E+00
Ly SCCORNOUESD2 2 1e396E+01 L, 986E+00
he 5IANONN(ESQ2 2 1 4T7TE+ 01 S5¢4THE+CO
B ALQNTNOCESC2 2 1.56TE+0) 64 0TUE+O0
b ¢I0COONOESDE 2 Ve 669E+01 64832E+00
By, TIONANAGE)2 2 1. 786E+01 T 8ITE+Q0
e 730C0NNC0E4D2 2 1.923E+C1 9+ 152E+G0
U4 2ONCONLCE402 2 24087E+01 1+ 106E+01
K, E5N00N0CESD2 2 24293E+01 1.401E401
b 9ONNIG(ES2 2 24566E+01 . 1.919E+01
4o 95NGQ000E+)CE 2 209T1E+CY 3.060E+0Y
SeCONQONICE+G2 -2 3. THOE4LT T.669E+0])
S 050000007402 2 be 335€401 TUT1E+02
Se 1070ANNLES)2 2 3, T43E+0) 34727E401
S« 1SCCON0CCE+Q2 2 24 655E+0) 2.125E+0)
56 2000NB00E402 2 2. 341E+01 1.482E+0]
«25000000E402 2 2, 110€+01 1.135E+01
56 INROANYUEHQT 2 1926E4+01 9¢179€+00
Se35000%00E+C2 2 e 7TT2E+ 01 T 694E+QO
Se UOND0NOCESG2 2 1. 641E+01 60 6TUE+OC
5. 4SPC0O00E+02 2 Te526E+01 5. 793E+G0
S5e5MNCAMCESO2 2 1.423E+01 S¢ T49E+00
Se SSOUNN00E402 2 1.331E+01 4.629E+00
5S¢ 6NGEONDLE+Q2 2 T 247E+01 402018400
54 650(NN0LE+Q2 2 1. 169E+01 3. 842E+00
SeTULCONQCED2 2 " 14097E+01 34538E400
S« TSCCOO00E+D2 2 1.031E+901 3,2T6E+00

16

1.800E+02

$

REAL COMP.
=1.728E+01
~1.833E+01
-1 954E+01
~2+093E+01
~24254E+01
-2 UWRLE+O]
-2+6T1€+01
~2.946E401
-3,2B5E+01
~3.711£+0)
-44258E+01
=4.9T6E+O]
~54926E+01
-7+ 112E+01
~84028E+01
~5.635E401

3.228E+01
T« 680E+01
T 21IRE+Q1
6.002E+01
4o 9TTE+D)

4o 197E+C]

3.606E+401
3. 149E+01
2.T78TE+01
2.495E+01
24256E+0)
2+056E+01
1.886E+01
T1oTH1E+0]
1.615E+01

DATE 12/02/70
NODAL VOLTAGE NODAL VOLYAGE NODAL VOLTAGE

IMAG COMP.
1. 608E+00
1.834E+00
2. 111E+00
2, 454E+00
2.888E+00

34 LUGE+OD

4, 180E+00
S.172E+00
6. 55TE+Q0

8.56TE+00

1. 163E+0)
1.660€+01
24530401
4,201€+01

. Te6LIE+O]

1. 358E+02
1. 507E+02
9. 1728401
4,959E+01
2.905E+01
1863E401
14283E+01
94326E+00
T.066E+00
54529€E+00
4o Uy0E+Q0
3.641E+Q0
3.038E+00
24573E+00
2. 206E+00
1.912E+00

MAGNITUDE.
1. T35€E+01
1+ BU2E+01

“ 10 965E+01
2. 10TE+01
2. 2T3E+01
24 W69E+O
2. TORE+DY
2.991E+01
3. 350€£+01
.34 808E+01
B UIBE+OL
54 246E+01
64 BU3E+D]
84259€+01
1. 108E+02
1. 4TOE+02 .
T4 541E+D2
14196E+02
8. T54E+01
6o 66BE+D1
5 314E+01

" 44 389E+01

3.T24E+00
30227E+01
2.841E+01
2.535€E+01
24 285€+01
2.07BE+01
14 J904E+0Y
1. 7T556+01
1. 627E+01




APPENDIX B
———

A LF AMPLIFIER AS DETAILED IN SECTION S

START

s LoF AMPLIFIER AS DETAILED IN PARA. S. $
SV1404 e 1E-3,5600
R145,6.40

R34240eRe553

RUe2,0y Vo283

RSel4,Cy30C

R64Te 001253

CleS40e1€-6

C24 19242564

C3e5+¢7930E~6

Clolig 0,y 10NE-6

L"b'\l..’

$ THE *** ENCLOSE THE HYBRIO-PI TRANSISTOR MODEL UATAo $
$ FERERRRRRERAEENER KRR RKRRKAKRRERREXKKR B REEKAK *k ¢
RBBy 243,50

REEG3oU, 153

RBCs3e 30 1EE

RCEoUeSeCalES

CSRIsHe5,3,U,a1

$ NOTE,~ THE CAPACITORS CBE AND CBC ARE OMITTED BECAUSE IT IS AN $
$ L.F REQUIREMENT, $
$ SXRRREEERRRRRERRERRRRERRRRRERRREKKE R R K KRR RS KKk Rk kR Rk ok koK Kok $
$ ACTIVE CIRCUIT ANALYSIS. $

PRINT. V1,7

PLOT,LINEAR, 1,D8S,PHASE

FREQUENCY » 425, 425,5,575

EXECUTE
$ ACTIVE CIRCUIT ANALYSIS. $ e DATE 16702/70
FREQUENCY NODE GAIN{(DBS) GAIN{(VOLTS) PHASE SHIFT NODAL VOLTAGE NODAL VOLTAGE NODAL VOLTAGE

{HZ) {REFERENCE INPUT AT NODE 1) REAL COMP. IMAG COMP. MAGNITUDE.
44 25000000€+02 7 3.821E+01 8. 133E+01 84 125E401 -1+162E-03 3.902€-02 3.903E~02
4. 30000000E+02 7 3,882E+01 84 734E+01 84221E+01 -5, 110E-O4 4o 1BTE-C2 4o 18TE~02
%4 35000700€+02 7 3.948E+01 9.4 16E+01 84 328E+01 3.327E-0M 4,509€-02 4. 509E-02
. 40000000E+02 7 4401TE+Q] 1.020E+02 8o hhBE+O] 1.4356-03 4,875E-02 4. 877E-02
4. 45000000E+02 7 4,091E+01 1. 110E+02 8.583E+01 2.889€-03 5.293E-02 S5 301E-02
4, 500000005402 7 L, 169401 1.215E+02 84738E+01 4,830€-03 5.773€-02 54 793€-02
4455000000E+02 7 U 254E401 1.339E+02 8.918E+01 T.458E~-03 64329€-02 6372602
b 60000000E+02 7 Lo 3456401 1.488E+02 9. 132E+01 1.107E-02 60 9T73E~02 T.060E-02
b, 6500000GE+02 7 Lo buhEHOD 1.66TE402 9+ 389E+01 T1e613E-02 T« T19E-02 7.886E-02
4o TONGONOVEHD2 7 4,552€+01 1.888E+02 9« TOTEHD1 24334E-02 B 5TTE-02 8o 888E-02
4o TS00NN00E+D2 7 L 6TOESOT 24 163E+02 1.011E402 3.380E-02 94535€-02 1..1126-01
he 800GNN00E+02 7 4o T99E+QY 2.508E+02 1.063€+02 4.919E-02 - 1.053€-01 1.162E-01
b4 8500000CE+62 7 U, 937E+01 2.941E402 1. 132E402 T«173E-02 1e 137E-01 10 344E-01
4. 9CN00000E+02 7 5.079E+Q 3.465E+02 16226E+02 | 1.034E-01 T« 159E-01 le 553E-01
44950002C0E+02 7 5e¢211E+CY 44 030E+02 Ve 354E+D2 T.426E-01 1+034E~G1 Yo T62E-01
54 00000000E+02 7 5.300E+01 B U69E+02 1.516E+02 1.781E-01 6.8256-02 1.908E-01
54C5000000£+02 7 5.315E+01 e 5uBE+C2 1. 698E+02 1.9156~01 1. 604E-02 1.922E~01
Sa 19000000€+(2 7 S5e2U9E+C] 4o 214E+02 1e 733E+02 1.7T7T1E-0) ~34214E-02 1. B00E-01
Se 1500000GE+02 7 5¢ 134E+C1 3.691E+02 1.598E+402 1.482E-01 -6.207E-02 1. 607E-0)
54 200C0000E+02 7 5.003E+07 3.173E+02 T. 49BE+02 1.188E~0} ~7.524€-02 1. 407e-01
S5425000000€+02 7 4.873E+01 2, T33E+02 TeB24E+402 9.468E~-02 -7.841E-02 1.229€-01
5¢30000000E+92 7 LeT753E+C1 2. 378BE+02 1.369€+02 T+621E-02 ~Te6T3E~02 1.081E-01
56 35C00%00€402 7 L, 643E401 2.096E+02 14 32TE+02 6.235E-02 -T7.305E-02 9« 604E-02
5+ 40C00N00E+02 7 U.543E+01 1.869E+02 1e294E+02 5.189E~02 ~6.872E-02 8.611E-02
54 45000000E+02 7 Lo453E401 1 68UE+02 1.267€+02 4,390E-02 ~6.439E-02 Te793E~02
5. 59000000E+32 7 4,370E+01 1.531E4+02 1e246€402 3.768E-02 ~6.030€~02 7. 110E-02
5455000000€+402 7 4e295E+01 V1. BOUE+O2 1.22BE+02 3.277€-02 ~5.655E~02 645356-02
Se 60002900E+02 7 4a226E+01 1.29TE+02 142126402 2.882E-02 -5¢315€-02 6o J46E~02
5e 65000000402 7 4.1626+01 1.204€+02 1.199€+02 2.560€E-02 -5.008E-02 5¢624E-02
S« TO000000E+02 7 4o 102E+Q1 1. 125E+02 1. 187€+02 2.293€-02 -4,732E-02 54259E~02
Se 7S000000E+02 7 4o QUTE+C] 1.055€+02 1.177€+02 2.070E-02 -b4.4BUE-Q2 b 939E-02
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REF,= 1 OUTPUT= 7 § ACTIVE CIRCUIT ANALYSIS. s e oo 06702770
S SEHCY V- B 1
1 1 1 1 1 1 1 ) 1 1 1
1 * 1
1 * 1
1 1
5.128€401 1w~ * -1
1 * 1
1 1
1 * 1
1 ]
8 9U1E+01  1-- * -1
1 1
1 * 1
1 1
1 * 1
Lo TSRE#O1  Y-- * -1
GAIN 1
08s * 1
1 * 1
1 1
4,568E401  V-- * --1
1 * 1
1 1
1 »* * 1
1 1
ho381E40T1  V-- * -1
1 * 1
1 * 1
1 * ]
1 * 1
e 19UE4QT - -1
1 * * 1
1 L |
1 . 1
] ’ *
4,007E40)  1-~ * -=1
1 ]
1 * 1
1 = 1
1 1 ] 1 1 1 1 1 1 1 }
3,821E401 * 1
4.400€E+02 4, T00E+02 5. 000E+02 5.300€E+02 5¢600E+02
ho250E+02 4o550E+02 44850E+02 5. 150€+02 5.450E+02 5¢750E+02
BEEL= 1 OUTPUT= T $ ACTIVE CIRCUIT ANALYSIS. 16702770
T«T33E402 1 * 1
1 1 1 1 1 1 1 1 1 1 1
1 * 1
1 1
1 1
1.61BE402  1-- --1
1 * 1
1 1
1 1
1 * 3
15035402 V1-- * -=1
1 1
\ 1
1 * 1
1 1
1.388£+402 1-- -=1
PHASE * * 1
DEG Ll
1 * 1
¥ * 1
12273402 1-- * --1
] * 1
1 * * 1
1 o » 1
1 * %
1. 158E402 -~ -1
1 * 1
1 1
1 1
1 * 1
1a0U3EHN2  V—— -1
: 1 » 1
1 i
1 * 1
1 1
96 2THEAOY V- * -]
1 * 1
1 * % 1
1 * 1
1 L 1 1 1 1 1 1 1 1 1
8,125€64071 %--% - 1
4. HO0E+02 4o TOOE+Q2 5.000E+402 54300E+02 5.600€402
44250E+02 4.550E+02 4,850E+02 5.150E+02 S5¢ 450E+02 5« T50E+02




APPENDIX C

A SENSITIVITY ANALYSIS OF THE LF AMPLIFIKR
e e e ADLITIER

A SENSITIVITY ANALYSES OF THE LF AMP . OF PARA 5.

SENSITIVITY ANALYSIS FOR INCREASED COMPONENT VALUES
FREQUENCY = 5,033000CE+02 HZ REFs = 4.569E¢02 V GAIN

VALUE ouTPuT PERCENTACE
ITEM NAME ORIGINAL MODIFIED v GAIN DIFF.

1 RS2S 6.0C0E +02 6+ 600E+02 44569E402 ~-3,105E~11

2 Rl 1.0C0E+Q1 1.100E+Q1 4¢350E402 —4.T9TE¢QQ%*xks

3 R3 7.500E+03 8.250E+03 4.569€E+02 44348E-04

4 R4 1.2C0E+03 1.320E+03 4.569E402 2.679E-03

5 RS 3.,0C0E+0Q2 3.300E+02 4.5T0E+02 24455€-02

6 Reé 1.2C00E+04 1+320E+04 4.751E+02 3.974E+00%%ex

7 RBB 5.CCOE+0L 54500E+01 4.540E402 -—6.,41TE-01*

8 RBE 1.0C0E+03 1.100€E+03 4,588E+02 4.4264E-01

9 RBC 1.000E+06 1.100E+06 4.581E+02 2.618E-01

10 RCE 1.0CQE+Q5 1. 100E+05 4.588E+402 44236E-01

11 Cl 1.000E~06 1. 100E-06 2e392E402 -4 .T66E+0 1 ¥k anskbxnss®hk ERRRREE SRS R LS
12 C2 245C0E~05 2+ T750E-Q5 4.5T1E+02 4.808E-02

13 C3 3.CCO0E-05 3.300E~-05 4.569E+#02 1.083E-04
14 Ca4 1+ 000E~-04% 1.100E-04 4.602E+02 7.276E~01%

15 L1 1.CCOE-0L 9.091E~02 24391E402 4 TOTE4QOL142¥ IR SIRERRT& 4k b d " *t
16 DSR1 1.0C0E-01 1.100E-01 4.9T3E+02 84 846E 00 SRR G xR

A SENSITIVITY ANALYSIS OF THE LF AMP . OF PARA 5.

SENSITIVITY ANALYSIS FOR DECREASED COMPONENT VALUES
FREQUENCY = 5,0330000E+¢02 HZ REF, = 4,569€+02 Vv GAIN

VALUE GUTPUT PERCENTAGE
ITEM NAME ORIGINAL MODIFIED v GAIN DIFF.

1 RS25 6.CO0E+Q2 5. 400E+02 4+569E+02 -1.007E-10

2 Rl 1.CC0E+01 9. 000E+00 4 .B11E+02 5.308E+00%kknx

3 R3 T.5C0E+03 6, 750E+03 44569E+02 =5.346E-04

4 R4 1.200E+03 1.080E+03 4.569E+02 -3,39BE-03

5 RS 3.CCOE+02 2. 700£+02 44558E4¢02 <=2,997E-02

6 Ré6 1.2C0E+04 1.080E+04 4.365E402 -—4.463E400%%be

7 RBB 5.CCOE+01 4.500€E+01 4.599E+02 6.49T7E-Q)*

8 RBE 1.C00E+03 9. 000E+02 44545E402 -5.162E-01%

9 RBC 1.CCOE+06 9.000E+05 4.554E+02 -3,182E-01
10 RCE 1.000E+05 9+ 000E+04 4.545E402 -5.131E-01%

11 C1 1.CCOE-O6 9. 000E~-07 2.461E402 <4.613E¢01%38%% *%: Lo il L] R EREE *
12 C2 2.500E-05 2.250£-05 4e566E+02 ~5,961E-02

13 ¢3 3.CC0E-05 2. T00€-05 4e569E402 ~-1.326E-04
14 C4 1.000E~04 9. 000E~-05 44525E402 <-9.534E-01%
15 L1 1.6C0E-01 1.111E-01 2.459E402 -4.619E40 1 ¥t 0ksank oLt
16 OSR1 1.C00E~OL 9. 000E-02 4e153E402 =9.095E+00%%ndnsbux
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APPENDIX D

———
AN _EXAMPLE OF THE USE OF LOSSLESS LINES AS DESCRYRED ‘IN SECTION 9
T e e e et e mrrsener et e i s 8 I SECTION 9

<Y AR
i‘ TIXS 1S AN SXAMPLE CF THS LS CF LCSSLESS LINES AS CESCRIBEC IN $
4 PARAGRAPE 9, THE EXAMPLS IS ThRAT CF A RAV-RACE COUPLER ANALYSED $
§ CVER A FRECUSACY SWING CF FLLS ANC MINLS 20 FERCENT aBOLT 10QMHZe s
ST, 14000
Q""':'SC
RIge2eCeSH
R, 1,2,8%

LN Y,0 42,20 200708,022
XUy f g7y JglyeliSya2l P I
XL YL g gy oloalT5y022232323,2aT102
t TrE '0"EKC(C§E’;PS QEFEREKCE SCLRCE « THIS LCES NOT EFFECT THE
L {d W PERFCRMANCE
: E:.El“::..E".'."".;.‘!'!"‘.‘.‘.""““‘.““.“.““'*'."““
SAREF 54701
REF Sy 425
‘."“'i'“.'.""."“"‘*""“““.“.“".“.‘.i“ﬂ.‘*!ll‘l‘i $ .
FRUCLENCYECET4E0ET» 127, 12CET
PRIMT,Sa2s Tada
PLCYLLINEAR, 1,CES s
¢ THE ANALYSIS CF A RAT-RACE CCLPLER.
EXECUTE

X K 4

]
RS
$ THE ANALYSIS CF A RAT-RACE CCUPLER. s DATE +
FRECUENCY NCCE GAIN(DBS) GAINIVOLTS) PHASE" SHIFT NCDAL VCLTAGE NOCAL VOLTAGE NODAL VOLTAGE

2y (REFERENCE [APLT AT NCDE 51 ) REAL COMP, IMAG COMP,. MAGNITUDE.

84 (7000CHCECE 2 -1 7CHE+CT 1. 406E-G1 2.979E+402 1.645E+400 -2.107€+00 3.515E+00
1 -3.E45E-C1 GeS6TE-D1 T 0T1E+00 243T4E+QY ZeGUUE+QO 2. 292€+01

Z ~4a 14TE(C €. 190E-01 1.30UE+02 ~9.946E+00 © 1.185€+C} T SHTE+QT

L] -2e261E4(C T«620E-C) 342265402 1.514€401 . =~1,156E+0) 1. 705E+0)

2 10000N0CE+CE 2 ~1e77CE+C] 1.303£-01 2.962€+402 1.436E+00 ~2.923E+09 3.257E+00
1 ~3,2€64E-C Ge€29E-C1 6.T23E400 24391E+01 2.E18E+00 2.407E+01

z ~4.C22E+CC 6+294E-01 1.278E+402 ~9.653E+00 1.242E+0) 1. 573€+0)

4 -Z.H2UE+CQ T+565€-0Q1 3.198€402 T 4USE+QY ~1.220€+01 1.891E+01

AgZTENNCES(E 3 ~1.E3EE+(CY 1.206E-01 2.945E+492 1250€+00 ~2.T43E+CC 3.0T4E+Q0
1 -ZeTESE-CY SeEBHE~Q] 64 359£+400 2.406E+01 24682E+00 2.421E+01

z ~3,EG2E+(C €4388E~-01 1.257TE402 ~9+322€+00 1.297E+C1 14 29TE+01

[l -2, H84E+CC T«513E-01 3.170€402 1.374E+01 =~1.280E+C) 1.E878E+01

2,72300030¢84(G8 2 - 1.506E+C T 114E-GY 24929€+4y2 © 1.083E+00 =24566E+4GO 24 T85€+00
1 =2434¢E-CY SeT34E-01 5984E400 2.420€401 2.53T€+00 2. 433E+01

Z ~2TTEE+CC 6o 4THE-0Y 1.236E402 ~8.95TE+00Q T1o248E+01 1. 6196401

4 ~24S41E+CQ T+ U64E-Q1 3. 143E+Q2 1.303€+01 ~1.236€+CY 14 866E+01

2, 4M030CE) 8 k ~1.977€4CY 1.027€-01 2.914E+02 9+352€-01 -24392E+00 24368E+00
1 =1e9561E-C1 Se177€~C1 54603E400Q 2.433E+401 2,386E+G0 24 LUYE+D]

z -3,6T2E+CC 64553E~01 1.215€402 ~84560E+0C0 1. 397E+4C1 1.£38E401

4 -24595E4(C T.418E-01 3.116E+02 1.230€401 -1.288E+01 1o 354E+01

BeENTLIIILEHDE ? —ZeLUSE+CY GeU52E-02 24899€+02 84027€-01 ~24222E400 2. 163E400
1 =1a€26E-C] S«E815€-C1 50219E400 2.443E+401 242328+G0 24 454E+401

2 ~3,578E+4(C e 624E-QY 1. 194E402 -84 136E+00 1. 442E+C1 Te 656E+01

L ~2eUSELCC T+375e-01 3.0G89€+402 1.157€+01 -1 436E+CY 1o 3U4E+QY

8,€003310E458 2 ~24124E+(1 Ee€T0E-0Q2 2. 884E+02 6. 8U4E-Q ~2+C5TE+QO 2. 167E+00
1 ~1433¢E-C) Ge EUTE-Q 44B836E+00 2.453€401 2.075€+CC 2,462E+0)

2 ~3,ULE+CC £+688E-01 Te 174E+02 -T.687E+00 1 485E+01 14 6T2E+01

L] =2.693€4C0 T¢3356~01 3.062E402 1.U82E401 ~1.4BOE+(Q) 1o i34E+Q1

2. TULCANI0E+SE 3 ~24202E4(1 Te523E-C2 2.8TQE+02 5.789E-01 ~1+EGLE+CC 1. G81E+CO
1 ~1.CEEE-C Ge876E-01 4o 4S5E400 2.461E+C) 1. 91BE+CQD 24 469E+01

2 =3,415€640C 6. TH6E~D) 141536402 ~7.217€400 1o S2UE+G] 1o 686E+0)

4 =2.7376+4G0 7.297€-01 3.0358+02 1.008E+C1 ~1.821€6+401 Te 82UuE+C1

B ENNCANGIE+CE 2 ~242E4E+(CT T+209E-C2 2.856E+432 4o8UBE-Q1 =1 736E+Cy 1. 802E+00
1 -€.75S€E~(2 $e900E~0QY 4. CTBE+Q0 2.469E+401 1.T60E+CU 2. 475E+01

2 ~3,382€+4CQ 6e798E~01 14133402 ~6T27TE+00 1.561E+C) 1. 730E+01

4 ~24TT17E4CG 7.263E-01 3.009E+02 9+320E+400 ~1.538E+01 «C16E+01

e GLOLONOLEDE 2 -24371E4(1 €4522E-C2 2.842E402 44012€-01 =1.580E+0Q Ve 63CE+00
1 ~6e962E~-C2 5«920E-01 3.T07E+00 2.475€+401 1.603E+0¢0 2. 480E+01

2 ~3.292€E+GQ 60 8U45E~Q1 1. 113E+02 ~64220E+00 1 S94E+CT 1o TT1E+OY

] ~Z24€15€4CQ Te2326-01 2.983E+02 84560E+00 ~1eS93E+0C 1. 808E+01

20




THE ANALYSIS CF A RAT-RACE CCUPLER,

FRECLENCY NGEE GAINTDESY GAINIVOLTSY PHASE SHIFT
t+2) (REFERENCE INPLT AT NCDE  5)
9.020CANCCESCE 2 —Z WENE+C) £.E59E-02 2,829£+02
; —s.gsge-gz $+9376-01 3,3426+00
-2,240E+C0 £.886E~01 1.093€+02
u ~24EUGEHCC 7.204E-01 2.956E+402
9.1200CN0CESCE 2 T=Ze56SE4(Y £,218E-Q2 2.816E402
; -u.:z:e-g: 9.952E-01 2.983E+00
~2,1GUE+QC €.923E-01 1.0T4E+02
y -2.EECE+CC 1.178E-01 2.93GE+Q2
942CCCONDQE+CE 2 ~Zo&T5E4CY U,596E-02 2.803€+02
; -3.:255-2% 2.9gus-c\ ?.6315+00
-3, 154E+ «$556-01 «054E+02
& -24SCTE+CC Te156E-C1 2.905E402
9.3CACANACE4LE ] -2.7SEE4CY 1,989€-02 2.T90E+02
; -2.%165-02 9.973E-01 2.286E+00
-3,119E4+0¢ €4583E-01 1.034E402
y ~24531E+CC T4 136€-01 2.879E+02
9.LCCCANOCECE 2 ~2.928E+4C1 3,3956-02 2. TTTE+02
1 =10 625€-02 9.981E-01 1. 946E+00
2 -3,08GE+4CC 1.007E-C} 1.0156+02
y ~24652ZE4CC 7.1186-01 2.853E+402
9.5CCCASCCESCE 2 -3,102E4C1 2.813€-02 2.T64E+02
; ~1.057E-C2 ;.9275-01 1.613E+00
~24C45E4CC +Q27€~01 94958E+01
y ~ZeSTCE4CC 7.104E-C1 2.8286402
9. ENCLANNCELE 3 ~3,300E+(C1 24240E-02 2.T51E+02
; —e.e195-ga $4992E-01 1.284E+00
-2,Cu5E+CC 74043E-01 9. T65€401
4 -24585E+CC 7.692E-01 2.802E+02
9.7RGCANOCECE 3 ~3,553E4( 146 THE-02 2. T38E+02
1 ~3,7556~G2 9.996E-01 94594E~01
2 -2,C3CE+CC 7.055€-01 9.573€401
Y ~24556E40C 1.083E-01 2. TT6E+(2
9.8CCC0NNCE+GE E] -2,907E+C1 1. 113E-02 2.725E402
1 -l.aize-cz 94998E-01 64378E-01
z ~3,015€4CC T.068E-01 943826401
4 -2,004E+00C 7.076E-01 2.751€402
94 50CCOQ0CE4CE 2 -4 STQE+C1 5.556E~-03 2.T13E402
1 ~§e251E-04 1.000E-00 3,183E-01
H ~3,G12E4GC 7.069E-CY 9.191E+01
y ~1,60SE+GC 7.072€-01 2.725E+02
$ THE ANALYSIS CF A RAT-RACE CCUPLER.
FRECLENCY NOLCE GAIN(CBS)  GAIN(VOLTS) PHASE SHIFT
+7) _ (REFERENCE INPUT AT NODE  5)
1.CCCCAN0CECH 2 ~1.251E4C2 5.554€-07 9.000E+D)
1 ~2.1€EE-CE 1.000E-00 3. 600E+02
2 -3,010E+LC 1.071E-01 94000E+G1
y -3,010E4CQ 7.071E-Q) 2.TQQE+Q2
1.C16CNID0E+09 2 ~U E10E+CY 5.55TE-03 84873E401
» 1 ~NeZ52E=CY 1.060E~00 3,59TE+02
z -3,012€400C 7.069E-01 8.809E+01
y ~3,009E+CC 1.072E-01 2.675E402
1.C20CN00GE+C9 2 -3,907€+01 T 113E-02 8. THSE+Q )
1 -14¢526-C2 $+998E-01 3.59%E+02
2 -3,G196+4CQ T.064E~01 84.618E401
y -2,004E+CQ 7.076E-01 2.649E402
1.C3000200E+09 3 -3,553E4(1 1o 6 THE-02 846186401
1 -3,755€6-(2 §e996E~01 3.svue+o€
2 ~2,03GE4LC 7.055€-01 8.U2TED
_ 4 ~2.566E4CC 7.083€£-01 2.624E+02
ATILLL T YD 3 -23,3G0E4(1 24240E-C2 84 490€401
1 -64E20E-(2 9.592E-01 3,58TE+02
Z ~3,CuSE+CC 7.043E-01 8.235€+01
¥ ~Z2.GBEE+0C 1.692E-01 25988402
1.08TCAN0E+40S El -3, 102E4C1 2,813E-C2 84362401
1 ~14067E-C2 $.98TE-01 3.582E+O%
z ~3,065E4C¢ 7.027€-01 84042640
M ~2.9T0E4CC 7.104E-01 2.572E402
1L EQ5NNCCE4CS 2 ~24G2EE+CY 2,395€-02 842336401
1 ~1e635E-02 $.981E-0) 3.581E+02
2 ~2,089€+(C 7.007€-01 T.849E+01
y ~2.952E4(C 76 118E-01 2. 547€+402
1.07000100E485 2 ~2476EE481Y 1,689E-02 8¢ 104E+0 1
1 ~2431¢E-C2 §.973E~01 3.57re+o§
2 -3, T19E4CC 6.983E-0) T4 655E+0
y -2.931€+06 74136E-01 24521E402
1.CENCONCCE4CS 2 ~24615E4€1 Ke596E-02 T.9THE+O1
) -3,163E-C2 9.92;&-01 ;.57?5*3?
2 -2, 154E+00 8.955E-01 JUGTE+
y -2, 907E460 T.156€-01 2. 4956402
1409200000E+09 2 24565640 £,218E-02 T4 8U2E+0]
1 -4, 155E~C2 $4952€-01 3,57UE+02
2 -3, 194E400 6.923E-G1 7.265€+01
u ~2,EECE4CC 7.1786-01

2, UT0E+Q2

21

REAL COMP,o
3.,271€-01
2.4B80E+01

~54698E+00
T 7956400
2.618E-01
2.485E+01

~-54162E400
T«026€E4Q0
2.,047E-01
2.488E+0)
~he616E+0O
6.253E+400
1.553E-01
2. 491E+01
~44059€+00
5.4T8E+Q0
1.133e-01
2. 494E+01

-3.494E+00
4,700E+00
T«817E-02
2.496E401

-2.922E400
3.920E+00
4,978E-02
2449TE+01

~2+344E+0D
3.138E+00
2.7T89E-02
2e499E+Q ]

~1.T62E400
24355E+00
1.236E~02
2.499€401
~1.17TE+G0
1.570€+400
3.085€E-03
24500E+01

-5.888E-01

T«853E-01

$

s

"NGOAL VOLTAGE NOCAL VOLTAGE

REAL COMP,
3.,687E~11
2.500E+G1
5.891E-05

~T+854£~05
3.087E-03
2.500E+401
54889€-01
~T.854€E-01
1.236€-02
24U99€+401
1.177E400
~1.570E+00
2,T90E-02
2.499E+01
VeT62E400
~2+355€400
4,978E-02
2.497E+01
2.345E+00
-3.138E+00
T«817E-02
2.496E401
24922E+400
-3.920€+00
1.133E-01
2.494E+01
3.49UE+00
-4, T00E+00
1.553€-01
24491E+GY
be059E+00
~5.478E+00
2.047E~-01
2.48BE+0Y
4,616E+00
~64253E+00
2.618E-01
2.485E+01
S5« 163E+400
~T«026E+00

DATE +
NOCAL VCLYAGE NOCAL VOLTAGE NODAL VOLTAGE
IMAG COMP, MAGNITUDE,.
-1.428€+00 1. 465€+00
1. 448E+Q0 2. 484E+0)
1. £25€+Q1 14722401
~Je62UBE+C] 1. 801€+01
~1.278E+00C 1. 3056+00
1.295E+00 2,u4B88E+01
14 652E4C1 1. 731E+01
=1.651E+01 1. 795E+0)
-1.131E+00 1. 149E+00
1. 143£400 2, 491E+01
1e676E+01 1+ 739E+01
~1.676E+401 1. 789€+0)
-9.850E-01 9. 972E-01
9o FuUE-GI 24 493E+0)
1. 698E+01 Te T46E+0)
~1.698E+01 Te 7TBUE+QT
-84 412E-01 84 488E-01
B MTS5E-01 24 49SE+0)
1. T1TE+Q] 14 752E+01
~1.T16E+0) 1. 780E+01
-6+ 989E-01 Te.(33E-01
1.027€-0) 2.49TE+0Y
Te732E+01 1. 757€+01
~1.732E+01 T« TT6E+01
-5,578E-01 5.600€-01
£4598E-01 24 498E+01
T TUSE*0) 1+ 761E+01
~1.TUSE+01 1. 773E+01
~4o 175E-01 o 18LE~-O1
4, 184E-0) 24 499€+01
1. 755E+01 1o TOME+O1
-1.755E+01 1. 7T1E+0}
~24780€-01 2. 782E~-01
2.782£-01 24500E+01
T1.762E+01 T« T66E+01
~1.742€+01 1. T69E+01
-1.389€-01 14 389E-01
1.389€E-01 2.500E+01
1.766E+401 1. 76T7E+01
~1.T46E+01 Ye 7T68E+01
DATE +

NODAL VOLTAGE

IMAG COMP, MAGNITUDE,.
1.388E~05 1.388E-05
~1.388E-05 2.500E+01
1. 768E+01 Te 768E+Q1
~Ve T68E+(Q] 14 768E+01
10389E-01 1e389E-01
-1.389€~01 2. 500E+01
1. 766E+01 1. 76TE+O1
-1.766E+01 V. 768E+0)
2.780€-01 2.783E-0)
-2.T83E-Q1 2.500E+01
1. T62E+Q1 1e 766E+01
~1.762E+01 1. T69E+01
4, 175€-01 4e 185E~01
~He 184E-O1 2.499E+01
Ve T55E+01 1« THRE+O)
-1.755€+01 1. 7T1E+O1
S+578E-01 54 600E-01

-£5,598E-01 2,498E+0YV
Yo TUSE+Q] 1. 761401
-1.TH3E+QY 1. 773E401
€. 9E9E-01 1.033E-01
-7.028E-01 2. 497€+01
1. 732E+01 1« 7STE+01
~1.T32E+0) 14 TT76E+01
84u13E-01 8. 489E-01
~B.4T6E-0] 2. 495E+01
1. T1TE+0) 14 7526401
~1e TVSE+QT 1« 7T80E+Q1
G+851E-0Q1 9.9T72E-01
-5«SUUE-Q] 24 493E+0)
1.698E+401 1. TUGE+0]
~16698E+C1 Te784E+QY
T+ 131E+00 1. 149E+Q0
=14 THUE+OD 24 491E+01
T.6T6E+01 T+ 7T39E+01
-14676E+C1 14 789E+0)
1.278E+Q0 T+ 305E+00
-1,295E+00 2. 488€E+01
1. 652€+01 1. T31E+01
~1e651E+4Q1 1. 795€+01
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$ THE ANALYSIS CF A RAJ-RACE CCUPLER. s DATE +
FRECLENCY 'NCEE GAINLEBS) GAIN(VOLTS) PHASE SHIFT  NCDAL VCLTAGE NOCAL VOLTAGE NODAL VOLTAGE
(2 (REFERZNCE INPLT AT NCDE  5) REAL CCMP, IMAG COMP. MAGNITUDE,
14 17CCNANCECS 3 ~ZJHEUEHCY S.860E-02 T.T10E+01 3.271E-01 1.428E+00 1. 46SE+00
1 ~E 4SEE-C2 $.937€-01 3,567E+02 2.480E+01 ~ 1. 4UBE+QC 2.48UE+01
z -1,200E4CC £,886€-01 T.06TE+01 5.4698E+00 1.625€+01 1.722E+0)
y ~2,E4GE+CC 7.204E-01 2. 4UY4E+C2 ~T4T95E+00 -1.62U4E+01 1.801E+01
1o 1125092CE+CS 3 ~2+371E+CY 8.522E-02 T.576E+01 4,012E-01 1.580E+00 146316400
1 -84 GEUE=C2 94920E-01 3,563E+402 2.4T5E+01 -1.603E+00 2.480E+01
2 -2,292E40¢ €. 845E-Q1 £4869€401 64220E400 1.594E+01 1. 711€401
y ~ZeEN1SE+CC 1.2326-01 2.417E+02 -84560E+00 -1.593E+401 1.808€+01
1. 12C7000CE4CS 2 ~2,2E4E4C1 7.209€-02 To439E401 4,848E-01 1.736E+00 1. 802E+00
1 -84 759E-C2 94900E-0) 3,559€+02 2.469E401 ~1. TE0E+C0 2.475E+01
2 -3,352E4(0 ¢e7T98E-0) 80 668E401 . 64T27E400 1.561E401 1. 700E+01
y -Ze777E4CC 7.263E-01 24391E402 -9.320E4C0 ~1,558€+01 1. 816E+01
1.120C000CE4CS 2 ~24202E+CY 7.924E-02 7.301E401 5.789E~01 1.894E+00 1.981E+00
1 -1.0688-01 §.876E-01 3,555E402 2.461E401 -1.918E+00 2.469E4+01
2 -3 HTGE4CS € THEE-C 6o BEEE+D] T«217E400 1.524E401 1. 686E+01
y -2,727E4(C 7.297€-01 243656402 ~1.008E+01 -1.521€+00 1. 824E+01
1. 160C0000E+ LS 2 -2.124E4C1 E.6TOE-02 T.159€+01 64BU45E-01 2.05TE+Q0 2.16TE+00
i -1s2275-C1 SeEUTE~D1 3,552E+02 2.453E4G1 ~2075E+C0 2,462E+01
z —3,4G4E4CC £4688E-CT 6.263E401 T.687E+00 T.4B5E+01] 1. 6T2E+01
y ~24652E4(C 74235€-01 2.338E+02 -1.082E+01 -1.480E+01 Te E34E+01
1. 182C000CE4CS 2 ~24CHGE+CT 9o 452E-02 701464010 84027E-01 24222E+00 2,363E+00
1 -1.€26E-(1 9.8156-C1 3,548E+02 2.443E+01 ~24232E400 2, 454E+01
2 ~3,ETEE4CC €o62UE-CY 6.057E+0) 84.136E+00 1o 4U2E+C1 1. 656E401
Y -Z4EhEE4CG 7.375€-01 2.311E+02 ~1.157E+01 -1 436E+01 1. BULE+0)
1.7600NNCCE+4CS E] ~1.577E4C) 1.0276~C1 6.865E+01 94352E-01 24392E+00 24568E+00
1 -1e5€1E-C1 S TTTE-GY 34 5ULE+O2 244336401 ~2.386E+0Q 2, 4BHE+01
2 -3,672E4CC €e553E-01 508506401 8456UE+Q0 14397E401 1.638€401
y ~ZeSGSE4CC T4 18E-0) 24284E+02 ~1.230€401 -1.388E+401 1. 854E+01
1. 1740 2000E4CS 2 -1.504E4C1 1. 114E-01 6. T11£401 1.083E+00 2.566E+00 2. 785E+00
1 -2.3466-C1 GeT3HE-01 3,580E402 244208401 -2,537E+00 2.4336+01
z ~2,7T€E+CC EoUTUE-(Y 506B0E+01 8.957E+00 1.248E+Q1 1.619E401
u ~2.5H1E4CC T UO4E-OT 2.25TE402 ~1.303€+01) -1.336E+01 14 B66E+0Y
1. 1ECANA0CECS 2 ~1,€32854C 1 1.206E-01 64551E+01 1.250€+00 2. T43E+00 3. JTHE+00
1 -Z4785E-C1 GetBYE-CY 3.536E402 2,406E+401 ~2.482E400 2.421E+01
] -3,6GZE4CC €438BE-01 S.429€401 $.322E+00 1.297E+01 1.59TE+0N
y -2.484E4(C 7513601 2.230E+02 ~1.374E+01 -1.280€+01 1.878€+01
1.190CO00CE+CY 2 -1 7TQE+C 1.203E-01 64 3BLE4CY 1.436E400 2.924E+00 3,25T7E+Q0
i ~34264E~11 Se£29E-01 345336402 243916401 -2.818E+00 2440TE+01
z -4,C2ZE+ (L €.294E-01 5.215E+01 9.653E+00 1.2426+01 1.573€40)
4 ~2.U2UE+CC T.565E-01 2.202E402 ~1.445E401 ~1.220€+01 1.891E+01
$ THT AMALYSIS CF A RAT-RACE CCUPLER. 5 DATE +
" FREQUENCY NOLE GAIN(DBS) GAIN({VOLTS) PHASE SHIFT  NODAL VOLTAGE NOCAL VOLTAGE NODAL VOLTAGE
(+2) (REFERENCE INPUT AT NCDE 5} REAL COMP. IMAG COMP, MAGNITUDE.
1420€€350CE409 2 ~1.734E4G) 1.406E-01 6e210E+01 1.645E400 1,107E+00 3,5156+00
1 -3,EYSE-C 1 Gu56TE-0] 3,529€462 243THE+Q] -24GUUE+00 2.392E+01
Z -4, 1&TE+CE 6+190E-01 Se000E+D T 9.946E+00 1.18SE+01 1.547E401
u =2.361E+C0 T.620E-01 20 174E+402 ~Va514E401 ~14156E+01 1. 905E+01
REF.= 5 OLTPLT= 3 § THE ANALYSIS CF A RAT-RACE COLPLER. $ +
oCONE 6 Jrmm—mmmem——me --- '
1 1 1 1 1 1 1 1 1 1 1
1 1
1 1
1 1
~1.56HT 401 H-- *
1 L 2 Hy—p 1
1 1
1 1
1 1
-2,122€4071  1-- 1
1 1
1
4 : i
1 i
~U, 6928471 V-~ 13
GAIN 1
cES 1
1 1
1 1
~to23ISE4CY  V-- 1
1 1
1 1
1 1
1 1
~T74219E4C1 1-- -1
b 1
1 1
1 ]
1 ]
~9,2836481 V-~ =--1
1 1
1 1
|
! 1
-1.095€4C2  1-- --1
1 1
i
! i
1 1 1 1 | 1 1 1 1 1 1
~1a251E402  Jmoomomoeooom --- - i
EWROGE+CE SeZfCE+QE 1.600E+09 1.080€+09 1. 160€+09
2,700E+408 €.80CE4CE Se600E+08 1.040E+09 1. 120E+09 1.200E+09
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FIGURE 2. EQUIVALENT CCT OF LF AMPLIFIER







