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Introaucu,v..
HE essential requirements which muss ,n--___ e of equipment
designed to function as an effective aid to Air Traffic óperanuns are adequate
performance, and reliability in the engineering sense combined with economy in

operation and maintenance.
In the case of radar equipment it is a sad fact that the pursuit of threshold

signals has prejudiced these essential engineering requirements and has resulted in a
service figure of merit which has fallen far short of that with which we are familiar
in the established field of ground communication equipment.

The Marconi S.232 radar is the outcome of an engineering project which has
sought to correct this position by applying radio engineering principles already
firmly established in the communications field to the design of a radar of greatly
improved reliability intended to meet the needs of a busy Airport Terminal.

Selection of Parameters
The intensification of the air control problem at major terminals due to the

increasing volume of traffic suggested the need for a general purpose radar capable
of providing in one equipment the requirements of the Suveillance Radar
Element of G.C.A., the Terminal Area Radar and the Long Range Radar. To meet
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MA CONI COHERENT M. RADAR
ON 5o C S.

BY E. EASTWOOD, PHD., M.Sc., M.I.E.E.,

T. R. BLAKEMORE, and B. J. WITT

The following paper was originally delivered at a symposium on Flight, Weather and
Astro-Radiolocation held by the Committee for Radiolocation under the auspices of
Gesellschaft zur Forderung des Verkehrse. V. in June 1955 at Munich. We are indebted
to Professor Leo Brandt, editor of the Journal " Strecken-Anflug-und Landefunkortung"
for permission to publish it in these pages.

Introduction
HE essential requirements which must he fulfilled by any piece of equipment
designed to function as an effective aid to Air Traffic operations are adequate
performance, and reliability in the engineering sense combined with economy in

operation and maintenance.
In the case of radar equipment it is a sad fact that the pursuit of threshold

signals has prejudiced these essential engineering requirements and has resulted in a
service figure of merit which has fallen far short of that with which we are familiar
in the established field of ground communication equipment.

The Marconi S.232 radar is the outcome of an engineering project which has
sought to correct this position by applying radio engineering principles already
firmly established in the communications field to the design of a radar of greatly
improved reliability intended to meet the needs of a busy Airport Terminal.

Selection of Parameters
The intensification of the air control problem at major terminals due to the

increasing volume of traffic suggested the need for a general purpose radar capable
of providing in one equipment the requirements of the Suveillance Radar
Element of G.C.A., the Terminal Area Radar and the Long Range Radar. To meet

(53)



Marconi Coherent M.T.I. Radar on 50 cros.

such a comprehensive cover specification for the wide variety of aircraft now operating
would require good resolving power, high gain and large transmitter power, and the
use of an X- or S -band magnetron system obviously suggests itself. Experience of
precipitation effects at these frequencies, however, i.e. obscuration by back scatter
from rain or cloud, immediately opposes such a choice of wavelength. Scatter follows
the Rayleigh inverse fourth power of wavelength law, and this suggests that a wave-
length considerably in excess of 10 cm. is to be preferred, for although some reduction
of rain returns can be obtained by use of polarization effects, such devices produce
signal attenuation and it is obviously better to avoid rain echoes altogether. The
requirement for simultaneous observation at short range requires that the radar be
free from ground clutter. Ground returns normally increase with reduction of
wavelength and show, moreover, marked fluctuation in phase and amplitude. The
difficulty of eliminating such effects by use of M.T.I. techniques is therefore greater
at shorter wavelengths. This consideration points to the use of a longer wavelength
where the use of fully coherent M.T.I. technique as opposed to the microwave Coho
Stab method becomes possible ; variation in the equipment factor is then reduced and
the random variation in the clutter is reduced with a consequent substantial im-
provement both in cancellation and subclutter visibility.

The requirements for aerial gain and resolution however militate against the use
of a really long wavelength since the aerial structure would become too large and
expensive; it was concluded that a useful compromise choice for a would be in the
order of 50 cm.

For this wavelength an aerial aperture of 20 X would yield a 4° beamwidth
which experience has proved to be effective for both control and tracking. Thisselection led to a simple and economical antenna design consisting of a paraboloidal
reflector fed by an offset horn (Fig. 4). By suitable choice of the height of the arrayand its tilt angle the vertical polar diagram developed by partial reflection from the
airfield surface can be arranged to provide comprehensive cover for both short and
long range work.

The choice of 50 cm. was further prompted by the circumstance that power
triodes suitable for pulse operation are available for this wavelength, and this has per-
mitted the development of a pulse transmitter comparable in performance and reli-
ability to a communication unit and constitutes a marked improvement on a mag-
netron system.

In an article by Emslie and McConnell' (1947), it is shown that coherence for
M.T.I. purposes is best achieved by I.F. Locking with I.F. addition. This feature
is adopted in the present system with the additional advantage that I.F. Locking by
the oscillator instead of by the transmitter, as in the Coho Stalo arrangement, is now
possible since the present triode transmitter is simply a crystal controlled poweramplifier.

The choice of a and the crystal driven triode amplifier have allowed the use of
hard valve modulators and crystal control of the recurrence frequency. Both these
design features have tended to reduction in pulse to pulse jitter, which, taken in
combination with the virtual elimination of frequency fluctuation from local and
reference oscillators; have led to substantial improvements in M.T.I. performance.

The duplexer and receiver system have also profited greatly from the use of a
longer wavelength, since receiver valves capable of R.F. amplification and possessing
good noise figures are available to replace the crystal of the microwave system, giving
an overall noise factor of 9 db. The protection of such a valve receiver makes less

'Vol. I. Radiation Laboratory Series, McGraw Hill.
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Marconi Coherent M.T.I. Radar on 50 cros.

exacting demands on the duplexer while the fully coherent system of transmission
and reception eliminates the need for A.F.C. and ensures receiver simplicity and
constancy of performance.

It will be seen that the choice of the 600 Mc/s band has had far reaching design
consequences which have resulted in excellent radar cover both at short and long
range and in all weather conditions. Stable radar and M.T.I. performance free from
apparatus fluctuations have also been achieved. General engineering and the con-
servative rating of valves and other components have been similarly facilitated with
consequent improvement in reliability, ease of maintenance and economy of operation.
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Description of System
The elements of the system may be briefly and conveniently described by

reference to Figs. 1 and 2 which give schematic arrangements for the Transmit/
Receive and Cancellation portions of the system respectively.

The coherent I.F. reference signal which is the basis of the system, is obtained
by multiplication (x 8) from the Master Crystal Oscillator of 5.625 Mc/s located in the

(55)



Marconi Coherent M.T.I. Radar on 50 cros.

Radar_ Distribution Unit. A second output from the Master Oscillator is fed into ananode modulated, balanced mixer which is the first stage of the transmitter proper.This mixer also receives a signal of 60 Mc/s, which determines the Stable Local
Oscillator frequency, derived from a 10 Mc/s crystal contained in the Receiver Type
SR.300. The 65.625 Mc/s derived from the mixer is then fed into a succession of threeanode modulated doublers, the final output at 525 Mc/s serving as drive to a pair ofpower amplifiers in series. These latter units and the pair of preceding doublers
employ CV.436 valves, in a grounded grid connection using coaxial lines which areA/4 long for the first doubler, and 3A/4 for the final high frequency doubler and ampli-fiers. Matching between stages is achieved by the use of line stretchers which are
tapped into the cathode input circuit of the succeeding stage at the appropriate
impedance points.
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5.232 Cancellation System.
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The modulators indicated in Fig. 1 employ hard valves (paralleled CV.398s
giving 12 K.V. pulse) as switching elements which are opened by pulses delivered
from an L.C. pulse -forming line contained in the circuit of a CV.173 triggered by a
synchronizing pulse from the Radar Distribution Unit (SJ 400). Three pulses are
derived from the line of duration 9, 6 and 4 or 2 µsecs. respectively, the first of which
is applied to the mixer and first doubler and provides for the 14 µsec. build up time
required by these units. The 6 µsec. pulse is contained within the previous 9 µsec.
and serves to switch the modulator driving the three following stages. The 4 µsec.
pulse is similarly wholly contained within the 6 µsec. pulse and applied to the modu-
lator feeding the final amplifier. Thus the build up time of the radiated pulse is
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Marconi Coherent M.T.I. Radar on 50 cros.

dependent only on the output amplifier.; a good pulse shape is therefore obtained free
from jitter and the cancellation achievable is improved accordingly. The final
pulse length is switchable between 2 and 4 p.secs.

M.T.I. ON M.T.I. OFF

FIG. 3

Marconi Radar Type S.232 P.P.I. Display Photographs. (Range rings at 5 nautical mile intervals.)

The 60 KW output pulse is fed through the coaxial switch unit comprising T.R.
and A.T.R. sections each using a 1 B 23 cell, to the coaxial rotating joint and so
passes by cable to the probe drive of the feed horn.

The 60 Mc/s Stable Local Oscillator frequency after multiplication by 8 is fed to
the mixer which receives signals from the R.F.. Amplifier (CV.354 grounded grid
circuit, Noise Figure 8.5 db) and so delivers 45 Mc/s I.F. both to the A -scope Monitor
of the Receiver rack and to the cancellation units of the Radar Distribution Unit.
After I.F. amplification the signal is rectified to provide uncancelled video for selection
by the various displays. The amplified T.F. from the main I.F. amplifier is also fed
into the homodyne detector where it is mixed with the output from the coherent
reference oscillator, also at 45 Mc/s. The homodyne detector functions both as an
amplitude and phase detector and yields an output which is a function both of the
phase and amplitude of the input signal. For a permanent echo the output signal is
constant but the echo from a moving target is modulated in amplitude at the Doppler
freqüéncy which is preserved in the heterodyne process.

The main I.F. amplifier is provided with swept gain to prevent overloading by
strong signals at short range and also with I.A.G.G. which provides some measure
of signal compression that assists in preserving the normal noise background on the
P.P.I. within a region of cancelled clutter. This improves the subclutter visibility
of the system.

The output from the homodyne detector modulates the carrier from a 10 Mc/s
oscillator which is then fed to the driver valve of a supersonic delay line. The output
from this unit after amplification and detection is added in opposite polarity to a
second and undelayed signal delivered by the homodyne mixer through a parallel
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amplifier -detector chain. The resulting residual signal from an aircraft is of -bipolar
type and fluctuates in amplitude at the Doppler frequency but the signal from astationary target is of fixed amplitude. A full wave rectifier is therefore employed
to provide the final " cancelled " signal to the video amplifier for distribution through

FIG. 4
Marconi Radar Type S.z32. General view of aerial head.

cathode followers to the displays. Both cancelled and uncancelled signals are availableat every display unit.
The supersonic delay line uses X -cut quartz crystals as driver and receiver

elements of the longitudinal wave transmitted through water contained in metal
tubes of 11" diameter. This water line is maintained at the temperature of 72° bya simple thermostat ; this temperature is the turnover point of the temperature/delay characteristic and ensures maximum stability. The cell operates at a frequencyof 10 Mc/s and possesses a bandwidth of 350 kc/s. The slight pulse distortion which
occurs is matched by appropriate design of the amplifier and filter associated with the
undelayed channel and ensures zero residual of a cancelled test signal.

The recurrence frequency of the system is determined by a crystal oscillator of
80.9 kc/s which is counted down to yield an interpulse period and the transit time of
the delay cell is adjusted to match. Experiments have been made with pulse regenera-tion circuits that lock the recurrence pulse to the cell itself but no superiority over thepresent simple system has been observed. The present arrangement permits full
utilization of the variable p.r.f. feature and has been found to deliver a jitter free
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pulse that permits optimum cancellation to be obtained. The synchronizing pulse
itself is derived from the back edge of the 40 µsec. pulse delivered by the Recurrence
Pulse Generator. The leading edge of this pulse is used to operate the A .G.C. circuits
associated with the delayed and undelayed 10 Mc/s channel amplifiers.

Discussion of Performance
The general performance of the system is well illustrated by the P.P.I. pictures

reproduced in Fig. 3 which permits direct comparison with the M.T.I. and non-
M.T.I. records. The cancellation of clutter is seen to be good while the visibility of
the moving targets is in no way impaired. Tracking down to a range of 1 km has
proved to be possible while aircraft of medium radar cross section are continuously
plotted to ranges of over 150 km. General performance is greatly assisted by the
favourable perception factor of the display unit SD.700 due to the 12 -inch fluoride
tube type CV.2162 and the associated circuit design. The signal is readily distinguish-
able with the aerial beamwidth and pulse duration employed, which, nevertheless,
give adequate discrimination.

Measurement of the various residual instrumental instabilities, including T.R.
cell effects, have shown that the limitation on cancellation due to these causes may be
set at 40 db. The scanning limitation for the worst condition of operation of the
system is of the order of 32 db corresponding to an aerial scan rate of 10 r.p.m.,
recurrence frequency 560 p.p.s. and 60 pulses per beamwidth. It will be seen that
the scanning effect represents the major limitation on M.T.I. performance but this
figure can be greatly improved by using a scan rate of 6 r.p.m. together with the
increased repetition rate of 800 p.p.s. which is permitted by the recurrence frequency
generator and the variable delay cell. Experiments have been performed with a
double cancellation arrangement but for the present beamwidth this expensive
refinement is unnecessary and it has proved more effective to design the antenna for
low side lobes (24 db) rather than to seek for reduced beamwidth since the present
resolution is already adequate. No difficulty has been experienced with blind speeds
although the variable P.R.F. and moveable radio frequency permits the selection
of this speed to suit any desired operational condition.

Experiments on the clutter returns from terrain associated with normal airfield
siting shows that phase and amplitude fluctuation is considerably less than for a micro-
wave system. This circumstance has assisted the visibility of aircraft in the clutter
and a Subclutter Visibility of 30 db has been estimated for 560 p.p.s. and 10 r.p.m.
proving that the valuable facility of plotting through intense regions of clutter has
been achieved.

S.232 Radar Parameters
Aerial
 Frequency ... ... = 585-610 Mc/s.

Horizontal aperture ... ... = 18 wavelengths.
Horizontal beamwidth-3 db one way ... = 4 degrees.
Sidelobes ... ... ... ... = -24 db.
Vertical aperture ... ... = 6 wavelengths.
Vertical beamwidth-3 db one way ... = 12 degrees.
Mean height, depending on installation... = 15 feet (4.6 m.)

Transmitter
Power output = 60 KW.
Pulse length = 4 or 21Ls.
Repetition rate = 500-800 p.p.s.
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Receiver
Overall bandwidth -3 db
Noise factor
I.A.G.C. threshold above noise ...

Cancellation

= 350 kc/s.
= 9 db.
= 20-26 db.

Residual at 560 p.p.s. Aerial rotation 10 r.p.m. = - 32 db.
Residual at 800 p.p.s. Aerial rotation 6 r.p.m. ... = - 39 db.
Instrumental limitation of cancellation... ... = + 40 db.
Sub -clutter visibility at 560 p.p.s. 10 r.p.m. ... = - 30 db.

BOOK REVIEW
Television Receiver Servicing, Volume II, Receiver and Power Supply Circuits, by E. A. W.

Spreadbury, M.Brit., I.R.E. Published by Iliffe & Sons, Ltd., London. Price 21¡ -
Volume I of this two-part book, reviewed in a recent issue of this Journal (No. 116,

Vol. XVIII), was concerned, in the main, with the Cathode Ray Tube and the Time Bases,
leaving the Vision and Sound Receivers and the Power Supplies to be dealt with in Volume II.

The emphasis in Volume I, which dealt with that part of the receiver responsible, we are
';:old, for the largest proportion of faults, was naturally on fault finding; in Volume II, however,
it shifts to explanations of the working of individual circuits and the methods used to align them.
In addition to chapters on the Video Stage, Tuning Circuits, the Sound Channel and Power
Supplies, there is a comprehensive discussion of Aerials and Feeders which deals with everything
from the meaning of characteristic impedance to how to make a Balun, from the design of
attenuators to the best way to anchor a feeder to a tiled roof.

One chapter is devoted to Multi -channel Tuners for Bands I, II and III. The subject is
a complex one and has been capably handled here, but one gains the impression that the author
was handicapped by lack of operating experience in Band III, since the book was published
before the opening of the first station in that Band. Some expansion of the subject will no doubt
be undertaken in a later edition.

The high standard of excellence set by Volume I has been fully maintained in this later
book and the two together form a well integrated and entirely readable whole. To the reader,
whatever his interest in television, they bring a clear exposition of how the circuits chosen for a
cross-section of the Industry's receivers work, while the essential similarities and differences
between makers' products are clearly brought out.

As was noted in the case of Volume I, it is evident that the author is a practical man, and
the information that he presents is obviously first-hand and completely reliable. A valuable
feature of the book is the large number of hints and tips which, one feels, are the outcome of the
author's personal experience in the field of television servicing.
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DESIGN OF A SIMPLE LINEAR FREQUENCY
DISCRIMINATOR

BY MRS. K. G. FANCOURT, B.A. and J. K. SKWIRZYNSKI, B.Sc., A.R.C.S.

A design procedure is described for the construction of a simple frequency discrimi-
nator, consisting essentially of two tuned circuits in such a way as to minimize the
harmonic content of the resulting demodulated signal. In particular the circuit parameters
are chosen to ensure minimum 2nd and 3rd harmonics. Special care is taken to present
the design procedure in a form readily used in practice; all necessary information is
embodied in graphs which are very simple to consult.

The method presented is suitable for a large field of applications, as the resulting
system is found to be relatively insensitive to frequency instability, provided it is kept
within reasonable limits (i.e., variations not greater than the maximum frequency
deviation of the input FM signal from the carrier frequency); these effects of detuning
are shown on graphs.

It can be shown that an ordinary tuned circuit placed in the grid leads of the dis-
criminator valves would completely spoil the performance of the system by introducing
a comparatively high 2nd and 3rd harmonic component. The use of a transitionally
coupled grid network is, therefore, advocated, whose amplitude response is sufficiently flat.

effect of the 2nd harmonic of the carrier frequency is studied, and the
use of the design procedure is exemplified for a particular case.

Introduction and Statement of the Problem
WITH the rapid development of multichannel communication by means of

frequency modulated signals it has become necessary to investigate the
possibility of using the simplest techniques and systems. At the same

time all the available degrees of freedom should be used.
The problem considered here is the construction of a simple frequency dis-

criminator with the best possible linearity, i.e., with the least possible harmonic
content. A typical circuit of such a discriminator is shown in Fig. 1. Whilst it is
possible to arrange such a circuit in several different ways, the basic principles of
operation remain the same and are explained in Fig. 2.

The two anode circuits are tuned respectively to al fQ and a2 Jo where
al > 1 > a2

and'Where coo=2n fo is the centre angular frequency. This centre frequency (carrier)
is modulated over the available band limited by

coo + A

where 0 is the maximum angular frequency deviation. Thus, the signal applied to
the grids of both valves can be written as

V=Vo sin (Wot-- cos pt)

where p is the angular modulation frequency.

(61 )
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Design of a Simple Linear Frequency Discriminator

The signals are rectified and applied out of phase to the combining network.
The resultant frequency -amplitude conversion curve can be constructed by sub-
tracting the selectivity curves of both networks. Such a response curve is shown in
Fig. 2, where the relative heights of the two selectivity curves are expressed in terms
of the ratio h. This ratio can be adjusted by means of the potential divider r (Fig. 1)
which regulates the grid bias of each valve. Furthermore, each of the tuned circuits
is characterized by its Q value, where

(2)

and R (i.e. R1 or R2 in Fig. 1) are the damping resistances of the two circuits respec-
tively (including the valve internal resistances). Similarly C1 and C2 (Fig. 1) include
the pertinent valve interelectrode capacities.

CI

TUNED

CIRCUIT

FIG. I

Schematic Diagram of the Simple Frequency Discriminator.

INPUT

In Fig. 2 it is seen that, provided the separation between aloe and a2 wo is suitábly
chosen, the shape of the resultant response curve will be almost linear near the carrier
frequency. It has been the practice until now to take Ql = Q2 = Q and also to tune
both circuits at equal distances from the centre frequency:

al -1=1-a2

These a's were made to satisfy the condition

31 312Q<a1 1<2Q

Also it has been assumed that, provided h = 1, the overall response at co = coo will
vanish producing no audio -response at the carrier frequency. The last condition is
necessary for satisfactory noise rejection in the discriminator stage. We shall see
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that the above conditions are in fact generally incompatible, unless the value of the
Q of the tuned circuits is so high as to warrant the use of arithmetical approximation
of the network response function.

The selectivity curve of a simple tuned parallel network, as shown in Fig. 1, is
given but for a multiplying constant, by

Z I = Z = (1 + X2)-lt (3)
where

X=QWo-°l

FIG. 2

The Frequency Amplitude Response Conversion Curve of a Discriminator.

(4)

The discriminator characteristic F is obtained by subtracting the selectivity
curves of both tuned networks:

where

F=7_1-hZ2
= (1 ±Xi) -i - h (1 +Xi)-}

XI, 2-QI,2(w 0

It is useful to introduce at this stage the fractional angular frequency deviation y
from the centre angular frequency coo

(5)

W 6)0 0C1, 2)

d.12 W

(63)
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w = uo (l + v) (7)
where, from (1)

v = 0
si

Wo
n pt (8)

Thus
2X1,2

Ql, 2
(1±v

i 1 v) (9),2

The response will be linear around the carrier frequency if
ó2F

= 0 (10)Óv2 v=0

This condition can be realized in several ways by relating the five available para-
meters

where

h, alp a2+ Q2

However, (10) will not be true if we assume equal Q -values and equal detunings for
both networks, even when h = 1.

Suppose we expand (5) :

F=Fo+FIv+FIIi'2+FIIIv3 +--- (11)

then, using (8) and neglecting the powers of y higher than the fourth, we obtain
F = Ho + HI sin pt - Hu cos 2 pt

- H1II sin 3 pt + HIS, cos 4 pt
¡- H., sin 5 pt - - - - (12)

Ho -=F0 + 2 (#) 2 FII -1- - - -

HI

H11

= (FI + (A)3 Fill - -4 W

-2(c-VFI +2(W4 F+ ---
o

3HuI=w Flu -4- 1-65- (-15 F.,+ ---
0

/ 46.0\
F

/
I.+---

Inspection of the two equations (12) and (13) enables us to determine the conditions
which the parameters must satisfy to produce a reliable linear discriminator.

Condition A. There is no signal when y = 0, i.e. F0 = 0.
It is shown below that F2 may be made to vanish. Then the steady state (i.e., at
the carrier frequency) response becomes

Hn,

(13)

4

Ho 0".."w }
0

where the sign is taken to mean " is of the order of ".
From (10), the condition of linearity is that F= 0; there are still some degrees

(64)
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Design of a Simple Linear Frequency Discriminator

of freedom available and these can be used to make F111 = O.
This can be done in two ways. From (5) we see that each coefficient in (11)

consists of two parts, one due to each network; thus

(14)
Fl = F1,1 -h
F11 _ F11,1 -h F11, 2 etc. }

where
F1,1 = F1,1 (aL Ql)

( I 5)

F1.2 = F1,2 (12, Q2) etc. I
Thus, we can make F1I,1 = 0 and F,, = 0 separately, thereby relating each

Q and a so that both networks have the points of inflection of their response curves
coinciding with the centre frequency; then we can try to equate

F111 = Fn1, 1 -h F111, 2 = 0,

thereby relating both detunings a1 and a2 so that the cubic coefficient also vanishes.
In fact this last condition cannot be fulfilled exactly.

Alternatively, we can first set
F111,1 = FIu, 2 = 0

separately, whereby each network is tuned so that its cubic coefficient vanishes at
the carrier frequency. Then we can try to equate F11 = F11,1 -h F11,2 = 0,
thereby cancelling the curvatures of both networks. The second method is pre-
ferable as it gives a much more stable system, i.e., less sensitive to accidental
detunings. We thus propose :

Condition B. The third harmonic is minimized first by making

FIII, 1 = FII1, 2 = O

Then the 3rd harmonic ratio becomes
FIII

(do 4

This condition relates each Q with the corresponding a.

Condition C. Subject to condition (B)
F11 - F11,1 -h F11,2 = O

Then the 2nd harmonic ratio becomes

HIIw)

(B)

(C)

This condition relates a1 and a2.
The three conditions A, B and C will constrain 1 + 2 + 1= 4 degrees of freedom

from the 5 available. This leaves one parameter (in our case al) which can be varied
at will according to the bandwidth requirements.

Expansion of the Discriminator Characteristic Function
Consider the general bandpass parameter expression given in (9).
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_Q,/1+v a \
l a 1+vJ

= Q [(1 y)2 - (1 + v)-1

Thus

X2

where
s=0

-4=(1-a2)2
=2(1-a4

II = 1 + 3a4

uI = -4a4
Iv = 5ca.4

= -6a4
etc.

8

The individual selectivity function is given in (3) :

1Z -
V 1 -}- X2

2
°C -

1+Q2 rsvs
®=0

co

1 - Q2 s va

=
L1

4- (1 - a2\21 u2 E
1 -{- 2 (1 - a2)2/ J

Let
2

1 -f- Q' (1 - 0:2)2 = (12
a- l

0,+
(1 -0,2)2=Q2R2=e2

Then (20) becomes

Z t\`
-1(1+z 12 l

s=1 .

2_ {1-2É2 v+ L8E4
É1

[16e6
5 1I3 3 EI III III

4E4 + 2E21 713

(66)

v2

(16)

(17)

(18)

(19)

(20)

(21)

(22)

(23)

(24)
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35'14
128E8

15'12'n
, 3'n2 + 6'I'm 'Iy

V4
16E4 8E4 2E2]

- ( 63 ;,6
-

3.5 118 lu 15

L256E'o 32 es
+

3(IVI'  tin riIII) + L.s

4E4 2E2
+

This expansion is true for
by a subscript 1 or 2.
networks.

Equation (24) gives
coefficients of V for the
efficients of t' in the discri

(11 1,111 +'u2)
16E°

}

both networks. In subsequent work each is distinguished
Expressions having no subscripts apply equally to both

the quantities F, and F, 2 (s = 0, I, II, etc.), i.e., the
two networks. Using (14) and (15) these define the co-
minator characteristic function

F,=F,,1-hF,.2 (25)

The Conditions on the Initial Value and the Slope of the Discriminator
Characteristic

As stated on page 64, the condition for no output at u = 0 is
F0 = 0, or F0,1 -h F0, 2 = 0

Hence, using (24)

et

,I

4.,

Ftc. 3

The Relation between the two Detuning Ratios, and the
Gain Ratio; h, as functions of aI.

FI = Fr

Therefore,

1 h

1'I P2

(26)

(27)

(28)
1 QT (1 - al2)2

al

The gain ratio h, is thus defined in
terms of four other parameters,
whose values are found on pp. 68 and
69. It is plotted in Fig. 3.

In practice, after al, a2, Ql and
Q2 are determined h can be simply
adjusted by means of the potentio-
meter r (see Fig. 1).

The fundamental component of
the output signal is (from (13))
nearly proportional to F7, i.e., to

- h F,,,=-- ('I. -'I 11
(29)1 L 22 22 1 E2 E1

Qi (1 - a22)x

h2 = aa

after use has been made of (24) and (27). The function F1 is plotted in decibels in
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Fig. 4, after inserting the values of a2, Q1' Q2 found on pp. 68 and 69. To estimate

the gain of the discriminator this function is added to 20 logro ('
/

obtained from
too

°° Fig. 8. This gives the gain
with respect to the maximum20

response of the tuned circuit
Zo Imo 13l1 denoted by the suffix 1.

Ii

10

IZ

d
FIG. 4

The Discriminator Gain Function.

where fo = centre frequency in Mc/sec.
gmI = mutual conductance of valve 1.

I 3

Otherwise, if eg is the
input voltage (see Fig. 1) and
Va the voltage across the
combining network, the slope
of the discriminator charac-
teristic becomes

Va = eg gmI RI FI volts per
unit fractional angular
deviation

eg
gm

Jo
FI volts per

o

Mc/sec. (30)

The Minimization of the Third Harmonic
Referring to (24) the fulfilment of condition B (page 65) requires that

5 EI3 31i In + Iu - 0
16E6 4E4 2E2

for each tuned network separately.

Hence
1 _ x - 1 [x3

-E- 17x2 -+ 3x -f-3± (x-}- 1) 1rx4 -+ 134x2 -+9
8 x3

where, for convenience,
X =a2

(31)

(32)

(33)

Using this relation the positive real values of Q are plotted in the neighbourhood
of a = 1 (Fig. 5). The branches drawn in a continuous line are obtained using the
negative sign in (32). These give the values used in subsequent work. The dotted
curve Q' is obtained using the positive sign. It is rejected as giving Q values too
low to be of practical use.
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The Minimization of the Second Harmonic
Condition C (page 65) requires that

3%1_Zir,1_31i.2-11 a,2 0 (34)=8s14 2s12 8e24 T
2e22

On substitution this becomes
F(x1) - F(x2) = 0

where
(35)

4x2
F(x)

r24 x2 1 +3x21

(36)G(x) L G(x) 1 - x2

30

O

10

4

2

G(x) = x4 + 134x2 + 9 -3 (3x2 ± 1)

1

I

1

,

o, i

1 °
1

Io'
1

i
i

5

5

\ \ \ \v
7 -8 -9

el 2 ...

I I 12 I] I
c( 1

FIG. 5

Q1 and Q2 as functions of the Relative Detuning.

For any given value
of x1 near, and greater
than, unity (35) has a
root of x2 near, and less
than, unity. This rela-
tion between x1 and x2
(i.e. between x12 and x22)
is of the type required.
The relation between al
and a2 is found by plot-
ting F (x1) and F (x2),
against al and a2 respec-
tively, in the neighbour-
hood of unity, and read-
ing off pairs of values of
al and a2 for which the
functions are equal.

The curve showing
the relationship between
al and a2 is plotted in
Fig. 3.

The circuit parameters have now been subjected to four conditions. Thus, if
one parameter, e.g. al, is chosen, the remaining four are obtained from the above
data.

It is of interest to find the harmonic ratios under these conditions.
The ratios are

H11
1 Fnr á)3

Hl 2 F1 C wo

Hul 5 F, / L5.\4
Hl 16 F1 k.,)
H1V

1 F1v 0
l

s

H 3 F1 k Wo/

( 69 )

(37)



Design of a Simple Linear Frequency Discriminator

The decibel values are

4s

20

Ñ

IS

10

O

where

2nd harmonic = 20

3rd harmonic = 20

4th harmonic = 20

logio I Bn ¡ + 601ogIo -
Wo

log10 BIu I-{- 80 logio

logio Bii l± 60 logio
Cúo

-20 logio4

V

FIG. 6
The 2nd Harmonic Factor.

d1

IS

FIv
BII

5 Fv
BIa 16 F,

40

30

20
1-1

(38)

12

FIG. 7
The 3rd Harmonic Factor.

dI
IS

(39)

The values of the harmonics may be obtained from Figs. 6, 7 and 8 where the
quantities involved are plotted.
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Estimation of the Effect of a Small Detuning
In practice, the spot -tuning of the individual discriminator circuits may be

difficult to achieve, and what is more important, to maintain. The effect on the
harmonic magnitudes of small deviations in the circuit arrangement is therefore
investigated.

Suppose that the frequency deviation, instead of (8), is given by
v=8(f+ sin pt) (40)

(41)where 8 = -
Wo

and f is the relative detuning, where -1 c f < -I--- 1. Then (11) becomes
F(v) = F0 + FI 8(f + sin pt) + Fu 12(f + sin pt)2 + ---

Using the relations F0 = F= Fm = 0 the coefficients of the harmonic
then obtained as in (12) and (13) :

HI = F 8 + FIv 84 (4f3 + 3f) + - --
Hí, =FIv84 (3f2+2) --Fv85(5f3+2f/

HIII=FIv84J+Fv85(2J2+ 61+FV186(5J3+ gJ) +

(42)

terms are

(43)

The dashed H's indicate that the harmonic coefficients are now functions of the
detuning ratio f. It can be seen from (12) that

Hn (f = 0) = Hn (44)

The above equations can be written in more convenient form as
HI +F1°83(4í3+3f)+ ---
HI FI

HII -1+6f2+Fv 8(10Í3+5f)+ ---
HII FIv

Hill
=1+812+

5FIvv
`18(16f3+6f)+---

(45)

The ratios HII/HII and HIII/HI1 are plotted on the db. scale, in Figs. 9 and 10
respectively.

It can be seen that, in the range considered, the second harmonic, including
the detuning effect, is everywhere at least 40 db. down from the fundamental.
Similarly for the third harmonic. Thus the effect on the harmonics of a small
detuning is not serious.

The Effect of the Grid Circuit Response on the Discriminator Performance
The circuit placed in the grids of both discriminator valves (see Fig. 1) may

have a marked effect on the harmonic response of the system, especially if its amplitude
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characteristic is not sufficiently flat over the
deviation from a flat amplitude response will

-14

- 13
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- 90
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- e0
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FIG. 8
Factors used to estimate the gain, in conjunction with Fig. 5,
and the harmonic distortions in conjunction with Figs. 6,

7 and In

band of frequency deviation. Any
introduce an amplitude modulated

component of the grid voltage,
causing corresponding variations
of the slope of the discriminator
characteristic, coherent with the
main signal.

This amplitude modulated part
of the grid voltage will generally have
a preponderant 2nd harmonic of the
main signal, but a detuning from the
centre frequency may also introduce
variations at the fundamental
frequency of this signal.

Suppose that the amplitude
response of the tuned circuit can be
expressed in terms of the frequency
deviation from the centre (carrier)
frequency as follows:{

{J(v) =f0+JIv+fIiv2+ ---
(46)

where y is defined as in (7) and (8).
Then, as in (11) and (12)

f(v) =
1 + GI sin pt -GII cos 22t

-Gm sin 33t+ ---
(47)

where GI, GII - - - are the ampli-
tudes of the fundamental and
harmonics. This expression repre-
sents the modulation of the grid
voltage due to the variations of the
amplitude response of the grid
circuit. The effect of such variations
on the total discriminator response
may be obtained by multiplying (47)
and (12) and collecting corresponding
harmonic terms.

This is done for two types of networks:
(a) single tuned circuit
(b) transitionally coupled, double tuned circuit (see " The Double -Tuned

Circuit with Transitional Coupling " Report 784, Radiation Laboratory,
Massachusetts Institute of Technology, Cambridge, Massachusetts, U.S.A.).

Neglecting terms of higher order in (0/co) than the coefficient in the original
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discriminator response, the fundamental and harmonic coefficients of the modified
response are

Single tuned Double tuned

Fundamental HI III

2nd harmonic 1 / II

1

HII+2HIGI+2HIGIII HI,

3rd harmonic 1 1

HIII +2 HIGII+2HIGIv
1 1

Hm T 2HI VII T 2HIGIv

db

30

20

IQ

O

10

1.4

- 5

where, in our case

O

HI

14

6
115

k.i2 RE
INN

11111111

14

1a

RELATIVE DETUNING f - AMOUNT OF DETONE
PEAK DEVIATION

FIG. 9

znd Harmonic Detuning Distortion Factors.

S .
d z=1

2

- 5

, HIT(L\4 H111 r"--' (-wo)5

Also, for the single tuned circuit

14

1.6

IA

2 ¡ 0 2 Q 3

GI ti ( W
; VII ^

C w
; G111 etc.

0 0 \ 0

30

AS

20

lo

0

10
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and for the double tuned circuit

30

db

2C

lo

o

G,I ^' (-14 ^' GIv

-
I

1210

60

s 0

1-2

-1 - s o s I -

AMOUNT OF DETUNERELATIVE DETUNING I
PEAK DEVIATION

FIG. I0
3rd Harmonic Detuning Distortion Factors.

30

db

20

o

It is seen, therefore, that the use of a single tuned circuit would produce 2nd and
3

3rd harmonics, both of the order of -) , which would completely destroy the
Wo

linearity of the discriminator. The corresponding orders of magnitude for a double
0 b

tuned circuit are (-I1)4 and (-/ respectively.
Wo \ Wo

Thus a double tuned circuit with transitional coupling placed across the input
terminals of the discriminator will have no appreciable effect on the fundamental or
second harmonic of the output and the change in the third harmonic is small enough
to be unimportant. It is accordingly suggested that a carefully designed discriminator
should always embody a double tuned grid circuit in order to preserve its linearity.

The Second Harmonic Effect
So far the carrier frequency of the signal at the output terminals of the dis-

criminator has been assumed to be without harmonics. In practice these may
occasionally occur, and it will therefore be interesting to consider their effect on the
discriminator response.

The 2nd harmonic of coo, i.e. 2%, will produce the fundamental as well as the
harmonics of the modulation frequency which will mix with those of the main
carrier. Hence, if the 2nd harmonic of the carrier is not sufficiently low, even a well
designed discriminator will produce non-linear distortion. This effect is considered
below.
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The working is similar to that on pp. 66 and 67 but the expansion is now made
around the frequency 2% (see the response curve of Fig. 2). This is effected by

replacing the parameters a and y by a/2
and v/2 respectively. The coefficients
of (18) now become

_,

-3

O

20 1e9 1O 11;11

).D HARMONIC

2.. HARMONIC
10 log 101

2 FIIF 1

12

FIG. II
The Effect of the and Harmonic of the Carrier on the

and and 3rd Harmonics of the output.

1

= 16 (4 - a2)2

= (16-z;)

16(16+3x')
1 a

(48)

From these values the 2nd and 3rd
harmonic factors are calculated as
before, and plotted in Fig. 11. The
harmonics are given by

2nd harmonic = 20 to g10 12

3rd harmonic = 20 log 110 4

Fu
20 loglo AF-7-1+

wo

Fin!
4010

FI glowo

(49)

An Example on the Use of the Results
Suppose we have a discriminator working round the frequency of 60 Mc/s with

a peak deviation of 1 Mc/s. We tune one of the networks to 72 Mc/s.

Thus al = 1.2

From Fig. 4. a2 = 837
Fig. 3. Q1 = 3.8

Fig. 3 Q.2 = 3.3

Obtain the 2nd harmonic content from Figs. 6 and 8 (using the values
0 1

60 '
al 1-2)

601og10

201ogio I 13II 1

Therefore
2nd harmonic

_ - 106.5 db

= + 7.0 db

(75)
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Obtain the 3rd harmonic content from Figs. 7 and 8:

801og10 w = - 142.5 db
0

20 log10 I But I 35.5 db

Therefore
3rd harmonic = - 107.0 db

Obtain the 4th harmonic content from Figs. 6 and 8:

60 log10 w - 20 log104 = - 119.0 db
0

20 log10 I Bn i = 7.0 db

Therefore
4th harmonic _ - 112.0 db

The above refers to the spot -tuning condition. To estimate the effect of detuning
consult Figs. 9 and 10. Suppose the system is detuned from the carrier frequency
by 5 Mc/s, i.e., f = ±0.5.

For the 2nd harmonic :

f = + 0.5 f = - 0.5
Detuning effect

Previous value

Total

- 5.0 db

- 99.0 db

+ 14.5 db

- 99.0 db

- 104.0 db - 84.5 db

For the 3rd harmonic:

f = + 0.5 f = - 0.5
Detuning effect - 38.0 db + 16.0 db

Previous value - 107.0 db - 107.0 db

Total - 145.0 db - 91.0 db

The 2nd harmonic effect is now considered (see p. 74). It is assumed for the
moment that the fundamental and 2nd harmonic in the carrier frequency are of
equal magnitude. Then, consulting Figs. 8 and 11, the 2nd harmonic effect is found
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to make the following contributions to the 2nd and 3rd harmonics :

20log10 (0) _ -35.6 db
Wo

20 log10
FII

= - 6 db

Therefore
2nd harmonic

401og10 (A)

20 lo 1 FmI
gio 4 Fl

Therefore
3rd harmonic

= -36.2db

= -71.2db

= - 3-5 db

= - 74.7 db

The 2nd harmonic, due to the 2coo carrier is, from the above, -36.2 db, and
that due to the main carrier 630 (see page 75) is -99.5 db. Hence, in order that
the 2nd harmonic due to the 2co0 carrier should be no greater than the 2nd harmonic
due to the main carrier, the latter must be at least 63.3 db above the 2co0 carrier
level. For the value 63.3 db the resulting 2nd harmonic due to the 2coo carrier is
attenuated to -99.5 db, which is sufficiently small to be neglected.

The 3rd harmonic due to the 2 WO carrier is still smaller, i.e., - (74.7 + 63'3) db
= -138.0 db.

Conclusion
In the preceding section we have shown the procedure to be used in applying

the method given above for the design of a simple frequency discriminator. The
values of co0 (i.e., the carrier frequency) and ofd (i.e., the maximum deviation
frequency) are usually imposed and the only independent parameter to be chosen is al
(or for that matter (x2) giving the tuning frequency of the corresponding resonant
circuit in the anode of one of the values (Fig. 1). It is advisable that

al -1> 10 7
coo

to éhsure that the discriminator operates on the linear part of the network character-
istics. On the other hand al should not be too large, as this would make the sensitivity
of the system small (see page 68 and Fig. 4). The value ai = 1.2 chosen in the example
above (page 75) seems to be the usual compromise.
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DESIGN DATA FOR LADDER NETWORKS
BY E. GREEN, M.SC.

In Marconi Review No. 108(1), formulae and curves were given for the design of ladder
networks to give Butterworth or Chebyshev response in the pass band, and in No. 116(2)
these were extended to cover the case of low pass networks with unequal resistance
terminations. The following article gives some further useful data in a table covering
the design of networks with up to nine branches and attenuation curves for networks with
up to eleven branches.

FIG. la, B and c is reproduced from Marconi Review No. 108, p. 26, to show
the types of network to which the data can be applied. A few symbols are
repeated here for convenience. Thus in Fig. 1A:

= variable radian frequency.
colt = Radian frequency defining the normal limit of the pass band. For Butter-

worth response this may be at any level. For Chebyshev response it is fixed
at valley level.

x = w/ (.00.
V = Output voltage at the peaks of the response curve.
V,9 = Output voltage at limits of pass band.

G1 - Rl = conductance of output branch.

Cn, Gn or R11, Ln make up the input branch.

dl =G1 = decrement of branch 1 at bandwidth 4113 (R1/Ll w13 in case of serious
cop

branch).

d = RI'
or Gn = decrement at Cop of input branch.Ln alp C 41

D = d/dl = ratio of input to output decrement.

K12- 1 = coupling factor at bandwidth alp between branches 1 and 2.
VL2 C1 alp

1

K23=
L2 C3 (Alp

Kr(r+1) = coupling factor between rth and (r+1)th branch.

Solutions for Type B Response
Equation (3) of reference 1 can be rewritten in a more convenient form for

tabulation by substituting d12 sin2 0 = yn2/(1+D)2 derived from equation (2)
(0 = r,/2n).

K2 - (cos2 r 0 + D2 sin2 r 0) 2

rcr+1> - sin (2 r - 1) 0 cos (2 r -F- 1) 0 (1 +D)2 Ya

= Br(r+1) Yn2 (la)
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where Br(r +1) depends only on, r, n, and D, and yn depends only on the tolerance,
Vp/Vfi, in the pass band, and n the number of branches. This has been plotted in
Fig. 2 for n = 2, 3, 4, 6 and 8. (Values for 5 and 7 can be interpolated.)

00 \----
Ln

61 S' A 31 2
11 11 11
L6 L4 L2

C7 C5 C 3^,;: CI

7 6

5' 4'

:fÓP- ®

Cn Ln C4 L4

o CS

aT-9

5 4

LS

5 4

E

FIG. I
Typical Networks.

3 2

o'

o

A. Low pass prototype.

B. Bandpass prototype,

C. Derived Coupled cir-
cuit band pass network.

Solutions for Type C Response
Using equation (5) of reference 1, d12 sin` 0 = Sn2/(1 + D2) equation (6) can be

rewritten.
2 sin2 r 0 cos2 r 0 cos2 r 0+ D2 sine r 0

Kr(r + 1) = sin (2 r -1) 0 sin (2 r + 1) 0 + sin (2 r - 1) 0 sin (2 r + 1) 0 (1 + D) 2
Sn

(2)

A r(r + 1) + Br(r l) Sn2 (2a)

where Ar(r + 1) depends only on r and n, Br(). + 1) is the same as for type B response,
and Sn depends on the tolerance Vp/V, and n, the number of branches. Sn has been
plotted in Fig. 3.

Type A Response
This is a single peaked type of response produced by undercoupling.(3) It has

Kr(r+1) - -Ar(r+1) + Br(r+1) Cn2 (3)

A r(r +1) and Br(r+1) are the same as for Type C and Cn is a parameter depending on
Vp/Vp and n, shown in Fig. 4. Also

d1 (1 + D) = Cn/sin 0 (3b)

Table I gives values of Ar(r+1) and Br(r+1) for values of n between 2 and 9, and
D between O and 1.0. D can always be made less than 1.0 by numbering from the
end with the larger decrement. Then, when the type of response, the value of 'D,
and Vp/Vp are known, the K's and d's can be found, and from these, the values of
the branches.
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TABLE I

n
Coup-

ling
Factor

A
B's for values of D shown

0 1 -2 -3 4 5 6 7 8 09 1.0

2 Ki2 0.5 100 835 -722 645 592 556 531 516 506 501 5

3 I
Ki2 0375 1500 1244 1.056 0914 806 -722 656 604 562 528 5
K18 0375 0.5 426 389 376 378 389 406 -427 451 475 5

( K12 0354 2414 1998 1688 1.450 1265 1.119 1.001 906 827 762 707
4 ¿t KL 0.293 586 489 423 378 347 -325 311 302 -296 294 293

44 0.354 414 362 355 374 408 452 -501 553 -605 -656 707

K12 0346 3618 2.993 2523 2.161 1877 1.651 1-467 1317 1.192 1088 1-00
Ká8 0279 -809 672 .574 501 -448 407 376 352 -334 320 -309

5 KS4 0279 427 -360 319 296 -284 -280 -281 285 -292 -300 309
K45 0346 382 345 366 -419 -490 572 -658 -746 833 -918 1.00

4 0.342 5098 42I7 3.551 3036 2631 2.306 2.043 1.826 1.646 1.495 1366
.45 0.275 1098 911 -773 -669 -590 -529 -480 -442 -411 -386 366

6 K94 0.268 -536 447 387 -346 317 298 -285 276 271 269 268
K1 0275 -366 -312 285 275 -276 -285 297 313 -330 -348 366
K256 0342 366 -345 -396 488 -603 -729 -860 991 1120 1.245 1366

112 0340 6859 5.671 4773 4078 3528 3088 2.729 2.434 2.188 1980 1806
KL 0.272 1.447 1198 1.014 874 765 680 612 557 513 476 -444

7 Ks4 0264 679 565 -484 -425 -382 -350 326 -308 -295 285 278
Ká5 0264 -432 -363 -319 292 -276 267 -264 264 267 -272 278
K56 0.272 -335 -289 273 275 -289 -309 -334 360 -388 416 444
Ká7 0-340 358 353 440 -578 744 -923 1.107 1290 1.469 1.642 1.806

K?2 0339 8.875 7335 6172 5.270 4.556 3.983 3.516 3130 2809 2537 2.307
KI., 0271 1.848 1530 1.292 1.110 969 856 -766 -693 633 -583 -540
44 0.262 -848 -704 -599 522 464 -419 384 358 -337 320 307

8 Ká5 0.260 -520 -434 375 335 308 289 276 -268 263 -261 260
K56 0.262 -379 -320 -287 -269 262 263 -267 -275 -284 -295 -307
Ks7 0.270 -316 -276 -271 285 312 -345 -382 -422 -461 -501 540
K78 0.339 -352 -364 491 681 904 1.142 1.385 1.626 1-862 2-089 2.307

Ki2 0337 11.160 9.230 7.762 6-620 5.723 5.000 4.408 3.921 3-512 3-170 2.877
XI, 0270 2306 1908 1610 1380 1210 1059 -944 850 772 -707 653
K34 0.261 1042 -864 -733 635 -560 502 -456 -419 -390 -367 -347

9
Ká5 0258 -625 -520 -446 -393 355 326 -306 291 -280 272 266
Ks6 0258 -440 -369 323 -293 -275 265 -260 -258 -259 262 -266
47 0261 347 -296 -270 -261 262 -270 282 -297 -313 -330 347
K78 0.270 306 272 276 -304 344 -392 -444 -497 550 602 -653
49 0337 348 -380 552 -800 1089 1395 1705 2013 2311 2600 2877
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Exam ple
We may use the same example as in reference 2, i.e., to design a network with

4 branches, with type C response in which

Vp/V = 1.02, Rn/R1 = 0.6, n = 4.
The network is shown in Fig. 5.

Then from Fig. 3, S= 0.6, Sn2 = 0.36 and from reference 2
D = 0.54 _L4

d1 - Sn _ 0-6 = 1.02
(1 + D) sin 0 1.54 x -384

d4=Dd1=55

For the coupling factors we find from the Table:
Kit = Al2 + B12 Sn2 = -354 + 1.06 x 36 = 736
K13 = A23 + B23 Si,' = -293 + 318 x 36 = 407
K34 = A34 + B34 S2 = -354 + -476 x 36 = 525

showing close agreement with the values in reference 2. It is of interest to note
that we can find an alternative network to that of reference 2. If we reverse the

(82)
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network the input will be at a shunt branch and

G1R4=06=
G4 R1

This leads to the same values of d's and K's as before though now we have R4
associated with d1 and so on.

R4

L4 cop
=d1 =1.02 orL, cos =98 R4 = .59 R1 (1.08)

1 = Ki2 = 0.736 or 1 = 736 L4 (op = 434 R1 (564)
L4 C3

wI32 C3 w,3

1 1K13 = 0407 or L2 w# =L2 C3 wfi.2

1

C1 L2 w02

1
1= d4 = 055 or RI =

407 C3 (Op
1.06 R, (1.41)

= K34 = 0525 or - 1 - 525 L2 Coo = 558 R, (1.03)

Rl Cl wft

Cl cop

55 C1 cop
1.01 R1

The branch values have been expressed in terms of R1 as in reference 2 to facilitate
comparison. The values obtained there are bracketed alongside. The new version
requires smaller coils and larger condensers, and might be preferable.

Attenuation Curves of Low Pass and Bandpass Filters Giving Response
Types B, C and A
A filter specification usually gives

0.10 = Radian frequency defining edge of pass band.
A = Maximum allowable variation inside the pass band in db.
wa = Radian frequency where attenuation band begins.
Aa = Minimum allowable attenuation in the attenuation band.
k = wa/wp. (In the derived bandpass case, cop and wa are bandwidths.)

The curves of Figs. 6, 7 and 8 are more convenient and comprehensive than
those of Figs. 24 and 25 in reference 1.

From them we can find the number of branches required when the above data
are given. They show the relation between Aa and k assuming Ap = 1.0 db. If
A p is not 1.0 db, the scale at the side gives the correction to A a. Thus if Ap =
0.1 db we must subtract 10 db from the value of Aa given by the curves; and for
Ap =.3 db we must add 6 db. The curves should not be used for values of Aa less
than 10 db when the adjustment is upwards or for final values less than 10 db when
the adjustment is downwards.

Example:-k = 0.5, Ap = 0.5 db, Aa = 60 db.
From Fig. 6 we see that with Type B response and 11 branches, for Ap = 1.0 db,

k = 0.5, Aa = 60 db, and for Ap = 0.5 we must subtract 3 db from Aa leaving 57 db.
Fig. 7, for Type C response and 7 branches shows Aa = 68 db on the curve,

giving 65 db when A = 0.5 db. This is the better solution.
To find the values of the branch elements, for Ap = 0.5 db, Vp/Vp = 1.06,

and Fig. 2 by interpolation gives S7 = 0.26, S72 = -0676.
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With matched terminations D =1.0, and from equation (3)
S, = 26=2 d,sin
(n/14)14) -239 = 1 09
7r

d, = 0.545
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and from the table
K12 = K67 = 0.34 + 1.806 x 0676 = 0.462

K23 = K16 = 0.272 + 0.444 x 0676 = 0.302

K14 = Ká5 = 0.264 + 0.278 x 0676 = 0.283.

So that when Rl and 6)0 are given the elements can be found.

Additional Notes
The attenuation curves can also be used for mismatched filters, stagger damped

or stagger tuned amplifiers having Type B or Type C overall response.

(a) Mismatched Filters
The A a curves show the variation in response at the output. To find the

attenuation we must add a constant db loss at all frequencies equal to that at the
peaks of response. If I Pn min is the reflection coefficient at this point, the fraction
of available power transmitted is (1 - I Pn I mix)

Additional db loss = -10 login (1 - I Pn I mix) (4)

(i) Low Pass Networks
For low pass networks with response types A, B and C, the last for odd values

of n only, Pn I min occurs at zero frequency (x = 0) so that
Rl - Rn

IPnI min (5)

2
4

Rl Rn
1 -IPnImin= +Rn)2 (6)

For type C response and even values of n the transmission is a minimum at x = 0
so that

V 2 4R R
1 - I Pn I mix =

VPd (RI + R0)2

The fact that this must be less than 1, limits the possible values of RJR, when
Vr/Vft is specified2.

(ii) Band Pass Networks
In this case D, the ratio of decrements of the terminal branches is a more

convenient parameter.
For type B response from reference 2 equation (1)

f1 -D n
IPnImin = S1 +D (8 )

l (1 - D)In1 -IPnlmi = 1 -(1+ D (9)

and for type C response (
sinh na'

I Pn I min = sinh na (10)

(87)
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where

sinh na = VP 2

- 1V
1 sinh a=1+DD Sn (11)sinh a' _

S. being given in Fig. 3.

1 - I pn I miñ = 1 - sinh2 na' {
V

P 2_ (12)

(b) Filters with Internal Losses
In this case also we must add at all frequencies the db loss at the peaks of response.

(c) For stagger damped, or stagger tuned amplifiers, with type B or type C
overall response the Aa curves show the frequency response.

References
(1) E. Green: " Exact Amplitude Frequency Characteristics of Ladder Networks," Marconi

Review, Vol. 16, No. 108, pp. 25-68, 1st Quarter 1953.
(2) E. Green: " Design of Low Pass Ladder Networks with Unequal Resistance

Terminations," Marconi Review, Vol. 17, No. 116, pp. 21-28, 1st Quarter 1955.
(3) E. Green: " Amplitude Frequency Characteristics of Ladder Networks." Marconi

Monograph, 1954.

BOOK REVIEW
Journal of the Institution of Telecommunication Engineers, New Delhi

For many years there have existed scientific journals which have been valuable sources of
information on radio research carried out in Indian universities. Many papers on the ionosphere
and on ionospheric propagation have been published in these Indian journals, but in the main
they have been written for the physicist rather than the engineer interested in the application
of radio to telecommunications. In their outlook they may be ,compared for instance to the
Proceedings of the Physical Society, London, and there has been no publication in India
corresponding to Part B of the Proceedings of the Institution of Electrical Engineers.

The publication of a journal by the Instition of Telecommunication Engineers, New Delhi,
is aimed at supplying this need. The first issue was published in March, 1955, and contained
three technical articles and a number of items on the Institution and its affairs. As the Institution
is only for telecommunication engineers and not for electrical engineers in general, it is probably
not desirable to publish the Institution News separately in a Journal and the technical papers
in Proceedings as has been done by the I.E.E.

The three papers in this first issue deal respectively with line fault location by pulse technique,
radio measurements at Jabalpur during the solar eclipse of June 30th, 1954, and power density
diagrams of short-wave aerial arrays. They fulfil the criterion that they should be of interest to
the radio engineer and written from his point of view.

The application of radio to communications in India is rapidly expanding and a great deal
of able research and development is being done there. This journal should prove a useful medium
for the publication of this work and in due course it should take its place among the well-known
radio journals of the world as a valuable reference and source of information.
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where

sinh na =
TJ

n
V,

2 -1

i+Dsinka=i+D Sn (11)sinh a'

Su being given in Fig. 3.

1 - Pn I miñ = 1 - sinh2 na'
VP

2

-1 (12)

(b) Filters with Internal Losses
In this case also we must add at all frequencies the db loss at the peaks of response.

(c) For stagger damped, or stagger tuned amplifiers, with type B or type C
overall response the Aa curves show the frequency response.
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they have been written for the physicist rather than the engineer interested in the application
of radio to telecommunications. In their outlook they may be compared for instance to the
Proceedings of the Physical Society, London, and there has been no publication in India
corresponding to Part B of the Proceedings of the Institution of Electrical Engineers.

The publication of a journal by the Instition of Telecommunication Engineers, New Delhi,
is aimed at supplying this need. The first issue was published in March, 1955, and contained
three technical articles and a number of items on the Institution and its affairs. As the Institution
is only for telecommunication engineers and not for electrical engineers in general, it is probably
not desirable to publish the Institution News separately in a Journal and the technical papers
in Proceedings as has been done by the I.E.E.

The three papers in this first issue deal respectively with line fault location by pulse technique,
radio measurements at Jabalpur during the solar eclipse of June 30th, 1954, and power density
diagrams of short-wave aerial arrays. They fulfil the criterion that they should be of interest to
the radio engineer and written from his point of view.

The application of radio to communications in India is rapidly expanding and a great deal
of able research and development is being done there. This journal should prove a useful medium
for the publication of this work and in due course it should take its place among the well-known
radio journals of the world as a valuable reference and source of information.
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Sbon. Sub -Agent: M. S. B. Caculo, Cidade

i ortuguese india).
1, P. C. Lycourezos, Ltd , Kanari Street 5,

12ALA. Compania Distribuidora Kepaco, S.A.
da No. 20-06, Guatemala, C.A.

'RAS. (Republic.) Maquinaria y Accesorios
li, Tegucigalpa, D.C.
(KONG. Marconi (China), Ltd., Queen's
Chater Road.

I Marconi's Wireless Telegraph Co., Ltd.,
y Building, " K " Block, Connaught Circus,

Iú.

ICELAND. Orka HIP, Reykjavik.
INDONESIA. Yudo & Co., Djalan Pasar Minggu,
1A, Djakarta.
IRAN. Haig C. Galustian & Sons, Shahreza Avenue,
Teheran.
ISRAEL. Middle East Mercantile Corpn., Ltd., 5,
Levontin Street, Tel _Aviv.
ITALY. Marconi Italiana S.P.A., Via Corsica No. 21,
Genova.
JAMAICA. The Wills Battery Co., Ltd., 2, King
Street, Kingston.
JAPAN. Comes & Co., Ltd., Mailmen Building,
6-2, Nihon-Bashidori, Chou -Ku, Tokyo.
KUWAIT. Gulf Trading & Refrigerating Co., Ltd.,
Kuwait, Arabia.
LEBANON. Mitchell Cotts & Co. (Middle East), Ltd.,
Kassatly Building, Rue Fakhry Bey, Beirut.
LIBYA. Mitchell Cotts & Co. (Libya), Ltd., Meiden
Escuibada, Tripoli.
MALTA. Sphinx Trading Co., 57, Fleet Street,
Gzira.
MOZAMBIQUE. E. Pinto Basto & Ca. Lda., 1

Avenida 24 de Julho, Lisbon. Sub -Agent: Entreposto
Commercial de Mocambique, African Life 3, Avenida
Aguiar, Lourenco Marques.
NETHERLANDS. Algemene Nederlandse Radio
Unie N. V :, Keizergracht 450, Amsterdam.
NEW ZEALAND. Amalgamated Wireless (Austra-
lasia), Ltd., Anvil House, 138 Wakefield Street,
Wellington, CI.
NORWAY. Norsk Marconikompani, 35 Munkedams-
veien, Oslo.
NYASALAND. The London & Blantyre Supply Co.,
Ltd., Lontyre House, Victoria Avenue, Blantyre.
PAKISTAN. International Industries, Ltd., 1, West
Wharf Road, Karachi.
PANAMA. Cia. Henriquez S.A., Avenida Bolivar
No. 7.100, Colon.
PARAGUAY. Acel S.A., Oliva No. 87, Asuncion.
PERU. Milne & Co. S.A., Lima.
PORTUGAL AND PORTUGUESE COLONIES.
E. Pinto Basto & Ca. Lda., 1, Avenida 24 de Julho,
Lisbon.
SALVADOR. As for Guatemala.
SAUDI ARABIA. Mitchell Cotts & Co. (Sharqieh),
Ltd., Jedda.
SINGAPORE. Marconi's Wireless Telegraph Co.,
Ltd., Far East Regional Office, 35, Robinson Road,
Singapore.
SOMALILAND PROTECTORATE. Mitchell Cotts
(Red Sea), Ltd., Street No. 8, Berbera.
SOUTH AFRICA. Marconi (South Africa), Ltd.,
321-4 Union Corporation Building, Marshall Street,
Johannesburg.
SPAIN AND SPANISH COLONIES. Marconi
Española S.A., Alcala 45, Madrid.
SUDAN. Mitchell Cotts & Co. (Middle East), Ltd.,
Victoria Avenue, Khartoum.
SWEDEN. Svenska Radioaktiebolaget, Alstromer-
gatan 12, Stockholm.
SWITZERLAND. Hasler S.A., Belpstrasse, Berne.
SYRIA. Levant Trading Co., 15-17, Barada Avenue,
Damascus.
THAILAND. Yip in Tsoi & Co., Ltd., Bangkok.
TRINIDAD. Masons & Co., Ltd., Port-of-Spain.
TURKEY. G. & A. Baker, Ltd., Prevuayans Han,
Tahtekale, Istanbul, and S. Soyal Han, Kat 2 Yenisehir,
Ankara.
URUGUAY. Regusci & Voulminot, Avenida General
Rondeau 2027, Montevideo,
U.S.A. Mr. J. S. V. Walton, 23-25 Beaver Street,
New York City 4, N.Y.
VENEZUELA. English Electric de Venezuela C.A.,
Edificio Pan American, Avda. Urdaneta, Caracas.
YUGOSLAVIA. Standard, Terazije 39, Belgrade.




