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QUARTZ RESONATOR SERVO
A NEW FREQUENCY STANDARD

By NORMAN LEA, B.Sc., M.I.Mech.E., M.I.E.E.

A single frequency amplitude -comparison servo associated with a Quartz Resonator
is described.

It is shown that a single Quartz Resonator may be used both for initial stabilization
by the balance of phases in a resonant loop and secondly for servo elimination of all
major instabilities associated with the thermionic negative resistance.

' Some preliminary experimental results show that applied frequency errors up to
10-' are reduced to about 10-10 by servo action.

Introduction
IN the most common form of electro -magnetic oscillator, the frequency adjusts

itself until a summation of the phase angles of all the components in a resonant
circuit is zero.
As a consequence of this, the stability of frequency depends upon the phase

stability of each component to an equal extent.
The circuit of such an oscillator falls naturally into two main parts, firstly the

Resonator which consists effectively of L, C and R in series, and secondly an
electronic system which behaves essentially as a negative resistance of magnitude R.
Modern skill has enabled some resonators (particularly of the piezo-electric type) to
be made extremely stable in phase, hut, even with all known precautions, we are not
able to construct electronic systems to give negative resistances of adequate phase
stability.

In general, the reactance instability of a practical negative resistance is roughly
proportional to its magnitude, which explains why an oscillator using a resonator
of small R (that is high Q value) has good frequency stability. Even when the Q is
high, for example 1 million, the demands on the phase -stability of the negative
resistance are severe. For example, in order to take full advantage of the stability
of a quartz resonator in a Frequency Standard, we would like the frequency in-
stability due to the " negative resistance " alone to be no more than say 10-11.
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Quartz Resonator Servo-a new frequency standard

This would limit the phase -instability of the negative resistance to 2 x 10 -5

radians, a figure which is unattainable when using existing thermionic valves or-

transistors.
The phase -instability of an electronic negative resistance depends mainly upon

valve geometry, space -charge capacitances, complex cathode inter -face impedances,
and transit -time delays. The prospect of reducing the total of these effects by a
factor of 1,000 seems remote indeed, hence a new approach is essential if a notable
advance is to be made in high -stability oscillator design.

The present article deals with frequency control by amplitude -sampling of
signals in systems containing quartz resonators.

Amplitude Sampling Methods
In order to avoid the errors due to the phase -instabilities of thermionic systems,

the principle of amplitude comparison can be used to indicate the relation between
signals and resonator responses.

Such a method usually involves a system of detection capable of indicating
departures from equal amplitude of response of a resonator to two frequencies, or of
two resonators to a single frequency.

Two frequency Methods
The use of two frequencies, one on either side of the centre of resonator response,

is not ideal because it means that these must be of exactly equal amplitude before
being impressed upon the resonator. Such a plan also is apt to involve violent
transients in the resonator operating conditions.

The production of two accurately related frequencies by a modulation process
is easy, but the heavy attenuation of the unwanted closely -spaced carrier and side -
band is difficult, especially when high stability of level is needed for the wanted
sideband. The use of two frequencies which are not co -existent (like those of an
FSK signal) is not attractive, in spite of the elimination of the filtering problem,
because we usually do not wish the controlled source to be frequency modulated.

An example of the two -frequency method was described by R. V. Pound in
Review of Scientific Instruments, ,Vol. 17, November 1946. A number of variants
of Pound's general scheme have been used since that date and it appears that they
are not free from difficulties.

Two -resonator Methods
In the Marconi Review, No. 6, March 1929, a wavemeter due to C. S. Franklin

was described. The frequency resolution of this instrument was made high by the
use of (effectively) two resonators in association with a common amplitude detector.
A single input frequency was used.

The objection to this plan for a single -frequency scheme is that it is more difficult
to make two resonators of high stability than one. Franklin overcame this to a
large extent by making the second resonator merely a minor modification of the
first, that is to say reactance modulation was applied by the repeated manipulation
of a switch. There is however a strong feeling that if we take a great deal of care to
set up a resonator of the highest possible stability, it is wise to leave it undisturbed
as much as possible.
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Single -Frequency Single -Resonator Amplitude Sampling
Fig. 1 illustrates a method whereby the relation of a single frequency f to the

characteristics of a single resonator LCR may be detected.
The figure involves a bridge arrangement which is operated (substantially at

resistance balance by adjustment of R1, R2 and R3 to suit R) at a condition alternately
on either side of reactance balance by the inclusion of what may be called modulating
reactances +X and -j- X in the right-hand arms. If the frequencyf is accurately adjusted
to resonance with LC, it is clear that values of +X and -X in the upper and lower
bridge arms respectively will give an equal amplitude in the detector D to that

given by -X and +X in
the respective arms. It
follows that a departure

2 from equal amplitudes will
indicate a departure from

 x resonance and that simple

SERVO

FIG. I

>GANGEO
servo arrangements may be
set up to eliminate the

;x, departure.
The modulating react -

R3 ances X may be produced in
a number of ways, but it is
preferable to make the
change in the upper arm
complementary to the
change in the lower arm so
that the total reactance in

the right-hand branch is constant and near zero, for in this way departures from
steady-state conditions in the resonator are avoided.

The reactance X may be a square -wave, sine -wave, or other convenient function
of time. The detector D is arranged to be sensitive only to differences in amplitude
at opposite phases of the modulation that is to say is made sensitive only to the
modulation freqúency itself. The output of the detector is arranged to provide a
servo correction to the frequency f.

It is clear that no error can be introduced into the servo by changes in sensitivity
or frequency response of the detector.

As there are no thermionic or other unstable devices in any bridge arm, the
frequency of bridge -balance will depend to a high degree of accuracy on the LC
product of the resonator LCR.

" There is no special difficulty about the stability of the modulating reactance X,
because X need be no larger than is required to give a reasonable servo signal.
For example a value X corresponding to a frequency change of 10-8 is adequate
for servo purposes even though the intrinsic instability of f is as much as 10-7.
In such a case a 0.1% instability of X will introduce a servo error no greater
than 10-11

The source of frequency f in Fig. 1 may be a crystal oscillator with the usual
amplifier, buffer, and AGC systems, but an interesting possibility of a simpler kind
will now be discussed.
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Frequency Stabilization by Simultaneous Phase -Balance and Amplitude-Sampling
It is clear that in the system of Fig. 1, the intrinsic frequency stability of thesource f must be good enough to maintain a desired constancy during the time needed

for the servo to eliminate the more slowly changing errors. If the servo correction
is made more rapid, the source f need not be so stable.

For medium rates of correction, for example by two-phase motor, it is possible
to obtain good performance by using merely an electronic negative resistance forthe source.

FIG. 2

If the right-hand arms of the bridge are
made to have high impedances compared
with the left-hand arms, the input impe-
dance, of the bridge will be essentially that
of a series resonator, so that good initial
stabilization of frequency can be obtained
even if the source f consists merely of a
negative resistance.

A near approach to such an arrange-
ment is shown in Fig. 2 where initial
stabilization depends upon a Q -value of

coL

If the bridge has equal resistance for the upper and lower arms, the initial
stabilization is degraded only by a factor of 2 from that which would be obtained
by using the high -Q resonator LCR.

Having achieved initial
stabilization as in Fig. 2,
servo correction by amplitude -
sampling can be added in the
manner of Fig. 3.

The impedances of the
RH arms are made large -+x IN STAB R _x,
compared with those of the o ,)GANGED
LH arms, but not so large as
to cause trouble with thermal
noise in the detector D. "' R'

The servo -operated re-
actance X will clearly balance
out all components of Xinatab,
subject to servo time delay
and subject to the amplitude
difference in the detector being not confused by noise.

If the supply voltages to the valves are well stabilized and reasonable precautions
are taken against microphony and " hum " the components of Xinstab, are essentially
all within the correction rates obtainable by the servo.

The dual method of frequency stabilization illustrated by Fig. 3 is therefore of
considerable interest and it has been explored in a preliminary way experimentally
as now to be described.

SERVO

FIG. 3
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Experimental Dual Stabilization
(5 Mc/s Resonator with Sampling at 75 c/s)

As the principle of Fig. 3 is likely to be useful in extending the accuracy obtain-
able from Marconi Precision Quartz Crystals of 5.0 Mc/s, it was decided to set-up a
rough embodiment of Fig. 3 using a 5.0 Mc/s crystal.

After eliminating most of the difficulties which were to be expected in a roughly
arranged bridge operating at 5 Mc/s, the experimental circuitry became as in Fig. 4.*
This figure is largely self explanatory but attention may usefully be directed to
certain points.
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With the low -impedance bridge arms used, the uncertainties due to earthing
one side of the bridge input were not of serious consequence. This was fortunate
because an " ideal " transformer capable of transferring the series -resonant char-
acteristic of L, C, (R+RI) is not easy to devise.

,for preliminary tests, it seemed quite satisfactory to disregard the thermal
instabilities of R2, R3 and the modulated reactance X, so the only components of the
whole system maintained at constant temperature were LCR and R1.

In order to minimize difficulties due to unwanted 50 -cycle modulation and
50 -cycle hum the reactance modulation was carried out at 75c/s (sine wave).

Although some early tests were done with symmetrical complementary X
modulation as indicated in Fig. 3, it was later thought simpler to apply sym-
metrical (+) modulation to one arm only as depicted in Fig. 4. A peak modulation
of reactance corresponding to a frequency shift of 10-8 produced an actual frequency

*Note that for convenience the bridge has been drawn on its side as compared with fig. 3.
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deviation of 10-10 and a 75 -cycle sideband 107 dbs below carrier level, so these FM
effects were of no serious consequence.

The use of L1 C1 and L3 C3 to give zero reactance in the bridge arms facilitated
adjustments to known operating conditions. The capacitor C2 was used to adjust
the symmetry of modulation.

The sense of the servo correction was fixed by a two-phase motor, one winding
of which was fed from a Reference Phase generator which was mounted on the samemotor spindle as the modulating plate. The latter was made of copper and produced
sinusoidal changes of inductance in a near -by coil.

The phase of the modulation was adjusted to allow for the phase shifts in the
whole detecting system which latter consisted of RF preamplifier, cathode follower,
Receiver type CR.100, selective 75 c/s amplifier and motor amplifier.

For the results now quoted, the AGC was set to give a level of about 0.1 volts
RMS at the grid of the oscillator, which corresponds to a dissipation of about 12 1.1Win the crystal resonator. It is not yet known whether this is an optimum figurehaving regard to the extreme importance of stable quartz operation and the con-
flicting requirement of a good signal -noise ratio at the detector.

The level of signals at the anode of the amplifier was 6 volts RMS approximately,
and at the anode of the buffer slightly more, so great precautions were needed to
avoid leakage from these circuits into the RF bridge to an extent exceeding thermal
noise.

Efforts in this direction were successful enough to obtain preliminary results,but it is evident that an investigation of the full accuracy of the servo system mustawait a fully screened and decoupled bridge and valve chain.
It was not thought worth while taking much notice of the long-time recordings

of the arrangements of Fig. 4 against the best existing frequency standards, becausethe components L1 C1 and the whole of the right-hand bridge arms were outsidethe oven.

Experimental Results
Figs. 5, 6 and 7 indicate the effects on frequency resulting from manually

applied changes of capacitance, HT, and LT voltages. The frequencies, were
measured against Oscillator 468 which probably had an instability of +1 x 10-10 duringthe experiments. (Oscillator 468 is at present a prime component of the Marconi
frequency standard installation).

Manual Change of Capacitance
Fig. 5 shows the frequency change with and without servo for a manual change

of capacitor Cn, of Fig. 4.
The change without servo is about 200 x 10-10, whereas with servo it is less

than 1 x 10-10.

Change of H.T. (all R.F. valves)
Fig. 6 shows a frequency change of +115 x 10-10 for +20% H.T. without servo.This is in fair agreement with common experience for the type of crystal oscillator

involved, using commercial valves.
With servo, the change is reduced to less than 1 x 10-10.
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Change of L.T. (all RF valves)
Fig. 7 indicates a non -servo frequency change -130 x 10_10, for an LT change

from 5.0 to 6.0 volts. When the servo is made operative, the frequency change is
less than 1 x 10-10 for the same LT change.
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Change of Oscillator valve

A total of seventeen valves all of CV.138 classification but of different makes
and greatly differing histories were fitted in turn to the oscillator position of Fig. 4.

The resulting frequencies with and without servo are shown in Fig. 8. The
valves are indicated by reference numbers at the foot of the Figure. Valve No. 1
was a comparatively new valve which happened to have been used in obtaining data
for Figs. 5, 6 and 7.

Valves 2 to 15 inclusive were all old specimens which had been in continuous
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operation as oscillators or amplifiers for many thousands of hours. Some of them
were rejects on account of serious cathode -interface impedance trouble.

Valves 20 and 21 were new as drawn from stores.
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It will be seen that the frequency range, without servo for all these valves is
about 700 x 10-Io, whereas with servo the range is reduced to about 5 x 10-Io.

The reasons for incomplete servo correction are thought to be-
(1) Variations in the Standard of Reference (Oscillator 468) during the time of

about 1 hours needed to carry out the tests. Variations of ±2 x 10-Io are
possible.

(2) Residual unwanted coupling between RF bridge and the high level amplifier
and buffer stages.
Some support for this is given by the figure for Valve No. 5 as this valve
operated with an abnormal feed and AGC condition.
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Change of Amplifier Valve
The miscellaneous collection of valves already used in the Oscillator position,

were, with the exception of No. 1 valve, fitted in turn to the amplifier position.
Frequency checks with servo gave a total spread of 5 x 10-i0, which can be

regarded as satisfactory in view of the fact that the amplifier results are subject to
the same qualifications as are the oscillator results.

Conclusions
(1) The system of amplitude -sampling described has good prospects of eliminat-

ing more than 99% of the frequency instabilities due to valves and circuit
components outside the bridge.
The system of dual stabilization (same crystal resonator for both initial and
servo control) appears to be entirely practicable.
When using a 5 MC crystal and a sampling frequency of 75 c/s, the unintended
frequency modulation is negligible for all immediate applications.

A rate of frequency correction of 10-9 per second is easily achieved.
(4) The existence of high-level 5 Mc/s signals adjacent to circuits which must

operate down to " noise " levels at the same frequency, means that a full
appreciation of system performance must await the construction of a pro-
perly engineered equipment.

(5) As the frequency stability possible with the new system is so much better
than that available in present frequency standards, it is necessary to build
several Quartz Servo Equipments in order to assess their performance.

(6) The construction of Quartz Servo Equipments appears to be fully justified
even if the ultimate standard of frequency becomes (in some years time)
a molecular or nuclear resonance. It seem likely that the Quartz Servo
Equipment will be simpler and more convenient as a working standard for
some time to come.

(2)

(3)
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SOME EXPERIMENTS ON THE
REFLECTING PROPERTIES OF METAL -

TUBE LENS MEDIUM
BY E. M. WELLS, B.Sc.

A fully constrained refracting medium can be formed by stacking square, thin -walled
wave guide tubing. Experiments are described which were designed to show qualitatively
the variation with angle of incidence of the reflection coefficient of such a medium. It
is shown that the reflection coefficient is a function of polarisation. If the E-vector is
normal to the plane of incidence, the tube walls parallel to this plane have negligible
effect and metal plate theory applies. If, however, the E -vector is in the plane of
incidence, the constraint not present in the corresponding metal -plate case introduces
a new phenomenon which to the writer's knowledge has not so far been recorded. Under
certain conditions the reflection coefficient can approach unity. The limitations which
this imposes on metal -tube lenses designed for wide-angle scanning is discussed in
conjunction with experimental results on a lensed reflector. A possible means of over-
coming the difficulty is suggested.

Introduction
IT has been a logical development of the earlier metal plate lenses, especially at

the shorter wavelengths, to interlace two such lenses with metal plates mutually
perpendicular. Such lenses are not polarisation sensitive and are mechanically rigid.
Two forms of construction are open. One employs the egg -box principle, and

the other the stacking of square thin -walled wave -guide tubing to achieve the same
result. Working in the 8-10 mm. waveband, the Marconi Company have used the
latter method and have constructed lenses of square copper tubes soft soldered
together.

One of the lines of investigation has been the design of lenses capable of being
used at high angles of scan, that is to say, optically speaking, lenses which have a
large focal field. When a lens is fed from a scanning, as distinct from an on -axis,
position, the angle between the wave normal and the normal to the lens surface is
increased. It is therefore necessary to investigate the transmission properties of
metal -tube medium when illuminated obliquely.

Previous Metal -plate Investigations
The theory of the metal -plate medium has been very completely covered by

several Authors (at least for the ideal case of infinitely thin walls). The early work
of Carlson and Heins(1)(2) provided expressions for the transmission and reflection
coefficients of such a medium when the plane of incidence is normal to the plates.
Later work has extended the subject to include angles of incidence at which secondary
reflections are possible(3) (5) (6). Experimental corroboration of the theory has been
forthcoming, some of which shows the effect of finite wall thickness(4)(7)(8).

If the plane of incidence is parallel to the plates, the theoretical problem is either
trivial or covered by classical dielectric theory. Fig. 1 gives the key to the relative
orientations of plates, plane of incidence, and plane of polarisation, involved in
the complete study. It will be noted that in case B, although the medium has an
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effective refractive index, due to the plane of polarization being parallel to the
plates, these same plates impose no constraint on the direction of propagation

of energy inside the medium.
On the other hand, in case D,
there is no refractive index
but there is constraint. In
the case of the metal -plate
medium, constraint and refrac-
tive index only occur together
when the polarization is normal
to the plane of incidence, as
shown in case A.

Substitution of metal -tube
medium for metal -plate in Case
A introduces no new factor.
Metal -tube medium, however,
also exhibits both refractive
index and constraint when the
E -vector is in the plane of inci-
dence. It is therefore to be
expected that classical dielec-
tric theory no longer holds. In
point of fact the greater part of
the experimental work des-
cribed in this article deals with
the phenomena observed under
these conditions.
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Configurations involved in the study of metal plate medium.

Experimental Procedure
Before describing the experiments, it must be emphasized that the results

obtained must be considered as qualitative only. Due to lack of available effort,
no attempt was made to make the investigation exhaustive or quantitative, except
in so far as was necessary to show the main features of observed phenomena. Where
the ordinate of a curve has been labelled " Relative Power," it should be taken to
mean " Relative Crystal Current." A rough microwave spectrometer was constructed
as shown in the photograph, Fig. 2. The RF power from a millimetric oscillator was
radiated by a small horn. This horn was at the focus of a six-inch diameter lens and
is so dimensioned that substantially all the radiated power falls on the lens. The
resultant beam illuminates the specimen of refractive medium under test. The
distance between the transmitter and the specimen was four feet, and was chosen
as .being the shortest distance consistent with obtaining a substantially plane wave
at the specimen, and also substantially all the power on it. The table for the latter
was capable of rotation about a vertical axis. A small horn and receiving crystal
were carried on the end of a four -foot arm which rotated about the same axis. Their
purpose was to explore the angular positions and magnitudes of the beams reflected
and/or transmitted by the specimen. The oscillator was modulated at 1,200 c/s,
and the rectified output of the receiving crystal was amplified by a selective amplifier.
The meter readings at the output of the second detector can be taken to be roughly
proportional to received power.

The experimental procedure was to rotate the arm carrying the receiving feed

(75)



Some Experiments on the Reflecting Properties of Metal-Tube Lens Medium

horn until the latter was facing the transmitter. The radiated power and amplifier
levels were adjusted to give a full-scale reading (100) on the meter. The specimen
was then set on its table with its front face containing the axis of rotation, and with
the angular scale reading zero when the front face was normal to the axis of the

FIG. 2

Microwave Spectrometer.

transmitter. Geometrical tests assured proper alignment of transmitter, receiver,
specimen and scale. Then with the specimen table set to give some particular angle
of incidence, the receiver arm was rotated through the complete 360° to explore the
magnitudes and angular positions of the beams reflected and/or transmitted by thespecimen. If the specimen were a prism or wedge one would expect to see a beam
transmitted through the prism, its angular position giving a measure of the refractive
index; a beam reflected from the front face of the prism due to specular reflection;
a beam reflected from the back face through the front face of the prism ; and, if the
grating spacing or angle of incidence or both were large enough, secondary maxima
arising from all three of these causes.

Now at the range of four feet it may be considered to a first approximation
that all the energy radiated by the transmitter is contained inside a hypotheticalcylinder of six-inch diameter. If the edges of the specimen do not lie inside this
cylinder, the angular distribution of energy in any of the above beams will owe nothing
to the finite size of the specimen. Since the faces of the specimens in the results
quoted were ten inches square, simple geometry shows that angles of incidence upto 50° may be used.

The meter reading at the peak of a specularly reflected beam may be taken as
a measure of the power in that beam. For any other beam there is, strictly speaking,
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a correction due to projected areas, but no such correction has been applied. The
quoted magnitudes merely refer to meter reading at the peak of the relevant beam.

60

40

20

o

70°

z
60 0

V

50
a.
w
cc

40 w

0
w30 J
19
Z
Q

20

'

SECONDARY

/
RELATIVE
POWER

c

,
Cr-

-----
SPECULAR

10

x-=-Xe , -X_l Nx\x r.x
-,,

X-X-x-
50° 40 30 20 10

ANGLE OF

10

+

10

20 30 40 50°

INCIDENC E

x=
-20

I--

w

I--
P

SECONDARY
_30 J

u.

d
V J I ""1-

C

oL
-40

IS-

w

yQ
i
O
, 1

1 50 J
Z

60 a Nl9

70°

FIG. 3
Surface reflections from metal -tube medium. (E -vector normal to the plane of incidence).

>

60

40

20

o

Experimental Results
Using vertical polarisation, experiments may be performed which are very

similar to previous work on metal -plate media(4).
Fig. 3 gives the results for a particular set of conditions. It will be noted that

the power reflection coefficient of the metal -tube face shows the qualitative variation
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with angle of incidence that might be expected. The expected angular position
of the secondary maxima was calculated from the distance between centres ofadjacent tubes, and it will be seen that the observed angles are in close agreement,
An analysis of this type of measurement is given by Cochrane. (4)
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If the polarisation is rotated to lie in the plane of incidence, the curves showmany points of resemblance (see Fig. 4), except in the neighbourhood of the angle ofincidence for which secondary maxima are just beginning to emerge at grazingincidence. At this point there is a sharp increase in the total power reflected from
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the surface. This power appears as a beam in the neighbourhood of the specular
reflection. There are, however, some points of non -resemblance with a specular
reflection, if we define the latter as a reflection for which the angle of reflection
equals the angle of incidence. In the first place the angle of reflection tends to
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Surface reflections from both faces of a prism. (E -vector parallel to the plane of incidence).

remain constant irrespective of the angle of incidence. Secondly there is evidence
that the true specular reflection is masked by another of greater amplitude. In
fact at those angles of incidence where this anomalous reflection has not attained
its full amplitude there appear in some cases to be two separate beams. The one is
specular having an angle of reflection equal to the angle of incidence, and the other
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having an angle of reflection equal to that angle of incidence for which this reflection
has its greatest amplitude. From these points of difference we have called the

anomalous reflection a " resonant " reflection.
The phenomenon may be observed on

transmission out of, as well as into, the metal -
tube medium. A particularly clear example of
this was provided by illuminating the other face
of the prism to that used in the previous two
examples. In this case the front surface
reflections show the same type of phenomenon,
slightly assymetric with angle of incidence due
to the obliquity of the tubes, and also with the
resonant reflection of somewhat smaller ampli-
tude. A set of specular, secondary and resonant
reflections was now observed from the rear face
of the prism as well. The pattern of these
curves (shown dashed in Fig. 5) is displaced
from the centre due to the double passage

through the prism. Also the secondary maxima which owe their amplitudes to rear
surface reflections, owe their angular position to the "grating spacing" for the front face.

The coincidence of the maximum of the resonant reflection with the angle
of incidence for which a secondary maxima of the reflection is just

FIG. 6
Key to symbols.

grazing the surface 90
was investigated fur-
ther. In this later
stage of the experi- eo

ments the specimen
was on occasion only 70

six inches square.
This did not appear 60

to affect the angular
position of the re- so
sonant reflection, nor,
to a first order, its ao
amplitude. The nota-
tion used is illustrated
in Fig. 6, where it 30

will be seen that a
is the internal dimen- 20

sion of the square
tubes and b is io
the centre -to -centre
spacing of the walls. o

s 6b/A is thus the
quantity previously
referred to as the
" grating spacing,"
and will be used as
the abscissa for a graph of the theoretical angle of incidence for which a secondary
maximum lies at grazing incidence (Fig. 7). Angles of incidence for maximum
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resonant reflection are also plotted on this graph for several samples of metal -tube
medium. In sample A, b/a =1.071 and in sample B, = b/a =1.068. It will be observed
from Fig. 7 that the agreement between the plotted points and the curve becomes

FIG. 8 (a)

Photograph of line -source reflector with one .teclirn removed and reused to show stepped reflecting ~lace.

worse at shorter wavelengths. It was also noted that the amplitude of the r,-'' rant
reflection became less, and in fact impossible to record at higher values of b, i, than
shown.

STEPPED
REFLECTING
SURFACE,

FRONT SURFACE
kED FOR SCANNING.

SCAN
ANGLE

FIG. S (h)

Diagram showing method of feeding reflector.

FEED IN AXIAL
POSITION

FEED IN
SCANNING
POSITION.

Now for short wavelengths the square tubes are capable of sustaining more than
one waveguide mode. The H71 and Ell become possible modes of propagation when
a/A is greater than 707, that is to say for sample A when b/7, ís greater than 757,
and for sample B when b/), is greater than 755. It is provocative to note that the
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points seem to follow a curve which is asymptotic to this value. To examine this
coincidence further, medía were constructed with other ratios of b/a. This was
done by spacing the columns of square thin -walled tubes with brass strips, so
increasing the wall thickness for the same value of a. Samples C, D, and E had
b a equal to 1.119, 1.664 and 1.960 respectively. The limiting values for unimodal
propagation are therefore b/X= 848, 1.176 and 1.386.

It will he noted that if the surface of the medium is illuminated obliquely with
the polarisation in the plane of incidence, which is the situation in these last
experiments, then there is a component of the E -vector normal to the face which
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L'aria/Von of gain with focal distance at various angles of scan of the reflector of Fig. 8.

25 30 35

will tend to excite the waveguide tubes in an E -mode. If the condition for a
secondary maximum at grazing incidence is the same as the condition for maximum
coupling into the E -mode, one would tentatively expect a greater fraction of the
power to be reflected. A theoretical analysis of the fully constrained medium in
terms of H11, Ell and H01 modes should disclose the mechanism of the resonant
reflection. Such an analysis still remains to be done.

Effect on Lens Design
It is important to consider what effect the above phenomenon would have on

the use of the metal -tube medium in radio lenses. Now it is normal to employ a
refractive index of about .6, that is to say b/a will be about .67. Secondary reflection
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maxima, and therefore resonant reflection, will not occur unless the angle of incidence
is greater than 29?° at some point on the lens surface. The phenomenon, therefore,
always affects the performance of lenses with an F-number of unity or less, but
assumes real importance in lenses especially profiled for high angles of scan. It is

relevant to notice here that the metal -tube medium is
especially attractive for lenses designed for wide angle
linear scanning. Such a lens has surfaces which are not
surfaces of revolution, and such surfaces can be built up
piece -meal from metal -tubes where it would not be possible
to, say, turn them from dielectric material.

FIG. II
" Staggered" packing of

metal tubes.

In point of time the resonant reflection phenomenon
was first observed in the behaviour of a metal -tube phase-
corrected reflector designed for wide-angle scanning. The
construction of this particular reflector was as shown in
the photograph of Fig. 8. The front surface was cylindrical
being profiled to scan an approximately 100A aperture
±30° with acceptable aberrations. The lens had a line focus

and was fed by a line source. The tubes of the lens were normal to the front surface
and were closed at their rear ends. These closed ends formed en masse a reflect-
ing surface, which was step-
ped in standard fashion.
Fig. 9 summarises the results
obtained. The left-hand col-
umn shows that with the
E -vector normal to the plane
of scanning, the gain curve
and the polar diagrams are
of the form which could
have been forecast from the
expected scanning aberra-
tions. If the plane of polari-
sation was parallel to the so 40 30

scanning plane, however,
there was noticeable loss at
angles greater than 15° and
complete loss of gain around
27°, an angle which agreed
with the resonant reflection
data compiled later. At
the time confirmation that
the loss in gain was due to
excessive front surface re-
flection was found by focal
runs at various angles of scan
as shown in Fig. 10. That
is to say with the reflector
aligned to receive signals at
a certain angle of scan off axis, the distance from the line -source feed to the centre
of the reflector was varied. At angles of scan around 27° it was found that most
of the power was being focussed (rather imperfectly of course) to a point at roughly
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half the radius of curvature of the front face, i.e., the front face was acting as a first
approximation to a reflecting parabolic cylinder.

Staggered Tubes
It has been suggested that a means of breaking up the formation of secondary

maxima, which owe their origin of course to the repetitive structure of the medium,
would be to stagger alternate rows of tubes as illustrated in Fig. 11. A sample of
such a medium was constructed and reflection coefficient data obtained as before.
The results are shown in Fig. 12, for the case b¡X= 67, refractive index=- 6.
Staggered packing is compared with normal packing for the two cases of E -vector
parallel and perpendicular to the plane of incidence. It will be noted that when
the E -vector is normal to the plane of incidence, the total power reflected from the
surface is not, to a first order, affected by the method of packing, although secondary
beams are now absent. On the other hand, the use of staggered packing for oblique
incidence in the plane of the E -vector would seem to be distinctly advantageous.
The elimination of the resonant reflection, which resulted from dcsitning the medium
to destroy the secondary maximum, is further evidence of their ini iinate relationship.
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A SHORT -SLOT HYBRID FOR 9 mm.
BY E. M. WELLS

The Short -Slot waveguide hybrid described by Riblet for a wavelength of 3 cm.
(Proc. I.R.E., Feb., 1952) has been redesigned for use at a wavelength of 9 mm.. In the

form shown it has an easily reproducible performance which is adequate for manyapplications.

IN the course of some development work at a wavelength of 9 mm. the need arosefor a waveguide hybrid which could be cheaply reproduced in small numbers.
The geometry of the magic -tee and rat -race were unsuitable for the problem in hand.

In addition, a matched magic -tee tends to be an expensive component, while a rat -race was inadequate electrically, being essentially narrow band in directivity. A
3 db. directional coupler, which can assume a variety of forms, suited the geometrical

FIG. I

Exploded view showing method of tuning cavity by sliding block in accurately fitting recess.

requirements. The short -slot hybrid appeared to offer the advantages of simplicity
and adequate performance. This is in effect a 3 db. directional coupler in which thecoupling is obtained through a single gap in the common narrow face between twoparallel waveguides. For optimum performance the waveguide walls opposite thegap require shaping and a residual inductive shunt mismatch must be tuned out.9 mm. waveguide is comparatively small (.280 in. x 140 in. i.d. x 040 in. wall), sothat, in the interest of obtaining a rugged, reproducible component, the hybrid wasdesigned to have three separate parts, namely, two pairs of waveguides feeding arectangular open-ended cavity from opposite sides. The common wall between the
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VHF POWER TRANSMISSION EQUIPMENT
FOR BAND III TELEVISION BROADCAST

By B. M. Sosrrr, B.S., A.M.I.E.E.

The following article describes apparatus for linking sound and vision television
broadcast transmitters, working on Band III, to a common aerial. Details are given of
the component parts, including a Vestigial Sideband Filter, a Frequency -discriminating
Combining Filter, Test Load and Feeder monitoring components. The performance of
the complete equipment is also discussed.

(1) Introduction
THE modern television broadcast station requires highly specialised equipment

between the sound and vision transmitters and the aerial. In order to reduce
the channel bandwidth, vestigial sideband vision transmission is now accepted

as standard. The unwanted sideband can be suppressed at the transmitter, but there
are disadvantages resulting from this which can be avoided by the use of a separate
sideband filter. Furthermore, a common aerial system for both sound and vision
shows such advantages over separate aerials(') that this arrangement is now used
almost universally. Some kind of combining unit, therefore, becomes necessary.
Either a non -frequency discriminating or a frequency discriminating type can be
used. The former behaves as a hybrid, but requires a turnstile type of aerial and
two main feeders. The frequency discriminating combining unit is in effect a filter.
With this only one main feeder is required and any aerial suitable for television can
b3 used. The combining filter is more complicated and should be of the " constant
resistance " type. Both methods of combining give
good results and the choice is mainly that of economy
in the particular installation and of the available
equipment.

Although it is perhaps unnecessary to mention
here the need for a test load capable of dissipating
the full power of the transmitter, it must not be
forgotten that only by means of a feeder changeover INPUT

switch, can the load be connected.
Lastly, a feeder monitoring equipment capable

of continuous indication of reflection coefficient and
and power and possibly some trip device operating
on an excessive reflection coefficient is highly desirable.

A description of the transmission equipment
suitable for band III (174-216 Mc/s) television
broadcast and performance details are given below.

(2) The Vestigial Sideband Filter
The Vestigial Sideband Filter is of the " constant resistance " type (2) (3) (4) which

allows the filter to be inserted at any convenient point into the vision feeder without

(88)

FIG. I

V.S.B. Filter basic circuit.



VHF Power Transmission Equipment for Band III Television Broadcast

altering the response of the transmitter itself. It is based on the network shown
on Fig. 1. Ro is the characteristic impedance of the output feeder and RL is

the resistance of the absorber
load, both equal to unity in

Z,p normalized values. Now, Z and

Zq Zia

7_ R are two reactive elements
Ro OUTPUT which are reciprocal to each

.

other, i.e., Z = 1/ZR (normalized
values). In this case, the normal -
other,

ized input impedance is also
I

unity for all values of Z. The
reactive elements are T -con -

INPUT nected stubs (5) (6) formed by
lengths of coaxial transmission
line. These are superior to

Z, simple tapped stubs because, for
R, any required separation between

resonant and anti -resonant fre-
ABSORBER LOAD quencies, the mean impedance

Z level can be controlled and
hence the width of the rejection

I I and transmission bands. The
FIG. 2 full equivalent circuit is given

on Fig. 2. The difficulty of
connecting the outer conductor

of the input feeder to the live terminal (inner conductor) of the absorber load is
overcome by taking the input feeder through the inside of the inner conductors of
stubs Z2 and Z3. This connection
is indicated on Fig. 2 by dotted
line and the link A. Also it can
be clearly seen on the pictorial
sketch of the construction of the
filter (Fig. 3). The stubs Z1 and
Z.1R are slightly less than a
quarter wavelength long and are
open and short circuited res-
pectively at their far ends. The
stubs Z2 and Z2R are very short
indeed. The connections Z3 and
Z3R are about 40 degrees (electri-
cal) Tong and their normalized
characteristic impedances are
made lower and higher than unity
respectively, for mechanical rea-
sons.

Considering the terminal point
of a circular conductor as the
centre of the circle formed by the end of the conductor the " junction " of the network
is brought to a single point C, thus minimising any spurious effects.

To meet the American or C.C.I.R. specifications for Vestigial Sideband trans-

V.S.B. Filter, full equivalent circuit.

(89)
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FIG. 3
V.S.B. Filter, coaxial construction.
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VHF Power Transmission Equipment for Band III Television Broadcast

mission the response of the output circuits of the transmitter is slightly off -centred
and two filters as described above are connected in cascade. Off -centering of the
transmitter output circuit not only helps to attenuate the unwanted sideband, but
also improves the response to the wanted sideband. The two filters are tuned so that
the minimum loss occurs at the vision carrier frequency in order to avoid a leak of
carrier power to the absorber loads. In this way it is possible to use absorber loads of

2 70*

Input reflection coe

o
FIG. 6

czent of the V.S.B. Filter.

90°

Frequencies are megacycles.

only 200 W dissipation for 10 KW transmitted power. The attenuation frequencies
are staggered.

The measured insertion loss of the complete filter is given on Fig 4. The curve
shown is true insertion loss (not merely a frequency response) and the accuracy of
measurements is 0.05 db for loss not exceeding 1 db. The envelope delay is obtained
graphically from the measured insertion phase delay angle (Fig. 5). The input
reflection co efficient of the filter terminated by a matched load is plotted in polar
co-ordinates (Fig. 6). The above measurements were taken with test gear specially
developed for the purpose of setting up and measuring VHF filters, transmission
lines, etc. The method is fully described in Ref. 7, but the apparatus has been
considerably improved since that description was written.

(3) Combining Filter
A frequency -discriminating combining filter is used. It is based on a Maxwell

bridge, which leads to a compact design with good performance.(6) (8) The advantages

(91 )
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of this method are as follows:-
(a) Only two simple frequency -selective circuits are used.
(b) Vision and sound inputs are applied across the opposite diagonals of the

bridge, which remains balanced over the entire frequency band. This
considerably increases the insertion loss between the inputs without addi-
tional loss and complication of extra filtering sections.

(c) The filter is a constant -resistance network. This property dispenses with the
problem of vision input impedance matching.

Fig. 7 gives the full equivalent
AERIAL FEEDER RES- = R circuit of the filter and a pictorial

IMPEDANCE Z, ¿= view of the physical arrangement is
shown on Fig. 8. The frequency -
selective circuits are again T -con-
nected stubs. However, the lengths
of Z3 and Z3R are now about 76.
degrees (electrical). Because of

VISIDN PDT a very small fractional separation` between vision and sound frequencies
SOUND INPUT

D -
:` .Z Z2 and Z2R, are very short indeed.COMPENSATING

In fact Z2 is shorter than the radius
of the inner tune of Z3 making the

VISIDN PA55

connection difficult (connection is
SOUND STOP made by specially shaping the end

plate), and the inner conductor of
Z2R. hardly enters into the corona ring
of the outer conductor. The stubs
Z1 and Z1R are slightly shorter than
a quarter wave -length and are made
of large diameter tubes in order to

reduce " sound " losses and to improve cooling. The sound input feeder is taken
through the inside of the inner conductor of stubs Z2 and Z3, which overcomes
the difficulty of the high potential on its outer conductor. The outer conductor
of stub Z3R, is isolated from earth by means of a quarter wave -length isolating
stub (Z1201.). Unfortunately, this stub shunts the vision input, and has an
appreciable reactance slope. This is compensated by a similar stub connected at
a point a quarter wave -length towards the vision transmitter. The balancing
load is " taken out " through the inside of the inner tube of the compensating
stub. A two -slug variable transformer is provided in the feeder line to the
balancing load. This enables the tuning out of the internal mis -balance of the bridge
and so improves the insertion loss between inputs.

The filter is rated at 10 KW peak vision power, 5 KW sound power if frequency
modulated or 2 KW sound power if amplitude modulated. The measured performance
is given on Figs. 9, 10, 11 and 12, showing the vision and sound insertion losses, vision
insertion phase delay angle, vision input reflection coefficient and the insertion loss
between the inputs. The insertion loss between the inputs is, of course, dependent
on the balance of the bridge. The measured curve, with the filter terminated by a
matched load is in a way an indication of the internal mis -balance, however small
it may be (the insertion loss would otherwise be infinite). The reflection from the
output feeder and an aerial may either correct or more likely add to the mis -balance.

'ND PASS
 VISION STOP

A 'k/!.

AERIAL FEEDER

FIG. 7
Combining Filter, full equivalent circuit.
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The minimum possible insertion loss between the inputs, assuming 2.5% reflection
coefficient on the output feeder is also shown by the dotted line.

HORIZONTAL
RESONATOR.

PROBE ASSEMBLY

(4) Test Load
A test load is a lossy

transmission line, obtained
either by introducing a lossy

ZCOMPENSATI
TRANSFORMER SLUGS dielectric in the space between

the inner and outer conductor,
or by using a resistor in place
of the inner conductor. In
the first case, the heat will be
generated inside the dielectric
and can only be removed
effectively by changing the
dielectric, i.e., using a liquid.
Hard water is sufficiently lossy
and a matched load can be
constructed using it as the
dielectric. Such a load is
troublesome, because of the
very high permittivity of
water, which also varies with
the temperature. In the
second case the resistor should
be of the thin film type in
order to facilitate the removal
of the heat generated. Also,

it should not be affected by a cooling liquid or by a high current density. A
" cracked carbon " resistor meets all the requirements, and has a very high power
handling capacity.(9)

Out of a number of possible ways of construction, two types can be used for
Band III television, which differ in the method of cooling the resistor. In the first
load an intermediate coolant is used, namely, tetrachloroethylene. The load has a
resistor for an inner conductor. The outer conductor narrows down exponentially
towards the end of the resistor and is short circuited there. The space between is
filled with the coolant, which is allowed to flow freely upward, then down through
the ,heat exchanger, and back to the load ; the outer conductor is perforated and
everything is enclosed in a container. The heat is transferred to water in the heat
exchanger. The complete load can be seen on the photograph (Fig. 14a). It will
dissipate up to 5 KW. The resistor is s inch in diameter and 11 inches long, excluding
metallised ends. In the second type of load no intermediate coolant is used. Instead
a thin film of water is used in direct contact with the surface of the resistor, while
the main dielectric is polyethylene. Water flows in from the inlet, which is at the
" earthy " end of the resistor, through the inside of the resistor and then back over
its surface to the outlet. The load of this construction, using the same size resistor
as the first type of load, dissipated easily 30 KW; the actual power limit is so far

CE RAMC
ROD.

VISION
INPUT.

IDOL AT INS.

CORONA
RING.

TO AERIALS.

VERTICAL
RESONATOR.

FIG. 8
Combining Filter, coaxial construction.

BALANCING LOAD.

SOUND
INPUT.

AIR DUC
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FIG. II
Input reflection coefficient of the combining filter. Frequencies are megacycles from sound carrier.
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not known. Fig. 13 gives the input reflection coefficient which is very little affected
by the water temperature.

180°

90°

FIG. 13

Input reflection coefident of the 3o kU"'. Frequencies are ,ue acpcles.

(5) Feeder Monitoring Equipment
The conditions existing on the feeder are monitored at three different points,

that is on the output feeders of the vision and sound transmitters, and on the main
feeder leading to the aerial. At these three points short lengths of transmission
line, called " reflectometer lengths," are inserted in the feeder. These each contain
two directional couplers, one being set to respond to the forward and the other to the
backward wave. Now, the ratio of the backward wave to the forward wave is the
reflection coefficient. Thus it remains to rectify the signals obtained from the back-
ward and forward directional couplers and to display them on a suitable instrument,
the ratiometer.

The ratiometer contains two separate moving coil movements on a common
spindle. No controlling spring is used and the magnetic fields are non -uniform.
When the current flows only through the " control " coil the needle indicates zero ;
the higher the current the larger will be the force pulling it to zero. The current in the
second coil tends to deflect the needle, so that the deflection is a function of the ratio
of the current in the deflection coil to the current in the control coil. When this ratio
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equals unity the needle is at full deflection. The meter is calibrated directly in
reflection coefficient from 0 to 20%, enabling an easy reading of the low values of
the reflection coefficient.

It is possible to cross -connect the signals from the directional couplers. By
comparing the signal from the backward coupler on the vision feeder with that of the

VESTIGIAL SIDEBAND
FILTER NOTCH 2

REFLECTOMETER
LENGTH

(VI SION FEEDER)

SUPPLY FRAME

VESTIGIAL SID E BAN D
FILTER, NOTCH

TEST LOAD VISION
(REMOVED)

C/O SWITCH
(VISION FEEDER)

ABSORBER LOAD
(NOTCH 2) B LANCING LOAD

TEST LOAD SOUND

C/O SWITCH
(SOUND FEEDER

COMBINING FILTER
TYPE BD 757A

REFLECTOMETER LENGTH
(AERIAL FEEDER)

30374/I

FILTER CABINET - FRONT (2)
(DOORS REMOVED)

FIG. 14 (Cl)

forward coupler on the sound feeder, the sound transmitter only being switched on,
an indication of the insertion loss between inputs at the sound frequency is obtained.
This and the other similar cross connections are used for checking the Vestigial
Sideband and Combining Filters. The signals from the forward directional couplers
on the vision and sound feeders are also used to indicate vision and sound power.

Protection of thé transmission equipment and aerial presents a more difficult
problem than may at first appear. Neither overvoltage nor overcurrent can be used
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to actuate a trip because in the fault condition the feeder voltage or current may
actually drop. The reflected wave, i.e., the signal from the backward wave directional
coupler would again be unreliable because the transmitted power may be reduced.
Excessive reflection coefficient is the only satisfactory criterion and is used in this
equipment. If the signal from the backward wave coupler exceeds a predetermined

SOUND INPUT

R EFL E C 10 1.4 CT ER
LENGTH (SOUND)

ABSORBER LOAD
(NOTCH. I) .

CO M. BI N.I.NG
FILTER

R EF LE CTOM ET ER
LENGTH

ERIAL FEEDER)

AIR INLET
DUCT

FILTER CABINET - REAR
(PANELS REMOVED)

FIG. 14 (b)

REFLECTOMETER
LENGTH (VISION)

VESTIGIAL SIDEBANO
FILTER, NOTCH 2.

VESTIGIAL SIDEBANR
FILTER. NOTCH I

056 DETECTOR
(LOW)

3027211

VEA DETECTOR

DETECTOR
(NIGH)

fraction of that from the forward wave coupler a magnetic -amplifier -relay trips the
transmitter. The system is sensibly independent of the transmitted power.

(6) The Complete Equipment
The complete equipment is assembled into a double bay transmitter cabinet,

which is approximately 2 feet 6 inches deep, 5 feet wide and 7 feet tall. The two
photographs (Fig. 14a and Fig. 14b) were taken from the front of the cabinet with the
doors removed and from the back with the panels removed. Also one of the loads
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was taken out to show the side -
band filter. The block diagram
(Fig. 15) will make clear the
connections of the equipment.
Starting from vision input the
transmission passes through the
reflectometer length, then through
the two parts of the Vestigial

g Sideband filter and so to the
,00 0 coaxial switch. From there it can 

be directed to the test load or via
z the combining filter and another

reflectometer length to the aerial.
The transmission performance of
this path, that is the insertion loss
and phase and envelope de' ays are

-.050 W shown on Fig. 16 and Fig. 17. It
can be seen that the performance
is entirely satisfactory for present
television standards. From the
sound input the transmission

-i5O passes through a reflectometer
length, and a coaxial switch, and
from there either to the load or
to the combining filter and aerial.
The feeder monitoring equipment

Phase and envelope delay of the complete equipment. Frequencies and some auxiliary equipment
are megacycles from vision carrier. are also housed in the cabinet.
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Phase and envelope delay of the complete equipment. Frequencies
are megacycles from vision carrier.

was taken out to show the side -
band filter. The block diagram
(Fig. 15) will make clear the
connections of the equipment.
Starting from vision input the
transmission passes through the
reflectometer length, then through
the two parts of the Vestigial
Sideband filter and so to the
coaxial switch. From there it can
be directed to the test load or via
the combining filter and another
reflectometer length to the aerial.
The transmission performance of
this path, that is the insertion loss
and phase and envelope de'ays are
shown on Fig. 16 and Fig. 17. It
can be seen that the performance
is entirely satisfactory for present
television standards. From the
sound input the transmission
passes through a reflectometer
length, and a coaxial switch, and
from there either to the load or
to the combining filter and aerial.
The feeder monitoring equipment
and some auxiliary equipment
are also housed in the cabinet.
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ITALY. Marconi Italiana S.P.A., Via Ambrogio
Negrone, Genova-Cornigliano.
JAMAICA. The Wills Battery Co., Ltd., 2, King
Street, Kingston.
JAPAN. Cornes & Co., P.O. Box 158, Tokyo.
LEBANON. Mitchell Cotts & Co. (Middle East),
Ltd., P.O. Box 251, Beirut.
LIBYA. Mitchell Cotts & Co. (Libya) Ltd., Meiden
Esciuhada, Tripoli.
MALAYA. Marconi's Wireless Telegraph Co. Ltd.,
Far East Regional Office, P.O. Box 1158, Singapore.
NEW ZEALAND. Amalgamated Wireless (Austral-
asia) Ltd., P.O. Box 830, Wellington.
NORWAY. Norsk Marconikompani, 35, Munke-
damsveien, Oslo.
NYASALAND. Lake Nyasa Development & Trading
Co. Ltd., P.O. Box 112, Blantyre.
PAKISTAN. International Industries Ltd., P.O.
Box 225, Karachi.
PARAGUAY. ACEL S.A., Casilla de Correos No.
651, Asuncion.
PERU. Milne & Co., S.A., Lima.
PORTUGAL AND PORTUGUESE COLONIES.
E. Pinto Basto & Ca Lda., 1, Avenida 24 de Julho,
Lisbon.
SAUDI ARABIA. Mitchell, Cotts & Co. (Sharqieh)
Ltd., P.O. Box 31, Jedda.
SOMALILAND PROTECTORATE. Mitchell Cotts
& Co. (Middle East) Ltd., Street No. 8, Berbera.
SOUTH AFRICA (INCLUDING N. RHODESIA).
Marconi (South Africa) Ltd., 321-4 Union Corporation
Building, Marshall Street, Johannesburg,
SOUTHERN RHODESIA. Faraday Engineering
Co. Ltd., P.O. Box 2259, Salisbury & P.O. Box 717,
Bulawayo.
SPAIN AND SPANISH COLONIES. Marconi
Española S.A., Apartado de Correos No. 509, Madrid.
SUDAN. Mitchell Cotts & Co. (Middle East) Ltd.,
P.O. Box 221, Khartoum.
SWEDEN. Svenska Radioaktiebolaget, Alstromer-
gatan 12, Stockholm.
SWITZERLAND. Hasler S.A., Belpstrasse, Berne.
SYRIA. Levant Trading Company, 15-17 Barada
Avenue, Damascus.
THAILAND. Yip In. Tsoi & Co. Ltd., P.O. Box 23,
Bangkok.
TRINIDAD. Masons & Co.,
of Spain.
TURKEY. G. & A. Baker
Tahtakale, Istanbul.
URUGUAY. Regusci &
Correo 532, Montevideo.
U.S.A. Mr. J. S. V. Walton, 23-25, Beaver Street,
New York City 4, N.Y.
VENEZUELA. J. M. Manzanares C.A., Apartado
134, Caracas.
YUGOSLAVIA. Farchy, Ltd., 30, Grosvenor Place,
London, S.W.1 and Terazije 39, Belgrade.

Ltd., P.O. Box 448, Port

Ltd., Prevuayans Han,

Voulminot, Casilla de
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was taken out to show the side -
band filter. The block diagram
(Fig. 15) will make clear the
connections of the equipment.
Starting from vision input the
transmission passes through the
reflectometer length, then through
the two parts of the Vestigial
Sideband filter and so to the

ó coaxial switch. From there it can
be directed to the test load or via..
the combining filter and another
reflectometer length to the aerial.
The transmission performance of

° á this path, that is the insertion lossg
and phase and envelope de' ays are

-.050 shown on Fig. 16 and Fig. 17. It
can be seen that the performance
is entirely satisfactory for present
television standards. From the
sound input the transmission
passes through a reflectometer
length, and a coaxial switch, and
from there either to the load or
to the combining filter and aerial.
The feeder monitoring equipment

Phase and envelope delay of the complete equipment. Frequencies and some auxiliary equipment
are megacycles from vision carrier. are also housed in the cabinet.

.,

FIG. 17
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MARCONI'S WIRELESS TELEGRAPH COMPANY, LIMITED
Head Office

Marconi House,
Chelmsford,
Essex.
Telephone: Chelmsford 3221.
Telegrams: Expanse, Chelmsford.

ADEN. Mitchell Cotts & Co. (Middle East) Ltd.,
Cotts House, Crater.
ARGENTINA. Establecimientos Argentinos Marconi,
Avenida Cordoba 645, Buenos Aires.
AUSTRALIA. Amalgamated Wireless (Australasia)
Ltd., 47, York Street, Sydney, N.S.W.
BAHAMAS. W. A. Binnie & Co. Ltd., 326 Bay
Street, Nassau.
BELGIUM. Société Belge Radio-Electrique S.A.,
66, Chaussée de Ruysbroeck, Forest -Bruxelles.
BELGIAN CONGO. Soc. Anonyme International
de Télégraphie sans Fil, 7.B, Avenue Georges Moulaert,
Leopoldville.
BOLIVIA. Macdonald & Co. (Bolivia) S.A. P.O.
Box 879, La Paz.
BRAZIL. Murray Simonsen S.A., Caixa Postal No.
826, Rio de Janeiro, and Caixa Postal No. 3014, S2.o
Paulo.
BRITISH EAST AFRICA. (Kenya, Uganda, Tan-
ganyika, Zanzibar.) Kinleven Ltd., P.O. Box 3000,
Nairobi, Kenya.
BRITISH GUIANA. Sprostons Ltd., Lot 4, Lom-
bard Street, Georgetown.
BURMA. Burmese Agencies Ltd., P.O. Box 176,
Rangoon.
CANADA. Canadian Marconi Co., Marconi Building,
2442 Trenton Avenue, Montreal 16.
CENTRAL AMERICA. (Guatemala, San Salvador,
Honduras, Costa Rica, Panama.) Keilhauer, Pagram
& Co., Ltd., 9a, Avenida No. 20-26, Guatemala, C.A.
CEYLON. Walker Sons & Co. Ltd., P.O. Box 166,
Colombo.
CHILE. Gibbs & Co., Casilla 67 D, Santiago.
CHINA. Marconi (China) Ltd., Queens Building,
Chater Road, Hong Kong.
COLOMBIA. Industrias Colombo-Britanicas, Ltda.,
Apartado Aereo 3882, Bogota.
CUBA. Audion Electro Acustica, Calzada 164, Casi
Esquina A. L., Vedado -Habana.
CYPRUS. S. A. Petrides & Son, Ltd., P.O. Box 359,
Nicosia.
DENMARK. Sophus Berendsen Ltd., Post Box 372,
Zopenhagen V.
ECUADOR. Compañia Pan Americana de Comercio
S.A., P.O. Box 926, Guayaquil.
EGYPT. Associated British Manufacturers (Egypt),
Ltd., Building B, 11, Sharia Emad el Din, Cairo, and
The Pharaonic Engineering & Industrial Co., 33, Tew-
3k Street, Cairo.
ERITREA. Mitchell Cotts & Co. (Middle East) Ltd.,
P.O. Box 1212, Asmara.
ETHIOPIA. Mitchell Cotts & Co. (Middle East) Ltd.,
P.O. Box 527, Addis Ababa.
FAROE ISLANDS. S. H. Jakobsen, Radiohandil,
Postbox 35, Torshavn.
i'INLAND. OY Mercantile ABs, Mannerheimvagen,
12, Helsinki.
FRANCE AND FRENCH COLONIES. Compagnie
iénérale de Telegraphie, sans Fil, 79, Boulevard Hauss-
nan, Paris 8.
JREECE. P. C. Lycourezos, Ltd., Kanari Street 5,
kthens.
IOLLAND. Algemene Nederlandse Radio Unie
1.V., Keizersgracht 450, Amsterdam.
ICELAND. Orka, Ltd., P.O. Box 1094, Reykjavik.
:NDIA. Marconi's Wireless Telegraph Co., Ltd.,
?.O. Box 195, New Delhi.

Registered Office
Marconi House,
Strand,
London, W.C.2.
Telephone: Temple Bar 1577.
Telegrams : Expanse, Estrand, London.

INDONESIA. Yudo & Co., Djalan Pasar Minggu,
Paal Batu, Djakarta.
IRAN. Haig C. Galustian & Sons, Shahreza Avenue,
Teheran.
IRAQ. C. A. Bekhor Ltd., P.O. Box 138, Baghdad.
ISRAEL. Middle East Mercantile Corpn. Ltd.,
5, Levontin Street, Tel -Aviv.
ITALY. Marconi Italiana S.P.A., Via Ambrogio
Negrone, Genova-Cornigliano.
JAMAICA. The Wills Battery Co., Ltd., 2, King
Street, Kingston.
JAPAN. Comes & Co., P.O. Box 158, Tokyo.
LEBANON. Mitchell Cotts & Co. (Middle East),
Ltd., P.O. Box 251, Beirut.
LIBYA. Mitchell Cotts & Co. (Libya) Ltd., Meiden
Esciuhada, Tripoli.
MALAYA. Marconi's Wireless Telegraph Co. Ltd.,
Far East Regional Office, P.O. Box 1158, Singapore.
NEW ZEALAND. Amalgamated Wireless (Austral-
asia) Ltd., P.O. Box 830, Wellington.
NORWAY. Norsk Marconikompani, 35, Munke-
damsveien, Oslo.
NYASALAND. Lake Nyasa Development & Trading
Co. Ltd., P.O. Box 112, Blantyre.
PAKISTAN. International Industries Ltd., P.O.
Box 225, Karachi.
PARAGUAY. ACEL S.A., Casilla de Correos No.
651, Asuncion.
PERU. Milne & Co., S.A., Lima.
PORTUGAL AND PORTUGUESE COLONIES.
E. Pinto Basto & Ca Lda., 1, Avenida 24 de Julho,
Lisbon.
SAUDI ARABIA. Mitchell, Cotts & Co. (Sharqieh)
Ltd., P.O. Box 31, Jedda.
SOMALILAND PROTECTORATE. Mitchell Cotts
& Co. (Middle East) Ltd., Street No. 8, Berbera.
SOUTH AFRICA (INCLUDING N. RHODESIA).
Marconi (South Africa) Ltd., 321-4 Union Corporation
Building, Marshall Street, Johannesburg.
SOUTHERN RHODESIA. Faraday Engineering
Co. Ltd., P.O. Box 2259, Salisbury & P.O. Box 717,
Bulawayo.
SPAIN AND SPANISH COLONIES. Marconi
Española S.A., Apartado de Correos No. 509, Madrid.
SUDAN. Mitchell Cotts & Co. (Middle East) Ltd.,
P.O. Box 221, Khartoum.
SWEDEN. Svenska Radioaktiebolaget, Alstromer-
gatan 12, Stockholm.
SWITZERLAND. Hasler S.A., Belpstrasse, Berne.
SYRIA. Levant Trading Company, 15-17 Barada
Avenue, Damascus.
THAILAND. Yip In Tsoi & Co. Ltd., P.O. Box 23,
Bangkok.
TRINIDAD. Masons & Co., Ltd., P.O. Box 448, Port
of Spain.
TURKEY. G. & A. Baker Ltd., Prevuayans Han,
Tahtakale, Istanbul.
URUGUAY. Regusci & Voulminot, Casilla de
Correo 532, Montevideo.
U.S.A. Mr. J. S. V. Walton, 23-25, Beaver Street,
New York City 4, N.Y.
VENEZUELA. J. M. Manzanares C.A., Apartado
134, Caracas.
YUGOSLAVIA. Farchy, Ltd., 30, Grosvenor Place,
London, S.W.1 and Terazije 39, Belgrade.



THE MARCONI GROUP OF COMPANIES
IN GREAT BRITAIN

Registered Office : Marconi House,
Strand,
London, W.C.2.

Telephone : Covent Garden 1234.

MARCONI'S WIRELESS TELEGRAPH COMPANY, LIMITED
Marconi House, Telephone : Chelmsford 3221.
Chelmsford, Telegrams : Expanse, Chelmsford.
Essex.

THE MARCONI INTERNATIONAL MARINE COMMUNICATION COMPANY, LIMITED
Marconi House,
Chelmsford,
Essex.

Telephone : Chelmsford 3221.
Telegrams : Thulium, Chelmsford.

THE MARCONI SOUNDING DEVICE COMPANY, LIMITED
Marconi House, Telephone : Chelmsford 3221.
Chelmsford, Telegrams : Thulium, Chelmsford.
Essex.

THE RADIO COMMUNICATION COMPANY, LIMITED
Marconi House, Telephone : Chelmsford 3221.
Chelmsford, Telegrams : Thulium, Chelmsford.
Essex.

THE MARCONI INTERNATIONAL CODE COMPANY, LIMITED
Marconi House, Telephone : Covent Garden 1234.
Strand, Telegrams : Docinocram.
London, W.C.2.

MARCONI INSTRUMENTS, LIMITED
St. Albans, Telephone : St. Albans 6161/5.
Hertfordshire. Telegrams: Measurtest, St. Albans.

Woodskinners Yard,
Bill Quay,
Gateshead, 10,
Co. Durham.

SCANNERS LIMITED
Telephone : Felling 82178.
Telegrams : Scanners, Newcastle-upon-Tyne.


