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Axial Field

HEN establishing the tormula for the
magnetic field on the axis of a solenoid,
one can either write down the expression

for the field at any point on the axis of a single
turn and integrate it over the length of the coil, or
what is simpler, assume a unit pole to be moved,
say, a distance of T cm along the axis. In the
latter case, if the coil is infinitely long, every one
of the 4= lines will cut as many turns as there are
in a centimetre, and the work done will be

H =47 X % X turns per cm. We are speaking

in terms of the classical c.g.s. system. If the
pole is placed exactly at one end of the coil, the
other end of which is far away, exactly 2= of
the 47 lines will cut the turns and A will be half
this value. If the coil is relatively short exactly
the same method can be employed if we determine
what fraction of the 47 lines cuts the turns when
the pole is given a small axial movement. To
determine H at the centre, the simplest method of
doing this is shown in
| Fig. 1, where a sphere
© | is drawn with its surface
passing through the
1 ends of the coil. The
fraction of the total flux
emanating from the pole
which cuts the winding
and does not escape at
the ends is the same as
the fraction of the total
spherical surface which
lies outside the cylin-
drical surface of the coil. Since the arcas of
the spherical surfaces are equal to the corres-
ponding areas of the cylinder that embraces the

Fig. 1
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of a Helix

sphere, this fraction is simply bc/ad, where ¢
is the length [ ot the coil and ad is the diameter of
the sphere, which isequal to 4/(I2 + D?). Hence H
at the centre of the coil is equal to what it would
be if the coil werc infinitely long multiplied by
I/ (I + D?).

So far this has bezn ordinary routine procedure,
but difficulties arise if, instead of a closely-wound
coil, one considers a very open helix as shown in
Fig. 2(a). On placing a unit pole on the axis
and moving it a short
distance, a  student

would be justified in AT
pointing out that very - “,’%To‘q T8
7 '

few of the 47 lines wi]l 3
cut the turns of the coil, (a)
even il it is infinitely
long. This objection can
be met in several ways ;
although very few of
the lines emanating from
the pole will cut the
turns, those that do,
cut a current corres-
pondingly concentrated, so that the product of
flux and current cut by the movement is the
same as it would be if the current were uniformly
distributed over the surface, so long as the
ampere-turns per centimetre remain the same.
Another way of saying the same thing is shown
in Fig. 2(b) where the helical winding is replaced
by a stepped winding consisting of alternate
axial and circumferential sections. The axial
sections produce no axial field, and it is onlv
field in the axial direction that we are considering,
but each circumferential section produces exactly
the same axial field as it would do if it were a
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complete turn, with the current correspondingly
reduced. Hence, so far as the axial field—that
is, both at the axis and in the direction of the
axis,—is concerned, the two turns in Iig. 2(a)
can be replaced by twenty turns carrying a tenth
of the current. This does not apply to any point
not on the axis, and even on the axis it only
applies to the axial component of the field.
With widely-spaced turns as in Fig. 2(a) there
will be at the axis a component tield normal
to the radius to the coil at that point, due to the

CONTOUR ANALYSIS

axial component of the winding. At sn it will
be normal to the paper, at n in the plane of the
paper, at p normal to the paper but opposite to
what it was at m, and so on, proceeding with a
screw-like motion along the axis. The resultant
field at any point of the axis is the resultant
of the axial and radial components, both of
which can be determined without much difficulty
but as soon as one leaves the axis the difficulties
increase enormously.

G.W.0O. H.

OF MIXER

VALVES

By N. E. Goddard, B.A.

(Mullard Electronic Research Laboratory)

SUMMARY : The characteristics of a mixer valve are completely detined by a scries of three-
dimensional surfaces. Two of the co-ordinates, grid voltage and heterodyne-oscillator voltage, determine

the opcrating conditions for small signal voltages.
parameters ; fundamental or

The third co-ordinate is one of a number of valve
harmonic conversion conductance, cathode current or grid current.

LEach surface is described by a contour map on which load lines are drawn for several automatic-bias
circuits. The method is illustrated by Fourier analysis of a theoretical mutual-conductance curve
and by experimental measurements on an 2l 42 pentode.

1. Introduction

HE problems associated with the operation

of frequency changers and mixers for

superheterodyne receivers have been des-
cribed by various authors, notably Herold.!
The analysis of a frequency changer is more
complex than that of an amplifier because its
operation is essentially non-linear and because
the signal and heterodyne voltages produce
modulation products and interaction between
their respective circuits. The overall performance
must, thercfore, be assessed in terms of various
factors which include conversion conductance,
input and output impedances, noise, harmonic
interference, inter-electrode impedances, transit-
time cffects and oscillator stability. This paper
is mainly concerned with the conversion con-
ductance, which is the basic characteristic.

The conversion conductance of a mixer may be
determined in two ways ; theoretically, by mathe-
matical analysis of the static characteristics and
practically, by direct measurcment. A survey
of numerous mathematical methods? leads to the
conclusion that a computation office is required
to handle the mass of calculations that result
from a general approach to the problem. The
practical method is, therefore, more convenient.

- MS uccep_tc(_l by the Editor,?ebpruary 1949
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Unfortunately, the practical curves usually
available give only a limited amount of inform-
ation, and performance figures for the same valve,
but for different circuits, are not related.

MUTUAL- CONDUCTAN
WAVEFORM &

L Acoswt
e
|
|
|

OSCILLATOR
VOLTAGE

Mutual-conductance curves ; grid voltage v
The

Fig. 1.
1s referved arbitrarily to the cut-off point.
total voliage applied is A cos wt + E.
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The conventional method Tof presenting

mixer characteristics is a graph showing con-
version conductance plotted against oscillator
voltage.  This method is adequate in published
data in which the details of a preferred circuit
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Fig. 2. Theovetical conversion-conductance contours.

The contours are calculated from the mutual-
conductance waveforin in Iig. 1, but the grid bias
V is veferved to v = 5 of Fig. 1 as origin.

are given, but it dees not allow the calculation of
performance figures for a non-standard circuit
and does not give a graphical picture of the
changes involved in variations of circuit values.
The contour method has been devised in order to
avoid these disadvantages and to facilitate a
precise  comparison of diverse automatic-bias
circuits.

The method is illustrated by Fourier analysis
of a hypothetical mutual-conductance curve and
by experimental measurements on an Eli42
pentode.  The performance figures for a variety
of circuits can be calculated from the practical

curves and the conversion conductance for
first, second and third harmonic operation
deducead.

2. Conversion - Conductance Contours —

Theoretical Analysis
The general analysis of a mixer is independent
of the relative positions of the signal and oscil-
lator grids. Thus the operation of an additive
mixer, in which both voltages are applied to the
same grid, is treated in the same way as a multi-
plicative mixer, in which the voltages are applied
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to different grids. The circuit is considered as
an amplifier in which the signal-grid mutual
conductance varies with time in a manner
determined by the heterodyne-oscillator voltage
only. In other words, it is assumed that the
signal voltage is verv small compared with the
oscillator voltage. The conversion conductance
1s then calculated from the component of output
current at the intermediate frequency.

The signal-grid mutual conductance may be
written as a Fourier series, since its variation
with time is periodic!

En = ag+ ay€os wb+ a, cos 2wt + .. (1)
where w is the angular frequency of the oscillator
voltage and a,, a,, 4, are the Fourier coeflicients.
It the signal voltage is ¢ sin pt, then the output
current, usually the anode current, is given bv

T = g, esin pt
dy esin pt + e ‘\_;:1 ] :
= d, e sin p/+%ez: " a, sin (p + nw) ¢
+ le Z:z Ty sin (p— nw) ¢
(2)

The component of anode current containing
terms of angular frequency (p ~ nw)* is the
intermediate-frequency output current (ty). I
the intcrmediate frequency is w,, then

a,, sin Pt cos nwl

P Hw + w;
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Fig. 3. Theoretical conversion-conductance profiles.

Maxinnon value of g, for an ideal step characteristic
with g, — 16 mA|V is g,jm or 5.1 mA/l".

and since # is an integer, the same intermediate
frequency will be produced by pairs of signal
frequencies, spaced w, on ecither side of each
harmonic of the oscillator frequency. The
harmonics are generated in the mixer itself and

* The symbol ~ is used to denote * the ditference between the quantities
designated without regard to sign .
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need not exist in the oscillator voltage. The
conversion conductance at the sth harmonic is
Gon = Viffe

= qa,/2 1 o 3
i.c., the conversion conductance is equal to half
the #nth coefficient in the [ouricr series for the
waveform representing tne variation of mutual
conductance with time (Iig. 1) thus

Vi
I
Lon = f g COs not d(wt) .. o 4)
27 |,
S & /\ & (a)
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S R & (d)
0 0 T im0
v w! A

Fig. 4. Mutual-conductance waveforms and conver-
sion-conductance curves for four hypothetical
mutual-conductance charvacteristics (bias fixed al

cut-off).

Since the instantaneous value of the mutual
conductance, g,,, i1s a function of the voltage, v,
on the grid to which the oscillator voltage is
applied, therefore

~ 2T
I

on = ZTTJOf (v) cos nwt d{wt) .. .. {5)

The grid voltage, v, is itself a function of the
steady bias and the oscillator voltage which,
therefore, uniquely determine the conversion
conductance for a given set of circuit conditions.
1t is assumed that the operating voltages on the
remaining electrodes remain constant.

It follows that the important characteristic of a
mixer valve is a three-dimensional surface in a
conversion conductance, grid voltage and oscil-
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lator voltage co-ordinate system. The surface
may be imagined with the grid voltage and
oscillator voltage axes in a horizontal plane and
the conversion conductance axis vertical. The
mixer characteristic usually quoted for a pre-
ferred circuit is the projection, on a conversion-
conductance | oscillator-voltage plane, of a
line on the surface whose projection on a horizontal
plane is a curve representing the variation of
grid voltage with oscillator voltage for that
particular circuit.

Conversion-conductance contours are curves of
intersection with horizontal planes and, therefore,
form a contour map of the characteristic surface.
The operating condition in a particular applic-
ation is determined by finding a point on the
map at which the conversion conductance and
its rate of change with bias and oscillator voltage
have the desired values. A more detailed dis-
cussion of this question is given in Section 3.
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Fig. 3. Fundawmental conversion-conductance con-
tours : (1) 10-mA anode current curve, (2) 1-MQ
grid leak, (3) 200-Q cathode vesistor, (4) 1,350-0)
cathode vesistor., ————— excessive cathode curvent |

(EF42; V, Ve = 250 V).

The advantages of this method of presentation
are twofold. First, it is possible to obtain a
clearer picture of a three-dimensional surface from
a contour map (IFig 2) than from a series of profiles
such as those of Fig. 3. The sccond advantage
arises from the use of automatic-bias circuits and
is discussed in Section 3.
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To obtain an idea of the general shape of the
conversion-conductance contours, consider the

mutual-conductance curve shown in I'ig. 1. This
composite curve contains three discontinuous
sections represented by the cquations :—
gn =0 for —w<<v<o.. .. (6)
g =1° forogv<yg .. A
gn =20 —vforygv<zo .. SR
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Fig. 6. Calthode-current contours; (1) 200-0
cathode vesistor, (2) 1,350-{) cathode vesistor,
(3) 1-MQ grid leak. ————— excessive cathode

curvent.

The variation of mutual conductance with
time is obtained by projecting the oscillator-
voltage waveform on the mutual-conductance
characteristic.

For convenience in calculation, the grid
voltage v is referred to the mutual-conductance
cut-off point as origin. The heterodyne-oscillator
voltage is A cos w!/ and the steady grid voltage
is E. The total voltage at the control grid is
therefore v = A cos wt + E, and conversion-
conductance contours for the hypothetical mutual-
conductance curve may be calculated by substitu-
tion in equation (5). The necessary formulae
are given in the appendix.

The profile curves are plotted in I'ig. 3 and the
contours in Fig. 2. The grid-bias voltage V is
referred to v = 5 as origin in order to simulate
more closely a practical valve characteristic.
The discontinuity at v» —= 4 then occurs at a
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grid bias V of — 1V and approximately coincides
with the start of grid current in a typical
valve.

The contours of Fig. 2 are very useful for
comparison with experimental curves. The more
important features are as follows :—

(a) The maximum value of g, occurs in the

region A =3V, V= —275V.
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Fig. 7. Grid-curvent contours, (1) 1-MQ grid leak,
(2) 200-Q cathode vesistor, (3) 1,350-{) cathode
resistor. excessive cathode cuvrent.

(b) With large negative bias and oscillator
voltages g, changes slowly.

(c) Changes in g, are most rapid for small
oscillator voltages and V' = 2 V.

(d) In the zero-bias region there is a stecp
trough corresponding to an oscillator
voltage swing about the discontinuity
at v = 4.

Features (a) and (d) are associated with a mutual-
conductance characteristic in which g, reaches a
maximum value and decreases in the positive
grid-voltage region. It can easily be shown that
if the anode-current/grid-voltage characteristic
of the valve is a continuous function and the
cathode can be saturated, then there must be a
point of inflexion at which the mutual conductance
is a maximum. In pentodes the decrease in g, at
positive grid voltages may be accentuated by
secondary cmission. The fact that a conversion-
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conductance characteristic with a maximum
value is always associated with a similar mutual-
conductance characteristic is illustrated in Fig. 4.
Four hypothetical mutual-conductance curves are
shown, with the corresponding mutual-conduct-
ance  waveforms and conversion - conductance
characteristics for fixed bias-voltage. Fig. 4(c)
corresponds to a practical case and 4(d) is an ideal
characteristic.  In 4(b) a very large oscillator
voltage produces a square waveform and a
conversion condictance which is asymptotic to a
value go/m where g, is the maximum value of g,,.
In 4(c) a very large oscillator voltage drives the
valve into anode-current saturation, the mutual-
conductance waveform degencrates into a series
of progressively narrowing pulses and the
conversion conductance tends to zero.  The
ideal mixer valve would have the characteristics
shown in 4(d), in which the mutual-conductance
curveisastep. Inthiscase the mutual-conductance
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Fig. 8. Second-harmonic conversion-conductance con-
tours ! (1) 200-Q cathode resistor, (2) 1,350-Q

cathode vesistor, (3) 10-mA anode curvent curve,
(4) 1-MQ grid leak. - excesswe cathode
current.

waveform is square for all values of oscillator
voltage which are large compared with the signal
voltage. The conversion conductance with a
characteristic of this shape is the maximum
that can be obtained with a given value of g,
for when the peak value and period of a waveform
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are fixed, tlhe maximum first harmonic or funda-
mental occurs when the waveform is square.

It follows from this argument that the contours
for a practical valve are closed curves.

1-0

08

0-6

g (ARBITRARY UNITS)

OSCILLATOR VOLTS (r.ms.)

Fig. 9. Conversion-conductunce charactevistics ; (1)
Sfundamental, 200-Q cathode resistor, (2) funda-
mental, 1,350-Q cathode resistor, (3) fundamental,
1-MQ grid leak, (4) 2nd harmonic, 200-Q cathode
vesistor, (5) 2nd harmonic, 1,350-£) cathode resistor,
(6) 2nd harnionic, 1-NQ grid leak, (7) 3rd harmonic,
1-MQ grid leak. Curves for a combination of a
200-Q cathode resistor and 1-MQ grid-leak vesistor
follow the full lines up lo the start of the grid current
(.25 V' roms) and then approach the grid leak

curves.

3. Conversion-Conduetance Conlours

Some experimental contours are shown in
Fig. 5. The mixer valve was a television pentode,
I-F42, with common-grid injection of the signal
and oscillator voltages. Signal and oscillator
frequencies were 45 Mc/s and 32 Mc/s.

The similarity between the measured contours
and the theorctical contours is self-evident,
though no attempt was made to align the
theoretical mutual-conductance characteristic
with that of the LEl'y2. The peak conversion
conductance, denoted by contour 1.0 is necarly
4mA/V. The region in which the rated anode
current of 1omA is excecded is marked with
broken contour lines.

In a majority of mixer circuits the working-
bias voitage is derived from an electrode current
which is in turn a function of the oscillator
voltage. This method is used in preference to
fixed bias since it renders the circuit less suscept-
ible to voltage variations and is usually more
economical. Typical examples are the use of a
grid-leak resistor or cathode resistor or a combina-
tion of both in a circuit in which the signal and
oscillator voltages are applied simultaneously to
the control grid. A curve representing grid
voltage as a function of oscillator voltage
determines the possible operating conditions of
the mixer for a particular bias circuit. Since this

WIRELESS ENGINEER, NOVEMBER 1949



curve has the same coordinates as the contours it
may be conveniently superimposed on them as a
‘load line ’ (Fig. 5). The conversion conductance
obtained with a given oscillator voltage may be
read off directly, and a conventional conversion-
conductance characteristic drawn (Iig. g). The
load lines for different values of grid leak and
cathode resistor illustrate the different char-
acteristics obtained with these circuits.

Two additional sets of contours are requited
for calculating the optimum bias resistances.
Fig. 6 is a set of cathode-current contours plotted
on the same co-ordinates as the conversion-
conductance contours. The co-ordinates of the
conversion-conductance peak valite are (1.8, —2.7).
Referring to Ilig. 6 the cathode current at this
point is 13.5 mA. The cathode resistor to produce
2.7V bias is therefore 200 . By assuming
further values of cathode current and calculating
the voltage across 200 €, the load line (1) of
Fig. 6 is drawn. This is then transferred to
Fig. 5 and the conversion conductance char-
acteristic, curve 1 of Fig. g, is obtained. The
corresponding cathode-current curve (lYig. 10) is
drawn from Fig. 6.
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& 3
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= a
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L

<

OSCILLATOR VOLTS (r m.s.)
Fig. 10. Cathode and grid-curvent characteristics ;

(1) cathode curvent, 200-§ cathode resistor, (2)
cathode curvent, 1,350-Q cathode resistor, (3) cathode
curvent, 1-MQ grid leak, (4) grid currvent, 200-£)
cathode vesistor, (5) grid current, 1,350-€ cathode
resistor, (6) grid current, 1-MQ grid leak, (7) cathode
curvent, 200-Q cathode vesistor and I-MQ grid
leak, (8) grid current, 200-Q cathode vesistor and
1-MQ grid leak.

With grid-leak bias, the optimwun resistance is
derived in a similar way from the grid-current
contours in Iig. 7. The optimum value is
approximately 1 M) and, by transferring the
calculated load line to Figs. 5 and 6, the con-
version-conductance and cathode-current curves
in Fig. 9 and 10 are drawn. The grid-current
curves for both cathode-resistor and grid-leak
bias are obtained from Fig. 7. Thus, by using
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three sets of contowr curves, the complete
characteristics for any value of cathode or grid
resistor can be calculated.
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Fig. 11.  Lhivd-harmonic conversion-conductance

conlours ; — —— 1-MQ gridleak, eicessive

cathode current.

Fig. 10 shows that the change in cathode
current with increasing oscillator voltage is
positive with a cathode resistor and negative with
a grid resistor. The corresponding load lines in
Fig. 6 cross the cathode-current contours in
opposite directions. In both cases the cathode
current exceeds the rated value over part of the
load line. [t can be maintained within the rated
value for all values of oscillator voltage by using
both cathode and grid resistors simultancously.
Referring to Fig. 10, the cathode current follows
curve I from zero oscillator voltage up to the
point where grid current starts to flow ; it then
becomes asymptotic to curve 3. The conversion-
conductance characteristic is a similar combina-
tion of curves T and 3 in Fig. 9.

So far only the fundamental conversion con-
ductance has been discussed. The contour
analysis is equally applicable to harmonic con-
version and Iig. 8 1s a sct of experimental contours
for znd-harmonic mixing using a signal frequency
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of 77Mc/s (2w + w,), hetecrodyne {frequency
32 Mc/s, and intermediate frequency 13 Mc/s. It
Is immediately apparent that much higher
oscillator and bias voltages are required for
optimum performance. A further point of
interest is the steep trough which passes through
the point for maxinwum fundamental conversion
conductance. The peak conversion conductance
for second-harmonic operation is nearly 2 mA/V.

The optimum bias resistors are calculated by
the method used for fundamental operation. A
I-MQ grid resistor gives a load line (curve 4,
Fig. 8) which passes close to the peak value.
Curve 2 of I'ig. 8 is a load line for a 1,350-0
cathode resistor. The 200-Q cathode-resistor
load line is also drawn on these contours to give
the possible second-harmonic interference level
when fundamental mixing is used.

Contours for third-harmonic mixing (signal
frequency 3w + w,) are given in Fig. 11. The
main peak is fairly flat at 0.3 of the peak funda-
mental conversion conductance and in the region
of coordinates (10, — 14.5). The main trough,
which is very steep, passes through the optimum
working point for second-harmonic mixing. The
relative peak-conversion conductance values for
the three harmonics (1.0, 0.45, 0.3) illustrate the
approximate rule that the peak value is inversely
proportional to the order of the harmonic.

4. Coneclusions

The complete conversion characteristics of a
mixer valve are most conveniently presented in
the form of contour maps. A set of contours can
be drawn up for each electrode current and a load
line calculated for any given bias circuit through
which the current passes. This load line is then
transposed on to the remaining sets of contours
and the appropriate characteristics for the
electrode currents and for the conversion con-
ductance at any harmonic frequency can be
derived. The optimum bias circuits can  bx
accurately calculated and the effect of circuit
variations rapidly deduced.

5. Acknowledgments

The work described in this paper was carried
out at the DMullard FElectronic  Research
Laboratory and permission to publish is gratefully
acknowledged. The author is indebted to
Dr. C. I. Bareford and Mr. M. G. Kelliher for
valuable criticism and encouragement.

356

APPENDIX

The Fourier analysis of the mutual-conductance wave-
form is divided into five parts as the oscillator voltage
drives the grid over ome, two or three of the ranges
represented by the component functions :

(L{) Em =0, fnm 1}2‘

Integration over g, — o gives no contribution to
the conversion conductance. The limits are, therefore,
defined by wt =0, 4 cos wi+ E = o, where E is
the working grid voltage relative to the origin. It
a — cost (—TfA4).

ro
ng I (A cos w! + E) cos wt d{wt) Lz 0 B
Jo
2 A2 A2 _ k2
(F2+ 2 2—\{ —E + AE cos™ 1 (— [£'4) (10
34
(b) g’”l U2
The limits of integration arc o and 2=
2T
g, = % \r (4 cos wt 4 E)2 cos wt d(wt) .. .. I1)
Jo
o = AL an .. . .. 5 1% 12)
(€) 8w =V g =20 - v
The limits for g, — 12 are 4 cos wt + £ = 4 wf = =
and for g, — 20 ;wl =0, A cos wt— [- — 4.

Let 8 — cos1 s 1 £

B
8, J‘ [20
(o)

— (A cos wt 4 I£)] cos wt d{wt

~
| (A cos wt 4 E)2 cos wt d(wt) . .. 13
JB
—FE
AEm —A(E + 1) cos (* )
2 )2
VA 3/14 E) (242 4 E2 4 11E/2 — 38) Iy
d) 8w — 0. 8n g, =20 v

The limits are o — g and 8
integrals as (13)

3114 [(1;2 + 242/ 42 2
VAar (4

—{A[ans"l( EA)*(I£+%)COS—ILAE] (15

a with the same

L.

L) (242 + E? 4 11k/2 — 3§

(€) g =20~

2m
wg. — 'J’ (20 — A coswt — E) cos w! d(wt) .. 16
o
g A2

Equations 10, 12, 14, 15 and 17 are the equations for
the conversion-conductance contours, and by substitutine
values of £ and 4 Fig. 2 and 3 can be drawn. The
grid bias V used in these figures is equal to E — 5 (Fig. 1

REFERENCES
' Herold, E. W., Proc. Iust. Radio Engrs, Feb.1042, Vol. 30, p. 84
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STAGGER-TUNED LOW-PASS
AMPLIFIERS

By W. E. Thomson, M.A.

(P.O. Research Station)

SUMMARY.— The method of design of band-pass amplitiers by stagger-tuning, in its wider sense,
may be simply extended to low-pass amplifiers as far as specifying the frequency response is concerned.

The determination of networks having this frequency response presents a fresh problem.

Suitable

networks are given here which allow a multistage low-pass amplitier to be built with a gain, as a voltage
ratio, of g,,/weC per stage, a bandwidth of wy/27 ¢/s, or slightly more, and a reasonably flat pass-band ;

is th

m

1. Introduction

METHOD of designing band-pass ampli-

fiers which has received some attention in

recent vears is that which began with
the conception of ‘stagger-tuning.’” The name
has been applied! to extensions of the method,
even although the circuits involved have not
consisted of simple tuned circuits. The essence
of the method is that of designing a multistage
amplifier as a whole, with stages with different
characteristics, these combining to give an
overall characteristic better than could be
obtained with identical stages.

The problems involved fall info two distinct
scctions. The first is that of finding a suitable
frequency response, which will give the required
flatness of gain in a prescribed band ; the second
is that of determining networks to realize this
frequency response. The {frequency functions
which have been found are also suitable for low-
pass amplifiers ; all that is required is to set the
mid-band frequency equal to zero. The band-
pass amplifier circuits cannot be so modified
and thus a fresh problem is presented, that of
tinding networks to realize the low-pass fre-
quency function. A solution to the problem is
presented in this paper.

2. Amplifier Gain v. Frequency
This section summarizes brieflv the work of
previous writers.>
A {frequency function in the low-pass form
suitable for representing the complex gain of an
amplifier (i.e., the complex ratio of oufput
voltage to input voltage) is
——— .__—.(Jo
M 1/\7‘7 tta, 2An :

e
o - (1)
In this expression A = jw, w being angular fre-
quency ; G, is a constant which largely determines

a, A\

Z\I\_accepted by the Editor, March 1949
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mutual conductance of the valves used and C the interstage capacitance.

the absolute gain of the amplifier; it is not
specified arbitrarily but depends on the mutual
conductance of the valves, the interstage shunt
capacitance, and the bandwidth. The variation
with frequency is controlled by the parameters ¢,
to a,, which are real and positive; 7 1s, in practice,
the number of stages in the amplifier. The
polynomial which forms the denominator in
(1) may be factorized, giving

(o

= anp (/\_1)1) (A_])Z)(AA—])IL) - (2)
where the constants 5, to b, are known as the
“poles ’ of the gain function. Since the a-terms
are real, the b-terms either are real or occur in
complex conjugate pairs ; for the amplifier to be
stable, the real parts of the b-terms must be
negative. These poles may also be represented
by points on a complex plane, and this represen-
tation is very convenient since these points,
in the schemes which have been devised, lie
on simple geometric curves.

REAL

A-PLANE

°y

/ X
— -t L 4
=136wg - we wo I36wg
IMAGINARY IMAGINARY
Fig. 1. Location of poles in typical schemes ; Q poles
according to Landon’s scheme n — 3, © poles
accovding to Linnebach’s scheme n 3, & = 0.6.

In Linnebach’s scheme? the parameters used
are the nominal bandwidth w,, the ripple &,
and #n. The actual bandwidth is then 2dw,
and the gain in this pass-band varies over a range
of 20log,, {(1 + d*)/(1 — d**)} decibels. The
poles are then given by
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D, (T — @®) sin {(2m — 1) . 9o°/n}]w,
F 7T + d?) cos {(2m — 1) . go°/n}]w,
form=1,2,3,....n

The corresponding points on the complex plane
lie on the cllipse with semi-major axis (1 + d%)w,
coinciding with the imaginary axis and semi-
minor axis (I — d¥w, coinciding with the real
axis. [fig. 1 shows the location of these poles for
n = 3 and d = 0.0 ; so that

by - 0.32w, + 70.684/3w, ; b, 0.64w, ;
by -0.32w; — 70.684/3w,.
e B s S [
2 P any
_______ o= X
-1
) \
o \\
o 0|
Y -5
= LANDON
& LINNEBACH 1~
=

] 02 05 T 2
NORMALIZED FREQUENCY w /@

Gain—frequency responses associated with
pole distributions of Fig. 1.

Fig. 2.

The corresponding gain is found by substituting
these values in (2), with a, — a; = I/wy®, re-
placing A by jw and finding the modulus in the
usual way ; the result is
Gain == 20 log,, G, — 10 log,, {(r — d®)2 +
9dHw/wy)? — 6d%(w/wg)t + (w/w,) )
decibels - o . (4)
The second term, with d = 0.0, is shown in Fig. 2.
It varies, up to 1.2w,, between 20 log,, (1 — 49)
and 20 log,, (1 + d9%) ; i.c., between about + o.4
decibel.

Landon’s scheme? may be regarded as the
limiting case of Linnebach’s when 4 — o; al-
though this gives the apparently useless result
of zero variation of gain with zero bandwidth
the schemwe is nevertheless useful.  The result
of putting d = 0 in equation (4) is

Gain = 20log,, G, — 10108,y {1 + (w/w,)%} (5)
The corresponding curve is also shown in Fig. 2.
The gain falls gradually without any ripple and
is 3 db down at the nominal cut-off w,. This is
true for all values of #. The poles, at i = — w,,
b= {— %+ 7v3/2)w,, are shown in Fig. 1.
They lie on the circle with centre at the origin
and radius w,.
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3. Practical Amplifier Networks
3.1 General.

The representation of the complex gain in
equation (2) shows that the total gain may be
expressed as a product of factors of two types

b6, b bbb,

Wyt Oaya—en
where b, is a real number and b, and 5.* are a
conjugate complex pair of numbers. If # is odd
there is one factor of type (a) and (v — 1)/2 fac-
tors of type (b) ; if # is even there are # 2 factors
of type (b).

If circuits can be found with complex gain
functions of these tvpes and these units can be
connected in tandem so that the total complex
gain is the product of individual gains the prob-
lem is solved. The following sections deal with
such units.

3.2 Type (a) gawn function.

As pointed out by Landon, the tvpe (a)
gain function may be realized in terms of the
voltage across a resistor and capacitor in parallel
fed from a constant-current source. This is
illustrated by an outline circuit in Fig. 3. The
constant-current generator is provided by a
pentode valve so that the gain is g, Z, where
., 18 the mutual conductance of the valve and
£ the impedance of the load.

= +
IMAGINARY IMAGINARY
Yig. 3. Realization of gain function with singie bole
. e:
at A w;. R , euin —
w,C ]
i WL
w,C A+ wy

3.3 Type (b) garn functron.

Landon gives a circuit which involves a single
valve with a four-terminal load in order to
obtain a type (b) gain function. As he points
out, the load has shunt capacitance across one
pair of terminals only and is thus not suitable

for a wideband amplifier. A solution which
avoids this difficulty is shown in Fig. 4. Two
valve stages are required, each having two-

terminal loads: The first has a resistive load
shunted by a capacitor; the second has an
inductance-compensated toad as commonly used
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in wideband amplifiers.  The gain of such a pair
of stages would in general be
ngx . - gn}(Ri2 +_AL2_ R
I ACR, 1 +ACR, X LC
The values of ¢, and € have been taken as equal
in the two stages, for simplicity, but it is not
necessary that they should be equal. The com-

Fig. 5 shows outline circuit diagrams and
component formulae for two three-stage am-
plifiers corresponding to the pole distributions of
Fig. 1 and the frequency-responses of Fig. 2.
The first stage may be regarded as realizing
the real pole and the last two as realizing the
complex pair of poles. The fact that the first
two stages arc identical is associated with the
fact that » = 3 and is not frue in

r—o . .
= general. 1f the capacitance difters, each
REAL component is calculated from the capaci-
r\ R tance for its own stage.
o R ;: . There are two practical ditficulties
@ @, T ' ; 2 which amplifiers ol this type share with
. O) stagger-tuned amplifiers in  general.
g 6 ' Ifirst, the way in which the amplifier
= + overloads depends on the order of the
IMAGINARY  IMAGINARY ~ © o
Fig. 4. Realization of gain function with ‘ ©
conjugate complex paiv of poles at A l
1
‘ j 6. Ry = ——
wySin 8 ' jwcos P o 2,
Ry 2 5111;0 [ YE ., gain R =C R, c
@, C w2C 1 / ‘
( gry P o uL?___, - “'
w,C A+ 2w, sin 8. A+ w? ]
.

ponents K, and L are chosen so that the factor
I + ACR, + X2LC gives the wanted values of
b, and b*: R, is then chosen so that the factor
R, + AL is R, times the factor 1 + ACK,.
The whole expression then reduces to the re-
quired form with

b, w,sin 0 + jw, cos B ;

b* w, sin § — jw, cos 6.

4. Complete Amplifiers

When n and 4, and hence the poles, have been
specified for a complete amplitier, the amplificr
is made up of units, as described in Section 3,
connected in tandem. The nominal gain (as a
voltage ratio), G, in equations (1) and (2) is
(gm/woC), or if g, and C difier in different
stages is the product of n factors, g, /wC, each
with its appropriate values of g, and C. For
normal values of # and J, the mean gain in the
pass-band (in logarithmic units) will differ in-
appreciably from 20 log,, G,.
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Fig. 5. Qutline circuit and component values for
amplifiers having the pole distributions of IFag.
wnd the frequency responses of I'ig. 2.

R, R, R,
L 1 1
Landon - - —
‘ " wOC woC wOC W™
Liunebach 1.5():}3 1-565:) 24297 0'6?1 3
wyC wC wC wo?C

stages and this must be chosen to suit the dis-
tribution of cnergy in the frequency band to be
amplified ; and second, large values of #» may lead
ro impossibly high Q-values for the inductors.
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DETUNED RESONANT CIRCUITS

Transient Response and S/N Ratio
By Herbert Elger, Dipl.Ing.

SUMMARY.—A simple way of calculating or graphically tracing the transients in detuned resonant
circuits is shown in connection with a simple memory rule. Reference is made to the application of
the method to similar mechanical and supersonic problems. The real response of resonant circuits when
using pulse modulation or any other kind of shock excitation (such as static), the change of time constant
due to detuning, and the signal-to-noisc ratio are considered, and universal diagrams are presented.

HE problemi of transients in oscillatory

circuits is of increasing importance due to

the growing use of pulse modulation for
the most diverse purposes not only in electrical
apparatus but also in mechanical and supersonic
svstems. In the following it will be shown that
even the comparatively intricate transicnts
occurring in detuned resonant circuits can be
computed or constructed without the aid of
anything but a simple memory rule. It will
furthermore be shown that these ‘detuned’
transients are of great importance in static and
short-pulse systems particularly with regard to
the signal-to-noisc ratio.

The most frequently occurring problem relates
to the simple LC circuit comprising only lincar
elements and not coupled to anyv other circuit.
It can readily be shown that there is no important
or essential difference between a lumped 1.C
circuit and any other type of simple resonant
circuit such as distributed resonant circuits or
resonant cavities. The theory developed in this
paper may, however, in conjunction with the
conventional coupled-circuit theorem, be applied
also to more complicated networks, generally in
the same way as to the continuously-oscillating
or steady state.

The theoretical development of transients in
simple circuits is a very lengthy procedure and
will not, therefore, be treated here.t2% The
method adopted is derived differently, and one
possibility is illustrated by the following (simpli-
fied) example. At the instant of connecting a
parallel LC combination to an a.c. source, the
reactance of the capacitor is zero and that of the
coil infinite since the magnetic field has to be
built up. Thus, the capacitor will charge almost
mstantaneously and discharge in an oscillatory
manner through the coil.  The current thus

consists of a constant alternating current of the
supply frequency and a superimposed transient
alternating current of the natural frequency of
the circuit. The transient diminishes exponen-
tially.  When the supply voltage is disconnected,
there is another transient identical with the above
transient component of natural frequency but
now, of course, independent of any difference
between the initially applied frequency and the
natural frequency of the circuit. Only in the case
of two coupled resonant circuits mutually detuned
will there be transients approximately corres-
ponding to those in the exciting instant of a
single resonant circuit detuned with respect to
the exciting frequency.

Taking into account all normal factors in-
fluencing the transients, including the phasc
position of the exciting voltage at the switching-
on instant ¢{ = 0, the complex transient voltage
can be considered as being composed of two
components, an invariable stcady-state com-
ponent Esinwt on which is superimposed a
transient voltage component e, « being the
exciting angular frequency, and 7 the amplitude
of the voltage produced across the circuit. The
steady-state voltage amplitude E is, as usual,
dependent on the applied cxciting voltage
and the coefficient of coupling betwecn the
circuit in question and the supply source.
Thus, in case of a very loose coupling, the
steady-state amplitude F across the circuit may
be derived from the usual universal resonance
curve [Fig. 4, curve (a)] and, hence, in the
casc of resonance, the resonant value of E is equal
to about @ times the exciting voltage. In the
tollowing, E, designates this resonant voltage
amplitude.

The transient voltage component e, which
decreases with time, can be computed by means
of the equation

e ¥ 1 iy s .
= ]’; S — . — ——— — o ,52 sl .. ..
cos (wyf — B) wo\/LCA/t + (szC I)cos*g + ) Linz (¢ +ip) (1)
— e in which tan ¢ roe Q(tfg = 8)
MS accepted by the Editor, Februarv 1949 wCKk R w wy
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w N\~

tan waoLC tan (4 + ) Ay ZQ(wo 5 :

N B Ty
QQ W

s — phase position of exciting voltage at
t=o

8 = R cocificient of damping

2L

wy— natural angular frequency of the
circult

w = angular {requency of supply.

Equ. (1) has been previously developed® in
another form, and applies to most general cases ;
viz., for arbitrary values of all quantities involved.
Particularly in power-current engineering the
above equation is very useful for determining the
peak voltages and currents obtained due to
switching-on or breaking impedances.

If Equ. (1) is to be used at high frequencies
and with oscillatory circuits, it can be consider-
ably simplified. The angles iy and 8 may be
assumed equal to zero (not however the angle ¢,
which is an indirect measurc of detuning). In
most cases ¢>1 and approximately constant
provided that |w, therefore

o = dow,;

wy ~ 1/A/LC. Thus the simplified Equ. (1)
yiclds total switching-on transient :

% sSin wl @dti2Q $in w (2a)
total switching-off transient :

Lo w2 sin wf - . (2b)

and in case of resonance (i.c., w = w,) we obtain
from Equ. (2a) the well-known formula
e
E

Switching-on and off corresponds to the front
and rear edges respectively of an applied rect-
angular pulse. The negative polarity of the second
term in Equ. (za) indicates phase-opposition
between the transient voltage component and the
steady-state voltage component at the switching-
on instant ¢ = o. The cquations (2) show that
any transient is over, in practice, after / = Io
Q/w, seconds at the latest ; i.e., after this time
¢ — I sin wt or, after a switching-off instant, e = o.

When considering amplitudes only, sine and
cosine functions of wt and wyt in final equations
such as Equs. (2b) and (2¢) may be put equal to
unity.

The ratio of voltage amplitudes to current
amplitudes in oscillatory circuits of any kind is
invariably identical with the characteristic im-
pedance Z, of the circuit both with regard to

(1 — e~ ll20) sin wgt (2¢)
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transients and continuous occurrences. Exactly
the same applies to acoustic and mechanical
oscillatory circuits,® the clectrical voltage cor-
responding to pressure or mechanical force, and
the electrical current corresponding to air
stream velocity or movement velocity ; e.g., the
movement velocity of an oscillating part of a
tuning fork. The mechanical characteristic
impedance, the resistance, the mechanical quality
Q, etc., may thus be readily defined ; e.g., £, 1s
the ratio of maximum force to maximum move-
ment velocity independent of their individual
absolute values. Similar considerations are likely
to be applicable to quartz crystals, ete. All the
following considerations can thus be transferred
in a similar manner to corresponding non-electrical
problems and have lately been used to investigate
the performance of stone-drilling machines with
rapidly reciprocating chisels.

At resonance the oscillatory circuit exhibits a
delay feature identical with that of a common
RC or RL network, its time constant being =
2Q/w, ; therefore such a circuit may be used as a
delay member or a saw-tooth modulating member.

| _
\\b
’Q/EOI N\ a \
N AN
e \\C
\\ \\
L e e
0 | ) 3 2 5
wet/2Q

Fig. 1. Envelope lransient vesponse of resonant circuit
tined to the supply frequency ; curve (a) switching
on, curve (b) switching off, curve (c) pulse.

The transient response of a Tesonant circuit
which is correctly tuned to the exciting frequency
is shown in Iig. 1. Curve (a) represents the
switching-onresponse, and curve (b) the switching-
off response. 1Both curves are universal due to
the scale chosen for the time-axis, and indicate
the absolute value of the voltage (or current)
amplitude across the circuit as a function of time,
frequency and quality Q. Curve (c) shows an
example of an ‘incomplete ' transient response
derived by applving a short pulse of the duration
t = 1.6X2Q/w,. In order to plot the complete
transients as they would be shown on an oscillo-
scope screen it is mnecessary to complete the
curves by their images on the other side of the
time axis and by drawing radio-frequency
oscillations between them as in the example of
Iig. 3, which shows the complete transients of a
detuned circuit. This pattern is well-known,
more particularly, from carrier-wave telegraphy.
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In the case of exciting a circuit with an off-
resonance frequency, the difference between the
natural and exciting frequencics being small,
compared with either of them, the following
formula is directly derived from Equ. (2a).

; V 1 — 26~ 20 cos dawit + (¢ @i20)2 (3a)

wol/2Q

Luvelope transient vesponse of a detuned
circial.

1‘.i\_' 2.

This cquation yields the ratio of instantancous
voltage amplitude e (amplitude, since sin wt has
been put equal to unity) to steady-state voltage
amplitude E across the circuit or, in other words,
it yields the envelope of the r.f. oscillations. In
order 1o determine the desired maximum and
minimum values and positions of the amplitude,
the following approximation is quite sufficient.

e

3 (3b)

The envelope curve of ‘detuncd’ transients
thus exhibits a shape similar to a damped oscil-
lation of the frequency Jdw, the ‘ripple’ of the
transient amplitude to a beat frequency. This
is shown in Fig. 2. From Equ. (3) we obtain also
the essential fact that it is possible to construct
graphically the transient response of any resonant
circuit tuned or detuned to any desired degre
within not too wide limits. The four curves
interconnecting the minima and maxima of the
transient amplitudes on cach side of the time
axis (viz., the curves on which all maxima and

I — e~ @20 cos Awt

minima must occur) are given by the four
equations
¢ I - w20 (3¢)
E

the different polarity signs being entirely in-
dependent of each other. The transient crest
amplitudes coincide with dwt = =, 37, 57 . . .
{odd multiples of =), the minimum amplitudes
with even multiples of 7, and the intersections of
the amplitude envelope with the line ¢/E = + 1
coincide with odd multiples of #/2. The method
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is shown in Lig. 3, the curves according to
Equ. (3c) being plotted in dashed lines.

In order to plot any ‘dectuned’ (or tuned)
transients it is, therefore, only necessary to plot
the four general e-functions and subdivide the
time axis according to the beat frequency given
bv the difference between the exciting and
natural frequencies ; i.e., given by the degree of
detuning. The course of the amplitude may then
readily be traced manually. The first maximum
amplitude is in practicc the most important
point, having a time delay of 1/(24f) with
respect to time f —= 0.

Contrary to the resonant case the trausient
peak amplitude in detuned circuits is always
higher than the steady-state amplitude but
lower than the steady-state amplitude of the
same circuit when in resonance, provided that the
exciting voltage is not varied. By excessive
detuning it is possible to obtain peak amplitudes
of nearly twice the steady-state amplitude, which
can readily be shown on an oscilloscope by
detuning a looscly-coupled secondary circuit of a
pulse transmitter. In transmitter circuits, how-
ever, the exciting voltage is generally increased
by detuning (usually causing a mismatch) ; e.g.,

%

N

I q | | |
{ Py
i ‘ wot/2Q
HUH e
Aw?
Fig. 3. Complete transient response of a detuned

clrcutl.

if the aertal circuit is detuned with respect to the
transmitter output. In this case any detuning
may cause a considerable voltage rise, not only
by mismatching, but also by the simultaneously
increasing transient voltage peak. If the internal
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resistance of the transmitter 1s considered as
constant, the transient output voltage peak may
become up to four times the tuned matched value.
This fact is important for the design of high-
power pulse transmitters, and also with regard
to the time delay of ignition of t.r. valves in radar
duplexers.

Due to transients a rectangular incident pulse
can be reproduced neither faithfully nor sym-
metricailv by a resonant circuit. Detuning the
circutt makes possible, however, a decrease of the
time censtant and a much steeper reproduced
pulse front and rear provided that a sufficient
deviation from the midpoint of the resonance
curve is chosen, although it is at the cost of the
useful signal voltage when applied to receiver
circuits. The ratio of the steady-state voltage
of a detuned circuit to the resonance voltage of
the same circuit correctly tuned is given by the
resonance curve equation

E 1—v
= — T = :2 a0 e . o5 (.{,)
AR VEERT )

In the numerator, the dectuning factor

v — Af/f, is usually negligible. 1f only the
conventional bandwidth has to be used, the
permissible  coefficient  of detuning is v,

1/(2Q); 1.c., (QV),ee — 1/2.

In receiver problems it is interesting to
determine the relation between the maximum
transient amplitude of a detuned circuit and the
steady-state amplitude of the same circuit at
resonance, the effective exciting voltage being
unchanged. The maximum transient amplitude
€, 18 attained at ¢ = 7w/dw, and this inserted
in Equ. (3a) gives

“maz

i3 1+ e °h . (5)

and, consequentlv, the desired relation may be
obtained from Equs. (5) and (4)
. I =f emnla:

Cona I v e 6
En ( ‘\/I —+ (2@1’)2 ( )
The performance of a resonant circuit is, thus,
different when using pulse-modulated waves from
that when applying continuous waves. Measure-
ment with the aid of a pulse signal generator
together with a high-resistance peak voltmeter
gives, therefore, a resonance curve different from
that obtained by using any other type of signal
generator or voltmeter. Iig. 4 shows the two
universal resonance curves in (uestion. Curve (a)
is the conventional resonance curve according to
Equ. (4), and (b) the pulse resonance curve
according to Equ. (6) provided that v is small
with respect to unity. Curve (c) in Fig. 4 shows
the percentage of the maximum transient
amplitude rising above the steady-state ampli-
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tude, all curves being plotted as a function of Qv
and thus being universal. The two vertical lines
indicate the bandwidth limits Qv = 0.5.

From the diagram it may be seen that there is a
distinct difference in action between various kinds
of interference in the r.i. input circuit of a
receiver. Any shock excitation, such as by
atmospherics, outside the bandwidth limits
results in a much greater volume of reproduced
noise than continuous interference of the same
original strength; e.g., from an adjacent broadcast
transmitter. Within the bandwidth this differ-
ence is substantially imperceptible. The difficulty
of climinating pulse interference by using high-Q
resonant circuits is cvident. As many types of
short-pulse receiver act more or less as differentiat-
ing devices, not only the time constant but also
the transient response may influence the reproduc-
tion. If the circuit is but slightly detuned as in
Tig. 2 the differentiating action is improved since
the pulse front transferred by the circuit to the

(emax 'E)/E

L i

Iy

Qv

Fig. 4. Universal resonance curves, (a) s the steady
state vespouse and (b) the pulse vesponse. Curve
(c) shows the percentage of the maximuin lyansien!

amplitude above the steady-stale amplitude.

input valve or crystal becomes stecper, while the
ripple of the transient is differentiated sub-
stantially without distortion. The time constant
of the circuit decreases with increasing detuning.
Assuming that w, = I,000 Mc/s and @ = 100
(i.e., A = 1.88 m and relative bandwidth = 19%,),
and assuming that it is desired to attain go% of
the steady-state voltage during a pulse, the time
required with a resonant circuit is 0.46 uscc. If
the coefficient of detuning v = 0.5%, that is
5 Mc/s off resonance, and thus Qv = 0.5, the time
required for attaining go% of the steady-state
value is 0.2z usec, or less than half the time
required at resonance. Detuning 0.5% corres-
ponds in this casc to a voltage drop of 30°%,
compared with resonance voltage, but if pulses
shorter than o0.5psec have to be received it
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would evidently be advantageous to detune the
circuit (neglecting noise) in every case and, more
particularly, in differentiating receivers.

In practice, the influence of noise cannot be
generally treated here due to the different
behaviour of internal and external noise when
detuning. A simple example will show the
signal-to-noise ratio of a closed (uarter-waveline-
resonant circuit. Similar results are also obtained
with resonant circuits of any other type, and the
qualitative results will always be the same.

The impedance of a closed line is Z =
Zytanh(a + 7b) and its resistance R = Z,(1 +
tan?®h)/(x + tan®*bh tanh®s). Provided that the
detuning v is less than 15%, (i.e. that tan v ~ v),
©Q > 1 and the length of the resonant line is A/4,
we obtain the resistive component

Z, I—v
RNFQ F a0t iz b (7
If B designates the absolute bandwidth, the
r.n.s. noise voltage I, becomes

E,* — 4kTBR 4/«TR~/Q_°
3 fOZn . I—v
4rT 7Ot 0 1/40% (8)

The signal-to-noise ratio S/V related to maximum
transient amplitude can thus be derived from
Equs. (6) and (8), the resonant voltage £, being
replaced by the product of exciting voltage and Q.

S I + e w/2Qu I _',‘_ e 7{2Qu

== — Ay e a

voe A/I6kaUZQ V5105 T 142, (92)
77(1 'U)

By detuning up to the bandwidth limit Qv = 0.5
the signal-to-noise ratio becomes

S 1.04Q

= = b
N \/510kT}oZ, (9b)
From the above formulae it will be seen that the
signal-to-noise ratio is approximately independent
of detuning in the region of the bandwidth unless
certain external noise sources, such as valve noise,
are not negligible compared with the thermal
noise of the circuit. On the other hand, noise
produced by external resistances coupled with
the circuit considered will not produce any
change of the ratio according to IEqu. (g) when the
actual effective Q of the complex combination is
inserted, and untess Q is substantially varied by
detuning.

The importance of the above calculations may
again be shown by an example. We assume again
that @ = 100, permissible detuning v = 0.005

0.5% and resonance resistance 5000 ohms (or
more). The effective resistance of the circuit
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detuned up to the bandwidth limit is then
1000 chms (or more). To this resistance has to
be added the equivalent grid-noise resistance of
the subsequent valve, and its gain is assumed to
be such as to make the reflected load resistance of
the valve negligible ; i.e., in this case less than
about 50 chms. [f the noise resistance of the
valve is sufficiently low, say, some hundreds of
ohms, the signal-to-noise ratio of the complet
input stage is not changed to any great extent
by detuning. The time constant is, however,
considerably less than in the resonant case, the
effect of a subsequent differentiating stage being
noticeably improved, and consequently the
sensivity of the receiver enhanced. It may,
however, be noted that a deterioration is to be
expected with respect to incident pulses in the
vicinity of or below the noise level.

Finally, it may be mentioned that during the
war experiments were made to suppress
“window’ interference in radar receivers by
using extremely short pulses or pulse groups-
so-called comb pulses. It has been supposed
that the time constant of large targets reflecting
incident pulses is almost zero or, in any case,
considerably less than that of the resonant
windows. The fronts of the pulses reflected from
the resonant windows were assumed to be
inclined, due to the greater time constant. By
inserting high-Q resonant circuits across the
receiver line in such a manner that these circuits
are insulating during their transient time only,
it was expected that only the front part of a
pulse would be passed through the line to the
receiver input. Pulses having perceptibly in-
clined fronts would thus be separated and
suppressed since the resonant filter circuit
would act as a nearly perfect short-circuit after
about 8Q/w, seconds. The desired effect was
supposed to be improved by subsequent differ-
entiating.  The experiments were, however,
entirely unsuccessful, and this has been proved
by the author also theoretically, since slightly
detuned windows reflect pulses with a much
shorter time constant, though with smaller
amplitude. Furthermore, resonant filter circuits
having a sufficient time constant, and con-
sequently high Q, are extremely sensitive in their
transient response to any detuning, as Qv must
be quite negligible in order not to reduce the time
constant of the filter unduly.
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TWO-CAVITY KLYSTRON

Effect of Space Charge
By Bernard Meltzer

(Development Depariment, Mullard Radio Valve Co.. Lid.. Mitcham. Surrey)

Introduction

 JEBSTER’S! original paper on velocity
modulation not only solved the problem

of kinematic bunching (i.e., the bunching

that would take place if no space-charge forces
acted on electrons in the drift space) but also
attacked in an approximate manner the problem
of the effect of space charge. However, his
argument in the latter connection was never
quite clear and it is worth while to examine the
question from a somewhat more fundamental
point of view; especially since klystrons are
today being developed to a greater extent as

power generators, and not merely as local
oscillators  with relatively low space-charge
densitics. It is true that British workers?

in this field have stated that the Webster type
of analysis enormously over-cstimates the eticct
of space charge, because by its assumption of a
beam of infinite cross-section it ignores the
effect of the bounding wall of the drift space.
The cvidence for this judgment does not appear
to have been published ; but even if it is true,
the analysis of conditions inside an infinite
beam will still be of value because it will give
approximately correct results for the centre of
the beam in the case of distant bounding walls,
and because it is the simplest analysis of the
space-charge problem.

In this paper, the two fundamental differential
cquations governing electron flow in the drift
space are obtained. These are valid only while
the motion preserves its single-stream character,
and the analysis itself predicts when this con-
dition ceases to hold; ie., when overtaking
occurs. It is assumed that thermal variations
of velceity may be ignored, and that particle
speeds are so low that the forces due to the
magnetic field of the current may be ignored.
Rationalized m.k.s. units® are used.

General Analysis

Since a beam of infinite cross-section flowing
in one direction is being considered, the clectric
ficld in the beam is wholly in the direction of flow.
Let the electron which entered the drift space
at time #; have travelled a distance s by time
¢, so that we have
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s = st t,) . (1)
This function is the basic function employed.
It should be noted that, unless otherwise
indicated, all the partial differential coefficients
used are with respect to ¢ or ¢; constant.

Let the electric field £ existing at s at time ¢
be given by

E —E(s,1) - = i o (2)
The equation of motion of the electron is
(@/dt) v — — nE(s, ) (3)
wlhere

v — speed of electron, and
n = (e/m) for an electron.

As the electron moves, the field moving it
changes in general both because the position of
the electron is changing and because time is
advancing. Hence, from (3),

(d/dt)(dv/dt) N (QE/ds) v + (L)), (4)
Now, by Poisson’s Law,

(0E/0s); = (1/&q)p (5)
where

&, — permittivity of {ree space, and

p p(s,t) = charge density.
Hence equation (4) becomes
(d20/ds?) = — (1)@ o)pv -+ (3E/d1),] (6)

pv equals the conduction current density at s,
and &,(dE/d), equals the displacement current
density. Hence equation (6) becomes

(@0d) — — n1/&, (7)
where
I — total current density at s = s.

It is to be noted that this is the point at which
the single-stream assumption is first made. For
the general case one would have

I =pw, 4+ pvs+ ... F & QEV), (8)

where the suffices refer to the different streams.

Equation (7) may be rewritten

(0%s/01%) — — (n/Gg)I (1) (9)

the partial differentiation sign being used, because
s is also a function of #;. The right-hand side of
equation (g) 1s positive because the current is
electronic.

We now procced to obtain the second funda-
mental differential equatien, namely,
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(9%s/0,01%) = (n/&o)Lolt1) (10)
where
I,(t,) = electron current entering at s =0}
we will incidentally obtain explicit expressions
for conduction current density, charge density,
clectric field, voltage, and condition for over-
taking, in terms of the function

s = st 1)
which is the integral of equations (9) and (10).
If I, = electronic current as s — s,

it follows, since charge is conserved, that
Io(t)dt, = 1 di .. . (11)
where dt represents the time taken to cross the
s — s plane by the set of electrons which, pre-
viously, took time df;, to enter the drift space
so that ’
dt, = (dty/dt), . dt
Hence [, = I,(ty)(d1,/00)s
and there is no need to enclose
(dt/0¢),
in modulus bars, because it is positive in the
absence of overtaking.
Now, from equation (1),

(r2)

ISTRUR (0s/0)/(ds/0t,) (13)
Therefore,
1 L4(1)(3s/2¢0)/(ds/dt ) (14)
But
P Ic (Ds/dt)
therefore p 1o(t)/(ds/0L,) (15)
From equation (5), p is also given by
p = &(OE[ds),
Go(Edt,),/(ds/dt)t - (16)
Fquating equations (15) and (10) gives
&yRE [0ty = — Lo(ty) - (17)
FFrom equation (3),
E = — (t/n)(0%/o%) (18)

substituting this in equation (17) gives equation
(10) presented above, namely,
(9%s/3£,08%) = (/&) 1o(th)
Explicit expressions for charge density and
ficld at any point are given by equations (I5)
and (18).
The voltage V between s = o and s = s is
obtained as the integral

V= — j Es, £)ds (19)

where { is kept constant in the integration, s
and ¢, being varied.
Substituting from equation (18) gives

(10)

V= () [ %/or)s . (20)
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(¢ constant in integration),
or
5
(d%s/2t%) (0s/ot,)dt,

Ji

4 (1/n

(0%s/082) (35 /0t ,)dty (21)

t
— (1/n) ¥
(¢t constant in integration),
The condition for overtaking is clearly
(04/08y) = O
i.e., from equation (13),

(0s/3t)) = o

(22)

(23)
Discussion and Integration of Equations

The results obtained in the last section are
quite general for one-dimensional rectilinear
flow. Ifor example, they apply to the case of a
plane diode, where the drift space is now the
cathode-anode space, and s=o0 and s=s
represent respectively the cathode and anode
planes.

The results are two-fold; ftirst, it has been
shown that the electron motion is governed by
the following two ditierential equations :

(03s/08%) = — (/&) (1) . o (9)
(R/at8) — (/& loft) .. - (10)
where

1) = total current density (electronic plus
displacement) in the beam, and Iyt,) = elec-
tron-current density at entry; secondly, once these
equations have been integrated, use can be
made of the explicit expressions of equations
(14),(15),(18), (21) and (23) to obtain, respectively,
conduction current density, charge density,
electric field, voltage at any point in the beam,
and the condition for overtaking.

First, we proceed to integrate the equations
of motion and note that it is better to start with
equation (r0) than with equation (g), since in
most applications I,(f,) is a known constant, if
one neglects the small density modulation imposed
by the buncher, while I(¢) 1s usually not known
a priori.

Let the velocities imposed by the buncher
on the clectrons at entry be given by »(¢) and
let the acceleration of the electrons on entry be
a(t;). In any particular problem v(¢,) is known,
while a(f,)—as will be seen below—depends on
the klystron model one assumes.

Integrating equation (10) with respect to ¢,
gives

(3%/262) = ot — t1) + a(f)
where o is a positive constant given by

o= — (/&
Integrating equation
twice gives

(24)

{24), with respect to ¢/,
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(s/20) = vlt) + (o2t — 1) + |

& &t

a(8)df (25)
and, finally, ‘
s = o(t)(t — ty) + (a/6)(t — 1,)® {»Jld¢u 'r“;(e)de

& A

n (26)

where 6 and ¢ are integration variables.

ILquation (9) may now be used to give the total

current density (Z) :

1) = I, — (& o/m)(d/dt) aft (27)
Applications
1. Plane Diode

The results for this case, though well-known,
are worked out here, because they will be needed
for the second klystron model used later, and
to show a simple application of the somewhat
unfamiliar formulae above.

For a plane diode in the space-charge-limited
régimw

v(¢,) = o, and
a(t,) = o,
the latter equation holding Dbecause the

electric field is zero at the cathode.
The equation of motion (26) becomes
s = {o/6)(t — ;)?
The total current density [({) is given by
equation (27) : I (t) = I,
The conduction current density is, of course,
the same constant.
The charge density follows from equation (15) :
P 210/"20 —1y)*
(3/8/3)(E/n)" 1 /5]
The electric field is given by equation (18) :
E=(Ly/&)(t — 1)
(/O)(x/ @) (x/)usn I i
The cathode-anode potential difference is given
by equation (21) :
v @) [
J 4
(¢ constant in integration)
(33/0/4)(1/@0)?3 (/)3 I 23 543
We shall need below the value of the accelera-

tion at the plane s = s,. From the expression
for electric field it is given by

@y~ (/) (/B3 179 5,1 (28)

2. Drift-space of Klvstron: Zevo Initial Accelevation

We assume that the electrons enter the drift

space with a velocity modulation imposed by the

buncher, given by v({;), and in a region of zero

field, and therefore, with zero initial acceleration:
The latter assumption makes this an unreal

{t — )%,
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model (IYig. 1) : for at the entry plane there will
in general be a finite electric field due to the
electrons in the drift space, to the induced
charges on the buncher and catcher walls at the
two ends of the drift space and to the electrons
in the beam outside the drift space. Nevertheless,
we shall treat it as if it were a valid model, com-

paring results with

1t{hioscm oti_ \l’\ ebsteir\sI IBuNCHER (CATCHER
nematical mode o e

(which of course im- S Y

plicitlymakesthesame |- — — 5 4o

assumption); for the
resulting simple analy-
sis can be taken over

Fig. 1. Case of a klvs-
tron with zevo inilial

e e
—_—— -
_-— - ——’—»—
| |
DRIFT SPACE

VELOCITY-MODULATED

acceleration. BEAM ENTERS HERE

with simple modifications into the theory of the
sccond mode! developed later.

IFor this case, it follows from equation (26) that

s — (L)t — #y) = (o/6)(t — 1))° -~ (29)
Webster’s kinematical theory is based on the
assumption that the right-hand side of equation
(29) is negligible.

We proceed to obtain the condition for the
‘correctness * of kinematical theory. We must
have

(0/0)(t — 1)) < vyt — )

At the same time, we have, approximately,

s = y{t — 1y
[herefore the condition is

(o/6v%)s?* < 1
or

(m/68)[To|(1/v,?) s* < 1 (30)

I, instead of v;, we write the average speed
v, of the electrons at entry, we have

(/68)15|(x/ve®) s* < 1 (31)

Except for the factor 6 (which may be import-
ant in border-line cases of moderately-high
current densities), this is the same as the con-
dition that Webster obtained.

If we translate cquation (3I) into transit-
angle terms, we have

(1/247%)(x/ &) (n/2) 21|V > (1/ /%) ¢* <1 (32)
where

¢ = d.c. transit angle of drift-space,

V, = steady accelerating voltage of klystron
and f = frequency of modulation.

Applying equation (32) to the particular case
of a 6-cm, 500-V, 100-mA klystron with beam-
cross-section 0.5 s ¢m, gives

¢ <€ 14 approx.

»
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Now for maximum power output at the catcher
for the small-signal kinematical case, Webster
showed that

(1/2) e = 1.84
where
o — modulation factor at buncher.

Even if « = 1 (actually precluded by the small-
signal assumption), this means that ¢ is approx-
imately 25% of 14. If, as is more to the point,
o = 1/10, ¢ will be more than twice 14. Thus
kinematical theory would be hardly applicable,
and bunching would have to be studicd on the
basis of equation (2g), after the particular velocity
modulation imposed has been substituted for
vy (f,) init.

Bunching in Drift-space
From equation (29} it follows that
(0s/dty) = (dv,fdiy)(¢ — &) Uy
(o2)(i — £ . (33)
and

(3s/38) = v, + (o2)(t — b,)° (34)

Therefore, from equation (14), the conduction
current density is given by

v (a/2)(t — ¢,)?
Iyt TR (3s)
vyt (0/2) (8 — ()2 — (dvyfddy) (¢ — ¢y

To obtain full information about the Fourier
components of the current in any particular
problem, it would be necessary to solve equation
(29) for ¢, and substitute in equation (35).

But in this note we shall limit ourselves to
pointing out one new general result following
from equation (35), which distinguishes space-
charge bunching from kinematical bunching.

Overtaking can take place only if the denomina-
tor of equation (35) can become zero. This first
occurs when

{— by = (1)o)(dv/dt)) — {(1)0)%(dv,/dLl,)?
(21/0)}1/2 it 24 a. .. (36)
Therefore, for overtaking to be possible,
(1/0)* (dv,/dt1)* > (2v,/0) (37)
TFFurthermore, (dv,/df;), must clearly, be
positive ; hence condition (37) becomes
(dvy/dty) > (20v))"? (38)
or, more perspicuously,
(d/dty) v/v1 2 v/o[2 (39)

This lays down a lower lunit for the rate of
velocity modulation required to produce over-
taking.

If this 1s applied to the small-signal case, where
the velocity modulation 1s given by

vy = {20V o) K1 + («/2) sin 2mfy}

o, V, [ representing respectively the buncher
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modulation factor, steady voltage and frequency
of the klystron, one obtains approximately

a2 (1/af)(2nV )V (|1,]/&y)"? (40}

Applving this to the previously considered
examnple gives

o > 0.16

According to kinematical theory, on the other
hand, overtaking will always take place, provided
the dr.ft space is sufficiently long.

=S, S—>
}BUNCHER |CATCHER

e s . 1 e i e

1 e T
——>———{————>———'———
———f—— s —— ] —
L L

\ |
\ |
CATHGRE \ . DRIFT SPACZ

SPACE-CHARGE
LIMITED FLOW

VILoCIT

TY-MODULATICN
IMPULSES

APPLIED HERE

Cuse of a klystron with finile initial
accelevation.

Fig. 2.
3. Klvstron with Space-charge-limited Caihode

In this model (Fig. 2), it is assumed that the
beam emerges from a space-charge-limited plane
cathode and, at a plane distant s, from the
cathode, impulses are given to the electrons (by
a ‘ghost * buncher), which impose the given
velocity modulation #(f;) upon the beam. Dis-
tances s are measured from this plane.

This model 1s still imperfect in that it still
excludes the buncher and catcher walls from the
picture, but nevertheless it is probably closer to
reality than the previous model, since—because
ol heat transfer troubles—most modern klystrons
do not have grids across their buncher cavily
apertures.

The initial acceleration a(¢,) in this case is
given by a(l;) = a,
where a, is the constant given by cquation (28).

The equation of motion (26) now becomes
s — vy (0t — ) = (a/6)( — 1) + (a,/2)

(¢t — 1) G 3¢ : ¢ .. (41

In addition to the condition found for the
previous model (cquation 31), the correctness
of Webster’s analysis now also would require

(a0/2)t — 1)* < 5
Again putting
s = vo(t — ¢,) approximately,
and using equation (28) and the value of the
average entrance velocity v, given by the diode
theory, one obtains

s<L 38 (42)
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Thus the drift length would have to be con-
siderably less than three times the cathode-to-
buncher distance.

The expression (35) for the conduction current
holds again except for the addition of the term
ay(t — t;) in numerator and denominator, so
that the conduction current density is given by
1,—1, vy A (o/2){t — 1) + a4t — ¢)) )

vyt (of2)(t = 4)* — {(dvy/dly) — ag}(t — ¢y
o .. .. .. (43)
Hence the condition for the possibility of
overtaking is a slight formal modification of
equation (38), namely,
(dvy/dt;) — ag > (200,12

It 1s easy to check that actually, if we substitute

for v, its average value v, this condition reduces to

(dv,/dty) > 2a, (44)

Hence, at least in the small-signal case, only
electrons which are modulated by the buncher
at a rate greater than twice the acceleration they
had on entering the buncher, will be in a position
to overtake.

Finally it may be noticed that in both the above
models, the total current density is constant, as
appears from equation (27).
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BOOK REVIEWS

Reference Data for Radio Engineers (Third Edition).

I’p. 672.  Published by Federal Telephone and Radio
Corporation, 67 Broad Street, New York 4. Price $3.75.

This has twice as many pages as the second edition,
but owing to the thinness of the paper is very little
bigger or heavier. The first edition appeared in 1943.
It has been compiled by engineers of the companies
associated with the International Telephone and Tele-
graph Corporation. Much of the material of the seccond
edition has been revised and expanded and manv new
chapters have been added. Chapter I on frequencv
data has been completely revised in accordance with the
decisions made at the 1947 Atlantic City conference.
Chapter 2 is on units, constants, and conversion factors ;
in it we are told that to convert leagues to miles one must
multiply by 2.635; a little calculation shows that
instead ol taking the nautical mile as 1.15 statute miles
they have reversed the figures. This gives one an
uncasy feeling and suggests that one chould check the
data given before using it.  Subsequent chapters deal
with properties of materials, radio components, funda-
mentals of networks, sclective circuits, tilter networks,
attenuators, bridges and impedance measurements,
rectifiers and filters, iron-core transformers and reactors,
clectron tubes, amplitiers and oscillators, modulation,
Fourier waveform analysis, transmission lines, wave-
guides and resonators, antennas, radio-wave propagation,
radio noise and interference, radar fundamentals, broad-
casting, wire transmission, clectroacoustics, servo
mechanisms, miscellancous data, Maxwell's equations,
mathematical formulas and tables.

There are a great number of graphs and diagrams
and a 29-page index.

The dielectric constant and loss factor of 130 insulating
materials are given for six frequency ranges. The
chapter on valves includes travelling-wave, magnetron,
and klystron tubes. The mathematical tables will
prove very usctul ; they include all the trigonometrical
and logarithmic tables, many pages of standard integrals
and Laplace transforms.

The book provides over six hundred pages packed with
useful information on all branches of radio.

G.W.0.H.
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The Presentation of Technical Information

By Recivarp O. Kapp, B.Sc. (Eng), MILEE.
Pp. 147 + xi. Constable & Co., Ltd., 10, Orange St.
London, W.C.2. Price 6s.

This little book is bhased on four lectures given at
University College, London and is worth the attention
of all concerned with scientific literature, from the works
report to the text book. The author is cencerned with
Functional English bv which he means ‘the English
that anv writer uses who expresses his meaning clearly
and without ambiguity ; who spares his readers un-
necessary eltort; who selects every item and places
every sentence and every word so that it will mcet
the function assigned to it.” The purpose of Functional
English ‘ is alwavs to convev rew information.’

The author stresses the importance of maintaining
the receptivity ol the reader and he points out that it is
as necessary to present facts and statements in a
correctly regulated ilow as it is for a music-hall comedian
to time the steps and climax of his story. If the stvle
is too concise and fact follows fact without pause, the
reader cannot assimilate them as he reads and he misses
many of them. On the other hand, il the stvle is verbose
the reader loses interest and receptivity and again does
not readily absorb the facts.

Much of the book consists of amplification ol these
statements together with a discussion of ways in which
the two extremes can be avoided. There is much sound
common sense in it and few will quarrel with the author’s
view that the purpose of writing is not merely to set
down information on paper but to convey it to the mind
of the reader—a very different and much more difficult
thing. W.T. C.

Accumulator Charging (roth [Edition)

By W. S. IeprtsoN, B.Sc., AMLEE, M.I.Mar.12
Pp. 193 + xii.  Sir Isaac Pitman & Sons Ltd., Parker
St., Kingsway, London, W.C.2. Price 10s.

The Electronic Musical Instruments Manual

By ALAN DouGLas. Pp. 141 + vii. Sir Isaac Pitman
& Sons Ltd., Parker St., Kingsway, London, W.C.2.
Price 18s.
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RADIOLYMPIA

1949

The 16th National Radio Exhibition

LTHOUGH radio apparatus of all kinds was
displayed at the cxhibition, pride of place was
given to television and few receiver manu-

facturers did not show a range of television sets. Pro-
jection models were shown for the first time by quite
a large number of firms. These sets are based on the
Mullard svstem using a 24-in cathode-ray tube operating
at 25 kV and providing a picture about 15in by 12in.
The picture size is, ol course, dependent on the magni-
fication of the optical system and varies slightly in the
different models.

The tube faces a spherical glass mirror of about 6-in
diameter from which the light rays are reflected back
towards the tube on to an inclined plane mirror which
reflects the light again so that it passes out normal to
the axis of the tube. This inclined mirror has a hole
in its centre through which the tube passes. A corrector
plate is mounted alongside the assemblv in the path
of the light from the inclined mirror to correct for the
spherical aberration of the spherical mirror. This
plate is manufactured by a gelatine-moulding process.

The tube with its detlector and focus coils, the spherical
and¥plane mirrors and the corrector plate form a sub-

+25kV

assembly. The light emerging from the corrector
plate falls on the rear of a flat viewing screen which
is usually of a plastic material. Variations cxist here

between the ditterent receivers, since for convenience in
design, mirrors may be interposed between the viewing
screen and the corrector plate.

Fig. 1 (left). Circuit of tvpical 25-kV
e.ht. supply used in projection tele-

+350V vision  sels.

N o

(Above). R.G.D. projection television
veceiver with front drvopped for uccess
to the chassis.

In some sets the screen is fixed in position,
in others it is arranged to fold out of sight
when the set is notinuse. Thus, in the R.G.D.
sct the viewing screen is hinged at its top to-
wards the front end of the lift-up lid of the
cabinet.

The structure of the screen is arranged to
give a much grealer viewing angle in the
horizontal plane than in the vertical, and to
reduce the visibility of the scanning lines some
form of line-broadening technique is adopted.
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Sometimes this is achieved bv arranging for the
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screen to give more diffusion vertically than horizontally,
in others the scanning ‘ spot’ is arranged to be a vertical
line. It was noteworthy in the demonstrations that the
line structure of the picture was much less evident than
in the ordinary 12-in directly-viewed models. The
picture brightness was considerably less, but quite
adequate for viewing in semi-darkness and the definition
was really good.

In spite of the high operating voltage the scanning
power required is not large; in fact, it is stated to be
rather less than is needed for conventional g-in and 12-in
tubes. The reason is that the deflection angle needed
is less because of the greater length of the projection
tube relative to its diameter.

The ¢.h.t. supply is obtained [rom a source of some
o kV through a voltage-tripler rectifier system using hard
valves. The 9-k\" source is itself obtained from a
ringing choke and a simple automatic regulating
system is incorporated. The arrangement is sketched
in Fig. 1. The blocking oscillator V, develops a saw-
tooth wave of about 1,000-c/s repetition frequency
across Cy and this is applied to V5. The anode current
of this valve increases gradually during the major part
of the input voltage, but when the blocking oscillator
triggers for the  tly-back ’ the current in V, is suddenly
cut off. The resonant circuit formed by the anode coil
with the stray capacitance is kicked into oscillation at
about 25 ke/s and the peak voltage developed is around
9 kV. A voltage-tripler Vg, V4, V; raises the output to
25 kV. A winding W, feeds a voltage proportional to
the output to a diode in V; and the steady rectified
voltage resulting across Ry Cy is applied as bias to V,.
Thus, if the output voltage tends to incrcase, the extra
bias on V, tends to offset it and so the output is main-
tained at a_more constant level.

lation. It is usual to employ a valve rectifier with its
heater run from the scan transformer and there is
some step up of voltage between the amplifier and the
rectifier.

In the case of a.c./d.c. scts, the h.t. voltage is limited
by the mains voltage. It then becomes difficult to obtain
sufficient line scan, with the result that so-called ’ econo-
my ’ circuits are often adopted. One such arrangement
combined with the eh.t. supply is shown in Fig. 2,
V, is the line-scan output valve and is fed with a positive-
going saw-tooth input voltage. Itis cut off on fly-back
and the resonant circuit formed by the transformer,
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Fig. 2 (left). Typical economical

EHT.
line-scan civcuit providing e.h.t.

L

from the line fly-back and h.i.
DEFLECTOR boost.
coiL . ‘
Fevvanti  T129 tele-
vision chassis.

(Above).

deflector coil aud stray capacitance is
allowed to execute about one half-cycle
of free oscillation. The peak voltage
on the anode of V; is at roughly one-
quarter cycle after cut-off, and the
voltage stepped up by the auto-trans-
former action of the primary makes

=kl

Ce

Direct Viewing

Development in receivers for direct viewing follows
orthodox lines and the use of the line fly-back for pro-
viding the e.h.t. supply is becoming almost the standard
method. The action of the circuit is substantially that
of the ringing-choke system but as it also supplies the
scan it can be allowed onlyv one half-cycle of iree oscil-
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V, conductive and charges C,. This
capacitor acts as the reservoir and
a supply of some 5-6 kV is developed
across it. The conductive period of Vy is quite short.

When roughly one half-cycle of free oscillation has
occurred the anode voltage of V; has fallen below the
h.t. voltage to about the proper value for the start of
the scan. V,; now conducts and the energy in the
magnetic field, which would otherwise cause a train of
oscillations to occur, is utilized to charge C, through
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Vy.  In doing so, the change of current in the defector
coil becomes roughly linear and is at about the right
rate for the scan. The initial part of the scan, therciore,
comes from the energy stored in the field at the end of
the previous scan stroke. As the current decavs Vy is
brought into action and provides the major part of the
scan.

Chassis of Sobell television receiver.

The energy stored in C,, and derived from the energy
in the magnetic field, is not wasted : C, is connected
in series with the h.t. supplv and the voltage across
1t acts to increase the h.t. supplv to V;. With the usual
mean current of 70-go mA, the mean voltage across C,
is of the order of 30-40 V.

With this system, control of picture width by varying
the driving voltage on V) is hardly practicable and it is
carried out by a variable inductance 7. in series with the
deflector coil. Various arrangements of the circuit are
possible, but they all work in basically the same way.

On the radio-frequency side of television receivers, the
trend towards the single-sideband reception of a double-
sideband transmission, accepting only the sidebands
remote from the sound channel, has had a rude jolt bv
the adoption of single-sidecband transmission for the
Birmingham station. As it is the sidebands adjacent to
the sound channel which are retained, the avoidance of
interference from the sound channel has beconme much
more difficult. Most manufacturers have retained their
normal designs for the London arca and straight signal-
frequency amplification with about four stages is usnal.

Tor the Midlands area, separate models have been
produced, and although some arc straight sets, the
superheterodyne seems to be generally preferred. Where
the superheterodyne is used for both arcas an inter-
changeable sub-chassis carrying the s.f. and frequency-
changer stages is often adopted. In other cases, the
whole receiver chassis may be changed.

It will be interesting to see if, in the future, this
principle of designing the set for the station will be
adhered to, or whether the alternative of making all
sets suitable for any station will be adopted. There is
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certainly no sign at present that it is finding any favour.

All the small television sets have 9-in or r1o-in tubes,
but therc are plenty with 12-in, and more firms than ever
before have models with 14-in or 15-in tubes. While
the small tubes operate at about 4—7 kV, the large ones
are used at up to 12 kV-—some 79 kV being usual.
Several makers—notably Philco and R.G.D.-—have
disappearing tubes; the tube is mounted in a hinged
carrier and can be pushed down right out of sight when
notl in use. Some other manufacturers fit sliding doors
to cover the tube face.

These refinements occur only in the more expensive
sets and such models often include broadcast receivers
and sometimes also gramophone equipment. The small
sets are usually table models or consoles for television
only.

A popular television accessory is a magnifying lens.
They were shown by both Aerylite and Magnavista.
Tliev are of transparent plastic, titled with oil, and give a
magnification of the order of 1.2-1.5 times linear. The
lens must be considerablv larger than the tube face il
serious distortion is not to occur and it considerably
restricts the viewing angle. Because of this restriction,
however, the apparent brightness of the picture is not
reduced.

Dynatron television chassis

Broadecast Reeeivers

Sets for the reception of ordinary broadcast pro-
grammes show remarkable diversity of design, and
range from simple ‘four-valve plus rectifier ' super-
heterodynes, shorn of non-essential complications to
reduce the selling price (with tax) below the £20 level,
to sets with comprehensive specifications including
claborate bandspread tuning for world-wide short-wave
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listening and push-pull output stages delivering powers
of the order of 10 watts for quality reproduction of home
stations. Typical of this class are the Ace Radio 600,
Beethoven A1188, Pve 39J/H and Dhilips 681\, the
latter employing a double-superheteradyne circuit on
short waves.

Murphy A146C baffle-tvpe recerver.

In the search for better quality of reproeduction some
firms have returned to the shallow ‘baffle’ type of
cabinet. Aurphy Radio were showing several sets of
this type including a console type with a frontal area of
about 6 sq ft. 1etter diffusion of high audio frequencies
is effected in some Kolster Brandes models by the use of
a vertical-slot diftuser in the loudspeaker haitle. In this
way the source is kept smaller in width than the wave-
length up to about 7 ke/s and interference irregularities
in the wave front are eliminated. Ancther interesting
fcature of Ix.B. sets is the use of a balancing circuit to
reduce hum; h.t. line ripple of suitable phase and
magnitude is injected into the tapped output transformer
primary. 1y this means hum is economically reduced
with the minimum loss of h.t. voltage.

FEhkco Axr1o * Connoisseur.”
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Tor the greater part of the time that the average set
is in use, it is safe to say that it is tuned to oune or other
of the local stations. To obviate the necessity for
re-tuning when changing over, Ferranti Models 149
and 248 receivers have two extra positions on the wave-
range switch which bring in fixed pre-tuned circuits for
Home and Light programmes. L. K. Cole in their
‘ Connoisseur ' receiver dispense altogether with con-
tinuously variable tuning and provide a switched choice
of four stations —three on medium and one on long waves.

Since the last Show there has been a three-fold increase
in the number of irms making portable receivers. Many
are of the all-dry battery type, while a large proportion
are designed to function on a.c. or d.c. mains as well as
on batteries. There has also been a significant increase
in the number of sets with vibrator h.t. supplies designed
to operate (rom 6- or 12-volt car accumulators

Car radio receivers are now being oliered with short-
wave ranges in addition to the usual med-um and long-
wave bands and push-button seclected pre-tuncc stations.
Typical examples arc the Radiomobile Tvpe 4050 and
the Ekco Model CR6r. Bandspread tuning is provided
on the principal s.w. broadcast bands.

Few signs of austerity are to be found in the large
radio-gramophones offered by firms such &s Ace Radio,
Dynatron, R.G.D., and H.M.V. The tendency is to
sectionalize these large equipments so that owners can
extend their scope as circumstances permit. Ior those
who cannot find the necessarv space for these luxury
models, there is a wide choice ol table-model radio-
gramophones.

S T S I T e T s

Philips ; 6814 _ double superheterodyne.

Two firms, anticipating the shape of things to come,
were showing production models of frequency-moculation
receivers for the go-Mc/s band. In the H.M.V.
Model 1250 automatic frequency control is provided in
the range 87.5 to 94.5 Mc/s while in the Kolster Brandes
f.m. receiver crvstal-controlled fixed frequencies are
selected by a switch in the range 90-94 Mc/s.

Communications

A number of new communications receivers were on
view and it is interesting to find that the dcuble-super-
heterodyne principle is being utilized for at least one
wide-band coverage recciver, although it is not an un-
common feature in many of the v.h.f. receivers, operating
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on fixed frequencies. Stratton was showing a new set
of this kind, the Model 750, which covers 480 ke/s to
1,465 ke/s and 1.7 Mc/s to 32 Mc/s. The furst if. is
1.6 Mc/s and the second 85 kc/s.

There are two features of unusual interest in the new
Mullard GFR520 communications receiver. One is the
exceptionally wide coverage, 540 kc/s to 110 Mc/s,
and the second is the use of a special i.f. amplifier for
the v.hi. bands. Trom 640 kcfs to 30 Mcfs an inter-
mediate frequency of 455 ke/s is used, but on the two
highest frequency ranges, covering 27 to 110 Mc/s,
it is changed to 10.7 Mc/s. The latter is a broadband
amplifier of + 50 ke/s as either f.m. or a.m. systems
are catered for. The low i.{. amplifier can be varied
in bandwidth from
about 10c/s, using
a crystal filter, to
25 ke/s, in six steps.

Murphy had a
new version of an
earlier receiver,
originally a naval
type, but  now
modified for mer-
cantile marine usc.
It is described as
the Model MR56,

Alba 44 a.c./d.c.
battery portable.

there being an A and a B version; the former covers
640kc/s to 30Me/s and the latter 15ke/s to 700 kc/s.
Apart frow its clectrical features, one of which is the use
of a sell-locating coil turret, the set is notable for its very
robust construction carried out in the best naval {fashion.

Easy-to-operate radio-telephone equipment for use
on small ships was a new feature of the communications
display. One example is the Pye ‘ Dolphin’ the trans-
mitter of which operates on eight pre-selected spot
frequencies, all crystal controlled, in the band 1.5 o
3.8 Mc/s, but the receiver covers the somewhat wider
range ot 530 ke/s to 3.8 Mc/s and so provides facilities
lor reception of broadcast programmes. It operates
from either 6 or 12-V batteries.

recetver.

H.M.V. 1250 frequency-modilation
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Another self-contained transmitter-receiver for trawlers
and small craft is the Mullard GNE310 equipment. Its
transmitter works in the 1.6 to 3.7 Mc/s band using
eight spot frequencies, while the receiver gives the

Mullard GFR520 conununicalions veceiver.

choice of seven pre-set chanuels and one [ree-tuning
band of limited coverage in the region of 261 mectres.
This set also operates on 12 volts using a rotarv con-
verter for h.t. supply.

Air and ground mobile v.h.f. equipment are developing
along quite distinct lines. For aircralt use the tendencv
is to provide the maximum possible number of working
channels in the one set with some easy channel-selecting
mechanism opcrated from a small remote-control unit.

Murphy MR100 ulti-channel v.h.f. aivcraft set.

Murphy showed a set of this kind, the MR1oo, which
provides 140 working channels in the band 118 to 132 Mc/s
with 100-ke/s separation. The required send and receive
channels are selected by rotary switches on a remote
controller and calibrated in whole numbers and in
tenths of megacycles.

Equipment of a similar kind, but covering 100 to
156 Mc/s and giving about 300 working channels of
180-kc/s spacing, was seen on Lkco's stand. The
remote controller carries two lettered selector switches
of 26 and 12 positions respectively and the various
combinations of these give the operating channcl.

Both these equipments provide crystal control of the
send and receive frequencies but they do so with a
limited number of crystals. The Ekco set, for example,
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‘has thiee only and they are temperature controlled.
While most of the aircrait v.h.i. equipment is amplitude
modulated, makers of the ground mobile sets ofier the
option of amplitude or frequency modulation. The
equipment ranges in size from the small 12 Ib Marconi
tvpe Hrg Walkie Talkie of less than a quarter of a watt
output to the 20-watt models made by the G.E.C.

A recent development in this field is the use of v.h.f.
radio on trains, at least so far as this country is con-
cerned. It apparently has to withstand very rough
handling as the set shown by the G.E.C. is housed in an
extremely massive iron case with heavy ribbing on the
outside to assist cooling.

Test and Measuring Gear

The design of meters is now so stable that very lew
new tvpes were exhibited, but it was notable that the
cheapest multi-range meter in the Show (the Amplion)
is obtainable with a test prod giving a 5000-V range.
The most expensive (ihe Sangamo Weston Model S.75)
provides no fewer than 53 ranges, with a sensitivity of
20,000 Q/V on all the 14 direct-voltage ranges, and self-
contained measurement up to 500 MQ at 500 V. Few
even of the valve-assisted meters can better this, but a
notable exception is the Burndept high-resistance
test set with a top
reading of 1014 Q.
This is achieved
by using a pair
of  clectrometer
valves in push-pull
which are coupled
to a pair of triodes
with the indica-
ting meter con-
nected  between
their cathodes.

r£.M.I.Q/D. 101
oscilloscope.

A\ new oscilloscope, the EM.I. No. 'Q/D.1or, is a
compacl model intended mainly for servicing purposes,
but useful also as a laboratory instrument on account
of its built-in valve voltmeter with ranges from o-5 V to
0-500V, positive or negative. It has been arranged
to read the peak voltage relative to a horizontal line
across the c.r. tube face, so that by using the vertical
shift the voltage of any part of a waveform can be
measured directly.

The tendency with audio sources is towards more
extended frequency ranges. The new B.S.R. Type
LO 400/100, for example, covers 10-100,000c/s, and
follows the usual practice of this maker in being of the
beat-frequency type, with two dials and no range-
switching. The fine-reading dial, scaled 10-2,500 ¢/s,
controls the ‘ fixed ’ oscillator, and its reading is to be
subtracted from that of the main dial at any setting
of the latter. An addition to the Advance signal gener-
ators is the Model H-1, covering 15-50,000 ¢/s in three
resistance-capacitance ranges. Two valnable features,
unusual in such a moderately-priced instrument, are
continuously-variable output from 200V to 20 V,

WIRELESS ENGINEER, NOVEMBER 1949

accurate to _—J:I db, and alternative sine and squarc
waveforms. Harmonics of the latter are detectable
up to about 20 Mc/s. The EM.I. af. test set, Q/D.o41,
is also of the RC type, but is considerably more than

Pye lelevision signal generalcr.

an audio source. It incorporates a valve voltmeter and
amplifiec which enable it to be used for a wide variety
of tests and as Doth source and detector for bridges.
The same firm showed two bridges suitable for use in
conjunction with it—one covering wide ranges of L, C
and R, and the other a distortion bridge in which the
fundamental in the output from the amplifier under test
can be bhalanced out, leaving the harmonics measurable.
R.F. signal generators, such as the AVO model, which
formerly just took in the London television frequency.
have had the frequency ranges extended to cover all the
television channels. And several new models designed
primarily for television appeared, such as the Pye and
the Taylor. The former is provided with 4o00-c/s 30°
sinusoidal modulation for testing the sound channel,
and 400-c/s and 6o-kc/s 1009, square-wave modulation
for setting up a grid pattern on the vision screen ; the
output is controlled by a calibrated piston atlenuator.
IFactory equipment for the television manufacturer was
exhibited by Burndept, comprising a central rack
connected bv coaxial cable to the test bays. The rack
equipment is arranged to contain the required number
of signal-generator units,
each providing an align-
ment frequency within
the band 52-100 Mc/s,
and consisting of an
oscillator stage, a modu-
latable power amplificr,

co-axial
unit.

Burndep!t
swilch

and a cathode-follower output stage. The nnit at each test
bay contains a 12-way co-axial switch for selecting anv
of the signals from the ceniral rack, while prescrving the
correct termination and full screening for all the lines,
and also an attenuator and signal-level indicator employ-
ing a CS2C crystal rectifier. The maximum trequency
drift in an 8-hour day is stated to be + 50 ke/sat 50 Mc/s.

An important new instrument is the TS71 30-100 Mc/s
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portable interference-tracing set, made by Murphy for
the G.P.O. Though primarily intended for the investiga-
tion of complaints of interference with the television
programmes, it has been designed to cover also f.m.
broadcasting and official and business v.h.f. com-
munications. The set consists of a batterv-driven
superheterodyne using a multi-grid mixer and separate
oscillator to vield a 3-Mc/s intermediate frequency.
This is amplified in four stages with a 100-ke/s handwidth
and fed to two separate diode-pentode valves, one for a
meter indicator and the other for listening. To avoid the
critical tuning inseparable from a b.{. oscillator, unmodu-
lated carriers are made audible by causing the second i.f.
valve to modulate the signal. The total weight, including
two aerials, headphones, and batteries, is only 22 1b.
For field-
strength measure-
ments  in  this
band, two new sets
were shown. The
Murphy  FSM:22
uses  first - stage
noise as the refer-
ence level, and
like the TS71 has

Metrovick atten-
ator Type 82.

been designed to meet G.P.O. requirements. To cope
with impulsive noise, the circuits have been designed
to be linear up to no less than 1oo times full-scale
deflection, and to this end the last i.f. stage is in
push-pull.  The time constants of the detector are to
C.C.IT. standards. The Marconi Instruments TFog30,
on the other hand, incorporates a standard signal
generator for calibration.  The range covered is
18 125 Mc/s, and the dipole aerial is adjustable to 0.42
at any frequency in this range.

Cosmocord wide-range probe microphones.

LExamples of instruments lor accurate measurements
in the 3-cm band were shown by Metropolitan-Vickers,
for Ministry of Supply research. These indicated a
considerable advance in precision over the waveguide
apparatus of a few yecars ago. In the standing-wave
detector, variations in probe penetration as it is moved
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along are kept within - 0.0001in. The attenuator is
provided with a glass vane with an evaporated coating
of nichrome covered by a protective fluoride layer. The
maximum attenuation is 40 db, with a resetting accuracy
of 0.5db and an absolute accuracy ol - o.5db. In a
cathode-ray standing-wave detector, the standing waves
set up in any section ol waveguide connected to it are
shown graphically on the screen.

Among the miscellaneous items of equipment may be
mentioned a unit by .M I for dealing with that bugbear
of the service depot-—the intermittent fault. Described
as the automatic monitor Q/D 231, it provides three
channels, to deal with up to three suspected receivers
simultaneouslv. A 1000-c/s multivibrator generates a
signal spectrum over the whole r.1. range up to 1o Mc/s.
This is applied to the input of a receiver under test, and
the output is fed into the monitor, which gives audible
and/or visual warning of any variation in output level.

Airmec showed a material comparator having a wide
range of usefulness, as samples of material can be
compared for size, conductivity, permeability, etc., b
inscrting them into a suitable jig overwound by a coil
forming one arm of a bridge. \ similar arm, balanced
against it, contains a standard sample. Lack of balance
is shown in magnitude and phase on a c.r. tube.

To correspond with the growing use of high voltages,
the ionization insulation tester by the same firm is now
available with test voltage variable up to 235 kV.

Lheo vibrating-veed electromeler.

Lastly, a new range of acoustical instruments was
shown by Cosmocord, making use of the stabler piezo-
electric materials, lithium sulphate and ammonium
dihydrogen phosphate. Among these was a standard
artificial ear, and a sound-pressure standard consisting
of a cylindrical pre-amplifier (2 stages and cathode-
follower) with alternative crvstal microphones attache.
The Jatter was designed primarily for under-water sound-
pressure measurements, for which (owing to the relatively
long wavelength in water) its frequency range is 100 ¢/s
to 100 kc/s; but it is equally suitable for measurements
in air up to 20 ke/s.  Blast pressures up to 107 dynes/cm?
can be measured.

Most of the equipment in the industrial and medical
tields showed little development since this year’s Physical
Society exhibition ; but a logical tendency to provide
hearing aids with radio reception was noticeable. The
Aurotone models include within the normal hearing-aid
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dimensions no less than a 4-valve superheterodyne. A
simple one-station pre-set circuit is available in aids by
John Bell and Croyden, which are interesting as examples
of circuit printing, using the colloidal-silver process.

Microgroove recorder used in radiogramophones by
M.S.S.

Equipment for detecting and measuring the various
kinds of radioactivity was shown bv Airmec, Dynatron,
LEkco, G.E.C., and Marconi Instruments. A special
division of E. K. Cole, in close co-operation with the
Atomic Energyv Rescarch LEstablishment, has developed
a wide range of apparatus suitable for large and small
scale work in this field. Items shown included a range
of portable radioactivitv monitors using ionization
chambers with ‘ windows ’ appropriate to the type of
radiation to be measured ; a linear amplifier; a super-
stabilized low-noise power unit; an impulse counter ; a
ratemeter ; ac.r.t. monitor ; and a tvpical rack-mounted
assembly—a Geiger-Muller unit, counter, monitor and
power supplies.

In the power unit, of the rectitied r.I. tvpe, unusual
precautions proved to be necessary to reduce noise
to the low level concomitant with its high degree of
stabilitv and low ripple. The output of 1 mA\ is con-
tinuously variable between 250 and 3,000 V positive or
negative, with a stability of 0.059%, against 109, mains
variations. Ripple, noise and pulse content at 3,000 V
is not more than 250 V.

In the Kkco vibration eclectrometer, the extremely
small unidirectional currents to be measured are adapted
for a.c. amplification by applving them in serics with a
resistance of 10% Q to a fixed gold-plated anvil forming,
with a vibrating reed, a capacitance varying at audio
frequencv. To exclude leakage across the input resistor,
whose resistance may be as high as 1012 Q, the input and
vibrator portion, with the first stage of the amplifier,
are enclosed in a hermeticallv-sealed head.

Sound Reproduction

In pickup design the most noteworthy advances are
in styli. Satisfactorv methods have becen evolved for
the production of diamond points, which are now
available as an alternative to sapphire or tungsten car-
bide in the Decca and Lowther pickups. Several firms
are offering interchangeable heads with points for
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standard or ‘ microgroove ' long-playing records. In
the Goldring ‘- Headmaster ' pickup one of the heads
has a large-radius point (0.0035in) for use with old or
noisy records, and is said to give an improved signal/
noise ratio.

Among loudspeakers one of the most interesting ex-
hibits was a high-quality reproducer by the Acoustical
Manufacturing Co. with a ribbon-diaphragm h.f. unit,
and 1.f. cone unit loaded by a two-stage acoustic filter.
A double-cone unit with independent voice coils working
in separate air gaps in series was shown by Whiteley
Electrical Radio. Many of the permanent-magnet
loudspeakers have now reached tlux densities of 17,500
gauss in the gap, and 19,500 gauss is the figure given
for the Lowther-Voigt p.m. unit.

There is evidence of increased interest in sound
recording and six firms were showing disc-recording
equipment. A moving-coil cutter head is used in the
new machine designed by A. R. Sugden, and M.S.S.
included a microgroove recorder in a comprehensive
exhibit ol portable and studio machines. Magnetic
iron-oxide coated tape recorders were shown by G.E.C,,
R.G.D. and Wright and Weaire, and wire recorders by
Kolster Brandes and Simon Sound Service.,

Accessories

Among developments of unusual interest to battery
users was a new type of accumulator shown by Exide.
It has a moulded polystyrene case and lid and a new-
type of absorbent plate separator. This separator is made
of Lignex which is described as being so absorbent that
it holds in suspension all the acid the cell needs. Thus by
including a lid with quite a shallow acid trap the cell
is casily made unspillable without a noticeable increase
in overall dimensions. When the cell is inverted only
a minute amount of free acid lalls into the acid trap.
This cell is known as the Exide JSPz and is of 14- \H
capacity.

i
1
4
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|
o
|

Kolster-Brandes EWR60 wire recorder.

Another devclopment is the Kalium cell shown by
Burndept and Vidor. It is claimed to have from four
to seven times the watt-hour capacity of an equivalent
size ol Leclanché cell, to show no appreciable drop in
voltage through its life and not deteriorate in storec even
at relatively high temperatures.

There are five sizes available which in physical di-
mensions are equivalent to the B.S.S. Ur to Uy (U3 and
Us are not included) the Vidor-Kalium equivalents being
Voror to Voroy. So far its application is limited to
1.t. supplies but it has distinct possibilities in other
ficlds.
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In its constructional form it is similar to the Leclanché
type for it has a central carbon rod, which is the positive
pole, and a zinc case forming the negative. The electro-
lyte is mainly caustic potash and the depolarizer mercuric
oxide mixed with powdered carbon. The cell has a low
internal resistance which is maintained right up to the
end of its useful life.

Power supply in another form was the main feature
of the Westinghouse exhibit and this year they had a
new e.h.t. unit for television receivers which provides
6kV from the flyback pulses across the line output
transformer. It is a voltage tripler having three type
36EHT35 rectifiers and five capacitors and its overall
size is 2% in square by 34 in high.

One of the most interesting of the new valves was the
Osram A1824 disc-seal tetrode. The electrodes are not
arranged in the co-planar form wusual for disc-seal
triodes, but are assembled as concentric cylinders. The
contact rings are arranged to allow the valve to be
embodied in a concentric-line circuit, for it is capable of
giving a useful output up to 500 Mc/s. At go0 Mc/s
the output is 150 W and at 100 Mc/s it is 185 W. The
copper anode is heavily ribbed, and forced-air cooling
is used.

Also in the Osram range is a new double tetrode,
the TT17, for use up to 250 Mc/s. It is designed for
19-V operation and is apparently intended primarily
tfor aircraft equipment. The anode dissipation is 40 W
total and there is a built-in by-pass capacitor between
the screen grids and cathode.

Brimar showed a new transmitting tetrode in the
form of the type 5703 for use up to 150 Mc/s. The anode
dissipation is 12 W and an interesting feature of its
construction is that two separate input grid leads are

provided. They join to separate pins on the BgA base
and it is claimed that the dual input assists grid cooling
and also gives a lower input impedance than would
otherwise be obtainable. It isa 6-V valve taking 0.75 A
heater current.

Components

It now scems certain that the miniature component
has come to stay and that it can no longer be regarded
as a novelty. There is, of course, no reason for making
a component larger than is necessary for efficient
operation. In some cases, however, miniaturization
calls for very great precision in manutfacture, a case in
point being the latest range of Polar miniature variable
capacitors. A nominal 0.0005-uF two-gang capacitor
measures only 1§ X 1} X 2}in. Some idea of the
precision work involved in its assembly can be gauged
from the fact that the vane spacing is only o.00gin.

Fixed capacitors all follow the same general trend and
Hunt have developed a new process for the construction
of miniature metallized paper capacitors up to o.or ul°
in value. The finished article, measured over a cylindrical
moulded case ol hard resinous compound, is #in long

}in diameter.

An exceptionally versatile form of potentiometer has
been evolved by Eriec. Known as a stud potentiometer
it takes the form of a stud switch on which can be
assembled up to nine miniature fixed resistors. Anv
combination of resistors can be used and changed, if
necessary, at anv time. With the back cover on, it
looks like any ordinarv volume control, even to the
inclusion of a mains switch but the inclusion of the
switch necessitates omitting two of the potentiometer
studs, thus reducing the usable resistance steps to seven.

CORRESPONDENCE

Letters to the Editor on technical subjects ave always welcome. In publishing such communications
the Editors do mot necessarily endorse any technical or geneval statements which they may contain.

Interelectrode Capacitance of Valves

Sik,—I am indebted to Mr. R. H. Booth! for drawing
attention to two papers which had escaped my notice.
I was particularly interested in his remark on the
eftect of the variation of field along the surface of the
cathode, due to the shielding effect of the grid wires.
The importance of this factor had occurred to me and
[ am in full agreement that this explains the gradual
rise in grid-cathode capacitance. Measurements carried
out for clarification gave the following values of u in
triode 6]5,

V,= 100V, 1, 5 mA, p — 23,
V., 100 V, 1, = 0.2 mA, u = 20,
V. 200 V, V, + 4V, i, =012 m\ u 62,

showing a variation in p of more than 1 : 3 along the
surface of the cathode.

The curves on the grid-cathode capacitance in a
recent paper® scem to me revealing in this connection.
In the valves DET 22 E and DET 22 I¥ which, out of
a scries of otherwise identical valves, have the largest
distance from grid to cathode, the grid-cathode capaci-
tance rises sharply as soon as cmission starts. The
sharp rise indicates that emission starts almost simul-
taneously along the whole of the cathode, which is to
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be expected, as in this case the field along the cathode
is the most uniform.

North, in his paper, disregards the lack of homo-
geneity along the cathode and, for this recason, his
formula cannot be expected to show the etfects caused
by differences in construction. For instance, in the
paper by Humphreys and James, I'ig. 8, p. 29, the part
of C,, which in North’s formula is independent of g,,
seems to be anything between 10 per cent and 50 per
cent, instead of the required 33 per cent.

The value of 10 per cent occurs in the valve having
a very small distance from grid to cathode. The
shielding cffect of the grid wires is particularly strong
and emission may be assumed to takc place mainly
between the wires of the grid. In the path of the
clectrons the field perpendicular to the cathode rises
considerably from cathode to grid, whereas North
discusses the case of a constant field. The transit
time from cathode to grid is hence smaller than is assumed
in the theoretical derivation and, therefore, the electron
density is smaller as well. Naturally, in assessing the
curves one must not forget that the cold capacitance
from grid to cathode is also smaller than the theoreti-
cally assumed value.

An increase ol capacitance larger than the theoretical
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value occurs in the valve having a fairly large distance
from cathode to grid. Above it was assumed from the
capacitance curve of this valve that the whole of the
cathode starts emitting simultaneously. It seems
probable that the large increase in capacitance is caused
by electrons coming (rom parts of the cathode shaded
by the grid wires. On approaching the grid they pass
through a decreasing field and are deflected from their
straight path towards the plane halfway between the
wires. Their density will be disproportionately large
and so will be their contribution to the grid-cathode
capacitance.

As lo the increase in capacitance ‘ bevond cut-oit
we have recently measured the capacitance between
suppressor grid and cathode of an r.f. pentode. The cold
capacitance is naturally extremely small, but there is
a slight increase when emission starts cven when
suppressor-grid and anode voltage are at —40 volts.
Any current flowing to the suppressor grid seems out
of the question and the etfect appears of the same nature
as that observed beyond cut-oft. If we try to explain
our observations, according to van der Ziel’s theory,
on continued emission it is difficult to account for the
complete disappearance of any increase in grid-anode
capacitance.

E. E. ZEPLER.

University College, Southampton.

REFERENCES
U Wireless Engincer, June 1949, p. 211.
* B. L. Humphreys and E. G. James ‘‘ Interelectrode Capacitance of
Valves ”” Wireless Engincer, January 1949, p. 26.

Valve Noise and Electron Transit Time

SR, 1 have just noticed that in your April issue*
Mr. D. B. Fraser quotes me as suggesting that ‘ the noise
in thermionic valves arises from variations in the emis-
sion velocities of the clectrons,” and proceeds to point
out that emission velocity is of negligible significance
in temperature-limited operation.

Never in any paper have I suggested that emission
velocity was relevant to the magnitude of noise from a
temperature-limited diode, and I do not see how this
misunderstanding can have arisen. I have, however,
pointed out that as between the tempcerature-limited
diode on the one hand and the metallic conductor on
the other, there is an exchange of role between the steady
drift velocity due to the applied field and the random
thermal velocities, as follows.

In the temperature-limited diode the transit time is for
practical purposes fixed by the externally-applied anode
voltage and so, therefore, is the noise spectrum. (It
turns out to be independent of the applied voltage except
at {requencies high cnough to introduce the factors
studied by Mr. Fraser). BButin the metallic conductor, the
effective  transit time’ is the time of free flight of an
electron between collisions with the lattice, and this is
governed by the thermal-agitation velocities which are
much larger than the drift velocity which can be pro-
duced by any practicable potential gradient.

I trust that this will clear up the question of tempera-
ture-limited diodes. I do not wish to embark on a new
controversy on the validity of the idea of a ‘ frequency
spectrum,” which I have used above because it is intel-
ligible to most engineers. So if any rcaders object to
‘ noise spectrum,’ will they please substitute ‘ the form
of the time-function which describes the varying part

of the current.’ . A, BELL.
The University,
Birmingham.

* ‘‘Noise Spectrum of Temperature-Limited Diodes” Wireless

Engineer, April 1949, Vol. 26, p. 129,
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Transit-time Effects in U.H.F. Valves

S1R,—In his recent paper! Dr. Thomson derives
the well known2 3 expression for the parallel resistance
of an electron beam between parallel electrodes at the
same direct potential with an impressed a.c. field. The
expression is :

R 2V, 1 (A)
» TG .. .. i ..
2(1 —cos ) — fsin @ (B)
52

In discussing this result Dr. Thomson says that it is
identical, with the exception of a multiplying constant,
with Llewellyn’s analysist of a plane parallel space-
charge limited diode, and concludes that since the
dependence on transit angle is the same, the Llewellyn
result must be regarded with suspicion. In fact, however,
Llewellyn’s result for a diode is quite ditlerent as is
immediately obvious irom a comparison of Thomson’s
Fig. 5 with Llewellyn’s Fig. 2. For a serics impedance
represeniation Llewellyn’s result in Thomson’s notation
is

with F(6)

12R
R 2. F(8 o = .. = &
s e Fo ©
where R static slope of the diode.

The physical validity of (C) can be seen as the low-fre-
quency value § —o, is R, while (A) leads to an infinite
parallel resistance as § — 0; i.e., to zero series resistance.
Since the analysis of the space charge limited diode does
not lead to the same result as that of a v.m. tube grid
there is no reason to doubt the general correctness of the
Llewellyn analysis.

Dr. Thomson has already? corrected the derivation of
his equation (16) for the damping of a diode in the
retarding field-region.

S V2 I

Thisisgiven by R 8v, 1 F(® X .. (D)
where V, - retarding voltage.

V, = voltage corresponding to the initial velocity.
I saturation emission.

Equation (D) can be rewritten in a rather simple {form
as follows: the electrons have a Maxwellian velocity
distribution so we can use the mean-square velocity
to obtain V,; i.e, V, = kT /e.

Furthermore, in the retarding field region 7, — / exp
(— eV, JAT)
where I, — current reaching the anode.
Inserting these cxpressions we obtain :
R LOST + 107 (log.d, — log, I)? (E)

I F(0)
Equation (E) could be checked rather casily by measur-
ing R as a function of [, in the region 0.8z < § < 1.3
where F(8) is constant to within about 10 per cent.
Iiquation (E) is naturally only valid for values of I,
small enough to ensure that the valve is really operating
in the retarding field region.
Standard Telephones & Cables, Ltd.
Iinfield, Middx.

A. H. Brck.

REFERENCES

U Wireless Engineer, June 1949, p. 192.

* “ Klystrons & Microwave Triodes,”
McGraw Hill, 1948,

3 Velocity Moduluted Thermionic Tubes,” Beck, Cainbridge University
Press, 1048,

* ** Electron Intertia Effects,” Llewellvn, Cambridge University Press,,
1041,

& Wireless Engincer, August 1949, p. 278.

Hamilton, Kaper & Knipp,

Sir,—Mr. Beck’s equation (C) is correct, and my
equation (r1) which should have read R, = Rg (8,
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where Rg = 12R,/62 is wrong. In condensing the
argument for publication, I wrongly interpreted equation
(r1). I can only regret the error. Nevertheless, the
contention that Llewellyn’s result is suspect arises from
a study of his development of this equation for, as sugges-
ted in paragraph 5 of my paper, Child’s law demands
the approximation that the electric field at the cathode
is zero, and Llewellyn’s ‘ complete space-charge’ is
defined as the state where ‘ the emission of zero-velocity
clectrons from the a-plane (virtual cathode) is sufficient
to reduce the clectric field at that plane to zero.’ My
doubt arises {from the fact that the potential minimum,
itself due to the distribution of velocities of emission, is
not at the cathode, for while this is unimportant in
many cases, it is a serious factor in determining the
transit angle.

In the second paragraph of his letter Mr. Beck derives
an interesting expression for the «iode damping in the
retarding field. Since the derivation here is wholly in
terms of potential cnergy, it appears to be independent
of the existence of a space charge, but in the region
where Vg and Vj are of the same order of magnitude the
cquation will no longer be true.

Royal Naval College

Greenwich.

J. Tnovsox.

Negative-Feedback Amplifiers

Sik,—1In his letter in vour September issue, Mr.
McLeod gives an able summary of Bode’s work on the
above subject.  The cut-off slope of 12 db/octave is, of
course, the theorctical limit © some reduction is necessary
to aftord a phase margin and Bode prefers 10 db/octave.

I cannot agree that the * natural’ frequency char-
acteristic of a threc-stage amplifier ‘ requires only slight
modification . . . just outside the pass-band . . .’ to change
it into Bode’s ideal characteristic, which has a sharp
corner at the edge of the band and an attenuation of
19 db in the first subsequent octave. Quite & number of
inductors and capacitors are required to obtain a reason-
able approximation to this shape.

I think Mr. McLeod is mistaken in stating that the
maximallv-flat amplifier requires a Jfrequency char-
acteristic (this must surely be the design point Mr.
Mcl.eod had in mind) controlled up to higher frequencies
than the Bode design. Bode’s frequency characteristic
has a specified shape up to a frequency about an octave
higher than that at which the loop amplification becomes
unity : the maximally-fat amplifier cuts oft on the
natural asumptote provided by the stray capacitances.
Mr. McLeod mentions the effect of strav inductances :
25 pF resonates at 100 Mc;s with o.1 wH, where the
reactance is 63 Q. The etfective stray inductance in an
ordinary well-designed intervalve coupling is not likely
to reach 0.05 pH if the circuit contains only the essential
basic components, but if there is a complicated network
to control the cut-oft characteristic, larger stray induc-
tances may occur. Mr. McLeod’s difficulty with them
may, therefore, be due to the inclusion of the equalizers
necessitated by the Bode method.

Apart from these points of detail, Mr. McLeod and T
now appear to be in agreement.

Redburn, Herts. C. F. BROCKELSHY.

Constant Phase-shift Networks

Sir,—TI wish to comment on Mr. R. O. Rowlands’
article in the September 1949 issue of Wirveless Engineer.
He introduces a design method for constant phase-shiit
networks in which the performance and design of such
networks is related to those of allied attenuation net-
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works. The essential feature of his ingenious method is to
transform a performance characteristic with upper and
lower limits into one with one kind of limit only,
thus simplifying the design procedure considerably. 1
should like to point out that this can be achieved

by using Mr. Rowlands’ own method —without introduc-
ing the concept of an allied attenuation network, thus
further simplifying the theorv and design procedure.
For this purpose, starting with Mr. Rowlands’ equation
(5) and retracing some of the steps in his derivation

e X+ 1y . V
we find log, ——= = 2j tan—1~
B = log, 7, =
and therefore log, | cot (g = :”) log, ‘»iz
4 =4

Since in the ideal cas» B2 7/, there is now a lower

_Ly'

limit only, viz., for log, This expression can be

n
. ) 1 Iy I+hw
expanded in the form 2 log, | * . Nowlog,
A=l I aw 1—hw

I
2 tanh™1 /iw or 2 tanh1 <1» ), depending on whether
L

I > hwor 1 <lw Thus we are led directly, without the
introduction of an attenuation network, to the graphical
method described by Mr. Rowlands. If this derivation is
adopted, the db-scales in Figs. 3 and 4 can be replaced by
corresponding degree scales (deviation irom g9o”), in
accordance with the relation given in Fig. 2.

However, a db-scale with physical significance could be
introduced by considering the use of two phase-shift
networks with phase-shift ditference B for a single-side-
band modulator. Then the response curves for the wanted
and the unwanted sideband are given by« 10 logyy
(1 + tan2 §,2) and «y 10 logye (1 + cot? §/2), respec-
tivelv, where § B—m=/2. If Mr. Rowlands’ db-scale is
designated by «y, the relation between ag, a; and a, is
given by 10%/10 — 1 4 10 w/10and 10%:/10 — 1 } 10+%/10,
In Figs. 3 and 4, Mr. Rowlands uses for representing

. 1+ lw L . . .
the expression log, o, 3 PRIT of straight lines in a co-
I e 7

ordinate system with a functional scale for the ordinate
axis, rather than a non-linear curve in conjunction with a
linear scale. It may be of interest to note that I and my
associates have for a number of vears used this principle
of straight-line graphs in filter design, usuallv in a modi-
fied form where the pair of straight lines is replaced by a
single straight line and the ordinate axis duplicated. \
publication dealing with various straight-line graphical
methods isin preparation.

T have recently investigated the problem of designing
constant phase-shift networks by purely analytic—as
opposed to graphical methods. Explicit design formulae
for networks for any bandwidth and any degree of
approximation to the nominally constant phase-shift
value (for Tchebyeheff as well as Taylor approximations)
have been found. A detailed account will be published.

W. Saraca

Telephone Manufacturing Co., Ltd..

St. Mary Cray, Kent.

GAIN OF AERIAL SYSTEMS

Reference 16 was omitted {rom this article in the
September issue (p. 306). It should be to  The Theo-
retical Precision with which an Arbitrary Radiation
Pattern may be obtained from a Source of Finite Size,”
by P. M. Woodward and ]. D. Lawson, /. Instn elect.
Ingrs, Part 111, September 1948, Vol. 95, p. 363.
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WIRELESS PATENTS

A Summary of Recently Accepted Specifications

The following absivacts are prepaved, wilh the perniission of the Controller of H.M. Stationevy Office, from
Specifications obtainable at the Patent Office, 25, Sowthampton Buildings, London, W.C.2, price B/~ each.

ACOUSTICS AND AUDIO-FREQUENCY CIRCUITS
AND APPARATUS

623 205.—A wide-band loudspeaker with light-weight
coil and diaphragm vibrating independently,the centering
and current feed to the coil being at a point remote
from the connection to the diaphragm.

Standard Telephones and Cables Limited (assignees of
Le Mateviel Telephonique). Convention date (France)

7th June, 1943,
AERIALS AND AERIAL SYSTEMS

623 770.—A waveguide for a common T/R aerial system
in which a receiving probe is designed for E-mode waves
and a transmitting probe for H,; waves; a dielectric
block transforming the polarization of the transmitted
wave so as to have no effect on the nearby recciving

probe.
E. Coop. Application date November 21st, 1946.
624001. An u.s.w. cavity-resonator aerial ol the

directive tyvpe having a long and narrow slot in a quad-
rangular box which contains a conductor transversely
behind the slot.

Radio Corporation of America.
(U.S.A) August 25th, 1945.
624 876.—Directive aerial array designed for reducing
the side lobe, and having an auxiliary array to reduce
side-lobe amplitude of a main array.

Convention date

Wesiern Llectric Company Incorporated. Convention
date (U.S.A.) Decenber 151h, 1944.
DIRECTIONAL AND NAVIGATIONAL SYSTEMS

623 635.°D/IF equipment in which sense ambiguity is
avoided, wherein alternate minima are selected by a
rectifier which provides a positive or negative output
according to the phase ol the carrier wave.

C. G. Kemp. Application dute Oclober 181h, 1945,
624 725.—Change of a radio frequency by the Doppler
effect is used to ascertain rate of approach of an object ;
the operative [requencies are converted into intermediate
frequencies from which low-requency beats are obtained.

Sperrv Gyroscope Co. Inc. Convention date (U.S.1)
November 21st, 1945.

RECEIVING CIRCUITS AND APPARATUS
(See also wnder Television)

621 267 —Bandspread system in  which a suitably
designed tuning capacitor is mechanically coupled to a
variable reactance eclement to give a uniform scale
for the medium and long bands.

Philips Lamps Limited. Convention date (Netherlands)
112k March, 1944.

621 803.— F.M. recciver using spaced acrials with phase

and amplitude adjusters to reduce beat interference.
Standard Telephones and Cables Limited (Assignees of

G. T. Royden). Comnvention date (U.S.4.) 21sf July, 1945.

621 993 Heterodvne circuits for u.h.. in which the
signal 1s fed to the mixer through a resonator having a
core and a cylindrical sheath.

Westinghouse Electric International Co.
date (U.S.A.) 22nd Sepleinber, 1943.

Convention
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622 099.—Liiniter for {.m. receivers using a valve with a
control grid operating by anode-current saturation.

The British Thomson-Houston Co. Ltd.  Convention
date (U.S.A.) 12th April, 1944.
622 479.—Motor-operated a.f.c. systems using a control
valve forming part of a bridge network to operate
motor-control relays.

Mavconi’s W.T. Co. Ltd. und G. L. Grisdale.
cation date 2nd July. 1046.

Ippli-

623 581.-—Permeability tuner in which parallel iron cores
on a common carrier are moved relatively to tuning
coils by a cam.
Weymouth Radio Manufacturing Co. Ltd., and B. I.
Jordan. Application date November 1211, 1946.
624 007.—Discriminator circuit for [.m. and like
svstems wherein loading of the primary circuit of a Secley
discriminator by the rectifier is reduced by the intro-
duction of negative resistance into the primary circuit.
Radio Corpovation of Admerica (assignees of H. R.
Koch). Convention date (U.S.4.) August 3vd, 1945.

624 010.—A common potentiometer is used both for
r.i. volume control and for controlling negative feedback
in the a.i. part of a receiver.

Philips Lamps Ltd. Convention date (Netherlands)
March 5th, 1043.
624 535. A recciver and cabinet, in which the chassis
rests on backwardlv-sloping runncers and the tuning
panel is positioned against an inclined window in the
cabinet.

Kolster Brandes Ltd., P. I{. Spagnoletti and D. 1. [.
Bassam. Application date April 20th, 1947.

TELEVISION CIRCUITS AND APPARATUS
For TELEVISION AND REcEPTION
621 479.—Sound is transmitted on a television carrier
by means of modulated pulses timed within the syn-
chronizing pulses.
D. I lLawson, A. V.
date 12th October, 1945,

621 560.—Colour television wherein a black image is
transmitted over a common channel as well as images for
the three primary colours.

Marconi’s W.T. Co. Ltd. (Assignees of A. N. Goldsmith)
Convention date (U.S. Ay 215t August, 1942,

l.ord and Pve Ltd. Application

622 202.—-Colour television using a rotarv colour filter
wheel synchronized by received signals.

Marconi’s W.T. Co. Ltd. (Assiguees of I'. J. Soimers)
Convention date (17.S.4.) 10th October, 1944.

622 656. Choice of shunt feed inductance for c.r.
deflection circuits wherein deflection coils are fed through
a capacitor.

Philips Lamps Lid.
20th March, 1942

624 022.—Constant amplitude time base of wvariable
{requency, the attainment of predetermmined potentials
affecting the change from sweep to fly-back and vice
VeTsa.

Cinema-Television Lid. and J. M. Sowerby.
tion date 16th Deceniber, 1940.

Convention date (Netherlands)

Applica-
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624 417.—Interlaced  film-scanning  apparatus with
continuous film movement, using a scanning disc with
two sets of spiral-path apertures and independent
optical systems in cach path to compensate for different
speeds of the two sets ol apertures.

The Geneval Electric Co. Ltd., and D. C. Ispley.
1pplication date October 17th, 1945.

624 832.—Cathode-ray tube circuit in which the cathode
is heated by cyclically varied bombardment, e.g. during
the flyback, to avoid defocusing duec to secondary
electrons.

Cinema-Television Lid. and W. H. Buchanan. Appli-
cation date July 10th, 1947.

TRANSMITTING CIRCUITS AND APPARATUS

(See also under Television)

620 680.—Velocity-modulated oscillator is switched oft
and on for duplex working by controlling the loading
of the tank circuit.

Marconi's W.T. Co. Lid. (assignees of O. E. Dow).
Convention date (U.S.A.) 10th June, 1942.

620 828.-—Valve keving of a transmitter power amplitier
by means of a controlling pentode connected between
the amplifier cathode and earth.

Standard Telephones & Cables Ltd. (assignees of Le
Materiel Telephonique Société Anonyme). Convention date
(France) 11th April, 1945.

621 386.—TFrequency control of magnetrons and like
sources is eltected by a control impedance which is
transformed to an impedance having a higher (. The
problems of (requency stabilization are examined
mathcmatically.

Marconi’s W.T. Co. Lid. (assignees of L. E. Norion).
Convention date (U.S.A.) 26th Febriary, 1045.

621 748. —A transmitter to be jettisoned by an aircrait
and arranged to transmit position signals for directing
rescue scrvices.

The Decca Record Co. Ltd. (A communication from
I2. Fennessy). Application date 29th April, 1946.

622 711.—Electrical oscillations are fed to two full-
wave rectifving meshes through an impedance, for
modulation by another oscillation also fed to said meshes.

Philips Lamps Ltd. Convention date (Nctherlands)
20th March, 1944.

623 .430.—Self-excited oscillator in which modulation or
control is etiected by small changes in remote circuit
elements giving an enhanced action by the Miller eftect.

H. K. Neuber. Convention dates (U.S.A.) Decemnber
229nd, 1945 and December 11th, 1946.

623 741.—Frequency modulation for introducing auxili-
ary modulation or for increasing frequency deviation,
wherein one modulated frequency is heterodyned with
another modulated {requency, without demodulation
being required.

Société Frangaise Radio-Flectrique.
(France) March 17th, 1944.

624 347.—Reduction of amplitude modulation in f{.m.
systems wherein anode rectification in a valve is used
to feed back a neutralizing amplitude-modulation
component.
Western Electvic Co. Inc.
March 3151, 1939.
624 515.—Neutralizing of push-pull Lecher wire circuits
is effected by feedback couplings prov.ded by two series
loops coupled to the input and output circuits.
Sadir-Carpentiev. Convention date (France) Apvil 26th,

1944.

Convention date

Convention date (U.S.4.)
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024 936.—Carrier-shilt keying using fixed-irequency and
variable-frequency oscillators, a frequency-discriminator
circuit operated by the two frequencics after mixing,
controlling the variable oscillator.

The Geneval Electric Co. Ltd. and J. B. L. Foot.
dpplication date July 14th, 1947.

SIGNALLING SYSTEMS OF DISTINCTIVE TYPE
621 063.—Modulated pulse-communication system in
which the leading and trailing edges of the pulses are
time modulated by ditferent signals.

Standavd Telephones & Cables Lid. (assignees of D. D.
Grieg). Convention date (U.S.A.) 1st September, 1945.

621 850.—Motor operated a.f.c. system for telegraphic
apparatus wherein marks and spaces are transmitted at
different frequencies, the action of the motor being
stopped in the event of weak signals.

Marconi's W.T. Co. Litd. (assignees of H. O. Peteyson).
Convention date (U.S.A.) 2nd November, 1044.

623 415.—Multi-channel pulse communication system
wherein pulses comprise several non-synchronized
trains cach having a characteristic width and recurrence
frequency, the pulse-width being used at the recciver
to separate the channels.

Standard Telephones & Cables Lid. (assignees of E.
Labin and D. D. Grieg). Convention date (U.S.4.) 26th
February, 1945.

623 993.—Pulse-communication secrecy system in which
audio signals Irequency modulate a supersonic sub-
carrier which, after conversion to {.m. pulses, modulate a
transmitter.

The British Thomson-Houston Co. Ltd.
cation from the Gemeral Electric Co.).
13th Iebruary, 1946.

624 514.—Maulti-channel pulse communication recciver
in which each channel selector selects the pulses of two
or more non-adjacent channels, and includes a c¢.r.t. for
distinguishing the two or more channels.

Standard Telephones and Cables Ltd. (assignees of
E. Labin and D. D. Grieg). Convention date (U.S.A.)
September 1st, 1945. ’

624 542.- Channel selector for pulse communication
receiver in which a waveform of variable width is
triggered by a sync pulsc and is terminable only by the
selected channel pulse.

Standard Telephones and Cables Ltd. (assignees of
D. D. Grieg). Convention date (U.S.A.) Mavch 2nd, 1946.

624 741.—Frequency-shift signalling system wherein a
variable-frequency oscillator is controlled by a reactance
tube itsclf controlled by signals, the coupling including a
voltage-regulator device.

Mavrconi’'s W. Telegraph Co. Ltd. (assignees of H. E.

(A Commuii-
Application date

Goldstine). Convention date (U.S.A.) January 29th, 1946.
CONSTRUCTION OF ELECTRON-DISCHARGE
DEVICES

622 634.—Discharge device including a bunching re-
sonator for partial velocity modulation of an clectron
strecam, and a further bunching field coupled to a catch-
ing field.

Sperry Gyroscope Co. I'nc. (assignees of R. H. Varian and
W. W. Hansen). Convention date (U.S.A.) 22nd Decem-
bev, 1941.

622 826.—Klystron type valve wherein the electrodes
are of segmental form separated by slots through which
the electrons are directed in beams.

Société Frangaise Radio Electrique.
(France) 16th fuly, 1940.

Convention date
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