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Ionospheric Complexities

ECENT research indicates that the structure
and action of the ionosphere is much more
complicated than was previously supposed.

It is seventeen years since the single Heaviside
layer was replaced by two or three ionized layers.
Our Editorial of September 1931 was entitled

the signal is strengthened, whereas, if they arrive
180 degrees out of phase the signal may prac tically
vanish. It has been found, however, that when,
by using a short pulse and a special type of
receiving aerial, the ground wave is suppressed,
and a single downcoming wave is received,

"How many ionized layers?’ Experiments fading still occcurs. The speed of fading is found
in Bavaria had shown to be roughly proportional
that all the observations to the frequency of the
could be explained by wave. It is also found
multiple reflection from 19231948 that for vertical incidence

a single layer at a height
of about 100 km, but
these tests were all made
at a wavelength of 532.9
metres and we said that
‘ great caution should be
exercised in comparing
the results with those
obtained at other wave-
lengths.” Professor Apple-
ton, as he then was, had
come to the conclusion
that other ionized layers
must exist at heights of
two or three hundred
kilometres, and sub-
sequent experiments fully
confirmed the existence
of these layers.

In Nature of 3 July
there is an article by
J. A. Ratcliffe of the
Cavendish  Laboratory,
‘ Diffraction from the

With this issue Wireless Engineer celebrates
its twenty-fifth anniversary. The first number
appeared in October 1923, under the title
Experimental Wireless which was later changed
to Experimental Wireless & Wireless Engineer,
and eventually became the present Wireless
Engineer in September [931.

These changes of title portray the gradually
changing contents of the journal from the
original experimental outlook to the present
engineering standard.  Accompanying this
change the Abstracts & References section has
grown in importance from its original 1} pages
to its present average of 2| pages a month.
Originally compiled by the Editorial staff,
Abstracts & References have been since June
1926, compiled by the Radio Research Board
and reproduced by arrangement with -the
Department of Scientific & Industrial Research.

Cambridge,
Ionosphere and the

entitled

the fading differs at two
points about a wave-
length apart.

Ratcliffe gives a very
interesting analogy in the
appearance of a street
lamp on a bridge reflected
from an  irregularly-
rippled stream to an
observer standing nearby.
The radio receiver is
similarly acted on by a
cone of rays from a diffuse
scattering region in the
ionosphere, but the theory
advanced to account for
the fading has little in
common with the rippling
stream. Ratcliffe assumes
that the surface of the
ionosphere is rough and
may be regarded as made

up of a number of scattering ‘centres.’ On
the analogy of the rippling stream one might

Fading of Radio Waves.” Fading is usually
due to interference between waves which
have travelled from the transmitter to the re-
ceiver by different routes ; if they arrive in phase
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assume that these different centres’ reflected
the incident beams in different directions, but
the explanation is much more ingenious.

The different parts of the ionospheric surface
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are assumed to be in continual random motion,
so that while one part of the incident wave may be
reflected from a surface at rest, neighbouring
parts may be reflected from patches that are
moving away from or towards the transmitter.
It is assumed that the velocities v in the line of
sight of the ionospheric patches or centres are
distributed according to a Gaussian law with a
root-mean-square velocity v,. When a wave is
reflected from a surface which is moving in the
line of sight, there is a Doppler shift of frequency,
an increase if the motion is towards the trans-
mitter and a decrease if the motion is away from
the transmitter, as given by the formula f = f,
(x + 2v/c).

If there were only two patches, one at rest and
the other moving in the line of sight with a
velocity v, the received wave would be made
up of two of slightly different frequencies f and
fo» and fading would occur due to the beating
between the two waves at a frequency of 2v/A.
The phenomenon is of course, much more com-
plicated when there are a great number of re-
flected waves with every possible frequency in a
band about the transmitted frequency, but by
applying the Gaussian distribution law it is

shown that fading will still occur. A number of
experiments have been made on pulses reflected
from the F region, the fading curves being re-
corded and analysed. At a frequency of 4 Mc/s
the results indicated a r.m.s. velocity v, of 3
metres per second. Tests made on other occasions
at 2 Mc/s and 100 kc/s indicated r.m.s. velocities
of 0.5 and 1.0 m/s respectively. Calculation also
shows that the rate at which the fading curve
changes, expressed in terms of the mean ampli-
tude, will be equal to 4v,/A. Experiment confirms
that the rate of fading 1s inversely proportional
to A ;i.e., proportional to the frequency employed
in the tests. Most of the experiments were made
at vertical incidence, but tests at oblique incidence
give results that can be explained in the same
way. As Ratcliffe points out, when the waves are
reflected at an upper layer the results are com-
plicated by their passage through the lower layer,
and the results of any calculation will depend very
much on the assumptions made.

The theory outlined is only meant to be a first
approximation to the truth, but it raises many
questions as to the nature of the ionosphere, the
cause, nature and distribution of its turbulence,
and its variation from time to time. G.W.O.H.

RING-AERIAL SYSTEMS

Minimum Number of Radiators Required
By H. Page, M.Sc., AM.LE.E.

(Research Dept., Engineering Division, British Broadcasting Corporation.)

SUMMARY.—The properties of ring-aerial systems, especially types designed to have antifading

properties, have been recently described.

In the analysis it was assumed that an idealized ring,

containing an infinitely large number of aerials, was used.
The minimum number of aerials required to simulate the idealized ring reasonably closely is now
investigated theoretically, and the results of measurements in one practical case are described.

1. Introduction

N a previous article! the properties of ring-

aerial systems were discussed. These consist

of a number of aerials, arranged in the form
of a ring, the radius of which is comparable with
the wavelength, A.

In one arrangement, which will be referred to
as the phased ring-aerial system, the amplitudes
of the currents in all the aerials forming the ring
are the same, but the phase changes progressively
round the ring, the total phase change being an
integral multiple of 2= radians, say 2m# radians
where # is integral.

It was shown that the vertical polar diagram

MS accepted by the Editor, July 1947
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of the phased-ring system, assuming the indi-
vidual aerials are short compared with A, is given
by:

By — ]'Lﬁ sin 6) . sin 8 (1)
where Eg is the relative field strength at an
angle # to the vertical, and is made unity at
6 = go° for comparison purposes. J,(z) isthe
Bessel function of the first kind and order »,
while ¢ = 2#7/A, » being the ring radius.

Typical vertical radiation diagrams are shown
in Fig. 1, for a ring radius of 0.254 and various
values of n. For comparison purposes, in the
same figure the dotted curve shows the vertical
diagram of a single aerial. It is seen that,
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compared with a single aerial, the arrangement
in the form of a ring considerably decreases
radiation at small values of 6, thus giving anti-
fading properties. The vertical radiation diagram
improves progressively as # increases.
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Fig. 1. Vertical vadiation diagram of phased ring-

aevial system ; total phase change vound ring = 2mi
radians.

In a second type of ring-aerial system the ring
currents are in phase, and a single aerial is added
at the centre of the ring, carrying a current in
phase with, or in phase opposition to, that of the
ring aerials, depending on the ring radius; this
type will be referred as the concentric ring-aerial
system.

The expression for the vertical polar diagram,
for aerials short compared with A, has been shown
to bet

_ et Jo(gsin 6)) sin 6
Eo="""1+ To} (2)

where % is the ratio of the central aerial current
to the total ring-aerial current.

Typical vertical-radiation diagrams are shown
in I'ig. 2, for a ring radius of 0.254 and three
typical values of 2. These diagrams are similar
to those for aerials between o0.5A and 0.6A high,
such as are normally used for medium-wave
broadcasting on account of their antifading
properties.

In the analysis on which the previous results
are based it is assumed that there is an infinitely
large number of aerials in the ring. In this case
the horizontal polar diagram is circular, and the
vertical polar diagrams for the two arrangements
are given by expressions (I) and (2) respectively.

It is, of course, not practicable to use an
infinitely large number of aerials in the ring, and
it becomes necessary to know the minimum
number which can be used, while simulating the
idealized ring reasonably closely. The effect of
the finite number of aerials will be considered
from two points of view. First, there will be a
cyclical deviation of field strength in different
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directions along the ground, the horizontal polar
diagram being serrated instead of circular.
Secondly, there will be some distortion of the
vertical polar diagram, which will vary in
different directions from the aerial. Both these
effects must be reduced to a negligible amount,
and we will proceed to calculate the minimum
number of aerials required to achieve this object.

In a practical case one other consideration may
affect the choice of the number of aerials—the
necessity of obtaining a relatively high radiation
resistance for individual aerials. This may
require an increase in the number of aerials above
that required from the point of view of the
preservation of the polar diagram shape ; refer-
ence will be made to this point later.

2. Minimum Number of Ring Aerials
2.1 Phased-Ring Aerial

The minimum number of aerials required in the
phased ring has been stated by Chireix,? but no
proof was given. We will, therefore, prove this
result first, in order to apply it later to the con-
centric ring-aerial system, for which the con-
clusions are somewhat different.

T TIT

|
A=
| ———SINGLE AERIAL
= 08}—{ ——RING AERIAL ! r ,A,/
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Vertical vadiation diagram of concentric ring-
aervial system.

Fig. 2.

Fig. 3 shows s vertical aerials, A;, Ay, . . .

o - - . A, equally spaced round the circumfer-
ence of the ring, centre O and radius ». The
aerial currents are equal and the phase angle
lags progressively round the ring in a clockwise
direction ; the total phase change is 27 radians.

We shall calculate the field strength at a
point P, the distance OP, 4 being so large that
r/d<1. OC is perpendicular to the projection of
OP in the horizontal plane. Calling « the angle
between OA, and OC, the angle between, OA,

and OCis (E? — oc) = B, say.

Let Eg sin (wf + ¢) be the field strength at P
due to a vertical aerial, A, placeq at O ; h_ere @
is the angular frequency and ¢ is an arbitrary
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phase angle. A, is assumed to be of the same
height as each of the aerials in the ring (and so
to have the same vertical polar diagram) and to
carry s times the current of each ring aerial.

Fig. 3. Ring-aerial system P
comprising s vertical
aevials.

Further, the phase of the current in A, is assumed
the same as that in the aerial which would be at
C in the idealized ring, containing an infinite
number of aerials.

:%Sin (wt + ¢){ z Ju (g sin 6) Z cos (n—u) B+

Uu=r1x

—%cos (wt + qS){ z J. (g sin 6) 257 sin (i — u) 8

Eq is the relative field strength for a single
aerial at a vertical angle 8 ; in the case of aerials
short compared with A, for instance, Eg = sin 6.

Now PO — PA,~r sin 8 sin B, as r/d<1.
The phase of the field due to A, therefore leads
that due to A, by ZTW sin 6 sin 8 radians due to

path difference, and lags by nf due to the change
of current phase round the ring.

The field strength at P due to A, therefore
becomes :

Espsin{wt—f— ¢ + ¢ sin 05inﬁ-nﬁ}

where ¢ = ?

.—%sin (wf + ) cos (g sin 6 sin B — nB) +

-%’ cos (wt + ¢) sin (gsin 4 sin B — nf)
(3)

We next make use of the following relationships
due to Anger* :

cos (zsin B) = Jo(z) + 2 %o' J2u(2) cos (2uf)
b (4)

* G. N. Watson, Theory of Bessel Functions, (Cambridge, 1922),
Section. 2.22.
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and sin (zsinB) =2 £ J,, , (2)sin (2u — 1)B

‘ (5)
to obtain
cos (¢ sin 8 sin B—nB)=cos(g sin §sin B) cos nB+
sin (g sin 8 sin B) sin uB = 2 J, (gsin 6) cos

(n—wp+ & (— 1)* J, (gsin 8) cos (n + u) B.
Similarly, o
sin (g sin 6 sin 8 — nB) = sin (gsin §sin B) cos nB

— cos (gsin 8 sin B) sin nf = — 5 J. (g sin 6)
sin (n—1t) B— 5 (— 1)*J, (gsin 8) sin (n + u) B.

The total field at P due to all the ting aerials is
obtained by summing these contributions, for
values of x from 1 to s. This gives :

%sin (wt + ¢) 257 cos (g sin 6 sin B — npB)

X=

n %cos (wf + ¢) Z sin (gsin 6 sin B—nf)

4

I b8

V=71

(— 1)* J, (gsin 0)‘*257 cos (n + 14),8}
2 (=1 Ju(gsin 6) Zsin (7z+14)ﬁ}

/(27X
Now when 8 = (=== — oc>,
\s

X cos (n & 4)B = s cos (psa) when <
T=J
equal to an integer p, positive, negative or zero,
/1 -+ u)

N

n o+ u\ .
1S
S

and o for all other values of

Also Z'sin (n 4-u)8 = — s sin (psx) when
s & ¥

<n f u) is equal to an integer p, positive, negative

or zero, and o for all other values of <n _Sh )

Inserting these results in the expression for the
total field at P, and arranging the terms in
increasing order of the Bessel coefficients, it
follows that in order to simulate the ideal ring
and make J, (gsin 6) the first term with a non-
zero coefficient, s must be greater than 2n.

The next most important term occurs when
% = (s — n), and is equal to :

(— I)s—n EBJ(s—n) (q sin 0)
{sin (wf + #) cos sx + cos (wt + @) sin sa}
= (— 1) " Egsin (wt + ¢ + sa) J,—, (¢ sin 6).

The terms involving higher order Bessel
coefficients are negligible in comparison with this,
which may be considered the dominant deviation
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term due to the use of a finite number of aerials
in the ring.

The maximum value of this term occurs when
s = 0 and = and is then equal to:

+ Eg sin (wt + ¢) J (-a) (g sin 6),

having one complete cycle between adjacent
aerials. The horizontal polar diagram, instead of
being circular as it is for the idealized ring, is
therefore serrated, there being one complete cycle
of deviation between adjacent aerials. If s
exceeds # by an even number, there will be polar-
diagram maxima in the direction of individual
aerials ; if s exceeds 2 by an odd number there
will be polar-diagram minima in the direction of
individual aerials.

The maximum deviation from the mean
expressed as a ratio is

+ ] () (gsin )

T (g sin 6) ©)
Along the ground, when 6 is go°, this reduces to
+ Jm (9)
T. @ 7)
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Maximum deviation of field strength along
ground of phased ring-aevial system. Total phase
change round ving = 2mn vadians; number of
aevials tn ving = s.

Fig. 4.

Fig. 4 shows the value of the deviation term
for different values of # and s, s being chosen to
make the deviation reasonably small over the
range of ring radii considered. At first sight it
may appear that for the larger values of # in
Fig. 4 a smaller value of s might be used. How-
ever, reduction of the total number of aerials by
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only one makes the fractional deviation pro-
hibitively great. For instance, when the ring
radius is 0.35A and # is 2 the deviation is + 0.12
for s — 6 but —+ 0.41 for s = 5. A further point
to be borne in mind is that for the higher values
of # it is necessary to use larger ring radii in
order to obtain a reasonable value of radiation
resistancel.
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RING RADIUS

Fig. 5. Maximum deviation of field strength along
ground (s even) for concentvic ving-aevial system ;
nunber of aerials in ving = s.

A complete consideration of the best com-
promise to be adopted is outside the scope of this
paper. For a typical case, however, it turns out
that four ring aerials would be satisfactory when
n — 1, and lead to a reasonable value for the
radiation resistance for individual ring aerials,
and a fractional deviation of field strength along
the ground of + 0.1, or + 10%. When n = 2,
six aerials are satisfactory, but for higher values
of n, values of s greater than 8 and 10 respectively
would be required. Whether such a complicated
system is worth while for the improvement in
vertical-radiation diagram shown in Fig. 1 1s
too involved a question to be considered here.

The maximum fractional deviation decreases
continuously as s increases, so the greater the
number of aerials the more closely is a circular
horizontal polar diagram approached. This is
not the case for the concentric ring-aerial system,
as we shall see later.

A further point to be noted is that, for the
range of ring radii in which we are interested,
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when ¢ is less than the first positive value of 2
for which J,(2) is maximum,
J(s‘n) (q Sin_G_) \&—n) (q)
Jn (g sin 6) Ja (@)

At all values of 8, therefore, we have fluctua-
tions of field strength from the mean, the per-
centage fluctuation increasing progressively with
6, being greater along the ground than at small
values of §. This means that in the direction of
the polar-diagram maxima the vertical polar
diagram will be better than, and in the direction
of the minima worse than, that of the idealized
ring. The change in the vertical polar diagram
in different directions will, however, be small, if
that of the horizontal polar diagram is small.

2.2 Concentric-Ring Aerial

We will first consider the case of a ring in which
all the aerial currents are in phase, but there is no
central aerial. The method used in Section 2.1
can be applied, putting # = o in expression (3)
and making use of equations (4) and (5).

It follows that the total field strength due to
all ring aerials at P is equal to :

f‘;-" sin (wf + @)
{SJo (g sin 6) + 2 Z:’o Jou (g sin 6) 5 6 (21:/8)}
-+ %cos (wt + &)

{2 2 Juu1(gsin6) 2 sin (2u — 1)5’1 (@8

B o /27X
Now 2 cos u = X 4 nt ) =
wx ! 7 x‘rlcosu\ s o)
S COS wa Or o,
according as # is or is not an integral multiple of s.
Also, X2 sin uf = X sin u (zix__ oc) ==
X=17 X=1 N /
— § sin #a or o,
according as w is or is not an integral multiple of s.
Arranging expression (8) in order of ascending
Bessel coefficients, in order to determine the
dominant deviation term, we find it necessary to
distinguish between odd and even values of s.
Considering first the case when s is even, (24 — 1)
cannot be an integral multiple of s and (8)
therefore reduces to :
Lo sin (wt + ¢) {Jo (¢ sin 6) + 2], (g sin 6)
€os s + 2], (g sin 6) cos 2sx + . . 3
The first term, Ey sin (wf + ¢) J, (¢ sin 6), is the
field strength due to an idealized ring containing
an infinite number of aerials. The other terms
represent the deviation due to the finite number of
aerials ; of these the dominant one is the first,
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2J, (¢ sin 6) cos sa, compared with which the
others can be neglected. There is, therefore, a
fluctuation of field strength having one complete
cycle between adjacent aerials, and a maximum
value of + 2] (gsin ). The deviation goes
down progressively as s is increased, always
remembering that s is assumed even.

In the case of the concentric-ring system, in
which a single aerial carrying a current % times
the ring current is added at the centre, the
maximum fractional deviation becomes :

+ 2], (g sin 8) )

G+ Tolgsmey 0

This is the normal practical system, since, as

Fig. 2 shows, such an arrangement has antifading

properties.

The value of the deviation along the ground is

found by putting 6 = go°, this gives :

+ 2J, (9) -

E Jolo) ol

This factor is plotted in Fig. 5 for a range of

values of ring radius, and for the values of %

corresponding to the vertical-radiation diagrams

of Fig. 2. TIf, for instance, a + 0.1 deviation of

field strength is permissible, for a ring radius of

0.25A four aerials would be required ; for a ring
radius of 0.5A six aerials are needed.
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Fig. 6. Maxuinum deviation of field strength along

ground (s odd) for concentvic ving-aevial system ;
number of aerials in ving = s.

For values of 8 other than go°, the deviation is
smaller still, as J, (¢sin 6) diminishes rapidly
with 8 ; the simulation of the ideal ring will thus
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be even better for small values of § than when
6 = go°.

The effect of the finite number of aerials at the
point in the vertical polar diagram where the

Egsin (wt + ¢){J, (¢ sin 8) + 2], (¢ sin ) cos 2sa + 2], (g sin 8) cos 4sa + . .
— Eg cos (wt + ¢){2], (g sin §) sin sa +- 2], (¢ sin ) sin 3sa + . . 3 o

radiation for the idealized ring is zero requires
special consideration ; we will call the angle to
the vertical at this point 8,. It is clear that a
value of 8 can be found for which the relative
field strength is zero for any given value of «;
this value, ', is given by :
k4 Jo(gsin 8'g) + 2], (g sin 8'y) cos se = o.

', thus varies cyclically with o, there being
one complete cycle between adjacent aerials.
The maximum and minimum values of 6, are
given by the solutions of .

which is not zero, on the other hand, occurs when
(24 — 1) = s.

Proceeding in this way, we find that when s is
odd the total field strength at P due to all the
ring aerials becomes :

4
(12)

The Bessel coefficients decrease rapidly as the
order increases, so that we need take account of
the lowest order coefficient only. The dominant
deviation terms is therefore 2], (g sin 8) sin sa«,
which is in phase quadrature with the main term
Jo (gsin ). There will thus be two complete
cycles of fluctuation of field strength between
adjacent aerials.

If we now include the central aerial, which
carries a current . times that of the ring, we
obtain the following maximum fractional devia-
tion of field strength from the mean :

b+ Jo (gsin 8) = NRVAURD

(¢ sin B} (2], (g 5in O)F — {t+Jo (¢ sin 6)

2], (gsin ') = o .. (11)

When s is chosen to
make the maximum fractional deviation of field
strength along the ground small, say not
greater than 4 0.1, and for values of 7 and 8,
not exceeding 0.6 and 40° respectively, the
variation of @, is found to be less than + 1°;
for smaller values of » and @, the variation is
correspondingly smaller. The effect of the finite
number of aerials in the ring on the vertical
polar diagram in the neighbourhood of 6 = 6,
is therefore negligible.

Summarizing the results of using an even
number of aerials in the ring, at any point in
space the phase of the field is the same as for an
idealized ring, but the amplitude varies with
direction. The amplitude deviation is maximum
in the ground plane, and has one complete cycle
between adjacent aerials. The number of ring
aerials being chosen to make this deviation small,
say less than - 0.1, the effect of the finite
number of ring aerials on the vertical polar
diagram is also small.

Considering next the case when s is odd, we
see that in expression (8) some of the Bessel
coefficients multiplying both sin (wt + ¢) and
cos (wt + ¢) may have values other than zero,
since both (z# — 1) and 2u can be integral
multiples of s. The first term of the form

8
Jou (g sin ) Z cos 2uf which is not zero occurs
X=1

when 2u# = 2s ; the first.term of the form

-3

Jeou-p (g sin 8) X sin (2u — 1)B
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2{k + Jo (¢ sin 8)}
As s will normally be chosen to make the
maximum fractional deviation small, that is

{2, (g sin O)F < {k + J, (g sin O)}*

this reduces to :

i s )

k+ Jo(gsin 0)
It is clear that the use of an odd number of
aerials, which results in a deviation term in
phase quadrature with the main term, has greatly
reduced the fluctuations in field strength. Despite
this, the next most important term in expression
(12), 2], (¢ sin 6), which is in phase with the
main term, can still be neglected since J,s(2) < J4(2)

over the range of z in which we are interested.
The maximum deviation of field strength is
greatest along the ground, when § = go°, and

is then : ( ], (_q)__}z
{2+ Jo (9

which is plotted in Fig. 6. If we compare this
with Fig. 5, the advantage of using an odd
number of aerials is evident. For a ring radius
containing three aerials, for instance, the fluctua-
tion is approximately one half that when four
aerials are used; the superiority of five aerials
over six is even more marked.

We must next examine the effect of the finite
number of aerials on the vertical polar diagram
zero, at § = 4,.

Here {k + J, (¢ sin 8,)} = o for the idealized
concentric-ring system ; for the ring containing
a finite number of aerials the field strength at this
vertical angle is :

— 2Eq cos (wt + ¢) J, (g sin 8) sin sx

(13)

(14)
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as a series inductance between the electrode and
the circuit. In valves with small capacitance this
limitation has not proved serious, but it has been
found in large valves that a voltage node may
occur on or near the disc and the excitation of a
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Fig. 2. Common-grid earthed-anode oscillator using
a disc-seal type of triode.

wave in the associated line circuit may be
difficult.  This difficulty could probably be
eliminated by the use of a space resonator in
place of the line, with the disc acting as part of
the surface of the resonator. Such a resonator
would provide an extremely efficient circuit.

As an alternative to the
disc-seal construction an
experimental  concentric

adjustment before the final sealing operation
which i1s made by means of a gold washer between
the two flanges on the anode tube and the anode
lead. There is a glass pumping stem attached to
the anode tube at the end remote from the leads.
The oxide-coated cathode has one side of the
heater connected internally to the cathode and the
other side of the heater is brought out on a wire
inside the cathode tube. The grid is mounted
directly on its copper tube to provide adequate
cooling. Between the cathode and its copper lead
there is a short length of thin-walled nichrome
tubing to conserve the heating power.

The diagram in Fig. 4 shows the type of
circuit that is used. Concentric lines with short-
circuited terminations provide variable reactances
between the anode and the grid, and the grid and
the cathode. The principles of operation of this
type of circuit have already been described
elsewhere.? It will be noted that this arrange-
ment is of the common-grid earthed-anode type;
d.c. insulation between the electrodes is provided
by means of capacitors built into the circuit at
the anode flange and in the grid-cathode shorting

MICA ADJUSTABLE
4 BRIDGE pIce

design has been tried as
illustrated in Fig. 3. The
electrode leads are three
concentric copper cylinders
with short lengths of glass
insulation, and the elec-
trodes are themselves
continuations of these
cylinders. Apart from the
close approach to the ideal
valve—circuit combination
this design has a number
of features which are advantageous. The valve is
single-ended and is therefore easy to insert in its
circuit. The relatively massive external anode
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, » ¥ HEATER
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Fig. 3. Experimental tviode Type E1274 with con-
centric electrodes and leads. The envelope is of
copper with glass insulation between the copper tubes.

Fig. 4.

makes for easy cooling either naturally or by
forced air or water. The grid and cathode
assembly is readily visible for inspection and
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Common-grid earthed-anode circuit for use with valve Type E1274.

bridge. The output may be tapped off the grid-
anode line by means of a concentric feeder
coupled to the grid tube through a hole in the
anode tube.

No definite ratings have been assigned to this
valve, but the performance on experimental
samples is summarized in Fig. 5. The limiting
wavelength is just below 10 cm and for an input
of 30 watts the output is about 5 watts at 20 cm
and 10 watts at 40 cm.

2. Multi-valve Oscillators

The concentric valve—circuit combination has
been used mainly in single-valve oscillators, but
the principle may be applied to push-pull circuits
by arranging the valves at the opposite ends of a
half-wave line. The photograph in Fig. 6 shows
such a circuit which was made in 1939 using two
valves with the anode and the grid leads in the
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form of concentric cylinders.! Circuits of this
type were subsequently applied to copper-anode
valves such as NTg3 and NTgg, and were used
very effectively in naval radar gunnery equip-

40y-20
30} 15
—~
w
~lo —
o -
z 3
g 2010 —
-
Z 2
£ 3
o
10k s
i
WAVELENGTH (cm)
Fig. 5. Performance of valve Type E1274 at a con-

stant input of 30 walls.

ment.*® The cathodes in this circuit are tuned by
means of two concentric lines with shorting
bridges and the outer conductors of the two
discs are both connected together through the
surrounding screening box.

This push-pull circuit suffers from certain
limitations. With the valves at opposite ends
of the circuit change of wavelength is difficult.
Again, because of the wide separation of the
valves and the open nature of the cathode
circurts quite a strong high-frequency field may
be set up inside the box, and the outer conductor
of the anode—grid line may have currents flowing
on it. These factors may affect the operation in
a manner difficult to control.

These difficulties may be eliminated by bending
the half-wave line into a U-shape, as shown in
the diagram of Fig. 7. Now the valves are close
together and the anodes may be strapped and
earthed. The cathodes may be tuned by means
of a single parallel-wire line with a shorting
bridge, and the output may be taken from this
line. If required the wavelength of the oscillator
may be varied by making the parallel section of
the anode-grid line of telescopic tubing. This
circuit is the push-pull version of the common-
anode earthed-anode oscillator.

Where operation at the highest frequencies is
not required the concentric anode—grid line may
be replaced by a parallel-wire line as shown in
Fig. 8 (a) and (b) and in the photograph of Fig. 9.
Two CVs5 triodes are used in this circuit, and
outputs of 20-50 watts may be obtained at wave-
lengths from 4o to 100 cm. The open-ended grid
line shown in Fig. 8 (b) is used at the shorter
wavelengths.
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Push-pull circuits may also be used with disc
seal triodes, and Fig. 10 shows diagrammatically
the type of circuit which has been used with CVgo
and CV288 triodes. This is an example of a push-
pull common-grid earthed-grid oscillator. In
most cases the coupling between the anode and
the cathode 1s insufficient to maintain oscillation

Fig. 6. Original double-ended concentric oscillator
using two expevimental triodes with ving seals of
eight wires for the anode leads. The wavelength is
90 cm and the scale is shown by the engravings on

the cathode lines which are 1 cm apart.
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connect some capacitance
cathode to provide the

and it is essential to
between anode and
necessary feedback.

HAT CATHODE DAMPING RESISTOR
1 BRIDGE

o
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VVAVAAA-
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Fig. 7. Push-pull common-anode earthed-anode oscil-
lator derived from the tvpe of oscillator shown in
Iig. 4 by bending the half-wave vesonator into U-

shape.
o I CATHODE BRIDGE
=S Toampine
LT P2 orio | RESISTOR
o L%m BIbCE FVAANA
| € A ©
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J
GRID LEAK

DAMPING RESISTORS

(b)

~AANM
GRID LEAK

Fig. longer-wave versions of the push-pull com-
mon-anode earthed-anode oscillator.  In (a) both
grid and cathode circuits ave parvallel-wive lines
tuned by shorting bridges. In (b) an open-ended
grid line is used and the d.c. grid leads ave attached
al the wvoltage node. Circuit (b) will operate at u

lagher frequency than (a).

Four-valve parallel-push-pull oscillators have
been used with CVs5 triodes and the photograph
of I'ig. 11 shows a circuit lor operation at 6o-cm
wavelength with an output of about 100 watts.
The four valves have their anodes strapped
closely together on a copper block and there are
four parallel lines to the grids and to the cathodes.
As there are a number of different possible
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modes of operation of such an arrangement it is
necessary to take precautions to ensure operation
in the desired mode. In the circuit shown,
adjacent valves work in antiphase and it was
found that this could be ensured by strapping
the diagonally opposed filament leads with a
short conductor close to the valves.

In all these oscillators it is desirable to introduce
a small series resistance between the shorting
bridges and the d.c. feeds to prevent oscillation at
a lower frequency where the supply leads form
the oscillatory circuit.

Two CVs5 triodes in a push-puil common-

Tig. 9.
anode earthed-anode oscillator with  purallel-wire
lines between the gvids and beiween the cathodes.
The cathode line is in the form of an arc to give
longer tuning adjustment. The autput 1s taken by
means of a loop coupled near the cathode Fridge and
coniiected 1o a co-avial feeder which ultimately
comes out at the side of the box. The circuit as shown

s for a wavelength of about 6o cm.
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impedance of the order
of the reciprocal of the

1 mutual conductance of

N f‘% ANODE the valve. In some cases
uj — BRIDME this low input 1mpedance
b0 I l - is benefictal. It means
EARA 4 CaTHODE L0AD ) that the tuning of the
—t | ReSe TR input.circuit is not cr.itical

_ —— and in some circuits a

t = — coaxial feeélgr can be

ol [A connected airectly be-

tween grid and cathode
without any matching

Fig. 10.  Push-pull common-grid earthed-grid oscillator. This civcuit may also be
used as an amplifier. In this case the input should be supplied by means of a

arrangement. In wide-
band circuits the low

twin feeder to the cathode line. In some cases the cathode line may be omitted and inPUt. impedance is at-
the feeder connected divecily to the cathode leads at the valve. tractive.

3. Amplifiers

Practically all of the negative-grid amplifiers
for very-high frequencies use the common-grid
carthed-grid circuit. The grid, and its con-
tinuation outside the wvalve, act as a screen
between the input and output circuits and
provided that the anode—cathode capacitance is
sufficiently low, stable ampli-
fication can be obtained. This
arrangement has been used
successfully both for receiving?
and transmitting® amplification
with valves of the types CVi1Ib6,
CV88, CVz73, CV3sz4, CVasy
and CV258. All of these valves
are of the disc-seal type. The
common-anode range of triodes
is not suitable for amplification
as it is not possible to isolate the
input and output circuits.

In the common-grid amplifier
the output current flows through
the input circuit and as a result
there is a large amount of nega-
tive feedback. This causes, among
other effects, a very low input

Fig. 11. A four-valve parallel-push-
pull oscillator using CV55 triodes
seen from the cathode end. A
short length of wire connecting
diagonally opposite cathode lines
ensures that the corvesponding
valves operate in phase. The
shovt length of pavallel wive feeder
at the top takes the output by tap-
ping divectly on to one pair of
adjacent filament lines. The grid
lines, which cannot be seei in the
photograph, form a paiv of para-
lel wive lines shori-civcuited
at the end vemote from the valves.
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Besides these advan-
tages there are, for some applications, certain
disadvantages of the common-grid amplifier as
compared with the more conventional common-
cathode arrangement which 1s generally used at
lower frequencies. In power amplifiers the low
input impedance necessitates larger driving power.
Some of this power appears in the amplifier

s
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output and is therefore not lost. However, in
the case of modulated power amplifiers this
effect necessitates the modulation of the driver
as well as the final amplifier.

c C A

N
\

Fig. 12. Diagrammatic vepresentation of an everled
cylindvical triode and its circuit. The cathode is on
the outside and the anode is innermost.

The common-grid amplifier has not proved very
successful as a frequency multiplier. Here, large
driving voltage is essential for efficient perform-
ance and the low input impedance is a real dis-
advantage.

4. Everted Triodes and Tetrodes®

As the common-anode arrangement is unsuited
to amplification and the common-grid has dis-
advantages for certain applications, one-is forced
to consider the common-cathode which has proved
the mainstay of most lower frequency amplfiers.
There are difficulties in using common cathodes
with the coaxial line circuits which are essential
for the higher frequencies. These difficulties can
be overcome if the usual cylindrical electrode
arrangement is everted so that the cathode is on
the outside and the anode is the innermost elec-
trode. A triode arranged for this type of opera-
tion is shown diagrammatically in Fig. 12. The
electrodes and the leads are all in the form of
cylinders and the cathode leads are taken out at
both ends. The grid and cathode cylinders then
provide the members of the input concentric line
and the anode and cathode cylinders the output
line. The whole assembly will be seen to form a
common-cathode earthed-cathode arrangement.
It has already been shown? that this arrangement

A C
6
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) '""*"" DUTPUT CIRCUIT
INPUT CIRCUIT
S

Fig. 13. An everted cylindrical tetrode and its circuit.
The input and output to the two circuits would
normally be supplied by wmeans of coxial feeders.

is not well suited as an oscillator for very-high
frequency operation, but it does offer new possi-
bilities for amplification and frequency multiplica-
tion. For amplification this arrangement would,
of course, require neutralization. This might be
effected by a suitable inductance between the
anode and the grid electrodes, but it would intro-
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duce complications to the circuit. The main
application of this arrangement will probably be
to frequency multiplication.

For straightforward amplification the everted
tetrode offers advantages. In this case the
cathode and control-grid cylinders, Fig. 13, form
the input circuit and the screen-grid and anode
cylinders at the other end of the valve form the
output circuit. The cathode and screen are the
two earthed electrodes. Fig. 14 shows the
arrangement of an experimental everted tetrode
which was tried in the early years of the war. The
cathode consisted of four boxes symmetrically
placed on the circumference of a cylinder with the
inner faces oxide-coated and each of the boxes
joined to a copper cylinder. The control grid was
mounted on the end of a 4-mm tungsten rod

CATHODE 80X ccpeen suppoRT

CAPACITOR BETWEEN
~CATHODE AND SCAEEN

GLASS INSULATION
~
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CATHODE AND SCREEN -

N
ANODE LEAD

CONTROL—~GRID 4
CATHODE
LEED LEAD

SCREEN-—GRID
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HEATER
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\
CONTROL ~GRID k
SUPPORT GLASS ENVELOPE
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CATHQDE BOX

CONTROL GRID
CATHODE —SCREEN
STRAP
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SCREEN GRID ANODE (b)
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Fig. 14. (a) Experumental everted tetrode (see lext).
(b) shows an enlarged cross-sectional view through
the electrode system.

which passed through the copper cylinder with
glass insulation. At the other end of the valve
the screen-grid was mounted on a similar copper
cylinder and the anode consisted of another 4-mm
tungsten rod which also formed the anode lead.
The cathode and the screen-grid were joined
internally by means of four straps passing from
the cathode cylinder to a mica capacitor built
round the screen-grid cylinder. The two copper
cylinders had external feather edges for com-
pleting the glass envelope. Ore end of the heater
was joined internally to the cathode and the other
end was brought out with a wire through the outer
envelope.

This tetrode gave appreciable gain at 50 cm
and as far as is known was the first valve to give
amplification at this wavelength. The subsequent
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introduction of the common-grid triode? removed
the urgency which was attached to this develop-
ment but, now that the limitations of the common-
grid triode are appreciated it is felt that the
everted tetrode may have a part to play in the
field of ultra-high frequency amplification, par-
ticularly at high power levels and for frequency
multiplication. On the score of transit-time
effects, tetrodes have an advantage over triodes
for class C operation in so far as the screen-grid
potential does not drop to a low value at the time
of passage of the current pulse.

For radar applications where mean anode
dissipations are low and large cathode emission is
required everted valves have the advantage that
the cathode is the electrode with greatest area.
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NEW BOOKS

Loran

Edited by J. A. PiErcg, A. A. McKEenNzIE and R. H.
Woopwarp. (Vol. 4, M.IT. Radiation Laboratory
Series). Pp. 476 + xiv, with 197 illustrations. McGraw-
Hill Publishing Co., Ltd., Aldwych, London, W.C.z.
Price 36s. (in U.K.).

This volume is one of a wide series in which the team of
scientists and engineers of the Radiation Laboratory,
M.LT., have recorded in great detail and {rom every
aspect, almost the whole of their wartime programme of
research and development under the control of the
National Defense Research Committee.

A notable advance in Radio Aids to Navigation was
made during the recent war with the evolution of the
hyperbolic lattice system, and it is remarkable that the
two earliest examples of svstems of this type, Gee and
Loran should have been conceived and developed in-
dependently and almost simultaneously. (It is acknow-
ledged in this book that the later development of Loran
was with the co-operation of Mr. R. J. Dippy, the origi-
nator of Gee and his fellow workers.

The book may be fairly described as a book of re-
ference on the whole subject of Loran, for use by the
navigator, the cartographer, the physicist and the radio
engineer. The first part of the book 1s concerned with the
system, and, comprising five self-contained sections,
deals lucidly and comprehensively with the history of
the project, what Loran is, and what Loran might
eventually come to be. It is introduced by a very useful
summary of the various methods of terrestial navigation
and the radio systems employing these methods.

Because each section is the work of a ditferent author,
or set of authors, there is a tendency for overlapping and
repetition, but this only matters if one is reading the
book through as a whole.

Probably the most significant feature of the l.oran
System was the discovery that, under certain circum-
stances, signals reflected from the ionosphere are of
sufficient stability to be used for navigational measure-
ments of a high order of accuracy. Instead of attempting
to eliminate the sky-wave component, or accepting the
serious limitations imposed by its presence, it was
possible to use signals at a range beyond the normal
ground-wave cover. The chapter by Mr. J. A. Pierce on
propagation deals with this matter in an interesting and
thorough fashion. Of particular interest, is the latter
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half of the chapter dealing with sky-wave on Low-
Frequency Loran, that is to say at 180 kc/s.

As far as Mr. Pierce’s previous chapter on future trends
is concerned, it is to be hoped that the potential custo-
mers will not place their hopes too high for the near
future. In particular he talks of hyperbolic surveying
using cycle matching 1.f. Loran to give accuracies of the
order of 10 feet. Recent work in this country suggests
that much more is to be learnt about low-frequency
ground-wave propagation over heterogeneous terrain
before accuracies of this order can be expected. It is
admitted in the later chapter, Computation of Tables.
and Charts, that insufficient data are available to
evaluate the eltect of propagation velocity over land.

The second part of the book deals with the equipment
used in the system. Each major item on the ground
stations, aerial, transmitter, timing modulator and so om
is dealt with in great detail and with adequate illustra-
tions and circuit diagrams. In most cases there have been
several models produced, from the semi-experimental
equipment advancing to the present day commercial
production. Each is separately described. Similarly the
receiving equipment, both for marine and air use is
dealt with in a painstaking fashion. As an equipment
manual it leaves nothing to be desired, but it makes
rather hard reading.

In conclusion may it be said that this book can be
recommended thoroughly, not to the person who wants
to ‘‘learn something about Loran,” but to whoever,
being familiar with the system, is interested in any or
every detail about it. G. J. B.

Reports on Progress in Physics, Vol. XI, 1946-47.
Pp. 461. The Physical Society, 1, Lowther Gardens,
Prince Consort Road, London, S.W.7. Price (to non-
Fellows), 42s.

Among the eighteen papers of this book are a number
dealing with subjects closely related to the field of
wireless. They are Felromagnehsm by Edmund
C. Stones, I)evclopments in the Infra-Red Region of
the Spectrum,” by G. B. B. M. Sutherland and E. Lee,
‘“ The Radio-Frequency Spectroscopy of Gases,”’ by
B. Bleaney, ‘ The Mechanism of the Thermionic
Emission from Oxide-Coated Cathodes,”” by H. Frieden-
stein, S. L. Martin and G. L. Munday, and ‘“ Meteoric
Ionization and Ionospheric Abnormalities,”” by A. C. B.
Lovell.
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PROPAGATION OF RADIO WAVES

Measurements with

Oblique Incidence on the Ionosphere

By W. J. G. Beynon,* Ph.D., B.Se.

(Communication from the National Physical Laboratery)

SUMMARY.— The paper deals with some of the results ot a series of oblique-incidence ionosphere

experiments.

over a distance of transmission of 715 km in a direction approximately north-south.

Using pulse technique the maximum-usable frequency of region F, has been measured

The mean

measured value is in exccllent agreement with that calculated on a simple theoretical basis from
simultaneous normal-incidence equivalent-height measurements made at the two ends of the trans-

mission path.

In general, the upper frequency limit of the oblique reflections from near the roo-km

level (abnormal region-E echoes) shows no close relationship with the corresponding normal-incidence

observations.

The mean value of a small number of measurements of the separation between the

oblique-penetration frequencies of the two magneto-ionic components is not markedly different from
that measured at normal incidence at either end of the transmission path. The mean seasonal variation
of maximum-usable frequency factors has been measured and compared with that calculated from
normal-incidence data. This paper was originally communicated to the Radio Research Board in 1944.

1. Introduction
radio-communica-

RACTICAL short-wave
tion problems involve a study of the

behaviour of radio waves incident obliquely
on the ionosphere, and much of the recent
theoretical work has been directed to methods
of relating normal-incidence to oblique-incidence
phenomena. The experiments described in this
paper were principally concerned with the direct
measurement, using pulse technique, of the
maximume-usable frequency over a sender-receiver
distance of 715 km. This measured value has
then been compared with that calculated on a
simple theoretical basis from simultaneous
normal-incidence observations made at each end
of the transmission path. These experiments
were conducted during various periods of a year
and so give some direct measurements of the
seasonal variation of both maximum-usable
frequencies and maximum-usable-frequency
factors. The observations were mainly concerned
with reflections from region F,, but in the course
of the experiments some information about
oblique reflection from the abnormal region If
also became available.

2. Previous Similar Experiments

Experiments similar to those described here
have previously been conducted by Farmer and
Ratcliftel, and by IFarmer, Childs and Cowie2.
The initial experiments of Farmer and Ratcliffe
were of very limited accuracy, since normal-
incidence ionospheric data were only available
at one end of the transmission path. The results
of these workers were superseded by the later
observations of ["armer, Childs and Cowie. These

MS accepted by the Liditor, July 1947
* Now at University College, Swansea.

322

latter experiments were conducted between
Edinburgh and Cambridge, a distance of 464 km
in a direction roughly north-south. The observa-
tions were made in the period May to August 1937,
and due presumably to the limitation of sender
power, most of the experiments were conducted
at night, at which time the ionospheric absorption
of the signal would be a minimum. The observa-
tions consisted of a series of visual measurements
of the equivalent paths at a number of closely-
spaced trequencies. From the results for a
group of 21 observations it was concluded that
on the average, for a frequency of the order of
7 Mc/s, the observed oblique-penetration fre-
quency for the ordinary ray fell short of that
calculated in a simple manner from normal-
incidence data by about 0.5%. For this path,
the separation between the penetration {requencies
of the ordinary and extraordinary ray
components is given by these authors as
0.6z + o013 Mc/s, again for a penetration
frequency of about 7 Mc/s.

Pulse experiments at oblique incidence are
also described in a paper by Crone and others?
in which some excellent oblique-incidence (I°'f)
records were obtained. From the m.u.t. stand-
point, however, these results could only be of
very limited quantitative accuracy, since data
near the mid-point of the trajectory were not
available and the period of each experiment was
spread over several hours during which con-
siderakle ionospheric changes might take place.

3. Theoretical Consideralions

IFor a short distance of transmission, if the
effect of the earth’s magnetic field is neglected,
then the oblique-transmission paths can be
calculated from the normal-incidence equivalent-
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height observations using the fundamental
theorems due to Martyn® and to Breit and Tuves.
Thus if P, ,be the equivalent path of a frequency
/incident on the ionosphere at angle 7, then
Py =sec 1. P’ (£cos i) . ()
where P'(cs:0) Tepresents the equivalent path
of a frequency f cosi incident normally.

IFurthermore if D is the distance between sender
and receiver

D:P’(f,,'). sin ¢ Pl o i s B (2)
so that
Dcoti = P,(fcogi’o) - e .. (3)

For any given value of D these equations readily
enable the oblique-incidence equivalent path
P'(;; corresponding to any observed normal-
incidence equivalent-path P’(f.os 1,0 to be calcu-
lated.

The full-line curves shown in Fig. 1(a) and (b)
represent normal-incidence equivalent-height/
frequency curves typical of those obtained at
summer and winter noon at a latitude of 514° N,
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Fig. 1. Equivalent height|frequency curves for
normal | ) and oblique (————— ) incidence ;

D = 715 km.

The broken-line curves represent the corres-
ponding oblique-incidence curves for a sender-
receiver distance of 715km calculated from
equations (1), (2) and (3). It will be noted that
for region I’ at summer and winter noon we should

WIRELESS ENGINEER, OCTOBER 1948

expect the maximum frequency which could be
used at oblique incidence (the m.u.f.) to be
respectively about 309, and 509, greater than
the normal-incidence critical frequencies. For
region E the m.u.f. should be about 2.6 to 2.9
times as large as the normal incidence value.
This analysis is theoretically correct only for
small values of D such that the curvature of the
earth and the ionosphere can be neglected. For
larger values of D the curvature of the earth
alone can readily
be allowed for
by using the
chord SBR in
place of the arc
SAR (TFig. 2)

Fig. 2. Method of
allowing  for the
earth’s curvature.

and increasing the vertical-incidence equivalent
height AC by the amount AB. In the present
case complete compensation for earth curvature
only is thus effected by using a distance of 711 km
in place of the true distance 715km and by
increasing the wvertical incidence equivalent
height measurements by 10km. Accurate
compensation for curvature of the ionosphere can
be made only when some specific type of vertical
gradient of ionization density in the ionosphere
is considered. Now Appleton® has shown that
with a suitable choice of parameters a parabolic
tvpe of gradient will often accurately fit the
observed ionospheric conditions. This type of
gradient has also been found a useful approxima-
tion to actual conditions by Booker and Seaton?
and by Rydbeck®. For a parabolic type of layer
of semi-thickness y,, and with lower edge 4,
above the ground, it can readily be deduced
from the formulae given by Appleton and
Beynon™ !9 that for that part of the oblique
path which lies within the ionosphere the equiva-
lent path of a frequency f incident at angle ¢ is
given by

Pligiy s , Yy
%% sin?4 ,
r_d I 'Y%_Fh-——kxcosz
/s
— = xy,, lo 9
A XY m 108, ymxg sin2i sy (4)
R + Ay
where
x =ff°
f® = ordinary-ray normal-incidence critical
frequency

R = radius of the earth.
For the same type of gradient the equivalent
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path in the layer of a frequency f, incident
normally is given by
I+ x
P,(fn") = %1¥Ym loge'I — xl (5)
where x, = f,/f°. '

Calculations for tvpical ionospheric conditions
based on equations (1) and (4) make it clear that
for the present distance of transmission (715 km)
the effect of ionosphere curvature on values of the
equivalent path is very small. The correction to
calculated values of the equivalent path necessary
on this account should not amount to more than
about 25 km at any frequency.

In many of these experiments we were con-
cerned only with the maximum frequency which
could be transmitted from sender to receiver.
This quantity can readily be determined without
constructing the whole of the oblique (P’f) curve
using one of the several methods now available
for the calculation of this quantity® 112
Omitting the effect of the magnetic field of the
earth, for this short distance of transmission
all methods of calculating the m.u.f. should yield
results consistent with those obtained from
Martyn’s theorem modified slightly, in the manner
noted above, to allow for earth curvature.

4. Experimental Procedure

The experiments were made over the trans-
mission path from Burghead (Lat. 57°42" N,
Long. 3°30" W) to Slough (Lat. 51°30" N, Long.
0°30" W) a distance of 715 km, at various times
in the period September 1941 to April 1943.
Pulse senders of the usual type were installed at
both stations, and in most of the experiments
signals were radiated from Burghead and re-
ceived at Slough. In some of the later experi-
ments, however, oblique transmission was operat-
ed simultaneously in both directions. The tech-
nique employed was similar to that conventionally

used for continuous (4'f) measurements at normal
incidence. The frequency of the sender at Burg-
head was slowly varied from about 3.6 to 14 Mc/s
in a series of five stages. Photographic records
were obtained at Slough of the obliquely-incident
pulse signals. The time for a complete sweep from
3.6 to 14.0 Mc/s including the intervals necessary
for coil changes was normally about 20 minutes,
but often the more essential parts of the run
were completed in a period of 5 minutes. The
experiments were considerably facilitated by the
fact that the electric-mains supplies at the sending
and receiving sites were synchronized so that
time-base units locked to the local-mains supplies
could almost always be used. The synchronization
was not really perfect since a certain amount of
slowly varying phase shift was always present,
but the locking was quite adequate for the type
of experiment. Vertical-incidence photographic
h'f records were available at all times at both
stations. At Slough, wvertical-incidence A4'f
observations were made immediately prior and
subsequent to the oblique run. At Burghead,
a photographic observation of the vertical-
incidence %'f curve was obtained simultaneously
with the oblique transmission. IFrom these
vertical-incidence observations it was thus pos-
sible to estimate accurately the ionospheric
conditions prevailing at each end of the path at
the time of the oblique-incidence experiments.
The conditions at the mid-point of the trajectory
were then interpolated from these two sets of
data. The receivers at both stations were accu-
rately calibrated for frequency against a standard
crystal-controlled oscillator.

Tig. 3 shows a typical oblique /’f record ob-
tained in the course of these experiments. No
ground signal was received but the interpretation
and measurement of the records was considerably
helped by the fact that an echo of small amplitude
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Fig. 3. Typical oblique incidence (P’f) photograph of signals veceived at Slough from Burghead (715 km) ;

17th Septemmber 1941, 0703-0713 G.M.T.
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steadily reflected from near the level of region E
was almost always present. The trace of this
echo can be seen along the lower edge of Fig. 3.
When multiple signals were not present, this
echo could often be used as a reference signal
from which the intervals of equivalent height
could be measured. Fig. 3 shows clearly the
high angle of elevation signals (so-called Pedersen
rays) which appeared as the m.u.f. was approached.
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Fig. 4. Monthly mean critical frequencies at Slough

and Burghead.

The amplitude of this type of signal was com-
parable with that of the lower-angle ray at
frequencies near the m.u.f. but at lower fre-
quencies its amplitude was normally much smaller
than that of the lower-angle ray. This Pedersen
signal was often not observed until the frequency
was quite near the m.u.f. but it was generally
possible to distinguish the actual penetration
frequency by the sudden large increase in ampli-
tude which occurred as the upper and lower angle
of elevation signals coalesced exactly at this
frequency. This very marked increase of signal
strength to a high maximum at the m.u.f. may
be contrasted with the gradval decrease of
amplitude which occurs at normal incidence as
the critical frequency is reached. Sometimes the
extraordinary-ray signal could be observed after
the ordinary-ray penetration frequency had been
exceeded. Even when it could be recorded the
amplitude of this extraordinary component
was usually markedly less than that of the
ordinary component.

5. lonosphere Characteristics at

and Burghead

One of the objects of these experiments was to
compare as accurately as possible, calculated and
observed values of the maximum-usable fre-

Slough
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quency. A calculated estimate of the m.u.f. can
be expressed as the product of the normal-
incidence critical frequency and a factor (the
‘maf. factor ) the value of which can be
deduced from the normal incidence /’f curve.
It will assist in forming an estimate of the
probable accuracy of such calculated values if we
consider briefly some features about the observed
vertical-incidence data for Slough and Burghead.
Attention throughout has been primarily con-
centrated upon region F,, but since the oblique
experiments also involved reflections from the
abnormal region E, some data on this region are
also considered.

(a) Region F, Characteristics. Curves char-
acteristic of average ionospheric conditions at the
two ends of the transmission path are shown in
Figs. 4 and 5. These curves give the monthly
mean values of region F, critical frequency,
observed at Slough and Burghead for the
vear 1942. In general it will be noted that
during daylight hours the normal-incidence
critical frequencies observed at Slough are a little
higher than those observed at Burghead. At
noon the mean critical frequency is 6 to 109%,
higher at Slough than at Burghead, the difference
being a little larger during the winter months
than during the summer. The night-time values

80 —
JUNE 1942

70
v
=2

60
oM AT Pay

-4

40

30
o—o SLOUGH
20 o ——o0 BURGHEAD T~
10 VAl

G 1

80 T T
CEMBER 1942
70

60 o
50

(Mcss)

—T‘\

fO
F2

(=3

2

oq

40 Y

30 <, w
20 9
10

4

0 2 4 6 B fo 12 14 16 1B 20 22 24
G.M.T

Mean diurnal variation of vegion F, critical
frequencies Slough and Burghead.

Fig. 5.

are not very different at the two stations, but
during the summer period because of the longer
day at Burghead, the mean night-time critical
frequencies at this station are generally slightly
larger than are observed at Slough. These
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curves are typical monthly mean values, but it
must be mentioned that, on individual days,
conditions at the two stations could show quite
irregular differences.

Two other points may be noted in connection
with region I, conditions observed at Burghead.
Due to the more northerly latitude, conditions at
this site were often subject to minor disturbances
of the type usually associated with a magnetic
storm'®; ie., the critical frequency of region F,
was low and the equivalent height of the region
large. In the second place the reflected signals
at Burghead were often very spread out in
character, so much so that accurate estimation
of the critical frequency or of the equivalent
height was impossible. It is clear that no
accurate comparison between theoretical and
experimental maximum-usable frequencies could
be effected when conditions at Burghead only
were disturbed magnetically or when conditions
were such that accurate normal-incidence
measurements were not possible.

The detailed shape of the normal incidence
7'f curve determines the magnitude of the m.u.f.
factor and it is interesting to compare m.u.f.
factors calculated from simultaneous normal
incidence A’f curves taken at Slough and at
Burghead. I'rom more than 100 comparisons
made on ionospherically quiet davs it was found
that on the average the m.u.f. factors calculated
from Slough A'f curves differed from the corres-
ponding factors calculated from Burghead data
by less than 19%,. Tt must be emphasized that
this result refers to the average value of a large
number of okservations, and in individual cases
there may be appreciable divergence from this
figure. The mean result does, however, indicate
that for these two stations average m.u.f. factors
for one station are valid for the other to an
accuracy of about 19,.

(b) Abnormal Region I Reflections. In addition
to the regular differences in region F, conditions,
marked irregular differences were also noted
between the occurrence of abnormal region E
reflections at the two stations. As a general rule
it can be stated that the incidence of this type of
reflection is not closely related at Slough and
Burghead. The sporadic nature of this type of
reflection makes graphical representation ol its
occurrence difficult, but from an analysis of a
sample of 148 hourly observations taken over
two periods of three days in June 1941 and
June 1942 it was found that abnormal E
echoes were observed on 108 occasions at
Slough, but only on 69 occasions at Burghead.
The average upper-frequency limit of this
tvpe of echo is slightly less at Burghead
than at Slough. From a long series of observa-
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tions at the two stations it can be stated that in
general the observation of abnormal region E
reflectiont at one station was seldom related to
its occurrence at the other station. On the other
hand, observations of reflection from the level of
region E to very high frequencies (this type are
usually called intense E echoes) were quite often
correlated at the two stations. This observation
is consistent with the conclusion that abnormal
region E reflections occur from localized areas of
lonization, whereas the so-called intense E reflec-
tions are characteristic of a widespread area of
ionized stratum.

From the foregoing discussion it is possible to
form some estimate of the validity of the assump-
tion underlying these oblique-incidence experi-
ments, namely, that conditions near the midpoint
of the trajectory could be interpolated from those
observed at the two ends. From Figs. 4 and 5
it is clear that for region F, under average
ionospheric conditions it is unlikely that the
estimate of normal-incidence critical frequency
near the midpoint of the trajectory will be in
error by more than about + 0.2 Mc/s. For
abnormal region E, however, it is not to be
expected that observation of this type of reflec-
tion at one or other end of the oblique path can
be taken as a reliable indication of the occurrence
of such conditions near the mid-point of the
trajectory. We shall find that the oblique
incidence observations are in general in agree-
ment with these deductions. Thus for region F,
the mean of a large number of comparisons
between theoretical and calculated maximum-
usable frequencies is excellent, although individual
observations sometimes show quite large dis-
crepancies. I'or abnormal region E no agreement
whatever could be obtained between calculated
values based on conditions at Slough and
Burghead and the actual observations.

6. Experimental Results

(a) Measurement of M.U.F. Faclors. A long
series of normal-incidence A4’/ curves, has been
studied to ascertain the variation to be expected
in m.u.f. factors seasonally, diurnally, and with
the sunspot cycle. The experimental results
described above now enable us to examine the
actual measured variations in factors, at least
seasonally. In the paper referred to above, it
was found that for the latitude of Slough (511°N)
the monthly mean noon factors should increase
by about 15 to 20%, from summer to winter.
The curve showing the seasonal variation in
measured mean noon factors deduced from these
experiments is shown in Iig. 6. Mean experi-

t Abnormal region E rellection refers to the case in which the upper-
frequency limit extends only a short frequency range above the normal
region E critical frequency 4
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mental values are available for only six months
in a year, but each point on the curve is the
mean of 10 to 30 measurements, so that the
average seasonal variation can be fairly accurately
assessed. It will be noted that the mean
measured factors for a transmission distance of
715 km vary from about 1.26 in summer to about
1.43 in winter representing an increase of some
13% from summer to winter. This figure really
refers to a latitude intermediate between that of
Slough and Burghead (i.e., to about latitude
54°N) but the seasonal variation noted compares
favourably with that previously deduced from
the Slough normal-incidence data.
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Fig. 6. Mean seasonal variation of m.u.f. factors ;
near noon ; calculated and observed. D — 715 kin.

Average experimental information for the
diurnal variation of m.u.f. factors is rather
limited since only in one or two isolated cases
were observations continued throughout 24 hours,
and there is no certainty that these cases represent
the mean diurnal variation.

(b) Theoretical and Experimental M.U.I'. of
Region F,. We now consider the comparison
made between observed values of the m.u.f.
and values calculated from the normal-incidence
data obtained at the two ends of the path.

Results for a typical day are shown in Fig. 7.
This particular set of results contains examples

both of the excellent agreement generally observed -

and also of the considerable disagreement
occasionally noted. It will be seen that in general
the observed values of the maximum-usable
frequency lie between the values calculated from
Slough and Burghead data. Thus over the period
0%30-0900 G.M.T. on 2nd January, 1943, although
there is a difference of more than 2z Mc/s (corres-
ponding to more than s509%, difference) between
the calculated values, the measured m.u.f. lies
within 0.3 Mc/s {or 5%,) of the arithmetic mean
calculated value. On the same day it will be
noted that the curves of calculated values cross
over between 10.00 and 11.00 G.M.T. and for a
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while the value calculated from Burghead data
actually exceeds that calculated from Slough
data. The measured value is, however, still
very close to the arithmetic mean value.
During the sunset period from 14.15 G.M.T.
onwards we find that all the observed values lie
outside the corresponding calculated values and
show considerable divergence from the mean
calculated values. It must be remembered, how-
ever, that over this period ionospheric conditions
were changing very rapidly, and it seems very
probable that such occasional large divergence
can be attributed to the fact that in these
circumstances one cannot accurately deduce the
ionospheric conditions near the controlling part
of the ionosphere. As a general rule it may be
said that the best agreement between observed
and calculated values was always obtained
when conditions at Burghead and at Slough
were reasonably steady over a period of a few
hours.

From all the experimental results it has been
found possible to extract 110 reliable measure-
ments of the maximum-usable frequency of the
ordinary-ray component. These 110 values
generally refer to daytime observations only,
but cover most periods of the year. Of this
number, 50 observations show an average
discrepancy from the mean calculated values of
+ 3.89, 56 show an equal negative discrepancy
and 4 show negligible error. It thus appears
that positive and negative errors were about
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Fig. 7. Calculated and observed inaximun:-usable

frequencies (ordinary vay component).

equally probable, the average value in either case
being 3.8%,. Occasionally (as noted above) the
divergence between calculated and observed
values reached very high values, but such errors
occurred at critical periods of the day when it was
to be expected that accurate interpolation for con-
ditions near the midpoint of the trajectory would
be very difficult. The divergence of the mean of
these 110 measurements amounts only to 0.2%,.
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The true divergence between the calculated and
observed maximum-usable frequencies is un-
likely to be as small as this figure suggests, but
it secems probable that the agreement is certainly
better than 19, Further comment on this
result will be given in Section 7.

() The Maximum-Usable Frequency of the
Extraordinary Component. The effect of the
earth’s magnetic field on oblique transmission
has been analysed by several authors 1516
and it is found that the exact calculation
depends in a complicated manner on a number of
factors such as frequency, strength of the
magnetic field at the level of the ionosphere, and
direction of the magnetic field relative to the
direction of propagation.

In the present experiments special attention
was not given to the extraordinary component,
but many of the records show both penetration
frequencies, and it is of interest to note the
measured value of this separation. The mean
separations observed at vertical incidence at
Slough and Burghead are respectively 0.66 Mc/s
and 0.64 Mc/s. The practical measurement of
the oblique separation was often upset by the
small rapid changes which constantly occur in
the value of the oblique penetration frequencies.
It was thus necessary to include only the observa-
tions taken when conditions were fairly steady.
On this account the number of reliable estimates
of the oblique separation is somewhat limited.
The mean of 16 observations of this separation
15 0.06 Mc/s with a probable error of 4+ 0.02 Mc/s.
The mean value of the ordinary-ray penetration
frequency for this set of measurements is 6.0 Mc/s.
Thus for this frequency, distance and direction
of transmission the frequency separation between
the two oblique penetration frequencies is not
markedly different from the normal-incidence
value. In a later paper it is hoped to present a
detailed analysis comparing the measured oblique
separation with that calculated theoretically.
We may note that Farmer, Childs and Cowie?
found that with approximately the same direction
of transmission the separation at oblique incidence
for a sender-receiver distance of 464 km was
0.62 Mc/s.

(d) Equivalent Paths at Oblique Incidence.
Hitherto we have been concerned with the maxi-
mum oblique-incidence penetration frequency,
but interest is also attached to an examination
of the observations on the oblique equivalent
paths at frequencies below the maximum value.
1f we neglect the influence of the earth’s magnetic
field then, for a plane ionosphere, equations
(1), (2) and (3) enable us to calculate the form of
the variation of group path with frequency at
oblique incidence. If the effect of ionosphere
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curvature is included then for the particular case
of a parabolic type of gradient the oblique
equivalent path can be calculated from equation
(4). For the present comparatively short distance
of transmission the effect of ionosphere curvature
is small and only slight error is introduced by
using the much simpler formulae of equations
(1)—(3), with an appropriate compensation for
the effect of earth curvature only. In these
experiments there was no ground signal from
sender to receiver, but in most of the oblique
records a small reflection from region E was
often observed at practically all frequencies
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Fig. 8 Typical oblique incidence (p’f) curves
theoretical and experimental.
examined. Furthermore from some measure-

ments on lower frequencies at which multiple
echo signals were present, it was confirmed that
the level of reflection from this region was suffi-
ciently constant to permit of its use as a reference
point for the measurement of the intervals ol
equivalent path. Two typical examples of the
comparison which was effected between experi-

WIRELESS LNGINEER, OCTOBER 1948



mental and theoretical oblique equivalent path
frequency curves are shown in Fig. §. In both
cases the experimental traces for region E
reflections are shown with a semi-equivalent
path of 374 km corresponding to a mean level
of reflection of 100 km. These samples are typical
of all the results and it will be noted that in general
the observed equivalent paths are intermediate
between values calculated from Slough and
Burghead vertical incidence data. The agreement
between the experimental value and the arith-
metic mean value of Slough and Burghead is
generally within the experimental error of the
former, and such divergences as were observed
were not greater than would be expected from
local wvariations in ionosphere characteristics.
Further reference to these results will be made in
Section 7.

(e) Observations on Abnormal Region E Echoes.
A striking characteristic of the great majority of
the oblique records was the fact that an echo of
small amplitude reflected from near the level of
region E was almost always present. So regular
was the occurrence of this echo that one could
usually use it as a reference point from which to
measure the equivalent paths of the other echoes.
An attempt to measure the oblique-penetration
frequency of region E was made by Farmer and
Ratcliffel. These workers found, however, that
this region was irregularly stratified in a horizontal
direction, so much so that it was impossible to
make any quantitative comparison between
theory and experiment. The results of the present
work confirm this conclusion, since it appears
that, for the sender-receiver distance of 715 km,
the highest frequency returned at oblique inci-
dence from about the 100-km level bears little
or no relation to the highest frequency returned
from this level at normal incidence at either
end of the transmission path. In a sample of 50
observations taken in the summer months of
June and July it was found that, in almost every
case, region E echoes could be observed at
frequencies up to at least 1o Mc/s. Often the
actual upper limit of frequency was outside the
range of the equipment and there were a large
number of cases in which the observed value was
considerably greater than that expected from
the simultaneous vertical-incidence observations.
For a sample of 30 observations made in Decem-
ber, at least one-half of these showed marked
disagreement with the mean calculated value.
It may also be mentioned that in no case was it
found possible to identify definitely the Pedersen
type of ray which should theoretically appear
as the m.u.f. of the normal region was approached.
It seems probable that this type of ray is much
more attenuated in the case of region E than it is
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in the case of region I', or that the true normal
E reflections were always masked by abnormal
region E signals. Penetration of the thin ab-
normal region E stratum would not be expected
to show a Pedersen-type ray. On the few occasions
when E echoes ceased before the upper-frequency
limit had been reached, the cessation was not
accompanied by the final sharp maximum in
signal strength characteristic of the oblique
penetration of region F,. It is clear that oblique-
incidence experiments on echoes returned from
near the level of region E, even over this short
sender-receiver distance of 715 km, require direct
observation of conditions near the midpoint of
the trajectory if any success is to be attained.
For similar experiments over an east-west path
it is possible that data for the two ends would
prove more satisfactory than it has in the present
instance.

7. Factors Affecting Oblique Propagation

A remarkable result which emerges from these
experiments is the extremely close agreement
between the mean observed value of the m.u.f.
and the mean value calculated in a simple manner
from the normal incidence (A'f) curves. It may
be noted that Farmer, Childs, and Cowie®
found similar good agreement in their experi-
ments. The mean divergence of about 0.2%
deduced from rro m.u.f. measurements may be
compared with a figure of 0.5% obtained by
Farmer, Childs and Cowie from a series of 21
measurements. 1t is doubtful whether the absolute
magnitudes of these divergencies are of much
significance, but it seems quite safe to state that
the systematic divergence bztween calculated
and observed m.u.f. values in both cases is less
than 19%. In the present experiments an error
of + 1%, in the m.u.f. corresponds on the average
to a divergence of only -+ 0.07 Mc/s. Further-
more, it has been noted that close agreement
with simple theory is observed not only for the
magnitude of the m.u.f. but also for the intervals
of equivalent path (see, for example, Iig. 8).
Such close agreement appears all the more re-
markable when we remember the simplifications
involved in the calculated values. For the ideal
case of a plane horizontally-stratified ionosphere
in which collisional-frequency effects, the influence
of the magnetic field of the earth and the possible
influence of a Lorentz ‘ polarization ' term are
neglected, the characteristics of oblique trans-
mission can be calculated quite simply, using two
fundamental theorems. In the present work
and in that of Farmer, Childs and Cowie, the
only modification to this simple procedure has
been to correct for the curvature of the earth.
In practice such ideal conditions do not occur
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and propagation should theoretically be in-
fluenced by several minor factors. Some of the
further corrections which should be included in a
complete calculation of the oblique (#'f) curve
or of the m.u.f. are noted below:

(a) A small correction should be included to
compensate for the curvature of the ionosphere.

(b) In addition to the vertical gradient of
ionic density some horizontal gradient is usually
also present. The influence of such a horizontal
gradient or of a change of layer height would be
to produce some asymmetry in the oblique path,
As far as a simple reflection from region F,
alone is concerned it can be deduced from curves
given in Figs. 4 and 5 that any horizontal gradient
is likely to be very gradual. In practice, however,
a more serious source of disturbance might be
expected to arise from the deviative influence of
regions E and F,. Such deviation, especially
on particular frequencies, might give rise to
appreciable distortion of the path. Under such
circumstances the controlling part of the iono-
sphere is not exactly midway between sender and
receiver. [See also (c) below.]

{(c) The magnetic field of the earth should alter
the magnitudes of the equivalent paths at both
normal and oblique incidence. Furthermore
at oblique incidence the magnetic field should
itself give rise to some asymmetry in the trajec-
toryl”.

(d) Finally, it may be noted that the calculated
values of the oblique equivalent path will be
different depending on whether a Sellmeyer or a
Lorentz type of dispersion formula is employed.
Theoretical analyses of the effect of using a
Lorentz type of formula in place of the usual
Sellmeyer formulae have been given by Ratcliffe'?,
Smith!® and Beynon!®.

In practice, some or all of the above factors
may be operative simultaneously, and at the
present stage an exhaustive theoretical analysis
of each of the above factors will not be given.
While the effect of any one of these factors may be
appreciable, the excellent agreement between
simple theory and experiment first noted by

Farmer, Childs and Cowie, and confirmed by
these extended measurements certainly indicates
that for transmission paths up to 700 km at
least the net effect of all such factors is usually
very small.
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CYCLIC VARIATIONS OF CAPACITANCE

Effect of 50-c/s Voltages on High- Permittivity Ceramics
By W. Reddish, M.Sec.

1. Imtroduction

HE remarkable dielectric properties of the

barium and strontium titanates, BaTiQ,,

and SrTiO,, and of solid solutions of the
two, have been reported by a number of investiga-
tors.* These materials exhibit peak permittivity
values of several thousands, the temperature
at which the peak value occurs depending on the
composition. Thus it occurs in barium titanate
at about 120°C and at decreasing temperatures
with increasing strontium content in the (BaSr)
TiO, solid-solution series. The variation of

4,000 TT 177
1 A
- /
1
| [ APPLIED D.C. FIELD
20
3,000 Fal= | 2000 VOLTS/em [
/ 4,000 VOLTS/cm
/ \\ Py VOLTS/em
| /] \
: I/
g /] \
= 2000 4
5 /
& /
\
1,000 T
ol
~40  —20 0 20 40 60 80 100
TEMPERATURE DEGREES C
Fig. 1. Effect of superimposed d.c. field on permit-

tivity of 70:30 (BaSr)Ti0,, measured at 1 Mc/s.

permittivity with temperature around the peak
permittivity point is illustrated for a 70: 30
(BaSr) TiO; composition in Fig. 1, and this
figure draws attention to the aspect of behaviour
to be considered in this paper, namely the
dependence of the permittivity value on applied
electric field strength. The permittivity recorded
was measured with small alternating field strength
(a few volts/cm) at a frequency of 1 Mc/s in the

MS accepted by the Editor, June 1947
* See bibliography
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Fig. 2. D.C. capacitance/voltage characteristic of

(70:30) (BaSr) TiOgat 1 Mc/s; temperature 21.5°C.

presence of relatively high unidirectional polariz-
ing fields. The reduction of permittivity with
increasing polarizing field strength is most marked
near the permittivity peak, and as shown in
the capacitance-voltage characteristic of Fig. 2,
corresponding to a temperature of 21°C, is a
substantially linear one for the specimen in
question beyond about 2,000 volts/cm. The
slope of the linear part of the curve of Fig. 2 is
—0.0167 puF/volt.

It is evident that there are possible applica-
tions of this type of characteristic to automatic-
frequency control circuits as an alternative to a
reactance valve. The question then arises as to
whether a low-frequency alternating voltage,
superimposed on a ‘biasing’ unidirectional

D.C. CHARACTERISTIC

Cr=Co+ kVA2SINDE

| ¢ | v =VJZSINpt

Illustrates cyclic capacitance varviation using
alternating polavizing voltages.

Fig. 3.
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This method of display might be developed as a
rapid method of observing the variation of the
characteristics with temperature.

TRACING OF
OSCILLOSCOPE PATTERN

WORKING
POINT

(.

D.C. CHARACTERISTIC

—Z_

&
b
Q
z
T
—
S
<
o
<
«
ol i i
1,000 2,000 v
POLARIZING VOLTAGE v
Fig. 8. Pattern with envelope which approximates to

the capacitancefvoltage chavacteristic of the specimen.

3. A.C. and D.C. Behaviour

The experiments described above afford good
reason for supposing that the capacitance varia-
tion of the specimen which results when a 50-c/s
voltage is superposed on the steady polarizing
voltage, follows faithfully the d.c. characteristic
given in Fig. 2.

As a means of checking this quantitatively,
experimental and mathematical studies have been
made of the variations in shape of the resonance
curve of the circuit of Fig. 4, (as obtained by
reading the valve voltmeter as C, is varied),
associated with variation of the magnitude of the
50-c/s applied voltage. The circuit used differed
from that of Fig. 4 only in that the oscilloscope
section was removed but for clarity it is repro-
duced in I'ig. 9.

As seen from Fig. 1, the capacitance of the
specimen is very sensitive to small changes of
temperature, and in order to minimize this
possible influence on the results the specimen
capacitor was enclosed in a Dewar flask.

3.1 Experimental procedure.

With V), adjusted to, and maintained at,
2,000 volts, V,; was given a succession of values
and for each of these values a resonance curve
was recorded on the valve voltmeter by variation
of the air capacitor C,. The series of resonance
curves is not reproduced as obtained, that is as
curves connecting the valve-voltmeter and air-
capacitor readings, but four of them correspond-
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ing to VeI equal to o, 195, 400 and 655 volts
r.m.s. are given in Fig. 10 as curves connecting
VeV and 4C,/4C ., which variables are defined
as follows :

V. = valve-voltmeter reading for a setting of
C, displaced by 4C, from the resonant
value ;

V,, = valve-voltmeter reading at resonance for
Vie=0;

4C,, — the half-width of the resonance curve for

Vie = 0 at 1/4/2 of its height.

This conversion of variables is convenient for
comparison with theory and has the additional
advantage that a calibration of C, is not required
but only evidence of its linearity over the relevant
range of AC,.

A further series of experimental results is
shown in Fig. 11, obtained by observing the
variation of height of the resonance curve with
50-c/s polarizing voltage for a fixed steady polari-
zing voltage Vi of 2,000 volts.

Tig. 9. Cuircuit for
vesonance curve study.

OSCILLATOR

SPECIMEN
CAPACITOR

G, I
C
o'zz‘pF A
'—_
= TRIODE
AE T VOLTMETER
Vac
o— O—t
50c/s I
AC
| A

4. Theory

For the purpose of analysis the circuit of Fig. g
may be reduced to that of IFig. 12, in which
¢ = E sin wt denotes the injected 1-Mc/s voltage,
and C, = C, + Csin pt .. o o (1)
where C, is the specimen capacitance corres-
ponding to the steady polarizing voltage alone
(Vi =0), and C is the peak value of the varia-
tion of specimen capacitance due to the superposed
50-¢/s voltage v — /2 Vq sin pt. If the
capacitance-voltage characteristic is linear over
the range of v, and is of slope I, (=0.0167 in case
of I'ig. 2), then

C = 42KV, ;! % , o (2)

1 These voltage values are the readings of the voltmeter 1 ac of Fig. 9,
less the drop across the by -pass capacitor CB,, and represent the 5(-c/s
polarizing voltages applied across Cp, and therefore across the test
capacitor Cs.
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The total circuit capacitance C, isthere-
fore, C; = C, + C, + Csin pt

= Cy (I + Asin pi) (3)

Y (4)

B CA + CO 4

C

where A = o
and was much less than unity under
the experimental conditions previously
described.

Referring to Fig. 12, the differential
equation governing the instantaneous
voltage v, is,

e R o — E sinal
‘dtg( r Vo) + dt(‘Tvc)+7“c_ SN wi,
which, by use of (3) may be written

dz( . a .
LCy ﬁzi.(l ~+ Asin pt) vc} -+ RCy (—i—t{(x -+ Asin j)t)vc}

¢

m {(x + Asinpt)v} = Esint (s)

Now since p/w = 1/20,000, (I + Asin pt) can
be treated as a constant with respect to the varia-
tion sin wf. Using this approximation, a solution
of (5) has been obtained. By finding in the first
place the mean value of 2,2, with respect to the
oscillation sin ¢, and secondly an approximate
time average with respect to the oscillation sin p{,
the following solution for V,, corresponding to
the valve-voltmeter reading, has been obtained :

AT RESONANT ADJUSTMENT [Eaumon (7)]

Yo
Vm

%2 x

b4 >z 2,-:_52}% 4 {xg — 2 z_—}

. N
09 N
h
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\ |
L A EXPERIMENTAL
07 \\\ b 4
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06 =T
/( —~ s o =
T—=
o5 B, THEORETICAL ™ = =
1 T
T
04
) 200 400 500 800
50 c/s POLARIZING VOLTAGE r.m.s
Fig. 11. Vartation of height of resonance curve with
50-¢c/s polavizing voltage [Equation (7)]-
in which
1 4C, 4C, c .
X=1I = Ve =_—2and z=—-—— bein
TQ Ay T a0, dc,, O

I/w?LdAC,, and 4AC,, 4C,, and C as previously
defined. The derivation of (6) is given in the
appendix.

When the circuit is adjusted to resonance

(7)== {(#+2+5
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6)

V.. 22\2 322
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Fig. 10. Experimental resonance curves.
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4C, = o, and equation (6) reduces to

(ve) =il ()] 0

7
It will be seen that in equation (6), Q appears
in a small asymmetry factor only. It is therefore
sufficient to calculate
ch J-(:A

V.V, for an average
value of Q, if Q is
relatively large (100 or
more).

—

el
B ———

Fig. 12. Reduced circuit
for analysis.

|

e=Esinwt

5. Theory v. Measuremenls

Fig. 13 shows a family of curves calculated
from (6). The curves are of V /1, plotted against
4C,[AC,ywith C/AC, ¢ as parameter of the family
for Q = 200. By choosing C/4C,, as a variable
parameter in this way, the amplitude of capaci-
tance swing due to V, is related to the width
of the resonance curve thus helping to give a
physical picture of the behaviour. These curves
are to be compared with those of Fig. 0. The
agreement is good for the lower values of C/4C,,
but the results diverge somewhat as C/4C,,
increases. The order of the divergence is shown
up by Fig. 11 in which the experimental curve
4 is compared with the curve B, calculated from
(7) using C = K+/2. V cfrom (2).

The reasons for the divergence between theory

and experiment are not easy to find, but the
following are possible :

(x) Incomplete theory. Error may arise due
to the approximation Involved in treating
(r + A sin pt) as a constant in equation (s),
or to neglecting part of the integral in equation
(16) in the appendix.

(2) Imcorrect time average found by the valve
voltmeter when the 50-c/s modulation is present.
The calibration is shown to be a square law by
the very good agreement obtained for C/4C,, — o
between I'igs. 10 and 13; i.e., for the normal
resonance curve.

(3) There may be a small change of slope of
the capacitance-voltage characteristic from the
d.c. to the a.c. case, due possibly to a small rise
of temperature arising from dielectric loss.

The clarification of these points calls for further
work which it has not yet been possible to
carry out, and it is felt that publication of
the data obtained in 1945 should not be further
delayed.

6. Conclusions and Remarks

The work shows that cyclic wvariation of
capacitance takes place at 50 cycles per second,
and that frequency modulation is possible.
The a.c. characteristics can be predicted approxi-
mately from d.c. characteristics ; the comparison
error is probably less than 20%,.

The following points should be considered

B [T T
. T A—c°= 1 T
09—+ (S r [ f } +_
AT -
08 ; ;
1 £ o I L Sl [
Aco \* ] + ;
07 | Lo | : I
ﬁ=2 _L // 5 ARV i
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Fig. 13.  Theoretical resonance curves; Q — 200.
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in relation to the application of the ceramics
to frequency modulation :

(1) The capacitance values of titanate ceramics
are sensitive to temperature changes.

(2) Large modulation voltages have been used
in the present work, but this defect could be
reduced by developing thin capacitors embedded
to prevent surface breakdown.

I — 2 Asinp!

Treating (1 + Asin p?) as a constant with respect to the
oscillation sinwf, the steady-state solution of (8) may be
written.

( + )«sinpt)’_rf -

[1 — Asinp! — w*LC¥] sin wt — wRCyp cos wl

1 — Asinpt — w?LCyl]® + ® R? Cy?

The mean value of (?—;y with respect to the oscillation

sin wf is, approximately,

[SR

(3) The results of this report have been
obtained with the condition that the modulating

A /\‘Tsilﬂpt — 2X (1 — w*LCy) sinpt -

field strength is very much larger than the high-
frequency strength across the specimen.
to be expected that the behaviour would be
modified if the specimen were to be included in
the high radio-frequency voltage circuit of a
transmitter. Under such conditions, effects
depending on the field strength of the high-
frequency voltage would probably appear, as
reported by von Hippel and his colleagues.
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{ Q2(12+A2) + (I—|—1)2:‘2 _ 4941.',‘)2}! _*1-22()2 _ m-_’) + (I + m\z

I — @’LCy)? + w® R Cg? @
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(I — @LCy¢) = —u and w*K3Cy? - (55 ")'
It s and (9) becomes
(_)c)—- I I — 2 Asinp!
I = o — 2 (10)
Elo 2 sacinpt 4 2adsingt + af + (I—S “) (

The time average of (10) with respect to the oscillation
sin pt corresponds to the valve-voltmeter reading. The
leading term of the integral of (10) can be obtained
by neglecting the 2Asinpt term in the numerator,
leaving

(%)
(11)

The solution of this by resolution into partial fractions
may be shown to be,

B, “dpt

[N}

m

e :
ZJ; A?sin?pt + 2adsin pl -+ o (1 —éx)

Vo\!
(%) )
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APPENDIX
Solution of equation (5).
If dis small compared with unity, we may write,
1/(x -+ Asinpt) — 1 — Asinpt
when (5) becomes on division by E and LCp

d? | . Vg Rd /| . ve)
iE (1 -+ /\sm/ﬂ)f} *7,2:{(1 + )\smpt)E}+
I — Asinpt) . g .
—ic, {(1 -+ Asin pt) f)r sin wt (8)
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QN+ (1 F Y QN

(12)

In this relation

Cr AC, ACa, ACs

ltae=g =1t7 “Cr  4Ca,
I+ I ACy
0 4Ca

where AC, and 4C,, are as defined in Section 3.1 ;
-4 AC,/C and X = C/Cy from equation (4)
On making these substitutions in (12) and finally writing,
1 4C, A4C,
.- 3 3 and z
0 ACxy’ 7 4Ca
the cquation becomes

g 122
([x2+y2+;21| — 4

x I

(&) -
E ( z?. 2 yzz:
! 2 2 fadl} . Z
[erred -5}
Now at resonance with Vg 0, 4C4 = oand C= o,
so that » Iy o, and the resonant value 1", of
Vg is given by
(Vi E)? = Q%4
Substitution of this in (13) affords the solution stated
in equation (6).

2

8x2
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CORRESPONDENCE

Letters to the Editor on technical subjects ave always welcome. In publishing such communications
the Editors do not necessarily endorse any techmical ov geneval statements which they may contain.

The Intensity-Distance Law in Radiation

Sik,—1 willingly accept the judgment of Drs. Lamont
and Saxton on the conditions which are sufficient for the
measurement of aerial gain in normal practice, but I
still hold to my value of critical-distance parameter for
the following reasons :

(1) The argument irom beam cross-section must in
gencral be valid, since one can deduce directivity by
comparing the area described by the beam on a sphere
of given radius with the total area of the sphere.

(2) Since writing myv lctter, I have noted two indepen-
dent publications supporting so large a numerical value
of critical distance. Firstly on p. 1469 of the Cutler,
King and Kock paper? it is stated that for a path ditter-
ence departing from the mean by not more than A/10,
‘we obtain r> 2a%/A [equation (11)] as the required
separation between transmitting and receiving aerials.
This distance requirement mav be too lenient under
certain conditions . . . . In Fig. 3, for example, it is
seen that at » — 2a4?/A the measured gain is approxi-
mately o.4 db low.” Secondly, in a report on German
practice in aerial design® it is stated (without proof)
that *“ a sufficientlv great distance’ between transmit-
ting and receiving aerials is d>» b?%/2X (d distance,
b = aerial width) indicating that 4 = b/2X is regarded
as an inadequate distance.

I agree that it is probably asking too high a degree ol
accuracy to require » > 2a%/A as a condition of measure-
ment, but T maintain that r, 2a?/) is a fair represen-
tative value for the range beyond which propagation
is substantially in accordance with inverse-square law.

D. A, BELL.

British Telecommunications Research Ltd.,

Taplow.

» C.C. Cutler, A P King and W. L. Kock, Proc. Inst. Rudio Enguieers,
Dec. 1947, Vol. 35, p. 1462,

* “Dimensioning of Directional Antennas*‘ {(according to Dr. Kurt
Franz, and reported by A.M. Stevens), F.L.A.T. FFinal Report No. 610,
H.M.S.0., London.

Network Transients

SIR,—An interesting case of network transients
occurs when the theory developed by my late brother?
is applied to the svmmetrical constant-resistance type
of network. In this instance the extension to multi-
section networks is less laborious than for other networks.
Two simple examples will serve to illustrate this point.
The first is the low-pass hlter in Fig. 1 described by
Simmonds and Roberts.?

Applving the Bisection Theorem and absorbing the
generator and load impedances into the branch impe-
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dances, we have, using the terminology of the above
paper, the following input and output currents for an
input step voltage £ at{ — o

i, é[%(lﬂ'

-tR/L E tCR
Z . I
) 2R ](t>a) ()

OUTPUT VOLTS

Fig. 2

Equation (2) merely confirms that the network is of
the constant-resistance tvpe, and equation (3) shows that
the output current is equal to the current that flows
when a step of E/2 is applied to * and L in series. The
voltage applied to a second section replacing the load R

E -ty
would then be—i (x e )the first term of which would

produce an output similar to equation (3) and the second
term an output which may be determined by the method
of the Laplace transforni.

Using this method it may be deduced that the voltage
across the load of the second section is :

E[I B 4 ! N ‘L] ()
5 il o e = .. (4

g 3

By a similar process of successive application the
voltage appearing across the load of the nth section is:

E =T f
= [1 br,- o= h : }
2 n— 1) >0
(5)
The transient output voltage after one, two and three
sections is shown in Fig. 2.

The second example is the lattice ‘all pass’ phase-
shift network of Ilig. 3. Absorbing the generator and
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load impedances as before, we have for the input and
output currents of the first section :

E tRL ver
T o 1}[--(1 2 ) e } .. (6
R {t >0) ()
R I 1
\\herez CR 7
or I, = E/2R
E f.
11 2 .
anc ZR(I e )“ - . ces oo A7)

where t, = {/T
The voltage input to the second section is then :
E &
— |1 2 8
il ) ®

The first term produces a similar output to equation
(7) from the second section, while the second term pro-
duces a voltage output of

E fy N
~ [ze 4, . e J . . o (9)

2 >}
giving a total output voltage from the= second section of

= (1 t [‘) )
_ e 10

2 e >0 (
Similarly the voltage output from the third section is

£ (1)

2 Uy >0

f —t e LA
[1 2e + 4, . ¢ : 8.1—1—.1? ]

2t

+

OUTPUT VOLTS
o

=
The transient output voltage after one, two and three
sections is shown in Fig. 4. The severe transicent dis-
tortion caused by such a network is clearly shown. The
general expression for » scctions ol this network is easily
deduced butisrather more cumbersome than equation (5).
E. V. D. GLAZIER.
Barton-on-Sea, Hants.

t A, W, Glazier, * Transient Respouse of Symmetrical 4-Terminal
Networks,”” Wircless Engineer, January 1948, p. 11.

2 F. F. Roberts and J. C. Simmonds, ~ The Physigal Realisability of
Networks, with Particular Reference to those of the Probability Function
Type."" Phil. Mag., November 1944, p. 778.

Standard Terms and Abbreviations

Sir,—Prof. Howe's Editorial and Mr. Jefferson’s
letter, appearing with mine in your July issue, prompt
me to return unexpectedly soon to this subject. Mostly
I agree with both, but a few points must be taken up.

First, Mr. Jefferson’s tvpewriter. Itisa simple matter,
done in an hour without losing the machine, to have
some old keys replaced by new. I usually urge that a
machine used for my work has some of the unwanted
characters, such as § § § @ £ } & %, replaced by useful
ones like p w Q > [ ] It is then wonderlul how
much, and how neatly, mathematics can by typed.

WIRELESS IENGINEER, OCTOBER 19438

An aggravating feature of the standard keyboard is its
inability to distinguish between 1 and 1.

The prefix giga (G = 10° presumably pronounced as
in gigantic) seems worthy of adoption in place of kM.
My colleagues will witness that I used muF (not kpF)
for years before I found salvation in nano (n = 107%).
Dr. Latimer incites me to suggest that if 1 pF is collo-
quially known as a puff and is somewhat small, then 1
nF might be a nutf.

Prof Howe appears to maintain that only those
combinations of prefixes and units which have been
officially recognized should be abbreviated. Now I
find the neper and millineper considerably more con-
venient than the decineper in practical calculations :
am I then to be condemned for ever to writing them in
full? But B.S.560 (1934, p.37) specifically encourages
us to combine abbreviations for prefixes and units
And we must expect others to adopt our abbreviations ;
for instance the gigagramme (Gg) would be a suitable
unit for the capacity of ships, and would not limit their
cargoes to horseflesh.

Regarding the unit of inductance, mentioned in
passing in my previous letter, it seems a pity that when
Heaviside’s name for the quantity was adopted, his
suggestion for the unit was rejected. This was the mac
(plural max), which would give the reciprocal unit cam,
and would suitably honour both ' the man who knew
something about self-induction' and his university.

T.C. & M. Co., Ltd. A. L. MEYERS.
Greenwich, S.E.10.

ELECTRONIC APPLICATIONS

The Electronic Section of the Scientific Instrument
Manufacturers’ Association of Great Britain Ltd., is
holding a symposium on the applications of electronics
in research and industry at which the following papers
will be read :

The Measurement of

Method.

A Review of Frequency Measurement.

Electronics in Computing.

Measurement of Ionising Radiation.

High Vacuum Gauges.

The Radio Sonde and its Applications.

The Industrial Applications of Ultrasonics.

Metal Detection in Industry.

Electronic Control of Batching.

Electronics in Spectroscopy and Spectrophotometry.

Dynamic Recording ol AMechanical Strains.

Picture Telegraphy.

The symposium is to be held at Caxton Hall, West-
minster on 18th and 19th November. Tickets of
admission are obtainable from the Secretary at 26,
Russell Square, London, W.C.1.

Displacement by Ilectronic

BIRMINGHAM TELEVISION STATION

The B.B.C. has announced that the television trans-
mitters being erected at Sutton Coldfield, near Birming-
ham, will operate on frequencies of 61.75 Mc/s (vision)
and 58.25 Mc/s (sound) with powers of 35 k\WV and
12 kW respectively. A single aerial supported by a
750-ft mast will be used. o )

\With one exception the signal characteristics will be
the same as those of the London station. Amplitude
modulation is retained for the sound channel and the
present vision standards in waveform and f{requency
response will be adhered to. The excéption is the
adoption of semi-single sideband transmission on the
vision channel. To conserve bandwith, the upper side-
bands are to be partially suppressed.
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WIRELESS PATENTS

A Summary of Recently Accepted Specifications

The following abstvacts are prepaved, with the permission of the Controlley of H.M. Stationary Office, from
Specifications obtainable at the Patent Office, 25, Southampton Buildings, London, W.C.2, price 1[- each.

DIRECTIONAL AND NAVIGATIONAL SYSTEMS
593 798.—Balancing arrangements for direction finders
using Adcock aerials which are coupled through cathode-
follower stages to their respective feed-lines.

Amalgamated Wiveless (Australasia) Ltd. Convention
date (Australia) 12th Novemmber, 1943.

593 892.-—Radiolocation indicator in which the signal-
traces presented to a rotating time base are progressively
increased in intensity from the centre outwards.

W.A. Bakerand C. Sharpe. Application date 19th [une,
1945.

593 992.— Method of slicing and reshaping electric
impulses, in order to measure their amplitude-duration,
and build-up time, say in radiolocation.

Standard Telephones and Cables Ltd. (assignees of
E. Labin and D. D. Grieg). Convention date (U.S.A.)
15th May, 1943.

594 239.— Radiolocation svstem, with means for measur-
ing the rate-of-change of range, so as to indicate the
relative speed of an observer and a target.

Western FElectric Co. Inc. Convention date (U.S.4.)
215t March, 1944.

594 288 -—Navigational system in which timed pulses
radiated from three spaced beacons indicate the course
and position of an aeroplane in flight.

Marconi’s W.T. Co. Ltd. (assignees of E. I. Anderson).
Convention date (U.S.A.) 2nd November, 1942.

504 346.—Radio-altimeter wherein the outgoing wave
1s modulated both in frequency and phase, and is con-
stantly compared with its reflected counterpart.

J. H. Mitchell. Application date 6th May, 1944.

504 382.- Generating composite sweep or strobing
voltages for the time base of a cathode-ray indicator, say
for radiolocation.

Standard Telephones and Cables Ltd. (assignees

F. W. Frink). Convention date (U.S.A.) oth August,
1944-
504 483.—Radiolocation system in which the echoes
from successive exploring pulses arec opposed in the
receiver, in order to distinguish fixed from moving
objects.

H. Grayson, D E. Brown and G. C. Barker.
tion date 24th March, 1945.

~f
J

Applica-

504 484.—Stecring-control indicator, say of an aeroplane
making a blind-landing, which shows the off-course
deviation, and also its rate-of-change.

H. C. Pritchard, I'. C. Williams, and A. M. Utiley.
Application date 20th April, 1945.

RECEIVING CIRCUITS AND APPARATUS

(See also under Television)

594 040.—Receiver for amplitude-modulated signals,

provided with means for eliminating any interference

that produces phase-modulation of the carrier wave.
W. S. Percival. Application date 23rd June, 1945.

594 622.—Adjustable resonant circuit of the concentric-
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line type, particular for use as an impedance-matching
transformer, or input, to a receiver.

L. S. B. Alder, M. Slaffer, IF. A. Mlitchell and J.
Buckingham. Application date 21st June, 19435.

594 711.—Filter-circuit, for use as a feedback path
with a limited phase-drift, say in a bridge-stabilized
oscillation-generator.

Standard Telephones and Cables Ltd., B. B. Jacobson
and W. J. Mitchell. Application date 1st January, 1945.

TELEVISION CIRCUITS AND APPARATUS

For TRANSMISSION AND RECEPTION

594 327.—System for reproducing television pictures in
natural colour at a high repetition-rate so as to reduce
colour-flicker.

Farnsworth Television and Radio Corpn.
date (U.S.A.), 28th February, 1944.

594 786.—Mechanical scanning system {or television in
which auxiliary mirrors are used to multiply the rate of
traverse without substantial loss of light.

Scophony 1.td. Convention date (U.S.A.), 24th Febvvary,

1944.

Convention

TRANSMITTING CIRCUITS AND APPARATUS

(See also under Television)

593 632.-—Temperature-compensating device, including
an auxiliary coil and conducting plate, say for the main
circuit of an oscillation generator.

Marconi’s W.T. Co., Lid., and J. D. Byrailsford.
Application date 14th June, 1945.

594 308.—Filter-device, in the form of a conductive
frame, adjustable in size and orientation, for use inside
a waveguide.

Cie Genervale de Telegraphie Sans Fils.
date (France), 14th Deceinber , 1943.

Convention

594 533 —Reactance-valve circuit including separate
sections of transmission line, arranged for frequency-
modulation.

Marconi’s W.T. Co. Ltd. (assignees of R. WW. Clark).
Convention date (U.S.A)), 26th May, 1943.

SIGNALLING SYSTEMS OF DISTINCTIVE TYPE

593 694.—Detecting time-modulated signal-pulses by
a method which involves frequency-conversion and
re-shaping.

Standavd Telephones and Cables Lid. (communicated by
International Standard Ilectvic Corporation). Application
date 20th October, 1944.

593 731.—Dictecting time-modulated signal-pulses by
first re-shaping and then converting them into an
amplitude-modulated wave.

Standard Telephones and Cables Ltd. (assignees of
E. Labin). Convention date (U.S.A.), 3vd July, 1942.

593 990.—Discriminating circuit for selecting pulses of a
predetermined shape f[rom others in radiolocation,
television, or other signalling systems.

R. S. Webley. Application date 21st June, 1045.
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