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Editorial

The Invention of the Telephone

HE suggestion that a mural tablet
should be placed on the house in
Edinburgh where Alexander Graham

Bell first saw the light has revived the old
question as to who invented the telephone.
The name ‘‘telephone’’ had been applied
in 1831 by Wheatstone to an acoustic
arrangement for transmitting sounds through
wooden rods in a purely mechanical manner,
but leaving this, and several other mechani-
cal contrivances to which the name had been
applied, out of count and limiting ourselves
to clectrical cevices for the transmission of
speech and music, the question of priority
of invention has been the cause of a great
amount of controversy. No one devoted
more time and cnergy to the elucidation of
the question than Professor Silvanus P.
Thompson, who after patient research in
every possible direction, including a visit to
Germany in order to obtain first-hand in-
formation, published in 1883 a hook of 182
pages entitled ““ Philipp Reis, Inventor of the
Telephone.”” Thompson’s biographers ad-
mit, however, that ‘‘many thought that
Thompson had estimated too highly the work
of Reis as a pioneer of Telephony.”” This
view was apparently shared by the Ameri-
can and British Courts which decided in
favour of Bell against those who maintained
that his invention was anticipated by the
work of Reis. In 1914, in a letter to The

Times, Thompson said: ‘‘Surely the work
accomplished by Dr. Alexander Graham
Bell is sufhiciently well recognised that there
is no excuse for his admirers to advance, on
his behalf, an untenable claim.”” The un-
tenable claim being that no one before Bell
had ““succeeded in sending spoken words
along an electrified wire.””  Was this claim
untenable ?

Who was Philipp Reis ?

Philipp Reis was born in 1834 and died in
1874. He lived and died at Friedrichsdorf,
near Frankfort, where he taught in a school
known as Garnier’s Institute. In 1860 he
invented an apparatus which he named a
telephone, and in 1861 he read a paper *“On
Telephony by the Galvanic Current,”” before
the Physical Society of Frankfort, to be fol-
lowed three weeks later by another entitled
““Ixplanation of a new theory concerning
the perception of chords and of timbre as a
continuation and supplement of the report
on the telephone.” At this time Alexander
Graham Bell was a bov of fourteen living
in Edinburgh.  No one has ever doubted
that Reis demonstrated on this occasion the
transmission of musical sounds, but grave
doubts have been expressed as to whether his
apparatus was capable of transmitting intel-
ligible speech.  Two things are beyond doubt,
the first, that the transmission of speech
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was one ot his objects and was attempted ;
the second, that any success obtained was
very impertect. In describing the theoretical
considerations which had guided him in his
experiments he says: “ How could a single
instrument reproduce, at once, the total
actions of all the organs operated in human
speech 7 This was ever the cardinal ques-
tion.”” In 1863 Reis drew up a prospectus
of instructions to be sent out with the tele-
phones which were made and sold by Albert
of Frankfort. Both the transmitter and the
receiver had a signalling key attached,
whereby the former could call the latter and
the latter send back instructions to the trans-
mitter according to a code, “‘ for example,”

““ 1 beat
2 beats =

sing
speak.”’

This disposes ot anv doubts as to the in-
ventor’s intentious, but not as to his attain-
ments. Perhaps the most reliable document
in this respect is a report drawn up by In-
spector von Legat, of the Prussian Telegraph
Service, and published in the Journal of the
Austro-German Telegraph Society in 1862.
He says: “In the practical investigations
heretofore carried on, chords, melodies, etc.,
were transmitted with marvellous hdelity ;
while single words uttered as in reading,
speaking, and the like, were perceptible
more indistinctly.  Nevertheless, here also
the inflexions of the voice, the modulations
of interrogation, exclamation, wonder, com-
mand, etc., attained distinct expression.”’

In 1864 Reis demonstrated and explained
his invention to the Annual Assembly of
German Scientists at Giessen ; he does not
appear to have made any further improve-
ments after this, but from the fact that he
intended to exhibit a new type of Atwood
machine, at Wiesbaden, in 1872, but was
prevented by failing bealth, it would seem
that he had turned his inventive cnergies n
other directions. He died in 1874, the vear
before Bell’s invention.

The Reliability of the Evidence

Prof. Thompson obtained the testimony
of « number of people who had known Reis
and who had taken part in his experiments
and demonstrations, but it must be remem-
bered that these testimonies were memories
of experiments macde twenty vears before.
As an example, Professor Quincke, of
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Heidelberg, who was present at Giessen in
1804 wrote in 1883: ‘' [ distinctly remember
having heard the words of the German
poem, ‘Ach! du lieber Augustin, Alles ist
hin!””" It is probably not irrelevant to
remark that these are the words of a very
well-known song and would immediately
conie automatically to the mind of any Ger-
man on hearing the tune mercly hummed.
Dr. C. Bohn was rather more guarded ; he
wrote: ** Words sung, especially well accen-
tuated and peculiarly intoned, were some-
what better (or rather less incompletely)
understood than those spoken in the ordinary
manner.””  Another person wrote: ‘I dis
tinctly heard the words ‘Guten Morgen,
IIerr Fischer,””” whilst another who helped
Reis in his experiments said: ‘“ We never
(in my time) got the length of transmitting
complete sentences successfully, but certain
words, such as ‘Wer da? gewiss, warm,
kalt,” were undoubtedly transmitted wiliiou.
previous arrangement.”  In their attempts
to prove that Reis anticipated Bell, some
American telephone experts obtained some
Reis telephones from Germanv and tried to
make them work, but in the controlled tests
the listeners only recognised fifteen words
out of a thousand and of these eight were
wrong!  As Edison said in a similar case,
““When yvou knew what it was the man was
saying it sounded awful like.”” Tt is inter-
esting to note that a translation of Legat’s
Report referred to above came into Edison’s
hands in 1875 or 1876 and formed the start-
ing point of his telephonic researches; it is
also referred to by Graham Bell in a paper
read in 1876, but there is no reason to sup-
pose that the latter’s invention was inspired
in the remotest degree by the earlier work
of Reis.

What did Reis Invent ?

Having seen what the Telephone of Reis
did, and did not, accomplish, let us see what
it was and how it worked. The transmitter
consisted of a wooden cone or box, or a carv-
ing representing the ear, closed at the narrow
end with a diaphragm of stretched sausage
skin or something similar, to the centre of
which was attached a small piece of plati-
num which made contact swith another
spring-supported piece of platinum. He
made many different models with various
contact arrangements, but they all had this
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in common that on speaking into the mouth-
picce, and thus causing the diaphragm to
vibrate, the degree of contact between two
pieces of platinum was varied.  Although
Prof. Thompson did his best to support the
opposite view, it is very doubtful whether
Reis contemplated a contact of variable re-
sistance and not merely a make and break.
His language generally supports the latter
view, especially when describing the action
of the receiver, which consisted of a hori-
zontal knitting needle supported at each end
by a small pillar on a sounding board and
surrounded by a solenoid through which the
received current was passed. This was not
a new device but had been described by Page
in 1837; when the circuit is made the wire
is magnetised and increases in length, when
the circuit is broken the wire goes back to its
original length with a tick ““which can be
heard at two or three feet distance.”” If the
circuit is rapidly made and broken the wire
emits a tone of corresponding pitch.

A Make-and-break Device

That Reis did not contemplate changes of
resistance of varying amplitude depending
on the amplitude of the sound wave is proved
conclusively by his Frankfort paper in which
he says: ““Morcover, the strength of this
tone is proportional to the original tone, for
the stronger this is the greater will be the
movement of the drum-skin, the greater
therefore the movement of the little hammer,
the greater finally the length of time during
which the circuit remains open, and conse-
quently the greater, up to a certain limit, the
movement of the atoms in the reproducing
wire, which we perceive as a stronger vibra-
tion.”” He pictured the movement of the
atoms taking place relatively slowly, so that
to get a large effect on remaking the circuit
it was necessary to keep the circuit open for
a longer time. Although Reis made no claim
to have invented the receiver, Lis explana-
tion of its action leaves one in no doubt as
to his conception of the action of his trans-
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mitter ; it was a make-and-break apparatus.
In Legat’s report an ordinary electromagnet
and spring-controlled armature constitute
the rcceiver, but he also says that the con-
densation and rarefaction of the air at the
transmilter opens and closes the galvanic
circuit ; there is no suggestion of variable
contact resistance.

It is noteworthy that although a number
of Reis telephones were made and sold about
1863, neither he nor anyone elsec appears to
have made any further improvement in
them ; in fact the subject seems to have lain
dormant from 1864 till 1875 when Bell made
his discovery of the electromagnetic tele-
phone.

A Telephone but not the Telephone

On the monument erected over his grave
in 1878 by the Physical Society of Frank-
fort, Rels is described as the inventor of the
telephone.  One cannot help wondering,
however, whether the instrument which in-
spired the Socicty to erect the monument
was the telephone invented by Reis or that
invented by Bell.  Reis certainly invented
an clectric telephone by means of which the
human voice was transmitted, but there is
no indisputable evidence that it was capable
of the intelligible transmission of a sentence
of plain, straightforward speech. Nor did
it form the nucleus from which the telephone
was developed. It may perhaps be regarded
as the forerunner of the microphone in that,
after the discovery of the electromagnetic
telephone transmitter by Bell, anyone seek-
ing an alternative method of causing the
current to vary in accordance with the sound
waves of the voice, and coming across von
Legat’s report on the Reis transmitter, as
Edison did, might see that the secret lay in
replacing the make and break of Reis by a
continuously variable resistance, but this is
a long way from suggesting that Reis in-
vented the microphone transmitter.

G. W. 0. H.
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Reproduction of Transients by a
Horn Loud Speaker*

By N. W. McLachlan

1. Introduction

HE performance to be expected from
T various types of horn loud speaker
when reproducing sinusoidal wave

forms is well known. The reproduction of
transients by such speakers has not been
discussed hitherto, so in the present article
we shall deal with this problem. The type
of loud speaker to be considered is illustrated
diagrammatically in I'ig. 1. The aluminiuin
alloy diaphragm is coupled to the horn
by a throat chamber which acts as an
acoustical transformer, whereby the me-
chanical impedance of the diaphragm is
matched to that of the horn. The obstruc-
tion H 1s to prevent interference at fre-
quencies where the wavelength of sound is
comparable with the radius of the dia-
phragmt. The clearance between /{ and the
diaphragm increases from the centre out-
wards. Thus the air particle velocity de-
creases {rom the centre outwards, and in
this way the contributions {rom all parts
of the diaphragm arrive at the horn throat
in substantially the same phase, provided
the frequency is not too high. The dia-
phragm 1s driven in the well-known manner
by a circular coil situated in an intense radial
magunetic field. Ilectrical power is supplied
to the coil from a thermionic valve associated
with a step-down transformer of appropriate
turns ratio. To effect simplification, we
shall consider a circuit which is equivalent
to that of the valve and transformer referred
to its secondary winding, in which the loud
speaker coil is connected. This circuit is
illustrated 1 Iig. 2. The resistance R
includes that of the loud speaker coil plus
the effect of the valve and the resistances of
the transformer windings, whose self and
mutual capacities are assumed to be neg-
ligible. This latter condition can be fultilled
by the well-known method of winding the

* MS. accepted by the Editor, May, 1936.
+ McLachlan, ‘“ Loud Speakers,” Iig. 82.

primary and secondary in sections and
interleaving them.

2. The Electrical Analogue of the Horn
Speaker

In dealing with the mechanical part of
the loud speaker system, it is convenient to
use the electrical analogue of Fig. 1, this
being shown in Ifig. 3. The inductance L,

DIAPHRAGM

OF MASS m
/

EXPONENTIAL HORN
A=A, ePX, THROAT
RESISTANCE =Pg ¢ Ag .

THROAT CHAMBER
OF STIFFNESS s

ANNULAR SURROUND
OF STIFFNESS s

FIELD WINDING
(a)

coiL AREA A=Ap eP*
\ THROAT GHAMBER

N /
| ¥ THROAT AREA Ag HORN |
ANNULAR SURROUND
DIAPHRAGM
(b)
Fig. 1.—(a) Diagram showing longitudinal

section of horn loud speaker. (b) Schematic

arvangement of (a).

1s equivalent to m the mass of the moving
coil and diaphragm, which is assumed to
move as a rigid structure. €, is equivalent
to 1/s the compliance of the annular sup-
porting ring on which the coil and diaphragm
arc mounted, i.c., s is the stiffness. R, 1s
equivalent to 7, the mechanical resistance
opposing motion of the diaphragm, this being
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due to the load imposed by the horn. At
frequencies above the cut-off point of the
horn, where the throat impedance is chiefly
resistive, the value of r; is very nearly*
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3. Form of Applied Transient : Numerical
Data

It was shown in a previous article* that

the wave form of any transient applied to

E.M.F. INDUGED IN i
SECONDARY WINDING
OF TRANSFORMER

/

(a)

pocdo(dg/d)? In this formula 4, is the
effective area of the diaphragm, A, the
area of the horn throat, ¢ the velocity of

sound waves of infinitesimal amplitude,
and p, the density of air. Tle velocity ratio
of the acoustical transformer introduced

by the throat chamber is .1;/4, and the
above formula is obtained on multiplying
the horn impedance py.d, by the square
ol the ratio of transformation. This is the
ratio of the air particle velocity in the throat
to that "in the throat chamber. C, is
equivalent to 1I/s,, the compliance of the
throat chamber when the throat of the horn
is closed by a plug, so that the air within
the chamber acts like a massless helical
spring when the diaphragm is displaced
from 1its central position. [, is equivalent
to d¢/dt! the axial velocity of the diaphragin,
and I, is equivalent to Ay/4, times the
velocity of the air particles at the throat

o|-+

Eo = f (DRIVING
FORGE

mechanical

analogie of
system in Fig. 1.

Fig. Electrical

of the horn. E; is equivalent to f the
mechanical driving force on the moving colil,
due to the current supplied from the valve
via the transformer.

». "Izld Speakers,’”’ pp. 349, 3_5‘0.

P
N\

I'ig. 2.—(a) Showing coupling

between power valve and loud

speaker. (b) Equivalent civcuit
of (a).

QL

IMPEDANCE DUE
[z]T0 ‘moTion “oF
DIAPHRAGM

(b)

the grid of the power valve differed from
that of the current in the loud speaker colil,
this being due mainly to the influence of
inductance. To simplify the mathematical
analysis, we assume that the voltage applied
in the secondary winding of the output
transformer takes the formx I = E,e~ =
sin wf. We desire to know the ensuing
sound pressure at the throat of the horn.
The analysis has been worked out using
Heaviside’s operators and contour integra-
tion, but is omitted owing to its complexity.
In order to obtain an answer all quantities
mvolved were assumed to be independent
ol frequency. The following numerical values
were taken :

b inductance of speaker coil when
stationary, plus leakage inductance
of transformer referred to second-
ary winding = 8.4 X 10% cm. ;

R cffective resistance in secondary
circuit of transformer (coil station-
arv), including the influence of
the valve = 7 X 10! cm. sec. !
electromechanical conversion or
force factor ;

c 2mrnl3, where » —= mean radius
of coil of # turns, and B, = mean
flux density in air gap of magnet ;
I.52 X 107 cm.t gm.d sec.m!;

m mass ol diaphragm and coil =
Igm.;

e resistive load on diaphragm due
to horn = 1.45 X 10* dyne sec.
cm=hE

>

* Wiveless En_gineer, 13, 630, 1936.
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s axial stiffness of annular dia-
phragm  surround = 6.4 X 108
dyne cm. 1 ;

Sy axial stiffness of throat chamber

6.4 X 10® dyne cm.7};

Ay = effective area of diaphragm
28.3 cm .2

A, area of horn throat = 2.27 c¢cm.?;

E applied transient — F,¢~1800¢ sin

1.582 X 10%.

4, Sound Pressure Waveform at Throat of
Horn

Using the numerical values given In
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tribute nothing of importance to the sound
output. The highly damped oscillation repre-
sented by the third term is due mainly to in-
teraction of the throat chamber compliance
and the diaphragm mass, these constituting a
mechanical oscillating svstem. As explained
in section 5, this oscillation is modified by
the remainder of the electromechanical
system. Owing to the high damping, the
amplitude at the first maximum is negligible
compared with that of the reproduced
version of the impressed transient, which is
represented by the fourth term in (1)
Strictly, of course, the sum of the four terms
in (1) gives the reproduced version, but the
first three are *“ additions ” due to the effect
of the ““impulsive blow ” on the system.
The wave form represented by formula
(1) is plotted in Fig. 1, together with that of
the impressed transient. Apart from the
slow start and the relative displacement of
the two wave forms, they bear a close
resemblance to each other, so that one would
not expect the difference in a *“ dead " room
to be detectable by ear. In practice, where
the loud speaker is used in a reverberant
enclosure, the wave form of the sound which
arrives at the ear will differ from that in a
“dead ”” room or in {ree air. Consequently
in an ordinary room, distortion due to the

(Above) Fig. 4.~ Curve 1 is the

form of the sound pressure wave

of the impressed transient.

Curve 2 is the form of the sound

pressive wave at the throat of
the horn.

(Right) Fig. 5.—(a) Sound wave
form  when transient  like
Heaviside’s wunit function 1s
applied to grid of power valve
which is transformer coupled to
type of speaker discussed hevein
(without horn). (b) As at (a) but

f=z250~

AVAVAVAVAN

f=eso~

with horn 4ft. 6in. long in place.

section 3, the sound pressure at the horn
throat is found to be

p o= Ef{— 14673500 1 28 5 ¢ 7952104
+ 8726 236310 gin (1.582 X 104/ + 41°)
+ 6506 18%0¢gin (1.582 X 10% — 65°30)}
(1)

2

dyne cm.—2, where £ is in volts.

The purely exponential terms in (1) con-

(a) (b)

loud speaker may be unimportant, but this
can be verified by experiment only,

The wvalue of w/2n for the impressed
transient was chosen equal to the natural
frequencv of the oscillatory system, since
this would probably give the greatest degree
of distortion. In rveproducing speech or
music, where transients follow each other
in rapid succession, there may at times be
an almost continuous oscillation at a fre-
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1.582 X 10?
27

its effect (if any) on the car can be deter-

mined by experiment only.

Although the diaphragm mounted on its
annular surround constitutes an oscillatory
system in vacuo (1 = joo ¢fs) the damping
due mainly to the horn renders the motion
aperiodic. In obtaining this result we
assumed the resistive load due to the horn
to be independent of frequency, whereas it
is zero below the cut-off frequency as ex-
plained in section 6. In an experiment
performed some years ago with a loud speaker
of the type discussed herein, there was a
damped oscillation with and without the
horn in place. Oscillograms of sound pressure
are given in Iig. 5, the damping effect of
the horn being clearly shown.* The horn,
however, was only 4it. 6in. long and full
resistive loading at the natural frequency
of the diaphragin was not obtained.

quency w/2m c's. Here again

5. The Equivalent Electrical Circuit of the
Loud Speaker

In studying an clectro-acoustical device,
it is very uselul to know the cquivalent
electrical circuit. It is impertant to em-
phasise that this circuit is nof an electrical
analogue. 1f the equivalent electrical circuit
were substituted for the loud speaker in the
secondary of the transformer, the current,
its phase and the power absorbed would be
identical in both cases. This circuit can be
obtained by making an addition to the
equivalent circuit of the hornless moving
coil loud speaker illustrated in Iig. 61.

The differential equation of the horn loud
speaker differs from that of the hornless loud
speaker due to the compliance of the throat
chamber, which is absent in the latter case.
This compliance is represented in l'ig. 3
by a condenser in parallel with the load
resistance R,. By the principle of recipro-
city, this is represented in the equivalent
electrical circuit by a resistance in series
with an inductance, as shown in Fig. 7a. In
this diagram E is the e.m.f. induced in the

* « Loud Speakers,’’ p. 335.

+ <« Loud Speakers.” Iig. sic. In Iig. 51c the
valve and coil resistances are shown separat:ly,
and they are referred to the anode circuit of the
valve, whereas in [ig. 6 they are represented by
R and referred to the secondary circuit of the
transformer.

THE WIRELESS ENGINEER I71

secondary winding of the transiormer: R
is the resistance of the driving coil when it
is stationary, plus the resistance due to the
influence of the valve and the transformer

windings : L is the inductance of the coil
when it is stationary plus the lcakage
R
L
02 l 02
Lm= 5 Tcm=cm2 Rm—?;
) ’
(E)

E.M.F. INDUGED IN
SECONDARY WINDING
OF TRANSFORMER

Fig. 6.—Equivalent electvical circitit of hoynless

loud speaker.

inductance of the transformer referred to
the secondary winding: L, — C?*/s is the
motional inductance equivalent to the com-
pliance of the annular surround of the
diaphragm :  C,, = m/C? is the motional
capacity equivalent to the mass of the coil
and diaphragm : L, C?/s, is the motional
inductance cquivalent to the throat chamber
compliance ; whilst K, C?/r, is the
motional resistance equivalent to the load
imposed by the horn. Since the value of
r, decreases as the cut-oft {requency of the
horn is approached, R, steadily increases,
so the damping steadily decreases. The
equivalent circuit can be used to study the
action of the speaker at any {requency,
provided the corresponding circuital values

are used. Since these values vary with
frequency the equivalent circuit is not
rigorously applicable to transients. Tor

wave forms of the tvpe e sin wf, Fig. 7
can be regarded as a useful approximation,
provided w is well above the cut-oft frequency
of the horn and the damping factor a is not
too large.

Without the horn 7, is very small, i, is
correspondingly large, and the circuit can
be represented closely by Fig. 6. The
natural frequency of the coil and diaphragm
on the annular surround (in the absence of
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damping) namely

w I /( m) 3 I
- — I (s/
2m 2m N 2w k]‘MCM‘

is altered by the presence of R, L and R,,.
Apart from the influence of R, L and L,,
the natural frequency due to interaction of
the mass of the diaphragm and the throat
chamber compliance is (Fig. 7b)

w; I I R\ 1 SR
2—7T 277\/ [‘mlcm 4Lm12 / 277\ n 4”12’
i= 1.24 X 10%/2m ~ (34)
The frequency obtained fromn the preceding
mathematical analysis is 1.582 X 10%/27 /s,
and the difference between the two values

is due to R, L and L, being in parallel with
the oscillatory circuit.

6. Horn Theory

In the theory of loud speaker horns, two
of the assumptions made are as follows:
(a) the wave front remains plane as it travels
down the horn, (b)) the horn is infinite in
length to avoid reflection at the mouth,
which precludes sound being radiated into
space and the steady state cver being
attained throughout the entire horn. Hypo-
thesis () is usually accepted to avoid

difthculties. Tt is untenable when a linear
r
R
L
L c‘Z
. Rm= T,
N _m
Mi—i=g Cm= c? { 0_2
my S

E.M.F. INDUCED IN
SECONDARY WINDING
OF TRANSFORMER

(a)
Fig. 7.
loud speaker.

a) Lquivalent electvical civcwit of horn loud speaker.
q
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pedance probably holds. Above 1,000 ¢/s
the radiation from the mouth of a large
horn is concentrated near the axis. These
difficulties can be surmounted if the air
column is divided up into a large number of

MOUTH OF HORN

X—
iy
&

THROAT

AREA=A,

Yig. 8. —Tdllustrating a loud speaker horn with

conduits.

conduits by thin rigid frictionless partitions,
as indicated in Ilig. 8. The section of each
conduit expands exponentially from the
throat outwards. The major linear dimen-
sion of a conduit at the mouth should be
small compared with the wavelength. The
section distant x from the throat is that
intercepteil by the curved surface orthogonal
to the centre lines of the conduits.* This
condition can be realised fairly well in
practice provided the upper irequency range

b= T s o
! :
; i
R ; _G
| Rm " :
i !
L. m !

! =Cm=—
L =07 i c? i
2 1
I _C°
: Lm1 = Sq :
| i
: )
|
| |
] I
= — ]

(b)

(®) Iquivalent electrical civcuit of hovn

The portion within the dotted line is equivalent to the oscillating system comprising diaphragm

nmass and throat chamber compliance.

dimension of the cross-section is comparable
with the wavelength. 1{ the throat is small
enough, this condition occurs some distance
therefrom, so the formula for throat im-

is given by a unit having a small horn.
When one speaker is nsed for the range 4o to

T McLachlan, ¢ B(:sel Tunctions for Engineers,”’
p- XI.
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10,000 ¢/s, the conduits are too numerous for
practical construction, whilst the frictional
loss might be serious.

Hypothesis (b) can be modified by taking
a finite length of horn, making the radius
at the mouth large enough to avoid appre-
ciable reflection at low frequencies, and
assuming that the speaker operates in a
“dead ”” room or in free-air.

With the old hypotheses there is a certain
frequency (cut-off) below which no power is
transmitted in an exponential horn. The
resistive component of the throat impedance
is pycdoy/ (I — B%/4k%), where k = w/c, and
B is the flaring index in the formula
A4 = Ayefr (see Fig. 1). This component
vanishes at the cut-off point where & = 18
or w,— 4Bc. Below this point the im-
pedance 1s reactive. We have, however,
modified the hypothesis by taking a finite
length, so reflection at the mouth must be
considered. The acoustical impedance of
a conduit of section .1 is z, = pec/A, pro-
vided there is absence of reflection through-
out. Thus the acoustical impedance of a
horn decreascs with increase in distance
from the throat. In free space z,-—>0,
since 14— oo. To avoid a pronounced
change in acoustical impedance, the value
at the mouth of the horn should be very
small. Provided the mouth radius is not
less than from } to 1 the wavelength of the
lowest frequency to be reproduced, the
reflection is not serious, so this rule is adopted
in practice. In a room where sound is
reflected from the walls, the impedance at
the mouth will be moditied appreciably, so
also may the performance of the horn at
low frequencies.

7. Behaviour of Horn to Transients

The horn influences transients in two
ways, (a) it introduces a transient oscilla-
tion of its own, (b) it assists in damping the
driving mechanism. We shall consider (a)
when there is no reflection at the mouth of
the horn, and the speaker operates in a
“dead ”” room. If at time {=o0 a sine
wave motion is given to the air particles at
the throat, the sound pressure can be
divided into two parts: (1) a sinusoidal
pressure, (2) a transient due to tlie horn.*
The form of the transient is illustrated in

* McLachlan & McKay, Proc. Camb. Phil. Soc.,
32, 265, 1936.
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Fig. 9. A time ¢, = x/c elapses before the
sound arrives at a section distant x from the
throat. The form of damped oscillation is
a combination of Bessel functions. The fre-
quency is variable at first, but ultimately

-l
<
Zuw
o%
=
cd
o FIRST
&5 MINIMUM
o
an
z
e
£3
<
Zo
£
g TIME IN SECONDS AFTER SINE WAVE

OSCILLATION I& IMPRESSED AT THROAT OF HORN

I

Fig. 9.—Illustrating wave form of * imhevent *
transient of loud speaker hovn 427 cm. from the
throat : cut-off frequency 31.8 c[s. at time t = ©
a sine wave mootion is given to the air particles

at the throat.

settles down to that at the cut-off point of the
horn. Whenever a change in particle velocity
occurs at the throat, the horn transient
ensues. If w? 3 1B%? and the frequency
is sufficiently high, the transient is un-
important, for the ratio of the maximum
steady pressure to the first minimum of
the transient is approximately 130 #/n.%
n, — Bc/ym being the cut-oft {frequency.
The relative importance of the transient
increases as 7 decreases. Apart from this
inherent transient, the horn has little in-
{luence on either the amplitude or the phase
of a transient of the form e~e'sin wi, pro-
vided @ is in the range where the horn
impedance is mainly resistive. 1f the homn
cuts-off at 31.8 c/s, say, whilst the mouth
radius is such that waves whose frequencies
are below 100 c/s, suffer serious reflection
thereat, the transicnt will doubtless be
modified. There may be resonance below
100 c/s due to reflection, i.c., an organ pipe
offect. Whatever the diameter of the mouth,
during operation in an ordinary room, the
conditions are too complex for analytical
treatment, and the problem must be studied
experimentally.

The second way in which the horn affects
transients is its damping of the diaphragm.
Referring to the equivalent circuit of Fig.
7a, C%R, — 7, is the resistive load im-
posed by the horn. It is zero below the
cut-off point and rises steadily above it to
avalue pycd o(Ad/4y)® Using the numerical
data herein, we have seen that the motion
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ol the diaphragm on its annular surround
is aperiodic, but in obtaining this result we
tacitly assumed 7, to be independent of
frequency, i.e., no cut-off.

Let us consider the system comprising
merely the diaphragm on its annular sur-
round, loaded resistively by the horn. The
electrical analogue is the LCR circuit of Fig.
1ob, where ¢ steadily decreases in conformity
with the reduction in loading of the diaphragm
as the cut-off point of the horn is approached,
and the inertia of the air is neglected. If
R were constant, the natural {requency
would be w/27 -227-7 \/“‘LIC — 4RL? , and the
condition for aperiodicity R%*/4L* > 1/LC.
When R is not independent of w the system
is non-linear, and it is difficult to treat the
circuit analvtically.

ANNULAR
SURROUND

Py = RESISTIVE LOAD IMPOSED
BY HORN (VARIABLE)

m
(NO E.M. DAMPING)

o 1

0]~

riy=R
{VARIABLE)

(b)
Fig. 10.—(a) Mechanical avvangement of diaphragin,
annular surround and hovn. (b) Electrical analogue

of (a).

Judging from the influence of a short
horn, as shown in TFig. 5, if (1) the cut-oft
frequency is well below that of the dia-

. . I
phragm on its surround % vacwo — \/(s/m),
2

i

(2), the mouth diameter of the horn is large
enough to maintain the resistive loading
in the neighbourhood of the cut-off, the
motion may be almost—if not actually-
aperiodic.*  Frictional loss in the annular
" * This applies to a loud speaker having the
numerical constants used herein. Each speaker
design has to be considered individually.
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surround and electromagnetic damping due
to the coil in the magnetic field, will assist
in this direction.

In view of the limitations of the mathe-
matical treatment when the complete con-
ditions of practical working are so compli-
cated, there appears to be an interesting
field of rescarch for anyone who has the
requisite experimental equipment.

It may be remarked that the analysis
leading to formula (1) was published in
Electrische Nachrichten Technik., Aug., 1936,
Vol. 13, pp. 251-259, by McLachlan & McKay.

Television Exhibition

HE first public exlibition devoted solely to
the development and modern attainments of
television is to be opened at the Science

AMuseum, South Kensington, early in June. All the
principal British manufacturers interested in the
development of television are co-operating with the
Radio Manufacturers’ Association and the B.B.C.
to make the exhibition truly representative.

The history of television may be said to date trom
the vear 1873 when a telegraph operator named May
discovered that the clectrical resistance of the metal
Selenium was altered by light, and ever since 1850
experimenters have attempted to send pictures and
scenes, first by wire, and then by wireless

Demonstrations will be given of the B.B.C.
transmissions on 1modern receivers, and a local

transmitter will be shown in operation so that the
receivers can operate when no 3.B.C. transmission is
available.

Radio Beacons.

By V. 1. Bashenoff and N. A. Mvasoedoft, pp.
670 with 507 Iligs. Moscow.

This book is in Russian. It is evidently a most
thorough investigation of the whole theorv and
practice of the subject of radio beacons. Several
chapters have already been published in English,
Chapter IIT in this journal (Mav, 1928) and other
chapters in the Proc. of the Institute of Radio
lingineers.  Bashenoff is well known for his work
on this subject to which he has devoted himself
for many vears. He is a Professor at the Moscow
Aviation Institute and Chief of the Radio Section
of the Central Aero-Hvdrodvnamical 1lnstitute.
In the preface it is stated that all but g of the 21
chapters have been previously published, but to a
radio engineer who can read Russian the book will
prove invaluable in the completeness of the treat-
ment of a subject of ever-growing importance,
cspecially in aviation. A whole chapter is devoted
to radio beacons for blind landing, with sections on
various German and American svstems.

The book concludes with a very extensive
bibliography of the subject, but also in Russian.
G. W. O. H.
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Quartz and Tourmaline
By Peter Modrak, M.Sc., B.E., AMIE.E.

(Concluded from page 134 of last isste.)

HE chemical formula for tourmaline is
very complicated, being of the form

H, N, Alyy By Sip, Ogy,

The simplest form of tourmaline crystal
is shown in Fig. 9. In this case Z is the
optic axis, X and Y are the crystallographic
axes.

Tourmaline used for piezoelectric pur-
poses should be of uniform structure free
from mechanical
injuries. The
colour of tourma-
line is green, blue
or brown. I thin
plates tourmaline
is practically
transparent.

Hardness of
tourmaline is 7.
Density 3.1.

Tourmaline
crystals have a
double index of
refraction.  The
indices are 1.6397;
1.628. The index Tig. 9.
varies to  some
extent depending upon chemical COMpOSI-
tion of crystal.

Tourmaline crystals exhibit piezoelectric
and pyroelectric properties.

Tourmaline is polarised in the direction
of the optic axis and for that reason tour-
maline plates are cut at right angles to the
optic axis.

The diclectric constant of tourmaline is
5.7 Young’'s modulus £ = 1.0 X 10° kg/cm?
in the plane at right angles to the Z-axis
and changes very little in other directions.

The temperature coefficient of irequency
of tourmaline is about —46.6 X 107°% per
1° C.

Frequency variation with change of tem-
perature is very uniform ; no jumps of {re-
quency have been noticed

Tourmaline is excited very easily. It is
usually accepted that T mm of thickness of

tourmaline plate corresponds to an 8o-
meter wave.

Parasitic frequencics in tourmaline crystals
are less prominent than in quartz.

If parasitic vibrations occur their intensity
is less than that of quartz. These vibrations
are as a rule farther removed from the
fundamental frequency.

Tourmaline is more convenient for cutting,
¢rinding and polishing than quartz.

The methods of cutting, grinding and
polishing of tourmaline are the same as for
quartz.

Tourmaline plates may be prepared for
waves down to 1.2 m or {requencies as high
as 25 X 107 cycles.

Tourmaline plates are generally cut round.

The electrodes of a tourmaline holder
form a condenser of a certain capacity.
\When making tourmaline for higher fre-
quencies it is necessary to keep this capacity
as low as possible by decreasing the diameter
of the tourmaline plate. Thus for 5-meter
waves the diameter of the plates shounld be
about 8 mm.

For waves between 5 and 7 meters the
diameter of the plates should be about
12 mm and for waves above 7 meters
20 mm.

As the wavelength is decreased the effi-
ciency of the oscillator decreases and at
about 2 meters the oscillations disappear.
The decrease of efficiency of the oscillator
is due to the large capacity of the tourmaline
holder.

Tourmaline sustains oscillations —under
pressure better than quartz.

With plates of 12 mm diameter the pres-
sure may reach 500 gr/cm?®.

Silvering of tourmaline plates is not
recommended as it changes the frequency of
the plate and at higher frequencies it may
peel off.

When the crystal has been tested for
{wins and the optic axis has been determined,
one may proceed to cut plates of suitable
orientation.

It is not proposed to describe the methods
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of cutting, grinding and polishing, as these
have already been described in The Wireless
Engineer.

It should be noted that the design formulae
given above serve only as a guide for cutting
plates for certain frequencies.

—
CJ

(b)
Tig. 10.

When the plate has been cut it is necessary
to test it for oscillation. TFor this purpose
the following circuit mav be used (see
Fig. 10a).

In this case the quartz Q is connected
between the grid and the filament. Ior
carrying away positive electric charge from
the grid, a grid leak R, or coil 1) is provided.

In both cases the resistance should be large
In comparison with the equivalent resistance
of the quartz crystal. In the selection of a
suitable valve it is necessarv to take care
that grid current should be as small as
possible,

The intensity of vibrations will be a
maximuni if the tuning circuit is tuned to a
frequency slightly less than the natural
frequency of the quartz.

Piezoclectric  crystal may be repre-
sented as a combination of inductance I
resistance & and capacitance C connected
in series and capacitance C’ connected in
parallel (see I'ig. 10h).
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In this case:

L i1s the eclectrical equivalent ol
vibrating mass of the crvstal.

(' is the electrical equivalent of the stiff-
ness of the crystal.

C’ is the clectrostatic capacitance between
the crystal electrodes when crystal is
not vibrating.

the

The values of L, C, R and C’' may be
calculated from the following formulae :
Da3
Se? A
8e? A
mtla
T.‘ZD() a

Ke? |

L

R

, eA
( where
a

4m

D — density of quartz

l thickness of crystal
A arca of electrode
L Young's modulus
€ dielectric constant

© viscositv of quartz.
Generally €' is about 100 times C.

I'his circuit has its resonant and antireso-
nant frequency very close together on account

of the high value of (é .

Mechanical resonance is taking place at
the same frequency at which L and C are
in resonance.

The magnitude of the resonant effect

depends upon the ratio of L;QL

of the equi-
valent circuit.

The resonant frequency of the ecrystal
vibrator varies inversely with the dimension
of the crystal in the direction of the principal
vibration. For maintenance of oscillations
the ratio of L/C known as the stifiness of the
equivalent circuit should have a certain
value.

For that reason for ultra short waves the
dimensions of the quartz plate should be
kept small, thus reducing the static capaci-
tance of this plate.
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The coupling between the crystal and the
anode circuit is due to the internal anode-
grid capacitance of the valve.

In normal valves the capacitance C; is
about 3 to 4 cm. To secure vibrations the
coefficient of coupling must be about 10
per cent.

It is generally accepted that by increasing
the area of the quartz plate it is possible to
increase the load sustained by the crystal.
This is not so.

When the arca of the plate is increased
the ratio of L/C is decreased and with a given
coupling the alternating voltage acting
between the clectrodes of the quartz will
be decreased also.

When larger valves are used it is necessary
to use crystal plates of larger area on
account of the larger internal anode-grid
capacity of the valve.

When a grid leak is used the anode current
decreases when the crystal begins to vibrate.
When a coil is used instcad of a grid leak it
should have the least number of turns.
When the number of turns is large the gene-
rator oscillates without the quartz. The
number of turns should be determined
experimentally.

When a coil is used the anode current
increases when the crystal is excited.

To test a crystal it is necessary to place
it in a suitable holder, tune the anode
circuit and observe the current in D.C.
milliammeter.

The current drops whenever the condenser
is moved in the tuning circuit, but rapidly
returns to its original value. This behaviour
is the best indication of oscillation of the
quartz plate.

If the plate is not oscillating this may be
due to several causes, e.g., lack of cleanliness
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or the fact that the dimensions of the plate
arc unsuitable.

In the first case it is nccessary to clean
the plate by washing with soap and water
and " drying with a perfectly clean linen
cloth. Also it is recommended to rub the
quartz with a cloth moistened with alcohol
or carbon tetrachloride and rinse with dis-
tilled water and dry with a piece of clean and
grease-frec chamois leather.

1f the oscillations do not take place it
is necessary to grind one of the edges of
the plate.

When quartz oscillates it is necessary to
test it for parasitic frequencies.

The following circuit is generally used for
detection of parasitic frequencies (sec Fig.
II).

In this case L, = L,. Cgis the capacitance
between the grid and anode which must
be neutralised. Cy is a variable condenser
of small capacitance.

To nentralise Cy it is necessary to dis-
connect the quartz from the system and
make Cy — C5.  When this is the case the
generator will not oscillate.

When the quartz is connected between
cathode and grid the vibrations appear as
in the generator stabilised by quartz. By
varying the condenser C, it is possible to
change the back-coupling at will, whereas
formerly the back-coupling due to anode-
grid capacitance had a fixed value.

By increasing the coupling one can easily
excite the frequencies which normally would
not appear.

When dealing with short waves it 1s
necessary to use this scheme with care
because with strong coupling the quartz
plate may be damaged.

It may also occur that with inaccurate
tuning there may appear self-excited vibra-
tions near plate-frequency.

When the plate has been tested for para-
sitic frequencies, it is necessary to grind it
for the assigned frequency.

The quartz plate should be connected
to the same valve and placed in the same
holder in which it will operate normally.

When the quartz plate has been tested
for parasitic frequencies it is necessary to
test it for jumps of frequency. These jumnps
are due to mechanical coupling between
vibrations in one direction and harmonic
vibration in the other direction. They are
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very undesirable and any plate exhibiting  frequent with Y-cut plates. They are absent

such jumps should be rejected. These
jumps may appear when the temperature of
the crystal is varied.

For the purpose of testing the plate 1s
placed in a suitable thermostat and a refer-
ence crystal whose fre-
quency is about 1

o b1 kilocycle or so apart
© is placed in an elec-
2 trically controlled ther-

GES . .
" 3 mostat in  which a
constant temperature is

P o maintained. The dia-
3cuLaTon grammatic arrangement
Fig. 12. is shown in Fig. 12.

The difference of fre-
quencies of the two generators is deter-
mined by varving the frequency of a beat
frequency oscillator until zero beat is
secured and reading the condenser dial
marked in cycles. [f there are any jumps
of frequency they are casily detected when
the temperature of the crystal drops.

From variations of temperature and fre-
quency it is possible to calculate the tem-
perature coefficient of frequency.

af

This temperature coetficient is - .

where df  is change of frequency
dt = change of temperature
f = frequency of crystal.

Jumps of frequency may occur in X-, Y-
and R- or .17-cut plates.
As a rule jumps of frequency are more

3,000,

in tourmaline plates.

Figs. 13a and b represent variations of

FREQUENCY CHANGE IN KILOCYCLES

-40 -20 0 20 40 60 80 100°C
TOURMALINE DIA. 13 x 0'65mm.

Fig. 13 (b).

frequencies with change of temperature for
X-cut quartz plate and also for tourmaline

plate.
In 1929 it was pointed out by F. R. Lack!
that considerable difficulties arise in pre-
paration of Y-cut plates

2.000}-

1.0004—

FREQUENCY CHANGE IN CYCLES

T _

T on account of jumps
| of frequencies appear-
ing with very small
changes of thickness of
plates.

] It has been pointed
out that these jumps
of frequency appear at
111 frequencies which co-
1] incide with harmonic
frequencies which the

R =66 =30 =26 o 26
X-CUT QUARTZ 25x025x4-775 mm.

Fig. 13 (a).

o { ! Observations on Modes
40 ® 200 of Vibration and Tempera-
ture Coethicient of Quartz
Crystals, F. R. Lack, Proc.
Inst. Rad. Eng., July, 1929.

I
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crystal would have if

direction at right angles to the electric

fielct.
FFurther experiments

these jumps of frequency depended upon the
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it vibrated in the In

1931,

H. Suaubel!
formula taking into consideration the co-
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introduced a

efficient of linear expansion of the crystal in

proved also that

different directions.
point out that the resuits differ considerably

Straubel’s experiments

width of the crystal. This proved that a from the formula proposed by him. His
system of coupled mechanical vibrations experiments prove that interference  of
various vibrations has
- 0 e e e ] considerable influence
. — EEEE T ¢ " upon change of tem-
: - RN 1 — T 1 : i
g 6000 —+———— -K‘\Mf I . BN 1 perature coefticient of
5 DT i o ] . i frequency. It has been
z I * ‘Q‘K = - shown that the tem-
w 1 LY | | 1] | z .
2 ‘ ‘ BEEEEN B perature coefficient ol
Z 4000 — i Lt \J,-..f_ T ; | - I .
z | =L | EEEEEE | . Y-cut plates approaches
. O EEEEEEE | 1 | sero values before
S L anm | j e ‘ﬁ,:4 . 1 jumps occur.
% 2000 - A e S T . = I 29, W. A. Marri-
3 SEEEN T T == | n 1929, W. A. Mar
& | T ’I AEEEENE i T ‘-_—N\j son? carried out ex-
NN NN }_H T.‘ 7T periments with  ring-
° = — =T o %0 l_410 0 50-C S‘}llaped quartz of Y-cut
X-CUT QUARTZ 25 x 25 x 2:67 mm. Rates.
Fig. 14 (a), and right Tig. 14 (b). 2000

is produced which are
analogous to the elec-
trical vibrations in
coupled circuits.

That these jumps may
occur in Y-cut as well
as X-cut plates is shown
in Iigs. 14aand b. These
jumps are very undesir-
able in radio practice.
For that reason each
plate should be tested
for these jumps of fre-

3.000]

2.000]

FREQUENCY CHANGE IN CYCLES

1,000

quency. For this pur- -
pose the same apparatus

1s used as for deter-
mination of temperature coefficent of ire-
quency.

Generally before a jumping irequency is
attained, the temperature ceefficient ol
frequency rapidly decreases and frequently
reaches zero value.

When jumps of frequency occur, it is
necessary to grind one of the edges of the
plate in order to change the mechanical
coupling between vibrations in the direction
of the electric field and those at right angle
to it.

Y-CUT QUARTZ 25x25%X403mm.

F=5051 kc/s

According to Marrison’s experiments the
temperature coefficient of frequency for
ring-shaped plates having an internal dia-
meter — 1 of the outer diameter is positive
and decreases with increase of the inner
diameter of the ring.

In the author’s experiments, Y-cut quartz

1 Schwingungsform  und Temperaturkoeffizient
von Quartzoszilatoren Jahrbuch der drahtlosen Tele-
graphie und Telephonie, Band 38, H. 1 July, 1931.

2+ A High Precision Standard of Irequsncy,”
Proc. Inst. Rad. Eng., July, 1929.
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has been used having an outside diam. of
43-435 mm and 9.075 mm thick.

The temperature coefficient for circular
plate was — 28 X 10-6. The temperature
coefficient with ring-shaped quartz having
an inner diameter of 10.5 mm was — 16.8
X 10-5.

When the inner diameter was increased
to 28 mm the temperature coefficient was
+ 94 X 10-8

It is necessary to state that the frequency
of the ring-shaped quartz did not change
appreciably when the inner diameter of
the ring was increased.

300
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On account of considerable discrepaicy
between the author’s experiments and those
of Marrison it was decided to test two other
ring plates, carc being taken to select the
best possible material free from twins.

To sccure the most uniform material a
cylindrical block of quartz was prepared
and tested for oscillations. This cvlinder
has been cut into two parts, cach being
carefully finished.

The results obtained for these rings are
tabulated on the next page, and are repre-
sented in Fig. 15

These results indicate that the preparation
of ring-shaped quartz plates of

7 (9216-28-61410™°
4

| small temperature coefticient is a

T 17
280

260

120

100

FREQUENCY CHANGE IN KILOGYGCLES

107
: -
| <0 -2a03x1076

I _
B19-20 46210

|
1
|

I

rather difficult matter.

They show that the frequency
may be changed not only by re-
duction of thickness of plate but
also by the change of inner diameter
of ring.

The least temperature coefficient
with the same thickness of plate
depends to a certain extent upon
the ratio of inner to outer diameter
of ring and this ratio is not constant,

being 3:1, 2:1, and 3:2 ap-
proximately for ditferent plates.
At the end ol 1934, Prof. T.

Koga in Japanl, Dr. Bechmann,
Germany ?, and T. R. Lack, G. \V.
Willard and I.. E. Fair, in America3
described their - or .1 T-cut, giving
zero temperature coefficient of fre-

quency.
If the angle of rotation of plate

about the X-axis is changed as
indicated in TFig. 16a, it mav be
shown from theoretical considera-

tions that for thin plates the relation

between temperature coefficient of
frequency and angle of rotation is

as shown in Fig. 16b. It is recom-

! Thermal Characteristics of Piezo-
electric Oscillating Quartz Plates Report

TEMPERATURE
Fig. 15.

The frequency of the circular plate was
230 330 cycles at 23° C., whilst the frequency
of the ring of inner diameter 28mm, was
229 070 cycles at 20.4° C.

of Radio Research in Japan, Vol 1V,
No. 2.

* R. Bechmann : Uber die Temperatur-
Koefhzicnten der Iigenschwingungen,
piezo-elektrischer Quarzplatten und Stibe,
Jahvrbuch dev Drahtlosen Telegraphie und Telephonie,
November, 1934.

# Some Improvements in Quartz Crystal Circuit
Elements, The Bell System:  Technical Journal,

July, 1934.
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mended to use plates cut at 35°; the other
cut at — 489 giving zero temperature co-
efficient is not to be used on account of the
increase and subsequent decrease of {re-
quency with temperature.

NT

TEMPERATURE COEFFICIE
|
s
=)

2% 60 —30 0

ROTATION OF PLATE
ABOUT X —AXIS

(b)

Fig. 16.

(a)

The above-mentioned investigators point
out that experimental results are in close
agreement with theory.

QUARTZ No. 1.

Inner | !
diam. | Temperature Fre- |
of ring | coefficient quency Remarks
in mm |
o 24.03 X 10-" | 243 650 | *By grinding
8 10.53 X, | 243650 | and  changing
12 14.77 , 254 150 | thickness {rom
14 —10.54 257 153 | 7.48 to 7.26 fre-
16 28.61 .| 231 400* | quency was
18 | —20.46 245 450 | changed to
20 } — 7.66 | 251 320 | 236 420 cycles.
21 11.06 260850 | Frequency
22 —18.08 .. 261 300 | 245 450 was se-
cured by in-
creasing  diam.
' of ring to 13
mm.
Inner ’
diam. | Temperature ‘ Fre-
of ring | coefficient ‘ quency Remarks
in mm | |
o |-19.94%x10% | 259 180
12 |—13.56 ,, | 267 550 | Thickness of
14 —16.19 VY 268 460 | quartz was
16 303 800 | the same.
18 246 goo
20 + 2.42 5 249 800

THE WIRELESS ENGINEER 181

Frequency jumps do not occur in these
plates so often as with Y-cut plates.

These plates oscillate under pressure and
in that respect resemble Y-cut plates.

The author carried out a series of experi-
ments with plates cut very close to 357 with
respect to the Z-axis.

The conclusions that may be drawn from
the author’s experiments are as follows :

(1) It is possible to secure temperature
coefficients approaching zero value for thick
and thin plates if suitable relations between
length along the X-axis and length along
Z' are chosen (I'ig. 16a).

(2) Jumps of frequency are less trouble-
some with R- or A7-cut plates than with
Y-cut plates; by slight changes of the
dimensions of the plate it is possible to get
rid of these jumps.

(3) Spurious frequencies occur very seldom
in these plates.

It was pointed out in 1925 by Giebe and
Scheibe that if a quartz plate is placed
between two electrodes as shown in Fig. 17,
a luminous effect may be produced.

In this case electrodes E, and I, are
fixed on ebonite or glass. The quartz rests

QUARTZ

2 — —— |

!

Iig. 17.

freely upon the lower electrode. Between
the electrodes an air gap of about 0.5 mm
is provided for observation of the luminous
effect.

1f the frequency of the potential difference
applied to these electrodes corresponds to
the natural frequency of the quartz plate, a
luminous effect appears as a result of the
considerable mechanical stresses produced
in it.

If a quartz plate be placed in a vacuum
corresponding to about 10 or 15 mm of
mercury the luminous effect appears at a
potential difference considerably less than
that at atmospheric pressure. The reson-
ance point may be determined with an
accuracy of I in 10 ooo.

Luminous resonators are used for stabilis-
ing the wavelength of transmitters, for
calibration of wavemeters or checking their

C



182 THE

accuracy and for international comparison
purposes.

Giebe and Scheibe experimented with
vibrations along the length of the bars
having rectangular cross-section.

In the casc represented in Iig. 18, the

ELECTROOES
_cLamPs
ovARTZ
X

X
+£ +E
[—] ==

—— e ovnere
(=] 3
=& =&
e
Fig. 18.

direction of length is perpendicular to the
X-axis. In Lig. 19 the length is parallel
to the .X-axis.

In both cases the
field is as shown.

In the case represented in Fig. 18, the
quartz rests freely upon the surface of the
electrode and is being kept in position by
means of clamps as shown, being thus free
to move slightly along the electrode.

The other electrode consists of a sharp
point or of a wire placed parallel to the

?"[Lf&'rﬁdﬂ&i

QUARTZ I

direction of electric

QUARTZ

quartz bar in the case of long bars. An air
gap of about 0.5 mm is generally provided.

In the case shown in Fig. 19, quartz bars
are supported by electrodes suitably pressed.

This type of electrode is used for bars for
lower frequencies.

It is obvious that for the same voltage
applied to the eclectrodes the intensity of
electric field is considerably less in the

WIRELESS ENGINEER
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second case than in the first. This intensity
is sufficient, however, for production of
luminious effect in bars up to 50 mm in

length.
In both cases loose and fixed electrodes
are  used. Quartz bars are generally

mounted inside glass bulbs partially ex-
hausted and filled with a mixture of neon
and helium at a pressure corresponding to
a few millimeters of mercury.

For elimination of parasitic frequencies
and also lor securing low temperature
coefficient of frequency, the dimensions of
a bar for 250 ke/s were y = 11 mumn, ¥ — 1.5
mm, z =2 mm.

For frequency ol 1000 ke/s dimensions
of bar will be

Yy =3mm,xand z = 1.5 mm.

It is obvious that preparation of quartz
bars of these dimensions is a difficult matter.

Quartz resonators of this tvpe have small
temperature cocfficient and are suitable for
determination of frequency with an accuracy

of 10 — 20 X 107® with loose electrodes
and 5  107® with fixed electrodes. It was
pointed out that the preparation of bars ol
the above type is difficult for irequencies
below and above 1 000 ke.

For frequencies corresponding to wave-
lengths below 100 meters it is possible to
use .Y-cut plates, using vibrations along the
thickness o! the plate. 1 mm thickness of
these plates corresponds to wavelength of
100 meters.

For this reason it is possible to prepar
luminions quartzes for frequencies of 7.3
megacycles.

T'ig. 20 represents a luminous resonator
for a wavelength of 50 meters prepared in
the laboratory for experimental purposes.

In this case thickness vibrations have been
used and no spurious frequencies have been
detected.
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Quartz resonators are being applied in
radio transmitters and receivers.

TFor tuning radio transmitters to a fixed
wavelength the scheme represented in
Fig. 21 is recommended. IFor coupling
purposes a coil of suitable number of turns
1s used.

The natural frequency of this coil should
be as near as possible to the [requency of
the resonator.

For fine tuning a precision condenser
should be provided in the tuning circuit of
the generator in order to tune it to the
resonator whose resonance is very sharp.

The coupling between generator and
resonator should be as loose as possible in
order to avoid luminosity of the gas. A
(uartz resonator may be connected In
parallel with the circuit coupled to the

=

Fig. 21.

BENERATOR

tuning circuit of the radio transmitter, as
shown in Fig. 22. In this case a neon valve
1s connected in parallel with the quartz
resonator.

The neon valve extinguishes when reson-
ance is reached, i.e., when the resonator
appears bright. A galvanometer may also
be used to indicate resonance.

106

Iig. 22.

GENERATOR

Q0000

In order to tune a radio receiver by means
of a quartz resonator, it is necessary to
connect one electrode of the resonator to
the grid circuit or couple it inductively to
the tuning circuit as shown in Fig. 23.

When the tuning condenser is turned
round one hears characteristic clicks at
various harmonics.

As the audion is generating harmonics
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it is possible to determine a wavelength
three or four times longer than that of the
resonator.

Fig. 23.

To secure the maximum resonance effect
an amplifier should be employed.

In the first part of this article published
last month the following errors should be
noted :

p. 127, line 5, col. 1, should read : ** Cry-

stals of quartz form hexagonal prisins
terminated ”’, etc.
p. 131, line 2, col. 1, for “ positive "’

read ““ position.”

p. 131, line 36, col. 2, for “hold "’ read
“ hole.”

p. 132, line 14, col. 1, for “O" " read “O,.

p. 133, line 13, col. 2, read 20 to 35 X 107"
line 16, col. 2, read 4o to 70 X I07%.

"

Physik und Technik der ultrakurzen Wellen. Vol. II.

Bv H. L. Hollmann, pp. viii + 306, with 283 Figs.
Julius Springer, Linkstrasse 22-24, Berlin, \W.g.
33 Marks.

The first volume, published in 1936 dealt with
the production of ultra short waves ; this second
volume carries the subtitle “ Die ultrakurzen
Wellen in der Technik,” and deals with their
practical applications and the phenomena which
are met with in ultra short-wave work. The six
chapters are entitled (1) The reception of (uasi
optical waves; (2) Radiation and directional beams ;
(3) Transmission of ultra short waves; (4) Practical
applications ; (5) Demonstrations and model experi-
ments: (6) Measurements. One receives an ex-
cellent impression on picking up and opening the
book, for the binding, printing, illustrations, etc.
are all of the high standard which one associates
with the name of Springer. The contents of the
book are also of a high standard ; the author is
well known as a worker in this field and writes from
tirst-hand knowledge of the subject. The descrip-
tions are clear and eminently readable, and, it
the detailed theory is not alwavs so exhaustive
as some readers might wish, references are always
given to original papers which such readers can
consult. It is a book which can be recommended
to all who are interested in ultra short-wave work,
but the price will probably act as a powertul
deterrent. G.\W. 0. H.

c2
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Frequency Changers in All-Wave Receivers*

The Performance of Some Types

By M. J. O. Strutt

(Natuurkundig Laboratorium der N. V. Philips’ Gloeilampenfabricken, Eindhoven-Holland)

SUMMARY.—The various conditions, to be imposed on frequency changers generally

and especially in the short-wave range, are set forth in eleven points.

Sections IT and III

explain and discuss some of the more important effects inherent to octodes on short waves :

interlocking by electron coupling and frequency drift.
In the next section the general features and specially their performance

them are given.

Some means for partially curing

in the short-wave range is dealt with, discussing the different effects, related with their use

in those ranges.

Section V deals with triode hexodes.

Section VI briefly sets forth the

latest developments in octode construction, giving figures for the performance of the new
types in the short-wave range, which compare favourably with those for the octodes now

in use in this country.

I. Conditions to be Imposed on Frequency
Changers

HEN considering the use of frequency
changers (mixer tube combined with
oscillator) in all-wave receivers, it

might make discussion easier if we enumerate
the different conditions, which should, if
possible, be satisfied by such first detectors.

High amplification is a term often met in
bulletins. However, gain alone is not the
point ; what we desire is high gain and a
small noise-level. As noise is closely related
to output d.c. milliamps, we get three
conditions out of this: (1) high conversion
slope ; (2) small d.c. anode current ; (3) high
internal resistance. Besides the shot noise
level there is also noise from (4) whistling
notes which should be small, compared with
the music level, assuming a normal per-
centage of modulation.

Total current consumption (5) may be an
important factor, e.g. in battery and car
receivers. Disturbances like cross modula-
tion and distortion of the modulation (6)
should be reasonably small. Requirements
are widely different in this respect. It should
be pointed out that better cross modulation
characteristics lead invariably to higher
anode current and hence to increased shot
noise.  Microphonic action (7) should, of
course, be absent. Whereas the points (1)
to (7) apply to any waveband, there are
some effects, more specially related to short

* MS. accepted by the Editor, June, 1936.

waves. Interlocking of oscillator and input
circuits (8) should be avoided. Variation of
input capacitv (g9) should be small to prevent
detuning of the input circuit during volume
control. I'inally, frequency drift of the
oscillator (10), caused either by variation of
positive tensions or by volume control, should
not exceed a reasonable value. No radiation
(11) from the oscillation should come on the
input grid circuit. There are still some
effects, not expressed in the points (1) to (11),
but these will turn up in the discussion
below. Thus we have the following chief
requirements for frequency changers :

(1) high conversion conductance ;

(2) small cl.c. anode current ;

(3) high internal resistance ;

(4) reasonably small whistling note level ;
(5) low total current consumption ;

(6) reasonably small cross modulation and
distortion ;

(7) no microphonic action ;

(8) no interlocking of input and oscillator
circuits ;

(9) small variation of input capacity ;

(10) small frequency drift of oscillator :

(r1) no radiation.

It will not need much comment if we sav
that an ideal frequency changer, fulfilling all
these requirements in an optimum way, does
not exist. Two modern types, octodes and
triode-hexodes will here be discussed, taking
these 11 points as a base.
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II. Coupling Effects in Octode Frequency
Changers

Perhaps one ol the most interesting effects
is interlocking and coupling of oscillator and
input circuits in octode frequency changers.
The actual static capacity between input
grid (grid 4) and oscillator grids (see I'ig. 1)
(grids 1 and 2) is of the order of one-tenth of
a micromicrofarad and would seem to
warrant complete independence of input

Fig. 1.—Lower part :
grid constellation of
octode. Upper part :
rough sketch of poten-
tial distribution in an
octode ;  full line for
positive swing of grid
one ; broken line for
negative swing of grid

one. l
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and oscillator circuits. But already at the
short-wave end of the medium waveband
(200-600 metres) a voltage of oscillator
frequency appears on the input circuit,
often amounting to something lixe one volt
with the IFC4, depending, of course, on the
data of the input circuit.* This voltage, if
the oscillator frequency is above input
frequency, as usual in this band, is opposite
in phase, compared with oscillator voltage
swing on grid 1 and hence tends to lower
conversion slope. This voltage cannot be
explained numerically by the above-
mentioned static capacities. It is due to
‘““ electron coupling.” Consider the potential
distribution in the tube under working con-
ditions, which is approximately pictured in
I'ig. 1. The full line represents the state of
affairs, while grid 1 is zero or thereabout ;
the broken line corresponds with grid one
being far negative. We are specially in-
terested in the portions between 4, B and C,
as these surround the input grid. The slope
of BC in the point /3 is practically unaltered

* This phenomenon was detected, within the
Philips-Mullard organisation, in the beginning of
1934 by Mr. R. Clark (Mullard) and Messrs. Tellegen
and van Loon (Ihilips, Eindhoven). This effect
was investigated numerically and put to practical use
by Messrs. Bakker and de Vries (see bibliography,
No. 3 and No. 18).
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during one oscillator swing period. But the
slope of BA in the point B is greater for
negative voltage on grid one than for positive
swing voltage on this grid one due to space
charge between grids three and four in the
latter case. As the oscillator frequency is
above input frequency, the input circuit,
connected to grid four, is a capacity for the
oscillator frequency.  This capacity 1is
charged alternatively by the oscillator
swing ; its momentary charge is proportional
to the difference of the slopes of BC and BA
at B (gradients of potential distribution).
The slope of /3.1 at BB is greater in the negative
position of grid one. Hence the charge
induced on the grid four circuit and the
corresponding voltage are opposite in phase
to grid one voltage swing. This electron
coupling between grid one and grid four may
be represented by a negative capacity from
grid one to grid four, but not back from
grid four to grid one. The value of this
capacity is about two micromicrofarads in
the IFC4. 1If, with such a wvalve, under
operating conditions, we connect a small
condenser of about two micromicrofarads
between grid one and grid four, the induced
oscillator voltage on the grid four circuit
practically disappears. Of course, this means
of neutralising leaves a one-sided positive
capacity from grid four to grid one. Not
much harm is known at present, due to this
latter capacity.

We now consider some practical aspects of
the electron coupling between grid one and
grid four. By considering the impedance of
the grid four circuit for the oscillator fre-
quency (being above the input frequency) it
is found that in one waveband, coming from
the short-wave end, electron coupling
diminishes inversely as the third power of
the frequency. In different wavebands, at
equal tuning positions of the variable con-
denser in the lead to grid four, it increases
proportional to the frequency. Itisinversely
proportional to the intermediate frequency
in any band. Thus it is only scrious at the
lower wavelength ends of the bands and
causes most nuisance in the short-wave
ranges. For instance, on I metres, with an
input variable condenser of about 30 pul"
at its minimum position, induced oscillator
voltage on the grid four input circuit may
be of the order of 10 volts under normal
conditions with the I'C4 without neutralisa-
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Yig. 2.—Photograph of measuving avvangement
for determining the charvacteristic properties of
frequencv changers in the short wave range.

(1) Box containing signal generator of frequency
range 230 —4 m wavelength.

(2) Filter civcuit between a.c. 220 volts mains
and vecetver 3.

(3) All-wave veceiver, Philips 335 .1 in box,

coupled lo input circuif of frequency changer bv

a condenser of o.1 ppF. and used to neasuve

tnput signal wvoltage on this civcuit (av.c. of
veceiver shorted).

(4) Box containing several screened compart-

tion at 100 ke/s intermediate frequency.
Condition (11) (no radiation) is heavily
violated under these circumstances.

Owing to the induced oscillator volts on
the input circuit conversion conductance is,
for instance, in the 200-600 metre band
lower on 200 metres than on 300 metres and

ments, for diode voltmeter measuring total voltage
on Input cirvcuit of frequency changer (including
induced wvolts of oscillator frequency), for fre-
quency changer wvalve, for input civcuit, for
oscillator circuits and for output civcuits (100,
500 and 1,000 kc/s intevinediate frequency).
(5) Box containing batleries for positive and
bias tensions of frequency changer.
(6) Box containing heater battery.
(7) All-wave receiver (with audion) for control of
oscillator of frequency changer, for frequency
drift measurements, etc. All boxes are earthed
and titerconnected by soldered copper tubes,
containing the necessavy condiictors.

longer waves. As circuit impedances in-
crease towards the short-wave end of the
band, this tends to neutralise the decrease
of conversion conductance.

Using an elaborate arrangement (Iig. 2
several series of measurements were taken
on short waves. In these measurements it
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was possible to determine the voltage of
input signal frequency and the volts ol
oscillator frequency across the input circuit
separately. Some figures of input impedance
(considered as a resistance and a capacity
in parallel), conversion conductance, noise
level and direct currents are given here for
the valve FC4 at a wavelength of 13 metres,
i.f. of 300kc/s, input circuit capacity of
about 30 ppl’.
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nected to the second grid. [t diminishes to
about one-third of its original value by this
simple easure. The frequency drift due to
variations of the positive set potentials may
practically be altogether overcome by the
use of a small neon tube for stabilising these
potentials. This was tried in sets with
much success.

A second cause of drift of oscillator fre-
quency is volume control by biasing grid

Casc ‘ Inp. par. res. Inp. cap. Conv. cond. Anode mA. | Total mA. Noise.
A ‘ 200 000 ohms 10.6 pul’ 0.27 mA/volt 0.76 | 6.5 311
B ‘ 200 000, 10.0 0.33 ' [ 0.8¢ 6.7 I 351
The input circuit is connected to grid four four. By increasing this bias tension,

via a Dby-passed series resistance of one
megohm ;

Case -1 = oscillator frequency higher than
input signal frequency ;

Case B — oscillator frequency lower than
input signal frequency.

A small ncutralising condenser of about
2.3 pul. is placed between the grids one
and four. The noise figure is equal to con-
version conductance in microamp/volts over
square root of anode milliamps (see Nos. 46
and 47 of the bibliography). This figure is
about 500 for the I'C4 in the long waveband.
Measurements were taken at normal opera-
ting potentials, with a bias of 1.5 volt
between cathode and earth.

II1. Frequency Drift in Octode Frequency
Changers.

Different cases of frequency drift occur
and may cause nuisance in the short-wave
region.

In the first place, considering the octode,
we have variations of the positive (and hence
implicitly of the negative) potentials of the
octode. These variations may be due to
variations of mains a.c. supply of the set.
They may amount to several per cents., e.g.
6 per cent. being a not uncommon figure.
Obviously, the oscillator irequency will drift
if this occurs; ten kc/s is not even a high
figure for this drift at e.g. I3 metres wave-
length. This frequency drilt is much less,
if the oscillator tuned circuit, instead of
being connected to the first grid is con-

oscillator conditions are altered and a drift
of some 20 ke/s at 13 metres is not infre-
quent. This drift also may be reduced to
about one-third of its value by connecting
the oscillator tuned circuit to grid two
instead of to grid one. It is possible, by
using a neon-tube in combination with
properly chosen series resistances connected
to the positive grids, to reduce this frequency
drift still further. Individual set construc-
tions should be considered separately with
regard to this point.

A third effect may also be considered as a
cause of oscillator frequency drift. It is
essentially interlocking between input and
oscillator circuits. We measured this as
follows. An input circuit of some 10,000
ohms resonant impedance and 30 micro-
microfarads capacity, tuned at 13.7 metres
was connected to grid four. The FC4 was
operated at 500 kc/s intermediate frequency.
Now, with fixed potentials, the input circuit
was detuned about 0.7 upF. The oscillator
frequency shifted some 20 ke/s. [t may be
mentioned in passing, that no trimming
difficulties should result from this inter-
locking. TFor in trimming the circuits at this
wavelength, mistakes of about 0.2 pplt. are
a common figure, which results m some
5 or 6 ke/s oscillator shift. The h.f. circuits
lave a flat tuning curve in this region, and
so this shift is immaterial. During volume
control the input grid capacity varies and
hence the input circuit is automatically
detuned. But, fortunately, this variation of
input capacity is very small with octodes,
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being about o.15 puul’. at most. This will
not cause a frequency shift of the oscillator
by which the i{. is blown out of the band,
passed by the i.{. tilter circuit.

IV. Additional Features of Octodes

Referring to the list of conditions, given
in Section I, some general features of octodes
will be discussed here. This will lead to a
better comparison with the corresponding
properties of triode-hexodes, dealt with in
Section V.

The noise level of a converter is chielly
determined by the conversion slope and the
anode d.c. millamps. In fact, a certain
voltage [, may be imagined on the input
grid, giving the noise. This voltage is

£, f-\/i_"'\/‘B;

S, 10,000

Here ¢, is the anode current in milliamps.
S, the conversion conductance in millianips,
volts, B the total equivalent band width of
the i.f. filter circuit in cycles/sec. and f a
factor, varying between 0.6 and 1.3, depend-
ing on the type of tube, cathode, and so on.

microvolts.

14
12 -
Va =200V
Vg2=90v
10 — —«Vg3=vg5=7ov
“ 08
i \ /\
06

p—

02

[} 1 10 100 1.000

Se¢ 1AV

Fig. 3.—Vertical : effective input volts on grid
four, which cause 6 per cent. cvoss modulation
(or 3 per cent. vaviation of modulation depth or
2.25m  per cent. distortion of modulation).
Horizontal . conversion conductance in micvo-
amperesfvolts. For tube FC4 (Mullard).

Thus the expression S,/v/1, is a measure for
the good quality of a converter with respect
to amplification over noise. This is about
700/4/1.6 or 550 for the octode, if S, is in
microamps/volts. As was pointed out pre-
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viously, whistling notes generally diminish
by lowering the oscillator volts on grid one.
But by doing so, the anode current and hence
the noise is increased. However, if nuisance
is caused by some whistling notes originating
in the mixer stage, the oscillator volts may
be decreased to 4 volts instead of the usual
8.5, whereby the noise level increases not
more than some 20 per cent., whereas whist-
ling note strength falls down to a fraction
of its value on 8.5 volts (see No. 47 of the
bibliography).

The internal resistance is high (more than
one megohm), thus allowing for the use of
high quality if. circuits and resulting high
amplification. This high value is due to a
“suppressor grid’’ between screen and
anode. It holds good for low anode volts
also (e.g. battery valves), where tetrode
constructions often fall off.

Low total current consumption is especially
useful in the battery sets. Ior the battery
octode I'Cz, for instance, total current is
about §mA, whereas at 200 m wavelength
S, = 0.27 mA/volt.

It input voltage, leading to a fixed percent
age (being here 6 per cent.) of cross modula-
tion is measured as a function of conversion
slope (by volume control), the curve of
Fig. 3 results for the octode FCy. This
curve is closely related to the slope versus
grid bias curve (Fig. ). In fact, it may be
proved that the input voltage for 6 per cent.
is equal to 0.246/a in the straight portions
of the logarithmical slope (mA/Volts) versus
bias curve, if a is the slope of the logarithmic
conductance curve at any one point. On the
other hand, the volume control curve of
Fig. 4 is chiefly determined by the construc-
tion and the dimensions of the input grid
and these features also determine the anod
direct current. 1f the slope of the logarithmic
volume control of Fig. 4 at small bias values
(right side) is small, input volts for 6 per cent.
cross are high and at the same time anode
current is high and noise to signal ratio is
high. Hence, a compromise between toler-
able noise level and tolerable cross modula-
tion must be fixed and the octode FCy
represents a fair solution.

In measuring the microphonic action of
frequency changers, the following procedure
was laid out (first applied by Mr. Heins van
der Ven, of this laboratory) : an unmodulated
signal is put on the input grid circuit of the
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frequency converter via a dummy antenna.
Behind this converter, i.f. amplification,
detection and Lf. amplification take place.
The output of the set is connected to a
loud speaker, which can be brought in the

" ] T
o G
HER
> | | |
< |
< |
£ 001
g ‘
o
0001 L
|
\
0:000
—24
4
Vg
I'ig.  4.—Vertical - conversion  conductance
(micvoampsivolts). Horvizontal : grid bias ten-
sion on grid four. Tube FCy.

vicinity of the frequency changer, in order
to produce microphonic action of this tube.
The low frequency voltage on the loud
speaker terminals is measured with a triode
voltmeter. The loud speaker is brought into
such a position that with the lowest possible
volume control setting (a.v.c. shorted), some
volts are indicated on the loud-speaker
terminals. In other words, the relative posi-
tion of the loud speaker and the frequency
changer is so chosen, that the highest possible
microphonic action results. Then the loud
speaker is put into a sound box, such that it
hardly produces any sound at all in: the room.
Hereupon, with the volume control remaining
unaltered, the input signal of the frequency
changer is modulated to such a degree, as to
cause the same low frequency voltage on the
loud-speaker terminals.  This degree of
modulation is a measure of the microphonic
action of the tube, low values being favour-
able. With the FCy and the THy this
degree of modulation is between one and
five per cent. on about 200 metres wave-
length, at all negative bias values of the
input grid.
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V. Triode-Hexodes

The triode-hexode was at one time re-
garded as a cure for almost all the points
encountered with octodes. However, as
time went on, several disagreeable effects of
triode-hexodes turned up. It will be tried
to give a comprehensive view of these
problems here, following again the list of
requirements, announced in Section I.

A curve, giving input volts for 6 per cent.
cross modulation versus conversion comn-
ductance is presented in I'ig. 5 for the TH,.
This curve tends to be somewhat higher than
for the I'Cy (see Fig. 3). Naturally, this
better result is obtained at the cost of more
anode current and a higher noise to signal
ratio. The number S,/ /%, being 530 for
the FCy is about 450 for the TH4. Thus,
increase of noise is not very much and set-
makers, interested in a low cross level will
probably prefer the THy4  The whistling
note level is comparable with that of the
FCy. Total current consumption is higher
with the THy, being about 14 milliamps.
It is doubtful at present, if the current con-
sumption can be lowered as much as was
done for octodes in the case of battery valves.
Microphonics could be kept as low as for the
octode.

Interlocking of input signal and oscillator
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Yig. 5.—ds Fig. 3, but for tube THg. Inpaut
volts arve on grid number one of hexode poriion.

circuits is definitely better for the THa4.
The coupling effect described in Section II
for octodes, exists only in a very slight
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measure in triode hexodes. At 14 metres
and 100 ke/s if., with a total input circuit
capacity of about 30 uulF. induced oscillator
volts on the input circuit do not exceed
one volt. No nuisance is caused by this
small residual electron coupling.

An interesting effect was observed in this
type of tube on short waves. A picture of
the potential distribution in the hexode
portion is given in Fig. 6. Obviously, the
speed of electrons, drawn through grid two
is slowed down in the space between grids
two and three and a certain fraction of the
electron stream will be returned in the

Fig. 6 —Vertical : potential distvibu-
tion 1 wvolts on a velative scale.
Horvizontal : position of electrodes
being the cathode k, four grids and
the anode a of the hexode portion of
the triode hexode THy4. Values ave
approxvinale only.

opposite direction by the positive potential
of grid two. These electrons will again
come in the vicinity of grid one. During the
rather long time-interval necessary for this
way, the alternating tension on grid three
will have altered its phase and hereby given
an additional acceleration to some of the
electrons. These electrons will have acquirecl
so much energv, that they can land on grid
one (being at — 2) and cause a current to
that grid. It may amount to some 20 micro-
amperes at 12 metres wavelength, but it
can be diminished by putting additional bias
tension on grid one and by lowering the
oscillator volts on grid three. By the first
measure the conversion conductance is
lowered and by the latter one noise is
increased.

Frequency drift by positive potential
variations (variation of mains tension) is
about the same as with octodes. Tt mayv be
lowered to a quite tolerable amount, to even
less than with octodes, by increasing the
triode anode potential and connecting the
oscillator tuned circuit to this anode instead
ol to the triode grid. Of course, if use is
made of a neon tube for stabilising the
positive potentials, this tvpe of frequency
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drift may be eflectively overcome. Fre
quency drift due to volume control of the
hexode portion (additional bias on grid one
of the hexode) is not so bad as with the
octode and may also be lowered bv connecting
the oscillator tuned circuit to the triode
anode.

An apparently disagreeable point, especi-
ally on short waves, is the large variation of
imput capacity with  volume control.
Whereas this value is between o.1 and
0.2 uul". with the I'Cy, it is between 1.2 and
1.5 ppl. for the THy4. It might be useful to
dwell a little Jonger on this point. The
circuit quality on short waves is limited by

(a) losses in coil, leads and condensers :
{b) tolerance values of valve capacities :

(c) variation of valve capacities depending
on potential variations of the valves and on
volume control.

It appears that the limitation («) is much
less stringent than (b) and (c) ; the point (3)
is important if it is desired that valves in a
set are interchangeable without necessitating
fresh trimming due to excessive detuning of
the circuits. The present tolerance values
lead to a very simple rule for the circuit
tuned impedances between 4 and 50 metres.
Make this impedance not higher than as
many times 1 ooo ohmns as the wavelength
is in metres. Hence, such a circuit of
recommended quality would have 12 000
ohms at 12 metres, and so on. Let this be
the lower end of a short waveband and let
the total capacity here be 30 uuF. Then, a
variation of input capacity of 1 pul’. will
correspond to a detuning of about 400 kc/s.
But half the resonance breadth of a circuit
having the specified impedance of 12000
ohms is about 250 kc/s.  Hence, nuisance can
be caused by this capacity variation.

A second disagreeable point of the TH;
and apparently of any hexode construction
on short waves is its small equivalent input
parallel resistance. This is something like
9 000 ohms at — 2 volts on grid one and
14 metres wavelength under normal opera-
ting conditions. Obviously, this interferes
seriously with the input circuit quality. The
low input resistance occurs also with hexodes
used as h.f. amplifiers and is due to long
electron paths, causing extra losses. Care
should be taken, when using hexodes, that
no very short-wave oscillations occur, by
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inserting small unbypassed series resistances
in the electrode leads (especially to grid one)
when necessary. With the TH4, screen grid
volts should not exceed 7o, in order to
securely prevent parasitic oscillations.

VI. Latest Type Octodes

The chief points with octodes are electron
coupling and frequency drift. In order to
overcome thesc, many experimental valve
types were constructed, leading up to a type,
now here known in the laboratory as EKz.
In this type, the grid dimensions were
chosen such, that the positive potential on
grids three and five could be lowered to
50 volts. Hereby electron coupling was
materially reduced, as compared with the
FC4. Whereas with the latter type, electron
coupling was equivalent to a one-sided
negative capacity from grid one to grid four,
amounting to about 2 puF., it amounts to
less than I uul. with the grid construction
and potentials of the EKz. The clectron
coupling was successfully further lowered by
inserting a small condenser of about 0.8 upF.
between the grids one and four. It is built
into the valve in the form of a small mica
condenser. By the use of this improved
valve type the following figures could be
secured on 13 metres wavelength and 500 ke/s
if, with an input tuning condenser sctting

Inp. par. Inp. | Conv. | Anode |
resist. | cap. cond. mA. Sc/\/fa
mA /volts.

; |
|
67 ooo ohms 9.9 1 0.510 ‘ 1.40 ‘ 431
\

Here, oscillator frequency was lower than
input frequency, which condition is ver:
essential for obtaining these figures. As is
seen by comparison with the FCy, the noise
figure is also better.

Frequency drift of the oscillator was largely
overcome in this valve, by putting 200 volts
on the second grid, in combination with con-
necting the oscillator tuned circuit to grid
number two, as was already mentioned
(Section IIT).

Variation of input capacity, by volume
control, is slightly higher in this valve than
with the FCq, being about 0.5 uuk. How-
ever, this cannot be considered an objection-
able value.
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As regards the other figures, cross modula-
tion is slightly better than with the FCy,
being about intermediate between the curve
of the FCy4 and the THy. This better cross
modulation curve, however, hardly entails an
increase of noise level in this valve, as com-
pared with the 1'C4, the figure being about
550 for both valves on medium waves (see
Section 4).

By the use of this new construction,
avoiding some of the drawbacks of the FCy4
as well as of the TH4, a definite progress was
made in frequency changer design.
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