A special *“ Vade Mecum” for the crystal owner, including contributions

by
J. F. CORRIGAN, M.Sc., A.I.C., and SEXTON O’CONNOR.
Full details for building two crystal sets are also given in this book.
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y CHAPTER 1.
: The Evolution of the Crystal.

S <5

ll‘, by an effort of the imagination, the reader of
" this book cam take his mind right back into

the dim ages of the world, to an epoch of time
long before the dawn of life on this planet, he
will arrive at that period of the earth’s history in
which most of the modern radio-sensitive erystals
and minerals were in the making.

The creation of the crystal tcok place when the
carth was very young. Before the oceans came
into being, when this globe on which we live was
little more than a plastic mass of semi-molten
material, when huge streams of sulphurous
vapours and gases were belched forth from
within the interior furnaces of the earth ta pour
over and to react upon the rocky lava on its sup-
face, the greater number of the metallic ores and
‘miperals which are now found in the earth’s crust
were made. :

Early Investizatlons,

The crystal has a history which takes us back
through countless ages almost to the beginning of
the world. Man legrnt to make good use of the
many varieties of erystalline minerals which exist
in the earth’s surface .
at a very early stage
of his mental develop-
ment, but, curicusly
encugh, it ia only
within the last hun-
dred and fifty years or
so that attempts to
study the ‘properties
and characteristics of
these numerous varie-
ties of  crystallino
mineral products have_
been made in any
really accurate and
scientific manner.

" That. some aspecies
of . minerals’ - were
éepable of exhibiting
mysterious and very
peculiar electrical
phenomens, however,
has'been known, tore
or lesgy for some con-
siderable time., ~You
may read, in many ef
the secmingly non-
sgnsical and obscure
writings of the al-
‘themists, of mincrals
which  have  been .
known to shine in the dark, and to give out
Hashes of light when they were gently rubbed in
) Wik Probably +the
¢haracteristic magnetic property of the lodestone

. in al¥ays pointing to the north when it is frecly

suspended was tho first electro-magnetic character-

istic’of ‘certain members of the mineral werld

wlhiieh imipressed itself on the mind of Man.

It is a far cry from the first investigation of
the magnetic properties of the lodestone* down
to the discovery of the rectifying power of certain

~afid minerals.

"A smsll and large examyia of uomnﬂu{n srystal,

« ing to Queen Elizabeth, who

other minerals, but, nevertheless, the bistory of
mineral physies is a very faseinating one to trace
out, showing a5 it does the fact that even the
dead and inanimate objects of Nature are en-
dowed with miany remarkahle properties which

“have for centuries remained entirely unsuspected.

The Discoveries of Braun, - .
The first germ of the discovery of crystal recti-

fication ie to be seen in the now classical investi- ~
gations of a certain Professor Ferdinand Braum, =

one of the pioneers in spark telegraphy, who, in
the years 1873-4, experimented with man erant
kind# of contacts existing between oxi jotals
i Braun . mada, the discoWE@P that,
although these faulty eontacte caused a very high
impedance to the passage of an eleetrit’ éurrent,
they had the remarkable property of allowing a
greater amount of current to-flow t{hrough’ them
in_one direction than in the other. e

.. The discovery did riet cause very. much rajit'en-

“tion to be Wrawn te it at.the time. Tt 3

.?ublished in the scientific jousmals of the period, a
[

It was duly

w other werkers:conducted experiments in the
subject, and then all interest in the matter sebms
to have abated. - .. S

“In fact, it was nob until nearly ten years after
the first experiments of Marconi. that the orysinl
was applied for the purpose of rectifying wire-
lods clirrents. : : Lol
 Carborundum was the first crystal to Le used for

this purpese, and, curiously enough, this material
s not a natural prodmet, bus it is -manufactured
artificially. In 1906 General H. H: C. Dunwoody,
of the United States’ Signal Corps, patented the
use of the now well-known carborundumn detector
{or the purpose of receiving wireless telegrapby

. *The attractive power of the lodestone (magnelic oxide of
iron) ia reputed to have been well known lo the early Chinese.
It wes Dr. Qilbert, however, the renowned Phugician-in-Wait-

; Tizal gim thoroughly-Investipated the
properties of this mineral at the end of the 18th century,

“ Popular Wireless ** has the largest weekly _circuiatibn.
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transmissions. Dunwoody employed his detector
_with and without the aid of a local potential.

. This was the beginning of the practical applica-
tion of crystalline minerals to wireless reception.
Soon after the first use was made of carborundum
for this purpose other crystals began to be etn-
ployed, and as interest in the subject grew, the
number of erystals found to be possessed of recti-
fying propertics in like manner increased.
“In 1907 the now well:known *‘ Perikon ’’ detector

v

,inﬁﬁj’;!eees‘é!‘ Jead sulphide showing (heir smorphous
ature.- Galena retains its crystalline strusture even after,
o wiering, 38 will be seen trom the photogrzph below.
fiest appoared. - It is interesting to record the’
évolution' of the term * Perikon.”” The word was

first used by G. W. Pickard to aple to a rectify- -
of

ing contaet, comprising a crysta fused zinc
oxide~ and . a brass point - (U.S.A.. Patent,
886,154/087).  Afterwards, Pickard applied 'the
name. to - designate
Zifcite’ and copper pyrites*. Pickard also investi-
gated the rectifying praperties of silicon contacts.

In England the quest for new rectifying cem-
binations ‘proceeded apace. Molybdenite, various
pyrites, - anatase, the’rare mineral, hessite, tin-
stone, boriite, and a host of others, were examined
and found to possess good rectifying properties
when' used -in "conjunction with suitable. contacts.
‘Among the' naines which 'miay be mentiornied | in
cannection’ With these - discoveries . are those "of
Pistassor Pierce, Dr. Eccles; P. R. Coursey,. and
The radio experimenter ‘who is
specially interested in the details of crystal rc-
search will find all the data which he requires on
this subject in the electrical and scientific journals
of the period, say from 1806 to 1912.

Why Crystal Sets are Popular.

" The introduction of the threc-electrode valve,
and the application of its highly valuable
properties, ‘hewever, almost completely caused -a
cessation of the interest which had until then been
taken in the rectifying properties of the crystal;
and, in fact, it was not until the advent of the

a contact . between 'mnatural.

broadeasting services in 1921 that popular interest
in crystal rectification was again revived.

Now, after a period of some three years’ use,
the- radio-sensitive crystal has been given what
seems to be o permanent position in the science
of amnatenr wireless reception, and, as 1 hope tu
show later on, the crystal is beginning to give
evidence of further electrical properties which
may have many valuable applications attached to
them at some future time. . ° N

Why has the humble crystal attained such a
Inrge measure of popularity with at least seventy-
five per cent of wireless enthusiasts at the present
day? The reason is_one which every radio ex-
perimenter knows. ‘In the first place, a radio-
scnsitive crystal is mot-an expensive article like a
valve is, nor does it require any expense of up-
keep after it has becn installed in the set. It
gives pure reception, far better, in fact, than that
which. is obtained with mast rectifying valves. It
is convenient to use, and the circuits in which
it is employed are of the very simplest type.

An Honoured Place.

Thus a crystal set appeals fundamentally to the
man who is only interested in what he can get
out of a broadeast, concert, and who does not want
to be hothered with acquiring the skill necessary
for the effective operation of a valve set. Further
than this, however, the radio crystal is of great
interest to the experiménter who foresees the
deyelopment of its offective scope, and who, as
a consequencge, endeavours to take his own ‘share
in the attainment of that end.

Of course,. tha=crystal is not without its own
inharent disadvantages. Its rango is very severcly
“limited, -ard \at the present timo there is no easy
andsitraightforwird way of appreciably extending
Bitspowers in. this direction. Despite this fact,

however, the crystal holds an, honoured place

among wireless receiving instruments for amateur
fise, and it will continue to occupy that position
nntit gorhe simpler and more efficient device. is
s produeed,” 7 :

A reproduction of a microscope slidé showing pieces of

*U.8.4. Patent, 912,726, 1907,

powdered galena, each speck of which is & sensitive rectitier
of radio siguals,

¢ popular Wireless ** is on sale every Thursday, price 3d.
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It is nob within the scope of this little booklet
to go With any detail into the many suggested
reasons as to why certain crystals and mmcmls
should rectify wireless high- tlequcncy currents.
Ho“cvu‘, most of the main thcories which have
from time to timie been put forward to explain the
crystal’s action may be brietly gone over within
the space at our disposal.

An Unsolved Problem.

The main characteristic of a rectifying mineral
or crystal contact is its property of unilateral
conductivity, a phenomenon, which, as every radio
amatcur knows, consists in the passing by the
crystal contact of a current in one direction, but
of the almost completo stoppage of it when it is
made to flow in the opposite direction.

The great difficulty is, of course, to understand
the reason why certain contacts of mincral and
other materials should exhibit this property. Does
the rectifying action take place entirely at the sur-
face point of contact only, or does it take place
in the interior of the crystal? Is it a phenomenon

way.

of the oxide film preduces the rectification Ly
causing a sort of clectro-motive force to be set up
at the point of contact, this opposing the electron
flow in one direction very greatly, whilst a com-
paratively frae passage is iwade for the current
flowing in the other direction.

Thermal theories to cxplain the effect of the
crystal are usually based on the fact that local
heating effects are set up when a current passes
between a junction of two dissintilar metals. Tho
heating effeet between a crystal or mineral and
ils contact is, in general, supposed to alter the
resistance to the current ﬂomnr" in one direction
more than it does to current ﬂo‘nnrr the. Wne

e

Later Theoties.

Further still, there are a number of theories
cextant which attempt to explain the problem by
assuming that the avea of contact and its state of
imperfeetness allows the passage of minute eur-
rents much more in one direction than it does in
the other. These theories are perhaps the oldest
of the lot, but they have
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very few good points to
recomuiend them.
Most of {he later

theories of mineral recti-
fication are of a physico-
chemical or an atomic
nature, It has been sug-
gested, on the one hand,
that if a perfectly pure
mineral or crystal could
be ‘obtained (that is, one
which does not -contain

the slightest trace of
) chomical impurity), 1t
would probably be found
to be a non-rectifier. We
may cali this the ‘“chemi-
2) cal theory’” of ecrystal

SILVER
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I ]

e

rectification, for it is one
which suggests that the
- rectifying . action of the
mineral 13 due to the up-
sctting  of its regular
pattmn by the lntIUDIO‘]
of _small amounts of Im-
purities, and of therefore
setting up in the interior
{or on the surface) of the
crystal arcas of varying

of heat effects at the point of contact, can it be
vxplained on an electrolytie basis, or doos it rest,
after all, on some peculiar chemical or niolecular
structure of the crystal itself?

To be bricf, these points have not been scttled,
and, despitc many new suggestions, we scem as far
off as ever from the completcly satisfactory
solution of the problem.

Theories of crystal rectification niay roughly be
Jdivided into some four or five different categories.
'The first of these is concerned with the elccholyt]c
theories which have been put forward to explain

the crystal’s action. Electrolytic theories of
crystal rectification would explain the pheno-

menon, on the assumption that the presence of
oxygen is necessary for the rectifying attion.
Adherents of these theorics assume that a film of
oxide (or sulphide) is always present at the point
of contact, and that ionisation and polarisation

resistance.

Finally, some crystal rectification theorics ex-
plain tlie effect upon a physical basis only. We
know infinitely more about crystal architecture at
the present time than we did even ten yecars ago,
and underlying all these modern theories is the
idea that some peculiarity . of the atomic pattern
of the crystal 1 responsible, not only for the
rectifying action of the crystal, but also for its
function as a generator of oscillatory currents, and
for other clectrical properties which it exhibits,

Many Difficulties.

Those, in brief, are the themes upon which tho
thoories of crystal rectification are based. Nearly
every one of them has sonie good points to recom-
niend it; on the other hand, they all have many
ditficultics” which are not to be overcome in
practice. It is obviously impossible to enter into
a discussion of these theories in. this book, They

Consult the ** P.W.”” Technical Dept. if you are in troubie.
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are all of a highly technical nature, and, as such,
would not be of very great inrerest to the
practical-minded radio amateur. Nevertheless, if
any of my readers are specially interested in the
subject, all the essential details and reasoning
connected with these varying and opposing

theories may be found in the journals of various '

scientific societies up to this date.

~ 7 The Crystal’s Discovered Prominence.

Thus the essential cause of the crystal's recti-
fying and oscillating action remains one of the
mhanys@toblems which science has not yet been
able t#solve. In fact, for many years the sub-
ject was regarded as being of little importance.
The amateur wireless enthusiast, however, has
placed the crystal upon a new basis. . In view of
his needs, the crystal has come into prominence
again. The fascinating occupant of the detector
cup is once again receiving some measure of the
scientific attention = which it deserves. The
“mystery ”’ of the crystal has mnot yet been

< golved, but, after al}, the scientific study of the
-internal molecular architecture of crystals is one of
the youngest of the sciences. = It is barely ten

- years old. Who knows, therefore, what further
capabilities the crystal will reveal after it has been
etudied for another ten years? :

M > %
§ CHAPTER IL
The Crystal Classified. §

"XIHEN _one comes to consider the question,
there is really more difficulty in formulating
a classification of radio-sensitive crystals
than is usually supposed. For one thing, no scheme
. of crystal classification takes into account all the
many varied properties which crystals exhibit;
and, again, many of these schemes are highly
technical in nature, and -are not of very great
assistance to the radio crystal enthusiast and ex-
perinienter in his endeavours to -determine the
nature of the crystal with which he is experiment-
ing, and the degree of rectification which it may
be expected to afford. ‘ :

A Simple Scheme. ) -
- Mineralogists, and crystallographers generally,
have a very elaborate and complicated scheme of
"crystal classification. These individuals do mot
classify a_ crystal: according to its chemical com-
position, and so on, but tbey take one partlcplgr
physical characteristic which all erystals exhibit,
o wit, that of-its angular form or shape, and they
base their system of classification on that. .
Of course, for most purposes this scheme' of
classification s found to be very desirable aud
efficient, but for wireless purposes it is of very
little use indeed. To say that a erystal belongs tc
the cubical or the hexagonal class of crystals con-
veys litile or no practical information to tho wire-
lcss experimenter. Therefore, it is evident that
Trafore we can proceed very far with our study of
radio rectifying crystals, we must have some simple
and practicable scheme of our own, by means of
whicf‘: the properties and exact uses of a crystal

for wireless purposes may be readily deduced.

Let us therefore consider a few simple schemes
of classification in an endeavour to determine

which of them is of the greatest use to the
wireless experimenter in the sphere of crystal
research.

In the first place, for general amateur purposes,
erystals-may very conveniently be divided up into
two large categories—viz.,  cat’s-whisker” cry-
stals and Perikon crystals The former class
includes, of course, all those crystals and mineral
products such as galena and the” multitudinous
array of proprietary trade products which are
derived from it, silicon, iron pyrites, and several
others, which give their best results when em-
plc])yed with a single finc-wire metallic contact
only.

On the other hand, in the category of Perikon
crystals - are included all those crystals and

.minerals which are most cfficiently employed, as

rectifiers of high-frequeney currents when they are
used .in combination with another crystal, «which
iy generally of & different nature. Zincite, bornite,
copper pyrites, tellurium, and graphite are per-
haps the best-known examples of this type of
mineral.

Not Universally Correct.

But etil, however, this scheme of crystal classi-
fication cannot be said to be entircly satisfactory
by any means, for, as every crystal experimenter
knows, there are many crystals which can be used
almost equally efficiently as single contact recti-
fiers, or as combination crystals. A galena
crystal, although it is genorally employed with an
ordinary cat’s-whisker contact, will make a very
sensitive rectifying combination when it is used
in conjunction witﬁ another galena crystal possess-
ing a slightly -different gramn. Iron'pyrites is a
single contact crystal, but yet it will give -ex-
cellant results when used with zincite, tellurium,
and many other minerals.

Again, zincite can be used with. an ordinary
cat’s-whisker, and this is especially true of the
syathetic variety of this mineral. - Copper pyrites
can be similarly employed also. . :

Still further, there are some  crystals,
cuch as carborundum ‘and molybdenite, which
‘give their “best resujts when -they are used,

not. with an ordinary cat’s-whisker contaet, or in a

Perikon type of detector, but when they..are em-
ployed with. a special type of contact, swelr as a
flat piece of springy metal, which makes a very
firm contact at many portions of their surface
areca. -

Thus it will be evident that the cat’s-whisker-
Porikon classification’ of crystals,. whilst it is a
very convenient and practical scheme to use, is
not a universally correct one. :

Three Large Categorlps.

Besides the orthodox angular scheme for classi-
fying crystals which is in use for most scientific
purposes at the present day, there have been put
forward from time to time various other methods
of erystal classification. - For instance, it has been
suggested that all minerals might. very well be
tabulated and classified according-to the degrees
of hardness which they possess. . Other crystal es-
perimentors have measured the low-frequency
resistances of varying kinds of crystals; they have
investigated various thermal and electrical pheno-
mena whieh are exhibited by many crystals and
minerals, and they had endeavoured, as a_coffse-
quence, to classify crystals in accordance with the
results which have been obtained.

You will find the best and only the best in “P.W.”
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To cut matters short, however, the best scheme’

of crystal classification which may be formulated
for the purposes of wireless experimenters is one
which is based upon a comsideration of the
chenrical nature of the crystal itself. There aro
many reasens for this. In the first place, the
. classification s more scientific than the ordinary
cat’s-whisker-Perikon sort of thing, and, again, it
is definjtely of value to the earnest crystal experi-
menter and research worker because it enables him
to predict with a fair amount of mceuracy the
radio-sensitive properties which amy parficular
erystal or mineral can reasonably be expected to
possess—that is, of course, provided its chemical
pature is known. :

Further than this, if the chemical nature and
composition of & mineral is definitely known, there
is always a good ehance of imitating the make-up
of the crystal artificially in the laboratory, and of
thus bringing inte being s synthetic product, the
rectifying powers of which will be greatly en-
hanced. The feat has already been performed
with one or two varieties of niinerals, as will
subsequently be described in another chapter of
this book. . . :

.

alphabetical order, and classified according to
their chemical nature, will be found at the end of .
this book. The experimenter will find . this
compilation of use to him should he  be actively
engaged in the process of testing out crystal com-
binabdions. T ' K

et cins W
CHAPTER 111,

Crystals Classified,
(Continuedy o

)

Galena.—Galena has the honour of being ihe
most favoured of all rectifying. crystals for general
amateur use. It has well-defined rectifying preper-
ties, it affords reception of very great tonal-purity,
and & is fairly plentiful, and, in conseguence, there-
fore, it i8 not very expemsive. Perhaps the one
factor which has so greatly inflnenced its popularity
is: the fact that it functions very well when used
with a single cat’s-whisker contact, and this, com-

.bired with the fact that the material does not

readily lose its sensitive properties when treabed.
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If you take practically any eflicient mineral
rectifier of high-frequency curremts and get to
know its chemical composition, either by means of
direct analysis, or by the much simpler method of
looking up its. chemical nature in 2 chemidal
dictionary, you™ will find that you will be able to
include 1t in one of thres large categories. In
composition the crystal will be either a’salphide
(or a similar compound) of some metal or mix-
tures of metals, or an oxide, or, on the other hand,
perhaps it may be an elementary subsiance; that
is to say, a eubstance such as graphite (carbon) or
tellurium, which cannot be split up into any
simpler material by the ordinary methods of
chemical analysis: .

A Classified List, .
Almost every crystal or mineral, with perhdps
one or two notable exceptions, such as earbor-
undum, con:ists of either a sulphide or an oxide of
a llnetn}, or else it will be found to be an element
only, - : -
Going on these lines, therefore, let us now
examine the radio properties of a number of well-
-k@wn rectifying crystals and endeavour to find
out how they may be the most efficiently used for
the purpess of radio rectifieation. A list of
crystalline and mineral products, arranged in

with reasonable care, has .encouraged crystal
dealers and importers to attempt the manufactire
of synthetic galenas, mineral products in which the
necessary radio-sensitivity can  be more readil
standaFdised and kept constant from batch to bntcf;
of the material. - S e :

Galena i3 mined in various parts of the world.
Most of the radio-sensitive material, however,
comes from ‘mines which are situated in various
parts of Southern France, in the Andalusian
regions of Spairx, and in' Mexico.” In addition to
this, it i alsp of interest to note that one or
two English minés are now. supplying radio-
sensitiva galena to the publie. .

Galena functions” well' as "a rectifier when it is
used with a moderately finé cat’s-whisker cantact.
The metal out of which the contect is made is
immaterial, so long "as it does not become liable
to carrode, or to become covered with a layer of
oxide or tarnish, which, altering tho nature of the
rectifying contact, decreases” the efficiency of the
rectification. Gold, platinum, and non-eorrodible
metallic alloy cat’s-whiskers work equally well
with galena. A silver contact gives good results
at first, but in city atmospheres it soon tarnishes,
and decreasés the strength of the reeeption.

For the utmost tonal purity with galena, use a
-crystal which  possesses a- fine-grained structure,

“P.W.’" Is the oldest-established bfoadcasung ‘Journal
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especially if the mineral is employed in a valve or
reflex set. 1f, however, the maximum signal
strepgth is desirdd, it is €enerally better to go in
for coarse-grained crystals, especially those with a
metallic blue tinge about them. These give very
great signal strength. but the signals take upon
themselves a peculiar tonal characteristic which,
for want of a better terin of expression, may be
salled a “roughness ” of tone. When a very
coarse-grained galena crystal is  employed in a
valve set, however, this tonal roughness may be
very easily converted into an actual distortion of
the signals by the amplifying valve. This is a
point which some crystal-valve enthusiasts are apt
to lpse sight of when looking for the causes of
distorted reception. - . .

Probably the most sensitive galena contact is
formed when a piece of graphite taken from a
soft lead pencil is allowed to touch a coarse-
grained galena crystal with the lightest possible
- pressure.. This detector, however, is not con-
venient to work with. A galena-galena contact is
also quite sensitive, but in this. case the two
galena crystals should not be selected from the
same batch of crystals.

. Zincite.—This is, par excellence, a combination
crystal. Zincite and galena are undoubtedly - the
two crystals which are of the most use to wireless
cnthusiasts. Zincite may well be called a universal
crystal. It can be used. effectively with almost
any crystal contact, and it works well with many
ordinary single wire metallic contacts. In addition
to this, zincite is beginning to find an entirely
new use as-an oscillating crystal.

Unfortunately, good zincife is scarce. The whole
of the supply of radio-rectifying zincite comes from

certain mines in New Jersey, U.S.A:, and, there- . now
“of the fact that its most effective employment for

fore, the real material is able to command a good
price. Real zincite should not have a very greatly
streaked appearance. It should be vitreous in
character—that is to say, it should have the
appearance of dark ruby-coloured glass. Especially
is this characteristic necessary when the material
is to be used for oscillating purposes.

Zincite is really only an oxide of zinc which has
been naturally coloured by the admixture of small
traces of the metal manganese.

Synthetic Zincite.—On account of the scarcity of
natural zincite, successful attempts have been made
to produte an artificial variety of the mineral.
Speaking generally, these products do all that
the natural mineral does, except, perhaps, in the
case of its oscillatory functions. Artificial zincite
comes to the markef in the form of hard yellow
lumps . of muaterial, which are made by fusing
ordinary zinc oxide {‘‘zinc white”) to a high
temperature, and then allowing the mass to coal
down slowly. Material such as this goes under

the name of *Synthetic yellow oxide," € Gilvium,”

“ Azinite,” and so on.

Bornite and Copper Pyrites.—These minerals are,
in chemical composition, sulphides of copper and
_iron. Bornite has a well-known characteristic
iridescent appearance, and either crystal can be
used as combination crystals in conjunction with
zincite. Copper pyrites also works well with a
tellurium contagt.

Iron Pyrites.—In its. most usual forms, iron -

pyrites is . a. very common mineral, but radio-
sensitive forms of the mineral are hard to find.
If this were not the case, the mineral would prove
to be a very formidable rival to the ever-popular

galena, for a good radio-sensitive crystal of iron

pyrites Has an almost uniform sensitivity over the
whole of its surface. It can withstand the effccts
of heat fairly well. It is not easily depreciated by
handling, and it retains its semsitivity for a much
longer period thar galena. In-addition to the
above facts, iron pyrites gives reception of a tonal
purity which cannot be surpassed by any other
means.

Silicon.—Silicon was at one time a veéry much
favoured crystal, but at :the present day its
popularity has almost entirely waned. It is a
synthetic product consisting of the element silicon,
which, as many readers will be, no doubt, aware,
is one of the most abundant and widely distributed
elements in the world. The best contact to employ
with silicon is a fine wire made of brass or phos-
phor bronze. The best grades of silicon for wireless
purposes are those which possess a light steel-
grey colour. The sensitivity of silicon is almost
entirely unaffected by heat.

Tellurium.—Tellurinm is an element. In pro-
perties it is half-way between a metal and a non-
metal, and on that account it is often referred fo
as being a ‘“‘metalloid.” It gives excellent results
when used with zincite, and especially’ with
artificial zincite. It may, however, be used
almost equally as well in conjunction with other
crystals, such as silicon, galena, iron pyrites, and
copper pyrites. Tellurium melts at a temperature
of 452 degrees centigrade, and therefore it should
on no account be fixed to its cup by the use of
ordinary solder. Fusible metal should always be
used for the purpose of attaching-this valuable and
most useful crystal to its detector cup.

Molybdenite.—This is a natural ‘sulphide of tle
metal molybdenum. It is not very greatly used
pow for crystal rectification, no doubt on account

that purpose necessitates the use of a specially
constructed detector. Nevertheless, good specimens
of the mineral will function well with an ordinary
cat’s-whisker contact.

Molybdenite is very like galena in-appearance,
although it exhibits a flatter and more laminated
surface, and sometimes it has a greenish hue.
Most specimens of the mineral give their best
results when they are used in a detector similar
{o the one shown in the diagram, Fig. 1 (page 6).
The essential part of this detector is that it consists
of a flat silver spring, which is made to press:
upon the crystal surface with a varying pressure
which is adjusted by means of a screw.

Carborundum.—To  carborundum belongs the
honour of being the first crystal put to practical
use in wireless reception. Carborundum consists
of a compound of carbon and silicon (silicon
carbide), and crystals of this material for wireless
purposes shotld show a light steel-blue colour.
Darker coloured varieties are almost useless.

Carborundum will very often work without any
applied potential, but for the . most effective
reception it is necessary to employ a small local
potential across the crystal of the order of some

1.3 to 1.8 volts.

The great. point about the carborundum detector
is, of course, its great stability. A earborundum
crystal can be heated to redness without suffering
any detrimental effects, so far as its, sensitivity
goes. It can also be handled in any way at all.
And, as the steel contact with which 1t is employed
must, be applied with a verx firm and decided
pressure, the contact is not easily put out of
adjustmient. In fact, once properly adjusted, the

“ pW,” pays 10/6 for every amateur photo. used.
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-« contact will remain in good rectifying condition

for many weeks, and in some cases months.

. Every serions experimenter in the sphere of
radio crystals showuld have im his possession a
carborundum detector unit. It s very useful for
employment in portable sets, and also as a standard
against which many other crystal combinations
may be tested. he contact possesses .8 fair
average sensitivity to signals of medium strength.

A sketch of a typical. carborundum- detector and
the deteils of a crystal receiving circuit employing
such a detector are illustrated in the disgrams,
Figs. 2 and 3 (pages 8 and 11). .

CHAPTER IV.
Some Interesting Characteristics of
Crystals,
Bl

ONE of the many difficulties which beset the

crystal enthusiast, especially if he be only a

beginsier in the subject, is the corception of

what is knowr, and is so often referred to, as the

 “characteristic curve” of a crystal. However,

the matter is not very difficult to understand when

once the main fundamentals of the subject have
been grasped. :

Suppose you take a piece of metal, such as an
ordinary bit of copper wire, and, after connecting
it up in a suitable circuit, you pass varying
potentials of current through it in alternate direc-
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tions, - noting ‘with each varying potential the .

amount of actual current (in .amperes) which is.

passed by the wire. It will be found that the
greater the potential which is-applied to the wire,
the greater will be the current which will pass
through it. Moreover, the -current. will pass
through the wire equally as efficiently in one
direction as it will in the other .The current
passing through the length of wire, therefore, will
depend upon the potential which is applied to it.

Properties of Carberundum.

Now, suppose, instead of the length of wire, you
place in the cireuit a crystal deteetor consisting
of a carborundum crystal provided with an ordinary
metallic contact.
offer a very great resistance to the passage of the

current, and the:latter will have to-be measured:

in fractions of an ampere. However, if we apply
known voltages across the crystal contact, and in
varying directions (by means of one or two local
cells and a potentiometer snitably connected), and
measure the resulting current passing through the
crystal” contact, subseéquently  plotting -the results
on a graph or chart, we shall find tha} the current
flows much more easily through the crystal contact
in one direction than it does in the-other. Thus

" the crystal is said to have a unilateral conductivity.

The -graph obtained- from suwch an experiment
would be of the type filustrated at Fig 4 {page 14),
and the curve obtained is seid to be the charac-
teristic curve of the crystal when that particular
contact is employed with it. et

An eurly dut sficierit type of vivrial set employing & hose coupler and perikon deh‘ctor: '
Sir Oliver Lodge heads * P.W.’s ** Technical Consulting Staff,

In this case, the crystal will’
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When the voltage across the crystal contact is
increased (in the direction in which the largest
amount of current flows) the current flowing also
increasos, that is to say the conductivity .increases

. with :the applied potential.” Now, in the case of
an ordinary metallic conductor, such as the length
of copper wire mentioned above, we could go on
increasing the voltage, and the current flowing
would show a constantly proportional increase,
within wide limits, .

Thus, the characteristic curve of. the piece of
copper wire would be a straight line, similar to the
dotted line indicated in the diagram, Fig. 4

The Critical Potential.

The crysta], however, produces a different effect.
After ‘a ceriain voltage has been applied across
. the contact, there is a sudden change in its
behaviour. The current passed is no longer pro-
portional to the voltage applied, and thercfore s

In the case of a erystal which is used wiwl a locally
applied potential, the incoming currents flowifig in
the one direction cause a large increase of current
at the critical potential. When no external
currents are impressed upon the crystal, the cur-
rent value drops to the norma), and, as this normal
value is constant, no sound is produced in the
phones.

By inspecting the characteristic curve of a
crystal, it i3 an easy matter to determine whether
such a crystal can be employed without an applied
potential or not. If the curve has a zero value to -
the left of the point of zero voltage, and if it
rises immediately to the right of this point, the
crystal can be used without an applied potentiai.
If, on the other hand, the curve does not begin
to rise' immediately, or nearly so, at zero potential,
some locally applied potential is necessary for it to
afford its maximum rectification.

The question as to why the crystal should exhibit
such peculiar propertics is not

POTENTIOMETER
ABOUT 250~300 OHMS

known, and until it is the real
nature of crystal reectification
will remain a mystery. As I
have previously pointed out,
such rectifying action has
heen ascribed to purely Iocal
influences taking place at the
point of contact only. Electro-
Istic and thermals explana-
tions have been put forward
to explain the cause of crystal:
rectification, but they are not
wholly satisfactory. i

*“Crystal Cleavage.”
Another intéresting physical
property of ecrystals 'is the

various , modes of cleavage
‘which  they show, This
property . of  crystals is

especiatly of interest to the
crystal experimenter.

Suppose you take an or-

_dinary piece of cubical galena,

and bring into violent contaot

" with the mineral the business

end of “a domestic coal-

hammer. . What happens?

The galena is smashed into a

" thousand fragments.. But, on

sharp. bend is fprmed'-in‘ the curve. -Tiu"s is the

*“critical ” potential, and it is the potential which
should be applied agross a crystal contact if it is
to give its ‘best rectifying results.

will be seen that, whilst the eritical potential of a

carborindum crystal is approximately 1-3 volts, .
the critical potential of .an_ordinary galena crystal -

is practically zero. Which means to say that, in
otdér to afford its maximum degree of- rectification,

a carborundum crystal must have the necossary .
local. potential of about 1-3 volts applied to if,
whilst, on the other hand, galena is able to function..
quite well without any applied potential at all,.

“The reason for this may not be obvious at first,

but after a little thought it will beceme quite"

plain. - All radio rectifiers must, in order to act as
detectors, either have a strengly marked unilsteral
conductivity, or -else their conductivities should

vary  as different voltages are applied to them.

This point is .
brought out in the diagram, Fig. 4, in. which it -

the other hand, if you lay the
blunt edge of a knife lightly

‘on the surface - of .the - erystal, parallel to its

straightest edge, and then hghtly tal,p the knife
with a small hammer, the crystal will break into
two smaller fragments, each of which will retain
thie same characteristic as the original. crystal.
This fracturing of the crystal is.known as_“crystal
cleavage,” and the type of cleavage \\K_hlc!.l a
crystal exhibits is one of thé most characteristic
physical properties of a mineral of crystalline

substance, . N

Definite Atomic Strueture. ~ -

"Crystal cleavage may seem at_first to be_ a_very

trivial matter to claim any abtention from ;the
scientist, but, as & ‘matter of fact, it is-a property
of the crystal which has been very catefully studied.
The reason -why. a crystal .cleaves in such a
characteristie manner is simply ‘due to the fact
that its stoms are not. jumbled together any old

The best radio authorities write in ‘¢ Popular Wireless.”” -




how. They have sn orderly arrangement ‘and the :

cleaving of the = erystal represents therely the
splitting up "of the ecrystal along definite planes,
planes which represent the weakest pomts in the
erystal structure. :

Galena, iron pymﬁes molybdemte all possess
what is known as a “regular_cleavage.” That is
to say, when a large crystal of the mineral is
carefully broken, each of the smaller crystals have
roughly the shape of the original crystal.

The new surfaces of "a cleaved orystal have
ususlly “& high semsitivity. Importers of crystals
are well aware of this fact, and most of the
natural crystal products which come to the market
these days are pieces of mineral which, besides”
undergoing a preliminary cleaning opentlon have
been carefully cleaved, in order-to tensify their
sensitive properties,

Curved Surfaces.

Crystals such as zincite, oerussite, and 50 on,
have “what is known as a ‘‘eonchoidal,”’ or shell-
like, cleavage. On sphthmg, these crystals ‘break
up into smmaller cryateis, possessing curved surfages.
Materials such ae glass, cements, efc., which are
amorphous or non-crystalline in chnracter dp not
posee3s any cleavage at all. On bleakmg. they
-merely split up into e large number of small-
fragments, no maiter how carefully the breaking
‘operation i8 carried out, and each of the broken
fragments bears no relation whatever to the
original substance. The reason for this is, of
éourse, becausc. the stems in an amorphous sub-
stance have no fegular arrangement. The atoms
in a crystal’ may -be very aptly compared to a
parade of soldiers. They are well disciplined and
arranged in orderly array, but the atoms in -a-
non-crystalline material are like the individuals

,comprising an ordinary crowd. They have no -

regular arrangement whatever

Thus the property of cleavage, which is
R possessed by all crystals to a greater or less degree,
is an important ofie to consider when dealing
with erystal rectification, for it is very peebably
upen ﬂ{m orderly 'arrangement of the .individual
atoms in a crystal that t.he rectifying actxon
fundamentally depends,

Inmmﬁxgﬂwmmmm

It hes very recemtly been shown that some
crystals are extraordinarily sensitive to the effects
of light, and that, by some process as yet un-
known, they aro ‘able to convert the ethereal
vibrations which comstitute light into electricity.
Thus the crystal, besides acting as a rectifier of

. high-frequency ocurrents and a generator of
oscillations, i3 also able to effect the conversion of
light waves into electrical energy. The conversion
is a very mysterious one indeed, but it is, never-
theless, a phenomenon which must prove o be of
mt@nsa interest to every crystal enthusiast, npen-
ing as it does a fresh path to further scientific
research in the realm of orystals.

Very - probgbly - the triple functlomngs of - +he

crysta{—to wit, its rectifying action, its function-
ings as a generator of high-frequency oscillations,
and #s conversion of light into electrical energy—
arc all interconnected. -
Galena is to some exbent affected by light, The
reception. obtained by many grades of galena con
‘be very apprecmb]y strengthened if a strong beam
of sunlight is focused upon. the ‘point of contact

42 . ' Presented Free with © Popular Wereless,

by ineang of a powerful lens. That is an experi-

: ment which is easdy within - the  sphere of even

the very beginner in crystal expetvimental work.
If the lighi of an arclamp is substituted for the
foctsed sundight, there is no further effect. The

‘influence of the intense light obtained from a

mercury vapour lamp has mot apparently been
investigated, although sundry observations which
have been made from time to time indicate- that
a pencil of X-rays playing upon the point of erystal
contact can very greatly increase reception.
The influence of these factors upon the distance-
sensitivity of the crystal has not ‘yet been
investigated, and therefore a fruitful field for
1hesearch for the interested amateur m opened up
eré. -

American workers, however, usmg sulvet sulphide
crystals, instead of ordinary galena, have been

* successful in causing the crystals. to produce a

measurable quantity of current under-the mfluence
of intepse light. That is to say, the crystal has
been made to transform a portion of ‘the- light
energy into electrical current, ~which "is an
extremely interesting discovery mdeed and “one
that opens up vast possibilities for the humb]e and
very often despised crystal. .

- Crystals for Reflex Sets.

Another . interesting point about crystalline
galena is that when the material is fused up with
the addition of definite amounts of pure silver
sulphide, and _then - artificially recrystallised, the
resulting product pOSsesges a greater - sensitivity
than that of the original ‘material.’, As the silver
sulphlde in the galena is increased, t.he sensltlwty
increases, until, with a galena crystal containing
something like thirty or forty per cent.’of silver
sulphide the increased sensitivity reaches a maxi- -
mum, and it begins to decrease if a greater amount
of silver sulphide is added. Tin sulphide acts in
a similar manner, but in this case the amount of

‘the added material should not exceed five per

cent. There is a very interesting sphere of action
for crystal experimenters to discover the offects of
other materials when added to galena, and also to -
other crystals. .
For a reflex sei, galena is. undoubtedly the best
crystal. to Pm;ﬂoy It  combines the valuable
properties of reasonable distance-sensitivity and
clear rectification. But not all galenas are-

Z
‘suitable for valve work. The fine grain  varieties

of the mineral give the best results; and the ones
which are the most free from distortion. A crystal
of really good jron pyrites will often work wonders
in_curing a noisy valve-crystal set.

Perikon ' detectors are not so successful - when -
empioyed, ‘in valve sets, the reason being that a

" "Perikon comhmatlon of crvstals usually requives

strong signals in the first place in order to rectify
clearly and ‘well: Given strong, clear-cut signals
in the first place, the Perikon detector s many
advantages which arve peculiarly its own, -but on
weak signals it does not do so well as a piece of
sen.sltxve galena.

,Ca.reiul Adjusiment Essentlal,

Now, a valve set, especially whnen it. is employed
for farrly long- distance work, deals with weak
initial signals, and to deal with these effectively a
galena crystal is needed. Fine-grain galena should
be used, becauss it gives purity of tone, and the

detector should preferably be a micro-adjustment

The ‘“ P.W.” Technical Dept, will test your set{ for you.



Other famous
“P.W.” Sets—

The ¢ Popular Wireless ”
- Continental Set,

This wonderful 2-valve Set
comprises one stage of high-
frequency amplification and a

etector anve For long
distance it is splendid, and as
it uses plug-in coils it covers
oll wave-lengths. It brings in
all ‘the principal Continental
Stations with ease. 1f you are
thmkm1 of building up-your

first Valve Set thls ls thz Set
you need build,
cheap to bu'y. ami economical
to maintain, And you can add
additional "amplifiers at any
ater " date to work a Loud
Speaker. . We have sold many
bondreds of these 1o readers
~ of Popm.n WiRELESS within

the last few weeks. Complete

list of Parts required under

the Pilot System s. d

| Peto-Sc t
Cond, e:s:rsgoan Law
1 Peto-Scott Square an
Condenser 0003 .. 6
2 Microstats.. .. .. 35
1 _Two-Coil Hulcler.
Board Mounting 5
2

2 l_l;:,n:ll;;::pnc:ty Valve

(-]

1 Bonrd-mountmg Cunl
older ..

6
6
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6
8
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10 Mark L1, Tergmnals 1
6 2-ft. Lengths 1/16 Bus

ar Nuts, Screws, etc. |
- 1 Packet Panel Trnnsfers 0
Plain Panel, ™ Red Tri-
angle,” 13" x 6" x ¥ 5
“Panel Drilled extra 2
Panel Engraved extra., 2

Cabinet with anebonrd
Mahogany £1

Pilot Chart

32-Page Book fully illustrated
with specifications of more
than 30 Sets available for 3d.

the Home . Constructor.

The Pilot Service
‘helps you build up

“P.W.” Sets

. 4 ft. Square Tinned Copper W:re

HE Pllot Service i3 a great new scheme
to help the amateur build any of the

well-known Receiving Sets (both

valve and crystal) with the assurance that
it will work correctly from the commence-
ment. All Pilot Receivers are based on
the actual Receiving Sets described ‘in the
actual - Magazine~ Constructional article.
They come to you with panel ready dnlled
tapped, and engraved, with every com

nent exactly as specified by the author

(m certain minor instances we reserve the.

right to substitute those of our own make
to expedite delivery). In addition there
is a full-size wiring diagram. Down to the

very last screw they are complete; and there’

is nothmg more to buy. All you have to
do is to assemble as instructed, and wire
up the Set Failure is impossible.

The “Popular Wireless”

Low Loss Crystal Set
(described in this booklet)

4 Peto-Scott Standard Square Law
Condenser, *0005 mfd. .0’

| Panel Mounting Plug Socket 0
| Crystal Detector .. .. .. 0
i .0
.0

0

| Petocite Crystal.. ..
7 Mark 111, Terminals

1 Panel of ‘Red Triangle’ guaranteed
ebonite, drilled and engraved.. 0

[ Polished MahoganyACubin'el .. 0

£ 1
Accessones Reguired :
100 fr. 7/22 Aerial wire; 6 yds.
Heavy Rubber Covered Wire ;
2 Shell and 2 Egg Insulators ;
| Simplex Lead-in .. .. .. 0Q
.0

1 Pair of M.E.L.. 'Phones ..

Or 1 Pair of L1ghtwe1ght Ad)usl-
able Phones .. I |

|
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Satisfaction Guaranteed
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Other famous
“P.W.” Sets—

‘The ‘Bestway’ 1-Valve Ultra

This highly efficient little
Set  employs the super-
regenerative idea, or a
One-Valve Set lt is ammzing.
Certainly no other One-Valve
Set can be compared with it.
1f you really want to know
what one valve can do—by
the exercise of a little slull
and patience—you  oug!

build this One-Valve Ultra
You will not be dlsa;pomted
Its rnnge is_about miles
with headphones, while if
ou are situated close to a
EB .C. station you will obtain
sufficient volume to_work a
Loud Speaker. Complete
list of.parts required under
the Pilot System: .. d.

) Peto-Scott Square Law
Condenser.qDOO 4.8 @
1Board-Maunting anve
Holder, anti-capacity
1 Lissenstat Major Fila-
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1 Lnuen * Variable
Grid L
} 2-way le Holder
oard unting .
10 Mark 111. Terminals
I Grid Condenser, -0002

ubilier. .. .. ..

J Basket Coil Holder,
Standard .. .. ..

1 Basket Coil Holder,
fitted with 2 extra

- Terminals. . 1

b lb No. 26 D.C.C.

5 2~foot Leng!hs Square

inned Copper Wire,

Woaod Screws, | foot
Twinflex

1 Packet Panel Transfers
£l |
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|o...
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1 lgranic Ultrynic Coil
1 lgranic Reactwe Coil,
turns - .
Plain Panel of Red
Trmng " Ebomte, 4

Panel Dnlled extra w2
Panel Enzruved extra, .
Cabinet,  in Polished
Mahogany with Base-
oar e we e

Peto-Scott
Catalogue
Catalogue (48 pages) of all

Wireless Components.

Fully illustrated.
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PETO-SCoOTT CO.,
Head Office & Mail Order
77, CITY ROAD, E.C.1.

62, High Holborn, Landon, W.C.1.

Plymouth : 4, Bank of Engfand Place.
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ong, in order that the most sensitive degree of

adjustment’ 'may be obtained and maintained. ' -

For portable valve sels, a carborundum detector
has’ many ‘extellent pomts to recommend it, despite
the factithat its use calls for additional apparatus
in the way of potentidmeter ‘and batteries;” and
80,10 some extent, compl:eates the working of the
receiver.

-CHAPTER V.
How to Make and Test C.rystals. .

%
“ug home manufaciure of varioms tvpes of
rectifying . materials is an occu-patxon -po$
without &  very considerable
practical use atteched to it.
naturally occuring minerals can be imitated in the

W

le  interest and.
Quite a pumber of.

‘burn ‘off the superﬂuous uulphur’,__
. copper pyrites will now be camplete, and the
suiphurised rocs,

-bornite, -

Pnse‘nted Free wth ¢ Pogmlar Wwelc

sulphur should be hea’ced untll the hqtud has
attainéd a “thin black appearance.” Any fumes
which may escape from the vessé] will be drawn

.up the chininey of the fireplace, and thus will not
‘escape into ‘the room. "Care, however, should be’
+taken not -to sllow ‘the mojten sulphur to take

fire.
Having obfaired the sulphur at its necessaly,

‘stage of. liquefaction, a number of- short, thick:

copper rods, which have previously been brlghbened
}f ‘with emery-paper, are immersed half- way into.

e liquid aulpbnr, and held there for {wa or. three
minutes. Afterwards, they are w1thdra.wn, and a:-
lighted match is applled to. their .ends, if order to
The artificial:

if qne may' be allowed to use’

that term, will be found to” give extremely good

results when - used 'in * place "of copper pyrites,”or
-in a. Perikon - defector, in - contmt mth

zincite or one ef its substitutes. - -

¢ Smﬂlaﬂy <un ordinary;

:
¥
3
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tat's-whisker, “applied Hilftly E
to the 'treated surface ofl.
the copper rods, will- be’
found +to- produce effestive
rectification.” In' fadt, one:
experimenter 1 koow has”
treated the whole of his .
s brass crystal cup if this!
fashion, and now he mghtly ¢
hstens -in with a crystul-
less 7 crvstal set! :

Making Zincite. &
Any smdteur con makas

artlﬁcnal zincite, prov1ded

he is able to obtain a sult-

* able furnace, or g h-
temperature bheating appal a-
tus for- that -purpose.

. _Synthetic zincite is made by
‘hoatmg ordinary . ziric ‘oxide
(the “zinc white ¥ of the
paint shops), with or with-

+ vors

WULUSTRATING THE MEANING OF
CHARACTER/STIC CURYVES

out ‘the addition ~of - very
small ; tra.ces of mangancse
dioxide, to & temperature of
something like 1,200 degrees
centlgrade Which means to
say that in order to procure
synthetic “ziricite, the crystal
experimenter must have
some means at his disposal
for heating his materials to
. .a :cherry-red heat. At this
"temperatme ‘the zncito -
melts,” and, if it is allowed”
- to cool slowly, he will find

 F1G. 4

a yellow-looking glassy .mass
is produced. And if this
is carefully broken up

and tested, a large portion
of it will be noticed to be

home workshcp, and, if the necessary processes are
carefully carried out, the resulting products will
be found to make very excellent rectifiers.
: Perhngs the simplest artificial ““ crystal ” to make
is a subsfitute of bornite, or copper pyrites. In
order to obtain such a crysﬁal ‘substitute, procure
a quantity of ordingry common rock sulphur, and
melt it up over s slow fire in an iron can. The

- purpose,

’ very sensitive to radio
signals. The use of a small earthenware crucibloe
and a hot blowpipe is about the best :_.eans of
attaining the : neccssary temperature for the
although doubtless, by nplacitig the
arucible of zinc oxide, carefully lated cver with
clay, in a bot, clea.n ” fire, and by directing
upon it & current of air, a suitable substitute for
the blewpipe could be contrived.

For 1/- “ P.W.” will answer three technical querles. .. . - e
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Galena is another crystal which can be made
artificially by tue amateur, altheugh in this. case
success is not so readily attained. The starting
point of artificial galena is lead sulphide, obtained
either by erushing up scrap pieces of galena
crystal or by precipitating a strong solution of a
lead salt (such as lead acetate or nitrate) with
sulphuretted hydrogen or amamonium sulphide. The
galena is finely powdéred and placed in a small
earthenware cruciblé. Over the surface of the
galena in the crucible is placed a layer of litharge,
in order to prevent the oxidation of the galena.
The crucible is then covered with cliy, placed in
the_ middle of a very hot fire for four or five
hours, and, if at all possible, an air blast should
be directed upon the crucible, .

After the elapse of this time, the fire is allowed
to die out overnight, and in the morning the
_ crucible is removed. It is then broken open, and,
if the operation has been carried out successfully,
the iniddlé of the mass will be found to be com-
posed of finely crystalline galena. If about 20 per

cent of silver sulphide, -together with 2 per cent
of tin sulphide, are added to the galema before it
is heated up, the resulting product wiil be found
to be greatly increased in sensitivity. About 40 per
cent of the fused mass will be sensitive.

QOrdinary waste galena crystals may very often
be converted into good sensitive material by mix-
ing them with an equal weight of pewdered” 7ock
sulphur, and by heating them in a luted crucible
in an ordinary kitchen fire for half an hour or so.
After this time, the clay should be remo¥ed from
the- top of the crucible, and the sulphur allowed
to -burn away before the mass of erystals is
broken up and tested.

Artificial Iron Pyrites.
Sometimes a_rectifying product can be success-

fully made by heating, in an iron can, a mixture
of rather more than one part of powdered rock

A neat cry;st,al receiver of the portable type. Two basket coils are nsed for tuning on ihe vstiometer principle.

sulphur and ore part of jron filings. Such a
product is an artificial form of iron pyrites. How-
ever, this method must not be taken as being an
invariably successful one. Nevertheless, I am
giving it here, because it is a very simple opera-
tion to carry ouf, and there will be doubtless many
amateurs ‘who will. be able to imprové on the
process. :

Testing the Home-made Crystals.

The manufacture of crystals such as silicon and
carborundum, both of which arc essentially artificial
products, is beyond the scope of the ordinery -
experimenter, for to obtain the degree of heat
necessary for the fusion of the ‘materials used, it
is necessary to employ a high-temperature electrio
furnace, - . :

Having obtained a crystal, the next thing to do
is to test out its powers of rectification. The
subject of crystal testing is' an important one, not
only to the commercial  trader, but also to the

crystal experimenter. The , ordinary and . well-
known buzzer. test for crystals is quite a good one
for determining ., the . relative .sensitiveness . of
crystal products, and it has the-advantage that it
can be used anywhere and at any time. However,,
the buzzer test is not able to give the experimenter
any idea of the tonal properties of the reception

" which the crystal gives.

Some experimenters endeavour to form an
estimate of the crystal's rectifying properties by
measuring its electrical resistance, and then by
comparing the result so obtained with the
average resistance - exhibited by a number of
standard crystals. Howevor, this forms po real
test of a crystal’s ‘capabilities; nor does an esti-
mation of the amount of current in milliamperes
which & mineral passes enable the experimenter
to determine the tonal purity of reception which is
obtained from any particular batch of crystals..

Circuits and lay-outs are sﬁpp!ie_d,- price 1/- each,
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Where the experimenter is dealing with erystal
testing in fairly small quantitics only, he cannot
do better than make use of some apparatus similar
to the one shown m the diagram, Fig. 5 (page 18).
Here the crystal is readily inserted between two
metal jaws, and the necessary metal contact is

- brought into play upon the surface of the crystal

by means of being suitably mounted on a woodcn
handle. Use may be made of a buzzer for testing
the crystals, but generally it is_better to carry out
the -test during the actual hours of broadcast
transmission.

Before beginning the test it is best to de-
tune the receiver, so that the signals with the
standard detector (which should always be used for
comparison) are only faintly audible. The varia-
tions in audibility of “the reception which is

obtained from the crystals under test will then be

much more easily apparent.

An audibility meter connected across the 'phore
terminals is aiso another practical and convenient
method of testing out the performance of various
crystals and crystal contacts.

The Best Detector. B

The radio ecrystal experifnenter is very often

requested to recommend a good type of detector
for everyday use. This-is a question which is not

so simple as-it looks at first sight. The perfect -

detector, in the opinion of the writer, has not yet
been invented, or, at any.rate, put upon the
market. Most commercial detectors Enve their own
speciel ‘advantages; they also have their faults.

But, for the. average listener-in who is not very
much concerned with the technicalities of wireless,
I would recommend the use of either a good
Perikon detector, fitted with some device for vary-
ing the pressure of the crystal contact, or else, if
ordinary galena be employed in the set, a detector
in which the cat’s:whisker is held in a vertical
position. The cat’s-whisker should be a single
one.. It should-have a spiral shape, and it should
be composed of some non-corrodible alloy. There
is no necessity to go to the expense of a gold or
a platinum cat’s-whisker for the best work. - The
mairt point is -to have the cat’s-whisker made out
of some metal ‘which does not readily oxidise, or
even tarnish. = )

Perikon or Galena ?

.The detector should, if possible, be . glass
enclosed;-and it is now possible to secure ‘enclosed
detectors in which the cat’s-whisker is held in a
vertical position. For crystal-valve work, only the

‘very best detector should be. employed.- One hav-.

ing a fine micro-adjustment is the best to use.
“Finally, you cannot get the best work out of a
Perikon detector unless there. is some adjusting

device present by which the pressure of the contact

can be varied. This is a point which some manu-
factarers seem to forget. The adjustment of a
Perikon detector is not so critical as that of the
ordinary cat’s-whisker type of instrument, but, still,

" there certainly exists a certain definite pressure of

contact with each combination of crystals which
will give rise to-the best results in ‘the ’phones.
" Given a good Perikon detector, employing a

combination of zincite, or one of its substitutes,:

and -tellurium, and  working with signals of
moderately strong initial intensity, the results will
be equally as satisfactory as those obtained by the
use of an ordinary cat’s-whisker crystal, and, what

is more, the detector will hold its sensitive contact
for much longer periods. It will not be haif so
liable to be affected by dust and other atmospheric
impurities, and a good measure .of the reliability
of a carborundum detector will bc obtained
with it. :

But, of course, if you are out for extreme range
in crystal reception, a good synthetic or natural
medium-coarse grain galena crystal, fogether with
a micro-adjustment detector, are the things ‘you
require. i

Cleaning Dirty Crystals.

Just one further word. If your crystal suddenly
begins to give bad results, it is possible that its
surface has become oxidised. Remove the crystal
from its cup, and allow it to soak in a sinall bottle
which is filled with a saturated solution of alum or
hypo. After half an hour’s time, put a quantity
of very clean sand into the bottle, replace the cork,
and shake well for five minutes or so. Finally,
rinsc the crystal well in clean water, and dry

* quickly. This- treatment will give the crystal .a
new surface, and in very many cases the original
sensitivity of the mineral will be entirely renewcd.

Bl

. CHAPTER VI.

The Oscillating Crystal. :
< ’ e
THE oscillating crystal itself is nd new discovery,
~although most of the circuits in which it is
employed represent new lines of experimental
research. The credit for the discovery of the first
oscillating crystal goes to Dr. W. H. Eccles, the
well-known English scientist, who was one of the
earliest. investigators of the properties -of radio-
sensitive crystals, [ .

In a paper read before the Physical ‘Society of
London, in 1910, Dr. .Eccles showed. that. an
ordinary galena ‘crystal could ‘be used as a generator
of weak oscillations. Dr G. W. Pickford, who is
alse very ~woll known for his early crystal
researches, conducted experiments on the oscillating
-erystal, as well. . .

Despite these facts, however, we must give the
‘Russian  experimenters ’ their due, particularly
M. Lossev, for it is through the labours of these
researcli workers that & very great deal of renewed
interest has been taken in this aspect of radio
crystal research.

There is hardly cnough space left in this book
to enter into a full deseription of the precise
mechanism of crystal oscillation, and, therefore, I
propose to set -forth some details regarding the
practical side of oscillating crystal - work, rather
than go into the theoretical aspect of the subject.

A Crystal Transmitter.

_The great interest which has been taken in the .
practical methods of causing the crystal to generate
sustained oscillations is due to the fact that, owing
to its power in ‘this direction, a suitable oscillation.
generating crystal contact can be employed as a
transmitter of continuous waves, and these, of
course, may be modulated in the usual manner.
In fact, Lossev has employed an oscillating crystat
as a transmitter for short distances of approxi-
mately a mile and a gquarter. . '

" Interviews iﬁay be had with the Technical staff.
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Then, again, a crystal which is capable of
generating susiained escillations can be used as a
nigh-frequency amplifier, and also as a low-
frequency one, although in this latter instance there
are many practical difficulties which have yet to

"be overcome before such a crystal can be worked

successfully and reliably.

Let us, however, in the first place, deal with the
practical methods by means of which a suitable
orystal can be caused to set up oscillations.
Suppose we rig up a simple circuit, such as the
one which is depicted in the diagram, Fig. 6. " .

Unusual Circuit Employed. .

The - crystal contact is indicated in the wusual
manner, whilst the local supply of energy for the
oscillations is derived from an battery of
between 15 and 25 volts E.M.F. In series with
the battery is a fixed resistance of abount 1,500
ohms, and the bat-

Artificial brands of zincite, such as “synthetic
yellow oxide,”” will not oscillate—at- least, that
has been my own personal experience, although,
of course, I am open to correction on this state-
ment. Zincite which is for the most part black in
appearance, and which merely possesses a few
reddish streaks over its surface, -is also practically
useless.

Straight Cat’s-whisker Used.

In order to obtain any degree of success with
the crystal oseillator, the zincite used must have »
deep ruby-red glassy appesrance. Very often, if
the crystal is fractured, one of the broken surfaces
will be found to give excellent results. )

The contact should take the form "of ‘& straight
piece of steel wire, or, at the most, the wiresheuld
only have one turn in it. The wire contact is best
held in a vertical position, as shown in the diagram,

tery itself should be i
with ba
potentiometer, Y. "SPRIA
means of which the SPRING
amount of cirrent
supplied can be
carefully controlled.
In very simple - cir-
cuits, however, the
potentiometer  can
often be dispensed
with, provided the
H.T. Dbattery -is
provided =~ with a
number of tappings.
The coil indicated

be practically of any
make or type. It

BRASS STRIP

BRASS TAWS

CRYSTAL

| - WOODEN HANDLE WITH |
W MOUNTED CATSHHISKER

should be capablc of
tuning up to at least
1,000 metres, and it
should . have the -
minimum amount of
self-capacity. Gener-
ally % is better to

of plug-in coils for

this purpose, so that
the effects of differ-
ent sized coils can be

instantly determiined.

A US@F[/L DEVICE FOR CRYSTAL TESTING.

Cylindrical coils may
also be. employed,
but care should be taken to avoid dead-end losses.

In series with the coil i placed a large-capacity
fixed condenser (1 'or 2 mfd.), and sometimes a
small variable condenser, possessing a maximum
capacity of :0005 mfd., is placed in parallel with

" the crystal contact, in the manner indicated by

the dotted lines in the diagram,

Good Crys}als Necéssary.

Such an arrangement of apparatus forms a very
reliable crystal oseillatory device.
itself must conmsist of a steel-zincite contact,
although; of course, other contacts may be experi-
mented with after success has first been obtained
with ‘the steeleincite contact. A suitable form of
oscillator for this purpose is shown in the lower
portion of the diagram.

The-zincite employed must be the real material.

.} your. set- goes wrong, write to ‘‘ P.W.”

The oscillator’

* and arranged so that its contact pressure can be’

varied by a turn of the screw.

Starting the Oscillations.

In order to obtain the required oscillations, the
Tocal H.T. should be first of all adjusted (by means
of the potentiometer or tappings) until a current
of about 15 volts is passed. It is a lan to
sharply tap the panel of the apparatus with the -
finger at this stage, and, if the necessary adjust-
merit have beeni made correctly, the characteristio
oscillatory hum will be heard very plainly in the -
’phones. ) ) K
i If. however, no oscillations are apparent, and ‘it
is certain that the crystal in use is a good one,
slightly increase, or. decrease, the pressure of the
contact, and at the same time vary the strength
of the local current. Some ctrystals are inclined



Week ending October 3rd, 1925. 19

to be somewhat difficult to start the generation of
oscillations with, It 18 often a good tip to give
the crystal wire contact a slight touch with a match-
stick after the final adjusrment has been made with
it.  Sometimes the switching on of the full
strength of the local battery very suddenly, and
then as suddenly decreasing it to the normal
voltage fouud necessary, helps to induce a re-
fractory crystal to commence the oscillations.
With a good crystal, the beginning of the
oscillation business is not any more dificult than

-the act of startivg a car or a motor-cycle on a cold

morning. It is a matter of knack and the obtain-

ing of the right adjustments mere than anything
else. 2 matter to which the time-honoured adage
to the effect thut ‘‘ practice makes perfect ” apphes
very closely,

Need for Research,

It must be pointed out, however, that because a
zineite crystal will rectify well, it must not by any
means be taken as a foregone conclusion that 1t
will oscillate well. It is really impossible to tell at
sight whether any given zincite crystal will or
will not oscillate. The crucial test of the crys-

tal’s behaviour in the oscillator is en-

\ S L ARGE CO/L

/500 0KMS
' ¥

CIRCUIT FOR GENERATNG
OSCHLATIONS

VAR CONO. -005
APPROX: IO VOLTS

tirely a practical one, and, therefore, if
the amateur is only just beginning his
experiments in this fascinating field of
crystal research, lie will be well advised
to purchase a specially tested zincite
crystal.

Several dealers, I notice, are now
supplying these crystals, and for the
beginner in this line of work the
crystal will be found to bo well worth
the extra price asked for it, particu-
larly as it can be kept as a standard for
the purpose of comparing the behaviour
of other crystals and crystal combina~
tions. -

The above are, of course, merely a
few practical notes on the subject of get-
ting the crystal to -generate sustained
oscillations in the first place. The utili-
sation of thesc oscillations is a matter
which requires more complicated ap-
paratus, and which at the present time
cannot exactly be said to have been put
on a simple, practical, and workable
basis.

A crystal oscillator can be made to
amplify at high-frequency or at low-
frequency, but the best practical results
are obtamed when the oscillating erystal
is caused to act as a high-frequency
amplifier.

H.F. Amplification,

One »of the simplest circuits for this
purpose is shown in the diagram, Fig. 7.
Here it will be seen that the crystal is
placed in parallel with the aerial and
eavth, but, apart from this arrangenient,
the circuit is practically the same as
that employed for the simple generation
of oscillations only.

SUITABLE FORM OF CRYVSTAL
OSCILLATOR

£F16.6

The variable condenser, which has a
maximuin capacity of 0005 or 001 mfd.,
may often be replaced by a fixed con-
denser of those approximiate capacities.

It must be remembered, of course,
that this circuit is purely an experi-
mental one, and, as such, it will only be
likely to prove of interest to the serious
erystal experimenter. Nevertheless, it
contains the fundamental germ of the
idea of erystal high-frequency amplifi-
catiom, and, of course, it is capable of
considerable modification and, incident-
ally, improvement. The main difliculty

‘“ P.W.” pays the highest rate for good radio articles,
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EXPERIMENTAL CIRCUIT FOR H.F
CRYSTAL AMPL//"/C'AT/M A

‘\%

with  the  circuit
would appear to b®
that of getting it to
remain perecth
stable. The vari-

. able condenser, or

the fixed condenser
which may be sub-
stituted for it, acts
to a very greab ex-
tent, 'as a stabiliser
of the crystal, and,
if any - difficulty is
obtained with the
set this portion of -

h'e apparatus
should receitve the
first attention.
Sometimes t he
smallest adjustment
of this condenser
will entirely cure
the instability of
the reception.

It is interesting to
work with the re-
ceiver when it has
been detuned very
considerably. Here
the rignals are
weakened, and
small  adjusiments.
of the various pots
tions of the ecircuit
can be carried out,

A typical example of an amateur-coustructed orystal receiver utilising a * low-loss ”” coil.
The Progressive Polloy—‘ P.W.’s ** slogan,



IIIHIHHhIIIIIIIlllIIIIIIIIIIIIIIIIIIIlIlllllIIlIIlIHIIHIIHIIlllllllmlllﬁllllﬂll|||I|H||IIIIHHlIIﬂIIlHHIIIHHHHIlIIHlIlIlllllil'lliillmllllllﬂllllll’
L 2L O Heard at Brussel

on a

' "DAYZITE:..

. The High Power Cr:ystal

. * Brussels
I “heard 2 L0 at Brusscls quife dlstmclly
ona'DAYZITE' CRYSTA A L"

“ DAYZITE " is the Crystal with the two~ valve‘fower for selactivity and
© purity of tone reproduction it remums unequl e Guaranteed ** aliva ™

twice as lonz as any ordinar

=

HIIIIIlIlIlIIIHIIlIIIIIIIIIIIIIHIIIIIIIIIHI

(Many users have recordeg 2 yesrs
constant effectiveness))

In view of the grcat power of the It may interest uou o know that
new Daventry Station many thousands with a piece of your well-known Dayzite
will be using Crystal Receiving Sets. crystal I can work with perfect success

Call and Jn t  th for 4 de-Luxe loud speak
:rDAA‘!%ZIC'IQ R:ct':ei}’;r l{]i.t:d Pm sup]e;l::';;; 4mu.ﬂ; Jl_mlﬂ singing, being quxfc E ACH

t . bl
10/6 complx:le e audivle & to auayA CrWetley. . S§OLD -ONLY

o BOXED WITH
Every Wireless enthuslast will be interested in the display of the world's :
finest Redio productions which we are at present making. It you are

unable to cull send for our new List, Post Fm mentioning this paper.

. 4 WILL DAY, LTD, o,
=

4‘77 19, LISLE STREET, LEICESTER SQUARE LONDON, WC.Z Londen.’

HﬁlllllllﬂlllillIllilll|IlllmlIIHHII||IIIlUIIIIHIHHIIHIIlIIIIIMIIIIIIIIII!IIIl|||l||IIIIIIIIIlIIIIHIIHIII|lllllllllllllllllllIIlI|llllllllIlIlllIHlllIIIllIlﬁ

The Brightest and Best
ereless Weekly

OPULAR WIRELESS stands ﬁrst in popular favour. Week
by week it caters- for every class of wireless amateur,
and only the best and  most a.uthentlc mforma.txon is

supplied. . No ‘constructional . article appears in’ POPULAR
WireLESs until the. set! described has been bmlt a.nd ex-
baustivély tested. )
Everyone interested in wn'eless shou]d rea.d thls splendld paper
regularly PoOPULAR . WiRELESS “will never ‘never let you~
down "—it will help and keep you well mformed <

POPULAR | ,mELEss’

s »
7_'Euery Thursday . 3 Buyu regularly

3,
. ‘4 g v . .
BANAAAAAANAANANAANANAAANA N AP A B Pns e Pt i Pinc W |



AR

22

and their effects notxc\,d instantly. Very interest-

ing experiments can also be carried out with the
set if an audiometer is placed across the ’phones.

Zincite-graphite contacts may also be experi-

mented with, as also may tellurium-galena and

zincite-silicon combidations. :
AY

A Difficult Problem.

The )roblem of crystal amplification at iow-
ﬁequency is a moere difficult one, and very .ittle
experimeatal work has been done on it—in
Iingland, at any zate. The most interesting circuit’
consists mtnnsmally of an ordinary’crystal rectify-
ing_ocircuit, which is & transformer coipled to an
oscillatory circuit. 'The oscillatory circuit is first
of all carefully adjusted, and subséquently. the
crystal rectifier ja brought into play.

However, even at its D(‘-St the circuit is not by
any means a practical one. In the first place, the
transformer hss to be specially designed for the

Presented Free with Poj)ular‘ Wireless.”

purpose.
distortion set up, and; finally, the act of adjuiting
the crystal rectifier will very often completely *pset
the adjustment of the amplifier. These
are the difficulties which have yei to be overcoine,
and which are at the present time engaging tne
attentions of many a radio experimenter. Thas
they will be completely solved in the couise of
time, and that the crystal amplifier will come into
its own as a practlcal instrument, is not likely to
be doubted.

Interesting Subject for Investigation.

*And here this little book on. the subject of
crystals and their radio uses must be drawn to a
conclusion. The crystal is indeed a wonderful
exaniple of Nature’s . architecture, and at the
present day scientists are beginning to learn things
about it which were never dreamt of in times
gone by : I

It is new possible to
look into the very

heart of the crystal, and
to see exactly %ow it 3
built up, how the atoms
which compose it ace
arranged, and how they
can be replaced, in pro-
gressive stages, by other
atoms, without upsetting
the crystal’s structure.
The investigation of the
crystal provides us with
another  path by swvhich
we may yet reach the
solution of that
present  riddle—vhe con-
stitution of matier.
Nevertheless,
of  the purely - practical

DETECTOR
- (GALENA

~ OR
PER/IKON)

POTENTIOMETER
] A 4
YRESISTANCE

EXPERIMENTAL CIRCUIT FOR
L T AMPLIFICAT/ON.

radio experimenter
be more or less confincd
to the iuvestigation of
the’ cryatal’s uses in wire-

topics.

The Future,

S TEEL'
CZINCITE
OSC/LLATOR

in store for the crystal.
Probably the triple func-
tionings of radio-sensitive

be found to be inter-
connected. Perhaps, on
the other hand, they may
not., The lines of re-
search - into the heart of
the crystal are varied,
but all are extremely in-

following. ' At an
. the mystery of the cry-

investigated - various
we may await further
developments w1th in-
terest, for it is the task
of every scientist

‘“To search thro’ all,
And reach the law within

Send your good Ideas to ‘‘ P.W.’’

..the law.’
We. buy them.

Then there is a tremendous amtount of

i prief,-

will”

- less reception angl in allied

teresting and well worth
rate, -

stal is being Vlgorously

-parts of the world .and .

-

ever- -
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There is a great future .

minerals may ultimately '
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g
“HIS book contains® lucid anmd
explicit  instructions for the
building of a number of efficient
receivers, including a simple set costing

under 10§, . &  Two-Circuit Crystal,
Receiver such as has been recommended
by Capt. P. P. Eckersley. . Details are.
given for making One and Two-Valve
Low-Frequency Amplifiers, which can
be connected to any crystal set. There
is also a very practical and informative
article, * All”About Crystals,” which
will prove invaluable to everyone
possessmg or about té make a crystal

receiver. (é
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A LIST OF RADIO-SENSITIVE CRYSTALS,
AND OTHER SUBSTANCES
, FOR GENERAL AND EXPERIMENTAL USE.
e R e mﬁ%m%%ww'%&m !
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. ‘ Chemical Chemical Crystal . ‘
Mineral. Composition. Formula. Catggory. Suitable Contacts.
Anatase .. .. .. Titanium oxido Ti Oy Oxide Metals and zincite
Antimony FElement Shb Elementary | Zincite, silicon, ‘etc.
Argentito (sllver glunce) Silver sulphide Ag, 8 Sulphide M&;tals, graphite,  tel-
. urivm.
Arsenie Element As Elementary | Metals, zincite.
Bornite Sulphlde of copper and | Cug Fe S, Sulphide Zincite, silicon.
iron
Boron o Elemeont B *| Elementary Zincite, tellurium,
Bourmonite .| Sulphide of ¢ dp r, anti- | 3 (PbCup) S| Sulphide Zincite, tellurium, anti-
[ mony an Kd by Sy ' mony, bismuth. .
Carborundum .. .. .. Slllcon carbide sic — Stéel, zlnclte,
Chalcopyrite . «.} See Copper pyrites. .
Cobaltite .. .. Cobalt arsenic sulphide Co As'S Sulphlde Zincite,
Casaiterite.. . Tin oxide 8n O, Oxido ~ Metals,
Chalcocite (copper glance) Copper sulphide Cuy S Sulphide Zincite, tellurium.
Copper pyrites .. .. Sulphide of iron and CuyFesS, Bulphide . | Zincite.
- N copper - L - )
Corundum . Aluminium oxide A1,0, Oxide " Zincite, bornite.
Covellite .. Copper sulphide Cu s Sulphide Zincite, -etc, .
Cupnte .o Cepper oxide . Cu,; O Oxide Tellurium, antimony, ete -
Erubescite See Bornite,
Frleslebemte Sulphide of antimomy, | Composition | Sulphide Zincite, silicon,
silver and lead varies :
Galena Lead sulphide PbS Sulphide Metals, graphite, galena,
(Natunl or artlﬁcml) ’ silicon,
Graphite .. .. .. .. Element (carbon) C Elementary | Zincite, = galena, molyb-
’ denite, silicon,
Hrmatite e e Iron oxide Fey Oy Oxide Zincite, most sulphide
' minerals, .
Imenite .| Oxide of iron and titanium | Fe Ti O, Oxide Moetals, silicon.
Iron pyrites Iron sulphide - Fo 8y . Sulphide Metals, silicon, zincite,
: 5 tellurium,
Magnetite Magnetic iron oxide Fey0, Oxide Silicon, etc,
Marcasite .. Iron sulphide (containing Fo 8, Sulphide Similar to iron pyrites.
arsenic) -
Mispickel .. Sulphide of iron and Fe As 8 Sulpliide . ditto.
arsenic -+ .+ |- .
Molybdenite Molybdenum sulphide - Mo 8y Sulphide Silver, graphite.
“Octahedrite See Anatase.
Psilomelane Manganese oxide Mny,03H,0 Oxide Zincite, metals.
Pyrolusite Manganese di-oxide Mn Oy Oxide ditto.
Pyrrhotite Form of iron pyrites,
Silicon Element Si Elementary | Metals, zincite, iron py-
. . rites, ete.
Stannite .. .. .. ..} Mixture of irom, copper, | Composition Sulphide Zincite, etc,
. ++ and tin sulphides varies
Stibnite .. .. .. .. Antimony sulphide SbeSy Sulphide Zincite, etc,
Stromeyerite ..] Sulphide of copper and | CupAgsS, '| Sulphide Zincite and some metals,
silver
Tellurlum .. .. Element Te Elementary | Zincite, ete.
Tin pyrites Sce Stannite. : ’
Zincle . Zine oxide, containing. Zn O Oxide Almost any contact
(Natural and artlﬁcnal) manganose o
Zirconium e o e Element Zr Elementary { Can be used. in place of

_tellurium or antimony.
A 5 .

Besides the-contacts given in the last column, many other contacts of a varying nature may be employed.
It should also be noted that several of the minerals in the above list are very rare, and are therefore extremely
difficult to obtain in sensitive condition.  They are givon herc, howevor, for the sake of interest and complete-

ness,
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HOW TO MAKE %
A VARIOMETER CRYSTAL SET §
By the “P.W.” Technical Staff. %
‘This reopiver is easy to make and sasy to operate. A glance at the photo and diagrams will

SRR

show t-e reader that it is a neat and extremely compact set.’

Hs “efficiency we guarantee. I

S P S g e S e S ) uutuﬁnua

'OR easo of handling a variometer is probably the
simplest availablo means of tuning, and one
is used in the set about to be described. The

stability of crystal setting availahle with the form of
detector used, one of the new R.I P.M. dotectors, is
another feature,

‘The variometer, a3 well as the detcctor, are

mounted as . plug-in unita, & form of

terminals fitted to the outer tube in a manner to
bo described. - -

Thesoe two points are carefully fitted one on each
side of the smaller tube by boring a small hole
throngh the cardboard, exactly central both with
the dismeter and width of the tube, and secured,
with bc;ne of the nuts on both inside and outside
of tube.

Winding the Sta;tor and Rotor.

The larger tube has two holes made in a similar
ma.nner, in each of which are fitted small terminals,
seoured .wit]y & nut on the inside ; a small hole is
to be drilled up the shank of these terminals, and
these when secured in -position form the bearings

.of the inner tube, and into whieh the pomte(f énds

of the pivots of retor fik The of the
cardboard tube is sufficient to make good contacb,
enabling the rotor to be easily sprung ipke, position
and yotated. A little care is required in fitting
these pivots and terminals, and it may be necessary
to shorten the screwed ends of terminals to endble a
good mounting to be made,

Fig. 2 clearly shows the method of consttuc

tiam.

“The wmdmg of both stator and rotor is done
with No. 22 D.C.C. wire, 2 oz of wluch shonld
be ample

mounting ‘favoured by many, s this
enables the unit to be used ‘m any set
at will,

The detector is very simply mount,ed B
by screwing it down to an ordinery coil
mount and connecting o the comtert
screws, either with wire or, as in €his
case, by pieces of brass or copper stsip
screwed down under the contacts.

An ordinary cat’s-whisker detector can
also easily be mounted on & Fplug in a
similar meanner as shownin 1, the
plag-in type of mount enab]mg a8 quick
comparison to be made of different
types of detector.

Construction of Variometer.

" The variomoter is made up as folows:
A piece of cardhoard tube, 3 . diameter,
is cut to a length of 1} im., and well
shellacked and thoroughly baked. “This
forms the euter tube of the variometer.
Another piece of tube, 2 in. in diameter
andl}m.long.:funnsﬂwmnctnbo
or potor, and is tronted.,

When thoroughly -Ary -the smaaller tube
ia fitted with pivot mournts ap
from }-in. brass rod, fitted .with twe
nuts, -and the end of each formed into
a pomt which- bears in holes in the

Send Your Queries to “ Popular Wireless. o -
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The winding of the larger tube is started by
making & small hole in the tube at the edge near
the point where it is to be mounted on its plug,
leaving a short length of wire for connection, and
winding on 20 turns, 10 on each side of the centre ;
the finigh of this winding is to be secured under
ong of the terminal nuts (the one on the same side
as startr of winding).

e

. \
(o

\
T Delockor T

LRACTICAL WIRING DIAGRAM.
- FIG3.

The smaller tube is wound in
a different manner, the starting
end being soldered to one of the
pivots -and the finishing end to
the other. Thirty-two turns are
put ‘on this tubs, 16 on each
side of the centre. These aro
wound on’in two layers—i.e, 8
turns are laid on one side and
then another layer of 8 turns
wound on top of this, then,
crossing over to the ‘other sido
of centre, two layers of 8 turns
are again wound on this side.

Completing the Set.

The inner tube can now be

sprung into position in its mount
by slightly squeezing the larger
tube on “the -sides oppesite to
terminals, and when relcased will
be found to nicely hold the
rotor. e
The whole unit: is° mounted
on a coil plug by making a small
hole through tho tube and screw-
ing it to the plug with & small
brass screw. Finally, a piecc of
wire, which may be covered.
with systoflex, is secured under
the terminal nut opposite to the
starting “point of outer winding,
and taken down. to ths contact
screw on the coil plug, This
completes the variomcter.

The base of the set is very
sipply made, and consists of a
. small pieee of }-in. ebonite; which
has -been properly rubbed down
where necessary, and in which
are fitted four terminals, one eaclt
for aerial and earth, and two for

" The finished variometer crysial set which forms an extromely nsat.and

phones, midway between each of which are fitted a
plug socket to take the variometer and crystal
detector. These are spaced 1z in. apart, to fit the
standard coil plug (see Fig. 3).

* The wiring is very simple and is carried out in
bpre wire, which will be_extremely short.

The ebonite ‘‘ panel ™’ 18 mounted on any suitable
wood base, in sucli a manner that the wiring and
terminals do not touch the wood mounting, and
which suitably raises the set off the table. .

Tuning is simply performed by rotating the rotor
of variometer with the finger.

For tho benefit of those to whom diagrams are nct
too clear, the details of the wiring are given in words
in the point-to-point method familiar to readers of
Porurar WIRELESS. .

Commencing at the aerial terminal, & short length
of wire is taken,to the variometer plug connection
on the ebonite baseboard and thence, without
breaking, to the socket side of the detector. "Another
wire .is taken, retaining its_continuity, from the
socket of the variometer to the earth terminal and
thence to one telephone terminal (the one on tho
earth side of the bascboard). The remaining telephone
terminal is now connected by a third piece of wire
to the plug connection of the detector, and this
completes the wiring. R .

There is no need to solder the connections, though
this makes for neatness and permanency if carried
out properly, if the wires are tigltly clamped to their
terminals by nuts and washers, the wire being placed
underncath the washers to obviate sipping.

eficient receiver.

Every Newsagent Sells “P.W.”
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DUO-RECEPTION CIRCUITS.

A NEW FIELD FOR CRYSTAL EXPERIMENTERS.
- BY SEXTON O'CONNOR. ‘

N a crystal set the strength of the received signals
l is. mainly determined by the amount of energy
that is abserbed by the aerial from the passing
waves.  If, therefore, every precaution has first
been taken to prevent ordinary “resistance ” and
‘“leakage ” losses in the aerial and detector
circuits, no further increase in signal strength .is
possible unless some means can be found for
increasing the aerial input. - .
If two stations, say 2 L O and 5 X X, are ‘sunul-
taneously broadcasting the same programme on
different wave-lengths, it is clear that & receiving
aerial so arranged as to respond to both radiated
Lvaves simultaneously will be tapping two sources
of power, instead of one, and in this way will
absorb more energy than when tuned in to a
gingle wave-length. i
When, for example, simultaneous broadcasting
is taking place from several stations, it i8 a well-
known test of the selective powers of a multi-valve
set to tune into each station separately, and
receive the same programme pn different wave-
lengths. If each of these signale could be amal-
gamated into one common. reception, -it" is .obvious

that the cembined strength -would be. gresbter thap =

. that secured from any individual stasidn.
Some Advantages. .

Such a plan, however, ha_s'no particular utility:
in the case of valve reception, because a ' weak
incoming signal can always ‘be magnified up to

practically any desired strength merely by adding

one or more stages of amplification.  With a crystal
set, on the other hand, extra power applied to the
aerial is practically the enly effective means of
increasing signal strength. For this' reason, the
various systems of duo-reception ahout to be
described offer an extremely interesting field for

experiment and research to the érystal enthusiast. '

Before discussing the sdctual circuit arrange-
ments, it may be of interest to consider whether
the wireless wave from two differentstations trans-
mitting the same programme will be i phase es
they arrive at a given receiving aerial, or whether

there will be any appreciable lag or confusion

between them. - . . ;
Taking the specific case in which & programme

originating -in .the London Studio is -in one case . -

radiated directly and m the other case is-sent over
fifty or mare miles of-land line, to Daventry, to be
radiated: (the reeeiving aerial being situefed in a
locality twenty-five ot so. distant from both Lendan

and Daventry, the London trausmission resches

the listener at the.speed of light—i.e.; in about ~
one ten-thousandth of a ‘second. .The Daventry .

transmission reaches the listener the same fraction

of a second_ after it is transmitted from' the .-

Daventry aerial. . . ) O .

The difference, or lag, between the receipt of
the two transmissions is therefore the actual time
taken in the propagation of the telephone current

¥

g

along the land line from London to Daventry.
This will be of the order of one ten-thousandth
of a second, which is not sufficient to be detected
by the ear. Therefore, any fears that the two
receptions will not produce a summation effect in
the receiving telephones may be disregarded.

In the circuit arrangement shown in Fig. 1 an
untuned, or “aperiodic,”  aerial is used, and is
coupled to two closed circuits 1, C2, which are
tuned respectively to the two wave-lengths to be
received. The couplings ‘are kept as loose as
possible, in order to avoid inter-action between the
two closed cireuits.

Crystal detectors K1 K2.are connected, as shown,
to one terminal of each of the tuning condensers.
The other - terminale of the coridensers are con-
nected to each other and to one of the terminals

Ca K2
e ) SN S
‘ , < ‘K/_‘ :
Apeﬂod/crAené/a;vM/é'fa :
laly luned defeclo
d'#— %&%:{Wirymﬁm.
- el :

.of the- telephones. The ‘remaining telephone
terminal is connected to. a switch, S, indicated in
dotted lines, which enables connection to be made
to either crystal at will. - . :
" The switeh is first connected to detector K1, and
the circuit Cl is tuned to the shorter wave by
Hatening in the ’phones. The circuit C2 is then
tuned to the longer wave by moving the-switch so
a3'to_cennéct in the deteetor K2 and disconnect K1,
Finally, - both detectors ere connected to the
“’phones, so that signals are received jointly pn the
two wave-lengths. Small adjustments of the tuning
condensers should then be made until maximum
signal strength -is obtained, ’ )

In the arrangement of Fig. 1, the fact that there
is na resonance in the aerial itself is a dissdvantage
so far as signal strength is concerned. The circuit
shown  in Fig. 2 has therefore been designed to

Write to *“ P.W.,” it your set goes wrong.
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render the aciiul resonant -at both the received
wave-lengths.

For this purpose, the aerial is connected to earth
through two parallel paths, each including an
inductance and capacity_in series. - The coil L1 is
of comparatively small size, and is tuned by a series
condenser to tho shorter wayelength The other
coil, L2, is larger, and is, tuned by a serics
condenser to the longer wave. Both tunings are
effected by listening in the phoncs when only
one of the detectors, K1, K2, is in circuit.

The purpose of the two tune branclhies is to
compel the oseillatory current at the shorter wave-
length to flow from aerial to earth through the
branch L1, and to exclude it from the branch L2.
When the two wave-lengths differ widely (as in
the case of Daventry and London) this object
is substantially accomplished by the circuit shown,
as the high inductance of the coil L2 will effectively
choke the short-wave oscillations. The self-
capacity of the coil L2 should be low,.in order
to ensure its efficiency as a° short-wave' choke.
Similarly, the oscillatory current at the longer
wave-length must be exclnded from the branch L1,
and, with thjs object, the setting of the series

[

F16.2

- DUO-RECELTION WITH A
‘DOUBLE - TUNED AER/AL.

condenser iz that branch sho'h\l bc kept as small
as possible.

A more (,omplete sepalatlon of the two oscillatory

currents may be effected by connecting rejector -

circuits R1, R2, in the positions shown *in dotted
lines, the circait R1 being tuned to the longer
wave and the circuit R2 to the shorter, The
circuit R1 then offérs very high impedance to the
longer wsave, and compels that wave to fow
through the L2 branch, the shorter wave bemg
similarly directed into the branch L

Fig. 3 shows a second form of branched aerial, in
Whlch there are three tuned circuits, L, L1, and
L2, connected to a common branching point, X.
Th(, cireuit L is tuned to one of the wave-lengths,
preferably the shorter, by temporarxly earthing the
point X and connectmg a crystal and ’phones across
the whole or part of the coil L. 'The correct

Presented Iree with
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setting of the series condenser is thus discovered,
and this setting is afterwards maintained. The
direct earthing of the point X is now disconnected,
and a second series condenser and coil Ll are
inserted between ‘the point X and earth. The
correct setting of the series condenser for the same
short-wave station as before is ascertained by
listening for the loudest signals in the ’phones,
which are now connected in series with the detector
K1 across part of the coil Ll. Finally, the loop.
branch circuit L2 is-connected between the point
X and earth, as shown, and tuned to the long-wave
station.

To do this, the detector K1 is dlscormccted {i.e.
the metal contavt is hfted off the crystal) and the
’phanes are placed in series with' the second
detector K2 across part of the coil L2. The series
condenser is then adjusted until the longer wave
signals are heard at maximum strength in the
’phones.

Receiving both Wave-lengths.

All v these preliminary adjustments are best
carried out when the short-wave and the long-wave
stations are transmitting distinct programmes, n
order that no confusion may arise as to which
station is- being received at any-moment. ‘Them
readings of the three series condensers should be
carefully noted.

To receive boih wave-lengths simultaneously the
two detectors ‘K, K2 are closed, the complete
circuit then being as shown in Fig. 3

Although the circuit of Fig. 3 appears somewhat
similar to that of Fig. 2, it is actually based on a
différent principle. On account of the identical
tunmg of the circuit L and L1, a node of potential
is created at the point X. In other words, there
is no potential difference between the point "X and
earth when the aerial is responding to the shorter
wave, Consequently, any impedance such .as the
coil L2 and condeénser C2 cotinected between these
points, cannot divert any of the energy of the
shorter wave from the desired path through the
coil L1 to earth,

The whole system may be ‘tuned to the longer
wave by adjusting the series condenser in branch
L2 without affecting the tuning already determined
for the shorter "wave. It is desirable to connect
the crystal K1 (which necessarily introduces damp-
ing losses into the circuit) to a -point on the coil L1
not too far removed from the earthed.end of that
coil. It is therefore advisable to provide several
,tappings on both the coils L1 and L2, and to try
“the effect of connecting the cr}stals K1, K2 to
varlous ‘points.

Conectusion.

The cirenits illustrated in Flgs 1, 2, and 3 will
be found most cﬂectxve when there is a consider-
able difference in wave-length between_ the two
stations, as is the case with London and Darventry.
The arrangement of Fig. 4, on the other hand, is
intended rather for stations such as Liverpool and
Manchestor, where the wave- Iengths are less than
50 per cent apart. -

Here the aerial cireunit is tuned by a series con-
denser, and the coil L1 is coupled fairly tightly
to a closed 'secondary circuit, L2, the tuning -of
the two circuits being identical It is well known
that when two such circuits. are coupled the com-
bined circuit responds to two wave-lengths, which
_are respectively NTTE and J/T-K times the

Order * P.W.** every Thursday.
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wave-length of the tuned circuits, K belné the

NIOUS FORM " coefficient of coupling between the circuits.
AN INGE, i The Liverpool and Manchester wave-lengths are
DUO-RECEFTION . respectively 315 and 378 metres, and a simple

caleulation shows that for these stations the
coefficient of coupling should be 18, and that each
circuit should bhe tuned to a wave-length of 340

L metres. The combined circuit will then respond to
T X
- K
w2
K2 | 4
L2
i DUVO-~-RECEPTION ON
] 1 ma'mmt
" hoth waves sunultaneously By connecting a
crystal K and telephone to either circuit, for
f@- instance, as shown, the joint effect of both sxgnal

waves is heard in the ’phones,

-
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“POPULAR WIRELESS ”

EVERY THURSDAY. = PRICE 3d.

Are you in trouble with your set? If so,
consult the *“ P.W.” Technical Assistance Dept.

PERSONAL.. HELP FOR AMATEURS.

DUBDIG the winter months, aad untl Sarther noﬂu, readers of * Popular Wireless ** may
ohhinmpemm.l mterv!ewsuh tha Queriss Editor or ona ef his stalf en Mondays, Wednesdays,
¥s.

Just as a patient may talk ovc&“ﬂ a medieal specialist, so it is now possible for readers
{o make an appointment with_a < Y™ eado specialist and, en advance payment of a foe of 2/8,
 have a ten minutes® interview in odder ds dlseuss iroubles verbally—a mmeh more satistactery and .
i expeditious method than asking Ser swivimmoe by post. Also, in spocial cases, and on payment of -
ateeofm/ﬁ,plusallexpenses,an.tsdm“Pw.”mshlwmwsltﬂmhomeﬂmy
reader of “ P.W.” within 3 radius of twenty miles of London, and will give advice on wireless sets
; already installed, or on the instalistion of receivers, aerials, eto., eic, 'Hoursdvisiteanbeow
on written application to the Queries Editor. i
Readers also desirous of having their sefs completely sverhauled, tested, and certificated by * P.W.”

according to merit, mayonappﬂaﬁon,andbylmaﬁ‘mgaheolmfﬁ,wtheumverstomé

P.W.”’ Testing Room:

Inthelattermesetsmnstbehroughthyreadersmdhhenmyagﬂnaﬁctest Sets cannot be
received by post.

All queries In eonheeuon with this new *“ P.W.” Teschnieal Au!sh:nce Dept. shouid be addressed 1
to the Queries Editor, ** Popular Wireless,™ w:gi Farringdon Street, London, E.C.4.

Appointments and testing of readers’ sets will be dealt with In strict rotation, <§
%m e teilRRlettaeE i 88

Sir Oliver Lodge is Sclentific Adviser to ¢ Popular Wireless.’?
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HOW TO MAKE

A PLUG-IN CRYSTAL SET.

‘An Efficient Set for a Few Shlllmgs.
DESIGNED AND BUILT BY THE “ P.W.” TECHNICAL STAFF.

Thare are very few components required for the set described in the lollov\ving artiole,
and the receiver is extremely simple to build. The circuit is a straightforward one
: .and is ideal for household use.
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HERE are very few components necessary for
this set, and the cost of the different parts,
as detailed belo\\, are given against each

item.
PARTS REQUIRED.

Price.
1 Wooden cabinet, 5 in. x 8 in. x 3} in.
deep (outside dmlenelons) RV ¥
1 Ebomte panel, 85 in. x 5 in: x
3/16 . .o 176
1 Coil plug for pancl mounhng ... 13
1 Variable condenser, .0005 . 6/-

1 Crystal detector of the enclo~cd gla<s
.1

TW Ontelmmals, about
8ft. of 18 gauge
square tinned copper
wirg . .

Set of ttzmsfer~,

ete. e

The constructor is
advised to bny. the
cabinet, as it is an
extremely tricky job
to make one at al
well, and this item
will only cost a few
shillings The
cabinet, of coursc,
will be chosen  so
that the panel has
an overlap of abeut
& in, all the way
round. The cabinet
walls should not,
however,” be more ~
than ﬂm thick.

The ficst step in
construction is to
f%le up the edges of
the panel in order
to mlake 1tl fit

roperly in ace.
{)thn the rougF saw
cuts have been
smoothed off in this
way, i.e. by the file,
the edges are sand-
papered down,  the-
comiporients are laid
out upon the panel,
and it is marked for
~drilling.  (See Fig.
3.) _This 1s' not ab
all a difficult opera-
tion, ‘as only 'about.
ten holes are neces-
sary; an ordinary
carpenter’s brace

solder,

S R R

The sompleted Plug-in Crystal Set.

u—zvr"h i\,ﬁ._:.;g.:,_’v."rr;}.)i}-«;gyxx—)g}'
can be employed, or one of those small hand-
drills obtainable at most wireless dealers,

The only thing that is likely to-prove at all
troublesome is the mounting of the variable con-
denser, which, as will be seen from the list of

. components and the photographs, is of the single

hole mounting - type, and which will in all
?robabxlxty require a hole of about }i in. diameter.
t may be that no drill of this size is available,
and in this case-a hole of about § in., or larger if
possible, should be drilled, and enlarged by using
a ‘reamer, a tool which should be in every con-
structor’s tool-box, and which only costs about 1/-.
i If the ebonite is
of the highly
polished sanety, but
not guaranteed with
regard to efficiency,
it is =advisable ' to
retove the polished
surface, as this may
contain traces of tin-
foil and other im-
purities’ liable - to
cause leakage. After
the drilling has been
done the surface of
.. the panel should be
.crubbed carefully
with fine sandpaper
..~ or-emery cloth until
. a matt surface is ob-
tained. Finish off
with emery cloth (00
size), and ﬁnally rub
" over with a little
quachine oil and a
- clean cloth. The
result  will “be - a
neat matt coating,
which ~will have
really efficient insu-
Inting properties.
The three terminal
-method of obtain-
ing a series or
paralel variable
. condenser has - been
adopted, the . aerial
being connected to
cither the top
or cepntre teérminal,
according as paral-
lel or seriés tuning
is, requiréd. In the
former case the
series terminal - has
to be shorted to

¢ popular Wireless *> has the largest weekly elrculation.
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earth, and the reason for this will be made quite
clear from Figs. 1 apd 2, which give the theoreti-
cal] and pictorial diagrams of the circuit.

In connecting up the compoments 18 gauge
square wire be used, and all the joints
must be carefully seldered to ensure perfect con-
nections. A full wiring diagram
Fig 4, but, as an additional check, the ‘*point-to-
point’’ connections are provided below:

is given in

Tiearelical Circuit: gt

Parallel aerial terminal (right-hand side look-
ing down on underside of panel with aerial coil
plug away from you) to crystal side:of crystal
detector, to plug side of aerial coil holder, and
to the fixed vanes of the variable condenser.

Cat’s-whisker side of crystal detector to bottom

“Output’’ terminal and .to .left-hand, ’phong
terminal. Beries aerial terminal fo moving vanes
of variable condemeer. = -, Lt T

* "

e
Chdew k@gh-p ywer station at Daventry. In all cases

The cakinet and all the coinponssty required to beid the Plug-in Cry:tat Sef.

Socket side of aerial coil to top “Output”
terminal, to right-hand terminal, and to carth
terminal. .

The Coils Necessary.

Thig completes all the wiring up, and when this
has been checked from the diagrems, and it has
been seen that all the joints are fifmly made, the
set is ready for testing. Though the home-made
basket coils or other plug:in types can be used,
the original set photpgraphed here employed
bought coils, such as Lissen, Igranic, or Burndept.
It is advisable for the constructor to get either a
0. .50 6r a No. 75 and a 150-turn coil, so as to
Sver *both his local broadeasting stations and the

“ Popular Wireless ** is on'sﬂe-evew Thursday.

o
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of wireless reception, the exact wave-length range
covered by a set depends partly upon the aerial
used, so that if a long aerial is employed, or one
which has a high capacity, the listener will find
that he cannot get down so far with a certain coil
as perhaps his neighbour who is using a smaller
aerial and employing similar apparatus. For in-
stance, in the case under conSideration, for the
reception of stations below 350 metres it is ad-
visable to use a 50-turn coil, employing the con-
denser in its series position. For stations 0\e1
400 metres, no matter what size the aerial is,

75-turn coil should be most suitable. It is usually
best to use series tuning for ordinary broadcast
wave-lengths, as this enables the lstener to take
advantage of as large a coil as possible in the
aerial cireuit, this making for increased signal

strength. = For 5XX parallel - tuning must be
employed and the 150-turn coil used.

Range of Reception Available.

With regard to the range of reception, it is
difficult to lay down any hard and fast rules, but
the set herein described should be able to givo
really good ’phone signals up to a distance of
seven miles or so from a relay station or fifteen
miles from a main broadcasting station, while ap-
proximately a 100-mile range should be obtain-
~able from 5 X X. These figures, of course, will
vary according to local and atmospheric con-
ditions; @nd they can only be taken as .a rough
indieation of what the receiver will do. -

Tuning in is accomplished as usual, of COul‘:C,

by merely varying the con-

denser readings and the set-
ting of the ecrystal detector

!
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JL until loudest sigmals are ob-
tained. Any well-known. make
of crystal should be suitable,
and the operation of the set
in the hands of the most inex-
perienced listener should not
present any difficulties.
“‘The receiver described above
-adaptable to any. wave-

weeks’ experience of broadcast
reception, the listener desires
to search round a little for
ship and other spark -stations
.—a_ fascinating pastime to_ all
who know the Morse code—all
he has to do is to use his T5-
turn coil with the condenser
in a parallel position; or, if
he - wants the Paris time
signals from the Eiffel Tower,
~a  250-turn coil and parallel
condenser wiil bring them in

most places in  Great

o in
_jf ! . * 1 Britain,
— ~$—— 3‘14 " Apart from the actual con-

stritction of the set, the prob-
lem  which causes” the most
perp]ex1ty to the newcomer
who' is taking up wireless for
the first time is the questlon
“What crystal shall T use?”

As all crystals fulfil the

same function—i.e. turning
the high-frequency voltages
developed across the aerial
coil Into currgnts at low-

l ) frequency,. which can operate
the telephones—it would at

first appear that the particular
type of crystal used was not
important. But, as & matter
of fact, a very little increase
of strength will often make all
the difference to the enjoy-
. ment derivable from a crystal
set, and it is just this little
increase that the use of the
best possible crystal ensures.
‘I But, unfortunately, the truth

—/%'%-*

Sa”

of the old adage about one

&aazg/ﬂc,r_g_@?m Cyystal Sel _F@; "

man’s meat and another’s
poison, applies very closely
to the choice .of a. crystal, for
~ whilst a certain specimen will

For 1/~ « P.W.”* will answer two techmnical queries.
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POPULAR WIRELESS

AND WIRELESS REVIEW

THE RADIO WEEKLY WITH THE
- 'PROGRESSIVE POLICY

’ Eylted by NORMAN EDWARDS, M. I R.E., F.R.8.A., F.R. G.S.
" Technical Editor, Q. V. DOWDING, Grad. |.E.E., A.C.Q.1.

~IX months before the B.B.C.

was formed No. 1 of *‘ Popu-

lar Wireless ’ was on sale
to the public, price 3d. weekly.
Since that day it has retained its
position aqs the most popular
and leading wireless periodical

pubfiﬂnd in the couniry.

T is the progressive policy that

pays, and by affording unique

. assistance to its régders in
the matter of answering.queries,
giving personal. - wdvice and

assistance, . testmg sets, ‘eic.,

“ P.W.’s ”’ sucosss has been con-

tinuous.

‘Staff help you. A special de-

- Department when
Then you won’t go far wrong.

F you ate a newcomer to the
- hobby of wireless you will
™% need a friendly and helpfut
gulde you will not want to

_spend too much money on mak-

ing a set unless you feel sure it is

reliable—in fact, there are dozens .

of things you will want adoising
Let the ‘“ P.W.” Technical

partment is at your service—
a department made up of experis,
who can save you money, ttme,
and worry. Make it a rule to
write to the ‘“P.W.”' Query
in doubt.

Remembet —

“PW's” Conﬂdhng Staff is headed by one of the world’s
greatest scientific authorities—Sir Oliver Lodge. All queries
(a charge of 6d. per query is made and 1/- for a diagram
lay-out) should be sent to the “ PW.” Technical Queries Dept.,

Fleetway House, London, E.CA4.

, %%WM&MWWWW%

If your set goes wrong, write to «“ P, W »

‘ ) Ed
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give excellent results in oneé pair of hands, or
under one set of circumstances, the same piece witl
prove somewhat disappointing under other

conditions.

Aerial Coil Pleg " Choice of Crystals,
R == ) This is partly duc to certain eclectrical or wire-
_“"""-'-:l, g? ) less conditions—such as’ the strength of curreng
ocke, \P/u to be handled by the crystal, resistance of the

¥ pM

. , . "phones used, etc.—and pattlv duec to the pcr-
Calsutisker fr;ls/a’/ sonal eguation. Some crystals require “coax-
—_— “"——f ing 7 a little, and gentle handling, to get the
[y (7}”‘5/ 4 last ounce from them, whilst others are almost
for Paralis) - equally sensitive all over. - In different hands
) N } ral these would naturally gitve different degrees of .
snceess.  Where adjustment and re-adjustment of

/iefn’d/ " the crystal contact is regardnd as, a nuisance, a
good plan is to nse a ‘“fixed ” or permanent Ao-
. tpctlor 1lnd\\hg‘h a sensitive point has beeln found
and seale Such a component is generally quite
Seres satisfactory, but for thlojw who gquer a little
i) tinkering in order to get maximum ‘results, the
ordinary galena crystal—which embraces most of
the ““-ite ’ family—cannot be beaten at ranges of
cover ‘two miles from a broadcasting station.

Perikon Best for Strong Signals.

If; however, the listener happens to live qnite -
near to the broadcmtmg station, and his signals
‘are already very loud in consequence, certain
of the “perikon " type of detectors will be found
to handle the loud signals and strong detector-
currents better than the highly scnsitive galena
type.

The poukon dotocmM corm:t of two crystals in
contact rystal and a cat’s-whisker
—and such combmatlom as Zincite-Bornite, or

‘:Ed‘ri’ﬁf‘
i

—— Y

szl 1. Zincite- Tolh}lrmm can handle strong signals more

. . effectively than the average ultra-sensitive galena

Wiring 0'6_97@” of the ceystal. ‘But the latter scores in most cascs, f!m

Frod i at a distance of three or four miiles from the
jﬁ MJQ-M broadcasting station the signals are not too

strong faridt . fa rectify effectively, and its _dis-
tance-getting ahility makes it a better proposition
than the two-crystal: or per 1lx0n combination.

An underneath view of the punel. . This
photograph shows very clearly how simple
the receiver is to constract there being no
points on which fhe amateur can go wrong

Let « P.W.” test your set for you. ' -
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g‘? Protected

WE I..EAD—OTBEI!S FOLLOW

Constant adjustmcnts a,nd varying receptions ‘were quickly driving crystal detectlon into dis-
favour, .Its revival'is welcome because a crystal 1s the ﬁnest detector in the world, could it.
only sustain a-real degreé of permanency.: ;

, Now, the R.L permancnt detector, is the soluflon The General,and Technical Press have “el-
comed it as something ef marked interest to gveryone who app:eclates a crystal because every-

one will welcome 2’ pefmanent crystal. :
And-again “ Progress *’ -always -goes hand-in: hand with R 1. ' This viacans that we have furiher .
Perfected the famous original B.M. Deteclor, and have: now added o beautifully finished ebonite cap.
which forms a complete prolectum Jor the sprmg plunger knob, and: one-hale fixing flange for panel
mounting, thereby securing to the: Detettor all its pﬁfmwency and yet allowma scope fof t e expm-
menler.

That this detector has filled a Iong-fe[t want is provéd by the thousands of; gratefut lettexs that
we have received from every section of the. pubhc. It 1§ he ost practlcal and usefnl component

-produced since- Broadoastmg commenced

. . W‘rite for new boaklet o
B ’I‘HE DISCOYERY OF 1925.*
 The IU. Medn is mobmuble from all reliable dealers or direct from the makers.

Price '7/6 complete.
Pnce of detector alone 6/- :

1 2wrm=. ST., NEW OXFORD ST, LONDOﬁ. W.C.T.
Coph'uclors to the Admiralty and all Govemment Departments

-
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A new idea
in Crystals

ust as Valves are made for special purposes—
for ILF. amplification, for detection, for
shiort wade work and for Loud Speaker use-—so
exactly the same idea is being applied to
Cymosite with amazingly successful results,
Cymosite is now graded into four distinct kinds
and is available for the four principal conditiung
of radio reception as follows :

Grade H.S. (high sensitivity)
to be used where the Receiver
is some distance away from the
Broadcasting station or where the
aerial is small and inefficient.

2/

Any one
Grade N.S. (normal secnsitivity) arfierens

Grade H.S.

for long distance
reception

‘Grade N.S.

for normal
reception

Graded

perBox

Cymosite now scientifically graded for
the four special purposes for which

Crystals are required.

is the standard Cymositc recognised for two years
as the best DBritish Crystal,

Grade L.S, (low sensitivity) for use where the
Receiver is close to the B.B.C. Station, and
where volume is required. y
Grade L.W. (long wave usc) spccially‘sr-lfctcd
for use with Daventry—and cvery picce
actually tested at this wave-length. :

In futuze if you want the optichum
results from your crystal set be
sure to specify the new graded
Cymosite available from all firsts
class Radio Dealers or dircct fronn :

of foue
Grades

North Eastern Instrumeat Co..
Durham Rd.; Lowfell, Gateshead.

Grade L.S.

for loud signals

:] Grade L.W.

for Daventry
wave-length
Gilbert Ad. 3596

_Crystal
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