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CHAPTER XI
CRYSTALS

Iv the carly days of Broadeasting, “Crystal ® receivers were
very popular with the genersl public on account of their
comparative cheapness and ease of construction.

As 4 matter of fact a crystal reeoelver is the most simple
form of wircloss recelving apparatus, and, although having
a Hmited range, is hard to beat from the point of view of
purity of reproductlion.

A crystal detector consists of the familiar piece of crystal
and a wire contact, commonly known as a “cat’s whislker. "
The "cat’s whisker" is somctimes omitted, and two crystals
are ustd with yery good results, The main defect of a prece
of wite as a contact is its instalility. Ewveryome who has
used 2 cut’'s whisker for Hstening kmows how often it is neces-
sary to readjust this tiny wire, which will lose its comtact at
the slightest provocation, even when somebody wallks across
the room.

The two-crystal combination iz much maore stable, pro-
vided that the crystal holder is of goud design.

[t was discoversd some years ago that, if certain naturai
minerals are placed in A ciremit carrying an clectric eurrent,
the cutrent will pass in one direclion only. If a voltage is
applied in such a way as 1o make the cumrent flow in the
reverse direction, the mineral or the “erystal" will offer such
a resistance that the resaltant current will be negligible,

The property of allowing an electrical curreni to flow in
onc dircetion only i known as »ecfification, and the crystal
therefore 15 refemred to as a "rectifier™ or detector [(of
“wireless ' signals).

There exists a great diversity of opinion as to the nature
of the rectifying properly of crystals, but this lack of definite
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knowledge does not preclude us from using crystals for the
purpose of ' wireless "' reception,

Some of the crystals are, s0 to say, bom rectifiers, and
will rectify on their own without any additional batterics,
but others will do their work best if they have a small polar-
ising battery fa series,

For the kecn experimenter, etystals offer an enormons field
for original research, because their Teal properties are vory
little known as yet, and there is a good deal that requires
clearing up.

Natural and Commercial Crystals,

A Japanese scientist, Mr, Wichi Toricata, in his paper.
“Commercial Wircless Telegrophy in Japan,” published in
the Elecirician on the 16th of Scplember, Tg1o, gives the
following table of detectors:

1. Ores guile semsitive with perfert contact.

Dxtdes Sulphides
Zincila (b) Smuiple Suiphides
Tenorite or Mclaconite Molybdenite
Cassiterite Galema
Anatase Zinc blendo
Arkansite Chalkosite
FPyrolusite Iron pyrites
Wad Pyrrhotine
Complex Oxides Complex Sulphides
Micacions Magvagite
Ilmenite, iserine, hystatite Tennantite
Mapnetite Enargilc
Fsilomelane Boulangerite
sehwalzite
(c) Mefallic combinations

Lolingite

Meteorite

Smaltite

2, Ores senstbive with Fghi contad.
(a) Suiphides (b) Metallic combinations
Simple sulphides Niccolite
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Marcasite or lyrosite Domeyldte

Covelline Strutterndite
Allemontite

Complex sulphides Iridosmine

Siegenite i

Copper pyrites {c) Graph_.ite

Cobaltine Arsenic

Ullmianite

Botnite

Sylvanite

Arsenic pyrites

Nearly all the ores with good conductivity con be used for
rectifying purposes, but some of them requirc a very slight
contact and delicate adjustment, and ate not practicable.
The action of mineral detectors seems to depend upon the
chemical and physical properties of the ores, and also upon
the conditions of the contacts, but not wpon the crystalline
structure and axis of the ores,

Dr. W. H. Eccles gives the following crystals as bhemg
suitable for “wircless " work

(1) Elementary substumces  (2) Natwral sulphides

Silicon Galena (Load sulphide)
Boron Iron pyrites
Graphite and metals Chalcopyrite
Tellurium Bomite
Arsenic Molybdenite
(3) Natuwral oxides

Zincite

Brookite

Tserine

Prilomelane

Cuprite

Corussite

Also: Smaltine, chalcocite, inseritc.

There arc many commercial eombinations, but we shall
discuss the most successful ones, actually wsed by prominent
manufacturers in this and other countries.
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Mr. Philip R. Courscy, in his book, - Telephony Without
Wires,” gives the following combinations as most snitable for
" wireless " telephony, i.e. Broadcasting:

Perikon (zincite-chalcopyrite)
Carborundum-Steel
Zmcite-Tellutinm
Silicon-Stecl
Mulybdenite-Copper
Gralena-Graphite,

He also states that of these the carbornndum-steel, perikon
and zincite-tellurinm  combinations are usually the most
stable, and least liable to disturbance by either vibrations
or atmospherics,

The rcarborondum-stecl detector requires an  additional
polanising vollage of about one volt,

The perikon and zincite-tellurium require no batteries,

Now lol ds consider the properties of the best known
crystals,

Carborundwm. This is a product of combination of salt,
satidd, sawdnst and coke fused at g temperature of abont
1,000 degrees Fahrenheit in an electric fumace. At low
temperature, carbornndum has o very high electrical resist-
ance, which, howewver, deereases rapidly under heat. A
polarising battery of 125 volts is sometimes used.

Graleng-graphite. A detector of medium sensitivencss but
reliahle and inscnsilive to mechanical wvibrations.

Amatase. This iz an octahedral crystal of oxide of Hitanium
with the chemical formula Ti(), and was found to rectify
qute markedly, Anatase gives much larger currents with
& small applied vollage than does carborundum, and is
therefore a much more sensitive detector.

Brookite. This is another crystal form of Ti0D, which was
found to serve as a rectifier of small alternating currents,
with about the same scnsitiveness as apatase,

Molybdenite. This mineral (MoS,) eccurs in nature in the
form of tubular hexagenal prisms, the cleavage reseinbling
that of mica, The sheets have a metallic Iustre, and can be

readily electro-plated with copper, &0 that connecting wires
may be soldered to them.
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Sificon. Silicon is highly sensitive in ifs pure state, but
the commercial sificon contains a certain amount of metailic
calcium, and as this metal 15 quickly atfacked by air a film
of calcium hydroid soon covers the silhicon surface, and then
praclically all delector achon ceases.

" Perikon.” The Perikon detector s a ecombination of
wine oxide [Zno) and copper pyrites (Cal'eS,), It 1s twice
ae sensitive amnd more easily adjusted than the silicon detector,

Chalvopyrite and Zineile. These two crystals, nsed as a
detcctor, require a polarising battery, but considerable roctifi-
cations may be obtained without it This combination is
desirable for use where adjustments may be frequent, due
to vibrations or similar distorbances which may be present
as in the case of portable receiving equipment.

Cerusflz (American trade name). Cernsite is a better
rectifer than  ¢orborundum. No o polarising  battery s
reguired.

Zinctle, Red oxide of zinc, Zincite and brass point con-
tact form a reliable and sensitive detector.

Telluvizm-Alumbnium. Teliurium-Silicon, These are
sensitive dotectors with or withowt polarising batteries,

The Good Polnfs of a Detector.

It 15 rather a difficult matter to judge the comparative
sensitiveness of two detectors becanse many factors have to
ke taken into consuderation, and the tests carried out under
exactly the same conditions, but the following are the general
properties which 2 good crystal detector must possess:

(2) It should be mechanically strong and well constructed,
This means thal it should be able to hold its adjustment and
not be casily disturbed.

(b} The crystals should be sensitive, that is, should possess
gond rectifying properties, if their setling is properly adjusted,
Too great o sensitivity is not desirable, as satisfactory adjust-
ment 13 usually obtained with difficulty, Also it may be
difficull to retain the sensitive adjustment.

{c} The crystal should be easily adjusted. It is a distinct
dizadvantage if any marked difficulty is found in adjusting
the scttimg for good receplion, as valuable time may be lost
in Lhiz w-= if a signal is coming in and the detector is oot
operating proLerdy.
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(d} The crystal should possess self-protecting characteris-
ties, to prevent itsell from being bumnt ont and the seiling
destroyed if abnormally powerful radiations are received,
such as atmospheric disturbances.

Ordinanly all points on a crystal arc not equally scnsitive,
and 1t is necessary to adjust for maximum sensitivity, The
adjustment of the deteclor can be made either while receiving
signals or before actual receplion, by exciting the receiving
set by means of weak local oscillations from a huzzer.

Crysial Clreuils,

Crystal circuits are very simple, and the following few
examples will enable you to understand how n crysial set
is put together,
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A crystal circuit means simply a crystal holder and a pair
of telephone terminals acruss a tuner.

In the above circuit you will notice that the only differ-
ence between these circuits is the method of tuning.

a uses a slider coil, b a tupped coil, ¢ a variometer, 4
a coil in parallel with a condenser. ¢ is a loosely coupled
aerial rather interesting from the experimental point of
view,

The values of the variable condensers and the right
coils can be casily chosen with the help of a manufacturer's
table.

The types @ and b are not recommended unless they are
used from a purcly experimental point of view. The slider
coil and the tapped inductances have a so-called “dead end !
effect. This means that part of the coil is not being used
[or receplion, and energy is being wasted at that “dead end.”

The variometer type is prelly cfficient, bul it is preferable
to start with a coil-condenser tuner, as it makes it so easy
to convert this cryslal sel into a valve sel later on. Please
note that the telephones should always be connected between
the crystal and the earth.

Try out all sorts of crystals for reception, and see if you
can find some ncw combination or some new material that
will give better results than the known crystals.

_ As regards Lhe crystals that require
N7 a polarising battery, W, Green-
wood, B.5¢. (Eng), AMIEE.,
A.C.GL, in his text-book Wireless
Telegraphy and Telephony—TUniver-

sity Tutorial Press (3s. 6d.), gives
the following diagram of connec-

tions. (Fig. 81.)

You will notice that the poten-
tiometer {a wvariable resistance) is
wired in such a way as lo offer either a positive or
a negative potential.

Why not start experimenting with crystals straight away?

Fic. 81



