Radliio

Yintage

by PETER LANKSHEAR

The saga of the Crystal Set

Recently | was taken to task because, in its six years, this ‘Vintage Radio’ column has not yet
featured crystal sets. The point has been taken, and this month we cover some aspects of this
classic and in its time, most important receiver.

The basic crystal receiver comprises
only three components: an inductor, a
diode and a headphone — although to be
completely accurate, there are also two
virtual capacitors formed by stray ca-
pacitance of the aerial and the headphone
leads. It would be impossible to create a
simpler receiver than the elementary
crystal set, yet entire books have been
written about it. What other type of re-
ceiver has remained basically unchanged
for 80 years?

In the period from the advent of broad-
casting to the arrival of the cheap transis-
tor receiver, making crystal sets was one
of the traditional childhood activities.
There were several reasons for its popu-
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larity. Crystal sets were inexpensive,
simple to make, cost nothing to run and
what is more, they worked.

There is no receiver simpler than the
basic crystal set, yet an endless series of
circuit variations appeared in radio and
hobby publications and were eagerly as-
similated — previous models torn apart
and the new variations tried. Many
young experimenters got ‘bitten with the
radio virus’ as a result, and went on to
make radio their careers.

Like much electronics technology, the
origins of research in the electrical char-
acteristics of crystals go back to the 19th
century. The earliest work of which I can
find any record was by Ferdinand Braun
in Germany during 1874, in what could
be regarded as the first research into

semiconductors. Braun reported that
various combinations of metals with ox-
ides or sulphides, with small contact ar-
eas, displayed unilateral electrical
conduction characteristics.

As with many early discoveries, here
was a solution waiting for a problem.
Braun went on to other work, including
cathode rays, and it was a further 25
years, in 1901, before he conducted ex-
periments into the use of crystals for ra-
dio detection. He worked with galena
(lead sulphide) and iron pyrites, but it
was psilomelane, a mineral containing
manganese, with a sensitivity equal to
that of the electrolytic detector, that he
considered showed the greatest promise.
"‘Braun reported his findings to Tele-
funken, but there seems to be no record
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Fig.1: A crystal detector advertised in
the Marconi ‘Yearbook of Wireless
Telegraphy & Telephony’ for 1914.
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Fig.2(a): The circuit of a 1915 shipboard Marconi receiver installation, providing
the choice of a magnetic detector (‘maggie’) or a type 20 crystal set. Note the
battery and rheostat for biasing the crystal.









Fig.8: Plastic may have been substituted for ebonite and wood, and the crystal
diode is non-adjustable, but today’s basic crystal set has not otherwise changed

in 70 years. This one comes as a kit from Dick Smith Electronics.

lective circuit, and this was to be their
downfall. While there was only one
transmission in the area, there was no
problem; but if more stations opened, the
inherent lack of selectivity became all
too apparent.

I confirmed this by tests with the
Brownie and the Dick Smith Electron-
ics receivers. With five local transmis-

sions of similar strength spaced fairly -

evenly over the broadcast band, it was
not possible to separate the stations
completely, the best compromise being
an annoying background from at least
one interfering transmission.

Huge variety

The solution was of course, improved
selectivity; but the problem was to
achieve it without sacrificing precious
signal strength. Tapping the aerial and
crystal down the coil would certainly re-
duce loading, but at the cost of volume.

For the experimenter, an endless vari-
ety of clever circuits now followed, each
one claiming to be the answer. It is amaz-
ing the remarkable number of variations
that were created around the simple crys-
tal set. Virtually every issue of the nu-
merous radio magazines that came on the
scene had some new design or circuit
configuration. Few, however, ap-
proached the Marconi Multiple Tuner in
complexity and versatility.

In fact, there is a way of combining
selectivity and sensitivity, and is the prin-
ciple of operation of the Marconi tuner.
This is to have two tuned circuits, criti-
cally coupled with one tuning the aerial
system and the other feeding the detector.

Given large, high Q coils each tuned
to the operating frequency, and accu-
rately coupled to each other electrically
or physically, it is possible to have an
efficient transfer of one narrow fre-

Fig.10: The expert’s
crystal set was often built
around a loose coupler,
which could be up to a
metre in length. Both
coils were of variable
inductance, via switched
taps or a slider. The
position of the inner coil
allowed adjustment of the
coupling — not a thing of
beauty, but very effective.

quency band. Too close a coupling
passes a broad range of frequencies,
whereas minimal coupling causes ex-
cessive attenuation.

We are familiar with this charac-
teristic in superheterodyne IF trans-
formers. As these operate at one
frequency, the spacing of the coils can
be fixed, but for a crystal set which has
to tune a range of frequencies, the cou-
pling has to be adjustable.

Two popular methods of controlling
coupling were the variometer and adjust-
able coils mounted on swinging arms.
Very impressive crystal sets were also
built around the loose coupler. With
skilled operation, the loose coupler can
produce quite remarkable results, but
these are rather large technical looking
devices, some approaching a metre in
length — although the one illustrated in
Fig.10 is only half this.

Modern germanium or diodes are very
efficient, but theoretically they could
benefit from a small bias voltage. Re-
cently R.G. Newlands of the NZVRS
carried out some quantitative research
into biasing germanium diodes and

found that there was about a 3dB im-
provement, which is just discernable, in
rectified voltage by applying about 0.75
volts of forward bias. For extracting the
last fraction of performance this is prob-
ably worthwhile. For someone who
wants a bit of variety, and a challenge,
there is still scope for experimentation
with the humble crystal set.

As I indicated at the beginning, al-
though the crystal set is a deceptively
simple device, there is a lot that can be
written about it. But I suspect that if I
carry on much longer at this stage, the
Editor may reach for the delete key!
(Editor’s Note: For those who do want to
experiment with a crystal set, I described
a very flexible model back in June 1988
— the 1988 Deluxe Crystal Set. This in-

cludes two tuned circuits with ‘preset’
adjustable coupling, and also adjustable
DC bias for the diode. Photocopies of the
article are available from our Reader In-
formation Service.) <
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