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Make Your Own
Crystal Set

A crystal set is so called because the very earliest radio receivers
did, in fact, use a crystal and a length of wirne or ‘cat’s whisker’ to
pick up radio signals. The modern crystal set uses a simple electronic
component called a diode for the same purpose. Because the
principle of working is the same, they are still called ‘crystal se1s

Crystal sets are very easy to make and require only a few,
inexpensive components. They can work without & battery—
provided you live in an area where radio reception is good. In
poor listening areas—those distant from powerful transminting
stations—only weak signals may be received from perhaps just
one or two stations,

The performance of a crystal set can be improved by adding &
stage of amplfification, which will then require a battery to work.
This will boost the strength of all the signais recelved, and should
bring In more stations.

An amplifier is only an “added on’ circuit, so the design given
allows for this. You can first build the basic crystal set and get it
working as well as possible. Then you can add on the amplifier
stage for even better results.

The real secrat behind the successful working of a crystal set
is an efficient tuned cirewit and axternal agrfal—plus 8 good earth
connaction. A tuned circull consists of a coil and a capacitor.

A coil, really, is only a length of insulated wire wound on a
circular rod or former. A capacitor is another particular type of
alectronic component, designed 1o have a ‘capacity’ for storing
alectricity—hence |ts name, capacitor.

In arder to adjust the tuning to correspond to different broadcast
station frequencies, the capacitor used is @ varabie type (also
known as @ tuning capacitor).

‘Frequency’ is a measure of the rate at which & radio wave
‘vibeates' or oscillates. Broadcast stations send out radio waves of
a particular fraquency. To tune into a particular st&tion a receiver
has to be adjusted to respond to the broadcest frequency of that
sHaticn.

Turming the knob on the capacitor varies the electrical state of
the tuned circuit, so thot the set can be wned in W differant
stations in the range covered by the design of the coil.

The coll ks an item which is easy to make {(although you can
also buy readymade tuning coils matched to specific values of
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funing capacitoms).

The elactrical symbols of the components which go to make
a tuned circuit are shown in Fig. 1. A& coll s shown at A a
capacitor is shown &t B (the arow drawn through the capacitar
indicates that it s a variable capacitor). Caoil and capacitor are then
connecied as shown at C, Add an aeral and earth connection, and
the complete turned circwit is shiown at D.
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Thig sircuit, when tuned to a particular broadcast signal, hes &
minute slectric cument generated in it, at the same freguency as
the signal. To defect this current, and transform it into the type of
signal which can be made audible, a diode is connected 10 the
coil, as shown in Fig. 2A. If the other side of the diode is con-
nected to headphones, and the other side of the headphones
connected back 1o the "earth” end of the tuned circuit, we have—
almost—a complete radio receiver,
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Just one more component ks needed—a capacitor of fixed
valug connected across the "phones to block out the unwanted
part of the criginal rAdio signal. The complete circuit for a basic
crystal set is thus as shown in Fig. 2B.

So much for the theoretical circuit, We now have to turn this
intoy 8 practical, working circuit. The starting peint |5 10 make the
cail

Making the Coil

A wining eoll ean be a simple winding of wire, but it i3 much mone
efflicient il wound over & ferrite rod. A fermite rod is simply &n Inon
rod, but made of a special sort of iron. It is produced specially for
radio work—and you buy i1 by asking for it by name [ferite rod),
just like other radio componénts,

Farrite rods are available in various sizes, the main difference
being thet the design of the coil {number of turns and size of wire
requiired) waries with the diameter of the rod used. The slectrical
performance of the coil has to ‘maich’ the working range of tha
varable capacitor In order to make the complate circuit tunable
over a particular broadcast band,

The coil shown in Fig. 3 1= bazed on & fin. diameter ferite rod
asbout Z3in, long (the actual length i nat important), and desigred
to covar the medivm waveband.

First cut some wide gumstrip inte Tin, lengths, Wrap one piece,
gum side up, around the rod, and then add theee or four mone
layers (gum side down) to make a paper slesve litting snugly over
the rod. Do not meke it such a tight fit that the sleave cannot ba
slid along the rod. You will need this freedom of movement for
adjusting the set for bast results.

The coill is then wound on to the paper sleeve. using 28 gauge
enamelled copper wire. The complete coil consists of BO turms
wound close together, the wireé then taken out into a leop, and
finally another 12 turmns wound on {32 twrms in all with the loop or
‘tapping point” 80 turns from the staring end). Secure the start
end of the coil winding with a dab of sealing wasx,
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This coil will be a ‘match” for a 350 pF or 500 pF variable
capacitor. It may be found necessary to adjust the coil windings
Iater on: or to try different coils. But this particular coil should be
a good starting point, provided you use the component values
specified in the components list on the Plan Sheet.

The rast of the construction of the set can be followed through
the step-by-step stages shown on the Plan Sheet,

Preparing
the Base Panel

This ® & 5%in. = 3in. mctangle of Paxolin sheet. (Paxolin 15 a
special kind of hard plastic, made in sheet form, to use as a base
panel for mounting radio components on.) If you cannot buy it
this size you will have to cut from a larger sheet, uzing 8 hacksaw,
Check the dimensions by laying over Plan Sheet Diagram 1,
which is full size

Make a tracing of this plan and transfer to the Paxolin to mark
the hole positions to be drilled. Holes A and B are drilled with a
i, drill. Holes €, D, E, F, G and H are drilled with a 3mm drill.
Hola J is drilled to match the mounting sleeve size of the variable
capacitor (now identified s C1). Hole K is drilled to match the
mounting size of the 5K porentiamater.

Plan Shest Diagram 2 shows the next step, The tuning capacitor
{C1) iz mounted by its nut, with the spindie and knob on the
underside of tha panel. The six 3in. long GBA brass bolts and nuts
are fitted through holes C, D, E, F. G and H, with the bolt heads on
the underside, These all form terminal paints,




Cut off a Gin. length of 16 gauge tinned copper wire. Bend one
and ai rght angles, about din. from the end, and pass through
hoke &, Mow bend the other end {o pass through hole B. Bend the
spare wirg back over the edges of the panel. as shown on Plan
Shest Diagram 3 and Fig. 4. This s the common o ‘earthy’
connecting lime of the circuit

The tuning coil is then mounted on the Paxolin panel in the
position shown on Plan Shest Diagram 4. The easiest way of
maunting i 1o stick the coil to the Paxolin with a blob of sealing
wax, Check that yvou can slide the ferrite rod smoothly backwarnds
and forwards through the paper sleeve

Plan Sheet Diagram 5 now shows the winng connsclions 10
be completed. All joints should be soldered. wsing an electric
soldering iron and resin-cored solder. Just make suwra that the
wirg ends are clean, and you should have no trouble making good
soldered joints. The tuning coil wires should be cut to suitahle
length and the ends scraped clean of enamel before attempiing to
solder in place.

Connections to be made ama:

ETART of tuning coil to nearast terminal en CT,

TAP an tuning coil ta tarminal bodt 0.,

END of tuning coll winding fo obther bermminal on CT.

The same ferrmingl on C7 connected fo the ‘common” fine (use
a separate piece of enamelied wire with ends scraped clean).

The other terminal of CT (the ane connecied io the start of the
codl} to terminal bolt C.

Capacitor C2 connected between lerminal bolt E and the
‘coumiman” fine.

Terminal boft £ connected to termunal bokt W with a spare
fargihy of wire,

The diode connected between ferminal balts D and E.

This compleies assembly of the basic crystal set which can now
be tried out for working,
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Checking the Set

A good external aerial is absolutely essential. The asdal can ba a
length of any thin wire—the longer the better and taken up as high
a5 possible. This wire iz connected to terminal bolt C.

Another length of wire is soldered to the ‘common’ line at
paint A and taken 10 a good sarthing point. The best earthing point
to be found in most houses is a cofd water pipe [making sure that
the pipe is scraped clean whera the wire is attached. 1o ensure a
good electrical connection].

EARTH WIRE LEAD

CLEAM
Fia &

Once thess connections have been made, the set should be
‘working', and only reguires the connection of "phones to terminal
points H and B to listen in. The ‘phone used msst be of fhigh
impedance type—preferably a deaf-aid earplece which is morne
converdent 10 use than headphones.

Impadance’ is really the effective resistance of ‘phones. Both
headphones and deaf-aid earpieces are made with "high impadance”
or ‘low impedance’. It is important to buy the right type,

Turn the knob on the tuning capacitor until the tuning vanes are
closed, then turn back a littke, Slide the ferrite rod forwards and
backwards thrawgh the paper sleave until a station is heard. You
should be able fo pick up Radio 3 in this way, with the tuning
capacitor near one end of its tuning range. If not, try adjusting the
capacitor to try to bdng the station in. Also try turning the set
from side to side, as this will vary the strength of the signal. The
farrite rod aeral i3 “directional’ and picks up maximum signal
stréngth n @ certain position.

Once you have picked up Radio 3 with the tuning capacitor set
near to one end of its range, you can fix the femite rod to the paper
sleeve with a dab of sesling wax. ¥ou should then be able to tune
the st over the whole of the medium waveband without furthar
adjustment of the ferrite rod.




IF THINGS DO NOT WORK OUT

If you get no results at all, then the first thing to do is to check
that all your connections are correct—and there are no bad soldered
joints. If connections are all good (and comect) you should be able
to hear samething when adjusting C1 over its full ranga—il anly
a woak crickle or two. That at least will show that the sat &
warking |

Hara ara other things you can try if you are not getting proper
resulis

(i} If signals are 5o weak as fo be almost inaudible, see if you
can improve the external aerfal. Use a longer length of wire,
draped in various positions. Or you can try connecting the aerfal
wire to the springs of 8 bed (these often make a very good aeriall)

{if} Try an afternative earthing point connection—say directly
to @ tap,

(iff) Try swapping over the serial and earth connections—i.e.
aerial wire to A and earth to C. Somatimes this works well

(i) Remove the connecting wire between terminal point C
and the tuning capacitor and replace with a capacitor (C3). This
can often considerably improve the efficiency of the asrial,

{iw) The tuning range of the codl can be adjusted by laking off
\or adding on) an equal number of tums from each end of the

coifl. This is something you can experiment with fo extend the

warking range of your sei, and bring in more stations.

Remembar, you can only expect very weak signal strength from
a basic crystal set. Also reception conditions vary a kot from day 1o

day, and even hour 10 hour.
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Further Experiments

Plan Sheet Diagram & shows another “trick’ you can try. Instead
of connecting the aerial directly to the tuning capacitor (or
‘coupling’ through capacitor C3), connect to terminal point D.
Try with, and without, capacitor C3.

Another idea which often gives improved results is to wse an
inductively coupled tuning coil. This comprises two saparate
windings—the main tuning coil with a separate coupling coil
wound on top, as shown in Fig. 7 and Plan Sheet Diagram 7.

The idea with induciive coupling is that instead of a direct
connection, varying electric currents are transforred from one codl
to another electromagnetically, This can be batter than direct
coupling Sometines.

Replace the original funing coil with this new wversion and
complete the connections as shown. Changing the tuning coil
can oftan make quite a difference ; and you con also make different
coils to cover different wavebands. Some alternative designs are
shown on the Plan Shest




Improving ;
the Crystal Set

Once you have got your basic crystal set (o work, it s obviously
worthwhile thinking about getting some mone volume out of it
This can be done by adding an amplifier stage a5 shown in Plan
Sheet Diagram 8. The additional components required are a
potentiometer (VR), B capaciioe (Cd), a transistor (TR) and a
resitor (R). Almost any type of sudio transistor will do, with the
value of the resistor selacted to match, although this is mot very
critical. The potentiometer provides a means of adjusting the
amplifier stage to work

“Audio” means somathing that works at hearable or ‘awdible’
frequencies—much lower frequencies than redio signals, Some
transistors are designed specially to operate o "sudio’ frequencies ;
others 81 ‘radio’ frequencias.

The potentiometer (8 mountad in the spare hole K in the Paxalin
panel, spindle side downwards. Disconnect the wire [oining
terminal point E to H. Then wire up the circuit s shown on Plan
Sheet Diagram 8. Usa the following as & check ;

Connect one terminad tag on the potertiomealer to E

Connecl the other end terminal tegs on the pofentfometer fo
the ‘commmaon” fine,

Connect capaciior C4 to the centre fag on the poteniiomeler,
and the ather lead of the cepacitor fo terminal bolf F, making sure
i iz the nght way reund (plus marked on capscifor fo poteriiometer
fag).

Connect the resistor (A) batwaan terminal bolts F and H.

That leaves the transistor 1o be connected 10 the cirguil. Here it 1§
very impornant to be able 1o identify the leads correctly. Transistors
have three wires emerging from their bottom which must be
identified as emitter (g), base (b} and colfecior (c) conmections.
These are not marked on the transistor and have to be identified
by thair position,

Connecting
the Transistor

T W AR EFALCED
bears e e ales
OF TR Ao LE" =
’ == LEADS N LINE
Und B HLY SRR D

Fig. 8 shows vartous lead configurations for transistors and this
diagram should be wsed to identify each lead corecily. In con-
necting tha transistor to the eircukt

Emitier {#) comnects fo “comman’ wire,
Basa (b) conmects to terming! Bolt F,
Coffector (] connects to terminal balt G

Leave the transistor leads quite long—e.g. about 1in.—and grip
with & pair of pliars when making the soldered joint, The pliers will
théen soak up heat which might otherwise damage the transistor,
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FINAL CONNECTIONS

The “phones in this case (high impedance type again) connect (o
termingl boltts & and H. To work, this circuit also reguires a battery,
which can be 41, 6 or 9 volt. Battery connections are made to H
and the commaon line, &8s shown.

The polarity of the baftery & most important. Using a PNP
transistor {as specified in the components list), the posiive of the
battery connects 1o the "commen’ line,

The polarity of the diede is also important. The "plus’ end of the
diode is identified by a red marking on the glass onvelope. Thus
the ‘red” end must connect to terminal bolt O, Check this bofore
connecting up the battery,

if an NPHN transistor ks used. then the polarity af the battery must
be reversed (plus to terminal balt H) : and alao the diode must be
connected the other way round. {red and to terminal bolt E).*

Most common types of transistor you can buy in this country are
kniown as PNP type. They work in the same way as an NPN type
fransistos, except that their plus and minus connections are the
other way round,

in this final eircuit, the potentiomatar VR will act as a volume
contral. Normally it will enly be necessary to adjust it initially for
maximum volume whan the set s tuned in 10 any one siation. It
can then be left in this position to give maximum volume with any
other signal tuned in.

= It does not maiter which way rownd the diode ie conmectnd in [he bagsic
cicuit since there /s no apphed betlery vollage

14

Notes on Soldering

For soldering electrical joints you should use only an alectric
saldering iron and resin-cored soldar,

The two most important things abowt making a good soldered
joint are a hot jron and clean or ‘tinned’ surfaces to be joined
Leads on radio components ars already tinned. But even a tinnad
surface will not solder properly if it iz dirty or greasy. If in doubt.
scrape the surface clean with a knife, or rub with emery paper.
Where enamelled wire is usad for connections, clean the ends by
scraping off the enamel to expose bright coppaer,

Follow this procedure in making a joint

() Plug fn and switch on the fron and feave for @ minute or fwo
to warm up fo full heal. Check by fouching the tip with solder.
The solder showld malt immediately and run over the tip. IF the
solder drops off the tip, then the iron g dirty and the Hp needs
eleaming with amery paper.

(#) Bring the tip of the iron into contact with the joint. Wait &
second or 5o for the heat from the fron to heat up the joind.

(i) Touch the foirt with solder. The solder should melt at
once and run ovar the joint,

{(iv) Remowa the iron al once $o that no move hest is applied
fe the fofnt than necessary.

Two things can go wrong at staga (o)

{a] The solder does not melt. Then the foint is nat hot enough,
Either the Iron is not hot enough (ov too small for the job), or #
has not been held against the joint for a fong enough perfod.

(b} The sofder mels bol falls aff the joint. In this case the joint
iz “divty” and needs cleaning before alfempting fo resolder.

A good soldered joint is ‘bright clean’, with the solder flowing
evenly over the whole of the joint area.

& “dry’ joint is where the solder sets in @ rough, crystallineg form.
This is usually caused by not enough heat, but it can be due also
to a difty joint with too much solder applied in an stlempt 1o
complete the joint

® See Wustrations overleal,
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1. Full size layout pattern of Paxolin panel.
Holes A and B are drilled 1/18in.

Holes C, D, E, F, G and H are drilled 3mm.
Hole G drilled to fit variable capacitor mounting.
Hole H drilled to fit potentiometer mounting.
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11. Theoretical circuit of basic crystal set with inductively
coupled aerial tuning coil. This corresponds to Plan Sheet

Diagram 8.
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2. Variable capacitor mounted on panel through hole G ;
also the six 6BA brass bolts and nuts forming the main
terminal points.
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3. The ‘comman” earth ling |z 16 gauge tinned copper
wirg, fitted between hales A and B. Turn up ends araund
edge of panel to hald wira in place.
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4. The tuning coil is mounted on the Paxolin panel in
this position, secured with sealing wax. Ferrite rod must
be free to slide for adjustment of tuning range.
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—i— 5. The basic crystal set circuit completely wired up.

Phones connect to terminal bolt H and point B on

‘ecommon’ wire. Check all wiring connections carefully.
Note that terminal bolts F and G are ignored. Also

hole K has nothing mounted in it.
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6. Alternative connecting point for the external aerial
wire. The inclusion of capacitor C3 is optional. Try with
and without to see if there is any difference in results.




7. Alternative ‘inductively

coupled’ aerial tuning coil,
showing the slightly different
connections.
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8. Completed circuit for crystal set with transistor
amplifier, Be sure to get the transistor (TR) connections
correct. Check also that the diode is connected the right
way round, and battery plus goes to the ‘common’ line
(with a PNP transistor).



. 350 or 500 pF variable capacitor

—single airspaced type, miniature
SIZE,

. Alternativaly, 250 pF or 1560/750

pF postage stamp type mica
trimmer.

. Diode GEX 34 or equivalent.

(Virtually any miniature diode
will work. )

Capacitors ;

D.

I &b mm

C2—-001 »F
C3—220 pF.
C4—8 uF electrolytic,

. Potentiometer: VR—1 megohm.
. Transistor; OQCY1, OC72, or equi-

valent.

High impedance headphones or
deaf aid earpiece (preferred).

Resistor: R/470 K ohm,

9. 28 or 38 gauge enamelled copper °
wira {for winding aernal tuning coils).
Ferrite rod (or ferrite slab) for coils.
Sizes as specified on this sheet and in
general instructions.

Paxolin panel &3in. = 3in.

Six din. long GBA brass bolts and
nuts.

Length of 16 gauge tinned copper

WIre,

Thin beliwire for connections, aernal
wire and earth connectian.
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10. Theoretical circuit of basic crystal set showing alter-
native positions for aerial connection. These corréspond to
Plan Diagram 5 and Plan Diagram 6.
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11. Theoretical circuit of basic crystal set with ind uctively
coupled aerial tuning coil. This corresponds to Plan Sheet
Diagram 8.

11




COMPONENTS REQUIRED




ALTERNATIVE DESIGNS
OF AERIAL TUNING COILS

Here are some further winding details for aerial coils in case you cannot readily obtain

the ferrite rod diameter size and wire sizes previously specified. All are designed to
‘match’ a tuning capacitor of 350 to 500 pF value.

e Iz TiLErS
MEDIUM WAVE < TURNS <¥>

42
| FEEEITE

ol
EoTURMS ToTal—
| 22 GALVE EMAMELLED
| COPPER WIEE,

‘EAETHY END

& x2g"
_:5 [
MEDILUM WAVE ¢ ThaEnS >/ TURNS FERRITE Eob>

25 TUENS TeTAL
| 28 GAUGE ENAMELLED
~ . COPPERWIRE.,
EARTHY END



For aerial tuning coils covering the LONGWAVE band, yvou need about twice the
number of turns of wire an the same size ferrite rod as for Medium Wave.

< —r'?gmﬁ 3 "';ﬂ'f%}?_hlﬁ ""
Ly i
LOne WrolE _ 4“-%; Aia.
1 {LE ¢l FEEEITE
ROoE

G TOENS TETAL-
3% GAUGE EMAMELLED
| COFPER WIEE.

"EARTHY END



To cover the SHORT WAVE band very few turns are required on the tuning coil and
these should be ‘open’ wound. That is, instead of each turn being laid close to each
other there should be a space equal to the wire thickness, or slightly greater, between
each turn. The best tapping point is found by experiment. Alternatively you can try
inductive coupling, using a single turn for the coupling coil, positioned by trial and error
for best results over the main coil.

FiNMD BEST TAPFINSG
FoimT By EXPERIMENT

SHOET WAVE 3 "
[ s
FERRITE
=1
' 1 - I TUZMS
LI 28 GAUGE ENAMELLED

el WIRE-

If vou find that the results obtained with your set are poor, or you live in an area where
radio reception is known to be poor, you may find it necessary to purchase a ready-
wound aerial coil. Make sure you use it with the correct size and type of ferrite rod, and
also a tuning capacitor of matching range. Not all aerial coils are designed for 350 pF
or 500 pF tuning capacitors.

Remember, however, that not even a high efficiency professionally made aerial tuning
coil can give good results with a crystal set unless you also use a good external aerial.
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12. Crystal set with transistor amplifier stage.
This corresponds to Plan Sheet Diagram 8.
Note the same amplifier circuit can be added on
to any of the alternative basic crystal set “front
ends’.
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BASIC. CRYSTAL SET 'FRONT END'
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