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Make Your Own
Crystal Set

A crystal set i 50 cofled becsuse the very earliest redio receivers
did, in fact, use a crystal and a length of wire or ‘cat’s whisker' to
pick up radio signals. The modern erystal set uses a simple elactronic
component called a diode for the sema purpose Because lhlu
principie of working is the sama, they are still called crystal se1s

Crystal sets are very easy to make and require only a few,
inespensive components. They can work withioul & battery—
provided you live in an area where radio recepilon s good. In
poor listening aress—those distant from powertul transmitting
stations—only weak signals may be received from perfaps just
ane of two stations,

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

An amplifier is only an ‘sdded on’ cirouit, so the design uiua_n
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 arriplifier
stage for even better resulis.

The real secret behind the successlul working of a crystal set
i an afficient funed cicud and external asrfsl—plus 8 good earth
gonnaction. A tuned cireull consists of a coil and a capacitor

A coil, really, is only a kength of insulated wire wound on a8
gircular rod or former. A capecitor is another particular Type of
slectronic component, designed o heve a ‘capacily’ for ElOFingG
slectricity —hence |1s name, capatitor

in ordar to adjust the tuning to cormespond (o differant broadcast
station frequencies, the capacitor used is a vanable type (also
known as @ tuning capaoitar).

‘Frequency’ is @ moasure of the rate at which a radio wave
"wibsates” or oscilistes, Bropdcast stations send oul radio waves of
a particulay frequency. Ta tune into a particular siStion a recaeiver
has to be adjusted to respond to the broadces! frequency of that
BHaTion.

Tumning the knob on the cepacitor varies the elecincal state of
the tunéd circuit, so thot the set can be wned in o differant
stations in the range coversd by the design of the cail

The eqll k& an item which = sasy to make {(allhough you can
atso buy readymade tuning colls matched to specific values of

€]




funing capacitors),

The elactrical symbols of the componems whieh go o0 make
a4 tined chcuit are shown n Flg. 1. & codl 1s shown gt A a
capacitor 5 shown st B (the arrow doivwn thraoegh the capacitar
indicates that it 1= 8 varkdle copaciior). Cail and capaeciior are then
connacied an ghown ot C. Add an serial and sarth connection, and
the complete turned cirouwit is shown at 0.
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Thig gircuit, whan tuned to a particular broadcast signal. hes &
minute slectns cumsnt generatad in i, at the same frequency as
the signal, To defect this current. and transform i into the type of
signal which can be made audible, a diode s connected 1o the
coil, as shown in Fig. 24, IF the other side of the dicds |s con-
necied to headphones, and the other side of the hesdphones
connected back 1o the "sarth’ end of the tuned circult, we have—
flmost—a completa rodio recelver
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Just oma mome componant s onooded—a capacitor of fixed
value connecied across the phones to block out the unwanied
part of the crigingl Adio signal. The complete circuit for a basic
crystal sat ig thus as shown in Fig. 28,

So much for the theoretical circoit, We now hawve 10 turm this
into & practical, working cheuil. The starting point s fo make 1he
eail

Making the Coil

A twining onil ean b= B simple winding of wire. but it B much moe
elficiant if waund oves @ ferrre rod, A Termite rod s simply an inon
rod, but made of a special sort of iron It is produced specially for
radio work—and you buy i1 by asking lor it by name (feriie rod),
just like other radio compongnts

Ferrite rods are available in varous sizes, the main diffeence
being thet the design of the ooil (number of turns and size of wire
reuilred ) waries with the diameter of the mod used. The electrical
parformance of the cail has 10 "'match’ the working range of the
watiable capacitor in arder 1o make the complate oircuill 1unable
ovar a particular brosdeast band,

The coil shown in Fig. 3 |s based on & 3in. dusmetes fecrite rod
pbout ZLin, lang (the sctosl lengih s not important ), and designed
to covar the medivrm wavedarnd,

First cut some wide gumstnp into T lergihs, Wrap ana pleca,
gum side up, around the rod, and thon add theee or four mon
layers (gum side down) 1o make & papor skeevo litting snugly oves
the rod. Do not make it such a tight fit that the sleave cannot ba
slid afong the rod. You will noed this freedom of movement for
adjuating the sel for bast results.

The coill is then wound on to the papsr slesve. using 28 gauge
enamelied copper wirs, Tha complete coll congsts of BO twma
wound close togather, the wire then taken outl into a loop, and
fimally another 12 twms wound on (32 wrns in 3l with the loop or
tapping poirt’ 80 turms from the starting end). Secure the stan
end of the coil winding with a dab of sealing was,
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This coll will ba a ‘match’ for a 350 pF or 500 pF variable
capacitor. |t may be found necessary to adjust the coil windings
Istar on: or 1o try different coils. But this particular coil should be
a good stafting point, provided you use the component values
specified in the companants list on the Plan Sheet.

The tast of the eonstruction of the set can be followed throwgh
thes step-bry-E1ep stages shown on the Plan Sheet

Preparing
the Base Panel

Thig t= & Sin. =3in. rectangle of Paxolin shest (Paxolin is a
gpacial kind of hard plastic, mode in sheet form, to use as a base
panel for mounting radic components on) If you cannot buy it
this siza you will have to cut from & larger sheet, uking 2 hacksaw,
Check tha dimensions by laying over Plan Sheet Disgram 1,
wwehich is full sim

Make a tracing of this plan and transfer to the Paxolin 1o mark
the hole positions to be drilled. Holes A and B are drilled with a
Jein, drill. Holes €, O, E, F, G and H are drilled with & 3mm drill,
Hola J is drilled to match the mounting sleave siee of the vanable
capacitor (now identilied s C1). Hole K is drilled 10 match the
maounilng size of the 5K porentromeder.

Plan Shest Diagram 2 shows the next step, The tuning capacitor
(C1} iz mounted by s nut, with the spindle and knob on the
undergide of the panel. Tha aix in, long GBA brass bolts and nuts
ara finted through holes C, D, E F, Gand H, with the bolt heads on
the underside, Thise all form terminal points




Cut aff a Gin length of 18 gawpgs tinned coppel wire. Band ane
and @t rght Bnghes, about in, from the end, and pass throwgh
hobke & Mow berd the othes end {0 pess throdgh hole B. Bend the
spara wire back over the edges of the panel. as shown on Plan
Sheet Disgram 3 and Fig. 4 This & the common o ‘eanthy’
conmacting line of the circull

The tuning coil s then mounted on the Paxolin parmoel m the
position shown on Plan Shest Diagram 4. The sasiest way of
maunting & 1o stick the coil to the Paxofin with a blob of sealing
wisk, Check that you can slide the ferrite rod smaoothly backwards
and forwards through the paper sleave

Plan Sheet Diagram B now shows the winkg comnections 10
be completed. All joints should be soldered, eming an electric
soldering iron and resin-cored solder. Just make sure that the
wirg ends ara clean. and you should have no trouble making good
soldered joinis The tuning coil wires should be cut 1o suitshls
langrth and the ends scraped clean of enamel befare atfempting 1o
solder in place

Connections to be made an :

START of tuning coil lo nearest tesminal o CF

TAP oy tuniing cofl to termingl Hodf 0.

END af tuning coll winding fo other ferminal on CT.

The some feveingl an T connected o the “common’ fine (use
a soparate plece of enamelled wire with ends scraped clear).

The other termirad of C1 (the ane connecled o the slart of the
codl) o termuinal bolf €

Capacitor CZ conmected betwden fermingl bofl £ and the
cornman” dne

Termingl boit £ connected to termunad bok B with a spare
fengtl of wirg,

The diode sonnected bapween fermingl bafts B and E

This compleies asaembly ol the basic orystal set which can now
b tried out for working

SCRAPE EHDS OF
ENAMELLED WIKE

Checking the Set

A good extermnal aerial s absolutely essantial. The aedal can be a
length of any thin wire—the longer the better and taken up as high
a5 possible. This wire |s connectad to terminal balt C.

Aripther length of wirs iz soldered to the ‘common’ line at
paint A and taken 10 a good sarhing point. The best esrthing point
to be faund In most bouses s 8 cold warer pipe {making sure thet

the pipe is scraped clean whera the wire |3 atached, (o ensurg &
good sfectrical connsction],

EARTH WIRE LEAD,

PIPE, SCRAPED . o OLPER
CLEAN

Fla 6

Ornoe these connections have besn made the set should be
‘witking’, and only reguires the connection of "phones to terminal
points H and B 1o lisien in. The ‘phone used must be of Aigh
impedance type-—praferably a deal-aid earplece which is mane
convenient 1o use than headphones.

‘Impadance’ & really the effective ressstance of “phones. Both
hoadphonss and deaf-aid sarpieces arg madewith ‘high impadancs”
or ‘low impedance’, |t is important to buy the right type.

Tum the knob an the wuning capacitor until the tuning vanes am
closed, than tum back a littke. Slide the ferite rod forwards and
backwards throwgh the paper gleeve until 2 station is hoard, You
shouwld be able fo pick up Aadio 3 in this way, with the tuning
capacitor near one end ol its tuning range. I not, try adjusting the
capacitor to try 10 bring the station in, Also try turming the s
from side to side, as thia wil vary the stiength of the signal. The
ferrite rod aerial 8 “directional’ end picks wp maximum signal
strength in 8 cerlain position

Once you bave picked up Radio 3 with the tuning capacitor set
near to ono end of s renge, you can fix the femite rod to the paper
sleava with 8 dab of segling wax You should then be able to tune
the sat over the whole of the madiom waveband without further
pdjusiment of the ferite rod,




IF THINGS DO NOT WORK OUT

If you oot no msults at all, then tha first thing to do 8 1o check
that all your connections are cormect—and thera am na el spldarad
joints. If connections are all good (and comect) you should be abie
to heat something when adjusting C1 over its full mnge—if anly
a weak crackla or pwo, That at least will show that the set 15
working |

Hera are other things you can try it you are nat getting proper
resulis;

(i) If signals ave so weak ax fo he almost inaudible, see if you
can improve the external serial. Uize a longer length of wire,
draped in varlous pesitions. Or you can try connecting the aeriaf
wire [0 the springs of 8 bed (these often make a very good aeriall)

(ii} Try ar alternative earthing point connection—say directly
o a fap,

{iff) Try swapping over the sarial and earth connections—i.e.
aeriad wire fo A and sarth fo C. Soimatimas this works well

{iv] Remove the connécting wire between terminal pount C
and the tuning capacitor and replace with a capacitor (C3). This
can ofien considerably improve the afficiency of the asrial,

(iw) The tuning range of the coil can be adjusted by laking off
\ar adding on) an equal number of tums from esch end of the
coil, This ¢ something you can experiment with to extend the
warking range of your get, and bring [n mord stafiong.

Remember, vou can only expect very weak signal strengrth from
& basic crystal set. Also recaption condithons vary a lot from day to
day. and ewvan hour 10 hour,
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Further Experiments

Plan Shest Diagram & shows another ‘trick’ you cin try. irataad
of connecting tha aeral directly to the tuning capacior (or
‘eoupling” through capacitor C©3), connect to terminal point D,
Try with, and without, capacitor C3.

Another idea which often gives improved resalts 1 fo use an
inductively coupled tuning coil. This comprises two separale
windings—the main tuning coil with a separate coupling cod
wound on top, 8s shown in Fig. 7 and Plan Sheet Diagram 7.

The idea with feductive coupling is that instead of a direct
connection, varying elaciric currents are transterred from one coll
to another elactromagnetically. This can be batter than direct
coupling sometimes.

Replacs 1he orginel tuning coil with this new varsion and
compiete the connections as shown. Changing the tuning coil
can often make guite a differance ; and you con also make different
coils to cover different wavebands. Some alternative designs ame
shown on the Plan Shast




Improving :
the Crystal Set

Once you- have got your basc crystal se o work, i1 s obviously
worthwiille thinking about getting Some mote volume out of it
This can be done by adding an smpifer slege as shown m Plan
Shest Dipgram B, The additional componania mequired ara o
potentiomeier (VR), 8 capaciioe (C4), a fransistor (TR) and a
regitor (R), Almogt any typa of sudio transistor will da, with 1ha
value of the resistoe selacted (o match, although this is mol very
crincal. Tha potentiometer provedes 8 means of adjusting thea
amplifier siage to work

“Acdin” misns semmathing that works &t hearabls o "audibis’
Irequencies—much lower frequencies: then redio signals. Some
transistors are designed specially to oparate 81 "sudic’ frequancies |
others 81 ‘radio’ reguencies,

Tha perestiomster (8 mounied in the spare hole K in tha Paxolin
panel, spindle sde downwards., Disconnect the wirg |odnlag
termingl point E 1o H. Then wire up the clreolt @2 shown on Pilan
Sheet Diagrem & Usa the following as & check

Connect one favrmimad tag on e potenticmeter fo E

Connect the otfiy end Termitaal teags an the pofantiomater fo
the ‘common’ fine.

Connect capacitor O4 fo the cantre fag on the potentiometer,
and the other fead of ihe capaciior fo terming! Badf F, making sure
it ig the nght waly reund [ glics marded on capacitar io potariiomesr
fagr).

Connect the resistor (R) befwean térmifal bolts F and H,

Than leaves the Irinsistor o be connected 10 the circuil. Hem it s
very iImponant (o be able o identily the leads corectly. Transiston
have three wires emerging from thar bottom which muald be
rdantified as emitter (&), bese (b} and cofecicr (c) connections
Theass are not marked on the transistor and haive to be identifisd
by thadir positan

Connecting
the Transistor

el
i

THArdm AR EFRCDD
A e A dr
CF T kL

= LEADS mLINE
L LS S E R o

Fig. B shows varous léad configurations for trarsistors and this
diagram should be used to Identify sach lead comectly, In con-
necting the transistor to the akreuit |

Emiiter (8} conmects fo “comman’ wire,

Baga (b)) conneels o termine! bolt £

CoMector () covnects to terminal bk (5.

Leave the transistor leads guite long—a.g. about 1in.—and grip
with a pair of pliers when making the soldered joint. Tha pliars will
then saak up heat which might otherwise damage the transistar,

LI




FINAL CONNECTIONS

Tise “phones in this casa (high impedance ype again) conneci o
termingl bols & and H. To work, this circuit slso reguires a battary,
which can be 41, & or 8 wolt. Battery connections are made to H
and the common ling, & ahawn.

Thie polardy of the balfery 5 most imparfant. Using a PNP
transistor {as specified in the compoanants Iist), the pesitive of the
battery connects o the "common” line.

The polarity of the dicde is also important. The ‘plus’ end of the
dinde s identified by & red marking on the glass onvelops. Thus
ihe ‘red” end miEl copnect o ferminal balt D, Check this bahore
cannacting up the bafery,

if an NPN tansistor i uséd, then the pofarity of the barfery must
b reversed (plus fo termingl bolt H) | and also the dfode must be
connected the dther way round.{red ond 1o terminal bolt E) ®

hdost commen typas of transistor you can buy in this couniry are
known & PNP type.: They work in the same way as an NPN type
fransiston, except that their plus and minus connections are the
oiher way round.

Iri this firal cireuit, the potentiomater VR will act as a valme
control, Normally i1 will only be necessary to sdjust it initially for
maximum volume when the sel is tuned in 1o sny one siafion. |t
can then be left in this position to give makimum volume with any
other signal tuned in

=i dies oot matter wiich wayp rond the olieds o cRanectand 0 ITe eaic
circand gince ffwre s no spoded beilery volfdgs
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Notes on Soldering

For soldering elactncal joints you should uss only oan elecinc
saldesing iron Bnd resin-cored soldar,

The two most important things ebout making a good soldered
joint are & ot drowr and ofean or tinned’ surfaces 1o be joined
Leads an radio components are already tinned. But even a tinned
surface will not solder properly i it is dirty or greasy, If in doubrt,
scrape the surface clean with a knife, of rub with emery paper.
Whese enamellad wire is usad for connections, clean the ends by
scraping off the enamel to expose bright copper,

Follow this procedure in making a joint:

(i) Plug fn and switch on the fron and laave for 8 minute or Iwo
to warm up fo full heat. Cheek by fouching the tp with. solder
The sofder should melt immediately snd run over the tip. if the
solder drops off the tip, then the iron fg divty and the Hp meeds
efearvmg With emery paper.

(i} Bring the tip of the iron into comtact with the joine. Wair &
second or ga for the heal from the ron to heat up the jomt

(7)) Touch the joind with gofder. The soidar should melt af
orce and rin ovar the fainl.

[/} Remowe the ron al opce so that no move heel iz applhied
fe the fodit than nécassary.

Two things can go wrong et stege (i) :

[a] The solder doas not melt. Then the foint /s not hof anough
Eithir the fron i nol hot enough (or too smmall for the fob), oF #
haz not heen held pgainst the joint for a long enough perod.

(bY The sofder melts bot fally off the joint. In this case the joinl
i5 oty and needs cleaning bedore attempting fo resofdler.

A gocd soldered joint is bright clean’, with the solder flowing
evanly over the whole of the joint areo.

& “dry” joint is where the solder sets in @ rough, crystalline form.
This is usually caused by not enough heat, but it can be dua alsa
toa dirty joint with too much solder applied if an aitempt o
complote tha joint

# See WNustralfons overipal,
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1. Full size layout pattern of Paxolin panel.
Holes A and B are drilled 1/16in,

Holes C, D, E, F, G and H are drilled 3mm,
Hole G drilled to fit variable capacitor mounting.
Hole H dnlled to:fit -pn_tantiur{'aeter mounting,
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11. Theoretical circuit of basic crystal set with inductively

coupled aerial tuning coil. This corresponds tao Plan Sheet
Diagram 8,
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2. Variable capacitor mounted on panel through hole G :
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also the six 6BA brass bolts and nuts forming the main
terminal points.
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3. Tha ‘comman’ earth ling |5 16

108 T | pataga tinnad coppes
wire, fitled Detween hales A snd B. Turn up ends sround
edge of panal to hold wirg 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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--l— 5. The basic crystal set circuit completely wired up.

Phones {:ﬂnﬂﬂﬂt to terminal bolt H and point B on

‘eommon’ wire. Check all wiring connections carefully,
Mote 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 €3 is optional. Try with
and without to see if there is any difference in results.



I' 7. Alternative ‘inductively
j coupled’ aerial tuning coil,

v, showing the slightly different
v . conneclions.
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B. 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 riciht
way round, and battery plus goes to the 'common’ ling
(with a PNP transistor).



A. 350 or 500 pF variable capacitor
—sgingle airspaced type, miniature
BiZE,

B. Altarnatively, 260 pF or 180/760
pF postage stamp  type mica
trmmer.

C. Diode GEX 34 or equivalenL
(Virtually any miniature diode
will work.)

Capacitors
D. C2—0M nF
C3—220 pF.
C4—8 uF electralytic.
. Potentiometer; YR—1 megohm,

. Transistor: OC71, OC72, or equi-
valent.

r @b M m

High impedance headphones or
deaf aid earpiece (preferred).

J. Resistor: R/470 K ahm.

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 63in. = 3in.

Six Lin. long GBA brass baolts and
nuts.

Length of 16 gauge tinned copper

WITE:

Thin bellwire for connections, aenal
wire and earth connection.
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10. Theaoretical circuit of basic crystal set showing alter-
native positions for aerial connection. These corraspondta
Plan Diagram 5 and Plan Diagram B.
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11. Theoretical eircuit of basic crystal set with ind uctively
coupled aerial tuning coil. This corresponds to Plan Sheet
Diagram 8:
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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.

o = e LRSS
MEDIUM WavE — ° TURNS <F>

4'% 30
FERRITE
Eob

SoTORMS ToTAM

| 3% GAUGE EMAMELLED
' CoPFER WIEE,

‘EagETHY END

5 Ll &x%
MEDILM WAVE < 'IZFE.'JE T TLRNS FEERITE Eob

B5 TREMS TETAL

OF GAUGE ENAMELLED
! . COPPERWIRE,
EAETHY EMND



For aerial tuning coils covering the LONGWAVE ban i
A . : . nd, you need about twice the
number of turns of wire an the same size ferrite rod as for M:ﬂiﬂm Wave,

LoNg WAVE € ToRnS 1£7> TORNS %S

Pt B ‘?I:- A,

FEREBITE
roP

G0 TOENS TRl
; 38 GAUGE EMAMELLED
! ; | COFPER WIRE.
EARTHY BEND




To cover the SHORT WAVE band very few turns are required on the tuping 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.

FiND BEST TAFFING

SHORT WAVE. Pt By EXPERIMENT k
T =
/1] FE
B- o ToRMs Feies
1 ;w i
gt il i 2B GAVGE ENAMELLED

COPPEER. WIRE

If you find that the results obtained with your set are poor, or you live in an area where
radio reception is known 1o 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 am plifier stage.
This correspands to Plan Sheet Diagram 8.
Note the same amplifier circuit can be added on
to any of the alternative basic crystal set front
ends’.

BASIC- CRYSTAL SET 'FRONT END'
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