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CONSTRUSTION AND OPERATION OF A VERY SIMPLE

RADIC RECEIVING EQUISMENT.*

) {Prepared at the request of ths States Relations Service of he
U. S. Department of Azriculture for. the use ¢f boys' and zirls' radio
21lubs.) [TV TTY ’:'/,_, ERANE . .

N
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This pemphle® deseribes thé construction and speration of a ver
simple and inexpensive radio receiving outfit. The outfit will enable
any one to hear radio code messages or music and voice sent from mediwm
power transmitting stations wiithin an erea ahout the size of a lzrge of ty,
.and from high-vower stations within 50 miles, provided the vaves used vy
the sending staticns have wave frequencies between 500 and 1500 kilocycles
per second (i.e., wave lengths between 500 and 200 meters). This equip-
ment will nct receive undarped {contimious) vaves. Ceccasionally mach -
greatsr distenses can e coverad, egpecially &% night. The total cost of ..
the outfit can be kept beiow $10.CC, or if an especially efficient ocuifit
is desired, the cost may be about $15.00.

v
i

Essential Parts of Regeiving Station.

The five essential parts of the station are the antenna, lightning
switeh, ground connections, receiving set and "phone’. The received gig~
nals-come into the receiving set tnrough the antenne and grournd connestion.
The signals ere converted in%so an electrie ecurrent in the receiving set
and the sourd is produced ir the "phone™. Either one telephone receiver or
a pair, worn on the head of the listener, is used.

Tre lightning switch rrotects the receiving set from damage by
lightring., It connechts the antenna directly to ground when the receiving
station is not in use. Then the antenna and the commection to ths ground
are properly made and the ghtring switch ig clesed, the antenna acts as

a lighiring rod and is a protection to the bmilding.

The prinsipal part of the station is the "receiving set". 1Ia the
set described norein it i subdivided into 4wo parts, the "tuner" and the

"detector”, and in more complicated sets still obther elements are added.
e

*This is the first of a series of pasrhlets on
receiving equirments. Subsequent pamphlets wil

issgs
ol sets with which Tessages zent over longer distan
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The Antenns, L Cnmmection.

The antenna is simply : sDer;
The anterma should not be less than 3C feet
length should be abous 75 b
horizontal antenra; btat
horizontal. 1t is in fast 32
used as nigh as possible,r’ '!‘*5:'*‘1
temna itself should run as dirs
If the positicn of the aigozmng Duil d.x..
tance osm-een taem is. greater: than ahout-
be held to a 75-foot distance between tne insuiators by increasing the
length of the Piece of rore /D) to which the far end of tae antennz is at-
tached. The rope (H) trivz  the- anternsinsulator t0 ths house should
not be lengthened to overcome shis difficult Ty, tecemse by so deing the
anterma "lead-in" or drop-wirs: (J)swonld c., lengtnenea.

&

Desails of Parts.-The part 1be ment*oned here by reference to

s wil
tne letters appearwg in Fig esrl,an‘_z

) Aand T are’ screw eyes suffi_ ent;y strong to anchor the antenna
at the ends, ) R AP

B and H are chvéa of,r;pe 1/"" or 3/8 inch in diameter, just long
enough to aliow the ant a to swing clear e two supports.

P is a piece of 1/4 or 3/2 inen Y‘ope surficiently long to mare the
distance between E and G apout 75 ifeet, : R

. C is a single- vlock uuhey whieh may be used readily available.
'The Palley should not allow the ‘rope %o- ca.tcb‘

*E and G are two 1rsulc.tors whn,b mav be constructed of any dry hard
wood of suffﬂ cient strength to withstand the strain of the angerma ; bleeks
about 3/4 x 1 x 10 inches will serve. The hcles should e drlllec as
showm in F g 1 suffis iently far from ths enis to give rrover sirength.
If wood is used the insniators should.be boiled 4n paraffin. Precnutlons
in regard to- melting the paraffin are given on .page 5 under "Accessceries".
If porcelain « wiring cleats are available they nay be substituied for the
wood insulators, Regular anternna 1z‘sulauor$ a¥re a"all tle cn the market

but the twe improvised **rpe<' mentiened will b= satisfagtery for an amat
Teceiving anterna.

E is the anterma about 7‘* fe lor.c- ’o=t'veen tne usxlayore E :.rd G.

‘The wire mav ke No: Al qr 16 cogper wire eiiher bare or insulated,

of the antemnz rfart zer frem the receiving set "ay be sscured to the insu-

lator (E) vy any satisfactory method, but. care should-be taken not to xink
the 'vu'e. Dra.v the other end of the anterma wire thrs
“E5 4°point where the tws insulateors ave. sesarated Ty
twist the insulator f".’ 50 28 ic fo '

remainder of the antenra wire {3} which now constit

end

agh the insulaser (@)
75 feet and
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drép-wire should be just long encugh to reach the lightning switch.

. _Kis the lighining switch. For the survose of & small antenna
this switch may bYe the ordinary porcelsin-base, 3C-zampere, single-pole
double-throw tattery switch., Thess switches as ordinarily available
nave 2 porcslain base about 1 by 4 inches. The "lead-in" wire (J) is

ttached to this switch at the middle point. The switch tlade should
alwsys be thrown to the lower ciip when the receiving set is not actually
being used, and to the upper clip whken it is decired to receive signals.

L is the ground wire for the lightning switch. The ground wire

‘may be a piece of wirs the same size as used in the antenna, and should

be of sufficient lengta to reach from the lower clip of the lightning
switch (K) to the clamp on the ground rod {¥).

.. Mis a piece of iren pivpe or rod driven ¥ %o 6 feet into the
ground, prefsrably whers the ground. is moist, and e€xtending a sufficie
distance above the ground so that the ground clemm may be fastsned to

e by

t
t

" Tne pipe should be free from rust or paint. Special care should be taren

te see that the pipe is clean and bright where the ground clemp is con-
nected. . c

N is a wire leading from the upper clip of the lightning switch
through tae porcelain tube (0) to the receiving sef binding rost marked

"anterma . . ) ;

0 is a porcelain tube of suificient length to reach through the
he &

window casing or wall. This tube sbould be mounted in the casing or wall

so that it slopes down toward the outside of the building. This is done
%o keep~the rain from following the tube through the wall to the interior.

Figure 2 shows the radio receiving set iﬁstalled;. in some part of
the house. o B .

P'is the receiving set which is describved in detail below.

N is the wire leading from the "anienmna" binding post of the receiv-
ing set through the Porcelain tube to the uprer clip of the iigh‘cning
switch. This wire, as well as the wire shown at Q, should be insulated
?nd preferably flexible. Unbraided larp cord will serve for these two

eads, ) : :

Q is a flexidle wire leading from ths receiving set vinding post
marked "ground" to a water Pipe, heating system o= some other metallic
conductor to the ground. If theve are no-water pipes or radiators in the
Teom in which the receiving set is located, the wire should te run cut of
doors ard connected to-a special "ground” below the window. The grownd
for tie lightning switch should not be used for this purpose. It is essen-
tial that for the best operation of the receiving set this ground be of
the very best type. TIf the 501l near the house is dry, it will be neces-
82ry to drive one cr more Fipes or rods sufficiently deep ic encounter
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moist earth. ~The distance between the pipes will ordinarily not exceed
6 fest. Where clay =zoil is encountered the distance may be 3 feet; in
sandy soil it'may te 10 feet. Some other metallic conductor, such as the
casing of a drilled well, not far from the window, will be a sati:sfactcry
"sround". : C

Tuner, Detector ard Phone.

- The -“phone" and certain parts of the apparatus will have to be
purchased.  The other parts may be obtained at homs.

-Toning ceil (R, Fig. 3).- This:is & léngth of cardboard tubing witk
copper wire wound around it. The cardboard fubing may be an ocatmeal Yox.
Tts construction is descrited in detail below. A cylinder of wood or
other non-metallic substance may also be used.

. Crystal Detecdtor (S. Fig. 3).- The crystal detector may be of very

- simple construction. The crystal (1) as it is ordinarily purchased, may
be urmeunted or mounted in a small block of metal. It is very important
that a very good tested crystal be-used. A galena crystal will be satis-
factory. Tarough binding post (4) is a nail with a wood kmob or cork on
its point and a 2-1/2 inech piece of #24 bare wire attached below the head
and bent so as.to rest on the crystal.

2}

e

cr 1 detector is ma2de up of a tested crystal, three wocd
screws, a short piece of copper wire, a nail, a set screw type binding
Post, and a wood kmodb or cork. The crystal is beld in positicn on the
wood base by three brass wood-screws as shown at 1, Fig. 3. A bare covper
wire is wrapped tightly around the three brass screws for comnnecticn. The
assemwdling of the rest of the crystal ‘detector is shown in Fig.. 3.

rysta.

B4

-Phone (T. Fig. 3.).- It is .desirsble to use a pair ¢f telephone
Teceivers connected by a head band, usually called a double telephone
headset. The telephone receivers may be any of the standard commercial
makes having a resistance of ‘between 2000 and 3000 ohms. The double tele-
Phone receivers may cost more than all tue other parts of the station com-
bined dut it is desirable to get them, especially if it is planned to im-
Pbrove the receiving cet later. 4 single 1000-ohm telephone receiver with
@ head tand may be used but with less satisfactory resnlts.

Accessories.- Under the heading of accessory equirment may be Tisted
binding posts, switch arms, switch contacts, test-buzzer, dry battery, and
boards on which to.mount the complete apparatus. .The binding posts, switch
arms and switch contacts may be purchased from dealers who handle such
goods or- they may be readily improvised at home. The pieces of wood. on
which the equirment is wounted, may be obtained from a dry packing-box and
covered with paraffin to ¥eep out moisture. Care should be talken in melt-
ing the paraffin not t» get it too hot. ' For this reascn, it is a good plan
to melt it in a pan wet in boiling water. - "nen the paraffin Jusi degins
to smoke it is at the Proper - témperature. Then the wood parts have.isen
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drilled and cut to size, the paraffin should be applied gquickly with &
small brush. When cold, the excess paraffin must .be carefully scraped
off with a straight piece of metzl such &s the brass strip in the edge of
a ruler. ’

Details of Construction.

The following f3'a description of the method of winding the %uning
coil and the construction of the wood panels.

Tuning Coil.- See R, Fig. 3.- The cardboard tubing is 4 inches in
diameter bty 4-1/2 inches long. One end of the fube should have the card-
board cover glued securely to it. About 2 ounces of No. 24 {or No. 26)
double cotton-covered copper wire is used for winding the coil. Punch
two holes in the tube about 1/2 inch from one end as shown-at 2 in Fig. 3.
Weave the wire threugh these holes-in such a way that the end of the wire
will be firmly ancliored, leaving about 12 inches of the wire Sree for con-
necting. Start with the remainder of the wire to wind the turns in a
‘single layer about the tube, tightly and closely together. After 10 com-
plete turns have been wound on the tube hold these-turns tight and take
off a tap. This tep is made by twisting & 6-inch leocp of the wire to-
gether at such a place that it will be slightly--staggered from the first
cormection: This method of talting off taps is shown clearly z% U, Fig. 3
Proceed intris manner until 7 itwisted taps have been taken off,- cne ai
every 10 turns. After these first 70 turns have been wound on tas tube,
take off a b-inch twisted tap fer every succseding single turn until 10
additicnal turns have been wound on the tube. After winding the last turn
of wiré enchor the end by weaving it through two holes puncned in the tube
as at-the start, leaving about 12 inches of wire free for connecting., I%
is to be understood that each of the 1% taps is slightly staggered from

the one just above, so that the taps will not ve bunched zlorz one line on

the’cardboard tube. (See Fiz. 3.) 1% might be advisable, after winding

the tuning coil, to dip the tuner in hot paraffin. Tais will help to ex-

clude moisture., 1t is important to have the paraffin heated until it just

begin§ to.smoke, as previously explained, so that when the tuner it re-
~moved it will have only a very thin coat of paraffin.

) Upright Panel and Base:.- Having completed the tuning coil set it
aside and construct the upright panel-shown in Fig. 4. This panel may be
a piece of wood approximately 1/2 inch thick, 4-1%2 inches wide and 7-1/2
inches. long. This panel can be used with apparatus to be described in a
later pamphlet. For this reason it is desirable to have the last contact
an inch from the right end of the panel (See Fig. 4). Tt is also desiraule
to have thre contact roints near the top of the panel. The position of the
several roles for the binding posts, switch a2rms and switch contacts may
first be laid out and drilled. The “"antemma" and "ground" binding posts
may be erdinary 8-32 brass bolts about 1-1/2 inches long with thres muts
and two washers. The first nut binds the Yolt to the ranel, the second mt
holds one of the shert'pieces of sitiff wire, vhile the third nut holds the
antenna or grouni wire as the case may te. The switch arm with ¥nob stown

at V, Fig, 7, may be purchased in the assembled form or it may be constructed
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from a 3/g2- X .a broom harile and & ooli of. =uffici
length eq.uppsd with om n.1t=' ‘ard two _'?:ners togsther with a str
thin brass somewhat as siewn.  The end the switch arm should be:wide
erough so that i will no% drop beiwesn <he contast ooints, bub not =o
wide that it cannot be sei to. touch only-a single contact. The switch
contacts (W, Fig. 3. )' a7 be of ths regilar iype furnished for this pur-
Dose or they may be \.—; brass btolts with one mut ani.one washer each;
they may even be nails driven *hrougp the pazel .with the individual tap
fastened under the head 4r soldered to the or Jectmn of the nail Shreugh

the panel. The base is of wood- approximately 3/’+ inch’ thick, 9-;/: inches
wide and 10-1/2 inches lozg.

v

The “televhore bwncunu Posts shoﬁl_d.prefsrab;y -be of the set screw
type as-shown at X, Fig. 3. ’

Instructions for. #iring.

ter the several parts *:.en,lonbd have.been constructed and ‘with

the éxception of the th. g ﬁ01l) mounted on the wood. base, the wires may
Ye comneected to t"xn switch arms and’ b1vd1r.= rosts and the taps may then
be commected to the switch contacis. & wive is.gonnected to the vaclk of
the left-hand =i tr‘n arm bolt (¥, Fig. 3) twisted into.a spiral of ore or
two turps, like 2 clock r-srring, and then led to the tackz of the. binding

g Cormecticon-is made to the ‘r:i;rv' post by removing
atmn from the wire apd between tre mut and washer. The
same Wire fs né--passed & throuzh & small hole a::a,zjm underneath the base
to the left-hand b:.ndlng oSt marked "Phone". 4 wire is then ren from
underneath the right-hani-pinding post merked. "rhone" to undermeath the
binding post ¥, Fig. 3, which ig part of the érystal detector.. The: copper
‘wire, which wes wrapnea tightly about thé tiree brass wood screws that hold
‘the crysta.l in nlace, is led underneath the babq,' up through a small hole,
-and is then conngeted *o the-back of the blndlrg post marked “antenna’.
Another wiré is connected tc, the "aqz cf the right-rard swi- uch arm bolt
(V) twisted 4nto = spiral of one or two turns like 2 clock-spring and then
‘commected 't the back of the sar 3 b:mmnc PoOST,

%

Y

¥Frap one end of 2 piece of No. 24 bare copper wire tightly around a
l"all near 'the head, in rsert the r2il in tH binding post 4, F:.fr. ‘3, and
‘ad,)ust the wire z.lhtll 1t‘r=sts or the crystal as shown, .Lhe_ detector. is
completed’ by Pushing 2 corl or wood ¥nob.on ths, Pointed end of the nail

Gl

The taps’ leading Trom the tuner should how.te connected - Lo the
.Switch contacts. - S~rave the cotton insulation from Lihe loop ends of the
sixteen twigted taps as vel.L as  from the ends of the two single wirs taps
comlﬂg from the first and’ last tl.r”l -~ Fasten the bare nrus of these wires
to the proger :&Wifsh - 25 .+acts as_ siown by the corresmond ing numbers in
Fig. 3. Be vareful rot’ vo cut or break any c¢3 tne loopea taps.: Lrve con-
necting wirss may be i "st"rﬁ‘ tn the " awitch : is by binding

tween the tne rmt as shown at 3, . After all
from the tuner. nzve Veen comnée ted, the suner culd be fastens
base ty two or thrie small sdrews pas s*na tarouzh the cardvoard

screws should te previded with washer
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Directior.s for Operating.

After 2ll the parts of this crystal-detecior radic receiving sed
have been constructed and assembled tle first ssgsential opsration is to
adjust the fine wire which rests on tne erystél, to a sensitive point.
This may be accomplished in several ways; one method is %o uss a buzzer
transmitter. Assuming thet the most sensitive point on the crystel has
been found by the method describved in paragrasph below, "The Test Buzzer"
the rest of the cperation is to adjust the radio receiving set fto resonance

or in tune with the station from which the messagss are sent. " The tuning
of the receiving set is accomplished by adjusting the inductance of ths
tunsr. That is, one or both of +the switch arms are rotated until the
proper mumber of turns of wire of the tuner are made a part of the metallis
circuit between the anterms and ground, so that together. with the capazity
.of the antenna the receiving circuit is in resonance with the particular
transmitting stastion. It wul be remembered that. there are 10 turns of
wire between adjacent contects of the &-point switch and only 1 turn of
wire betweer adjacent coniacts ol the 10-point switch. The tuning of the

tch,
receiving set is Test accomplished by settiqg the rignt-hané swiich arm
-on contact (1) and rotating the lefi-hand swisch arm over all its contacts.
If the desired signals are not heard, move the right-hand switch arm to
contact {2) and again rotate the left-hani switeh arm throughout its raxce.
Proceed in this manner until the desired signals are heard.

It will be advantageous to know the wave freguenciss (v=ve lengtins)
used by the radio transmitting stations in the immediate vicinity. A
lower frequency (greater wave length) requires more turns of the ceil

The Test Buzzer.- (Z, Fiz. 3) 4s stated, the more sensitive spots
on the crystal can de found by using a test buzzer. The test buzzer is
used as a miniature local transmitting set. Tais is shown at Z, Fig. 3.
The buzzer dry battery, and_switch (5) may ve mounted on the table or e
separate board. The binding post marked "ground" may be one terminal of
the dry cell connected to the binding post marked "grouni" on the recei iv-
ing set. The current producsd by the buzzer will bs converted into sour
by the telephone receivers and the crystal, the lomdness of the sound
depending on what part of the crystal is in contact with the fine wire.
Tc find the most sensitive spot comneci the test buzzer 4o the receiving
set (2), zlose the switcn (5, Fiz. 3) and if necessary adjust the buzzer
so that a clear note is emitted; sed ths right-swiich arm on contact zoint
No. 8 and comnec’ the telephone receivers to the binding posts. Loosen
the set screw O; the binding post (4) sligntly arnd change the position of

the fine wire (5, Fig. 3) to several positions of .contact with the crystal

until the loudest sound is heard in the phonss; then sllanflv tighten the
binding rost set screw (4).

mate Cost of Parts.

The following list chows the approximate cost of she parts used in
the constructicn of *he receiving station. "*nn total cost '"ill depend
largely on the kind of zypar

structed at hcme.

7 parts con-
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Vire - copper, bare or insulated, . 1Y or 15
100 to 150 ft, $0.75

Rope - 1/4 or %/8 inch, 2¢ per foot

2 Insulators - porcelzin . . 0.20

- 1 Pulley N 0.15
) Lightning switch - 20 ampers battery switca ' 0730,
1 Poreelain tube - - 0.10

Ground Connections:
Wire (same ¥Kind as antenia wire)
2 Clamps A S v 030
1 Iron pipe or rod - ©0.25
Receiving Set:

3 Ounces #24% copper wire, double
cotton covered - e.75

1 Round cardboard box

2 Bwitch knob‘s and blades complete ‘ ; . 1.00
18 Switch contécts and nuAts : o v _70.75
. 3 Binding; posts - set screw type R . E 6.u5

2 Binding pogts - ax;Ay type . e - 0.30-

varystgl'-»tested ) : . '0.25
3 Tood screws - brass, 3/4 inch long L o ' AV(-).Q3

2. " " for fastening panel to base » .02

Tocd for panels (from pracking bvox)
2 Pounds paraffi ) : : T 0.30

Lamp cord - 2 to 3 cents per foot

Test buzzer ’ ) : 0.50
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Telerhone receivers 4.00 to 2.00_
Total

$10.70 - $14.70

3 as directed and z single tele-
st may be kept well below $£10.00.
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