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. 0 L you a k a i·a.clio�parts salesman 
............... · or a ''do ible-o-one-mike 011denser, �' he 
cou put 011t a cou11terful of i)arts-all clif
feren·t, yet all .001-nifd. c'1pacito1·s. '' iVl1ich 
do· you \Vant?'' he might ask. '' aper, mica, or 

eramic-and \V at voltage ar1d tolerance?'' 
If ot1r fir t impulse is to s'1y that i. makes 

no diffe1·e11ce so long as tl1e capacity is rigl1t, 
.you' e p1·obably neve1· seen the wa.x 1nelt 
out o �1 pa1)er co11<le11se1· u ed \vl1e1·e a mica 
s ould have l >ee11. Sometimes, o lJe st11·e, 
iden ic<1lly ratecl i)a1·ts may lJe used inter
change,1bl . · ut clo11't ove1·look the nlany 
cases whex· a11 im1)1·ope1· part may cal1se a 
short, l)u1·not1t, 01· open. �i1·cl1it, or sim ly 
become defective i11 a l1t1r1·y. 

me c>f the tl1i11gs that are wo1·th kno\v
ing alJ(>t1t co1 de11se1·s, coils, i·esistors, output 
t1· nsfo1·me1·s, a11d tul)es are dealt \Vitl1 in 
thi. a1· icle. )'ot1 may find them helpful next 
ti1ne yot1 sl1op fo1· i·adio pa1·ts. 

• 

• ica concle ser ·( � ig. 1) a1·e easily i·ecog
niz d by tl1eir 111olded-1)lastic cases. They 
a ·e commonly usecl in y·-1Jass and coupling 
ci1·ct1its a11d as gi·id conclense1·s in grid- cak 
de ecto1·s. · heir working-voltage 1·ating is 

en rally abo t 50() volts DC bt1t the cases 
� 1·a1· ly ma1·ked. Mica co11densers are t1sed 
mostly at high frequencies, a11d therefore ca
pacitie� a1·e low, ang·11g fro1n abot1t 5() mmf. 
to 6,000 mmf. ( .()06 1nfd.). 011'11 find micas 
in clemand whe1·e,1e · low capac·ties with 
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lo\ ] s at h ·gh freqt1�nc,-ies cire i·e 1i1·ed . 
Incide11tall1', i11 case condenser a1·ithmetic 

has you stt11npe(l, the basic unit of capacity 
is t11e farad. As 1·,1clio com1)one11ts go, tl1is 
11n i t is eno1·mous, so it's clivide,cl by a million. 
Th· s gives he microfarad ( 1nf(l.) a11cl an b,e 
ex1)r ssecl as .0000() fara<l, (one millionth 
f<11·ad) bt1t \V·Ot1ld normally . e \ ritten m d. 

ven tha 's big in i·adio \Vo1·k, so the mic1·0-
farad is further divided by a n1illion to give 
the .m ·cro1nic1of<Lrad (mmf.) ,�}1ic · can be 
written .000001 mf · .  · 01·, mo1·e simply, 
mmf. To t1·anslate mfd. to mmf., simply 
move the clecima six places to the i·ight (in 
effect, multiply by a million). Th s .0001 
mfd. is the sam as 100 11 mf., and .005 mfd. 
becomes 5000 mmf. 

()ne ()f the var-developed ce1·amic cap, ci
tors will ofte11 do whe11 s1)ecifications cal: for 
mica. Ce1·amics l1ave hig stability and com
pactness; they come in the f 01·1n of sm<ill 
disks 01· tiny cylinders i·esembling fixed re
sisto1·s (Fig. I ) . They are also p1·ima1· '[y for· 
t1se in adio-freqt1ency- ( R ) c·1·ct1its. 

Paper conde11se1· ca11 ·e fot1nd in eve1·y 
s age of a modern receive1·. hey l1a,1e sucl1 
varied functio11s as by-passing st1·ay sign<il 
voltages, cou1Jli11g t\vo stages, b.ass boosti11g 
(in tone-control ci1·cuits) , a11d fi· te1·ing i11 

certain i·ectifier appl ·cations., 
orki11g vo tages are usually i11dicated for 

IJap r condensers, and it is impo ·tant th, 
t ,e ·ating be adequate. he i11 doubt al-, 
w ys tak a la1·ger i1oltage. In A1C- C or 
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battery-operated receivers a condenser rated 
at 400 volts allo,vs a safe margin. You might 
get by \Vith these even in an AC set or 
ainplifier that delivers 250 to ;350 volts of 
B plus, but a fe\v pennies more can buy 
greater safety in the forn1 of 600-volt con
densers. Sornetin1es heat generated by tubes 
may melt the \Vax in \vhich a condenser is 
sealed. \Vhere this seems likely, try to get 
capacitors sealed in plastic. 

There is still another type of fixed con
denser that crops up in practically every 

piece of radio or electronic equip1nent-the 
electrolytic. This is used in all filter circuits 
and in many special applications . Electro
lytic condensers come in alun1inum cans or 
cardboard containers. In order to save space 
( and cost ) , t\VO or more uni ts are of ten put 
in one container \vith separate leads brought 
out . A single can containing t\vo units is 
called a dual electrolytic; n1ultiple electro
lytics with up. to four sections are common. 
Polarity must be observed for e1ectrolytics, 
so make sure the leads are color-coded or 
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other,vise 1narked . Standard codes use red 
for the positive and black for the negative 
terminals. 

Fixed condensers son1etimes vary from 
-rated value by as much as 20 percent plus 
or 1ninus. Except for test equipment or the 
like you can usually  allo'v an extra n1argin 
of up to 20 percent \vhcn you can,t find a 
condenser of the right size. If the parts list 
calls for .00.5 1nfd . ,  you can get by \Vith .006 
or .004 infd. But for very exacting equip-
1nent i t  is frequently wise to pay more for 
condensers guaranteed \Vithin 5 percent of 
sfated capacit) . 

'Ihe variable condensers used for tuning 
short-\vave or broadcast receivers are usually 
.00014 mfd .  ( 1 40 mmf. ) or .00036.5 1nfd .  
( 365 mmf. ) .  They, re available either as 
single units or ganged_ into two or three sec
tions. The type to buy depends on the num
ber of tuned circuits in the set. Ganging 
of two condensers of unequal size is common 
in superhets to tune the antenna and the 
oscillator circuits to different frequencies. 

Experhnenters ahnost always find it  \vise 
to purchase variable condensers \Vith built-in 
tri1nm�rs. T'hese are sand,viches of metal 

10 

-

. 

. 

-

v OLUME OR TON . .. E C.ONTROL7 

_ _J 

• � \_K 
SINGLE 

NOB 
NUT 

-- PANE L 

:1 
l 

NUTS 

and 1nica ( Fig. 2 ) . A setscre'v squeezes the 
1netal plates 1nore tightly 'vhen you have to 
increase capacity, or relieves the pressure 
to reduce capacity. Fig. 3 sho,vs trhnmers 
mounted directly above the variable plates. 

Triinmers are built into most IF trans
forn1ers to enable you to make minor adjnst
n1ents. They also come separately for use 
in coupling an antenna to an antenna coil, 
as padders in oscillator circuits, and even as 
tuning condensers in midget receivers. 

Coils 

Coils constitute another large and often 
be,vildering category to the man \Vho set� 
out to buy radio parts. Under this head you 
will find plug-in, antenna, RF, oscillator, and 
IF transfo1mer coils. Some arc shielded, 
some aren't. 

Plug-in coils, found in siinple crystal and 
regenerative receivers, are generally sold in 
matched sets to cover broadcast and short
\Vave bands. In most cases .the tuning con
de_nser is of 140-mmf. capacity. Four-prong 
coils are used \vhen the circuit calls for t\VO 
windings, \vhile six-prong coils are needed 
for three \Vin dings. 



Antenna and RF coils are en1ploycd in 
small TRF receivers . They are av�1ilable 
either shielded or unshi�lcled. \Vhen using 
unshielded coils, it is best to mount the an
tenna coil above the chassis and the llF coil 
underneath so the chassis \vill serve as a 
shield. vVherever it is necessary to n1ount 
all coils on one side of the chassis, or where 
there's more than one tuned RF stage, only 
shielded units should be used . In buying 
receiver coils, ask for a matched set. This 
\vill assure accurate ganging bet\veen coils 
as \vcll as \vith 'the condensers. 

�lost superheterodyne circuits call for an 
antenna coil, and they ahvays require an 
oscillator coil, and at least t\vo intermediate
frequency ( IF )  transfonners. Shielding 
problems are the same as in the- TRF set. 
In the lo\ver foreground of Fig. 4 an un
sh'ielcled oscillator coil is 1nounted . under
neath the chassis. 

The transformers used to couple IF stages 
are basically coils tuned to a fixed frequency 
-in broadcast receivers 456 kc. They are in 
alu1ninum cans ( Fig. 5 shO\VS one cut a\vay ) 
\vith lugs, clips, or feet by \vhich they can 
he mounted. . 

Some IF transformers arc brought to peak 
frequency by trimmers, and some by adjust
ing an iron core. The latter respond over 
a much broader tuning range and are there
fore easier to align \Vithout a signal generator. 

One final point to bear in mind \vhcn 
buying coils: If  you are building a receiver 
\vith only a single stage of RF or IF, you 
need maximum amplification in each stage. 
You \Vill get this plus greater selectivity by 
using coils \vith iron cores. 

Fixed tuul Varial1le Resistors 
You'd have to look hard for an electronic 

circuit that doesn't use a fixed or variable 

l 
r I 
I 
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resistor of son1e kind. Fixed carbon tes·istors 
constitute the bulk of all resistance units. 
They are inexpensive, reasonably accurate, 
and come in a large variety of sizes and rat
ings. So1ne are encased in plastic, \vhich 
makes the111 impervious to moisture and less 
likely to short against oth_er _components. 
U ninsnlatecl resistors ( Fig. 6 )  diss'ipate ·heat 
a little inore readily but shouldn't be used 
in cra1nped quarters. 

All fixed resistors are rated in ohn1s ( the 
unit of resistance ) and u;atts (current rat
ing ) .  As \vith voltage ratings in condensers, 
a larger \Vattage is safer \Vhen there's doubt. 

For AC-DC receivers and amplifiers, 
��-\vatt units arc generally adequate in the 
control-grid circuits of a1nplifier tubes. Plate 
and screen circuits should get 1-'Natt re
sistors, and cathode and filter circuits 2 \Vatts 
or 1nore. Battery-operated equip1nent can 
generally get by \vith ratings half as large. 

vVire-\vound resistors are c1nployed \vhere 
current dr�1in is high and ·\vhere stability and 
accuracy are paran1ount. On adjustable 
\Vire-wound resistors part of the \Vinding is 
left hare so that a movable 1netal band can 
tap off any resistance bet\veen zero and the 
1naxnnun1. 

Variable resistors, no\v foun<l chiefly in 
the fonn of potentiometers, have a fixed car
bon or \Vire-\vound ele1nent and a inov ing 
contact turned by a shaft. If you \Vant re
sistance to increase evenly in proportion to 
shaft move1nent, specify a linear-taper pot. 
Because of tube characteristics, nonlinear 
pots usually give 1nore gradual control over 
volun1e, tone, and bias. In logarith1nic pots, , 
usually used for tone and volurne controls, 
resistance increases at a definite but uneven 
rate. In end-tapered pots, used for varying 
tube bias, resistance "thins out" at one end.  

For the convenience of radio builders, the 

-· 
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. m·a.kets of potentiometers provide switches 
that can be slipped onto the back of the ·unit 
.(Fig. 7 ) .  The switch is actuated by the first 
few degrees of shaft turn. A potentiometer is usually fastened to a 
panel by means of a gripping nut screwed 
.on a threaded shaft. Since there is a good 
deal of variation in shaft nuts, you can often 
do yourself a favor by purchasing an extra 
one at the time you buy the potentiometer. 
With t\vo nuts you can exactly regulate the 
projection of the shaft in front of the panel 
as sho\vn in Fig. 8. 

Output Trarzsf or1ners 

In purchasing an output transfonuer for 
a small set, it is b.est to look for the universal 
type. Taps on the secondary \Vinding of the 
transformer ( Fig. 9 )  allow matching of any 
tube impedance from 1,500 to 20,000 ohms 
to any voice-coil itnpedance from . 1  to 24 
ohms. These figures vary some,�hat \Vith 
different makes. 

Impedance matching is probably the lead
ing consideration in the selection of an out
,put transformer, but there is one other that 
must never be overlooked. If the transformer 
can't handle all the plate current that will 
be delivered to it, it cannot transfer that 
po\ver to the speaker.. Output transformers 
are rated in \Vatts. For most battery anfr 
small AC-DC receivers, 4 to 5 \vatts is suit- · 

able; for AC receivers and high-po,vered 
�udio amplifiers you will usually \Vant a 
transformer rated at 8 \Vatts or more. 

Tubes and Pilot Lights 

Some people feel that radio tubes offer 
the largest variety of radio components. 
Several catalogs list upward of 400 types. 
This, hovvever, need rarely worry the builder 
\Vho \Vorks from a parts list. The specifica-

m 
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tions always designate tubes by numbers . 
One puzzling element is the lettering that 

follo\VS the tube number. A metal 6K7, for 
example, has the same electrical characteris
tics as the glass-dome 6K7-G or the bantam 
6K7 -GT ( the latter is sometimes listed as 
GT /G) . The only differences are in their 
physical dimensions ( Fig. 10) and in the 
method of shielding. The first of these tubes 
is encased in metal, the other two in glass 
envelopes of different sizes ( G being con
siderably larger than the GT) .  The 6K7 re
quires no separate shielding, \vhile the others 
must be covered \Vi th a metal shield ( Fig. 
1 1 )  to suppress undesirable coupling. Only 
tubes used in the high-frequency circuits
RF, converter, IF, and sometimes detector 
stages-need shielding; others such as power 
output tubes and rectifiers don't require it. 
Fig. 10 sho,vs the most common types of re
ceiving tubes, being, from left to right, sub
miniature, miniature, bantam ( GT ) ,  metal, 
and glass dome ( G)  . 

Sometimes you want to duplicate a par
ticular circuit in a smaller size. This is be
.coming increasingly possible \vith miniature 
components. For example, the 50L6 beam
power amplifier can be replaced \Vith a 
50B5 miniature. 

Dial pilot bulbs become critical in AC-DC 
sets, because they're in series \vith the tubes 
and must match them in current rating, since 
current is equal in all .parts of a series circuit. 
The bulb ratings are marked by a colored 
glass bead in the bulb. For example, a set 
using tubes \vith heaters dra\ving .15 amp 
at 6.3 volts calls for a bro\vn-bead pilot bulb. 
A white bead means .5 amp. at 2.5 volts, a 
blue .3 amp. at 6 to 8 volts, and a pink one 
.06 amp. at 2 volts. All types con1e with 
both bayonet and screw bases to suit the 
two socket types ( Fig. 12 )  . 
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WIRE PIEAC�S 
BULB� 

Rubl•er Tips Insulate Chokes 
\\'HEN cro\vding radio parts close together 

to make a compact job, here's a method for 
protecting the bare metal ei1ds of an RF 
choke against accidental contacts. ,For each 
end, cut the rubber tip from an old medi
cine dropper and place it over the end as 
sho\vn.-Alfred H. Fortier, Orono, 'Ale. 

Vent Holes Pr«tlong Tul1e Life 
A FE\V �4" h ol e s  

d r i l l e d  a r o u n d  t h e  
socket of the rectifier 
tu be of a large re
ceiver, amplifier, or 
transmitter \Vill keep 
the tube cooler and 
thus help to increase 
its life. Other nearby 
components are also benefited because the 
increased air circulation carries a\vay much 
of the damaging heat .-D. ]. Bachner, Jackson If eights, N. Y. 

WINDOW !!aCR££N1 
WALL,OR PARTITION 

CL.EAR PlASTfC. 
FUNNELS 

Insulatttrs It·latle Fro111 Fu1111els 
I �rADE some S\vell cone-type feed

through insulators from the snu'lll plastic 
funnels sold in dime stores. Co1nparable com
mercial insulators \Votild have cost me a lot 
more. T\vo of the funnels, \Vith the tips cut 
off, are used for each insulator as sho\vn in 
the sketch above . -A1thur Trallffer, Council Bluffs, Iowa. 

Iron Plug Is Pl1one Ter1ninal 
AN OLD electric-iron plug can be converted 

into a handy terminal for a mike or phono 
input or used for an output connection to 
speaker or phones. Its O\vn cable can be 
brought under the chassis to the appropriate 
connections. Incoming leads are fitted \Vith 
banana plugs, which are in most cases a 
good fit in the holes. Either bolts and nuts 
or self-tapping scre\VS can be used to hold 
the clan1p.  Being built \Vith heavy-duty 
insulation, the plugs can be attached di-· 
rectly to the chassis as sho\vn. 

Pointer Filetl on t•Iitin Knob 
IT rs often convenient to have a reference 

point on the knob of a volume, tone, or other 
control so that a setting can be noted for 
future use. If you don't ha\le a pointer knob 
on hand or \Vant one that matches the others 
as closely as possible, you can convert an 
ordinary round knob to your purposes as 
shown. File l\VO sn1all flats on the riln, leav
ing a small portion bet,veen then1 . Then file 
this portion sharp to forn1 the pointer. 

A spot of paint or nail polish on the point 
\vill make it easier to reacl. 

· 
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By Franl' Tobin 

MANY craftsmen \vho ·have been bitten 
by the radi.o bug have discovered that 

the hardest thing about getting started in 
radio is-getting started. llight at the outset 
you have to ans\ver a hundred practical 
questions that crop up even in the simplest 
project. Common sense can ans\ver most of 
them, but a fe\v pointers may help you past 
the first bottleneck. 

A rul�r and a sharp punch are used to mark 
a chassis. For experimental layouts that mal 
have to be erased, use soft or colored penci . 
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The best way to learn radio building 
is by building radios, hut these tips 
may smootl1 your first steps. 

Quite literally, the chassis is the founda
tion of any electronic gadget. It's the place 
where you hang all the parts. You can bend 
it up out of tomato cans, cut it from a 
breadboard, or use the. orthodox kind that 
you buy in radio stores. �1lost of the latter 
are made of either aluminum or steel, gen
erally about 1/16" thick. They come in a 
variety of sizes and finishes. 

Aluminu1n., of course, is easier to \Vork 
with than steel, particularly if  you have only 

W'here a hole is to be made, hit the punch a 
sharp han1n1er blow. The indentation guides the 
drill, helps get the hole exactly on center. 



a hand drill. \i\Tith an electric drill the dif
ference isn't very great. You can use car
bon-steel bits \vith a hand drill, but high
speecl dril ls \Vill last longer if you have a 
heavy-duty electric drill. 

Drilling the holes is an easier matter than 
deciding tvhere to drill then1 . Tube sockets 
and coi ls especially must never be placed 
haphazardly. They have to be lqcated and 
oriente<l so as to keep the leads as short as 
possible. Not all \Vires can be short, of 
course, but they aren't all equally important. 
The critical ones are those going to plates 
and grids. From the diagram or a tube man
ual you can easily figure \Vhich \vay to turn 
a socket or IF tra11sforn1er so that the leads 
\Vill remain short. Screen-grid and B-plus 
\Vires are next in importance. Keep the1n 
short if you can, but don't \VOrry if they 
have to stretch a bit. I-Ieater, ground, and 
A VC leads practically don't count in the 
shortness S\Veepstakes. 

Should you find that the grid leads in an 
audio or output stage have to he long, use 
shielded \Vire and ground the braid to the 
chassis at some point. Good examples are 
the connections to volume or tone controls. 
Do not use shielded \Vire in radio-frequency 
stages, as the added capacity of the shield 
n1ay easily thro\v off the align1nent of the 
coils and tuning condenser. And if any grid 
\Vire has to cross one that goes to a plate, 
make sure they do so at right angles. 

-�-..,·-�·--... -4 ---- .. --· · 

-
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A chassis punch consists of a hvo-ja\v cutter, 
left, a die, and a rnachinc bolt. A separate 
punch is needed for each different hole size. 

Dr:.n-.·ing up the bolt \Vith a \Vrench brings the 
cutter and die in contact \Vith the chassis and 
shears out a clean, precise socket opening. 

Wherever possible, gr9up components 
\Vhich perform similar functions. The RF 
and IF parts can go on one section of a 
chassis, the audio and output stages are 
gathered in another, and the rectifier and 
po\ver-supply pieces occupy still a different 
corner. 

Once you've decided where each of the 
parts is to go, mark the chassis for drilling 
\Vith a soft pencil or a sharp-pointed tool. 
At the spot \vhere a hole is to be drilled, 
make a punch 1nark that qan serve as a pilot 
for the drill . Since the three holes for a 
tube socket ( t\VO hold-do,vn scre,vs and that 
for the socket opening) must line up exact-
1 y, 1narking and drilling require care. 

Small holes are easy. All you have to do 
is select a drill of the proper size. Larger 
ones for tube sockets and the like are an
other 1natter . There are three con1n1on meth
ods for making such holes. 

You can either enlarge a s1naller opening 
\Vith a rat-tail file, use an adjustable hole 
cutter in a drill press, or en1ploy a chassis 
punch . Punches are n1ade in all the con1-
1non socket sizes; the three that take care 
of most \Vork are %" � 1 1I16'' and 1 }�". 

It is d ifficult to visualize in ach·ance all 
the holes that 1nay be nee<led, but drilling 
others after son1c parts are mounted may 
endanger those parts . \Vhy not drill a fe\V 
extra holes, especially in strategic locations? 

Re1ne1nber, for exa1nple, that leads from 

Any burred edges that are left after drilling 
-especially in al111ninum-should he rcq10\·ed 
\vith a file or a heavy knife blade. 

15 



Copper wire solders best \vhen it is t inned. 
Best bet is to buy it that \Vay, but you can 
tin the ends· yourse1f by scraping tl 1 en1 clean 

a transfonner or choke can't get to the un
derside of a chassis through solid rnetal. A 
5/32" or g/16'' hole is about right for pass
ing a \Vi.re through the chassis. You need 
�h opening, also, \Vhen you use a tube that 
has a grid connection brought to a n1etal 
cap on top . And for each gang of a tuning 
condenser there has to be son1c \Vay to get 
to the stator (fixed ) plate terminals. If the 
condenser has lugs on the bottom, drill over-

A soldering lug, held clt)\vn by a screw that is 
used to fasten so1ne other part to the chassis, 
provides an excellent ground connection. 
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and dipping the1n into rosin flux paste . Put 
an end on a metal plate and run a thin coat 
of solder over it. �Ielt off any excess. 

size holes-say ��,, to %"-so that neither the 
lug nor the connecting \Vire can touch the 
chassis. 

Once vou have all the holes drilled and 
the parts

� 
mounted, you can get do\Vn to the 

serious business of \Viring the set. It is usu
ally advisable to make all filament or heater 
connection first . Take care of the cathodes 
next, then go back to the RF stage and \vork 
along, in order, to the rectifier. 

In AC receivers \Vhere heater voltage is 
obtained from a filament \vinding on the 
po\ver transf onner, t\vist the leads and 
ground the centertap of the \Vinding. This 
helps to reduce hum pickup. If the \Vind
ing has no centertap, ground one of its t\vo 
leads and one of the heater pins on each 
tube socket directly to the chassis . 'The 
other transfonner lead then goes to the re
maining heater prongs. Ahvays use stranded 
wire \\ ith good insulation; it \Vithstands 
t\visting and bending a good deal 1 >etter 
than solid wire. 

\\lhile stranded \Vire is recommended for 
heater connections, a solid \Vire-preferably 
\Vith insulation of the "push-back" type
has advantages for B-plus an<l plate leads. 
Being less flexible, this \Vire can be hent up 
out of the \Vay and \Vill stay \Vhere it is put. 

In actual practice _you will find that you 
don't need very much \Vire to hook up a ·set. 
�1Iany compon�nts arc sold \vith their O\Vn 
leads, which are ahnost ahvays ample for 
the connections that ha, e to be made. If 
they aren't, the chances are that so1nething 
is \vrong with the placement of the parts. 
�lost often it \vi 1 l  be necessary to cut these 
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Many con1ponents can be purchased with 
tinned \Vire leads. al l ready to solder into the 
set. Push about %" of insulation back fro1n end. 

leads down to size. vVhen one isn't needed 
at all, cut it off short. 

�:!uch the sa1ne facts apply to s1nall parts 
such as resistors, mica and paper condensers, 
and plate chokes. These usually co1ne \Vith 
"pigtail» leads \vhich are stiff enough to 
support their \veight. If a pigtail lead has 
to co1ne near or cross a bare \Vire, or is in 
any other danger of grounding or shorting, 
slip a length of "spaghetti" tubing .over it 
for insulation . 

To provide anchoring points for a \Vire 
that goes to ground or for t\vo or more leads 
that con1e together, use soldering lugs and 
terminal strips. The soldering lug is a little 
metal tab \vith a hole at each encl. Slip one 
hole over a machine scre\v that is being used 

Terminal strips make -fine anchore'd meeting 
points for tin.grounded wires. The pencil points 
to one; another one is fu the background. 

to )lold do\vn some ·1arge .part, atrd .Claiifp · it 
with an extr� n�1t. Wires that are so1dered 
to the other hole \vill then b� in .gopd el�c
trical contact \vith the· �chassis. 

\Vhen joining unground wires-· ·as ·severa] 
B-plus connections that cpme togeth�r-use 
a terminal strip or "lug. These consist of one 
or xnore eyelets moun�ted on a"'fiber strip. A 
leg is provided for bolting th� strip to the 
chassis, but the eyelets to which connections 
are made are insulated from all .other points. 

Copper wire that has been ''tirtlied" (that 
�s, cle��ed ·and finely coated vvith -sold�r} 
is best fo"r radio -work .as it allows faster and 
more secure soldering. Try to buy tinned 
\Vire and parts with tinned leads, but 'it-you 
can't, here's ho\v to fix them up yourself. 
Cut off or push back the insulation to ·a dis
tance of about %" fron1 the end, and clean 
the copper \Vith a piece of emery cloth. 
Stick the cleaned tip into a can of rosin Hui. 
paste and place it on a small metal plat�. 
Bring a hot irou and a strip of solder .into 
contact \vith the end . A thin ,eoat should 
adhere to the \vire. l�un off any excess \vith 
the hot iron. 

Never use acid-core solder in radio \vork. 
Acid can corrode the connections, and if 
any should ren1ain bet\veen socket pro�gs 
or other critical points, it could act as a leak .. 
age path for the busy electrons. Plain and 
rosin-core solders are fine, and a can of rosin 
paste is handy since even the cored soldeI.� 
can stand so1ne extra flux. Excess paste 9n 
a joint need not be :\viped off as it can't .do 
any harm. In making soldered corinectioris, 
heat the joint .and let the joint melt the 
solder. 

Try .to visuJtlize all ne·cessary holes and drill 
t hem in advance. One is needed to clear the 
stator lug on ·each unit of a ganged condenser;: 
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·Stirl th·e beginner's choice, crystal 

receivers refuse to die out. These 

four de luxe versions wi l l  surprise 

you with the things galena can do. 

By F RANK TOBIN 

CRYSTAL receivers occupy a unique and 
honorable position in the history of 

mod�rn science. Ahnost to a n1an, the pres
ent generation of engineers and technicians 
grew up on crystals, and it is this generation 
that has made electronics a synonym for 
progress and achievement . 

With the rapid advance of the radio a1t, 
crystal detectors \Vere forced to give w�y 
to vacuum tubes. But as much- as they\re 
been shoved into the background, these 
perennial favorites have never passed out of 
the radio picture . Beginners and experi
menters \vho like to do a lot \Vith a little still 
find their silnple circuits inviting, especially 
since ne\V clevelopn1ents in crystals have 
given a boost to the old-fashioned sets. 

Take, for exan1ple, the novel radio phono
graph sho\vn on the next page. The output 
of the pickup ( \Vhich e1nploys a piezoelectric 
rather ·than a detector crystal ) is sufficient 
to drive one or t\vo pairs of headphones at 
full strength and \Vith excellent quality. By 
using a spring-\vound motor in place of the 
one shO\VB, you C�ll make the outfit mde
pendent of a po\ver supply as \Vell as of an 
amplifier. 

�1ost of the space in the standard 4" by 
10" by 12" cabinet is occupied by the phono
graph. One of the ne\ver fixed crystals 
( type 1N34) is used in the radio. An 
antenna coil of the type comn1only used in 
A.C. - D.C. sets and a .00036-mfd. variable 
condenser arc employed for tuning. Con
nected bet,veen the prilnary and se·condary 
\vindings of the coil, a 1nidget .00005-mfd. 
trim1ner adjusts the coupling. The looser 
the coupling ( i.e . ,  the n1ore out of mesh the 
rotor plates are ) the greater will be the 
selectivity and the \Veakcr the volume. 
Once it is set for any particular locality and 
antenna, the tri1n1ncr need not be altered . 

A pickup \Vith as little as .5-volt output 
\vill serve, but one rated at 1 .5 volts or more 
is preferable because the output of the 
phono crystal is fed directly into the head
phones \Vithoul a1nplification. To vary the 
vohnne, use different needles. Soft needles 
·give less headpnone· volnn1c than ·hard ones. 
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The- last wotil in 

, 

... ... " 

· . . .  Hltffirst word in radio. 
.. .. 

'T'oo much power can sometin1es be as bad 
as too little. Standard crystal receivers used 
close to several high-po,vered trans1nitters 
often fail to separate the stations, and it is 
to overcome this \Veakness that hvo separate 
tuned circuits are employed in the super
selective receiver il lustrated at the top of 
page 20. Coils Ll and L2, together with a 
.00036-n1fd. variable condenser ( C l )  form 
the first tuned circuit ;  LS and C2 for1n the 
second. Selectivity is obtained in this fash
ion \Vithout sacrificing signal strength . 

All the coils are \vound on a 2�" tube 6�'' 
long. Use No. 24 ena1neled \Vire throughout, 
\Vinding 50 turns for L l ,  25 turns for L2, 
ancl 60 turns for L3. \\Then a long outdoor 
antenna is available, better results can be 
obtained by connecting it to the midpoint 
of Ll .  

Closest in design to the convel_ltional crys
tal set that has been popular since the begin-



Rad io- p honograph com bin ation s  strike a new note 
in crysta l-set con struction .  The com plete yet ex
tremely s im ple u n it shown at the r ight d e pe n d s  u pon 
two re latively recent d evelopme nts. Fi rst i s  a h igh
output p ickup that  con operate head phones d i rectly 
without a m p l ification ; the second i s  a preset, fixed
crysto l d etector. Be co use th is crysta l requ ires no 
manual  ad justment of its  cot's wh isker, the  entire 
rad io con be tucked out of s ight  i ns ide the cabin et. 

.00005 MFO. 
Ti;tlMME� t .  

ANT. 

IC!AOIO-PHONO 
C �YSTAl. S E T  

�-0.C.!'TYPf. 
'---�·--==--- AATEMWt- COIL 
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---------------·----SU P E  RSELECTIVE 
C 2Y5TAL RECE\VER 

0£TECTOE: 

.OOL M f' O. "--0 
�OME".:> 

Two separate tuned circuits e n a bl e  this  receiver to 
d isti n g uish betwee n  two or more powerfu l sig na ls .  
The a l l igator  c l ip  is used to  cente rta p the a n te n n a  
coi l ,  L I ,  when a l o n g  a erial  is  ava i lab le .  

ning of radio is the compact portable sho\vn 
belo\v. To cover the entire broadcast band 
with its .00014-mfd . condenser, t\vo sets of 
coils are needed . 'fhese can be n1ade inter
changeable by, \vinding them on a pair of 
4-prong, 1 3�" plastic forms .  For use bet\veen 
200 and 350 meters, L2 should consist of 
100 turns of 32-gauge wire, and Ll of 40 
turns of No. 36. Leave 1/16" to 3�" space 
between the t\vo \vinclings. Stations oper
ating in the 350 to 550-ineter range can be 
tuned in \vith a coil that consists of 170 
turns of No. 34 ( L2 ) ,  and 60 turns of No. 36 
( Ll ) .  As before, cnan1elcd \Vire is used 

This t iny set makes a fi n e  travel ing companion.  For 
use on  ca m pi n g  tri ps,  carry a long coi l  of a nte n n a  
wire and  a spike that ca n b e  d rive n i nto t h e  g round.  

��·��-�----�--------

G20UMO PORTAeLE C �Y5TAL 
RECEIVE� 

.� MF'Q TRIM'AEI! 

.000\4 MF5.="'l 

C�TAL DETECTOR. 
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Departin g  from convention a l  crysta l-set desig n ,  
this model  employs o n e  sta g e  o f  ampl ification .  
With 90 volts on the plate ,  it wi l l  operate a 
loudspeaker  or  p u l l  i n  d ista nt stations. 

for all \Vindings. The small left-hand co1n
parhnent in the 4" by 7" by 8" cabinet \Vill 
hold a single headphone, the extra coil, a 
hank of antenna \Vire, and a ground con
nection. A stock cabinet is illustrated in the 
photo, hut one like it can easily be glued up 
out of thin \vood stock. 

Because crystals can only detect a signal 
\Vithout amplifying it, they rarely give satis
factory performance \vhen used at a distance 
of 50 n1iles or more fro1n the trans1nitter. I f  
you \vant to double the radius of useful 
reception, however, you can add an ampli
fier tube as is done in the circuit pictured 
above. For phone reception, 45 volts on the 
plate of the 1A5G1' should be sufficient. In 
addition, local broadcasts n1ay often be 
picked up \vith a loudspeaker connected in 
place of the phones. For speaker operation, 
plate voltage should be increased to 90. 
A separate A battery supplies the 1 . 5  volts 
needed by the filament. 

For the sake of siinplicity, all the parts are 
mounted on the f rant panel of the metal 
cabinet. As the chassis panel is grou_nded, 
and it is necessary to keep the tube and coil 
sockets from making contact 'vilh it, a card
board insert is placed between the panel 
and the sockets as shov�·n in the dra\ving. 

- 6:PRONG WAFER:. SOCKET 
MACNINf $CR:.E � 

&PR!O�G {OC.TAL) 
WAf'Elt �OCK.[T 

ONE -i U B� CRY��M. 
G�OUNO �ECEIVER LONG ANT. 

��T ANT. 

Lt Lt. 

. OOOS'
M P' O. 

1A5GT 

7 z 
'\ - + 

.o� 
MFO . 

$Tf.il 
PANEL 

PMOME� OC 
�PEA.KE� 

.i:;._ P., �- T LS VOLT� 

\Vindings Ll,  L2, and L3 consist of 40� 
70, and 1 10 turns respectively. For the first 
pair use No. 36 enameled \Vire, and for L3 
use No. 32. Wrap a .strip of tape around 
the lower end of L3 and \Vind L2 over the 
tape. \Vhen tuned by a .00036-mfd. vari
able condenser, this coil will cover the entire 
broadcast band. The close coupling of L2 is 
intended to increase signal strength \vhen 
the set is used \Vith a short antenna. 

Several types of crystal detectors may be 
purchased fron1 radio supply stores, and 
three different ones have been emtJloyed in 
these four circuits. As far as performance 
is concerned, any of the1n may be used in 
any of the sets, but a fixed, preset crystal is 
suggested \Vherever the layout requires that 
it be placed in some inaccessible spot . 

When using an adjustable crystal, inove 
the cat's whisker carefully over the surface 
\vhile turning the condenser slo\vly back.:. 
\Varel and for\vard until a sensitive spot is 
found. Don't bear heavily on the contact, 
and try to avoid touching the crystal \vith 
the finger tips as any oily fihn on its face will 
recluce the nun1her of sensitive spots . 

For maxin1um performance \vith any crys
tal set, use a long outdoor antenna �tncl � 
good, clean connection to ground. 
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Start with a one·tuhe receiver and add stages. 1'h is set gets better as it  gets bigger. 

l 
J 

By Albert Bo1vley 

HAVE you ever thought of budgeting a 
radio? That is, investing small quan

tities of 1noney, ti1nc, and study until they 
add up to the finished job you \Vant? If you 
no\v have a nodding acquaintance \Vith the 
electronic art, you'll learn a great deal more 
by \vatching this radio \vork as it grO\VS. For 
a few dollars and even fe\ver evenings yon 

2·2. 

can build yourself a one-tube-pl us-rectifier 
receiver that \Vill bring in most of the local 
stations at co111fortable headphone volume. 

Later, at your leisure, you can add an
other tube to increase the range and selectiv
ity of the set. Then-l ike building \vith 
blocks-you can add a third tube to com
plete the job. You'll have a three-tube loud
speaker radio that makes a fine extra set for 
the \Vorkshop or even a fill-in upstairs. 

As can be seen fron1 the photos, the build
ing-hJock idea is an actual method of con
struction . Each of the four stages is built 
on a slab of \Vood 32;' th ick and G" long. 
They vary slightly in \vidth, the detector 
stage being 332" and the audio 2}�", \Vhile the 
rectifier and RF units are each 3" \vide .  
This adds up to 12", \Vhich is the \vidth of 
the front panel to \Vhich all four units arc 
ultiinately attached. 

'The first set to 1nake is the one-tube re
generative receiver consisting of units l and 
2-the detector and rectifier stages. If you 
\Vant to see \Vhat the sche1natic of this set 
looks like, fold page 25 do\vn the center . 
No\v fold up the left-hand colun1n along its 
center. This covers up unit 4 and brings 
units l and 2 together. 

On the detector block, drill or sa\V out a ;''' 
hole centered about 2'' from the front edge. 



Mount an octal \Vafer socket \vith the prongs 
fitting into the hole and the base of the sock
et Hush \Vith the board. The lugs to \Vhich 
connections are soldered can be bent over 
to rest flat on the board. \Vood scre\vs hold 
do,vn the socket, coil L 1 ,  and the half dozen 
tenninal strips that are used to anchor the 
fixed resistors and condensers. Predrilling 
the scre\v holes makes the assen1bly easier. 

An air-core RF coil is used in this stage 
as the antenna coil. The plate lead (A)  is 
connected to an external antenna and the 
B-Plus terminal (B) goes to the point marked 
C in the diagram. The other l\vo leads are 
\Vired in the usual fashion to grid and 
ground. 

Before you do any \Virfng on the detector 
stage, \Vind 15 to 20 turns of No. 34 D.C.C. 
\Vire around the ground end of the second
ary or grid \vinding. This ,,·ill becon1e the 
tickler coil ( L2 ) and \Vill serve to feed back 
so1ne of the signal to the grid in order to 
build up an1plification. The amount of feed
back is controlled by the 5,000-ohm poten
tio1neter, R2, \Vhich nlakes it, in effect, the 
' ohnne control. 

Ground connections are brought to a l" 
angle bracket nlounted flush \Vith the front 
edge of the block. A soldering lug under the 
wood screw that fastens the bracket collects 
the ground leads . No connection is made to 
the phone jack tenninal marked D in the 
diagram. 

When the detector block is assembled, 
start on the rectifier. A feed-through S\vitch 
is cut into the line cord to turn the po,ver on 
and off. T'he t\vO leads coining from the 
S\vitch are anchored to a 2-lug terminal 
strip. Solder the pigtails of a .Ol-1nfd. con
denser ( C9 ) across the sa1ne t\vo lugs. 

A fila1nent transfonner for the 6-volt tube 
heaters and a drv-disk selenitnn rectifier are 

" 

the principal components of the rectifier 
stage. Output of the dry disk, as filtered by 

The coi Is in both the detector and RF stages 
nlust he altered. Nail polish is an effective coil 
dope for sealing ne\v turns in place. 

Alun1inum foil stapled to the front panel acts 
as a comn1on ground or chassis and also pro
vides shielding for the variable condenser. 

R5, and the dual electrolvtic C7 CS feeds ) , , , 
about 100 volts of direct current to the B-
plus line going to the other stage or stages. 

One leg of the angle bracket on each 
·block is bolted to the front panel . This panel 
is backed by a sheet of alun1intun foil or tin
foil stapled or tacked to the hoard . The foil 
Ser\ es as n shield for the tuning condenser 
and .also as a con1n1on ground return. 

I f  you plan to build all four stages of the 
receiver in time, you can save yourself some 
\Vork by completing the front panel right at 
the start. It is a }�" by 6" by 1 2'' hoard on 
\Vhich are 1nounted a t\vo-gang tuning con
denser, closed-circuit phone jack, and .5,000-
ohm potentiometer. A trim1ner nlight be in
cluded in this list al though it is actually at
tached directly to the fnune of C 1 .  The only 
parts that \vill have to be added later are the 
5" PM speaker and output transformer. A 
grille for the speaker is made by drilling 
seven or eight ro\vs of ��" holes spaced �,, 
apart. I f  you don't have an electric drill or 
drill press, you nlay find it easier to jigsa\v 
an opening and cover it with a cloth. 

In this one-tube set, ilnpulses that reach 
the external antenna are brought down into 

First of three sets you can tnake \vith your 
building-block receiver. It's a regenerative de
tector employing one tube plus rectifier. 
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the primary winding of the RF coil. By in
duction the coil transfers them to the sec
ondary \Vinding \Vhere the tuning condenser 
( in parallel \vith this part of the coil ) se
lects one particular signal from the jumble. 

plification that can norn1ally be obtained 
from a single tu be, part of the signal is fed 
back from the plate to the grid through the 
tickler \Vin<ling. 

If you' cl l ike to .. add · pep to the head
phone signals, bring in \Veak ones \Vith 
greater strength, and capture some ne\v ones 
that you can't get at all, try adding a stage 
of radio-frequency amplification. Unit 3, 
the l�F stage, is assembled in much the san1e 
\vay as the detector. Antenna coil L3 
should be of the san1c n1anuf acture as L l .  

This selected signal goes to the control 
grid of the 6SJ7 detector tube. It is then 
demodulated-that is, the radio-frequency 
component or carrier \Vave is rectified and 
filtered out, leaving only the audio-frequency 
voltage to energize the headphones. 

24 

In order to increase the amount of am-

UNIT 1 ( DETECTOR) 
Rl : 33.000-ohm. �2-watt carbon. 
R2 : 5 .000-ohm potentiometer. 
R3 : 50.000-ohm .  �2 -watt carbon. 
R4 : 100.000-ohm. �2-watt carbon. 
Cl : Second section of 2-gang tuning 

condenser . .  00041 mfd. each section. 
C2: 4-80 mm!. variable trimmer. 
C3 : 4-mfd . .  150-volt electrolytic. 
C4:  . 05-mf d . .  400-volt paper. 
C5 : . 0001 -m fd. mica. 
C6 : .01-mfd . .  400-,·olt paper. 
Ll : Air-core RF coil. 
L2: Tickler coil (see text) . 
J :  Closed-circuit phone jack . 
Octal wafer socket and 6SJ7 pentode. 

L I S T  O F  P A R T S  
U�IT 2 ( RECTIFIER) 
R5 : 1 . 000-ohm. 2-watt carbon. 
R6 :  15-ohm. l·watt carbon. 
C? : SO-mfd. {1 � 0  l t d  l l t · l ·t· cs: 30-mfd. <> -vo ua e ec i o }  ic. 
C9 : . 0 1 -mfd . . 400-volt paper. 
S l :  On-off feed-through switch. 
Tl : 6.3-volt. 1 .2-amp. fl lament 

transformer. 
SR: lOQ-ma. selenium rect. 
Line cord and plug. 

UNIT 3 ( RF) 
R7 : 27.000-ohm. %-watt carbon. 
ClO: Front half of 2-gang tuning 

condenser ( See Cl).  
Cl l :  .01 -mfd . .  400-volt paper. 
L3 : Air-core Ant. coll. (See text). 
Octal wafer - socket and 6SK7 

pentode. 

U�IT ·1 (AUDIO) 
R8: 1 - meg . .  1,�-watt carbon. 
R9 :  200-ohm. ��-watt carbon. 
Cl2: 50 to 100 mmf. ceramic or mica 

(see text).  
Cl3 : . 0033-mfd . .  400-volt paper. 
C14:  4-m!d . .  150-volt electrolytic. 
T2 : Output trans. ( see text) . 
5" PM speaker. octal wafer socket 

and 6K6-GT pentode. 

' 
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J\:fatching the coils is important, or the t\VO 
sections of the tuning condenser \Von't align 
correctly. Even buying a pair, ho\vever, 
\Von't insure matching in this case, because 
the addition of the tickler \vinding tends to 
upset the balance. 'fo remedy this condi
tion, re1nove ahout ten turns of \Vire fro1n 
both the primary and secondary \Vindings 
of the antenna coil . 

\Vhen the llF block is finished, connect 
the grid of the 6S K7 to the front section of 
the l\vo-gang tuning condenser ( C 1 0 ) .  He-
1nove the external antenna from point A and 
connect it to the antenna tern1inal of L3. 
Break the connection fro1n B to C an<l con
nect A to E and B to F .  

I n  this setup, incoming signals are first 
tuned by C I O, the variable condenser across 
the secondarv of the atenna coil. The se-" 

lected signal is a1nplifie<l in the 6SK7 and 
coupled to the detector by means of the IlF 
coil, \Vhich has heen restored to its proper 
function .  I-laving a stronger signal to �tart 
\vith, the detector stage can no'v produce 
greater output. 

Although this t\VO-tuber \Vill get n1ore 

than the one-ttrhe job, it is still a headphone 
receiver. If you \Vant  to strengthen the sig
nal enough to get loudspeaker volume, add 
a stage of audio amp lifiea tion ( Unit 4 ) .  
Connect point D on the phone jack to G, 
the grid pin of the 6K6. 

In order to obtain the correct inatch be
t,veen the plate of the 6K6 and the speaker, 
you need an output transforrner \Vith a pri
mary impedance of 10,000 to 12,000 oh1ns 
and a secondary of the proper rating for the 
voice coil of the speaker you will use. 

Note the 50-mmf. ceramic condenser 
( C 12 )  across the grid resistor. The capa
citv of this condenser is far too lo\v for it to " 

have any effect on the tone of the set. It is 
used to increase the amount of feedback get
ting to tl1 e grid of the detector tube when 
the audio stage is added. Although it ·is 
\Vircd to the grid of the 6K6, it is effectively 
located bel\veen the plate of the 6SJ7 and 
ground. This capacity must be kept lo\v in 
order to prevent oscillation. Ho\vever if 
50 mn1f. doesn't provide enough feedback, 
try raising the value of Cl2 to a maximun1 
of 100 or 150 mmf. 
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Take you r pick of a n1h1in1t1n1 tube· 
Jess circuit,  an insta11t-heating l>attery 

job, or a heavy-duty AC-D(: unit.  

IF YOU live or \vork in n1ore than a couple 
of roo1ns, the question you n1ay \vell ask 

yourself is not ref ,ether you need an interco1n 
but tchat ki 1 1d of intercon1 you need. 'rhese 
tireless servants run your errands faithfully 
to save you countless steps. At hon1e they 
make i t  unnecessarv to shout fron1 cellar to .. 

attic; at  \Vork they lighten the load on tele-
phone extensions and get your mess-age 
through fas t .  

But  granting thei r usefulness, it n1ust still 
be admitted that  no one type of intercon1 
is suited to every job . If  you have to inake 
only one or t\vo calls a day, you \Vou ldn't 
\Vant n set that dn1\vs current 'vhi le it's idle.  
A battery set \Vi 1 I  give you the advantages 
of instant heal ing, and uses no stand-by 
pO\Ver. On the other hand the cost of battery 
replace1nents 1nay 1nakc it tunvise to use 
thiS' type of circuit  \Vhen the intercon1 must 
be left on for long periods. 

To solve a varict�· of intercom problems, 
POPULAR Sc:1E�ci:: luts rounded up the three 
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pairs of squa\vk boxes pictured above and 
on the follo\ving pages. 'fhe first, built by 
'fracy Diers, of ll iclunond 1 -Iill, N.  Y . ,  is a 
three-tube, battery-po\vered unit . It re
quires no \Vann-up period, so calls can be 
n1ade instantly fro1n either end .  Because no 
current is used unless a call is being nlade, 
the batteries \Vill have 1ong life .  

The second pair, devised by \Vil1 ia1n Nor
ton, Manhattan, T . Y. , consists of t\VO iden
tical units. 1 t \\ ould be hard to find a siinpler 
circu it, for each box contains only a \var
surplus carbon 1n ike, a speaker, and a bat
tery. No tubes are used . 

Henry C. �·lartin, also of !vlanhattan, built 
the third set. It operates fro1n an AC or DC 
house l ine and is ideal for service in \vhich 
it \Vi 11 he turned on in the morning and off 
at night. After it has \Vanned up, calls can 
be 1nade fro1n either end just by pressing a 
button . In the photo at the right, above, the 
re1note unit is sho\vn in service as a baby 
tender .  The n1astcr set in the shop enables 

--



you to keep tabs on a sleeping child up
stairs. Note the clock placed next to the 
l istening box. So long as its ticking can he 
heard do\Ynstairs, you kno\V the in terco1n 
is functioning. 

Battery-operated l 11 terco1n 
In the three-tube circuit sho\vn in photos 

and diagram on the follo\ving page, t\vO 
sn1all permanent-magnet speakers double as 
microphones.  Po,ver is obtained fro1n a 67J2-
volt B battery and a } }�-volt hearing-aid cell. 

Build the a1nplifier first . �rhe model pie- · 
tured \Vas assc1n bled on a 3%" by 4�" chas
sis. Three tubes and t\VO transformers are 
mounted on top of the chassis, as can be 
seen in the photos . An 8-contact tenninal 
strip is also placed on top to facilitate con
nections to batteries and the rc1note unit. 

The amplifier should present no special 
\Viring proble1ns. Short leads are ahvays 
desirable ; all of these \l/ere made \vith push
back wire. Ground connections are soldered 

to lugs bolted to the chassis. Use solder 
sparingly; a blob of it could easily short
circuit the closely spaced prongs of the 
miniature tube sockets. 

'Vhen you have completed the \Viring, you 
can test the amplifier by connecting the 
voice-coil tenninals of the remote speaker 
to terminals 3 and 4.  Press S J  do\vn to turn 
on the fihunents. The an1plifier should start 
operating im111ecliately. Since the speakers 
are close together in this test, you \vill prob
ably also hear a loud feedback ho,vl .  \'loving 
the speakers farther apart reduces i t .  

Both the local and re1note units \Vere 
placed in metal boxes . The former 1neasures 
5��,, by 5�" by 6��", and has t\VO removable 
covers. The back CO\ er \vas discarded and 
a piece of \Vire screening \Vas fastened in Hs 
place. The front panel is then drilled to clear 
the shafts of S l  and R7, and a speaker hole 
is cut out .  

The remote box i s  simplicity itself. I t  .._ 
contains only speaker, S\vitch, and a four- ., 
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Local station is assen1blcd on a 3%" by 4�" 
chassis; transfonuers, tu bes, and tenninal strips 
go on top. Controls are on front edge . 

Front panel of inetal hox is cut for speaker 
and control shafts; the ba<:k CO\ er is re1noved 
an<l replaced with a piece of \Vire screening. 

._ __ ....,;;.._ ________________ ,.-..�----------------�--------�----------...;..�---!J�--0 1 
��--�------------------�.,._ __________ _......_..-...;:�---------� ... ------.......... �--...-..--.....n 2 - fl'2VOLTS 

+ �  - l1bM�1�:-1-�-v-��r�s---�--��--�---.-. .  ���� �1�-0o! 
•••• I -J I 

(SEE TEXT) .....- L - - J  . 

L I S T  O F  P A R T S  

All ft.�ed resistors �!!-watt carbon. 
Rl : 700 ohms. 
R2. R6 :  22.000 ohms. 
R3, RS. RS :  47 .000 ohms. 
R4 :  250.000 ohms. 
R7 : 1 -meg . volume control. 
Cl : . 1 -m!d . .  400-volt paper. 
C2. C 3 :  .005-mfd . .  400-volt paper. 
04 : 8-mf d . .  450-vol t electrolytic 

(optional. see text) . 
Sl. S2 : DPDT toggle. spring return. 
T l :  Intercom input transformer. 

25 . 000 ohms on grid side to 4 ohn'\S 
on speake1· side. (If other than 4-

ohm speaker is used. transformer 
should match) .  

T2 : Midget output transformer. 5.000 
to 8.000-ohm plate to 4-ohm voice 
coil. 

4" Permanent-magnet speakers (2)  
with 4-ohm voice coils. 

Tubes ( 1U4. 1S5.  1S4) with miniature 
sockets. cabinets. 4-wire cable. 
batteries. misc. hardware. 

'''hen plannin� parts layout leave space for batteries ; they go in cabinet with atuplifier. 

Bottoni "·iew shO\VS location of n1ost of the 
small parts. Position isn,t critical in this circuit 
but it s good to keep leads short . 

lte1note station contains speaker and S\vitch. 
Gromn1et n1ounting of speaker helps reduce bass 
tone that often occurs at the end of a long line. 
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contact tern1inal strip housed in a 4" by 5" 
by 6'' metal box. Stack a couple of rubber 
grommets or washers on the scre\vS that hold 
the speaker to space it back of the panel. 

Connections bet\veen the t\vo units are 
best made \Vith four-conductor intercon1 
cable, but you can use t\VO lengths of lamp 
cord. The latter, ho\vever, 1nay cause so1ne 
oscillation . Should this happen, add an 
8-mfcl . electrolytic condenser ( C4 ) from 
tenninal 2 to ground on the local unit . It's 
essential, of course, to connect the local
station tern1inals to the corresponding ones 
on the re1note unit. \Vith four-\vire cable, 
the job is made easy by color-coded \Vires; if 
you use uncoded lamp cord, test each lead 
for continuity. 

Tll/Jele,"iS l11 terco111 

There arc 1nany cases, especially around 
the hon1e, \Vhere an in tercon1 \V011ld come in 
handy, yet the use you can get out of it 
doesn't justify the cost or \VOrk involved in 
building a high-powered job. For such light 
service, take a crack at the tubeless unit 
pictured above. It  \\·ill \Vork �u distances 
from 50 to 100 feet .  Though it isn't loud, it  
is clear and audible. 

'fwo Army-surplus T- 1713 1nicrophones 
\Vere purchased for about a dollar apiece; 
each of the 6" speakers cost just a bit more 
than that. 'T'hese itc1ns plus a pair of bat
teries are all  you need. lf  you make your 
O\vn cabinets, total cost \von't go 1nuch 
above $3 a unit. Should you have trouble 
obtaining the surplus n1ikes, use standa1·d 
carbon microphones. ln this c.:asc, ho\vever, 
reduce battery voltage to 6 to 8 volts . The 
army mikes haYe three c.:olor-codcd leads. 
Use only the black and red ones ;  cut off the 
\Vhite. This lakes advantage of the press-to
talk S\vitches in the tnikcs; no other S\vitches 
are needed . Connect the units together \Vith 
t\vo-conductor \Vire attached to the tcnninal 
cl ips indicated in the cl iagram. 

Al'-DC Unit 
An amplifier circuit sin1 ilar to that used in 

sn1all record players provides the n1uscle 
for this t\vo-tube squa\vk box. Special 
coupling transfonners a11<l a S\vitchiug ar
range1nent again allow ordinary permanent
magnet speakers to double as microphones. 
The speaker-to-grid n1alc.:hing transfonner, · 

T l ,  couples the Alnico speakers to the input 
of the atni)lifier. Prin1ary i1npeda11c.:e matches 
that of the voice coils ( in this case, 4 oh1ns ) .  
Secondary impedance should he as· high as 

+ I.>-____ _. 
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Si n1 ple interco111 needs only 111ikc, speaker, 
and bat tery. Parts enclosed in dotted line in 
diagra1n are included in surplus T- 17B inike. 

possible. I n  the unit sho\vn it is 106,000 
ohn1s. 

The other transfonner, 'f2, inatches the 
output of the 50B5 ( about 2,000 to 2,500 
ohms ) to the speaker voice coils. Nole the 
tap on the primary; this is a hun1-reduction 
tap . Although it isn't essential, it \Vi l l  in1-
prove the perforn1ance of the circuit . I f  you 
use a transfonner \Vithout this tap, connect 
the points n1arked X together. 

Parts are n1ountcd on a J �,, by 4}�" by 5" 
1netal chassis and on a clear plastic panel 
halted to the chassis front. 'fhc controls 
that go on the panel� are the on-off switch, 
S 1 ,  the 250,000-ohn1 volu1ne control, R2, 
and the press-to-talk S\Vitch, S2. A 3-con tact 
strip is mounted on the rear chassis edge. 

After n1011nting the parts-preferably in 
the approxin1ate locations indicated in the 
photos-proceed \vilh ,the \Viring. First 1nake 
connections to the secondary of 'f2 and the 
prin1ary of Tl, then \\·ire S 1 and the tenninal 
strip. No\V follo\V the \Viring diagra1n, read
ing fro1n left to right. Leave the rectifier 
circuit to the last. "Vhen you get to i t, be 
sure that both leads are connected to the 
rectifier before wiring c:G on top of it. 

Three-conductor cable \Vires the master 
and re1note units together. c=onnections fron1 
one terminal strip n1ust be inade to the cor
responding nt imbcrs on the other. 

Once you have an intcrco1n installed , 
you'll find many extra uses for it. Ifs pos
sible, for cxa1np le, to Hi pc n1usic from ._ 
roon1 to room by p lacing the 111aster ., 
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Rl : 33.000-ohm. •, 2 - watt carbon. 
R2: 2S0.000-ohm volume control. 
RJ : 1 80. 000 -ohm . 1 2 - watt carbon. 
R4 :  680.000-ohm. 1 2 - watt carbon. 
R5 : 200-ohm . 1 - wutt carbon. 
R6 : 390-ohm line-cord resistor. 
R7 : 68-ohm. 1 - wntt carbon. 
Re : 1 . 000-oh m .  5 - watt wire-wound. 
Cl : 1 - mfd. . lSO-volt electrolytic. 
C2: 4-mf d . . lSO-volt electrolytic. 

L I S T  O F  P A R T S  
CJ: .OS-mfd . .  400-volt paper. 
C4 : .001 - mfd . .  600 - volt paper. 
C5: 8-mf d . .  150-volt electrolytic. 
C6: 40-mfd . .  150-volt electro1yt1c. 
C'i : 50-m1d . .  150 - volt e lectrolytic. 
Sl : SPST toggle. 
52. SJ : SPOT spring-return switches . 
S4. Sa : SPOT ( optional) 
Tl : Intercom input trans . . 106.000· 

ohm gMd to 4 -ohm speaker. 

T2: Output trans. for SOBS; 2.000 -
ohm plate to 4-ohm voice coll. 

S R :  100-ma. selenium rectUler. 
5" Permanent- magnet speakers (2)  

with 4 -ohm voice coils. (If  other 
than 4 -ohm speakers nre used . 
trnns!ormers should mat.eh . )  

Tubes ( 12BA6. 50BS).. miniature 
sockct.s. cabinets. 1-wlre cable. 
m isc. hardware. 

unit in front of the radio . S ince S2 is n 
�pring-action S\viteh and norn1ally in the 
" listen" position you either have to replace 
it \Vith an ordinary SPDT switch ,  or, bet ter 
still, add S4. 13reak the origin al connection 
at the points inarked Y-Y and \Vire in the 
ne\v S\Vitch . \\'hen S4 is i n  position a, inter
con1 operations ren1ains unchanged ; \Vhen i t's 
fl ipped to b.  the nHtster unit  is locked in 
·'talk', posit ion . 

AC-DC u n i t  uses speaker and hvo-tuhe arnpli
fier in 1 nastcr or local stat ion . Rc1nole box 
right, conta ins only speaker and S\Vitch. 

The sa1ne considerations <1pply to the re-
111ote uni t .  Adding S.5-and breaking the 
original lead at Z-Z-readies the s1nall box to 
act as a bab � .. tender. Place it next to the 
baby's crib and if the youngster cnes, you 
can hear it at the 1naster unit . 

Clear plast ic  fron 1 p anel is attached directly 
to a1nplifier. l\o pi lot l ight is necde<l since 
plastic windo\V sho\vs when tubes arc lit .  
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The onlput  1 1·:a 1 1 s for1ner \Vas placed under 
the chassis in this set. If you use a shal lo\v 
chassis, it can he 1uovcd to the top. 



Get n1orc stations at better volu1ne on your 
crystal and one-tube receivers by using a1npli
fying phones. They'll \vork \Vith any set. 

,OOO-OHM 570,000 
PHO,,.NE .01 MFO.' OHMS 

""" x ,__ ...... -ti 

{ ...,..B+(OR 
PLATE GROU�O) 

(OB CRYSTAL) 

METAL 
'SPACER 
WASHER / 

Tuhe connections are soldered directly to the 
pins. Use a s1nall iron and b·y to solder each 
joint cfuickly; too tnuch heat 111ay cause da111age. 

All parts.. including tuhe, are 1nounled inside 
the hottlc cap. Battery and phone \Vires are 
taped together to keep then1 fro1n snarl ing. 

Amplifie1· Fits 
On Hea,dphone 
YOU'LL listen more comfortably to your 

crystal and one-tube receivers with .a 
pair of amplifying headphones. And you�ll 
also find thein hel1Jful for signal tracina . 0' 
checking phono cartridges, and the like. 

This amplifier, built on .a ordinary pair 
of 2,000-ohin phones (each phone is 1 ,000 
oluns ) \vi ll \Vork \Vith any type of set. The 
\vhole an1plificr, less batteries, fits jnto a 
metal bottle cap measuring 1%" across ·by 
only ��'' deep . This bottle-cap chassis is 
bolted to the back of one phone. Since the 
cap is in effect grounded, you'll lessen, the 
chance of shorts i f  you l ine it with cellulose 
tape. Also tape the bolts and spacers. 

Initially the t\VO sides of a pair of head
phones are \Vired in series, \Yith the con1-
mon \Vire runing do,vn to the yoke ·and 
back up the other side. I'o connect the am
plifier, remove the leads froin the phone 
carrying the bottle cap and connect the1n 
to the points 111arked X in the diagn.1n1 . The 
t\VO phone tenninals arc then \Vircd to pins 
4 and 5 of the tube, \vhich is a subn1iniature 
one, type 2E36. 

I nsnht tc the hott lc-ca 1> d1as�i� \Vith tape. The 
holes in back are for inounting; dri l l  hvo inore 
in the ri1n to clear battery and phone cables. 

An1pli fying heudp hones co1nplete except for 
the batteries. Use a 1 .5-volt flash l ight cell and 
a 22�- or 45-volt hearing-aid B battery. 



1 .  H·eadphones- -or even a loudspeaker \vill of
ten replace a crystal 111icrophone. Dnnvi�i.gs at 

the left sho\v connection to comn1on radio cir
cuits. Above, phone is used to test a1nplifier. 

Your Scrap Box 
Though n1ost c?n1ponen ts are designed 
for particular jobs, you can n1ake 
niany of then1 double up i n  a pinch. 

Bf/ F1·a11;I' Tf1bi1i 

I. F YOU'RE a typical radio experin1enter, 
you kno\v \Vhat· it nTeans to be stuck for a 

vita] part \vhen the stores are closed . Since 
many amateurs (lo their \VOrk n ights and 
holidays, it happens to a lot of people. Next 
Hine you run into that si tuation, take a look 
in your spare-p�uts box. You may not -se� 
\vhat you're look\ng for, but perhaps you'll 
find at least a te 1nporary substitute for the 
phrt you need. 

The first rule for making spare parts \Vork 
for you is to keep them in good order . Sep
arate co1nponcnts by type and value, and 
never, never toss in · a defective part \vith
cfut n1arking it .  lf you kllO\V a COlldC:lSCr is 
shorted or open, thrO\V it a\vay . A transform

er v1ith one v1:n2::1g cp3n is v1orth saving, 

ho\vever, if you tape on a note that tells 
\vhat's \Vrong \Vith it .  

With a fair selection of resistors you should 
never be too badly stuck for a particular 
value. Connect smaller ones in series to add 
up to the toial you \Vant, or in parallel to 
get a lo\ver value . 'I'he same is true of 'Con
densers, bu t in reverse. 

Headphones and loudspeakers are usually 
thought of as reproducers but they \Viii also 
operate as microphones in  a p i nch . A single  
phone \Vi1 l  give fair volu1ne with hvo stages 
of ainp l ification, as in an AC-IJC receiver; 
hath phones \vill clo even better. For such 
use, connect it as sho,vn in the upper sketch . 
In so1ne cases it inav be necessarv to make r ' 

the connection at terminal C. of the volume 
.control instead of terminal A. If the ampli
fier has a microphone-input jack, you 'l l  use 
that, of course. As you can see in the dia
gram, no special coupling is needed ; the 
condenser and vohunc control are already 
in the set. 



To use a p·ermanent-magnet speaker as a 
n1icrophone you need -a transformer to match 
the voice-coil impedance to that of the am
plifier grid. The best bet is to use a regular 
intercom transformer \Vhich has a secondary 
\vinding in the rreighbor�1ood ·of 70,000 
ohms. Lacking this, try an ordinary output 
transformer, selecting the highest primary 
impedance av�iilable . \Vire them as shown 
in the lower sketch of Fig. l ;  black lines rep
resent the parts added to those already in 
the set. 

1'he humble \vafer socket has the n1ak
ings of a test-point adapter ( Fig. 2 ) . The 
\Vafer socket inust be of the san1e base type 
as the tube to be checked . Invert the socket, 
push i� the tu be, and plug both tu be and 
test socket into the socket on the chassis. It 
1nay be necessary to clip the prong sleeves 
on the wafer socket to allO\V the tu be pins 
to ·extend through .  Bend back the solder
ing lugs. 

You may find yourself short of test prods 
at a bad tin1e. That's nothing to \VOrry about 
if you have t \VO mechanical pencils around 
the shop. These pencils make good substi
tutes for prods ( Fig. 3 ) . They should have 
plastic barrels, or you ma)' find yourself 
holding a piece of high voltage. �\'lake sure 
that a good contact exists bct\veen the 1netal 
ferrule on top of the pencil and the metal tip. 
Wedge the \Vire fron1 the meter under the 
eraser cap or solder it on. 

Coil For1ns /rom Spools 
An ordinary \vooden pencil, by the \Vay, 

\Vi l l  n1ake a fine core for a high-frequency 
choke. Such chokes are widelv used in F:\I " 

and 'TV receivers and in other high-fre-
quency equipn1ent. Leave the graphite in 
the pencil ;  it takes the place of ·a pO\\ derecl 
metal core . Sa\v off a l" piece and \Vind the 
coil around it. 

Other substitute coil forn1s can be sal
vaged from flashlight batteries or a se,ving 
box ( Fig. 4 )  . In the former case, slip the 
cardboard sleeve off the cell ;  i1 1 the latter, 
use a \Vooden spool from \Vhich the thread 
has been ren1ovecl . li'inished coils \vill sta) 
neat longer if they are coated \Vith liquid 
coil dope. 

Have you ever thought of employing a 
po\ver transformer as an output  transfonn
er? E' en a defective u1 1it can be used at  
ti1nes. In  Fig. 5 a fairly com1non transform
er type is sho\vn in  this unconventional ap
plication. Using hal f  the high-voltage wind
ing between the p late and 13 plus, and em-

.... JA.1 .... 0 
2.  1",est-point adapter, easily n1acle fro1n \Vafer 
tube socket, alJo,vs you to check voltages at 
the tube instead of turning ch<lssis ov�r. 

3. Need a pair of test prods ? Try using B\e
chanical pencils. Be sure they ha' e plastic ba.t
rels, for the n1etal parts inay be "hot. �, 

4. Coi l  forn1s can be improvised fro1n many 
common objects. \Vindings n1ust, of course, � 
be figured in re lation to dia1neter of the forn1 . .,. 
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5.  A power transfor1ner can be used in place 
of an output transfonncr. It's an expensive sub-

.ploying the 5-volt rectifier \vinding for the 
voice coil gave a surprisingly good inatch 
bet\veen a 35L6 po\ver tu  he and the speaker. 
For other tubes and speakers you can try a 
number of other co1nbinations. The 6.3-
volt second<iry, for example may be used in 
place of the 5-volt one. A.lso try the entire 
high-voltage side, or half the 6.3-volt \Vin<l
in <r b •  

A push-pull audio transfonner can be 
n1a<le fro1n t\VO single-tube trat1sfonners if 
they're \Vired in series as sho\\ll1 in Fig. 6.  
First try connecting one grid and one 
ground lead together at the center tap . This 
may not be the best arrange1nent, ho\vever, 
so experi1nent \Vith others. 

By juggl ing  the fila1nent \Vindings on an 
old po\Ver transforn1er n1ade for 5-volt and 
2 .5-volt tubes, you can obtain 6.25 volts. 
This tneans vou can use the transfonner in � 

a circuit en1ploying inoclern G.3-volt tubes. 
Note, hoV\rever, that you no longer have a 
5-volt tap for the rectifier, so yot1'II have to 
use a 6X5 or sin1ilar 6.3-volt rectifier, heat
ing all tubes off one· \Vindii1g . 

Subs /or Filter Chokes 

It often happens that a servicc1nan or ex
perii11enter is stuck for a filt�r choke. It  may 
occur \vhcn you replace a field-coil speaker 
\vith a pern1anent-1nagnet one, for the field 
coil frequentl� doubles up as a choke. In 
a pinch you'll find a fihuucnt transfonner is 
a pretty good substitute . Lacking 'i filament 
transfonncr, try using the prin1ary \Vinding 
of an output transfonncr in place of the 
n1issing choke . Both applications are pic
tured in Fig. 8 .  

Figure 9 i l lustrates another possib1e 
transformer dodge . The photo shO\VS a uni
versal output tra11sforn1er being used to feed 
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stitute, but it \Vi l l  \vork nice]y . until you get a 
chance to put in the correct replace1nent unit. 

6.3-volt tube heaters . This \VOn't \VOrk in 
all cases, but by trying the various taps on 
both priinary and secondary you may be able 
to find a co1nbination that steps down 1 15 
volts to a value very close to 6.3. Test the 
voltage on an AC ineter before risking the 
tubes. The transforrner should be i:ated at  8 
to 1 0  \Vatts or higher; s1naller ones \vill over
heat . 1'he voice-coil \Vin ding goes to the 
tube 6Ia1nents \vhile the primary is con
nected to the 1 1 5-volt l ine. 

Selector S1vitches 

If it's a lo\v-voltage S\Vitch you \Vant, you 
don't have lo hunt very far. A fe\V nickcl
plated \vood or inachine scre\vs \vi ll do the 
job nicely, as pictured iu  Fig. I 0 .  The setup 
sho\vn is a test circuit in \Vhich a uuiversal 
output transforn1er is used to feed a number 
of different speakers.  Instead of soldering 
and unsolclering a nurn her of connections to 
find the best inatch . 1nake a selector S\Vitch 
by driving the rcq{1 ired nun1 ber of scre\VS 
into a scrap of \Vooc1 . Place the1n in an arc 
arrangement so that the 1noving ann-\vhich 
can be a flat brass or plated bracket about 
l}f" long-\vill IT1ake contact \Vith each scre\V 
head. A s1nall \vooclen knob can be at
tached at the end opposite the pivot scre\V. 

Parts substitution of the kind described 
above inay not save you inuch 1noney, but 
i t  \vill save a lot of tin1e and energy. Obvi
ously it doesr1't rl1ake sense to buy a $3 .po\v
er transfonner in order to replace a filan1ent 
transfonner that costs half as 1nuch .  But if 
you happen to have the inore expensive unit 
gathering dust, you \Von't lose anything by 
putting it to \VOrk . I f  this n1akes it pos
s ible to finish the building or repair job 
you're doing, it  \Vill often put you ahead 
of the gan1e. 



SINGLE -TUBE AUDIO 
TRANSFORMERS 

t stt-·· 
6. Two singlc-tuhe audio transformers inake a 
neat rcplace1nent for a push-pull transformer. 

t 
HIGH 

VOLTAGE 

6.2f VOLTS -{ 
2.5 V. "-;�:x 

NOT USED 

FILAMENT 
TRAN SFORMER 

6.3 VOLT 
SEGONDARY 

7 .  Old transf orn1ers for 2.5 and 5-volt tubes 
can be used in modern circuits \vith 6.3-volt 
heaters. This arrange111ent gives 6.25 volts . 

- -

S-lOWATT UNIVERSAL OUTPUT TRANSFER 

115 
VOLTS 

9. lleater voltage can be furnished in inany 
\vays; one of the more unusual ones is to use an 
output transformer. Test tap co1nbinations. 

Depending on transformer 1nake, method of 
connection nlay vary; try different co1nbinations. 

OUTPUT TRANSFORMER 

\ VOIC!·COIL WINDING 

PRIMARY 

8. Filter chokes nlay be improvised from either 
filament or output transfonners. One \Vinding 
isn't used; it can even be open or shorted. 

1 0 .  Selector switches are a cinch to make. A 
couple of scre\VS and a flat n1etal ann do the 
trick. Use soldering lugs for the contacts. 
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Never llnilt a rad io ?  Tune in on 
this hol>l>y no\\' '\-itl1 tl1ese plans 
for a five-tuber anyone can 1nake. 

B11 a HitJh,-St�hool 
Slit'I' Te11clie1· 

DO '70LTS scare you? Are you .<>ure you 
can't get to first hase \Vith radio? Your 

ans\ver to these questions should ·be a thurnp

ing "No!'' If it isn't, someone's kidding you. 
I'm not guessing about it. As a shop in

structor, I've niet hundreds of beginners 
\vho \Vere so scared of an ohm they'd hide 
under a table \vhcnever one cra\vled out of 
a circuit .  Y ct within a f e\V \Vee ks the inost 
tin1id of thcxn \Vas sporting a receiver he' cl 
built fron1 scratch . 

\\Then I say they inade receivers, I n1ean 
the same 5 tube AC-DC superhet you see 
here. But isn't it \Viser, you inay ask, to start 
off with a sirnple one-tuber? I don't think so. 
It's no harder to hook up five tubes than t\vo 
-you just \Vork a bit longer. And \vhen 
you've finished, you'll have a S\\'eet little 

Bottom of the co111pleted set. Follow this and 
the pictorial diagra1n in laying out the parts. 
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set \Vith plenty of po\ver and sensitivity . 

It's even got auton1atic volume control, soxne
thing you \von't al\vays find on s1nall sets. 

The superhet circuit is a highly efficient 
one used in scores of comn1ercial designs. 
It has a fe\v xnore parts than son1c others, 
but they're standard and easily obtained . If 
you're ren1ote fro1n radio shops, the inail
order radio houses have all vou'll need. 

" 

Your parts cost n1ay be as little as $ 1 2, and 
your time invcshnent \Yill probably run fro1n 
four to seven evenings. 

\.Vhat this radio-and any other-has to do 
is to select the signal of a station you \Vant 
to listen to, separate the audio n1odulation 
( electric vibrations at sound frequencies ) 
froxn the high frequencies that have carried 
the1n through space, an cl then fatten thc1n 

Soldering can be sin11>Ii lied by inaking all 
convenient connections before mounting parts. 

. � . 



up to loudspeaker volurnc. A superhet has 
a baby transmitter of its O\Vll, consisting of 
an oscillator coil and a mixer tube, \Vhich 
generates a radio signal that's used to con
vert any broadcast signal to a standard fre
q ucncy of 456 kc. 1'his is lo\ver than the 
broadcast range but not yet in the audible 
range. It's intenne<liatc, so the transfonn
ers and amplifiers that boost it arc called in
termediate-frequency ( IF )  transforn1ers ·and 
stages. \,Vhat skims off the lo\V audio fre
quencies is the detector (part of the 12SQ7 
tube in the cl ingrams ) ,  and they are then 
beef eel up by a husky heam-po,ver tube, 
the 50LG. 

Sure, the schc1natic circuit at the top of 
page 39 looks co1nplicatecl . But you've only 
got to follo\v one line at a time! Here each 
part is sho,vn by a symbol-fixed condensers 
by t\VO thick parallel lines, tri1nmer con
densers by one l ine an<l a thick curved ar
ro\v, and variable tuning condensers by a 
stra ight arro\v through a straight and curved 
l ine. The letter C refers to condensers that 
are nu1nhcred vvith the parts list ;  and R iden
tifies resistor� ,,·hich are zigzags in the cir
cuit. The spri 1 1glike syn1bols are coils or 
( \vhen paired ) transf orn1ers . 

'fhose heavy ovals are tube syn1bols;  in
side, fron1 the bottoin up, arc the cathode, 
one or n1ore grids ( thick dotted lines ) ,  and 
the plate . But all you really need to ren1e1n
ber is to rnake the connections to the proper 
pins on the sockets. Looking at the botto1n 
of the socket, these arc ahvays numbered 
clock,vise fron1 the little notch or kev i n  the 

"' 

center hole. Connections to the heaters, 
\Vhich 1nake the tubes glo\V, arc separate 
fron1 other \Viring, so they're sho\vn at the 
botto1n of the diagran1 \Vith just the p in 
nu1nbers for each of the tubes. 

Schematics are dnnvn in a kind of elec-

Top of the chassis \vith sockets and coil cans 
mounted as called for by the template� right. 

tronic shorthand that you'll pick up fast. 
� .. Iean\vhile, a pictorial diagram of the san1e 
set may prove a ·help, since it suggests \vhat 
the parts look like and '"�here to put then1 . 
It's at the bottom of page 39. 

In buying parts, be cautious about ac
cepting substitutions, even if a sales1nan tells 
you that the exact value of a part isn't itn
portant. Don't use paper condensers \vhere 
rr1ica ones are specified, or resistors of lower 
\Valtage rating than called for. Be sure you 
buy an oscillator coil \Vilh four leads .  The 
IF transformers should have trim111cr c:on
densers attached inside the can. I reco111-
n1cnd using Bakel ite octal sockets having a 
1netal frame \Vith ground connections next 
to prongs 1 and 5, rather than the cheaper 
\Vafer sockets. 

'fhc tuning condenser is a t\vo-gang cut

plate type; that is, it has one 27-platc sec
t ion an<l one 1 9-plate section � It should 
also have built-in tr i 1nmer con<lenscrs-tinv 

" 

scre\v-adjusted ones use<l in al igning later. 
Either a pcrn1a11ent-1na6rnet or a dynain ic 

speaker can be used . The latter has an elec
tro1nagnet, the flel<l coil of \Vhich \vi l l  serve 
as the filter choke (LS ) ,  \vh ile \Vith a PM 
speaker you'll need a separate choke. Son1e 
builders use a 1 ,000-ohm 5-\vntt resistor in 
place of the choke, since it costs less and 
takes less space, but a choke cuts hum and 
gives better lone. 

\\lhile \ve're on the subject of choices, 
there's anothe� that you may \Vant to con
sider in building the set. The lo\vcr left part 
of the �che1natic <l iagra1n sho\VS an alter
native to lhe 35Z5 rectifier tube. Selenil im 
rectifiers are gain ing popularity as rectifier
tube replacements because they give trouble
free service, don't have lo \Vann up as tubes 
do, and need no heater supply. Since the 
heaters in this set are connected in series , 

, - - - 1 I I 
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Arrow points to the plate ( blue) lead of the 
oscillator coil, soldered to pin 6 of the 12A8. 

you'll have to insert the additional resistors 
Rll  and Rl2 if you omit the rectifier tube. 

And no\v ·let's get do\vn to building. For 
a neat chassis arrangement, dra\v a full-size 
chassis ten1plate, paste it on a flat piece of 
aluminu1n, and punch and drill all holes. A 
No. 28 drill is right to clear the 6-32 scre\vs 
used to mount all parts. Take pains in mak
ing the holes for the tube sockets, since the 
big central hole an·d the t\VO mounting ones 
must be in line. \Vhile the 1�$" socket holes 
can be cut on the drill press with a hole 
cutter, a chassis punch is much easier. Bend 
in the sides and letter on the tube numbers 
for each socket. lv1any radio supply houses 
sell prepunched chassis that'll do nicely. 

Don't mount the tuning condenser and 
speaker right a\vay, since they're both fairly 
delicate and might be damaged during 
work. Inas1nuch as you're using a 12A8 
tube in \vhich the signal-grid comes out to a 
cap at the top, use an antenna coil that has a 
hole in the top of the shield can for this grid 
lead. When installing the IF tr ansfonncrs, 
orient them so that the plate and grid leads 
are as short as possible. Follo\v the color 
coding; the blue one goes to plate, reel to 
B plus, green to grid, and black to the A VC 
line. 

Note the four holes to be drilled through 
the chassis under each IF can; they allo\v 
the leads to be brought out singly for n1axi
mum separation. Grid and plate leads of IF 
transformers must be cut as short as possible, 
and kept a\vay fron1 each other and close to 
the chassis. If they 11u1st cross, see to it that 
they cross at right angles. 

Construction \vill go most smoothly if you 
complete all chassis drilling and punching 
first, and have all parts at hand before you 
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(:ut-plate, l\vo-gang tuning condenser, sho\ving 
basic elements. Make sure yours has trimn1ers. 

begin. :Niany parts can be \Vired before 
they're mounted on the chassis. For ex
ample, n1ica condenser C7 is shunted across 
the outside tern1inals of the volu1ne control 
( R5 ) before the latter is mounted. One end 
of C6 is similarly attached. rvtaking con· 
ncctions out \vhere you have plenty of room 
renders assembly easier. �1ake all leads as 
short . as possible, and don

,
t be afraid to 

cro\vd parts together. 
It's also a good plan to \Vire each separate 

part of the circuit \vith different colored 
\Vire. Circuits arc co1nmonly coded like the 
IF leads-blue for plate, and so on, plus 
yello\v for the filament and bro\vn for 
cathode circuits. Pushback \Vire, the kind 
1nost convenient to use, con1es in these 
colors. 'fhe logical wiring sequence is = heat
ers, cathodes, screen grids, control grids and 
diode plates (pins 4 and 5 of the 12SQ7 ) ,  
A VC leads, and the B-plus circuits. 

Note the location of the dual electrolytic 
condenser Cll and Cl2 in the pictorial dia
gram-as far as possible fron1 the 352.5 and 
the 50L6 tubes. 'I'hese are the ones that 
generate most heat, and heat is bad for elec
trolytics. These condensers inust be con ... 
nected \Vith the correct polarity; they're 
ruined by reversed polarity. Run the black 
lead to ground . and the red one to the plus 
side. If the leads aren't colored, the ground 
lead co1ncs from the end \Vith a heavy black 
line. 'T'he value of this dual electrolytic isn't 
critical ; anything from a 16-16 n1fd. to a 
40-40 infd. one \vill do. \Vith paper con
densers, the lead attached to the outer foil 
is the one to be grounded if either one is. In 
the case of the tuning condenser, it's the 
terminals of the rotor section that go to 
ground. TUHN TO PAGE 40. 



ANT. 12A8 ·I F I  PLATE GRID 

All  resistors ��-watt carbon unless 
otherwise specified. R l :  50 . 000-ohm. This is critical. 

R2. R6 : 15-meg . .  R3 : 20.000-ohm.  
R4 : 3-meg. 
R5: 500.000-ohm pot (with switch) .  R7. R8: 500.000-ohm. R9 : 150-ohm. 
R I O :  30 to 50-ohm. 10-watt wire-

wound. 
Rl l :  22-ohm. 10-watt wire-wound. 
R1 2 :  200-ohm. 10-watt wire-wound. 
R1 3 :  50.000-oh m .  
A l l  paper condensers 400 \'Olt unless 

otherwise specified. 
Cl . C7. CS : .00025-mfd. mica. 

12S K7 I F ·2 
PLATE' GR I D  

L I S T  O F  P A R 'T S  

l2 SQ7 

C2: two-gang. cut-plate variable con
denser for broadcast band nnd 456 
kc. IP. 

C3 : .000 1 -mfd. mica. 
C4 : . 1  mfd. paper. 
C5. C l 3 :  .05-1nfd. paper. 
06: .ooi-mfd. 600-volt paper. 
09, ClO :  . 02-mfd. paper. 
0 1 1 .  C l 2 :  20-20-m!d . .  150 \'Olt dual 

electrolytic. 
C H .  C 1 5 :  40-40-mfd . .  150 \'Olt dual 

electrolytic. 
L l :  Shielded ant. coil with trans. 

windings. Grid lead should come 
out. at t.op of shield can. 

L2: Four-lead . 455-6 kc. osc. coil. 
L3 : 400-ohm. 15 to 30-henry. 75-ma. 

12SQ7 (OUT PUTI l F2 
�ll5 VOLT S AC - DC 

12 S K 7  

C 
50L6-GT 

9 3 .-�---...... � .... .:-c 10 

� '/ 
sp'KER 

--

1 2 507 
2 7 2 7 8 ._.......� 
t2A8 12 SK7 

choke coil. or 450-ol1m field coil on 
dynamic :->Pkr.  

IF 1 .  I F  2 :  Input and output shielded 
in termed iate-frequcncy transform
ers for 455-6 kc. 

T l :  Output trans. to match 50L6. 
S l :  SPST switch on R5. 
SR : 100-ma. selenium rectifier. 
Speaker: 6" PM or dynamic. 
Pilot light (6-8 volt. . 15-amp . .  No. 

47) and bayonet socket ; prepunched 
chassis or 8%'" by 9" sheet alumi
num; line cord ; tubes : octnl sock
ets; nuts; bolts;  misc. hardware. 

Note : 'With 35Z5 rect . .  omit Rll,  
R12. C14 . Cl5.  SR : \'.'ith selenium 
rect . .  omit RlO, Cl l .  C l 2. 

12A8 

. , 

I 
I 
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A volt1neter check of a receiver is the n1ost e fficient nlethod of locating causes of tronhle.1 

• 

Olll J e ID 
Here are further pointers on wiring, 
aligni11g, and checking a su1)erhet 
tl1at anyo11e can build. 

l!fl a 11;,,11 -Selr ool Sho11 Teaeher 0 NCE you get to knO\V your \Vay arouncl 
radio you'll find that there arc only t \VO 

th ings you really need to co1nplete any build
ing project : a sche1natic diagram and a parts 
list. Photographs, description, and pictorial 
diagrams are "extras" like a radio and heater 
in a car . You can get \vhere yo11\e going 
\Vithout the1n, but they son1etin1es 1nake the 
trip more co1nf ortable. 

Since- all the essential infonnation \Vas 
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given in the flrst part of this article last 
month, you may have co1npleted your five
tubc superhet. Assuming that you have, and 
that i t's \Vorking to your co1nplctc satisfac
tion, you need only file this instal ln1ent for 
future reference. Hadios do break do\vn, 
anc 1 \¥hen they do it is co1nforting to kno\v 
the most l ikely places to look for trouble. 

If on the other hand vou ha,·e \Vaitecl to ., 

become thoroughly familiar \Vith the project 
before heating up your soldering i ron, you 
n1ay be interested in n1orc construct ion tips . 

�1Iost connect ions in a radio circuit end up 
at the tube sockets, so i t  see1ns reasonable
for the beginner at least-lo slart \Vith the 
five octal sockets and rnake then1 the heart 



.......... 

of the \viring schedule. I t  may be helpful to 
indicate the manner in \vhich connections 
are made to a typical socket. Let's take the 
12A8, because it is probably the inost diffi
cult of the lot. 

Reme1nber that pin nun1bers are counted 
clock\vise from the key\vay in the center 
'vhen you arc looking at the underside of 
the socket . Prong I is a shield pin and it 
can either be left alone or grounded to a 
moun ling scre\V and used as a lug for nearby 
ground leads.  

Pins 2 and 7 are the fila1nent connections 
These are sho"vn separately in the schen1atic 
diagran1. Solder a piece of yello\V \Vire to 
one of these-say pin 2-but don't n1ake aliy 
connection to the other one. If  vou follo"v .. 
the same system \vith the ren1aining tubes 
you will sin1ply connect the yellO\V lead froin 
pin 2 of the 12SK7 to pin 7 of the 12A8 
after all sockets are in place. 

The oscillator coil ( L2 ) is a rat her sn1all 
unit \\rith four lugs. Solder the p late lug 
( usually indicated by a blue dot ) directly to 
prong 6. 

The critical 50,000-ohn1 resistor, ll l ,  is 
connected across pins 5 and 8. 1�ry to get a 
very small resistor that \Vill fit neatly be
t \Veen these pins and be entirely out of the 
\Vay. llook it in place, but don't flo"v in the 
solder until you have made the re1naining 
connections to the�e pins. You can usually 
get a better joint \Vhen you avoid cluttering 
it up \Vith too much solder. In the case of 
prong 8 the additional connection is only a 
ground lead ; pin 5 isn't finished until you 
have brought to it one end of H.2 ( a  15-n1eg . 

resistor ) and of C3 ( a  .OOOl -n1fd .  mica con
denser ) .  The other end of C3 can be sol
dered to the grid ( green ) lug of the oscilla
tor coil at the sa1ne t ilnc.  One end of a 20,-
000-oh1n resistor ( R3 ) goes to pin 4. l lold 
off the solder on this one, too, as another 
connection \Vill be n1ade later. 

All these connections can be made before 
the 12A8 socket is attached to the chassis .  
A fter the socket is in yon \vill be ahle to bring 
the plate ( blue )  lead of IF  l ( the input IF 
transformer) to pin 3; the B-pl us ( red ) 
\Vire frorn the sarnc transfonner lo pin 4 ;  ancl 
the lead fron1 filament pin 2 of the 12SK7 to 
prong 7. T'he connection to the grid cap at 
the top of the tube consists of a short jun1pcr 
f nnn the RF section of the variable con
denser, C2. 

For all of the tu hes except the 3.5Z;5 recti
fier , the filainent connections n1ay be re
versed \Vithout causing any hann. But on 

1'ubes �re fragile, so install  then1 on ly a"fte� 
all the \Viring is completed. The jun1per le�d 
from the HF sectio11 of C2 must be clipped to 
the grid cap of the 1 2A8 mixer tube. 

An al ignrnent tool shou ld be used for adjusting 
tri1nn1ers. Being nonnu.·tal 1 ic, it can't short B
plus to grou nd . It al�o keeps hand capacitance 
fro1n changing any of the circuit constants. 

41 



the 35Z5 it 1nakes a great deal of difference. 
If the line lead is brought to pin 7 instead of 
_pin 2, the l\o. 47 pilot light \vill burn out . 
There \\�ill also be a voltage drop of about 
35 volts clue to the resistance of the filament. 
This \vill be reflected in decreased B-plus 
and plate voltages in other parts of the cir
cuit. � .. l ake absolutely certain, therefore, that 
the live liue lead cornes to prong 2 of the 
recti fier. 

\Vith pin 8 of the 12SQ7 and one leg of 
the S\vitch grounded, the fila1ncnt circuit is 
co1nplete. A break any\.\·herc in this l ine \Vil l 
kill the operation of the set co1npletcly. 
That's the reasou servicen1en ahvays suspect 
a tu be-fila1nent burnout first \vhenever an 
AC-DC set fails to light up. 

Using the chassis as the po\ver-line ground 
conncc.:tion has son1c desirable sh ielding ef
fect, hut it is iinportant to note that it also 
produces a "hot" chassis. '/\r ever let the 
chassis co1ne in contact \Vith a radiator, 
\vater pipe, or any other 1netal that leads to 
an earth ground, and don't touch it yourself 
\Vhen the line plug is connected. Felt or 
rubber-covered btnnpcr feet in the botto1n of 
the cabinet, and plastic or si1nilar in�ulating 
knobs on the vohune-control and tuning
condcnser shafts arc desirable . 1'he .00025-
infd . 1nica condenser, Cl,  is inserted in the 
circuit principally to guard against acci
dental shorts through the antenna. A built-

.... . 

in loop could he used instead of the an-
tenna coil, Ll . In this case, sitnply 01nit C l  
and L l  and \Vire in the loop in place of the 
antenna-coil secondary-Le.,  bet\vccn the 
points 1narked "C-" and "Grid ." All grounds 
sho,vn i 1 1  the diagra1n arc to the chassis it
self. Never use an extern ,11 ground.  

For syste1natic service checking-and even 
for effective building-one of the inost useful 
instru1nents vou can have is a 1uultitester or . 

AC-lJC volt-oh1n-n1illia1nn1etcr. 'rhis 'vill 
ineasure the oh1nic val• Le of 1nost of the resis
tors and coils ( depending on the 1neter' s 
range ) and will enable you to check voltages 
at any point in the set. 

I f  you have the use of a inctcr, it is a good 
idea to take as inany readings as possibl� 
on the iudi\·idual parts before you actually 
\Vire the1n into the circuit. This can fre
quently give you a clue to trouble in a con1 w 
pleted set. 

1 1 1  taking voltage readings it is considered 
good practice lo c l ip the negative volt1neter 
lcnninal to the chassis or ground, then touch 
the posith·e l ead to the various tube pins. 
Voltages exist at 1nany other points, hut 
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( ;l ip the ne�atil''e prod of a voltn1eter to the 
chassis; touch each tube pin \vith the other. 

\Vhat you can't read directly hy this 1nethod 
you can usually get by subtraction . For ex
a1nple, if you subtract the voltage at  pin 3 of 
the 12A8 fro1n that at pin 4, you have the 
voltage drop across the prin1ary of IFI . 

As an aid lo ready checking, a table of 
voltage readings is given on page 43 . These 
�,ere taken \vith a l ,OOORohn1-per-volt rneter. 
An instrun1cnt of greater or lesser sensitivity 
\vill give different readings in n1any cases 
because of the "loading" effect of a 1netcr on 
a circuit. Greatest accuracv is obtained \Vith 

� 

a vacuum-tube voltn1eter because of its high 
internal resistance. If vou ha\·e one of these . 

instnunents you \Vill probably be able lo ob-
serve a slight  negative voltage at the points 
tnarkecl in the table 0.  0 On the lo\.\�-resistance 
1neters used in these tests, no needle deflec
tion \�,.as noted . Values sho\vn in color on 
the tahle represent fi la1nent voltages ; \Vhen 
the set is used on AC:, these \vill have to be 
read on the AC inetcr scale. J\bove the table 
is a repri11t of the sche1natic diagra1n \Vith 
each voltage related to its proper pin. 

Your  readings 1nay vary slightly, and i f  
they do, don ·t \Vorry about it .  He1ne1nber 
that voltage checks are used prilnarily as 
guides to troubl e u;hen I rouble appears. To 
scnunble a 1netapbor, the proof of the pud
ding is in the listening. If the set soun<ls 
good, you can forget about aln1ost cvery
t hiHg else. I f  i t  doesn't, or if i t  fails to oper
ate ent irely, a11 incorrect voltage inay give 
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�rak ing; a reading f ro1n ea eh of these point� to 
ground \Vill sho\v \vhether voltages arc present 

vou the clue vou need to find the trouble . . . 
The big bugaboo· in superhets-and the 

thing that has 1nade 1ndny experts feel that 
the circuit is too con1plicatecl for the begin
ner-is align1nent.  'This consists of integrat
ing the various circuits so that they are in 
hannonv \Vith each other. Fortunatelv it is . , 
rarely necessary to do the job entirely on 
your O\Vll . Manufacturers generally align 
their IF transfonners pretty \vell at the fac
tory .  You only have to n1ake sn1al1 adjust-
1nents. Whatever you do, don,t ta111per tcith 
the trinuners mi these tra11sfonn ers until the 
set is finished. 

Auto1natic vohune control-A \!(�-uses 
part of the rectified signal present at the de
tector to vary the grid bias on the l 2SK7 
and 121\8.  \Vhen a strong signal comes 
through, the an1ount of voltage aYailable for 
biasing goes up and this auton1atically de
creases the arnplification of the tube. On a 
\Veak signal the reverse occurs. l\o\V, for 
aligning you \Vant to kno\v ,,.·hen you are 
getting a station at n1axin1u1n strength, and 
this auto1natic con1pensation for \Veak 
signals \VOuld only thro\v you off. 'The first 
step, then, is to ground the A \1C by running 
a ju111per fro1n the black lead of the input IF 
transfonner to ground. 

Set the manual vohnne control ( R5 ) at 
maximum, and tune in the strongest local 
station. \Vorking back from the output end, 
and using a fiber \vand or other insulated 
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at the places \vhere Lhey sho11 Id he and \Vllethcr 
they are large enough to do their job prope�ly . 

TUBE P R· O N G  
I 2 3 4 5 6 7 8 

12A8 0 3 0  15 17 -1 ·10 2 1  0 -
12SK7 0 2 1  0 o· 0 90 10 88 

�2SQ.7 0 o· 0 o• . o• 10 1 0  0 
. .  

50L6 1 NC 7 8  85. 90 o· NC 30 6 

35Z5 j NC 1 1 2 1 0 5  NC 110 NC 80 105· 

For a negath·e readinA, polarity of the vo lt-
1ncter tcnn inals inust be re\·erscd . ,\ vacuu1n
tu be \ oltinetcr should read slightly negative at 
the points 1narked \v ith an asterisk ( 0 ) . 

scrc\vdriver, adjust the triin1ners for 1naxi-
1num output in the follo,ving order : the sec
ondary of IF2, then the prin1ary; the second
ary of IFI ,  and again the prin1ary. No\v tune 
in a station son1e\vhere around 1 400 kc-the 
variable-condenser plates are ahnost fully 
open at this point-and adjust the oscil
lator section of the tnuing condenser, and, 
last, the RF section of C2. Bear in 1nind that 
it is seldom necessarv to inake inuch of an , 
adjush11ent in the IF tri1111ners. Don't touch 
thc1n at all until you have tuned in a station. 

Should the signal becorne quite loud dur
ing the adjustment, it is advisable to get a 
\Veaker station. \\7hen you h<tve the high encl 
of the band lined up, tune in a station at 
the other end and make \Vhatever slight ad
justments may still be necessary. 
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FEW people realize how much of the static 
heard on a radio receiver may come fro1n 

electric appliances in tile home. Especially 
noisy are the older types of appliances, for 
much of the later equipment is provided 

·SHIELOEO POWErf 
TRANSFO�MER 
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with some sort of built-in filter. Simple 
remedies can be effected by the amateur 
serviceman. Those described below call for 
noise filters put into the appliance circuit 
itself and \Vill prove highly efficient. 

VA C U U M  C L EAN E R .  T\vo paper tubular 
condensers are required. Each is rated at 
400 volts, but one should have a capacity 
of . 1  infd. and the other of .01 mfd. It is 
ilnportant to have these values correct both 
for this and other filters. The . 1-mfd. con 
denser is connected across the motor, \Vhile 
the other is connected from one side of the 
line cord to the metal frame of the vacuum 
cleaner. Sometimes static caused by the 
machine can be reduced still further by 
reversing the plug in the wall socket. 

EL ECTR I C  RAZO R .  This is a noisy trouble
maker that \Vill interfere with reception out 
of all proportion to the size of its tiny motor. 
It is, ho\vcver, the simplest of the appliances 
to filter. Connect a 400-volt, .01-mfd. paper 
tubular condenser across the cord at a point 
near the A.C.  inotor plug, soldering one 
lead of the condenser to one wire and the 
other lead to the other wire, as 8ho\vn in 
the dra'Aring at the left. Both the condenser 
and the exposed \Vire can be covered \Vith 
rubber tape. So secured, the filter \Vill not 
be in the \'Vay during use. 

WAS H I N G  MA C H I N E . T\.vo 1-mfd. con
densers, one .01-mfd. condenser, and t\vo 
10-amp. fuses \vill filter a \Vashing-machine 
or home \Vorkshop motor. Connect the fuses 
with the two 1-mfd. condensers across the 
input of the motor as in the diagram.  Then 
connect one lead of the small condenser to a 
\Vire put in the circuit bet\veen the 1 -mfd.  
condensers and ground the other lead to the 
inetal fra1ne of the machine. The fuses 
guard against a short circuit. This \Vhole 
setup can be mounted in a wooden box near 
the motor. 

N EON S I G N .  Store owners and apartment 
chvellers in buildings having stores on the 
street ftoor are often troubled \Vith static 
ca used by neon signs. The owner of the sign 
can keep most of this static from entering 
the electric lines by inserting t\\i·o pape1· 
condensers in the A.C.  transformer circuit, 
as sho\vn in the diagram. A 1-mfd. con
denser is connected across the transformer, 
and a .01 -mfd.  condenser is connected be
t\vcen one side of the prilnary and the metal 
casing of the transformer, \vhich is con
nected to ground. 



Relaxation Osci l lator Makes 
Portable Code Practice Set 
LEARNI�G the dot-and-dash alphabet is 

only a preliminary step in code mastery, for 
the knack of fast operation really depends 
upon getting acquainted with the sound of 
the incoming signal. This compact practice 
oscillator has the advantage of being adjust
able through a variety of sound frequencies 
and tones. The capacity of the condenser 
connected in series \Vith the headphones de
termines the fundamental frequency of the 
oscillator ; if a higher pitch is wanted, it 
may be necessary to use a smaller con 
denser. Some tone control can also be ob
tained by adjusting the potentiometer. 1'Iany 
types of small neon tubes �rill work satis
factorily in this circuit. A miniature 90-volt 
B battery can be used safely as the current 
drain is slight.-'A'ALTER F. PO\VELL, JR. 

-

5 .. MEG. .S •MEG 
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N EOW BULB (TYPE T-2) 

H ome Test G ives Q u ic k  C heck on Burned-Out Tu lJe FHa ments 
BURNED-OUT tube filaments 

account for a great percentage 
of radio failures and are \vorth 
looking for when a radio goes 
dead. When filaments a� con
nected in parallel, allow the set 
to cool, turn it on, and touch 
all the tubes. If you find one 
that stays cool, you 're hot. 

In an A.C.-D.C. ,  series-wired 
radio, none of the tubes \Vill light, but an 
A.C.  voltmeter will point out the guilty one 
when held across each pair of heater termi
nals. The meter completes the circuit and 

gives a reading of ·about 1 1 0  volts. If the 
filament should close during the test, the 
voltage will drop to its normal value for the 
tube.-G. BOLTON.  

High-Tem perature Solder Fou n d  to Shorten Life of Fi ne  Wire 
1'.lOLTEN solders have been found to re

duce the diameter of copper wire and cause 
some embrittlement of the parts subjected 
to high temperatures. In tests conducted by 
engineers of the Fairchild Camera & Instru · 

ment Corp. ,  of Nevi York, it \\"as shown 
that destructiveness was greatest in fine 
wires and increased \Vith the tin content of 
the solder. For delicate work, therefore, 
solders of low melting point should be used. 
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The h istory of the m icrophone is  

c losely l i nked to  the story of broad

cast i n g .  A series of fa sc i nati ng ex

periments wi l l  show yo u h ow radio 

deve;oped its h i g h-fidel ity ears. 

By TRACY D I E R S  

0 
N JUNE 19, 1878, a routine perform 

ance of Donizetti's opera "Don Pas
quale" was given in the S\viss town 

of Bellinzona. Neither the date nor the 
event \vould be reme1nbered had it not been 
for a telegraphic engineer named Patocchi . 

P ato c c h i  instal l e d  a ne\vly i n v ented 
Hughes microphone on the stage and s�v
eral Bell telephone receivers in another part 
of the building. Thus "Don Pasquale" be
ca1ne the first broadcast opera and Patocchi 
the first studio engineer. There was no 
sponsor. 

Since then science has devoted inuch ef
fort toward developing a microphone that 
would reproduce all it heard. You can get 
an idea of the difficulties if you build and 
study some experimental "mikes.

, ,  

Every microphone performs one basic job 
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-the conversion of sound energy into elec
trical energy. David Ed\7\rard Hughes stum
bled on his microphone \Vhile experilnenting 
with imperfect electrical contacts. You can 
duplicate his experiment by hooking up 
three large iron nails as sh0\7\'n in Figs. 1 
and 2.  Two are tacked down tight on a 1h "  
by 3" by 5" block of wood and hooked in 
circuit. The third merely lies across the 
other two. Small strips of sponge rubber 
insulate the mike from the table. 

When there is no sound to strike in waves, 
a smooth flow of current circulates ; but 
sound waves shake the loose nail, and this 
varies the resistance of the contacts, inter
rupting the current fto\v and causing sound 
in the headphones. 

Lov.r-resistance headphones arc best. A 
long line may be used. By listening to a 

SPONG E •  

O�Y C E LLS 



metronome, you can adjust 
the c1·oss nail until it i s  in 
a sensitive spot and repro
duces speech understand 
ably. 

�1 a n y  un stabl e - contact 
n1 i c rophones vv ere d e v e l 
oped. One \\'ith a loose car
bon rod < Fig. 3 )  \Vas used 
for the " Don Pasqual e 0 · 
broadcast. It \VOulcl be use
less i n  radio.  One blast 
from a. symphony orchestra. 
and you had to i·eadjust it 
to a sensitive position . 

A inicrophone employing a button con 
taining carbon granules \\·as in vented by 
�dison in 1876. You can make one \\� ith a 
•h " by 5 "  by 5"  \vood block having· a hole 
over \Vhich you cen1cnt a diaphrag1n fro1n a 
headphone or a 3"' iron diaphragn1 no thick
er than .006 " .  Have the hole 1 =%. '' in dia1n 
eter for a 2 � '' headphone <\iaphrag1n or 
2 1'2 "  for the 3" diaphragm . 

Solder No. 30 \\�ire to the dia phrag1n and 
solder \Vire to the top of a metal scre\v cap 
from a solvent can or ketchup bottle. Half 
fill the cap, or ''button,

, . \Vith microphone
carhon granules or crushed battery carbon 
and cen1ent it to the diaphrag1n \vith a paper 
\Vasher under it for insulation. as in Fig. 4 .  
The hookup i s  8hO\vn i n  Fig. 5. 

Normally current flO\\'S smoothly through 
the carbon a nd headphone, but the pressure 
of soun<l \\'aves on the dia

.
phragm presses 

and releases the granules, changing· resist
ance and the cu rrent fto\v to the headphone 
and thus prod ucing sound. 

There are disadYantages, as you \Vill find 
if you listen to the continuous hiss of the 

c 
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granules in a quiet roon1 .  Note, too, how 
they react to different letters in the alpha
bet. Such a n1ike is erratic at various fre
quencies and is hardly of high fidelity. Held 
in different posi tion�, it varies in sensitivity, 
and frequently its granules pack. But in spite 
of dra\\·backs, the carbon 1nik� has reached 
a good stage of develo"p1nenl in telephones, 
\valkie-talkies, and tank and plane radios. 

The double-button carbon mike, having 
buttons on opposite sides of the diaphragm, 
sa\v us through the early days of broadcast
ing. It \Vas connected through a center
tapped input tra.nsfor1ner. Finally the <lc
n1and for a higher-fidelity n1ike tough 
enough to stand a little i11anhandling re
su1ted in the condenser inicrophone. And 
from it radio got its first high-fidelity ea rs. 

You can build a condenser mike fron1 
scrap itc111s. Cut a 2 11� "  diameter hole in a 
�� " by 5" by 5"  ·piece of \Vood and sand one 
face sn1ooth. Cover the hole on the sanded 
face \Vi th a 4" square of thin tin foil or 
alu1ninun1 foil, as in Fig. 6 .  inserting a 6'' 
length of No. 30 \Vire under the foil for a 

. , I� 
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connection. Cut a 2 � /1 hole in a thin sheet 
of paper 5"  square, lay it on the foil, and 
put on top of that an absolutely fiat lA, " by 
5" by 5 "  sheet of aluminum or brass in 
which two or three "'- " holes have been 
drilled near the center. Clamp the pieces, 
as in Fig. 7, and the n1ike is ready for action 
( Fig. 8 ) . The wiring diagram is shown in 
Fig. 9. 

Since the output will be' too low for head
phones, connect the condenser mike directly 
to an amplifier by ineans of the ungrounded 
mike lead. The phonograph input of a radio 
may be used if it has sufficient stages of 
amplification, but a high-gain audio ampli
fier is n1ore satisfactory. 

The required 180 volts for charging the 
mike is obtained \vith least hu1n from sepa
rate batteries. If voltage must be taken 
from the amplifier power supply itself, tap 
the voltage divider at the 180-volt point or, 
if there is no divider, tap at the filtered 
high-voltage point with a resistance in series 
to drop the voltage to 180. A separate small 
B eliminator can also be used. The foil 
diaphragm and backplate act as the plates 
of a condenser. Pressure from sound \vaves 
moves the diaphragm and changes the ca
pacity of the condenser, producing across 
the 1-megohm resistor a voltage that is fed 
into the grid of the first amplifying stage. 
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Condenser mikes \Vere essential to radio 
and talkies for years. Their chief disad
vantage \Vas the need of a small a1nplifier 
tagging along or in the �ame case. Then a 
fact that had been known for 100 years \Vas 
utilized to make a microphone that \vas 
light in \\'eight, \Vas high in fidelity, and 
could be separated from the amplifier-the 
dynamic mike. 

· 

You can build a moving-coil dynamic 
microphone on a � "  by 5" by 5" block of 
\vood having a hole 2 �� " in diameter. Ce
ment a very thin iron or mica diaphragm 
over the hole, and then to the center of the 
diaphragm cement a voice coil.  Use a coil 
fro1n an old dynamic speaker or make one 
\Vith No. 36 enameled \Vire \vound in one 
layer for * /1 around the circumference of a 
light paper form 1 "  in di ameter. Bring out 
the ends of the wire to the terminals on the 
board ( Fig. 1 0 ) . 

Use two small permanent horseshoe mag
nets to surround the coil \Vith a strong mag
netic field, attaching each with a screw 
passed through %: " wood shims, as in Fig. 
11, so that the magnet does not touch the 
diaphragm. Opposite poles face each other 
so the field flows through .. the coil. 

An amplifier makes audible the sounds 
picked up. But since the impedance ( A . . C. 
resistance ) of the voice coil is very lo\v, 



couple the mike to the amplifier through a 
inatching transformer, such as a push-pull 
output transformer, as shown in Fig. 12. 
When sound waves strike the diaphragm, 
the coil moves in the magnetic field.  A tiny 
voltage is thus induced in the coil and flows 
into the transformer. A secondary voltage 
is induced in the other side of the trans
forrner, and this enters the amplifier. 

Modern clyna1nic mikes reproduce sounds 
ranging from 35 to 10,000 cycles per second 
and are sti 11 \Videly used. 

Another type, a ribbon or velocity mike, 
is operated by changes in the velocity of the 
surrounding air instead of by pressure. In 
contrast to the diaphragm , which tends to 
resist sound waves, the ribbon is so light it 
bobs up and down as the \Vaves approach 
and offers so little resistance that they pass 
on unaltered. 

To make a ribbon microphone, cut a 7 /16" 
by 4 % " slot in a 1;.1, " by 3" by 9" piece of 
plywood and screw a 1h "  by 4 1h "  angle iron 
at each edge of the slot. The ribbon may be 
very thin aluminum foil-the thinner the 
better. Cut a strip � "  wide and 5 lh " in 
length and corrugate it by pressing it 
against a piece of corrugated cardboard. 
Then suspend it over the slot by a scre'A-" at 
each end, as sho\\rn in Fig. 13. Place horse
shoe magnets at the ends \Vith polarities ar
ranged for attraction . Connections to the 
ribbon are made through the screws. 

Hook a transformer bet\veen the mike and 
amplifier ( Fig. 14 ) .  Any transformer hav
ing 2 ohms or less impedance on one side 
and 2.000 ohms or more on the other \Vorks 
'-"'"ell. 'Turn the amplifier gain up high and 
test the mike. The velocity of sounds in the 
vicinity starts a slight motion in the ribbon, 
and since the motion is in a strong field, 
voltage is generated and current flov.."s to 
the transformer. 

Your ribbon mike \Vill wo.rk whether you 
speak in front of or behind it, but if you 
move a sound producer such as a music box 
or bell around it, as in Fig. 15, you \Vill 
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find spots of greater and less sensitivity. 
Figure 1 6  sho\vs the field of sensitivity of 
a typica l ribbon n1ike. 

If you could cut off one of the loops in 
Fig. 16, you \v·ould have a directional inike 
that \vould "select' ' sound from a given 
area. This is done \Vith a cardioid mike 
( named for the shape of the field, as sho\vn 
in F,ig.  1 7 )  \'Vhich usually combines in one 
housing a ribbon mike and a dyna.1nic mike, 
the latter "phased" to cancel one loop . 
Opera is broadcast by such a cardioid inikc 
with the live side facing the perfor1ners. 

A very ne\v addition is the crystal inike, 
depending for its operation on \Vhat is 
k.no\vn as the piezoelectric effect. When a 
crystal held bet\veen inctal plates vibrates 
under slight p ressure, a ineasurable voltage 
is produced in it. You can make the ac
tive elen1cnt, a crystal sound cell. 

1\-lake a 8upcrsa tura ted solution by dis
solving 6 oz. Rochelle salt in 4 oz. �rater 
at about 200 deg. F. As the solution cools 
slovvly, crystals about �� " long forn1. When · 
one rcse1nbles that in Fig. 18, re1novc it and 
let it dry. This is your seed crystal. 

Bring 16  oz. water to the boiling point. 
dissolve in it as inuch Rochelle salt as can 
be held in solution, and let it cool slo\vly� 
being sure to keep out dust. Then hang the 
seed crystal in the solution on a thread. 
GrO\\"th takes p lace in a f e�.· hours. Re1nove 
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the crystal \\rhen it ineasures about 1 "  in 
any direction, and put it in alcohol for 24 
hours. If your first atten1pt doesn't turn 
out \vel 1, try again. 

i\f ake a sound cell by wrapping a 1/� " 

strip of tin foil around a perimeter of the 
crystal and cla1nping any t\vo opposite 
surfaces bet\vecn t\vo metal- plates, as in 
�..,i g. 19 ; then hook the cell to the amplifier 
as sho\\'n in Fig. 20. l\!Iove the crystal to a 
different position in the holder if it doesn't  
sho\v good sensi tivity at first. 

There arc t\vo types of c rystal mikes. 
In one, t\vo srnall plates of Rochelle sal l 
are cemented together to inake a '�bin1orph ., 
unit of extre111e fidelity that �rill respond to 
from 30 to 20,000 cycles a second. The pres
sure of sound waves causes the fl at crystal 
plates to generate voltage. .l\. n1ore popu
lar, cheaper type has a diaphragm con
nected to a light driving rod that trans1nits 
the pressures to the bimorph unit. 

"Don Pasquale" is still very much alive, 
but the methods of broadcasting it have 
changed greatly. Instead of silnple rods 
delicately adjusted, \VC now ha \'e slick 
chro1niu1n-plated cardioid mikes \vith direc 
tional selectivity and high fidelity. Such 
innovations as frequency modulation have 
put �'Ir. �·fikc on the spot, but moving coils. 
vibrating ribbons, a nd sensitive crystals 
have met the challenge. 
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"7iring Puzzlers to Test 
Y oiu- Elee 1·ieal I.q. 

0 
-TO M A K E  a photographic dryer, Smith 

used a 600-watt replacement coil sold for 
use in toasters and stretched it over a 
series of hooks inside an asbestos-lined 
box. But he found the wire heated to 
redness, scorched the prints, and threat
ened to burn the box itself. To halve the . 
amount of heat, should he cut the resist
ance \Vire in half, add a second element 
in series, or connect another in parallel ? 

16112 O H M S  

�EQU l �E O  

iH E�E �ESISTO�S AVA I L ABLE 

0 

A RADIO engineer, need i n g  a 1 6 11� -ohm 
resistance across an ampl ifier transfo rm
er for testing purposes, found he had 
nothing but four 10-ohm resistors in his 
parts d rawer, which therefore had to 
serve. How did he connect them ? 
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\\' I S H I N G  to save \Vi re, Jones hooked up 
two bells this way. Button a was to ring 
bell A, and button b bell B. Although 
pushing both buttons at once \Vould 
cause a short circuit, Jones thought this 
would be of too short du ration to ·harm 
the transfor1ner, and he expected no 
trouble. He had trouble anyway. Why ? 

\ SERI ES 

LI N E  { a b 

l 
\ PARALLEL 

Lt N E  { 0 b 

NOT having a double-pole, do1 1blc-thro\V 
S\vitch on hand, a photographer con 
nected a S .P. S.T. switch n and a S.P. D.T. 
switch b as above to throw two ftood 
lamps from series to pa rallel or vice 
versa. As all \VOrked well in the positions 
sho\vn, he considered h i mself lucky. Why 
\Vas he even luckier than he thought ? 
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How i ngenious com bi nations of 
• • 

c e n s o r s  1 n  y o u r  r e c e i v e r  t o  

plied,  or if the wire \\.·ere stretched 
out straight. Reactance is another 
n1atter. It increases as frequency 
increases. In addition to the resist
ance of the wire, a 30-henry choke 
has a reactance of about 11 ,300 
ohms at 60 cycles. At 600 cycles, 
the reactance has gro\\tn to 113,000 
ohms. The way in \Vhich the react
ance of a coil varies with frequency 
is expressed by the formula : XL 
=2 tr f L, where XL stands for 
inductive reactance, 2 r. is the 
constant 6 .28, f equals frequency 
in cycles per second, and L repre
sents inductance in henries. 

A good capacitor, on the other 
hand, has infinite resistance to di
rect current, but will pass alternat
ing current n1ore or less readily, 
depending on frequency. Unlike 
the choke coil, the reactance of a 
capacitor goes down as the fre
quency goes up. In mathematical 

A rea cto nee-freq u ency g r a ph ,  of wh ich th i s  is a section ,  g ives 
d i rect v a l ue s  in ohms for a ny freq u e n cy up to 1 ,000 ki locycles. 

terms, Xe = -2 tr' , <·::--- Here, Xe 
stan ds for capacitive reactance, 
and C is a measure of capacity in 

By G EO R G E 0 .  S M ITH 

FILTERS are electronic circuits that have 
frequency sel ectivity. At the \Vill of the 

designer, they can be made to pass or block 
frequencies below, above, between, or around 
certain specified limits. The names of the 
four major types are self-explanatory ; they 
are low-pass, high-pass, band-pass, and 
band-elimination filters. Taken together 
they make possible t\\'O important things : 
the first is radio reception ; the second is 
good radio reception. 

The ability of filters to discriminate 
against certain frequencies is due to the 
fact that the resistance of capacitors and 
inductors to alternating-current changes 
with frequency. Alternating-current resist
ance is called ·re<tcta11ce, and is symbolized 
by the letter X. Like direct-current ( or 
pure ) resistance, it is measured in oh1ns. 

In the case of a choke coil labeled, say, 
300 henries, 200 ohms, the 200 ohms stands 
for the resistance of the \Vi re that is \Vound 
on the coil. This is a constant minimun1 ,  
regardless of frequency ; it would still n1eas 
ure 200 ohms if a D. C.  potential \Vere ap-

farads. A .01-microfarad capacitor 
\vould have a reactance of about 265,000 
oh1ns at 60 cycles, but only 26,500 ohms at 
600 cycles. The total opposition that induc
tive reactance, capacitive reactance, and re
sistance offer to the flow of an electric 
current is called i->npedance. 

Bet\veen them, capacitors and inductors 
can hold any alternating current at their 
rnercy. Used in various combinations
series, parallel, and series-parallel-coils 
and condensers serve varied functions in 
radio transmission and reception . They 
polish off rectified A. C. so as to provide 
a s1nooth D.  C. powe r supply ; in the form of 
tuning circuits they enable you to select a 
station at the t'>-,.ist of a condenser. 

This article makes no attempt to deal 
\'Vi th all filtering actions. vVhi le filters are 
integral in the ba sic radio circuit, they inay 
also be added to existing amplifiers as tone
corrective devices. One of the simplest types 
is that sho\vn at the right. This is a forn1 
of high-pass filter, and it operates in pre
cisely the same \Va)' as a voltage divider, 
except that the resistance of one leg auto
matical ly  varies v.rith frequency. Let us 
say that the components of the c ircuit are 
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a 50,000-ohm resistor, and a .01 -mfd. ca
pacitor. Then at 320 cycles, Xe equals 50, -
000 ohms, and the output voltage at the 
tap between the two elements is one half 
the input across the divider. This is just 
what you'd get if both R and Xe were 50,-
000-ohm resistors. But at 640 cycles, Xe 
has fallen to 25,000 ohm s, which gives a 
voltage division of one-to-t\vo. The output 
is then two thirds of the input. 

Now, if both 320 and 640-cycle signals 
are put into the circuit simultaneously at 
equal voltages, two thirds of the 640-cycle 
signal will come through, but only half of 
the 320-cycle note. Conversely, if the 320-
cycle input were, say, 12 volts, and the 640-
cycle signal were 9 volts, both signals would 
co1ne out as 6 volts A .  C. 

The first effect is useful in boosting high 
frequencies, \Vhile the second helps to level 
off the response of an amplifier that favors 
the lows. Carrying the calculation higher 
and lower than the figures given will de1n
onstrate the high-pass effect of the filter. 
The graph at the bottom of this page sho\vs 
the output response of a typical high-pass, 
tone-corrective filter. At 100 cycles the out
put may be about one fourth of the input, 
while at 10,000 cycles almost the entir� 
voltage drop is across the resistor. 

In order to design a resistor-condenser 
filter to suit your own needs, you will have 
to determine the reactance of any given 

condenser \Vithin the limiting frequencies. 
These values may be obtained either by cal
culation, or through the use of a reactance
frequency graph which can be purchased at 
any drafting-supply ·house. The figure on 
page 52 is one small segment of such a 
graph, twice enlarged. To find the react
ance of any condenser, locate the con
denser's capacity along the right-hand edge 
of the chart. ( In  the section reproduced, 
capacities are carried around to the bottom 
of the sheet. ) Follow the sloping line up 
until it intersects the •vertical line that rep
resents, say, the lowest frequency you are 
interested in filtering. Where these two 
lines cross, read straight over to the left
hand margin where capacitive reactance is 
indicated directly in ohms. 

From this chart, get the reactance of the 
condenser for a nu1nber of frequencies in 
the passband of your filter. Assuming a 
standard load resistance, you can then fig
ure how the voltage 'Nill divide for each 
frequency, and draw a graph representing 
the output of this particular filter. Percent
age of output is obtained by dividing the 
sum of reactance and resistance into the 
resistance. If the resulting curve doesn't 
suit your needs, try another capacity. 

In constructing a filter, remember that a 
large capacitor and a large resistor give 
quite different results than a small capacitor 
and a small resistor. For example, a .2-mfd . 

I f  your receiver tends  to cut off or d i stort the h i g h  notes, th i s  tone-corrective fi l ter may be just what 
it n eeds. I t  acts l i ke a volta g e  d iv ider  i n  which the rat io of output to i n put r ises with freq u e ncy . 
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S igna l-attenuation curve of a typical  
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Ta p p i n g  t h e  output volta g e  off t h e  ca
pacitor w i l l  tend to favor the low notes. 

Used between a m plifi er sta g es, this type of fi lter requ ires a n  
extra condenser-resistor arra ng e m e nt i n  the coup l i ng  circuit .  

condenser and a 2-megohm resistor sho\v 
less than 1 percent response difference be
tween 80 and 8,000 cycles, \Vhile .001 mfd. 
and 20,000 ohms will cause about 40 percent 
difference in the sam e  range. 

This type of filter may be connected be
t"'"een the audio stages of an average ampli
fier as shown in the hookup schematic on 
page 53. While calculated values give you 
a good starting point, the final test of any 
filter is in its effect on the entire amplifier. 
Because of di8tributed effects, calculated 
values are at best approximate, and it may 
be necessary to juggle values a little until 
you get a result that is pleasing to the ear. 
A voltn1eter placed across the amplifier out
put will help you to check the real effect of 
a filter. Used in conjunction with an audio
frequency generator, or a frequency-test 
record, the voltmeter will show how output 
voltage varies as the input frequency is 
changed. 

While resistor-condenser combinations 
are often favored for tone correction in 
audio circuits, there are times when a more 
level response is desirable. Let us say, for 
example, that you \vant to give equal em
,Phasis to all notes bet\veen 10 and 1 ,000 
cycles. The response curve sho\vn on the 
previous page \\'oulcl then not be satisfac
tory. At 1,000" cycles, this filter · has almost 
three times the output it has at 100 cycles, 
whereas the graph \Ve now want should be 
level between the t\vo extremes of our pass
band. 

To obtain this effect it is necessary to re
place the resistor \Vith a choke coil, thus 
giving your voltage divider two variable 
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arms instead of one. When the reactance of 
one arm increases, that of the other de
creases correspondingly. 

The use of inductance-capacity filters, 
however, involves a number of other critical 
considerations which arc outside the scope 
of 'this article. Getting back to our first 
circuit, let's see \vhat happens \Vhen we 
make a few changes. 

Reversing the positions of the filter com
ponents produces, reasonably enough, an 
opposite effect. The illustrations above sho\v 
how this is done to produce a low-pass filter 
that will attenuate the higher frequencies. 
In this case the output voltage is tapped off 
the variable leg of the divider. As frequency 
goes up, the reactance of the capacitor de
creases, giving a lO\\"Cr voltage drop for the 
higher frequencies. 

Using a filter of this type between a1npli
fier stages requires certain 

·
precautions that 

are not needed \vith the high-pass unit. By 
themselves, the filter components would put 
part of the high plate voltage on the grid, 
and the condenser would block the grid 
return to ground: The schematic diagram 
above shO\VS the additional circuit clements 
that must be used \vhen this kind of low
pass filter is inserted between stages. In 
this hookup, the filtering is done betv. ... een 
the plate connection and ground, and the 
grid is coupled to the filter terminal through 
a condenser-resistor arrangement. This, 
ho\\rever, constitutes another high-pass fil
ter ; if the components of both sets were 
alike, they \Vould merely nullify each other. 

To offset this possibility, the coupling 
components are n1ade large, thus reducing 



their frequency selectivity, and allowing the 
desired filter · to do most ·of the frequency 
selection. The coupling condenser for this 
circuit should be about .1 mfd. ,  and the grid 
resistor about 2 megohms. 

Among the "built-in" defects of many 
existing amplifiers is an auditory effect 
known as "loss of bass." Most often this is 
noted when the volume control is turned to 
a low position. A tone-corrective filter that 
often succeeds in eliminating this fault con
sists of a tapped volume control with a con
denser connected between the tap and 
ground. When the volume control is turned 
down near the tap or below, the condenser 
causes it to act as a type of lo\v-pass filter. 
As volume decreases, the low notes are in
creasingly favored, thus compensating for 
the loss of bass. 

To prevent overemphasis of the bass, a 
limiting resistor should be used in series 
with the condenser from tap to ground, as 
shown at the left, below. At high frequen
cies the capacitive reactance may drop to 
just a few ohms, yet the series resistor main
tains the total shunting effect above the 
level of its own resistance. At low frequen
cies, the higher capacitive rcactance adds 
its ohmage to that of the resistor, raising 
the shunting effect. 

In order to reverse this ·effect, the limit
resistor should be connected in parallel with 
the condenser, as shown at the lo\ver right. 
Below the so-called "cross-over frequency" 
-that frequency where the capacitive reac
tance equals the pure resistance-the in
coming signal secs mainly the pure resist
ance shunting the line. Above this frequen
cy, the line is shunted by the resistor and 
the "lowered reactance in parallel. 

-
-
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Connected in series, the impedance of this 
filter tends to level off to the _limiting re
sistance above the cross-over ·frequency, 
while in the parallel hookup the total im
pedance is level for frequencies below the 
cross-over level, and the impedance drops 
as the frequency rises above the critical 
value. 

As before, the final test of these filters is 
in the listening. Using a .01-mfd.  condens�r 
and a 30,000-ohm resistor as a starter, this 
tone compensator can be adjusted to suit 
your taste. Set the volume-control arm to 
the point that gives the lowest ohmmeter 
reading between tap and arm, and leave it 
at that value while making changes. 

Some increase in high-frequency response 
can be obtained with this filter by connecting 
a small condenser-say 50 mmf. to 250 mmf. 
-bet\veen the top of the control and the 
tap. The over-all response will then be low 
in the middle-frequency ranges, and have 
broad peaks at both the low and the high 
ends. This type of response curve is gen
erally considered to be the n1ost pleasing. 

The thing to remember about resistance
capacity filters is that the use of a frequency
selective element ( the capacitor ) ,  in con
junction with a nonselective element will 
produce all manner of curves in the audio 
response of an amplifier. Whether high or 
low frequencies v.rill be passed or blocked 
de.pends upon the position of the components, 
while the range of any filter is governed 
by the size of the parts. Doubling or adding 
filter after :filter will steepen the response 
curve. In one co1nbination or another, fil
ters will permit you to do just about any
thing you want \vith just about any alter
nating-current signal. 

-
• 

.. 

I f  turn ing the volume control low p roduces a 
1 1  loss of b ass" in your receiver,  i nsert ing  a con
d e nser  between  volume-con trol tap and g ro u nd 
may give the fa i l i ng  low notes a boost. 
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bert W.  He l lenth a l  

HAVE you 
y o u r o l d  

wound phono(Y 
the attic beca 
has spoiled you 
its tinny sound ? 
here's your chan 
modernize the for� 
antique, and for · 

dollars give it a t 
good as that of 

ished 
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radio. Exactly the S< 
tone, in fact, for it \Vill play records throu 
your radio. From basement to attic, 
radio in the house can be tuned to picl 
records played on the unit, so the en 
fa1nily can enjoy favorite selections eve 
though not gathered in one room. 

The heart of the record player, a one-tube 
oscillator small enough to fit into the palm 
of your hand, is actually a tiny broadcastin 
station. It emits a radio-frequency carrier 
wave on \Vhich are impressed the audio fre-
9uencies comprising the recording. 

Assuming that you have none of 
the necessary parts in your scrap 
box, total cost for the oscillator 
should be about $5. Add to this 
the cost of a crystal pickup-say 
another $5-and you ' re all set. If 
you want to save yourself the 
bother of cranking up an old spring
wound clockwork drive, a phono 
motor and turntable can be picked 
up for only a fevv dollars more. 
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Compactness and simplicity of design are 
obtained chiefly through the use of a single 
multipurpose tube designed for use on 115-
volt house current. A 1 17N7 tube is shown 
in the diagram, but a 1 17L7, 1 17M7, or 117P7 
can be used equally \vell with a fe\v minor 
changes in the socket connections. The 
diode section of the tube rectifies A.C. into 
a D.C. power supply \Vhich is filtered through 
R5 , R6, C7, and C8. As with any A.C.-D.C. 
circuit, direct current goes through the 
rectifier relatively unchanged. 

H.adio-frequency ( R.F. ) currents are set 
up in the tank circuit, which consists of a 
small trimmer condenser ( C2 ) ,  and one 
\Vinding of an adjustable iron-core oscillator 
or antenna coil ( L ) . Some experimenting 

1ay be necessary to find the correct connec
ions. Varying either the core or t1·immer 

or both will change the oscillator frequency. 
Tran sf erred to the secondary of the coil 
id applied to the control grid of the ampli

section, this R.F. constitutes the "carrier 
wave" of your transmitter. 

Vibration in the needle of the 
pickup causes a varying pressure 
to be e x e rted on t h e  c rysta l .  
Through an effect kno,vn as piezo
electricity, these inechanical vi
brations are converted into alter
nating voltages that vary at audio 
frequenc i e s .  \V h e n  t h i s  audio  
signal is  a pp lied to the screen 
grid, it alters the carrier wave, 
and it is the modulated \Vave that 



.reaches the plate. From here the combined 
wave goes directly to the antenna and out in
to space. In principle, pretty much the same 
thing takes place in a large transmitter. 

Any k ind of clotp-covered \Vire may be 
used for the antenna, but it should be kept 
under 5' in length to prevent the signal fro1n 
radiating beyond the house. This is im
portant, since regulations .of the Federal 
Com munications Commission prohibit un
licensed broadcasting beyond a very limited 
range. To insure further against radio inter
ference either for yourself or your immediate 
neighbors, tune the oscillator to a frequency 
that is not used by any local station . 

The oscillator 'Nill have to be tuned ex
perimentally. Put a record on the 
phonograph, turn up the volume 
of both the record player { R4 ) 

io, and tune the radio 
· lr <Ye . If the 
signal is not · ry the 
trimmer condenser or the 
of the coil until it is. Now ect 
an unused frequency and keep ad
justing the oscillator until the 
record comes through \Vith maxi 
mum strength just at that point 
on the dial of your radio. 

�S C4 
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HS VOLTS 

While an old spring motor is perfectly 
satisfactory in this unit-· -provided, of course, 
that both the spring drive and speed regu
lator are in good condition-it isn't neces
sary to use this type if you have or can get 
an electric turntable. With the latter you 
eliminate the need for hand \\linding, \Vhich 
is a troublesome and unpopular feature of 
the older phonographs. To install an eleGtric 
motor, wire it into the circuit as shown by 
the dotted lines in the diagram ; all the other 
wiring remains the same. 

Any box or cabinet \Vill serve to hou·se 
your new record playe r ;  the tiny oscillator 
requires very little space and may be 
mounted in any position wi thout affecting 

its operation. If you put the player 
in the original phonograph cabinet, 
it will be necessary to remove the 
acoustical pickup. This will leave 
a large hole which may be covered 
with a piece of con1position board 
or plywood that becomes a mount
ing place for the ne\v pickup arm. 

On D.C. ,  the unit may not work 
as it is first plugged in. Take out 
the power-line plug and reverse it. 
You may wish to mark it for fu
ture use. 

List of Pa rts 
Cl : 110 mmf d. 
C2 : Trimmer condenser. 
CJ : 250 mmfd. 
C4. CS: .05 mfd. 
CG. C9 : . 1  m1d 
C1. CS: 20-20 mfd . . 150 

volts 
Rl. R 3 :  65.000 ohms. 
R2 : 3.5 meg. 

R4 : 250. 000-ohm 
potentiometer. 

R.5 : 10.000 ohms. 1 watt. 
R6 :  1 . 000 ohms. 1 watt. L : lrc:m·core osc. or ant. 

coll . 
S l .  52: S. P. S. T. switehes. 
Crysttil pickup. 
E!cctrlc or spring-driven 

turntable. 
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P E RS O N A L  RA D I O  
W I T H  A B E D S I D E  M A N N E R 

By Al bert W .  Hel lenthal 

INSTEAD of thinking harsh thoughts about 
members of your family \Vho fro\vn on 

your radio listening when they want to read 
or sleep, try one of these co1npact personal 
radios that znake the entertain1nent of the 
airwaves your private business. 

This set can practically be built out of the 

Since • the wi res ore  stored i n s ide  the cabinet,  ex
posed ports are careful ly sh ie lded a n d  secured . 
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spare-parts box, for "-'ith the exception of 
the resistance in series with the heaters, 
none of the specified values is critical. In se
lecting both condensers and resistors, a tol
erance of about 20 percent is permissible. 
The set can be used on A.C. or D.C. 

Lay out your parts before cutting the 
chassis. The one sho\\'n here measures 
1 '7� 11  by 3 1A�  /1 by 4 '' , but some variation may 

Com pactn ess is ach ieved through  d es i g n  rath er than 
throug h  the  use  of  smal l  p o rts. Note the  odd sizes .  



be necessary, depending on the parts you 
can obtain. One 9002 tube is used as an A.F. 
amplifier ; another, with its plate and grid 
tied together, serves as a diode half-wave 
rectifier for the power supply. The third 
tube, a 9003, acts as detector and R.F. am
plifier. Regenerative oscillation, used to get 
added selectivity and gain, is controlled by 
putting the volume control ( R2 ) in the 
screen-grid circuit. 

With all tube heaters connected in series, 
a 600-ohm voltage-dropping resistor must 
be inserted in the line. Any combination of 
line cords adding up to 600 ohms will serve. 

One of the last steps in the wiring consists 
of winding the feedback, or tickler winding. 
This goes next to the grid section of a stand
ard iron-core adjustable antenna coil. Two 
to 10 turns of 30-gauge enameled or D.S.C. 
wire will be needed. Turn the set on and 
find the exact number of turns by experi
menting. If no effect is noticed while mak
ing the adjustment, try reversing the leads. 

Hard composition-board sides and an 
aluminu1n front were used for the cabinet 
sho\vn, which measures 4 1h "  by 4 %. " by 6 � " .  
To prevent the tubes from working loose in 
their sockets, two 1 % " wood posts were fas
tened to the chassis. Small metal crossarms 
have holes drilled to fit ove� the glass tips. 

A 25' length of covered-\vire antenna, 
dropped out the window or fastened to a 
bedspring, will bring in the local stations. 
As the power line goes to chassis, use no 
ground and keep the set a\vay from radiators. 

Although this set is designed for personal 
listening, it has enough po\ver to drive a 
small speaker. Should you want to add one 
to yours, follow the inset shown in the dia
gram below. The extra parts that are need
ed are marked ' 'optional . "  

A n g l e  i rons  a nd smal l  bolts hold 
together a com position-board box. 

L1 

. 
··UOV 

S1 

List of Parts 
Ll , L2 : Standard adjustable i ron-core antenna 

coil .  
L3 : Tickler coll. 
Cl : 365-mmfd. midget tuning condenser. 
C2 : . 00025 mfd. , mica . 
C3, CG : . 5  mfd. 
C4 : . 0005 mfd. , mica. 
C5 : . 03 mfd. 
C7, CS : 20-20 mfd . ,  150 volts, electrolytic. 
C9 : . 05 mfd . ,  400 volts. 
Rl : 2 meg. , 1h watt. 
R2 : 15,000-ohm potentiometer. 
R3 : 50, 000 ohms, 1h watt. 
R4 : 45,000 ohms, 1h watt. 
R5 : 100, 000 ohms, ¥.t watt. 
R6 : 800 ohms, 1 watt. 
R7 : 800 ohms, 2 watts. 
R8. R9 : 300-ohm line cords. 
Sl : S . P . S . T .  switch. 
S2 : S . P . D.T. switch (opt . ) .  

T :  10.000-ohm midget output tra nsformer (opt. ) .  
2"' Permanent-magnet speaker (opt. ) .  

The extra space i n side  the cabi net w i l l  hold e ither  
the l ine  cord a nd coi led a nte n n a ,  or  a 21 1  spea ker. 

t 

f.. 

. ·A4 

R3 

9002 

C5 

• . . 
I 

. . 

PHONES . 

--
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T. R. F. R E � E I V E R H A S  

�Housed i n  a trim cabinet, the orig i n a l  receiver 
'had a n  extra in put e n a bl ing  it to be used with a n  
#F,M tuner. A tuning eye is located besid e the d ia l  

COMBINING automatic volume control 
. and- .a �uning eye with excellent fidelity, . 
.-· this t�ned-radio-frequency receiver will 
:give. top-notch local reception when con-. 
:p.ecteq to a good a1nplifier. It will not 
�'1D:.e with lhe critical sharpnes$ of a super-
h�terodyne, but ·i s  selective enough for all 
ordinary purposes. For use \Vith a high
quality A.F. amplifier, or a high-fidelity 
woofer-tweeter system, the T.R.F. circuit is 
hard to beat. Whereas superheterodyne 
receivers can be made to give high fidelity 
only .by elaborate and critical adjustments, 
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this ·T.R.F. circuit is simple - enough for the 
beginner to assemble. 

Aside from the t\tning eye, the circuit re
quires only three tubes. It can be connected 
to draw its power from the audio amplifier 
used \vith it, or may }?e built \vith a separate 
power pack. 'fhe hookup shown uses ·s tand·
ard 6-volt tubes ; if others are substituted, 
cond,enser and resistance values -may. have 
to be revised to suit. 

A straightforwar}l two-stage T.R.F. am
plifier is followed by an _infinite-impedance 
detector, which gives excellent quality· with
out loading the tuned circuits. The 6S;F7 
tube usecl ·as the second amplifier is essen
tially a· pentode identical to the 6SK7, phis 
a detector diode. This diode is condenser
coupled to the plate of the pentode section 
to generate the A.V.C. voltage. Since the 
plate coil section of an R.F. transfor1ner is 
not tuned, the diode load does not appear 
on the tuned circuits. 

As shown in one of the photographs, the 
antenna coil, which feeds into the grid of 
the 6SK7, is across the chassis from it. The 
first R.F. coil, \vhich feeds into the 6SF7 
grid, is acr9ss the chassis from this tube, 
but next to the 6SK7, the plate of which 
f eecls into it. This is sound layout practice. 
The grid of the 6SK7, as shown in the dra\v
-ing, is connected to the stator plates or the 
tuning condenser. Gang condensers have 
connecting lugs on both sides of the slator 
frame, so the grid encl of the antenna coil 
is connected by a very short lead to the 
stator lug on that side, and. the 6SK7 by 
another ·short lead to the stator 1 ug on its 
side of, the -chassis. The same is done with 

·6 SK7 � FIRST R.F. 
AMfPLlfJE R 

the first R.F. cojl and the 
6SF7. Thus the stator plates 
constitute most of the · grid 
leads. Because the coil as
sociated with each plate 
circuit is near the tube in -
volved, plate leads .also can 
be kept to minimum length. 

Keep all other R.F. leads 
as short as possible and well 
protected fro1n each other 
to avoid excessive feed-back. 
I t ' s  a good trick to use 
bright-red hookup wire f 0 1 '  
them, and to place the vari
ous _ by-pass condensers � so 
that they \yill help block 
feed-back. 

Pa rts are la id out to · rn·i n imize 
R .F. feed.back. A l l  coi ls are  
s'i ie ld ed.  Both plate a nd heater  
current i s  d rawn from the A.F.  
a m plifi e r  used w ith  this  tu n e r  



AUTO�I A T I C  VO LU M E  CO N T RO L  

Slight feed-back can be tolerated and is 
even desirable. 'Vhen plugged in, the set 
should be somewhat ''busy" with no station 
tuned in, since a very sn1all feed-back tends 
to greatly increase sensitivity and improve 
selectivity. But do not expect critical tun
ing ; the circuit is intended for high-fidelity 
reception, and must therefor� pass the full 
10,000-cycle band \\1idth of the transmitter 
with nearly uniform response. 

In selecting parts, be sure to use a 

matched set of antenna and R.F. coils. 
Otherwise a slight difference between them 
might 1nean, for example, that \\rith the 
antenna circuit tuned to 1,100 kc.,  the first 

., R.F. stage might be tuned to 1,050 and the 
second to 1,200 kc. ,  .even though all trim
mers were adjusted so that the three circuits 
tune simultaneously to 1,500 kc. 

A short indoor aerial will suffice for local 
reception. With an outdoor aerial, selectivity 
will be somewhat poorer. 

C H O O S I N G R A D I O  R E S I S T O R S  C E L E C T R I C A L J  
A · COl\L M O �  ·means of reduci:ny voltage 

at a desired point. or of J i 1niting cu rrent 
d raw to a sate va lue, is to inscl't a resist
ance i n  the c i rcuit. This is usually con
nected in series with the power source 
and whatever· de,· i cc o r  apparatus is to be 
so con t rol led. 

T\vo con d i tion� ruw.;t he n1et in choos
ing the right 1·c�i�tor:  it nn1st have the 
C<HTect. resistance to cause the req u i red 
' ol tage d rop. a n d  i t  n1uR-t ha,·e enough 
cu t-ren t -cal'ry i ng capacity to rernai n  rca
�ona b l y  cool i n  operation. 

Tiu� resistance is ca leulatccl by the for
mula R = E + I ,  where R is in ohms, 
F; in \•olt�. and I i n  a m p_eres. If the cul'
rent is in 1ni l l i an1percs. R ,\�i l l  he in thou
�ands of ohms. 

EXA:\IPLE : A resi�tor is needed to 
d rop a 300-vo l t  plate �n1 p�ly to 100 vol t� 
for· t.he screen g1· i d  of a 6SA7 tube. Thus 
200 volts inu�t be d r·opped across t he re
sistor. A tube 1nan ual l ists the �creen-

grid d raw as 11 1nillia1np. Divi d i ng 200 
by 11 yields 18, \vhich being i n  thou�auds 
of ohrns i n dicates a 1·esistor of 18,000 
oh1ns. In practice 20.000 oluns \Votl l d  be 
clo�e enough. 

The necessary cu rrent-carryj ng capac i ty 
or wattage rat i n g  h; given hy the fonuula 
W ( \\�atts d issipated a::> heat ) == E2 -:- R. 
S<1uaring t he voltage d rop ( 200 X 200 = 
40. 000) a nd d i v i ding by the resistance 
(18.000) gi\�cs 2. 2 watts : however. if '''e 
use a 20.000-oiun resi�tol'. i t  need be rated 
at only 2 watts. 

EXA:\1IPLE : The 8Creen of an R. F am
plifier· tube that d raws 2 m i l l ia1np. is to 
be suppl i ed with 180 \'O l ts from a 300-volt 
source. ThE� \'ol tage d rop acro�s the re
sistor rnu�t therefore be 120 vol t�. Divid
ing 120 by 2 gives 60. which aga i n  is i n  
thousands Q f  ohrns. Squaring t he voltage 
d rop ( 1 1 ,000) and d i v i d i n g  by resistance 
( 60, 000) . \VC find the resi�tor shou l d  be 
rated at  . 24 wat ts. 

P O P U L A R  S C I E N C E  M O N T H L Y S H O P  D A T A  
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t CATHODE -�AY 
ELECTQONS HAVE 

TO BE"POPPEO OUT IN 
ONE CfQEC.TION ONLV 

3 A SHOT OJ: HIGH 
VOLTAGE PE PS 

'EM UP AND STAQTS 
'.EM RUNN I NG 

4 HORIZONTAL; 
C>EP:LEC.TOR.$ SHOVE�M BAGI< 

AN D FORTH 

MOST U S EF U L  A N D  V ER SAT I L E O F  A L L  S ERVI C I N G  TOOLS,  T H E  
. 

CATHODE-RAY TU BE TRACES THE PATHS OF ELECTRONS FOR US 

SOME i.nventions become famous over
night \vhile others seem to lie in stor
age for years on end, waiting for a 

chain of pioneers to push them upward into 
the light. 

Cathode-ray oscillography, and, more 
particularly, the tube that is its eye and 
brain, falls into this class. Although it was. 
invented nearly fifty years ago, at the out
break of World War II the cathode-ray tube 
was still something of a rarity. Of course, 
the handful of oscilloscopes and television 
receivers in use all featured the miracle 
tube, but it remained for a mechanized war 
to teach us that the seeing eye of elec-
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tronics is the practically indispensable 
gauge of electronic movement-an almost 
pluperfect meter that can register every
thing that's measurable and even some 
things that aren't. 

In 1897 Karl Braun, a German physicist, 
channeled the discoveries and inventions 
of a number of other scientists by produc
ing an electrostatically controlled tube 
inside of which electrons could be made to 
trace a pattern on a fluorescent screen . 

It didn't create much of a general stir 
except among the pioneers in radio, tele
vision, and electronics. How did scientists 
regard Braun's tube ? The tip-off is that 



in i909 Braun shared the 
Nobel physics prize with 
Marconi. 

Considereq in only one of 
its aspects-as a serv1c1ng 
tool-the jobs that a cathode
ray tube can perform are al
most endless. 

Essentially the cathode
ray tube is a meter. Either 
as a voltm·eter-the more 
usual test-device form-or as 
a milliammeter, it uses a 
practically \\reightless pointer 
capable of being deflected 
with enormous rapidity. The 
"pointer" can faithfully fol
low voltage fluctuations at 
frequencies as high as 200,-
000,000 cycles a second or re
act to direct-current poten
tials. 

The "pointer," of course, 
is a beam of electrons ; it is 
1nade visible when the elec

Size isn't everything in cathod e-ray television tubes. The smal ler  one  
on the  right h ere is far more serviceable  than  the  old .style large tube;  

trons strike the fluorescent coating at the 
end of the tube. Electrostatic focusing and 
deflection of the electron beam is common 
in the test-instrument type of cathode-ray 
tube, while television tubes employ mag
netic focusing and deflection because a 
somewhat sharper focus can be obtained. 
When deflection is obtained by the magnetic 
field of a coil, however, there is an induct
ance load which tends to limit frequency 
response. Electrostatic deflectors represent 
a more ne�rly pure resistance load and 
can more readily be driven to very high 
frequencies. This article deals chiefly \\rith 
the latter type. 

An electron-emitting cathode, surrounded 
by a metal sleeve with a small opening, is 
the heart of the cathode-ray tube. The hole 
serves to define the electron beam and acts 
as an intensity-controlling grid. Two ring
shaped anodes dra\v out the electrons, ac
celerating them to high velocity. Because 
of the shape of the electro- , 

Just beyond the high-voltage anode the 
deflectors take over. The diagram shows 
the construction of a tube operated by 
electrostatic deflection. Two pairs of plates, 
mounted inside the tube, control the beam. 
One pair is mounted in a horizontal plane 
and deflects the beam vertically ; the other 
plates lie in a vertical plane and deflect 
horizontally. If one plate of a pair is  
charged positive and the other negative, 
the beam \vill bend toward the positive plate 
-since the negatively charged electrons 
will be attracted to it-and away from th� 
negative plate. By putting an alternating 
voltage on the plates they can be made 
to change from positive to negative and;. 
back again as often as the voltage alter
na tes. If the charge is weak, the electron·� 
will be moved back and forth only a short 
distance ; if it is strong, they will swing 
across the screen from end to end. An 
alternating voltage applied to the hori--. 

static fields between the con- Sweep voltag e  g e n e rators 
trol electrode and the focusing used in oscil loscopes prod uce 
anode, and bet\veen the focus- sawtooth waves that build u p  

to a peak  and then d ro p  to ing and high-voltage anodes, zero al most insta nta n eously. 

zontal-deflecting plates, then� 
will sweep the beam right and 
left at a rate equivalent to the 
frequency. The trace of this 
beam on the screen, however, 
\\7ill appear only as a straight 
horizontal line ( Fig. 2 )  since 
each side motion only covers 
the trace of the preceding 
electrons. 

the electron beam is drawn, 
as if shot from a gun, to a 
pin-point of light at the fl uo 
rescent screen, as shown in 
Fig. 1 on page 64 . 

Leaving the gun, the elec
trons move to\vard the screen 
at great speed. En route, how
ever, they are pushed and 
pulled by the deflecting ap
paratus, causing the spot to 
move on the screen. 

When a signal is applied to 
the vertical-deflecting plates, 
exactly the same effect takes 
place except that the trace "is 
perpendicular to the horizontal 
trace, as shown in Fig. 3. If, 
however, alternating voltages 
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are sin1 ultaneously applied to both pairs 
of plates, so that as the spot moves across 
the screen it also moves up and down, then 
the electron beam will trace out a visible 
pattern ( Fig. 4 )  representing the relation
ship of the t\vo voltages applied. 

The cathode-ray tube itself is rather 
insensitive. Some with screens 5 "  in diame
ter operate with 1 ,200 to 1,500 volts be
tween cathode and high-voltage anode. 
When electrons are accelerated by such 
high voltages, they move with enormous 
speed. Fairly heavy potentials are there
fore needed on the plates to cause adequate 
deflection. For a standard 5" tube, about 
400 volts S\ving is needed to drive the spot 
completely across the screen. In checking 
the perfor1nance of a radi o  trans1nitter or 
the po\ver stage of an audio amplifier, s_uffi
ciently large voltages are normally avail
able and the tube can be directly con
nected. But for most \\-"Ork deflection volt
,ages must be amplifi�d, and a1nplifiers arc 
therefore built into test instruments such as 
the .oscilloscope. 

An oscilloscope is a test instrument built 
around a cathode-ray tube.- By means of it 
you can amplify and feed a signal onto 
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VERTICAL.L. Y 
DEFLECTED BEAM 

HORIZONTAL.· VERTICAL 
DEFLECTION 

either the horizontal oi· vertical deflectors. 
Usually the test signal is applied only to 

the vertical-deflecting plates of an oscillo
scope, while horizontal movement is ob
tained by means of a s\veep-frequency gen 
erator, \vhich usually operates in direct 
proportion to elapsed time. At the bottom of 
page 63 is a picture of a sweep voltage 
as recorded by the cathode-ray tube ; it is 
obtained by means of an accumulation of a 
charge on the plates of a condenser con
nected across a control tube. This charge 
builds up at a uniform rate, reaches a peak, 
and discharges almost instantaneously. The 
" almost'' is important be·cause the very 
slight tilne required for the· spot to return 
to its starting point introduces some distor
tion. For most practical uses, however, the 
fly-back time can be discounted. 

Three basic factors account for the im
mense utility and adaptability of the- cath
ode-ray tube as a t�st instrument : first, it is 
a double vacuum-tube voltmeter which 
gives a direct, visual indication of instan
taneous voltage. Second. being double, it 
can indicate the instantaneous value of ·one 
voltage \vhile simultaneously indicating the 
instantaneous value of a second, separate 



voltage. Third, comparatively simple elec
tron ic circuits can be devised to measure 
any given quantity, quality, or property in 
terms of voltage. 

This last factor may not look impressive, 
but its importance is almost beyond esti
mate. A photoelectric cell readily converts 
light intensity into voltage ; a microphone 
converts sound-wave pressure into voltage ; 
a Rochelle salt or quartz crystal converts 
mechanical pressure in to voltage ; a me
chanical setup of a rocking prism, a small 
motor, and a motor-driven variable resistor 
can produce a voltage proportional to the 
color of light allo\\ted to fall on a surface ; 
two sn1all coils and a bar of metal will 
produce a voltage characteristic of the 
magnetic properties of the bar of metal, 
and those magnetic properties are de
pendent upon the alloy content of the meta l ,  
its past history of heat treatment, me
chanical treatment, and temperature. The 
list could be continued indefinitely-in fact, 
there is no known quantity that cannot be 
measured in terms of voltage. Humidity, 
X-rays, oxygen, hydrogen, nitrogen, or the 
gas content of any sample can be ineasured 
electrically. Even the intensity of human 
eznotions can be measured in terms of 
voltages ! 

-But the cathode-ray tube paints a visible 
picture of ho\\-· one voltage varies with re
spect to another. If the s\veep voltage-the 
one causing the horizontal deflections-is 
generated by a relaxation oscillator, the 
spot \\-'i l l  move from left to right at a steady 
rate. The horizontal a xis, then, will repre
sent time. ' If an audio-frequency signal is  
applied so as to cause vertical deflection, 
the resultant trace on the screen will be a 
graph of instantaneous voltage vs. time. 
This very capacity to compare any two 
things expressed in terms of volts makes 
the cathode-ray tube the most universally 
applicable, the most adaptable, of all servic
ing tools. Since it is inherently a vacuum
tube voltmeter, it is ideal as an output 
meter. But since it  can both measure the 

amplitude of a wave anct determine the 
shape of that wave, unlike ordina ry output 
meters, it can also act as a distortion meter. 

By using the cathode-ray tube in con
junction with a frequency-modulated signal 
generator, set alignment of an accuracy 
otherwise impossible becomes simple. The 
horizontal sweep ( tizne)  is tied to the 
frequency modulator in such a way that 
the horizontal displacement of the spot 
represents frequency. The vertical S\veep is 
supplied by the output of the audio system 
of. the set under test. If you \Vere aligning 
the 456-kc. intermediate frequency, the 
frequency-modulated signal generator would 
be set to generate 456 kc. plus and m inus 
about 15 kc. 

In a properly a l igned set, znaxim um audio
frequency output \\�ould appear as the signal 
passes through 456 kc. In any case, the re
sultant pattern on the screen is an accurate
ly plotted response �urve. Where alignment 
is incorrect, there may be t\vo, three, or 
more minor humps. As the trimmers are 
adjusted, these minor humps are seen to 
slide along, coal esce, and finally build the 
properly peaked curve of exact alignment. 

An output zneter and ordinary .signal 
generator can do fairly \Vell on this job with 
an ordinary set, but when double-peaked 
intermediate frequencies are used in broad
band, high-fide l ity superheterodynes, the 
output meter won't do the job. An oscillo
scope and F.M. generator are the only t�am 
that can properly align an F.M. set. 

For tracking down and curing distortion 
in an audio amplifier, the cathode-ray 
oscilloscope is the instrument of final au
thority. With it you can see the distortion . 
It dra\vs its O\Vn portrait, and by its type 
and form tells you \Vhere to look and what 
type of correction to make. 

There is a simplified, small, green-glowing 
type of cathode-ray tube familiar to most 
people as the "magic eye ."  But it's the 
cathode-ray oscilloscope tube that is the 
real magic eye. It sees all, knows all, and 
tells all ! 

H ere's  the l ife story of o n  e lectric wove as  told by a cathode-ray osci l losco pe. Left, the harmonic-rich , 
h i g h ly d i storted output of o 50-kc. m u ltivi brotor ;  w h e n  fi l tered ,  the s i g n a l  becomes o n  a lmost p u re s i n e  
wove.  The g reater  n u m b e r  of p e a ks m e a n s  a slower swe e p  volta g e .  When  the  swe e p  is  lowered st i l l  further ,  
we see a fi lte red but  u n modu lated R.F.  ca rr ier .  La st, a 400-cycle s igna l  is i m p ressed on  the ca rr ier. 

65 



Mc..do rn  c k ctron :c  serv ic i ng  req u ires o 
t(:> · rneter thot k nows a l l  the o n  swers. 
Thi� article tells you how to m a ke o n e . 

,,,, 

Building a Cathode-Ray Oscilloscope 
T H E  ON E-I N STRUMENT LA B FOR RADIO SERVICING 

NOT' long ago, radio servic·emen could 
troubleshoot ahnost any ailment just 

by listening to the syn1pton1s. Ci rcuits were 
-by present standards-relatively si1nple. 
and in nine cases out of ten a little sound 
judgment \vould quickly suggest the cause 
of the trouble.  

Those days aren ·t dead yet, but they're 
dying fast, for t\vo closely connected rea
sons. rrhe first is that radio engineering has 
advanced into regions hardly drea1ned of a 
decade ago. Infinitely more con1plicated c i r
cuits offer so many potential trouble spot�; 
that it is almost impossible to guess at the 
cause of poor operation . 

Secondly, as an off shoot of better radio 
design, the public has come to expect qual ity 
reception. The old feeling that a radio is a l l  
righ� as long as it plays is  giving way to the 
more critical attitude that a radio should re
produce sound faithfully and \vell. Fron1 a 
servicing standpoint this nleans that a cath
ode-ray oscilloscope has beco1ne the key
stone of a good radio lab. 

An earlier section of this book ( see pages 
62-65 ) discussed some of the jobs than an os
cilloscope takes in its stride. Despite the al
most superstitious belief that it is a n1yste-
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1·ious and fearfully con1plica ted thing, a 
'scope is easi er to set up than a standard al l
\Vave receiver of cotnparable quality, and 
costs about as inuch to 1nake. 

As can be seen fro1n the diagrams on the 
following pages, the co1nplete oscilloscope 
involves, essentially, tive units : horizontal 
and vertical atnplifiers, saw·tooth oscillator, 
power supply, and cathode-ray tube circuit. 
'l'he cathode follo�ver \Vhich helps stabilize 
the amplifiers need not be counted as a sepa
rate part. 

Horizontal and vertical a1nplifiers are 
sin1ple repetitions of the san1e basic circuit. 
Each is essentially a phase-inverter, push
pull po\\rer amplifier such as might be used 
in any radio receiver.  But it is simpler. uses 
fewer parts, has higher gai n ,  and a type of 
"high-fidefity" l'esponse that is con1pletely 
beyond the ordinary concept of high fidelity. 
r.rhese an1pii fiers respond equally to (l/lty fre
quency fro111 20 cycles pei· second right 
through the short-\\·ave spectru1n at 2 .500,-
000 cycles. The 2.5-megacyclc bancl is 
handled on a fiat characteristic ; at 10 1nega
cycles the gain has fallen off son1ewhat, 
but still shows considerabfe a111plification. 

Blocking condensers Cl and C2 a re used 



to allow study of A.C.  waves on a D.C. line. 
A composite voltage divider, Rl, reduces the 
effect of stray capacitance. The first half of 
the 6SN7 is used as a cathode follo\ver to 
minim ize loading of the circuit under test ; 
the other half of the tube is � phase splitter 
of the cathode-follower type, R5 and R6 
being equal . Any value between 1,800 and 
2,500 ohms will do, but the two resistors 
should be accurately inatched by ohmmeter 
tests. This setup assures that the plate and 
cathode will follow accurately any fre
quency impressed on the grid, yet never iln
pose a load on th e input circuit. 

The amplifier stage also follO\\tS prett.Y 
conventional lines for Class A push-pull ,  ex
cept for one feature .  It takes voltage to 
swing the cathode-ray beam, but almost no 
po�Ner. Instead of using a push-pull output 
coupling transformer, therefore, resistance 
loads RlO and Rll are used instead. The 
6AG7 is a special type of video power am
plifier designed for cathode-ray use. It is 
unique in that it gives high gain although 
working into a low load resistance. 

Low load resistance, here and in the phase· 
splitter, is essential to broad band response 
because of the unavoidable capacity from 
wiring to ground. Leads, socket pins
evcrything associated \Vith the circuit-has 
so1ne unwanted capacity that acts to....shunt 
high frequencies to ground. It's a small ca
pacity-perhaps only 15 m1nfd.-but even 
that becomes important at 2 megacycles, 
since it represents ?-n impedance of only a 
few thousand ohms. If we were to use, say, 
a 50,000-ohm load resistor from plate to... 
ground, much of the high-frequency signal 
\VOUld be shunted by the capacitance. But 
with a high-povler signal developed across 
6,000 oh1ns or less, the slight shunting is 
simply svla1nped. and the desired signal 
blasts through to the cathode-ray tube. 

Similar considerations lead to the need for 
the unusual gain-control system. The full 
signal i s  applied to the grid of the first half 
of the 6SN7, and the potentiometer R3 in 
the cathode-follower circuit. All potentiom
eters have some shunting capacity, so lo\v 
resistance ( 2 ,000 ohms in this case ) is used 

-

Layout is  im portant on  al l  h ig h-fr eque ncy 
equ ipment. I n  ord e r  to keep wiri n g  to a 
m i n i mum , it i s  nece ssary to place related 
ports close together. The d rawing  shows a 
recommended a rra n g e m e n t  of tube sbckets 
on the subpon el .  Note that it d iffers from 
the �r ig ina l  mod e l  shown i n the  p h o tograph.  
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to prevent attenuation of high-frequency 
signals. But this also means that the cath
ode follower can't follow signals in excess of 
about 20 volts. It is in order to boost this 
range up to about 600 volts that the special 
voltage divider Rl is used. 

The familiar sine wave represents a graph 
of voltage plotted against time. To repro .. 
duce it on an oscilloscope, we must make the 
horizontal beam 1nove across the screen at a 
constant rate. Without this horizontal tim
ing movement, any signal that causes a re
peated vertical movement will simply cover 
its own traces, appearing to the viewer as a 
straight vertical line. 

To give visible inotion to the cathode-ray 
beam, therefore, it is necessary to produce a 
voltage that will rise at a steady rate, caus
ing the spot to move steadily from left to 
right, and return from maximum to zero al .. 
most instantaneously. A circuit producing 
such a \vave is called a sawtooth oscillator. 

In this oscillator, voltage is fed into one 
of the condensers in the bank C12-Cl 7 
through the high resistance of R18 and R19. 
This voltage gradually builds up across the 
condenser, and also across the gas-type 
triode 884. When the voltage reaches a crit
ical value, the gas in the tube b reaks do\vn 
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and suddenly becomes an excellent conduc
tor. The full potential discharges through 
the 884, whereupon the tube relapses into a 
nonconducting state, and the charge again 
begins to build up across the condenser. 

The frequency with which this  trip-ham
mer discharge takes place depends on sev
eral factors : how large a condenser is used 
( wh ich is \vhy five choices are given ) ,  how 
fast voltage is fed into the selected con .. 
denser by varying R19, and hO\V many volts 
must be developed across the tube before it 
fires. This last factor is controlled by the 
tube's grid b_ias, \Vhich is supplied b y  the 
voltage divider consisting of R15, R20, and 
R21, and by signal voltage through S4. 

Keeping the beam visible on the ·fluores
cent screen requires that horizontal and ver
tical movements be synchronized. The trace 
moves from left to right, jumps back, and 
starts again from the left. Since the same 
trace moves both ways, it will be visible on 
its return trip unless a blanking circuit is 
used. This consists of R43 and C28 ; because 
a 50-minfd., 2,000-volt capacitor may be 
hard to get, an alternative circuit is indi
cated by the dotted lines. In this setup, sub
stitute C30 for C28, and connect it in series 
With C29 and in parallel with R46. 
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All condensers 600 volts unless 
otht>rwlse nott'<l. 

C l .  ca. 7. cs . C l 8. C 1 9 , C2 3 .  
C :M ,  C2 5. C2 1i : . l mftl 

C2 : 2 mfd . .  2.000 \.'Olts or htKhesf 
voltage a \0Rllable. 

C4. CS. CJO. C20. C21 :  .2S mfd . 

C6, 022 :  20 mfd . .  25 vol ts . clec-
trolYtlc. 

C9 :  .5 m!d . 
cu : 25 mf d.. 25 volts, electro .. . Jyt.ic. 
C12:' .25 m!d • •  400 volts. 

013 :  .05 mfd . . 400 volts. 
Cl4 : .005 mhl . . 400 volts. 
CJS:  1 .500 mmfd . . 400 volts. 
C16 :  250 01mfd. . 400 volts. 
C17. CJO: 50 mmfd . .  400 volts. 
C27. CJ! : 1 mfd • .  1.500 volts. on-fil led oauer. 
c2s : · so mmfd . . 2.000 volts. C29 :  .001 mfd . ,  2.000 volts. . 
C32. C33. C34. C35 : 16-m!d . .  450-

volt. electrolytic Olter con
densers. 

All  resistors 1 watt, unless 
otherwise noted. 

Rl: eoml>Oslte \'oltntte ·dl\older·. conslsthur o 3. 
\\ ntt reslistor3 : lta. I 0.1000 . ohnhl : Rb. 2 .500 ohms : Be. 1,�00 ol!ms; Rd. ·5 0 0  ohms. · 

R2. R4: 2 n1e1r • 

RJ ;  2.000-ohm POt. 
RS, R6. R13. R23, R24 : 2.000 ohms. 
R7. R9. R25 .. R26. R30. R31 . R38: 250.000 ohms. 
Ra. R27 : 50 ohms. 2 watts. 
RIO, R l l ,  R28. R29 : 6,000 ohms. 10 watts. 
Rl 2 : 5 ,000-ohm 1>ot. 
R l 4 :  40.000 ohms. 
R l 5 : 1.500 ohms. 

RIG. R32. R33. R34 . R37: 1 mefr. 
Rl'l : 25 ohms. 
R18: 400.000 ohms. 

R 1 9 :  5-mesr. oot. 
R20: 80.000 ohms. 
R21 : 60,000 ohms. 
R22 : 2-mejt. oot. 

R35. R36: 1 .. me�. uot. 
R39 : 700.000 ohms. 2 watts (two 350.000 ohms. 1 

watt ln series ) .  
R•O : 500.000 ohms. 2-watt oot. 
Rol l .  R43. R49. R50. RSI, R52 : 100.000 ohms. 
R42: 250.000·0hm DOt. 
R44 . R45 : s. ooo ohms. 10 watts. 

R46 : 10 mcsc 
R47: 20.000 oluns. 
R48 :  5 me11r. 
Rz. 1t11 : T-o bo detcnr• lncd b)· trial ; !'t'O tc.xt. It 

T2 is a s�ndar<t 3.000-volt neon-tube trans . .  
. nz e<1ual3 4 0 0 . 0 0 0  ohms, s wau::1. and I� 
e<1ua1s l meg . .  2 watts. 

LI .  L2. LJ. L4 : one Pie from standard four-olc. 
2.5-mb . R. F. choke. 

L5 : oowcr filter clloke. 200 ma . . 10 h . •  or Jara-er. 
Tl : 1 15 .. to-6.3 volt trans. ; 5,000-voJ t insulation. 
T2: 1 15-to-l .OOO volts or more. 
TJ : 1 15-to· 2. 5 volt t rans. : 5 .0oo. volt. insulation. 

T4 : standard 200-mn . oower trans. : 1 1 5 to 6.3. 
· 5.0. and 425-0-425. 

S I : D.P.S.T. tumbler . . 
S 2 :  S.P.S.T. toa-gte. 
SJ : S-i>osUlon selector: 1>reCerably low-loss 

cc!·amlc. 
S4 : 3-l>Osltion selector. 
SS : 3 -POsltion D.P. selector. 
S6: 6-Posltlon S.P. selector. 
Tubes. sockets. and accessories as noted. 

Healthy voltages are needed to drive the 
spot across the screen, and cal 1 for .a 200-
m i lliam p. po\ver suppl y  capable of deliver
ing a full 400 volts under load. If you can 
get transmitter-type filament transformers 
with 3,000-volt insulation you can save 
yourself the job of rewinding heater trans
former$ for the 2X2 and cathode-ray tube. 

This can he done, however, in a single eve
n ing's \\-�ork on two small , standard 6 . 3-volt 
transforn1ers. Taking out the core stac� 
you \Vill find the 6.3-volt \\"inding outermost, 
Remove this \Vinding, counting the turns. 
'\Vind t\VO layers of 5,000-volt insulating 
cambric over the primary, and, for Tl, re
place the 6.3-volt secondary. Put · another 
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A focused beam without am plification. 

S ince the oscil losco pe is  
an e n ormously sen sitive 
test i n strument ,  it n e eds 
many controls. A u sefu l  
pane l  arra ng ement is  in
d icated at the left. The 
three views at the r ight 
i l l ustrate the operation 
of the three amp l ifie rs. 
H orizontal and vertica l 
sig n als  ore  shown above ; 
the lower p icture s hows 
a vertical sig n a l  ti med 
by a horizontal  sweep.  

double layer of cambric over this, and re
pla�e the core stack. The 2X2 transformer 
( 'I'3 ) is processed in the same way except 
that only 25/63 times the number of turns 
is replaced in the secondary. 

The high-voltage transformer can be any 
convenient one giving 1,000 volts R.M.S.  or 
better. A small neon-sign transformer is 
likely to be the cheapest and easiest to ob
tain ; it \Vill work nicely in conjunction with 
a voltage-divider system Rx and Ry as 
sho\vn. VaJ ues of the resistors will have to 
be determined by trial 
measurement on the fin-

should be taken to install the sockets so that 
pins 2 and 7 are in a vertical plane. 

Note that the focusing and intensity con
trol potentiometers ( R40, R42 ) run nearly 
1,200 volts negative to ground. But these 
potentiometers aren't ordinarily insulated to 
\Vithstand thousand-volt strains-and nei
ther are you. Mount them on a bakelite sub
panel and join the shafts \Vith insulated 
couplings. While the insulation stands up, 
both you and the oscilloscope are safe. But 
if it should break do\:vn, the metal shaft \Vill 

cause the cathode to 
short out to the chassis. 

ished oscilloscope. Use 
different resistors untit 
an output voltage of 1,200 
volts negative to ground 
is obtained across C31 
w i t h  t h e  h i g h - voltage 
neon pilot light removed. 

l\r11 llN I N C; 
1,4 () () ,, () l .. '1' s 

It \vill be an expensive 
breakdo\.vn, to be sure, 
but at least you'll still be 
around to make the re
pair. 

High-voltate capacitors can store deadly 
chargH for as much •• a week. Do not 
trust any part of the h19h·volta1• circuit. 

Condensers C25 a n d  
C26 also run at very h igh 
potentials .  M a k e  s u r e  Si�ce the busy end of 

the cathode-ray tube is 
nearly 18" behind the front panel, the am
plifier circuits should be located at the back. 
Horizontal and vertical-gain potentiometers 
should be mounted on the subpanel carrying 
the amplifiers and cathode-ray tube socket. 
Use long plastic rods to drive the potenti
ometers from the front panel. Horizontal 
and vertical input jacks should be placed on 
the side of the oscilloscope, and the selector 
switch ( S5 ) for horizontal inputs should 
also be placed at the side rear. 

If the 6AG's are mounted horizontally as 
suggested by the drawing on page 67, care 

.JO 

they are supported where 
they can't touch ground. Use high-voltage 
auto ignition cable for all leads 1narked with 
a spark symbol in the diagram. 

When \vorking on the oscilloscope, its 
po\\rer supply, and especially the high-volt
age supply, remember that you are han
dling sudden <lea th. Electrons are quicker 
on the draw than you are, so don't depend 
on your agility to make adjustments \�.rith 
the power on. Engineers, radio hams, and 
power-line workers live with the stuff be ... 
cause they respect it and never trust it. 

They've got the right idea. 
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PLUG D. P. D. T...-lr 0 SWITCH 

WA R P E D P H ON O G R A P H  R E C O R D S  that slip against 
other records on an automatic changer can often be 
straightened simply by placing them between glass and 
leaving the1n in a ,,.·arm place for a fe\v hours. Use t\.\'O 
scrap pieces of plate glass at least 12"  square and lay a 
sheet of paper between each surface of the record and 
a glass to a void damaging the grooves. Put a \Veight, 
such an an electric iron, on top. A shelf over the kitchen 
range, or some similar spot, should provide sufficient 
war1nth to take out the bend. 

Occasionally a record so straightened \Vill retain a 
slight curve that perm its the convex surface to slip .. 
This can be corrected by repeating the straightening 
operation \Vith a 4 "  circle of heavy paper or thin card
board on the center of the convex side. 

Slipping usually occurs when a record is so warped 
that the drag of the needle is greater than ·the drag of 
the record on the one below it on the automatic changer. 
Tv.ro adjacent records in a set may be warped and still 
iit together in such a \.\'ay that they do not slip. In such 
a case straightening is unnecessary.-\VILLAIU> A LLP I I I N .  

SAF ETY CAN B E  ASSU R E D in \vorking 
\vith experimental high-voltage electronic 
equipn1ent by incorporating a double'-pole 
clouble-thro\v switch in the circuit, as shown 
in the diagram above, instead of the cus
tornary line S\Vitch. This acts on the sa1ne 
principle as the more expensive and hard-to
obtain interlock switches, permitting the 
condensers to discharge automatically \Vhen 
the switch is thrown over. The resistor is 
added to prevent excessive sparking at the 
contacts. Since the discharge takes place in 
a matter of milliseconds, a 1-watt resistor 
is adequate.-GEORGE 0. SMITH . 

S H O R TS I N  A CON D E NS E R ,  such as are 
apparent when a radio goes dead over part 
of the dial, can be traced quickly by rigging 
up a homemade tester consisting of t\vo dry 
cells and a door buzzer. Disconnect the 
stator leads and connect the cells and buzzer 
in series with one section of the condenser 
at a tiine, as sho\vn below. Then slowly 
rotate the condenser back and forth, watch
ing the segments closely. A short will show 
up as sparks bet\veen the plates, which can 
then be straightened.-OTTO H. 1-'IILLER. 

M E A S U R I N G I M P E D A N C E S  [ E L E C T R I C A L ]  

1 1 0-V. 
A.C. 

F I G. 1  

1 1 0 - V. 
A . C .  

With tho a i d  o f  an (')rdlnnry A . C .  \'Oltrnetcr. I t  l �  f'nl rJy c:a�:v to 
mca�ure the :1ctui.tl I mpedance value of chokeM, outJ•ut tran� form<-r .. . 
anel la11ec paper condensers. Ir you h:n-e an lnduct:.nc:�·<':tJictclt:tnc.-· 
lmpedancc·fl'equcnc�· chart. the hnpe<iancc me:t�nrements so deter ·  
min eel c:tn be converted to h t'nrle� o r  mlcrof:lr:tc1>' . 

I n  Flg. l ,  U I� a known resi1'tor approxlmatel)' e<�ual to t ht> l m1t<.'<I· 
nnce of' the ln<luct:ancc but, to pre,•ent OYl•rhc:tt.lnP:. raot lfl�i- thnn 
2 . 500 olun�. while J. •� the choke to ht! mea�urt•(I .  Hl•ml v1 and V2 
with the l\ . C .  ''oltmeter; then u:!Se the followlnK fomuila:  

n x v:? 
lmpcclance of L I n  ohm& == ---,,--

V 1 If' R Is ·LOOO ohms. v 1 1 =-- 88 ,·ott�.  an•J v2 Is 22 ,·olts. then 

L 
·1 .ooo x 2:.? 1 000 ' . = 8� = , 01m1,,. 

When lmped:·mcc rea<llng� •u·c made oil transformer " .  th(· f'Ccon<lary 
mu-.t be loaded with a rci<ll"to1· of' the value ot the kpcaker voice col l 
normally used. The_ correct nalr ot :secondary l<af)ioc to match an 8-olun 
� 1>eaket' t.o " required output c:m h<.o cteterml lte<l by measur i ng the 
Impedance of' the transformer ,,;ith an 8·otun resistor R<'roi-" c11f· 
fert.-nt !'lecondary taps . 

In 1:-1�. :? .  R1 I R  " known resh;tor approximately e<iual to the Im· 
1>c<lctnce of' the tr•l11�rorm�r but. to prc,·eut O\'crheat ln){. not lei-i. than 
2 . 500 ohm1'1, and n.� Is a restRtor equal to the Impedance.• of' the 
normau�· usc<I speaker ''olc<> col l .  For push-pull tr:m�rormcrf'. Uf'e the 

F I G. 2 ft R x V2 I two plate taps and tscnore the center t:tp. Then. as w i t h  t'hoke�. I U 
reud v1 ancl \'� a�d wee the followln" fc,rmul:t: 

" 2 Impedance In ohm8 = 

...____,_______ ' If l't1 b 8 ,000 ohm1', � Is �1 ohms. v1 I �  60 volts, :m<l V! Is 50 

R 8 . 000 x 50 OUTPUT TRANSFO R M E  volts, then tms>cdance = GO · = 6 , 066 ohms. 

p ·o p u l A R s c' I E N· c E M 0 N' T H l y s H 0 p D A T A 



SIGNAL BOOSTER BRI NGS I N  WEA K STAT·IONS 

RADIO hsteners who confine 
themselves to local network 

outlets and independent stations 
are so1netimes pleasantly sur
prised when a stray combination 
of elements brings in an unexpect
ed broadcast from distant parts. 
It is only when such accidents 
happen that inost of us realize 
how much first-rate entertain
ment never reaches our ears. 

To overcome the short reaching 
power of inost home radios, the 
booster shown in the photos below 
reaches out and drags in weak 
and fading signals. The regenera
tive circuit gives it a usable gain 
comparable to that of a two-stage 
amplifier, while the antenna cir
cuit improves the signal-noise ra
dio. When no boost is needed, a 
flick of the change-over switch 
cuts the plate voltage of the am·
plifier tube so that no interfering 
harmonics are radiated. 

Feedback is obtained by adding one turn 
of 22-gauge silk-covered wire around the 
ground end of a regular broadcast-band 
antenna coil in the same direction as the 
coil winding. Tap off the antenna lead one 
quarter of the· way from the same end. 
Ground the shield of the output lead to the 
chassis of both the booster and the receiver. 

A 6J7 tube is used as the R.F. amplifier 
by design, but the 6K7 found its way into 
the rectifier circuit only because a discarded 
one happened to be handy. �Iany otherwise 

I 

Completeiy ass e m bled,  the booster 
is com pa ct on a chassis 2" by 5" 
by 51h. Sta n d a rd parts are used. 

1 

72 

unserviceable tubes will operate as rectifiers 
\vhen plate and grids are tied together. 

If the filament switch is turned on while 
the change-over switch is off, the booster 
can be kept warmed up and ready for use. 
When the signal starts to fade or a weak or 
distant station is \vanted, the booster is 
S\vitched in and tuned for maximum signal. 
If a hum is heard when the booster is used 
with an A.C.-D.C. radio, it may be necessary 
to reverse the plug connecting it to the 110-
volt line.-GEORGE BOLTON. 



Worn-Out Tubes Are Sa lvaged 
As Rectifiers with Few Cha nges 

RADIO tubes that drop off i n  efficiency o r  intro
duce unwanted noises into the receiver may nave 
to be replaced even though they are not actually 
burned out. 

1\1any such tubes can be reused as rectifiers 
by reducing- the effective nu1nber of circuit ele
ments to the two found in a simple diode. 

Some tube types, illustrated at the right, can 
be converted by means of the changes shown. 
'l'he beam-forming plates of the L6 series of am
plifiers have been omitted since they are not 
affected by the changes. In some cases it may be 
necessary to insert a voltage-dropping resistor in 
series with the filament.-WALTER ANDE:HSO:\ . 

E..J 5, 6P5, &c..5, ETC 31, 76, E TC 

3 s: -

e+ 

____ ____. -!-
SOY6, 2 5 Z6, ETC. SOL<O, 35L6, 2 5 Lco, ETC. 

Co p per-Oxide Rectifier 
,. Used for Bias Voltage 

BIAS voltage may be obtained -in 
certain types of equipment by lift
ing the filament line from ground 
and installing a copper-oxide recti
fier. Conventional cathode-resistor 
bias is ineffective in circuits where 
plate current either doesn't flow or 
is inter1nittent-for exa1nplet relay 
or photocell hookups-and a volt
age divider may cut the plate cur
rent. A rectifier across the filament 
is, in effect, a small po\.ver-supply 
bias that does away \Vith the need 
for an extra D.C.  sou-rce to serve 

. j 1 this purpose.-GEORGE 0. Sl\HTH_. 
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El ectronic diagrams ha v c  come a 
long way from the half dozen or so 
figures with which they began. These 
symbols. taken in part from Bulletin 
Z32.5· 194-t of the American Standards 
Association. arc a few of those now 
!n common use. Symbols marked o arc 
not given in the Bulletin. 

P O P U L A R  S C I E N C E  M O N T H L Y  S H O P  D A T A  
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S e r v i  e i n  g Y o u r  n. a d  i o-----=------��,__-----�

N O I S Y  O R  E R R A T I C  performance may re
sult if there is pitting in the resistance ele
ment of a carbon-strip potentiometer, above, 
often used as a volume or tone control. The 
pitting, which develops after use or where 
the unit must carry appreciable current, .oc
curs directly under the curved path of the 
movable contact finger. A satisfactory re
pair can be effected by bending the 1novable 
contact radially, either in or out, so that it 
travels along a fresh track on the carbon 
strip. Controls having t\vo or more con
tact fingers will work for a time with only 
one, so if a new path cannot be obtained, 
remove the finger that rides along the pitted 
path.-GILBERT R. SON DEHGH. 

H I G H -VOLTA G E  L EA K S  within a condenser 
can be quickly located with just an ohm
meter or voltmeter and a B-battcry. The 
same method will measure unkno\vn high 
resistances on the order of 10,000 megohms. 

To test the resistance of a condenser, con
nect it as at A, close the circuit for an in
stant, and then open it. The meter \:vill kick. 
If the condenser \Vere perfect, remaking the 
circuit would not cause the meter to budge. 
In practice, a .02-mfd mica condenser in 
good shape won't show a second meter kick 
·after a delay of a minute, though a good 
paper condenser 1nay lose its charge in a 
few seconds. Cornparative tests \vith similar 
condensers known to be good will tell \vheth
er a specific condenser is good, fair, or poor. 

V O LT M ET E R  

. .  - f,7 '-'2 -VOLT - B BATT E RY 
----/ - / 

- C O N D E N S E R  _. U N D E R  TEST 

. e !._ __ ,..,_.�,,___,_. 
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R E s 1 s r o R  B R I D G ES, or chains of fixed 
carbon resistors, have numerous test uses. 
Belo\:v is shown how five 1 -m egohm resistors 
were connected to measure a 10,000-volt 
power supply with a 5,000-volt voltn1 eter. 
They were connected across the power sup
ply to simulate its normal load and the volt
meter was then connected across one of the 
resistors. The true voltage was somewhat 
n1ore than five times the reading because of 
the voltmeter dra\v, but this factor can be 
neglected with most testing meters. 

Another use for this improvised voltage 
divider is for securing accurate low A.C. 
test voltages sometimes required as a sig
nal input. To obtain . 1  volt, for example, 
use 1 0  resistors of equal value across a 1-
volt 60-cycle. source.-G. H . . S. 

Approxi1nate values of resistors can be 
determined as at B .  By comparing the 
meter deftection after a tirned wait \Vhen 
the condenser is shunted across an unknown 
resistor with that obtained from a kno\\ln 
one, you can gauge the unkno\\.pn value. 

Insulation resistance ca.n be checked by 
the method illustrated at C. A 1 or 2 -mfd. 
oil-filled condenser may show a substantial 
charge after eight hours if in good condition. 
Give one of this type a charge of several 
hundred volts fro1n a B power supply, and 
connect it across the insulation to be 
checked. If the condenser alone gives a 
healthy meter kick after eight hour:;; , but in 
the circuit loses its charge in five n1inutes, 
the insulation leaks badly.-J .  W. C. JR. 
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HEAVY-DUTY 

C ll O K E - I N P U T  P 0 \\7 E R 
Servicing Your Ritdio 

I n  the rear view of the powe r pack .  the tra nsformer is at 
l eft and  the two chokes at rig ht. the second be ing the o n e  
o n  the  s ide.  Wir ing i s  shown i n  the  view from t h e  botto m.  

'j\ T H ERE you find replacement of 
' Y a power pack dlfficult, or have 

trouble with blowouts on a conden
ser-input filter, · this rugged po\ver 
pack, constructed of salvaged parts 
and capable of delivering 300 volts 
at 250 milliamp. ,  will give excellent 
service. It will also p rovide a well
filtered source of pO\X.i"er for a short
wave receiver. The unusually high 
current rating provides plenty of 
current for power stages. 

Good voltage regulation is  assured 
by the choke-input filtering feature, 
which also will prevent the high peak 
voltages that sometimes blow out 
even 450-volt condensers when a 
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mercury-vapor rectifier tube i s  u-sed • . 

This type of filter gives better voltage 
regulation than those of the conden
ser-input type, showing less voltage 
drop \vhen a heavy current demand is 
placed on it. 

Two .01-mfd. condensers from the 
plates to ground cancel the annoying 
hums that are sometimes caused when 
the R. F. circuits are modulated by the 
power supply at certain frequency 
settings while the detector is oscillat
ing. If A. C. hums are encountered, 
add .25-mfd.  condensers across each 
side of the power line and from the 
6.3-volt heater leads to ground.  

If  the speaker you use is  one of the 
many of the electrodynamic type em
pioying a powerful electromagnet in
stead of a permanent magnet, you 
inay connect its field coil for use as 
one of the choke coils in the power 
pack. This expedient permits the coil 
to function in two \\rays, since it will 
also p rovide the necessary magnetic 
field for the speaker. For use on other 
sets, the power pack will require two 
chokes. 

The parts are arranged on a metal 
chassis with the second choke screwed 
on one side to allow for greater com
pactness. An octal socket is used for 
the outlet connections, while a dis
carded octal-tube base makes an ex
cellent plug for the outlet cord for the 
receiver-tube filament voltages and 
high-voltage taps. Less flash back on 
starting, but poorer voltage regula
tion, is possible with a 5Z3 or 5U4 tube. 

• 

6.3·VOLT 
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25.000 w 
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Hidden Mou nting B rackets 
Fasten ·Smal l  · Rad i.o to Wa l l  

ALL too often a small radio ends 
up at the wrong side of a room 
because there's no table space avail
able where you \Vant it. This prob
lem qan be overcon1e by the hidden 
wafl bracket shown here, which 
also helps to give little radios a 
modern, "built-in" look. 
Its cost is negligible. 

Before hanging your ra
dio, be sure that the cabi
net is sound and the joints 

·are in goo.ct condition. 
Screw two angle brackets 
to the wall as sho\:vn.  Fin
ishing nails or small wood 
scre\vs driven through the 

F I N I SH I NG 
NAI L 

t�p of the cabinet \Vill 
keep it fro1n sliding off ANGLE . 

_.,.,. 

without preventing you 
from lifting it off when 
desired. Cut off the ends 
of the nails.-H. D. POST. 

BRACl<ET 
SCf<EWEO 
TO VIALL . ... .. . . .. . . . .. 

� -.�. �·.:::,.:: . . ; . 
• • '.· ·  • • . • 1.• 

. '\ . . - ·-· 

Term i n a l  Stri p Hel ps .Experimenters i n  Testi ng New Circu its 

RADIO experi1nenters \vho have to stretch 
available equipment can adapt a ho1ne radio 
set to supply current at different potentials 
for a variety of test instruments or "add
on" circuits. $fx connections brought out to 
a terminal inounting strip at the back of the 
chassis will make it unnecessary to remove 
the set for every new experiment. 

Connect the terminal points to the ci rcuit 
element indicated in the dra\ving. Shield 
the No. 4 connection and hook it to the un-

CHASSIS 
OF' SET 

--�--��- G�OUND 

grounded side of the volume control that 
con nects \vith the A.F.  input to the audio 
amplifier. Check your radio before inaking 
this connection, since not all volume controls 
are suitable for this use. For a handy con
tinuity and condenser teste�r, attach a pair 
of prods in series with a neon lamp as 
shown. A record player may be connected 
to Nos. 1 and 4 ,  or a co1nplete crystal -micro
phone prea1nplifier can be fed directly into 
the power output stagc.-E. E. YOUNGKI X .  
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WHAT TO DO ABOUT INTER11ITTENT 1·1ECEPTION , 
��se1·vieing Your Ratlio'' 

RADIO servicemen and home mechanics 
are often hard put to find the cause 

of intermittent or fading radio reception . 
. A. receiver 'NOrking perfectly one minute 
may drop in volume or fade away com
pletely the next, perplexing the repair man 
no less than it exasperates l isteners. Bang
ing the cabinet, flicking the switch, or sim
ply walking heavily across the room will 
often jar the radio back to life, but this is 
only a tempora ry expedient, and the recep
tion is sure to fade again later on . In the 
fallowing instances several of the more 
common manifestations of such trouble 
\Vere traced to their source, and lasting 
remedies \Vere applied . 

A small A.C.-D.C. five-tube superheter
odyne was afflicted with abrupt increases 
and decreases in volume. The fluctuations 
usually occurred \vhen house lights were 
turned on or off. It was found that the 
.05-mfd . ,  400-volt tubular condensers in the 
grid returns of the A.V.C. tubes ( Fig. 1 )  
were faulty. These had to be replaced. 

Similar trouble was experienced by the 
O\vner of a set that could be stirred into 
renewed operation only by snapping the 
on-off S\vitch or turning on a house light. 
After all tubes were checked, it \\ras dis
covered that reception could be restored 
by touching the plate -leads of the first 
detector o� convel'ter tube, or the IF leads 
or oscillator-tube leads. This led to the 
t:couble being traced to a defective detector
cathode by-pass condenser ( Fig. 2 ) .  

Frequently intermittent reception is due 
to a _faulty coupling condenser in the grid 
circuit of a power-pe:otode tube ( Fig. 3 ) ,  
such as a 50L6 or a 43. Th is ca uses a radio 
to lose volume suddenly. The fault can be 
corrected only by replacing the condenser, 
\Vhich usually has a value of .05 mfd. ,  
400 volts. 

Intermittent reception is also often 
caused by dirty \\··ave-band svlitches. Hard
ened flux or grease n1ay accun1ulate on the 
contact points, \Vhich can be easily cleaned 
\Vith carbon tetrachloride and a small cloth 
or toothbrush, as shown in the photo. Even 
if a S\Vitch tests 0.K. on 110 volts, it will 
still cause intermittence if the contacts are 
not clean. 

Radios with \Veak or noisy reception nlay 
O\ve their eccentricity to corrosion of R.F. 
or I.F. grid-return leads at the chassis. 
These points should be carefully inspected. 
Usually it is best to install a common 
ground wire and connect grid returns to it. 

, 

D i rty wove-bond switches often cause i ntermittent 
rece ption.  C leon  them with carbo n  tetrach lor ide.  
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By Tra cy D iers 

OWNERS of inexpensive record players 
often content themselves with lower 

standards of performance than they would 
like because of the belief that p rice and 
quality have to go hand in hand. Generally 
speaking, that's a sound rule, but it doesn't 
mean that the performance of such phono
graphs can't be improved. 

Defects inherent in n1any players can be 
corrected at least in part. Among the most 

Before attem pting to e l iminate background hum 
from the  record player, be  sure that the troub le  
doesn 't  orig in ate in  the ra d io ampl ifier. A I 00, 000-
o h m  resistance w i l l  s imulate the piclcup impedance.  

ltnproving 
SMALL THINGS CAN MAKE 

common faults are A .  C.  hum, motor 
vibrations, "wows," and distortion of 
high-volume passages. 

While this article deals only with 
adjustn1ents that can be made in the 
record player, a few things should be 
kno\vn about the an1plifier with which 

it is used-in most cases the output stage 
of a home radio. Most important, of course, 
is the question of whether it is the radio 
that is causing the disturbing background 
hum. If your radio doesn't have a separate 
ground lead, it is probably of the voltage
doubler type· and should not be grounded. 
In most cases, however, an an1plifier or ra
dio will be used that has a ground connec
tion, and this should be securely connected 

Good g ro u n d i n g  is im porta nt to h u m l ess reception .  
I f  a n  ohm m ete r test of the picku p case shows a n  im
perfect g round ,  solder  one e n d  of a piece of wire 
to the hol d i n g  n ut, the othe r  to the cable shiel d .  

H u m  may be caused b y  the A.C. fie ld  put out b y  t h e  motor l i n e  cord . Separate it from the piclcup coble .  

7 8  
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Lo-ur-Cost Reeo�d Players 
A BIG DIFFERENCE I N  TH E QUA LITY OF YOUR PHONOGRAPH 

to a water pipe, steam radiator, or  the like. 
Remove the phonograph plug a.nd replace 

it with a 100,000-ohm resistor to serve as a 
dummy load. Turn the volume up to the 
usual point and note the hum level. If it is 
very pronounced, then you must seek the 
trouble in your radio ; if not, remove the re
sistor and reconnect the record player. With 
the motor turned off, but the volume up to 
its customary level, listen again for hum. 
Whatever increase you now hear may be 
p ut down to the record player. The trouble 
may be of either inductive or mechanical 
origin. 

Connections bet�·een pickup and amplifier 
are one source of induced hum. If ordinary 
wire \Vas used, replace it with shielded cable 

Sometimes the m a g n etic fie ld set u p  by the motor 
persists even with a l l  l eads  properly grounded.  
Should this  happen ,  sh ie ld the motor with a th in  
sheet of  any m a g n etic metal and g round the sh ie ld.  

and ground the shield. To make sure that 
the pickup case is effectively grounded, 
touch one prod of an ohmmeter to the ground 
pipe and the other side to the pickup case 
( Fig. 2 ) .  A perfect ground will give a n1eter 
reading close to zero ohms ; if it is higher, 
ground the case as sho\vn in Fig. 3. 

No\V listen again for hum in the speaker, 
first with the motor off. As you turn it on, 
you should hear a click in the speaker, but 
no hum. If you do hear hum, reverse the 
line-cord plug. 

Still no improvement ? Perhaps the motor 
is p utting out an A .C. field that is being 
picked up by the shielded cable. A motor 
line cord that runs parallel to the pickup 
cable ( Fig. 4 ) ,  should be separated as shown 

To e l imin ate mecha n ical ly  caused hum,  vibration·s 
tra nsmitted from the motor to the record must be· 
d a m ped so�ewhere a long the l i n e  of trave l .  A 
piece of h eavy felt g l ued to the turnta ble may he lp .  

U sed with ·the  bolts that ho!d the  motor to the  moun ting board, rubber  sl eeves wi l l  a bsorb some vibration .  

�U BBE� 
S L E EV E  

RUBBER 
WASH E�s -..-.a� 

MOU NTI NG 
BOARD. 

MOTOR 
SU PPORTING 

. STQAP 



The water test, a bove, shows if motor vi brations 
a re sti l l  being tra nsmitted to the p ickup.  O n e  
common cause of ' 1 wows1 1 is fl u ctuation in  the  l i n e  
volta g e  • . A voltm eter across the l i ne  ( right )  wi l l  
. s how a d i p  or rise at  t h e  tim e t h e  mus ic  q uavers. 

in Fig. 5. Better still, replace the line cord 
With a shielded two-conductor cable, and 
ground the shield. 

Despite all these precautions, induced 
hum may still continue to ride through. 
One measure that still remains is to bend 
a ·sheet of iron or similar magnetic material 
around the motor as shown in Fig. 6. 

There seems to be a perverse force in life 
that always manages to put the thing we're 
looking for at the bottom of the pile. So 
don't be ·too surprised if none of these im
provements quite turns the trick. There's 
a pretty good chance that the trouble is 
not J.nductive at all, but mechanical. 

. 
Mechanically caused hum usually orig

inates within the laminations of the motor 
�tself, and works upward through the shaft 
to the spindle and turntable. Once in a while 
·it is -possible to eliminate the trouble by 
tightening the laminations. More often, it 

ao 
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will require that the record be physically 
isolated from the vibrating motor and shaft. 

Cement a piece of heavy felt over the 
turntable ( Fig. 7 ) ,  and place on it a record 
having a qu·iet or unmodulated sectjon. 
With the needle in the quiet grooves, turn 
the gain up high. Any hum that can now be 
heard in addition to needle scratch may in
dicate that vibrations are being transmitted. 
Replacing the metal spindle with a rubber 
one should lessen this distortion. If it 
doesn't, you will have to sound-insulate the 
motor from the mounting board. 

Use live-rubber sleeves and ·washers for 
the sound insulation. Discard old hardened 
washers, if any, and insert sleeves of at least 
1h "  o.d. ( Fig. 8 ) .  Do not draw the nuts so 
tight as to cancel the springiness of the 
rubber. To test for motor vibrations, use a 
glass of water as shown in Fig. 9 ;  with the 
motor running, no ripples should appear on 
the surface. 

Another common trouble found in inex
pensive players is a inalady kno\vn as 
4 '  " d h \vows, cause w en the turntable speed 
changes and introduces unpleasant quavers 
into sustained musical notes. Rooting out 
this defect completely might require a major 
rebuilding job, .but the nuisance can be min
imized if it happens to be caused by over
loading of the line. Using the record player 
on a circuit on \Vhich you already have a 
refrigerator, oil burner, or other fair-sized 
load may mean that the player is subjected 



to voltage fluctuations introduced into the 
line when this equipment is turned on and 
off by regular service demands. 

To check line fluctuations, connect a volt
meter across the record-player plug at the 
point where it enters the wall receptacle 
( Fig. 10 ) .  At the instant a "wow" occurs, 
the voltage may show a marked variation. 

.Should this happen, try the record player 
on a less heavily loaded circuit. 

Distortion of high-frequency sound pas
sages results when a crystal pickup gener
ates too high a voltage for the amplifier with 
which it is used. This defect, known as 
' 'blasting," can be remedied by the simple 
filter circuit sho\vn with Fig. 11. 

Fi lter Increases Ton a l  Range o f  H igh-Fidel ity Crysta l Pickups 
SOl\tE of the newer phonographs feature 

pickups \Vith excellent crystals and extreme
ly light needle pressure. Used in conjunction 
with the vinylite-type records that prac
tically eliminate needle scratch, it is possible 
to get the full tonal range actually recorded 
on the disks. 

But because recordings are made with 
magnetic cutters and played back with crys
tal, a filter should be inserted in the pickup 
circuit to compensate for inherent differ
ences in frequency characteristics between 
magnetic and crystal devices. The shunt is 

SO WA.TTS 
5,000 OHMS 

Test Gives Field-Coi l Resista nce 
WHEN the resistance of a burned-out 

loudspeaker field coil is not marked on the 
original-as often happens-finding a re
placement poses a problem for the service
man. Connect a resistance in series \vith 
coil L, as shown above, across the field-coil 
terminals, and vary R until proper plate and 
screen voltages are observed. Turn off the 
power, and measure resistance x-x. Install 
a coil with the same value.-JACK KING. 

Knobs Protected by Recess ing 
FLUSH knobs on a 

portable radio or  
phonograph case can 
be fitted by cutting 
suitably sized holes 
in a thick panel and 
m o u nting t h e  con 
trols on composition
board sheets screwed 
on behind. Knobs in 
this position ca.11not 
i n t e rf e re with t h e  
closing of tight-fit
ting covers.-G. 0. S. 

l u  I 
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used to disconnect the filter when old-style 
records-still the most comn1on-are being 
played.-JOIIN w. CAI\'IPBELL, JR. 

Surg ical I nstrument Serves a s  
' 'Th i rd H a nd''  for Servicema n 

TEJ'.\IPERED steel forceps that can be made 
to lock in one of several positions are par
ticularly useful for holding wires or small 
parts in place while both hands arc used for 
soldering. Slightly damaged or \Vorn hem
ostatic forceps of the type illustrated above 
are available at many secondhand stores. 
l\:Ietal shims may be soldered to the blades 
to allow the right pressure for frequently 
repeated opcrations.-H. LEEPER. 
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Knowing Six Basic Types Wi l l  

E n,able You to Adopt Sa lvaged 

Tubes to Al most Any Circu it 

FACED with a new circuit he \vishes to 
buiid and a collection of salvaged tubes, 

the electronic experimenter may find it hard 
to decide which \Vill serve his purpose. Tube 
n1anuals are .full of information, but after 
studying the be\vildering array of tubes 
listed in thcn1, the beginner may find himself 
·a s badly off -as before. "I'he \vay out of this 
·confusion is to understand the six basic tube 
types. It will be simple then to classify the 
tubes on hand and make full use of the data 
in the manuals. 

"'rriode," "pentode," and "tetrode" are 
simply general classifications, each covering 
several subdivisions. These subdivisions arc 
based upon the operating characteristics 
·ot' the tube and the use for \vhich it is 
intended. The steady progress of research 
has constantly added new tubes in each 
category, yet to keep older equipment in 
use, it has also been necessary lo keep 

.available the older types of tubes. This re
sults in the plenitude we find in the inanuals. 

Another reason for the large variety of 
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tubes is that different filan1ent-heater volt
ages are used in various radio re�ceivers, 
and each of the basic tube types inust, 
therefore, be available in different heater 
ratings. Thos a 128!{7 and a 68!{7 are 
identical save for the heater voltagc-12 
for the former and six for the latter. Port
able radio receivers designed to use flash
light cells as a souree of heater current also 
need pentodes such as the 68!{7. The 1 T4 
\vas designed for them. 

Most standard electron tubes have been 
designed for use in radio receivers simply 
because these have offered the greatest 
n1arkct for them. However, radio tubes 
\Vill serve adn1irably in many other applica
tions. �:Jost radio and laboratory needs can 
be met \Vi th six basic types : the 6SJ7, 6SI<7, 
6SA7, 6SQ7, 6J5, and 6L6 . .  A.hnost any tube 
listed in the manuals can be understood by 
comparing it to ·one or the other of these 
six basic types. 

The 6J5 is a triode. So i� the 6SQ7, but 
this tube h'as t\VO s1nall detector diodes as 
\Vell. Frequently these are ignored and the 
tube is used simply as a high-gain triode . 

• 

Both are inodern tubes. It must not be 
supposed that hecause the triode \Vas the 
first developed it is an inferior tube. It is 
not an extren1ely _high-gain tube, but for 
inany purposes it is the best choice never-
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theless. The biggest transmitter power tubes 
-100,000-watt giants-are triodes. 

Tube manuals list two kinds of triodes
vol tage amplifiers and power amplifiers. 
Each of these is in turn subdivided into t\VO 
classes-the voltage amplifiers as medium
mu and high-mu, and power tubes as 
low-mu and high-mu, niu standing for the 
an1plification factor. The designation of 
voltage or power amplifier indicates what 
kind of gain the tube provides. Each has 
advantages in certain applications. 

One type of gain does not exclude the 
other; a voltage amplifier steps up the 
power ( current )  to some extent, and a high-
1n u power a1nplifier amplifies the voltage 
swing somewhat, but the order of amplifica
tion is very different for the two types. For 
example, a 6A3 po\\rer-amplifier triode can 
deliver as much as 200 milliamperes, \Vhile 
the 6SQ7 voltage-amplifier triode is rated 
at o.9 milliampere. The 6A3, a lO\V-gain 
po\ver tube, passes much more current than 
a high-mu power tube, while the 6SQ7 is 
a high-mu voltage amplifier that sacrifices 
current gain. Bet\veen these there is the 
6J5, a medium-mu triode rated at 9 milli
amperes and capable of an amplification of 
about 20 times. 

In general, pov..rer-amplifier tubes require 
a fairly strong grid signal, but they deliver 

a po\\rerful punch at the output. A low-mu 
triode power tube may require a grid varia
tion of 60 volts and have a plate- voltage 
swing of only 100 volts, so that its voltage 
amplification is small � But the current, 
which on the grid may be less than .01 
milliampere, may be stepped up several 
thousand times at the output. 

High-mu power tubes such as the 6AC5 
require smaller grid voltages, but they give 
less power gain. High-gain voltage-ampli
fier tubes, on the other hand, may deliver 
up to 100 times as much voltage as is im
pressed on their grids, but with small cur
rent output. 

The distinction between voltage and power 
amplifiers holds for tetrodes and pentodes 
as \vell as for triodes. Ho\vever, the tetrode 
power amplifier becomes the beam power 
tube, which in effect acts as a pentode; 
Pentode and beam power amplifiers require 
much smaller grid voltages than do triodes ; 
their great gain makes them more efficient 
for small apparatus such as radio receivers 
and public address systems. Two 6L6 beam 
power tubes can supply 15 to 30 \Vatts of 
audio po\ver, or, in a special hookup, as 
much as 80 watts-enough to be heard two 
miles a\vay. A1nateur short-wave trans
mitters using t\vo 6L6's can communicate 
across the continent. 'I'pe 6V6 is a slightly 
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smaller beam power tube that 
can be used in the same \\ray. 

Tetrode and pentode volt
age amplifiers are divided in
to remote-cutoff and sharp
cutoff types, the later also 
being called a variable-mu 
or supercon trol pen tode. The 
difference bet\veen these lies 
in the $lructure of the con- ,, 
trol grid. � 

So far as electrons are con
cerned, the grid wires can be 
"inflated" by in1pressing on 
them a negative potential 
until, in effect, they over
lap and block the tube. Close
ly spaced grid \Vires will be 
so inflated when a charge of 
only a few volts is applied. 
Widely spaced wires will be 
individually inflated as much 
with the same charge, but 
because of their greater sep
aration, they will not block 
the tube. 

Two pentodes among the 
six basic tube types illustrate 
this. In the 6SJ7, the con

Shown ful l  size , these tiny a corn . tr iodes work at 5 00.000.000 cycles  
and more.  I n  the socket i.s  a 6-volt  tub e ;  the other is a 1 112-volt type. 

trol-grid '-V·ires are closely and uniformly 
spaced ( Fig. 1 ) . With a negative charge 
of 3 volts on the grid, a change of 1 volt 
will cause a change in plate current of 2.5 
milliamperes. In the 6SK7, the change in 
plate current would be about 2 millian1peres 
under the same conditions, and both tubes 
would have about the same amplification. 

The 6SK7 has grid wires that are not 
uniformly spaced. As shown in Fig. 2, those 
at the top and bottom are spaced like the 
grid wires of the 6SJ7, and at a potential 
of -3 volts they act in much the same way. 
But the entire grid of the 6S.T7 "overlaps''  
at -9 volts ; the tube is blocked and stops 
conducting at that point, whereas the 6SK7 
is still strongly conductive at a grid charge 
of -19 or even -29 volts, because its grid 
wires are widely spaced in the middle. This 
wide spacing permits the tube to pass cur
rent, but it also makes it less responsive to 
changes in grid potential. For exa1nple, 
with a charge of -35 vol ts on the grid, a 
1-volt signal \Vill alter the plate current by 
only .01 milliampere. Thus, at high grid 
potentials, amplification is very low. 

This feature characterizing the super
control pentode is very useful. With ordi
nary tubes, volume control is gained only 
·by varying the strength of the signal im
p ressed on the grid with a potentio1neter or 
a similar device. With supercontrol pentodes 
s·uch as the 6SK7, the entire signal can be 
fed into the g-rid, and amplification control 
can be. gained · �imply by varying the grid 
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bias. This is purely an electronic control, 
involving no 1nechanical parts, and therefore 
it can be readily incorporated into an 
electronic circuit. It is this automatic 
volume control that permits 'YOU to tune 
from a near-by 50,000-watt station to a 
5 ,000-\vatt one in another city \Vithout 
touching the manual volume control. 

The 6SI<7 dif(ers from the 6K7 chiefly in 
being provided with internal shielding and 
having the control-grid lead co1ne to a 
p rong in the base instead of to a grid cap. 

Sharp-cutoff pentodes like the 6SJ 7 and 
6J7 are used in high-gain audio amplifiers, 
detectors, oscillators, and D.C. amplifiers. 
F'requently they are hooked up as triodes. 

Heater rating is indicated by the figure 
p receding the letter or letters in a tube 
designation. For each heater voltage there 
is, in general, a high-gain pentode like the 
6J7, a supercontrol pentode corresponding 
to the 6K7, a pentagrid converter similar to 
the 6SA 7 or 6A8, a general-purpose triode 
like the 6J5, a high-mu triode such as the 
6F5, and a duplex-diode high-1nu triode 
equivalent to the 6SQ7. There will also be 
power-amplifier triooes corresponding to the 
6li..3 or 6A�5. 

If a circuit diagram calls for a 6SJ7, a 
little adjustment of resistance and con
denser values will permit you to use a 
6J7, a 6AC7, a 6C6, a t2J7, or any of 
several other pentodes. A fe\v 6-volt tubes, 
hc"'.vever, and some of the battery-type 
pentodaa, h.a.ve the suppressor grid con-



nected to the cathode within the tube. 
Usually 6SJ7 circuits call for this connec
tion anyway ; if the one in question does not, 
internally-connected pentodes can't be used. 

Both pentodes and tetrodes can be used 
as triodes. Simply connect the extra grid 
or grids to the p)ate. Some tube handbooks 
include data for using pentodes in triode 
connection in resistance-coupled amplifiers. 

Among the things you cannot do is to use 
a voltage amplifier ( 6SJ7 ) to replace a 

power amplifier like the 6K6, or vice versa. 
The suffix "G" or "GT" indicates the tube 

type designated in a glass envelope instead 
of a metal one, the tube being otherwis.e 
ide�tical. 

With the advent of inultielectrode tubes, 
the four-prong socket gave way to others 
until today the octal ( eight-prong ) socket 
is standard. It is v1ired differently for 
various tubes. Diagrams al\\rays shovv- sock�t 
connections as seen from beneath the chassis.-

G low La m p  Demon strates. Cutoff Actio n  of Various  Tubes 

Bet\veen .01 and .1  inilli� 
ampere, the character of 
the glow changes ; from .1 
to 5 milliamperes the area 
of  glow i n c rease s ; and 
above 5 milliamperes the 
brilliance of the glow in
creases. 

The circuit can be as
sembled on an old radio· 
chassis. Three sockets are 
used to facilitate the testing 
of different tubes. If avail
able, old sockets \\rill do 
satisfactorily, or three octal 
sockets can be util ized b,Y 
wiring them as sho\vn, the 
unused terminals being dis;. 
regarded. 

Extra sockets c a n  be added . This chassis has  o n e  for testi n g  6SQ7's  

One 5,000-ohm fixed re
sistor and two potentiom;.. 
eters are required. The 
5 , 0 0 0 - o h m  p o t e n t i o m eter 
makes it  possible to vary 
the control-grid vol tage) 
w h i l e  the other p e rm its 
variation of the screen-grid 
voltage.  T h e  screens of 

WITH this sfmple test- circuit, you can 
compare visually the plate current that is 
passed by different tubes at various grid 
potentials, and you can also demonstrate the 
cutoff action of the tubes. An argon glow 
lamp 'Nill serve satisfactorily as the indicator 
in the circuit. It is sensitive to a current 
as small as .01 milliampere, and gives a 
visible indication of changes in current from 
this value all the way up to 50 n1illiamperes. 

(;LOW LAM P 

beam po\ver tubes frequently operate at full 
plate-supply volta.ge, being connected direct
ly to the plus side while the plate is con
nected throug.h the load. The switch shown 
permits th is· hook up; 

A voltmeter is optional . It \Vill show ex
actly what grid bias is being applied. A 
nlilliammeter, if available, may be used in 
place of the argon bulb 'for better compar� 
ison of the plate current passed.-J. W. C. 
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ADAPTI NG AUTO RA D I OS TO HO�'I E USE 
Servicing Your Radio 

W ITH a few basic changes an automo
bile receiver can be adapted for use jn 

the home on standard house current. Some 
of the parts do · not \Vorl{ on 115-volt A.C. ,  

·b ut substitution of parts that will result .in 
conversion of the entire set. 

First, get a new speaker-a permanertt
magnet type. Most automobile speakers use 

� 6-volt D:C. field, and you will need one 
th-at uses no current for the field. �'.'.Ierely 
connect the voice coil to the leads that were 
connected to the voice 'COil of the original 
speaker. In some cases, a plug arrangement 
may permit returning the set to the car. 

The po\ver supply must also be changed. 
There are two types com-
monly used in auto re
ceivers. For that employ
ing a tube rectifier ( Fig. 
1 ) ,  obtain a 110-volt pow
er transformer that 'Nill 
deliver 150 mlll'iamp. at 
250 to 350 vol ts and 6 .3 
volts for tube heaters. Use 
the same rectifier, hooking 
the high-voltage leads to 
the t\VO plates as shown. 
T-hese are the same con
nections used for the old 
l:ransformer. 

After this, remove the 
input-line and ignition fil-

, 
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'CAR BATTERY 

�WITCH TO TUQE 
H EATER� 

TO �PEAKER 
� ELD 

--�-�--- - - - - - �- - - - , I 
----. I � · RECTI F'I ER � I I I I 

I 
I 
I I 

I 

B+ I 
- - - - - � - - - - _J ) Vig. I 

86 

HIGH
VOLTAGE 
WIN CI NG 

• 

� -- - - - - - - ---� ---� - - ,  
,' RECTI FI ER 

,. 

7VIBR�TOR 

"--/ 
SWITC.H 

n · TO tlO·VOLT 
M LlN E  

• 

5·V0t..T WINDING 
NOT USED 

6.3 ·V0t • ."T LINE 
TO TUBE HEATERS 

Vig.fl 

ter and add an on..:off switch to break the 
115-volt A.C.  circuit. Run the filaments of 
the tubes from the 6. 3-volt A.C.  winding of 
the transformer, hooking the transformer 
lead to any convenient filament prongs in 
the set and grounding the other end of the 
transformer winding. The circuit is shown 
in Fig. 2.  

In an automobile receiver with a power 
s upply utilizing a synchronous-type vi
brator, the high-voltage input comes from 
the center tap of the car transformer. Use a 
new power transformer \Vi th a center tap to 
connect to the filament of an 80, 5Y3, 5Y 4 ,  
or si1nilar-type rectifier · tube, and use the 

5-volt \Vinding to drive the recti
fier filaments. This, of course, 
requires the addition of a tube 
and socket as well as the power 
transformer. 

A long antenna is not neces
sary since automobile receivers 
are made to operate on very 
short whip antennas. A short 
piece of wire about 20'-will 
serve very well. The speaker 
may be mounted on the panel of 
a cabinet or in any \vay suited 
to its use. Insert the shut-off 
switch, which should be a 1 10-
vol t type, in one lead to the trans
former primary.-G. 0. SMITH . 
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R A Q I O  S E R  I CI N G  

W EA K  R A D I O  T U B ES often shov1 new signs of life when sub
jected to the healing effects of heat. You may have noticed 
that tubes that were relegated to .the spare-parts shelf for a 
"rest' ' \vorked perfectly a year or so later. Heat :merely 
speeds up this self-healing process. To reactivate tubes ha v
ing no defects other than low electron emission, place them in 
a tray or shallow pan and bake them for four to five hours in 
an oven that is ke·pt b�t\veen 350 and 400 deg. F. Allow the 
tubes to cool in the oven, and test them after they are cool. 
Some tubes will show no improvement until they have been 
in operation for a few hours. The process is usable only on 
tubes \vith oxide-coated cathodes, but this class embraces 
practically all modern receiving tubes. No tl.1be can be suc
cessfully reactivated more than once, so those so treated 
should be plainly marked.-W. H. BLAXK1\1EYER. 

S PA G H ETTI  with nail-pol
ish "sauce' '  doesn't make 
a very appetizing dish, but 
your radio \Von 't  be able 
to tell the difference. If 
you have trouble obtain
ing spaghetti tubing, use 
ordinary soda-pop straws. 
After fitting the straw 
around the wire, cover it 
with nail polish or shellac. 
Be sure to apply the latter 
generously around the  
ends to prevent slipping. 

TVPEWRI T E R 
� 1 �00N CAN 

1':0TCH 
'TO CLEAR 

COAD - · 

D IAL C O R D  won't snarl up in a 
serviceman's kit if it is carried 
in a dispenser such as that  
shown above. Drill a hole about 
� /1 diameter in the upper part 
of a typewriter-ribbon can and 
cut a corresponding notch in the 
lo\ver piece: Cement a small 
rubber patch over the hole, and 
w h en the cemen t has d ried ,  
punch a pinhole and draw the 
cord through. The patch acts 
to prevent the cord from slip
ping back inside.-R. P. TURNFA?. 

F R OZ E N  M U S I C  used to . 
be a constant cold-\veath-
er problem because our 
automatic phonograph, lo
cated next to an outside . 
'"'all, refused to warm up. 

v..,r e gave our sluggish 
t u r n t a b l e  a b o o s t  b y  
mounting a 5,000-ohm re
sistor in a space between 
the  motor and record
c h anger m e chan i s m .  A. 
separate cord and plug 
assembly, which can be 
removed in the  s p ring,  1 
connects \Vith the 1 15-volt 
line. The heat dissipateq 
by the resistor keeps the 
phonograph at operating 
temperature. Power con
sumption, even under con
tinuous opera ti on, is less 
than two kilowatt-hours a 1 

month.-W. ALLPHI N .  

• 
B U R N E D· F I N G E R S  some
times result \Vhen tubes 
that have become uncom
fortably hot are removed. 
or switched around. Rec
tifiers, po\ver-output tubes, 
and high-current televi
sion a1nplifiers such as the 
6AC7 sho\vn often dissi
pate enough watts to be
come painful to the touch. 
A pair of rubber finger
tips of the sort used by 
ina n y  b a-n k tel lers wil l  
p r o t e c t  y o u r  f i n g e r s  
against heat, and will p ro
vide a safe and sure grip 
on the tube as well.-G. S. 
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TU N I N G  I N  T H O S E  
OLD radio receivers that can 't be tuned 

in clearly Q.n stations at the high-fre
q uency end of the dial can be adjusted more 
or less simply. Ho\V this is done is of partic
ular interest because of the addition of stations 
at this end of the dial when all frequencies 
were changed not so long ago. 

In nlaking the adjustn1ent, however, a con1-
pensating loss is to be expected at the lo\v
frequency end. "fhose \Vho pref er stations at 
the lo\v end of the dial may be better pleased, 
therefore, to leave the adjustrnent as it is, 
though in lnan y cases it is possible to get sat
isfactory reception at both ends. 

Usually the radio \Vill have to be lifted from 
the cabinet to make the adjustinent. 1"his is 
clone by first removing the tuning knobs and 
then tak ing out the small bolts at the bottonl . 
Often the chassis \\rill bear a label telling 

• 
• 



O F F --T H E - D I A L  S TAT I O N S 
whether the circuit is superheterodyne or 
tuned radio frequency ( T.R.F. ) .  These two 
general types require slightly different treat
ment, but if you can 't find out which yours 
is, handle it first as a superheterodyne. 

ly. Should this still not produce the desired 
chan.ge, try bending the outside plates 
( shown at 2 in Fig. 1 )  of the main tuning 
condensers with a pair of long-nosed pliers, 
as in Fig. 4 .  Make the test on one condenser 
in the gang at a time. The tuning condensers of many super

heterodynes are located on the chassis in 
the position shown in Fig. 1 ,  and are shunted 
\Vith smsill trimmer condensers, indicated 
by the two arro\vs marked 1 .  These tritn
mers are not always located on the inain 
tuning condenser, however. Some may be 
placed underneath the chassis and can be 
reached from the rear as indicated by the 
two arrows in Fig. 2.  

When all these capacity-changing methods 
fail, the value of one or more of the in
ductances may be lowered in order to 
achieve the desired result. Insert a 1/16" by 
* " by 4 "  piece of copper in the center of 
any one of the inductances, as in Fig. 5, 
while the main tuning gang condenser is 
turned to its highest setting. At some defi
nite point of insertion, the high-frequency 
stations will begin to come in, and a little 
tuning will sharpen them. Insertions may be 
tried in all the inductances t6 determine 
which produces the best results, after which 
the copper piece can be attached permanent
ly to the coil with a small scre\v or a drop of 
sealing wax.-TRACY DIF .• HS. 

Mark on the trimmers the position of the 
slot in the holding scre\v, and open one of 
the screws a one-eighth turn ( Fig. 3 ) . Have 
the antenna attached and the radio turned 
on so any change in reception can be noted. 
\Vhen the oscillator trimmer is opened up in 
this way, all stations on the dial will be 
moved up several points. The 
screw can then be turned back 
slightly, or opened up still fur
ther, until satisfactory recep
tion of the high-frequency sta
tions is obtained. Test stations 
at both ends of the dial, and in
sulate the handle of the scre\v
driver so reception will be as 
nearly as possible the same as 
you will get when the set is re
turned to the cabinet. If noth
ing happens when the screw is 
turned, the trimmer should be 
closed up again by returning 
the screw slot to its original 
position, and the same opening 
turn should then be given to 
the other trimmer scre\v. After· 
the adjustment has been com-

Arrow on Control Knob Wi l l  Gauge Vol u me 

pleted, the trimmer should be 
sealed with a drop of sealing 
wax so vibration will not open 
it further. 

T.R.F. adjustment is a little 
more complicated. 1fark the 
trimmers as before, and open 
them for a test one after the 
other until the detector stage 
is reached and .the stations 
shift on the dial as in the case 
of the superheterodyne.  If no 
single trimmer ca uses this, 
open the trimmers in groups of 
tv-�o so as to cause a greater 
capacity change, choosing any 
two and opening them up equal-

A Sl\f ALL arrow painted 
on the volume-control 
knob, as shown at right, 
will enable you to turn 
the radio to nearly the 
volume desired v-.�ithout 
\Vaiting for the tubes to 
\varm up.  On occasion it 
may also indicate a weak
ening battery or other 
loss of volume that might 
not otherwise be noticed 
until serious trouble oc
curs.-BLA NC HE PORTER. 

I 

A R R OW PAI NTED' ON 
VO LU M E-CO N T r<O L  l<NOB 

Cl i p  on Lid of Portable  Holds Radio Data 
SPACE behind the lid or 

door that protects control 
knobs of some portable 
radios can be utilized by 
a t t a c h i n g  a s t r i p  o f  
springy metal, bamb<;>o, 
or wood. Round the free 
end of the clip so pro
gram lists, other papers, 
or booklets will slip un
der it easily, and mount 
where it won't interfere 
with the knobs.-W. E. 13. 
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ELECTRONIC PRINT TIMER --
---

PQINTING �RAME�������-

' 
' 

l tiLi· GT_.l_.....,.. 

Any l i ghtt ight  box ca n 
be used for this t imer, 
but the  fruit c a n  is  big 
enough  if the pa rts a re 
properly la id out. The 
d rawing ,  r ig ht. shows a 
practica l  arra ngement.  

THOSE who go for canned fruit in a big 
way, or can get a 1-gal. fruit can from a 

boarding house, have a good photo accessory 
at hand.  Such a can is lighttight and just 
the right size to hold this electronically con
trolled contact printer. 

Bend the opening into a rectangular shape 
and mount a standard 3 14 "  by 5 �� " printing 
frame as sho\vn. A hinge bet\veen the frame 
and pressure plate completes the photo
graphic part of the job. Chief components 
of the timer are a 1 17L7GT vacuuin tube, a 
.Jinear .5-meg. potentiometer \Vith S\\'itch, 
a double-pole, doub�e-thro\v pushbutton 
switch, and any fairly sensitive, normally 
energized relay rated at around 10 mill ian1p.  
and 2,000 to 3,000 ohms. 

lVIount and \vire the parts as shown . To 
calibrate the timer, turn the potentiometer 
clockwise until you hear the snap of the 

p<)\ver S\Vit.ch. Both bulbs \Vill light, but 
after the tube start8 to \Varn1 up it activates 
the relay and cuts out the exposure light. 
Allov," a few more minutes for the tube to 
get into proper operation, set the potenti
ometer about half �,ray, and press the push
button S\Vitch for one second. 

The exposure lamp should go on and then 
turn off autornatically. Using a stop \Vatch, 
tin1e the length of exposure for various set· 
bngs. Each thne you get an even-second 
exposure, scribe the position of the knob on 
the can. The n1axi mun1 tin1e of this unit 
is about 15 second8 ; for a longer maxilnuin, 
increase the capacitance of Cl or the resist
ance of the potentiometer. 

By plugging the line cord of you r  enlarger 
into the expoRure-lamp socket, you can 
n1ake the tinier keep \Vatch over your la rger 
prints as \Vell .-K:\RL GR1-;rF. 

SWITCH (ON POTENTIOMETER) ..-----------ii�--------.,_ __ .._ __ .,__,.jo--��o • 
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E L I M I NA T I N G S P E A K E R  H U M  

Ser,riei11g Your ll.adio 

RESIDUAL or "field" hum in a small 
speaker is caused by ripple voltage on 

the field winding. In an auto1nobile receiver 
it comes from the transients on the field
supply line caused by the vibrator in the 
power supply. This hum cannot be filtered, 
and although in so1ne cases it may be pos
sible to readjust the "hum-bucking" coil 
that is wi red in series with the voice coil , it 
may be inore convenient to smooth the field 
ripple in the f ollo\ving manner : 

Wind a nurnber of turns of heavy, tinned 
\Vire about the field coil . The size of the 
wire is not important except that it should 
be as large as is convenient to handle. Put 
on as inany turns as possible, being careful 
not to break through the paper insulation 
that covers the field coil, as this may cause 
a field short. It is not necessary to insulate 

the auxiliary coil from the frame of the 
speaker ( Fig. 1 ) .  Solder the turns to
gether, as shO\Vn in Fig. 2� thus creating an 
effective single shorted turn ( Fig. 3 ) . 

This shorted turn acts as a shading ring, 
\vhich decreases the inductance of the field 
while increasing its reluctance. It behaves 
similarly to a �horted turn in a po\ver trans
former and tends to resist the collapse of a 
magnetic field as the ripple current passes 
through a cycle. This maintenance of a 
constant field \Vill reduce ripple hu1n, and 
the lo\ver the resistance of the shorted turn, 
the less the fluctuation of the field current 
will be observed. . 

The inethod is not a cure-all, nor a substi
tute for filtering. Although it \VOrks on an 
automobile speaker as well as on a home 
set, the effect is more noticeable on the 
bench than when the speaker is back in the 
car.-GEORGB 0. S:\1ITH. 

Homemade T u n i n g  Wand Hel ps i n  Al ign ing Receiver Osc i l lator 

IN RBCEIVERS \vhere the oscillator and 
R. F. coils are not readily accessible for in
serting a tuning v..rand, a strip of photo
graphic film, old pyralin dial, celluloid, or 
similar material \Vill serve handily. It 
should be thin enough to pass bet\veen rotor 
and stator plates \Vithout bending them .. 

When align1nent is considered good, in
sert the strip bet\vcen the plates of the an
tenna and R.F. section. If response increas
es, the antenna and R.F. tuning is high, and 
the padding condenser should be decreased. 
Should response fall off immediately, insert 
� "  of the strip in the oscillator section and 
turn the· gang condenser to full resonance. 
If this gives in ore output, the oscillator tun
ing is high, and the padder should be in
creased slightly.-G. 0. S. 
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L- tUDSPEAKER , ADJUSTl''IENTS 
. 

S e r v i e i n g  Yo n 1· R a d i o  

MANY radio owners will put 
up \vith a certain amount of 

distortion in their loudspeakers . 
rather than tackle a repair be
cause they real i zze ho\v delicate 
such 'Nork is. Loudspeakers have 
.air g�ps of only .005 " .  If care is ex-
ercised, however, a competent serv 
iceman or home mechanic should 
be able to do an effective job. 

The most common fault is 
an off-c·enter cone. This usually 
causes a fuzziness in the repro
duction, especially \vhen the vol 
ume is turned lo\v. To recenter 
the cone, obtain colored-pa.per 
shims at a radio store, or cut 
shin1s from stiff paper such as 
that used for calling cards. 

Three strips are requi red for 
proper centering, and they are 
placed at 120-deg. angles from 
each other in the center of the 
cone, as sho\vn in the photograph 
at top. The cone is loosened 
slightly to receive the1n by means 
of its centering scre\v and then is  
retightened. 

This centering screw is usually 
behind the speaker magnet or in 
front in the middle of the cone ; 
but if the speaker has no such 
scre\v, the \Vhole cone and voice
coil asse1nbly can be loosened by 
applying a cement sol vent or lac
quer thinner to the ce1nent hold
ing the rim of the cone to the 
frame of the speaker, as in one of 
the photos. Use the three shims 
the sa1ne way, and then cement 
the cone back to the speaker 
frame and let it dry thoroughly. 

11any loudspeakers have a "pa
pery" sound that mars the rep·ro
duction. This is so111etimes caused 
by an off-center cone, but more 
often it is due to an open seam in 
a cone that has not been pressed 
or molded from a single piece. 
Cement in the seam dries out 
after a time, and the loose edges 
touch while the cone is vibrating, 
thus causing the objectionable 
sound.  This trouble can be reme
died easily by putting new cement 
in the open places along the scam. 
Tears in a cone may be similarly 
ce1nented, as shown in the bottom 
photograph . 
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LEADS 

A.C. 
I N PUT 

400 V0l.TS 
f M FO. 

400 VOLTS 
.t M l= O. 

4. 5 VOLTS 

.001 Ml=D 

A 

SW ITC.H 2 c 

SWlTC.H l 

B 
POTi:NTIOM ETER 

50,000 OH M S  

2 

( , _.....o-----.-___....._.111,_1 ----�• D PHO N ES 

CONT I N U ITY 

Rad io Circu i t  Tester Uses Hea d ph ones and Sta nd a rd Parts 

THIS simple test circuit wil
.
l prove useful 

to the student of electronics or the ex
perimenter, and will often track down 
trouble that can't be located by guesswork. 

To check audio signals, use the A.C.  input 
leads \vith switch 1 at B and switch 2 at C. 
For example, if distortion is to be localized, 
put the leads first across the plate and 
cathode of an output tube, then across the 
grid and cathode. If the signal is clear at 
the grid but not at the plate, the distortion 
is in  that output stage or tube. 

For radio-frequency tests, set S\vitch 1 at 
A and switch 2 at C. Place the prods on the 
plate of the tube and the positive side of the 
plate supply. The signal should be heard, 
rectified by the crystal detector. Shift the 
lead from the plate to the grid. If the signal 

P E R M I S S I B L E  V O L T A G E  

is not much weaker, the gain of the stage 
is low and some defect exists. 

For continuity tests, disregard switch t 
and set switch 2 at D. To test a fixed con
denser, touch the prods to its terminals. A 
click should be heard. Remove the prods, 
\Vait a few seconds, and again apply them. 
The click should be much weaker, showing 
that the condenser has held the charge. 

Coils, resistors, and tube filaments ma� 
be tested on the same circuit. No click 
means an open circuit. Tuning condensers 
can be tested by first disco.nnecting the leads 
to prevent shorting through other parts. No· 
click should be heard when the rotor is 
turned. Never use the continuity leads on. 
a receiver unless the line cord or batteries· 
are disconnected.-WILLARD MOODY. 

D R O P  [ E L E C T R I C A L ]  
WHAT must be the rated capacity of a 10,000-ohm resistor across \vhich the 

voltage drop is to be 125 volts ? The table b elow sho\Vs i nstantly that the per-
missible voltage d rop across a 1-watt, 10,000-ohm resistor is 100 volts, which is 
too small. The drop across a 2-watt resistor may safely be 1 40 volts. A 2-watt 
unit is therefore required. As another exam ple, if a 500-ohm resistor rated at 3 
watts is at hand, it niay safely be used to create a potential drop of 38 volts or less. 

1 -watt 2-wa tt 3-watt 1 0-watt 1 -watt 2-watt 3-watt 10-watt Ohms size 8lze size size Ohms size size size size 
100 10 14 17 30 10, 000 100 140 170 310 
200 14 20 24 45 20, 000 140 200 245 445 
300 17 24 30 55 30,000 170 245 300 550 
500 22 31 38 70 40,000 200 · 2so 345 tlJ ..,_i 

225 310 385 
-

700 26 38 45 &5 50,000 0 > 
1,000 30 45 55 100 70,000 265 375 460 0 
2,000 45 65 80 140 100, 000 310 450 550 at) 

lO 
5, 000 70 100 125 2"-

200,000 450 500 0 s... ..,;) IQ <i> 
7.000 85 120 145 265 300,000 500 r.. o lO > 

� o  - 0 
8,000 90 125 155 280 400, 000 � o  > lQ <i> 0 > 

500,000 
> o  0 0 •0 

P O P U L A R  S C I E N C E  M O N T H L Y  S H O P  D A T A  

· 9 3  



U LT I PU RPOSE TEST INS  · RUM ENT 

TRACING receiver troubles is a rou
tine job with this multipurpose lest

er, for it has the "kno\v how" to pick 
out even carefully hidden sore spots in 
most sets. Turning the selector switch 
converts the gadget from a cathode
follower type vacuum -tube voltmeter 
with two voltage ranges to a very tricky 
and equally useful sort of detector-and
audio system ; another flick and it be
co1nes a simple audio ampli fier with 
speaker. 

Touch the grid-cap lead of the 6F5 
tube to any point of any circuit carrying 
amplitude modulation at andio frequen
cies, and the speaker \Vill tell whether 
that modulation is clear or distorted. 
Acting as an infinite-ilnpedance detector, 
the 6F5 adds very little capacitance and 
almost no 19ad to the circuit being tested . 

Do you \Vant to trace the I .F.  signal ? 
The infinite-impedance detector can 
pick it up anywhere do\vn the line. It 
is also quite capable of isolating audio dis
tortion no inatter at what stage it origi 
nates, from the output right back to the 
antenna. 

The fact that the tester can pick out inod
ulation at the antenna stage itself permits 
you to determine the frequency to \Vhich 
the antenna stage is tuned independently of 
the oscillator tuning. 

Switching from an infinite-impedance de
tector to a cathode-follower vacuum ·tube 
voltmeter, you have an extremely sensitive 
instrument that can be used as an output 
meter at po'A1er levels where the loading 
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imposed by a standard mete r would be ru
inous. When no signal is applied to the 
vacuum-tube voltmeter ci rcuit, the cathode 
tends to bias itself up\\"ard to near cutoff, 
due to plate-current flow through the cath
ode resistor. If a positive signal is applied 
to the grid of the 6F5, the tube is no longer 
biased to cutoff, but the increase in plate
current flow lends to cause a larger drop 
across the cathode resistor, till the cathode 
is again biased up to nearly match the grid 
voltage. Since the cathode will always re 
main slightly negative \Vith respect to the 
grid, grid current never flo\VS. 



D O U B L E S  A S  A U D I O  A M P L I F I E R  
The filter· arrangements R, -c_. and R�-c�. 

hold the cathode at the highest voltage 
attained during any voltage wave cycle, so 
the instrument becomes a peak-reading volt
meter. To obtain a root-1nean-square volt
age, you will have to adjust the reading. For 
a sine wave. r.n1 .s .  voltage equals 0.707 
times peak voltage. 

Shunting the grid con denser of the 6F5 
will cause the instru1nent to record D.C. 
volts, the grid lead becoming positive. 

Po ten tio111eter R13 is used to adjust the 
ini llian1eter to zero so that the initial plate 
current that must flo\\r to bias the cathode 
can be balanced out of the meter. 

To ininimize grid emission in the 6F5, the 
heaters are operated at less-than -rated volt
age via the 5 -volt filament \Vinding, and a 
6X5 rectifier is en1ploycd in place of the 
usual rectifier circuit. If a 6X5 is not avail
able, but you happen to have a 5Y3 or si1n 
ilar tube, the 5-volt transformer winding 
can be diverted to its use. In this case, 
insert a 5-ohin resistor in series \Vith the 
6 .3 -volt tap and the 6F5 filament.  

SH1£UY-D CA8LE·.,., .. , I 
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K E Y  TO M U LT I T E S T E R  PA RTS 
C 1 . 000 n1 1 1 1 fd . m i <-a 
C 8 m i d .  clec-trolytic. 100 \ .  
C .  C 1  : 25 mfd. e l ectrol yt i c. 25 v. 
C . .  : 8 n1 rd . e l ect1 o h·tic. 200 v .  Cu : 500 nunfd . m i ca 
C; : .01 rn f d. c�. C1 : 10 m fd . 25v. 
C1•. C 1 1  : . 1 1 n fd .  
C10 : .01 n1f d. 
C1::. Cw : 8 rnfd . 450 v. 
Cc. : .01 rnfd . m ica 
H : 10.000 o l  m s  
n · .  R:i . '>00. 000 oluns 
R-t . 1 - megol nn put . 
R . . : J .400 ohn1s 
Ru : 2. 2 1ueg. 
R. : 0.5 n1eg. 
R� : a5o oh1ns H1, : 1 ineg-. 
R . :m. ooo oh rns. 10 watt 
!111  . . > ,000 oh n1s, 2 watt 
R1 • : 25. 000 ohn1s 
R , : 25.000-ohin pot. 
Ru : 25. 000 ohms. 3 watt 
He. : 20 to 50 mcg. 
T1 : aaO \ o l t .  50 n1a . power t rans. 

� 8 ,>00 oh ? n  output t1 ·ans. 
Li . 1 0  hen1 ·y fi l ter choke 

� ----l�•� R1 3 

J 

LO\'I VOLTAGE 

6V6 

� p "'• ..... C n l -· 

:r: Ref I � -=: ,., R 7  * RM � 

�6.3V p .._,..,._ TO ALL TUBE HEAT ERS EXCEPT 6f'5 
T 
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Listen in on 
tli·e lia111s lf)ith this 

• 

.. 
By Clinton Clark 

TEN-METEil phone reception and trans ... 
n1 ission have long been popular \Vilh 

radio hams because this channel is good for 
both long-clistancc and local communication. 
\Vhcn the encl of the \Var 111ade it possible 
for com1nunications authorities to turn on the 
green light, an1atcurs all ·over the \Vorlcl re

opened ten-meter transrn!tters, and lost l ittle 
t ime in contacting old friends, far and near. 

If you tune in tonight, there's . a good 
chance tha_t you can pick up Algeria, Eng
land, or the Philippines. Yes-you can tune 
in tonight, for this receiver, reduced to bare 
essentials, \vil l  take very little of your tin1e to 
build . It is intended to open the door of a 
fascinating spectrum to the beginner, and 
invites experimentation on other short-v.r�ve 
bands through the use of easily made, inter
changeable coils. 

First step in construction is the base 
which, in this case, is a %'' by 7" by 7" pine 
board, sanded and coated \Vith clear varnish. 
Details of the conclenser-tube-coil asse1nbly 
are not critical , but the layout illustrated in 
the photographs is  suggested because i t  al
lo\VS for short connccl ions. Lo\:v-loss insula
tion and direcl \viring are very i1nporta11t 
in all high-frequency circuits. 

The tube upright is a 23�" by 4" strip of 
con1position board . Bore a l ��" hole to take a 
five-prong ceramic tube socket .  Another 
piece of con1position board, 3 '' by 5J�", is 
used as an upright for the 9oil-and-condenscr 
assembly. In the center of this panel n1ount 
a midget 15-mn1fd. tuning condenser. I3olt a 
�" strip of bakelite or other lo\v-loss inaterial 
to the edge of the upright, and drill three 
holes for tip jacks. \Vhen fastened into 
place, thes·e jacks fonn a socket for the coil 
ends and tap. 

Arrange the t\vo uprights at a 90-deg. 
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Fewer than o doze n e lectrica l po rts went  
into this short-wove rece iver. It takes very 
l ittle space,  a lthough no specia l  attempt 
was  made to keep i t  compact. 

Sk ip-d ista n ce effects ore very marked 
on  the 1 0-mete r bond . Don't  be sur
prised if your set pu l l s  i n  stations  
5 ,000 mi les  away more readi ly than 
those on ly  500 mi les  from you .  

angle to each other by scrc\ving· them to a 
square \vooclen subbase. 1'his is later 
scre"ved to the larger base. No\:v make the 
short connections fron1 the coil terminals to 
the condenser and tube socket. Attach the 
radio-frequency choke to the smaller square . 
'The choke may be purchased, or hand 
\vound on a %" do\vel . If you prefer the lat
ter, drill a %" hole in the suhbase to receive 
the do\vel, and \Vind it \vith 100 turns of No. 
34 D.S .C .  \Vire. 

For the front panel , a 7" square of compo
sition board is scre\vcd to the base. Drill 
holes for the dial, S\Vitch, antenna bin cl ing 
post, and phone jacks . �vf ake sure that the 
hole for the dial is aligned \Vith the con
denser shaf l .  Since approxin1atcly 3" is al
lo\ved bet\veen the front panel and the con
denser subpanel , a coupling \vill probably be 
needed to connect the knob and the con
denser. 'The distance, plus a fiber or plastic 
coupling shaft ,  helps to prevent the intro
duction of hai1d capacitance. 



A.NTEN NA 

fS M M FO. 

. 006 M F.O. 

T'o 1nake the coil, L I ,  \Vind 30 turns of 
No. 14 solid copper \Vire on a 3�" fonn . 
\Vhen the fonn is ren1oved, you ha,·e a self
supporting, lo\v-loss coil. Solder the coil 
ends into phone tips to fit the jacks used as 
sockets on the subpanel . 1'he tap nlay be of 
flexible \Vire soldered approximately a quar
ter of the distance fro1n the plate encl of the 
coil. Phone l ips and jacks 1nake a good coil
mounting con1bination; a dozen or so tips 
cost but a fe\v cents, and \Vill enable you to 
make additional coils for trial on other 
bands. Some experi1nentation may be neces
sary to locate the best spot for the tap, be
cause of the individual characterist ics of 
1nany high-frequency ele1nents . 

A type 37 tube is used, requiring a 6-volt 
A.C.  or D.C.  filament supply. If i t  is more 
convenient to opera.te the heater off a 2J�-volt 
supply, substitute a type 27 tube. 

\Vhen \Viring is cornpleted, apply the 
filament voltage, then turn on the S\vitch in 
the plat e  circuit. Either a 90 or 135-volt B 

supply rnay be used, the higher voltage, of 
course, providing greater output. 

A loud, hissing noise, characteristic of all 
superregenerative receivers, should he heard 
in the earphones. As a station i s  tuned in, 
this hiss \viII be blocked out or recede into 
the hackgrouncl . 

A good high-frequency antenna is recom
n1ended for best results. It may be coupled 
into the circuit by placing t\VO turns of stiff, 
insulated \Vire near the grid end of the tun
ing coil, as sho\vn . Alternatively, a hairpin 
loop of \Vire from the antenna binding post 
may be inserted directly into the grid end 
of the coil .  

For convenience, the battery connections 
are grouped in a single terminal strip, illus
trated in the photograph at the upper left, 
but omitted fron1 the diagram. 

Best reception on the ten-meter band can 
be expected during daylight hours. It is , 
ho\vever, subject to strong interference due 
to seasonal and atmospheric changes . 
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1or • 1ave 
onver er 

Operated 'vith your regt1lar broadcast 
receiver, tl1is one-tuber '"·ill cover 
the n1ajor foreign wavele11gths. 

By S. T. Van Esen., tV20XD 

J ONDON is calling. Li1na, Sydney, and 
L Johannesburg, are on the air too. There's 
a wealth of ne\VS, information, and enter
tainment pouring out of foreign skies, just 
\vaiting for you to listen in . If you've been 
\vanting to do just that but have hesitated 
because of the difficulty of building a short
wave receiver fro1n scratch, here is your 
ans\ver .  It's as simple as one tube and a fc\v 
coils. The rest is already built into your 
regular radio. 

A superheterodyne will give best results, 
but tnost radios are of this type. rfhcsc as 
well as most other kinds of receivers have 
everything you need for short-\vave recep
tion except that their antenna circuits arc 
designed for a lower frequency. All you have 
to do is change the short waves into longer 
ones that can be detected by the broadcast 
receiver. 

A converter that \Vill do this job consists 
of a s ingle tube of the pentagrid type oper
ated in conjunction \Vith suitable coils and 
capacitors. T\vo things should be noted 
about this tube : first, it is actually t\VO tubes 
in one, and second, it has five grids. For 
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Standing on end, the chassis becomes the front 
panel. The larger knob governs the oscillator 
condenser; the sn1all one the 1nb.:er. Finish is 
obtained by dra\ving steel wool along a rule. 

sin1p licity, only three of them are sho\vn in 
the diagram; the suppressor and one of the 
screen grids are omitted since their connec
tions are made internallv. , 

One section of this tube is called the 
"mixer" because the inco1ning or short-\vave 
signal applied to ils grid or input circuit is 
changed to broadcast frequency in the plate 
or output circuit. 'The other section, the 
"oscillator," may be visualized as a miniature 
transrnitter. I t  produces a signal voltage of 
its O\Vll that is applied to tl1e n1ixer circuit 
si1nultaneously \Vith the desired short-\vave 
signal. 

Now let us say that the broadcast receiver 
is tuned to 1,500 kc. ( 1 .5 tnC. ) . 'y\Te \Vill 
then \Vant the nlixer to operate only at this 
frequency-that is, \Ve \Vant it to convert 
every short-\vave signal \vithin its range to 
1,500 kc. 'To do this the oscillator must be 
tuned 1,500 kc. higher or lo\ver than the 
incoming programs. For example, to get a 
foreign station broadcasting on the- 6 me. 
channel, \Ve tune the oscillator to 6 plus 1 .5, 
or 7.5 me. By combining or "beating" the 
t\VO signals together, \Ve obtain the 1 .5 me. 



Coil sockets and the oscillator capacitor are 
raised fro1n the chassis by i nsulated spacers. 
Solder all leads that go beneath these parts 
before you actually fasten thern into position.  

difference that can then be applied directly 
to the input circuit of the broadcast receiver. 

In this converter the critical tuning is done 
by the osci l lator capacitor, C2 . •  �s \Ve rotate 
the dial through its ral lge of frequencies, any 
signal that is /ou;er than the oscillator setting 
by exactly 1 . . 5 1nc.  \vil l  be heard in the l oud
speaker of the broac l east receiver. Strictly 
speaking, "iinage" s ignals exactly l }5 me. 
higher should also be heard, but since the 
1nixer tuned circuits are adjusted for best 
response to the lo\ver frequency, the latter 
\Vil l probably con1e in 1nuch stronger. 

A 2'' by 7'' by 7" ah11ninu1n chassis dou
bles as the front panel. Alun1 inu111 is a good 
choice because it can be \vorked \Vithout 
special tools . If  reasonable care is taken to 
keep fro1n scratching the face, it \\'ill be pos
sible to apply an attractive cross-grai11 finish 
by pulling a small \Vad of steel \Vool against 
a straightedge . 

Sockets for the three plug-in coils are 
mounted 1%" off the chassis. Con1n1on cera
mic stand-off insulators l" long \Vere used . 
( They are J�'' in dian1eter and tapped at 
both ends for 6-32 machine scrc\VS. )  The 

I f  a separate 1>ower supply is used, the only 
connections to the receiver \vill  be those for 
antenna and ground. Alternativelv, plate and 
fila111ent voltages can he tapped off an AC set . 

extra spacing \Vas obtained by adding 
lengths of �,, ahnninun1 tubing to the end 
of each insulator. 

Because the type of vernier dial used has 
a protruding huh, the main oscillator tuning 
condenser also had to be spaced a\vay from 
the chassis . Ceramic insulators \Vere used 
here too \Vitb a metal strip bridged across 
the1n to support and ground the rotor . De
tails of th is construction a re sho\vn in the 
closcu p photo on page 1 00. 'The holes 
through \vhich this bridge strip is fastened 
to the insulators are slightly elongated so 
that the tuning shaft can be aligned, and a 
flex ible coupl ing is used to link it  to the 
dial hub. 

l'he tube socket, n1ounted to hold the 
6BE6 horizontally, has a 1netal ring that 
allO\VS it to be attached to one of the ceramic 
supports by means of a 6-32 spade bolt. A 
midget variable capacitor, used to tune the 
output coil, is placed direc.:tly beneath the 
coil socket . If there is not enough clearance 
bet\veen socket and capacitor, use longer 
aluminun1 spacers. Bear in n1incl that \vhile 
the capacitor mounts directly on the chassis, 
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Ceramic insulators, bridged by a metal strip, 
hold the oscillator condenser off the chassis. 
The midget tuning capacitor, CS, inay be seen 
at the right, under the output-coil socket. 

.i t  has a high voltage at both ends and 
therefore n1ust be electrically separated from 
the chassis. Nlounting inserts are insulated, 
and the hole through \vhich the shaft pro
jects must give adequate clearance. 

Input and output signal leads are brought 
to a tenninal strip on the rear top edge of 
the chassis;  po\ver connections center in an
other block at the lower edge. Po"ver for the 
converter can readily be taken frorn nlost 
AC receivers, but where proper voltages are 
not available (on so1ne AC and all AC-DC 
Sets ) it is advisable to construct a separate 
po,ver supply. '!'his \vill have the additional 
advantage of making the unit completely 
self-contained. 

The photo of the po\ver supply sho,vs 
hO\V the long bolts that hold the transforrner
core laminations are used to support an 
aluminum panel upon \:vhich the rectifier 
tube ( 6 X 4 ) ,  tl 1e filter capacitor, and · the 
filter resistor are inounted. The S\vitch could 
have been 1nounted here rather than on the 
converter, but the arrangen1ent sho,vn \vas 
found more convenient in use, and it also 
lessens the danger of shock by inaking it 
unnecessary to handle the high-voltage sup
ply once it is connected. 

\:Vhile considerable leeway is possible in 
the arrangen1ent of \viring and co1nponents, 
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LIST OF PARTS 

C l ,  C2: 140-mn1f. variable capacitor 
( flanunarlund type MC- 140�1 ) .  

CS : 75-n1n1f. n1idget variable ( Ham1nar
lund type APC-7.5 ) . 

C4 : 50-n1mf. inidgct 1nica. 

C5 : .Ol-111fd. ,  400-volt paper. 

C6 : 18- 1 8  1nfd., 4.50-volt dual electrolytic. 

R I : 20,000-ohn1, *-\vatt carbon. 

R2 : 30,000-olnn, 1 0-\vatt \vire-\vound. 

S I :  SPST toggle. 

T l : po\ver trans. ,  pri1nary : 1 15 volts; 
secondary : 700 volts ( at 50 ma. ) cen
tertapped, and 6 volts ( at 2 amp . ) . 

Coil fom1s ( 3 )  5-prong, 114" -<lia. poly
s.tyrene ( Amphenol type 24-5P ) .  

Coil sockets ( 3 )  5-prong. 

Tubes, 7-prong n1 i niature sockets, chassis, 
knobs, inisc. harchvare. 

the coils 1nust be as specified if proper re
sults are to be obtained . They are \Vorked 
out so that, \Vhen tuned \Vith the capacitors 
specified, they \\�ill operate properly over a 
frequency band ranging fro1n approximately 
6 to 16  me. 

Connect the antenna terminal of the 
broadcast receiver to the converter; i f  no 
ground connection is provided on· the re
ceiver, \Vire the other end of the output-coil 
seconda1y to the chassis of the receiver 
through a .Ol-n1fd . condenser. Remember 
that on some sets the chassis is "hot .'' No'v 
set the dial of the broadcast receiver to 
1 ,500 kc. I f  you get interference at this 
point, turn the dial slightly ( to\vard the 
high-frequency end, if possible )  until you 
have tuned out the interfering station. 

For good long-distance reception, an out
door antenna about 40' long should he used, 
although in actual tests this converter gave 
good results \Vith a short indoor aerial. Con
nect it to the proper input post, leaving the 
ground leacl open for the n1on1ent .  Turn on 
the po,ver for both sets and adjust the re
ceiver vohnne control for niaximum gain . 
Starting at the lo\vest frequency on the oscil
l ator dial ( plates completely in mesh ) ,  slo\V
ly rotate the knob until so1ne signal is heard . 
It  doesn't make any difference \Vhat the 



signal is so long as it is steady enough so 
that you can use it to peak the converter. 
\\1ith a fiber \\�and, caref u1ly rotate the 
1nidget capacitor C3 until the signa 1 reaches 
1naxinu11n strength. No\v rotate the mixer 
control, Cl ,  until the test signal is again 
brought to 1naxitnurn . The ground lug adja
cent to the antenna input terminal should 
no\v be touched to the chassis to see \Vhether 
this increases volume; if it does, in a kc a 
pennanent connection. 

Once these prelhninary acljustn1ents have 
been n1ade, do not touch C3 or the dial of 
the broadcast receiver. Change stations by 
rotating the oscillator capacitor, and then 
peak the signal by careful adjustn1cnt of the 
rnixcr co11trol. 

linage signals may cause the converter to 
bring in the same station at t\vo different 
settings of  the oscillator dial. To tell \vhich 
is the correct position, look at the plates 
of the oscillator and mixer capacitors. They 
should be in or out of n1esh to about the 
sa1ne extent. Ho,vcvcr there's no hann 
done if you peak up on an in1age rather than 
a true signal except that dial settings \vill 
be ot.1t of proper sequence. 

The range of the converter includes a 
majority of the international bro·adcast bands 
as well as many a1nateur transn1issions. 

, Sehernatic diagr�un sho,vs 
ho\v to wire the si1nple one
tube converter and its po,ver 
supply. If possible, follo\v the parts layout sho\vn in photQs, 
keeping all signal lcadS short. 

Coils �•re crit ical. �'lake sure 
that the fonns arc the right 
size and that \Vire and n1unhcr 
of turns are exactly as speci
fiecl. They arc calc�ilated to, 
cover the 6 to 16 inc. b(fnds. 

1 f I 1t 
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To check the freq�ency of your signa l ,  separate your receiver a n ·q transmitter, and l isten in on yourself. 

·GET STARTED IN HAM RADIO WITH THIS 

Midget 8 tt-Meter Uode  Transmitter 
By CLINTON E. CLARK 

ARADIO "station" hardly bigger than a 
_ shoe box is an ideal rig in many respects. 

If you've just o bf ained your license, you can 
use it to get on the air at the cost of a f e\v 
dollars and even fe,ver hours. On the other 
hand, if you're an old timer operating a 
more elaborate phone transmitter, here's a 
quick and inexpensive \Vay to renew your 
�cquaintancc with the fast-fingered hams . 
who keep the code bands clicking. 

Despite its size) this transmitter is capable 
of real performance. Just bear in mind that 
the 80-meter band is cro\vded \Vith high
�p9\vered outfits, ·so you'll have the best 
-chance .of getting through during the rela
tively quiet hours. 

For the haseboard, take a piece of %'' by 
5" by 7" \vood and c�nter the tube socket 
and six-prong crystal holder on a line 2�" 
Jrom the rear. Raise the socket on %" sleeves 
or small insulators, and drill a %'' hole under 
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it to pass the filament and cathode \Vires. 
Fasten a six-lug terminal strip along the rear 
edge of the wood. 

To make the plate coil, L3, \Vind 38 turns 
of No. 20 D.C.C. \Vire on a 2" dia. form, 
spacing the turns to a 'length of 3". This coil 
is center tapped, as indicated in the diagram, 
and has a t\vo-turn coupling coil \VOund over 
it. The antenna coil, L4, is made in the 
same way except for the .. omission of the cen
ter tap. Mount the plate coil alongside the 
tube socket on a pair of standoff insulators. 

The antenna tuning unit is the electrical 
counterpart of the -coil-condenser circuit in 
the transmitter. Front and rear panels are 
made of ��" by 6" by 6" composition board 
separated by M" do\vels 3" long. 

\Vhen the \Viring is completed, connect 
the transmitter to a po\ver supply capable of 
delivering 250 to 300 volts to the plate, and 
6.3 volts to the filament. Shunt a O-to-200 
milliammeter across the keying circuit as 
shown in the diagram, and, \Vith the tube 



lit, apply plate po\ver by closing the key. 
The meter needle should rise sharply' but as 
the plate circuit is tuned to the operating 
frequency of the cry5tal, the n1eter \vill 
register a do,vn\vard dip . 

The next step is coinmonly called "loading 
the antenna." Connect t\visted hunp cord 
bet\veen terminals y-y of the transmitter and 
antenna unit, hook up the antenna and 
ground, and rotate the antenna-tuning con
denser. \\Tith the key closecl, the n1eter 
needle \Vill rise \vhen the antenna is in res
onance with the transmitter. After loading 
the antenna, it is sometimes necessary to 
retune the transmitter slightly. Another 
n1ethod is sho\vn at the right. 1,he bulb 
should be brightest \Vhen the transn1 itter 
is tuned to resonance, but the light de
creases as the antenna is closed . 

A n  a lternative antenna-tun i n g  method con sists of 
con n ectin g  a lo·op of wi re to a n·eon or  Chri stmas
tree bu lb, a n d  ho lding the loop near  either end of 
the p late coi l .  Energy i n  the coil l ights the b u l b. 

L2 

6'6' or< t32.' __, 
A N T E N NA 

" 
LAM P C.ORD 

_[71 C4 - Bt 

I w-
6.3 VOLTS 
A.G. Or< D.C. 

Legs for the tra nsmitter _a re form ed by two metal  a n g les  in  
back, and  the bottom of  the pane l  i n  front. The two sta nd
off insulators at the fa r l eft support the l i n k-coupl i n g  
coi l ,  wh ich i s  m a d e  of two turns of i n sulated wire a round 
the ce nte r of the plate coil. U n derneath the baseboard, 
mount the. two R.F. chokes,  the two by-pass condensers, a nd 
the 5,000-ohm cathode resistor, as  shown at the rig ht. 

1<.EY' � -. 

L I S T O F  P A R T S  

C l ,  C2 : 140-mmf. vari
ah1c condensers. 
C3, C4 : .006 mf cl ., 600 
volts. 
R I :  5 , 0 0 0 o h m s , 1 0  
watts. L I, L2 : 2 .5-mh. H.F. 
chokes . 
L3 : 38 turns No. 20 
D.C.C. wound, 2" dia., 
3" long. <.-enter ta}>pcd. 
L4 : 38 turns No. 20 
D.C.C. wound 2" din. ,  
3" long. 
Quartz crysta 1 for 3�.�00-
to 3,900-ke. band. 
Key, 7-r\7 tuht-, insula
tors, sockets, etc. 
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Two-Meter Randie Talkie 
ADD THIS PORTABLE TRANSCEIVER TO YOUR LICENSED EQUIPMENT 

By Harry R .  Hyder 

UNDEii favorable conditions, a range of 
up to 30 miles is possible with this 

compact, self-contained transceiver, modeled 
on the handie talkie of the armed forces. It 
is designed for use on the new 144-148-mc. 
amateur band, and, in common \Vith all high
and ultrahigh-frequency apparatus, its effec
tive range depends on altitude. The farther 
the horizon, the greater the distance you can 
cover. But the po,ver is all there-packed 
into a 5" by 6'' by 9" case. Licensed ama
teurs \Vill find this portable rig a handy 
addition to their present stations. 

The ·circuit itself is simple; a 958A acts as 
a detector \vhen receiving, and an oscillator 
\Vhen transmitting, and a 3Q4 doubles as an 
amplifier and a modulator in the same order. 
A single dry cell constitutes the filament sup
ply of both tubes. For reliable operation on 
very-high frequencies, the familiar ultrau
dion detector-oscillator circuit is used. 

Lead lengths are particularly important 
on these frequencies ; in the oscillator, the 
tern1inals of one component are soldered di
rectly to the terminals of another. The an ... 
tenna is capacitively coupled to the grid end 
of the oscillator tank coil. 
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It is important that the stator of the tun
ing condenser go directly to the plate of the 
958A, and the rotor to the grid, since the 
ultraudion oscillator depends for its feed
back on the ratio of plate-to-filament and 
grid-to-filament capacities. \Vith the con
denser connected as shown, these capacities 
are just about right. All but one rotor and 
one stator plate \Vere removed from a midget 
6-plate 15-mmf. tuning condenser. The con
denser and the acorn-tube socket are spaced 
from the chassis on J�" ceramic pillars, and 
the shaft of the condenser is joined to the 
dial by a flexible coupling. 

To make the two chokes ( L2, L3 ) sho\vn 
in the oscillator circuit, \Vind 25 turns of 
No. 22 enameled wire on 5-megohm, l-\vatt 
resistors, and solder the ends of the \Vire to 
the resistor pigtails. Coat the coils \Vith cel
lulose cement. For the oscillator coil ( Ll ) ,  
wind 6 turns of No. 18 tinned \Vire to %" 
inside diameter, spacing them to a total 
length of �". A transceiver transformer of 
the "microphone and plate-to-grid" type is 
used to couple the detector-oscillator to the 
amplifier-modulator. 

Bias for the 3Q4 is supplied by a 350-ohm 
resistor in the negative B return; this re
duces the total plate potential to 85 volts, 

The complete tr.ansceiver, l eft, can be 
carried a bout conveniently. Careful 
placement of the pa rts is im portant both 
for compactness and to keep leads short. 



but does away with the C ,bat
tery; the filaments of the tubes are 
wired for 1 .4-volt operation. Place 
a small shield over the tube to 
reduce R.F. pickup from the tank 
coil. 

In transmitting, only the pri
mary of the speaker output trans
former is used, \vhile in receiving 
half the primary is used, and the 
2,000-ohm phone is connected to 
the voice-coil \vinding. This isn't 
good matching, but since the gain 
and output of the 3Q4 are rather 
high, enough po\ver is delivered 
to the phones to give comfortable 
volurne. 

Current for the microphone is 
taken from a 1 .5-volt dry-cell A 
battery. The handset contains a 
200-ohn1 carbon microphone in 
addition to the 2, 000-olun receiv
er. A three-\vay jack on the front 
panel takes the 1natching plug on 
the handset. 

t -

f 

Part sizes must be kept to a 
nlinimum if the entire assembly is 
to fit properly into the container 

Try to get  a bove nearby bui ld ings  when  o perati n g  in a city. 

used for this inodel. T\vo 45-volt B bat
teries and a small !��-volt A cell make a 
compact package, as can be seen in the 
right-hand photo on page 1 04. A 4-prong 
plug and socket assembly is used to connect 
the batteries to the set terminals, and facili
tates removal of the batteries for checking 

and replace1nent. Scre\v four sn1all r.ubber 
bumpers to the botto1n of the can, and place 
over them a 5" by 6" sheet of �" composi
tion board with holes drilled in the corners 
to clear the bumpers. This board serves as 
a floor under the batteries. 

?vlount the chassis, inverted, at the top of 

Bross spacers %" long are used to se pa rate the chassis 
from the fron t  pane l .  Both switches are mounted d i rectly 
on the pane l .  The tun ing  condenser  is built on a 
ceramic plate a nd spaced off on  1h" pi l lars. 

Ct 1 
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the front panel, spacing it from the panel 
with 1'" brass collars. The scre\v for the an
tenna insulator projects through the hole at 
the top of the case. T\vo extra-length scre\VS 
\Vere used in  mounting the transformers; 
these come out through holes drilled in the 
back cover. Resting in the holes, these 
scre,vs help take up the \Veight of the 
chassis . Since i t  is not al\vays possible to 
obtain the right part i n  the right size, you 
may find it preferable to wait until you have 
the entire unit assembled before determin
ing the dimensions of the case. 

A 27" length of 3/1 6'' brass tu bing is 
used for the antenna . Tap one end td fit 
the antenna insulator scre\v; this will proba
bly require a 6-32 tap. While this holds the 
antenna in place, it does not provide much 
protection against v ibration and movement. 
This deficiency can be corrected ·by bolting 
a l" ceran1ic standoff insulator directly over 
"the antenna clearance hole, and drilling out 
the core of the insulator to a diameter that 
will make it a close-fitting sleeve around 
the antenna rod. 

If the transceiver has been wired correct
ly, it  should \York without additional adjust-
1nents. A rushing noise will be heard when 
the handset is plugged in and the change
-over switch is h1111ed to "receive" position . 
��tate the dial slowly, and listen for signals. 
If .the rushing stops ·at any point on the 
dial, the antenna is probably coupled too 
tightly, and the capacity of the coupling 
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M ost of the leads  a re broug ht a round to the under  
s ide of the cha ssis, which becomes the top when  the 
set i s  fitted in  p lace.  The a nte nna jack protrud e s  
stra i g ht u pwa rd through t h e  to p of t h e  case.  

condenser, Cl ,  should be reduced to the 
point , where smooth superregeneration is 
obtained over the entire band . This is im
portant in transmitting as well as in re-

. . ce1v1ng. 
The 144-148-mc. band covers about 25 

divisions on the dial. Most of the stations 
operating on these frequencies are broad, 
modulated oscillators, and extremely sharp 
tuning is therefore unnecessary. If  the band 
is not quite centered on the dial, co1npress 
or expand the tank coil until i t  is. 

For easy portability, bolt a handle to the 
top of the case. Center the handle as nearly 
as possible, allo,ving clearance for the fingers 
around the antenna insulator. 

L I S T  O F  P A R T S  
Cl : 1 .5 to 7 mmf. ceramic trimmer. 
C2 : modified 15-mmf. midget tuning cond.,  .017" 
air gap. See text. 
C3 : 50-mmf. mica. 
C4 : .003-mfd. m ica. 
CS : 2Q-;.mfcl . ,  25-volt dry electrolytic. 
R I :  20,000-ohm. %-watt carbon. 
R2 : 4.7-meg . ,  %-watt carbon. 
R3 : 470,000-ohm, 1,4-watt carbon. 
R4 : 350-ohm, %-watt carbon. 
Tl : Single-button microphone and plate-to-grid 

, tr an sf ormer. 
T2 : Universal speaker output transfonncr. 
S I : Four-pole, two-position rotary switch . 
S2 : D.P.S .T. toggle switch . 
J :  Three-way jack. 
LI : Tank coil. Sec text. 
L2, L3 : H;-F. chokes. See text. 
Handset, 200-ohm carbon microphone and 2,000-
ohm receiver. 
Tubes. sockets, insulators, misc. accessories. 



Most radio hreakdo,vns are due to tl1e f ailurc of son1e one 
part. Here are sonic sin1ple tests to l1elp you find the trouble. 

T IIEHE'S no denying that radio servicing 
can be a con1plicated business . At its best 

it calls for a n ice con1bination of theoretical 
kno\vleclge and practical experience. Rut it 
also has its sitnple side, and here's \vhy : 
\vhen a radio that \Vas pla) ing well yesterday 
just stops operating or drops off in qual ity, 
the over,vhehning probability is that son1e 

N ine separate ser\'ieing tests are possible \Vith 
the parts cran1me<l into this \voo<len box . The 
tests cover most con1mon radio a i lments. 

one thing has gone \vrong. �'f orcover, so1ne 
parts break do,vn n1uch n1ore frequently 
than others . \1Vith a l ittle basic kno,vledge 
and a lot of con1n1on sense you can usually 
find the guilty con1ponent pretty qu ickly . 

This doesn't inean that � ou're all set to 
go into the rc.ldio-repair business. I t  does 
mean that you 're probably better than you 
n1ay think at fixing your O\VB or your friends' 
ieceivers. 1'he n1iniature servicing "labora-

Con1plete pocket laboratory. Extra equip1nent 
includes headphones and test prods. Auxiliary 
tips and clips for the prods are helpfu l. 
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RF test No. 5 connects a crystal detector to 
the RF or IF plate. The circuit is sho\vn above. 

tory" shown in these photos cost only a fe\v 
dollars to build. I t  is simply a collection of 
inexpensive parts that combine in one unit 
the various test setups shown in the dia
grams across the top of these pages. Each 
test is complete in itself and requires only 
the parts indicated by the individual dra\v
ing. 

For example, to inject an audible signal 

into a radio receiver, you need only a small 
buzzer, a battery, a .05-n1fd. paper condens
er, and a test prod. Put the prod on the 
grid pin of a tube-starting \Vith the output 
stage and \vorking back. If the signal is 
heard in the loudspeaker, you know that 
the stage being tested ( and all those follow
ing i t )  are \VOrking. When it stops being 
heard, you have probably found the of
fending stage. 

With the complete pocket laboratory you 
can carry this test one step further. The 
table describes the first part. To this setup 
add a pair of headphones by plugging them 
in at Jacks D and E, and another set of test 
prods at jacks C and F. \Vith prod A on the 
grid of an audio tube (or the plate of the 
detector) ,  prod C on the plate of the sa1ne 
tube ( or the grid of the follo,ving one ) and 
prod F grounded to chassis, you should be 
able to pick up the signal in the phones. 
Note, ho\vever, that it applies only to de
tector and audio tubes. 

Common sense enters the picture in help
ing you select the order of the tests and de-

An octal tube socket is used for pin connections ; jacks A to F are set in front of panel� 
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The latter gives an indication ( lighting up 
the pilot lamp ) only if there is comparative
ly little resistance. If test 6 fails to indicate, 
ahvays try test 2 before discarding a tube 
as burned out. 'The lo\v-resistance test is 
also useful for straight continuity checks, 
while test 2 is invaluable for revealing open 
circuits across coils and resistors. 

ciding \vhich ones \Vill  be useful .  If a set, 
for example, is not "·orking at all and the 
tubes don't light up, the signal-generator 
test simply doesn't apply. In an AC-DC re
ceiver, there's a good likelihood that these 
sy1npton1s point to a burnt-out tube heater. 
Fila men ts are connected in series in sets of 
this kind, and \vhen one goes the \vhole set 
stops working. \Vhere a hibe failure is sus
pected, check the filaments first. For this 
use test 2 or G. Both are continuity tests, 
hut the fonncr \\7ill register ( by a click in the 
headphones ) even across a high resistance. 

If the tubes light up but the set fails to 
play, there are a nu1nber of things to con
sider. An ordinary neon tester \Vill tel l  you 
whether B-plus voltage is getting through 
fro1n the rectifier. Use it carefully to avoid 

TEST 

I 

2 

3 

4 

5 

6 

7 

I 
8 

9 
11 

H0\'\1 TO USE THE POCKE1' LABORA'fORY 
-

PLUGS 

Plugs not used 

Plug I in Pin 
2 · Pluu 2 not ' e 
used 

-

Plug 1 i n  Pin 
3 ;  Plug 2 uot  
used 

Plug 1 i n  Pin 
4 ;  Plug 2 i n  D 

Plug 1 i�  Pin 
S ·  Plu o- 2 not ' n 
used 

Plu g  I in Pin 
6 ;  Plu g  2 in D 

- -

Plug 1 i n  Pin 
2; Plug· 2 not 
used 

Plug I in P i n  
:3 ; Plug 2 i n  D 

Plu gs not used 
-

-

J ACKS 

T e s t  p ro d  1 11 
Jack A 

Phones in  J acks 
D and E ;  prods 
in  B and C 

Saine as abOYe 

T e s t  p r o d s  
. I ll 

J acks B ( - ) and 
c ( + )  
Phones i n  D and 
E ·  ' prods I ll ll 
and C 
Test  p r o d s  

. I ll 
B and C 

Phones i n  D and 
E ·  prods 

. 
B ' 1 n  

a n d  C 

T e s t  p r o d s  
. I ll 

B and C 

Test  p r o d s  
. 1 n 

E and F 

APPLICATION 
-

S i g n a l - g e n e r a t o r  h u z z  h e a r d  
. I S  1 n  

speaker if tested 
. 

operati ng. stage IS 

Hesistor and coil  test. Cl ick in  phones 
ind icates con t i nuity through coil or 
resistor. 

-- --

Speaker test used when no sou n d  is 
heard and speaker, output tube, o r  
transforn1er IS SUS}>e<'ted. ( See text . )  

\Vhere hun1 o r  ,.,.·h istl ing  i s  caused hy 
d('f ective filter condenser, placing prods 
across suspected unit di 1 1 1 inishes hu11 1 .  

Touch Prod B to plate of RF or IF 
t uhe, and C to chassis. If these stages 
work, phones give reception.  

-

Continuity test ; 111ay also he used for 
chct'king burnt-out tube .fi la1nents. 

Charge large · electrolytics with S I  at 
a ;  throw to b and t ap one prod against 
tenuinal . Phones should click as con-
denser. discharges. ( Sec text. ) 

Touch prods across terruinals of sus-
pected paper condenser. If condenser 
is faulty, ope·ration should i snprove. 

Saine as No. 8, but for rnica and cer-
amic condensers. 

Sl 

ll 

a 

b 

a 
or 
b 

b 

a 

a 
and 

b 

b 

a or 
b 

-

S2 

On 

Off 

- -

Off 

Off 

Off 

Either 
-

Off 

Off 

Either 

-

: . 
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The pocket laboratory quickly tracked do\vn 
the fault in this receiver. Used for stage-by
stage checking, it's a valuable service tool. 

shocks. Put one terminal on the chassis or 
ground and the other on a screen-grid or 
plate pin of a tu be. If the neon la1np glo\.VS, 
the voltage is probably adequate. 

But let us assume that you are getting the 
necessary voltage and none of the t11hes is 
burned out. Th is could suggest that the re
ceiver itself is functioning hut that the speak
er or output transfonner isn't. Test 3 \Vill 
tell vou \Vhether this is so. Touch one test .. 

prod to the plate of the output tube and the 
other to chassis and see if you can pick up 
a signal in the earphones. If you do, look 
fo.r speaker trouble. It may be an open 
winding in the transfonne1· or voice coil, in 
which case the defect ive unit \Vill have to 
be replaced. The same test can be used at 
the plate of the detector tube. Should you 
get no signal in the phones, the trouble prob
ably lies further back in the circuit. Use the 
signal-generator test, \Vorking back fron1 the 
output until the faulty stage sho\vs up . 

Or vou can start fro1n the "front end" of ., 

the receiver \Vith RF test No. 5. This test, 
in effect, constitutes an untuned crystal set. 
By adding it to the tuned RF portion of a 
set you can get headphone reception, pro
vided the HF circuits are operating. 

Hum in a receiver is frequently caused by 
a f aultv e1ectro1vtic condenser in the filter , ., 

circuit  or in the cathode-bias of a tube. Test 
4 puts an 8-mfd . electrolytic in parallel � ith 
the suspected condenser. If hun1 is recluced, 
the condenser in the set should be replaced . 
·Observe polarity in n1aking the test. Prod C 
goes to the positive side of the electrolytic 
and prod B 'goes to the negative side or 
chassis. 

\Vhen you suspect a paper condenser of 
being shorted, make continuity test �o. 6. 
If the pilot lamp glo\VS, double-check by 

110 

unsoldering one lead of the condenser and 
repeating the test on it alone. \\7ith one lead 
open, use test 8 to put a good condenser in 
the circuit. 

'Test 7 applies to the larger electrolytics 
used in filter circuits. The index of a good 
electrolytic is its ability to store a charge. 
\Vith the set turned off put prods B and C 
across the condenser, observing polarity. 
Thro\v S 1 to position a to put the battery in 
series \vi th the condenser. Change S 1 to 
position b, then lift either one of the prods 
for a fraction of a second. This is aln1ost a 
rubbing or a tapping n1otion. As the stored 
charge leaks off, you should hear rapidly 
diminishing clicks in the headphones. \.Vith 
smaller electrolvtics the 4�-volt hatterv won't 

. ., 

store enough of a charge to click the phones. 
There are some additional rule-of-thun1b 

tests you can make 'vhen you \Vant to find 
out the condition of a condenser. ·rhese are 
based on the observation that \Vhen you put 
a good condenser in parallel v;ith a bad one, 
part of the trouble caused by the defective 
unit should clear up.  A leaky or open con
denser ( as distinct fron1 one that is shorted ) 
n1ay cause loss of volun1e, distortion, or other 
syn1ptoms. Tests 4, 8, and 9 are substitution 
tests for electrolytic, paper, and mica con
densers respectively .  They put a condenser 
that is kno\vn to he good across one that is 
suspected . If the suspicion is correct, the 
test should produce a 1narkecl improvement 
in set performance. Replace the faulty unit. 

�lake all tests \Vi th caution . Be sure the 
po\ver is off \vhen it isn't actually needed 
for the check you are making. 

Build ing the pocket laboratory consists 
siinply of putting the con1ponents used in 
the individual tests into a single box. A 
\.Vooden box measuring 1 �,, by 3�" by 4�" 
\Vas used here. 'The dimensions aren't 
critical. Neither are the parts, except that 
they inust he dependable and of good qual
ity. A high-frequency buzzer, capable of 
operating on a 4��,, -volt C battery is  another 
requirement. 'The je\veled panel lamp \Vas 
purehased as a con1plete asse1nbly \Vith sock
et and n1ounting bracket ; the 1 N34 crystal is 
a germanitnn diode. �ince connections n1ust be interchange
able, all contacts· sho11 ld  be unifonn in size. 
Phone tips are convenient, since l lead phones 
come equipped \Vith the1n and test prods 
1nay be so purchased or the original tips 
can be replaced. They ,1lso allO\V the use of 
on octal tube socket to permit selection of 
pin positions. 
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I f  U ll l  e s  e r  . 

SES  TUN I  G EYE  AS ll ETER 

WITH a 6E5 tube serving as an indicator, 
this vacuum-tube volhneter gives ac

curate readings from 1 .5 to 45 volts, and \Vill 
safely handle up to 90 volts, enabling the 
serviceman to check for moderate screen and 
plate voltages. A detector circuit rectifies 
signal voltages, making it possible to trace 
and test A. C. as \Yell as D.  C. Although it 
has the no-load advantages of more expen
sive vacuu1n-tube ineters, this tester can be 
built at moderate cost. 

The entire assembly is mounted on the 
front panel of a 6" by 6" by 6" metal cabinet. 
A standard 6.3-volt filament b·ansformer de
livering 1 amp. in the secondary heats the 
6E5 tube,, and an audio transformer is 
pressed into service as a power transformer. 
With a fixed crystal detector and a protective 
.05-mfd., 600-volt condenser, the tester is 
able to detect an A. C. signal . 

To calibrate the scale, apply several 
kno\vn voltages, and adjust the potentio
meter for each one until the angle of the eye 
is at minimu1n. With a straight-line potentio-

When correctly ca l i brated by the  
bui lder ,  th is c i rcuit tester w i l l  g ive 
accurate read ings  betwe e n  1 .5 
a nd 45 volts. The ra n g e  ca n b e  
exte nded by putti n g  extra resi stors 
i n  ser ies with the potentiometer. 

meter it is only necessary lo obtain a f e\v 
typical readings fron1 \vhich intennediate 
values can be calculated . To increase the 
range of the n1eter, add a 250,000-oh111 re
sistor bet\veen the potention1eter and 
ground.-t\. C. l !EKJ?\UAN. 1i:FO. fRYSTAL l\ MEG. AUDIO TRAN$ 

l • t OR \ '? 

5.)QT. SWITCW 
TEST �PRO�. 

iso,ooo 
OHM� 

s 
-

-
-

. 

� F ILAMENT T�NS. 

\\5 VOt.TS A C  

\0-0 �P.S.'t 
�WITCH 

The S . P.D.T. switch o n  the i n put s ide cuts in  a 
fixed crysta l d etector for testing A .C. c i rcuits. 
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tapacity Bridge for Testing 
By G EO R G E  0.  SMITH 

To �IOST casual radio expcrin1enters, con
densers are a bit like electric-light bulbs: 

either they're good, or they're bad, and 
it's not hard to tell \vhich. In a rnajority of 

.cases this rule-of-thun1b \vorks out pretty 
\veil .  An ohmn1eter or a simple neon tester 
tells you all you need to knov1 for a quick 
decision . 

One ' ital fact about a capacitor, ho\v
ever, is neglected by these oversilnplified 
tests-its capacity. This useful instrument 
fills the gap, and n1akes possible n1any re
fincrnents in radio testing and construction. 
It does it by telling you the value of an 
unkno,vn condenser. 

o prov ision is inade for testing shorted 
condensers, as these may be readily checked 
\Vi th an ohnnneter. "()pen" condensers 
sho\v up, ho\vever, since they have only a 
small fraction of their rated capacity. 

The theory of the bridge is sin1ple. Fig
ure I ,  belo\v, sho\VS a basic forn1 of \Vhcat
stone-bridge circuit, \vith all resistors equal. 
Current flo,ving through the men1bcrs of 
the bridge divides equally, and no voltage 
difference exists across the meter. Lo\vcr
ing one resistance, say H J ,  produces the un
balanced condition illustrated in Fig. 2 .  
The division across the lo\ver pair ren1ains 
the same, since these resistors are un
changed, but the altered proportions in the 
upper half cause a voltage increase at the 
junction . The meter reads the ·difference 
bct\veen the t\VO junction voltages. If R2, 
the corresponding resistor in the lo,ver pair, 
is reduced proportionately, the junction 

0 3V. 

voltage \Vill again be equal.. although not 
necessarily at half the input. 

Combining the lo,vcr d ivider into a single 
potentiometer n1akes possihle a \Viele varia
tion in division ratios. r-fhat is the basis 
of the capacity bridge. Since, ho\vever, 
capacitors \Vill not pass direct current, the 
batteries represented in Fig. I and 2 are 
replaced in Fig. 3 by an alternating-current 
source. Any A. C. voltmeter could, the
oretically, be used to complete the bridge, 
but in practice fe\v \VOuld prove sensitive 
.enough for the job . 'This is particularly 
true since voltage difference beco1nes ex
tre1nely s1nall near the balance point. 
Therefore the n1eter Is replaced by an am .. 
plifier that drives the 6E.5 indicator tube. 

In the -schen1atic diagra1n on page 1 14, 
the hriclge circuit may be lraced out, al
thougl i its configuration is not very clear . 
Potentiometer Il l obviously replaces R2 
and Il.3 of Fig. 3, and the "standard" in1-
peclancc, Zl,  corresponds to the condenser 
selected by S\Vitch S 1 .  This s\vitch allo,vs 
the use of three continuous ranges from 10 
micromicrofarads to 1 0  microfaracls, cover
ing all the condensers used in most re
ceivers. It is possible to calibrate the dial 
for still broader coverage, but this \Vil l  re
sult in decreased accuracy. 

The "unkno\vn" side, Z2, consists of any 
capacitor connected across the test ter
n1inals. A 5-volt \vinding of a po,ver trans
former is used as the A. C. source. 

One side of the 6SL 7 is connected as a 
high-gain a1nplifier, the other side as a rec
tifying diode. To give good sensitivity on 
the low-capacity range, R4 is n1ade quite 

e 
U N l<NOWN $TAN OAQO 

When oll resistors ore 
equal { Fig.  I ) . the volt
age across the Wheat· 
stone bridg e  d ivides so 
that the m eter reads 
zero. An unequal  d ivi
sion obta ins when  R I  is 
reduced ( Fig.  2 ) . low· 
e ring R2 or R4, or rais
ing R3, will tend to re
balance �he bridge ,  since 
R I  R2 

ov. 6V. 

3V. 3V. 

1 12 

Z 4  Z t  
6V. "M� 

---
R4- R3. 



Conde11sers 
large. Output from the atnplifier is coupled 
to the diode through C4. This value is not 
critical. A 1-mfd .  condenser is specified, but 
anything fro1n .25 mfd .  to 4 mfd. 1nay be 
substituted. 

\Vhen the unkno,vn capacity is out of bal
ance with the kno,vn, the avail ab le A .  C.  is 
a1npl ifiecl in the first section and rectified in 
the second, placing a positive voltage on 
the grid of the 6E5 indicator. Potentio
meter 1{2 is used to adjust the eye of the 
tube to an ahnost-closed position, since this 
is the most sensitive part of the 6E.5 oper
ation curve. 

:Ylost of the co1nponents are noncritical, 
bnt the three bridge condensers, Cl ,  C2, 
and C3, should be as accurate as possible. 
The additional cost of capacitors having 
close tolerance \Vill pay off in increased 
accuracy. 

A standard small transformer is used for 
the conventional po\v�r supply. By using 
a 6X5 rectifier that will operate off the 
6.3-volt \Vinding, the 5-volt section is left 
free for the bridge supply. All three tubes 
share the same heater po\ver; do not ground 
then1 at the sockets, but run a t\visted fila
n1ent line through the chassis and ground 
the entire circuit at pin 8 of the 6SL7. 

The center ann of Rl ,  ancl the "adjust" 
position of the range-selector switch are 
grounded at the same spot on the chassis, 
along \vith a nun1ber of other parts. 'This 
practice minimizes chassis currents, \Vhich 
are capable of causing trouble in the bal
ance of the bridge. Filter CS, C6, and H.6 
is used to smooth the rectified output of 
the detector diode so that the grid of the 
indicator \Vill be furnished \Vith D. C. pro
portional to the unbalance of the bridge. 

Range selection is accomplished by 1neans 
of a t\vo-pole, five-position S\Vitch, but the 
line-s\v itch portion inay be replaced '' ith 
a sitnple toggle, and a s ingle-pole selector 
used instead . The line by-pass condenser, 
Cl 1 ,  is connected to the chassis at this 
point to help prevent the 1 15-volt A .  C. 
fro1n interfering \Vith the other sections . 

In operation the S\Vitch is turned first to 
1 the "adjust" position (bet\veen C�'3 and 
�"off' ) , and left until illun1ination of the eye 
sJ10,vs that the circuit is operating. The 
"adjust-eye" potentiorneter, R2, is then 

In front and rea r  views the 
brid g e  looks l i ke on  a m pl i
fier, which ,  i ndeed ,  it is .  

f 

l 
--�-�·-·--' ..... _ ___..........__ ... ___ �--�""---�-----............. l 

turned until the eye is almost closed . Now 
connect the un kno\vn capacity across the 
test leads, and turn the selector to the. 
range most l ikely to cover. If, for son1e 
reason, you have no indication at all of the 
value of the unkno\vn, \VOrk do,vn from 
the highest range. Potentio1neter R I  is 
rocked until the eye closes again .  There 
may be a slight tin1e delay. . 

rfo calibrate the dial , ) OU will need seven 
condensers of kno,vn value and verv close � 

tolerance . These shoulcl be of the follo\ving 
values, in rnicrofarads : .001 ,  .002, .003, 
.004, .02, .03, and .04. Paste a circle of 

1 1 3  



LIS T OF P A R TS 
Rl : 4 00-ohm wire-wound linear paten· 

tiometer. 

R2: 200-ohm wire-wound linear poten· 
tlometer. 

R3, R12 : 82 ohms, close tolerance. 

R·t : 10 n1eg. 

R5, R7 : 1 meg. 

R6. R8 : 500,000 ohms. 

R9 :  20,000 ohm8. 

RIO : 2 mcg. (in socket assembly). 

Rll : 1 0.000 ohms, 1 0  watts. 

Cl : 1 mf<I. close tolerance. 

C2 : . 01 mfd. close tolerance. 

C3 : 100 mmr. close tolerance. 

C4 : 1 m!d. 400 volts. 

Cf>. C6 : . t m fd. ·100 volts (dual ) .  

C 7 .  CS, C9 : 10 m fd . ,  350 volts electro
lytic. (Triple-capacity unit, if' avail· able. ) 

ClO : 25 mfd. . 25 volts. 

C'O� 

6X!l 
GT 

C11 : . 05 to .1  m!d . ,  400 volts. 

Ll : A. c . .. D.  C . - type cholrn. 

'1'1 : Small power transformer, 200 to 
250 volts (at 30 mn. ) .  G. 3 .  tLnd 5 
volts. 

This  circuit i s  a n  expanded ve rsion of F ig.  3 on page  1 1 2 .  
Balance is  obtained w h e n  the volta g e  d ivis ion across the 
k nown and unknown condensers e q uals  that across R I .  

Sla. b :  Two-1>ole, five-position selector 
switch. 

Sockets� tubes, indicator-e}'c assembly. 

pape1� over the dial, and set the S\Vitch 
to the iniddle range. Starting with 
.001 n1fd . ,  adjust the eye for the null, 
and rnark the dial at each step. Other 
values are obtained by adding the 
s1naller units in paral lel. For exam
ple, .005 is co1np'osed ·of .001  and 
.004; and the su1n of the first four 
values equals .01 .  By adding con
densers in parallel, the dial inay be 
calibrated fro1n .001 mfd .  to . 1  n1fd . 

S ince Cl is 1 00 limes greater than 
C2,- setting the range S\vitch up to 
this point \vill 1nultiply the scale 
by 100, and give readings fro1n . l  mtd. to 
1 0  mfd. At the other extren1e, C3 effec
tively divides the calibrations by 100, cov
ering the span from 10  m1nf. to .00 1  n1f<l . 

Electrolytic capacitors can be 1neasured 
by the bridge since 5 volts of A.C. is not 
enough to dan1age the1n. The average 
electrolvtic has son1e inherent resistance 

.; 

and inductance which tend to decrease the 
eye angle, but the true value \vill be indi
cated at the null despite the fact that the 
eye may not he co1npletely closed. 

This incomplete eye closure, by the way, 
may 1 >e taken as an index of the condenser's 
quality. Balance any good condenser, then 
connect, say, a 50,000-ohn1 resistor across 
it. Note that the eye \Vill open slightly. 
The effect is equivalent to measuring a 
condenser \Vitlr an internal leakage of 50,000 
oluns. Connecting the resistor in series also 

114 

\Videns the eye, being comparable to the 
internal resistance of an elec-lrolvtic. 

" 

'The values given assume a total h igh 
voltage of 200 volts D. C. across CB. If 
this voltage is incorrect, H. 1 1  inay be re
placed by an adjustable po,ver reslsto1· of 
about 15,000 oh1ns. This \vill permit acl
justn1ent of the total voltage across the di
vider so that the eye angle 1nay he set 
properly \vith potentiometer .Jl2. Approxi
n1ately 1 .5  to 2 volts 1naxitnun1 i s  required 
at the cathode of the amplifier �ection of 
the 6SL7� 

�rest clips \Vere used instead of insulated 
binding posts since this offered an easy \Vay 
of connecting unkno\Vl! condensers. 

If a complete indicator-eye asse1nbly 
cable is available, use it by all means. And 
don't hother changing the internnlly con
nected resistor, R 10; it \\ ill be correct. 



Con n ection s  on  the u n derside of the m eter. The 
mid get triode used was taped to the mi l l iam meter. 

+ 
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OUTPUT ' T2ANSFO�M£ 

OUT P U T  TUBE SPEA�E� OF StT .:r::_·SMFO. 400V. 
-::- C�AS�IS  - e+ 

M aximum sensitivity of the need le  is o btained by 
conn ecting across the output plate to a g round.  

0 UTPUT ME 'l� ER  
Uses 1%-l'olt Tube 

FOR accurate alignment of the stages of a 
superhet or 'fRF receiver, \vhere the ear 

can't catch n1inute variations, an output me
ter is an inexpensive aid. Such a meter is also 
valuable \vhen hooked up in a public-ad
dress systc1n or \Vith a home recorder for 
regulating output level during operation. 

1\ midget \var-surplus triode having a 1 .4-
volt filan1ent \Vas used as a diode detector in 
the n1eter sho,vn, being secured \vith tape 
to the back of the 0-1 ma. D.C. milliam
meter. A more readily available R.F. pen
tode, the 114, may be substituted by tying 
its grids and plate together. This tube \vill 
fit a button-base socket. Tape holds the 1 .5-
volt battery filament supply. A 3,000-ohm 
variable resistor across the meter input pre
vents overloading and keeps the needle on 
the scale. l'he housing is a card-file box. 

In use the meter is connected across the 
secondary of the speaker transformer, in 
parallel with the voice coil ( as in the photo 
above ) ,  or directly across the plate of the 
output tube and ground through a condens .. 
er ( as in the dra,ving) . The last increases 
sensitivity tenfold for \Veak signals. Adjust 
receiver trim1ners for maximum scale deflec
tion . If noise is objectionable in aligning 
l.F. transfonners, disconnect the speaker. 

1 15 



t� ers 
� ec rici - 's 
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FOl{ THE electronic experi1nenter, there's 
Olle tool that's just about as essential as 

a soldering iron-a \Viele-range J\(� ... J)C volt
oh111-n1illia1nn1cter. If you \Vork or play 
\Vith electricity and have graduated out of 
the doorbell-and-dry-cell stage, you'll use 
such <t meter to find accurate values of volt
age, current, and resistance. Beyond these 
basic applications, your 111etcr \vi11 also tell 
you a lot about the in1pcdancc, inductance, 
and capacitance of coils and condensers ; it 
\Vill help test tubes and do general trouble
shooting; it \vill serve as an easy \vay of 
measuring output in voltage, decibels, or 
\Vatts; and it \Vil l  pennit accurate detennina
tion of input to an1plifiers and other ap
paratus. 

Once you have a good understanding of 
the relation bet\veen volts, an1peres, and 
ohms, you can build yourself one df these 
almost indispensable tools around any fairly 
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A D' Arson val n1ove1nent� shO\Vn here in phan
toin, indicates DC \Vhcn the coil i s  energized. 

sensitive D' 1\rsonval i11ove1nenl .  To the be
ginner, it n1ay sccn1 to he ask ing a lot of 
one n1eter to 1ncasnrc such different things, 
but actuallv it has to lneasure on]v one to 

� J 

tell you all three . 1"'he ironclad inagic of 
Ohn1's I.Ja\v does the rest. 'Th is la\v specifies 
that a current of 1 a1npere \vi ll flc)\v \1vhcn 
a potential of 1 volt  is applied across a 
resistance of 1 ohrn . If the ineter can 
rneasure any one of l hesc, a second one 
being kno,vn, the third ahvays pops up as 
the ans\ver .  

Heart of the standard DC n1cter, the cur
rent-111easuring D' Arson val move1nent con
sists of a light\veight pointer attached to a 
pivoted coil of fine copper \Vire. �1lountcd 
bet\veen je,vel bearings, the coil is free to 
rotate in the field of a permanent magnet. 



AMPERES 
o c.  

T\vo delicate hairsprings carry current to the 
coil and also serve to position it so that the 
pointer is normally at zero on the scale. 
When current £10\vs in the coil, interaction 
of the lines of force produces a torque. 
This torque rotates the coil and its pointer 
to a position \Vhere it balances the oppos
ing torque of the springs. 

For greatest versatility, multin1eter move
ments are usually designed to react to very 
lo\v values of current, but it's a si1nple n1at
ter to increase the current range of such a 
meter. Let's say it has an internal resistance 
( Rm )  of 100 ohms-that is, the moving coil 
itself offers this resistance to the flow of 
current-and that 1 millia1npere ( .001 a1np. )  
\Vil l  deflect the needle all the \Vay across 
the scale. 

In order to double the range of such a 
meter, all you need to do is put a lOO-ohn1 
resistor in parallel with the meter to by-pass 
half the current, and multiply the reading 
by t\vo. Shunts of lo\ver resistance increase 
the current-handling cap�lcity still more. 

Jlolt and Ohmmeters 

�1ill iamn1eters plus ()lun' s l<l\V also add 
up to volt and ohmmeters. By n1east iring 
current, the fonner tells you how much volt
age is being applied to a circuit of kno,vn 
resistance. Take the same 0-to-l ma. move
ment \Vith an R1n of 100 ohms. You \Vant 
to convert it into a O-to- 10 volt n1eter. This 
means nlerely that 1 ma. 1nust flow th rot 1gh 
the coil \\ hen you put 10 volts across the 
1neter. But its own resistance is far too 
lo\v and \vill pass too riluch current, so extra 
resistance is added. \Ve kno\v fro1n Ohm's 
la\v that a potential of 10 volts \vill send a 
current of .001  an1p. through a resistance 

of 10,000 ohn1s. To the 100 oluns of the 
meter itself, 9,900 ohn1s must therefore be 
added in series. For measuring AC voltages, 
a D' Arsonval n1eter 1nust also be equipped 
\Vith son1e sort of rectifier that \vill serve to 
convert to DC that portion of the current 
needed for the operation of the 1neter. 

The conventional olun1ueter, as has beeri 
said, is also an a1nmeter in disguise. A 
suitable voltage is applie<l to n1etcr and re .. 
sistor \vhich pern1its, say, 1 ina .  to flow 
\vhen the circuit is co1npleted. Thus, if you 
short the test prods the needle goes all the 
\vay across the dial to zero oluns .  But \Vhen 
you put additional resistance in series \Vith 
this circuit, you decrease the current. The 
higher the resistance that you're n1easuring, 
the lo\ver the current that gets through. 
Unlike other values, resistance is }o,vest at 
the right, highest at the left end of the dial. 

A variation of the usual resistance 111eter 
is the shunt oh1nmeter used to 1neasure lo\v 
ohmic values . This is a 1uillian1eter of kno\vn 
internal resistance that is energized to read 
full scale. When the unkno\vn resistance is 
shunted across the circuit, current through 
the meter coil drops in proportion to the 
ratio bet\veen the fixed and unkno,vn re
sistances. 

Measuri11g a Meter 

In order to build a inultitester, it is first 
necessary to kno\v the cl iaracteristics of the 
moven1ent you plan to use. 1'he easiest \Va}' 
to determine the current required for full
scale deflection is to connect the unkno\vn 
meter in series \vith a meter of kno\vn ac
curacy, a variahle resistor, and a voltage 
source. This is i l lustrated by the closed 
circuit sho,vn on page 1 1 8. Since the cur-
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0-1 M A. 

R ES lSTANCE 
W I R E  TEST 

-- FOR .R M  

The i nternul resistance of a 1neter n1ove1nent 
and the current required for fu ll-scale deflec
tion can he detern1ined \Vith this setup. 

rent is the sa1n� in all parts of a series cir
cuit, all you need do is adjust the variable 
resistor until the unkno\vn 1neter reads 
full scale. The a111ount of current required 
to produce this deflection n1ay then be read 
directly on the kno\vn n1eter . 

Using the same setup, you can determine 
the internal resistance ·of the n1ovement.  
W'ith the variable resistor adjusted to make 
the meter read ful l  scale, shunt the meter 
\Vi th fine resistance \Vire of, say, 1 0  oluns 
per foot as indicated by the \vavy l ine. Add 
\Vire until the meter reads half scale, ;1nd 

reset the variable resistor as needed to keep 
the total current ( shO\Vll on the second 
n1eter ) constant. \Vhen the \Vire shunt and 
the unkno\vn Rm arc equal, half the current 
goes through the 1ncter and the other half 
through the \Vire. �1easuring the length of 
the \Vire then te1 1s you the R1n of the n1eter .  
Use accurately labeled resistance \Vire. 

Sensitivity, another characteristic of the 
n1ove1nent, may beco1ne i 1nportant in some 
applicatioi1s of inultitesters . A meter that 
yields full-scale deflection \vith a current of 
1 1na.  is said to have a sensitivity of 1 ,000 
ohms per volt, because l volt will give full
scale reading \vhen the total series resist
ance equals 1 ,000 ohn1s . This ratio \Vill 
apply for all other ranges, that is, 100 volts 
full scale \vill require resistance totaling 
1 00,000 ohn1s.  

For electronic \Vork, ineters should have 
at least 1 ,000 ohn1s per volt sensitivity to 
avoid "loading" circuits under test. 

\\'hen building a mu1titester, it is usually 
a goocl idea to co1nplete the olunmeter sec
tion first so that it can be used in the 
selection of other resistors. The accuracy 
of a series ohm1ncter depends pri1narily 
upon the accuracy \Vith \Vhich the total 
circuit resistance is kno\vn . Since the volt
age of batteries, even \vhen ne\v, varies 
\Videly, son1e n1eans of zero adjustment is 
always provided . \Vith the lest leads short
ed together, zero ohn1s, or full-scale deflec
tion, is adjusted by means of the variable 
resistor shunted across the n1eter . 

Bear in 1nind that anv series ohmmeter, " 

F O R M U L A S  F O R  M U L T I M E T E R S  [ E LE C T R I C I T Y ] 

HB  

General Forms for Ohm•s law 

( 1 )  I = � 
R 

( 2 )  R=...!!_ 
I 

C 3 )  E=IR 

To Calculate Milliammeter Shunts 
( 5 )  R= Rm 

n- 1 

To Calculate Voltmeter Multipliers 
( 6 )  R=Rm C n- 1 )  

Series-Ohmmeter Operation 

C 7 > R:::: Rs Hs -Rs 
Im 

Shunt-Ohmmeter Operation 

C S )  R- Im Rm 
Ifs-Im 

\Vhere I is current in amperes. 

R is resistance in ohm s .  

E is  potential i n  volts 

P is power in watts. 

Rm is internnl resistance of meter ( plus resistance of 
series-connected fuse ) . 

n is range -multiplication factor ( to convert from 1 ma. 
fu11 scale to 10 ma .. n-1 = 1 0- 1 = 9 ) .  

R s  i s  total fi x ed resistance in meter circuit ( including 
Rm ) .  

Ifs is  meter•s ful l - scale current. 
I m  is reduced current durin2 test. 

( approximation. ) 

P O P U L A R  S C I E N C E  M O N T H L Y S H O P  D A T A  



0-1 MA. 

S H U NTS 

AS C U R R ENT 
M ETE R 

0-1 M A:  

MULTI PLI ERS 
� 

AS VOLTA G E  
M E T ER 

0-1 MA. 

Z E RO/ ! 
ADJ, 

CUR RENT 
L I M ITER 

�

B AT�j 

0-1 MA.  

CU R R ENT� 
L IM ITER 

BATT� .el 1 !1 I . · \_Z E RO 
A DJ. 

A S  H I G H  (SERIES) AS LOW (SHU NT) 
O H M M ET ER O H M M ET ER 

Basic Principles of V-0-M 1neters. Any fairly 
sensitive current ineter \vill  register higher 
values of current as \Vei l as volts and ohms if 

the proper resistors and energizing voltages are 
connected. One meter and a S\vitching arrange
n1ent combines them into a multitester. 

\vhether its scale is 0- 100 or 0-100,000, 
effectively covers the enormous range from 
zero to infinity. This being so, the upper 
end of the scale-\vhich is the lo,ver encl of 
the milliamn1cter scale-is bound to be very 
hard to read and increasingly inaccurate as 
it cro\vds in to\vard infinity. Series oh111-
1neters therefore, are usually peaked at the 
center of the dial . For a 0- 1 ma. move1nent, 
standard series-ohms ranges are 45,000 
ohms center scale (using a 45-volt battery 

and a total of 45, 000 ohms fixed resistance ) ; 
4,500 oluns center scale ( 4.5 volts and 4,5.00 
ohms ) ; and 450 ohn1s center scale, using a 
total circuit resistance of 450 ohms. ·To 
calibrate or graph the dial of a 1nill iam1neter 
so that ohn1s may be read directly, u�e the 
table belo,v; the figures are based �1pon 
these standard resistance . voltage values. 

O H M M E T E R  T A B L E  

For calibration of meter dial 
or graph sheet 

Meter scale readings resul t ing from vari
ous values of resistance in circuit of con
ventional series-t}11Je ohmmeter using 0-1 

ma. n1eter with 4 .5-volt battery and 
enough resistance ( 4,500 ohms ) in series 
to make meter read full scale for :1.ero 
ohms. The ohmic values for the gh en 
m.eter readings may be divided by ten by 
using 0- 1 0  ma. meter with 450 ohms, or 
multiplied by ten by using 45-volt battery 
and 45,000 ohms in series. 

Construction notes on several mu1titesters 
of different characteristics will be found on 
the pages immediately follo\ving. 

I I Ohms 
Zero 

1 00 
200 
300 
400 
500 
600 
700 

1 ,000 

1,500 

2,000 

2,500 

3,000 

3,500 

4,000 
4,500 

Illa. 
1 .0 

.978 

.957 

.937 

.9 1 8  

.9 

.883 

.865 

. 8 1 8  

.75 
.692 

.643 

.6 

.563 

.53 

.5 

' 
[ E L E  C TR I C  I T Y ] 

Ohms 
5,000 

6,000 

7,000 
8,000 
9,000 

10,000 

1 2,000 
15,000 

20,000 

2.5,000 

30,000 

40,000 

50,000 

60,000 

1 00,000 

ma. 

.474 

.429 

.39 1 

.36 

.333 

.3 1 

.273 

.231 

. 1 84 

. 152 

.13 

. 10 1  

.083 

.07 

.043 

I 

P O P U L A R S C I E N C E  M O N T H L Y S H O P  D A T A  
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The mult itcster above, diagramnted on page 122, is a wide-range, general-purpose unit. 

BEFORE you start to build your own 
inultitester, look over the fundamental 

data on the i:elationship bel\veen volts, 
ohms, and amperes given in the previous 
-installment. vVith this infonnation you can 
design a meter for any special purpose, 
adapt spare parts to 

A 
suit your circuit, or 

build a general-utility multin1eter for radio 
and electrical checking. 1·0 make use of 
spare parts, you 1nust design your circuit 
around the1n, for you can't substitute values 
that are nearly but not quite correct. Re
sistors must be calculated \Vith great pre
cision. vVherever possible, use \Vire-\VOund 
:resistors that are guaranteed accurate to 1 
percent. Car hon resistors, costing much 
less than the \vire-,vound type, may be used 
in some cases, although they are less likely 
to be stable over a long period of time. They 
do, however, have one advantage in that 

120. 

they can be adjus.tecl up,vard in resistance 
value. To do this, file a small flat on one 
side. Check the resistor on an accurate 
ohn11neter as you file it, and \vhen you have · exactly the right value, coat the scored 
part \vith \Vax or varnish to keep out mois
ture. 

The · photos here and the diagram on 
page 122 sho\.v a \' -0-�I n1eter designed to 
get the most measuring po,ver in a relatively 
siinplc one-n1eter unit at moderate cost. 
''' ith the aid of a fe,v calibration graphs, 
this tester can cover rnore than 24 ranges 
of ohn1s, microfarads, henrys, AC and DC 
volts and millia1nperes . 

Sl1ggested diagrams for sin1pler and less 
costly 1neters are given on page 123. Both 
of these models use s tandard 0-1 ma. me
ters and simplified switching systems. In 
the diagram at the left, toggle or pushbutton 
station-selector S\Vi tches are employed; note 
that the 10- and 100-ma. ,  as well as the 



All parts except t he batteries are mounted on a bakelite panel, shown here from benea.th. 

ohms-divided-by-ten ranges call for double
pole arrangements. lf pushbutton S\vitches 
are used, depress t\vo buttons siinultane
ously. The co1npanion dra\ving calls for 
only one S\vitch, and this is on 1\ 1 6  so that 
the lO,OOO-ohn1 resistor can be cut out of 
the circu it for readings other than ohms. 

No matter what meter you elect to build, 
t\vo general precautions should be observed. 
First, avoid meter overloads, especially in 
S\v itching. Second, inake certain that com
ponents are satisfactorily outside the circuit 
or isolated \Vhen the meter is positioned on 
a range not calling for them. For example, 
the meter in our principal circuit \vould be 
seriously �verloaded if ·you S\Vitched from 
one milliampere range to another while 
making a measurement except for the fact 
that the rotor of S 1 touches one contact be
fore leaving the previous one. 

Despite all precautions, accidents do hap
pen, which is \V by all circuit� display fuses. 

The type of fuse to ·use is one that \vill ''let 
go'' quickly on currents 10 to 25 t imes 
greater than the 1neter's normal full-scale 
capacity. The resistance of the fuso, ho\V
ever becomes part of the circuit and must 
be taken into account in all calculations. 
�1ake sure you can get replacen1ents oi 
exactly the same resistance. A good proce
dure is to pick some identical fuses from 
your dealer's stock \vith the aid of a low
range ohmmeter. 

()ur major circuit contains a feature thaJ 
is \vell \vorth considering in fhe design of 
your O\Vn multi tester : it has equal sensitiv'ity 
of 1 ,000-ohms-per-volt on both the AC and 
DC ranges, making it possible to use the 
sa1ne set of multipliers and n1ain selector 
switch for both currents. This arrangement 
cannot be achieved \vith an ordinary 0-1 
·ma. n1ovement, but calls for a meter that 
\Vill give full-scale deflection on .89 to .9 ma. 
for use with the full-\vave rectifier connec-
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R E CT. 

+ 45V. 

-
- -

A C  MA�oc O H MS 

+ 

5,000V 1 ,ooov. D C  

L I S T  O F  P A R T S 
�I : DC 1 1 1illia111metcr with full-scale sensit iv ity of 0 to 

. BH ma. a11<l internal res istance of 1 05 ohms . 
Fuse: 1 /:32 amp . •  tested at cxac:tlv 20 ohms. 
S I : V5-position, metcr-tn>c rotary . 
S2 : DPDT to��lc ( AC-DC ) .  
S3 : S PST { ohms-d ividc·<l-hy-ten ) . 
Hect. : fuH-wave meter rect ifier. 
R I :  1 ,0 1 1 ohms ( I -ma. DC shunt ) .  
R2 : 1 2  .36 ohms, wire ( 1 0-ma. shunt ) .  
1\:3 : 2.27 oh ms. wire ( .50-ma. shunt ) .  
R4 : 1 .  1 2•1 ohms . w ire ( l 00-ma . shunt ) .  
n.5 : 0 .44 7 ohm , wire ( 250-ma. shun t ) .  
H<> : 890 ohms ( 1 -vol t  mu l t ipl ier ) .  
R 7 :  4,900 ohm. ( .5-volt mult ipl ier ) .  

tion sho\vn . �'lost ineter nlanufacturcrs 
el.ther stock 1ncters of this description or 
\vill supply thc1n on special order. For DC 
Tangcs, sensitivity is reduced to 1 n1a. by 
means of shunt l{ l .  

Alternating currents and ,·oltages arc 
l·ather elusive thi11gs to peg since their ac
tual values arc constantly changing. That 
quantity of AC that \ve tnean \Vhcn \Ve say 
one ai nperc actually h its a 1>eak value of 
1 .41 an1p.  both sides of zero . \\1 e call it one 
ampere because it has the same heating 
effect as that· a1nount of DC. In other \Vords, 
1 amp. is its- effective value, also kno\vn as 
tbot-111 ean-sq uare, or r. 1n .s. 

But that's not all . If an J\C current of 
122. 

H8 : 9 ,900 ohms ( 1 0-volt multipl ier ) . 
HH : 40 .000 ohms ( for .50-volt ran�e with HS ) .  
R I O :  .50.000 ohms ( for 1 00-volt  range with H8-9 ) .  
R 1 1 :  V 50.000 ohms ( for 250-volt range with R8- l 0 ) .  
R- 1 2 :  .7.5 me�. ( for 1 ,000-\'oh rnnge with HS- 1 1 ) .  
R- 1 3 :  43�) ohms ( 450 ohms <:enter scale ) .  
R l 4 :  4,400 ohms ( ·1,500 ohms center seal<.• ) .  
H 1 5 :  ·1 ,5,000 ohms ( 45,000 ohms center scak• ) .  
R l6 :  10.000-ohm wirc-wotm<l rheostat with "off'' or 

<>x>ei1 position ( series ohmmctt'r zero adjustment ) .  H f  7 :  500-ohm wire-wot1nd rheostat ( shunt ohmmeter 
zero adjustmen t ) .  

H l 8 :  1 -watt carbon n·sistors in series. totaling 4 mcg. 
( .5,000-volt mi 1 l t i1>lier with HS- 1 2 ) . 

-

1 .41  ina . peak value is rectified and sent one 
\Vay through a l)C incter, \VC get a deflec
tion of ouly .9 1na . ·rhis is the average valu e 
of the pulsating current. 1- Icnce, in order to 
get our 1netcr to read full scale \Vith 1 ma. 
of 1'. 111 . s .  AC going through the rectifier, \VC 
\Vant a ineter \Vith ])(� se1 1sitivi ty of about 
.9 nla . Theoretically, .8H 1na. \Vil l give 
greater accuracy because rectifiers arc not 
in actual practice strictly undirectional in 
their conductivity. 
. All this applies only to a full-\vave recti
fier used \vith a .89 n1a. 1neter as in our 
main diagran1 . l'he other schematics sho\V 
half-,vave rectifiers and 1-.ma. movements. 
To co1npensate for the difference behvcen 
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Pushbutton selector switches or individual 
toggles arc used here to simplify S\vitching. 

average and r .m.s.  values, the AC multi
pliers ( R20 in both circuits sho,vn above ) 
arc made smaller than the comparable DC 
multipliers. Using half-\vave rectification, 
Il20 will be approximately 445 ohms-per- .
volt. ( 4,000 ohms for the 10-volt, and 1 10,-
000 ohms for the 250-volt scale) .  With a 
four-element full-\vave rectifier these values 
are doubled. As a check on operation, apply 
known DC voltages across the AC terminals ; 
the indication should be about 1 1  per cent 
too high. 

As \Vas noted in the previous discussion, 
ohmmeters are usually peaked at center 
scale, common ranges being 45,000 oluns, 
4,500 ohms and 450 ohms. Using a 0-1 ma. 
meter, the former calls for a 45-volt battery 
and total series resistance of 45,000 ohms. 
For the second, both values are divided by 
ten. To divide again by ten in order to 
achieve the third range \vould seemingly 
call for a .45-volt battery. Since there is no 

COPPER W I R E  TABLE 
t:.'.l OHM:S PER FOOT I �=--
N ::>Z 
- �� . 
tn I ..... < 

I - - -
,..;, � � �  ..... I 68°F 77°F I < ::>  z :;au 

. 
22 . 0 1 6 1 5  .01 646 1300 
24 .02568 .026 1 7  800 
26 .04082 .04 1 62 500 
28 .0649 .066 17 300 
30 . 1 032 . 1052 200 
32 . 1641 . 1 673 1 20 
34 .2609 .266 80 
36 .4 148 .423 50 
38 . 6596 .6726 30 
40 1 .05 1 .069 20 

@ 0- 1 

, z  <ti 0. 0 :::E 2 cl :::E _J 0 ..J 0 � 

• 

0 0 0 0 0 o. 0 ci 0 0 0 &Al ai 0 II'> :::E a) N 
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c.> 0 
> 0 0 
�-

+ 
> -If}-
�-

6-
0 0 4 cl > _Cf) 

> :::E 0 
0 I() x 
- N 0 

For portability the high-ohms range has been 
omitted, doing a way \vi th the 45-volt battery. 

reliable means for obtaining such a battery 
voltage, we must use a higher voltage and a 
higher full-scale current in order to maintain 
total series resistance of 450 ohms. T\vo 
methods of accomplishing this are shown in 
the diagrams. 

In the one on page 122 the meter is 
shunted to read 10 ma. full scale. Note the 
jumper from the 10 ma. shunt, R2, to p9si
tion 13 on selector S\vitch S 1 .  When S3 i9 
closed, a current of 10 ma. flows fron1 the 
4.5-volt battery through Rl3 and the 
shunted meter. For measurements on the 
series-ohm ranges, lll 7 is set at zero and 
can therefore be disregarded. 

The second method for obtaining the 
lowest series-ohms range requires the addi
tion of just one resistor to the 4,500-ohm 
center-scale circuit. This is Rl 9 in the two 
smaller diagrams; the 500-ohm unit shunts 
the 4,500-ohm resistance that is made up by 
adding 4,400 ohms to the approximately 
100-ohm meter. T\vo things are accom
plished by Rl 9 :  the reduction of the total 
circuit resistance from 4,500 to 450 ohms, 
and the by-passing around the meter of 
nine-tenths of the resulting increased cur
rent. 

If still lo\ver ohms ranges arc desired, the 
shunt ohmmeter is recommended in place of 
Jhe series type. It is incorporated in the 
major diagram on the facing pag�, and its 
special advantages are considered on the 
pages immediately follo,ving. 
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Bench instru1nent or pocket-size 1nidget, u 1n u ltitcster is a n1 ust i n  every electrical shop • 

'om 1 e �in ttltr 
If you l>uilt the tester described 
on page 1 20, yoti \vil l  ,,· a n t  t hese 
fu rther pointers on its use. 

SI�CE all the essential information needed 
for building th ree types of n1n lti1neter 

\Vas given on the previous eight pages, you 
probably have your tester pretty \Vell under 
construction. The t \VO smaller units illus
trated on page 1 23 offer no special prob
lems. Yiost of this  discussion, therefore, 
concerns the featured instrument. 

It \Vas stated that the range of a se
ries ohmmeter cannot i·eadil y l >e Io,vered 
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u 1111e e11 
enough to rneasure very s1nall resistances. 
To do that a shunt ohnuneter \Vas rccom
menc led. 'fhe princi pie of the shunt oh1n
meter \Vill be recognized as the san1e one 
used to determine the internal resistance of 
n 1neter \Vi th the aicl of a knO\\ n value of 
shunting resistor ( see page 1 18 ) . I f  \Ve use 
a 0 to 1-rna . 1neter \Vith internal resistance 
of 105 ohrns, and shunt it \Vith an equal re
sistor \vhile energizing the circuit, a half
scalc reading of 1 05 oluus resul ts . U11like 
series-ohms readings, infinite resistance is at 
fu 11 scale and zero is at zero on the d ial . 

A reading of 105 oluns center scale (h igh
er if a fuse is used in the circuit ) i s  not, 
ho,vever, sufficiently lo\.ver than the 4.50-
olun range to be of great value. In our 



circuit, therefore, the meter and fuse are 
shunted to read 10  ma. in order to provide 
a center-scale reading of 1 1 .4 ohms. S\vitch 
positions ate the same as for the lo\vest 
series-ohms range, but a test lead is used to 
short the DC and ()I-IMS tenninals . 'The 
unkno\vn resistor is then inserted bet\veen 
this jumper and MA-DC. Since accuracy is 
dependent prin1arily upon current value, 
rheostat R l 6  is turned to "off" position, and 
current i s  regulated to full scale-precisely 
10  n1a.-by lll 7. This is being done by the 
scre\vdriver adjustment illustrated at the 
upper right. 

The resistor under test then shunts the 
\vhole circuit, and its value n1ay be calcu
lated fro1n fonnula 8 ( See page 1 18 ) . It 
inust be remembered that this  forn1ula is 
only an approxi1nation, and its accuracy de
creases as the circuit current is raised. The 
graph at the right \Vas plotted by calculating 
a nu1n ber of points from a n1ore ex,1ct for
mula, and i t  should hold reasonably \Vell for 
any n1eter constructed \vith the sa1ne values 
as the one shown. 

If the graph should prove inaccurate for 
your rneter, you can plot another one \vith 
the help of a fe\v feet of resistance or finc
copper \Vire. Measure a doze11 or so lengths 
of \Vire and calculate the resistance of 
each from the oh1ns-per-foot rating of the 
\Vire. Then check the \Vire on the meter 
and plot scale deflection against kno\vn 
olunic value. Shunt ohms arc represented 
by the nu1nbers i11 the left hand n1argin of 
the graph; a co1npanion curve for a series 
ohmmeter crosses H from upper left to 
lo\ver r ight and is read against the figures in 
the right-hand column. The chart is dra\vn 
on logarithmically scaled paper, available 
at most stationers. 

As has been pointed out, the reason that 
ohn1meters arc peaked at center scale is 
that all ranges cover the area from zero to 
infinity, and therefore both ends of the scale 
are bound to he inaccurate. The problem 
of n1easuring lo\v resistances n1ay be met by 
the shunt ohm1neter. But \vhat about verv 

� 

high ohmic values? Of \vhat use is a meter 
that reads, say, 90,000 ohms \Vhcn you \Vant 
to ineasure a resistance of several megohms? 
The ans\ver seen1s to be that you can't make 
these measure1nents, but in fact the prob
lem is easily solved. All you need is a volt
meter and a source of h igh voltage, such as 
the po,ver-supply circuit of an AC receiver. 

�1easure this voltage-preferably several 
hundred volts-and then make a second 

Adjusting the ntcter to read o n  the lo\vest oh1n 
range . Scale divisions arc graphed as belo\v. 
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METER D°E FLECTION- SCALE D I V ISIONS 

A graph of this type \vill help you interpret 
nonlinear shunt and series ohnuneter readings·. 
It should hold for meters built like the one 
above, or it can be plotted from kno\vn values. 
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reading \Vith the unknown resistor in series 
with the meter. The unkno,vn value may 
then be calculated from formula 9, belO\V. 

Your AC voltn1eter may also be used to 
measure capacitance, inductance, and im
pedance \vith sufficient accuracy for most 
purposes. An AC po,ver line \vill serve very 
\Vell, provided that you take adequate pre
cautions to prevent electrocution.  First 
n1casure the line vo!tagey. then take a second 
reading \Vith the unkno,vn element in series 
\Vi th the voltn1eter. 

Capacitance of condensers is figured fron1 
forn1ula  ] 0 .  Again it may be \Vise-if any 
considerable number of readings is to be 
made-to draw a logarithmic graph in \vhich 
the voltage readings of your meter are 
plotted against capacitance. The graph \Vill 
be useful 'vherever the sarne ineter is used 
on the same line voltage. Use a dozen or 
so accurately kno,vn condef1sers to plot this 
graph. Capacitance measurernents . may be 
multiplied by ten or a hundred if the volt
n1eter leads are shunted by suitable re
sistors to reduce the effective voltmeter re
sistance ( -Rv in the formula ) to a tenth or a 
hundredth of its normal value. Alternatively 
the high ranges may he obtained hy using a 
stepdown transfonner ( anc l  a lower volt
meter tarige)  to i·educe the values of Em 
and El . 

Inductance Is calculated approxin1atcly 
fron1 forn1ula l l .  .A. graph of inductance 
values against meter readings \VOl tkl be ac
curate only for high "Q,, inductances-those 

in \vhich DC resistance is small compared 
to AC inductive reactance. 

Impedance is expressed in ohms, and is 
the tendency of capacitors or inductors to 
resist the flo,v of alternating current of any 
given frequency. \Vhen needed, the im
pedance of a coil or condenser may be ob
tained \vith the help o'f forn1ula 12 .  

An AC rectifier-type voltn1eter makes an 
excellent outpu t meter for receiver align
ment, po,ver-outp1 1t measuren1ents, n1ea
surements of gains or losses of an1plifiers, 
and the like; it may he cal ibrated in volts or 
decibels. If  any direct current is present in 
the circuit under test, it  should be kept from 
the meter by a good quality paper con
denser of from .5 to 2 mfd .  The AC com
ponent or "ripple voltage,, of po,ver sup
plies is measured in this manner. 

If  .your meter is built according to all the 
specifications given in the previous install
ment, the face of the instrument, including 
S\vitches and test jacks, will probably re
sen1blc that of the larger unit sho,vn on page 
124. To read DC n1illian1peres, then, insert 
test leads into the DC and �1A-DC pin jacks. 
Note that a narro\v pin and adapter is sho,vn 
in the photos for the latter jack . This is used 
to lessen the possibility of applying a high 
voltage to the millian1meter by accident .  
\Vhen making current 1neasure1nents, al
\vays start out \vith the selector S\Vitch in
clexed to the highest range and hack do,vn 
until an accurate reading can be inade. In
sertion of a n1illiammeter into a circuit that 

F O R M U L A S  F O R  M U L T I M E T E R S  [ E L E C T R I C I T Y ] 

1 26 

To Use Volhnetcr as Ohmmeter 

AC Voltmeter as Capacitance �foter 

( 10 )  C= -
Em _ _ 

27Tf Rv \fE 2_E 2 
I m 

AC Voltmeter as Inductance �Jeter 

( 1 1  ) 

AC Voltmeter as Impedance Meter 

( 1 2 )  
R VE 2·E 2 

Z - V 
I m -

Em 

where Rs is total fixed resistance in meter circuit. 
Eb is battery or power-supply voltage. 
Em is reduced voltage reading during test. 

C is unknown capacitance ( in  rnic1·ofarads ) .  
El  is full voltage of AC line. 
f js AC frequency ( 21Tf=377 on 60 cycles ) .  
R v  is total volt1ncter resistance ( in megohms }·. 

L is unknown inductance in henrvs . 
Rv is total volhneter resistance i1} ohms. 

Z is unknown impedance in ohms ( may be 
capacitive or inductive ) .  

P O P U L A R S C I E N C E  M O N T H L Y S H O P  D A T A  



hf!s low resistance and high ·current \vill 
cause a change in the normal current fio\v. 
Such measurements should therefore be 
ma<le on the highest range that \Vill still 
provide a readable pointer deflection. For 
greatest accuracy on DC current and volt
age ranges, turn Iil6 to its "off" position in 
order to keep the 10,000-olun rheostat fro1n 
shunting the meter. 

Voltages are read by inserting the test 
leads into the DC (or AC ) and 1 ,000-volt 

jacks. !he AC-DC S\vitch is also thrown to 
correspond to the character of the voltage 
being measured. Index the selector to the 
appropriate range. When measuring volt
ages in excess of 1 ,000, nlove the test lead 
from the 1 ,000 to the 5,000-volt jack; and 
leave the selector on 1 ,000. Exercise cau
tion vvhe1 1 1neasuring high voltages. One 
good practice is to keep one hand in your 
pocket and perform all necessary 1nanipula
tions \Vi th the other. 

Midget Vo�t - Oh.ninieter 

\l"ith external hHttcry the pocket-size tester 
measures t\vo ranges of resistance. Three pen-

WHE'rHEil or not vou have built, 
bought, or borro\ved ; general-purpose 

n1ultitester, you 'vill find a place in ) our 
electronic tool kit for a ini<lget meter that 
ineasures the things you 1nost frequently 
need to kno\V. If you are a beginner, build
ing it will teach you the principles and uses 
of multitesters ; if you are an experimenter 
or service man you \vill find unli1nited ap
plications for an auxiliary, pocket-sized in
stn 1ment both in and out of the shop. 

Con1pact as the meter is, all the com
ponents are standard. vVhen buying the 
resistors or selecting then1 from your spare-

light cells i n  series, \Vrapped in  cardboard or 
cellulose tape, inake a co1npact voltage source. 

parts box, you \Vill \Vant to check them for 
accuracy on a reliable ohn1meter. All re
sistors are connected in series \Vith the 
positive side of the 1nidget n1eter. 

The 111eter itself, a 0 to l -n1a. unit \Vi th 
internal resistance of approxiinately 25 
ohn1s, is of the type developed during the 
\Var for use in aircraft equip1nent. It 1neas
ures only l" in dia1neter and has a mount
ing flange 1%" square. l'ogether \Vith all the 
auxiliary pdrts, it is built into a l" by 2" by 
3" \vooden box. N car the top of the box 
panel, drill a hole slightly over l" in di
ameter. Aside from the meter, six phone-
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Even inside the l "  by 2" by 3" case, there is 
p lenty of roon1 for the handful of con1po1 1ents.  

tip jacks and a mi<lget 25,000-olun rheostat 
are mounted on the face. In the edge of 
the box abo, e the 1neter place t\vo more 
jacks foi· the external battery. This \Vill be 
in series \Vith the rheostat and a 3,000-ohin 
fixed resistor. 

For both the lo\v and 1necliu1n-oluns 
ranges an external battery is required . Use a 
43�-volt supply; three pen-light cells in series 
are suggested because they \Vill not add very 
much to the size and \Veight of the equip
ment. 

The five scales chosen offer a \Vide va
riety of uses in radio ser\· icing. T'he 0 to l 0 
and 0 to I 00-volt ranges \Vill enable you to 
check all sizes of A and B batteries, and 
the 0 to 500-volt scale \Vill come in handv 
\vhen you \Vant to kno\v the potential acros

"
s 

the plate or screen of most receiver tu hes. 
Each of the ohms r.anges has its O\Vll 

particular advantage . All antenna, RF, and 
IF coil \Vindings, as well as filter chokes and 
po\ver transformers, can be tested on the lo\V 
scale, and this range is a lso useful as a con
tinuity tester. By touching the t\vo prods to 
the heater p ins on a tube, you can deter-

METER 1001000 
(0- 1 MA. .25 OHMS) OHMS 

SOO VOLTS 100 VOL TS 

3,000 OHMS ___ ..,. 

� 

-

EXTERNAL BATTERY 

In 1110 t respects place1nent of the parts can 
fol lo\v the layout shO\vn in the cliagra1n above. 

n1ine \vhether the fila1nent is open .  If it is, 
there \vill be uo deflection of the needle. 
About 80 percen t of set failures can be 
traced to burned-out tubes, and in AC- DC 
receivers, \Vhere tubes are connected in 
series, i t  is i1npossible to tell \Vhich is C<lltS
ing the trouble unless the filarnents can be 
checked. 

v\'ith the 1necliu1n-olun tneter you can tell 
\Vhether the high-resistance \Vindings of 
such parts as high-itnpedance chokes, output 
and audio transfonners . are ope1 1  or shorted. 
Higher resistors, such as n1ay he found in 
plate, screen, or coupli1 1g circuits, can't be 
n1easured directly, hut defects c�u1 easily be 
spot ted by check ing the voltage reaching 
the tubes. Both oh1ns scales can be used to 
detect short_s in paper-tubular condensers 
and leakage in electrolytics . 

You can read volts directly by multiplying 
scale n1arkings by l 0, 100, or 500, depending 
upon the range. The ohn1n1eter is service 
checking rather than for accurate measure-
1nent. I'o get approxi1nate values, 1neasure 
a dozen kno\vn resistors and graph pointer 
positions.-ALBERT H.O\VLEY. 
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Push-Button Selector Keeps Ra ng e of Test Va l u.es H a ndy �n "-B·ench. 

RADIO experi1neritcrs \vho likG to try a 
varietv of condensers or resistors in  a \vork
ing ci;·cuit before soldering one in  \vill find 
this bench panel a useful \Vorkshop tool. 1 t 
is built around t\vo discarded push-button 
selector S\Vitches, -a1Hl employs a groui1 of 
close-tolerance condensers and resistors. 
\Vhen condensers are used -in parallel, their 

, 
, 

Cement in  Wrench Holds N uts 

To RE PLACE a nut in son1e jnaccessihle 
part o.f a radio chassis, put a ch�op of speaker 
cen1ent, or other thin, liquid adhesive, in the· 
opening of a socket \Vrench . Just a slight 
a1nount of tackiness is needed to keep the 
nut in i1lacc \\··hile you place the \Vrench 
over the bolt and engage the first couple of 
turns.-1 1 .  LEEPEH.  

total c;apacity is equal to the SUHl of - the· 
individual capacities. Adding resistors , in 
parQl lel gives a total ·resistance s·1nal1er ... the:�n· 
any of the con1ponents; it .rnay be ·calcu
.lated by adding i·cciprocals .  'The builde� 
may substitute values in geo1nctrical pr-c" >
gression in place of those· sho\vn in -the dia
gnun . -1\NDHE\V \'ALE!\Tl�O. 

, 
f 

Check Speaker-P lug Con nection 

NoisE, hum, or  sin1 ilar trouble in  a radio 
receiver i s  often due to loose connections at 
the speaker .plug. \.\Then checking these 
\Vires, turn off the set, remo\'e the plug from 
the socket, and pull on the individual 
stl·ands as sho\vn above. Ilesokler loose 
\Vires to the plug prongs .-ll .  L. 



·Does a VTVM draw current from the circuit under test? The ntillia111n1eter gives the answer. 

If 'YOU'VE ever tried servicing a radio, 
you don't have to be told that a volt-

1neter is like an extra right ann .  It's the 
tool that often tells you \vhat the trouble 
is, and \vhen it can't do that, tells you \Vhere 
to look for it . 

Voltineters can be roughly divided into 
three classes . . Low-resistance meters are the 
·con1111onest. They are usually rafed for 
sensitivity in the neighborhood of 1 ,000-
ohms-per-volt and require- 1 ma. of current 
to deflect the pointer full scale·. High-reSist
ance· 1ncters of the 20,000-ohms-per-volt 
class are distinctly better and \viii give accu
rat<:; results under most conditions. They n�ed 
only . O� ma. to drive the needle .across the 
dial. The third type is the vacuum-tube 
'voltmeter, or VTVM. It has almost infinite 
resistance and takes practically no current 
for its operation. If you .bear in mind that 
�any current required by the meter , must be 

t. Here's where the current goes. The meter 
"loads,, the circuit by dra \Ving extra current. 

130 

taken fron1 the circuit being teste<l-\vhich 
tends to "load" the circuit-you can see \vhy 
it is often important to keep drain to a 
nunnnum. 

None of "this should be read· as a criticism 
of the first t\VO types of meter. Both have 
numerous applications if you understand 
their limits. But take the situation diagra1ned 
in Fig. 1 .  The tube is receiving its plate 
current through Rl  and R2. NO\V if you h·y 
to measure the voltage at the plate \Vith a 
l ,000-ohins-per-volt meter, you ii1troduce 
another currerlt-dra,ving element into the 
circuit, the meter itself. The extra drain may 
be very little (say a half or quaiter n1illi
ampere ) ;  but since it must also flo\v through 
R l  and R2, if ·introduces an extra voltage 
drop. Thus the very presence of the n1eter 
changes the circuit you are trying to meas
ure. 

Another \vay of vie,ving the same problem 

2. There should be 45 volts across R2, but an 
.ordinary meter \vill give a reading of. only 30. 



I 

is illusti"ated in Fig. ·2 .  The left�J1and ske"tch 
sho,vs a 90--volt source across \Vhich t\vo 
identical resistors have -been connected -in 
series . Basic electrical theory tel1s you tha t 
the voltage '"··ill divide equally across the 
resistors . No\v connect a lo\v-resistance meter 
across H2. A 1,000-ohrns-per-volt rheter used 
on the 100-volt scale \Vould have a resistance 
of 100,000 oh1ns. This gives you the effecth·e 
circuit sho,vn in the right-hand sketch. The 
net resistance of the rneter and Il2 is only 
.�0,000 ohms. Voltage drop across this part 
of the circuit, therefore, is no longer 4.5 volts 
hut 30. 

The more \Ve increase the resistance of the 
1neter and the less current is needed to drive 
it, the inore accurate 'vill the read ing hc
co1nc. That's a job fo"r vacuun1 tubes . Tubes 
arc able to amplify bec&.1.use a sn1all change 
in current at fhe grid produces a inuch larger 
change at the plate. Thus if you feed an 
unkno,vn voltage to the grid and place a 
reasonably accurate millia1nmeter in the 
plate circuit, you can obtain a 111etcr in 
'vhich the minutest amount of current \Vill 
he sufficient to operate the meter movement . 

The photos and d1:a,vings on the follo,ving 
pages sho\v t\VO · vacuu1n-h1he volhneters. 
The larger one, diagramed in Fig . 6, 'A'as 
built by Tracy Diers, of Richmond llill, N .  Y.  
The smaller one ( Fig. 14 ) made by Albert 
Ro,vley, �1lanhattan, N. Y., is a less versatile 

· unit but easier to build. 
Mr. Diers' unit \vill measure both rllter

nating and direct voltages and has four 
ranges f ron1 0 to 1 ,  10, I 00, and 500 volts . 
A 6SQ7 \Vas selected for the meter tube be
cause in addition to the triode it contains 
diodes for rectifying AC. The grid of the 
triode is given a fixed bias of lJ� volts by a 
bias cell of the type used in some amplifiers. 

For the meter itself you may use any 
surplus or standard un it provided it  ·has a 
basic n1oven1cnt of 0- 1 1na.-that is, 1 inilli-

4. If a .n1eter is altered to read 0- l 1na. by 
removing a shunt, the scale 1nust be re-1narkcd. 

I 
l 
\ t 

l 

r 
.. 

3.  A cornhine•I chassis and cabinet is used fo1� 
ass(•1nhl i ng the parts. Layout isn't very <.:rit ical . 

5. Ran�e switch, test-prod jacks, ·and .zero ad
just1ncnt inust be located on top of the panel. 

1 3 1  



-6 .  Parts .u sed in building t he VTVl\1 nn1st he o f  close tolerance, hut the wiring is  si1nplc. 

H 1 :  1 0,000-ohm, !-watt earbon .  
H 2 :  1 ,500-ohm, 2 -watt carbon . 
H 3 :  2,000-ohm wire-wound 

pote1 t t iometer. 
H4 : 40,000-oli m ,  20-w a t t adjust

able wire-wound.  Set sl ide for 
f)(i ,000 ohms . Se<· t(•xt . 

HS : 2,500-ohm� 5-watt wire
wound. 

R6 : 1 - meg.,  I -watt <.:arbon . 

L I S T  O F  P A R T S  
H 7 :  40-meg., ! -watt c1::�rbon ( 2% tolerance ) .  
ll8 : 9-meg . , 1 -watt carbon ( 2% tolerance ) .  
H9 : 900,000-oh m ,  I -watt carbon 

( Zo/o tolerance ) .  
H l O :  1 00,000-ohm, 1 -watt carbo n .  
R l  1 :  1 5,000-ohn1, 50-watt, 

adjustable wire-\...-ound. 
C l :  8-mfd . , 4.50-volt electrolytic. 

C2 : .5-mfd., .-!.50-volt paper. 
C:3 : .05-mfd., 600-volt paper. 
C4 : . 1 -mfd., 600-\·olt paper. 
S l :  4-contact rotarv swi tc:h .  
S2 : DPST tog�le . . 
T 1 :  600 to 6.50-volt power trans. 
YlctC'r ( 0- 1 ma. DC ) ,  1 14-volt bi�� 

cell and holder, panel-ligh t as
sembly; tnhes and sockets, misc. 
hardware. 

a1npere C'auses full-scale deflection . lt inay 
be necessary to re1novc shunts or inultipliers 
that are used to give the 1nctcr a different 
scale. If you do, re-1nark the dial as in Fig.  4 .  
Figures :3, 5 ,  and 6 sho\v the  location of  the 
parts and the 1nethocl of connection. Scrape 
every contact and tin those that need i t  be
fore soldering. This is itnportant i f  you \Vant 
clean, finn joints. 

7. Calibrate the ineter \Yith this setup.  Leave 
the ]o,v-rcsistancc incter connected throughout. 

The unjt is built into a chassis incasuring 
.3" bv 1 0" bv 12''. 'l'u be sockets arc n1oun ted 

8. �rhc v1·v�·1 should giYe the sa111e reading 
a s  the calibrat ion ineler. Zero the V'l'Vi\:I first. 

9 .  In each of these ch·cuits try first a )o\v
resistanec 1netcr and a VTV�vl ;  con1p(1re results-. 
· 1 32  
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along an inner chassis edge by means of 
bolts and spacers. So1nc of the resistors 
called for may he hard to co1ne hy. I f  yon 
have trouble finding any, re1ncn1hcr you can 
ahvays inake up the right resistance by add
ing t\VO or more sn1allcr units in series . ..A 
higher \Vattagc than specified \vill do l l O  

harn1 . 
'f o obtain the proper operating Yol tage, 

a po\ver transformer, T' 1 ,  and a SY:3 recti fier 
arc used. The sliding ann on R l 1 has to he 
ad Just eel to 2.55 volts f ron1 slide to ground . 

Scale sclectio11 is acco1npl ishecl by n1eans 
of a single-pole four-position rotary S\vitch . 
\Vitb the slider on contact I ,  the ineter reads 
fro1n 0 to .500 volts full scale ( \vhich n1eans 
that you nlultiply the 1nctcr scaJe hy .500 ) .  
Contact 2 ·gives the O- to- 1 00 range ( n1nl t iply 
bv 1 00 )  . (�on tacts 3 nnd 4 arc for the 1 O-

J 

and I -vol t scales . 
T'he ine ter is cal ibrated for DC. l ote, 

ho\vcver: that a separate tern1 inal is pro ided 
for measuring alternatin g ,-oltages. 1�hese 
arc rec t ified in the d iode portion of the 
6SQ7. T'he n1eter registers peak Yoltage . 
. A.lternatjn g e1urent or ,·oltage changes Hs 
value every .instant , ranging fron1 zero to 



peak. The thing you usualiy \Vant to kno\v 
about "it is the effect-ice valt'1e;, \vhich is kno\vn 
also as root n1ean sq uare, or r.nl .S. To con
vert the voltage indicated on the meter dial 
to r.m.s. , inultiply the ·peak value by .707. 
In n1ost cases multiplying by .7 gives a 
sufficiently close ans\ver. 

\\Then you have co1npleted the \viring, 
check the \1T\li\1 for accuracv of calibration. 

� 

1'urn it on and allo'v it to \Vann up. The 
ineter needle \Vill S\ving off scale, and then 
gradually fall to\vard zero. Insert one test 
lead in the co1n1non tern1inal and another in 
the DC jack. After about five minutes, short 
the prods by touching them together. Ad
just R3 until you ohtain a zero reading. 
1'hese acljustn1ents should he n1ade \Vith the 
selector s\vitch on the I-volt scale. \Vhen 
the' prods arc not touching the needle may 
s\ving a\vay fro1n zero, but the iinportant 
thing is to have the pointer at zero 'vhen the 
prods are shorted. 

If  the n1eter fails to zero properly, you 
1nay have to readjust R4 slightly. The initial 
value of this resistor \Vas figured as 36,000 
oh1ns, hut it may be necessary to · raise or 
lo,.ver it a little by shifting the sliding con
tact. A 40,000-ohin adjustable resistor is sug
gested for R4. Note ho\vever, that it is sho,vn 
in the diagram as a fixed resistor because 
once the proper value is found no further 
ad_iustment should be needed. 

Hook up a flashlight cell and a 500-ohin 
potentiometer as sho,vn in Fig. 1..:__ An ordi
nary but accurate voltmeter n1ay he used for 
the calibration . \Tary the resistor until the 
inetcr reads exactlv I volt. Connect the 

. 

terminals of the \TTV�'1 to the points shcl\vn. 
The meter should -read I n1illia1npere-or, 
if you have re-marked the scale-I volt. 

If H.7, R8, and R9 are kno,vn to be 
\vithin 2-percent tolerance, it should not be 
neccS,sary to calibrate for the higher rahges. 
Ho,vever you may do so by adapting the 
setup of Fig. 7, using a higher voltage 
source, a I-meg. potention1eter, and a multi
range voltmeter. Check full- and half-scale 
deflection on each range. 

To demonstrate the superiority of a 
VTV�1 over ordinary meters, duplicate the 
circuit sho,vn at the left in Fig. 9. \\7ith a 

' . 

lo,v-resistancc meter the probable reading 
will be about 25 volts; the VTV�'I \Vill in
dicate very close to 67� volts. 

As a second step, check the current 
needed by each of the meters by i_nserting a 
0-1 ma. meter in place of "the 300,000-ohm 
resistor. Make a voltage reading across the 

10. This shuplified VTVM uses one tube. Scale 
divisions, fro1n 0 l:o 25, are n1arked on glass. 

tenninals \Vith a lo,v-resistance meter and 
the VTV�,f . The millian1n1cter in series sho�vs 
ho'v 1nuch current is taken by each · of the 
voltnte'tcrs. It \Vill probably he something 
like .6. ma. for the lo,v-rcsistance unit. Ho\v 
much does the VT\7:\tf ch:aw? You can read 
the ans,ver yourself at the top of page 1 30. 

Co1npact 011e-TulJer 

Everything that has been said about vacu
um-tube voltrnetprs applies equally to the 
sirnplificd n1odel sho\\'ll above and on the 
follo\ving page. l\lr .  Ro,vley's meter uses one 
tuhe and reads l)C voltages only. It has 
three ranges, fron1 0 to 2.5, 25, and 250 
volts. Selector S\vitch and bias cell have 
been omitted, and one half of the 7N7 dual 
triode is used as a po,vcr rectifier hy tying 
the grid and plate together. 

Again, any good 0- I ina. ineter may be 
used; one \Vi th a fairly large scale is desir
able since this hookup causes the inetcr to 
zero at midscale. A small incter \Vould make 
the divisions hard to read. 

The po,ver transforn1er has a h igh-voltage 
secondary of 240 volts on either side of the 
centertap. One of the outer leads is cut off 
and taped, as are both leads of the 5-volt 
secondary, \\�hich i"s not used. 

Tube, calibration control, and most of 
the small parts arc mounted on a 2�2" by 
4�2" aluminum chassis. This unit, in turn, 
is installed in a larger cabinet on which are 
placed the 1ncter, zero control, selector 
terminals� and S\vitch. 

Like the other meter, this one has to be 
calibrated before it can be used. After com
pleting the \Viring, tum on the S\vitch and 
let the tube \varn1 up. After a fc,v seconds 
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1 1 .  A few of the parts are attached directly 
to the front and top of a s1nall metal cabinet. 

1 3 .  Ren1aining parts are \Vired underneath 
the chassis, \vhich is then placed in the cabinet. 

the needle \vill start cli1nbing to the center 
of the scale. Use the zero control to bring 
the needle to exact center. Repeat the setup 
sho\vn in Fig. 7.  Plug a positive test lead into 
the 2 .5-vol t jack and connect the leads to 

12. The"1ransforn1er is bolted to the chassis. 
Calibration control and the tube go on top. 

take a reading. Adjust the calibration conh:ol 
so that the needle S\vings exactly one divi
sion \vhen the lo,v-resistance meter sho,vs 1 
volt. Reverse the polarity of the test prods 
and check the S\Ving in the opposite direc
tion. 

Should the reading be inaccurate, read just 
the zero control until the s\ving is exactly 
one division either 'vav. Disconnect the test 

., 

prods and make a sharp mark on the glass 
dial face at the point \Vherc the needle rests. 
Re-mark-on the glass-this ne\\' zero position 
and use it \vhenever you are testing on the 
2.5-volt scale. Use the norrnal zero-i.e., 
dead center-on the 25 and 250-volt ranges. 
The meter reads both 'vays from center, so 
you don't have to \vorry about polarizing 
the test prods. This is handy in checking 
bias voltages \Vhere you'd usually have to 
reverse the prods. 

L I S T  O F  P A R T S  

All  fixed resistors 1 -watt carbon. 
H l :  1 0  meg. 
H2 : 820,000 ohms. 
R:3 :  250.000-ohm potentiometer. 
R4 : 2.700 ohms. 

+ 2.S VOLTS 

R.5 : 25,000-ohm potentiometer. 
H 6 :  68,000 ohms. 
R 7 :  l ,000 ohms. 
R S :  2.200 ohms. 
C l ,  C2 : 8-8-mfd., 450-volt dual 

ctec:t rotvtlc:. 
S l :  SPST .toggle. 
Tl : 480-volt i>ower transformer. 
�foter ( 0- 1  ma. DC ) .  71:\i tube 

and lock-in socket> test prods. 

CENTER'.'.. TAP ' 
-----· s 

115 VOLTS 
AC 

1 0---0 

ALL FIXED RESISTORS 
l WATT 

1 4·. 1-lalf o f  the dual triode serves as a power rectifier, the other hal f a. the n1eter tube. 
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'fhe d iHI plate on \Vhich the slug-tuning unit 
is 1nounted inakes up the face of the receiver. 

l'he bnck of the tu'ncr is shc)\vn at left. Next 
to it is a (car vic\V of the co1np!cte receiver. 

Pouket Set Has Permeability Tuning 
CO�IP;\CTNESS in radio receiver design 

has been achieved in n1any \Vays, but 
\vhcn really tiny sets are nHtdc they \vill 
probably e1nploy penneability tuning. In 
tlds regenerative circuit the usu�11 variable 
condenser and the coil \Vilh prin1ary, sec
ondary, and tickler \vindings are replaced by 
a thin plastic forn1 5/ 1 6'". in dhu11cter around 
\vhich is \Vound a special lo\v-resistance coil . 1\n iron slug inoves inside the fonn to vnry 
i t s  inductance and tune to any frequency 
in  the broadcast ban<l. 1'he tuning unit 
used co1nes rnounted on a 33�" by 5" 1nctal 
piate; dial and pointer arc on the reverse side. 

''fhe single coii of the tuner serves for .both 
anten11a and tickler \Vindings ; the latter acts 
as a fe('d-back pa th bet\veen plate and grid.  
llegl\ncration is obtained by varying the 
in terelcctro<le capacity of the 1281\6 detec
tor through the 1 OO,OOO-ohn1 potentio1nctcr, 
H�3. \·Vhen this capacity is high, the circt tit 
breaks into oscillation. As the plate voltage 
is decreased, the plate-to-grid capacity de
creases and the tube becon1cs less sensitive 
to incoming signals. Best reception is ob
tained \vhen the potentio1neter is set just 
belo\v the point \vhere oscillation begins. 

Four %" \Vire-1nesh ventila tors are let into 
the sides of the 1 3/16'' by SJ�" by 5%" 
vJooden box. Shafts for the S\Vitch and 
regeneration control are brought out through 
the panel and holes are drilled for inounting 
the earphone jacks and the antenna binding 
post. Post and jacks mnst be of the insulated 
type and should not make contact \Vi th the 
1netal panel . 

No chassis is needed since heavy bus h<lr 
is sufficiently rigid to support the tube 
sockets and other light con1poncn ts .  vVhe1 1 
\Viring the set, leave the tubes in their sockets 

to -insure proper spaeing of the parts . Adjust
C2, the . 00 l -1nfd . trinu11er that is brought 
out through the side of the box , until sta• 
tions con1e in at their proper dial settings. Do not 1 1se an ex�tcrnal ground, since this
connection is already 111adc throu gh the 
115-vo]t AC or DC line. 1\ hank of \Vire \vill 
serve as an an tenna, or you 111ay conuect the 
set to an outdoor aerial.-Eo\-VARD BLAl':TON'. 

L I S T O F  P A R T S  
R l :  5 mcg . , �'2 watt carbon. 
H2 : 150�000 oh_ms, % watt <:arhon. 
H 3 :  1 00.ClOO-ohm potcntiomder. 
R4 : .50,000 ohrns. % watt carbon. 
JV) : 10.000 ohms, .3 watts rihhon-wound or 

carbon. 
R6 : 4:30-ohm lin�-<:ord r<'sistor. 
C l , c.:;, C�l : .00.5 mfcl. , 400 volts midget tubular. 
C2 : .00 1 m fd .  ( uu\�� . ) trim mer. 
C3 : .0002 mfd . .  mka . 
C4 : . 1  mfd . ,  400 vol ts � paper. 
C6 : .00:2 mfcl . �  m i<:a. 
C7 : I (i-mfd.� 1.50-voh el�ctrolytic. 
CS : 20-mf d . ,  V>O-vnlt cle<:troly t ic. 
PT : permcability-tunin� un it for n.·gcncrativc 

circu it. 
S I :  SPST rotary. 
Tubes. sockets, insulated phone tips, bind ing post, 

steel-mesh v<:�ntilators, misc. lrnrdware. 

C 5 PHONES 35W4 ----------------� ,I 5 --
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.. The cathode-regenerative ·circuit empJoyed in  thi.s o n e-tub e  tuner is free of whistles 
�nd howls, and causes no i nterferen ce with other radios. A tiny n6w crystal used i n  
wartime radar equipment oets a s  the detector, replacing the mor, conventiona l-diode. 

• • 

1 1 1 e .  i y 
\VlTB T\VO TU"llES 

N eatly laid o ut a n d  with a l l  inter
n a l  wir ing below the two metal 
chassis ,  the r ig co n be housed ver
tical ly or  horizon ta l ly  i n  a cabin et. 
The speaker should be fitted to a 

' baffl e  for best tone qua l ity. 
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One stage of a m p l ification is enough to d rive o 1 2 .,  spea ker at comfortable volume, 
. but o smal ler unit can be used if p referred. When o perating with a p honogra p h, the 
ampl ifier· g ives best results if  coupled to a crystal  p ickup of the hig h-output type. 

Dual-Purpose Tu bes Provide Five Stage�- i n  U n usual  ·circu -it  

By W I L L I A M  N O R T O N  

A CIHCUI1' design that makes 1nost of 
the con1ponents double up or perfo·nn 

same extra function is la · cly responsible 
for the high quality of reception po�sible 
\Vith this l\vo-tube receiver. Each of the 
tubes actually contains t\VO separate sec
tions \vithin its glass envelope, and a \Var
born development re1)laccs the detector 
tube, a<l<ling up to· five stages in  a11 

About the size ·of . a s1na1l resistor, the 
ne\V part, X l  in the d iagra111, is actually the 
old f arniliar crvsta] detector in a ne\v dress � 

Engineered for use in compact radar equip-
n1ent, the inidget crystal i s  IiO\v being 
offered to radio builders as a replacement 
for all types of diode-detector circuits. 
Available \Vith pigtail leads for \viring into 
the set, it not only sa\·es space but elimi
nat�s the need for a fila-1nent current, result-

ing in c.:oole1 operation \\7ith nl\ sacrificP
ancl possibly son1e gain-in pertonnance 
1'hc crystal is  factory adjusted , and its '·cat s 
\Vhiskef· is i1nbedded in \VHX for unifonn __ 

shock-resistant service 
Also contribi1 t ing to the set's high fidelity 

is the use of an audio transforme1 . employed 
here in a so1ne\vhat unconve11tional circuit 
The transforn1er, T2� has a ratio of 3 .. 5 to 1 . 
anct as used \Vith both B-pl t ts and C-1ninus 
leads soldered to the chassis, carries no plate 
voltage in its ·pri1nary \vinding This tends lo 
give a flatter response curve-that is, more 
uniform amplification of signal voltage and 
reproduction ·of the musical and voice 
ranges. 

_ 

'fhc elaborate filter circui t  adds its share 
to smooth perforrnancc. Output fro1n· the 
half-\vave rectifier is first filtered through 
the heavy-duty choke, L3, a�1d elcct

_
rolytic 

co1idenscrs C 1 1  and C -13. It 1s then further 
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PHONES �� 
3-WAY . 

PLUG & CABLE �:.��:o:w'/ 

The size of the metal chassis a l lows � 
a m pl e  room for neat wiri n g .  N ote the l'r' 
tiny fixed crystal d etector X I ;  it takes 
the p lace of an extra tube. but is n o  
larger  1 h o n  a 'Ii-watt resistor. 

Note the sh ie lded wire used between 
the gtid of the  I 1 7 N7 and the vo lume 
"control.  RS.  The · latter shunts the 
$econdary of the a ud i o  tra nsformer. 
The feed-thro u g h  switch ,  $4, can be 

� <fm bi n e d  with the pote ntiometer or 
replaced by a separate pa ne l  switch .  

J 

Tu n i n g  a n d  reg e n e rat ion controls a re. 
both placed on  the front of the first 
chassis. The reg e n e ration control a lso 
a cts as one  of the two volume controls on  
the  radio. To· a l ign  the set, ad ju st the 
trimmers on  top of C I .  I n k  the cal l  lette rs 
of local stations on  the d ia l  for easy ref
erence afte r you have logged a l l  .of them. 

(a rg e  tra nsform e rs and e lectrolytic 
cond ense rs contribute to the over-a II 
efficie n cy a n d  tone of the fi n ished 
receiver. They a l so g ive the set a 
hand some, prof essiona I a p p  ea ra n ee .  

I 3 -WAY 
PLUG 



filtered through R7 and Cl2.  Tapped off th�· 
choke, the voltage that reaches the plate 
of the l l 7N7 is higher than the one that 
gets to the screen. 

Fidelity of sound reproduction generally 
requires that the plate impedance of the 
output tube be matched to the impedance 
of the speaker. This is done \vith an output 
transfonner that has several taps in the 
secondary \vinding. By selecting the right 
ones, any speaker can be matched to the 
tube through the simple trial-and-error 
systen1 of testing various taps until the 
most pleasing tone reproduction is obtained. 
There is enough po\ver in this set to drive 
a 12" speaker, but if the full bass· rendition 
of a larg� speaker is not required, an 8'' 
or 10'' unit ·may be us·ed instead. 

To 1nake the tuner and audio amplifier 
sections indcpendc·nt of each other, l\vo 
metal chassis blanks \Vere used. The· first 
2'' by 7'' by 1 1'' unit contains the radio
frequency, detector, and first-audio .stages; 
the other holds the · second-audio amplifier 
and the rectifier. 1\ black crackle finish on 

. the metal enhances the appearance of the 
\vork <.1nd lends a professional touch to the / 
equipment. Used ;;t}one, the tuner \Vill give 
excellent reception 011 .headphones; alter
natively, the amplifier can be used \Vith 
either a microphone or a phonograph pick
up. S\vitches S 1 and SS allo\v individual 
operation. 

As only one stage of audio amplification 
is provided for a ·p honograph, a high-output 
pickup is needed to obtain high volume. 
For most satisfactory performance, one of 
the ne\V crystal .... pickups \Vith a signal 9ut
put of about 4.5 volts should be used. 

Air-core coils are used in the 'R.F. stage, 
but shielded ii:on-core coils ·m ay be substi
tuted if they are easier to obtain locally. 
The coils are turted by a t\vo-gang . 000365-
mfd. variable condenser against a dial that 
can be marked \vith the call letters of local 
stations. Dials of this type are .furnished· \vith 
several blanks so that · ne\v station letters 
can be \vritten in if the set is relunecl or 
moved to a ne\V. lo·cation. 

Extremely stable -regeneration, free of 
whi.stles, hoots, and ho\v ls, is provided by 
the cathode-regenerative circuit, ·and con
trolled by 1\1 .  This type of r�generation 
boosts the po,ver of the receiver but does 
not interfere \vith neighboring r_adios. By 
using exte1nal line S\vitch S4, and a sec·ond 
volume control, RS, it is possible to leave 
the regeneration control set {l.t the point , 

\vhere �·ecep.tion ·1s best. No gro.un� · J�� 
needed, but if one is used it should be co·n
nected to the chassis through a ,. -1 -mfd. ,  
600-volt condenser to prevent any po�sib�Ilty· 
of shorting the 115-volt line. In some neigh:.: 
borhoods. the i;eceiver \vill give adequ�t� .· 

volume \vith a very small antenna, or even. 
none at all; in others anything fro1n a 20' 
indoor line to an outdoor antenna of 100' 
or more may be needed. 

Because this _ set is capable of quality 
sound ,. reproduction, it deserves a cabinet 

· that \vill help rather than hinder its tone. 
The speaker should be 1nounted on a baffi� 

L IST O F  PARTS 

Rl : 50.000-olun potentiotnetcr, with switch. 
R2. R3. R4 : 100, 000 oluns, �·2 watt. 
R5 : 500,000-ohni pot. 
R6 : 600 oh1ns, 2 watt$. 
R7 : 500 ohrns, 10 watts. 
Cl : . 000365-infd. two-gang tuning condenser. 
C2, C3. C8, Cl4 : .1-infd. ,. 600 volts. 
C1 : . 0002-mfd. n1ica . 
C5,· C6 : .05-n1fd . ,  600 YOlts. 
c1· : 00025-mfd . ,  niica. 
C9 : 25-mfd . .  50-volt electrolytic. 
ClO : .003-mfd. , 1n ica. 
Cll� Cl2 -: 8-mf d . .  450-,·olt electrolytic. 
Cl3 : 20-mf d.,  450-volt electroiytic. 
Ll : Shielded ai r-core antenna coil. 
L2 : Shielded air-core R.F. coi l .  
L3 : .Shielded fil ter .choke, 10 to 20' hcnries, �00 

·to 600 ohms. 
Tl : Fi lainent trans. 6: 3-Yolt, l·-amp. second-

ary. 
T2 : Shielded audio trans . . 3.5 to i -ratio. 
T3 : Output trans . .  tapped secondary. 
Xl : 1N34 midget crystal detecto1•. 
Sl, S3 : S. P.D. T. toggle switthes . 

S2 : S.P. S_. T. See Rl, 
S4 : S.P.S.T. 
Tubes. sockets. P.l\I. speaker, dial, cable·, 

pl ugs, n1isc. hardwa re. 

to prevent loss of lo'v notes and ap over-a]} 
tinny sound. The cabinet shouki be chosen 
\Vith an eye to the versatility of the t\vo 
units that make i1p the receiver. I f  you plan 
to use a phonograph \vith the an1plifier,. 
some· provision should be made to house it. 
The changeover S\vitch, SS, may be moved 
·i f  necessary to make it c·as"ily accessibJe 0�1t-
·side a closed cabinet. Similarly, the head
phone attachment on the tuner and S\vitch 
Sl  may be shifted so that phones can be 
pltigged in \Vi th the least difficulty. If the 
set is de.stined to remain in your \vorkshop, 
the metal chassis can be n1ounted · at any 
angle on the \Valls or hen ch . 
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e uxe aca 100 or a e 
• • 

1va s onso e 10 " . one 
n,.,. . lle11ry c. �f;1 rf.i11 

P
. OHT ABILITY in radios suggests the 

great outdoors, yet fc\V 1nanufaclurcd re
ceivers allo\v for the different rcquirc1ncnts 
of out-of-door as against indoor l'istcning . 

\>Vith the except ion of 1nore expensive mod
els, 1nany con1n1ercial portables arc either 
incapable of delivering con1fortablc outdoor 
volun1e or else overload to the point of dis
tortion \Vhen they are turned up to an ade
quate level .  

These \Vere the c:h ief factors that \Vere 
kept in  1nind in the design of this portable. 
Jn tone it is equal to 1nany large consoles, 
while the output level of undistorted vohnnc 
is h igh enough to Aooc1 a good-sized room. 
.Even ,,.·here surrounding noise \Voti ld nor-
1nal1y dro\vn ou t the sound of a radio, you 
\Von't have lo cock your ear to the ]oud-
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speaker of this set. For aH its po,ver, i t i s  
s1nall enough in size and \Vcight to  he eas�ly 
carried on picnics, beach and boat trips, 
and the like. 

1'wo I S4 pentodes are \vired in parallel 
in the output stage and 1natchecl to a l i gh t  
pern1anei1t-n1agnct spea ker to produce the 
unusually good tone. The tubes feed into 
a universal output transforn1er that has sev
eral taps on the voice-coil ( or secondary ) 
\Vinding. A trausfonner \Vith an input capa
ble of 1natchi1 1g  load i l npcdances up to 
4,000 ohms is clesirahle since that is the 
theoretical resistance of l\vo 1 S4's in par
allel. In the original rcceh·cr the 2,000-ohn1 
tap \Vas used hecausc i t  produced the most 
t>leasing toue.  The transfonner n1a tches this 
tube i1npedance to the voice-coil impedance 
of the speaker \Vhich, in this case, i s  4 to 6 
oh1ns. The speaker itsel f is one of the light-



A piece of flat bra ss, cut to fit  snug ly  a cross the 
u pper  p a rt of th e case,  i s  used as a chassis. The 
lower portio n of the  cabinet  is g iven over to the 
speaker  a n d  batteries. One 1 .5-volt A a n d  two 45-
volt B batte ries supply the set with power.  The loop 
a nten no s l ips u n d e r  the I id of the case. 

est 5''- units that can no\v be purchased ; its 
alnico 1nagnct is about as large as a thh nble. 
\\'eight, of course, is correspondingly s1nall . 

The chassis consists of a �)��,, hy 1 1" strip 
of brass approxin1ately 1/1 G" thick . 'This 
piece has no sides but a 2" fla1 1ge is fonned 
in front to support the dial assembly. By 
keeping ehassis diinensions to a 1nin1nun1 
and elirninating the sides, \veight is reduced 
and \v iring is made easier. Before cutting 
the chassis, 111casure the iuside dirncnsions 
of the carrying case you in tend to use. 

Both scnsith: ity and selectivity are ex
tremely good, the f onner because t\\10 stages 
of I F  are e1nploycd, and the latter because 
in all ,  eight tuned circuits are used . Tuuing 
is accomplished by ineans of a n1idget t\vo
gang tuning condenser. J\s nlay be seen in 
the top photograph on page 143, the plates 
of the oscillator tracking section are con
siderably smaller than those of the antenna 
section. This is because the oscillator auto
matically tunes to a beat freq nency 45G kc. 
higher than the antenna.  As usual, all the 
IF transformers are adjusted to this fixed 
456 kc. intennediate frequency. Incoming 
siganls go directly to the l ll5 \Vhich acts 
both as first detector and local osci1 1ator . 

A pair of 1T4' s is ul i l b�ed for IF  an1pl i
fiers. Ground return leads of hoth the inter
stage and output IF transformers ( L4, L5 ) 

H e re's  p a rt of the sprin g-suspens ion  system that 
helps p rotect this  set from the jo lts a nd bumps  
that  shorten the  l ife of  most porta bles .  An chored 
between solder ing lugs on  the chassis a n d  case, 
two tension s prin g s  provid e a "float ing" or  shock
a bsorbing support for o n e  edge  of the chassis. 

are \\ ired into the automatic vohnne control 
circuit. �'lanual control of vohune is ob
tained through a 1-meg. variable resistor 
( H l  I )  in series \Vith the control grid of the 
1 S5 .  Detection, or n1ore correctlv rectifica-, 
tio1 1 , is perfonned by the diode plate \Vithin 
the envelope of the I S.5 . The pentode sec
tion of the tube acts as the first audio 
a1nplifier and is coupled to the detector 
through R l l  and C l 2 .  Hesistance and con
denser eonpliug is also e1nployed bet,veen 
the first and second audio stages. �rhe latter 
consists of the pair of 1 S4 power pentocles 
\Vhich, in co1nbination, boost the audio 
signal to the high output level that inakes 
this set so salisfactorv. , 

Final choice of a cabinet \Vill be mndc on 
the basis of personal taste, price, and avail
abi] ity. The hanclso1ne· leather-covered bag 
sho\vn here is 011 the cxpeusive side, and 
n1any less costly but equally satisfactory 
substitutes can be found in  any luggage 
store. A s1nall overnight bag \Vill do pro
vided that it is approximately the right size 
ancl sturdy enough to stand the 'vear that 
portables are subject to. 1"his c-ase 1neasures 
4%" by sr.'' by 11%" outside; a s1naller one 
is not advisable. Before cutting the �ase, 
make cardboard tc1nplates of the chassis, 
speaker, and batteries, ancl deC'ide on the 
best posit ion for each of the111 . � lark the 
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positions of the volume control and tuning 
shafts and the openings for the speaker and 
.dial on the outside of the case. Score the 
·leather \Vi th a sharp knife, drill the shaft 
holes, and cut or sa'v the citcular speaker 
and dial apertures. The edges of the cuts 
can be- concealed by suitable escutcheon 
plates. 

Most overnight bags are fitted \Vith nlir
rors, and if yours has one it should be re
moved and the loop antenna slipped under 
the cover lining. Instead of being mounted 
rigidly inside the case, the chassis is sprung 
to absorb jolts and shocks. Two soldering 
lugs are scre\ved to the top of the case· and 
another t\vo lugs are bolted to the edge of 
the chassis. Bet\vecn the anchor points thus 
f onned, sin all tension springs . are installed 
to support the rear edge. The front is held 
only by the shafts, '" hich project through 
the face of the bag and are gripped by the 
knobs on the outside. 

Since, in co1nmon \Vith all portables, this 

. 
set is dependent eiitirely on its loop ant�nna 
for station ·pickup, it should not be expected 
to perform any remarkable feats of long
distance reception. It \vill, ho,vever, easily 
pick up and separate all local stations, and 
its performance can be in1proved by using 
the antenna to best advantage. One 'vay of 
doing this is to turn the set as you tune it 
until the position of the antenna favors the 
station you are trying to get. Reception can 
also be improved in many cases by leaving 
the cover of the case slightly ajar. J\1ost 
loop antennas, in addition, have an extra 
connection that permits the attachment of 
an outside aerial 'vhen conditions permit. 

In order to keep battery drain to a mini
mum, no pilot light \Vas used in this circuit. 
This makes it all the more important that 
you remember to turn off the S\vitch \Vhen 
the set is not in use. If you can't trust your 
memory, insert � 1 .5-volt .06 amp ( 60 ma. ) 
pilot light behind the dial and \Vire it in 
parallel 'vith the tube filaments. 

I 
C l 4 :  .0002 mfd. mica. I L · I S T o· F P A R T S 

All resistors % watt carbon unless · 
otherwise noted. 

R I O :  3 mcg. 
R l l :  I 1ncg. with switch pot. 
R l 2 :  10 meg. 

Cl6:  .005-mf d.,  450-volt i>aper 
tubular. 

L I : Loop antenna. 
R l :  100,000 ohms. 
R2 : 2 meg. 
RS: 10,000 ohms. 
H4:  2,000 ohms. 
R.5 :  5�000 ohms. 
R6. R9 : 5 mcg. 
R7 : 15,000 oh1ns. 

, RB : 1 ,000 ohms . 
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R13, R l 4 :  1 mcg. 
R l 5 :  180 ohms, l watt. 
C l :  Two-gang tuning condenser. 
C2, Cl l :  . 1 -mfd., 450-volt paper 

tubular cond. 
CS, C l S :  .0001 mfd. mica. 
C4, C5, C6, C7. CB, C9, C lO, 

C l 2, C l 5 :  .05-mfd., 450-volt 
paper tubular. 

L2 : Iron-core oscillator coil. 
LS, L4. L5 : input, interstage, and 

output IF transfonncrs. 
Tl : �·fidget universal output 

trans. 
S I :  D.P.S.T. switch on R l l  
Speaker

.z 
tubes, case, tube sockets, 

shielos, batteries, hardware. 



Labeled p hotograph shows where major parts a re placed on top of the chassis for most effective separation. 

M ost of the wiring  is done below the chassis. Use the new tiny resistors a n d  c o nd ensers to save space. 
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l;lat. «t11 ltl le1· lt 111r11as T11r11f,altl •-' 

H.uunEn-covEREn idler \Vheels used be
t,veen the driver and turntable ri ln on ri1n-• 
driven phono 1notors .may develop a flat i f  
left standing in  one position . Flats cause an 
audible bu1np at every revolution of the 
turntable; they are nlost likely to develop 
during the hot st11n1ner months .  Before go
ing a\vay for the stnn1ner, unseat the turn
ta ble to relieve pressure on the idler . A.nd i f  
the trouble should develop, you can replace 
the idler or turn it down carefuHv on a lathe .. 
to restore perfect.__ roundness . 

RADIO 

' -

s,,-if·el1 �car t•l1 •1t11e f;uts Ratlitit 

TIHED of running to reduce radio \:olun1e 
every ti1ne the phone rang, we 1nounted a 
toggle S\.\1itch near the telephone. By con 

necting it in series \Vith the radio l ine cord, 
we can no\V turn the set off right at the 
phone. 'The \\'ire leading fron1 S\Vitch to 
radio is stapled to the haseboard .-Arthur 
Trauffer, Council Bluffs, Io u;a. 
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Tro11ltles Tra ed t•• Ctt11de11 st.�rs 

D1s-ronT 10{\, loss of 
volu1ne, and squeal
ing in a radio can often 
he traced to a faultv , 

OUT PUT O R  
DETECTOR TUBE 

electrolyti c  conden�er 
in  the cathode of the 
po'Arer output tu be. A 
typical value of this 
condenser is 2.5 infcl . , - I; 
.50 volts. 

HEATER 
• L EADS 

\.Vhen a set suddenly I BIAS 
loses volu1ne hut can R E StSTOR 
he brought back hy 

-- / , . �  banging the cabinet or + �ilt " -_: 
flicking a l ight  S\Vi tch - :::� 

in  the roo1n, the elec
t rolytic in the cathode 
of the second detec
tor (57, 6C6, 6J7, etc.) 
1nay he leaky. Its value 
is 5 mfd . ,  2.5 volts. 

I n  replacing either 
of these bias condens
ers, connect the posi

I _L. 
EL.ECTROLYTtC l 
CONDENSER : 

. 

t ive tcnninal to the cathode and the Hegat ive 
lead to the chassis or other grouncl .-Frank 
Tobin, 1\1a11hatta12, N. Y. 

Tape Red11ces Shock Haz;1rtl 

THE tiny zeroing scre\v on the face of a 
0-300-ma .  plate ineter on a trans1nitter 
proved to he loaded 'vith h igh voltage. An 
accidental touch produced a painful and un
expected shock . 'f o prevent recurrence, I cov
ered the head 'vith adhesive tape. I t  is  easily 
removed \vhcn adjustn1ent is necessary.
D. ]. Bach11er, Queens, N. Y. 



Boy's Ratlio 
Lets Dad 
EnjO)' His 

Bp1 Cli11tt111. E. Cl11.1·li 

' 

E \7ERYONE in the family \vi i i  en joy this 
l i t t le  t'vo-tubc head phone set . Junior 

ca1 i I isten to all t he prognuns especially 
n1ean t for h i rn, and Pop and ?\fon1 \vill 
e�c:ape the nerve-shatterii1g ton11ny guns 
and thuudering herds. P1--etuning n1akcs 
things easy, for any yo.ung l istener can turn 
on Lhe S\vitch and set the pointer knob to 
his choice of three stations. /\ four-position 
S\Vitch and one extra td1nmcr \vou]d adapt 
the set to cover all four rnajor net,vorks . . A.1-
though the circuit is regenerative, pretun
ing eliminates the usual squeals. 

Begin \VOrk on the chassis by drilling or 
punching t\vO I J�" holes for the tube sockets. 
Then drill holes for rnounting the line
dropping resistor l" in front of the 1 2J.5G'f 
tube. 1 This resistor . 111ust be above · the 
chassis because it creates considerable heal . 

In the back of the chassis, drill three holes 

Pretune the set \Vith a neutralizing tool or 
a bakelite shaft ground to a scre,vdriver tip. 

.. 

- -

fol" the phone jacks and line cord, protecting 
the latter \vith a rubber gro1nmct . In the 
front, drill three evenly spaced holes for the 
s'vitch., pilot light, and regeneration control. 
Drill three corresponding holes in the panel, 
plus a fourth for the selector S\vitch . 

A ft er the sockets, filter choke, and 
selenium rectifier have heeri inounted, the· 
subchassis \viring n1ay be started, taking 
the po\ver-supply section first. If you hav� 
a n1eter, the DC� voltage here should test 
approximately 1 00. T'hen install the fila-
1nent circuit, and detennine the 580-ohm 
setting of the adjustable s'J ide \vith an ohm 
rneter. 

�-lount t\vo 1 1�" high standoff insuhltors 
2" apart on the left rear o f  the chassis top._ 
These support the coil and tuuing ca
pacitors, a soldering lug being used on the 
top of each to attach a length of stiff ,vfre 
to ,,�hich the condensers are soldered. The 
other ends of the condensers are brought to 

\ 

, 
Subchas8·is wiring i s  co1nparativcly sirnple. 
'I'est the various sections as you go along. 
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their r�spective ppsitions on th·e tap S\Vitch. 
!·For this receiver, the coil Is the type com
. tj'lon l y used on small TRF sets, t.h e \vinding 
· ·heing a single Jayer. Remove the primary 
\Vindil1g entirely. 

Expe�·imcntation generally \vill ·�ho\v that 
the best position for making the cathode 
"cq·nnection is near the botton1 or ground 
e11d of the coil . To locate the exact posi
tion, probe \vith a needle or pin stuck into 
tpe- eraser on the en·d of a pencil until you 
find · ,vherc regeneration control ll2 operates 
sinoothly. Then make a . soldered connec
tion. To adjust thy tuning condensers, use 
a servicen1an> s neutralizing tool, or, lacking 

this, a 4'' iengtl� of bake1ite shafting ground 
to a scre\vdriver· tip . An outside antenna is 
desirable but not absolutely neccss�1ry. 

LIST OF PARTS 

LI : TRF coil. 
L2 : 10-hy . ,  50-ma. choke. 
Cl,  C2, C3 : 400-mmf. trimmers. 
C4 : .0001 mfd. mica . 

C5 : 1 mfd. 
. C<->, C9 : .o 1 mfd. 

C7 : 4 mfd. 
CS: .00.5 mfd. 
ClO :. dual 20-20-mfd.-, 150-voltt electrolytic. 

� 
·R 1 : 5 rneg. 

Si11111lt' G11ar.1I 1•1•ot.eets Needle 

-- GUAR D 

.... 
. 

PHYSICAL abuse is a frequent cause of 
cry�tal-pickup failure . l.his may be avoided 
by installlng a pennancnt-necdle type of 
.cartridge \Vith a guard or by building a 
;gt1ard for your present pickup. 

An effective guard 1nay be nlade fron1 a 
��" by l }!i" strip of shin1 brass .005" thick. 

-D rill a ��'' hole in the center for the needle. 
T·hen bend the ends of the strip up\vard 
.par�11lel to the needle, and finally, if the arn1 
is the type at the left above, out\vard so that 
fhe ends mav he fastened to the bolts that " . 

J1old the cartridge in · place. Drill }�oles to 
·Suit these bolts . Form the .guard so the 
.needle projects about 1/16". 

install a je\vele<l or other permanent 
:rt�edle ancl replace the thun1 bscre\v \Vith a 
s.etscre\v. The arn1 need not be rebalanced 
.as the \Veigh t of the brass strip is not suf
ficient to \\ .. arrant it .-�1Ax ALTH. 

R2 : .50,000-ohm pot. 
R3: 1 00,000 ohms. 
H4. R5:  2.50,000 ohms. 
R6 : 2,000 ohms. 
R7 : 600-ohm wire-wound, 20-watts; adjustable 

to 580 ohms. 
H8 : 1 00 ohms. 
SR: 7 .5-ma. selenium rectifier. 
S 1 :  Single-pole\ 3-position selector switch. 
fa2 :  SPST rotary switch. 

CoNSIDERAB.LE tilne may be saved and 
possible errors eli1ninated by using price 
t<1gs to n1ark the \Vires \vhen inaking re
place!Ilent of radio parts. Dudng reassem
bly, the tags '-"�i11 sho\v exactly \\�here each 
\vii·e goes. By erasing the pencil marks, the 
tags may be used 1nany ti1nes. Such tags 
,u·e available at office supply stores. 
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Getting ready for sum1ncr afternoons·? A radio ·is ahnost ns hi1portant as sunshi ne a nd water. 

Higl1 and lo''' battery positions as 'veil 
as .�C and DC operation give this 
versatile set sifrprisin� econon�y. 

By He11.1�11 C. Ma1··tin 

Plan the parts layout and drill the necessary 
holes. Rub d<nvn the chassis \vith steel wool 
lo clean i t  up and. srnooth rough-cut edges. 

T\iVO resistors can n1ake a big difference: 
in a radio circuit In the little set pic.;.

tured here, they 1nake a \vhopping di ff ercnce 
in econon1v and batterv l ife . You've seen" . . . 
standard three-\vay portables that operate 
on 90 volts of B battery or fro111 an AC or 

Save space by joining snaall parts that go to
gether-such as <.:ondensers and resistor:> fn par-: 
allel-before soldering the1n into the set . 
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L I .S T  O F  P A R T S  

All resistors lh-watt c-arhon unless 
otherwise spec:ified. 

H. 1 .5 :  2 ,500 ohms. Rl6 :  20 ohms. 
C l 6 :  .01 -mfd .• 200-volt midget 

paper. 
R l :  50,000 ohms . 
R2 : 6,800 ohms. 
H3, H l 2 :  2 .2 meg. R4. H7 : 1 0  meg. 

C l  A, B :  Two-gan� tuning t.·011-
denser with <:nt-plate section 
for 455 k<:. IF. 

S l :  DPST switch on R6 . 
52:  DPDT tog�lc. 
S3:  DPST toggle. 

R5 : .30-olun, 1 0-walt wire-wound. 
Hfi : �� meg. potent iomclt•r ( vol-

C2 ; 50-mmf. m ica or eeramic. 
C3. C.5, Co. C�l, C H>. C l l .  C l 4 :  

. O l - mfd . , 200-volt midg�t paper. 

T 1 :  �Helget ou tput trans. ( see 
text ) .  

S R :  1 00-ina. selenium rectifier . 
L l :  Loop antenn a .  u me' <:onlrol ) .  

R8 : 2,200 ohms. 
C4 : .05-mfd . . 200-\ olt m idg�t 

paper. L2 : Air-c:ore os<:. coil. 
R9 : 200-ohm, 1 0-watl wire-wound. 
R I O :  3 meg. 

C7 : 20-mfd . ,  V50-vol t  electrolytic. 
C8 : 100-mm r.  r·u icn. 

IF 1 .  IF2 : Iron-core intermcd htlc
frequcncy trnnsformcrs. 

H I  1 :  1 meg. 
H 1 3 :  150 ohms. 

C l 2, C 1 3 :  50-30- rnfd.,  V>O-volt 
dual electrolytic·. 

Batteries ( HO volt� B; 7% volts A ) ,  
.3" P�f speaker, tubes, sockets, 
cabinel, bac1' pane], chassis, 
d ial, l ine cord aud plug. 

H 1 4 :  1 ,500-ohm, 2.l-wntt adjusf
ahle wire-wmmd. 

C V 5 :  100-mfcl., 50-volt electro
lytic. 

DC l ine . Another con1n1on design is the 
'' l'' 1 ·  1 11 6�1' persona rac 10 t iat genera y uses a / /'}.-

vo] t battery to save space . Cornpactness is 
achieved , hut at the cost of lo,vcred scnsi
tivitv and volun1e. 

· I-iere, for the fi rst tirnc, both circui ts �1rc 
incorporated iu one set .  Indoors you'll ruu 
this receiver off tl 1e  house lines. \Vhen you 
get out of range of au extension cord; hcl\v
ever, you'J l find that packaged pcl\ver not 
on1v delivers the goods hut does so at a con-

� � 

sidcrablc savh1g . 

Th e "·hole triek is iu the addition of t\vo 
dropping resistors and an ccono1ny S\Vitch . 
Using �)() volte; of B battery and 7�f volts of 
1\, thb receiver pcrfon11s \Vith maxitnurn 
sensit ivity nnd vo lun1 e . l'hat's fine for a 
noisy beach or ball park, or \\'hen you \Van t  
to listen to a far-off station . But n1ost of the 
tin1e you can get a\vay 'vith less po,ver \vith
out noticing the diffcrc nc�e . Fl icking a switch 
reduces the po ten tial from 90 volts to about 
60, and fro1n 7J� volts to 6. Current drain 
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fro1n the B batterv is cut from 18 milliatn-.. 
peres to 7, \vhilc A current goes do,vn froin 
55 to 45 tnillia111 peres . 

All of this 1neans long, long battery life, 
for even after the cells have run do\\in bv a , 
third , the set \vill continue to give first-rate 
perfonnance if the econon1y S\Vitch is set 
up to 1naxin1un1 . T'o red uce battery drain , 
H 1. 5, a 2,.500-olnn resistor is inser ted in the 
B-plus line, and H J  6, a 20-ohin unit, is 
placed in the fi la 1ne1 1 t  lead . \\1hen full power 
is needed, the DPST s'vitch, S3, shorts out 
the dropping resistors . 

1\ stnall 80-volt battery \Vas used in this 
set in ·order to hold do\vn size and \.veight . 

'· 

If  you don't n1 ind a sl ightly heavier p ack-
age, you can get e\·en greater econo1ny b. 
using t'vo of the h uskier 45-volt batteries 
. . 
in senes. 

Another feature of this set is a si1np1ified 
rectifier circu i t  for AC-DC operation. It con 
sists of a lOO-n1a .  selen inn1 rectifier, three 
electrolyt ic co1 1dcnsers, and th ree resistors . 



. 
m" ".v 

"'ire .. wound resistors are mounted outside the 
chassis for better heat dissipation . One machine 
scre\v holds the seleniurn rectifier. 

One of the latter, R 14, .is a 1,500-ohm, 25 .. 
\Vatt unit \vith an adjustable tap. Setting the 
tap varies the filament voltage. It should 
be adjusted so that the tubes get about 7 
volts-or even slightly less-\vhen the set is 
being operated on house current. For test
ing, fix the tap to give a division of about 
1 ,200 ohms to 300. 

The balance of the circuit follows stand .. 
ard practice pretty closely. There are four 
nliniature tubes in addition to the dry-disk 
rectifier, rriaking this the equivalent of a five
tube superhet. The first tube, a IRS, is a 
pentagrid converter that acts as an RF am
p 1ifier and local oscillator. The incoming 
si gnal is tuned by one section of the t\VO
gang tuning condenser, C 1 ;  the other gang 
tunes the oscillator. Trv to buv a condenser ., " 

that has cut plates for the oscillator section, 
au"d built-in trirn1ners on both gangs. 

'The IF an1plifier, a 1 U4, operates at the 
fixed frequency of 455-6 kc. T\vo IF trans
fonners, tuned to the same frequency, arc 
also employed. �·fidget tra11sforn1ers \vith 
p<)\vderecl iron cores \Vere selected as iron 
cores give higher gain. It inakes relatively 
little difference \vhether fine adjustment is 
1nade by n1eans of air-spaced triinmers .or by 
1noving the iron cores. The diagra_1n indi
cates a movable-core transformer, but the 
trin1n1er type may be more generally ·avail
able and \vill \vork as \veil. 

rfhe dual-electrolytic condenser projects partly 
belO\V and partly above the chassis. It is fas
tened on top by its n1ounting. collar. 

A diode detector and pentode amplifier 
are combined in the 1S5. The former de1nod
ulates the llF signal, the latter acts as a 
first audio a1nplifier. The 3V 4 tube used in 
the output stage is a relatively ne\v develop
ment; it \Vas selected because of its effective� 
ness· in amplifying \veak signals and bringing 
them up to loudspeaker volume. Although 
this tube has a plate ilnpedance of 10,000 
ohn1s, it \Vas found that an output trans .. 
former \Vith an 8, 000-ohm primary and 3.5 
to 4-ohm secondary gave sat isfactory match
ing. Transfo1mers of the latter type are 
more readily available in small sizes. 

An aluminum chassis n1easuring 13�" by 
4�1" by 5" provided ample space. llo\vcver 
it is ahvays a good idea to assemble the 
parts for a set before finally determining the 
chassis size and arrangen1ent. .. Ahnninum is 
fii·st choice for the chassis as it can be drilled 
and cut easily. Seven large holes had to be 
inade for the tube sockets, the dual-electro
lytic condenser, and the IF transfonners. 
Socket holes are %" in diarneter, those for 
passing the IF leads throt 1 gh the chassis are 
}f". The 50-30 dual electrolytic used here 
required a 1 ��,, hole in order to he inounted, 
as sho\vn, partly above and p<irtly belo\v the 
chassis. If you don't have chassis punc;hes 
in the right sizes, dri1l sn1a1Jer holes and file 
or rea1n them to the required diameters. 

Solid pushhack \Vire is the easiest to use 
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A small wooden cleat behind the chassis keeps 
it ·fro1n sliding back in the cabinet.. Cleats are 

for \V1nng the parts, and is snitahle for all 
except the battery leads and those to R 1 4 .  
Cotton-covered stranded \Vire ·hi1s the insjcle 
track for these connections \Vhere extra flexi
bility and current-handling capacity arc iin
I)Oitant. Note that Il5 , R9, and 1{ 1 4  arc �l11 
inounted above or outside the chassis. This 
is  done because these resistors-all of . the 
\Vire-\vouncl typ�-generate n1ore heat than 
coul<l be readily dissipated if they \Vere con
fined under the chassis. They only come 
into operation \\··hen the set is used on a 
1 15-volt l ine. Should they appear to get 
too hot, it might be \VCll to open the, back 
cover \Vhen the set is kept on for long. 

A :dununy wall outlet is scre,ved to the side of 
t'he cabinet to 1)rovide an an chor for the AC-DC 
cord \vhen the· set is operated on batteries. 
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also used to keep the batteries in place. For 
carrying, a leather handle is scre\ved on top. 

Altho\1gh IF transformers arc preset at 
the factory, \Viring thc1n into a set may 
thro\v the1n slightl y out of adjustinent. \Vhen 
the asse1nbly is co1npleted, tune in a station 
at the high end of the broadcast band ( the 
plates of the tuning condenser arc ou t of 
n1esh af the high end ) and rock the triin
n1crs on the TF transforrncrs very slightly 
to peak the signal. Use a sn1 all scre\vdriver 
for this adjustincnt,. or, preferably, an in
sulated tuning \Vand. Y.lake any simi1ar ad
justment that may be necessary on the trfrn-
1ner alongside the osci lla tor section of C l .  
H.ock the tuning dial back and forth \vhile 
adjusting this trin1n1 cr, and then 1nake a 
final check on a station at the lo'v end of 
the band. 

An inexpensive solution to the cabinet 
proble1n is to use one of the replace1ncnt 
cabinets for 1\C-DC receivers available at 
1nany supply houses. It isn't likely that any 
of them \Vill con1e \vilh carrying hand les, 
but an attachable lu ggage handle takes care 
of that. Cut a ply,vood, plastic, or sirnilar 
back to the proper size and hinge it to the 

, cabinet alon g one edge. A loop antenna can 
be fastened to the hack \vi th a couple of 
scre,vs. The speaker is attached directly to 
the front panel behind the grille, and the 
chassis is held by the t\VO toggle S\vitches, 
the vohunc control, and the tuning con
denser. If necessary, tack in \vooden cleats 
to keep the batteries from shifting inside 
the box. 



Taite Sl1ieltls Speaker l\lag11et 

SuouLn vou have to Sa\v or file control 
shafts or other inctal parts of a radio \\·hile 
1naking rep<•irs or replace1nents, see that no 
fi lings are permitted to enter the speaker 
cone, \Vhcre they may cause distortion and 
rattling. You can protect the speaker by 
keeping a strip of adhesive tape over the 
opening 'vhilc you \vork.-ll .  LEEPER. 

Easier 

'·VEDCE-SllAPED bits 
of cellulose tape n1ake 
station settings easy to 
locate. Lettered \vith 
India ink and placed in 
appropriate spots on the 
dial, they help you tune 
in \Vhere the light is 
poor \Vithout having to 
ren1en1bcr \Vavelcngths 
of favorite stations.-G. 
E. HAHRINGTON . 

Braitl Gro11nds Contle11ser 

01sv and erratic tuning is  so1netiri1es 
caused by a poor connection bet,vecn a tun'
ing-conclenser rotor and ground . It is espe
cially con1n1on in portables V\�here the con
denser has been inountcd 01Y rubber to 
absorb vibrations. A short piece of tinned 
braid soldered hct,veen the condenser f ra1ne 
and chassis cures i t .-FRA�K ToBIN. 

Riffe Sl1ells t:sed as \\:--ire Caps 

�EAT ends for shield

\ \ 
. \ 

ed \Vire can be 1nade 
from used .22-cal . riHe 
shells. Drill or punch a 
hole in the end, slip the 
conductor through, and 
solder the braid inside 
the shell. En1pty shells 
arc also useful as grid 
caps. Spread or p inch 
the side of the shell to I fit .-RICHARD SALZEH. -----� .......... 

Extra Speaker Converts Ref4'eiver to i111 I11tereo1n 

TALK Ll5TEN 
TO P�ONO 

PLU G ON, 

SET 

OUTPUT 
T RAN S�ORMER 

1N SE.T 

L I ST E N  
, 

--- . 
� 

TAL K  \. E:�TRA OUTPUT 

TRAN S�OR MER --�������-

--

TO RE.MOTE 

S Pt. AK E: R  
-L: 

--
·--£-�--·· 

llADJO receivers having sufficiently high 
audio gain \vill double as intercoms \vith 
the addition of an extra speaker and trans
fonner. A single \Vi red connection to the 
re1note speaker is sufficient, since the re-

turn can be inade to a con11non grouncl. 
'Vhen the s\vitchcs are turned to "Talk," the 
speakers act as 1nicrophones.  A single DPDT 
s\vitch n1av be substituted for the t\VO SPDT 
units sho,vn in the dn1"vjng.-LEs Jo�Es. 
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B u i lt into a smal l  carrying 
case.  this o ne-tub e  rod io
phonogroph con be played 
anywhere. To sup press sur
face no ises,  c lose the l id  
whi le  records o re p loy ing .  

POirfABILITY in  a radio-phonograph 
usuallv n1eans little 1norc than that the ; 0 

unit is built into a carrying case and provided 
\Vith a handle. Such a set can be carried 
atoun<l easily enough, but can only be 
played ,,·here the right current is available. 
l f  you <lon1t \.Vant to be tied do"'vn by the 
po,ver lines, and arc \Villing to sacrifice the 
convenience of an electric 1notor for the ad
vantages of co1nplete n1obility, this one-tube 
co1nbination \vill re\vard you by playing any
\Vherc so long as it is supplied \Vith batteries 
�ncl you remcn1bcr to \Vind its spring-driven 
turntable motor. 

The a1nplifie1: is a straightforv1arcl one
tube circuit in \vhich the single tube-a 
l D8- GT-acts as a two-stage amplifier. Out
put from the p ickup ot from a fixed crystal 
detector is feel into the grid of the triode 
section \Vhich is resistance-capacity coupled 
to the pO\ver pentode. A variable 250,000-
ohm resistor bct\vcen ground and the grid 
of the first audio stage acts as a volume 

' ·  

control for both the phonograph and radio. 

(52 

or a e 
Music where you like it 
w ith th i s  spr i�g-driven, 
battery- powered re cord 

p l a ye r· a n d 
• 

r e c e i v e r • 

. 
By WILLIA M  N O R TO N  

Small as  it  is, the a1nplifier delivers enough 
po,ver fro1n the pickup to overload the 5'' 
speaker. 

Iia<lio strength is not nearly as great, but 
local stations can be picked up \vi th good 
loudspeaker volun1e. 1\11 external antcnn,1 
and ground \vill usually be required for 
clear reception . 

The pri1nary \Vinding of a standard 
shielded antenna coil is connected to the 
antenna post and inductively coupled to 
the secondary \Vinding; capacitive coupling 
bet,veen the t\VO coils is provided by C l ,  a 
lO-nui1f. air-spaced trin1n1er. The co1nbina
tion of inductive and capacitive coupling in
creases selectivity ,�·ithont sacrificing volume. 

For the tnning condenser, C2, a midget 
360-n1111f. Yariable capacitor \Vas used. Smail 
dirncnsions fot this part are important if the 
condenser is to clear the speaker frame \vhen 
the chassis is n1ounted in the cabinet. 

The signal taken fron1 the plate of the 
po,ver pentodc is 1na tched to the speaker 
through a inid get universal output trans-



The chassis is a b" by 6'' meta l 
sheet bent to conform with the 
s lope of the wood panel .  The 
cabinet is covered with a rtifi
cia l  leather both inside and out. 

. --� 

fonner. 1�aps on the secondary \Vinding of 
the transformer permit selection of the most 
pleasing tone . 

.i...\.n autornatic bias circuit consisting of ll4 
and C6 inakes it unnec
essary to c:arry a sepa
rate ··c,, batterv to bias � 

the grid of the pen todc . 
Bias voltage is taken 
fro1n the drop across 
the CiOO-oh1n resistor. 

.. � 

This one-tube c ircuit actual ly 
inc ludes a two-stage a m pl ifier  
fed either by the pickup or  by 
the tuned circuit and  d etector. 
Pa rts a re keyed to the list at 
the bottom of the next pa g e. 

COVE 2 E O  
PAN E '-

TO G G L E  - SWITC H 
N U T  HOL D S  PAN E L  

T O  C H AS Sl S 

'I\vo n1idget 673�-volt 
'· B '" batteries are con
nected in series to give 
a total of 1 3.5 plate volts, 
but anything frorn that 
do,\vn to 90 volts \vould 
serve. Higher plate volt
age, of course, gives 
h igher volun1e output, 
but for inost purposes 
the lo\ver voltage \Vill 
be suffi9ient. A l�f-volt 
''A" battery supplies the 

Wiring m ust be kept reasonably com pact, but if sma l l  parts a re used, n o  
special  crowd ing i s  necessary. Note the smal l  360-mmf. tuning c·onde nser-. 
and  the miniature fixed crysta l d etector o n  its rig ht. 
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At right. a n  inside 
view of the case with 
the phonograph mo
tor boa rd remove d .  
Note t h e  position of 
the batteries. which 
ore d a m ped dear  
of  the m otor. 

The control pa n e l  is 
shown below in dose 
v p .  Th e k n o b  on the 
left governs R I  a n d  
S2. the volume con
trol a n d  switch. To 
keep from drain ing  
b a t t e r i e s ,  t u r n  off  
the  switch when the  
s e t  i s  n o t  i n  u s e .  

tube's filan1cnt. 'fhe entire chassis is rnounted 
on a 6'' bv 6" steel sheet \vhich is bent to fit ; 
belo\v a1 1d in front of the control panel . 'To 
mount the chassis lo the p<tnel, bolt the 
toggle S\�1itch through both pieces, as sho,vn 
in the dnt\·\· ing on page 153.  Follo\v the 
s�une procedure \.Vith the antenna and 
ground jacks. 

Phonograph cases are no\v available in a 
\Vide selection of attractive luggage styles, 
ancl you can ah11ost certainly find one to suit 
your taste and price. One factor that 1nust 
be taken into account is the size of the rec
ords that you intend · to play. Only 10" 
records can he played on the rnodel sho\vn 
here, and a larger case \:vill be needed i f  
you \Vant your co1nbi11ation to handle 1 2'' 
disks as \Vell . 

Single spring phonograph n1otors require 
about SO turns for a fu ll \Vind, and they \vill 
then play t\vo I O''-record sides. Don't over
\Vind the motor or use force in handling i t .  

,_ 
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Bearings should be oiled occasionally, and 
the gear teeth lubricated \Vith petroletun 
jelly about once a year. 

If the n1otor has a speed regulator, set the 
pointer at 80, or inidvvay bet\veen "S" and 
"F''. Ai\.ccurate adj nstinent of turntable speed 
n1ay be inade \Vith stroboscopic record, bul 
if you don't have one of these, iusert a slip 
of paper bet\veen the turntable and. a record 
so that it projects at one point . Then count 
the ntnnber of tiines the paper passes a 
given spot in a n1inute .  Increase or decrease 
the speed until you get a count of 80 r.p .111 . 
Actual playing speed, all<)\ving for the \vcight 
of the pickup on the record, \Vill then be 
very close to 78 r.p.111 . ,  the speed for \vhich 
n1any popular recordings are cut. 

LIST O F  PARTS 

Cl : 10-mmf. air-s1>accd trimmer. 
C2 : 360-mmf. midget tuning condenser. 
C3 : 200-m mf. m iC<\. 
C4 : .01-mfd.,  600 volts. 
CS : .02-mfd . •  600 volts. 
C<> :  8-mt'd., i.50-volt elcctrolrtic. 
H. l : 250,000-ohm volume control, with switch. 

See S2.  
R2 : 100,000-ohm, ¥.!-watt carbon. 
R3 : 1 -nwg . • %-watt carbon. 
R4 : 600-ohm, 2-watt carbon 
S l : S .P. u:r. toggle switch, with long neck. 
S 2 :  D.P.S .'f. :o;\vitch on volume control. 
X :  I N34 fixC'd crysta l .  
LI.  L2 : shield<3d antenna coil. 
T :  �Helget output transformer. 
Crystal pickup. sprin�-wouncl motor. batteries, 

5" P .�J. speaker. cabinet, dial. knobs, etc. 
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Dry -D isk 
RECTIFI ER 

REPLACES 

BURNED-OUT TUBES 

If  the  rectifie r  stock d oesn 't  fit  convenie ntly beneath 
the chassis, solder two extens ion leads  to its term inals 
a nd i nsta l l  the d isk over the e mpty tube socket. 

P
RACTICALLY all co1nnionly used recti
fier tu bes are no\v replaceable by dry

disk selcnitnn rectifiers. They not only take 
the pince of hard-to-get tubes, but are also 
sn1aller, cooler and quicker in operation (be
cause they have no filan1ents to \Varnl" up ) ,  
and they \Von't burn out or break under 
conditions that generally damage tubes. 

Details of the replacen1ent vary from set 
to set; the diagran1s on this page sho\v t\VO 
typical installations. One involves a 35Z5 
tube and the other a l l 7Z6 . . In the former 
case tube filan1ents are in series, requiring 
a 200-ohn1, .5- to 10-,vatt resistor to be in
serted in the line to provide continuity for 
the other heaters. Since the pilot light is 
generally operated off the center tap of the 
35Z5, so1ne changes arc called for in that 
circuit as well. One of the sin1pler solutions 
to the pilot-light problem is sho,vn at the 
upper left . The original pilot connections 
are ·shunted, and a 1 1.5-volt bulb is connect
ed bet,veen the cold side of the po\ver 
switch and the old tube's plate prong. 

Where a tube of the 1 17-volt type is be
ing replaced, a series resistor of bet\veen 
25 and 100 oh1ns is needed ( as sho,vn in the 
bottom dnnving) to compens�1le for the Jo\v
cr internal resistance of the drv disk .  The 

, 

fila1nent connections, ho,vever, may be re-
moved \Vithout affecting the other tubes. 
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The versatile tuner-receiver. I n  the background is PS M 1s hi-fi am pl ifier1 which is described o n  page 1 60. 

Working into a s ing le  dynamic s peaker, the tun e r  
l?ecomes a com plete. better-tha n-avera g e  receiver. 
It s e parates station s  sharply, has a mple  room vol
ume,. a nd its fid e l ity a nd ton e  a re excel le nt. 

PSM photos by HUBERT l UCKETT 
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LIST O F  PARTS 

R � : 10,000-ohm volume control. 
R2 : 750-ohm., I -watt carhon. 
1(3 :  15,000-ohn\, 2-watt carhon. 

114 : 5,000-ohm, 2-watt car hon. 
R5 : 10,000-ohm, 10-watt w ire-wound. 
R6 : 20,000-ohm, 2-watt carbon. 
R7, RI 1 :  1.50,000-ohm, 2-watt carbon. 
R8 : 240,000-olun, 2-watt carbon. 
R9 : 3.50,000-ohm tone control, with switch, 53. 
R I O :  40,000-ohm, 2-watt carbon. 
R l 2 :  2.000-ohm, 1 0-watt wire-\vound. 
IU 3 :  125,000-ohm, I -watt carbon. 
JU4 : 1 -meg .• I -watt carbon. 
C l .,  C4, C l 6 :  .25-mfd. , 600-volt paper. 
C2a, b, c: Three-gang, 36.5-nnnf. tuning con-

denser. 
C$, C I O :  . 1 -mfd., 600-volt paper. 
C5, C6, C7 � .000 1 -infd. mica. 
CB, Cl 1 ,  C l 2 :  .02-mfd.,  GOO-volt paper. 
C9 : 8-mfd. ,  450-volt dry-electrolytic. 
C l 3, Cl4, C l 5 :  8-mfd.,  4.30-volt can-type elec

trolytic. 

L 1 ,  L2� 1..3 : :Matcbed set shielded TRF coils, 
powdered-iron core. 

L4 : 2 .. 5-mh. ,  air-core R F  plate choke·. 

L5 : 15-h., 7;'5-ma. fHtcl' choke, 400 ohms DC 
res. 

Tl : 90-nw. power transfonner, 350 volts cnch 
side of ccntcrtap,, 6 .3-volt filament, 5-volt 
rectifier windings. 

SJ : DPDT toggle. 
S2 : SPDT toggle. 
S3: SPST switch on R9. 
Electrodynamic speaKc.r w i u1 output trans. and 

1 ,500-ohm field coil; ·tubes, sockets, dial, 

misc. hardware. 
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one n on 
Th is TRF1 unit ean he used witl1 a11 

a111plifier or as a self-sufficient high· 

c1uality radio receiver. ' 

SOUND syste1ns, like chains, are only as 
good as their \Veakest parts. Here is a 

really strong beginning for that high-quality, 
high-fidelity system you've been planning 
to build-a tuner or receiver that \vill give 
you perfect, undistorted reception of every 
note sent out on the air by your local 
broadcasting stations. The set pictured at 
the left is a complete radio receiver. Used 
alone, it will give excellent frequency cover
age and ample room volume. It may also 
be used \Vith an amplifier a.s part of a more 
po\verful and elaborate setup. The follow
ing article gives a circuit for an amplifier 
that \Vill do full justice to the pure sound 
ot this tuner. 

But before you start, note the phrase 
"local broadcasting stations." A tuned radio 
frequency ( TRF) circuit such as is em
ployed here allo\VS the full signal to co1ne 
through to the detector stage. It does not 
have the tendency of the superheterodyne 
to clip the side bands of broadcast signals, 
often eli1ninating the high-frequency re
sponse. The disadvantage of TRF is that 
it lacks the ability to pull in and sharply 
separate distant stations. \Vhat this adds 
up to is siinply that this tuner is recom
n1en<led for those \vho live in or near inetro
politan areas and \Vho do most of their 
listening to nearby trans1nitters. l;or remote, 
rural listeners, a superhet tuner \Vill prove 
nlore advantageous. Ho,vever, if the sta
tions are close by, you needn't \VOrry about 
the selectivity of this set. Its three tuned 
circuits give plenty of separation bet\veen 
stations even in radio-crowded areas. 

Prin1ary and secondary \vindings of the 
antenna and RF coils are inductively 
cou11led, and, in addition, the \Vindings of 
the t\VO RF coils are coupled through small
capacity condensers built into the units. 
This construction allo,vs a flat band of 

1 • • 

I e I 
frequencies to pass through to the detector 
stage. All coils are shielded. 

To do justice to the full-frequency re
sponse, an infinite-impedance detector cir
cuit is employed. As can be seen in the 
diagram, the output from the 6SF5 detector 
is taken from the cathode rather than the 
plate of the tube. This design, better kno\vn 
as a cathode follo\ver, requires no plate by
pass condensers, \vhich usually da1npen the 
high notes; linearity of such a detector is 
straight fron1 the lo\vest to the highest tones. 

But again, the increase in fidelity is not 
achieved \Vithout cost. \\7hile a cathode 
follower passes a signal faithfully, it adds 
nothing to its strength, and another stage 
of an1plification is therefore needed. This 
stage is built around the 6 6-GT. 

\Vhen the set is connected as an inde
pendent receiver, the 6\'6 acts a s  a pentode. 
Flicking hvo S\Vitches changes the unit to 
a tuner and 1nodifies the tube connections 
to those of a triode. This reduces the out
put, all of \vhich is not no\v needed, and 
\Vhich might overload the an1plifier. As a 
receiver, provision is inade for the use of 
a dynamic speaker \Vith a 1,500 .. ohm field. 
In order to change over to tuner position, 
it is necessary to make contact across the 
field-coil terminals and also to achieve a 
compensating voltage drop . This is accom
plished by Rl  2 and S2 \vhen the latter is 
in position B.  Still another change is need
ed : \Vhen the set is used as a receiver, 
t\vo terminals of the four-prong speaker 
socket are connected to the output trans
forn1er of the dynan1ic speaker . As a tuner 
the set feeds directly into an a1nplifier, so 
the transforn1er tenninals nlust he shorted 
to complete the circuit. 'fhe shorting con
nection is made by a ju1nper plug ( indi
cated by the broken lines in the socket 
diagram) in \vhich the corresp<">nding prongs 
have been \vired together. 

In order to keep the unit self-sufficient, 
separate po\vcr supply and filter systems 
are employed in this tuner and the forth
co1ning amplifier. This results in slightly 
higher parts cost but 1nakes the t 1nits com
plet�ly independent for all future uses. 

Layout isn't critical, but you \vill note 
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Top view .of the· chassis. J u m per  plug replaces the d ynamic-spe a ker  p lug  when the set i s  used as  a tuner. 

GND. 

I 
L 

Rz. 

""""" VOLU M E  CONTROL · 

jn the photographs that the three basic sets 
of co1nponents-l{F� po,ver supply, and de
tector-audio-are grouped and placed at 
n1axin1u1n distance fron1 each other. Espe
cially in  a ci rcuit of this sort \Vherc detec
tion and an1piification give such faithful 
reproduction of the signal that passes the 
RF stages, it is important that stray pickups 
be held to a nl inin1un1 . In addition to spac
ing, therefore, shielded conductors are used 
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C7 
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CHASSIS -:;-

in the antenna lead and in the plate con
nections of both 6SK7 tubes as \Vell as in 
the grid lead of the 6\l 6, 

To use the set as a receiver, plug in a 
dynan1ic speaker having a 1 ,500-ohm field 
coil, turn Sl4 to the position n1arked "re
ceiver,'' and S2 to position A. Connect an 
outside antenna to the insulated jack, and 
ground the chassis to a \vater pipe. 

Should you \Vant the set to feed an am-
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Parts p lace m e nt isn't crit ical i  but try to keep space between  compone nts that m i g ht cause i nterference.  
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SPEAKER 
·F l  E LD 
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TON E  CONTROL 

OUTPUT TO 
AMPL I F I ER 

plifier, reverse the positions of both S 1 and 
S2 and replace the speaker plug \Vith the 
jumper described above. llun a single
conductor cable \Vith a braided external 
shield frorn the binding posts to the input 
connections of the ampli fier. The braided 
shield of the cable, of course, goes to the 
grounded � terminals  at tuner and amplifier. 

A parallel line fro111 the 1 J 5-volt supply 
is brought out to a separate socket on the 

0 . USVOL.TS) 
E>O CYCLES 

chassis. By connecting it at n point beyond 
S:3, in parallel \Vith the transfonner pri
mary, S3 \vill then serve as a master S\Vitch. 
J\n a1nplifier rnay be Jilugged into this 
socket and turned on or off by the S\vitch 
mounted on the tone control of the tuner. 
1'his arrange1nent \vil l facilit�1te housing of 
the multiple units in a cabinet, since all 
controls on the arnplifier can then be preset 
and left in fixed positions. 
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It has pow�r and q11ality, and will 

faithfully reprod11c·e �the ,.011i,put of 
'" 

pickup, mike, or radio tuner. 
• 

B,11 .Har1·11 B. Hyder· 

Mt\NY an1plifiers claim the flattering 
title of high fidelity, but relat�vely 
fe\.v satisfy the major requirements 

of accurate record reproduction. It is true, 
of course, that there is a good deal ·of argu
rnent as' to just \vhat -is -m-eant by the tern1 , 
but all definiti9ns agre·e on- at ·least t\vo 
.things. 

Mini11uini -Distortion 
I 

The first tequir.ement is lo\v distortion. 
This means that each stage 1nust have a re
serve of gain SO .t hat it is \VOJ:ked \VeJl \vith
in its maximum ratings at all volume levels. 
Tl)bes and other con1ponents tend to distort . 
a sig�a!_ w�en driven at or neat .their theo
retical limits. -. 'i\Thile the �·eserve is important 
for all parts of an" t.1mpllfier.,. it_ is particulady_ 
needed in the··po\ver-o-utput stage. ,For good 
volume in an average roo1i1, only one watt 
of .po\ver is required, but occasional sound 
peaks n1ay call for several tirncs as much, 
and the an1plificr should be able to deliver 
these peaks faithfully and \Vithout over
loadit1g. A high-fidelity an1plifier, then, 
needs at least five \Vatts of undistorted out
p.u t pO\Ver. 

Fre�uency Coverage 

'''ide frequency range is the second im
portant requirement. Practically all funda
mental musical notes are belovv 5,000 cyc]es 
per second, but the overtones-the harmonics 
or multiples of the funda1ne11tal-that give 
musical instruments their characteristic 
sounds extend· beyond the range of the hu
man ear to about 1 5,000 cycles. At the pres
ei1t state of the recording art, the highest 
audio frequencies cannot be put on commer
cial disks, but the best ne\V records exceed 
10,000 cycles, and your amplifier should be 
capable of reaching this level \Vithout any 
Jalllng off in output. At the lo\ver end, the 

16b" 

limit is , set at abouf 50 cycles. Good bass 
reproduction, ho\vever, is ·easier· to achieve 
than goQd. treble. 

Tes·t Results 

How docs this amplifier meet high-fidelity 
requirements? Actual tests \Vere m:ade 911 
several units built from the same plans \Vith. 
similar but not identical parts. In ea9h case 
the output was measured· at 9. watts or more 
before distotfion became audible; at 5_ watts 
distortion read less than ·2 percent. Fre
quency response proved virtually flat from 
50 to 10,000 cycles-that is, all notes be� 
t\veen these limits \Vere amplified about 
equally.� 

Because the. an1plifier has po,ver as \Vell 
as quality� it can be used not only \Vith a 
radio tuner and record player as a complete 
radio-phonograph combination, but also \Vith 
a microphone to inake a public-a·ddress sys
tem.  

Construction Notes 

�fhe first, or phono�input terminal, I I ,  is 
follo\ved by an equalizing nct\vork, R- 1. and 
C l ,  ancJ then by a. 6SJ7 input amplifier. 
\'Then· this"' tube is \Vired as a pentode, the 
gain of the stage is more than I 00. s·ince 
this is 1nuch greater than \Vill normally be 
needed, an alternative circuit is given in the 
dn1\ving. 'fying screen and suppressor grids 
to the plate changes the tube to triode oper
ation, and makes it possible to ornit several 
co1nponents . As a rt1le, triodes give lo\.ver 
output than pentacles, but also have less 
tendency to produce distortion . Unless you 
intend to use the amplifier for public address, 
you \Vill find the triode circuit completely 
satisfactory. To find \vhere the \Vires go, 
simply lay the shaded portion of the dia
gram over that part of the original \vhich -is 
dra\vn inside the broken-line box, so that the 
connections V, Y, and Z coincide. 

For the second stage a 6N7 is used as a 
phase inverter in a self-balancing degenera
t ive ·circuit. Part of the output of the first 
triode· inside the tu be envelope is fed back 
to the grid of the .second triode in opposite 
phase to the origin�1l signaL This p_roduces 
the out-of-phase signals that arc fed to the 



These three u n its a nd a carryin g  case i n  which the spea ker is  baffled make a complete portable PA system. 

push-pull grids of the 6F6s. Strong signals 
from a microphone or luner may be fed di
rectly to the 6N7 through input. terminal 12, 
thus by-passing the equalizing network and 
first amplifier as \Vell as the volume ( R2 ) 
and tone ( R7 ) controls. Since microphones 
and tuners vary, try both inputs and use 
the one that gives best results. 

Tone control, in itself, is usually a com
promise with high fidelity. A condenser and 
variable resistor silence upper-frequency 
noise merely by shunting these frequencies 
to ground. But \vhile this gets rid of the 
noise, it also loses the notes \vith which it is 
mingled. Many high-fidelity enthusiasts feel 
that a s1nall amount of noise is preferable to 
tone-controlled music. To satisfv both sides 
of the argun1ent, R7 has been c�nnected di
rectly to S\Vitch Sl ,  making it possible to cut 
jt out of the circuit entirely. 

T\vo 6F6s in push-pull form the heart of 
the po,ver-output stage. l"hey are connected 
as triodes in the interest of lo\v distortion 
and high speaker damping. A 5Y3-GT is 
used as the full-,vave rectifier in the po\ver
supply circuit. 

The entire amplifier is mounted on a 
standard 2" by 7" by 13" metal chassis. As 
can be seen in the photographs, the space -is 
not used tightly an<l a smaller chassis may be 
substituted if cabinet dimensions de1nand ·i t. 
Power-supply co1nponcnts are placed at one 
end and the input stage at the other, while 
the phase inverter, output tubes, and output 
transformer occupy the center of the chassis. 
The principal precaution to be observed in 
\Viring is to keep the AC filan1ent leads 
spaced as far as possible from the grid leads; 
especially in the sensitive input stage. It is 
also suggested that the 6SJ7 socket be 
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Th·e in put stag e  cit on·e end of ihe chassis is isolated from the heavy-duty ·power a nd filter components. 

mounted on live-rubber grommets to reduce 
any tendency to\vard microphonics. 

Pickup and Speake,. 

So far as actual sound quality is concerned) 
a high-fidelity phonograph amplifier is no 
·better than its pickup and spea�er, so a few 
\vords on thes·e may be in order. Crystal 
pickups are used ahnost universally today 
because of their low cost, high output, and 
generally good perfonnance. As a rule, pick
ups of lo\v output voltage have slightly bet
ter quality than the high-output typ�s. Since 
this amplifier has such an abundance of po\v
er) the choice of a pickup should be made for 
quality rather than output. Better pickups 
are also noted for light \veight; many differ
ent ones are now available \Vith a needle 
·pressure of about 1 oz. \Vith inost records, 
crystal pickups have higher output at low 
frequencies than at high . Therefore son1e 
form of equalization is needed to boost the 
treble. In this a1nplifier it is acco1nplished 
by R l  and C l .  Note that these are in the 
·circuit only if the pickup is connected at 1 1 .  

1"he speaker selected should be  capable of 
·handling.the full po,ver of the amplifier \vith
·out overloading and distorting. �v1ount it in 
:a solid baffie of adequate size. For best bass 
·reproduction, a speaker of at least 12" dia1n
eter is recoinmended. Speakers of the coax
ial type, consisting of a small high-frequency 
cone, a large lo\v-frequency unit) and a di
viding net"'vork, give n1axilnum coverage but 
are quite costly.  The better permanent-mag-

J6·2· 

net speakers no\v on the market give very 
satisfactory response and are priced much 
lo,ver. I�or public-address \Vork, t\vo or even 
thre� speakers may be used. If they are 
identjcal, connect similar terminals together; 
if they are not, experiment \vith the con
nections until you get the speakers in proper 
phase . See that the units are at least five 
feet froin the mike) pickup) and amplifier. 
v\1hen they are grouped too closely) acoustic 
feedback or "ho\vls" may occur at high 
volume levels. 

L I S T 0 F P'A R T  S 

RI :  2.2 meg., lh watt. 
R2 : 1-meg. volume 

control. 
R3 : 1,500 ohms, 1}.l watt. 
R4 : I meg.,  % watt. 
RS, R l4 :- 270,000 

ohms, ¥..! watt. 
H6 : 4 7 ,000 ohms, 

Y.? watt. R7 : 1 OO,OOO-oh1n 
potentiometer. RS, R 1-2 .  R 13 : "470,-
000 o.hms, 1h \vatt. R9 : 3,300 ohms, 1h watt. 

R 10, R l  I �  100,000 
.ohms, 1h watt. 

RI.;5 :  800 ohi11s, 
.5 watts. 

R 1 6 :  2,000 ohms, 
5 watts. Cl : 750 mmf. , mica. 

C2 : 25 mfd., 2.5 volts, 
dry electrolytic. · 

C3 : .05 mfd., 400 
volts, paper. C4, CIO:  S mfd., 450 

volts, dry electro
lytic. CS, CS,, C9 : . I  mfd.,  
400 volts,JJaper. C6 : .005 mf . , 400 
\.·ol ts, paper ( if  6SJ7 
i� pen todc ) ,  or .01 
mfd. ( if used as triode ") . C7 : .02 mfd., 400 
volts paper. . C I I, Ci2 : 20-20 mfd. ,  
450 volts, can type, 
dual electrolvtic. Tl :  IO-watt universal 
output transfonner. 

T2 :· Power transfonner, 
350-0.:.350 volts, 
100 ma.; 6.3 volts, 
3 amp.; 5 volts, 2 amp. 

LI : I 0-hy, I 00-ina. 
filter choke. 

S I : SPST on R'i. 
S2 : SPST toggle. 
Speaker,. chassis, tubes; 

sockets, mis.c. 
hardware. 

I 

I 

' . 

" . 

I 



Above. the 6SJ 7 a m pl ifier is wired as  a triode, a nd C 3 1  C4, R4, and RS have been omitted from the c ircuit. 
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Two input circuits m a ke it possible tn leave both pickup and tuner permanently con nected to t�e amplifi.er. 
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Complete phono oscillator, built into the arn1 
of a pickup, plays records through any nearby 

• 

Want an extra phonograph for de11 
or shop ? Take you r pick of these 
three one-tube n1usic makers. 

M ()ST people \vho live in large house
holds kno\V the advantages of having 

one or nlore sn1all radios scattered around 
the house . If you \Vant to listen in \vhile you 
work, play, or rest, or if you just \Vant to 
hear a different progran1 fron1 the one that's 
con1ing in over the living-room console, you 
can go off and tune ii1 on your O\Vll private 
set. It's different \Vith phonographs, but it 
doesn't have to be. Herc are three different 
n1odels that can b� built easily and inexpen
sively, each around a single tube. 

Pictured on this and �he facing page is a 
novelty design by Frank Tobin ; it inay be 

Here's the nun1nture transruitter, including 
its po\ver supply. The larger battery, botton1, 
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radio. Screw or cla1np the flange so that the 
needle \Viii track on a turntable, and tune in . 

n e 
used with any phono motor to play records 
through a radio. If you have an odd turn
table around, or a portable phonograph that 
doesn't sound too \veil, just clamp on this 
pickup and tune in "through a nearby radio. 
Inside the tone ann you have a complete 
n1iniature broadcasting station. 

Oscillator Built in Pickup 

A subn1iniature tube, the 2G22, acts in 
this circuit as a pentode modulator and tri
ode oscillator. Designed for pocket receivers, 
it requires a plate potential of only 22� volts. 
Output from the crystal is fed through pin 
3 to the control grid of the pcntode inodu
lator. The triode oscillator, sho\vn to the 
left of the con11non fila1nent in the diagram, 
creates a carrier \Vave some,vhere in the 

provides I �  volts for the heater; the sn1aller 
unit above it is the tiny 22�-volt plate supply. 



broadcast band . '"fhis " ave, n 1odulated by 
the output of the crystal, is rad iated to a 
nearby receiver au<l there tuned in as if it 
\Vere '� tcgular broadcast signal .  

Across the crystal cartridge is soldered a · 

�-\vatt 20,000-ohn1 carbon resistor. This 
relatively lo\v value \Vas found to be nece�

sary because the output of the crystal \Vas 
so great that i t  O\ ennodulated the tube and 
caused considerable distortion . Depending 
upon the pickup ,used , you may find that 
you get better results \Vith a higher or lo\ver 
resistor value. 

1\o socket is required for the tube since 
it is s1nall and light enough to be supported 
by ils O\Vll \Viring. Place it directly behind 
the crystal cartridge, and make sure that it 
does .not touch either the cartridge or the 
sides of the ann, since needle vibration 
rnight cause the tube to hcco1ne n1icro
phon ic . Tuning of the transmitter is ac
co1nplishcd by C2 and the secondary, or 
grid-to-ground, \Vinding of L1. . The forn1er 
is a s1na1J padder condenser \Vit h a range of 
approx in1atcly :300 to l ,000 1nrnf . , and the 
latter is a standard 1nidget iron-core antenna 
coil, mounted directly behind the tube . 

()scillation \V ith in the tube is developed 
by the feedback coupling bet\vcen the t\vo 
\Vindings of the coil. Just to preclude the 
possibility of any \Viring touching the n1etal 
of the arrn, line the inside \Vith t\vo or three 
layers of cclluJose tape before you start . 

The padclcr is 1nounted through a hole 
in the ann so that the eapacity-adjushncnl 
scre\v is accessible through the top. 1'his 
allo\VS you to vary the · freq ucncy until the 
signal con1es in at a bla1 1k spot on the radio 
dial. For the antenna lead, use a 20' hank 
of \Vire. Bring it close to the antenna lead-in 
of the radio, but do not connect them elec
trical ly . 

Pho110 Strip Am1>lifier 
For beginners in electronics, Homer L. 

l )a\ idson has worked out this one-evening 
project. You'll be surprised at the results 
you can get from a pint-sized a1npl ifier that 
uses only five condensers and four resistors, 
yet gives you independent control of both 
vohnnc and tone. 

Again the tube selected serves a dual 
purpose. The l 1 7L7 -Gr-f is both a1nplifle1: 

and po\ver rectifier. c:onstructed on a thin 
strip of con1position board, the ampl ifier can 
be mounted i1 1 any position inside the box 
that houses the phono 1notor and turntable. 
First drill a l�" hole to receive the octal 

A pninted radio chassis holds the phono 1notor 
and batteries; the rest is under the tone arn1. 

2 G 2 2  

7 6 

L I  
2G22 GRE ENJ 

'J 

1 1  
I I  
I I  
1 1  
1 1  

----- 1 1  + 
BLACK BL 

R E D  MARKING 22.5  V OLT 

C RYSTAL 
CART R I DG E  PI CKUP ARM 

L I S T  O F  P A R T S  

Hl : 20,000-ohn1, 3�-\va ll carbon. 

H2 : 1 50,000-olun, �-watt carbon. 

Cl : 100-nunf. n1ica . 

C2 : 300 to 1 ,000-nunf. paddcr. 

LI : Unshielded iron-core .antenna coil . 

S l :  SPST toggle ( or DPST to connect 
phono n1otor silnultaneously ) .  

Crystal pickup, 2G22 suh1niniature tube, 
20' hank of antenna \Vire, 22�-volt B 
battery, U�-volt A battery, rnisc. hard
\vare. 
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A dual-purpose rectifier and beain-po,ver tube 
makes this compact an1plificr possible. A strip 

socket. If you don't have the right size drill, 
make s1naller holes and file out the opening. 
_Install the t\VO variable resistors, one on each 
side of the socket, \vith their shafts facing 
in the opposite direction from the tube. 
Using spacer \vashers, you \vill then 'be able 
to scre'v the strip to the inside of a cabinet 
or panel so that the controls \vill be easily 
accessible . 

. A dynamic speaker \Vas used, and its 
field coil becc.1me the filter choke. In addi
tion to this coil, the filter employs a dual 

l.' 
L--�.. � 
Control shafts project through pane� botton1 
-and can be brought through front of cabinet. 
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SPEAKER 

L OUTPUT 
TRANS. 

T O N E  CONTROL 

of non·mctallic material such as bakelite, ply
wood, or composition board serves as chassis. 

40-mfd. electrolytic condenser or t\vo. sep
arate condensers of equal value. If you have 
a 5" permanent-magnet speaker, you can 
use that instead of a dynamic unit by sub
stituting a 3,000-ohm resistor in place of 
the field coil. Filtering action, ho,vever, 
\viii 11ot be as smooth. 

lligli l11put Yields High Output 

\Vith one of .the ne\v pickups that give 
bet\veen four and five volts· of signal 
strength, you can get very substantial room 

L I S T  O F  P A R T S  

.. 

R I : I-n1cg. 'potentiome.ter. 

R2; I50-ohin, �-\vatt carbon. 

R 3 ;  25-olun, 5-\vatt \Vire \vound. 

R4 : 50,000-olun pot. 

Cl, C3 : .05-n1fd., 400-volt paper. 

C2 : 10-infd., 25-volt electrolytic. 

C4 , C5 : 40-40 n1fd. ,  I50.1volt dual elec
trolytic. 

L :  2,7.50-ohn1 field coil on 5" eleclro
dynan1ic speaker. 

S I :  SPST rotary on R I .  

Output trans., 1 17L7-GT tube, crysta] 
pickup, pho�o inotor, misc. hard\vare. 

i 
' 



A sin1ple cabinet, n1ade of composition board, 
completes this one-evening phonograph project. 

volume from this one-tube an1plifier built by 
Clinton E. Clark. As sho,vn in the diagran1 
at the right, the output of the crystal is fed 
directly to the control grid of a 50L6-GT 
beam-po,ver i)entode. Filament voltage for 
the tube is taken fro1n the 1 15-volt line 
through dropping resistor R3, and in place 
of a s.eparate rectifier tube, a ne\V selenium 
stack is used in the po,ver supply. The cabi
net is built up from composition board . 

Assemble the parts on an alu1ninun1 or 
steel chassis about 5" by 6". All ground 
connections in the unit sho\Vll \Vere brought 
to a single point on a tenninal strip, but the 
chassis can be used for ground if that shoulcl 
prove n1orc convenient. Either \vay, ground 
is connected to one side of the 1 15-volt line. 
The yello\v or black tenninal of the rectifier 
goes to one side of the line S\vitch, S l ;  the 
red side to the input of filter choke ,L. 

\:\Then you have detennined the position 
of the chassis hut have not vet rnounted it 

" 

in the cabinet, drill one or t\VO ventilation 
holes to carry off the heat generated in the 
tube. If properly placed, these holes \Vill be 
concealed by the turntable. To avoid any 
possible dan1age to the pickup, install it 
after all other parts are in pl ace. 

The miniature oscillator is battery pow
ered, but the other hvo circuits \vill \VOrk 
equally \vell on AC or DC. Although AC in
put ·is specified in the diagran1s, this is only 
because the 1notors are connected to the 
san1e line. If you have DC,. you can substi
tute a suitable electric or spring-\vouncl 
motor. 

Position of con1ponents is optional. Drill one 
or t\vo holes under turntable for ventilation. 

' y 

L I S T  O F  P A R T S  

RI : 500,000-oh111 linear-taper potenti .. 

01neter. 
R2: 200-olun, 1 -,va:tt carbon . 
R3 : .500-olnn, 20�,vatt \Vire \Vound. 
Cl : 25-1nfd. , 2.3-volt electrolytic. 
C2 : 20-20 infd. ,  1!50-volt dual elec .. 

trolytic. 

C3 : .01-mf<l., 400-volt paper. 
SR : IOO-n1a. selenfun1 rect ifier. 
L :  15-hy.,  40-n1a. n1idget AC-DC choke. 
T :  ivlidget universal ontpnt trans.  
S 1 :  SPST rotary on R 1 .  
S2: SPST toggle. 
Phono inotor, h igh-output ( 4-5 volts ) 

pickup, 50L6-GT tu be, P�i si)eaker, 
tnisc. hard\vare. 

. 

-. 

I 
I 

I 

I 

' 
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A crystal Cilrlridge toget her \Vith its rubber 
cushion. is re1noved fro1n a 1n icrophone hou sing. 

Cut H hole that \V i i i  rnake a press fit for the 
rubber lip 4tnd cement the cartridge in place. 
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as ear1n I 
B11 Albe1·t Rowley · 

GUIDED bv \Vartin1e needs and the in
genuity �f parts designers, electronic 

co1nponents are getting to be so tiny that 
even electrons may soon feel cramped . 
Else,vhere in this hopk you can see \vhat 
1nanufacturers have in store in the \vay of 
niiniature radios, hearing aids, and the like. 
For the experin1enter \Vho must \vork \Vith 
standard parts, 1nuch of this is still out of 
reach. But if yon can't quite compete \vith 
n1ass-production techniques, you can con1e 
pretty close \Vith son1e of the pint-.size parts 
that are no\v available. 

The pocket radio and hearing aid de
scribed in these pa_ges uses only four sub
miniature tu bes in a dual circttit arrange
ment. \Vhen the S\vitches are in one posi
tion, all four are incorporated in a super
heterodyne receiver. \Vi th t\VO of the 
S\Vitches reversed, three t u  bes forn1 a sensi-
tive audio arnplifier. , In the radio circuit the 2G22 acts as a 

' 

' 

"-�·�==.; L-.. -1-- ..,. ... �-�,,-..,T' _..._ _ _  .. • 

A few of the tiny co1nponents. Note the s111all 
condenser, volu1ne control, tube, and battery. 
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'fuhc-pin n u n1hers nrc counted f ron1 t he left when t he red dot i s  ut the ri:.dit.  

triode-heptocle frequenc:y conver ter; i t  is  re
placed by the rnicrophone i n  the hearing-aid 
applicatio1 1 .  .A shielded pentode llF a1npl i 
fier, the 2E�12 i s  used alternately as  IF a1npli
ficr and first-audio tube. I\ ext co1nes the 
2E42, a diocle-pentode \vhich doubles as 
second detector and second audio a1npli fier. 
The 2E36 pentacle is the output an1pli fier _ 

in  both applicat ions. 
Proper assistance for the hard of hear

ing is sornething that 1nay requ ire the in
d ividual a tten t ion of a physician as \vell as 
the electronic desi gner. No atte1npt has 
been n1ade here to correct for varying con-

Interior of contpleted set. AIJ parts except 
batteries, mike, and C2 arc on the front panel .  

ditions of deafness. .All  this 
hearin g  aid \Vil l  do is <nnpli
fy sou nds at the n1 icrophone 
so that they reach the ear 
\Vith far greater intensity . 
� l any persons \Vho are h ard 
of hearin g  can use this in
stru1nent \Vi th advan tage as 
an auxiliary-not as a s1 1h
stitute-for an expertly fi tted device. 

For fhose \Vith nonnal heari ng \vho fanc�; 
a pocket-size radio \vithout the ext ra fea
ture, it is a si 1nple n1,1tter to 01nil  the ini cro
phone an d S\Vitches S .I and S2, inaking the 

Opened out, front and back look as above. 
Controls are on the front, rnike on the hack. 
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Placement of the parts is important for reaso ns of space economy rather than of function. 

connections permanently in the radio posi
tion. The associated resistors and condens
ers can also be left out, th us making it 
possible to reduce the size of the case be
lo\v the l 7'" by 3%" by 5�i" box needed to 
house the present components. 

T\VO 1 .5-volt penlight cells in parallel sup
ply the fila1nent voltage for the tubes. As 
these must be changed quite often, a clip 
bent from aluminum or other metal should 
be used to permit easy insertion of replace
ments. The pair of 22.5-volt batteries that 
furnish the 45 volts of B-plus last longer 
and can be soldered in. Other miniature 
parts used in this set include paper tubular 
condensers about the size of a *-\vatt re
sistor, IF-transforn1er c·ans %" square, and a 
volume control in \vhich the carbonized ele
ment is contained inside the tiny knob. 

A loop antenna consisting of 30 turns of 
No. 28 enameled \Vire is \VOund around the 
case and held in place by · a  layer of cloth 
tape. One side of the loop is connected to 
pin 3 of the 2G22 converter and to the an
tenna section of the t\vo-gang tuning con
denser, C l .  The other side of the loop goes 
to the chassis through a condenser. The in-
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coming signal is mixed \Vith a frequency 
generated by the oscillator circuit to create 
an intennediate frequency of 456 kc. 1�his 
is amplified by the 2E32 IF tube. Coupling 
bet\veen the converter, IF, and second-de
tector stages is accomplished by the IF 
transforn1ers. 

The larger of the t\VO oscillator-coil \Vind
ings is connected in series \Vith C5, a .0004-
mfd. fixed mica condenser that acts as a 
paddcr. This condenser, plus the proper 
adjustment of the iron core of the oscillator 
coil, permits this circuit to track at the prop
er frequency above that to \Vhich the an
tenna circuit is tuned. 

T\VO midget IF transformers, mounted in 
cans measuring only %'' square by 2" long, 
are fastened directly to the chassis-\vhich is 
the reverse side of th� front panel - by 
means of small machine s·cre\vs. Like the 
oscillator coil, the IF transformers are tuned 
by adjustable iron cores. Since the tuning 
of these transformers is extremely broad, it 
is not necessary to use a signal generator in 
aligning the set. Once a station is tuned in, 
the cores can be adjusted .by ear to r:naximum 
volume. 



PHONE J'ACKS 

- ' . 
The gcne.-al layout showri is reconuncnded ; if you must vury it, plan your changes carefully. 

To get all the neC'essary parts into the 
small space allo\vcd, it is importa�t that you 
plan the layout \.Vith care. The photographs 
indicate the location selected for most of 
the ite1ns; \vhere you deviate from this it is 
a good idea to try out the major units be
fore making permanent connections. 

Another consideration in building this set 
is that some of the components are p laced 
directly on top of others. It is therefore 
necessary to complete all soldering on. the 

first layer before placing the next on� on top.
s�·itch S I ,  for example , is mounted between 
-c1 and the oscillator coil, and \viring to it 
must be co1npleted before the 2G22 is 
placed above it. The same holds true fot 
the volume control, R IO, since the oscillator 
coil a.nd padder condenser are mounted on 
top of it . V\'iring to the other t\VO switches 
must be completed before the 2E36 is put 
in place� . 

Since they are so small and light, no sock-· 

L I S T  O F  P A R T S  
Cl : T\\'o-gang midget tuning condenser, 

. 00036 .mfd. each section. 
C2, C3 : 0 to 50-nunf. tri1nrners. 
C4 : .0002· 1nfrl. mica. 
C5 : .0004-inf d. mica ( used as padder ) .  
C6, C7, CS, C9, ClO, C l2, Cl3, Cl4, C l5 :  

. 005-infd. paper tubular, very stnafl . 
Cl ! :  .-0001-mfd. inica. 
R I : 100,000-ohm, �-\vatt carbon. 
R2, R9 : J�-mcg. , �I-watt carbon. 
R3, RS, R6, R7, RS : l-1neg.,  �-\vatt carbon. 
R4 : 200,000-ohm, �-watt carbon: 
R I O :  hearing-aid vohune control ( -carbon 

element enclosed in kraob ) � meg. 

R l l : 40,000-ohm, �-watt carbon . 
Ant : 30 turns No. 2S enameled wire wound 

around case. 
IFI , IF2 : Iron-core 456-kc. IF trans. 1nounted 

in cans %" square. 
Ll : Adjustable iron-core oscillator coil. 
SI, S 2 :  DfDT toggle . 
S3 :  DPST toga le. 
Crystal microphone ( lapel type, or cartridge 

re1noved from hous'ing); headphones (crvs- , 
tal or 1nagnetic ) ;  four subm.iniature Jube·s , 
( one each, 2G22, 2E32, 2E42, 2E36 ) ;  · 
penlight A cel ls, miniature 22�:.volt bat
teries, inisc. hardware. 
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One of the newer pen-size soldering irons is 
ahi1ost essential for work on th is in idgct set. 

els arc required for the tubes. They are 
held in posi tion by strips of cellulose tape 
p l us the soldered connections to the pins. 

A. high-i1npcdance lapel 1nicrophonc \Vould 
probably be n1ost satisfactory for use in the 
hearing-aid portion of this set, but a very 
sui table-and much less expensive-substi

tute can he found inside an ordinary crys-

ta1-1nike housing. The photos slHl\V h0\\7 the 
cartridge \Vas re1nove<l fron1 its bullet- like 
shell and fastened inside a hole in one side 
of the box that holds the set. 1�he rubber 
cushion around the crvstal unit 111 ust be left " 

on to protect the inicrophone f ro1n vibra-
t ion. It is fastened \vith rubber cen1ent .  

For other applicat ions you n1ay fin d  it  
n1ore de�irable to keep the n1ike entirely 
separate so that it can be placed in a desk 
sta1 1d or \vorn on the clothing. Either \vay, 
the cable should be shielded. 

1\t the other end of the circuit ,  ordinary 
high-in1pedance headphones of the crystal 
or n1agnetic type inay be used. r\ single 
phone gives adequate results . 

vVhile there is  nothing intrinsically diffi
cult about the coustruction of this set, it 
cannot be built  to size unless you are care
ful to obtain the very sn1allest parts. .Also, it  
\Vil l  take all your skill and experience \\'ith 
a soldering iron and the best \vorkmanship 
you can put into it . 

'fo 1nakc the unit con1pletcly self-cou
taincd, the external antenna and ground are 
0111 i tted i n  favor of the ease-\vound loop. 
An antenna coil and aerial can be substi
t utcd if the conditions of use pcnnit .  Pick
up \vill, of course, be in1proved . Using only 
the loop sho,vn, ho\vever, stations as far off 
.as 400 1niles \Vere brought in clearly. 

l�xte1.·1111l Speake1· Adds Uses to Yo11r A11to Radio 

+ 250 VOt..TS 

G1vE a loudspeaker enough cord and you 
·can hang it on a nearby li1nb or sitnply place 
it on the ground beside you \Vhen you get 
out of an auto to loll in the shade. For those 
n1any times \vhen you are just far enough 
a\vay from a car for its radio to be of no use, 
this exten sion speaker is the perfect ans\ver. 

T'he toggle switch makes it possible to 
change instant ly fron1 the i nternal to ex
ternal sound .  Just plug in the connt:ctor, 
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Hick the S\\litch, and carry the boxed speaker 
nny,vhere \Vilhin the 1 .5' to 2 .. 5' range of the 
extension \Vire . �fhe solid lines in the dia
gra111 sho\V \vhat inust be done if the radio 
has a single output tube; for push-pull out
put make the changes sho,vn by the broken 
lines as \vell .  \\Tith single-tube output you,11 
need only a SPD1' S\vitch . A l\NO- or three
\vay polarized plug and socket and t\vo- or 
three-conductor \Vire inake the con nection . 



Fitting parts i nto slots i n  the card board chassis 
makes the set flat a n d  also guard s  the components. 

Smal l  crocodi le  c l ips sold ered to the  various d e 
tachable leads permit q u ick and easy connection. 

--

ANTENNA 
360 MMF. �TO t,OOOMMF. 

PAO DE� 

400MMF. 
1 MEG ._.,. 

5 

"�3,000 
_ OHMS 

'--- .01 MFO. 

--u·+ 
22 �-30VOLT5 

-�,...--�u+ 
t.SVOLTS 

....... --.--.-----.�----�a-

Resistors a re 1/4 watt, a n d  the tubular cond e nsers 
200 volts ; phone im ped ance  s.hould be 2 .000 ohms. 

One-Tube Radio 
Cun Be Mailed 

SUB:tvf INIA TURE tubes measuring less 
than �,, in dia1neter \vill inake it possible 

to redesign radio circuits to nhnost any shape 
and size. This novelty receiver is as flat as 
the tube itself and can therefore he inserted 
in a 6" by 9" envelope and sent through .th.e 
mails as a letter. The t\VO pieces of �,, card
board that form the chassis arc held together 
by the san1c nuts and bolts that hold the 
phone, battery, antenna and ground ter1n
inals in place. Slots are cut in the cardboard 
to clear the con1ponents. 

The tiny 2E32 tube is a shielded pcntode 
and operates \vith a plate voltage of 22J� 
and a fihunent voltage of l �t For the latter, 
a s1nall fh\shlight cell \vill give several hotirs 
of useful life. One of the 1niniature 22,�- or 
3-0-volt batteries \Viii supply both the plate 
and the screen. 

To keep the receiver flat, the coil is \VOund 
on a cardboard disk 4" in dian1eter. Cut 13 
slots at intervals of approxirnately l" a.s 
sho'"1·n in the sketch belo,v; then interlace 
the forrn \Vith 92 turns of No. 30 enameled 
\Vire . . A.t every t\velfth turn, n1ake a tap by 
scraping the ena1nel and letting a drop of 
solder adhere to the spot. 

Although the circuit doesn't employ re
generation, it has sufficient po,ver to pull 
in local stations. By selecting the right an
tenna and ground taps and adjusting the 
trimmer in the antenna lead, it should be 
possible to. cover the entire broadcast band. 
The trinuuer specified in the dra\ving is in
tended for use \Vith a short indoor antenna; 
if used \Vith a long antenna, a triin1ner of 
lo\ver capacity-say 125 to 350 inn1f.-should 
be substituted.-ALBERT RO\VLEY. 

2E 32 SLOTS 

l • FILAMENT POSITIVE � Gl\ 
2= G21D 1 
3• FILAMENT 

N EGATIVE 4 
S'-UE.LO 

4=Gl210 2. 

11 4 ,, 2EO SPOT 
t t 3 4 5 CARDBOA�O COIL F0'2M 

Tube leads  may be id entifi ed by the position of the 
red spot. The coi l  is wound on a card board circle. 
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A shaft is soldered to the top of the trirnmcr 
condenser so that a tuning knob may be added. 

One-Tube Radio 
Is 1ff atchbox Size 

SQUEEZING a complete radio receiver 
do,vn to the dimensions of a matchbox is 

no n1ore than a leisurely evening� s \Vork. 
This set, which \viJl readily fit in your vest 
·pocket, is built on a %" by 1 7 /16" by 2*" 
chassis made from 1/16" aluminum. 

A small trimmer condenser used for 
tuning, t\VO phone jacks, and a 7 �prong 
miniature sock�t are mounted on top of �e chassis. Underneath are the l-1neg. grid 

The turns of the antenna coil have been 
bunched together to take as little space as pos
sible. An antenna lead and 4-\vay battery cable 
!fre brought out fro1n under the chassis. 
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The average spare-parts box \Vill produce most 
of the co1nponents used in this sin1ple circuit. 

resistor, the 100-mmf. mica condenser, and 
an antenna coil that is made by 'vinding 
approximately 70 turns of litz \Vire around 
a pencil. Slip the coil off the pencil and 
impregnate it \vith coil dope. 

Since the 175-500-mmf. trimmer 'vill 
tune only a portion of the band \vith this 
coil, you may want to make other coils 
\vith more or fe,ver turns in order to in
crease the coverage of the set. The 1S4 
pentode used as a detector requires l� 
volts for the filament, and \vill operate with 
a B battery that supplies any,vhcre fron1 
4�� to 22� volts. For best results use a good 
ground and antenna.-ALBERT RO'\VLEY. 

For test pur1>oses standard l �  and 22�-volt 
batteries \Vere used, but aJ)enlight cell and a 
n1iniature B battery woul ptovide a po\ver 
supply hardly larger than the radio itself. 



You con listen to your  best rad io 
from a n y  room with this system. r�.,. .. _ _  ____ 

·p 1 peo· PROGRAMS·. You can listen to �y9ur 
console radio in any roo1n in the house :with 
the re rnote pickup and control syste1n shown 
beJo,v . l\. portable speaker, plugged into the 
circuit \vherever con venient, has a volume 
control and au on-off S\Vilch that controls ,the 
radio. 

The only changes necessary in the radio 
itself are the insta l lation of a ne\V po,,;er 
S\vitch "·ith an extra pole, and a relay for 
re1note on-off control . ·rhis relay, of about 
1 ,000 ohn1s resistance, should operate on 
t\VO or three flashlight cells. Lo\v-voltage 
conductors such as bell or 1 1 1agnet \Vire \:vill 
do for the house circuit.  The portable speak
er-n1ore than one could he used-is a per
n1anent-rnagnet type; 1nount it in a housing 
\vith a coin bined po\,ver S\vi tch and volun1e 
control of J ,000 to .5,000 ohn1s resistance. 
T'his adjusts the re1note speaker \Vithout 
affecting the radio.-'Al1LL�\RD .ALLPHIN. 

t AUXIUAAV 
SPEAK.Er< 

r ---- _.._,._ __ _ 

I QADIO 
l $PEA.I<£� 

-· · ,  " VOiCE·COIL 
CH KUIT 

PLU G- lt..J AOAPTERS .  Prongs frorn burned
out radio tubes secured to a cardboard base 
enable you to conneet plug-in type portable 
radio batteries any\vhere. 'Three prongs are 
needed for a " B" b<lttcrv h<t vin <r a 22-volt , 0 
tern1ina1 .  !vl ake sure the leads can't he ac-
cidentally shortecl . -C. E. 'VAHD I I I .  

I N S U LAT l t"1 G  G R O M M ETS 
are quickly n1acle fron1 sJip
on pencil erasers. l)rill the 
hole r ight through and round 
off corners on an e1ncry \Vheel . 
Cement \vill  hold i t  on the 
\Vire .-AL. �·I .  L1ND!':ER, Jn. 

I 
I I 

O� RADIO\ 
-- , 

L EST YOU FO R G ET "vhich part of a co1n
plicated \Viriug job has been finished, it1n a 
colored pencil over the l ines on tlH� <:ircuit 
diagran1 as you \Vire in each Olle .  Then there 
is no need to trace \Vi.ring to learn \vhat i� 
left to do. It's also a help in preventing \Vir-
ing n1istakes.-JoHN BoH001cH. .. 
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Can �  Sneak Past 
-

-is Robot Watchnian 

-For a . cabinet, a ·211 by 7" radio chassis is used. 
·The 6-volt transformer and sockets for chimes 
·and light source are fastened to it; other parts 
are on a separate subchassis. 

: 11& 

A RE you allergic to sneak thieves? v\7 ould ft you like a little advance \Varn·ing \vhen 
visitors cross your la,vn? \Vant your car's 
headlights to open garage doors? , Maybe 
you need an electric eye to help you keep 
\Vatch. There's no end to the chores that a 
suitably rigged phototubc \vill perforn1 . The 
setting sun, for exa1nple, can be made to 
turn on the lights in the chicken house, and 
sunrise \vill turn the1n off. A photoelectric 
unit has fe\v rivals for fire alarn1s, inotor 
shutoffs·, emergency control units, switches 
that ilh.unine the front door 9r drive\vay at 
the apptoach of a caller or a car . . .  the list 
can be extended to the limit of your imagi
nation. 

In the setup sho'A-·n here, the 6-volt out
put of the photocell-and-relay box is used 
to sound a door chime \vhen any person or 
object breaks the beam. By improvising a 
fe,v parts-such as the light source-it should 
be possible to keep the cost lo\v. In this case 
a flat flashlight \Vas converted into an electric 



unit. A 3.8-volt bulb is po\vered by the same 
6-volt fihunent transformer that is used for 
the heaters of the 6AQ5 amplifier pentode. 
Any flashlight \Vith a strong Jight spot can 
be si1nilarly used. One \Vith a diffused beam 
is not suitable. 

.A piece of aluminum bent to a right angle 
l��,, high and measuring 1%" by 4��" on top 
is used as a chassis. The relay, 6AQ5, and 
927 phototube are mounted on top of it. 
�-lake sure that the 3-prong socket for the 
927 is oriented so that light strikes the sen
sitive face of the tube. A shield ( snipped to 
size from an ordinary tube shield ) is recom
mended. Punch a hole through the shield 
and the front edge of the cabinet in a direct 
line \Vith the face of the phototube. 

Even though a focused beam is used, the 
light must be refocused directly ahead of 
the photoelectric tu be. T,vo dime-store 
n1agnifying glasses proved adequate for this 
purpose. They are set into a plastic flash
light head which is reversed and ce1nented 
over the light passage in the cabinet. An 
alternative method of mounting the lenses 
is illustrated in the lo,ver right-hand dra\ving 
belO\V. 

\\1 ires soldered to the contacts electrify this 
flashlight. Po,ver is taken from the filament 
transfonner. A 15-ohm adjustable resistor drops 
the voltage from 6 to about 4.5. 

Some ventilation is needed for the 6AQ5. 
To provide it, three l" holes ·,vere punched 
in the cabinet around it and the holes \Vere 
covered \Vith screen plugs. 

Actual resistance of this relay is 3,800 
ohms; one measuring from 3,000 to 4,000 
should be satisfactorv. Contacts must be at 

" 

least single pole, double thro\V for most 
photocell applications. 

When the assembly is complete, plug the 
chimes and flashlight into the connectors 
provided for them { recessed sockets -set into 
the side of the cabinet ) ,  turn on the s\vitch, 
and \Vatch the operation of the relay. As 
the amplifier tube \Vanns up, the relay 
should pull in; if not, adjust the bias control 
until it does. Focus the light and the con
centrating lenses. \Vhen the spot strikes 
correctly, the relay should release or pull up. 
Breaking the beam \Vill then cause the relay 
to pull back in and con1plete the 6-volt cir
cuit that energizes the chimes. 

With this light source, inaximum oper
ating distance of the unit is about 8' -ample 
for most applications. Should greater range 
be required, substitute a stronger light.
Frank Tobin, 1'1anhattan, N. Y. 

Inside the shield is the phototube \Vith the 
6AQ5 and relay lined up behind it. The sntall 
chassis is held in the ca·binet by the shaft nuts 
of the switch and bias potentio1neter. 



Efus ive short-wov e  s igna l s  often come i n  best at n ig ht, so h ead phones ore built 
Int o  this  two- bond superh aterodyne for mid n i g ht DX l i sten i n g .  F l ick in g  a couple 
of swirc hes, howeve r i  brin g s  in  the ful l  broad cast bond at loudspeaker volum·e.  

B.y F R A N K  T O B I N  

THREE t uhes for a t\vo-ln1nd superhct 
doesn't su<Hrest n1uch 1>0,ver but  there's �� ' . 

plenty of p ick up and drive in th is circu it lo 
pull in the 20 an<l 40- ineter ha1n-hand 
tr�nsinjtlers e:1s \Vell  as short-\vave broad
casts fro1n Europe <tnd Austral ia .  l{eccptio1 1 
on the broadcHst b(.tnd is c·lear and ·loud ; a 
IO-foot hank of an tenna \\·ire strung out 
along t h(� Hoor \vill ust:1al ly be suffic:icnt to 
get local stations at full loudspea ker volu1ne, 
and an exlerual grou nd can be 01n itted al
together. .For rerr1ote locat ions or good DX 
l isteniug, of course, you'll \Vant a rnorc 
suLstan l ial antenna and a good ground . 

Being h<tttery operatecl, this set is ideal 
for camp, }p1 1 1 t ing lodge, or '"·eek-end cabin 
as \Ve11 as for the den . The use of onlv 

� 

three tubes al lo,vs econo1nical operation on 
dry batteries. 

Considerations of size played practically 
no part in the selection of the tniclget 3S4 
po\ver tube; \vhat is i1nportant about the 

rJ.8 

tube is that i l  \Vi l l  maintain good and un
distorted ou tpu t at  plate potentials do,vn to 
65 volts . Most battery-operated po,ver pen
tacles \Vork \vell enough \Vi th a fresh battery 
supply> but \vhen the cells age and voltage 
starts to drop, considerable distortion occurs 
at nonnal output levels. The �3S4, ho,vevt'r, 
is built  lo \Vork in  person a l radios that 
nonna1ly use 67��wvolt hatteries, and is there
fore capab le of distortion-free perforn1ance 
frorn 90 volts do,:vn to (),) . 

It is possible that you inay have difficulty 
in l ocating the 3A8-GT' lube called for, si nce 
some n1anufacturers ha,·c discon tinued pro
duction o f  it .  I-lo\vever, i t's sin1ple enough 
to substitute hvo separate tubes for the co1n
bi11ation trioc 1e-pen tode-d iocle .  Use a l T'4 
in place of the pe11 tode section and a 1 S.5 
i n  place of the triode-diode portion . As the 
1 S5 is a pentode-cliocle, tic the pla te and 
G2 ( screen grid ) together, and connect 
the1n to C l  0, (; J l, and R7. The con tro1 gr id 
( C l )  of the l S.5 is  \\' ired to 1�5 and (�9 .  The 
filnn1ents of the 1 S5 are connected to the 
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sa1ne points as the pins I and 7 of the 
3A 8-GT. 

Connections for the 1T4 substitute are 
made in a similar manner. Its plate is \Vired 
to the same point as pin 3 of the :3A8-GT, 
G2 of the 1T4 as if it \Vere pin 4 of the 
3A8-GT, and G .l to the sa1ne connection as 
the cap on the 3A8-G'T. The fila1nent leads 
are \vired to pins 1 and 2. 

If you happen to find a 3A8-GT, it is 
probably simpler not to make this change 
in the circuit diagram. Rear in mind, ho\v
ever, that fut11re replacen1ept of the 3A8-GT 
may not be easy as stocks lessen. 

For night-tin1c listening or 'vhen signals 
are \Veak, a headphone jack has been in
cluded . By taking the phone-jack connec
tions from the voice-coil \Vinding of the 
output transformer ; the phones 

. 
can he 

S\Vitched in at any time, regardless of vol
ume, \Vithout danger of blasting or over
loading. Use the transforn1er tap that gives 
the n1ost comfortable volume, and be sure 
that the grounded side of the phones cor-

responds to· the grounded side of the -speaker. 
This connection is shockproof since none of 
the high voltage fto,vs through the phoh.e 
circuit. 

A variable tone control, consisting of a 
. l-1nfcl. tu bu Jar condenser ( C 12)  in series 
\Vith ll lO, a 75,000-olun potention1eter; op
erates on both speaker and phones . -By 
reducing the audibility of higher sound fre
quencies, this control serves to relieve he.avy 
static conditions . High-pitched -code sig� 
nals can also be changed to n1ore pleasing 
notes by n1eans of the tone control, and 
inusical prognuns can be tu1 1ed to suit the ear. · 

\Vhen a sigual is picked up by the an
tenna, it is fed into the fourth grid of the 
lA 7 converter, \Vhcre it is mixed \Vi th a 
signal generated by the local oscillator to 
create an intennediate frequency of 456 kc . 
After passing through the I .F. an1plifier , this 
signal is rectified by the diode detector, then 
further an1plified by the ·first audio tube . 
All three functions-I.F. an1plifier, diode 
detector, and first audio-are perforn1ed by 
the single 3A8 tu be. Building a pentode 
axnplifier, diode rectifier, and high-n1u triode 
into one glass envelope not only sa\;es space, 
parts and 'vork for the builder, but also cufs 
do,vn fihunent current drain. 

The output of the 3A8 amplifier triode is · 
resistance coupled to tl ie control grid of the 
3S4 po,ver pentocle through a 75,000-ohn1 
plate resistor, a . 05-mfd.  coupling condenser, 
and a l-1neg . grid resistor. A mica condenser 
of lOO-n1n1f. capacity in the plate circuit of 
the first audio stage by-passes any unrecti
fied ltF. current to ground, preventing it 
frorn \Veakening or distorting the desired 
signal .  

Through an output transfonner, the 
audio-frequency currents flo,ving in the plate 
circuit of the 3S4 are fed into a 6" P.�1 .  

speaker .  Load resistance of the tube i s  about 
5,000 ohn1s; a selection of taps on the sec
ondary of the transforn1er permits 1natching 
of this resistance to the speaker's voice-coil 
in1pechtnce . 

Grid bias for the 354 is obtained by means 
of a 600-ohn1 resistor, H.9, i n  series \Vith the 
negative 90-volt lead and ground. The 
voltage drop across this resistor is in1pressecl 
on the grid of the tu be through the 1-meg. 
grid leak, R8. As the B voltage drops, so 
does the negative bias on the tube, resulting 
in a co1npensating increase in a111plification, 
Automatica lly regulated bias permits the 
po,ver tube to function efficiently even 
though the output voltage of the B battery 
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) fans -by as .much �as. �- thirct 
TQ· protect the loudspeaker cone 

from cla1nage,  a \vire screen is 
placed over the speaker frame. The 

�creen is covered by a grille cloth 
before the speaket is bolted to the 
front panel. 

The n tun her of knobs in use 
could have been reduced if space 
had de1nanded, but it \vill probably 
prove ·convenient to have the full 
nu1nber. From left to right, these 
�nohs control : sensitivity ,( Rl,  for 
local-distance tuning) , \Vave band 
( S l  ) , volume ( Il6 ) , tone ( RIO) , 
po\ver ( S3, on-off S\Vitch ) ,  and 
'ipeaker or headphone output ( S2)  . 

Although the vohnne conb·ol and 
po,ver S\vitch 1night easily have 
been combined, the latter is also 
useful as a quick-action stand-by 
·S\Vitch because the battery circuit 

I. �equires practically no \Varm-up 
t in1e.. \Vhen the set  i s  playecl 

· through the loudspeaker, the 
speaker-headphone S\Vitch \Vill pro-
vide even more instantaneous stand-by 
control. 

Three-scale slide-rule dials of the type 
sho\vn may be obtained \Vith all the neces-

, 

LIST OF PARTS 

C l :  360-mmf. two-gang tuning condenser. 
C2, C3. CS, C l 2 :  . 1 -mfd . .  600-volt paper 

tubular. 
C4 : 250-mmf. mica. 
C6 : ·400-mmf. mica, c.-lose to1eranoc. 
C7 : .01-mfd. mica, close tolcrant'e. 
CS. CIO: 100-mmf. mica. 
C9, C fl : .05-mfd .. 600-volt paper tubular. 
C l 3 :  16 mfd . .  200-volt electrolytic. 
lU : 250,000-ohm potentiometer. 
R2 : 50,000-ohm, %-watt carbon. 
�3 : 10,000-ohm, I -watt carbon. 
ll4. H5 : 2-meg., I -watt carbon. 
HG : 1-mcg. pot. 
R7 : 75,000-ohm, %-watt carbon. 
H8 : 1 -mcg . •  I -watt carbon. 
R9: 600-ohm, I-watt carbon. 
UlO : 75,000-ohm pot. 
S I : 4-polc D.T. rotary band switch. 
S2 : D.P.D.T. rotary .. 
S3 : D.P.S .T. rotary. 
LA : Shielded antenna coil, 540-1,500 kc., and 

5,500-18.000 kc. 
LO: Shielded oscillator coil, same bands. 
I.F. l :  Iron-core I .F.  input transformer, 456 kc. 
I.F.2 : Iron·core I.F. output transformer, 456 kc.· 
T :  Un iversal output transformer. 
J :  Headphone jack and plug. 
Tubes, chassis. cabinet, 6" P.�·1. s1leaker, 

sockets. knobs. hardware, etc. 

I 

I I 

sary calibrations for both broadcast and 
short-\vave bands, plus a 0-100 scale for 
logging pl.1tposes. 

rro align the set a nlodulated signal gen
erator is, of course, desirable. If one is 
available, ground the shielded cable to the 
chassis and clip, the live conductor to the 
grid of the 3A8 pe.ntode. ·rune the genera
tor to 456 kc. and adjust the secondary and 
then the p1�imary of l.F.2 for n1axin1un1 
sourid at the speaker. \\1ork backwar<l 
through the first I .F. transforn1er. Tune the 
R.F. stage by ren1oving the SCl'e\VS on the 
condenser ( CI )  trimn1er and aligning the 
trim1ners first on the oscillator and then on 
the antenna coils. Broadcast and short-\va ve 
bands \Vill have to be tuned separately. Use 
a 1,500-kc. R.F. signal ·for the fonner and 
15 or 16  me. for the latter. 

I f  you don't have a signal generator, you 
can tune by ear by first getting the strongest 
station you can find, and \vorking back\vard 
in the sequence described above until the 
signal ,comes through \Vith the greatest 
volume. I t  n1ay be necessary to do the 
aligning of the- short-\vave band at night 
\Vhen strong stations are easier to find . �dost 
I.F'. transfonners are factory tuned \Vith 
sufficient precision to allo\v a strong signal 
to get through . 

Cabinet size \vill depend largely on your 
inc1ividual requiren1ents. The one sho\vn was 



selected because it has 
room for a 1 ,000-hour 
po'vver supply. Battery 
packs that deliver 1 . .5 
volts for the fihuncnts 
and 90 volts for the 
plates are no\v a\·ailable 
in a variety of sizes and 
shapes. \ Vhere porta
bility is a factor, a s1nall 
pack 1nay be used, in 
,vhich case the cabinet 
can be n1uch reduced in 
size. The larger of the 
so-called "fann" packs 
are estin1atcd to be 
good for a full year of 
service \Vith this lo,v
drui1.1 circuit, based on 
average dally use of 
about three hours . 

For extra usefulness 
the set rnay be readily 
converted to 1 l �==>-volt 
1\ .C.  or D.C. operation. 
1\11 article on the next 
page describes a suit
able dry-disk rectifier 
unit that will enable 
the builder to install a 
c o m p l e t e  th ree-way 
iJO\VCr supply. 



)ower o 10n 
Here are three desig1is for D.C. power 

:8UJfJJlies tlzat will f ur1iish 1·ectified 

voltagtJs for receiv.ers, transmitters, 

test equipment, and other uses. 

S �1ALL pO\VCr supplies capable of f�l fnish
ing filtered and reasonably pure direct 

current ahvays have -a place on the experi
menter's \Vorkbcnch. For some .equipment, 
of GOUrsc, pd\v9r packs must be designed to 
give specific currents .and voltages, hut for 
the majority of applications one or 1nore of 
the three units described here can be used. 
"fhey \vill conser\'e battei'y life in portable 
apparatus, balance a \i\lheatstone "bridge, 
extend the range of an ohrnn1eter, or provide 
·bias or po,ver voltage for experilnental am
plifiers, receivers, and transmitters. 

Dry-disk rectifiers, recently made avail
able to experi1ncnlers, replace rectifier .tubes 
in inany circuits. T'he seleniun1 disks require 
only nvo soldered connections. They have 
no filaments and therefore require no sepa
rate fila-rr1ent supply. Because of their rugged 
metallic construction they are also able to 
\vithstand a lot of kt1ocks. 1\vo of the .three 
circu.i ts given bclo\v employ these nev.t recti
fiers; all three are made of easily obtainable 
and ·standard parts . 

Seleniun1 rectifiers are color-coded to in-

An oblon g  metal tool box that wi l l  fit rea d i ly i nto .-the battery com portment of most rece ivers is both 
the chassis a nd cabinet  of this  powe r s u pp ly. 
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dicatc polarity. The positive side, "indicated 
by a reel clot or so1ne simllar marking, is 
equivalent to the cathode of a rectifier- tube; 
the negative side, marked \Vith black, func
tions as the plate. The position of the red 
dot in relation to the other circuit clements 
is sho\vn in the diagran1s. 

.n,�ttery Eli111 i11 ator 

The dry-disk battery elin1inator sho\vn on 
these t\VO pages \vas buil t by Frank Tobin 
as a co1npanion piece for his three-tube 
super heterodyne receiver ( Sec page 178 } .  
It is shaped to fit the bafte1y compart1nent of 
his and other radios and can be used \Vith 
practically any receiver that requires ap
proxiinately 90 and 7.5 volts of B and A 
supply respectively. 

ln order to use the elitninator \Vith the 
three-tube receiver, it is necessary to connect 
the tu bes in series so that the current drain 
\Viii not exceed 50 ma. �ifa·ny battery tubes 
have their filaments arranged so that they 
may he connected either in series or in 
parallel. As original1y built, the set placed 
all the tu bes in parallel to operate on a 1 .5-
volt battery. The diagram on the facing page 
sho\vs the changes that must be n1adc if the 
set .is to run on the higher filan1cnt voltage. 
Sirnply putting the tubes in� series \Vithout 
n1odifying the associated circuit sho\vn by 
the blue lines \vould also have the effect 
of raising the A.V.C. voltage to 7 .5 volts
equal to the sum of the tube voltages. In 

30 Ol-lM5) 
10 WAT T5 

r MIDqET AC-D;J --- C�Ok'..E 
------

+ t O O V 0 LT 

40 MFO. 
1SOVOLT$\ 

+ �01 M F D  • 
+ 

2;500 0H M5 
SO WATT 5 _./ 

...,../ 
16 M F O. - v :tl. l��g��S / � r. _ +7.SVOLT5 

-(swiTCH 
l l 5V"-OL.:_:r_5� 500 OHM5 500 MFD. -7.S VOl.TSI AC -DC tO WATT� 25 VOLTS 

The ports used i n  this s imple  re ctifier unit  may be 
p urchased for a couple of do l lars .  They wi l l  save 
many times t heir cost in battery replacements. 



When used with the rectifier, the supe rhet circuit m ust be a ltered as  shown by the modified d iagram,  below. 

r - - - - - --- - ,  
I 

J 

N e w  con n ections i n  'the fi lament  circuit ore  indicated by l ines  i n  color :  remove leads m a rked with o n  X. 
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A sma l l  bake l i te  box houses the mid g et rectifie r. 
The volta g e  control ,  p i lot l ig ht, a n d  output ja cks 
are cor.ven i entiy placed o n  top of the  ca b inet. 

Positio n  of the p o rts is not criti col  but it is d e· 
s ira b l e  to a l low a s  much space a n d  venti lation 
as  poss ib le  a round the d ry·d isk  rectifi e r  sta ck. 

0'2Y 
PILOT LI GHT\ �ED / 1-1 DOT '4 O B+ 

INTE � M. 

1 15 VOLT5 
60 CVCLE5 

n-4....._��_..--..:...-.-0-_..��-u s\20 MFO. t50 VOLT5 
Output of th is  powe:- supoly is variab le  from 70 
to 1 40 volts. If the  r ipp le  is objection a ble ,  i n ·  
crease the  size o f  1he  fi rst condenser to  40 mfd . 
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other \vords, the set \Voul<l have to receive 
a signal of 7 .5 volts before it could operate. 
Since received signals are generally ou 
the order of n1icrovolts, it is evident that 
no sound \Vi ll reach the loudspeaker un
less these other changes are made. The 
alterations in the circuit, indicated by the 
red lines in the diagran1, should not take 
1norc than half an hour to accon1plish . 

Because a considerable an1ount of heat 
is dissipated through the 2 ,500-olun drop
ping resistor, a unit \Vith a rated value of 50 
\Vatts \Vas selected. The high \vattage gives 
a safe margin against overheating, but a 
25-,vatt resistor of equal ohrnagc tnay be 
substituted provided that  it is usecl outside 
the cabine t and is other\vise \\··ell ventilated. 
1,he variable tap on this resistor allo,vs for 
accurate adjushncnt of the A voltage. 

A s1nall rn etal tool box is used as both 
chassis aucl cabinet of the batterv eli1niuator. , 
The n1etal box also serves as a shield around 
the rectifier, cutting do,,·n the induced }nun. 
Holes arc dri11ed in the cover just ahove 
the dry-disk rectifier to provide the neces
sary ventilation. The \Vire-\vound resistor 
is placed outside the box. 

Mi<lget Power l'ack 
, In the opera lion of battery radios, the 

n1ajor ite1n of cost is the B battery. Hegnrd
lcss of filanlc1 1 t  requircn1ents, therefore, au 
appreciable saving can be inade by using a 
rectifier for the B supply \vhenever house 
current is available. 1,his n1 idget po,ver sup
ply, 1na<le by R. L. Parn1enter, provides such 
a variable B voltage aud can be used in con
junction \Vith a dry·cell 1\ supply. Output is 
variable frorn 75 to 1 40 volts. As can be 
seen fro1n the photos, the con1plete asse1nbly 
is hardly larger than a cigarette package . 

A bakelite - box \vas fabrica ted from }4" 
stock and has inside dirncnsions of 2'' by 
2�8'' by 3%". Place1nent of parts is not critical, 
but it is desirable to leave as n1uch ''breath
ing space" as possible arouncl the rectifier. 
l'he 10,000-olun \\· ire-\vound poten tion1eter 
\vhi('h is used as a voltage divider to vary 
the output potential is n1oi.1ntecl on the top 
panel . Also on th is panel are the pilot l igh t 
and the banana jacks to \vhich the output 
]c,1ds rnay be connected . The pilot light 
consists of a n1idget fuse indicator ce1nented 
into a ruby je,\·el. The l in1iting resistor that 
co1nes \Yith such a light should be left at
tached and \vin.�cl into the circuit . A }�-\vatt 
neon bulb n1a y  he even 1nore satisfactory for 
th is purpose. 



Liinits on th� a1nount of current that can 
he passed by a po,ver supply circuit  are 
set h the rectifier that is selected . The drv . . 

disks are available iu several current ratings 
fro1n 75 to 200 n1a . ;  1 00 n1a .  i s  adequate 
for 1nost uses to \vhich the supply is likely 
t o  he put .  'fo e1 i 1n inate the ripple that is 
prt:sent after half-v.. .. ave rectification, a fil ter 

hoke 1nust be used i11 conjunction ,,·ith at 
least one, and pref <�rably t\\ o, fi lter con
densers. 'fhe larger the c:apacity of the in
put condenser, the higher the ou tput voltage . 
:\lso, \vithin certain l iinits, higher capacity 
usually results in better filtering . A choke 
c:apable of handl ing fnnn 70 to JOO 1na. is 
desirable in order to lnake the 1nost efficient 
use\ of the rectifier. 

The i lnaginat ive builder \vil l  find 111any 
app 1 ica t ions for this po\ver supply . Used to 
pro,·ide plate potential for s1na1 l  short-\vave 
regenerative receivers, the variable resistor 
acts as an auxil iary regeneration control. l f  
the device is to be used \Vith a volt -olun-
1neter to increase the r ange of resistance 
read i 1 1gs, it 1nay be \Vortll\vhile to incorpo
ra te so1ne 1nethod for checking the available 
vo Jtage . A. vol tn1eter of 1 ,000-ohms-pcr-\ olt 
sensitivity connected across the tenn inals 
through a s\vitch \vi i i  al lo\v for continuous 
checking of the booster ,·oltage . 

400-JI olt Supply 

(�arl Andresen built this third po,ver 
s• tpply fro1n his spare-parts box ; n1()st of 
t he necessary co1nponets can probably he 
found in the a\·crage electrical or radio hon1e 
\vorkshop . A 2" by 4'' by 8" sheet-1net11l 
chassis painted \Vith a dark \Vrinklc-finish 
eua1ncl \Vas used . Neither t he chassis size 
nor the position of the parts is c:rit ical . 

The po,ver tra11sfonner, \Vhich came out 
of an old radio, has a high-voltage \vinding 
of approxirnatcly 500 volts \Vi th 2.50 volts at 
the center tap . lt a l so has t \VO filan1ent 
\vindings, of \vhich only the .5-vo]t section 
is used. The 5T4 tube "vas chosen because 
it happened to he handy; se\·eral other full
\vave rectifiers \Voukl work as \vell .  For the 
filter choke the author rcrnoved a .�OO-oh1n 
field coil fro1n a s1nall  speaker; the coil and 
a d ual 16- 1 6  mfd. ,  450-volt electrolytic con
denser inake up the fi lter systen1 . A .S0,000-
ohin, 50-\vatt bleeder resistance js put aeross 
the output to iinpnJ\ e Yol tage regulation .  
Different ,·oltages 1nay be tapped off the 
adjustable slide of this rcsist(>r. Plugged 
into a l 1.5-volt 60·cycle -line, it should de
l iver about 400 volts of ripple-free D.C. 

The power tra n sformer, ful l-wave rectifi e r, dual  
e lectrolytic, and  b leeder  resistor a re mou nted o·n 
to p of the 2"  by 4" by 8" sheet-m eta l chassis. 

Wir ing  is done  o n  the ·u n d ersid e  of the chass is  of 
the 400-volt power supp ly. The 5 00-oh m  fie ld  coil
used as  a fi l te..- choke is  a lso mounted unde rneath. 

6 50,000 0HM5 
5 T4 

OUTPUT 

O n e  of the fi lament  windings  of the power tra ns
former i s  left u n co n nected: The switch  shown in· 
the photos is inserted in the tra n sformer  primary. 
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By EDWARD BLANTON 

F
OR THE businessn1an \Vho has to travel 
and likes to travel light, here is a handy 

radio that manages to be a constant co1n
panion \vithout beco1ning an extra piece of 
luggage. Flat enough to fit into a briefcase 
or overnight suitcase \Vithout cro,vding out 
the. other things you "'·ant to take along, this 
four-tube receiver operates on either AC or 
DC at 1 15 volts. 

The resistance of the four tube filan1ents 
in series is such that no' line-cord resistor is 
needed to drop the voltage. Therefore an 
ordinary- t\vo-concluctor cord. can be used, 
31s long or as short as you like-. A little extra 
length is all to the good, sit1ce in so1ne of 
the older hotels electric outlets aren't placed 
'lS\ close 'ts you might like · to the desk or 
night table. 

All the tubes arc midgets; leads fron1 in
side are brought out to nliniatnre inetal 
prongs embedded in the glass envelopes. 
Connections are made to miniature 7-prong 
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sockets that are fastened to the chassis. 
The chassis consists of a 53�" by 8'' sheet 

of thin ahuninuri1 benl to fonn a 90-deg. 
angle about 2" fron1 one of the longer edges·. 
�Jost of the parts are fastened to the 2" leg 
so fonncd. 

'The first tube, a 12BA6, is a radio-fre
quency a1nplifier pentodc \Vith remote cut
off characteristics. The control grid of the 
tube is connected to the secondary \vincling 
of the antenna coil ( L l )  and the stator 
plates of one section of the t\vo-gang tuning 
condenser (Cl ) .  From the plate of the 
12BA6, the a1nplified radio-frequency signal 
is fed into qle prilnary \Vinding of the HF 
coil, L2, \Vhich is coupled to a second tank 
circuit con1posecl of the secondary of the 
RF coil and the other ha If of C 1 .  

The unshielded antenna coil is placecl 
beneath the bend in the chassis ; the RF coil 
is placed above the chassis and must he 
shielded to f>revent oscillation and distortion 
due . to stray couplings between the coil 
\\1indings and the other circuit con1ponents. 

To cover the coil, a por
tion of an old tu he shield 
\Vas cut off and bolted 
to the chassis as illus
trated on page 189. 

Output fron1 the RF 
tank circuit is fed to the 
grid of the 12A. T6, used 
as an anode detector 
and ainpliffer. Bias is 
provided by a 2,700-
ohin resistor and a 10-
infd . ,  2.5-volt electrolyt
ic condenser ( R 1 ,  C4 ) .  
A s111al 1 inica condenser 

An overag e-she briefcase 
ho lds  the rad io a nd p lenty 
of books, pa pers, and oth er 
articles as wel l .  The case 
is a leather-covered jewel 
box of· accessory case.  



12BA6 s 

Cz 

\ Q.F. C O l L  

(4 -

O UT P UT Ts;2AN6FOllME12.\ 
CG � SOBS -

Ce 

.. '3 DYNAMIC 
5PEAKER 

s 35W4 

FI ELD COI L  
' O F  SPEAU2 

L3 

-

-
-

CHAS5l S 

4 
SOBS 

Cto 

181 



I n  place of the more costly i ewel 
easei a n  ord i n a ry wood e n  box eo n 
be u.sed to house th.e set. Offset
tin �  the l id .provid es ventilation .  

( 'C3 ) in the' plate circuit of the tube by-
_·passes stray· Rl'.4' signals to grouud before 
they can get into the audio systcrn and iu
troduce .un,vantcd noise. 
. Resi_stance coupling is en1ployed bct,vccn 
·n1e detector e:incl au<lio stages. For the 1'l t -. , 

tcr, a .50B5 beam-po,ver pentocle is used. 
A. l -n1eg.. ve:'iriable resistor ( 1{3 )  in the gtid 
c"ircuit nr the tube . acts as a volu1ne control. 
For bias,. a 270-ohni resistor and another 
1 0-mfd . ·electrolytic ( R4, C7 ) are. used . 

·- All of  the clcctrolytics iI1 this set arc of th("> 
:dry type, enc�1sed in tubular alun1l1uun shells 
·:;:incl \\Tapped in he�h·y paper. These electro-: 
Jy�ics require no 1nounting brackets as they 
·arc s1nal1  and light enough to he supported 
by their O\vn pigtail leads . Polarity is ilnpor
tant in 'viring electrolytic condensers. �fhc 
"'plus" and ''n1inus" leads must be connected 
,as ·indicated in the cliagnun.  Should the leads 
ot an electrolytic be reversed, it  1nay �tart to 
·"boil" and 'vil1 quickly short or other,vise 
·beco1ne inoperative. 

The n1idget output transformer, 1nountcd 
on the underside of the speaker frame and 
pi'ojccting through an opening cul . in the 
chassis, couples the outptlt frorn the plate 
of ihc 50B5 \Vith the 3" clynarnic speaker. 
i:o n1atch the iinpedancc of the tu be to 
that of the voice coil, the transforn1er should 
have a primary impedance of 2,000 to 3,000 
ohms and an impedance -in the secondary 
\vinding. of about 4 ohn1s. 

For the filter choke, L3, the 500::.ohn1 field 
cnil� ·of the speaker· is used . This value isn't" 
.critical;. any fie·ld coil fron1 -500 to . l ,SOO 

,, .  
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ohms \vill serve. S1nall 
16-rnfd .  electro1ytic con
densers· arc connected to 
both sidc·s of the coil. 

A rectangular speaker 
opening approxitnately 3" 
by 4" is  cut  in the front 
panel of the case and 
covered on the inside 
\vith a sn itahle gril le 
cloth . S�n�·e the speaker 
is rnounted on the alumi
nun1 chassis, it is not 
necessary to bolt it to the 
cabinet. 1\vo �2 '' d ht . 
holes '1re dril 1cd in the 
front of the cabinet to 
clear the tuning-condens
er and vohnne - contro1 
shafts. These t\VO shafts, 
supplen1cntcd by one 
nut and hol t, should he 

sufficient to hold the ahuniin1n1 chassis 
finnly against the front of the cabinet. 

'fhe cabinet itsel f consists of an in1 i tation
leather eove·red je,veJ box 1neasuring 3" by 
6'' by . 9" \vhich �ll lO\\"S sligh t  clearance for 
the chassis on alJ sides� A rectangular open
ing is cut in .the hack of the box and covered 
on the inside \Vith \Vire 1ne�h .  'This is nec
essary to provide adequate ventilation for 
the set. \Vith a case of this size, · hoth the 
liue cord and a 2.5' length of antenna \Vire 
(·an be coiled inside for easy transportation. 

The photo 011 this page sho,vs an alter
native ·and less expensive cabiuet 1nacle of 
a sme:1 1 l  \VOoden box purchased at a era fts 

L I S T  O F  P A R T S  
Cl : 360-nunf. two-gan·g- t u n i ng condenser. 

C2. ClO : . 01-mfd. paper tubu lar. 400 volts. 
C3 : 250-nnnf. n1ica . 
C4 . C7 : l 0- 1nfd . .  25-volt electrolyt i c. 

C5 : .02- infd. paper tubu lar . ,100 vol t�. 

C6 : . 005-infd. paper tubula r, '100 volts. 
C8. C9 : 16-nifd . ,  150-\"0l t  electro l yti c. 
Rl : 2,700-ohni.  2-watt ca 1 ·bon . 
R2 : 150.00ff-olun. 1 -watt carbon. 
R:3 : 1-nicg. vo lurne contl'ol with switch. See 

Sl. · 
R4 : 270-ohm. 2-watt carbon . 
Ll : Adjustable i ron-core antenna coil.  

I..2 :  Adjustable i ron-co1·e RF coi l .  
L3 : Field coi l of speake1·· uscd a� filter choke. 
Sl : S.P.S. T. on ,-ohune control R3. 
·T :  Output transf o r1ner. 

Tube!-' wafer socket� . 3" elcctrodynan1ic �pe�er. cUa l  plates, knoh�.1nisc. hardware. 

I ' 
I 

, , 



·srore for less than a dollar. The 
lid of this box is nlounted on the 
bocly \Vith n1etal brackets, pro
viding a �" \vide air space to 
allo\v ventilation for the tubes 
on all sides. With such all
around cooling, the set 1nay he 
played \\·hile it is lying on its 
back or on any of its sides. Al
though so1ne\vhat less hand
so1ne, a cigar box \\"ith a ventila
tion slot \vill be as serviceable. 

In con1mon \Vith inost AC-DC 
sets, the chassis of this receh·er is 
grounded to _one side of the 
po,ver line. Therefore no exter
nal ground should be used . . A 
hank of antenna \Vire thro,vn out 
the \vindo'v or strung along the 
floor is sufficient to pick up n1ost 
local stations. It 1nust be noted, 
ho\vever, that this is a TRF cir
cuit and its selectivity is not 
as great as that of a superhetero
dyne. Nevertheless, it should be 
sufficient to separate transn1it
ters in inost localities. \r'hen tis
ing the set on DC, rcn1en1 her to 
reverse the plug if the. radio fails 
to play on the first try. 

If you like radio novelties, you 
may \Vant to try putting · this 
compac� circuit, perhaps rear
ranged on a 1nore suitable chas
sis, into a banjo clock, a table 
lamp, a book cover, a night 
table, or even a ship nlodeL 

T U B E  SHIELD � 
MACHI N E  SCClE.W 
AND NUTS 

F�ONT 
PANEL 

To prevent osci l lation a n d  d i stortion 
d ue to stray cou p l ing ,  the RF coil  
m ust be shie lded.  A sugg ested meth·od 
for i soloti n g  the  coil  is to e n·c lose 
it. i n  o.n- o ld tube shie ld which is ot
toch.ed · to the cha ssis a s  shown a bove. 

The cha ssis is a sheet of a luminum bent to the sha p e  of a long 
"·L." Most of  the pa-rts ore attached to the projecti n g  ledge.  

Front  v iew of the chassis. M atching holes  ore cut  in  the cabi
n et for the speaker a nd volume-control a nd con d e n ser shafts. 

Asid e from the tubes a nd speaker, most of the po rts ore mounted 
below the bend in the· chassis, ns  shown in the photograph below·� 
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IS THE loudspeaker bottlenecking your 
radio-phonograph? It is if you have a 

good audio system feeding into a single 
speaker. For no matter hO\\' n1uch sound 
quality reaches the plate of the output tube, 
you,11 only hear \vhat the speaker can re
produce. 

Single speakers are found in . the over
\\1helming bulk of all radios and phono
graphs. For the most part they give ade
quate sound reproduction, but in many 
cases they do not deliver the full potential 
of the rest of the eqnip1nent-particularly 
with Fivl and the ne\v \vide-range records 
and pickups. The larger speakers-those 

Speakers are n1onnted behind openings cut in  
a baffle n1adc of soft fiber board . They are then 
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Dual speakers give you the fu ll benefit of a 
\vei l  designed cabinet and a quality amplifier. 

covered by a grille cloth. The t\veeter 1nay be 
placed on either side or above the large unit. 



The divider net work consists of bvo condensers 
and an RF choke, 1nounted on an insulating strip. 

SpHcing the tweeter on four l" n1eta 1 collars 
ininin1izcs reproduction of }o\v-f requency notes. 

with frame diameters of 8'', 1 O", 12" or 
larger-are particularly good for reproduc
ing lo'v notes. Ho,vever,  \vhile their large, 
free-moving cones boom out the bass \vell 
enough, they te11d to muffle the high notes . 
To reproduce the latter sounds ,vfrh fidelity, 
you need a t\veeter. 

T'veeters are small, rigid-cone speakers 
of about 3" to 6" dian1eter especially de
signed to reproduce all or part of the sound 
spectrum behveen 2,000 and 15,000 cycles. 
vVhen con1 bined '�ith a large speaker-or 
'\voofer" -and a divid ing nehvork, a t\vecter 
,�·ill give greater faithfulness and brilliance 
to any music. In addition to increasing the 
range of your sou11d system, it \Vi1 1 also im
prove the ba1ance benvcen high and lo'v 
notes and separate individual instruments. 

You can spend from $2 to $25 or more 
on a t\veeter. The one in the photos cost 
about $8. It has a voice-coil impedance of 

Place the speakers side by side on the baffie. 
The filter network is attached near the t\veete.r. 

I 
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Filter circu its for hveelers n1ay be purchased 
prc,vired, or you can make one as sho\vn above. 

1 6  ohms, but il1 this circuit it \Vorks per
fectly in combination \vith a standard 12" 
speaker having an in1pedance of 6-8 oh1ns� 

The dividing net\vork includes a .q-milli
henry, .75-ohm RF fi]ter choke 'vhose func
tion is to keep high frequencies from the 
woofer. Lo'v notes take an opposite path, 

since Cl blocks then1 from the t'veeter 
'vhile Ll passes the1n readily. Condenser 
C2 filters any stray highs that 1nay have got
ten past the choke. �ote that Cl is a paper 
condenser, not an electrolytic . 

�Iount the t\VO speakers on a fiber-board 
baffie. The t\veeter should not be placed 
belo\v the \VOofer ; it is spaced off the board 
on four l" collars to discourage the repro
duction of ·low frequencies. To obtain full
est emphasis of lo\v notes you n1ay \Vish to 
try a bass-reflex cabinet . Conshuction. 
details "·ill be found in the dra\ving at the 
Jo,ver right corner of page 225. 
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With the  latest disks a n d  even later music  off the  
a irwaves, you�re equipped for any  pa rty-a nywhere. 

:Portab l e  Phono - .llad. i o  - C on1 b in ati o n  
By .G EO.R G E  0. SMITH 

FOI\ CANNED or current entertainn1ent, 
hereJ s an all-arot1nd n1usic box that \Vill 

keep you in the S\ving. Built into a sn1all 
·case that usually holds only a phonograph, 
this set contains a five-tube superheterodyne 
receiver that can be used alone or as an 
amplifier for the record player. The radio 
operates on A.C. or D.C.,  making the unit 
useful \vhcrever 1 1 5-volt current is avail
able. _I\. universal inotor \Votild give the 
record player an equal amount of flexibility, 
but since .one n1ay be hard to come by, 
either an A.C.  or D:C, inotor can he used 
in its place. In this event; of course, you 
\vill have to s·ee that the phonograi)h part 
is not' used on the \vrong current. 

,.f o get the radio into a small cabfr1et, the 
tubes and intermediate-frequ.ency trans
fonners -arc inountecl on one edge of the 
chassis. 1l1is "in-line" layout fits bclovv the· 
phonograr)h motor and tends to isolate sev
eral of the oscillation-:ptoducing compo
nents. A standard l��,, by 5" by 9" blank is 
used for the chassis, but a satisfactory sub-
stitute can be formed from 20-gauge steel 
or alun1inun1. Aluminum may he better i{ 
heavier stock is used, and it should offer no 
soldering difficolties since conections to the 
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chassis are made \Vith lugs. The ·Compie
ment of tubes and transformers \vill fill the 
edge of the chassis \Vith no room to spare, 
so, as a step in space conservation, use 
spring-type tube bases; these fit into n1ount
ing holes -of a:fJptoximately 1 5/32" diaineter 
and are secured by retaining clips. 

The rest of the layout \vill dc·pend upon 
the snace available in your cabinet. In 
mounting the gang condenser, dqn't forget 
to allo'v for the S\ving of the rotor plates. 
It may be possible to make a direct ·Cou
pling in some cases ; in others, a flexible cou
pling or flexible shaft �ust be used. The 
latter \vill allo\v the condenser to be nlount
ed at sortie distance fron1 the dial. If none 
of these methods is feasible, you may ha \·e 
to xesort to the dial-cable system sho\vn in 
the photograph at the top of page 194.  
Ctit the COQclenscr shaft short of the .front 
panel, and fasten over it a knob \vith 
sttaight sides. Build up the hub .of the dial 
assembly \vith tape or '� metal bushing, and 
\·vrap the cable around it . To s_ecure. the 
cable ends, replace the knob setscre\v \Vith 
a longer scre\v of the sarnc thread, slotted 
at one end. Tighten the knob \vith this 
scre\v, pull the cable firmly tlu:ough the 
slot, .and solder it fast. 

'''hen cuttiug the board for the phono-



graph motor and turntable, it is necessary 
to place the disk over to one side in order 
to leave enough room for the· pickup arm. 
Try out the position of both units with the 
largest record you expect to use before 
drilling the board. 

The recessed-control panel elin1inates the 
protruding knobs that may either become 
damaged or do damage during transit. Sep
arate rectangles are cut out of the cabinet 
front, and the panels hold_ing the dial and 
control knobs are fastened behind the open
ings. If you have a large sheet of bakelite 
or other material suitable for use as a panel, 
you may prefer to cut a single rectangle 
long enough for the speaker and both con
trol sections. Whichever \Vay you do it, be 
sm·e to leave finger clearance around the 
knobs. 

Remove the crystal cartridge fro1n the 
pickup arn1 by taking out the hvo scre\vs 

The "in- l ine" radio-amp lifier layout uti· 
lizes the normally wasted space in front  
a nd be low the  phonogra p h  motor. Tubes 
are mounted along o n e  edge of the 
chassis, with the speaker and control 
-pane ls fixed a long the o pposite edge.  

on the sicJes. Th� cartridge probably has 
two lugs used in makfug connections to the 
amplifier, and a _third, grounded lug: / \vhich 
is usually riveted to the case and soldered. 
to one of the connecting lugs. U hsolder· this , 
connection. Using t\vo-conductor shielded: 
cable, run the shield to the cartridge.;.case 
lug, and the t\VO \Vires to the cry�i:al-elen1ent 
lugs. These connections \vill _isolate the 
circuit from the chassis and· ·pickl�p ann. 

With great good luck you may be able -to 
find a manufactured loop that \vill fit your 
cabinet. In the 1nore likely event that you 
can't, a plan for the loop is sho\vn in the 
photo and dra,ving at the bottom of the 
next page. Follo.'v the pattern as closely qs 
possible; if you n1ust revise it to fit your · 
carrying case, alter the internal din1ensions 
proportionately. Cut the fonn ·fro1n · heavy 
cardboard or inediun1 fiber, · 1naking an un
even nun1ber of slots so that the alternate 
turns \vill cross above and belo\v .. each 
tongue. \\1ind the loop 'vith No. 22 silk
covered \Vire; be sure there is an enamel 
coating on the \Vire, for the thin silk insula
tion lll<l)' part \Vhere the \Vires ·cross, and ai 1 
uncoated \Vire \voukl cause shorted h.1rns·. 
After "·inding, either paint the loop liberally 
\Vith coil dope or inunerse it in melted pai
affi11 to keep 1noisture out. 

The three-position, four-pole rotary 
S\vifch turns on the radio in one position, 
turns everything off in another, and in it� 
third slot operates the phono an1 plifier and 
the motor. Pilot lights illuminate. the radio 
dial or the turntable area, depending upon 
\vhich part is in use. Hu1n pickup is min-
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imized by breaking the 1 15-volt line at the 
B-minus side of the S\Vi�ch . This side is 
directly connected to the audio return cir
cuit, 'vherc little hnn1 voltage exists . 

Alignn1e1 1t and adjustri1ent of the set fol
Jo,v the usual procedure. If a signal gen
erator is available, trace the signal through 
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At l e�, the d ia l-ca ble assembly, showing the knob 
on the condenser shaft and the bui lt-up bushing on 
the d ia l  hub. Above,- note the angle brackets -ato p 
the I .  F. tra nsformers for fastening to the case. 

the I. F. transforn1ers, and adjust for ·maxi-
1num output: vVithout a generator, the 
adjustment can be made on the air. Inter-
1ncdiate-frequency transforn1ers are . gener
ally tested at the factory and set approxi
mately to operating frequency. It is only 
necessary for you to compensate for the 
difference bct\veen the nlanufacturer's -test 
equip1nent and your circuit by tuning in a 
strong local station ( \vhich should con1e 
through the factory-set transformers ) and 
adjusting for inaxhnum strength. 

If a high-resistance voltn1eter is handy, 
clip it directly across the outside tern1inals 
of the vohune control . Use a meter scale 
that includes at least .5 1negohm ( on a 
1 ,000-ohms-per-volt instrument, this \Vould 
be the 500-volt scale ) and align the l .  F. 
trimmers for inaximum voltage . 

On the oscillator section of the gang con-

If it is necessary to a lter the d imensions of the 
antenna ,  try to maintain  the proportions as shown. 
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denser, C 1 6, the trhnn1er should be set to 
about one full turn out from the "tight" 
position. It n1ay be necessary to niter this 
setting later if the frequency coverage of 
the receiver is incorrect, but use this as. a 
starter. Tune the set to a station near the 
h igh end of the band ( i .e . , \vith the con
denser almost fuUy open ) ,  and adjust the 
trimmer on the antenna section of the con
denser for greatest signal volume. If the 
peak volume is not passed by the tin1e the 
trimmer is fully tightened, add a 1 0-1nn1f. 
or 20-minf. mica condenser ( C 15) across 
the gang-condcQser section. Use \vhich
ever value is needed to peak the trin1n1er. 

No\V tune in a station at the lo\v end of 
the dial, and sec if the signal strength can 
be improved by altering the setting of the 
trimmer. If more capacity-tightening of 
the trimmer-is needed, add about a half 
turn to the antenna loop, and repeat the 
tuning procedure, starting at the high .end . 
Continue adding \Vire, a half turn at a 
time, until no trimn1er change is needed at 
the lo\V end of the dial . The set is then 
properly tracked. If less capacity is needed 
on the first trial at the lo\� end, rernove a 
half loop of the antenna and continue re
moving turns until tracking is right. 

The set is held in the cabinet by t\VO 
L-brackets placed under the hold-clo\vn nuts 
on top of the I . F.  transforrnc:·s, and by 
scre\VS connecting the panels and cabinet. 

C11 

I C12 Cl3 Cl4 

35Z5GT 

L I ST OF PARTS 
Cl, C2 : 50 mmf. mica. 
C3 : .05 mf d., 250 volts. 
C4, C5, CS : .25 mf d., 250 volts. 
C6, C7 : 100 mmf. mica. 
C9 : -.002 mfd., 250 volts. 
ClO : .02 mfd., 250 volts. 
Cll : .01 mf d., 450 volts. 

8 

Cl2, Cl3, C14 : triple-capacity electro
lytic, Cl2, 20 mf d. 25 volts.; C13, Cl4, 
20 mf d. 150 volts. 

· · 
Cl5 : 10 or 20 mf d. See text. 
C16 : T\vo-gang tuning conqenser 'vith 

trimmers. 
Rl, R8 : 1 m eg. 
R2 : 35,000 ohms. 
R3 : 250,000 ohms. 
R4 ·: ·2 m eg. 
R5 : 50,000 ohms. 
R6 : 10 to 20 meg. 
R7, R9 : 500,000 ohms. 
RlO : 170 ohn1s, 1h \Vatt. 
Rll : 500,000-ohm pot. 
R12 : 25 ohms, 1,� watt. 

' 

. 

: 
( Re sistors l/1 watt unless otherwise � 

speci fied.) 
Tl : Output transformer. 
Ll : Fi lter choke. 
Osc. : Oscillator coil. 
Sw : 4-pole, 3-position rotary ·s,vitch. 
Pl, P2 : 115-volt pi lot lights. 
M :  Phonograph n1otor. 
Permanent-magnet speaker.  2 i nter-

m e d i a t e - f r e q  u c n cy t r a n s fo r m e rs ,  
crystal pick up, tubes, sockets, knobs, , 
dial, ·misc. accessories. 

--
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Housed in a cut-do,vn file box, this 

little personal portable really drags in stations. 

By Albert Rowley can feed you the statistics on the game 'vhile 

HO\\' ,much radio can you stuff into a 
portable, and ho\v small can you make 

it? POPULAR ScIENCE asked these hvo ques
tions, and here are my anS\vers . The first is 
"plenty." The second is that \Vith standard, 
easily available parts, you can boil it down 
to a three-pound package 3�" by 5�" by 6". 

Smaller sets can be made, but they'll prob
ably offer less radio. I-Iere' s a honey of a 
compromise bet\veen size and performance. 
It gives you a four-tube superhet circuit, 
good loudspeaker volume, and enough sen
sitivity to pull in practically everything on 
th·e air. In tryouts the· signal-grabbing quali
ties of this midget put several table-model 
radios to shame. 

It's a natural to take along to the ball 
park-easier to carry than your best girl's 
handbag. Your favorite sports announcer 
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you \Vatch, and if leather-lunged fans around 
you get too noisy, all you have to do is plug 
in the earphone jack and listen in quiet and 
privacy. And don't \Vorry about having to 
tote extra batteries to keep the set alive. · 
This model \Vent through t\vo ball games on 
the same single-cell A supply. . 

· 

Your first job is to assemble the parts, and 
that means careful shopping and selection. 
Chances are the spare-parts box \Von't be 
of much help in this case because you have 
to make sure, before using any part, that no 
smaller one is available. Be sure to specify 
�-\vatt fixed resistors, and get the smallest 
paper tubular condensers you can. They 
don't have to be rated higher than 200 volts 
as they won't have anything over 70 volts 
to cope \Vith. �·fica condensers don't have 
to be any larger than 7 I l 6" by 1 1/ 16". y OU 
may find a volume control even sn1aller than 



the one used her�, �s some new midget . 
units · have recently been announced. 

The midget t\vo-gang - tuning condenser 
measures only 1%" behind the panel; this 
one has a cut-plate section to tune the oscil
lator of the IRS converter tube. Should 
you be unable to find a midget condenser 
\vith an oscillator section, a small standard 
unit \Vith t\VO equal gangs can be used in· 
stead. In this case, ho,vever, a padder \Vill .... 
have to be inserted in series \Vith the ground 
lead of the osc.illator coil. 

The oscillator coil itself sh6uld have an 
adjustable iron core.. This makes it easier 
to align the t\vo sections of the variable con
denser. Turn the core about three fourths of 
the \vay out of the coil; final adjustment can 
be made after the set is v.7orking. 

Probably the. most important components 
in terms of size are the intermediate-fre
quency transformers and the loudspeaker. 
Your best bet in both cases is to try to pick 
up replacement parts for comn1ercial per
sonal radios. Surplus penneability-tuned IF 
transformers also are available in the proper 
size, and some ne\v IF' s are to be had \vi thin 
the %" by %" by 2" dimensions of the ones I 
used. Slug-tuned IF's, incidentally, have the 
additional advantage of broad-tuning, \Vhich 
means that you can align the circuits easily 
\vithout a signal generator. 'fhose 'vho have 
built superhets \Vith ordinary IF h·ansform
ers kno\v what this can mean \vith limited 
equipment. Should you settle on surplus 
trans£ ormers, n1ake sure that they are de
signed for the 456-kc. intcrn1ediate fre
quency. 

Both the output transformer and the 
speaker are replace1nent parts for midget 
sets. The speaker is of an oval shape, and 
its cone measures only 1%" by 2J�". It's rated 
for I v.ratt of output, \Vhich is ample for the 
set. 

\:Vhcn you get through \vith your pur
chases at the radio store, drop into a sta
tionery store and buy the cabinet. Just ask 
for an ordinary \vooden file box of the extra
deep ( 6") type, made to hold 500 3" by 5" 
cards. Don't use a metal case if you hope 
to get reception· \vith a loop antenna. The 
old cover is glued dov.rn and a ne\V one 
sa\ved off near the back. 11ake another cut 
at the same time to reduce the over-all 
height of the box to 3%". A �,, ply\vood 
shelf is glued and nailed in I%'' above the 
bottom to provide a base for the chassis artd 
a compartment for the batteries. The top 
of the case becomes the front of the radio. 

Make trial layouts of the ch�ssis-mounted com
ponents before you drill aU of the �o�ntiilg 
holes. The chas�s area is only 2%" by 5". 

A grid cap snaps on the positive contact of the 
single A cell. Slid behvcen cardboard tube and 
cas�, a split pa}.1er clip takes the other lead. 

These photos sho\v the chassis layout 
used; some of the parts can be shifted 
around to suit your O\vn design, but .for 
short leads try to maintain the relative posi
tions sho,vn. Cut a piece of sheet aluminum 
4�" by 5" and bend a 1�" leg along each o� 
the shorter sides. The resulting chassis will 
measure 2:Il" by 5". Since all the larger parts 
except the oscillator coil go on top of the 
chassis, this is the side to consider inost care
fully. Spread the parts out as sho\vn in one 
photo, and mark the position of each one 
carefully. The two-gang tuning condenser, 
four miniature-tube sockets, t\vo IF h·ans
formers, volume control and S\Vitch, output 
transformer, small PM ·s peaker, and the plate 
by-pass condenser for the IS4 go above the 
chassis; all except the by-pass condenser 
need separate house roon1 on the small plate. 

\Vhile you have to allow room for the vol
ume control and S\vitch, you \von't be able 
tb n1ount then1 on the chassis. For thic; you 
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Compact but not overcrowded, the chassis top 
has little 'vaste space. Note the m idget output 

transformer next to the speaker which is a 
miniature 2�'' PM that has an ovaf-shaped cone. 

need a front panel-a 3'' alu1ninum square 
bolted to the chassis. Drill a hole through 
the same panel to clear the shaft of the tun-

the batteries for the last. Begin \Vith the 
connections to the 1R5 converter stage, then 
go on to the IF stage and the 1 U4 RF pen
tode. Next make the connections to the 
diode of the 1S5 detector. Instead of follo\v-

ing condenser. 
Leave the wiring of the loop antenna and 
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All fixed resistors l/� watt 
insulated carbon. 

R l :  2 2 0 , 0 0 0  ohms .  
R 2 :  1 0.000 ohms. 
R3, R6: 3 . 3  meg. 
R4 : 8 2 , 0 0 0  ohms.  
RS : 1 -meg'°. volume control 

DPST s'>vitch ( Sl ) .  
R7 : 1 0  meg. 
RB: 1 meJt. 
R 9 :  2 . 2  meg. 

• 
with 

P A R T S  L I S T 

R l O :  2 0 0  ohms ( This value is 
critical vdthin 5 % ) . 

All paper condensers 2 0 0  volts. 
Cl A, B: Midget two-gang tuning 

condenser with cut-plate 
oscillator section . 

C2,  C5. C8:  . 0 0 0 1 -mfd. mica. 
C3, C4 , C9 : . 0 1 -mfd. paper. 
C6: 8-mfd . ,  1 5 0-volt electrolytic. 
C7, C l O .  C l l :  . 005-mfd .  paper. 
L l :  Loop antenna. 

L2:  Adjustable iron-core OSC . coil .  
l F l ,  1 F2 :  Midget intermediate

frequency transformers. prefer
ably permeability tuned. 

S l :  DPST switch on R5 . 
J :  Normally closed phone jack . 
PM speaker, 2 1/2 " oval cone; tubes, 

batteries ( 1. 67 1/2 -volt B and 1 
l 1f2 -volt A ) ;  tour miniature
tutie sockets; aluminum chassis 
and panel, misc. hardware. 

. T -l T 2·\sPEAKER 



No rat's nest, the underside of the chassis is 
no tougher to \vire than nlany larger sets. llO\V-

"ing the usual sequence right through, it inay 
be better to stop at this point and conuncnce 
\Viring the speaker. \\Fork back,varcl fron1 
hc1�e to the pcntode portion of the l S5. rfhe 
nehvork of tesistors ai1d condensers that go 
to the grid, screen and plate of this tube and 
to the grid of the I S4 output tube arc the 
last of the small parts to be connected . This 
\Viring sequence isn't essential, but it \viii 
help you find soldering roo1n . 

Headphones aren't necessary \vilh this set 
but there arc titnes \Vhen you \Viii find the1n 
handy, so an optional phone jack is sho,vn 
in the diagra111 . The jack to use is a normal
ly closed unit that co1npletes the loudspeaker 
c'ircuit \Vhen the phones are not being used. 
Plugging in the phones auto1natically breaks 
the connection to the speaker. 

For noisy spots, \veak stations, or private 
listening, earphones are nice extra equip
n1ent. But if you should decide to pass the1n 
by, all you have to do is 01nit the p·ortion 
sho,vn bv broken lines and connect the t\VO 
\Vires mc.�rkcd "x" in the sche1natic dnnving. 

Drill a hole through the rear flange of 
the chassis and insert a rubber grom1net 
Through it you can bring four leads-pre
ferably color coded-to the batteries. The 
coding is only to help you until the connec
tions are made, since t\VO of the leads are 
soldered to a standard, polarized clip that 
is used on 67��-volt batteries. The \Vire going 
to the· positive (center ) terminal of the flash
light cell is soldered to a grid-c·ap clip. For 
the negative connection a pitper fastener is 

ever, a planned \viring sequence \Vill help to 
prevent you f ro1n getting bad ly ·in your O\Vn \vay. 

soldered to the lead and inserted behveen 
the nlclal shell of the battery and its card
bo<trd sleeve. Cells of the sleeveless type 
\Vill require a different conuection . 

\:Vhen the chassis is eo1npletely \Vircd, 
connect the batteries and loop antenna and 
tune the circuits for 1naxinunn volu1ne· and 
sensitivity. Start \Vith the secondary of 1 F2, 
and \VOrk back to the prin1ary of l �-.. 1 .  Bring 
in a station at the high end of the dial ( \Vith 
the tuning-con<lenser plates out of mesh ) 
and adjust the tri1n1ners on the side of the 
variable condenser. Take care of the oscilla
tor trim1ncr first. 

You>ll find that yon can strengthen \Veak 
stations a little by opening the back cover 
and aJlo,ving the anteuna to S\Ving about 
t\VO or three inches H\vay from the n1etal 
chassis. 

< 

PlugA"ing in the phone� antoinatically cuts off 
the speaker. Phones are good iii noisy locations. 
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J>Iu �ging in an extra stuge of a1nplification ca n  improve the perf or1nance of sn1a l l  portables. 

Making a switch out of the slide top of a ciga
rette case calls for a �,, angle bracket, a fiat 
n1cnding plate, soldering lugs, and hard\\·are. 

Ass<�n1bly of the S\Vitch can be seen here. The 
vie\v is Lhr<a1gh a l �,, by 2" rectangular cut
out 1nade i n  the side of the cigarette case. 

I LIKE n1y portable radios sinall . It 1nakes 
sense to 1ne lo have a little set thHt l can 

lug around \\: ithout effort, rather than one 
th at threatens to pu 1 1  1ny ann off at the 
shoulder. 

At the S«llne tilne I knc.>\v iny co1np�lct 
portable doesn't have as n1uch pick-up po\\1er 
built in to It as one of the larger, 1norc ex
pensive sets . I t  \vorks fine close to a s1nall 
station and up to .50 rn iles fro1n a high
po,verecl transmitter ; but '' hen I take it on 
a long ride� perforn1ance definitely falls off. 

'To overcon1e this defect, I built an RF 
booster fo1; n1y set. It consists of an unluned 
RF stage packed in a plastic cigarette case. 
It can be plugged into the portable \vhen 
and i f  it's needed . 'fhe booster increases 
the signal pickup of the portable, converting 
its four-h1be circuit into a fh·e-tnber on 

A :>-prong \Vaf er socket 1nountcd in the back 
of the cabinet supplies hoth electrical contact 
and rnechanical  support for the booster. 



Layout and wiring of the parts is simple. The · The siuall purls used can be soldered directly 
thing to \Vc1tch for is clearance of the tube and to the 5-prong rnounting plug and the 7-pin 
socket in the 2" -wide opening in the case. miniature \vafer socket that -holds the -tube. 

demand. With it the set can reach out 
reliably for hard-to-get stations. 

A booster like this \vill improve a great 
many portables, but there are many more 
on \Vhich it \voulcl be \Vasted. Sets that al
ready have a stage of llF amplification or 
t\VO stages of IF \.Von't benefit by the addi
tion. T'o find out ho'v y·ours stacks up, re
n1ove the back cover and take a peek inside. 
A 3-gang tuning condenser is a sure indica
tion that you don't need this booster. Less 
certain but a good clue is the nu1nber of 
tubes. Five or more-not counting the recti
fie�·, if any-mean the set already has enough 
llF or IF gain. As a final check, look at the 
tube-type numbers. �1ore than one of any 
of the follo,ving tubes indicates that you 
don't need a booster: 1 T4, 1 U4, 1N5-GT, 
or 1LN5. 

If examination sho,vs that your set can 
benefit fro1n so111e additional radio-frequency 
a1npl ification, your first step should be to 
purchase the .little "cabinet." I used a plas
t_ic cigarette ·case \vith a slide opening on top 
through \vhich the smokes can be popped 
out. The slide is useful because it's a cinch 
to convert it into an on-off S\vitch. 

In the side of the case near the top, cut 
out a rectangular -opening. �vl"ake a� ·cover 
for the opening fi·om a piece of ·p lastic about 

2" by 2ll". It can be fastened to the case by 
drilling tindei"size hoics and-. using s1nall 
machine scre,vs that will tap their O\Vll 
threads. 

Drill and file a hole in the tenter of the 
plastic rectangle for a 5-prong plug that has 
a metal ring for flush mounting. T\VO m�
chine scre\VS and nuts secure it to the plastic 
p,1nel. Inside and at right angles to the 
plastic attach a 7-pin miniature \.vafer socket 
by soldering its pin 5 to one of the machine 
scre,vs. 1vlakc a strong_ rnechanical bond to 
hold the miniature socket rigidly. A co11pie 
of resistors and condensers as \veil as leads 
for the S\vitch and the A battery arc then 
soldered in to comp'lete the \Viring. 

The filament supply comes from a size C 
flashlight cell that fits nicely in the \vidth of 
the case; connections can be made by clips· 
or bars bolted to the inside of the case .. 
B-plus voltage is tapped off the set. 

To make connections to the set, I driiled
a hole in the back of the radio cabinet and 
mounted a 5-pi"ong \Vafer socket. Connec
tions to this socket are made as follo\.VS : 

Prong 1 goes to the grid of the converter 
tube. This is. found at the fixed-plate tern1i
nal of the antenna tuning condenser · ( the: 
larger plates of a. t\.VO-gang tuning .1:fnit r� 
The original connection is unsoldered. ff 
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there are t\VO connect ions at this point, don't 
touch the one that goes to the loop antenna . 

Ptong 2 goes to the \Vire you have just un
soldered fro1n the tuning con9enser .  Prong 
3 runs to the chassis of the set. Prong. 4 
leads to the positive terminal of the B bat
tery. If you have a 3-\vay portable, it inay 
go either here or to a B-plus point inside 
the set. Prong :3 can go either to the chassis 

of the set or to the A VC line ( the black lead 
frorn either of the IF transfonners ) . Try 
both of these connections and solder it per
n1anently to the one that gives best results. 

For those tin1es \vhcn the booster isn't 
going to be used, buy an extra 5-prong plug 
and solder a ju1nper lead bet\veen prongs 
1 and 2. Plugging in the ju1nper in p lace of 
the booster restore� the original circuit . 

B �S11pply Cuts Batter,1 Cost 

Listen all you want \vithout draining those ex
pensive batteries. The little box supplies B 
voltage ; \\:-eight of the portable turns it on. 

• 

' 

·HA. VING discovered ho\v easy it is to 
n1akc 1ny s1n<lll portable behave like a 

bigger set, I decided to get rid of another 
sore spot in its operation-the high cost of 
B batteries . I t's no fun to shell out a couple 
of bucks every fe,v \.Veeks to replace the 
\vea kened ha ttery . For very little in ore than 
the price of a replace1nen t battery i built 
th is perpetual B supply that \vorks off any 
1 1 5-volt AC or IJC line. l still use flashlight 
cells for the J.Ai.. supply, but the ir cost is in
significant. 

Like the Ill� booster described ahove, this 
device is independent of the set aud doesn't 
ilnpair its usefulness as a portable. \ Vhile 
1ny set uses a 67�f-volt battery, the sa111e 
eli 1ninator 'vill serve other sets req uiring up 
to 90 volts. It \Vould be useless, naturally, 
on 3-\vay portables. 

Instant \varn1-up is retained hy using a 
I 00-ma . seleniu1n rectifier. This and all 
other parts are assen1bled i11side a steel first
aid box 1ncasuring l�'' b)1 4��" by 7}�". 
You'll find a cabinet of about this size con
venient, since it forn1s a platforn1 on \Vhich 
to rest the set. 

t t ! 

Parts arc 1nounted on a flat chassis that is 
fastened inside the steel box by Jnachiqe scre\VS 
slipped through the rubber feet. 
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'fhe shaft of the voltage-regulating potenti-
01neter is sa\ved off to fit inside the box. Slot 
the shaft to pern1it ·scre,vdriver adjustrnent. 



On top of the box and ii>.sulated from it 
by pieces of fiber are t\vo l" by l}�'' alumi
num contact plates.. The remaining parts 
are mounted on a flat chassis inside that is 
secured by four 1nounting scre\VS through 
the bottom. Use rubber insulating feet on 
the bottom and never set the box on a 
grounded metal surf ace like a radiator or 
sink. Better still, use a .p lastic chassis panel 
to insulate all components fron1 the box, 
\Viring together the grounded points in the 
diagnun, and put in a t'vo-pole S\Vitch in
stead of a single-pole one. This \viii open 
both sides of the po,ver line. You could 
still get a sho�k by pushing the S\Vitch and 
touching the terminal plates, or one plate 
and an outside ground, so keep the gadget 
a'vav from kids. "' 

One side of the l ine cord is connected to 
the negative tenninal of the seleniun1 recti
fier through a 30-ohn1 \Vire-,vound resistor. 
The other side goes to the chassis through 
a push-type S\Vitch ( S l )' . An aluminu1n 
strap holds this S\Vitch upright, per1nitting 
the plunger to project through a hole in the 
top of the cabiuet. The S\Vitch. is of the 
normally-off type . It is turned on by the 
'' eight of the radio and goes· off automati
cally \vhcn the set is lifted off. It's a good 
idea to ren1ove the set 'vhen you arc through 
listening, for current \vill continue to flov1 
through RS even \Vilh the set turned off. 

Voltage output is regulated by a \virc
\Vound 'potentio1ncter rated at 2 \Vatts or 
more and having a resistance of 10,000 
ohn1s. You can adjust this to any value frorn 
about 60 to 100 volts. Set it 1 0  to 15  per
cent above the non1inal rating of the battery 
used in your portable. The higher voltage 
\vill 1nake the set more sensitive than i t  
usually is on batteries alone, and it 'von't 
do any harm to the circuit co1nponents. 

You'll have to make a fe,v ininor changes 
in the receiver. The first is to 1nake son1e 
arrangement for disconnecting the battery 
'vhen the elitninator is used. To do th is, 
sirnply cut the lead to the plus tei·1ninal of 
the B battery and connect it to the center 
ann of a SPD'f toggle switch . \\'ire one 
side of the S\vitch to the battery and -the 
remaining S\Vitch terminal to an ahnninum 
contact on the bottom of the cabinet. The 
circuit and suggested 1nethod of attachn1cnt 
are sho,vn at the lo,ver right. �1ake sure 
that the contacts on the set line up \Vith 
those on the eli1ninator. l"he S\vitch can he 
placed in the back panel of the rad io.-Al
bert Rotvley, Manhattan, N. Y. 

io:ooo OHM 
WI RE-WOUND 

t,000 
OHMS 

SELENlUM 
/RECTIFIER 

+ PO:T. \ 2 WATT S/ �30 0HMS 

67� 2 
VOLTS 

-

R2 
+ 
� c2 l\ . OOl MFO. 

400 VOLTS 
40 M FO. \ 1 50 VOLTS 

1�--41�-.1�_;_• --e-u 

2 WATTS. 

+ 
J2 M F D. � C4 

r 150 VOLTS ?' 
\-=F 

20 MFO. 
150 VOLTS 

-::=- PUSH SW ITCH 
.. (NORMALLY 

OPEN ) 

\Viring shown is for a n1efal ch�lssis. To n1akc 
the unit sti ll safer, use a p lastic panel, a 
DPDT $\Vitch, and conn�ct a l l  grounds .together. 

Conne<·tions to the portable are 1nade .directly 
to the battery tenninals. �rhe B-plus line is 
cut and re,vired through a togg�e S\vitch. 

,PORTABLE 
CABINET 

ALOM I N U M  
ALUMINUM 

·-;,§� 67 11. � 
I , ,. 2 �/ I S OLDE RING LUG ,. VOLT /. 

BATTERY I i 
. E LI M I N ATOR CAB I NET I /// ( � 

CONTACT STRIPS -------- ---
Cont:l<·t st1·ips are added to the botton1 of the 
radio. These int1st line up  \vith the contacts on. 
the elin1 inator. The outer one is ne�at i"c. 
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Need a portable ? s,vitcl1 your AC-DC 
midget to battery po,ver. It costs 
little a11d doesn't I1arn1 tl1c set. 

By l17illi1111i No1·to1i 

SU�·1�1ER 1nonths
, 
are outdo�r months, and 

radios that can t get out into the open 
\vith you <lon't fit into the picture very well . 
But if you alrea<ly O\vn a number of house
bound receivers, you may have son1e objec
tion to buying or building still another set. 
You don't have to. One of those AC-DC 
midgets has the inakings of a good battery 
portable. It isn't even necessary to make any 

Re1nove all tubes before sta1ting to \Vork on 
the set. �f ark each socket \\rith the nun1ber of 
the original tu be and its battery replacement. 

pcrn1anent changes in the circuit. To re
store the portable to AC-DC operation, you 
need only replace the original tubes and 
thrO\V a S\Vitch. 

The 1nain consideration is tube ·substitu
tion. The table on page 207 covers the con1-
moner tube lineups. It is i111possible to sho\v 
all variations, but the chances are that if the 
set uses standard-size tubes and \Vas nHu1u
factured in the last dozen vears it \vill fall ; ' into one or another of the n1ain groups listed . 
'fhe inore recent midgets employing ininia
ture tubes arc not included since these can't 
readily be converted by the 1nethocl de
scribed . In so1ue cases · vou mav also find a 

; ; 

set that overlaps t\VO groups. 
Many of the tubes in the chart offer the 

possibility of siinple plug-in substitution . 
All you have to do \Vith a 7 A8 converter, for 
example, is lift it  out of its socket and slip 
in a 1LA6. Pin connections are the sa1ne. 

Some proble1ns arise, ho,vever, \Vhen it 
comes to changing the detector tube. �·lost 
AC-DC sets use dual diode triodes in this 
stage \vhile battery detectors are generally 
single diode triodes or pentode·s . F'or the first 
t\vo groups the l 85 miniature diode pentocle 
is suggested. In the thitd group you have a 
choice of this tube or the l H5. Since the 
latter tube is a triode, it inay not give as 
much a1nplification . Ho,vever, it can be 
plugged in in place of the 6Q7, \vhile for the 
185 you'll have to 1nake an adapter socket. 

The adapter socket for a 185 consists of a 



7-pln rriiniat�1;e \vafer socket mounted oil 
top of an octal or lock-in base-. 'vhichever 
matches the socket in the set. For the adapt
er base use a burnt-out tube . If you donJt 
have the right kind in yo�r \Vorkshop, yon 
can pick .one up for a fe\v cen ts fron1 a local 
repainnan. Place the tube in a paper bag 
and give it a sharp hamn1cr blo\v to break 
the glass. Using pliers and cutters, re1nove 
the loosened elements and break off any re-
1naining glass . 

Octal bases .are easier to \vork \vith since 
the prongs arc holl<.>\v on tl e insicle. He1nove 
the old connections by 1nelting the solder 
and make ne'v ones by inserting \Vires into 
the ho1 lo\v prongs and flc)\ving in solder. Use 
sol id tinned \Vire of fairly hea\ y gauge-�o. 
18 is about right-1naking sure that the \Vire 
is \Vell insulated.  Bare \Vi re can be covered 
with plastic spaghetti . 

If vour set uses lock-in tubes. fi le the nart � ' 

of the pin that protrudes insicl? the base . 
Filing cleans the 1neta1 and al l c l\vs the added 
'vires to he sol dered on finn lv .  

vVhcre the 1 S5 pentodr· i s  used to replace 
a triode, so1ne provision rn t 1st be tnade for 
the screen grid . Th is is �on nect<�ci 1·0 B-·plus 
through a 680, OOO-ohn1 . ��-'vntt rcsjstor. A. 
n1iclget .0 1 -rnfd . ,  200-volt paper t 1 1b1 1L1 1· con ·  
denser provides a hypnss path b 1  <ffllnnd . 
Roth these parts are n1ountcd dire-ct ly on 
the n1 iniature socket. In the chart _  011 � s id 
of the resistor is sho,v1 1 connected t o  nin 2, 
a dead pron g used ns an an "·hor !lo1n t .  ... 

If you plan to reconvert the �:ct to A C-J)\: 
use at any future t i1ne, H is ach· isah�e to n s<' 
phone tips and jacks for B-nln� �-l 11d othe�· 
connections so that the ori ginal l:ircu i �  can 
be easily restored . Find a B-nlus nnint in 
the receiver-usual ly at the sereen t!r=d of 
the po\ver output tuhe-install  an ins t ? latflcl 
phone jack on the chassis, and "·in,:) the t \VO 
together. r'fhe lead fron l pin 2 of the l S.=5 
socket can tern1 in ate in a phone tip and he 
plugged in 'vhenevPr the tu be is inserted . 

A second lead fro1n the adanter so<:ket 
goes to another phone jack on the chassis .  
This connects the second cliode nlatc in the 
original circuit  to 1\-plus thr.c>ngh a J -1neg. 
resistor. .. The reason for th i s  connectiou is 
that the single-diode ] s.::> 

. 
is heing used in 

place of a dtJal-diode detector in the orig
inal set . In son1e sets this \Viring isn't nec
essarv so if vou like vou can trv the set first 

. .· . . 

before inserting it . 
All AC-DC receivers have tube he<1tcrs 

connected in series. By leaving them that 
\vay it js possible to avoid re,viring. \lake 

'I'o 1nake an aclaJ)lcr sockel, select a tube \V ith 
the right base uncl break off t he glass. File 
the pins that protrude inside �t }c;ck-in base. 

'l'his ad�1 r)te1· a l Jo,vs the battery tube to be 
plugged iu in  p lace of the origina l tube . �e\v 
"·iri ng b nwcle at the soc:kct, nol i n  the set . 

6SQOOO r 
-0-i MS 

l·?IN MINIATURE 
WAFER SOCKET 
J TO O+ � (G2 Pl N OF OUTPUT 

I TUBE SOCKET IN SET) 
+67�TO 

&RtOOE) 0-0 135 
-/ VOLTS 

A 7-pin 1u i n iat u1·e \vafer socket, used upside 
do,vn, and the base of a burnt-out tu be are 
\Vired together to n1ake the adapter socke_t. 

sure there are no resistors in series '.vith the 
heaters. I f  there are, they 'vill have to be 
shorted out \Vith a s'vitch .  One end of the 
filan1ent string is JtSually grounded at the 
detector stage . Connect th� negative A-bat• 
tcry lead at th is point. The B battery is not 
grounded to the chassis d irectly ; instead it 
goes through a bias resistor. The installatiq_n 
of this ·resistor-\vhich should he hct\veen 
330 and 680 oh1ns-is sho,vn in one of the 
dn1,vings. One side of the output tube's grid 
resistor 1nust he disconnected fron1 chassis 
or ground and \virecl to B-n1 inus . \�7hen the 
set is restored to AC-J)C operation, the small 

. 
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A slide switch soldered to the fnune of the 
output transfonner changes the i1npedance of 
the transforn1er to rnatch the ne\v output tube. 

Field-coil windings are usually used as filter 
chokes. When replacing such a speaker \Vith a 
P�l unit, insert a filter resistor as shc)\Vll . 

Li ft the grid resistor of the output tube fro1n 
ground and connect i t  to B-rninus. Insert a bias 
resistor bet \Veen this junction and A-1ninus. 

Batteries are held in place by n1eta I strips . 
. For 4-tu be l inenps, use a 6-volt A battery; 
B voltage can range fro1n about 67}� to V3.5.  

206 

1''he switch sho\vn at the left is wired across 
two taps of a un1versal output transformer. 
Select the best tap for each output tube. 

bias resistor, in series \Vith the much larger 
grid resistor, has virtually no effect . 

The A-plus conneetion frorn the battery is 
soldered to \Vhichever heater lug on the 
po\ver-tube socket goes to the rectifier-tube 
socket. ·rhe rectifier is 01nittcd frotn the cir
cuit. \Vire the plus side of the B ba ttery to 
any B-plus point in the receiver. Both the A 
and B connections are n1ade through a J) PS1� 
toggle S\vitch . This heco1nes the on-off 
S\\·itch for battery operation. 

Another i lnportant poi1 1 t  in ba ttery opera
tion concerns the speaker. Check the one in 
yottr set to see \Vhether i t  is energized by a 
pern1anc11t n1agnet or a field coil . If i t  is of 
the latter type, you \Vill have to replace it 
\vith a P.VI speaker. Select one of the -same 
size so it \vill fit the cabinet. 

If your speaker has a field coil, the chances 
are that the coil also acts as a filter choke. 
A 2,200-ohin, 2-\vatt resistor has to be in
stalled bet\veen the t\VO \Vires that are dis

connected fro1n the field coil .  Since a re
sistor doesu't give as inuch fi l tering action 
as a coil, there inay be an increase of hum 
\Vhen the set is used on AC. Trv it out c.111d , , 
if you finc l  there is too inuch hun1, replace 
the filter condensers \Vilh two 40-111 £�1 .  ca
pacitors or a d ual unit containing t\vo such 
condensers in one shell. They should have 
a rating of 150 volts or n1orc. 

Another point relating to the speaker
\Vhether you ha\·e to c.:hange yours or not
conccrns the output lransfonner . Battery 
tubes generall) have higher load in1pedances 
than the output tubes used i n  AC-DC sets. 
As a result the original lra11sfonner n1ay not 
give proper 1natching. Shou lcl you find this 
to be the case, replace the transformer \Vith 
one of the universal type and select the out
put taps that sound best on each service . 
\ Vhen you 11ave picked the right ones, \Vire 



CONVERTER T U  B E  

Pick your tuhe l ineup. Huttery substitutes or adapter sockets are gh·en. All are .top l·iew8,. 

then1 across a SPD'f S\Vitch as shO\Vll in oue 
of the dnnvings. 'fhe S\Vitch allo\VS you to 
select the correct rnatch for either hatterv 

" 

or house-line opera tion . Like rnany of the 
other al ter,1tions, this one \Von't he needed 
in a] I eases .  I f  you already have ·a P�l speak
er in vour set trv tl le batterv conversion , ' . . 
\Vith the original traHsfonner before invest-. . 
·1ng 1n a ne'v one . 

Bat teries can he held in  place· by 1netal 
str{1ps. Fasten the straps. \Vi th \vpod scre,vs, 

or \iVith nuts and bolts if you have a plastic 
cabinet. For series filan1ents, a 6-volt A bat
tery is about righ t for a 4-tuhe circult, 01nit
t ing the rectifier ; B voltage can vary rnore. 
Depending on the space in the cabi11et, you 
can use one or t\VO 67�-volt batteries in series 
to give a total of 135 volts, or t\VO 45-" olts 
totaling 90 volts. This gives you a choice o� 
67��, 90, or 135 volts . 'fhe set should \Vork 
\Vith any of these arrange1nents, but more 
vol tagc usually gives higher output. 
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Recorded music or your own voice goes over the a irwaves at the mere flick of a switch. 

You can play ii through its o\vn 
speaker, any nearby . radio, or you 
can combine · both at the same time. 

B11 He11ry C. Martin 

T ARCE households can get the most out 
L ·of this centralized control system that 
pipes music anywhere in the house, but 
you'll also find it handy if you have any-

Connections for speaker, phono ·n1otor, pickup, 
and n1ike are n1ade by means of plugs and jacl<s. 

thing larger than a one-room apartment. 
I-lerc' s a unit that combines t\vo types of 
record player-a direct amplifier and an 
oscillator that broadcasts through any near
by radio. l'hc features may be used to
gether, or either one \Vill \VOrk by itself. 
\.Vhile your \Vife .enjoys a stack of records 
in the living room, you can have the same 
music in your basement shop. Those little 
radios in the kitchen or an upstairs bedroom 
can also pick up the program. And if you 
have a fe\v radios strategically located 
around the house, the microphone and 
oscillator become a handy one-\vay intercon1 
to summon you to the telephone or to din
ner. All this and a hundred other uses of 
your O\Vn devising are controlled from the 
single S\Vitch panel on your . master music 
syste1n. 

An auton1atic record changer \vas used in 
this model and is recommended, but a 
separate motor and crystal pickup \Vould 
operate just as \vell on a one-record-at-a-time 
basis. Also, if you are in an exper.imental 



Although there is ample roorn on bot h  sides o f  the chassis, parts should be closely grou 1>ed. 

1nood, you can ring in such changes as in
stalling a 33 }fi r .  p . 111.  turntable \vi th a special 
light,veight  pickup to use \Vith long-playing 
rec.:ords, or you can add a magnetic pickup 
and prca1nplifier by adapting · the circnit 
sho,vn on page 227. 

In all C<tses the basic oscillator-an1plifier 
circuit re1nains the sa 111e. It is built around 
five tubes. 'J\vo of thein ( the 12J.5 and 
1 2S.A.7 ) are used in the oscillator section to 
broadcast sound from the n1 icrophone or 
pickup; t\yo 1nore (the J 2SJ7 and SOL6) 
a1npl i fy the san1e signal and feed it out-on 
de1nancl-through the bu ilt-in speaker .  The 
fifth tube, a 3.)Z.5, rectifies the AC po,ver 
and supplies the required DC voltages to the 
other four stages. 

' 

\Vith a .5- ineg. variable resistor ( R l )  
act ing as a vohune control in the oscillator 
part, you can ·'ride the gain" on the trans
mil ter. \.!olun1e can also be regulated at the 
receiving set . . A. separate potentiometer, ll7, 
controls the vohnne of the t\vo-tube audio 
amplifier . 

Both the antenna and oscillator coils are 
tuned by n1eans of sn1all cerarn ic padder 

condensers ( C6 and CS ) ;  one is inounted on 
the chassis on each side of the shielded 
antenna coil ( Ll ) .  The padder that tunes 
this coil is connected across the larger of 
the t\VO \Vindings-usually considered as the 
secondary . A tapped coil, L2, in th is elec
tron-coupled oscillator circu it, is tuned by 

The chassis is bolted to a iuetal panel \vhich, 
in  turn, is inset into a larger \vooden front. 



the second padder. Once the padders have 
been correctly set ( by ineans of a small 
screwdriver adjushncnt ) they shou]d need 
no further attrntion unless you c lccic le to 
change the frequeucy of the l i t l  le t rans1nit
ter. It is i1nporlant to insulate both padders 
fron1 the chassis; th is can he done by means 
of fiber \.vashcrs as sho\v11 in the dr;.l\ving 
helov.;.  'The botto111 \.Vasher should ha vc a 
sligh t  shoulder to n1ake the iusnlat ion posi
tive and prevent the shaft fron1 sl iding side
ways into contact \vith the inetal. 

As can he sf.�cn in the photos, the standard 
2" hv 7'' hv H'' chassis that \Vas used is . . 
more than a1nple for all  the necessary parts. 
It can be n1adc s111al1er, bu t since the chassis 
takes a relatively sm�\1 1 portion of the total 
space i n  any pl innogra ph� the saving \Vi l l  not 
be great . Five octal sockets for the tubes 
are inoun tecl in a l i ne along the rear of the 
chassis. �rhe filter cl 1 oke and ante nna coil 
are placed in front of the tubes, and padder 
condensers peer u p  fro1n underneath on both 
sides of Ll .  A hnost directly u nderneath the 

NUT� ...-ADJUST M E N T  SCREW 

/ 
M ETAL I I CHASSIS I 1 1 . • t i  I �---...-----�� ......... --........,., 

F I B E R  
WASHERS 

The padder <�on.den�ers must be insulated from 
the chassjs . LTsc hvo fiber \Vashcrs as shown. 
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choke and at right angles to it is a s1nall 
universal output transformer. The photo of 
the underside of the chassis sh<)\VS t\VO leads 
coining f ro111 the seco11dary of this trans
fonner an<l tenn inating at a recessed l \VO
connection socket in the side of the chassis. 
This \\·as done for convenience in asse1nbling 
the unit  in a cabinet. The hvo lca( ls  coining 
fnnn the \'OiC'c coi l  of the speaker plug into 
the socket and can read ilv be disconnectecl .. 
\vhen the chassis has lo he reinoved for nnv .. 
reason. 

With the saine idea o( 1naking the c:hassis 
' ·  

as independent as possible o f  external con-
nections, al l  other contacts arc 1nadc by 
jacks or sockets. This arrange1nent, of course, 
is optional \Vith the builder. The feed
through, 1 1 .5-vol t l i ne i nto \vhich tl 1e phono 
1notor can he plugged is brought to a re
cessed socket .  'This connection is tapped off 
the l ine ahead of tlte po,ver S\Vitclt ( S2 ) .  
�1ost auton1atic record changers have their 
O\Vll S\Vi tchcs so they can he stopped ( for 
c:hHnging records or 'vhcn the .m icrophone 
is to he used ) \vithoul cut ting off the cur
rent going to the oscil lator-a1nplifier. I f  your 
changer hasn't such a S\vitcl l ,  o r  if you are 
using a plain 1notor, insert a SPST S\vitch in 
series vvith one side of  the inotor's line cord. 

A l \Vo-connect ion jack on the chassis re
ceives the "hot" and grounded leads from 
the crystal pickup. This jack is not accessible 
'vhen the unit i s  in a cabinet, but there,s no 
need to get at i t  since S\vitch S 1 changes 
over the input circuit fro1n phonograph to 
n1 icrophone. Bceansc t_he .n1� ke need not be 



a pennanent part of the assen1bly, its jack 
is placed on the front panel . 

In the cliagnun above, so1ne of the input 
leads are represented as being n1acle \vith 
shielded wire. I f  you trace the san1e portions 
of the circuit in the photos, �)ou \vil1 find 
that son1e of these leads are unshielded . This 
\Vas done because i t  \Vas found convenient 
to keep these leads short, near the chassis, 
and out of the \vay of other \Vires. \\Then the 
layout allo,:vs this you n1ay ornit the shield, 
but other,vise it is a good idea to provide 
for it .  

Cahineting the osci1 lator-a1nplifier is a 
1natter for individual taste. For convenience, 
a purchased cabinet designed to hold a 
record changer, amplifier and speaker \Vas 
used in the model illustrated . Although it 
,.vas relatively inexpensive, it did add about 
$ 1 0  to rhe cost of the itcrn-an a1nount you 
mav be ahle to save hv constructing vour 

� • L1 -

O\�/n cabinet or huilding the unit into a book-
case or other piece of furniture. Total cost, 
incidenta1 ly, ran to about 845, including the 
cabinet and record changer but not eounting 
a n1icrophone. 'This cha6ger cost son1ething 
over $20. Other n1odels arc available at half 
or t\�licc this price. Since the co1nponents 
a rc all standard, your spare-parts box n1ay 
n1ake a big dent in the cost figure. 

\Vhen you have co1npleted and double 
checked the \Viring, connect the speaker, 
phono motor, and pickup, turn on S2 and 
thn)\v Sl  to "phono'' position. Give the 
a1nplifier a fe,v seconds to \Varro up, then 

1 check for sound by scraping a finger across 

l I S T 0 F P A ·R T ·s 

H I ,  R7 : 5-meg. -potentiometer. 
R2:  1 ,800-ohm . !-watt carbon . 
R3 : 68,000-oluu, 1h-watt carbon. 
R4 : I 00,000-ohm, %-watt  carbon. 
RS, R6, RIO:  -5 1 ,000-ohm, %-watt carbon. 
n&: 22,000-ohm, 1 -watt carbon . ' 
·R9 : 1-meg., 1h-\vat l c:ar hon. 
RI I :  680,000-ohm. �1:?-watt carbon. 
R I 2 :  390-ohin, I -watt carbon. 
Rl3.: 1,000-ohm, I O-watt wire-wound . 
C l ,  C9, Cl3, Cl8 : .01-mfd.,  400-volt paper. 
C2 : 5-mfd., 25-volt dry d< .. ctrolytic. 
C3 : .0002-mfd. ceramic. 
C4, C l 2 :  .OO£i-n1fd.,  400-volt paper. 
C5, Cl 1 :  .0.5-mfd.,  400-volt paper. 
C6, CS : 175 to 500-mmf. ceramic padder. 
C7 : .000 1-mfd. mica. 
CIO, C l 4 :  10-mfd . . 2.5-volt·dry electrolytic. 
C l5, C l  7 :  16-mfd., 150-volt dry electrolytic. 
C l 6 :  24-mfd. ,  150-volt dry electrolytic. 
L I :  Shielded iron-core ant. coil for b,oadcast 

·band . . 
L2 : Tapped osc.  <.·oil,  .air-core, unshielded , 456 

kc. 
T l : Universal outpnt t r1msformer. 
S l :  SPOT toggle . 
S 2 :  SPST toggle . 
P.�I. speaker, 1 15-volt neon pilot lamp, record 

changer or phono motor and pickup, tubes, 
sockets,  two-connector jacks ( 2.) and plugs; 
recessed feed-th rough socket, m isc. hardware. 

the pickup needle. There are no tuni1)g 
adjustments to he 1nade on the a1nplifier 
section. 

In  order to transrnit, ho,.vever, you 1nust 
first align the osciJlator padders. Tune a 
nearby radio to a dead spot near the low 
end of the broadcast band-around 600 kc. 
on the dial. Adjust the padder across the 
oscillator coil first. 'This one is critical and 
should be tuned by turning the sctscre'v 
slo,vly until the test signal is  heard on the. 
radio. For a test signal you can either 
continue the needle scraping or play some 
records \Vith the an1plifier volume turned 
\.Y<l y dO\.\ln . 

\Vhcn you have the oscillator pa<lder set 
to its best position, adjust C6 for n1axi1num 
volu1ne. Once the signal starts coming 
through the radio receiver, lower the volun1e 
adjustinent ( R I )  to keep from overloading 
the transmitter and distorting the sound. 
Keep this resistor at about the half-\vay 
setting for the phonograph hut turn i t  up 
for the 1nike. \.Vhen either the oscillator or 
amplifier is \vanted by itself, set the control 
of the other a 11 the \Vay do\vn. 

This t\vo-tube oscillator has a huskv out-, 
put and \vith a long antenna is capable of 
radiating signals further than the rnaxitnun1 
allo\ved by the Federal Communications 
Co1nn1 ission. To avoid trouble, keep the 
antenna short . A S' or 6' piece of insulated 
copper \Vi re left dangling behind the cabinet 
should he adequate. 
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·H ()\tV do you
. 
ineasurc t�1c distance fi·on1 

vour fayonte anncha1r to the control ; 

knobs on a radio? You can count inches, 
centin1eters, or the seconds it ta.kes you to 
get across the roo1n, but they. \VOn't tell you 
1nuch . 'The rea ] test is the effort vou have 

i 

to spend \'(!"hen you're settled do\vn con1-
fortabl y .  1'haf s \vhen you arc apt to find 
it too 1 nuch l rouble to pull yourself up in  
order to  a <  ljust vohune or select a ne"v 
prognun. 

lf vou' d like to co1nbinc the tone and 
; 

quaH t y of your console \Vi th the portabil ity 
of a n1idget that you can ahvays keep at 
your ell>O\V, here's a per fect answer . It's 'l 
l i ttle �box tha t can be carried any,vhere 

, 
, 

An expcrin1ental  luyou l \Vill help you deter-
1nine the best arrangc1nent of parts. It's a good 
way to achie,·e eon1pactness \Vithout cro\.vding. 
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around the roo1n . You can place i t  on an 
end table or on the ann of a chair an d let 
it reach out to nutstennind vour radio dial . , 

()ne of i ls l\vo knobs serves to tune in any 
station in the broadcast band ; tbe other 
adjusts vohnne and turns the re1note tuner 
on and off .  The un i t n1 ight he described as a l ittle 
Jess than hal f a radio-a t\VO- tubc Sllperhet 
that stops short at the intennediatc-fre
quency stage. Instead of  being set to the 
usual 45G kc. .. the IF trans fonners are 
inoved up to arou nd .5l�O kc. The tuner then 
converts a1 1y i 1 H.·on1 ing rad io sig1 1al to this 
frequency aud broadcasts it across the roon1 . 
l�ike a rehly runne r, the regular radio takes 

Punch and drill all holes before asse1nbly. An 
electric vibrating tool easily marks a crackle 
finish, and lets you identify tube sockets. 



over at this point. vVhen its dial is set to 
the same frequency as the tuner's IF,s ( say 
550. kc. ) it \vill pick up \Vhatcver progran1 
is being radiated by the little box. 

Being half a radio, the tuner has half as 
many con1poncnts as a co1nparable small 
set. T\vo 7-pin ininiature tubes plus a dry
disk selenium rectifier do the electronic 
\vork .  The tubes are a 6BE6 oscillator and 
first detector, and a 6'BA6 IF a1nplifier. 

J:c"'or portability and general convenience 
it is desirable to keep the tuner reasonably 
con1pact .  In asse1nbliug the tuner sho,:vn, 
the topside parts \vere arranged on a l ��,, by 
4��,, by 8" chassis, occupying a \Vidth of 
3}4". After all holes \Vere drilled and 
punched, the extra 1 �4" of chassis \Vidth was 
hacksa\ved oII. 

Once the major parts are inounted you 
are ready to start \Viring. 'fhe AC line cord 
is brougl it in under the chassis and held 
do,vn \vith a cable c]a1np. The l\VO \Vires 
fro1n this cord are soldered to a t\VO-lug 
tern1inal strip . One side of the po,ver line 
is grounded to the chassis through SPST 
S\Vitch S 1 .  ( Caution : This 111akes the 
chassis ·'hot''; don't let it come in contact 
\Vith an external ground and don't touch i t  
\Vhen the po,ver is on. )  

One side of each of the transf orn1er \Vind
ings is also groun<led . The ungrounded side 
of the secondary-6.3-volt-\vinding goes to 
pin 3 on both tube sockets. Both pius 4 are 
then soldered to a chassis tenninal to com
plete the heater connections. 

The negative side of the seleniu1n recti
fier is \Virecl to the ungrounded side of the 
1 15-volt prin1ary \Vin ding of T 1 .  Polarity 
is important here. The positive side of the 
rectifier goes to the filter circuit through R6. 

To save space, a strip H!s " \Viele \Vas hacksa\\1ed 
from the standard Hf" by 4�f" by 8" chassis. 'fhis 
\Vas done after layout, drilling, and punching. 

Most n1anuf�cturers n1ark this side \Vith a 
red dot or a pl us sign . 

If you,ll recall \vhat \Vas said earlier about 
resetting the IF transforn1ers, you \vill see 
\Vhy it is necessary to take special pains in 
the selection and use of these transformers . 
Most co1nmercial units are lin1ited in range 
to fro1n 400 to 500 kc. ,  and these are no 
good at all here. vVhaf s needed is a pair 
of wide-range IF, s that are tuna hie to about 
600 kc. The bottol)1 limit \vill probably be 
about 380 kc. ,  but this is less iinportant. 
Be sure to mention these frequencies \vhen 
ordering the t ransformers, and also add the 
specification "iron core." 

An old file cabinet rneasuring 4�r' by 
6%" by 8%" serves to house the tuner. 1'he 
hinged side becomes the front and an open
ing is cut in the back to allo\V free ventila
tion for the tubes. This hole is concealed 
by the loop antenna, \Vhich is inounted on 
the back of the box \Vith ��,, brass spacers 
and l '' machine scre\vs. A cover or protec
tive backing for the loop inay be made from 
any thin, nonmetallic sheet . 

The opening in the back of the cabinet 
is also used to bring out the line cord and 
a 25' hank of \Vire that serves as the trans
n1itting antenna ( the loop is the receiving 
aerial ) .  Fasten these leads \vith a cable 
clamp to keep the1u from pushing out on 
the loop. The transmitter antenn,1 is tossed 
out on the floor \vhen the tuner is in use . 

Adjusting the tuner is not difficult but it 
takes a little patience. I;irst turn on your 
radio and set the dial to a quiet spot 
around 550 kc. Put the tuner antenna ( the 
transmitter hank ) close to that of the re
ceiver but \vithout making direct co1)tact. 
Now start raising the frequency of the IF 

• d... :_.i..!S � 
The stubby shaft on the hvo-gang tuning con
denser used in this set didn�t · clear the panel, 
so a shaft extension \vas attached as sho\vn. 
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Try to follow this arrangen1ent of the 1najor contponents for short leads and easy wi ring. 

transformers fro1n their preset value of 
about 456 kc . to about 550 kc . Do this bv-

" 

decreasing the capacity of the trin11ners-

turning thern counterclock\vise-a little at 
a time. Adjust all four trim1ners more or 
less sin1u1taneously by taking a half turn 
on each one and then going on to the next . 
"''hile you arc doing this, keep rocking the 
dial of the remote tuner so that the plates 
of the variable condenser are moving fro1n 
about half mesh to fully open ( the upper 
half  of the broadcast band ) .  Continue the 
adjustrnents until the tuner hegins to pull 
in stations on the radio. The first sign of 
success 1nay be a squeal or a \vhistlc. 

Once you've reached this point, make 
carefu l adjustments on the trim1ners until 
stations con1c in \Vith maximu1n volume . 

Align the trinuners on the tuning condenser ( chiefly on the oscillator section ) until a 
station around the n1i cldle of the broadcast 
band ( 850-900 kc . ) comes in near the mid
dle of the remote-tuner dial . No\v make a 
final check to be sure that the h ighest local 
station can still be brought in. 

You'll prohnbly find that the tuner con1-
presses the broadcast band from 10  to 30 
percent-that is it \vi l l  cover the entire 
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hand \vhile travel ing only 70 to 90 percent 
of its full S\veep. Th� reason for this is that 
the oscillator is stil l  \Vorking at a lo\ver fre
quency than the IF's. You 'vill therefore 
have to log stations a little bit differently 
on the tuner dial, but their relative posi
tions should ren1ain about the san1e . If you 
should happen to be using an adjustable 
oscillator coil-\vhich \Vas not done in the 
unit sho,vn-you may he able to raise the 
coil frequency by changing the position of 
the iron core. T'his should so1nc,vhat reduce 
the compression of the tuning range. 
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Here the tuner has been n1ounted in the 
fi ling box. Note the large ventilating hole at rear. 
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Botto1n view of the con1p1eted chassis. It's "h ot,'' so see that i t  isn't cxt'ernally grounded. 

Rl : 10.000-ohm, �1 -watt carbon. 
Rt2 : 22,000-ohm, �� -watt carbon . 
R.3 : 330-ohm. �2-watt carbon. 
R4 : 15.000-ohm potentiometer with 

S\Vitch (Sl ) .  
RS :  2.200-ohm. 2-\i,.·att carbon. 
R6 : 51 -ohm. I-watt carbon. 
CI. A, B :  2-gang. variable con

denser with cut-plate osc. section . 

L I S T  O F  P A R T S 

c2 : .0005-mfd. mica. 
C3 : .05-mfd . •  400-volt paper. 
C4 : 50-mmf. ceramic. 
C5 : 30-mfd . •  150-volt dry electrolytic. 
C6 : 40-m!d . .  150-volt dry 

electrolytic. 
Sl : $PST rotary switch on R4. 
Tl : Filament, trans. with 6.3-volt 

secondary. 

I F 1  __ , I I ,,__,. 
I I  
I I  
I I  
I I  
I I  

_____ u __ __ 
550' KC 

. _ 

5 

Ll : Loop antenna. 
L2: Tapped oscillator coil. 
I F l .  IF2 : Input and output wide

range (380-600 kc. ) iron-core IF 
transformers. 

SR : 100-ma. selenium rectifier. 
Miniature tubes and sockets. 25' 

hank of antenna wire. tuning dial, 
chassis. cabinet, misc. ,hardware. 

6 

115 
VOLTS AC 

-
-

. 
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Pi l low Phone Mutes Late Mu·sic 
IF you like to let that last musical night

cap rock you off to sleep like one of in other, s 
lullabies, try this \Vay of doing your mid
night listening. It's as comfortable for you 
as it is for the other .n1em hers of the fan1ily 
\vho have ·already succumbed to the sand
man. A suitable pillo\v can be n1ade \Vith 
tightly packed cotton. \Vire any good· 
quality headphone to the output of your 
radio as sho\vn, and stitch the phone into a 
depression fonned in the pillo'v. \Vhen used 
\Vith large consoles, the headphone should 
come off the second detector instead of the 
last audio stage. -vV . E.  DAl\NE:\!AN. 

PIL[OW STUFFED 
WITH COTTON 

OUTPUT \UBE 

Rei nforcements Stop Record S l ipping 
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STACKED phonograph 
records so1netimes skid 
over the records under
neath, resulting in 1nusical 
distortion. ()ue frequently 
effective inethod of pre
venting this slippage con
sists of gu1n1n ing three or 
four loose-leaf reinforce
ments on each record to 
increase the friction be
t\\1een the disks .-C. 0 .  S.  

Concealed Antenna 
S11onT antennc.1s need not 

consist of \Vires dangled out 
the windo'v or bunched up 
behind the furniture. Scre\vs 
dri vcn into the botton1 of 
the radio cabinet diagonally 
from each corner inake con
venient pegs for antenna 
\Vire as sho\vn at the left.

RonERT 1-I. DALTON. 

OP.D:r. SWl�CH ---1 0 lf--:--1 
0 .I M F� I 

PHONE 

'- OUTP UT 
TRANSF"ORMER -

-

Doorstop Pegs Rad io 
\VnE:\f you stai1d a radio on 

end for servicing, slip a 
\vedge-shaped doorstop un
der son1e solid part to keep 
the 'veight of the set off tubes 
and coils and prevent the 
chassis fro1n tipping . I�lcxible 
stops of the type illustrated 
belo\.v c_an be purchased at 
harchvare, novelty or dime 
stores. -H . LEEPEH. 

--
I 

_ ........... __ � 



By '" ... illiam Norton 

HARSH background noises that come 
through \vhcn a radio dial isn't prop

erly set \Von't spo�l your listening if you 
tune by eye. Sounds n1ay fool the car, but 
there's no· deceiving an electron-ray indica
tor tube. \Vhen the eye squints do\vn to its 
narro\vest angle, you knO\V you're on the 
beam. 

Perhaps you already enjoy the advantages 
of eye tuning in yot1r living-room console. 
It's easier than ' ou think to add the same " 
feature to those extra sets in the kitchen, 
bedroom, and \VOrkshop. The t\VO main ex
ceptions are midget TRF receivers and some 

pre-1930 radios employing triode RF am
plifiers. In the former case there is usually 
not sufficient gain to operate the indicator, 
\Vhilc the neutralizing circuits of the latter 
do not lend the1nselves to diode detection 
and AVC. lf your radio is not inuch ove1� 
ten years old, the chances are that it \vill 
be a relatively si1nple matter to add th� eye. 
On son1e olde1� sets it 'vill first be necessary 
to s'vitch over to a diode detector before an 
eye can be made to operate. This procedure 
\vill be described belo\v. 

Note fhe \vords diode detection <ind A VC. 
They are the key to the \vhole job. Auto
matic volume control-A VC-consists of ·a 
condenser-resistor nehvork connecting the 

217 



An open in;.: for the indicator tube is 1nadc \vith 
an expansive bit. For the 6AL7-<:T it should 
be ]'" ;  inost other tubes need a I 3 /  1 6" hole. 

var iC>us grid-return lends of each l\F or I F  
stage \vith the diode detector. The voltage 
developed across this net\vork . controls the 
deflection of the indicator eve . . 

Ilo\V can you tell \Vhether your set has 
A \1C:.) Sets that don't have it are usuallv . 

guilty of "hlastinf.!" -a sudden increase in  
vohnne as ,·ou tune f ron1 a 'vcak station to . . 

a s trong one. Tl ie re,-erse is a lso true, of 
course, and you'11 he ahle to tell these o1dcr 
i·eceivers by the fac·t that they require con 
stant acljustn1ent of the volume. To n1akc 
�ouhly sure, tune in a local station and l isten 
for backgrou11cl noise ,�:hen the station is si
lef1t for a moment. No'v hirn off the station. 
Sets that la n�e A VC generally sho\V an in-

Pa inl the insid(� of the opening black fo give 
greatest definition to the tube pattern.  The 
de<:orath·e bezel ( foreground ) goes on last. 

c-rease in backgroun<l noise when the pointer 
is set hehveen stations. 

Take a look> also, at t he table on page 
221 .  If your detector tube is l isted in ·col. 1 ,  
the set probably . has A VC. I f  you find it in 
Col . 2 in.stead, the ans,ver is no . 

Let's asson1e for the rnon1ent that 've're 
deal ing \vith one of the 1nore rnodern sets . 

It 1nay be an AC-DC 1nidgct or a straight 
AC job. If  i t  is a n1idget, 1nake sure it is 
also a su pcrhet. It isn't advisable to try the 
conversion on 1\C-DC TH.F's. 

No\V find your delector tuhe in Col . 1 of 
the table n1entioned above and read straigh t  
across to the last colu1nn to find a suitable 
indicator tube . For so1nc of these tubes the 



L-BRACKET 

...---.... C·Mf411 

An indicator-eye usse1nbly consi_sts of a \Vircd 
socket and inounting hard\vare. The L-bracket 
\vas used here instead to save ca bi net space. 

recon1n1ended plate potential is 250 volts , 
but they \vill still glo,v-lcss brightly, to be 
sure-on the 1 10 volts available fron1 the 
average AC-DC circuit. 

I'he necessary parts for a tuning-eye as
se1n bly arc generally sold in kit for1n. Those 
marketed by An1phenol con1e \Vith addi
tional informatfon and circuit data . Use 
the 6-prong :\1lEA6 for a 2E5, 6E5, or 
6AB5/6N.5; kit :\·lEA8 \Vill he needed for 
the 8-prong 6AL7-G'f. 

The ne\v 6A.L 7 -G'f can be used \vherevcr 
the older 6.AB5/6N.5 is called for. In midget 
cabinets the sn1aller size of the ne\v tu be 
n1ay prove a real convenience. Should you 
\vish t o  use it, the first step \Vill be to re
n1ove the socket shield and solder together 
pins 4, .5, and 6. T'hc reason for this is that 
the tube \Vas engineered as an F:\-'I indicator 
and the deflection plates must be tied to
gether \vhen it's used on A�·'f . Unlike n1ost 
other indicators, the 6.A.L 7-GT sho,vs a fiat 
band of light on its translucent screen. The 
band is at n1ini1n1 1m \Viclth \vhen a station is 
tuned in . 

Only six of the eight prongs on the as
se111hly socket are \Vired, and these may not 
be the right ones for the 6.AL7-GT. If you 
find this to be the case, ren1ove the extra 
lead from pin 4 or 5 ancl solder it to pin I .  
Note the color coding of the ren1aining leads 
before replacing the socket cover. 

Wire the socket into the set as sho,vn at 
the bottom of page 2 18. \Vhen \Vorking on 

• 

Solder the six leads as sho\vn in the diagra111s 
on the facing page. Th is 1942 AC-DC superhet 
a1ready had A VC and diode detection. 

an AC-DC receiver it \Vill be necessary to 
open the series-fila1nent string at son1e con
venient point and \Vire the black leads fro111 
the tuning-eye socket in series- \Vith the 
others. On an AC set the heaters are put 
in parallel . 

The t\vo schematics sho,vn at the right-.. 
hand side of the diagran1 should apply to 
1nost receivers, but it \VOuld be \vell to study 
your receiver for any possible variation in 
the A \7C circuit. For exa1nplc, should the 
eye fail to operate \Vhen connected to the 
hot side of the volume control, it n1ay be 
necessary to try other points in the detector 
circuit such as the b lack or A \lC lead of the 
output IF transforn1er. 

On AC-DC sets you'll need all the voltage 
you can get, so run the lead fro1n pin 3 to 
the cathode ( usually pin 8 )  of the rectifier 
tube. vVherc higher voltages arc available
as on AC sets- this lead n1av he \Vired to the . ; 

output of the po,ver filter. Best place to lo-
cate this is at the screen grid ( usually pin 4 )  
of the po\ver output  tube. 

Unless the receiver uses a floating ground, 
the grid lead of the 6AL 7-GT ( pin I )  \vill 
be connected to the chassis . Ho,vever, \Vhen 
the chassis is not grounded, nlake this con
nection to the cathode 'Of the detector tuhe. 
T'hc cathode of the 6.A.L7 -GT ( pin 8 )  \Vill be 
anchored to the sa1ne point if the set has a 
plate voltage of 12.5 vol ts or less-i.e., if it is 
an i\C-DC receiver. For sets of highei;, vo]t
age, use a :3,300-ohn1· cathode resistor and 
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This 193 1 1nodel, 2-stage, TRF receiver first 
had to be altered for A VC and diode detection 
before a tuning eye could be 1nade .. to operate. 

The new 2A6 diode-triode detector replaces the 
24A. Its soc.:kct goes on top of the old one. 

ANT. 
COIL 

RF. 
COI L 

DETECTOR 
STAGE 

-. 

AVC ....-
.0 5-MFD. :C PAPE R  -:;-

- PRESENT CONNECT I ONS 
L EADS FROM NEW TUBE ----

SOCKET 

t00,00 
OHMS 

114 M EG. 

• 

Bottoni view of the converted receiver. Note 
posi tion of the 2E5 indicator and nc\V volume 
control .  rfhe old control is left at maximum. 

RIVET '(S)°" N EW S O C K ET 
MACH I N E  �--.::::::=:=::;:;:11---9'11 
SCREW \ 

CHASSIS 
SOCKE-T I N  S ET 

MOUN T I N G  N EW SOCKET 

01nit the direct connection to ground ( the 
lead marked X in the upper-right diagran1 on 
page 2 1 8 ) . 

Pins 2 and 4 of the 2E5, 6E5, or 
6t\B5/6N5 must be connected through a 
l -n1eg. resistor ( marked A in the lo\ver 
right-hand diagram, page 2 1 8 )  . If you use 
a kit you may find this rcsisto'r already in
cluded in the socket. 

+ 1 5 0  VOLTS 

e+ 
/'SH I E L D E D  

CODE 
+.... 1 -·BL.AyK 

---

_ N EW W I R I N G  FOR AVC AN D 
D I ODE DETECT ION 

- CON N ECTIONS FROM TUNING
EYE SOCKET TiTI BREAK OLD CONN ECTIONS 
AS SHOWN 

1
12 MEG. VOLUME TUN I NG- Ev;,,·�__, 
. CONTROL .TUBE 

. 2- RED 
3- YELLOW 
4- B�U� 
5-GREEN 
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Fewer than a dozen wired connections 
are needed to add an eye to a set that has 
A VC. But \Vhat about the other ones? Here 
the job is slightly more complex, but it is 
even more \VOrth \vhile in terms of improved 
perfonnance. Adding a diode detector and 
tuning eye should reap dividends in in1-
proving tone quality as \Vcll as ending blast
ing and off-station tuning. 

The converted set sho\vn here is an an
tique ( 1931 ) )  t\vo-stage TRF receiver. It 
used a 241\ for a detector, and this first had 
to be replaced \Vith a 2A6 diode-triode. A 
ne\V 6-prong socket \Vas placed on top of the 
old 5-prong one by means of a flanged alumi
nu1n support. V\Tood or metal spacers about 
l" long could have been used instead. Five 
\Vire leads, each 6" to 8" lon_g, are soldered 
to the contacts on the ne\v socket ( pins 3 
and 4 arc joined and require only one lead ) .  
These are pushed do\vn through the holes in 
the old socket and \Vired into the circuit as 
sho\vn by the l ight red lines in the diagran1 . 

Unsolder the clip fro1n the old grid lead 
and pull the \Vire through the shielding can 
to the underside of the chassis. Bolt three 
or four fiber n1ounting strips to the chassis 
to serve as tie points for the ne\v \Viring and 
add the extra resistors, condensers, and vol
ume control as sho\vn. The ne\v grid lead 
1n ust be shielded; this can be done by using 
braided \Vire or by bringing it up through 
the shield can of the detector coil. Color 
coding for the tuning-eye socket refers to 
the �1EA6 asse1n bly as used \Vi th the 2E5 
tube. The grounded lead, 1 ,  is the cathode; 
2 is the B-plus lead from prongs 2 and 4 
\Vhich con1bines the target, plate, and ray
control electrode; 3 is the grid connection, 
and 4 and 5 supply current for the heaters. 

\·Vith three or more shield cans on top of 
a 'Tl�F chassis you may have some trouble 

= 

Rttoiv•" Re<eivctJ 
Replo<o with th�s.e 11\ing thuo Oct. tube �I. tube UMI fOI diode '"'�' 0\ 1uw' 1n heoltl 

cS.t.ctoo delccto" Colvrnn 2 ... jtOl�r Curren> 11\di<alOI 
ptob<ibly do nor hove wirh the� voho90 

(om pi.) 
t11bo 

hovo AVC AVC diode' 

2A6 2 .5  0.8 2ES  
607 6 .3  0.3 6ES 

6S07 6 .3  0.3 6ES  
7C6  7 .0 0.15 6A8S/6NS • 

1 207 12.6 0.15 6A8S/6NS . 
12S07 12 .6  0.15  6A8S/6NS " -

SS  2 .S  1 .0 2E5 
� 

7 5  6.3 0.3 6ES 
24A 2A6 2 .5  0.8 2ES -

6(6, 71 688 6J 0.3 6ES 
6J7 6S07 6.3 0.3 6E5 
S1 2A6 2.S 1 .0 2ES 

-iho ,, • .., M17-CT co11 be uwd ;..., p!ou of IM 6A!S/6N� 

PD2 T= TARGET 
,�.......,.::...15 PO I OF=DEFLECTION 

6 PLATE 
K=CATHOOE 

K 7 H= HEATER 
G=GR ID NO. I 
S=SH lELO 

t==6=S=Q;7='=1=2=SQ=7==:t:====7=C=6=;='="'�P=PLATE 
4 F DF3 sc=SCREEN GRI D 

��5 (GR lD  N0.2) 7';==;>:� DF1 PO::O IODE PLATE 
6 RC= RAY·CONTROL 

ELECTRODE 
SUP= SUPPRE.SSOR 
GR ID (GR 10 N0.3) 

NC= NO CONNECTION 
IC= INTERNAL CONN 

For con�·enience the base connections ( bottom 
vie\V ) of n1ost detector tubes are sho\vn above. 

identifying the various coils .  The job isn't 
1nade any easier by the fact that the same 
tetrode \Vas often used in the first and sec
ond RF stages as \Veil as the detector. This 
set, for example, had three °-4A's. 

Some tracing is the ref ore necessary. Lrf e 
\Vill be made silnpler if  you can find a cir
cuit diagram of the set, but it isn't in1pera
tive. To find the antenna coil trace the an
tenna lead-in \Vire under the chassis. It \vill 
probably go-either directly or through a 
volume control-to one section of a ganged 
tuning condenser. A \Vire connects this con
denser section to the antenna coil, and this 
coil is linked to the grid cap of the first 
I\F tube. 

The second section of the ganged tuning 
condenser \vil l  most likely be joined to the 
second llF tube in the san1e manner. That 
leaves only the detector stage to account for. 
This may be further checked by looking for 
<l fixed resistor and condenser ( in parallel ) 
frorn the cathode of this tube lo ground. 
The detector tu be is also coup led through a 
condenser to the first audio tube, which will 
in all likelihood be of a different style-type 
27 or a similar tube. 
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This con1plcte miniature broadcasting station 
\vill fit cornfortably in the pahn of your hand. 

The cartridge frQn1 a crystal inike, \Vith the 
rubber cushion left on, is set into the panel. 

+ � , 

Wiring shonl<ln't he d i fficult. Just don't let 
it spread out . Batteries fit under the chassis. 

:2i-2. 

ire ess 
ll S 1 OU 

on 1e 
• 

.If 
T

ALK into this tiny handful of radio 
transmitter, and your voice \Vill come 

out of the nearest radio. It can be tuned 
to any quiet · spot near the high end of the 
band. vVhen held a fe\v feet a\vay from a 
receiver, this \Vireless microphone works 
\Vithout an antenna. For greater distance 
a hank of \Vire is needed to radiate the 
signal. I f  you arrange it right, your party 
guests don't even have to kno\v that the 
voice-and-music prognun that's coming over 
your radio originates in the next roo1n. 

The complete n� iniature broadcasting sta
tion, including batteries, is housed in a 
tapered plastic refrigerator box measuring 
2" de�p and 4" square across the front. On 
the lid of the box, \vh ich becomes the front 
panel, are mounted the crystal unit taken 
from an inexpensive microphone, an on-off 
S\vitch, a closed-circuit phono jack, an an
tenna binding post, an<l a ceran1ic trimmer. 
The latter is used to tune to the best fre
quency bet,veen about 1 ,200 and 1,600 kc. 
A chassis cut fro1n 1/16'' aluminum to the 
size and shape sho,vn in the dra\ving holds 
the remainder of the parts. It  is bolted to 
the back of the sarne panel. 

There is nothing difficult abot.1t the \Vir
ing, but this is a miniature circuit and calls 
for a J ittle extra care to keep the parts f ro111 
getting in their O\vn \\1ay. Use tiny resistors 
-the }4-\vatt type is husky enough-and the 
s1nallest paper and inica condensers. 

For the A. battery, H Hashlight cell inter
mediate in size bet,veen the regular and pen
light ( type C )  is used . I t  ineasures just un
der 2'' long and so can be cl ipped into place 
bct\veen the rear leg of the chassis ( \vhich 
acts as the negative tenninal ) and a sep
arate tab of alumilnnn bolted to the front 
panel. The R-voltage supply is obtained 



from two 22�-volt hearing-aid .batteries 
wired in series. Taped together, these fit 
the space alongside the A cell. A 45-, 67J�-, 
or 90-volt B battery could be used for great
er economy and increased output but it \Vill 
not fit inside the case. By cl ipping rather 
than soldering the B-supply leads, you can 
easily arrange to S\vitch fro1n the 1niniature 
to the larger batteries, depending upon the 
cond itions of use. 

As can be seen in the botto1n-vie\v photo 
at the lo\ver left on the facing page, l\VO ter
minal strips are used as meeting po in ts for 
son1e of the connecting \Vires. By bolting 
these to the chassis as sho\vn-opposite each 
other and at the same height-they can be 
n1ade into a convenient shelf or ledge for 
the B batteries . · 

Since the output of a crystal pickup is 
considerably greater than that of a micro
phone, only one stage of amplification is 
used to broadcast records .  The pickup jack 
by-passes the n1ike preamplifier ( I  U4 or 
1T4) and is coup led cl irectl y to the grid of 
the oscillator-RF arnplificr tube ( IR5 )  
through a . 005 -in fd . condenser ( C2) .  As a 
precaution against overloading this tube, 
reduce the output of the pickup by \viring 

The plastic cover ( removed in this vie\\' ) is· 
held to the chassis by the protruding scre\v. 

a 50-n1mf. inica or cera1nic condenser ( C6 ) 
in series \Vith the "hot" lead fro1n the 
pickup. 

A slightly n1ore elaborate circuit , but on� 
that n1ay give greater fidelity, is sho\Vn in in-:
sct "A" of the \Viring diagnun. \.Vith thiS· 
setup vohune can be controlled at the p·hono�. 
graph, \Vhile with the simpler one it is done 
at the set .-Albert RotvZ.ey, Manhattan, N. Y. 

L I S T  O F  P A R T S  

R l :  3.3-meg., % -watt carbon. 
R2 : 2 .2-meg.,  %-watt carbon. 
RS : 820,000-ohm, Vi-watt carbon . 
R4 : 1 -meg., Vi-watt carbon. 
RS : V 50,000-ohm. 1A-watt carbon . 
Ru : 75 ,000-ohm , %-watt carbon. 
R7 : 1h-meg. volume control. 
Cl : .02-mf<l . •  200-volt paper. 

C2 : .005-mfd . , 200-volt paper. 
CS. C5 : .000 1 -mfd. mica. 
C4 : 7 5-225 mmf. ceramic 
· trimmer. 

C6 : 50-mmf. ceram ic or mica. 
C7 : .00 1 -mfd . ceram ic or m ica . 
L l : 456-kc. adjustable iron-core 

osc. coil .  

S I :  DPST sl ide-lever switch. 
.T : closed-circuit phone jack . 
Two 2 21,::-volt hearing-a id batter

ies, one · ·c" size flashlight cell, 
tubes and sockets, crystal-mike 
cartridge or lap<>l m ike, phono 
t)ickup, 25' hank ant . . wire,. 
n1isc. hardware. 
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A speaker eabinet helps )'OU get full console 
sound quality from the modified midget on top. 

I .  Loading the secondary of an IF transformer 
with a resistor helps to broaden its response. 
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I I ) By Joseph Sal1la11a 

TIKE the legendary cobbler \vhose children 
L \Vent \Vithout shoes, I' n1 a radio engineer 
\Vho has never O\\tned a good receiver. A 
fe\v 1nonths ago I gre\v tired of listening to 
the tinny squa\vks that came out of 1ny little 
AC-DC n1idget, and decided that I \vanted 
something better. That could have meant 
an invcsttnent of a couple of hundred dol
lars in a high-fidelity console or the expendi
ture of a lot of tin1e-and money-in building 
an equivalent set fro1n scratch. 

I decided against both courses. Instead I 
modified my small set for better reception. 
Since then I have made similar changes in 
several other superhet midgets, ahvays \Vith 
remarkable improveinent in t'one. Deep bass 
notes \Vhich had been ahnost inaudible can 
no\v be heard in correct balance; high flute 
and triangle sounds co1nc alive during sym
phonic broadcasts ; and the entire response 
is s1noother and has no harsh peaks. 

l�eeling that I could \vork better if I at
tacked the problen1 syste1nat�cally, I broke 
the receiver into four sections. Ignoring the 
RF stage in each case, I began \Vi th the IF .  
The objective here is to increase the band
pass charactcrist_ics of the intcrmediate
frequency transforn1ers and thus bring up 
the high-frequency response. 'There are at 
least three approaches to this, and \vhich one 
vou choose is a n1atter of convenience and 
� 

cost : . · · 
1 .  lleplace the IF transformers in the set 

\vith .a- pair of broad-band units . These n1a:y 
be ptfrchasecl for abotit $3. 

2.; ·. i.Joacl the secondary \vinclings of both 
transfoi"n1ers \vith 50,000-olun, 3�-,vatt re
sistors. These ate connected from the grid 
to :gi·duncl or A \1C tern1inals as sho\vn in 
Fig:. 1 . 

. 3·.- ..If  'it i s  convenient to open the IF  cans, 
mo\;e the \Vindings about ��" closer together, 
as illustrated in Fig. 2. This increases the 



coupling and broadens the i:esonance peak. 
Take great pains not to damage the delicate 
\Vires. Heating the coil to soften the \Vax 
coating makes it easier and less hazardous 
to move the \Vindings. 

The next portion of the set to consider is 
the audio amplifier. Because manufacturers 
are anxious to keep hun1 level lo\v, they 
usually use lo,v values of coupling con
densers in midget sets. I'hese, in turn, limit 
the lo,v-frequency response of the audio 
section . I substituted .05-mfd. coupling 
condensers in this section . A typical position 
for one of these capacitors is diagrammed in 
Fig. 3 .  In sets using single pentode or beam
p<.)\Ver output tubes, an R-C ( resistance-ca
pacitance ) filter can be used to advantage 
to smooth the high-frequency end. A re
sistor and condenser in series are connected 
across the pri1nary of the output transformer 
( Fig. 4 ) .  This puts a more constant load on 
the output tube in the 1nid<lle and upper 
frequencies, and thus in1proves the response. 
'fhe resistor should be 1 .3 times the value of 
the output tube's rated load resistance. You 
can check this figure by looking up your 
particular tube in a tube n1anual . The con
denser mav varv fron1 .05 to· 1 mfd. 

� ' 

The third section to he al tended to is the 
speaker system. �1Iost n1idgets have 4" to 6" 
speakers that can't do much in the way of 
bringing out lo\v notes but 'A··hich can ·be 
used as t\veeters or high-frequency repro
ducers. By purchasing ti 12" speaker and 
connecting i t  in parallel \Vith lhe one in the 
set, I had an effective \VOofer-tweeter com
bination. rfhere are many more elaborate 

, ' 

f 

2. The origil1al l.F coil ( left, can removed ) 
can be modified by moving the windings closer.-

3. Bass is increased by changing the coupling 
condensers to .05 mf d. in tl1e audio section. 

4. An R·C filter shunted· across t11e prirnary of 
the output transformer �mooths· the response:. 

5. Use the original speaker as a. hveeter and 
add a 12" \voofet. A condenser divides tl1e hvo. 

6. A bass-reflex cabinet for a 12" speaker tnay 
be inadc to these diincnsions. Use %" plywood. 
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7 .  A conunercial speaker cabhiet seen from the 
rear. Set and s1nall speaker are used near it. 

divider nebvorks and speaker syste1ns pos
sible ( one is described on page 1 90 )  but 
for iny setup I found it sufficient to insert a 
single . 05-mfd.  condenser as sho\vn in Fig. 5 
to keep lo\v frequencies from getting through 
to the t\veeter ... 

Cost is an iinportant factor in the next 
decision. I purchased a bass-reflex cabinet 
to house my ne\v 12" speaker. You can do 
like\vise, or build one to the measurements 
sho,vn in Fig. 6. There arc decided advan
tages to such a cabinet, since it gives ex
tended bass reproduction \Vithout the an
noying booming of ten encountered in other 
types of baffle. But also hear in 1nind that 
there are some very good sets that do not 
use speaker cahinets. 

The t\veeter may be mounted inside the 
speaker cabinet at approximately the point 

8. Hunt level is raised by some of the changes, 
so a ne\V choke is inserted in the filter dn:uit. 

sho\vn in the dnt\Ving, or it 1nay be left in 
the original cabinet if the two units are go
ing to be kept fairly close together during 
operation ( Fig. 7 ) . Bass-reflex cabinets inust 
be thoroughly enclosed on all sides . 1,o 
prevent the back from rattling due to sound 
pressure ihside the box, attach a sturdy brace 
to front and back as indicated by the dotted 
l ines in Fig. 6. Line the cabinet \Vith cotton 
batting or other sound-absorbing material. 

Having con1pleted the modification of the 
signal circuits, I found that I had worked 
n1yself into an additional job. By bringing 
up lo\v-frequency response, I had also 
brought up the AC hum, which is in the 
same portion of the spectrum. In some sets 
I \Vorked on, this was curable by the addi
tion of extra filtering capacitors, but in most 
cases a small choke proved more useful. 
Remove the filter resistor ( usually a 1 ,000-
ohm, 2-\vatt unit ) connected bet\veen the 
t\VO positive terminals of the dual electro
lytic, and replace it \Vith a filter choke rated 
fron1 8 to 16  henries and 400 to 600 ohms. 
T'he higher the inductance the more thor
ough the hun1 filtering. If so1ne hum re-
1nains, add a 20-n1fd . electrolytic-rated at 
150 volts or up-as shown by the broken 
lines in Fig. 8. E!\ll 

A typica l superhet ntidget looks l ike this. Sonic of the modifications are shown by arrows. 
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In a test setup, the prean1plifier is used \Vith 
an ordinary AC-DC radio. The better the an1-
plifier and speaker, the better the results. 

The tone arn1 has been 'fitted \vith a GE re-.. 
luctance cartridge. This pickup needs frequency 
equalization as well as prean1plification. 

Preaniplifier Serves _.._ffike 
or Magnetic Pickup 

.. 

EVEN a little radio or amplifier can do 
more jobs than you usually give it credit 

for. If its tone is good-that is, if its loud
speaker and output stages are up to snuff
it can be used as an audio arnplifier for 
microphone or phono pickup. 

The one or t\VO audio stages in a small 
set, ho,vever, frequently aren't enough to 
get comfortable volume. They are also un
suitable for the ne\V inagnetic or reluctance 
pickups. � .. lagnetic reproducers have excel
lent fidelity and they cut noise to the bone, 
but for this they sacrifice po\ver. To use 
one, therefore, you have to give it a boost. 
Also, its frequency-response characteristics 
aren't suited to commercial recordings. It 
must be equalized as \vell as preamplified. 

11aybe that sounds like a lot, but you can 
get it all \Vith one tube and a fe\v resistors 
and · condensers. The little unit sho,vn 
above and on the next page is truly uni
versal in its perfonnance. For a mike or 
crystal pickup, it gives all the prea1nplifica
tion you need; \vith a magnetic pickup it 
gives this plus proper equalization. For the 
latter feature alone it can be used even \Vith 
a high-powered an1plifier. 

Universality is achieved in still another 
w·ay, for it is designed to operate \vith 
-either of two tubes, depending on the re-

quirement of the radio or amplifier with 
which it is to be co1nbined. Use the 6SC7 
\Vith practically all AC radios and ampli
fiers. It will also suit AC-DC receivers us
ing tubes with filarnent ratings of . :3 amp. 
such as 6D6 or 6K7 .  �1ost of the ne\ver 
AC-DC sets use . 15-amp. heater-current 
tubes ( e.g. 12SK7, 12K7 and 12BA6 ) and 
call for the 12SC7 in the preamp circuit. 
Generally the extra tube \Von't underpo\ver 
the filaments. 

If the preamplifier is coupled \Vith an 
AC-DC receiver, break one of the series 
filament connections in the set, and insert 
the t\vo heater leads so that they form part 
of the series circuit. \\Tith AC an1plifiers or 
receivers, the heaters are in parallel and 
the appropriate leads on this unit can be 
connected to the heater terminals on any 
one of the other tube sockets. These are 
usually pins 2 and 7, but it is \Vorth \Vhile 
to check your tubes \Vith a inanual. 

The third lead fro1n the preamplifier 
must be tapped into the B-plus line of the 
radio at some point. In small sets this is 
most convenient to find at the screen-gi"id 
pin of the output tube. 

' 

�,Iany receivers and all a1nplifiers have· 
jacks or terminal lugs for the phono input. 
Connect the t\vo outptlt leads to this jack; 
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I N PUT FROM 
P I CKUP 

J 1  .... 

6507 5 12SC7 
<.it 4 

I OUTPUT TO AUDIO 
AMPLIFIER\ 

C4 IJ 
-----1 . •0)2 

l 
' 

' 
-"'• 

Rto (100 8vtLTS)l 
.__ ___ ...._ ________ ...........,. _____ -11� 6.3 - 12.6 VOLTS 

-

All resistors 1h-watt c�rbon. 
H l : 6,800 ohms. 

L I S T  O F  P A R T S  

�9, RIO:  33,000 ohms. 
All p��per tubular condensers 400 

J 1, J 2 :  phono jacks and tip pl\lgs. 
S I :  DPST toggle . 

R2, R3 : 3.3 meg. vol ts . 
R4 : 27 ,000 ohms. 
HS : 220,000 ohms. 
R6, R7 : 68,000 ohms. 

C l ,  C4 : .05-mfd. paper. 
C2, C3 : .0 1 -mfd . paper. 
C5, C6 : 1 6-mfd., 150-volt dry 

electrolytic. 

Aluminum ch ass is , l lh" by 2%'' 
hy 4 %" or equivalent; 6 SC7 or 
1 2SC7 twin triode ( see text ) ;  
octal socket, misc. hardware. 

ll8 :  1 80,000 ohms.  

if your set doesn't provide for such a con
nection, bring the lead fro1n C4 to the '11ot" 
side of the vohin1e control ( the outside lug 
that is not grounded ) and connect the 
shielded lead to the chassis of the radio. A 
SPST switch in series \Vith the ungrounded 
lead \vill enable you to cut out the preamp 
\vhen listening to the radio. 

When using a magnetic pickup, switch 
S I  should be on so that the unit acts as an 
equalizer. For nlike or crystal pickup, turn 
the S\.Vitch off. In using a 1nike it is impor-

Fi\I Di1•ole Hi•l den Behin1I Sofa 

\S!>LtT Rl 88�1 \ OOWN CENl'ER 
�a·? 1· · ,.._ 2e·7 

FRICTION TAPE 

IF EITHEH you or the landlord objects to 
your hanging an Fl\·'1 antenna on the roof, 
this indoor rig inay help you get reception. 
Antenna and lead in are of one-piece con
struction, consisting of a length of 300-ohm 
ribbon lead-in. Wrap a fe\v turns of tape 
around the \Vire 28" from one end and split 
it do,vn the center. Drive hooks or scre\v 
eyes into the frame of a davenport and 
fasten the ends of the ribbon to them. The 
other ends go to the antenna terminals on 
the receiver. 
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tan t to nlaintain adequate separation be
hveen it and the a111plifler and speaker. If 
the inike and speaker are too close together 
you \vill get a lot of feedback ho\V l. 

Inexpensive 1nagnetic pickups are now 
\videly distributed. The one used here is a 
GE cartridge. Solder a single conductor 
shielded \Vire to either one of the terminals 
and connect the shield to the other terminal . 
The shield should be grounded to the pre
amplifier chassis. Edu;ard Blanton, Man
hattan., N. Y. 

Extra I ... oop Helps S111all Radios 

P O R T A B L E S  a n d  
s m a l l r a d i o s  th a t  
n1any travelers take 
along often meet their 
match in steel-girder 
h o t e l s  a n d  o f f  i c e  
buildings. 'V\'here ra
dio reception is poor 
due to location, an 
extra length of \.Vire n1ay in1prove matters . 
If  it is attached to a loop antenna i t  reduces 
directional sensitivity; also the extra length 
gives a little more pickup, \vhich may be 
all the set needs to improve its reception. 

Four suction cups used as pictured above 
offer a convenient means of spreading out 
the \Vire around a \VindO\V. 'Ihe cups come 
with molded-in bolts or cl ips that allow the 
antenna to be hooked oni-�rthui- Trlll!fJ_er� 
Co1lncil Bluffs, Iowa. 



B01v Good Is Your TV Pictu1·e P 
IN TELEVISIO it i s  no exaggeration to 

say that the picture tells everything. And 
the one picture that tel l s  inore than a1 1y  
other is the test pattern used hy all statiol ls .  
lt is trans1nitted for so1ne part of every 
broadcast c lay as a service to set O\Yners, 
technicians, and station engineers. 

1\n elaborate forn1 of test pattcrn-n1ore 
·accurately kno,vn as a "llesolution Chart"
is sho,vn abc)\ c .  It \Vas designed by the 
Radio Manufacturers 1\ssociation to stand
ardize resoJutiou 1neas1 1re111ents-that  is, the 

an1ount of detail that can be seeu on the 
screen . 

You'll recognize n1any elelncnts of this 
chart in the rnore con1 n1on test pattern pic
tured belo\v . 'The basic structure of both is 
n1acle up of horizontal and vertical \vedges 
in \Vhich the lines get thicker HS they fart 
outw.ard . \Vedge lines in the pattern are so 
dn1,vn that the lines and spaces tend to bhfr 
i f  the picture is being improperly transn1itted 
or received . 'This gives you an ilnn1ediate 
visual check of your receiver. 

1\nother irnportaut elc1nent in the test pat
tern i s  the gradation of tones. l n  the reso
lution chart, th is i s  sho,vn in squares rang
ing from aln1ost \Vhitc to black ; the simpler 
fonn uses a series of concentric circles . 

All patterns have son1e circular e]en1ent. 
These should appear as true circles on the 
receiving screen if the picture is to be free 
of d istortion. 

By watching these three cle1nents on your 
test pattern, you can tell ho\V \Vei l your pic
ture is coining in .  A poor picture often incli
catcs poor adjustment of controls .  The 
photos on the next page sho\v the 1nore con1-
n1on n1isadjnshncnt patterns. 
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Hei�ht con t ro l is n1 isadjusted . >Jotice the 
elongated c'frcle sho\ving that the picture is 
stretched out \'ertically. The adjust 1 ncnt is one 
of the "fixed controls" at t he b<lC-k of set. 

Verti l�� I ccntcrin� here just isn't centered . It 
\vou ld be the sa1 1 1c if the picture 'vent oft screen 
-at the top. 'fh is is a lso a rear control but is not 
inade accessible on al l  t:ypes of receiver. 

Focus is irnportant to <l good picture. A clear 
i)icture is obt ained by sharpening the cathode� 
ray spot. �Iosl sets have a variable focus ad
justn1ent. So1net i1nes it's in front, often in hack.-
230 
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"'idt h  control is set \Vrong here. The squashed 
,1ppearance of the picture tells the story. This 
control is also i n  back . 'fhcy're put there be
cause they only have to be set once. 

Horizon 1al  centerin�, like the vertical, brings 
the picture fnune inside the li1nits of t he 1nask. 
�1isadjnst11 1ent of this  control cou1d also pnsh 
the picture to the left. Usually a rear adj usllnent. 

Sound bars break up a pi<-tnrc as sho\.vn. They 
are particu Jarly conunon on sels using the sa1ne 
intennepiate-freqnency circuit for sound and 
picture. Fine-tuning a<l justtncnt c1ears it  up. 



Taking Care 
of a TV Set 
These basic servicing pro(·ed11res you 
can do yourself 'viii  intprove intage 
quality and pt·event breakdowns. 

Y ()l!R television set is
, 
a co1np�icated ina

ch1ne, hut that docsn t mean 1 l  has to be 
a mysterious one . 1·he 1nore you kno\v 
about ho'v it operates and \Yhy, the. 1nore 
you can save in needless service calls. Even 
\Vhen there 's nothing \Vrong \Vith the set, 
you'll often fi1 1d that a fe,v carefu l adjusl-
1nents ,vi J I  n1ake it perforin bet ter than i t  
did before. 

'fhis doesn't rnean that you ough t  lo go 
barging into the set's inuards \Vith a hlc)\v
torch and e lectric drill .  But so long as you 
kno'v \.\�hat you 're doing and do it carefully, 
tliere' s a good c:hauc:c that you can raise the 
te levision sta1Hlards in vour house . 

I f  you plau lo do any \VOrk 0 1 1 your set 
at <.tll, the first thing you shou ld kuo'v is 
ho'v to h and le the picture tube-especia1 ly i f  
it's au all-glass lube . 1�here's a h igh vacuun1 
j ns ide the shel l . and if anything chunages 
the g lass, the tube is liable to shatter \Vith 
explosive force. ( \ Vhat happens is actually 
an "i1nplosion", not an explosion, but the 
Hying glass fntg1nen ts are just as dangerous 
either \Vay. ) . 

I t  doesn't happen often, to  he su re, but 
tubes do' blo,,· up. So play it S<tfc a1ul 
handle the tube ,,· i th tl 1at possib i l ity in 1ni iHL 
That means, first, that you ougl 1 t  to \Vear 
shat terproof goggles and heavy gloves. I t  
1neans, also, that you n1ust ahvays handle 
the tu he hy the bulb-never by the neck. I f  
vour set is so constructed that the face of . 
the tube is  not supported 'vhen the chassis 
is out of the cabinet, 1nake su re that the bu lb 
is propped up \.Vhcn you're doing ou t-of
cahinet serv·icing. One or t\VO books \vi ll 
support the tube face auc.1 keep the neck 
fronl straining ins1de the deflect ion and focus 
yokes. 

'rhc correct 1nethod of hand ling the tube 
is sho,vn above. Therc:s one other i 1npor
tan t point to consider . \Vhen you ren1ove 
a tube fron1 '1 set, you have to discon nect the 
base socket and the high-voltage lead. The 
latter i s  a small  plug, usual l) enclosed in a 
rubber cup. It  is attached to the tuhe at the 
l<)\ver part of the bulb. Th is lead carries 
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many thousands of volts \Vhen the set is on. 
It  n1ay also carry a "'hopping voltage even 
after the po\vcr is off. 

Be safel Before you do anything \Vith 
the picture tube, disconnect this lead
touching, only the rubber part-and gi·ound 
the n1etal contact to the chassis. 

The picture tube docs an enormous 
ainount of \vork, but it is not the most over
\Vorkcd tube in the set. The horizontal 
S\vcep tube that regulates the voltage used 
to pull the electron beam across the face of 
the picture tu be has to do nlore \vork. 

It's not surprising, therefore, that this tube 
gives out more frequently t�an .n1ost others. 
When this tube goes bad, the pictui·e shrinks 
to a single vertical line running. ur) .and 
do\vn the tu be face. 

. . 

A 1 i tt1e foresight' can keep you from 
n1issing out on an exciting progran1 . Keep 
a replacen•ent for the horizontal S\veep tube 
on hand. Best \Vay to find out \vhich it is 
in your set is to consult the manufacturer's 
servi-ce n1anuaL Usually it is a dual triode 
or po\ver pentode such as a 12SN7 or 6K6. 

The antenna is another thing " that de
serves your attention . It can cause trouble 
at many points bct\veen the roof and the 
picture. Ghosts or double images are pretty 
-sur"e indications of .. antcnna trouble. In most 
ca�es ghosts sho\v up on one or t\VO channels 
only-. The ..resf con1e in clearly. 

A con1mon var�ety of ghost is sho\vn in 
Fig. 2.  �t is acttlally caused by a subsidiary 
image that reaches your set a fe\V inicro-
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seconds ( millionths of a second ) after the 
true image. 

Ghosts are produced as sho\vn in Fig. 3. 
The signal fro1n the transmitter goes in all 
directions. Part of it goes straight to your 
set; another part first hits a building or 
other object that reflects it tc)\vard your re
ceiver. The second, or reflected itnage has 
to travel further, and therefore arrives later. 
Son1etimes there are a nurnbcr of reflecting 
surf aces, and therefore a ntnn ber of distinct, 
displaced images. 

For ghosts caused by this type of re
flection, the practical cure is to reorient your 
antenna. 1\ n1ore directional array n1ay be 
needed to cut out reflected signals con1ing 
from an angle. Adding a reflector behind 
the dipole stiarpens the response of the an
tenna in the favored direction. 

Ghosts, ho\vever, often creep in beloic 
the antenna. The usual complaint of set 
O\vners is that the signal doesn't co1ne in 
strongly enoug�. There are cases, ho\vever, 
\vhere the trouble is caused by too 1nuch 
signal. One of the· symptoms of this trouble 
is a ghost image. 

In the oi·dinary type of ghost, the \Veaker 
image is seen to the right of the true in1age. 
But strong signal n1ay cause a "leading" 
ghost in \Vhich the false inlage is displaced 
to the left. 

This trouble son1etimes occurs \vhen the 
set is located close to the transn1itter <lnd 
has a long lead-in fro1n the roof. If the RF 
or detector circuits of the receiver pick up 



the signal directly, this false image \vill come 
in ahead of the main one. 

Aside from the left-hand displacement, 
you can often tell a leading ghost from the 
fact that the picture changes \vhen someone 
\valks near the receiver. If your set displµys 
this fault, check your transmission line to 
inake sure that the signal isn't losing too 
much strength coming do\vn from the an
tenna. A fairly sure cure, also, is to shield 
the chassis \vith a grounded 1netal sheet. 

Losses in the transmission line may be 
due to many factors. The most prevalent 
one is mismatching. Proper matching be
tween antenna, transmission line, and re
ceiver is important if you \Vant to transfer 
all the energy possible from the antenna to 
the set. 

A simple dipole usually has a radiation 
resistance of 72 ohms at the center. Your 
receiver input is also designed with a cer
tain characteristic impedance. It may be 
50 ohms, 72 ohms, or 300 ohms. The 
same is true of the transmission line. Co
axial cable, flat-ribbon lead-in, or t\visted 
pair should be selected so that its im
pedance \Vill be as close as possible to both 
set and antenna. 

If your line is poorly nlatched, there are 
several things you can do about it .  l•.,irst 
try a simple matching transformer nlade 
from a fe,v inches of 1 .50-ohm flat-ribbon 
lead. Connect t\vO lengths as shown in 
Fig. 4 .  Try method A, and then method B .  

Another device is sho,vn in Fig. 5 .  \Vrap 
the foil fro1n a cigarette package around the 
trans1nission line near the set. Secure it \Vith 
a paper clip, and slide the \vrapper slo,vly 
a\vay from the antenna tenninals on the 
receiver. Watch the picture carefully as 
you do so. At some point the picture \Vill 
probably brighten up if the line is badly 
inatched. Leave the wrapp·cr clipped at 
the point of greatest improvernent. 

Some interference, such as that sho,vn in 
Fig. 6, is caused by "transmitters" that just 
send out noise instead of pictures. ?v!otors, 
auto-ignition systems, and the like, are con1-
mon offenders . The pattern illustrated is 
caused by diathermy interference. 

There's very little you can do about this 
type of interference if it is strong. Try 
changing the orientation of the antenna. Or 
if you are using an indoor antenna, S\vitch 
to a rooftop rig. A stronger signal often 
helps to overcome the interfering one. 

Noise signals, fortunately, are usually of 
limited range. It may be, for example, that 

they do not reach clear up to the antenna 
at all . Instead they may be picked up by 
the transmission line at some point belo\v 
the roof. In cases like this a shielded coaxial 
cable or twin lead \Vill help. Shielded 300-
ohm line is sho\vn in Fig. 7. 

Deterioration of lead-in due to ageing, 
moisture, dirt, and the like ( especially in 
salt-air localities ) may cause a gradual 
worsening of reception. A \veatherproof 
type, sho,vn in Fig. 8, is. relatively immune 
to the elen1ents. 1'ry it if your rpception 
falls off in bad \Vea th er. 

In strong-signal areas . it is often possible 
to do <l\vay \vith an outdoor antenna al
together. If you use an indoor dipole, you 
may find it possible to improve reception by 
adjusting the length and plane of the arrns. 
Usually indoor aerials of the type pictured 
in Fig. 9 are. used \Vit� the arms arranged 
symmetrically. This isn't al\vays the best 
\vay. Unequal arrns may help clear up 
ghosts. Correct rotation also makes a big 
difference. • 
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Fifty hours, f ron1 carton to cabinet, WHS the building tin1e for this set • 

. 1 Assembled My Own 
TV Set from a Kit 

You don't have to be an expert to '�rire 

tip a televisjo11 kit, but k11owing a little 
• 

al>out radio is a big help.  

By Rf1be1·t t•o1·111.a1i 
PS photos by !Jubert l;u.clcett 
T IKE everybody, I had been hearing about 
L 1'\T kits. I've spoken to people \Vho have 
built the111 and asked lots of questions .  A.dd
ing up the ans\vcrs, it seen1ed to n1e that 
one man's experience cancelled out an
other's . "1\nyonc can \Vire up a kit, " said 
sorne . Others caut ioned, "Don't try it unless 
you kno\v so1nc electrons by their first 
nan1e . ,, 

"Ho\\·' arc the instructions?" I asked . 
"They're a cinch," I \Vas told, "if you're a 
graduate engineer \:vith radar experience ." 

B·ut the other side also had its say : "The 
diagnuns are clear. You can understand 

lhe1n even if  you don't knO\·V the difference 
bet\veen a l-1neg. pot and a drip pan for 
grid leaks." 

The only sure fact I had to go on \Vas that 
jn every case that came to my attention the 
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kit builder \Vas either an expert rad ioman , or 
he had an expert standing at his elbo\V. 

1'111 no expert . I've built a couple of 
sin1ple receivers and phono a1nplifiers. I 
kno\v ho\v to read cliagran1s, and because l 
can count from one to eight I can distinguish 
the prong connect ions on a tu he socket. 

I assembled a 'T\1 kit. It \VOrks fine. 
\Vhcn I decided to try TV' kit bu ilding, 

1ny first problem \.Vas to select the kit .  Con
ccivahlv I could have rnade a studv of the � � 

different types 011 the market, but a co1n-
parison of their fine points  \Vould ha\ e put 
a strain on my technical kno\vlcclge. I had 
heard good reports on the n C .,A 6:30 1'S 
receiver-a �30-tube job-so arbitrarily I fixed 
on one of the kits c1nhodying this circu it . 

There are several such kits, so I had to be 
arbitrary again . I p icked the one that \Vas 
then the lo'vvest in price and had the most 
parts mounted .  It's the l{C .. A-type kit 
marketed by Lafayette-Concord R adio, a 
large mail-order supplier . Co1npJete \Vi th 
all tubes including a 10" picture tube, it 
sold for $195.50. A cabinet to house it is 
also available for $42 .50. 



I .  Here's the kit  unpacked fro1n its cartons. 
There are a lot of loose parts despite the fact 
that all the rnajor ones are n1ounted. 

As I tu1nbled the parts and packages you 
see in photo 1 out of the shipping cartons 
I couldn't help feeling ho\V nice it \vould 
be to forget the \\'hole thing. That feeling 
didn't diminish \vhen I unpacked the eight 
or ten envelopes and got a look at the hun
dreds of resistors, capacitors, and coils, plus 
miscellaneous \Vires, knobs, hard\vare, and 
many mysterious parts. There's no organiza-

. 
3. ()rganizing the itetns is a chore. I inarked 
the value of each one on the d iagra1n and taped 
the parts do\vn in order on separate sheets. 

5. Chassis layouts in the service n1anual give 
1nuc:h useful infonnation, including the function 
and location of each of the 30 tubes. 

2. Ernptying the envelopes sho\vn at the left 
reveals this be'Nildering array. There are 108 
resistors, 77 capacilors, and 1 1  coils. 

tion of the cornponents-they're all there, but 
separating the pieces and relating them to 
the circuit is the builder's job . 

The instructions that are provided also 
give a mininnun of orientation. You get an 
RCA service manua) and a couple of 
mimeographed sheets of parts lists , color
code information, and instructions for con
necti1 ig the pre\vired tuner section. �1ost 

4. H.e1noving the tubes isn't necessary, but I 
thought it \vas safer. In the tu t 1er each inust 
be n1arked for return to the identical socket. 

6. As a n  aid in wiring, I rnarked the parts on 
the underside of the chassis as \Ve! I .  It \\1as 
helpful in locating tenninals 'l HickJy.  



7. Speakers u rc fragile. This one has four 
leads \.vhich can he ·soldered in at the verv end. 
I re1noved it for sa fety d1 1r ing the mai i1 job. 

9. The deflc(· t io n yoke is held in a U-hracket 
by t\VO \Ving bolts. They have to be taken out 
to con1pJ cte i n ternal \Viring on the. yoke. 

in1portan t, there arc six fu1 l-si7e p ictorial 
d iagra1ns sho\ving the 1nountecl parts in 
black and the \Vir ing overprinted in red . 
Each of these sheets has a different set of 
connections, broken do,vn for \viring con
venience. Because of their size and the red 
overprin ting, they are easy to read and fol
lo\V. 1"he RC�i\ qook has a good deal of 

1 1  . ..  As a preca ution against hn rn ing ont the 
high-voltage L ra 1 1sJ onner shou]d one lube go 
bad, I \Vired i n  a No. 47 pilot l ight as a fuse. 

8. Do· not ren10Ye is \vhat it says, but I could 
not con1p]ete lhe ,,.· iring in  Lh is cro\vded corner 
\Vi thoul fi rsl unbolting L I  1e  tuner. 

10.  1'wo re�istors, a condenser, and four \Vires 
are soldered into the hack of the yoke. Detai 1s 
are furnished i 1 1  a corner of the d iagran1. 

additional information. I found a couple 
of miuor changes from the llC.A. diagran1 ; 
there are also one or t\VO errors that had 
been corrected in pencil on the sheets. 

By \Vay of gett ing started, n1y first step 
,,·as to arrange the s1nall co1nponents accorcl
jng to \·viring sheets. l'he experienced man 
111ay scoff at n1y systern , but I found it help
ful . I \vent through each cl iagra1n and the 
parts 1 ists, tnarking the valile of each part 
next to the code nurnher printed in red. 1\t 
the san1e t irne I picked out that part and 
tapecl it to a sheet of pla in paper,. n1 arking 
the c.:ode nun1ber alongside it ( photo S ) . 
By first separating the resistors i 1 1to piles 
according to the fi rst  band of color, I \vas 
able to pick out the proper one fa irly  quick-
1y .  For example, if I \vas looking for a 
6,800-ohin resistor, I had only to glance 
through the pile contai1 i ing those \vith blue 
bands, 1nean\vhile looking for a gray secon d 
band, and so on. vVith the parts taped to 
sheets, I d idn't have to h unt for a single 
piece \Vh ile doing the actual \viring. 



1 2. The h i 0·h-voltagc recti
fier is placed on a n  i i 1sulated 
platfon11 inside a shielded 
coinpart1nent. Reinove the 
pla lfonn to \Vire the socket. 

'fo minimize the r isk of breakage in 
handling the cun1hersou 1c chassis, l re-
1novcd n J l  the tubes. A. ba1Hl of transpare11t 
tape over the nun1ber 011 the glass insured 
against i t  ru bbing off in  h andling. 'fhe front 
end or tuner section, \Vhich co1nes co1n
pletely \Vired and al igned, uses three GJ6 
inin iaturcs. It's essential that each tuhe be 
restored to its original socket. Photos 4 and 
5 slH)\V ho\v I marked each tube and socket 
\Vi th precise identification . 

\.Vith these preli rninary detail s attended 
to, I just had to bu ckle do\vn to the serious 
husincss of \Viring the chassis and soldering 
i 1 1  a c:ouple of hundred loose pieces. On 
this subject, too, I had hear<l all sorts of con
flicti1 1g reports . 'l'he best ti 1no estimate I 
got \Vas eight hours, but 1nost of the people 
\vho quoted this figure had it  at second 
hand . lleliah iy and at first hand I got ap
proxi1natcly th.i s  tin1e fro1n t\vo people
both experts \Vho l l ad \Vircd a nurnber of 
kits.  One of thern had a helper read off the 
clfr1gran1s "'�hi le  he \Vorkcd . 

Hovvever fast others 1nay be, I have to 
report that n1y vviring titne exceeded four 
ti 1nes the estilnated eight hours . I'l l  tip n1y 
hat t\\·ice to anyone \Vho builds his first kit, 
a lone , bet\vcen sunup a11d sunup. ,.fhere 
are about 400 pigtail leads to solder on the 
loose componen ts alone, an<l ano ther couple 
of hundred on the \Viring and ground con
nections . Going strictly by the hook, I tried 
clinching every lead before solder ing it .  
'That makes a b ig difference in t in1e-the fast 
radio1nen I spoke to didn't clinch the \Vires; 
they merely pasted thc111 to the lugs \Vith 
soldei·. 

Incidentally, most of the ·lugs to \vhich 
connections are made in the early sheets 
get additional leads in the later ones. On 
tube sockets it is therefore advisable to inake 

A fte1· n1ounting the 
parts and soldering in the 
coro na ring, I dabbed the 
tcnninals \\Tit11 cel lulose ce
n1cnt for extra in:-,u]ation. 

the inith1 l connections to the ]o,vcr of the 
f\vo holes, saving the top 01 1 e  in case an
other \Vire has to be brougl l L to it.  It's also 
in1portant to keep 1eacls as short as possible 
in any h igh-frequency radio \Vork. I ai1ned 
at th is hut didn't succeed too \ve1l ,  as you 
can see in the close-up photos of n1y ·chassis .  
\\'hile \ve're on the subjec:t of soldering, re-. 
inernhcr that rosin flux is conductive at h igh 
frequcnc:jes. If  you decide to bu ild a 'T'\' 
kit, use as l ittle rosin as you can get H\Vay 
\Vith and \Vash off any excess \vith alcohol. 
H.osin-core solder is okay ; it eases the \VOrk 

1 5. \�'iring look a long tirne and \Vas a tedious 
job. Professionals \vill scoff at these long leads. 

They shou ld have been kept shorter. 
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16. ·Checking for shorts is an ilnportant pre
caution. Test from B-plus to ground, AC to 
B-plus, and f ron1 both AC leads to ground. 

18. The ion trap on the neck of the tube is 
adjusted for brightness . Six other controls at 
the back are also set to get the best picture. 

and doesn't contain enough paste to do 
i:nuch h ann . No shielded \Vire is needed in 
the hookup . I started with a full-size 1 00-
\Vatt soldering i ron . ..  Along about the middle, 
as the chassis start�d to crowd up, I 
S\vitched to a pencil-size iron and used it 
ahnost exclusively in the t ight corners . 

The deflection yoke through \vhich the 
neck of the picture tube passes has to be 
ren1oved fron1 the top of the chassis. T\VO 
\Ving bolts are all that hold it. The back, 
\vhich is a cardboard cover, slips off so that 
t\VO resistors, a condenser, and four \Vires 
may be soldered in .  

Discussing the construction of this kit 
\Vith some 1ncn \Vho kno\v it \vell, I picked 
up a couple of tips that n1ay be \vorth pass
ing along . Servicemen have encountered 
some trouble \Vith sets and kits of this type 
because the 6BG6-G horizontal-s\veep out
put t ube sometimes hecornes defective and 
starts to dn1\V excessive current. Since the 
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17. Danger ! 9,000 volts of it!  .The anode ca_p 
is the hot spot on top of the chassis. It 'holds 
a charge long after the power is turned off. 

,. 
19. Success ! A lot of worl< and \vorry went 
into assembling this kit, but that clear, sharp 
test pattern nlade it all seem \VOrth while. 

plate of the tube is in series \vith one 
\Vinding of the high-voltage transformer, 
the extra current a1so flo,vs through the 
transforn1er. In inost cases this results in a 
burnt-out transformer-and an expensive re
pair job. To reduce this hazard , I inserted 
a No. 47 pi lot l ight in series \vith the trans
forrner lead to act as a fuse . Photo 1 1  sho,vs 
l10\v I attached the bracket beneath the 
chassis. 1'he lead fron1 terminal 1 on the 
transforn1er to pin 6 (a  dununy pin ) on the 
6K6-GT horizon tal S\Veep osci1 lator is 
opened and the lan1p \vfred in .  Excess 
current burns out the bulb.  

Another useful trick-although less gen
erally kno\vn and applied-concerns the 
mounting of the I B3/801G h igh-voltage rec
tifier . This tube puts out better than 9,000 
volts. As a result, the socket con1 1ections 
around the base are subject to a high-volt 

age d ischarge kno\vn as "corona." One 
n1ethod of 1ninin1izing corona is to re1nove, 



20. This isn't 1ny set. I \vish it \Vere, uot be
cause it \Vorks better than 111ine but because rd 
he proud of the \Viring. lt \\·as assc1nhled by 

the extra lugs fro1n the botto 1n of the tuhc 
socket. Only three of thc1 n arc neeclcd, so 
the others can be t\vistcd sl ightly and 
pushed ot"1t through the top of the socket 
( photo 13 ) .  1�he necessary parts and \Vires 
are then sold ered in, and the corona ring is 
S\vcated into the t\VO anchor points on the 
1nounting plate. Excess solder and rosin is 
scraped out and the anchor lugs are c:o<.tted 
'vith cel lulose cc1nent. 

\Vhen I final1y finished the \viriug I had 
to agree \Vith the inost enthusiastic kit 
builders. Ifs not hard . It \Vas, for i nc, a long 
and tiring job, but it's certainly possible for 
a sen1 iskillcd expcrin1enter t(' get i t  done. 

1\fter check in<,. lhc \Viriu0· carefullv I (') � , ' 
n1adc a couple of safety tests before plug-
ging in the scl. 1'o check for shorts you ueed 
<\Tl olunineter ( photo 1 () )  or a cont inuity 
tester. The inain points to test are H·plus 
shorts ( touching one incter prod to the 
chassis and the other to hvo or three elec
tro lytic-c:apacitor tern1 h ta ls ) ,  shorts fron1 A (� 
to grou u cl,  and fro.-n AC to B·plus. If  you 
get uo read ing at t1 tesc poil1 t·s, it  is reason
ably safe to plug in the set. I t  rnay not \Vork, 
but the chances are that no serious trouble 
\Vill result. 

Handling the picture tube calls for spe-

�1clvin Pollack. Lafayette's chief .service engi
neer. >J'otc short, neatly dressed leads and con1-
pact arrangc1nt'nt  of s1nal l p4lrts. 

cial precautions. Hold it only hy the large 
b1 ilb, never by the neck, ,1nd don't try to 
1novc the set \vhi Jc the tuhC' is in.  'Vhen 
u sing the tuhe out of a ·cabinet, prop .a 
n1ediu1n-size book u nder the fac.:e end to 
support the \\:eight ( in a cabinet i t  is held 
by eush jonecl hrackcts ) .  \ Vhcn the set is  
turned right side up and all  the �h ields are 
in place, the n1�1 in  danger spot is the second 
anode cap ( photo 17 ) .  �rhc:rc1 s over 9,000 
vol ts there, so keep clear of it H you value 
your health . :vlake sure the p()\Ver is off 'vhen 
han dl ing the cap-but even that is 1 1  't enough . 
'fhe high-voltage capacitors store a charge 
ancl can give you a joi t long ,1 fter the 
s\vitch is turned off. After re1novin g the cap 
fron1 the tuhe, ho1cl i t  a hal f iuc:h fro1n some 
piece of grounded inetnl to clra\V a spark i (  
anv enen.rv rc1nain� .  Bri n !! i t  closer until i t  

� ,._., .,  �, 
touches the metal. 1v1ake �ure that  the cap 
is either in the tube or elear of any possible 
ground 'vhen the pc)\vcr is on. 

'fhe ion trap, being adjusted in photo 18, 
and the six co11 trols along the rear edge of 
the chassis 1nust he set for the best ilnage. 
Once' thev ar�' tuned for vo1.1r antenna and � � 

loeation, nothing has to be clone to the1n. All 
further tun ing is done by the seven controls 
in front. 
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· an · e 'eVlSIOD 
Signal strength may he .good on the rooftops, but for good sound 

and video reception you have to pull it in and get i t  downstai rs. 

T- HE T\V() inost in1portant parts of your 
television _picture are your antenna and 

receiver-in that order. 
Sure, there are differences in �et design 

and construction . Some are hetter than 
others. But any modern set is , capable of 
putting together ,t' good image. .All it needs 
is enough broadeast signal to \VOrk on. It's 
the job of the antenna to provide the signal. 

Even if you h,tvc a professional1y installed 
tig 'Qll your roof, it \Vill pay you to kno\v a 
fe,v' basic facts about F�1 and T\7 antennas. 
They 'vill help you to add to or n1odify your 
existing arrangement to iinprove your sef s 

operation and bring in difficult stations. 
Electromagnetic \Vaves are basical1y al

ternating currents that travel through space 
at the uniforn1 speed of 984,000,000 feet a 
seconcL 'fhe thing that distinguishes them is 
their frequency, or the rate at \Vhich they 
alternate. 

The distance that a \vave travels in one 
complete alternation-or cycle-is called its 
\Vavelength . It follo\vs that the n1ore rapidly 
a current alternates-that is, the higher the 
freq ' tcncy-the shorter its \Vavelength \vill be. 

No\v, the reason \Vavelengths are so im
portant is silnply this : as a radio signal is 
broadcast into space, it sho,vers its energy 
all about . .. Any rod, \vfre, or other conductor 
it n1eets absorbs so1ne of that energy. But 
n1axin1u1n energy is transferred \Vhen the 
length of the conductor corresponds to the 
length of the transmitted \Vave. 

It is kn6,vn that the 1nost practical and 
efficient length for an antenna is half the 
length of the 'vave. In practice antennas are 
rnade 5 to 7 percent shorter than a half \Vave 
to compensate for certain undesira hle effects. 

Fro1n the above figure you can derive a 
handy fonnula for calculating proper an
tenna length . l'he one con1monly used is : 

. 468 
Lencrth ( feet ) - ----------0 frequency ( megacycles ) 

Wl�E!> $0LOE�EO 
lO LU�!> � 

• 

', � 
�T �ECEPTION .J WI flE CLAMPED TO BQAtO 

INSULATO�S 

.For l>cst results the half-,vave dipole should AN O  <.LAMPS 

extend as high as possible above the building. 
A sin1ple dipole and coaxial-cable trans1nission (!) 
line is sho,vn in Fig. 1 .  You can use other types 
of lov.'-loss "feeders in place of coax. Dipoles are COAXIAL 
directional; they favor signals coining fro1n the CABLE 
dfrection of blocked arro\vs. 
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The basic form of the T\7 and F�·'f an
tenna is the half-wave dipole shO\Vn at the 
left. As you can see, the half \Vavelength is 
made up of t\VO equal arn1s extending ol1 t
\Vard from the center. Each an11, then, i s  
equal to the corrected half \Va vc divided by 
2. The table at the right gives the len gth 
for various channels; 'CL" represents the 
total length of both arn1s. 

It is convenient to use the total length 
in the table because other ele1nents of an 
antenna, such as reflectors and directors 
( ,,·hich \Vill be discussed hclo'v ) can also 
be calculated as fractions of "L". 

Proper length is one key factor in antenna 
construction. Another is the \iva v in \Vhich 

J 

high-frequ ency \vaves travel. They n1ove in 
straigh t  lines and are reflected by Hat sur
faces. \\'hen it comes to buildin g an an
tennH, you also want to take into accoun t  
such things as elevation, neighboring build
ings, distance froin trans1nitters, and strength 
of the .signal ih your location. If you live 

·• .. 

As can be seen in  the dnnving above, the t \VO
ele1nent be�un antenna consists of a half\vave di}Jole, no\v cal led t �1c . driven ele1nent, and a 
re lector. The latter isn " t  connected. 

A t wo�con<l uctor f ccclcr cable is iJ Justratcd at 
the left. One conductor is soldered to each half 
of the dipole; the other ends go to set. 

Channel 
or 

band 

2 
3 
4 
-
u 
6 
7 

8 

9 
I O  
1 1  
1 2  
! ·"' • ) 
lo°"' band 

( 2-6 ) 
high band 

( 7- 18 ) 
all band 

( 2-13 ) 
FM 

f'requency 
( �(. ) 

.54-60 
60-66 
()G-72 
�6 8:) ' - .... 

82-88 
17 ·1- 180 
1 80-186 
186- 1�)2 
1 92· 198 
J 98-204 
204-2 1 0  
2 1 0-2 1 6  

54-88 

174-216 
54-216 
88- l 08 

"L"' 
( Total leng�h 
of both rods 

of dipole 
- inches ) 

98 

88 

80 
70 
6.5 
31  
.")o • ) 
29 
28 
:),.., _ ,  
26 
') :::;: ,. -•.J 

78 

28 
60-65 
56 
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I ,  
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-1-/a.Lt -Wa.ve 6-p�n-fAJi're fl1<.te>tna 
@ 

close to a broadcasting stat ion you' l l  fincl the 
easi l y constructed half-,vavc dipole efTi('ien t .  

I'he dipoles are made of }!," alu1ni 1 1un1 
rod . After cu tting t he1n to length, thread 
one end of each �4"-20. Use t\vo nu ts to 
clamp the end into an insulator as shc)\Vl l in 
the inset of l�ig . l .  �1ount the insul ators on 
opposite sides of a 2''-square 'vooc len pole. 
Several types of feeders> or co1 1 necting \Vires, 
inay be used bebvecn roof and receiver . 

�1ost high-frequency antennas l nust be 
correctiv ain1ed for best nerfonnan<:c. 'l'o .. . 
pos ition your anten na, rotate it slc)\vly \vhi le 
a helper tu nes the rcceh·er and signals to 
you 'vhen all stations con1e in best . 

F<.1.rther fro1n the cen ler of a service area 
the antenna n1 ust be inore sensit ive to sig
nals coming from the chosen direction u1 1d 
capable of cutting off noises fron1 the rear .  
The' h\:o-cle1nent an tenna of Fig. 2 is de
signed for that job. The add ition of a re-
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Th� hu J f.wa' e open-wire antenrHl is con 
struc:tcd frorn t\vo lengths of J�" to %" al 1 1 1 n in 1 1 n 1  
tubing. Make a 90 ° bend at the 1nidpoint of 
each t 1 1 bc to fon n the Q-1natching transfonnc1, 

Spat·� t lu� opt�n-:.w i re l_ine \Vith a sufficicut n 1 1 n 1 -
her of 2" plastic: spreaders. Us<' insll lators Lo 
ke<�p Lhe \V"irc fro111 touching the huilcling. 

Hector behind the d ipo le gives a inuch h igher 
ratio i 1 1  the favored direction . It can be 
ina< le of ah11ninu1n rod or tubing f ron1 ��,, to 
�,, in  d ia1nelcr. 

1'rans1nission l ines f ron1 an tenna to set 
generally drop off in efficiency as a result of 
age and \Veathe r. \Vhile coaxial cable is  
quite durable, i t  n1ay prove to he a hit ex
pensi ve:- especial l y  if the receiver is located 
�l n.ny great d istauce froin the roof. 

You can n1ake a lo,v-cost, long-lasting 
feeder line of ord inary No. 14 enameled 
copper \\.� ire, but to l ink it to the an tenna 
yon wil l  need a s in1ple Q-n1atchjng traus
fonner. 'T"his is n othing n1ore than tvvo verti
cal legs. rfhc co1i1binatJOl l is the half-\V<\VC 
antenna, OpeU -\Vire l ine ·s) 10\Vl l  in l�.,ig. 3 .  
Bend t\vo alun1in11n1 tubes and holt the1n to 
standoff insulators th rough .'3/16'' holes 
dril led in the tuhe \Valls. l'hc vertical por
t ions of the tubes 1n usl he pcrfectJy para1 1el 
and spaced l ��,, from center to center. 

Another popular .:end eHieient trans1nissiol) 
l ine is the ffat ribbon-type lead. For d i fficult 
reception , the choice is ahnost ahvays hc-
hvC<'n this and coaxial cah le. 

It isn"t ahvays easy to kno'v 'vhat feeder 



FOLDED 
Ot POL.E 

'I'he folded dipole has a broad directional pat
tern, \vhieh is desirable in localities that have 

to select, but the first things to consider are 
the input iinpedance of the receiver and 
the radiation resistance of the ·antenna . 

A properly 1nade antenna is essenth1 I ly a 
tuned circuit .  'fhat is, it is reso·nffnt at the 
particular frequency for \vhich it is cut. 
For i ts  O\Vll frequency, a dipole aln1ost �l
\vays bas an i1npedance of 72 oluns at the 
center. 

No\v, if a receiver has an input circuit 
n1atchcd for 72 ohn1s and it is connected to 
a properly tuned antenna by 72-ohn1 coaxial 
cable, you \vill obtain the 1nost efficient 
transfer of energy from the roof to the set . 
I1npcdancc inatching thus becornes a vital 
c.:onsicleration \vhen you're dealing \vith such 
elusive thi n gs as television \vaves.  

The n1ost con1111on receiver input circuits 
are inatched for 72 or 300-ohn1 lines. Y du 
should kno\v \Vhich vours is. " 

In  virtually all cases you can get by \Vith 
a certain amount of inisn1atch-say up to 
1 00 percent. B�yond that you begin to pay 
for it in \Vea ker signals. 

Coaxial or flat-ribbon trans1n i ssion l ines 
arc available in a nun1her of rat ings fron1 
about .50 to 300 ohrns, \vith stops at 72 a11d 
1 50 oluns. The higher values are usually 
ri l >hon types. 

No\v consider a dipole that is cut to half 
\Vnvelength of television channel 2 .  Under 
ide«tl conditions i t  vvill have an impedance 
of 72 oh1ns-for the signal of cha1inel 2. 

RErLEtTOR (L+63 ) 

DIBE.CTOR ll.-S� ) 

several stations. The tenninal i111pedance is 
higher than that ol a conventional dipole. 

The same dipole has qu ite a clifferent value 
\Vhen it is receiving channel 6. Thus, even 
though you may lnatch your transrnission 
l ine correctly, it ,��ill  rernain correct on1y 
under speci fie c.:ond i tions. 

The terrninal i rnpedance of an antenna 
is  affected also by i ts design. For exan1ple, 
a folded dipole ( Fig.  4 ) ' broade11s the re
sponse of the antenna,  aud also raises its 
ilnpeda1 1ce to about �100 olnns. �Adding a 
reflector to a cl ipole, as in  Fig. 2, sharpens 
its d irectional sensitivity and sin1 ulta11eous]y 
l<nvers the radiatio11  rPsistanc:e. Using a re
flector in  back and a d irector i 1 1  front { Fig. 
.) ) drops the tenninal irnpeclance to a still 
]o\ver figure ( 20 to 30 oh1ns for a plain 
dipole ; about 100 for a folded type ) 'vhile 
giving very high gain in the favored direc
tion . 

Directional sensitivity is an iinportant con
sideration in antenna design. l�ct' s assun1e 
there arc three stations in vour localitv. 

� , 

Your present antenna rn ay he bringing in 
l \vo of these verv ,�·ell bn t <rivi11  <t onl)' }'lOOr 

� e> h 
results on the th i rd . T t  could then he \ve11 
\VOrth your \vhile to erect a separate antenna 
for the single hanl- t o-gct station.  In this 
case the n1ore directional vou can 1nakc it 

.· . 

the better it \vi l l  be� since you ean point it 
straight at the desired transmitter . ): ou 
can also cut i t  to correspond exactly \Vith 
the \Vavelen gth of the station. ... , 

Additional or special -purpose antennas. 
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such as this 1nu v be mounted on the sa1nc " 

mast as the existfng ones. Bring the feed 
line do,vn separately and connect it  to the 
receiver thr'ough a selector s\vilch,  as sho,vn 
in Fig. 6 .  

UntH you've tried i t  you \Von't knc)\V hc)\v 
much or \Vhat ki 1 1d of antenna vou need . " 

The unpredictah1 e factors such as natural 
a 1 td 1nan-n1ade obstructions, radi,1ted i ntl\r
ference, as 'vell  a s , the considerations dis
cussed above, n1ake it practically  i 1npossihle 
to krH)\o\' in  advance \Vhat your reception is 
goi n g  to he like .. 

TO �CIAL 
-.'NT. 

> TC RECEIVEA 
Where an extra antenn4a is used Lo bring in  a 
\\'eak station, use. a separate trans1nission line 
and connect i t  to t he receiver as sho\VIL Tl1c 
antennas bcl(�\v and at r ight are i ndoor types 
for use in stroug-signu l local ities. 
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You can, hc1\vever, n1a ke certain guesses. 
Look into the experience of your close neigh
bors, ask the broadcasting stations about 
field strength in your l ocation, and find out 
about the direction and distance of the 
transn1i t ters . 

Al l this i l 1 forn1atiou 'vill provide you \Vi lh 
a starting poi n l .  'Then , '"'·hether you build 
or buy you r  eq 1 1 ip111ent, s tart \Vi t h  the 1nini
nnun reasonable a1nou n l .  Try it out,  aud if  
necessary you can ahvays add to it . 

1�his applies even to conunercial anten1 1as, 
for 1nost of then1 are so co1 1 struetcd that 
you can add · addibona.1 ek.·1nents us needed . 

If  you arc located close to  tl ac l>roadcast
ing stations you inay find t ha t· a : l  in c loor an
tenna gives adequate recept1ons .  'fhis ca1 1 
be iln portan l  if you arc an �tpart111ent c.hvel l 
er, for la1 1d lonls arc often re l u ctant to pen.n it 
an tenn as to blosso1 1 1  out all over the roof. 

One of the ruost sal l�faclorv indoor an-.. 

tennas is  the ha1 f-\vavc direct ional loop, 
( Fig. 7 ) ,  siuce it enn easily he t un 1cd to 
favor anv s tat io1 i .  Dril1 a ho1c :3" i n  one .; 

encl of  a ch)\vel . ?\lake th<' hole l arge enough 
to penn i t  a free fit 0 1 1  t op of n 1n nsic or 
hunp stand.  ·r,v isted l a1up conl or  flat rib
bon feeder is clan1p�d t o  ll ae e nds of the 
,1h1111intun .senl ic irck's .  1 f t \\ istccl cord is 
used, keep the length u nder 1 2..'' . 

\Vhere hornc decoration calls for a l ess 
couspicuous type of i ndoor aerial ,  the fixed
position l tal f-,vavc antenn i.l  ( Fig .  8 )  rnay 
do the trick . 1�hc Hal \Vire can he concealed 
behind a bookcase, under dr,1 pcs} or in a 
closet . I f  any choice of posi t ion i s  possible, 
rna ke tests to clet<.:.nni n(' \Vh ich is the b�st. 

$TANOO�S: 
IN$ULATO� 

TWISTED 
,...,,,, LAM P  co�o 
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® 
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An1plilier is placed on top of TV 8Ct for tryout hef ore hcing placed in its separ�1 te cabinet. 

ODD 
Special audio an1 1> l i  fi e r  lets you get 
maxi1n un1 FM q ual i ty f ron1 the sound 
l'art of a television sign al.  

M OS1, television sets are bought on the 
h<tsis of picture rather than sound , 

and both buyers and sellers have pa id sur
prisin gly little atten t ion to the qual ity of the 
audio-ou tput  circuits. I n  the average set 
the sound is heard through an outpu t  tube 
and speaker such as you'd find in a small 
A C-lJC receiver. 

The sound part of a video sho\\1 is broad
cast and received by frequ�ncy rnollulation . 
That 1neans it is capable of noise-free, £1 111-
frequenc:y reproduction . All you need is a 
good speaker and a l ittle extra po\ver to 
dr ive it .  

JPork.� ivith All Sets 
· T'he audio un it sho,vn here, consist ing of  
a phase inverter and t\VO output tubes in 
push-pu l l, can he attached to any TV set 
\Yilhout touch ing the under-chassis \Viring. 

It has a tone control for red ucing so1ne of 
the ohjectionable high notes that  you some
t in1es get on the sound t rack of ohl - t ime 
1nov1es. 

Parts for this :3-tuhe push-pull un1plifier 
a re n1ounted on a 2'' by 5" by 7" chassis. 
As the photos sho'v, there is arn pie roon1 on 
top for the t hree mi1 1 ia l  u re tu hes, t\vo trans
fonners. and t\.vo se l en it1 1n rectifiers. The 
under side is a l i t t le n1orc c luttered ch iefly 
because the half dozen electrolytic con
densers are ·a t rifle bulky. You may he able. 
to save a l i t t le space 4\ n<l cost by using a 
dual  uni t  for (�8 and C9. 

i\1 ou11 t  Pt1rts Ct1re/ ully 

The input transfonner is the type used in 
intercorns.  It is a shielded unjt and has a 
prilnary of 4 ohn1s and a secondary of 25,000 
oluns. ..� good place to n1ou n t  it is righ t be
h ind the J �A U7 phase 1 1 1,·erter .  'fhc filter 
chokP beneath the <·hassis is  n10 1 1 n ted direct
ly hel<)\V the input  transforrner. J n  fa<:t the 
sa1ne l \vo scre,vs are u secl to hold both 
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�op view of chassis shows place1uent of parts. 
Note ho\V selenituu rectifiers are 1nountcd on a 
single scre\v that also holds tenninal strip. 

uriits. I t  · is only possible to do this if the 
mounting holes of the t\vo units are spaced 
equal distances. It's not vital, though : if  
the units you purchase have different mount
ihg centers: you'll merely have to drill t\VO 
mote holes. 

To attach the t\VO seleniu1n rectifiers, you 
n·eed a 2" long scre\v, preferably 6-32. First 
pass the scre\v through a 2-lug terminal strip, 
ancl then through the ce�ter- hole in both 
di·y disks .  Pu t on a nut after this, and 
tighten �1p on the stack. You can even solder 
Rl3 and n J 4 in place before installing the 
rectifier unit .  To do this, drill a hole in the 
chassis and fit another nut underneath . It's 
imp-ortant to observe polarity \vhen \V1nng 
the tlry-disk units. 

Electrolytics Go o n  I .... ast 

Leave the electrolvtic condensers for the � 

last so that you'll have plenty of room to 
complete the s 1nall a1nount of \Viring · that 
has to be done under the chassis. Fit the 
filter condensers in any\vhere that you find 
s·pace. They can be supported by their O\Vn 
leads, so no -additional anchoring should be 
necessary. 

The 25,000-ohm tone control, H.5, is op
tional, and can be omitted if you cho_ose. 
Shot\ld you decide to leave it out, also 
omit C3. 

One important co1nponent that is not 
shcl\vn in the diagram is the push-pull output 
transformer. �1oun t  this on the frame of the 
loudspeaker you \vill use \Vith this unit and 
connect it to the amplifier by means of a 

Mounting shielded intercom transforiner used 
for input. It's Qlaced behind 1 2AU7 socket. 
Leads are pushed through a hole in chassis . 

four-prong speaker plug. I'he 4-prong socket 
that receives it is flush 1nounted in one end 
of the chassis. Connections to the speaker 
transformer should be made as sho,.vn in the 
socket diagram .. 

Only hvo connections have to be made to 
the I'V set itself. These go to the voice-coil 
-that is, the secondary-\vinding of the out
put transformer. They can be \Viretl directly 
into the a1nplifier chassis or, as sho,vn, to 
a pair of binding posts placed on the side. 
It  is also necessary to discopnect the same 
t\vo voice-coil \Vires fro1n the speaker inside 
the TV receiver. 

The l ,800-ohn1 resistor, RI,  \Vas placed 
across the secondary \Vinding of the i nput 
transforn1er because the h igh sensitivity of 
the a1nplifier caused too 1nuch h u1n . This 
res.istor actually reduces the input and there
by.eli1ninates hu1n . 'rhe exact value for this 
resistor n1ay vary frorn set to set. It can vary 
fro1n 300 to 12,000 ohms. S tart \Vith the 
larger value and reduce it in small units 
until hun1 disappears. The Io,ver the value, 
the lo\ver the volun1e \vill be, hut you'll still 
have enough sound po\ver to fill a small hall . 

Use Good PM Spellker 

To get .the maxirnun1 benefit from this 
unit, use as large a speaker as possible.  I t  
shouldn't b e  under 1 0''. A good cabinet or· 
baffie for the speaker \Vill also help the 
tone. In con1bination \\'ith a good perma
nent-1nagnet speaker, this an1plifier \Vill give 
you lots of sound-and \Vhat you get \vill 
sound good. 



INPUT 

r 
--

Q I  (SEf. TEXT) 

12AU7 

-
-

X 4-PAONG .Sl'EAl<E R . SOCKET (CONNECTS TOT3) 

TONE 
CONTROL 

C5 

C7� 
--

• 

SOLDER G ROUND WIRE TO SPEAKEA FAA� 

--

...._ _____ �------�·-'-'----------..--.-·--- ·------ ·-�-.__.....----�---·�'--�-...... 

All 6xea rcsislors 1 -watt carbon. 
H l ,  HS : 1 ,800 ohms. 
H2, R4, R9:  1 00 1000 ohms . 
R3 : 56.000 ohms. 
R.5 :  2.�0.000-obm variable tone 

con trot' with switch ( see S 1 ) . 
R6, H7 : 270,000 ohms .  
H l O :  .5,600 ohms. 
H I  l :  1 2,000 ohms. 
H 1 2 :  1 .30 ohms. 
H J :3 ,  H l 4 :  47 ohms . 
Cl , C7 : 8-mfd . . 450-volt 

electrolytic. 

L I S T  O F  P A R T S  

C2 : 1 0-rnf cl . •  2.3-volt elect. 
C:3,  C1, CS, C6 : .0.5-mfcl.. 400-

volt paper. 
C8 : 40-mfd ., 450-volt elect. 
C9 : 20-m f<l . •  450-' olt elc<.:t. 
C l O :  :10-rnfcl . ,  ·1.50-volt elect .  
SH I .  SR2 : 1 00;-ma. selenium 

rectifier. 
L 1 :  8 .5-hy. ,  .50-ma.,  400-ohm 

filter choke. 
T l : Shielded intercom trans . ,  

4-ohm prim my, 25,000-ohm 
secondary. 

p 

T2 : Fil ament trans., 6.3 volts, 
1 .2 amp. 

--r3 : Pus h-pu 11 ou lpu t tr an sf omler 
( uot sho\\ n in diagram ; this 
is 11 ioun ted on speaker frame. ) 

S I :  S PST switch on R5. 
Speaker plug and socket ( 4-prong .) ,  

tubes� mjuiature sockets ( two 
7-pron.g, one 9-prong ) ,  large 
P .�1 .  speaker ( at least 1 O" ) ,  
<:hassis, binding posts, m isc. 
hardware. 

Pa1·t ial l"· wired chassis ·seen fro1n belo\v. Filter 
choke is held in place by the sa1ne t"vo scrc,vs 
that fasten the fila1nent transfonner on top. 

Electrolytic condensers have been insta lled . 

This is  done last lliace the bulky Raper tubes 
\vou ld othcr\vise interfere \Vith socket \Vidng. 
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Clever craftsme11 improYe reception 
hy devising lvays to S\ving dipoles. 

PL/..T £  

�CQEWED TO 

BEAMS 

PIPE 5AWEO 

LENGTHWl�E --i 

G�A�S N UT$ DQI LLEO 3��, 
DnlLL£D ·AN O TAPPED 

�OR TWO SETSC.�EW$ � 

� 
PIPE 

Cl.IA.MP$ 

PULLEYS ON 

l3A.$E M ENT CEILING. 

Mo"ing the position in
dicator shifts· the roof 
antenna in any desired 
direction. Equal p.ulley 
dia1neters give a l -to-1 
ratio of pointer to n1ast. 

. _..../ 

By n.obe1•t Go1·11ian 

IS YC)UR television antenna doing the best 
job it can? An array that does \\�onders 

in one location may be all \vrong in another. 
\Vhy? Because all T\' dipoles <lre di

rectional. They pick up signals best \vhcn 
they are oriented broadside to the trans-
111itter. To catch a \Veak signal it is often 
necessary to increase the gain of an antenna) 
especially \Vhen you live on the fringes of a 
signal area . You can do this by adding re
flectors) directors) and other git n1nicks) but 
increasing an antenna's sensitivity auto1n,1ti
cally narro\vs its directional pattern. It then 
becon1es more necessary to line up your 
antenna squarely at right  angles to the direc
tion of the station you \Varit to receive. 

If there is only one station in your local ity> 
this niay not be difficult. But let's assun1e 
that there ai:e two or more on one band
for example, channels 2 arid 4 at the lo\v
fr.e·quency end-and that they corne fron1 
different directions. You ·could orient vour " 

antenna to a compromise position half-,vay 
bet\veen· then1> but this inight sacrifice the 
quality of your reception of either or both · 
st�1tions. Or· vou could use t\vO or niore 
s·eparate ante�nas) each one favoring a 
particular station . 

.. fhere's a third choice) \vhich is of ten the 
easiest and best : to rotate your antenna. By 
making it nlovable you can "tune" the anten
na ·everv tin1e vou S\vitch to a ne\v channel. "' " 

In building a rotator) you have to consider 
three inain elen1ents : 

• .. A mounting that \Vill support the inast 
and pe1mit it to  turn . 
• .A. control unit near the receiver that 
will perniit yo\1 to niove the antenna at 

will . An indexing arrangexnent on the 
control to locate station positions is also 
desirable. 
• A  link behveen the inside control and 
the antenna outside. This may be either 
1nechanical or electrical. 
You \Vill> of course) also \Vant to provide 

enough slack in the transh1ission line or 
lead-in \Vire to let the array turn freely. 
A mechanical stop to keep the · antenn,1 
f:ron1 turning niore than 360° will keep you 
from t\visting the \Vires <)ff.. 

�l'echa11.ic<ll l�otldor 

The rig pictured above and on the facing 
page \Vas built by Ed\Yard Zafian) of Bay� 
onne, N. J. His design \Vas largely su� 
gested by available 1naterials and cquip
n1ent-a dri 1 1  press) la the ,  .and a \velcling 
outfit-hut it can be ackipted to your re
quirements. 

The bracket that sf>aces the pulley out 
f ro111 the house \Vall) for exa1nple) is acttHilly 
bent tip fron1 %" 1neta1 )  but it could just as 
readily be· n1ade of \voo<l . Similarly) the 
"rheel-bearing assembly is a \var-surplus 
btonze ·casting \Vith the ends drilled for a �,, 
shaft. Bl.it this) too) could be \vood, though 
inetal bushings \Vould then be needed. 

Pulley \vheels are the double-groove type. 
'fhe \Vire in each groove enters a hole in 
the groove and is secured by a clan1p. In 
si1nilar installations> baby-carriage \vheels 
could he made to serve nicely. The 'vheei 
can he brazecl to the shaft) dr the hub can 
he drilled and tapped for sctscre,vs. Brass 
nilts or c<>llars are used as bearings on the 
t\VO arn1s of the supportin g fork. All parts 
of the roof-top rig should be rustproof. 

Stainless-steel cable is attached to the � 
pulley \vheel> looped around 180°)  and ., 
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Addin� •t rota tor required very fe\V 
chang(s in the i nstal lation abo\'C. 
'The control unit, 1nadc fron1 a spri ng 
phono anotor, is pictured hclo\V'. 

brought into the building. Tight rubber 
fittings help \V�atherproof the entrance holes 
on the outside . 

Inside the building the cables are turned 
dd\Vll\Vard over l\VO pulleys . In this instal
lation the \Vires are brought into the hase-
1nent, across the ceiling, and then up to the 
floor of a closet near the receiver, \Vhere the 
control hand le and indexing pointer are 
located . The pulley \Vheel i1 1 the basen1ent 
is the san1e size as that on the roof. 

Pho110-Motor Co,, trol 

An odd assortinent of junk-yard salvage is 
used in the second rig, shcl\vn at the left and 
helo\v. Fred llenkel, of Hollis, I\ .  ·r. ,  built 
it. Ile used an old spring-\vouncl phono 
1notor and part of a :\fodel-.A Ford generator. 

The springs of the phono 1notor \vcre 
ren1oved and the> \Vind-up shaft used to 
drive four cables . 'fhe cables operate in 
pairs, one pair reeling in as the other reels 
out. 

As you can see in the dra,ving, one \Vire 
fron1 cac:h pair goes out\varcl, through pul
leys, to the leverage bar c:hunped to the 
antenna. l'he other tv.-·o cables are brought 
to a shaft and \VOnn gear that drive a pointer 
on the turntable. Channels are 1narked off 

on the turntable for quick and easy selection. 
The end plate and bearing of a �·lodel-A 

generator arc used as a p ivo t for the antenna 
nlast. The bearing plate supports the hottoin 
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i\fotor-d riven antenna is governed by a S\Vitch 
loc<llecl at the receiver... A t hrcc-\virc cable 
brings po\ver to the roof; the rest of the inecha
nis1n is sealed inside a \Veathertight box. 

end of the armature shaft, \vhile the mast is 
slipped over the top end and rests on the 
core. 

A housing for the shaft is  hen t fro1n steel 
s traps and bolted to one of the supporting 
arn1s of the antenna. Bolt clan1ps on the 
n1ast itself are loosened a turn or t\vo-just 
enough to al Jo\v rotation \vithout permitting 
S\vav or side lnovement . ., 

Motorized Antenna 

The electrified system, above, is the \vork 
of (;eorgc Basler, Hoboken, N .  J .  He has 
a surplus 24-volt motor arranged so that he 
can turn h is antenna silnply by thro\ving a 
S\Vitch at the receiver. Aside f ro1n the S\vitch 
and tran �forn1 er, the entire n1echanis1n is on 
the rr1ast. 

The n1otor is n1ounted on a 5'' bv 12" ., 

piece of \veatherproof composition board 
and attached bv scre,vs frorn the back. In " 

th is case the n1otor housing had tapped holes 
for the scre\VS ; l acking thern, a n1etal strap 
might be used to secure the rnotor. 

'f,vo 5" by 5'' squares of the san1e conipo
sit ion board arc drilled to line up \vith the 
n1otor shaft, and one is counterborcd for a 
standard thrust bearing . 1'he drive shaft can 
be turned from steel or bronze. One end is 
a tight fit inside a piece of 1"  ahnn irn1 n1 
pjpe, 'vhi le the slotted end fits over the 
drive pin on the n1otor ·shaft . The .col lar . 

resbnf! on the thrust bearing is positionec-1 to 
take the '.A.'Cight of the antenna off the motor. 

Both h igh- and io,v-band antennas are 
fastened to the alumin un1 pipe and the back 
hoard of the asse1nbly is held on a support
ing n1ast by p ipe clan1ps. 

MAST 

PI PE 
CLAM P (3 l'<EQ.) 

TH RUST SEARING 
f' t.0. - 2  .. 0. 0. 

t .. ALU t.1 1N U M  
PIPE - ......._ 

12 ,, 

L.--- 5 '' ......1---1....,.,_ 

'( - -f'.�, I ' >-' , _ __. -- - � I ' r- - - ] MOTOR 
I 1 1  11 2iVOLTS, 

I I I I 11 
IOQ.P. M .  

\ 1 , r 
', I I Ir--� 

3·CONOUCTOR C.t..0LE 

s p OT SWrTCH .../ 

Electrical controls, consisting of an on-off 
S\vitch, an SPDT reversing S\Vttch, a pilot 
light, and a 25-volt transformer, are incor
porated in a box. Outdoor parts arc boxed 
in 'vith sheet. copper for protection against 
the \veather. 

1\ stan dard 1 15-volt motor cou'ld ·b e  sub
stituted for the one sho\.\,.n .  It \vould ha\ e 
to be a 1 or 2 r .p . 111 . type and vvould prob
ably require the addit ion of li1nit S\vitches . 
These S\vitchcs \Vere built into the aircraft 
rnolor that \vas used . 

t i.11 tle1ase1· P•1rts S:ll,;"agetl. In 
need of a short length of }�" steel rod , I re
n1e1n bered an old rad io stored a\vav in the 

.. 

attic. The three-gang tuni1 1g condenser not 
only supplie'1 the desired rod, but 1na11y 
other useful items <1s 'vell .  

Included in the parts I salvaged are t\vO 
dozen 6-32 brass machine scre\vs, six 8-.32 
setscre,vs, t\VO dozen special \Vashers, eight 
lock \vashers, and n u n1erous brass plates·. 
-A. C .  Porter: South Bend: Ind. 
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AC1"1VE LINES : I-lorizontal liues 'vhich 
contribu te to the picture, as dis t ingu ished 
fro1n retrace Jines \Vhich are blanked out, 
or inactive . 

ARR .-\\'- :  An arrange1ncnt of t\VO or 1nore 
antenua cle1nen ts in a single systc1n . 

SPEC'f RATIO: 'fhe ratio of piet ure 
\Vidth to height.  The te leYision standard is  
4:  :3, although 1nany receiving sets use pic
tures of d ifferent sh ape. 

AU,.fO�I TiC GAIN < :ONTROL (AGC) : 
Electronic: regulation of an1 plification 

· 
of a 

rece iver to produce pictures of equa1 con
trast despite var iat ions in sign �11 strength . 

BEAl\'I : A strea1n of electrons 1noving in a 
unifonn path . A lso applied to response pat
tern,, of d irection al antenna array . 

BJ ... "\NK ING : In terruption of electron bea1 n  
i n  a pic:ture tube bet\.veen scann ing lines; 
i .e . ,  <luring retra(.'C of scanning vol tage. 

BO{)SrfER: An a1nplifier, usual1y broad
band, used to arnp l ify \.veak radio or tele
vision �iguals before they reach the receiver. 

C 'I El!1\ T ·1�E :  t\ pickt1p tube usecl al 
television s tudios and else,vhcre lh<it "pho
tographs

.
, a sc:ene aud converts the picture 

into varying vol tages that can be use<l t o  
n1odulate a video c:arricr \Vavc. 

HA�NEL : A port ion of the frequeucy 
spcctrun1 ass igned for the transn1ission of 
a con1plete tc)evision sigH a l .  

CHAl{AC1"ERIS'fl .. I l\'l.PED1\NCE: A ra
tio of'\'ol tagc to (.'llrrcut in any ci rcuit .  Ofteu 
used as descriptive of antenna . or tra11s-
1nission l ine. In the latter it describes the 
voltage-to-current ratio at every point a long 
the length of the l ine. 

COAXIAl4 C. BLE (COAX) : A cable used 
for high-frequency h·ansn1i ssion. It is usual-
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Iv circu lar and consists of a c:cutral conduc
tor , an outer shield, aud iusu lat ing 1nateria l . 

DEFLEC1'10� YOK E :  A unit p laced 
around the neck of 1nagnetic pietnre tubes 
to bend the electron bea1n ac:ross the tube 
face and up and do\vn . Th is produces the 
sc:anuing lines. 

DIPOLE: A.n antenna that is resonant to a 
half 'vavelength . Usu ally d i vided at the 
ce1 1tcr. 

DIREC'I'Oll : A. rod placed bct,veen a di
pole and trans1 11itter t o  increase sensiti" ity 
in one d irec:tion. 

DISCitl�IINATOR :  1\ circu it that detects 
or dc1nodu lates au F :\ 1  s igna l , i .c . ,  that 
separates t he  rncssagc portion ( n1odulation ) 
fro1n the high- frequency carrier \vave.  

E LE<.:l'ROi\ : A tiny portion of 1natter that 
has a nega tive electrical charge. 

14:1.,EC'f'JlOS'J' 'rI(: FIELD: A fieJd exist
ing in space hehveen l\VO charged bodies 
that exerts a force on electrons.  

FIELJ) :  J\ con 1 ple te t racing of an i 1nage on 
a television tube .  nder U . S .  s tandards, 
this contains on lv  hal f  t he infonnation trans-,. 

n1itte<l and is ac(·on1plished in l./GO sec . A 
seC'ond field, tpH.:ed in 1 he succeeding 1/60 
se<:. con ta ins the re1nai 1 1 iug 1)icture infonna
tion . ·r,vo field s constitute a fra1nc. 

FL �OltESCE�T SCREEN : A phosphor 
coaling appl ied to the inside face of a pic
ture tube. It l igh ts up \vhen struck by an 
electron bea1n, thus producing a picture. 

FOLDED DIPOLE: An arrange1nent of an 
• • 

antenna i n  \Vhich hvo ha lf-,vave dipoles are 
1nacle parallel an<l coutinuous. One of the 
dipoles ren1ains open at the center for con
nection. 

FR . .!\ME: One co1nplete picture of a tele-



v1s1on im�ge, consisting of t\VO fie.Ids. A 
frame lasts 1/30 sec. before bein� replaced 
on the screen by the follo\ving one. 

FRONT-TO-B ACK RA.TIO : The ratio of 
increased sensitivity of an antenna for sig
nals rece.ived from the desired direction and 
rejection of those con1ing fron1 the opposite 
side. 

GHOST : A subsidiary in1age seen along
side the desired in1age on a television 
screen. 

HALATION: A broadening of light on a 
television screen caused bv excessive bril-.. 
liance or reHection of light frorn inside the 
tube or through the glass. 'fhe effect re
sembles that of a cro,vu or halo. 

ICONOSCOPE : A type of pickup tube used 
in television ca1neras. 

11\IAGE ORTHICON : A television pickup 
tube \Vith high sensitivity to light. 

IMPLODE: Bursting of · a television picture 
,..tube. It is distinguished from "explode'' in 
that the '1igh vacuun1 inside the bulb causes 
the glass fragn1ents to fly irl\vard rather 
than ou t\vard. 

• 

INTERC1\RRIER SOUND : .A. design of a 
television receiver in \Vhich a singJe inter
mediate frequency a1n plifier is used for both 
picture and sound signals. 

INTERLACING : A systen1 of h·aci1_1g a tele
vision image in successive fields, each carry
ing half the infonnation. 

ION: A charged particle. Ions are e1nitted 
by the cathode of T\T picture tubes; if per
mitted to reach the screen, they \voulcl cause 
spots or discolorations of the phosphor. In 
electron1agnetic tubes they are re1noved 
fron1 the electron bean1 by ion traps. 

LIJ\illTER : An electronic circui t  used to rc-
1nove noise and atnplitude variations fron1 
an Fiv1 signal. 

LINEARITY : Distributio11 of the elements 
of a picture in either the hor izontal or verti
cal planes. 

J)IAGNE'fIC DEFLECTION: A syste1n 

used for bending the electron by: means of 
coils placed outside the picture tube. "' 

NOISE: Distortion or deterioration of a 
television picture due to atmospheric con
ditions, interference, and the like". Usually 
identified by a "sno\v» pattern. 

PERSISTENCE : 'The ability of the eye to 
retain the impressio11 of an image aftei;_ the 
light producing the picture is extinguished. 

RASTER: Scanning lines on a teleyision 
screen, usually \vithout picttrre information. 

REFLECTOR : A rod placed parallel to a 
dipole and on the side a\vay from the trans;_ 
n1itter. 

RETRACE: The travel of an electron beam 
f roin the end of one scanned line to the be
ginning of the succeeding one. Also called 
Fly back. 

SCANNING: The systen1 of breaking down 
any picture into successive lines, each sub
divided into areas of light and shado\v. The 
co1nbination of scanned lines reproduces the 
picture. 

SNOW: .. An i1nprcssion of rapidly 1noving 
\Vhite spots caused by certain types of tele
vision interference. 

SYNCHRONIZING PULSES : Electrical 
impulses sent out by the trans1nitter for the 
purpose of controlling those portions of a 
receiver circuit \Vhich govern the timing 
action of horizon Lal and vertical oscillators. 

'I'EARING: 'fhe appearance of a torn pic
ture caused by failure of synchronization 
that groups scanning lines improperly. 

TRA NSl\'IISSION LINE: Cable or \Vire 
used to carry electrical signals from a·n
tenna to receiver. 

\iESTIGIAI.J SIDEBAND TRANSMIS
SION : A n1ethod of picture rnoclulation in 
\vhich the carrier is rnodulatecl by all of the 
upper sideband and a portion ( vestige ) of 
the lo\ver sideband. 

YAGI : An antenna array in which one· ele
ment is used as a dipole for one band and 
as a reflector or director for another dipole 
in the san1e array. 
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7"t t./uz ma.n wh" wantJ 

EVERYBODY'S 
RADIO MANUAL 
256 Pages! 216 Pictures ! 

75 Wiring Diagrams! 

ONLY $1.49 in Deluxe Binding 

Get your step-by-step instructions 
for radio repairing from 1his clear
cut easy-to-use manual! Before you 
know ii you'll learn how to wire a 
battery set for AC current, add a 
phonograph attachment, adapt a 
set for short wave. 

· 

llow to make old sets 
sou 11d just like new ! 

Every job is quid! and simple with 
this great volume! You'll. read how 
to give those dusty old sets bright 

RAD I O  FO R 
TH E M I LLIONS 
648 Pictures ! 192 Pages! 

78 Complete Plans! 

ONLY $1.98 in Deluxe 8i1�ding 

new cabinets, loudspeakers that 
sound like new, and the tone you'd 
expect from a big new high fidelity 
model! Hundreds of picrures show 
you how to "trouble-shoot" from 
A to Z-how to check circuits, read 
diagrams, improve selectivity, meas
ure voltages, and even make your 
own testing instruments. And that's 
not all-for you'll learn how to build 
1 1  brand new sets, everything from 
an AC-DC short wave receiver to a 
3-way portable. It's just bursting 
with shortcuts, .Pictures, diagranzs! 
So order now/ 

Now you can build your own favorite 
radi o-a// by yo11rsel/! Here's the book 
that shows you how to construct 78 
GREAT NEW SETS! It explains every 
step to follow-tells you the parts you'll 
11eed-diagrams every wire and every 
coil! You'll find it's jam-packed with 
plans for all your favorite models
gianr consoles, handy little portables, 
brilliant FM's, a radio. built for a bi
cycle, 2-tube sets, radio . phonograph 
combinations, AC-DC receivers, an all
wave radio, a kitchen radi o  - a vast 
treasure of ideas in one big ,book! 

SCORES. OF NEW RADIO IDEAS! 
What's more, you'll find new ideas ga
lore-learn how to build a high fidelity 
amplifier, handsome new cabinets, dual
turntable phonograph, rectifier unit, 
television antenna, record player, home 
recorder, even a light beam transmitter! 

And think of it! A giant book in 
DeLuxe binding with 648 pictures, 192 
pages, 78 complete plans for radios 
and phonographs-all for ONLY Sl .98! 
Just one of the items here could save 
you the cost of the entire book! So 
order right 11ow! HTA-50 

POPULAR SCIENCE PUBLISII ING CO. 

363 4th A\·enue. New York 10. N. Y. 

· SAV E o Stomp by U s i n g  th  Pos tog e · F R E E_ Ord�.' - Co rd  0!1_ Boe� Cov er  Flop 
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DELUXE 
EDHION ONLY 

DETAILED INSTRUCTIONS 
SHOW HOW TO MAK.E : -

Matching chair, table and lamp 
Collapsi ble clothes hamper 
Colonial plant boxes 
Occasional mirror 
Folding luggage stand 
Repairs on your radio 
Repairs on electric motors 
Period Cdbinet 34 inches tall 
Repairs on door locks 
Model v. indrt'i ll for your aarden 
Handy refreshment tray 
Repairs on your vacuum cleaner 
MOdern cabinet for s�wing m;;..--hine 
Chest and secretary furniture 
Backyard poultry house 
Kitchen knife rack 
Doi: house 
Rustic bench and table for outdo.Jr< 
?t-todel scenery for electric train 
Dozens of chemical experiments 
Radio static suppressor 
Rustic name post 
Horne-built radio charger 
Add-a- unit bookcase 
Repairs on your sewing machine 
Dozens of car i mprovements 

AND HUNDREDS MORE in the 
Home lfl'orksbop En,ydopedia/ 

· 580 PAGES.! ,_ .� 
� - � - . . . 

840 ITEMS ! - .. 
. 

· 1 883-PICTURES ! 
- :inted in 5 COLORS! 

You'll have the time of your life with this "NEW Home Work
shop En,ydopedia" I It's jam-packed with an endless variety of 
things to make and do . . •  hundreds of interesting and useful 
projects for your workshop . . .  detailed instructions for working 
with hand and power tools . . .  for making all sqrts of furniture, 
household accesso:ies, toys, games, gifts and gadgets-from a 
kitchen storage unit to a period cabinet ! 

TOYS, M O D ELS, FURN ITU R E, HOME REPAIRS! 
It's bursting with short-cut suggestions for every kind o f  im
provement around the house, garden, workshop, playroom and 
garage. New shop ideas ! Ideas for keeping the home shipshape ! 
Radio ideas ! Aids to modern living ! Photo ideas ! Home experi
ments ! Ideas for motorists ! Boat ideas ! 

It 5hows you how to do your own carpentry, machine work, 
wood carving, painting, repairing and electrical work. It gives 
you expert advice on caring for your car, repairing vacuums and 
sewing machines, insulating your house, servicin� your radio, 
and scores of other odd jobs around home. 

What's more, it's brimming with exciting how-ti>-do-it  infor
mation on chemistry, electronics, gardening, home movies, model 
ships and planes, miniature trains, whittling and other hobbies. 

SEND NO MONEY NOW - ENJOY 5- DAY FREE TRIAL 
h's new from cover to cover! 

. •  With over 800 thrill ing 
things to do. A handscuc L>eluxe 
volume iuxuriously bound in 
Buckram cloth. Pric<"d ar only 
S3.48 instead of the S5 .00 you 'd 
expect to pay, this huge book 
primed in 5 colors ;, the h11r-

gain of 11 lifetime! A single 
item can save the entire cost 
of rhe volume! Order now ! 
Mail order form on back cover 
ftap. On delivery pay postman 
S3.48 plus few cents postage as 
payment i n  ful l .  I f  not delighted 
return it in 7 days for refund. 

Outdoor Life, Dept. RT A-50, 353 Fourth Avenue, New York 10, N. Y. 
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