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Building a simple, good quality three-tube superhet, & more! 

It’s time to build a superhetero¬ 

dyne receiver. But before you run off 
screaming into the sunset looking for 

a bed under which to hide, you must 

understand that a superhet does not 
need to be complex, expensive, or 

mysterious. In fact, the construction 

of the simple superhet shown here 

was no more difficult than the TRF 

regenerative receiver demonstrated in 
Experimenter 4. 

This three tube machine may 
look difficult to build, but that lowly 
crystal set you built not long ago 

looked overwhelming in the begin¬ 
ning. Once you get this simple re¬ 
ceiver working, you'll be saying to 
yourself "That wasn’t any more com¬ 

plicated than anything else I've ever 
built. Why did I wait so long to build 
a superhet?" 

The superhet we'll build here is 

anything but sophisticated. It cer¬ 

tainly does not come close to the qual¬ 
ity of receiver that can be built at 

home. And yet, this simple little re¬ 

ceiver will outperform almost any 
regenerative receiver. There is no re¬ 
generation control needing constant 

adjustment. And the 5 khz selectivity 

of this superhet will seem razor-sharp 
compared to that of a regenerative. 

Unlike a regen, once you have this 
superhet receiver pulling in signals, 
you'll be able to modify and improve 
circuits, add new enhancements, and 
keep upgrading the receiver in the 
ways you want. There is not much you 
can do to significantly improve the re¬ 

generative. All the essential receiving 
functions are wrapped up in the one 

detector tube. Only when you sepa- 
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rate the various functions into sepa¬ 
rate stages, can you improve the re¬ 

ceiver. In other words, superhets not 
only outperform regeneratives, they 

also open up a whole new area of ex¬ 
ploration and experimentation. And 
it's something in which you can cer¬ 

tainly participate. 

The Three-Tube Superhet 
The original inspiration for the 

receiver shown in these pages was a 
receiver offered to readers of QST in 
the August 1938. De¬ 

scribed was a battery- 

powered three-tube 
superhet receiver de¬ 

signed for portable and 

emergency work on 

lower frequency bands. 
A 6K8 hexode-triode 

vacuum tube provided 

frequency conversion. 
The triode oscillated cre¬ 

ating the local oscillator signal which 

mixed with the incoming signal off 

the antenna to create a new, ampli¬ 
fied signal at 46'0 khz. 

The newly manufactured signal 

which still carried the program infor¬ 

mation of interest, was fed to the in¬ 
put tank circuit of an intermediate fre¬ 

quency (IF) transformer. While the 

input tank circuit rang like a bell at 
460 khz, the output tank circuit lis¬ 
tened and also rang. Since both the 
input tank circuit and output tank cir¬ 

cuits were carefully tuned to exactly 
the same frequency, the only signal 
going into the transformer that has 

any chance of coming out the other 

end was a signal in the vicinity of 460 
khz. Signals significantly lower or 
higher than the 460 khz center fre¬ 
quency just didn't get through. In ot¬ 
her words the IF transformer was a 

460 kHz filter. 

From the output side of the first 
IF transformer the signal entered the 

grid of a 6I<7 variable-mu pentode, 
also known as a super-control or re¬ 
mote-cutoff. The job of this tube was 

to dramatically amplify the 460 khz 

and feed it to the next IF transformer 
for even more filtration. By the time 

the signal exited the output of the sec¬ 

ond IF transformer, only signals in the 

range of 457 to 463 khz were left 

standing. Every other frequency had 
been eliminated. 

Next, the highly refined signal 
was fed into one of the 

grids of a dual-triode 

6C8 where it was de¬ 
tected, that is, the in¬ 

formation was stripped 

off the 460 kHz carrier 

frequency. No grid-leak 
pair was used in the 
grid lead to bias the 

tube. That wouldn't 
work well. Instead, a 

cathode resistor developed a constant 
bias using the current supplied by the 
power supply. This was known as 
"plate detection". In addition, the tri¬ 

ode also provided amplification of the 
audio signal that was stripped from 
the 460 khz carrier. High impedance 

earphones inserted into the B+ lead 
to the triode plate converted the out¬ 

put current into sound. 
If the signal being received was 

CW (Morse code), no tone would be 
heard until another signal from the 

beat frequency oscillator (BFO) was 
mixed in. The other triode of the 6C8 

pair was configured as a Hartley os¬ 
cillator that created a signal just above 

or just below the carrier frequency. 
For instance, you could set the BFO 

to produce a 460.7 khz signal. Some 
of that leaked into the detector side 
of the tube to mix with 460 khz to 
create a tone that was equal to the 
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difference of the two signals. In this 

case, 460.7 minus 460 leaves .7 khz 
or 700 cycles. Every time the trans¬ 

mitter was keyed, a carrier was trans¬ 
mitted, and a 700 cycle tone appeared 

in your earphones. 

These days, a BFO is essential if 
you want to receive single sideband 

signals (SSB), which amateurs weren't 
using in 1938. AAA signals provide a 

powerful carrier against which the 

sidebands are compared (ifyou want 
to think of it that way.) SSB signals 
have no carrier supplied, so the re¬ 

ceiver must supply its own, and that's 
the job of the BFO. Technically speak¬ 

ing, the plate detector is not the best 
type of detector for SSB, but you can 
install a product detec¬ 

tor in one of your future 

superhets if SSB is your 
first love. 

An improved ver¬ 

sion of the August '38 
circuit appeared in the 

1942 Radio Amateur's 

Handbook and was still 
in there at least as late as 1946. The 

IF transformers were replaced by 

1600 khz models to improve high fre¬ 
quency performance by eliminating 

unwanted signals (improved image 
rejection) and the 6K7 was replaced 
by the new 6SK7. 

The control grid in the 6K7 was 
attached to the cap on the top of the 
tube. Minor changes in construction 
later allowed the grid lead to be 

brought out to the base. Instead of 
having leads coming out of both end 

of the tube, all leads came out of the 
same end, resulting it being called a 
"single-ended tube." To denote this 
the letter "S" was added, giving 6SK7. 
These tubes are very similar, but the 

6SK7 provides about 50% more 
transconductance (the grid has im¬ 
proved “hearing") making it more sen¬ 

sitive. The Handbook receiver also 

provided a circuit for a 6F6 power am¬ 
plifier should you want to drive a 

loudspeaker (assuming you have an 
adequate power supply.) 

Parts for the superhet we're 

building are no more difficult to find 
than those for a regenerative receiver. 

In fact, about the only parts no longer 

being manufactured are the tubes and 
the variable capacitors. You can buy 

inexpensive trimmer capacitors, plas¬ 

tic octal tube sockets, resistors, bypass 
capacitors and so on. Most parts can 

be found in junked "boat anchors" 

that no one wants any longer. You 
don't even need IF transformers. You 
can wind your own. 

This receiver has 

four stages, so if you 
approach building the 
machine with the atti¬ 

tude that you’re build¬ 
ing four one-tube ra¬ 

dios that are then 

hooked together, you 
may find the project 

less formidable. Ifyou find yourself 

saying, “That's too complicated. 1 
could never build that,” then you've 

already consigned yourself to failure. 

And 1 don’t want to hear that. The 
world already has too many people 
with self-defeating attitudes. This is a 
project that you CAN build. And you'll 

find when you start using it, that it 
certainly was worth building. So get 
started now. 

Our Superhet 
In building this simple demon¬ 

stration superhet, I assumed we 
would use octal tubes plugged into 

relay sockets mounted on a pine 
breadboard just like so many of our 
other receivers. And I assumed that 
you don't have IF transformers in your 
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junk box. If you have a pair on the 
same frequency, use them. But you’ll 

still need to fabricate a BFO coil and 
a coil for the alignment oscillator, so 

perhaps you should consider winding 
all the coils for your first receiver. 

1 started out usingthe 6K8 as the 
frequency converter. But I just 
couldn't get it to oscillate reliably. 

None of the 6K8's in my tube collec¬ 
tion would oscillate reliably regardless 

of the changes made to component 
values and coil windings. 1 suspect 
that the problem lies in long lead 

lengths necessary on a breadboard. So 

I gave up on the 6K8 and used the 
more modern 6SA7 pentagrid con¬ 

verter which has never failed me. In 

addition, 1 used a 6SK7 for an IF am¬ 
plifier tube, and same 6C8 tube de¬ 

scribed in both articles. These three 

tubes are available inexpensively new, 
in the box. And they’re readily avail¬ 

able used at giveaway prices. 
The first step in designing the 

receiver was to choose the desired fre¬ 

quency band: 80 meter amateur band 

- 3.5 mhz to 4 mhz. Next, you must 
choose your IF frequency. Since we're 

building our own IF transformers, we 
want a low frequency so that we have 
good selectivity, but not so low that 

images become a problem. 1 chose 
400 khz. 

That means we'll a resonant tank 
circuit that tunes from 3.5 to 4 for the 
antenna lead feeding the 6SA7. The 
oscillator has to tune a range higher 

than the incoming signal by 400 khz 
(.4 mhz) so that when the desired sig¬ 
nal is mixed with the local oscillator 

signal, the different of 400 khz will 
get through the IF transformers. That 
means that the resonant circuit in the 

local oscillator area of the 6SA7 must 
tune from 3.5 +.4 or 3.9 me to 4.0 + 
.4 or 4.4 me. And that's about all the 
design decisions we’ll have to make. 

And believe it or not winding the two 
coils for 3.5-4 and 3.9-4.4 is the most 

difficult part of building the whole 
receiver. 

The IF transformers are created 
by winding 360 turns of #30 enam¬ 

eled wire onto cardboard tubes ex¬ 
tracted from rolls of kitchen plastic 

wrap. Six coils are created. Four are 

used in the two IF transformers. The 

other two coils are provided with a 
tap near the ground end so that they 

can be used in the BFO oscillator and 
in the transistor alignment oscillator 

needed. Winding these coils can be 

difficult unless you first build a very 

simple coil winder. Using it, high-qual¬ 
ity coils can be wound very rapidly 

without failure. 

Once the coils are glued to a 
small square of thin plywood they get 
mounted on a larger baseboard and 

surrounded by shielding - "the can". 
To get the job done as quickly and in¬ 

expensively as possible, the cans are 
fabricated from corrugated card¬ 
board, Elmer’s glue, spray adhesive, 

and kitchen aluminum foil. And I’m 
hear to tell you that despite how 
primitive they may be, these IF trans¬ 

formers really do perform very well. 

The first step is to build the 
simple transistor alignment oscillator 

so that you can use it to test each 

stage as you build. Actual construc¬ 
tion starts by building circuits around 

each of the three tubes, and connect¬ 
ing them together with the IF trans¬ 

formers. I started with the 6C8 BFO- 
detector stage and worked forward 
toward the pentagrid frequency con¬ 
verter. You can test each tube as you 
go along to be sure it works before 

going onto the next stage. By the time 
you get to adjusting the front end 

tank circuits, you'll knowthatthe rest 
of the radio is working well. 
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Detector Stage 
The left side of this double tube is the real radio. Everything else in the receiver is 
there to make it perform better. 

Some of the 400 khz signal will come 
through the tube and appear on the 
plate. This WOO pfd capacitor takes /-s 

most RF to ground but leaves the A /\ 
audio signal intact. 

The 47K resistor dramatically reduces the 
I 90 volts down to less than 40 

Higi/z Phones* that the BFO signal 
is not so strong that it 

overwhelms 

— . 7000j—f 

s 
o 

g±J 
' 1 
t V 

— 
—-3 V 

47K BF0 5w 
r-/vVW-^< +90 

the RF we 
want to de¬ 
tect. 

10 mfd 
25V 

The WK resistor 
develops the grid bias voltage ^==f 

needed to make the tube detect. 
You may have seen a 1 to 5 megohm 
in the grid lead of grid-leak detectors. 6-70\y*__^_ 
This detector is better in that it does 
not load down the secondary of the IF 
transformer which would undermine 
selectivity. /4 cathode resistor is the hallmark of a 
plate detector. 

This tube does double service. It detects the RF 
and then amplifies the resulting audio frequency. 
Since the WK resistor undermines audio gain, the 
damage can be undone and the gain restored by put¬ 
ting a large capacitor around the resistor which acts 
as a dead short at audio frequencies. 

The W pfd ca¬ 
pacitors in se¬ 
ries with the 
WO pfd vari¬ 
able adjusts 

~ the BFO fre¬ 
quency so that it is 

700 to 1500 cycles 
above or below 400 khz. 

When the BFO signal mixes 
with RF in the detector side 
of the tube, an audio tone 
is created. No direct connec¬ 
tion is necessary between the 
BFO and detector. Signal 
will "leak" from one side of 
the tube to other. 

You almost always find grid-leak bi¬ 
asing in the oscillators used in classic 

tube superheterodynes - for a very im¬ 

portant reason. The resistor with capaci¬ 
tor in parallel with it together with the 

grid and cathode of the tube convert 
some of the incoming RF into a DC volt¬ 

age that makes the grid a few volts nega¬ 

tive with respect to the cathode. The 
stronger the incoming signal, the more 

negative the bias, and the less capable 

the tube is of amplifying. When there is 
no signal coming in, the grid is relatively 

positive and the tube amplifies as hard 
as it can. 

When you first turn on the power 
to the oscillator, it is not oscillating. No 

signal. No bias. Heavy conduction. That's 
like hitting a bell with a hammer. The 

oscillation starts, and now the grid leak 

has a signal that it can use to create nega¬ 
tive bias and scale back the tube conduc¬ 

tion to a reasonable level. In other words, 

using grid-leak bias in an oscillator is an 
almost foolproof way of assuring instant 
start-up when power is first applied. 
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IF Amplifier Stage 
The IF amplifier dramatically increases the power level of the 400 khz signal pass¬ 
ing through so that the detector can properly detect it and develop an easily heard 
audio signal in the earphones. 

6SK7 

The 6SK7 is a metal, 
remote-cutoff pentode 
(aka: super-control, 
variable-mu). A 6K7, an 
earlier version will work, 
but will deliver slightly 
less gain. I 

— 2 7 

-7T <330 

You might get by 
with 470 here. 
Or put a 220 in 
series with a WO 
to get 320. Or sol- 

,der a 1000 in 
parallel with a 
470 to get 320. 
That should be 
close enough. 

80K 5,000 
(47K&33K if Gain \ 

in series) 

To operate properly, a tube usu¬ 
ally must be "biased." From 1 to 10 

'Changes the bias on the tube grid 
which changes the gain of the tube. 
Translation: this is a volume control. 

volts of direct current must be applied 

to the grid so that alternating current 
(400 khz here) is amplified without 

distortion. Current flows from plate 

to cathode, through the cathode re¬ 
sistor to ground which makes the 
cathode a bit more positive by a few 
volts than the ground. Or said another 

way, the ground is a bit more nega¬ 
tive than the cathode. If you tie the 
grid to ground, you can say, by exten¬ 

sion, that the grid is also a bit more 
negative than the cathode. If you want 
to check the bias on the grid of a tube, 

merely measure the voltage devel¬ 
oped across the cathode resistor from 

cathode to ground. That will be the 
grid bias voltage as well. 

The biasing concept is a bit con¬ 
fusing until you straighten out in your 
mind the fact that a tube is doing two 

current around through some com¬ 

ponents, and moving alternating cur¬ 

rent around through often entirely 

different components. 
In this circuit an 80l< ohm resis¬ 

tor (47k in series with a 331<) in se¬ 
ries with a 5000 ohm pot modifies 
the bias voltage over a wide range to 
control the gain of this variable-gain 
pentode. The 5I< pot and 801< resistor 
add up to 85K. Don't use much less 

than 851< total. A 10l< pot will work 
here, but a 11< pot won't give much 

control over volume. 
The .1 mfd capacitors shown are 

necessary to siphon off any RF to 
ground, thereby keeping the DC in 
those portions of the circuit clean and 

pure. You might get by with .01, and 
probably .05, but .1 mfd is preferred. 

separate things at once: moving direct 
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Frequency Converter Stage 
So far we have a nice little receiver for 400 khz. Who cares? The signal we want is at 
3885 khz. What are we going to do? Simple. Change 3885 (or any other frequency) 
into 400 khz. This stage brings the 3885 signal we want down to 400 khz. Ah! the 
genius of Edwin Armstrong. - 

6SA7 n I Tv t r Another 

17"T§ § punJTng ■ °i — — Zjxi-i—4—h — C capacitor - 

° 6~70m % = 1 literally a 
°"~S Tm [yAy I sewer for 

]\z\ 17 / unwanted 
_L " ) ~ / signals 

Antenna 
Peak 

22K is recommended by the 
tube manual. It must be high 
enough to make the oscillator 
operate, but low enough to cre¬ 
ate the proper bias so that the 
other electrodes inside the tube 
will do their job as well. 

The 6SA7 is a pentagrid converter that 

appeared about 1938. Pin 4 is con¬ 
nected to a pair of screen grids 

(shielding grids - Brits say screening, 

Yanks say shielding). The cathode and 
the grid closest to it (pin 4) together 

with one of the screen grids form a 

triode that is connected up as a 

Hartley oscillator with grid-leak bias¬ 
ing. The screen grids act as a plate. 
It's a very simple oscillator, but it 
works very well. 

Another grid buried between the 
screen grids (pin 8) brings RF in off 
the antenna where it mixes with the 

signal created by the oscillator. In the 
collision of these two signals, two 
additional new signals are created: the 
sum and the difference. If we collide 

3885 from the antenna with 4285 
from the oscillator, the sum will be 
8170, and the difference will be 400. 
When these two signals, together 
with the original signals, are pumped 

22,000 

mZ r ^ \ The 50 pfd capaci- 
T ,, +pQ tor and 22K resis¬ 

tor may not look 
^ like the typical 

grid-leak pair, but 
they ARE a grid- 
leak pair. 

into the 400 khz IF transformers 
which are essentially deaf to anything 

but 400 khz, three signals get lost in 

never-never land, and only the 400 
khz signal comes waltzing out the 

other side and into the lap of the IF 
amplifier tube. 

It should be apparent that we 
need to create a tank circuit to reso¬ 

nate at the desired frequency and 
hook it to pin 8. It will help select only 
the signal we’re interested in, and 
keep everything else out. And we 
need to create a tapped tank circuit 

that is 400 khz higher than the de¬ 
sired signal for use in the oscillator. 

There really isn't much more to 
it than that. The only complexity is in 
winding the coil, but creatingthe tank 
circuits will be discussed shortly. And 
that's not difficult, either. We dis¬ 
cussed that in detail in Experimenter Vol 

2. 



The Original Source of Inspiration 
This receiver for emergency and portable radio communication appeared in the 
August 1938 issue ofQST, and League handbooks for the next several years. 

Ci, C2—100-pnfd. midget trolytic. former, interstage 
variable (Hammar- C10—0.005-p/d. mica. type (Sickles 6504). 
lund HF-IOO). Ri—300 ohms, '/j-watt. T3 —460-kc. permeability- 

C3—35-uufd. variable R2—50,000 ohms, lfawatt. tuned b.o. trans- 
(Hammarlund MC- R3—500 ohms, y2-watt. former (Sickles 
35-S). Rt—10,000 ohm*, 6577). 

C4—100-iififd. midget mica. R&—50,000 ohms, x/z*vatt. Su>—S.p.s.t. toggle switch. 
Cb-Cs, inc.—0.1-ufd. paper. Ti, T2—^460-kc. permeabib J—Open-circuit jack. 
Co—10-nfd. 25-volt elec- ity-tunea i.f. trans- 

The value of amateur radio was driven 

home during the devastating floods 

along the Ohio River Valley in Janu¬ 

ary 1937 (see QST April 

1937 for details) when 
other lines of commu¬ 

nication were de¬ 

stroyed. Suddenly ama¬ 
teurs realized they 
needed better emer¬ 
gency radio equipment, 

and this simple receiver 
was the first step in that 

direction. 
When this ap¬ 

peared, about the only 
receiver any amateur would dare try 
to build was a regenerative. If he was 

courageous, he might even put an RF 
amplifier stage on it to create a TRF 
like we did in Vol 4. What the inimi¬ 
table George Grammer, Asst Techni¬ 

cal Editor for QST, did was to shoot 
down amateurs' excuses against try¬ 

ing to build something new, and defi¬ 
nitely better. 

He demonstrated that a superhet 

could be built using no more parts 
and no more money (remember this 

was the Great Depres¬ 

sion) than needed to 
build an inferior TRF. 

His goal was to cre¬ 
ate a receiver that de¬ 
livered stability and re¬ 

liability during emer¬ 
gencies. Because it was 
to be used in unusual 

locations, it must be 
battery operated. That 
restriction in turn, 

meant that the tubes 
could not draw excessive power. And 
the resulting receiver delivered on 

every one of those needs. 
When I encounter crystal-set 

builders and others who are terrified 
of exploring new avenues of radio 
building, I’m always reminded of this 
simple little radio that could do so 

much. It really isn't all that scary. And 
it need not be expensive. 
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The Son of August 1938 
When the beauty of the little three-tube superhet became apparent, improvements 
were immediately suggested. This little variation appears in my copy of the 1942 
Radio Amateur’s Handbook and other years as well. 

All Heaters 

One of the major shortcomings 

of any superhet with a low IF fre¬ 

quency (455 or lower like ours) is the 
reception of images - that is, un¬ 

wanted signals. We'll talk about that 

later. 
Jacking the frequency up from 

460 kc in the original signal to 1600 

kc in this model immediately im¬ 

proved performance on higher fre¬ 
quencies. What was sacrificed was 

poorer selectivity (also to be dis¬ 
cussed.) 

Bringing the coils and other com¬ 
ponents closer together physically to 

reduce lead lengths together with a 
simple shield between coils also im¬ 
proved high frequency performance. 

The other major improvement 

was the use of the 6SK7 pentode in¬ 
stead of the 6K7 version. 

My initial experiments to repli¬ 
cate these sets on a breadboard were 

the long lead lengths that are part of 
breadboarding. 

If you plan to build your superhet 
on a metal chassis, the 6K8 is worth 

investigating. Even on a breadboard 
it performs as an excellent mixer, but 
I could not get it to oscillate well 

enough to meet my needs. 
Finally, I said ‘'Nuts!". Well, actu¬ 

ally the word I used was much worse. 

I dug a 6SA7 pentagrid out of my tube 
box hooked it up to a coil left over 
from a previous project, and it oscil¬ 

lated without fail. In fact it oscillated 
too strongly. More on that later, too. 

The 6I<8 will work. We did that 
with the converter in Vol 2 to some 

failures. I just could not get the 6I<8 
to oscillate reliably regardless of how 
1 positioned components, how much 

tickler 1 put in the oscillator tank cir¬ 
cuit, or anything else I tried. There 
may be something I overlooked but I 

suspect that the 6I<8 will not tolerate 

degree. My advice is that if you like 
to breadboard, use the 6SA7 or its 

direct descendant, the miniature 
6BE6. It has worked so well so many 
times for me, that anything else 
should be avoided until you have 

superhet experience under your belt. 
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IF Transformers 

Intermediate frequency (IF) 
transformers are the heart of old-time 
tube superhet receivers. Understand¬ 
ing IF transformers is crucial to un¬ 
derstanding over superhet perfor¬ 

mance. 
It all comes down to Q- quality 

factor. When we connect a capacitor 
across the leads of an inductor to 
form a resonant circuit, what the old 

timers called a tank circuit, we be¬ 

come concerned with Q, 
Tank circuits in radio building act 

as filters. They select a frequency for 

us. Their ability to select only the fre¬ 
quency of interest is related to Q. Let’s 

suppose we have a tank circuit when 
a Q.of 100 that resonates at 3000 khz. 

A very good estimate of its ability to 

select a frequency, can be calculated 

by dividing 3000 by 100 to give an an¬ 
swer of 30. This tank circuit would re¬ 
spond nicely to frequencies plus or 

minus 15 khz either side of 3000, or 
2985 to 3015. If we have a tank cir¬ 
cuit with a Q of 100 and a resonant 

frequency of 400 khz, the bandwidth 
is 400 divided by 100, or four khz. A 
400 khz tank circuit with a Q. of 80 
would have a bandwidth of 400 h- 80, 

or 5 khz. 
Since 5 khz is preferable to 15 khz 

for the reception the kinds of signals 
we’re interested in, it should be obvi¬ 

ous that if we can create a tank cir¬ 
cuit with a Q. of 80 to 100 that we 

should put it on the lower frequency 
of 400 khz to get the better selectiv¬ 
ity than put it on 3000 khz where se¬ 

lectivity is much poorer. 
In building a superhet, we choose 

a low frequency where IF transform¬ 
ers can be fabricated that will provide 

small bandwidths, that is, high selec¬ 
tivity. And since the stations we want 

to listen to don’t exist at the low fre¬ 
quency chosen, we have to bring the 

stations to the low filtration fre¬ 

quency with the frequency converter 
stage. 

Imperfections in coils and capaci¬ 

tors lower the Q. It is quite easy to 
make small capacitors we use for tank 

circuits from materials that deliver 

high Q. The two oldest and most com¬ 
mon are ceramic and silver-mica ca¬ 

pacitors. It's not uncommon for a ca¬ 

pacitor to have a Q.of 10,000. Techni¬ 
cally, we don't talk about capacitor Q, 

but rather, dissipation which is one 
divided by Q, In other words, a capaci¬ 

tor with a Q of 10,000 would have a 
dissipation of 1 10,000 or .0001 

which is the same .01%. Parts cata¬ 

logs will often rate capacitors on the 
basis of their dissipation. But regard¬ 

less of whatyou call it, capacitors are 
so close to perfection that they have 

little impact on the overall Qof a tank 

circuit. 
What we have to be concerned 

with in a tank circuit is the Q of the 
inductance - the coil. Coils are usu¬ 
ally wound with copper wire which 

will have a small resistance to direct 
current. For example, a coil for a 400 
khz tank circuit may have 2/10 ohm 
of resistance. That's not too bad, but 

another phenomenon pops up when 

we put high frequency into the coil: 
skin resistance. The laws of physics 
demand that high frequency alternat¬ 
ing current flow on the outer most 

surface of the wire. As the frequency 
increases, less and less RF will flow 

through the center of the wire. More 
and more will flow on the skin of the 
wire. With less and less copper being 
used to conduct the RF, the resistance 
dramatically increases. A coil in a 400 
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khz tank circuit with a Q. of 80 could 
easily present 38 ohms of resistance 

to RF, but only .2 ohm to DC. In fact 
at very high frequencies a silver plated 
broom handle will conduct RF every 

bit as well as a solid silver bar of equal 

diameter. RF refuses to flow on the 

And isn't that what Q. means: overall 
quality? 

Knowing these basic principles 
allows us to create better coils. But 

one other variable is important: the 
coil form. Ifyou wind a coil on a card¬ 
board tube, the cardboard will absorb 

inside of the conductor. 

So we wind a coil by wrapping 

wire around a cylindrical form. RF cur¬ 
rent flows into the coil and travels 

around one turn. The RF current flow¬ 

ing through the resistance caused by 
skin effect creates a tiny voltage drop. 

So in a single turn of a coil you end 

up with two wires side-by-side that 
have a very tiny difference in voltage 

between them. Again, the laws of 

physics say that any time you have 

two conductors with a voltage differ¬ 
ence between them, you have capaci¬ 
tance. In effect, the problem of skin 

effect resistance creates capacitance 

between adjacent wires in a coil, and 

that's big trouble for us. 
If you think of a coil as a dam 

behind which you want water, or elec¬ 

trical energy in this case, to pile up, 
the turn-to-turn capacitance (self 
capacitance), even though it’s 

tiny, is like a series of tiny 
holes in the wall of 

the dam. The dam 

leaks and can’t do its 

job effectively. The 
winding-to-winding 
capacitance creates a kind of short 
circuit around windings and under¬ 
mines the ability of the coil to gener¬ 

ate a magnet field. In other words, the 
self-capacitance lowers the effective 
inductance of the coil, and decreases 

the coil Q. which decreases tank cir¬ 
cuit Q. And if you think about it, it 
makes sense. As the skin-effect be¬ 
comes more and more prominent, in 
other words, the losses increase, the 
poorer the overall quality of the coil. 

some of the radio energy flowing in 

the coil. In a sense, it’s like shoving 
one of your shoes in the microwave. 

Extremely high radio energy heats the 
shoe. That’s fine if you're planning to 

eat the shoe for dinner. But in our coil 

we want the energy to stay in the coil 
and NOT heat the cardboard. So we 

need a coil form that is electrically 
inert - something that has high di¬ 

electric strength. Air is probably best. 

Mica is great. Cardboard isn't bad if 

it's dry, and you can keep it dry. 
Winding a high Q.coil requires a 

coil form of quality material, but a 
thin wall cardboard tube is good 

enough. High Q. also requires larger 
diameter wire at high frequencies 
since it will have more surface area 

and thereby re¬ 
duce skin effect 
resistance. Or at 

low frequencies 
we can reduce 
skin effect by us- 

Asimple ing Litzendraht 

solenoid can yield (Litz) wire which 

high Q inductance, has enormous 
amounts of sur¬ 

face area. And probably most impor¬ 
tantly, keeping the start and finish 
leads of the coil away from one an¬ 

other will yield high Q, The capaci¬ 
tance between windings allows them 
to “hear" one another, so anythingyou 

can do to "sound proof" the coil is 
better. Keep the two leads of the coil 
as far away from one another as pos¬ 
sible. 

The simplest high Q coil is a so¬ 
lenoid. You merely wind the coil 

12 



around the form with turns side by 

side. If the coil is four inches long, the 
start and finish leads are four inches 

apart. They don't hear one another 
very well. Capacitance is lower than 

if all the turns were just jumble 

wound on top of one 
another. It is possible 

to wind coils with Q.'s 

in the vicinity of 150. 
Another trick in 

winding solenoids is 

to space out the turns 
of the coil. The fur¬ 

ther away from one 
another the plates of 

a capacitor are posi¬ 
tioned, the lower the 

resulting capaci¬ 

tance. Since windings 
act as plates of a ca¬ 
pacitor, spaced wind¬ 

ings can significantly 
reduce winding ca¬ 

pacitance. 

A third trick is to do away with 
the cylindrical form replacing it with 

just a few strips of styrene or similar 

quality dielectric. You end up with a 
coil that is mostly air. Q’s of 200 to 
300 are easily attainable for such coils. 

For our IF transformers we'll 
wind solenoid coils on cardboard 
tubes that, for me, have delivered 
measured Q's of 130. The problem is 
that their overall length is almost six 

inches. That means the IF transform¬ 
ers are huge and that the radio will 

be as big as a table top. For us that’s 
not such a problem. 

If you were a manufacturer of 

tube radios years ago, you had to find 
a way to reduce the size of the IF 

transformers, so that you could re¬ 
duce the overall size of the whole ra¬ 
dio. That required a different coil ge¬ 
ometry. In simple terms a wire was 
wound on a cylindrical form, but in¬ 

stead of letting windings progress 

down the tube, the windings were 
piled on top of one another resulting 

in a winding that looked like a plat¬ 
ter, or “pie", as it's called. The diam¬ 
eter of the form might be 1/2” but 

the outside diameter 
of the coil might be 
3". And the technique 

works well since the 
start winding and 

finish winding are 

much further apart 
than if jumble 
wound. Another trick 

is to use Litz wire to 
gain Q, But the best 

trick is to wind thin 
pies with adjacent 

layers of wires posi¬ 

tioned at angles to 
one another which 

reduces capacitive 

coupling. This type of 
winding is called the 

universal winding. Such coils require 
very special equipment for winding, 

skill in its use, and experience in pick¬ 

ing the right geometry for the right 

coil form for the frequency needed. 

This is something we cannot easily du¬ 
plicate. But if we could, we could cre¬ 
ate IF transformers that are tiny com¬ 
pared to those we are about to build. 

Creating IF Transformers 
To create IF transformers we 

need to pick a frequency. We want a 
low frequency - below 1000 khz. If 
you’re smart you'll pick a frequency 

below the broadcast band. You ask 
why. Let's suppose you create trans¬ 

formers tuned to 715 khz, and lets 
suppose there is an AAA radio station 
whose transmitter is 20 miles away 
pumping out 50,000 watts on 720. 
That radio station signal is going to 

A coil wound outwardly rather 
than down the length of the 
form with wires crossing at 
angles is called a universal coil. 
Small coils of high Q can be pro¬ 
duced. A winding, as shown, is 
referred to as a "pie". 

13 



sneak inside those IF transformers, 
and no matter where you tune your 
receiver, you'll be hearing that 720 

AM station loud and clear, and not 
much else. 

The old-time rule-of-thumb for 
creating 455 khz IF transformers was 

that a high-Q inductance of about 1 
mh (1000 i_ih) was needed. To get high 

selectivity I decided to use a frequency 

between 350 and 400 khz, and that 

means somewhat more inductance, 
about 1200 |xh. Three 1-5/16" dia. by 
12" long cardboard tubes from 
kitchen plastic wrap and saved for coil 

winding were pulled off the shelf. A 

spool of #30 wire was located, and a 
coil four inches long was wound. At 

90 turns per inch that came to 360 

turns. A 50 pfd capacitor was attached 

to the leads and a test oscillator (de¬ 
scribed later) was used to discover 

that the resonant frequency was 

about 600 khz. The pocket calculator 
and formulas on page 23 Vol 2 

showed an inductance of about 1200 

Lih - pretty lucky for a first try. Add¬ 
ing more capacitance brought the fre¬ 

quency down to 350 khz. 

If you use card¬ 
board tubes of 

slightly larger diam¬ 
eter, you'll end up 

with more induc¬ 
tance if you use 360 
turns. You could cut 
back to 300 turns. A 
smaller diameter tube may require 

more turns resulting in a longer coil. 
Tubes in the range of 1-1/4" to 
1-1/2" diameter are easy to find in 

paper towels, wax paper, aluminum 
foil and so on. You can use Wheeler’s 

formula on page 24 Vol 2 to calculate 
other diameters and lengths. Just re¬ 
member that Wheeler's formula is 
most accurate for coils that have a 
length about equal to the diameter. 

These coils have winding lengths far 

greater than the diameter. 
Whatever diameter you choose, 

just be sure thatyou have six tubes of 
about 6" length with identical diam¬ 
eters so that the resulting coils are 

identical. It is of little importance 
whether you wind 300 turns or 400 
turns so long as all six coils are identi¬ 

cal so that you can get them on the 

same frequency without fancy test 
gear. 

How IF Transformers Work 
Two tank circuits are mounted 

near one another and surrounded by 
a metallic box, or "can", to act as 

soundproofing of sorts to keep signals 

from the outside world from getting 
into the circuits. Signals are applied 

to one of the tank circuits. It rings, or 

vibrates electrically, just like a bell 
being hit by a hammer. The other tank 

circuit which is at exactly the same 

pitch hears the first tank, and it, too, 
begins to ring. Energy is transferred 

from the input tank to the output 

tank by electromagnetic waves - 

mostly magnetic. The 
input tank is a trans¬ 

mitter, and output 
tank is a receiver, so to 

speak. The output tank 

7output passes on what it 
tank “hears" to the next 

circuit stage jn recejver 

If the ability of the output tank 
to hear the input tank is adjusted by 
adding distance or shielding between 
the coils, you can adjust the “cou¬ 
pling" which dramatically affects the 

frequencies getting through. If the 
two tanks can barely hear one an¬ 

other, only the loudest signal is trans¬ 
ferred (which at best is very weak) 
from one tank to another. That sig¬ 
nal will be the resonant frequency and 

IF Transformer 

t>_ i | 

i 
i /_ , ^ 

input -'7grounded / T 
tank shield—' — tank 

circuit 
shield 
can 
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almost nothing else - 400 khz in our 
radio. This weak or "under" coupling 

gives the best selectivity possible, but 
much RF power is lost travelling 
through the IF transformer. 

If we move the two tanks closer 

to one another, they'll hear each other 
very well. The power lost through the 

transformer will be minimal, but 

tanks start to interact and selectivity 
is dramatically reduced to the point 

where the whole purpose of the 
transformer is nullified. This "over" 
coupling offers low losses but very 
poor selectivity. 

Between over and under cou¬ 

pling, is the best of both worlds: criti¬ 
cal coupling. Here, we lose minimum 
amounts of power but achieve maxi¬ 

mum selectivity. This is the ideal, but 

very difficult to achieve. In the real 

world, we attempt to achieve slight 
under-coupling so that we can main¬ 

tain selectivity. 

Our transformers consist of 4" 
long coils on 1-5/16" diameter x 6" 
long tubes that are then mounted on 
a wooden base 4" apart. Each coil is 
surrounded by a 4" square by 8" tall 

shield or can, with a 2" x 2" window 
cut to allow the two tanks to hear 

one another. 

When used in a receiver, the 
natural Q of the tank circuits is sig¬ 

nificantly reduced by loading. Mea¬ 

surements under circuit conditions 
indicate a Q ranging from 75 to 90 
at 400 khz with minimal signal 

losses. 
It is quite possible to create with 

very simple equipment using very 
simple components, IF transformers 
that compete quite nicely with com¬ 

mercially manufactured units from 

years past. But I'm afraid you'll just 
have to overlook the fact that our 

transformers are 40 times larger than 
commercial units! 

If you take radio building seri¬ 
ously, and you probably do if you're 
reading this booklet, then I believe that 
you MUST have one book in your ref¬ 
erence library above all others: Radio 

Engineering 2nd edition by "Uncle 
Freddy" Terman. There are many good 
radio books on the used book market, 
but this 800 page volume is early 
enough to cover exactly the tube radio 
material we need, and yet it's late 
enough to cover almost all develop¬ 
ments you and I are likely to use. Cop¬ 
ies are common and available at this 
time for $8 to $30 each. You 'll find very 
little math, but loads of charts, graphs 

and circuit diagrams that will explain 
to you important and sometimes com¬ 
plex concepts in far more detail than 
you'll get in, say, the Radio Amateur's 

Handbook or FIadio Handbook. 

Terman, "The Father of Silicon 
Valley", wrote many books and tech¬ 
nical papers, all of them good, all of 
them worth owning. Terman was an 
incredibly knowledgeable and creative 
engineer who was two cuts above Tesla 
or DeForest, yet I wonder how many 
people have ever heard of him (or 
George Campbell, or Edwin Armstrong, 
or even Clerk-Maxwell). 

Radio Engineering, Fred Terman, McGraw-Hill Book Co., 2nd ed, 1937 
Fundamentals of Radio, Terman & MacDonald, McGraw-Hill Book Co, 1st 

e d, 1938 "Eng‘neering" is clea rly the better of the two. 
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Making the Transformers 

Winding the necessary coils is 
not at all difficult if you first make a 

simple coil winder (details later.) Dig¬ 
ging through my box of cardboard 

tubes turned up three that were once 

wrapped with plastic kitchen film. 

Each is about 1-5/16" in diameter al¬ 
most 12" long. 

Using #30 enamel wire that I al¬ 

ways have on hand, I wound 360 
turns starting about 3/4" from one 

end. The coil length is 4" (90 turns 
per inch), leaving almost 1 1/4" of 

open cardboard at the far end which 
becomes the end glued to a 2-1/4" 

square of 3/16" plywood. When cut¬ 
ting the tubes in half, you'll end up 

with a ragged edge at one end, and 
the machine-made edge at the other. 
Start winding from the ragged edge 

so that you can use the machine edge 

to glue your coil to the plywood (or 
plastic or whatever) and be sure the 

coil will stand straight up in the air at 

a nice right angle to the base board. 
Holes are easily punched in the 

cardboard with a nail, awl, or pin. The 

wires at beginning and end of the coil 
were secured with a little clear finger 

nail polish. 

You need to wind six coils: four 

for the transformers, one for the BFO, 
and one for the alignment oscillator. 

Be sure to wind them as much alike 

Five identical coils must be wound for 
the radio, and a sixth for the alignmen t 
oscillator. 

as possible. Two coils must have a tap 
installed at about 25% from the bot¬ 

tom end (ground end) of the coil. In 

other words, you should start wind¬ 
ing 3/4" from the ragged top end, and 
when you reach the 270th turn, twist 

a loop of wire so that it protrudes 

about 1/2". This tap will provide the 
feedback needed to create oscillation. 

Its position is not critical. Any turn 
from 270 to 300 can be tapped and 
will probably work. 

Sheet metal screws hold the coil 
and its base to the master base. A phe¬ 

nolic terminal strip is used to secure 
the leads. A length of #18 bus wire is 

soldered to a lug at the bottom, and 
put through a hole near the top and 
is anchored with a crimp in the wire. 

If you plan to build radios, get a box and ev¬ 
ery time you finish a roll of paper towels, alu¬ 

minum foil, or plastic wrap throw the 
tube into the box. If you get in the habit 
of saving tubes, you'll always have the 

forms you need for coils. 
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•ft) The BFO coil is mounted on a piece 
scrap 1/2" plywood rectangle about 
1/2 x 6-1/2 in dimension. A sheet of 
rniinum foil is put down for shield- 
% before components are mounted. 

top end wire 

tap 

coil base 

five pin phenolic terminal strip 

aluminum foil ground plane 

master base 

(right) The base of a transformer coil is 
connected up in much the same was as 
a BFO coil. Neither the start or finish 
leads of the coil is grounded. Use a con¬ 
sistent system to bring leads outside the 
transformer so that the bottom coil lead 
can always be bypassed or connected di¬ 
rectly to ground. In wiring the BFO the 
bottom lead is connected to the center 
ground lug. It might be wise to connect 
a black wire the bottom coil lead, and 
red to the top coil lead. Common #6 x 
3/8" sheet metal screws are used to an¬ 
chor the coil and the terminal strip. 

(right) A 
length of bus 
wire is sol¬ 
dered to the 
terminal 
strip at the 
base and 
slipped 
through a 
hole in the top 
of the cardboard form. A simple crimp 
in the wire will anchor the wire quite 
solidly without the use of glue. Keep the 
wire away from the windings so that it 
doesn't interfere with the fields built up 
around the windings. 

— Mu 

• 
0* 

This Boonton 160A Q meter is still very 
accurate after 50 years. Our coil shows 
a Q of 143 at 450 khz and 135 at 400. 
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(left) The same mounting 
technique used on the BFO 
coil is used for the trans¬ 
former coil pair. The base is 
about 6-1/2" x 10", and the 
coils are mounted on 4" cen¬ 
ters. Make the master base 
large enough to accommo¬ 
date the shield box you're in¬ 
stalling but no larger than 
necessary, or you'll need two 
table tops to hold your radio 
instead of one. 

(right) All coils must be surrounded by 
a metallic, nonferrous shield. That 
means no steel! You can make the shield 
"cans" out of PC board if you have 
enough. Or you can fabricate them from 
20 gauge sheet aluminum. But don't 
even think about slipping a length of 8" 
steel well casing over them. The iron will 
change the inductance radically. 

The easiest approach for most people 
is probably the use of common corru¬ 
gated cardboard glued into a box and 
wrapped with kitchen aluminum foil 
made sticky with spray adhesive. Most 
cardboard is about 1/8" to 1/16" thick 
and you must make allowances for this 
thickness if you 're to build a strong box. 
The goal is to create a 4"x4"space in the 
center of which sits the coil. The top, or 
roof of the can, needs to be a significant 
distance from the top of the coil wind¬ 
ing in order to avoid reducing tank cir¬ 
cuit Q any more than necessary. 

Be very careful to cut the cardboard 
accurately. Use a square and a utility 
knife. Accurate cuts will make assembly 
far easier. And it's important that both 
IF transformers are as identical as pos¬ 
sible so that you can be assured they will 
tune to the same frequency. 
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(right) The transformer box is not 
much more than a double BFO box 
with a partition, or "septum". The 
dimensions of the box ha ve to 
be planned out so that the 
coils mounted on 4" s' 
centers on their sy 
master base fall in 
the cen ter of each of 
the two 4” square 
cells created. Again, 
be sure to allow for 
cardboard thickness. 

(below) After the 
cardboard panels 
are cut, they are 
assembled with 
masking tape. 
Tape the top 
securely in place to 
keep the box 
perfectly rigid and 
square while the 
glue sets up. 

(above right) Making boxes is kindergarten stuff. Once taped together you simply 
lay a bead of white PVA glue like Elmer's into the corner joint much like laying a 
weld bead or a bead of caulk. In three or four hours the glue will be hard enough to 
turn the box over and glue the remaining seams. 
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(right) Here 
we see the 
glued up boxes 
ready for 
covering. 
Create 3/4" 

wide flaps at 
the base so 
that you can 
anchor the 
boxes to the 
master base 
with sheet 
metal screws. 
You do NOT 
want the cans 
to move 
around. 

(left) The outside of the can is next cov¬ 
ered with aluminum foil. Cut convenient 
sized panels of foil, and check their fit. 
Then lay them on a spread of newspa¬ 
pers and give them a solid coating of 
spray adhesive. Quickly, but carefully, 
work the panels into position and rub 
the aluminum foil down. Cut additional 
panels and overlap them until the whole 
can is covered. If you're ambitious, you 
can attempt to cover the interior of the 
box with foil, but that's tough to do un¬ 
less you have small hands. 

Use plenty of newspapers to protect 
the floor from adhesive overspray. The 
stuff can be nasty. You'll probably need 
lacquer thinner to clean up. 

Use your ohmmeter to be sure all 
panels are electrically connected to one 
another. You would think that the adhe¬ 
sive would act as electrical insulation, 
but I have always found that panels 
glued together connect electrically. 

You'll want to cut a small piece of 
aluminum, bend it over the mounting 
lip so that the can shield can make con¬ 
tact with the foil shield on the master 
base. You can solder aluminum foil by 
carefully scraping with a soldering iron. 
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(left) A panel of cardboard is cut that 
just fits across the center of the cardboard 
can. It must not be so tight that the walls 
of the box bulge. It must not be so loose 
that it easily falls out. A 2"x2" window 
is cut above center to coincide with the 
center of the 4" coil windings. Then a 
panel of aluminum foil is cut and at¬ 
tached to form a shield. You can see how 
excess foil was wrapped a round. 

(right) After the septum is positioned 
and held in place by small pieces of 
masking tape, beads of glue are put 
down. It's not necessary to glue every 
edge, but put down enough glue to pre¬ 
vent the septum from moving. The next 
problem to solve is how to electrically con¬ 
nect the septum foil with the foil on the 
ou tside of the box. 

(left) A long narrow ribbon of foil is cut, and one 
end is soldered to the septum foil. Although alu¬ 
minum does not solder well, it can be done. There 
are fluxes available that will make the job easier. 
But it can still be done by carefully scratching the 
aluminum with the tip of a soldering iron while 
applying rosin-core solder. The strip is then twisted 
and brought out around the mounting lip and 
soldered with another bead. 

The septum is a very important com¬ 
ponent of the transformer. It is a kind 
of soundproofing that prevents one 
tank circuit from hearing the other. 
When you cut a hole in the septum you 
allow them to hear one another. The 
larger the hole, the better they hear, that 
is, the tighter the coupling. 

The 4" square inch opening here 
provides under-coupling. The selectiv¬ 
ity is very good, and signal loss (inser¬ 

tion loss) is only a bit more than com¬ 
mercially made transformers. You 
could probably open the the hole up to 
five square inches, but you run the risk 
of destroying the selectivity. 

If you change the dimensions of 
the boxes to accommodate the coils you 
have wound for your radio, be prepared 
to adjust the size of the opening to get 
the right degree of coupling. 
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Some time ago a superhet was built 
using technology that existed in 1929. 
Towards the rear of the receiver can 
be seen large black boxes, shown in 
close up at the right. The cans are fab¬ 
ricated from 20 gauge aluminum and 
mounted on a solid oak base. Capaci¬ 
tors are incorporated into the trans¬ 
former. Adjustment screws can be seen 
through the holes in the top. Thumb 
nuts allow removable of the can roof. 

(right) Shown is the begin¬ 
nings of a special can that was 
never completed. Instead of per¬ 
manently gluing a septum to 
the inside of the can, a pair of 
cardboard rails was glued in. 
Into these guide rails a septum 
could be slid in and out as de¬ 
sired. The idea was to use a 
hinged shielded top so that sep- 
tums with various sized open¬ 
ings could be quickly changed 
to allow experimentation with _ 

coupling. M 
If you're not going to W 

closely duplicate the coils and | 
boxes shown in this booklet, m 
then perhaps this idea is worth 
pursuing. 

The greatest problem with 
this approach is connecting the 
septum foil to the foil on the 
outside of the can. 
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(below) The coil pairs used in the 
1929 superhet. (right) looking 
down into the IF can with top 
removed. Wires exit through 
grommeted holes. 

Although the construction tech¬ 
niques used here are much fancier 
than our cardboard box methods, the 
transformers shown here work no 
better than our cardboard versions. 

Other Options 
The coils wound here are anything 

but the best. Cardboard isn't the great¬ 
est material. If you're going to use it, it 
might be wise to bake it in the oven at 
very low temperature to drive out any 
moisture and then paint it with shellac 
to seal it. Bakelite would be even better. 

But the single greatest improvement 
you can make is to change the geometry 
of the coil. Maximum Q is obtained 
when the diameter is approximately 
equal to the length of the coil. 

Our coils measure about 1200 \ih. 
Putting that number into the standard 
formulas for coils, the dimensions we 
need for maximum Q is a coil form 2- 
3/4" in diameter about 3" long. On it 
is wound 130 turns of tt-30 wire at 90 
turns per inch. It should be obvious that 
our four-inch-long coils are not the best 
shape for optimum Q. 

Winding transformer coils with 
these dimensions should make for some 
interesting experimentation. But coils 
this size will present mounting problems 
since the coil must be as far away from 
the shields as conveniently possible. 

Although I used 1-5/16" diameter 
forms, you can use others. Different di¬ 
ameters will require a different number 
of turns to achieve 1200 \xh. 

Diameter Turns #30 
1-3/4".235 

1-1/2".295 
1-5/16".360 
1-1/r.355 

There is nothing magical about #30 
wire. You can use #28 or #32 or even 
#12 if you want. But different wire di¬ 
ameter changes the coil geometry and 
that changes the inductance. If you in¬ 
tend to use a thinner wire, you 'll get more 
turns per inch and therefore a shorter 
coil. Be sure to use the formulas in Vol 
2, to see how many turns will be needed. 

This coil shape 
gives 
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Building a Coil Winder 

Coils with few turns are easy 

enough to wind by clamping one end 

of the wire in a vise on the far side of 
the room and by rotating the coil 

form in your hands while walking to¬ 
ward the vise. But if you have to wind 
coils with many turns of fine wire, the 

technique becomes difficult. Fatigue 
sets in and mistakes happen. Turns get 

jumbled. The form slips out of your 
hands. The wire breaks. 

Coils with many turns are best 

wound with a simple coil winder. The 

coil form is mounted on an axle that 

is turned with a crank with one hand, 
while the other hand feeds wire onto 
the form from the supply spool. It's a 

relatively easy device to build and is 

valuable tool for building old time 
radios. 

A shaft is held by a pair of simple 

pillow blocks fabricated from scrap 
lumber or heavy sheet metal. It is such 

a simple device that construction de¬ 

tails are easier shown than described. 

lb 
_fL. 

IIIIIUIIll \ _l t 

— 3/8"-16 threads 
— 3/8" dia rod 

2' 

10-32 threaded rod —x —H1-1/2' 

The shaft for the coil winder is fab¬ 
ricated from 3/8" to 1/2" shaft from 

the hardware store. I used a piece of 
3/8" aluminum I happened to have left 
over from another project. The crank is 
a 3-1/2" length of 10-32 threaded rod 

bent into an L shape. It slips into a cross- 
drilled hole in the main axle and is held 

in place with nuts. A short section of steel 

brake line becomes a spinner. At the far 
end of the main axle threads are cut with 
a common 3/8-16" die. A nut and 
washer on these threads puts pressure on 
one of the stars holding the coil form. 
You may not need these threads for 
smaller coil forms. 
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There is nothing magical 
about the length of the shaft. 
If you plan to turn mostly 
short, large diameter coils, 
you may want to shorten the 
shaft dramatically. 

(left) A common shaft collar together with a 
hardware store spring and a washer create drag 
on the shaft - a simple brake. You 'll want some 
drag so that coil form does not rotate should 
you take your hand off the crank midway 
through winding a coil. If the coil un winds, it 
will be ruined. 

(right) The most difficult com¬ 
ponents to make are what I call 
star adapters that slip into the 
ends of the hollo w coil form. If 
you have a lathe, turn cones from 
wood. But if you don't have a 
lathe, you 'll have to make a pair 
of these adapters from sheet 
metal. I used scrap .040 alumi¬ 
num. You could probably get by 
using an old aluminum cookie 
sheet, or a piece of steel stove flue. Tin 
can metal would probably be too flimsy, 
but might be worth a try. 

Three triangular pieces are held to¬ 
gether and to the shaft with #6-3/8" 
sheet metal screws. 

(left) The pillow blocks were cut from 
scrap dimension lumber: 3/4" thick fir. 
The dimensions show are what was used 
here, but are anything but critical. Wood 
screws hold the blocks to base board. A 
large C-clamp holds the winder to the 
table. 
(below) Details of the crank. The brake 
line spinner saves the fingers when wind¬ 
ing long coils. 
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(right) In the process of designing the 
stars, the first step was to cut three pieces 
of 2 "x4" heavy paper and mount them 
on the shaft using alligator clips. Once I 
was sure the wings of each star would be 
large enough to hold a large coil in place, 
I drew some rough markings on the pa¬ 
per with a marker. 

(left) Next, cuts were made to create the 
triangle shape needed. The paper was 
then clamped back in place to check for 
fit. These tests revealed that two bends a 
bit more than 5/8" apart would create 
a tight fit around a 3/8" shaft. 

(right) The final pattern for stars to fit 
a 3/8" dia shaft. 

Six stars were carefully cut from 7/64.. 

scrap .040 aluminum. All six sheets pj|0t 

were clamped together and 7/64" di- hole 

ameter holes were drilled through all . 
six plates at approximately the loca- / 
tions shown. These become the pilot / 
holes for sheet metal screws. / 

The bend lines were lightly 
scribed on the sheet metal, and the ^_ 

wing was clamped between the 
jaws of a large vise. A 30 ° bend was made cc ca tions of pilot holes. Next, the marker 
in each of the twelve wings. ^ots were carefu^y center- 

Next, the wings were ~ punched and drilled 9/64" 
clamped around the to pass the #6 x 3/8" sheet 
shaft with alligator s' w metal screws, 
clips, adjust- When assembled, the stars 
ments made to —should stand straight up from the 
the bend angles. tabletop (left). If they don't, they 
Once I was sure the stars may make your coil form wobble so 
would fit correctly, and all the edges dAVr much that it becomes very difficult 
were lined up properly, I pushed a Wn to wind. Although the stars may look 
marker through the pilot holes into 1.V, difficult to build, they really aren 't, 
each mating wing. Before dismantling What you see here is my first and 
them, each pair of wings was labeled Vy, only attempt. And they work beau- 
with a marker so that the wings could \\\ tifully. If you use a shaft of a di- 
be reassembled in the correct sequence ^ ameter other than 3/8" you'll have 
should there be discrepancies in the lo- to perfect your own patterns. 
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(above) This large coil winder was built 
a few years ago. The shaft is 1/2" diam¬ 
eter steel and the cones were turned from 
oak on a lathe. This winder is far larger 
than necessary for the vast majority of 

coils we'll ever wind. If you machine 
cones and find that the coil form slips 
due to inadequate friction between the 
cones and form, glue sand paper to the 
cones. 

(left) A fancy crank was fabricated from a long machine 
screw, a piece of brake line, a piece of scrap aluminum 
sheet and a homemade shaft collar. This design is jar fan¬ 
cier than it needs to 
be. 
(right) One great ad¬ 
vantage of this 
winder is its counter 
switch. A machine 
screw inserted into 
the side of a home 
made shaft collar 
comes around on 
each revolution to 

push a small section of brass sheet against the 
head of a wood screw. A pa ir of wi res between 
the brass sheet and wood screw closes a circuit 
which triggers an outboard electronic counter. 

(right) Yet another 
coil winder uses a 
3/8" steel shaft 
onto which an old 
drill chuck was 
mounted. Threads 
were cut with a die, 
and although there 
is some wobble because the threads are 
not perfectly concentric with the shaft, 
the wobble is not all that objectionable. 
The crank is a section of bronze gas weld¬ 

ing rod soldered into a hole drilled in the 
shaft. Cones were machined from oak 
and are mounted on a threaded rod this 
is held by the chuck. 
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Alignment Oscillator 
An alignment oscillator is needed 

to put all the IF transformers on the 
same frequency. Old tube oscillators 
can be found at flea markets and, I 
suppose, on the internet. But it's easy 
to build one. All you need is about a 

dollar's worth of components. 

Five of the coils we wound are 
destined for the receiver. The sixth, 
one of the coils with a tap, becomes 

a Hartley alignment oscillator. We in¬ 

tentionally made it the same as all the 
other coils so that we could be sure it 
would tune to the same frequency 

range as the others. 
I wired my oscillator up using the 

"dead bug" technique on a little 
printed circuit board in just minutes. 

By changing the tank circuit capaci¬ 

tor you can put it on other frequen¬ 

cies and use it to align almost any 
superhet. 

Our coil with a 50 pfd fixed 
capacitor and 6-70 trimmer 
wired in parallel to form a 
tank circuit. 

The actual oscillator transistor. 
The gimmick capacitor that links 
the gate to the tank circuit is 
nothing more than two 2" of 
hookup wire twisted together. 

This buffer transistor isolates the out¬ 
side world from the oscillator transistor. 
And makes modulation easier. The gim¬ 
mick capacitor on the gate is two 4" 
pieces of twisted hookup wire. 

MPF102 

|—o RF out 
01 

The modulator field effect 
transistor takes audio 
from the bridge oscillator 
we built in Vol 3 for our 
bridge and uses it to 
throttle the supply voltage 
to buffer. It acts as a 
“plate" modulator. 

What we have here is essentially 
a weak AAA radio station broadcast¬ 
ing a constant tone on 400 khz or 
whatever frequency we want to align 
our IF transformers to. The oscillator 
feeds the 400 khz to the buffer. Au¬ 

dio from the tone generator we built 
to drive our impedance bridge in Vol 

3 supplies audio to the modulator 
transistor which varies the supply 

voltage to buffer transistor. To align 
our receiver we’ll simply listen to the 
tone broadcast by this transmitter and 

adjust all the transformers so we get 
the loudest signal in our headphones. 
It's just that easy to do! 
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(left) The alignment oscillator coil is fabricated 
just like that of the BFO. A second terminal 
strip outside the shield box supports the fixed 
50 pfd and variable 6-70 pfd capacitors that 
form the tank, (below) A mere 2"x 3"pc board 
etched with pads offers more than enough room 
for all the components, most of which can be 
stripped from old pc boards. A simple 9 V tran¬ 
sistor radio battery will generate a signal far 
more powerful than we'll need. 

(left) The entire alignment oscillator is 
ready for use. A length of miniature co¬ 
axial cable with alligator clips carries the 
signal from the buffer transistor to receiver 
being aligned. You can hook the oscillator 
up to a length of hook up wire, and listen 
for harmonics in a common AM radio. 
For instance, you'll know you're on 400 
khz when you hear a dead spot at 800 and 
1200 on the AM band. 

If you have an os¬ 
cillator use it. 
(left) an old 
Heath kit tube 
alignment oscilla-\ 
tor (right) the 
solid state version 
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Building the Superhet 
Actual construction of this 

superhet uses the same techniques 
seen in other volumes of the Experi¬ 

menter. A sheet of aluminum foil is 

attached to a pine breadboard and the 
components are mounted on it. Inex¬ 

pensive relay sockets with screw ter¬ 

minals hold the tubes, and inexpen¬ 
sive phenolic tie strips and ground 

lugs anchor all the small components. 

The only really critical rule that 
must be observed is to keep lead 

lengths going into and coming out of 
the shielded boxes as short as pos¬ 
sible. If you noticed, the transform¬ 
ers have their input and output leads 
exiting the shielded box on opposite 

sides. This helps in building the radio. 
The leads from the plate of a tube 

going into a transformer must be kept 
as far away as practically possible 
from those on the grid which come 
out of the previous transformer. Ex¬ 

amine the IF amplifier tube (page 32), 
and you'll see what I mean. The tube 
is sandwiched between the two tow¬ 

ering IF transformers. If the plate and 

grid can hear one another through 
long leads to any great degree, you 

run the risk of the IF amplifier turn¬ 

ing into a 400 khz oscillator. 
As shown here, the receiver is 

much fancier than need be. The 
whole radio was built on a 14"x30" 
breadboard with a decorative detail 

cut into three edges with a router. It 

was painted satin black, and an alu¬ 
minum foil ground plate attached 
with spray adhesive. Hard-to-find 
National Type A slow-motion dial 
drives are used to tune both the an¬ 
tenna and converter oscillator. But 
none of these things are necessary. In 

fact, it might be wise to build your 
receiver on an old board and not use 

any dial drives at all until you're sure 
that the radio works, and you have 
an idea of how your particular com¬ 
ponents are going to be positioned. 
After it's working, it’s relatively easy 
to transfer components to a fancier 
breadboard and install better controls. 

Looking from the rear from left to right, we see the frequency converter stage, the 
if amplif ier, and detector/ BFO tube. Notice how closely the large IF cans a re posi¬ 
tioned to the tube sockets in order to keep lead lengths to a minimum. You prob¬ 
ably don't want to use a fancy breadboard like this until you've built the radio, 
tinkered with it, and understand exactly what improvements you want to install. 
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FitaH 

tube St 
detectc. 
box at 

Two fancy slow-motion dial drives were used here, simply because I had them. 
The dial to the right is connected to the variable capacitor across the oscillator coil 
on the pentagrid converter. The dial drive to the left controls the variable capacitor 
across the antenna tuning tank circuit, but because the tuning of the antenna 
tank circuit is very broad, no reduction dial drive is needed at all. You DO need a 
dial drive on the oscillator tank circuit, but these uptown dial drives are more for 
looks than anything else. 

50 pfd 
fixed 

phenolic 
tie strip 

6-70 pfd 
ceramic 
trimmer 

transformer leads 

lug connects can 
foil to baseboard 

ground foil 

(right) Commercial IF transformers 
have capacitors installed inside the 
can. Ours do not. The leads must be 
brought out of the can and attached 
to an adjacent pair of lugs on a phe¬ 
nolic terminal strip. Across those lugs 
you solder the fixed 50 pfd capacitor 
and the 6-70 pfd variable capacitor. 

At first I merely punched a hole 
in the sides of the can and threaded the 
wires through. But that was quite diffi¬ 
cult, so the small slit-like window was 
cut which made bringing wires out while side allows us to quickly change the fre- 
anchoring the can to its base much quencyofthelF's. We can lower the fre- 
easier. quency by adding capacity, or raise fre- 

Putting the capacitors on the out- quency by using less. 
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(above) The IF amplifier shows how com¬ 
ponents should be laid out to minimize 
the chances of unwanted oscillation. 

After the IF cans have been attached 
to their master bases with sheet metal 
screws and flat washers, the master bases 
are, in turn, attached to the main bread 
board with longer sheet metal screws at 
opposite ends of the master bases. All 
alu minum foil whether on the inside or 
outside of the cans, or on the breadboard 
and bases must be in electrical contact 
one another if the shielding is to work 
properly. Checking continuity with an 
ohm meter is always a good precaution. 

A barrier strip or terminal block is 
used to help make attaching leads from 
the power supply to the radio easier. Since 
this radio only needs 90 volts at 22 mA 
maximum, you can power it with the 
small power supply we built in Experi¬ 

menter Vol 1. 

The black zip cord carries filament cur¬ 
rent to the tube base. To minimize AC 
hum problems, twisted wire should re¬ 
ally be used. But this works okay. 
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Cap is the 
detector grid 

connection 

6C8G double 
triode 

bus wire lead 
from IF 

to 
grid 

10 K cathode 
resistor 

electrolytic 
cathode 
bypass 

capacitor 

IF tank 
capacitors 

oscillator 
coil 

coil leads: tap, 
ground, high 
side 

10 pfd 
capacitor to 
pull BFO 
frequency 

oscillator grid 
leak pair 

.1 oscillator 
plate bypass 
capacitor 
(47K resistor 
hidden 
underneath) 

B+ lead to 
BFO switch 

From the rear we see the 6C8 dual 
triode. And just like the schematic, to 
the left is the second IF transformer and 
to the right is the BFO section. 

RFfrom the IF transformer is fed to 
the grid through a rigid length of bus 
wire soldered to the terminal strip with 
the IF tank capacitors at one end, with 
the other end being soldered to a friction 
fit strap around the grid cap. You may 
have a grid cap connector that will fit. 
If not, you can easily make one by cut¬ 
ting a 1/4" by 3/4" strip of brass sheet 
and by wrapping it around a twist drill 
smaller in diameter than the cap. The 
strap should easily slip over the cap but 
be tight enough to give good electrical 
contact. The bus wire is easily soldered 
to the brass. 

Ail coils were wound alike. And all 

coils have the same 50 pfd and 6-70 pfd 
capacitors soldered across them.. If all 
tank circuits are mounted in identical 
cans, you should have no trouble getting 
all of them to tune to the same frequency. 

The . 1 mfd bypass capacitors used 
throughout this receiver are new simply 
because they were inexpensive and. had 
600 volt ratings. You can use old capaci¬ 
tors. Just be sure to check them on your 
bridge to be sure they are at least. 1 mfd. 
And you can use larger sizes, too. If you 
have.22 or .47capacitors use them. Mix 
and match. Since we're only using 90 
volts to power our receiver, the capaci¬ 
tors don't need a voltage rating of more 
than 150 volts. The electrolytic bypass 
capacitor on the detector cathode is quite 
old, but still works very nicely. 
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1st IF Transformer 

2nd IF Transformer 

antenna tank tuning 
capacitor 

antenna tank coil 

BFO 

IF gain control 

BFO tuning capacitor 

BFO power switch 

banana jacks for ea r¬ 
phones 

1/4" phone jack for 
earphones 

Looking at the front 
panel layout from 
the BFO end of the 
receiver. 

EXTREMELY IMPORTANT: Note that the 
front panels are connected to ground 
through the foil. If you mount a stan¬ 
dard 1/4" phone jack (as seen here) on 
one of the front panels, one of its termi¬ 
nals will be grounded as well. Because 
the 30 volt B+ flows through the head¬ 

phones to the plate of the detector, that 
means that you'll either short the B+ to 
ground and blow a fuse, or you'll burn 
out your earphones. The phone jack seen 
here is mounted on 1/8" acrylic plastic 
so that both terminals of the phone jack 
are insulated from ground. 
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antenna antenna 1st IF GSA7 pentagrid 
variable coil Transformer converter tube 

capacitor \ 1 / 

7 7 I 1 \ 
oscillator oscillator coil tap 22k and 50 antenna filament 
variable coil pfd grid tank input leads 

capacitor leak lead to grid 

The frequency converter stage is laid out 
to minimize lead lengths. The antenna 
coil and oscillator coil are positioned 
away from each other on opposite sides 
of the front panel support bracket to 
minimize interaction. Signal is brought 
in from the rear of 
the receiver 
through miniature antenna 
coax, resonated in coj[ 
the antenna tank 
circuit, a nd fed to 
the converter grid 
through more 
coax. 

phenolic wafer 
socket on 
standoffs 

(right) the an¬ 
tenna tuning tank 
circuit. Place leads from the alignment 
oscillator near this coil to feed signal into 
the receiver for adjustments. 

coaxial padding antenna 
antenna lead capacitors tuning 

(to rea r of (partially capacitor 
receiver) hidden) 
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Winding the Coils 

"Well, exactly how many turns 

should I use on my coils?" 
I’ve been asked that so many 

times, 1 cringe when I hear it anymore. 

The answer is that I don't know. It 
depends on the diameter of the coil 

form you're using, and the diameter 
of the wire if you’re going to use to 

close wind the coil or, if not the di¬ 

ameter of the wire, then at least how 
many turns per inch you'll put down 

on the form. 
What’s more, my advice, even if 

1 could give it, is unnecessary. Every¬ 

thing you need is contained in Experi¬ 

menter Vol 2. You start by using the 

bandspread formulas on pg 39 Vol 2. 
Once you decide on the inductance 

needed, you use the Wheeler formula 

on page 24 to find a combination of 

form diameter, turns per inch (TP1), 
and number of turns to give you the 

inductance you need. 

What I will to do here is walk you 
step-by-step through the process I 

used to wind the coils for this receiver. 

Although my target was the 80 meter 

amateur band, you may want to go 
somewhat higher for broadcasts, or 
lower and use a crystal-controlled 
down converter like that shown in 

Experimenter 4. But remember that the 
6SA7 converter tube usually does not 
oscillate very well at higher frequen¬ 

cies. 
First, you decide the band of fre¬ 

quencies you want to receive: 3.5 mhz 
to 4.0 mhz in my case. To be safe add 
a little to the width so you can be sure 
that the entire band falls inside the 

range of the tuning variable capaci¬ 

tor. I decided to add 50 khz (.05 mhz) 
to each end of the band: 3.45 to 4.05 

mhz. This is what the antenna coil 
must tune. 

Next, I decided on 400 khz as the 

IF frequency. The oscillator frequency 
range must be 400 khz (.4 mhz) above 

that of the antenna coil. So, add .4 
mhz to the frequencies just decided 

upon: 3.85 to 4.45 mhz. This what the 

oscillator must tune. 
Digging through the junk box 1 

located two 100 pfd double-bearing 
Hammarlund variables that are still 

quite common. For them I always as¬ 

sume they'll tune 8 pfd with plates 

unmeshed to 100 pfd with plates fully 
meshed. That's a pretty good esti¬ 

mate. If you're not sure, use the bridge 

we built in Vol 3 to measure. 

Antenna Coil 
Using the bandspread formula on 

page 24 Vol 2 with 3.45-4.05 mHz and 
the 100 pfd variable across the whole 

coil, 1 calculated 6.3 ph of inductance 
with a fixed capacitor of 235 pfd. That 

seemed like a lot of capacitance and 
too little inductance - a high-C tank 

circuit. 
If the 100 pfd variable is con¬ 

nected to a tap halfway down the coil, 

50% or .5, then the capacitor will have 
far less effect on the tank circuit. It's 

effect won't be half. It will be a half 

squared or 25%. So 25% of 8 to 100 
pfd is 2 to 25 pfd. This 25% number 
is not exactly right, but it's close, and 
works very well for these kind of cal¬ 
culations. 

Plugging 2 to 25 pfd into the 

bandspread formula gives 25.4 ph of 
inductance with 59 pfd across the 
whole coil when the variable is con¬ 

nected at a 50% tap. We now have 
more inductance and much less ca¬ 
pacitance. In fact, I can use exactly the 
same 6-70 pfd trimmer across the 
antenna coil that 1 used on each of 
the IF transformer coils to provide the 

59 pfd (actually a bit less when you 
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take into account the stray capaci¬ 
tance added by the wiring.) Being 
variable, the pad will put the coil right 

on the target frequencies. This tank 
circuit feeds the converter tube grid. 

Next, I dug through the junk box 

and found an ancient five pin tube 
base that had been used to as a plug¬ 

in coil years ago. After cleaning it up, 

I measured a diameter of 1.35" with 
a length of about .85". Since we'll 

want to add a smaller winding of 

about five turns to connect to the 
antenna, we'll have to be sure that our 

converter grid winding 25.4\xh 

is less than .85" long. 
We can plug these 

numbers into 
Wheeler's formula to 

calculate how many 
turns we need to get the 
inductance required. 

Using #24 wire at 42 

TPI, the formula told 
me that 27 turns would give 26.7 ph 
and a coil length of .64" while 26 turns 

would give 25.2 ,uh at .62". Both coils 

are less than .85” long, so there will 
be plenty of room for the 5 or so 

turns. 

A slot was sawn in the side of the 

five pin socket and the winding 
started from the top end. At 13-1/2 
turns, a small loop was twisted for the 

capacitor tap, and then another 13- 
1/2 turns were wound to give 27 to¬ 
tal. A piece of wire soldered to one of 

the pins was taken out the top of the 
coil, over the edge, and soldered to 
the tap loop. 

In the remaining space at the 
bottom of the coil, another five to 

seven turns of a smaller wire, #30 

here, was wound and soldered to pins. 

Oscillator Coil 
Again, using the bandspread for¬ 

mula with the 3.85 to 4.45 oscillator 

frequencies and a 100 pfd variable on 
a 50% tap, I calculated 18.7 ph of in¬ 

ductance with a fixed capacitor of 66 
pfd. 

Another 1.35" tube base, this one 

with only four prongs was found in 
the junk box. 

I found that if I closewound #22 

enamel wire, I could get about 36 TPI. 
Remember, the coil length is simply 

the number of turns divided by TPI. 
For instance: a coil of 27 turns is 

27/36 or .75" long. 

Plugging #22 wire specs into 

Wheeler's formula 
showed that 23 turns 

would give 19.4 ph and a 
length of .64. And 22 

turns would give 18.2 ph 

and .61 ” length. 
Running another set of 

calculations with #24 
enamel wire which gives 

about 42 turns per inch 
closewound showed that 22 turns 

would give 19.5 ph with a length of 

.52. With 21 turns the coil would ex¬ 
hibit 18.1 uh of inductance with a 
length of a half inch. 

Although either wire size could 
be used, I chose #22 and 23 turns fig¬ 
uring that a little longer coil might 
give a bit higher Q, and that the extra 

turn could always be easily taken off 
if not needed. It's almost impossible 
to add a turn later. 

Like the antenna coil we must 
install a tap loop at 11-1/2 turns for 
the 100 pfd capacitor. But in addition 
we need a tap near the ground end 
for feedback if we are to get oscilla¬ 

tion. And we need to be able to vary 
the amount of feedback. Too much 

feedback will create far too strong an 
oscillation which will kill the con¬ 
verter tube's ability to amplify. It 
would be wise to create several feed¬ 
back taps so that we have a choice. 
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I wound two turns starting at the 

bottom and put in a loop for the tap. 
Then after another two turns another 

tap was created. Another 7-1 /2 turns 
was wound giving a total of 11-1/2 

turns. A loop was twisted in, and the 
remaining 11-1/2 turns were wound 
and end of the wire soldered to a pin. 

Two wires were soldered into the re¬ 

maining two pins, one being con¬ 
nected to the tap four turns above the 

bottom, and the other was connected 

to the tap at 11-1/2. 
In testing the receiver, I found 

that the converter tube had good gain 

and oscillated strongly using the tap 
at four turns. Moving the 

feedback point down to 

two turns did not im¬ 

prove gain, so I put it 

back on four turns. Two 
turns out of 23 is about 

8.7% while four turns is 

about 17.4%. If you plan 
to wind a coil for higher 

frequencies you may 
want to put in additional taps every 

two turns until you’ve got one at 

about 30%. For instance, a 30% tap 
for this coil would 30%x23 or 7 turns. 
If the coil you wind has 18 turns, 30% 

of 18 is 5.4. So you may want to put 
taps in at 2, 4, and 6 turns for feed¬ 

back. In wiring up your receiver, BE 
SURE that the feedback tap is closest 
to the end of the coil tied to ground, 
otherwise you'll never get it to oscil¬ 

late. 
In winding your own coils, you 

have to use whatever you can find. 

You may want to use whatever wire 
you have on hand, say #26. Wind a 
small coil with a few turns separated 
by string. Use a ruler to determine the 
turns per inch, and use that number 
in your calculations. If you discover, 
for example, that you're getting 8 

turns per inch with string spacing, you 

can use that number in your formu¬ 
las. And if you use the string to accu¬ 

rately space the wire, many other 
gauges will work, too. You're not stuck 
using the coil specifications published 

in books and magazine articles. 
So did the coils work? The first 

time. Right on frequency. Well, the 

truth is, they actually tuned a bit more 

bandwidth than I wanted. The an¬ 
tenna coil tuned almost exactly 3.5 to 

4.0 and no more. But the oscillator 

coil could convert signals that ranged 
from about 3.3 to 4.1 - more than I 

wanted. But that's because of the ex¬ 

tra turn and possibly the socket. 
If you findthatyour 

coil has too wide a 
range, you can re¬ 
move a turn. To com¬ 

pensate for the lost 
inductance you have 

to add a little more 

fixed capacitance 
with your trimmer to 

bring the tank circuit 

back to the desired frequencies. That 

means the 8 to 100 variable capaci¬ 
tance provides less of the total capaci¬ 
tance, and as a result, it tunes a nar¬ 

rower band of frequencies. If you find 
the bandwidth is not large enough, 

you'll have to rewind the coil with 
more turns. 

The coils are installed in sockets 
held above the breadboard with 
standoffs. The antenna coil was 
placed in a cheap ol' phenolic wafer 
socket. Because the windings are so 

near to the bottom edge, a metal 
socket could change the inductance. 
I suspect this is exactly what hap¬ 

pened with the metal four pin socket 
I used to hold oscillator coil. The steel 
rim supporting the phenolic socket, 
no doubt, increased the inductance of 
winding slightly which increased its 
tuning range. Had I used another 

18.7 ah 

feedback taps — 

at 2,4 & 6 turns 

calculated 
oscillator coil values 
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wafer socket with much less metal, 

the 27 turns might very well have 
been dead on frequency like the an¬ 
tenna coil. 

Winding coils for any receiver is 
a monstrous pain if you use cut-and- 

try methods. You can use the wind¬ 

ing specs provided in magazine ar¬ 
ticles and books, but ultimately you 

need to calculate your own specs to 
fit the components you have on hand. 
I don’t know about you, but despite 

the boxes and boxes of parts I have 
on hand, I never seem to have exactly 

the part specified in the construction 

article. So being able to adapt is es¬ 

sential. The formulas work. Use them. 

Setting Alignment Oscillator Frequency 

Before you can use the alignment 

oscillator, you have to put it on fre¬ 
quency. If we had a precisely cali¬ 

brated dial on our oscillator, we could 

just dial in 400 khz. But we can't. So 

just use your digital frequency 

counter. The trouble is that the truly 
impoverished radio builder doesn't 

have a counter (but should always be 
looking to acquire one.) If you have 

one, hook it up to the oscillator, and 
set the trimmer until you have 400 
khz. 

But you don’t need a frequency 

counter. What you DO have to have 

is an AM radio receiver, one that tunes 
from 550 to 1600 khz. You can use it 
to detect harmonics of the fundamen¬ 

tal frequency. It works like this. Our 
oscillator will put out a very strong 
400 khz fundamental signal, but in 

addition it will put out much weaker 
signals at 800 khz, 1200 khz, 1600 khz 
(multiples of the fundamental) and 

on up the band. Each signal is sepa¬ 
rated by 400 khz. If we 
have our oscillator set at 
450 khz, we’ll find a sig¬ 
nal on the AM radio at 450 

x2,or 900, and 450x3 or 
1350. The 900 and 1350 
signal are, of course, sepa¬ 
rated by 450 khz. You’ll 
know what frequency 
your oscillator is running 

on by noting the distance between ad¬ 

jacent harmonics. Two harmonics at 
1000 and 1500 are separated by 500. 

So the oscillator must be set to 500 
khz. 

We can set our oscillator by tun¬ 
ing the AM radio to about 800 khz, 
and by connecting a length of hookup 

wire to the output of the oscillator to 

simulate an antenna. As you adjust 
the oscillator trimmer, the AM radio 
should go quiet, indicating the oscil¬ 

lator has taken control. Now roll up 
the AM radio dial and see if radio goes 

quiet in the vicinity of 1200. If it does, 

you’re on 400 khz. If it doesn’t go 
quiet, move up the dial to about 1600 

and see if you can find a quiet zone. 

If you find one there, the distance 
between signals, 1600 minus 800 = 
800, will be your fundamental fre¬ 

quency. You're much too high. If you 
find a signal at 750, 1125, and 1500, 
you'll know that you're a bit low at 

375 khz because all of these signals 
are 375 khz apart. 

This is certainly not 

an ultra-precise of de¬ 
termining frequency, 
but for our needs it's 

more than accurate 
enough. Use it to put 
your oscillator on 400 
khz (or whatever you 

think it should be.) 
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Getting it to Work 

The first step in getting the 
superhet working is to double check 

all the wiring. Be sure that you don't 
have some wire with B+ on it touch¬ 
ing foil or another wire. It’s easy to 

do. 
Next, put only the 6C8 in its 

socket, remove the grid cap, hook up 

the earphones, shut off the BFO with 

the panel switch, and turn on the fila¬ 

ment voltage. You should see a the 
filaments glow a dull red. After 30 

seconds or so, turn on the B+. You 
should hear a little noise. Put your fin¬ 

ger on the grid cap. It’s safe. There is 
no voltage on the cap. You should 
hear a fairly loud hum indicating the 

amplifier is working, lfyou don't hear 

anything, put your multimeter on pins 
2 and 7 to be sure you have about 6 

volts AC feeding the filament. Switch 
your meter over to DC and touch pin 
3, the plate. Be sure you have about 

90 volts. Be sure that you have about 

5 volts on pin 4, the cathode, on the 
socket. If you don't have these volt¬ 

ages, you most likely have a wiring 
error. About the only other possibil¬ 
ity is a faulty component. A little de¬ 

tective work is called for. 

Then I think you should install 
the 6SK7 in its socket. Turn the gain 
pot all the way to the ground end 
which is maximum gain. Measure pin 
5, the cathode, and be sure you have 

2.5 to 3 volts. The plate should have 
full B+ on it. You might want to make 

sure you have filament voltage on 
pins 2 and 7. Again, if you don't find 
these voltages, you've probably got a 
wiring problem. The circuit is so 
simple, there is very little that can go 

wrong. 
Now we start alignment. Lay the 

leads from the alignment oscillator 

very near the grid lead feeding the 
6SK7, pin 4. You don't have to actu¬ 

ally connect to anything. Stick them 

inside a plastic bag if necessary so 
they can't short something out. Just 

getting it near the grid should be 
enough. Hook the oscillator up to the 

nine volt battery, and turn on the au¬ 
dio oscillator. If you're lucky, you’ll 

hear a faint tone in the earphones. 

Adjusting the pitch on the audio os¬ 
cillator feeding the alignment oscilla¬ 
tor should change the tone you hear 

in the headphones. That means you're 
hearing the alignment oscillator and 

not some signal from aliens parked 

on your front yard. 
Most likely you won't hear any¬ 

thing. That's what happened to me. 

Take a screwdriver, or better yet, an 

alignment tool with a plastic shaft 
and adjust the trimmer on the out¬ 

put of the second IF transformer feed¬ 

ing the detector grid. Then try the 
capacitor on the input side of the 

transformer. And then the variable on 

the grid of the 6SK7. One of these 

adjustments should give you a very 
faint tone in the headphones. Once 

you have the tone, adjust all three 

trimmers for maximum volume. 

lfyou still don't have a tone, feed 
the output of your alignment oscilla¬ 

tor into one end of a .01 capacitor, 
and hook the other end of the capaci¬ 

tor to pin 8, the plate, of 6SK7. Adjust 
capacitors on the input side and out¬ 
put side of the 2nd IF transformer for 
maximum volume. 

In doing this alignment you 
should find that the detector is quickly 
overwhelmed with signal. The align¬ 
ment oscillator pumps out far more 
power than we need. When that hap¬ 
pens, reduce the volume control on 
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your audio oscillator and/or just lay 

the oscillator leads near a grid lead 
(without shorting anything out). Do¬ 
ing that should provide a weak but 
yet strong enough signal for you to 

go through and tweak everything to 

get all the coils very close. 

If, despite having tried all these 
things, you still can't get it to work, 
then there must be something wrong 

with your tubes, sockets, the voltages, 

or something else. Of course, this as¬ 
sumes that you made all your coils 

very much alike, and that you put 

identical capacitors across each of the 
windings. 

Once you have a nice tone in the 

headphones, shut the audio oscillator 
off, but let the alignment oscillator 

run. Turn on the power to the BFO 

with the panel switch. Set the BFO 
tuning capacitor on the front panel 

to half mesh. Take your alignment 

tool and adjust the trimmer on the 
BFO coil. You should hear a number 

of squeals, one of which is louder than 

the rest. Continue to adjust until the 
pitch gets lower and lower, disap¬ 

pears, and then gets higher again. In 

other words, adjust for "zero beat". On 
my receiver this adjustment is touchy 

- too touchy, really. Once done, ad¬ 
justing the BFO capacitor on the front 
panel should vary the tone through 

zero beat. 1 used a 100 pfd variable 

capacitor in series with a fixed 10 pfd. 
For my coils and layout, adjusting the 

variable from minimum to maximum 
varied the pitch from very high to 
none to very high. If you may have to 
change the 10 pfd to something more 
if you use a smaller variable capaci¬ 

tor, or something smaller if the vari¬ 
able tunes too quickly. A little experi¬ 
mentation will be needed. 

At this pointyou have the IF amp, 
detector, and BFO fairly well aligned 
and working nicely together. Now it's 

time to insert the pentagrid converter 
tube and let it warm up. You should 

have filament voltage on pins 2 and 
7, again, B+ on pins 3 and 4 (plate and 
screen), and about -5 volts on pin 5, 

the oscillator grid. The minus five 
volts is the bias created by the grid 

leak pair, and is present only if the 

tube is oscillating. If it is not oscillat¬ 

ing check your wiring. Be sure the tap 
on the coil you chose is close the 

ground end of the coil and not the 

high end. It's important. Trouble¬ 
shooting the oscillator is no different 

than troubleshooting a regenerative 
detector, and in fact it's easier. Even 
the worst, most poorly wound coil 

with the poorest choice of feedback 
tap has easily oscillated in the 6SA7 

breadboard circuits I've lashed to¬ 
gether. So if your oscillator doesn't 
work, the problem must be very 

simple. Start investigating. You'll fig¬ 
ure it out. 

Next, turn the audio back on 
feeding the alignment oscillator and 

attach the alligator clip to the edge of 

the coil form on which the antenna 
coil is wound as seen in the photo at 

the bottom of page 35. With signal 

now getting into the 6SA7 grid, you 
can adjust the trimmer on the input 

side of the 1st IF transformer (6SA7 
plate) for maximum signal. In fact, 
reduce the signal strength to a mini¬ 

mum and adjust all the trimmers, in¬ 
cluding the BFO, one last time for 

maximum signal and for zero beat. 

Shut off the alignment oscillator. Flav- 
ing done this, you are now an expert 

at superhet alignment. It's not tough. 

It takes longer to explain it here than 
it does to do it. 

All that's left to do is check the 
front end coils, that is, the antenna 

and oscillator coils. Get out your grid 
dip oscillator (GDO) and put it near 
the 6SA7. Turn on the BFO. Tune the 
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Alignment oscillator and audio oscillator feeding signals into the antenna tank 
circuit for the final check on alignment. 

GDO back and forth through the 3 
and 4 mhz frequencies. You should 

hear two loud whistles, one is the 
desired signal, the other is the image. 
Set the GDO (or signal generator if 

you have one) to about the middle of 
the 80 meter band, 3.75 mhz and put 

the oscillator variable capacitor on the 
front panel slow-motion dial drive at 
about half mesh. Now adjust the trim¬ 
mer across the oscillator coil until you 

hear the loud squeal of the GDO. If 

your coil calculations are correct, and 
you’ve wound the coil in accordance 
with your calculations, you should 
find that fully unmeshing the oscilla¬ 

tor plates will let you hear a signal 

around 4 mhz on the GDO dial (as¬ 
suming, of course, the GDO dial is 
reasonably accurate). Fully meshed 
plates should let you hear a signal 

with the GDO is set to about 3.5 mhz. 

If you're not getting the right range 

or you're getting the wrong frequen¬ 

cies altogether, the most likely reason 
is that something is wrong with the 
oscillator tank circuit - wrong capaci¬ 

tor values, wiring problems, wrong 
number of windings, etc. 

Setting up the antenna coil is 

done the same way. Set the GDO to 
about 3.75, tune it in with the main 
tuning capacitor, set the antenna ca¬ 

pacitor plates to half mesh, and ad¬ 
just the trimmer for maximum vol¬ 

ume. You'll find that the antenna tank 
circuit tuning is quite broad and not 

at all critical, and that's why you re¬ 
ally don't need a slow-motion dial 

drive on the antenna tuning capaci¬ 
tor. You can check the range of the 
antenna tank by tuning in a signal at 

about 3.5 and 4 and make sure that 
you can maximize the signal you hear 
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Approximate Voltages 
In addition you should find 90 volts B+ on BF0 plate, pin 6: BFO grid: 
plates and screen grids. Be sure pins 2 and 7 ^3 vo^s vo^s 
on all sockets read about 6-1/2 volts AC. 

400 khz IF transformer 400 khz IF transformer 

jsj&j ri £Ti Ej sn ”1 lS 
r-6-70-' ■■ 3 

oscillator grid 
pin 3: 

-5 volts 

+90 

cathode pin 5: 
2.5 to 3 volts 

gam pot varies 
voltage from 0 to 

12 volts 

cathode, pin 4: 

5 volts 

in your headphones by adjusting the 

antenna capacitor. If you can't peak 
all signals from 3.5 to 4, then the 
problem can only be the tank circuit. 

At this point, you can hook your 

receiver up to an antenna. The 80 
meter band doesn't offer much more 
than noise duringthe day, and doesn't 

come alive until sundown. If that's the 

case,you can place your GDO at about 
the middle of the band several feet 

away on the work bench. With a sig¬ 
nal to listen to, you can try moving 
the tap on the oscillator coil closer to 

the ground end. If doing this increases 
the strength of the signal in your ear¬ 
phones, try moving down another tap 
if there is one. If you hear no change 
in signal strength, put the wire back 

on the tap where it was. If you use 
too high a tap on the coil, the 

pentagrid converter oscillates so 
strongly that its ability to amplify is 
destroyed - poor conversion 
transconductance. If the tap is too 
close to the ground end, the tube may 
not oscillate, or it may only oscillate 
at one end of the band or the other. 

Having made all of these adjust¬ 
ments, you're now a full-fledged 

superhet builder. Ham radio opera¬ 
tors over the years have built trans¬ 

mitters of all shapes and sizes. Yet very 
few radio amateurs have ever built a 

receiver, not even the simple superhet 
you've just completed. And that's a 

shame, because we both now know 
how easy, inexpensive, and satisfying 

building a radio can be. As crude as 
this receiver is, it CAN be used on the 

air. Those hams really missed out on 

something. But you've done it. You 
deserve a pat on the back. 

To simplify construction I purchased | 

these tiny ce¬ 
ramic 6-70 pfd 
trimmers from 
Mouser for a bit 
more than a dol¬ 
lar a piece and 
used them on all 
coils. They're in¬ 
tended for solid- 
state circuits and have a low voltage 
rating, but work very well since in our 
radio, we put practically no voltage at 
all across them. There are many other 
trimmers available from many other 
dealers. Search! 
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National Stanwyck Meissner Millen 
460 khz 355 khz 455 khz 1600 khz 
(NC-200) 

Commercial IF 
Transformers 

If you ha ve or can find 
commercial IF trans¬ 
formers, use them. Some 
are new, in-the-box trans¬ 
formers, but most have 
been stripped out of old 
radios. Half the trans¬ 
formers I've acquired for 
little or no money are bi¬ 
zarre animals that don't 
fill my needs. The 
half look something like 
these. 

You 'll find them at 
flea-markets, in boat-an- Miller 
chors, or you can get 132 
them from dealers in an- khz 
tique/used parts. 

This coil was stripped from a 1941 vin¬ 
tage National NC-200 receiver. Two uni¬ 
versal wound coils on a plastic form can 
be seen to the right. Two air-variable 
trimmers to the left tune the trans¬ 
former. Air variables are preferred for 
their stability over time. Be sure there 
are no cobwebs or bugs between the 
plates. These turned up at a flea market 
for 50i along with other NC-200 compo¬ 
nents. 

This 455 khz IF transformer consists of 
two universal wound coils positioned 
much closer together on the coil form 
than those seen in the NC-200 trans¬ 
former. Cheaper compression mica trim¬ 
mers can be seen at the left end. This is, 
no doubt, a transformer built, for an in¬ 
expensive AM broadcast radio. The NC- 
200 was considered a high-quality com¬ 
munications receiver in its day. 



(above) This is a high-quality 10.5 me 
IF transformer. Any transformer with a 
grid-cap lead is usually 50 years old or 
more, (above right) This is an unusual 
variable coupling transformer. Pushing 
a spring-loaded shaft brought the wind¬ 
ings closer together to create more cou¬ 
pling. (right) The transformer on the left 
has too many wires coming out of it. And 
the cheap construction makes getting it 
apart to investigate its internal wiring 
and getting it back together difficult at 
best. At the right is, according to the slip 
of paper inside the can, a Flallicrafters 
BFO transformer. You can tell it's un¬ 
usual by the heavy shielded leads exit¬ 
ing the can. YOUR BEST BET is to look 

Most run-of-the-mill IF transformers 
use the standard color code shown. If 
your tra nsformer does not use the code, 
you may have something unusual, or 
you may not have a b/ue_ 

transformer at all 
despite the fact that 17 ■ < 

it resides inside an TT~~J red~~' 
extruded alumi- ■ 

num can. B+ 
Three varieties of IF transformers 

have been manufactured. The input 
transformer is installed on the plate 
of the mixer, and is built with under¬ 
coupling so that selectivity is maxi¬ 
mized. The interstage variety is built 
to have coupling that produces good 

for cans that have four wires: green, red, 
black, blue protruding from the bottom 
on the can. 

selectivity but with minimal loss so 
that the IF tube can amplify ad¬ 
equately. The output type of IF trans¬ 
former is built to drive the diodes that 
-,areen appear along 
CTjy-l ^4^ side the cathode 

'~~6)ack\ aV tubes like the 

v GAV6. It has 
poor selectivity, but heavy coupling to 
drive the low impedance diodes. An 
impoverished radio builder always 
uses what he has. Any one of these 
commercial IF transformer varieties 
will probably give you quite acceptable 
results. 
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lank circuit 
under test 

o RF out 

IF Transformer Check Oscillator 
,,, , , MPF102 

It's almost impossible to check IF transform¬ 
ers with a grid dip oscillator. 
And other methods load down 
transformers too much. Just 
attaching probes can add so 
much capacitance to a trans¬ 
former that a 455 khz unit 
may read 275 khz! 

This oscillator clips to low fre¬ 
quency transformers, and gives a signal 
that is very close to the natural resonant frequency of the coif. A known 455 khz 
transformer, for instance, registers 465 khz on the frequency coun ter (below). 

I use my check oscillator with a Heath kit fre¬ 
quency counter I bought years ago. I have an¬ 
other, an old but high-quality WO mhz Hewlett- 
Packard, that I bought from dealer for only $60. 
Good counters are available. But here again, 
you don't need a counter. When measuring the 
frequency of the transformer you can use an 
AM radio and the harmonic technique used to 
set the alignment oscillator frequency. 

The oscillator is 
built on a tiny 
printed circuit 
board. The alli¬ 
gator clip con¬ 
nects to the coil, 
the BNC connec¬ 
tor drives the 
frequency 
counter, and another clip is used to get power from the 9 volt battery. 

Other Topics to Study 
We've built a simple, but surpris¬ 

ingly good superhet. Unlike crystal 
sets and regenerative receivers, there 

are many ways to expand and improve 
superhets. 

We have not examined basic is¬ 

sues of unwanted interactions of the 
local oscillator, incoming signals, and 

IF frequencies. These problems were 
once called birdies, but are now re¬ 
ferred to as spurious responses, or 
spurs. Frequency conversion of un¬ 

wanted signals creates image prob¬ 
lems which are most severe with 

simple receivers with a low IF fre¬ 
quency. Solutions include higher IF 
frequencies or multiple conversion. 

Selectivity can be improved with 
the use of crystal filters, both the 

simple types of the 1930's and 40's, 

and the more modern multiple-crys¬ 
tal types. Introducing regeneration 
into the IF amplifier tube will improve 
the Q. (and the noise). It can be done 
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by adding a winding, raising the IF 
amplifier cathode above RF ground, 
or by using an outboard tube and tank 

circuit usually called a Q.-multiplier. 
An audio version of the (^-multiplier, 
called the Select-o-ject, is worth ex¬ 

perimenting with. 

And you can add fancy audio 
stages, rf amplifiers, down convert¬ 

ers, crystal calibrators, product detec¬ 
tors, and on and on. If the terms used 
here are new to you, it's time to dig 

through old radio books and find out 
what you've been missing. 

The first two references below are written for builders. The others are for engineers. 

Wireless Coils, Chokes and Transformers and How to Make Them, edited by 
FJCamm, George Newnes Ltd, London, 1938 

"The Double-Tuned Circuit: An Experimenter's Tutorial", Wes Hayward, Q.ST, 
December 1991 and QRP Power, ARRL, 1996 

"Double-Tuned Transformer Design", D Espy, Electronics, Oct 1944, p 142 
"Graphical Analysis of Tuned Coupled Circuits", Harrison & Mather, Proc IRE, 

Sep 1949, p 1016 

"Aids in the Design of Intermediate-Frequency Systems", Gardiner & Maynard, 
Proc IRE, Nov 1944 p 674 

"Measurements on Intermediate-Frequency Transformers," E Stern, Jour British 

Inst Radio Engineers, Apr 1949, p 157 

"Notes on Intermediate-Frequency Transformer Design", FH Scheer, Proc IRE, 

Dec 1935, p 1483 

Winding Universal Coils 
Professional IF transformers use 

universal windings to get high induc¬ 

tance and high Q in a 

small space. Universal 
windings are self-sup¬ 

porting and must be 
wound by machine. 
You may be able to get 
results of a sort with 

the Morris and/or Gin¬ 
gery coil winder with 
tinkering and luck, but 

to do top-of-the-line 
predictable winding, you need a pre¬ 
cise machine with heart-shaped cams 

and an almost infinite number of pre¬ 
cise gear ratios. 

Assuming such a machine is avail¬ 

able, precise gear ratios must be cal¬ 
culated based on coil form diameter, 
winding thickness, and the diameter 
of the wire. A guide finger must be 
chosen or fabricated to a precision of 

a few thousandths of inch, and it must 

be very precisely adjusted. Unless 

these conditions are 
met, the chances of 

winding a tight, self- 

supporting coil are close 
to zero. 

Universal coils, like 
all coils, have maximum 
Q over a small range of 

frequency. That range 
will be determined by 
the number of turns per 

pie, the number of pies, their sepa¬ 
ration, the type of wires used, etc. 

Most of these details are trade secrets. 
Winding universal coils is quite 

difficult. You need a machine similar 
to a lathe. Then you must learn how 
to use it expertly. Then and only then 
can you begin to wind professional 

quality IF transformers. 

This coil wound with 
heavy Litz wire exhibits a 

Q of 135 at 300 khz 
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(right) Litzendmht (Litz) wire consists of 
many fine strands of wire, individual in¬ 
sulated, wrapped into a larger cable and 
covered with a cloth-like insulation. For 
instance, a 7 x 47 Litz, consists of seven 
strands of No. 47 enamel wire twisted to¬ 
gether. Since Litz wire reduces skin-effect 
losses, winding universal coils with any¬ 
thing but Litz is self-defeating. A spool of 
Litz can cost $100 to $150. 

(below) An experi¬ 
mental homemade IF 
transformer sits in¬ 
side its test shield. 
Measurements indi¬ 
cate a loaded, in-cir¬ 
cuit Q of 85 at 220 
khz. These double-pie 
windings use smaller 
diameter Litz wire to 
achieve high Q and 
tight windings. 

universal coils of different geom¬ 
etries. If this area of experimentation 
interests you, you must read AND un¬ 
derstand Querfurth's book on coil 
winding. It is an incredible source of 
practical information, and is avail¬ 
able on the used book market. After 
reading Iris book, you may decide that 
the process is too involved to pursue. 

The first three references below are the best of the lot. Read them first. 

Coil Winding, Wm Querfurth, Geo Stevens Mfgs Co Inc, 2nd ed 1958 
“Universal Coil Winding", E Watkinson, Jour British Inst Radio Engineers, 

Feb 1941, p 61 
“The Design of the Universal Winding", LM Hershey, Proc IRE, Aug 1941, p 41 
"Universal Coil Design," AW Simon, Radio, Feb-Mar 1947, p 16 
“Theory and Design of Progressive and Ordinary Universal Windings", M Kantor, 

Proc IRE, Dec 1947, p 1563 
“On the Theory of the Progressive Universal Windings", AW Simon, Proc IRE, 

Dec 1945, p 808 
"Winding the Universal Coil,” AMJ Simon, Electronics, Oct 1936, p 22 
"Determining Form Factors ofl-F Transformers", WC Vergara, Electronics, 

July 1949 

(above) This homemade universal coil winder uses step¬ 
per motors driven by digital electronics to achieve the al¬ 
most. infinite number of gear ratios necessary to wind 

48 





www.lindsaybks.com 

radios! 

Vacuum tubes are to the electronics industry what steam 
locomotives are to the railroading industry: hot, inefficient mainte¬ 
nance headaches. But like a steam locomotive, a tube has a simple 
fascinating charm that no high-tech chip can match. 

You must try building a simple radio with tubes! It's easy, 
and it's cheap. (And don't tell me 
that doesn't appeal to you...) Do you 
remember the excitement when you 
built your first crystal set? This is 
even better. 

Here you get tips, tricks, hints 
and details on building components 
and test equipment that will help 
you to put your radio on the short¬ 
wave frequencies you desire and 
carefully tune in the station you 
want. 

Here you'll discover a simple 
technology that few people seem to 
know ever existed! But you'll know... 
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