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KGNY One of the best known Amateurs of the
s U & &J Hawaiian Islands uses Eimac 250T's

e

4]
DX isno longer permitted but the past record of KGNYD
is still impressive. On fone: 87 countries worked with 78
confirmed. On CW: 108 worked with 86 confirmations.
K6NYD has been using Eimac 250T’s in his final ampli-
fier since 1937 and saystthey are extremely dependable.
Prize feat with his “rig” was the regular schedule main-
tained with the evasive AC4YN ... once on fone with the
“AC” on CW. Lieut. Greenlee says: “In spite of more than
500 hours service, my 250T's still neutralize perfectly
and appear to have full filament emission.”
Outstanding performance like thisand long depend-
able service without a let down is typical of the re-
sults being obtained by amateurs who use Eimac
A . e Y ) tubes. Make no mistake about it, you can benefit
FINAL AMPLIFIER~K6NYD 31 greatly by the experiences of the worlds leading

o,y radio men, most of whom use Eimac tubes.
>y

Be sure you buy tubes on the basis of facts
... not on promises. Get full information to-
day. See the nearest Eimac representative or
write direct to the factory.

3 ELEMENT ROTARY
ANTENNA —K6NYD

L
g9
1us
i = &" ,,,'A;‘ Eitel-McCullough, Inc. « San Bruno, Calif.

——f
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HE Sky-Traveler (Model §-29) is a portable de-

signed to communications receiver tolerances.
You can take it with you wherever you go, or use it at
home. Operates on 110 volts AC or DC or from its
self-contained batteries. Frequency coverage from 542
kc. to 30.5 mc. on 4 bands. Telescope antenna with
high gain coupling circuit provides trulg remarkable
reception throughout the tuning range. Eléctrical band-
spread. Automatic noise limiter. Battery l;]}e prolonged PE= | Ay
through a self-contained charging circulit. RF stage Ji‘ F
used-on-all bands! Sensitivity below tw 7
on all bands. Permi:-ability tuned RF an | IF circattsy |
Weight-including batteries 18 lbs. The $ky-Traveler™
(Model 5-29) $59.50.

the hallicrafters .
CHICAGO, U. S. A
USED BY 33 GOVERNMENTS
SOLD IN 89 COUNTRIES
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AXIAL LEAD
RESISTORS
TYPE 710 -
size 13" x ¥4
rated lz wait
TYPE 714

size 14 ‘
rated | wc||

Centralab

/7 ctmamic miviaror 77/, \\ A x l A L L E A D
i om | RESISTORS

WCTAL CONTACT = WETaL CONTACT

Magnilled lescss. #heifon sRowsl Genfsroas Under water...in the air...under ground...on

©f resistance material surrounded by a non B i i i
oAt ek o roundy eve'ry. !ronl' lhes? famous resistors are proving
Both core and ackel are fired together af their fitness in rouline as well as emergency work.
2500 degrees F. into a solid unit—hard and _ -

durable as stone and impervious lo moisture, Due to more exacting conditions in the industry . . . the voque

Pure copper spray al exireme ends gives of smaller plastic models: there is an even greater need for
potilive clectrical and mechanical contact. resistors that are both small in size and positively insulated.
Centralab AXIAL LEAD resistors are designed to fit into limit.
ed space without danger of shorting, Moulded bakelite CAPS
through which the end leads protrude . . . complete the posi-
tive insulation atforded by the non-conducting ceramic jacket.
Will withstand five times raled load without permanent change. .

For furiher information ask your jobber
or write lor Bulletin No, 606.

CENTRALAB: Div. of Globe-Union Inc.

900 E. KEEFE AVE. « MILWAUKEE, WISCONSIN -

RADIAL LEAD RESISTORS

The radial loads where attached to the body
of the resistor are uninsulated . , . making
these resistors 90% insulated . every

other respeclt the electrical ch eristics
are the same as the AXIAL d units.
\ TYPE 310 — size 14"”x Rated 13 watt
TYPE 314 — size V"x 1" Rated 1 watt Builders of the famous
TYPE 316 — size 14"x 134" Rated 2 watts CENTRALAB VOLUME CONTROL . ..
SWITCHES .. . CERAMIC CAPACITORS
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Past ®
Present
and

°® Prophetic

Transmitter Trailing

With Spring not far away—we hope—it
behooves the u.h.f. addicts to begin thinking
about their direction finding apparatus for
transmitter hunts. Willburn tells how Ae does
it on page 44. His system works, too; we saw
a user of a similar method drive right to a
hidden transmitter while others with more
elaborate equipment, including a truck sur-
mounted by a windmill, were beating the
brush ten miles away.

This u.h.f. direction finding is worthy of
more notice. Let’s hear how some of the oth-
ers do it. Or is it a secret, like the home-brew
recipe?

The Staff—Rear View

LA :

During a recent spot of unusual weather
the San Wan dragged its anchor and ran
aground inside the local breakwater, thus pro-
viding the above picture of ye staffs watch-
ing a vain effort to refloat the ship. From left
to right: editors Smith and Dawley; two un-
identified surfside superintendents; draftsman
Ontiveros; Haberlitz, W6QZA, who happened
along; and laboratorian Rothman. It has been
calculated that were the sails of the San Wan
fully rigged it would long ago have been
blown out to sea by the free advice emanating
from shore.

Pipe Again
Under the constant prodding of Bill Conk-
lin, we've been plugging pipe for u.h.f. tank

circuits pretty steadily. At last we seem to be
getting results. This time Leroy May provides
us with an article on a 56-Mc. preselector
with concentric tank circuits. We won’t say
any more—just see page 16.

High Fidelity

Editor Smith has long been a high-tidelity
addict. Why, we don't know. It seems that
every time you get a “flat” b.c. set going, the
visiting b.c.l. always seems a bit skeptical of
your claims. If pressed, he will usually admit
that he thinks his $19.95 midget has better
“tone,” meaning faked bass. But if you have
an ear for real fidelity Smith tells the proper
approach on page 46. You can tell the differ-
ence between a studio program, a recording,
and a network program with this sort of an
outfit, if that's any incentive.

Speaking of high fidelity, those who have
heard the amazing sound reproduction in
Walt Disney's “Fantasia” will be interested
to know that at least two of the three men
given program credit for the sound are ama-
teurs. It may be that all three are amateurs.
At any rate, C. O. Slyfield is W6WQ, and
J. N. A. Hawkins, our former technical editor,
is WGAAR.

Back to Breadbeard

After his first fling of authoring in Rapio
with the dialogue meter of last February, W.
T. Caswell decided to have another try at it.
This time it's on the serious side, with a 100-
watt transmitter built in a modified form of
the good old breadboard style——the sign of
an unreconstructed dx'er. If you want to see
some of the advantages of breadboard con-
struction and there are plenty, as even the
rack advocates will admit—turn to page 33.

Lost and Found Dept.

We just know you have been sitting on pins
and needles waiting to hear if the George
Banks mentioned here in February read his
press notices. He did. The Handbook has
gone to his friend. Now all we have to worry
about is whether our latest correspondent was
actually Mr. Banks. The signature seemed
authentic, though.

Quick Get-Away

When we think of the trouble that editor
Dawley went to when he designed the mobile
transmitter with instant-heating filaments de-
scribed in the July, 1939, issue, we can wager
that he wishes he had waited about eighteen
months. There is now a whole series of real
transmitting tubes available for this type of
mobile service. Newnan shows how some of
the tubes may be applied to a mobile police
transmitter in an article starting on page 26.
Long-time power consumption is reduced con-

[Continued on Page 97]
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Psst!

If you will send us $1.00 we will
send you five big issues of RADIO
as an introductory offer. We want
you to see how good RADIO is
issue after issue. It’s not a flash
in the pan . . . and we”ll make this
cut-price offer to prove it. (This
offer is not open to you if you
have been on our subscription lists
within the past year.) (Outside
U.S.A., four big issues for the
same price.) The Editors of
RADIO, Kenwood Road, Santa
Barabara, Calif.

e ] o
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® Overall view of f.m. station W2XOR. Note the “patchwork"”
acoustic treatment of the room. This is WOR-Mutual's |-kilowatt
f.m. outlet in New York.
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Fhe Coincidence of

By PERRY FERRELL, Jr.*

Since the start of our study of weak f.m. signals many
interesting sidelights have arisen. Out of these have grown
a series of papers on the propagation of the ultra high fre-
quencies.™ *

Fading

Fading at ultra high frequencies, which has already been
described?, is caused by rapid variations in the reflection
boundaries at different levels in the troposphere. These
change the propagation characteristics and cause fluctuations
in signal strength at the receiving position. Fortunately, how-
ever, fading is a long drawn out procedure most of the time
and wave interference or selective fading is practically
unknown in air boundary bending signals. The predominant
fade is illustrated quite excellently in figure 1, which is the
type of fade classified as “roller.” As can be seen, there is
no general periodicity, and no exacting rhythmical cycle per-
sists.

The actual average of fading is better shown, perhaps, in
figure 2, as figure 1 was made during a period of excep-
tionally fine air boundary bending. To clarify that latter con-
dition figure 3 is shown. This is one of the daily weather
maps covering that period in which it can be seen that the
local Atlantic seaboard was along a contact plane of a “low"
centered over Michigan and a “high” moving northeastward
along the seaboard itself, and for which a time was centered
over Rhode Island, Connecticut and Massachusetts.*

#107 East Bayview Ave., Pleasantville, New Jersey.

Ferrell, “Weak Signal F. M. Reception,” Raplo, December,
1940, p. 11.

Ferrell, "“Aurora V.H.F. Propagation,” Raplo, February,
1941, p. 20.

*Special attention is called here to the paper, “U.H.F. and the
Weather,” M. S. Wilson, Rapro, January, 1940, p. 34, in which
this condition is described in detail.

The turnstile antenna being instaled for W47NVY at

Nashville, Tenn., atop the WSM tower. The vertical

radiator belongs to W4XA, 26.15 Mc., who special-

ize in the - broadcasting of high-fidelity orchestral
selections.

e Q o
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Figure |. Simple roller fade during t.a.b.b. as recorded from the W2XMN f.m.
signal. The total swing of fade is over 40 db in strength.

The furtherance of these measurements
upon u.h.f. fading required additional equip-
ment. Major Armstrong thereupon supplied
us with a second REL-517A f.m. receiver.’
This made it possible to make accurate com-
parative tests by recording two stations at the
same frequency with different antennas or on
different frequencies, as the case might be.
Also added was a special r.f. stage with tuned
input and output and utilizing another 1852
type tube and separate power supply. The
gain afforded in this extra stage considerably
improved limiter operation* and also im-
proved the weak signal response as shown
in figure 4.

Since antennas are of the utmost importance,
a new horizonal dipole using 4” copper ele-
ments resonant on 44 Mc. and fed with 50 feet
of EO1 cable was erected 75 feet above sea-
level. For vertical polarization another dipole
was suspended in midair from a pole atop the
house where the receiving equipment is located.
This was also resonant on 44 Mc. and fed with
about 30 feet of EO1. Along with an output

‘Browning, “F. M. Limiter Performance,” Sep-
tember, 1940, QST, p. 19.

meter, complete antenna switching, and steps
taken to reduce the first oscillator interaction
between the two receivers (both 1700 kc. i.f.),
our installation became complete enough to
carry on the outlined tests.

The Coincidence Of Fading

The first noted coincidence of fading oc-
curred when it was observed that the rate and
severity of fading is materially the same
throughout the f.m. commercial band (42.0-
50.0 Mc.). This would imply that fading at
closely allied frequencies in-the wu.h.f. bands
with like polarizations and from identical
transmitting and receiving positions is the
same. While conclusive experiments to show
the above as being true over a broad range
were impossible, figure 5 shows the relative
fades of W2XOR, 43.50 Mc. and W2XWG,
45.10 Mc., both in Manhattan, New York
City. This preliminary test did indicate the
fading is about the same regardless of small
differences in frequency. As can be seen from
the graph, the general tone of fading is well
followed.

2.00-L.G.C. MA-
[
175
1.50)
Figure 2. The normal fade of the
R f.m. signal of W2XMN {114 miles
I/ distant). Note the lack of ex-
1.00 — -

/ ff ../ \/ treme variations as in figure |,
= which was made during t.a.b.b.
.50, This amount of fade is unnotice-

2/slan able during normal f.m. reception.
.25 RUSH LEVEL
0 0 0 © 0 0 0 O 6 0 0 o Q 2] 0 0
11:40 AM 11:45 AM TIME —= INTERVAL 15 SECONDS 12:00 PM
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Figure 3. Weather map issued by the U.S. Weather Bureau for the date of February 6, 1941.

Note how a “high' is centered from Cape Hatteras to the coast of Maine, while a favorable

“low" is over Michigan and western New York State. The contact plane at the time of re-

cording the W2XMN fade at 10:30 p.m. on the éth was running north and south over upper
eastern New York state to lower New Jersey.

The discrepancies in the graph can be attrib-
uted to several factors which override any
irregularities that might have been caused by
the small frequency difference. So in the lim-
ited f.m. commercial band it is assumed for all
means and purposes of this paper that the
fading at independent frequencies is the same
from identical transmitting locations.

It might be well to mention here that the
difference in the effective field strengths is ap-
parently the result of the differences in the
transmitting antenna heights, that of W2XWG
being atop the Empire State Building,” and that
of W2XOR being about 630 feet below it at
444 Madison Ave., a short distance away.
Fading is again assumed to be the same, since
the receiving antennas were at about the same
height.®

It has been believed heretofore that unlike
polarizations  (W2XWG  using  horizonal,

*Note: “N.B.C. Frequency Modulation Field
Test,” Raplo, January, 1941, p. 12.

°E. H. Conklin, “Antenna Polarization on the
Ultra Highs,” Rapio, March, 1940, p. 44.

W2XOR using vertical) would show no co-
incidence of fading from nearly identical trans-
mitting locations. While observations that
could not be shown in the graph (figure 5)
proved that fading was worse on the horizontal,
when it was bad on the vertical itself there
seemed to be a strong coincidence between the
two fades.

A review of the causes of u.h.f. fading
pointed out that fading can be the effect of a
distortion of the plane of polarization of the
radiated wave. Since this applies primarily to
the reflection of signals from the ionosphere,
the thorn in the side of our various antenna
polarization experimenters has long been com-
ment from “reliable” sources to the effect that
polarization was practically ineffectual for
signals of tropospheric air boundary bending
origin. These reports had indicated a random
twisting of the plane of polarization as the
wave passed through the lower atmosphere.

It is best to remember here that the reflection
boundaries, although generally found above
400 meters and below 5 kilometers, can exist up
to 10,000 meters in a very weakened condition.

www.americanradiohistorv.com
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The line input and modulator equipment of M2XMN,

Alpine, N.J.

For example, in the tropospheric reflection
measurements of Professor A. W. Friend,
Harvard University, for July 6th, 1940, a read-
ing like this resulted:

hy— 1100 m. to 1200 m.—strong and sharp.

hs— 2880 m.

h,— 4900 m.—weak and broad boundary

hs=—10000 m.—weak.

This condition was excellent for signals in New
England, especially those between Boston and
Bristol, Conn. If, by the way, you're a fanatic
on sporadic-E skip for 5 meters, you will find
that sporadic-E had opened 5 to the west and
southwest at the time of the observation, and
hence could account for some of those over-
size S.E. hops! Thusly, it would appear that
the name “tropospheric air boundary bending”
(troposphere meaning the portion of the
carth’s atmosphere extending up to about
36,000 feet or 10.96 km.) would suit our case
best. However, this is clumsy to discuss, so the
term is shortened to its initials, £.4.5.5., for use
hereafter in this paper.

Theoretically, these radical changes involved
in polarization twisting are possible only to a
limited extent, assuming that the receiving and
transmitting antenna systems are ideal in de-
sign. Since many installations are far from

} very disturbed region

12.0 I .
1.0 _'—I_DROP IN NOISE LEVEL, DB 35
& s i
+-30

25

— 20

._ i . b 2 5 10
4.0 3 o 2,
SN : .
: ! "
3.9 C\\ RUSH LEVEL ;
_ x> UNMOD. CARRIER

i h S e~ S PN
05 40 15 .20 .25 .30 .35 .40 .45 .50 .55 .60
L.6.C. MA, —+

Figure 4. The plot of signal input against
audio output of the revised f.m. receiver
is shown in this graph. At (A} a received
signal would be unreadable, although a
slight increase in the background rush would
be noticeable, due to the presence of the
carrier. At (B} the audio out of the 1000-
cycle tone has risen to 7.0 volts a.c., and
the rush level has dropped to 4.0 volts on
an unmodulated carrier. (C) shows an-
other rise in audio output with a corre-
sponding reduction in noise and carrier rush
level. The signals at (B} and {C} would be,
in no fading, entirely readable though well
into the rush and noise. At (D}, or 0.20
ma. l.g.c., noise and rush are still dropping
rapidly, which they continue to do at (E)
and (F), the audio output from the 1000-
cycle tone having assumed a 10-volt level
in the latter two cases. Signals above these
readings are of program value.

.0 !—L.G-C- MA

.75

o 2/13/a1

S A T,

o en, g \. ~ o ; v b
30 * %4 V4 v A YRV
45 Y Y RN A
40 -N\—\/ NG
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3 — S
.25 Rx#® X8
.20 RUSH LEVEL \ {
BE.]
ot N IR T I S NN
05|
0O 0 0 0 0 0 0 0 0 0 0 0 6 0 O O 0 O

045 AM 10:50 AM  TIME — INTERVAL 15 SEC. 11:00 Art

Figure 5. Comparison of fading of W2XWG
on receiver no. 2 (horizontally polarized
transmission} and W2XOR on receiver no.
I {vertically polarized}, both being received
on their respective polarizations. More than
a little coincidence in the fading of the two
types of polarization is shown, although
greater severity of fading was noticed on
the horizontally polarized signals, as would
be expected.

ideal, due probably not to the constructor or
the amateur himself but to the lack of equip-
ment to measure and correct these faults, the
extraneous fields in the vicinity of unbalanced
feeders and leadins can seriously distort the
actual polarization of the transmitting or re-
ceiving array.

www.americanradiohistorv.com
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Figure 6. Graph of comparison of 1,75,
the horizontally polarized W2XMN

transmissions as received on no. 2
receiver using a horizontal antenna
{actual readings reduced), and the
no. | receiver using a vertical an-
tenna. Although there is a great
difference in signal strength and the

fade on the vertical is less great, note
that the general tone of fade is

fairly well followed on the two.

2.00/L.G.C. MA.

2.00rL.G.C. MA.

2/12/a1

e, ™,
Nemy B

A

N = &S
SR uzw1xo.{ e
25| ; RUSH LEVELS RESPECTIVELY

—*Tr ..... T T 1

o 0 [+

[ O 0 0 0 0 0O 0 O O 0 0 o 4]
4:30 PM 4:35PM TIME—=INTERVAL 15 SEC. 4:45 PM
Figure 7. The fading records of W2XWG
and W2XMN who are on the same azimuth
leading away from the receiving location
but are separated by 14 miles. The exist-
ence of a very slight general correspond-
ence can be seen, but there does not seem
to be any evidence of a definite lag or lead
between the two records.

Commercial f.m. installations, of course, take
great pride in the character of their wave po-
larization. Hence these easily enough pro-
vided an “ideal design.” Tests were then car-
ried out to determine the effectiveness of po-
larization and whether or not a condition un-
known to us existed which in t.a.b.b. caused
the so-called twisting action.

In figure 6 we see the results obtained by re-
cording W2XMN with the horizonal dipole
on the standard REL and the vertical dipole
on the special double r.f. stage REL. The
r.f. gain on the standard receiver was reduced
to 409 of the actual l.g.c. reading for ease of
comparison.

Since the transmissions of W2XMN are
horizontally polarized the ratio of horizonal
to vertical is very great. However, as far as
fading is concerned the general tone is quite
similar for the two. Particularly of notice is
the fact that the severity of fading on the
horizontal antenna is greater than that of re-
ceiving on the vertical, even though the ra-
diation from the transmitter is horizontally
polarized.

0 0O 0 0 0O 0O 0 O O 0O OO0 O 0 0 0 0 O
10:25 AM 10:30 AM TIME — INTERVAL 15 SECONDS

Figure 8. Plot of the fading of W2XWG

against that of WIXOJ showing the expect-

ed lack of coincidence due to the propa-
gation of the signal over many paths.

In figure 7, which is the graph comparing
the fades of W2XMN (relative strength—ac-
tual strength 209 more) and W2XWG (ac-
tual strength; using dual r.f stage REL), we
find the separation of 14 miles on the same
azimuth, plus the 100 miles to W2XWG, has
apparently caused a reaction in the severity
and rates of the two fades. This was to be
expected, and no coincidence now exists.

It is now obvious that the signal is being
refracted at several different levels in the
troposphere. The in- and out-of-phase ef-
fects of the components of the signal result in
fading. Application of logic, although in the
face of a great number of variables indicates
that the “front” affording this fading prob-
ably is equidistant from both the transmitting
and receiving positions and must be spread
out over a considerable area. A scintillating
fade, although not invariably the inverse,
would most likely be due to refraction from a
weak front, local either to the transmitter or
to the receiver. Turbulent conditions within
1000 meters of the surface in all probability
also cause scintillating fades.

Fading at extreme distances from W1XO]J
(243 miles distant) during t.a.b.b. is shown in

[Continued on Page 68}
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A Practical

By JOHN MacALLISTER, *

If you've ever felt the desire to know how a
sine wave would look after negotiating two
or three stages of speech and the class B modu-
lator, then you've learned that the cost of a
good frequency generator runs into healthy
tigures. The general run of oscillators, such
as can be thrown together with a tube and an
audio transformer, don’t do much to remedy
this situation. Usually their output has more
wrinkles than a corrugated roof, the result of a
heavy harmonic component. All in all it’s a
bit tough on the Johnny who wants to know
how the stuff looks before it goes over the
garden wall.

There is an alternative, however; there are
two, in fact. The first, and obvious, is to take
one of the commercial gadgets out on trial, use
it for a week-end, then return it to your dealer
with apologies. The other is the contrivance
shown in the accompanying sketch.

This type of frequency generator is often
used in geophysical labs and other services
where high audio frequencies (above 2000
cycles) are not essential. Briefly, it consists
of a photo-cell, a light source, and a revolving,
perforated disc, so arranged that the perfora-
tions admit light pulses to the cell at the de-
sired sound frequency. In laboratory practice
the perforated disc is generally replaced with
one having a serrated edge, the pitch and
depth of the teeth being so laid out as to pro-
vide a perfect sine wave. However, the per-
forated disc is capable of producing an ex-
cellent wave-form at, let us say, 400 c.p.s.

“Aha,” says the gentleman who owns one
of the laboratory-type vacuum-tube oscillators,
“how do you vary the pitch with your gadget?
How do you get anything but 400 cycles out
of it?”

“Brother, you don't!” Arbitrarily, 400
c.p.s. has been accepted by the F.C.C. as a
satisfactory test-frequency for broadcast sta-
tions; the full story being that an audio system
which distorts at one frequency will do so at

*Vard Mechanical Labs., Pasadena, Calif.

ex -WQSJLR

all trequencies. It holds true, therefore, that
a normal transmitter operating with a meager
four percent harmonic distortion at 400 c.p.s.
will have no less than this at any useful fre-
quency.

However, if you insist upon a variable fre-
quency-generator you can have it. You can
make it as complicated as you wish, or spend
as much as you like. Or you can design it to
operate at two hundred, a thousand cycles, or
any frequency you wish, but for the moment
let's concentrate on exhibit A.

Material Requirements

The motor can be anything of 1/20 horse-
power or over. One having good regulation;
i.e., compounded, shunt-wound, or synchro-
nous, is desirable. The more constant the disc’s
velocity, the more constant the frequency. The
disc mounts directly upon the motor shaft by
means of an emery-wheel adapter. It can be
of any suitable material —aluminum, or even
bristol board. A ten-inch aluminum record-
ing blank adapts itself admirably, being, in
fact, more practical for this purpose than for
that for which it originally was intended. The
lamp is mounted upon one side of this disc,
the photo-cell upon the other, and between the
lamp and the disc is any opaque mask, slotted
the width of the disc apertures. With these
elements properly positioned, light is admit-
ted to the photo-cell only as the disc apertures
move past the mask opening. If the holes in
the disc are perfectly round, symmetrical, and
spaced exactly one diameter apart, the volt-
age output of the photo-cell will be a more
than reasonable facsimile of a sine wave. For
a given motor speed, the frequency of this
signal can be pre-determined through proper
design of the disc.

Assuming a motor speed of 1750 r.p.m., we
can anticipate a disc speed of approximately
29.2 revs. per second. Knowing this, and
desiring a frequency of approximately 400
C.p-s., a simple process of “gozintas” shows us
that 14 apertures will do the job. For 1000

14 »
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General layout of the aperture-disc audio source showing the dimensions for
constructing a ten-inch disc with 14 one-inch holes.

15

cycles, we would arrive at 34 apertures by the
same process.

Disc Layout

The holes should be large enough to admit
ample light to the cell, this determining within
limits the output level. For cutting these
holes a center-drill is advisable. Lacking this
tool, a 1” socket hole punch is generally avail-
able and represents an excellent means of cut-
ting the apertures. Holes of this size, how-
ever, do necessitate the use of a condenser lens
(from an old flashlight), to focus the light
upon the cathode of the photo-cell. With
apertures 15 inch in diameter or less no focus-
ing is essential. In any event, workshop facili-
ties can best determine the aperture size. The
disc should then be laid out with these holes
exactly one diameter apart; no more, no less!
The nice trick comes in determining the exact
radius that will result in a circle which exact-
ly accommodates 14 holes, or whatever num-
ber your particular requirements suggest. This
being merely a mathematical function, no sor-
ry details are needed here.! Exact dimensions

'A simple way of approximating this computa-
tion is to multiply the total number of holes by
4, then divide this result into 360°. The re-
sulting figure is the angle in degrees which will
be subtended by the radius of the holes at their
proper distance from the center of the disc. Look
up the sine of this angle, and divide this figure
into the radins of the holes which are to be cut.
The resulting figure will be the radius of the
circle for the line of centers of the holes. Ex-
pressed as an equation:

r
R—mM —
360
sin —
4N
Where N is the number of holes to be cut,
r is the radius of the holes, and R is the
radius of the circle on which the centers of
the holes are to be placed.

for a disc using 17 holes are shown in figure
1.

Cutting the Apertures

In the next operation, extreme care is essen-
tial. If you are lucky enough to have a pre-
cision mill available for cutting the apertures,
use it and consider yourself fortunate. It is
for this same reason that a center-drill or
socket-hole punch is advisable; the use of a
small guide-hole reduces the percentage of
error. Finally, whatever the radius on which
the holes are laid out, it is best scribed afrer
the disc has been permanently mounted in the
adapter. Any discrepancies in laying out the
disc will show up later as stray wiggles on the
scope.

The rest is quite simple. The disc and oth-
er parts may or may not be given a coat of
black paint and are assembled as shown. With
a polarizing voltage applied to the cell through
a suitable resistance (no polarizing voltage is
required for a selenium or barrier type cell),
turn on the exiter lamp (d.c. filament supply),
and start the motor. No fuss, no bother, no
harmonics. Simple, eh-what?

Notice, we said d.c. back there. If you are
a stickler for detail, 60-cycle a.c. on the light
source will modulate a bit of 120-cycle ripple
into the photo-cell output. You can overlook
it, or, on the other hand, you can use d.c. An
ordinary flash-light lamp and battery will fur-
nish light for several hours of intermittent
operation.

Photo Cells

Generally speaking, any type photo-cell will
operate effectively. The barrier type cells, of
which there are several, are self-generating and

[Continued on Page 89}

The circle of radius R is then inscribed and
the proper number of points for the desired num-
ber of holes is stepped off with a divider on the
circumference of this circle.—Editor.
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By LeROY W. MAY,

Many amateurs have felt the urge to try
the 56-Mc. band after having heard lush re-
ports of the dx being heard and worked. Many
have been properly impressed—and are now

*R4, 9428 Hobart Street, Dallas, Texas.

Jr.,.* WB5AJG

among our “leading citizens” of the band.
Far too many, however, have been quite un-
impressed with their venture and have im-
mediately snapped back to the lower fre-
quencies, branding such reports of dx as a
pure myth and non-existent.

In most cases, mediocre reception of dx
type of transmission on 56-Mc. results from
the use of a single tube type of converter, per-
forming the functions of both oscillator and
mixer, this in turn working at a correspond-
ingly lower i.f. into the regular station com-
munications receiver. This type of converter
which contains no r.f. stage has its proper
place. For the expenditure and little effort in-
volved, fair results are achieved under favor-
able conditions.

Weak signal dx, however, is another mat-
ter, and when band conditions are rather poor
and spotty (which is all to frequent with
those who spend most of their time on 56)
it is the same old story. The dx buries itself
just about the noise level and is most “irri-
tatingly” elusive.

The solution to the improvement of most
of this type of 56-Mc. dx reception lies in
adequate preselection ahead of the mixer
stage. When it is realized that a mixer stage
has only one third of the gain of an r.f. tube
of the same type, coupled with the fact that
in a properly designed receiver noise in the
first tuned circuit is amplified by subsequent
tubes and predominates in the output, it can
readily be realized that for good signal-to-
noise ratio one must have a high gain non-
regenerative r.f. stage. It might also be stat-
ed that 56-Mc. converters of commercial man-
ufacture, which already contain an r.f. stage,
can usually be improved by the addition of
more r.f. preselection. Two r.f. stages pre-
ceding the mixer tube appear to be about the
maximum r.f. gain usable at the average
56-Mc. location.

In previous articles' it has been shown that

The completed 56-Mc. resonant-line
preselector. The small quarter-inch
pipes can be seen running on the out-
side of the large pipes. These carry
grid and plate returns. The output
coupling loop can be seen on the
right hand pipe. The input loop is at
the rear of the left pipe and cannot
be seen in this photograph.

*Conklin, *"Transmission lines as circuit ele-
ments,” Rapio, April, May, June, 1939. Conklin,
“Superhet Tracking at ultra-high frequencies,”
Rapio, February, 1940.
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for Weah-Signal DX

quarter wavelength sections of parallel con-
ductors or concentric transmission lines, used
in conjunction with special built u.h.f. tubes,
such as acorns, are infinitely superior in gain
and stability to ordinary coils and condensers
and conventional tubes on 56-Mc. and higher
frequencies. The reader is referred to these
articles for a more detailed discussion of oper-
ation.

Here at WS5AJG, excellent success has been
had with a concentric preselector following
the design considerations mentioned above.
For the serious 56-Mc. dx enthusiast, the
“plumbing circuits” are heartily recommend-
ed. Admittedly a separate preselector unit,
such as the one to be described, presents a
greater problem in efficiently coupling the out-

put to the mixer or receiver than a unit in
which the mixer stage is included. But with
reasonably careful design excellent results are
achieved. Furthermore, as one gets accustomed
to the peculiarities of concentric tuned circuits,
a mixer can be added to the preselector to
make a complete converter in one unit.
Therefore, to get on with the business of
building the preselector, a visit to the local
junk yards was indicated. Since becoming a
plumbing addict such a sojourn may now be
termed positively fascinating. The second shop
visited unearthed some 4-inch diameter cop-
per down spout in excellent condition at one
cent per inch. Two photographic copper en-
graving plates at fifteen cents per and about
twelve feet of V4-inch copper tubing were also

The bottom end of the preselector, as it looks when removed from the
mounting base, showing the acorn tube, its socket, and the method of
mounting the tuning condensers. The output pipe is to the left of the
partition, the input pipe on the right. The penlite grid-bias cells are
strapped on to the right of the center partition. The inner conductors of
the lines are soldered to the stator lugs of the tuning condensers. The
five-prong wafer socket, to which all leads are terminated, can be seen on
the left edge of of the chassis.
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Schematic and mechanical diagram of the 56-Mc. preselector.

picked up on the way out, and the net re-
sult was the staggering sum of one buck,
fifteen. For this moderate expenditure one has
the majority of ingredients necessary for a
couple of ultra-efficient 56-Mc. tank circuits.

Both the grid and plate circuits of the pre-
selector are tuned for maximum gain and em-
ploy the recently procured 36-inch lengths
of copper pipe. The inner conductor is made
of the V4-inch copper tubing. This 16-to-1
ratio of diameters results in quite substantial
open end impedance Zs. This is desirable
for maximum gain where selectivity is not
imperative, as in an r.f. stage. In passing, it
might be stated that although the circuits were

designed for maximum gain and not for max-
imum Q (selectivity), the selectivity is much
better than the best constructed coil and con-
denser combination ever observed in the writ-
er’s experience on 56-Mc.

Either a 954 or 956 acorn pentode may be
used. The cost of the tube represents the
major cost of the unit, but the constructor
may be sure that in the long run the result
in gain and performance at this frequency
will justify the cost. After all, one doesn't
regret spending five dollars on a particular
unit in the transmitter if it is necessary to get
certain results.

Remarkably little wiring is necessary in a
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unit of this type and the picture diagram
illustrates both the wiring and method of
assembly. A shorting disc will be necessary
at the closed end of the pipes (end opposite
tube and tuning condensers) and the open
ends mount in two 4-inch diameter holes cut
in one of the 7 x 10 inch flat copper photo-
graphic plates. The two circles of copper
removed from the plate are used as the short-
ing discs. A husky soldering iron or small
blowtorch is then used to solder both ends
thoroughly in place.

A vertical copper shield partition is then
soldered between the pipes under the base.
This partition is used as a support for the
tube socket, aside from providing isolation be-
tween input and output circuits. At the time of
construction no commercially made sockets
were in stock in the city, so one was built
up using the shield partition as a mounting
base and incorporating the tube element by-
pass condensers thereon. Alternately, a com-
mercial manufactured acorn socket with built-
in bypasses should be entirely satisfactory and
construction would be simplified somewhat.
The large drawing shows a sketch of the
homespun socket, should anyone be interested
in “rolling his own.” The 3-plate tuning
condensers are mounted on small pieces of this
same flat copper which are in turn soldered
onto the base plate. The condensers are lined
up and mounted so that the stator plate
mounting lugs fall exactly over the center of
the 4-inch pipes. Then the V4-inch inner con-
ductor is soldered to and supported by the
tuning condenser. At the opposite end of the
pipes, the inner conductor is soldered to the
shorting disc. It is important that a good low
resistance connection be made at this shorted
end for maximum efhiciency.

The two copper tubes which can be seen
on the outside of the large pipes provide the
path for the plate and grid return wires. This
eliminates the need for decoupling or by-
passing these return circuits at the shorted
end. The leads run up through the inside
of the inner conductor, thence over the top
of the shorting disc and down the inside of
the small tube into the base plate. Two pen-
lite cells provide 3 volts of fixed grid bias and
are used in preference to a cathode resistor
with its attending problems in regard to by-
passing at this frequency.

A screen dropping resistor of 75,000 ohms
is shown. This will be approximately correct
when a 200-volt plate supply is used. A five-
prong wafer socket is mounted on angles
attached to the baseplate. Then the filament
and plate voltage wires are terminated at
this socket, making a plug-in unit of the

preselector. Voltages may be taken from a
receiver, speech amplifier or any other source
of supply which will furnish 200 volts for
the plate and 6.3 volts for the filament. The
drain is very low and will not affect the
unit from which the voltages are taken.

The entire structure is amply supported by
the heavy base plate. When completed it is
slipped down into a simple sheet iron box
bent from a thin sheet of metal in an ordinary
vise. The outside of the copper pipes may
be cleaned with steel wool until shiny and
given a coat of clear lacquer to preserve the
finish. Or it may be painted to suit the in-
dividual. No loss in efficiency will result with
painting as the outer sides are “cold.”

Several small holes to take rubber grom-
mets are drilled along the length of the pipes
to take the input and output coupling loops.
These loops are made of no. 14 wire in
spaghetti and slid in and out in relation to
the inner conductor. Experiment here is quite
necessary, although 6-inch loops approximately
half way down from the shorted end of the
pipes will usually be satisfactory for a start-
ing point.

Testing the Preselector

No particular difhiculty should be ex-
perienced in getting the preselector to work-
ing. After checking the voltages to be sure
they are correct, the 5-meter receiving antenna
is coupled into the grid pipe and the output
plate pipe coupling loop is hooked to what
was previously the antenna coil of the existing
mixer or converter. It is well to mention
at this point that the input and output leads
should not be “twisted pair”. In nearly every
case improvement will be noted when twisted
pair is replaced with two closely spaced wires
running parallel but separated by air. Better
still, polystyrene beads designed to carry two
no. 18 bare copper wires are now available.
This combination makes an excellent balanced
low-loss coupling line, not only for receiver
work, but also for coupling between stages
of a transmitter at these frequencies. The
beads cost less than a penny each and the
whole assembly may be pulled into a copper
tube to make a balanced concentric line, if
grounding is desired.

A test oscillator or local 56-Mc. ham across
town should be enlisted and with a steady
carrier, the input and output coupling loops
should be adjusted for maximum signal or
“S” meter reading. When properly adjusted
the preselector should perform just as any
other preselector on the lower frequencies,
that is, as the unit is tuned across the fre-

[Continned on Page 90}
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By LEIGH NORTON, *

It goes without saying that bandspread, in
one form or another, is almost a necessity for
high-frequency work. Bandspread takes two
general forms: a mechanical device to cause
a small change in tuning condenser capacity
for a large knob rotation, or an electrical cir-
cuit arrangement which causes a small varia-
tion in net tuned-circuit capacity or inductance
for a large variation of the variable element.
Were it not for the prohibitive cost of pro-
ducing a non-backlash high-ratio mechanical
speed reducing unit, there is no reason why
mechanical bandspread alone would not be
suitable for high-frequency work. However,
to make the inevitable mechanical imperfec-
tions have as little effect as possible on the
action of the bandspread circuit, dials having
a moderate amount of reduction are usually
used and the desired frequency interval spread
across the dial range by means of an electrical
circuit designed for the purpose. It is with
the design of the electrical part of the band-
spread arrangement that this article is con-
cerned. Three commonly used bandspread ar-
rangements will be considered.

Parallel Bandspread

In parallel bandspread, as illustrated in
figure 1, a trimming or “padding” capacity is
used across the tuned circuit to set the mini-
mum capacity and another condenser em-
ployed to increase the net capacity by a
small amount. The latter condenser is the one
connected to the dial mechanism, of course.
The amount of frequency variation which
may be obtained depends upon the ratio be-
tween the variation in capacity of the tun-
ing condenser and the capacity of the fixed
condenser.

If the frequency shift required from the
bandspread circuit,

high frequency end of bandspread range
low frequency end of bandspread range
is denoted by A, the amount of bandspread

* Associate Editor, RADIO

W6CEM

Figure 1.
PARALLEL BANDSPREAD. Cr /Ca

capacity required is equal to Ce¢ (A’—1),
where Cp represents the trimming capacity
necessary to tune to the high frenquency with
the bandspraed condenser set a minimum
capacity.?

In the usual case the bandspread capacity,
Cs, is known and it is desired to find the
amount of fixed capacity needed. In this case

Cs

Cr =A,_1

The use of this simple formula in several
typical examples will show one of the prin-
ciple disadvantages of parallel bandspread for
amateur purposes. Taking the case of a band-
spread condenser having a variable range of
25 ppfd. to tune the 160-meter band:

_o20%0
1750 e am
25uufd.

Cr = ———— = 67.4 pufd.

T 117 =1 HERC

This 67 (approx.) ppfd. is not an unusual
value of padding capacity for the 160-meter
band, but using the same bandspread con-
densers for tuning the 20-meter band it is
found that

14.4

—— = 1.028, and
14.0

'By “‘bandspread capacity” is meant the variation
in capacity of the bandspread condenser from
minimum to maximum setting. In well-designed
midget condensers the variation will closely ap-
proach the maximum capacity.

e 20 ¢
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25 ppfd.
Cr = S = 438 pfd.
1.028°—1 Cs Fi
igure 2.
A padding or “trimmer” capacity of 438 o SERIES BANDSPREAD

pufd. is almost out of the question on 20
meters, as it would be impossible to obtain
a high-impedance tuned circuit with this
much capacity across the coil.

The obvious solution to the parallel band-
spread problem is to reduce the capacity of
the bandspread condenser to a point where
a reasonably small padding condenser can
be used on 20 meters, but this leads to diffi-
culties on the 160-meter band. If, in the
average receiver, the padding capacity is re-
duced to a total (actual padding condenser
plus tube input capacity, bandspread con-
densers minimum, and “stray” capacity) of
50 uufd., it is found that the bandspread
condenser for full dial coverage on the 20-
meter band should have a capacity range of
2.85 uufd. At the other end of the scale it
is found that 2.85-uufd. bandspread condenser
necessitates that the total capacity across the
coil must be reduced to only 7.7 pufd. to per-
mit full coverage of the 160-meter band. Since
probably 15 pufd. of the 50 ppufd. total capac-
ity across the coil on 20 meters was made
up of fixed capacities not further reducible, it
is apparent that the total parallel capacity on
160 meters could not be reduced enough to
make it possible to cover the complete band
with the 2.85-uufd. bandspread condenser.

From these examples it can be seen that
compromises are necessary when the parallel
type of bandspread circuit is used. Usually
the bandspread condenser is made large
enough to cover the 160-meter band with a
reasonable amount of padding condenser and
a compromise between tuned-circuit impedance
and bandspread made on the 10- and 20-meter
bands. An alternative method is to switch the
bandspread condenser along with the coils,
using two or possibly three different sizes of
bandspread condensers across each coil. This
method is wasteful of tuning condensers, how-
ever, and also leads to complications in
mechanical design. Some of the disadvantages
of parallel bandspread may be eliminated
through the use of series bandspread.

Series Bandspread

Series bandspread is simply parallel band-
spread with a circuit arrangement to allow
the capacity range of the bandspread con-
denser to be varied from band to band. In-
stead of a single tuning condenser across the
coil, two condensers in series are used. One of
these is considerably larger than the other, and
acts as the bandspread tuning condenser. The

smaller condenser serves to set the maximum
capacity which the series combination can
obtain, the minimum capacity varying but
little for any change in the setting of the
small condenser. A separate “small” con-
denser is usually used on each band, the differ-
ent condensers being associated with the coils
in such a manner that they are automatically
switched into the circuit when bands are
changed.

To get a mathematical expression for the
values of any one of the three condensers
shown in figure 2 the resultant capacity of the
two series condensers may be set equal to the
bandspread capacity given in the case of par-
allel condensers:

CsC
Co(A'—1) = sCp

Cs+Ca
Solving for Cs, the fixed series condenser:
Co= erCB_(_A2 —1)
Ce—Cr(A’—1)

Example:
Frequency range =3500 to 4000 kc.
A=1.14
A'=13
Cr=100 ppfd.
Ce=150 pufd.
_100X150X (1.3—1) _

150—100% (1.3—1)

4500

147 30.6 ppfd.

A small variable condenser having a maxi-
mum capacity of 35 ppfd. would be suitable
for the “fixed” series condenser. Calculation
for Cs with values of A corresponding to
other bands will show the maximum and
minimum values which the fixed series capac-
ity must have in an all-band tuning system,
and thus show the capacity of condenser which
must be used if it is desired to have a single
manually-set unit serve for Cs on all bands.

The series bandspread system has the ad-
vantage that it allows slight manufacturing
variations in commercial receivers to be com-
pensated by simply juggling the capacity of
the “fixed” series condenser and the parallel
trimmer. Another great advantage is that it
allows either full-coverage or bandspread tun-
ing simply by shorting Cs or leaving it in the
circuit.

L]
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The above equation represents the usual
case where the sizes of the bandspread and
trimming condensers are known and it is de-
sired to find the value of series condenser re-
quired to give a certain amount of bandspread.
Occasionally it might be useful to know the
value required for Cs or Cr when Cy and Cy
or Cy and Cs are known. In these cases:

GiCs(A'—1)
Co= —————

Cs—Cr(A*—1)
com T GG

T (CetCs)(A*—1)

One great disadvantage of series bandspread
is the extreme non-linearity of tuning when
the bandspread and “'series” condensers have
widely different capacities. The net capacity
across the coil changes rapidly with the
change in bandspread capacity when the band-
spread condenser is near minimum capacity.
As the bandspread condenser is rotated to-
ward minimum capacity the change in net
capacity becomes more and more for each
degree of angular rotation. Series bandspread
thus causes the high frequency end of the
band to be squeezed into a few dial degrees
and the rest of the band spread out across the
rest of the dial range. Some of this difficulty
can be eliminated by placing a fixed minimum
capacity across the bandspread condenser to
keep the minimum capacity substantially
greater than the capacity of the series con-
denser or by using a bandspread condenser
with specially shaped plates. The first method
has the disadvantage of requiring still an-
other condenser in the tuned-circuit assembly,
while the second requires a tuning condenser
ordinarily not available to the home con-
structor.

Tapped-Coil Bandspread

Series bandspread is not often used in home-
built amateur equipment. This is probably be-
cause it is wasteful of condensers, and its most
important advantage—that of allowing any
amount of bandspread with any coil, up to
the point where the bandspread condenser
must be connected across the whole coil—is
also obtainable in the less costly tapped-coil
system. A rough parallel may be drawn be-
tween the tapped-coil and series systems by
considering that the series method allows the
capacity across the coil to be spread out so
that some of it may be tapped by the band-
spread condenser. Since two condensers are
required to “spread out” the capacity, one of
these by itself may also serve as a bandspread
tuning condenser. With a coil, however, the
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Figure 3.
TAPPED-COIL BANDSPREAD.

inductance is already “'spread out” along the
coil form so that any portion of it may be
used, and the bandspread condenser tapped
directly across that part of it. The burning
question is, of course, where to put the tap.

In analyzing the tapped-coil system shown
in figure 3A, it is necessary to delve into the
theory of coupled circuits. I