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LOUDSPEAER ENCLOSURES

By MAURICE APSTEIN

A,FTER spending the past two
years in close association with both
the engineering department and
customers of one of the largest
manufacturers  of high fidelity
speakers in the country, the writer
has become firmly convinced that
no component of a sound system is
as completely misunderstood as the
loudspeaker baffle.  Particularly
since the advent of the enclosed
type speaker housing has much con-
fusion arisen as to just how these
devices function, and the manner
in which to operate them to se-
cure best results. Although the
Erinciple upon which the flat
affle operates, isolation of front
radiation from that of the rear,
seems to be well known in a gen-
eral way, understanding of the
proper handling of even this
simplest of acoustic networks seems
to be sadly lacking. A short re-
view of the principle of operation
of the flat baffle seems to be in
order. At the same time it will
provide a basis for consideration
of the more recent types of speak-
er enclosure.

© 1930. BRYAN DAVIS PUBLISHING CO., INC.,
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® Purpose

The purpose of any baftle is to
insure proper radiation of the low
frequencies from the cone of a
speaker. At these low frequencies
the cone operates like a piston, that
is, it moves back and forth as a
whole, compressing the air in front
of it on the forward stroke at the
same time that it creates a partial
vacuum or rarefaction at its rear.
On jts backward stroke the cone
reverses this procedure, compress-
ing the air behind the cone and
creating the vacuum in front. This
action may be seen very clearly in
Figure 1, where the dots are .used
to represent molecules of air. Jn
I (a) the cone is at rest and the
air in front and back is at equal
pressure. In 1 (b) the cone has
moved forward from the neutral
position (shown as a dotted line)
and compressed the air in front at
the same time that it has rarefied
the air behind. In 1 (c) the cone
has come back through neutral and
has reversed the positions of the
compressed and rarefied areas. It
is apparent that in the area near

19 EAST 47TH ST.. N. Y. C,
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Figure 1. At low frequen-
cies a loudspeaker cone
operates like a piston

the edge of the cone, the com-
pressed and rarefied regions of air
are adjacent, and that unless pre-
vented from doing so, the air from
the compressed area will flow
around the edge of the cone into
the rarefied area, and that the re-
sultant alternate pressure or vacuum
generated at the front of the cone
will be materially reduced. A
baffle is a device for preventing this
effect by isolating the pressure area
in front of the cone from the
vacuum in its rear and vice versa.
In its simplest form it consists of a
flat sound-proof partition which
acoustically insulates the cone front
from its rear. Figure 2 (a) illus-
trates the simple flat baffle and 2
(b) shows how the sides may be

bent back to form the conventional
open back console cabinet. In
each case the arrow shows the
lengthened path that the sound
must take in order to travel from
the front of the cone to its rear,
and thus cause interference.

It should be obvious that the
longer the wavelength, or the low-
er the frequency of the sound to
be isolated, the longer must be the
path from the cone front to the
cone rear. To isolate completely
the front and rear radiations at all
frequencies, the baffle would have
to be infinite in extent. Con-
versely, for any baffle of finite size,
there will be a particular frequency
at which the distance from front

to back will be just the length re-

-q- -b-

Figure 2. In its simplest
form a baffle consists of a
flat partition.
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quired for the front and rear radi-
ation to meet exactly out of phase
and cancel each other out. This
critical frequency, common to all
flat baffles, is known as the “cut-
off frequency,” and may be very
easily calculated, by the following
relation:

v

D= —

2
where D is the distance from the
cone front to cone rear (feet) and
V is the velocity of sound in air
(feet per second).

® Square Baffle

In the case of a square flat baffle,
the distance from the cone to the
edge and back is equal to the diam-
eter of the baffle, so the formula
may be said to give directly the
diameter of a flat baffle for any cut-
off frequency. Based on the above
relationship, the required dimen-
sions for square baflles of various
cutoff characteristics are as follows:

Cutoff Frequca'g Baffle Diameter
)

(cycles per seco (path front
to rear)

20 28 1/4 ft.

30 18 5/6 ft.

40 14 1/12 ft.

60 9 5/12 ft.

100 5172 ft.

It is apparent that the dimen-
sions given above are much greater
than the usual dimensions for what
is popularly considered a fair sized
flat baffle. The term cutoff fre-
quency is probably an unfortunate
one since it has led to the popular
misconception that the cuts
below this frequency in much the

Figure 3. The deep valley
at 600 cycles indicates al-
most complete cancellation.

same way that an amplifier cuts
off, and that no sound or very little,
is radiated from the speaker below
the baffle cutoff. This is not the
case. Below the cutoff frequency
of a baffle, the front and rear radia-
tions approach an in phase condi-
tion again and the output begins to
rise. This is the reason that small
baffles three or four feet square
which cut off at relatively high
frequencies, sound much better
than they would if there was actu-
ally no sound radiated below the
cutoff frequency. This effect is
shown in figure 3, which is the
response curve of a high fidelity
cone speaker mounted in a three-
foot square baffle.

The deep valley at approximately
600 cycles indicates that at that
frequency almost complete cancells-
tion of front and rear radiation
takes place. It can readily be appre-
giated hoz futile it is to talk about
at amplifier and speaker response,
and thl:n mount pt;:kspeakl:(: in

-l
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such a way that there is 2 20 db
valley right in the middle of the
response range.

Almost complete correction of
this very grave defect in response
can be obtained by a few very
simple expedients. First of all, 2
square baffle is one of the worst
shapes to use (in spite of its al-
most universal popularity). This
is due to the fact that the path
lengths around all four sides of
the baffle are equal, and tend to
create a valley at the same fre-
txency. If an oblong baffle is used,

ere will be two paths of differ-
ent length; one around the sides,
and the other around the top and
bottom. This will result in two
valleys in the response, but neither
valley will be as severe as before.
If in addition, the speaker is lo-
cated asymmetrically in the bafle,
instead of in the center (the latter
is also rractically universal prac-
tice) still further improvement will
result due to the fact that no two
paths from front to rear will cause
cancellation at the same frequency.
If the lower edge of the baffle rests
on the floor, and the speaker is lo-
cated near the floor, canccllation
around this edge is completely cut
off, and this portion of the radia-
tion will not suffer even at the
very lowest frequencies. Mount-
ing the speaker ncar the floor helps
in another way. When a speaker
15 mounted in a flat baffle, it is
radiating into a solid angle of 180
degrees. Mounting it near the
floor puts the speaker in a corner,
reducing this angle approximately
90 degrees with the result that the

air in front of the cone is more re-
stricted, loads the cone consider-
ably better and the cone radiates
more cffidently. If advantage is
to be taken of this restricted solid
angle, however, it is (rreferable to
have the floor covered with 2 rug
or some similar soft material;
otherwise undesirable reflections
may result.

® [|rregular Baffles

Figure 4 shows the startling im-
provement over figure 3 that re-
sults when the same speaker is
mounted off center in an irregu-
larly shaped baffle resting on the
floor, to take advantage of the prin-
ciples outlined above. This com-
parison of the same speaker,
mounted differently, gives us a per-
fect example of how excellent elec-
trical response may be completely
nullified (and often is) by careless
and improper baffling.

B

o

b
B = Irregutar Boffle J‘ l
W % \
: -1 At

L]

Figure 4. A startling im-
provement in response s
obtained by mounting the
tpoaker off center on an
frregular baffle

I e




" JHE T
!g%m i is!z,; {l}é" i}l'
i | ? 'l' T i

il ﬂ i.?‘ie‘iimlﬁ“;l Egt E
I A

i dt: 1.!' LF : { }‘ 1::' ‘i
l'[ l t“i i gif I‘{
5 w.:iuzw Iﬂ!l!l:g{!l h %r'ﬂm. l

P




195

Lovosresxen ExMcrosunys 9

- —

With a tube 3 hali wavelength

# the lowest frequency it hde':s
to reproduce, sound st this fre
quency emerges from the tube in
phase with the front radistion and
this redinfocces the bass notes to
some cxtent.  The actual increase
wn racdistion from the resr is, how
ever, of questionsble valoe, as will
be cxplaned later. The real offi-
cacy of the Labyanth lies in s ex-
ceilene bafilling action, which can
be camly made | in effective
oem to that of a flat baflle 12 or 13
feer square, without exceeding ton-
rventional Cabinet tize. Because the
sbyrinth does not budd up high
back pressures in the tube, Ster! ]
little need for stnsctural r:ﬂd-l'i‘n
the labyrinth iteelf, with -
ous result that very economical de
sgns are powsible.

o Imtinite Battie

The oext high fdelity enclosure
10 appear was the infinite beffle cabi.
net.  (Figure &) This &
the sumplest device of &l in both
ru’nu’pl« and construction. For
g time it had been considered
very poor practice 1o completely en
tlose the rear of & cone speaker
Caburety were alwayy designed with
cither completely « tacks or
with scene kind of sir relesse, o

Figure 6. An infinite baffle is perhaps
the st baffie device both n
and construction.

if the walls are thickly lined with
some highly absorbent material
sach as hair felt, that the perform-
ance was practically equivalent to a
flat baftle of infinite extent, hence
the name inhnite baffle,
Such a baffle 18 very easy to con-
struct unge it merely consists of a
solufly constructed box with well
braced] walls %0 that there wall be
no tendency 1o vibration, the whole
lined with felt about V4an. thick.
If the felt is not exmly procurable,
the very lar felt mg cushion
of the "Ozite™ type will serve ad-
mirsbly  The minimum size of the

cabinet wall somew hat ug:
the siee of the er cone
# 12 or 1340, the interior should

have & volume st Jeast 8 cubic feet

1f the walls are well padded against
resonance, shape is not important

thus the above enclomire could be
a cube 2 feet on & side, sn oblong
hoazlzvshlv fr, oc » shallow
box A "\ i 11 m, all of
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Novembet

Another common error in speak-
er mounting occurs when two
speakers are to be mounted on the
same baffle. Here again it is al-
most universal practice to mount
the speakers well separated from
each other, and symmetrically lo-
cated with respect to the edges.
Actually, best response and in-
creased efficiency will be obtained
if the two speakers are mounted
as close togetger as physically pos-
sible. A little thought will make
clear why this improvement takes
place. Since both cones move in
phase, the effect of the pressure
area in the front of each cone is
to act as a load on the other. The
result is more efficient coupling
from each cone to the air, with a
corresponding increase in efficiency
and response, patticularly at the
bass end where loading of the cone
is a vital factor.

In spite of these improvements,
however, figure 4 also illustrates

Figure 5. The Stromberg-Carlson

Acoustic Labyrinth. The labyrinth

works on the principle of feeding the
rear radiation into a long tube.

the fundamental drawback of the
flat baffle. Regardless of ingenuity
in shape and placement, it is evi-
dent that in order to get efficient
isolation at the low frequencies re-
guired for true high fidelity repro-
uction, the necessary dimensions
are too great for ordinary use. This
problem was not particularly acute
as long as response down to 150
cycles was considered good bass
response. With the advent of really
high-fidelity reproducers, however,
which in baffles of infinite extent
showed good reproduction char-
acteristics to below 50 cycles, it be-
came imperative to develop some
form of baffle which would not be
too bulky yet would allow com-
lete advantage to be taken of these
ow frequency characteristics. It
was this realization that caused
speaker engineers to undertake the
development of compact speaker
enclosures that would provide sufh-
cient bafiling throughout the entire
audible range of frequencies.

® Acoustic Labyrinth

One of the first of these develop-
ments was the acoustic labyrinth
(figure 5). This cabinet works on
the principle of feeding the rear ra-
diation into a long tube, usually
folded back upon itself several
times to conserve space. The walls
of the tube are lined with a highly
absorbent material so as to rapidly
attenuate all but the lowest fre-
quencies, and the length of the tube
is made great enough so that it will
either resonate at the lower edge of
the response range of the speaker or
below the response range entirely.
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With # tube a half wavelength long
at the Jowest frequency it is desired
to reproduce, sound st this fre-
quency emerges from the tube in
phase with the front radiation and
thus reanfarces the bass notes to
some extent.  The actual increase
i radianon trom the rear 18, how-
ever, of questionable value, as will
be caplamned [ster The real effi-
cacy of the labyninth lies in its ex-
cellent baftling action, which can
be canly made aqual in effective-
ness (o that of a flat bafile 12 or 13
feet square, wuhout exceeding con
ventional cabune: size. Because the
sbyrinth does not bwld up high
back pressures in the tube, there is
litthe need for stroceural rigidity in
the labyrinth itself, with the obwi-
ous rosult that very economical de-
ugns are possible

o Indimie Budtie

The nest high Adebity enclosure
10 appear was the infinite baffle cabs
net.  (Figore 6.) Thas s pechaps
the simplest device of a1l 1n bath
[mnup!t aind construction.  For a
ong time it had been conudered
very poor peathice to completely en
close the rear of 2 cone speakes
Cabinets were alwaps designed with
cither completely open bades or
with some kind of air relesse, to
svond abitiet resonance and to pre-
vent the building of appreciable
pressure within the cabinet at high
smplitudes of the cone. More re
cent investigation disclosed thar if
the cabinet were made large enough
so that its natural period would (1)
below or &t the lower edge of the
tesponse aange of the speaker and

Figure 6. An infinite batfle is perhaps
the simplest baffle device both in
theory and construction.

if the walls are thickly lined with
some highly absorbent material
such as hair felt, that the perform-
ance was practically equivalent to a
flat bafle of infinite extent; hence
the name infinite baffle.

Such a baffle is very easy to con-
struct since it merely consists of a
solidly constructed box with well
braced walls so that there will be
no tendency to vibration, the whole
lined with felt about 14-in. thick
If the felt is not casily procurable,
the very popular felt rug cushion
of the "Oute” type will serve ad
mutably, The minimum size of the
cabinet wall depend somewhat upon
the size of the speaker cone.  For
2 12 or 13an., the interior should
have s volume st least 8 cubic feet.
If the walls are well padded against
rewonance, shape 1s not important,
thus the above enclosure could be
s cube 2 feet on a side, an oblong
box ﬂzy)by 114 fr, oc & shallow
box 3 3 ofr 11 1, all of

. e e e
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Novembet

Another common error in speak-
er mounting occurs when two
speakers are to be mounted on the
same baffle. Here again it is al-
most universal practice to mount
the speakers well separated from
each other, and symmetrically lo-
cated with respect to the edges.
Actually, best response and in-
creased efficiency will be obtained
if the two speakers are mounted
as close togctE:r as physically pos-
sible. A little thought will make
clear why this improvement takes
place. Since both cones move in
phase, the effect of the pressure
area in the front of each cone is
to act as a load on the other. The
result is more efficient coupling
from each cone to the air, with a
corresponding increase in efficiency
and response, particularly at the
bass end where loading of the cone
is a vital factor.

In spite of these improvements,
however, figure 4 also illustrates

Figure 5. The Stromberg-Carlson

Acoustic Labyrinth. The labyrinth

works on the principle of feeding the
rear radiation into a long tube.

the fundamental drawback of the
flat baffle. Regardless of ingenuity
in shape and placement, it is evi-
dent that in order to get efficient
isolation at the low frequencies re-
zuired for true high fidelity repro-
uction, the necessary dimensions
are too great for ordinary use. This
problem was not particularly acute
as long as response down to 150
cycles was considered good bass
response. With the advent of really
high-fidelity reproducers, however,
which in baffles of infinite extent
showed good reproduction char-
acteristics to below 50 cycles, it be-
came imperative to develop some
form of bafle which would not be
too bulky yet would allow com-
lete advantage to be taken of these
ow frequency characteristics. It
was this realization that caused
speaker engineers to undertake the
evelopment of compact speaker
enclosures that would provide suffi-
cient baffling throughout the entire
audible range of frequencies.

® Acoustic Labyrinth

One of the first of these develop-
ments was the acoustic labyrinth
(figure 5). This cabinet works on
the principle of feeding the rear ra-
diation into a long tube, usually
folded back upon itself several
times to conserve space. The walls
of the tube are lined with a highly
absorbent material so as to rapidly
attenuate all but the lowest fre-
quencies, and the length of the tube
is made great enough so that it will
either resonate at the lower edge of
the response range of the speaker or
below the response range entirely.
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With a tube a half wavelength long
at the lowest frequency it is desired
to reproduce, sound at this fre-
quency emerges from the tube in
phase with the front radiation and
thus re-inforces the bass notes to
some extent. The actual increase
in radiation from the rear is, how-
ever, of questionable value, as will
be explained later. The real efh-
cacy of the labyrinth lies in its ex-
cellent baffling action, which can
be casily made equal in effective-
ness to that of a flat baffle 12 or 15
feet square, without exceeding con-
ventional cabinet size. Because the
labyrinth does not build up high
back pressures in the tube, there is
little need for structural rigidity in
the labyrinth itself, with the obvi-
ous result that very economical de-
signs are possible.

o Infinite Baffle

The next high fidelity enclosure
to appear was the infinite baffle cabi-
net.  (Figure 6.) This is perhaps
the simplest device of all in both

rinciple and construction. For a
ong time it had been considered
very poor practice to completely en-
close the rear of a cone speaker.
Cabinets were always designed with
cither completely open backs or
with some kind of air release, to
avoid cabinet resonance and to pre-
vent the building of appreciable
pressure within the cabinet at high
amplitudes of the cone. More re-
cent investigation disclosed that if
the cabinet were made large enough
%o that its natural period would fall
below or at the lower edge of the
tesponse range of the speaker and

p

s
q
-

At

Figure 6. An infinite baffle is perhaps
the simplest baffle device both in
theory and construction.

if the walls are thickly lined with
some highly absorbent material
such as hair felt, that the perform-
ance was practically equivalent to 2
flat baffle of infinite extent; hence
the name infinite baffle.

Such a baffle is very easy to con-
struct since it merely consists of a
solidly constructed box with well
braced walls so that there will be
no tendency to vibration, the whole
lined with felt about 14-in. thick.
If the felt is not easily procurable,
the very popular felt rug cushion
of the "Ozite” type will serve ad-
mirably. The minimum size of the
cabinet will depend somewhat upon
the size of the speaker cone. For
a 12- or 13-in., the interior should
have a volume at least 8 cubic feet.
If the walls are well padded against
resonance, shape is not important;
thus the above enclosure could be
a cube 2 feet on a side, an oblong
box 2 by 3 by 11, ft., or a shallow
box 3 Ky 3 ft {)y 11 in, all of

S R = Ny Sy Ty
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November

which would give approximately

“the same results. Eighteen-inch

cones, due to greater air displace-
ment and somewhat better bass re-
sponse, would require about 50 per
cent greater enclosed volume for
optimum results but would deliver
quite satisfactory performance even
in the 8 cubic foot enclosure if not
operated at too high volume levels.
en-inch and smaller cones of
course may be operated in corre-
spondingly smaller cabinets with
equivalent baffling action.

e Bass Reflex

The most recent modern baffle
and perhaps the most obscure in
principle is the bass reflex and
Magic Voice cabinet. These types
may be considered a cross between
an infinite baffle and an acoustic
labyrinth., They are similar and
consist of an almost completely en-
closed cabinet, partially lined with
sound absorbing material, one of
whose walls has an opening of defi-
nite size for air release and/or bass
reinforcement. In the bass reflex
variation, this opening is a rectang-
ular port at the front of the enclo-
sure and several inches below the
cone of the speaker. In the Magic
Voice version there are several
openings at the bottom of the cabi-
net which connect to the interior
through short tubes of varying
length. The cabinet itself stands
off the floor on short legs to allow
any sound emanating from the
tubes to be radiated into the room.
Figure 7 and 8 are simplified dia-
grams of the construction of these
cabinets.

The design of this type enclo-
sure, entails the treatment of the
cabinet as a broadly resonant cavity
at the low frequencies. The design
of the opening is so handled that it
acts as an acoustic phase inverter at
these frequencies. These conditions
are fulﬁﬂed by dimensioninig the
cabinet for proper resonance and by
making the retfc(:( opening approxi-
mately equal to the cone area. The
simple open port does not invert
the phase with quite the same effec-
tiveness as the tubular passages of
the Magic Voice design, but either
method results in a more compact
enclosure than the infinite baffle be-
cause the cabinet resonance falls
within the response range rather
than below it. Further economy
is possible since complete absorp-
tion is not necessary within the en-
closure and the padding need not
be as elaborate as with the fully en-
closed cabinet, nor is rigidity quite
as important.

® Performance

From the standpoint of perform-
ance there is little to choose be-
tween the rear port cabinet and the
completely enclosed design. Al
though the completely enclosed unit
is somewhat bulkier and more ex-
pensive, its simpler acoustic action
tends to make it freer from acci-
dental resonance effects such as the
possibility that cone and cabinet
resonance might occur at the same
frequency which would result in
undesirable accentuation of a nar-
row band of bass notes. It is a
popular misconception that since
the reflex cabinet makes use of rear
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figure 7. The Jensen Bass-Reflex

type of constructicn is a cross be-

tween an infinite baffle and an acou-
stic labyrinth.

cadiation, a given speaker will de-
liver noticeably better bass response
in this type of cabinet than could
be obtained from a fully enclosed
infinite baffle. A little reflection
will make clear why this is not nec-
essanly so. If the radiation from
the rear of the cone were equal to
that from the front; if the cone
basket and magnet structure did not
intecfere  with that radiation; if
there were no absorption in the cab-
inet; if the phase inversion at the
port were exactly 180 degrees, and
if the radiation efficiency of the
port were equal to the radiation ef-
ficiency of the cone front itself
(then and only then) the gain due
to rear radiation would be 3 db.
Obwigusly, none of the above links
in the chain from the rear of the
cone to the froot can be perfect,
with the result that in practice the
ret pun, depending on design,
runs between 11/, and 2 db, which
1 2 neghgible aural increase.

o Trus Yahue
The true value of both the in-

finite baffle cabinet and the reflex
cabinet lies in their common su-

riori? over conventional flat baf-
es and open back cabinets rather
than in any minor advantages one
might hold over the other. In ad-
dition, frequency response docs not
tell the whole story of this com-
mon superiority. All of the above
enclosures are superior to the usual
flat baffle in bass radiation pattern,
since they eliminate the out of
Ehasc area near the edge of the
affle in which area there is practi-
cally no bass response. Thus the
extension of the cutoff frequency,
plus imEroved radiation characteris-
tics, make it possible to take advan-
tage of the full capabilities of mod-
ern high fidelity speakers without
resorting to extremely large dimen-
stons,

® Summary

A brief summary of the salient
points discussed above may be help-
ful.

Y

L LI
/o0 970N |

Figure 8. The RCA Magic
Voice it alto a cross be-
tween the infinite baffle
and the acoustic labyrinth.

S T T ———




12 Raplo TECHNIcAL DIGEST

(1) Instead of the conventional
practice of mounting a speaker in
the center of a square flat baffle,
definite improvement in perform-
ance may be obtained by irregular
dimensioning and asymmetrical po-
sitioning of the speaker with re-
spect to the baffle edges.

(2) Mounting the speaker near
the lower edge of the baffle, and
allowing this edge to rest on the
floor, reduces the solid angle into
which the cone radiates and pro-
vides increased effective baffle area
from the floor, both effects contri-
buting to higher efficiency at low
frequencies. Care should be tak-
en, however, to avoid excessive re-
flection from the floor.

(3) The acoustic labyrinth, al-
though somewhat complicated
structurally, provides an effective
and compact method of duplicating
the performance of very large flat
baffles without resorting to reson-
ant chambers.

(4) The infinite baffle cabinet,
by virtually complete absorption of
rear radiation, duplicates substanti-
ally the results obtained from a flat
baffle of infinite extent.

(6) The full realization of the
excellent capabilities of high fideli-
ty speakers can only be obtained by
proper baffling, and without such
baﬂﬁng the response obtained may
easily ruin the response characteris-
tics of an otherwise excellent re-
producing system.

Votes!

lN the June issue of Electronics we related the story about a

certain large department store that asked its employees to
rate certain desirable job chacteristics, and asked the reader to
register his vote. Scattering returns are not conclusive evidence
that Electronics readers think alike on these matters. So we
give below the way in which 3,000 men and women voted:

Employees Employers
Rating Job Factor Rating
1. Credit for all work ................. ... . 7
2. Interesting work . ............... ... .... 3
3. Fair pay ... 1
4. Opportunity to learn .. ............. ... .. —
5. Understanding, appreciation ........... .. .. 5
6. Personal counsel ................... ... . 8
7. Departmental planning . ... .......... .. .. —_
8. Promotion on merit .. ............... .. .. 4
9. Physical working conditions ... ...... .. .... 6
10. Job security ... ........... ... .......... 2

—Electronics.

wisl
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FREQUENCY MODULATION
4MWZ4

How Frequency Modulation Works; lts Advantages in Over-
coming Noise and Interference.

By DANIEL

T\X/O 50,000-watt experimental
transmitters and several lower-
powered transmitters will be placed
in regular operation in the Fall us-
ing the Armstrong frequency-modu-
lation system. The marked noise
suppression which is the important
characteristic of the system will
make possible a new standard of
high-fidelity reception. The writer
has been asked to explain the action
of this frequency-modulation sys-
tem without too much technical
terminology. With all qualifica-
tions aside, the picture looks some-
thing like this:

Every amateur knows what fre-
g:xency modulation is—it’s some-

ing in his transmitter operation
that he doesn’t want! To make the
picture a little more exact, we shall
make use of a pure sine wave alter-

*® Journal of the American Radio Relay League,
© 1939, A. R.
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E. NOBLE

nator. A pure sine wave is a sin-
gle-frequency wave; that is, no side
bands and no harmonics will be as-
sociated with it. A perfect fre-
?uency meter could locate only one
requency with such a wave. If our
alternator is the usual motor-driven
type with an external field supply,
we can vary the voltage output of
the alternator by varying the field
current. Let's vary the field cur-
rent slowly-up and down and ob-
serve the result.  First, the output
voltage of the alternator will in-
crease and decrease, and we have a
condition commonly referred to as
amplitude modulation. See figure 1
(A, B, and C). Second, the out-
put wave is no longer a pure sine
wave, and if we examine the wave
with our perfect frequency meter
we shall find several frequencies

Inc., West HHartford, Conn.

R. L
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ALTERNATOR MOTOR

To Fickd Supply

Figure 1. lllustrating amplitude
-and freq ¥ dulati A, the
motor-driven alternator used as an
ex le; B, tput with tant
field and constant speed (sine

wave); C, tput with
speed and variable field (ampli-
tude dulation) ; D, tant am-

plitude and vul'ablo' speed (fre-
quency modulation).

present, because only the pure sine
wave will be limited to a single
frequency. So much for amplitude
modulation.

® Frequency Modulation

Now regulate the field supply so
that the amplitude of the alternator
output will not change while the
driving motor is made to speed up
and slow down, The frequency of
the alternator will be determined
by the speed of the motor; if we
speed up the motor the output fre-
quency will increase, and it will de-
crease when the motor slows down.
Assuming that the amplitude of the

output remains constant, we have
produced a frequency-modulated
wave by the simple process of
speeding vt‘x&‘and slowing down the
motor. t has happened to the
wave? First, obviously the wave is
no longer a pure sine wave, since
the frequency is changing. Second,
since the wave is not a pure sine
wave, several frequencies will be
present (theoretically, an infinite
number). When we neglect iner-
tia and speed up and slow down the
motor in such a way that the change
in speed is at the rate of ten cycles
r second, and the cycles are per-
ect sine-wave cycles, we will pro-
duce a frequency series for a 1000-
cycle generator something like this:
... 1000 — 30, 1000 — 20, 1000
—10, 1000, 1000410, 1000420,
1000 + 30. .. and so on to an in-
finite number of side bands. Al-
though frequency modulation will
produce a composite wave made up
of the carrier, plus and minus a reg-
ular harmonic series of the modu-
lating-signal frequency and the car-
rier, we are fortunate in the fact
that the amplitudes of the side
bands decrease rapidly as the signal
harmonic number increases,

To go back to~our motor-gener-
ator again, the motor was speeded
up and slowed down to produce our
frequency modulation but we didn’t
say how much we speeded it up or
how much we slowed it down. We
can change the motor speed so that
the frequency will vary instantane-
ously as follows: 1000—>1025—
1000—>975—>1000 cycles, and make
the entire excursion in one-tenth of
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3 second f{or 3 modulating frequen-
cy of ten cycles per second. Or we
can 2o 1000~ 1050-21000-+930—
1000 in one-tenth of » second k_;x_h:
10cycle modulstion frequency,

a.irzm is found in the more ex.
tended change in | 0 the
woond case.  This change s called
the “devistion™ For the first case
the desiation s 23 cycles and for
the second, 30 ¢ycles. Deviation is
then the maxmum nNantancous
change n frequency, Just to in.
crease the confusion, we might add
that we can't find the deviation with
the frequeacy meter uice no Coo-
unuows spectrum s produced but,
rather, we prodoce discrete side
binds which may be detected and
their physical existete made evi
dent by means of our froquency
meter. These side bands may be
found fas the lmits of the
devistion e might define the
marunum  instantaneous {requency
for aur special case as the {requency
we would pet from our aliernator
if we held the speed constant when
the muzimum speed was reached.
We do not sctually produce such »
maximum  frequency because the
1peed dows wot remain constant. All
this lesdsy to conclusion that we can
expect the hund width of the fre-
quency modulated wave to be gres-
er than twice the devistion,

to change the capacity in an oscilla.
tor arcuit will produce a frequency-
modulated wave. Placing a con-
denser microphone 1n an oscillator
aront in such a way that changes
16 the micr e capatity will 1n-
fluence the frequency of the oscil-
Istor 15 an obvious means of pro-
ducing » modulated wave The ar-
cuit wsed in automstic frequency
control systems is an excellent fre-
quency-modulation system,
The medulation method invent-
ed by Major Edwin Armstrong is
stable since the carrier 15 con-
::chd by a quartz crystal oscillator
A 200-ke. owillator su’Ephcs voltage
to & phaseshift network from which
two components of the carrier are
extracted, differing only in phase.
One component j3 997 out of phase
with the other. Mathematically, the
difference between the amplitude
modulated wave and the frequency
modulated wave is the difference in
the phase relations between side
bands and carrier. If the side bands
of sn amphitude-modulated wave
conld be extracted from the carrier
shifted 10 phase 90°, and then re-
(ombined with the carrer, & fre
quency-modulated wave would re-
sult. Major Anmstrong did not ex.
tract the wde hends but he did ar
ranpe 10 produce side bands withou!
s curnzr by mesns of 2 balanced
modulstor wocking with one of the
200ke. <« mentioned
above, and then to combine the side
hands with the second componert
io such & way that the side bands
were 907 out of phase with the nor.
mal ar for carrier and

rangrment
side bandy 10 the amplitude modv.
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o et of the phase shift is determined by

A Y. the side-band vector, the deviation

A . produced will be determined by

K S the magnitude and the frequency of

L/
OUTPUT OF BALANCED MODULATOR

Figure 2. Vector Diagram of phase
modulation. The modulator vector
reverses, producing a resultant 6
degrees ahead or behind the car-
rier vector. This is equivalent to a
sudden change in the time axis,
with the result that the frequency
changes. The vector will oscitlate
back and forth between A and B
at the modulating frequency. The
more rapid the oscillation the fas-
ter the change in the time axis,
therefore the greater the frequency
deviation produced.

lated wave. His result was a fre-
quency-modulated wave of the spe-
cial type sometimes referred to as 2
“phase-modulated” wave. Another
way to describe the action of Major
Armstrong’s modulator is to say
that he combined a carrier voltage
with a side-band voltage which had
been rotated through 90°.  This
gives us the simple picture of two
vectors 90° out of phase combining
to give the resultant voltage. Figure
2 will assist the reader to visualize
the process. As the side-band vol-
tage is increased and decreased, the
resultant of the two vectors is
caused to shift phase. The shift
in phase corresponds to a frequen-
cy change, and the amount of fre-
quency change produced will de-
pend upon the magnitude of the
phase shift and upon how rapidly
the phase shift is taking place.
Since the magnitude and the speed

the modulating signal. The only
difference between pure frequency
modulation! and phase modulation
is the fact that the deviation is a
function of the amplitude only of
the modulating signal for pure fre-
quency modulation while the fre-
quency of the signal also determines
the deviation for phase modula-
tion. A network placed in the au-
dio input amplifier making the out-
put signal voltage inversely propor-
tional to frequency will make the
overall response independent of
signal frequency, and thus the phase
modulator will produce a pure fre-
quency-modulated wave. The actual
deviation produced at 200 kc. is
small, something of the order of
15 to 20 cycles. Therefore, a series
of doublers must be introduced to
increase the maximum deviation to
100 kc. A total of twelve or thir-
teen doubler stages is used to reach
the required deviation.

A system of modulation sug-
gested by Murray C. Crosby and
developed by Irving R. Weir
makes use of the automatic fre-

‘The term “phase modulation” is
something of a pain. Actually there are
as many types of frequency modulation
as there may be functions of X. Phase
modulation is one type. The type re-
ferred to as "‘pure” frequency modula-
tion is the unadulterated, holy, sweet,
etc. variety in which the deviation pro-
duced is a linear function of the modu-
lating signal amplitude only. *'Phase
modulation” is still “frequency modula-
tion.”
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OSCILLATOR MODULATOR

COMVERTER

DISCRIMINATO!
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Figure 3. A practicable frequency-modulator circuit, after Weir, The oscillator is
frequency-modulated by the a.f.c. tube (modulator) which causes a frequency devia-
tion in proportion to the amplitude of ti.o audio voltage. A small part of the out-
put signal is fed to the converter tube, which is heterodyned by a stable crystal
oscillator to give a beat frequency at 1500 ke. The i.f. oulput operates the rectifier
(discriminator) and by providing the modulator with a d.c. blas which varies when
the mean oscillator frequency tends to change (a.f.c. action) maintains the carrier

frequency constant, Deviations of approximately 30 to 40 k¢, may be obtained in
the region of 20 Mc. using a 6L6 modulator and 6F6 oscillator. The stability of the
system will be determinod by the discriminator circuit stability.

?uency control variable oscillator
or modulating the frequency, and
of the af.c. discriminator circuit
for stabilizing the oscillator carrier.
Figure 3 illustrates the type of cir-
cuit used. The modulator tube in-
jects 90° out-of-phase current into
the oscillator tank circuit. The ef-
fect of changing the modulator in-
jector current is comparable to
changing the tank capacity in the
oscillator circuit. The stabilizing

circuit functions in the usual a.f.c.
manner.

® Reccivers

The recciver requirements are not
so complicated as one might sus-
pect. The usual superheterodyne is
used with a few additions and
changes. The pass band must be
greater than twice the transmitter
deviation. A limiter precedes the
detector, and this limiter has the

P ———
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R.F CONVER- I F | IF
AMP TER AMP AMP

DET & FREQ
AUDIO AMP DET

LIMITER

Figure 4. Essentials of a superhet
receiver suitable for frequency-
modulated signals,

very important function of “wiping
off* any amplitude modulation
which may have been introduced by
noise voltages. The limiter passes
on the frequency-modulated wave
with constant amplitude to the fre-
uency detector, which changes the
requency-modulated wave into a
hybrid wave with both amplitude
and frequency modulation compo-
nents. An ordinary detector then
recovers the signal from the am-
plitude component. Figure 4 illus-
trates the line-up. Figures 5 and 6
show two frequency detectors.

A simple circuit of the type
shown in figure 7 also will act as
a frequency detector. The carrier
is tuned in on one side of the reso-
nance curve. A steady-state r.f.
voltage will result from the un-
modulated carrier, and modulation
will produce instantaneous fre-
quency changes. Taking A as the
operating point, any change cor-
responding to an increase in fre-
ci:xency of the signal will increase
the amplitude of the voltage across
the parallel-resonant circuit, and an
equivalent decrease in frequency
will decrease the voltage across the
circuit. Therefore, sinte the modu-
lation produces magnitudes of fre-
quency change or deviation cor-

responding to the amplitude of the
audio modulating signal, and since
the rate at which the changes or
deviations take place corresponds to
the frequency of the audio signal,
the voltage appearing across the
parallel-resonant circuit will be
amplitude-modulated.  Frequency
modulation will also be present
but we are no longer interested in
that. Rectification will recover the
audio signal. Any receiver of the
usual type can be made to receive
frequency-modulated signals after
a fashion by detuning slightly, but
the reader is assured that the
“fashion” is not very satisfactory.

® Noise Suppression

Remarkable results in the sup-
pression of noise and interference
are possible with the frequency
modulation system. Since the lim-
iter wipes off all amplitude varia-
tions, noise of this type must

Figure 5. Elementary detector cir-
cuit for frequency-modulated waves.
CD is tuned to the lower extrem-
ity of useful side bands, AB to the
upper extremity. The voltage ap-
pearing across either circuit is de-
termined by the amplitude of the
sudio modulating voltage. A hy-
brid wave appears across each cir-
cuit.  Reoctification recovers the
sudio component.
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appear as frequency modulation
produced by the phase shift re-
sulting from the combination of
the signal and noise voltages. For
the case where the peak noise am-
plitude is half the signal amplitude
and the phase relation between sig-
nal and noise is ninety degrees, the
maximum phase shift would be
approximately 26.5°. Very little
frequency modulation will be pro-
duced if this phase shift is the
result of noise modulated by a Jow-
frequency audio component, but the
frequency modulation will increase
directly with the frequency of the
audio noise component. The re-
ceiver will display greatest suscep-
tibility to noise frequencies above
audibility. Logical design of the
receiver would call for a sharp cut-
off of the audio amplifier response
or, better still, a falling high-
frequency characteristic, which will
reduce the hiss response. A simple
predistortion network at the trans-
mitter will present a compensating
rising high-frequency response so
that the overall response of the sys-
tem is flat. This is the arrangement
used in the stations now on the air.

The very remarkable effect of the
limiter action upon the suppression
of interference has been demon-

To
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Figure 6. The discriminator circuit

combines the ftunctions of frequency

detector and rectitler to recover the
audio signat.

S

Figute 7. A parallel-resonant cir-
cuit will act as a frequency detec-
tor when tuned to carrier at points
A or B. With the circuit tuned so
that the carrier is at A, the volt-
age across the circuit will rise and
tall in step with the deviation pro-
duced by the modulating voltage;
the result is an amplitude-modu-
fated wave which s also frequoncy-
modulated. A rectifier will recover
the amplitude audio component.

strated by Weir.? He reports that
with two stations operating on the
same channel the stronger station
would prevail 100 per cent at the
receiver whenever the stronger sta-
tion’s signal was more than twice
the strength of the weaker signal.
He also reports in the same paper
that no interference area of the
usual kind existed where the signals
were of nearly the same amplitude.
In this area the movement of the
antenna a few inches would throw
one program out and bring in the
other one. The presence of stand-
ing waves accounts for the phe-
nomenon since the nodes would
permit the selection of the required
voltage ratio.

Mathematically the action of the
limiter is rather complicated, but
the results of the limiter actiin

1. R, Weir, "Field Tests of Fre-

quency and Amplitude Modulation with
Ultra-High-Frequency Waves,” Part |
Genersl Electric Review, May 1939
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are an overall effect of cutting the
amplitude of the received voltage
in such a way that the strong signal
component dominates while the
weak signal is suppressed. In other
words, the strong signal will al-
ways take control of the receiver.
The frequency-modulation system
permits? as much as 25 db gain
in signal-plus-noise-to-noise  ratio
over that possible with an ampli-
tude system of equal carrier
strength.

While this gain in equivalent
power is due in part to the limiter
action it is also the result of the
very interesting effect which makes
the magnitude of the recovered
power at the receiver a function
of the modulation deviation. 1f
a deviation of 50 kc. produces volt-
age A at the receiver, then a de-
viation of 100 kc. will produce a
voltage two times A at the re-
ceiver. Here the received voltage
has been doubled without chang-
ing the carrier power at the trans-
mitter. In the amplitude case the
feak carrier power must increase
our times when the modulation
changes from zero to 100 per cent.
Since without the power change
the received voltage increases for
the frequency-modulated system
with an increase in deviation, it
follows that the advantage of the
system over the amplituge system
will increase as the deviation is in-
creased. The practicable limits
must be determined by available
channel width. The Federal Com-
munications Commission has as-
signed 200-kc. channels for the
broadcast stations now in opera-

tion. For this channel width the de-
viation will probably be restricted
to 80 kc. or less. Present stand-
ards seem to point to a modulation
index (that 1s: ratio of deviation

80,000

to audio frequency) of
15,000
or approximately 5.3.

Necessarily this is a very sketchy
account of Major Armstrong's in-
vention. The writer hopes that it
may serve as an introduction to the
subject, and for those who are in-
terested in the more detailed and
technical aspects a carefully sclected
bibliography 1s appended.
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Mathewmatical treatment of tuned circuits

Photoelectric Effects on Neon Tubes

I.‘" ANY circuit using small neon glow lamps (such as the GE types
G-10, S-14, T-4'4 and probably others) under conditions wlere
the breakdown voltage is of importance, it is often necessary to con-
sider certain photoelectric effects observable in many of the bulbs
ommercially obtainable.

The author first observed the effect of light on neon bulbs in a
»mple audio oscillator usted as a nerve stimulator at Harvard Medical
School  This oscillator consisted basically of a condenser charging
theough a high resmistance and discharging through a neon bulb. When
the cover of the box containing the apparatus was raised, thus expos-
ng the glow lamp to the light, the frequency of the oscillations was
increased, more or less propartionately to the amount of light falling
n the glaw lamp

Later trus phencmena was made the subject of a brief laboratory
study, with some quantitative data taken. Voltage across the glow
lamps was varied by means of a slide wire, and a meter in series with
the neon bulb indicated the point at which breakdown occurred. One
neen bulb was measured which broke down at 70 volts when kept
in the dark, while in moderate daylight this bulb would begin to
glow at sbout 62 volts, while if a Too watt arc light were brought
withun a foot of the bulb the breakdown became about 55 volts.

It was further shown that if the voltage across the glow lamp was
held just below breakdown, for the maximum amount of light en-
countered in a particular application, that the neon bulbs all exhibited
properties eoual to thuse of a not-tdo-sensitive phototube

In general it was necessary to use an extra stage with moderate
giin o get comparable voltage amphfication from the associated
ammp'ifier, as compared to the amplification necessary from a good gas
oot -call

The experiments vhow however that whenever neon bulbs are
used in woltage reguiators; in simple osclllators of the typo first men-
voned, oc In mary other sim lar applicatitng where cantinuously uni-
bprm lemabdown woltage s desicable. that it ig retessary either to
keep the leewl of llluminaticn an the glow lamp canstant, or better
1o copt the outiite of the glow larnp with an apbque material

wArthur K Baker, Electrorucs, September 1939.
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The Expanded "I "
or K-H ARRAY

By W. W,

THE “Lazy H" array, dubbed the
Lazy H because it looks like an
H in supine repose, was pointed out
in this magazine three years ago,
and its sundry virtues have been
lugged at various times since.
g'he array has high radiation re-
sistance, 1s 100% horizontally po-
larized, is a low-angle radiator, and
is easy to erect.

High radiation resistance means
low voltages and a broad resonance
curve, which permits use of inex-
pensive insulators and enables the
array to be used over a fairly wide
range in frequency. The fact that
there is no vertical component in
the polarization means that picku
of man-made noise will be mini-
mized when the array is used for
receiving. Many supposedly hori-
zontally polarized arrays do not
cancel the vertically polarized com-
ponent completely except at zero
and certain other vertical angles.

SMITH

The Lazy H is essentially a four-
element colinear-cophazed “cur-
tain,” giving a fairgl sharp bidirec-
tional pattern, with an apparent
power gain on 10 and 20 meters
(where low angle radiation is re-
quired) that will make you wish

you had put up one sooner.

® Evolution of the ""X-H Array”

It is a well-known fact that the
directivity and gain provided by
two colinear halfg-wave dipoles can
be increased by separating them so
that the current loops are some-
what over a half-wave apart. Like-
wise Brown! has shown that great-
er broadside directivity and gain
occur when a half-wave radiator is
lengthened to 230 degrees. The
latter applies to a vertical radiator
worked against earth, but by ar-

* Brown, "Broadcast Antennas,” Proc.
LR.E., Jan. 1936, p. 53.

© 1930, RADIO, LTO.. 1300 KENWOOO ROAD. SANTA BARBARA, CALIF.
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Figure 1. The X-H Array, Cood
resuits can be obtained using
the array on half frequency.
Thus the 10-meter array can be
uted on 20 meters and the 20- |
meter array on 40 meters. Let ]

e

L
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the phasing section (length §)
hang loosely, so that the actual
separation of the clements is
slightly less than dimension 'S,

ranging two such radiators horizon-
tally so that they work back-to-
back?, two factors contribute to an
increase in gain over the usual ar-
rangement of two colinear dipoles
where the radiators are each 180
degrees long and the current loops
separated by one half wavelength.
The extended arrangement derives
an increase in gain both because
the elements are 230 degrees long
instead of 180 degrees, and because
the current loops are separated by
280 degrees instead of 180.

Referring to Mr. Brown's charts
again, we sce that cophased dipolés
in a curtain arrangement do not
show maximum broadside directiv-
ity or gain at the common 0.5
wavelength spacing, but at ap-
proximately 0.65 wavelength spac-
ng.

Observation of the dimensions
of the array in figure 1 will show

' Romander, "The Extended Double
Zepp,” QST, June, 1938, p. 12.
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that the radiating element lengths
have been increased to 230 degrees
and that the spacing has been in-
creased to approximately 0.7 wave-
length; otherwise it looks exactly
like the familiar Lazy H with two
exceptions: the phasing section is
not transposed and no matching
stub is used.

Increasing the element lengths
and spacing beyond 0.5 wavelength
results in parasitic lobes being ra-
diated both in a vertical and a
horizontal plane. However, the
magnitude of these lobes is small,
and effects of their presence can
be ignored; the advantage of
greater horizontal and vertical di-
rectivity and increased gain is of
much greater importance. It is
comparatively casy to increase the
gain of any array which does not
have much gain to begin with;
but when the gain of an array al-
recady having a gain as high as that
of the Lazy H can be raised sev-
eral db, it is really an accomplish-
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ment. The modified version of the

H array that does just this
has been dubbed the X-H (ex-
panded, extended H).

® Two-Band Operation

The X-H array can be used
with good results on balf (not
twice) frequency with no changes
whatsoever, thus permitting two-
band operation.

The gain at half frequency will
not be as great as when the array
is used on its regular frequency, but
there is still gain over a regular
dipole. The general shape of the
gattcm is the same on both bands,

ut it will not be so sharp when
the array is used on half frequency.
In other words, when a2 10-meter
X-H array is used on 20 meters,
the feed line will still be sufficient-
ly well matched and the array will
still be directional broadside, but
neither the gain nor directivity
(both vertical and horizontal) will
be as great as on 10 meters.

® Summary of Advantages

Summarizing the advantages of
the expanded Lazy H over the
conventional version, we have the
following:
1—Greater horizontal directivity
2—Sharper vertical directivity of
main lobe, minimizing fading

3—Increased gain

4—Can be used with good results
on half frequency with no
change, permitting two-band
operation

$—Untuned feeders require no stub

- or transformer on either band

e Standing Waves

The business of standing waves
for some reason has become a bug.
aboo to many amateurs. It is nice
to have a “flat” transmission line—
a line which has uniform current
—but it is not necessary for high
efficiency. There can be very little
radiation or pickup by a balanced
two-wire line spaced not more than
6 inches; so the only item with
which we have to concern ourselves
is to make sure neither the current
nor voltage reaches excessive values.

If the current excursions along
a line do not exceed 3 to 1, we
safely can ignore the standing
waves, provided the line is induc-
tively coupled to the output stage.
If the line is clipped directly on
the output tank, it is a different
matter; the losses in the line may
still be low, but unless the line is
an integral number of half waves
long it will couple reactance into
the output tank. If one prefers to
clip the line directly on tie output
tank, it is a simple matter to length-
en the line to the next integral
number of half waves and thus
avoid the reactive effect and con-
sequent detuning of the tank cir-
cuit. =

In the X-H array, two-band op-
eration called for a compromise in
the point of attachment for.the
feed line. To give a perfect match
on both bands, the line should have
asurge impedance in the neighbot-
hood of 250-300" ohms. A line
of this surge impedance is awkward
of construction, and as standing
waves will not be bad enough to be
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serioas when & 330600 ohm line
is used, the lazter way decided upon
A perfect match may be obtained
oo ome band with the 550.-ohm
feeders by sliding them up the
fhum‘ sub 8 distance or
anning them out a2 litle either
nde the center of the bottom
swanon,  Unfortanately it is heces-
sary o slide the feeders one way
for ope band and the oiher way
for the other band, The paint of
sctachment shown 18 & compromuse
which will resclt in Cuzrent excur
sotys of about 3 1o 1| on both
banda

If the shght reactanke appeass
obpectionable, the line should be
made an exact integral number of
half waves long oo the lowest fre-
guency band.  Thus «f a 10 meter
i(H arrey s to be used on both
10 and 20 meters the line should
be s multiple of 34 feet. If used
only on [0 meters, the line may
esther be made any multiple of 17
feet, o¢ else tapped w0 & pont on
the array that will give a perfectly
“Aat” line. The point can be de
termined by experiment

o Comptraction

While the X-H array tunes quite
broadly and therefore is not cipe
cally oitical s 10 frequency ot
length, it s nevertheless 2 good
wes 1w use coppeeclad weelcore
wire for the aray to assure per
manency of mstallstion. Cuz the
elemnents exactly L/7 long and make
the phasing section exactly § long
Soft-drswn wire stetches alanmiog
by when subjected o continmed

stran, and should not be used.
Hard-drawn copper will suffice for
& 10-meter installation, but in a
20-meser installation steel-core wire
15 advised because of the greater
span and weight. If the cost 13
prohibitive, use steelcore only for
the upper horizontal element.
There 1s much less strain on the
rest of the array, and hard-drawn
copper will do for a 20-meter job
in a pinch if the upper elements ase
steel core.

Do not astempt to pull the phas-
ing stub tight, as it 13 impossible
to do so without having consider-
able sag in the top section and a
bad arch in the lower radiators. It
does not hurt to allow the phas-
ing section to whip around a little,
w0 let it hang loosely. It 15 better
to have shightly less than rather
than shghtly more than 0.7 wave
length spacing.  If you try to pull
the phasing section tight the mean
clement spacing will exceed 07
wiavelen

The battom of the array should
be at least 10 feet above ground
for enher a2 10- or 20-meter array
Theee 13 hitle point in gong high
er chan this if the antenna is in
the clear, but the array may be
rused to advantage of surrounding
objects setioaly “hem in” the low.
or section of the anenas. Do aot
raise the Jmeter acray any o
than pecessary (o get the bottom
wction 0 the clear, = the vertical
radistion pettern is already low and
quite sharp, and rusing the array
tigh above cffective eanh luwers
the angle of ndation sull fur

thee % on 20 meters it v
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lllustrating how two

Figure 2.
dipoles or arrays with horizontal
elements can be supported from
three poles with a minimum of
coupling between the two systems.
This Is an important consideration
if maximum directivity is desired.

possible to get the antenna too
high for medium distance work
(1500 miles), though on 10 me-
ters the array can be put as high as
you want to go. Sixty-foot poles
will be about right for the aver-
age 20-meter installation and 35-
or 40-foot poles for a 10-meter job.
When a 10-meter X-H is used on
20 meters, the vertical directivity
is not sufhciently sharp that one
need worry about getting the array
too high.

In order to obtain the proper
phase relationships in the X-H,

that portion of the feed line con-
necting the upper and lower sec-
tions of the array—sometimes re-
ferred to as the phasing section—
is not transposed as in the case
of the conventional Lazy H.

One effect of the sharp vertical
directivity obtained when the X-H
is used on the band for which it
was cut (resulting from the 0.7
wavelength spacing) is reduced fad-
ing. This in itself is an important
advantage.

® Two

If two X-H arrays, or dipoles or
most any arrays z)r that matter,
are used to cover four directions,
one array will excite the other as
a result of electrostatic and electro-
magnetic coupling wnless care is
taken in their orientation. This mu-
tual coupling will result in de-
creased directivity and a slight loss
in gain.

To minimize coupling between
two horizontally polarized arrays
resonant on the same band, they
should be oriented so that a line ex-
tended through one of them can be
made to intersect the center of the
other array. This is illustrated in
figure 2. To eliminate the neces-
sity for four poles, antenna no. 2
is supported at one end by means of
a "V branching out to both of the
other two poles. These two wires
should be broken up thoroughly
with insulators every few feet as
they are right in the field of array
or antenna no. 1.
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Y OU cn always spot a tube cus-
tomer, because he carries his old
ones in a brown paper bag. The
bag has a column of delicatessen
figures on its side. He places it on
the counter and pulls the tubes out,
one by one, without saying a word.
You stand before him quictly dur-
ing the ritual; then, after the in-
ner wrappers—sheets of a Satur-
day supplement—have been re-
moved, he says:

“Can you check these for me?”

"“Certainly,” I reply. “Step right
over here.”

This one particular fellow had
two 45's, an 80, a 27 and four 24's.
Not 24A4’s, mind you—24's. They
were so old you could wipe mer-
curic oxide off the outside of the
bulb with your thumb.

“"Rather old, aren’t they?” I re-
marked, to prime him pleasantly
after waiting four minutes for the
first cathode to heat up and give.

“Best set of tubes I ever had,”
he answered snapping his suspen-

® This department appears as a
monthly feature in Radio News,

T 1939, ZIFF.DAVIS PUBLISHING CO., INC.,

ders proudly. “In fact, they are the
only ones | ever had. Came with
the receiver!”

“They all wear out sooner or
later,” 1 countered, intent upon a
sale. I knew Al was in the rear
of the store, listening, so I brought
all my sales pressure to bear.

But the customer did not re-
spond in the proper manner. He
trowned, as it 1 had insulted an
old friend and said: "They muss
be good, or they would have bumed
out long before this!”

I smiled tolerantly, explaining
that a tube was not a light-bulb;
that its visible indications had no
relation to its efficiency as an elec-
tric valve.

“Look!" he said, pointing tri-
umphantly. The needle on the
traitorous Salutary Sales & Service
tube checker, after what surely must
have been a tremendous effort, reg-
istered Good!

“That often happens,” I stage-
laughed. "Wait until you see the
readings of the others.” The re-

maining three 24’5 although blink-
6080 SO. DEARBORMN 8T.,

27

CHICAGO, ILLINOIS
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ing from age, drove the needle
steadily up through Dead, Very
Weak, Weak, Very Moderate,
Moderate, Very Doubtful, Doubt-
ful and over the line to Good.

“Hmmm,” hummed the custom-
er, marking them “okay" with a red
crayon.

I put the 27 in. It was so old
the cathode squeaked when the heat
hit it, but it registered Good.

“Humph!” the customer reen-
forced.

I knew the two 45, being fila-
ment tubes, would show their age
more definitely than the others. I
turned on the checker, and the
needle stopped between Doubtful
and Good. 1 glanced questioningly
at the customer; he appeared uncer-
tain for a moment, but when he
examined the scale closely, he said:
“The pointer is wiggling—the tube
must be trying!"”’

“It's shaking with age,” 1 main-
tained. "‘The output tubes have to
do with quality. Have you noticed
any depreciation of tone?"

“Gets better every day,” he re-
plied. “That needle wouldn’t
quiver if the tube wasn't vibrant

and full of life. Here—test the.

last one.”

1 put the 80 into position and
set my jaw. When I snapped the
switch, the needle—after pulling
back below zero for a flying start
—smacked right over past Good. 1
refined some adjustments, bringing
the needle back on scale, but not
far enough to be convincing.

“Thanks,” the passing prospect

said, reaching for the tube. “That's

an honest machine you have there,
as sure as my name’s O'Leary!”

“One moment, Mr. O'Leary,” 1
said, determined to make a sale.
“There are other tests. This is the
power tube, and one can't be foo
careful!”

Well, 1 did everything to that
rectifier but turn it inside-out. I
gave it overload tests, underload
tests; I used buttons that had never
been touched before; I tested for
shorts, for microphonics, for gas,
water, and oil. Although our
checker is equipped with six or
eight visible and audible alarms,
none of them went into operation.
I was about to give up, but when
I turned to O'Leary, he was in-
fecting one of the tubes we had
ready passed.

“I'll take one of these,”” he or-
dered, handing me the 27. “Why
didn’t you e/l me one of the stems
was dirty?”

I pulled one of the new 27's
off the shelf and tested it. This
time, the needle wavered uncertain-
ly over Doxubtful on its way up, but
I was too unnerved to care,

“Eighty cents,” I announced,
dropping the new tube into the
brown keg. ~

"Eighty?” he challenged, “why,
I can buy this same—"

“Okay,” 1 conceded from ex-
haustion, “make it seventy."

I knew my partner would be
loaded with sarcasm, so to demon-
strate how difficult the sale had
been, I entered the rear of the shop
with heavy eyelids and arms swing-
ing like an ape’s.

Al was at his desk, reading a

L
a
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magazine. “Listen to this,” he said,
without looking up. "It says here
that ‘peasants in Bukovenia shave
with their hats on. When a tourist
asks why, they invariably ask him
if he ever shaved the top of his
head.” Isn’t that interesting?"

“Get your feet off the desk so I
can see your face,” I demanded
indignantly. “How can you sit
back here reading that twaddle
while 1 am out front wearing my
tcst-;:rods down to the bakelite for
you?"

Al snarled, stood up, and slowly
tore the magazine in half. “I'm
trying to let you down easily,” he
said. "I never make fun of a per-
son who stumbles, but I have a
justifiable squawk if he blames me
for not falling with him. That
exhibition you just gave reviewed
twenty years of bad salesmanship
and misuse of equipment!”

“Gwan,” I defended, “I'll bet
you couldn’t have given that cus-
tomer a season pass to the Ken-
tucky gold cache. Besides, we need
a new tube tester.”

“You and your corny methods
confine us to chicken-feed,” Al re-

lied. "When a customer comes
into the store carrying a bag of
tubes, it is an open confession
something is wrong with his set.
Go after the receiver maintenance
first—and then sell tubes!”’

"You mean I should ask him to
walk out with his tubes and bring
the chassis and speaker back with
him?"* I asked.

“It's a cinch no one ever retired
on tube profits alone,” he replied

“Foolishness,” I said. ““Don’t tell
me I should turn away trade!”

“You shouldn't force any sale,”
was the answer. “Our tube stock
and checker are meant to be useful
adjuncts to our servicing business
—not our main stock in trade.”

Just then a customer entered.
“Here comes a brown bag,” Al
whispered, “watch me!”

"I have been to three radio stores
trying to get this tube checked,”
the newcomer declared angrily,
“and not one of the servicemen
could pass on it. One of them
tried to sell me a refrigerator; an-
other offered me a bargain com-
bination flat-iron and goldfish; and
the last one tried to get me to
leave my car for a carbon and valve
job. Failing that, he tried to get
me to stand in a stall while he
pressed my pants. Before we go
any further—is this tube good, or
isn't it?"

Al inspected it. “An 874,” he
commented. Then he held it to his
ear, tz:ipped it with his finger and
handed it back. “It’s okay—let
me see the others,” he requested.

“Do you mean to say,” the cus-
tomer asked, handing the bag to
Al, “that 1 have actually located an
old-fashioned radio serviceman,
and that all the tube needed for
a test was a knowing ear? [ had
begun—"'

Al was unwrapping the news-
papers from the remaining tubes,
calling their type numbers: “two
81’5, a 10, some 26’5, and a 27.
Yes, some of us are still alive.
Tell me—did your Kolster act up
a bit before it broke down?”
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“Say—your name isn't Holmes,
is it?"" the customer asked, pleasant-
ly astonished. ‘'No, it didn't—it
just stopped. Are all the tubes
good?”’

“The two 81’s are shot,” my
partner announced.

“How much are they?"" the pros-
ect asked, reaching for his pocket-
ook.

“Two twenty-five aﬁiece," Al

said, "but I wont sell them to
ou!”

“No?” the customer asked, shed-
ding some of his good-will

“Haven't you any in stock?”

“Sure,” my partner replied, “but
if 1 sold them to you, you'd take
them home, put them into your
set, and burn them out within fif-
teen minutes—without hearing any
music.”

“Why is that?"”

“Your filter block is shorted. Let
me follow you home in the truck,
and I'll show you what I mean,”
Al said, walking to the door and
picking up the tool-bag on the way.
"You see, I want to sell you ex-
actly what you need to bring your
set back to normal—not something
both of us will Jose money and
good-will on.”

Al returned with the chassis in
about an hour. He lugged the
pieces to the bench, and announced:
“Filter block, volume control,
complete set of tubes. Isn't that
better than begging for a prema-
ture tube sale?”

“How did you know it was a
Kolster?” 1 asked, curious, but un-
willing to admit defeat, “‘and how

did you know the filter block was
shot ?"

“Ever come across another set
with the same tube combination?”
Al asked. “T guessed on the filter
block—the 81’s were both open,
and even if they had been the
trouble, I wouldn’t have sold them
without making sure he wouldn't
ruin the new ones as soon as he
put them in—and put me in a spot
where I couldn’t make a replace-
ment under the guarantee.”

"You were just lucky in this
one case because of the trouble he
had on the 874,” I said. “On an-
other set—"’

“—I would have used my head
some other way,” he answered im-
patiently. “"Ah—how can I change
you in five minutes, after you've
had the habit of bad thinking for
thirty years? Go to the front of
the store and think it over for a
while!”

I walked out and leaned against
the show-window railing. My part-
ner can be very perturbing at times.
Of course, he was partly right,
but why should I have to admit—

The door flew open. O'Leary
handed me a tube.

“Give me back that seventy cents,
you daylight burglar,” he shouted.
“I put it into the set, and it didn't
play. What kind of a racket you
running here, anyway ?”

"“I'll go home with you and look
at the set,” I suggested meekly.

"Not after you sold me a tube
I didn't need, you won't,” he
yelled. I intend to do business
with an  honest serviceman—if
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there’s a radio store in the neigh-
borhood !

I refunded his money and walked
slowly to the rear of the store
with heavy eyelids and arms swing-
ing like an ape’s. Al's feet were
on the desk, and he was reading
half a magazine.

“Listen to this,” he said, with-
out looking uj). “It says here that
‘A certain wide-awake manufactur-

er attends every convention of
twins he hears about, in order to
sell cuspidors to spitting images.’
Isn't that interesting?”

“Yes,” 1 sighed in defeat,
"please read some more.”

Al looked up slowly and gave
me one of his infrequent smiles.
“Another ten years, and I'll make
a serviceman out of you,” he said.

Cats

OME time ago Electronics related the story from Eng-
land of the discovery that leaks in cables could be
traced by pumping a gas smelling of cats through the
cable, and then running a dog up and down the outside.
C. A. Briggs of Washington, D. C., thinks that he has
something of use along this line. He says, "What is the

nature of that cat gas?

s it obtained by passing cats

through gas or gas through cats? Some years ago a wood
pussie found access to my basement and left a lingering
reminder that needed no Labrador retriever to discover.

If the cat gas is similar to my basement aromatics, is
there a market for the stutf?”’—Electronics.
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Nation-wide survey reveals average height, S feet, 10 inches;
weight, 163; age, 32; technical training, ability, rank high.

BACK of the elaborate and
intricate machinery which turns the
wheels of radio broadcasting stands
that guardian of the air channels—
The Chief Engineer. Over 82 mil-
lion listeners in this country and
millions more in foreign lands reap
the benefits of his handiwork yet
only a comparative few realize that
there is such a person. What of
this fellow who spends long days
and many weary nights in an iso-
lated transmitter building shooting
a barrage of voices and music over
the ether?

Although these men shoulder
tremendous responsibilities in the
radio industry and are called upon
time and time again to meet the
most dramatic emergencies, they
seldom are brought to the public’s
attention. Pick-Ups, therefore, de-
cided to tell their story, material
for which has been gleaned from
a nationwide survey. One objective
of the survey was to draw up a
composite picture of the Chief

© 1939, WESTERN ELECTRIC CO.,
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Engincer. To obtain 2 cross-
sectional view of him sounds like
a major operation. It was. But it
was performed without a twinge
in so far as the patient was con-
cerned—for the instruments used
were a stack of questionnaires, an
adding machine and a lot of gray
matter contributed by an expert
statistician.

Although the operation proved
to be a painless one for the engi-
neers it resulted in a terrific head-
ache for the statistician. Out of the
700 and some odd questionnaires
distributed, 293 replies were re-
ceived. Since 2 number of men
replying are responsible for two,
three or more stations, the com-
pleted survey represents more than
50 per cent of the chief engineers
in the country.

Armed with this mass of in-
formation, the statistician set to
work to record ages, personal ap-
pearance, schooling, marital status
and numerous interesting high-

INC., 195 BROADWAY, N. Y. C.
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lights 1n the lives of these radio
experts. Into the adding machine
went the various ingredients men-
tioned. Out of the machine, like
the genu of Aladdin’s lamp, rose
the face and form of the typical
Chief Engineer.

Here he is—ladies and gentle-
men of the radio audience—a most
petsonable representative for Amer-
wa's great Broadaasting industry.
He i 32 years old—he measures
five feet ten inches in height—
weighs 1631/ pounds. Brown hair
snd blue eyes predominate. Our
olor chart lists 216 brown heads,
33 blonds, 26 black haired chiefs,
7 sandy heads, 3 auburn, 2 red
heads and 7 distinguished gray
lieads. Blue eyes lead the race with
+ total of 132. Brown eyes, num-
bering 102, take second place.
Coming uE in the rear are 40 gray
eyes, 10 hazel, 8 green and one
lone black eyed engineer. Our
typical chief is married and has
urie child. Bundling the offsprings
into the adding machine en masse
the siatisician found that they
number 258. On the basis of those
who reported the sex of their chil-
dren 53 per cent are boys. One
chief offered the information that
he 13 the proud granddaddy of two

o Erparience

Crar chief has spent six years at
hus present station and four and
orie half years as head of the engi-
neenog staff. And a typical Ameri-
can he 15, a5 only seven out of 293
weie foreign born.  Travel has
wlored s background and broad

ened the scope of his knowledge
for he has visited 19 states and
three foreign countries.

Evidently it is ability rather than
age that tips the scales in the
broadcasting business as the young-
est chief, out in Texas, is 2 mere
fledgling of 19 summers while the
oldest, in Missouri, will shortly
celebrate his 75th birthday. Ages
listed range this way—130 between
20 and 30; 138 between 30 and
40; 20 between 40 and 50; two
between 50 and 60 and two over
the 60 mark.

e Education

Retracing their steps through
the days of reading, writing and
arithmetic, it was discovered that
278 completed high school—93
reccived college degrees, 65 had
from one to three years of college
training, 185 took supplementary
courses in radio engincering. The
survey shows a grand total of 261
out of 293 with either college or
supplementary education.  These
amazing figures would indicate
that broadcasting engineers as a
class have reached a decidedly
higher level of education than the
average technical employee or for
that matter than the average busi-
ness exccutive in the United States.
For many of the engineers, educa-
tion has meant more than burning
the midnight oil—it has meant
working at almost any old trade to
earn an eduaation. According to
the survey 136 worked their way
through high school or college—

46 worked part of the time during
whool pears
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On a few questionnaires there
appeared a rather wistful note in-
dicating that the writers regretted
not baving had a2 more thorough
technical training. Says one chief,
"When visiting technical schools
and watching some of the young
men at their various experimental
procedures, it occurred to me that
if these future engineers could
realize how important these facts
are which the instructors are trying
to drive into their heads, they
would give their schooling more
sericus thought instead of rushing
through as if education were o
necessary evil in their lives.”

The comparative few who were
denied higher education have cer-
tainly proved that this handicap
can be overcome. One man in par-
ticular who never had a day of
high school training has climbed to
top rank in his profession. Today
he is known among radio experts
throughout the country as an out-
standing authority on broadcasting
technique.

What some of these men have

lacked in so-called formal educa-
tion they have acquired in that well
attended Hall of Learning—Ama.
teur Radio, One hundred and
seven of our chiefs-on-parade were
hams. And very tender hams they
were, having succumbed to the
deadly bite of the bug at an early
age. Our Typical Chief started
experimenting with his tubes and
wires about the time he first
donned long pants. More than a
few were tinkering around radio
sets at eight, nine and ten years
of age.

The survey discloses one young
ham who got his start at four.
Another chap explains his early
interest in radio this way, “I've
been interested in things electrical
from the day I took out my first
library card and found a book on
electricity. 1 bought a 500 mile
two slider tuner with crystal de-
tector and have been at it ever
since.” Still another contracted the
fever when he read a copy of Hugo
Gernsback’s “How to Build Wire-
less Receiving Sets.”” ™I built one,”
he writes, “and I've never been
cured.” One young man “just
hung around the transmitter at a
college radio station doing odd jobs
until they took me on.” And here’s
a chief who blames it all on hered-
ity—says he, "I come from a family
of Radio Nuts.” But most of these
men were drawn to radio because
of its mystery and fascination.
They just can’t help themselves—
it's in their blood.

® From All Walks of Life

Although the majority have
spent most of their time at broad-
casting or in some kindred work,
many sampled various jobs in alien
fields. In the ranks are ex-teachers,
bank clerks, bus ‘greasers, airport
mechanics, medical students, truck
drivers, factory workers, type set-
ters, druggists, grocery clerks, pros-
pectors, janitors.

As a class they have wandered
far over the face of the globe—47
having sailed the seven seas pound-
ing brass as ships’ operators. Our
most travelled chief chalks up the
record of 47 states and 25 foreign
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countries. Close at his heels are
many of his colleagues, missing
the high mark by one or two states
and countries.

® Adventure!

And what strange and exciting
tales these travelers can spin as they
keep watch at transmitters during
long tedious night hours! Adven-
ture still dogs their footsteps for
one never knows what dramatic
emergency may tumble upon their
broad shoulders.

Here's a chap who worked inside
a burning transmitter building try-
ing to save the equipment until
he was forced to dive through a
window a few minutes before the
roof caved in. They piped the
show through the local time shar-
ing station and lost only 40 minutes
on the air.

Another tells of spending 80
hours in the Pennsylvania moun-
tains using short wave equipment
in an attempt to locate a lost child.
Antennas had to be sent up with
kites and balloons to get a signal
out of the mountain area.

A third describes the handling
of a shortwave plane job off Barne-
gat Light Ship when the dirigible
“Akron” sank. A fourth aided in
the capture of a bank bandit as
he followed the chase with a
mobile unit.

An exciting tale comes from
New Hamphire recalling the 1938
flood. It is told by the engineer
who spent four days and nights
without sleep operating 2 transmit-
ter with a temporary generator and

Fordson tractor. Another thriller
from Oregon describes this hap-
pening at Coulee Dam—a huge
gasoline scoop shovel exploded,
throwing burning oil around the
engineer who was arranging a
microphone for a broadcast of the
construction work at the dam.

Yes, any old emergency is apt
to happen and here’s a unique one.
While operating a relay station
from a Japanese rancher’s barn,
a 60 mile gale took the roof off
and sailed it down the hill like a
kite. Then came the rains. By
piling bales of hay around and over
the transmitter the engineer kept
the station on the air.

One man broadcasting the ap-
proach of a cyclone from the top
of a 100 foot tower saw a pas-
senger train lifted from its tracks
and completely wrecked. The cy-
clone missed the transmitter house
by a closc margin. Pinch-hitting
for an announcer who got buck
fever had its thrills for the engi-
neer who interviewed four steel
workers atop a2 440 foot antenna.
The five men stood on a narrow
platform passing the mike around.
Hi—those were dizzy moments!

Flood waters may submerge sta-
tions, hurricanes tear down anten-
nas, sleet cripple wires, lightning
shatter transmitters but it's all in
the day's work for a chief engineer.
It is his job to get his signal back
on the air and back he gets it in
record time,
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e Common Problems

So much for emergencies. But
what about the ordinary problems
which accompany any job? Here's
the biggest headache of them all,
say our engineers in unison—Sel/-
ing the Management the Need for
New and Up-to-date Eqm'({ment.
This is where technical and non-
technical minds clash. The chief
engineer follows new developments
like a hawk. Sensing the keen
competition among stations to win
the public’s patronage, he realizes
that you can't perform miracles
with an old, out-dated ''rig.”” He
knows that quality programs with-
out quality transmission do not
amount to a hill of beans. There-
fore, he is constantly striving to
improve the quality and range of
his signal—while the management
is inclined to keep its eye steadily
focused on programs, sponsors and
the budget.

Second on the problem list is
rebuilding old equipment and try-
ingrto make it work like new.

hese men growl too, about
night work—but who can blame
them for that! One chap has difh-
culty in convincing his wife that
staying at the transmitter in the
wee sma’ hours is really necessary.
Other problems are: meeting FCC
regulations — keeping within the
budget—trouble shooting—climb-
ing towers—keeping 2  semi-
technical boss happy though frus-
trated—pleasing the program de-
partment—being a diplomat—and
strange as it may sound—keeping
busy.

Now for the sunny side of the
picture. Designing and installing
new equipment brings the keenest
enjoyment, as does working with
new equipment. These chiefs arc
on top of the world when the sta-
tion receives good reports from the
I'CC or when sponsors compliment
them on smooth operation. A few
gluttons for punishment actually
enjoy trouble shooting. Underneath
their joking and nonchalance, these
men take their jobs very seriously
and derive the greatest satisfaction
in the thought that they are serving
the public.

® Hobbies Diversified

While the work is extremely con
fining and although when off the
job they invariably remain on call,
they find time for a varied assort-
ment of hobbies—some riding two,
three or more. Yet even in such
moments of relaxation the old bug
hangs on, for 138 go in for ham
radio. Next popular on the hobby
list is photography with 81 clicking
cameras. Then there are 33 fisher-
men, 26 huntsmen, 16 golfers, 7
amateur movie enthusiasts. Others
go in for philosophy, psychology,
minerology, chemistry,  physics,
metcorology. And astronomy has
turned four of our chiefs into star
gazers, The collecting instinct bobs
up in the form of stamps, old
weapons, match covers, clocks,
pipes, trade magazines and Indian
relics. Sport lovers seek diversion
in boating, baseball, skiing, tennis,
bowling, ping-pong, archery. In
the ranks too are railway, airplane
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and boat modellers—metal and
wood workers. One man raises
dogs, another guinea pigs and a
third chickens. An engineer in
Indiana is trying out different sys-
tems for locating oil, gas, lead and
spar—he’s been experimenting five
years. Another has just completed
building a 17 foot cabin cruiser.
And there’s a chief who reads in
five languages.

® On Vacation

Relaxation, too, comes to these
men “when and if" vacation rolls
around (according to many replies,
vacations are uncertain quantities).
The wanderlust creeps into their
veins at such times. Ninety-five
spend these precious interludes
traveling. A runner up in popu-
larity is fishing with 41 seeking
mountain streams, lakes and the
deep sea. Radio still rears its in-
trusive head—enticing 25 chiefs to
drop in at various broadcasting sta-
tions and have a look at the other
fellow's equipment. Others find
their fun camping, farming, flying,
swimming, boating and golfing.

Unfortunately, choice of a vaca-
tion does not always rest in their
hands—time, money and sometimes
wives being the ?’etermining fac-
tors. But they build their air castles
and dream of the following ideal
holidays: A far-away place with no
alarm clocks, no telephones, no
radio (this Utopia is going to be
an over-crowded resort if wishes
come true)—sleep and more sleep
—big game hunt in Alaska—two
weeks at Bell Telephone Labora-

tories with free admittance to all
departments (we'll have to stretch
the Laboratories to get them all in)
——a horse, a pack outfit and lots of
time-—a visit to every broadcasting
station in the country—time for
experimenting. And travel, how
they long for it! By freighter,
trailer, car, steamer, plane they
would seek new places, new faces,
new adventure. Europe, The
Tropics, Florida, Alaska, West
Coast, East Coast, The New York
World's Fair, Treasure Island,
South Sea Isles are on their itin-
eraries.

® Opinions of
Technical Developments

Calling them back from these
phantom voyages, Pick-Ups asked
them—""What do you consider the
most worthwhile development in
broadcasting during the past ten
years?”" Their votes run this way:
Stabilized Feedback—44; 110A
Amplifier—39; Vertical Radiator
—34; Doherty Circuit—27; Mod-
ern  Microphones—26;  Modern
Tubes—20; Crystal Control-—18;
Class B Modulation—18; Direc-
tional Antenna—12; 100 per cent
Modulation — 11; Facsimile — 8;
Network Broadcasts—7; Shunt Ex-
cited Antenna—S5; Television—S5;
Automatic Volume Control-—3;
Coaxial Antenna—3; Armstrong
Frequency Modulation—2; Con-
centric Transmission Lines—2; 500
KW Power—1.

Looking ahcad to the future of
broadcasting, our chiefs predict the
following advancements: Single
Band Transmission; Chain Broad-
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casting of Television using Broad-
cast Band simultaneously; Binaural
System; Radiating systems confined
to angles below 5 degrees from
the Horizon; Precision Frequency
Control without Quartz Crystal or
Temperance Controlled Circuits;
High Fidelity Tubes large enough
to develop 5 megowatts power;
Electric Energy by Radio; Tele-
vision in Color; Broadcasting
Odors; Polyphase Transmission;
Antenna System which will radiate
ground waves only; Two Channels
on One Carrier; Long Distance

Concentric Lines and a 1000 watt
transmitter for $1000.

Back from the future into the
past again the survey took them,
asking "'If you had your life to
live over would you be a radio
engineer?” What a foolish ques-
tion that was! In chorus, almost
unanimously, they answer “'Yes.”

And so we leave our chiefs,
tending their signals backstage in
broadcasting’s big show——chained
with chains of their own forging
to the great love of their lives,
“Radio.”

A NEW type 100-kilowatt radio tube in which the filament

can be replaced, the first of its kind in this country, has
been developed by engineers of the General Electric Company.
Two of the tubes will be used in the new 110-kilowatt trans-
mitter being completed for the Ceneral Electric short-wave sta-

tion W2XAF which now operates on 40 kilowatts.

The new

transmitter is expected to be on the air by August 1.

These are the largest tubes of their kind yet to be built in
this country, and are expected to produce an effective direc-
tional power output of more than 600,000 watts, when used

with the new Alexanderson pane! antenna.

It is not antici-

pated that these tubes will replace the !00-kilowatt tubes in
standard, or long-wave, broadcast transmitters.

The filaments of the new tubes can readily be replaced.
Instead of the tubes being sealed off when built, an electrically
driven pump is attached to them which runs continuously,
thereby maintaining the vacuum at all times.

A new-type filament of activated tungsten was used in the
tubes which allows greater current at lower voltages. Whereas
the 50-kilowatt stations have been using upwards of 15,000
volts to operate the tubes, the new units will operate on trom

5,000 to 8,000 volts.
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planes became a familiar sight to
airport personnel along the East-
ern seaboard. The apparently aim-
less meanderings of this Bell Tele-
phone Laboratories ship were actu-
ally careful field-strength surveys,
transmission tests, analyses of the
frequencies most suitable for air-
cra?t use. In the mountainous
West similar tests were being made
in cooperation with Thorp His-
cock of Boeing Air Transport and
later with Herbert Hoover Jr. of
Western Air Express. These simul-
taneous surveys produced results
in increased knowledge ot the best
frequency allocations for aircraft
communications, in discovery of
the necessity for separate day and
night frequencies, the use of fixed
transmitting antennas, the substitu-
tion of a2 high voltage dynamotor
in place of the old wind-driven gen-
erator, and countless other contri-
butions.

In the early days of radio tele-
phony the pilot had to tune his re-
ceiver by hand, often with ex-
tremely poor or no results at all.
The obvious need was a device for
locking the pilot’s receiver in tune
with the ground transmitter. In-
tensive development by Bell Tele-
phone Laboratories produced the
AT cut crystal and this problem
was solved. This basic develop-
ment is responsible for the quick-
shift multi-frequency radio equip-
ment which enables the airline pilot
to make contact with successive
ground stations operating on differ-
ent frequencies, day or night, with a
flick of the dial.

¢ Blind Landing

One of the greatest contributions
to safe flight has been research
done on instrument or ‘“blind”
landing. On Sept. 24, 1929 Lieut.
Jimmy Doolittle, guiding his shi
from a sealed cockpit, safely lamf
ed his plane at Mitchel Field and
completed the first successful in
strument landing in history.

Two years later Pilot Boggs
made a blind landing at College
Park, Md. Diamond and Dunmore
of the Bureau of Standards had
succeeded in developing a complete
three-dimensional system which
employed a constant-intensity glide
path in the vertical plane as well
as a runway-localizer and marker
beacons. Most of the instrument
landing systems which have come
into prominence during the past
6 years are based on this devel-
opment.

In 1933 the Airways Division
of the Department of Commerce
began experiments on an instrument
approach s?rstem which had the ad-
vantage of simplicity. The pilot
flying toward the radio range,
picked up from a marker signal
his cue to begin his glide and fol-
lowed through depending largely
on his altimeter. This system, to-
gether with the Army System
adopted by the Bureau of Air Com-
merce, was deficient because of the
inaccuracy of barometric altimeters
and was rejected by the airlines.
However, with the Xevclopment of
the absolute radio altimeter (ter-
rain clearance indicator) this sys-
tem might find wider use as- it

-
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reduces to a minimum the ground
equipment necessary for instrument
approaches.

Extensive trials are now being
carried on with the Metcalf-CAA
blind landing equipment. ~With
this system three radio-actuated dots
appear on the surface of a cathode
ray oscilloscope set in the instru-
ment panel. When these spots line
up horizontally with the middle dot
exactly centered, the pilot is on
course. The advantages of this
system are its compactness and the
fact that it employs a substantially
straight glide path.

Research by vacuum tube en-
gineers succeeded in producing
tubes capable of a high-power out-
put at extremely high frequencies,
making possible the practical ap-
plication of this system.

No better demonstration of the
evolutionary  spirit of research
could be found than this develop-
ment of instrument flying. But re-
search also concerns itself with
the removal of flaws in already ex-
isting devices, in constant tests so
that pilot and passenger may de-
rive the fullest measure of protec-
tion in the air. Many a pilot has
followed his beam into the storm
only to have it obscured by pre-
cipitation static. Over a number of
years the nature and cause of this
static has been sought. It was
originally attributed to charged
particles striking against the an-
tenna, and a shielded loop such as
those used on steamships was pro-
posed by TWA's Jack Franklin.
This device was adopted almost uni-
versally and was found to operate

reasonably well. Precipitation stati..
however, was by no means com-
letely eliminated. In 1937, there-
ore, an expedition of scientists,
meteorologists and engineers under
the leadership of H. M. Hucke of
United Air Lines made many field
studies under actual flying condi-
tions of snow, dust, and rain to
discover that the static was largely
caused by discharges from the sur-
face of the plane itself. A trail-
ing discharge wire and suppressor
resistor now foils precipitation
static,

More recent research has pro-
duced the ultra-high frequency ra-
dio range, the ground direction
finder, the automatic radio compass,
the terrain clearance indicator—all
contributions to safety in the air,
all tributes to research in aviation
radio.

o U.H.F. Frequency Ranges

All the radio ranges employed
in the U. S. up to this time op-
erate on medium frequencies (200
to 400 kc), but with the multipli-
cation of landing fields, transmit.
ters in this band have become too
closely spaced to allow further al-
locations. Today the CAA is work-
ing on ultra-high frequency ranges
at Pittsburgh and at Indianapolis
which have the advantage over pre-
vious systems of substantially elim-
inating storm static and providing
more reliable course indications.

A pilot, flying his regular route,
calls in to report progress. As his
voice “‘comes in,” a tiny green light
flashes on the periphery of a ground
glass screen marked with compass
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indications. The dispatcher calls
back, gives the pilot his exact bear-
ings in relation to the field, This
Western Electric ground direction
finder, completely automatic in op-
eration combines regular two-way
communication with a visual indi-
cation on the screen of a cathode
ray tube.

Research has recently produced
another device to reduce the ele-
ment of human error in the air,
the automatic radio compass devel-
oped by Sperry Gyroscope Co. and
the RCA Manufacturing Co. When
this device is tuned to a particular
station, a2 dial needle points im-
mediately the direction of that sta-
tion and will continue to give the
bearings automatically even when
the plane passes over the cone of
silence.

® Terrain Clearance Indicator

Perhaps the most conspicuous
result of recent aviation research
has been the extremely sensitive
Western Electric terrain clearance
indicator, developed by Bell La-
boratories and made possible by a
new vacuum tube capable of 50
times greater power at high fre-
juencies than any previously pro-
uced for aircraft use. Barometric
altimeters which indicate the alti-
tude above sea level are often inac-
curate as much as forty crucial feet,
require a knowledge of the locale
for a correct estimate of terrain
clearance. The new device em-
ploys an ultra-high frequency radio
wave which it bounces off the

ground. The time of the wave's
excursion from plane to ground
and back again is indicated almost
instantaneously in feet on a meter
in the cockpit.

Facsimile communication be-
tween ground and air is the sub-
ject of much research today. Al-
ready tests have been made by
RCA, Finch, Teletype Corp. and
others which show that the device
has considerable promise. Con-
tinuous research is expected to de-
velop units of small size and in-
creased reliability.

Even now researchers are prob-
ing the possibilities of frequency
modulation and its application to

aviation. Aviation radio could use
its low power requirements, its
freedom from cross channel inter-

ference, the reduced weight of its
equipment, but must overcome the
static interference which com-
pletely dominates the signal when
the noise ratio is high.

At no other time in the histo
of aviation has there been so muc
research activity in the field of ra-
dio. The CAA is contemplating
the installation of a model ultra-
high beacon system from Newark
to Chicago in .order that the re-
search on the behavior of ultra-
high waves may be carried on in a
700-mile laboratory under actual
operating conditions.

The major airlines have formed
development sections in their
communications departments, work-
ing with the manufacturers’ la-
boratories to produce, perfect and
adapt new raSio cquipment. Re



19% RESEARCH 1N AviamiaonN Ranio 43

search in the processes of manufac-
tening iy being spplied to bring the
last measeie of ahGency to the pro-
duction of radio equipment

The research and development
facilities of the communications la-
boratonies thooughout she world
ace systematically poobing fac the
germ of an ides that will, by spe-
ofic spplication, beneht aviation

New ulloys to reduce weight and
increase strength, new compounds
to chiminate corrosion and reduce
the harmful effect of moisture are
being sought.  Destructive  tests
simulate 2 lifetime of service in a
few hours. The by-products of re-
scarch reach the plane only when
their absolute reliability has been
proved by thesc tests

[See pages $2-53 for photographs)
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A PUSH-PULL U.H.f.
Beam Tetrode

By A. K. WING

THE frequency spectrum above
100 megacycles has proved itself
valuable for communication over
line-of -sight ranges. Since rela-
tively small amounts of power are
satisfactory and it is relatively easy
to build efhicient antennas for com-
munication at these frequencies,
the frequency band above 100
megacycles seems to be eminently
suited for aircraft communication
from plane to plane or from plane
to ground over short distances. It
was for such an application that the
development of a tube suitable for
use in the output stage of trans-
mitters was uncﬁrtaken.
Consideration of some of the
necessary points in the design of
a satisfactory ultra-high-frequency
transmitter indicates a number of
limitations and qualifications which
a suitable tube should meet. In
order to make the equipment sim-
ple and operable at all times its
filament and plate power should be
obtainable from the regular storage

battery, and should be kept at 2
minimum. To have frequency sta-
bility, the transmitter should con-
sist of an amplifier stage driven
either by a crystal-controlled oscil-
lator through a frequency mul-
tiplier, or by a stable high-frequency
oscillator. The transmitter should
preferably be capable of operating
at several frequencies and the final
amplifier stage should operate
stably at frequencies up to approxi-
mately 250 megacycles. A useful
output of the order of 10 watts
was chosen as sufficient for re-
quirements.

There are several limitations on
the proposed tube which are deter-
mined by these considerations. In
the first place, the tube must be
economical in filament and plate
power. Second, because of the
difficulty of insulating high volt-
ages at the reduced pressures en-
countered at high altitudes, the
operating plate voltage must be as
low as possible. Therefore, a value
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of 400 volts for unmodulated sery.
ice wan decided wpon. Thind, the
tube st function 23 3 stabie am-
plifier, The necesnity for neutraliza
tion would render a triode unsahis
factory for operation over a band
of frequencies and, comequently,
4 tetrede o pentode design wis
tdicated. Because it s pomtible to
develop s pgreater plate wvoltage
FwINgE M a prntor!t or beam power
smpliber than in » tetrode for the
satne direct plate voltage, and thus
10 obtarn Ingher plae<ircuit effi-
oency, the beam powersmplifiec
design was chosen for this tube
The tessons for choosing the beam
powee smplifice in preference to
the pentode will be discussed below
The v of 2 low plate-supply voit
sge makes it especially devurable to
kave the pesk platevoltage swing
o high as poswble. And L, the
tabe must be safficiently ragged 1o
withttand vibatien and physical
shock without an elibocate mount
g Senplicty in wbe sod cicouit
i important to insare satisfactory
perfocmance and exse of muinte-
rarce

Benudes these copurements there
thould be noted those requirements
which ste imposed by the Frequen.
coes at which the tube is intended
to operste. The vanous qualifica.
tions which & tube should powess
for weccessful operstion ot high
frequencies have been covered

mther completely in the liters.
ture ' ** The imporant considers.
tiams which entered into the design
of this tube are pusnmuatised below

1. The tube must lend ltself 1o
utisfaczory ceconr  design.  The

test ible amount of circuit
Kmf::t nnmmdc the tube at any
given frequency, In order to meet
this requirement, the nput and
output capacitances and the lead
inductances must be kept at 2 mini-
mum, and the tube must be small
in size. For the higher frequen-
cies, the use of transmission lines
23 clrouit elemenis hias the advan-
tage of allowing greater physical
size of arcuit than when lumped
circuits are used  The tube leads
thould preferably be so arranged
that che tube 13 adaptable to opera-
ton in either type of circunt,

2 The leads to the tube elet-
trodes must be of such a size as
to carry safely the high-frequency
curtents 1o the elecroxdes and to
svold lowses which would reduce
the output

Y. In order to minimize the
limiting effect of electron transit
itme, the spacings between elec-
trodes must E:(kqv! small In par
neular, the cathodeto-grnd dimtance
mast be small since it is in this
space that the eclecirn must be
dceelerated from a low velocity at
the cathode surface to 3 coasider.

‘WG Wagener -~ “The Develop
mental Prebidesss sodd Opersting Cherse.
teristict of Two Nrew Ubtes High Fre-
quenty Triodes,” Proe. LRE, Vol 26
pp LA April (1938)
Vi Toi ot High Sonpessey
s " igh-
Oncillatnn,” Ball Sprtem ?nm
Vil 14 pp 9700 Jansary {19%%)
'C 3 hL’mJ A L Semosl-
Vecwum Ty foe  Gensrsting  Fre
peencer Aleve Owe Masdeod
opden” Poor IRE, Vol 2), pp 0
13 Manh (19%Y)
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able velocity at the plane of the
grid. The effect of an appreciable
transit time in this region is to
increase the input conductance of
the tube. The result of the finite
time of transit from cathode to
plate in reducing the plate-circuit
efficiency has been pointed out by
Haeff +

4. Because of the small spac-
ings, the grids are subjected to
severe conditions of temperature.
The grids, however, must not emit
primary or secondary electrons to
any appreciable extent. To avoid
such emission requires that the grid
temperature be kept low and, con-
sequently, adequate provision for
cooling the grids.

5. The insulation provided must
be sufficient to prevent breakdown
at the operating frequencies and
voltages. Also, it must not intro-
duce excessive losses at these fre-
quencies.

On the basis of these require-
ments, consideration was given to
the use of a push-pull circuit. Such
a circuit offers advantages in design
and ease of operation over a
single-ended circuit which at ultra-
high frequencies is not so straight-
forward. Because of the symmet-
rical character of the push-pull
circuit, an effective ground pﬁme
exists in the circuit which materi-
ally simplifies the problem of by-
passing and connecting low poten-
tial leads. The connection between

‘A. V. Haeff—"Effect of Electron
Transit Time on Efficiency of a Power
Amplifier,” RCA Review, Vol. 1V, pp
114-122, July (1939).

screens and cathodes in the two
units allows the fundamental fre-
quency and odd-harmonic compo-
nents to cancel out, and leaves only
even harmonics to be by-passed. In
addition, push-pull operation is
well-suited to the use of parallel-
line circuits, since the conductors
are symmetrical in arrangement.
For these reasons, it was decided
to design the tube for push-pull
operation. In order to keep the
space required at a minimum, both
units of the push-pull combination
were placed in a single envelope.
A similar arrangement has been
described by Samuel.s The spacing
between the two units may be made
smaller than where separate en-
velopes are used, and considerable
improvement may be obtained from
the point of view of length of con-
necting leads. Those electrodes
which are connected together in
the push-pull circuit, the screen
grids and the cathodes, may be con-
nected inside the tube by a lower
inductance path than is possible for
two separate tubes. A low-
impedance connection between the
screen grids becomes an important
factor in attaining stable operation
at the high frequencies. To obtain
maximum shielding between input
and output circuits, it is essential
that the screen grid be at rf.
ground potential, a condition
which is easily met at low fre-
quencies with external by-passing.

“A. L. Samuel and N. E. Sowers—
“A Power Amplifier for Ultra-High-
Frequencies,” Bell System Tech. Joxr.,
Vol. 16, pp. 10-34, January (1937)
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At high frequencies, however, the
connection from screen to ground
through the external by-pass con-
denser will present considerable im-
pedance, and result in an appre-
ciable r.f. voltage on the screen.
When the screens are connected
within the tube, the impedance of
the lead to the effective ground
point may be decreased very appre-
ciably. In a similar manner, the
short connection between the two
cathodes results in a smaller im-
pedance between the cathodes and
the effective ground point, and re-
duces the effects of degeneration.
The smaller spacing between units
and the smaller total assembly aid
in fulfilling the circuit require-
ments.

The structure of each unit of the
tube has been made that of a beam
power amplifier® in which directed
electron beams are obtained by
electrical focusing with properly
chosen grid wires, grid side rods,
beam confining plates, and elec-
trode shapes and in which it has
been found practical to suppress
secondary emission effects by space
charge rather than by a suppressor
grid. Both the space charge in this
beam tube and the suppressor grid
in the conventional pentode act to
form a potential minimum which
prevents the relatively low-velocity
secondary electrons from passing to
the screen from the plate. The use
of the beam structurc makes the
construction simpler and consider-

*O. H. Schade—"Beam Power
Tubes,” Proc. 1.R.E., Vol. 26, pp. 137-
181; February (1938).

ably more rugged, and at the same
time allows use to be made of
aligned screen and control grids
with the attendant decrease in
screen current. The lowering of
the screen current and the conse-
quent decrease in screen dissipation
is of importance in transmitting
pentodes where screen dissipation
is a serious limitation. Economy
of high-voltage power is achieved
at the same time.

A photograph of one of the early
developmental tubes of this type
is shown in figure 1 (page 51).
The construction will be seen to
be somewhat similar to an enlarged
acorn-type tube with its low poten-
tial leads extending radially
through the main seal. The cathode
and screen leads may be seen at the
front of the tube. The plate and
grid leads from the two units ex-
tend symmetrically from the top
and bottom of the tube, respective-
ly. The input and output sides of
the tube are shielded from each
other by the flat disc shield which
extends horizontally across the tube
below the plates. This shield con-
nects to the two cathodes and serves
as connection between them. The
low plate voltage allows the use
of oxide-coated cathodes and mica
insulation, both of which increase
the ruggedness of the assembly and
improve its resistance to vibration.
The screen grids are joined to-
gether by a low-impedance connec-
tion, and from this a common lead
is brought out.

The structure shown proved sat-
isfactory in operation, but for three
reasons it was thought wise to
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modify the design. In the first
place, the tube occupied consider-
able space, largely because the
radial leads increased the mounting
area appreciably over that required
for the envelope alone. Second,
the radial leads were required to
withstand severe strains when the
tube was inserted in or removed
from a socket. And last, the radial
construction did not permit easy
fabrication.  Accordingly, a re-
design was undertaken. The re-
designed tube js identified as the
RCA-832. The leads which for-
merly extended radially from the
bulb were placed parallel to the
grid leads, and were made heavier.
This structure gives greater strength
and provides increased current-
carrying capacity. The tube can be
placed in a socket without danger
to the seals from strain on the
leads. The bulb has been made
short and the space required for
the mounting has been decreased
approximately 50 per cent.

The arrangement of the elec-
trodes was changed only slightly.
The plate leads were shortened in-
side the envelope and a double lead
was used to lower the resistance
and inductance of the connection.
The center shield between the two
units was found to contribute
nothing to the tube’s performance
and was eliminated, The ends of
each unit were shielded to decrease
the number of stray electrons which
ordinarily leave the active section
and bombard the insulators or the
bulb. Such bombardment tends to
release secondary electrons which
return to the plate by a long

