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LOUDSPUliiffl fRCLOSUIlfS 
By MAURICE  APSTEIN 

AFTER 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 
principle upon  which  the fiat 
baffle 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. 

• Purpose 

The purpose of any baffle 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 its 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.  In 
1 (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 (e) 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 
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LOUDSPEAKER ENCLOSURES  5 

0 - AT REST 

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-

-b--a-

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 baffles of various 
cutoff characteristics are as follows: 
Cutoff Frequency Baffle Diameter 
(cycles per second)  (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  5 1/2  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 baffle 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 cancella-
tion of front and rear radiation 
takes place. It can readily be appre-
ciated how futile it is to talk about 
flat amplifier and speaker response, 
and then mount the speaker in 
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such a way that there is a 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, a 
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-
quency. If an oblong baffle is used, 
there 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 baffle, 
instead of in the center (the latter 
is also practically universal prac-
tice) still further improvement will 
result duc 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, cancellation 
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 near the floor helps 
in another way.  When a speaker 
is 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 efficiently.  If advantage is 
to be taken of this restricted solid 
angle, however, it is preferable to 
have the floor covered with a rug 
or some similar soft material; 
otherwise  undesirable  reflections 
may result. 

•  Irregular 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-
lady 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. 

10 

o 
B - Irregular Baffle 

5   

o  
g'o 

freri.rncy it. C.,/c le; 

t-

Figure 4.  A startling im-
provement  in response  is 

obtained  by mounting the 
speaker off center on an 

irr•gular baffle 
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XIL'ith a tube a half wavelength long 
at the lowest frequency st is desired 
to reproduce, sound at this fie-
quercy emerges from the tube in 
phase with the front radiation and 
thus reinforces the bass notes to 
some extent.  The actual increase 
in radiation from the rear is, how. 
ever, of questionable salue, as will 
he explained later.  The real effi-
Lacy of the labyrinth lies in its ex-
cellent baffling action, which can 
be easily made equal on 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 

• infinite Baffle 

The next he fidelity enclosure 
o appear was the infinite baffle cabi • 
net  (Figure 6.) This is perhaps 
the simplest device of all on both 
principle and construction  For a 
long tune it had been considered 
very poor practice to completely en-
close the rear of a cone speaker 
(abinets were always designed with 
either completely open hacks 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 
so that its natural period would fall 
below or at the lower edge of the 
response range of the speaker and 

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 a 
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 I/2-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 1 2 or 13 in , the interior should 
have a volume at least FI 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 
b02 2 by 3 by 11/2 ft.. or a shallow 
box 3 by  ft by 11 in, all of 



r-

8 RADIO TECHNICAL DIGEST November 

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 together 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-
quired for true high fidelity repro-
duction, 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-
plete advantage to be taken of these 
low frequency characteristics.  It 
was this realization that caused 
speaker engineers to undertake the 
development 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 losvest 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 effi-
cacy of the labyrinth lies in its ex-
cellent baffling action, which can 
be easily 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 

• Infinite Baffle 

The next high fidelity enclosure 
!o appear was the infinite baffle cabi-
net.  (Figure 6.) This is perhaps 
the simplest device of all in both 
principle and construction.  For a 
long time it had been considered 
very poor practice to completely en-
close the rear of a cone speaker. 
Cabinets were always designed with 
either 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 
so that its natural period would fall 
below or at the lower edge of the 
response range of the speaker and 

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 a 
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 1/2-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 arc 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 11/2  ft., or a shallow 
box 3 by 3 ft by 11 in, all of 
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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 together 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-
quired for true high fidelity repro-
duction, 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 cydes, it be-
came imperative to develop some 
form of baffle which would not be 
too bulky yet would allow com-
plete advantage to be taken of these 
low frequency characteristics.  It 
was this realization that caused 
speaker engineers to undertake the 
development of compact speaker 
enclosures that would provide suffi-
dent 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. 

!Al 
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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 effi-
cacy of the labyrinth lies in its ex-
cellent baffling action, which can 
be easily 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. 

• 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 
principle and construction.  For a 
long time it had been considered 
very poor practice to completely en-
close the rear of a cone speaker. 
Cabinets were always designed with 
either 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 
so that its natural period would fall 
below or at the lower edge of the 
response range of the speaker and 

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 a 
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 1/2-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 I 3-in., the interior should 
have a volume at least 8 cubic feet. 
If the walls arc 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 I1/2 ft., or a shallow 
box 3 by 3 ft. by 11 in., all of 
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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. 
Ten-inch and smaller cones of 
course may be operated in corre-
spondingly smaller cabinets with 
equivalent baffling action. 

• 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 fulfilled by dimensioning the 
cabinet for proper resonance and by 
making the reflex 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 construction is a cross be-
tween an infinite baffle and an acou-

stic labyrinth. 

radiation, 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-
essarily 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 
interfere 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. 
Obviously, none of the above links 
in the chain from the rear of the 
cone to the front can be perfect, 
with the result that in practice the 
net gain, depending on design, 
runs between 11/2  and 2 db, which 
is a negligibl: aural increase. 

• True Value 

The true value of both the in-

finite baffle cabinet and the reflex 
cabinet lies in their common su-
periority over conventional flat baf-
fles and open back cabinets rather 
than in any minor advantages one 
might hold over the other.  In ad-
dition, frequency response does not 
ell 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 
phase area near the edge of the 
baffle in which area there is practi-
cally no bass response.  Thus the 
extension of the cutoff frequency, 
plus improved 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-
sions. 

• Summary 

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

Figure  The RCA Magic 
Voice  It  also a e'en% he 
twren the infinite  baffle 
and the acoustic labyrinth 
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(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 
baffling the response obtained may 
easily ruin the response characteris-
tics of an otherwise excellent re-
producing system. 

Votes! 
N 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 

3 
1 

5. Understanding, appreciation     5 
6. Personal counsel   8 

S. Promotion on merit   4 
9. Physical working conditions   6 
10. Job security   2 

—Electronics. 

2. Interesting work   
3. Fair pay   
4. Opportunity to learn 

7. Departmental planning   
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How Frequency Modulation Works; Its Advantages in Over-
coming Noise and Interference. 

By  DANIEL  E.  NOBLE 

er W 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-

quency modulation is—it's some-
thing 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-

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-
quency meter could locate only one 
frequency 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 

• Journal of the American Radio Relay League, Inc., Wert Hartford, Conn. 
1939. A. R. R. L. 

13 



ILki.)10 TEL1-1N1C.AL DiLds1  November 

ALTERNATOR MOTOR 

Figure  1.  Illustrating  amplitude 
•end frequency modulation. A, the 
motor-driven alternator used as an 
example; 8, output with constant 
field  and  constant  speed  (sine 
wave);  C, output with  constant 
speed and variable field  (ampli-
tude modulation); D, constant am-
plitude and variable 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 up and slowing down the 
motor. What 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 
per second, and the cycles are per-
fect 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, 1000+10, 1000+20, 
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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a second for a modulating frequen-
cy of ten cycles per second. Or we 
can go I 000-'1050-4 1000-4950-* 
1000 in one-tenth of a second for a 
10-cycle modulation frequency. The 
difference is found in the more ex-
tended change in frequency in the 
second case. This change is called 
the -deviation.- Foc the first case 
the deviation is 25 cycles and for 
the second, 50 cycles. Deviation is 
then the maximum instantaneous 
change in frequency.  Just to in• 
crease the confusion, we might add 
that we can't find the deviation with 
the frequency meter since no con-
tinuous spectrum is produced but, 
rather, we produce discrete side 
hands which may be detected and 
their physical existence made evi-
dent by means of our frequency 
meter.  These side bands may be 
found far beyond the limits of the 
deviation  We might define the 
maximum instantaneous frequency 
for our special case as the frequency 
we would get from our alternator 
if we held the speed constant when 
the maximum speed was reached. 
We do not actually produce such a 
maximum frequency because the 
speed does not remain tonstent. All 
this leads to conclusion that we can 
expert the band-width of the fre-
quency modulated wave to be great-
er than twice the deviation. 

• •mducw,g Franuency Meriule.ort 

A  frequency-modulated wave 
rruy be produced much more readi-
ly with vacuum tube equipment 
than with rotating machinery. Ro, 
tating a condenser back and forth 

to change the capacity in an oscille. 
tor circuit will produce a frequency-
modulated wave.  Placing a con-
denser microphone in an oscillator 
circuit in such a way that changes 
in the microphone capacity will in-
fluence the frequency of the oscil-
lator is an obvious means of pro-
ducing a modulated wave. The cir-
cuit used in automatic frequency 
control systems is an excellent fre-
quency-modulation system. 
The modulation method invent-

ed by Major Edwin Armstrong is 
very stable since the carrier is con-
trolled by a quartz crystal oscillator. 
A 200-kc. oscillator supplies voltage 
to a phaseshift network from which 
two components of the carrier arc 
extracted, differing only in phase. 
One component is 90° 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 an amplitude-modulated wave 
could be extracted from the carrier 
shifted in phase 90°, and then re-
combined with the carrier, a fre-
quency-modulated wave would re-
sult Major Armstrong did not ex-
tract the side bands but he did ar-
range to produce side bands without 
a carrier by means of a balanced 
modulator working with one of the 
200.1(c.  components  mentioned 
above, and then to combine the side 
hands with the second component 
in such a way that the side bands 
were 900 out of phase with the nor-
mal arrangement for carrier and 
sik bands in the amplitude modu 
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Figure 2.  Vector Diagram of phase 
modulation.  The modulator vector 
reverses, producing a resultant 
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 oscillate 
back and forth between A and D 
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. 

teed wave. His result was a fre-
quency-modulated wave of the spe-
cial type sometimes referred to as a 
"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 

of the phase shift is determined by 
the side-band vector, the deviation 
produced will be determined by 
the magnitude and the frequency of 
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 f re-

'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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Figure 3  A practicable frequency-modulator circuit, after Weir.  The oscillator is 
frequency-modulated by the a.f.c. tube  modulator , which causes à frequency devia-
tion In proportion to the amplitude of t  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 kc. The i.f, output operates the rectifier 
'discriminator , and by providing the modulator with a d.c. bias which varies when 
the mean oscillator frequency fends to change  la.f f . action , maintains the carrier 
frequency constant  Deviations of approximately 30 to 40 kc. may be obtained in 
the region of 20 Mc. using a 6L6 modulator and 6F6 oscillator. The stability of the 

system will be determined by the discriminator circuit stability. 

quency control variable oscillator 
for modulating the frequency, and 
of the a.f.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. 

e Receivers 

The receiver 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 
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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-
quency detector, which changes the 
frequency-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-
quency 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, since 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 
audio modulating voltage.  A hy-
brid wave appears across each cir-
cuit.  Rectification  recovers  the 

audio 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 low-
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. 

A us/ 

'gore  6 Th• discriminator  circuit 
rt.inb net  the  functions of  frequency 
dvt•ctor  and  rectifier  to recover the 

audio signai 

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

strated by Weir.2 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 acti )ri 

' I. R. Weir, "Field Tests of Fre-
quency and Amplitude Modulation with 
Ultra-High-Frequency Waves," Part I 
General 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 
permits2 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.  It 
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 
peak 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 amplitude 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 is: 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 selected 
bibliography is appended. 
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Photoelectric Effects on Neon Tubes 
I  ANY circuit using emal neon glow lamps (such as the GE types 
G-10, S-14, T-4 1/2  and probably others) under conditions where 

the breakdown voltage is of importance, it is often necessary to con-
sider terrain photoelectric effects observable in many of the bulbs 
commercially obtainable. 
The author first observed the effect of light on neon bulbs in a 

simple audio oscillator used as a nerve stimulator at Harvard Medical 
School.  This oscillator consisted basically of a condenser charging 
through a high resistance and discharging through a neon bulb. When 
the cover of the box containing the apparatus was raised, thus expos-
ing the glow lamp to the light, the frequency of the oscillations was 
increased, more or less proportionately to the amount of light falling 
on the glow lamp. 
Later this phenomena 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 
neon 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 about 62 volts, while if a 100-watt arc light were brought 
within 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 lust below breakdown, for the maximum amount of light en-
countered in a particular application, that the neon bulbs all exhibited 
properties equal to those of a not-too-sensitive phototube. 
In general et was necessary to use an extra stage with moderate 

gain to get comparable voltage amplification from the associated 
amplifier, as compared to the amplification necessary from a good gas 
photo-cell. 
The experiments show however that whenever neon bulbs are 

used in voltage regulators; in simple oscillators of the type first Teri-
termed, or in many other similar applications where continuously uni-
form breakdown voltage is desirable, that it is necessary either to 
keep the level of illumination on the glow lamp constant, or better 
to coat the outside of the glow lamp with an opaque material. 

— Arthur K Baker, Electronics, September 1939. 
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04 X-H HRH 
By W. W. SMITH 

rr HE "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 
plugged at various times since. 
The array has high radiation re-
sistance, is 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 pickup 
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. 

10 Me, RADIO. urn.. 1300 KENWOOD 

The Lazy H is essentially a four-
element  colinear-cophazed  "cur-
tain," giving a fairly 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 half-wave dipoles can 
be increased by separating them so 
that the current loops are some-
what over a half -wave apart. Like-
wise Brownl 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. 
IRE., Jan., 1936, p. 53. 

ROAD. SANTA BARBARA. CALIF. 
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Figure 1.  The X-F1 Array. Good 
results can be obtained using 
the  array  on  half frequency. 
Thus the 10-meter array can be 
used on 20 meters and the 20-
meter array on 40 meten. Let 
the phasing section (length S) 
hang loosely, so that the actual 
reparation of the elements is 
shghtly less than dimension "1", 
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ranging two such radiators horizon-
tally so that they work back-to-
back2, 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 see that cophased dipoles 
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-
ing. 
Observation of the dimensions 

of the array in figure 1 will show 

' Romander, "The Extended Double 
Zepp," OST, 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 easy to increase the 
gain of any array which does not 
have much gain to begin with; 
but when the gain of an array al-
ready 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 
Lazy 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 half (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 
pattern is the same on both bands, 
but it will not be so sharp when 
the array is used on half frequency. 
In other words, when a 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 

-5—Untuned feeders require no stub 
or transformer on either band 

• 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 the 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 
a surge impedance in the neighbor-
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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serious when a 550-600 ohm line 
is used, the latter was decided upon 
A perfect match may be obtained 
on one bend with the 550-ohm 
feeders by sliding them up the 
phasing stub a short distance or 
tanning them out a little either 
side of the center of the bottom 
section.  Unfortunately it is neces-
sary to slide the feeders one way 
for one band and the other way 
for the other band.  The point of 
attachment shown is a compromise 
which will result in current excur-
sions of about 3 to 1 on both 
bands 
If the slight reactance appears 

objectionable, the line should be 
made an exact integral number of 
half waves long on the lowest fre-
quency band  Thus if a 10 meter 
X-H array is to be used on both 
10 and 20 meten the line should 
be a multiple of 34 feet  If used 
only on 10 meters, the line may 
either be made any multiple of 17 
feet. or else tapped to a point on 
the array that will give a perfectly 
'Sat- line  The point can be de-
termined by experiment. 

• Cressi rut i.e., 

While the X H array tunes quite 
broadly and therefore is not espe-
cially critical at to frequency or 
length, it is nevertheless a good 
idea to Use  ( opperdad steel-core 
wire for the may to assure per 
mAriency of installation Cut the 
elements exactly L/2 long and make 
the phasing se wn exactly S long 
Soft drawn wire 'vetches alarming 
lv when ribierted to (M el/111rd 

strain, and should not be used. 
Hard•drawn copper will suffice for 
a 10-meter installation, but in a 
20-meter installation steel-core wire 
is advised because of the greater 
span and weight.  If the cost is 
prohibitive, use steel-core only for 
the  upper  horizontal  element. 
There is much less strain on the 
rest of the array, and hard-drawn 
opper will do for a 20-meter job 
in a pinch if the sipper elements ale-
steel core. 
Do not el m ;4 to pull the »al-

ms flub tight, as it is impossible 
to do so without having consider-
able sag in the top section and a 
had arch in the lower radiators. It 
does not hurt to allow the phas-
ing section to whip around a little, 
so let it hang loosely. It is better 
to have slightly less than rather 
than slightly more than 0 7 wave 
length spacing  If you try to pull 
the phasing section tight the mean 
element spacing will exceed 0.7 
wavelength. 
The bottom of the array should 

be at least 10 feet above ground 
for either a 10- or 20-meter array. 
There is little point in going high-
er than this if the antenna is in 
the clear, but the array may be 
raised to advantage if surrounding 
objects seriously -hem in- the low-
er section of the antenna.  Do not 
raise the 20-meter array any more 
than necessary to get the bottom 
section in the dear, as the vertical 
radiation pattern is already low and 
quite sharp, and tailing the array 
high above effective earth lowers 
the angle of radiation still fur• 
d)Pf  Thus on 20 meters it ug 



26 RADIO TECHNICAL DIGEST 

0.01.1S -- 111 

SUPPOIM,40 WHI M MIXON 
VP EV.is j in eir it 

I 

/.. 

/ 

1 1  I 

Figure  2.  Illustrating  how  two 
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 sufficiently 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 for that matter, 
are used to cover four directions, 
one array will excite the other as 
a result of electrostatic and electro-
magnetic coupling unless 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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SERVICEififill'S EXPERIU10ES* 
By  LEE  SHELDON 

yOU can 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 quietly 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 24A'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 

mon:hly feature in Radio Neu ,. 

ders proudly. "In fact, they are the 
only ones I ever had.  Came with 
the receiver!" 
"lise)' all wear out sooner or 

later," I 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 
frowned, as if I had insulted an 
old friend and said: "They must 
be good, or they would have burned 
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 Safes & 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's although blink' 

1'  '939  ZIFF.OAVIS  PUIIILISHI NG  CO  INC . SOS  SO  OSASIDOPIN  ST  CHI CAG O.  ILLI N OIS 
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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's, 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. I 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," I 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. I 
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," I 

said, determined to make a sale. 
"There are other tests. This is the 
power tube, and one can't be too 
careful!" 
Well, I 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-
specting one of the tubes we had 
already passed. 
"I'll take one of these," he or-

dered, handing me the 27. "Why 
didn't you tell 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 Doubtful 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," I 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 3 
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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 I am out front wearing my 
test-prods 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-
plied.  "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!" 
"Yéu 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, tapped 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 I have actually located an 
old-fashioned  radio  serviceman, 
and that all the tube needed for 
a test was a knowing ear? I had 
begun—" 
Al. was unwrapping the news-

papers from the remaining tubes, 
calling their type numbers: "two 
81's, a 10, some 26's, and a 27. 
Yes, some of us are still alive. 
Tell me—did your Kohler 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-

pect asked, reaching for his pocket-
book. 
"Two twenty-five apiece," Al 

said, "but I won't sell them to 
you!" 
"No?" the customer asked, shed-

ding  some  of  his  good-will. 
"Haven't you any in stock?" 
"Sure," my partner replied, "but 

if I 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 lose 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?" I 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. "1 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 up. "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,"  I 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 

SOME 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? Is 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 stuff?" —Electronics. 



Ç From Pick-Ups 
July, 1939 

CHM filG111ffil 
By  M.  M.  BEARD 

Nation-wide survey reveals average height, 5 feet, 10 inches; 
weight, 163; age, 32; technical training, ability, rank high. 

ACK 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 

Engineer.  To  obtain  a 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 a number of men 
replying are resensible 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-
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lights in the lives of these radio 
experts. Into the adding machine 
went the various ingredients men-
tioned. Out of the machine, like 
the genii 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 
personable representative for Amer-
ica's great Broadcasting industry. 
He is 32 years old—he measures 
five feet ten inches in height--
weighs 1631/2 pounds. Brown hair 
and blue eyes predominate. Our 
color chart lists 216 brown heads, 
33 blonds, 26 black haired chiefs, 
7 sandy heads, 3 auburn, 2 red 
heads and 7 distinguished gray 
heads. Blue eyes lead the race with 
a total of 132. Brown eyes, num-
bering  102,  take second place. 
Coming up in the rear are 40 gray 
eyes, 10 hazel, 8 green and one 
lone black eyed engineer.  Our 
typical chief is married and has 
one child. Bundling the offsprings 
into the adding machine en masse 
the statistician 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 is the proud granddaddy of two. 

• Expenence 

Our chief has spent six years at 
his present station and four and 
one half years as head of the engi-
neering staff. And a typical Amen-
can he is, as only seven out of 293 
were foreign born.  Travel has 
colored his background and broad 

coed 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 sca!es in the 
broadcasting business as the young-
est chief, out in Texas, is a 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. 

• Education 
Retracing their steps through 

the days of reading, writing and 
arithmetic, it was discovered that 
278  completed high school-93 
received college degrees, 65 had 
from one to three years of college 
training, 185 took supplementary 
courses in radio engineering. 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 executive 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 education. According to 
the survey 136 worked their way 
through high school or college--
46 worked part of the time during 
school years. 
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On a few questionnaires there 
appeared a rather wistful note in-
dicating that the writers regretted 
not having had a 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 
serious thought instead of rushing 
through as if education were 
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. I 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 'g rea sers, 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 



1939  CHIEF ENGINEER  35 

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 Bame-
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 a 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 cydone 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 close margin. Pinch-hitting 
for an announcer who got buck 
fever had its thrills for the engi-
neer who interviewed four steel 
workers atop a 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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• 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—Sell-
ing the Management the Need for 
New and Up-to-date Equipment. 
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-
ing to make it work like new. 
These men growl too, about 

night work—but who can blame 
them for that! One chap has diffi-
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  a 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 are 
on top of the world when the sta-
tion receives good reports from the 
FCC 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, 
meteorology. 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,  docks, 
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 determining 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-
em  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-5; Television-5; 
Automatic  Volume  Control-3; 
Coaxial Antenna-3; Armstrong 
Frequency Modulation-2; Con-
centric Transmission Lines-2; 500 
KW Power-1. 
Looking ahead to the future of 

broadcasting, our chiefs predict the 
following  advancements:  Single 
Band Transmission; Chain Broad-



38 RADIO TECHNICAL DIGEST 

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 31000. 
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 NE W 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 General 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 panel antenna.  It is not antici-
pated that these tubes will replace the 100-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 from 
5,000 to 8,000 volts. 
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IN the United States, the prime 
emphasis of aviation engineering 
over many years has been on later) 
in the air.  Perhaps as important 
in achieving satety as the actual de-
sign of aircraft itself has been the 
wotic of scientists in the field of 
rornmunications  Aviation  radio 
engineers over 22 years have re• 
duced steadily the element of hu-
man error in flying, have pushed 
the horizon of danger further back, 
have rent reassuring vosces into the 
sky to guide the flyer home 
Just as the growing railroad in 

dustry found the telegraph a tre-
mendous boon in safely routing 
millions of passengers along the 
rails. 60 is aviation fortunate in its 
contemporary. radio telephony .Be-
hind each pee of communications 
apparatus in the modern airplane 
already lies a long tradition of re 
watch in the field, during all of 
which the communications industry 
has worked hand in hand with the 
airlines and lib ith 1/1100011 govern-
mer  agencies  Each unit common-

place to the airman of today repre-
sents the practical results of in-
tensive scientific inquiry and exper-
iment in years gone by.  The la-
boratory miracle of today gives us 
the commonplace of tomorrow. 
As early as 1917 a Signal Corps 

officer talked to a squadron of air-
planes flying overhead and heard 
the commander reply. Previous tri-
umphs by telephone engineers who 
had succeeded in spanning the 
ocean by radio telephony in 1915, 
made possible this official demon-
stration of the ability of the man 
on the ground to talk with the 
man in the sky—and get an answer. 
During the postwar period avia-

tion prospered Mail and passen-
ger routes began to weave a net 
over the map of the U S. In 1927, 
it became evident that airmen must 
have more efficient instruments for 
navigation and for two-way com-
munication. 
Early in 1928  a monoplane 

whose markings were more familiar 
on telephone booths than on air 
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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-
craft 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 a 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 ship 
from a sealed cockpit, safely land-
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 system 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 development 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-
pletely eliminated. In 1937, there-
fore, 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. 

• 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, a 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-
quencies than any previously pro-
duced 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 history 

of aviation has there been so much 
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 prder 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 radio equipment.  Re-
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search in the processes of manufac-
turing is being applied to bring the 
last measure of efficiency to the pro-
duction of radio equipment. 
The research and development 

facilities of the communications la-
boratories throughout the world 
are systematically probing for the 
germ of an idea th.at will, by spe-
cific application, benefit aviation. 

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

(See pages 52-53 for photographs) 

• 

Think! 
nrt. de FOREST sends us a query addressed to him  "I am 
working to get scientsts interested in my thought phone 

It is composed of a metal bulb a hundred or more feet in 
height. The interior parts are analogous to a triode radio bulb 
The sounds emitted by the brain as it thinks can be picked up 
by a radio amplifier cf great power and selectivity and rendered 
audible "—Electronics 

• 

"Microscopic Bearings 

rOMPLETE ball bearings only I 5 millimeters (about 
met rn overall diameter are now being produced in 

Switzerland  These bearings, no larger than a pin head, are 
being used tt) replace levee' bearings in clockwork. meters and 
Pr «.3.0,1 apparatus of all types The bearings are said to show 
• greet reduction in friction over the ieweled bearing 

--Cthmite News 
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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 efficient 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 undertaken. 
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 a 
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 40n volts for unmodulated serv-
ice was decided upon. Third, the 
tube must function as a stable am-
plifier. The necessity for neutraliza-
tion would render a triode unsatis-
factory for operation over a band 
of frequencies and, consequently, 
a tetrode or pentode design was 
indicated  Because it is possible to 
develop a greater plate voltage 
swing in a pentode or beam power 
amplifier than in a tetrode for the 
urne direct plate voltage, and thus 
to obtain higher plate circuit effi-
ciency, the beam power-amplifier 
design as chosen for this tube 
The reasons for choosing the beam 
power amplifier in preference to 
the pentode will be discussed below. 
The use of a low plate.supply volt-
age makes it especially desirable to 
have the peak plate-voltage swing 
as high as possible. And last, the 
tube must be sufficiently rugged to 
withstand vibration and physical 
shock without an elaborate mount-
ing  Simplicity in tube and circuit 
is important to insure satisfactory 
performance and ease of mainte-
nance 
Besides these requirements there 

should he noted those requirements 
which are imposed by the frequen-
cies at which the tube is intended 
to operate  The various qualifica-
tions which a tube should possess 
for successful operation at high 
frequencies  have  been  covered 
rather completely in the litera-
ture '** The important considera-
tions which entered into the design 
of this tube are summarized below-
I The tube must lend itself to 

satisfactory circuit  cksi p.  The 

greatest possible amount of circuit 
must exist outside the tube at any 
given freciuency. In order to meet 
this requirement, the input and 
output capacitances and the lead 
inductances must be kept at a mini-
mum, and the tube must be small 
in size.  For the higher frequen-
cies, the use of transmission lines 
as circuit elements has the advan-
tage of allowing greater physical 
size of circuit than when lumped 
circuits are used. The tube leads 
should preferably be so arranged 
that the tube is adaptable to opera-
tion in either type of circuit. 
2. The leads to the tube elec-

trodes must be of such a size as 
to carry safely the high-frequency 
currents to the electrodes and to 
avoid losses which would reduce 
the output. 
3. In order to minimize the 

limiting effect of electron transit 
time, the spacings between elec-
trodes must be kept small. In par-
ticular, the cathode-to-grid distance 
must be small since it is in this 
space that the electron must be 
accelerated from a low velocity at 
the cathode surface to a consider-

' C47  G  Wagener ---The Develop-
mental PrnblPrnt and Op,ritino Chita( 
',afflict of Two New Ultra.High•Fre-
q.,i-ny Triodes,  •• Prne. I.R.E, Vol 26. 
pp 401.414. April (19511). 
M. J Kelly and A. L. Samuel— 

'Vacuum  Tubes  as  High. Frequency 
f>reillarrirs.- Bell Suis., Ted,. few , 
Vol 1 4. pp 97.1;4, January (1931)• 
'C  F Fay and A  L Samuel — 

' Vaeuum Tubes for Generating Fre. 
niters/its Above One Hundred Mega• 
rrrla4,- Prof I R , Vol 2 pp 199-
212, March (19;)) 
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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 
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 plane 
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. IV, 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 Samue1.5 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 r.f. 
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 Syttem Tech. Jour., 
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 amplifiers 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 structure makes the 
construction simpler and consider. 

'O,  H.  Schade—"Beam  Power 
Tubes," Prot-. IRE., 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 fiat 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 is 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 

transit-time path and, lagging be-
hind the normal plate current pulse, 
increase the plate loss. Bombard-
ment of the insulators and bulb 
also tends to release gas which 
gradually impairs the vacuum and 
eventually ruins the cathode emis-
sion. The screen grids of the two 
units were joined together by a 
short connector which forms one 
plate of a by-pass condenser. The 
other plate of the condenser was 
connected directly to the cathode. 
The  combination  of the low-
impedance connector and the direct 
high-frequency by-pass maintains 
the screens very close to ground 
potential and materially improves 
the stability of the tube as an am-
plifier at the higher frequencies. 
A photograph of the mount 

structure with one of its plates cut 
away to show the arrangement of 
the electrodes, is presented in figure 
2 (page 51). The shields at the ends 
of the unit are shown, as are the 
beam-confining plates.°  These 
plates or channels extend longi-
tudinally  through  the  structure 
around the grid side rods and, as 
their name implies, confine the 
active area of the tube to the sec-
tion between the grid side rods in 
order to improve the uniformity of 
the electron stream throughout the 
active area. The arrangement of 
the electrodes may be seen in the 
line drawings of figure 3, where 
the left-hand diagram shows the 
cross-section of one unit in a plane 
perpendicular to the cathode and 
the right-hand diagram shows a 
section taken in the plane through 
the cathode axis. The two grids 
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ri ng' 3.  Arrangeni•nt of the •lectrodes in the RCA-832. 

are aligned so that the turns of the 
screen grid are directly behind the 
turns of the control grid as viewed 
from the cathode. The control grids 
are cooled by the use of large-
diameter side rods which are con-
nected to a short wide strap having 
a blackened surface to improve its 
radiating characteristics. 1 he strap 
is in turn connected directly to the 
external grid terminal. This con-
struction serves to conduct a fairly 
large amount of heat from the grid 
to the outside of the tube envelope, 
and at the same time results in a 
low•resistance, low-inductance grid 
(onnection The screens are cooled 
in a similar manner.  The strap 
welded to the screen side rods is, 
however, not blackened and forms 
one plate of the internal by-pass 
condenser. 
The fact that the finite electron 

transit time from cathode to plate 

results in a decrease in plate-circuit 
efficiency from the value obtained 
at low frequencies where the transit 
time is negligible has already been 
mentioned.' As the frequency is 
increased, the transit time becomes 
a larger  fraction  of a high-
frequency cycle, and its effect, there-
fore, becomes greater. The efficiency 
decreases less rapidly with fre-
quency for amplifier than for oscil-
lator service because of the differ-
ence in phase relation between the 
instantaneous plate and grid volt-
ages in the two classes of operation. 
In the usual oscillator circuit, the 
plate and grid voltages are almost 
180° out of phase. Because of the 
time of transit, electrons leaving 
the cathode under the action of the 
grid voltage arrive at the plate lag-
ging behind the grid voltage and, 
consequently, after the plate voltage 
has passed its minimum. The en. 
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ergy of these electrons is thus 
higher because of the higher plate 
voltage than it would be with neg-
ligible transit time. As a result, 
the plate loss is higher and the 
efficiency is reduced. In an ampli-
fier, on the other hand, the grid 
voltage is independent of the plate 
voltage. The plate circuit is (e.ned 
so that the plate-current pulse and 
the plate-voltage swing bear the 
optimum phase relationship to each 
other, with the result that the effi-
ciency is higher than for the oscil-
lator case. The efficiency is not so 
high as at low frequencies, how-
ever, because the appreciable transit 
time causes spreading and distortion 
of the plate-current pulse and be-

cause the electrons are acted upon 
for a longer time by the plate volt-
age. The effect is the same as if 
the angle of plate-current flow were 
made larger at ordinary frequen-
cies. Increased losses in the leads 
and electrodes also tend to lower 
the efficiency obtainable at high 
frequencies. Because the efficiency 
falls off, the input must be dropped 
at the higher frequencies in order 
that the plate dissipation will not 
be exceeded. Since the loss in the 
glass and in the internal insulation 
increases with frequency and with 
the voltage applied to the insula-
tion, the voltage on the tube must 
also be decreased at the higher 
frequencies. 

(See page 51 for photographs.) 

• 

Precaution in Mobile Installations 
I N MAKING a mobile u.h.f. installation, be careful about 
' placing by-pass condensers from the generator terminals to 
ground.  The majority of cars have a vibrator-type charging 
control which varies the current fed to the field of the genera-
tor in proportion to the amount of charging that the battery 
needs. When the car has this arrangement there will be more 
than one term*nal on the top of the generator. One of these 
should be by-passed (the one that goes to the battery) and 
the other one should not be as a by-pass condenser at this 
position very likely will burn the points of the vibrator con-
trol. The two terminals are usually marked; if not, the one 
with the smaller wire going to it should NOT be by-passed. 

—Radio. 



Figure  1.  Early  develop-
mental  type  of  ultra-high-
frequency amplifier tube. 

fi PUSH-PULL U.H.f. 
Êeam Tebtade 

(Discussed on pages 44-50i 

(Illustrations Courtesy RCA Review/ 

Figure 2.  A view of the mount 
structure of the RCA-832. 
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(Discussed on pages 39-43) 

(Illustrations courtesy Aero Digest) 

• Aviation radio research delves thoroughly into quartz crys-
tals by subjecting them to polariscopic examination  at the Bell 

Telephone Laboratories.) 



• The latest model of the ab-
solute radio altimeter being test 
flown. The barometric altime-
ter (left) reads 1000 ft. above 
sea level. The radio altimeter 
right reads 500 ft. above the 
actual terrain below. The radio 
altimeter is one of the most 
outstanding examples of  re-
search developments of recent 

date. 

4, 

• "Flying Laboratories", such 
as these of the Bell Telephone 
Laboratories, bring actual test-
conditions within easy reach of 
the research engineer. Flight-
tests are a routine matter in 
many  development  organiza-

tions. 



C. R.  PHOTOGRflPHY 
(Discussed on pages 55-56 , 

Illustrations courtesy Electronics/ 

• Figure 1. Trace of nonrecurring wave photo-
graphed from a blue screen on Super XX film 
developed in fine grain developer and printed 
on high contrast paper.  Used as basis for 

Table 1, page 56. 

VIO 
• Figure 2. Same as that of figure 1, except 
writing speed is one-half that used to obtain 

the other photograph. 
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By T. A  ROGERS and B L ROBERTSON 

THE  increased  use  of  the 
cathode ray oscilloscope in the 
study of transient or recurring 
phenomena has necessitated the 
application  of  photography  in 
order to obtain a permanent record 
of the trace on the screen. The 
photography of cathode ray tube 
screen traces involves a number of 
problems, and attention should be 
given to: (1) the speed at which 
the electron beam travels across the 
fluorescent screen, (2) the spectral 
radiation  characteristics  of  the 
cathode ray tube screen, (3) the 
aperture of the taking lens, (1) 
the  spectral  sensitivity  of  the 
photographic material,  (5)  the 
magnification at which the photo-
graph is made, (6) the voltages 
applied to the electrodes of the 
cathode ray tube (and especially 
the second anode voltage), and 
(7) the developing conditions. 

• Wroing Speed 

The  writing  speed,  or  the 
velocity with which the electron 
beam traces over the screen of the 
cathode ray tube, is of greater 
fundamental significance in dis-
cussing  exposures  than  tables 
covering the general case of recur-
ring phenomena because such tables 
are not applicable to the recording 
of single sweeps of non-recurrent 
waves. The writing speed, on the 
other hand, is applicable both to 
recurring and non-recurring phe-
nomena. 
From the geometrical optics of 

a simple lens, it may be shown that 
the amount of light reaching the 
film for a given light source varies 
as (1 --i- )2 where .‘f is the mag-
nification.  For full size photo-
graphs, '11 = 1, but more often 
the photographic image is smaller 
than the original so that Al < 1. 

ID 1939.  MCGRA W-HILL PUSLISHING  CO.. 
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Table I— Writing Speeds for 
Oscilloscope Traces • 

Writing Speed 
in m m/sec. 

Film  Green  Blue 
screen  screen 

Eastman  Super 
XX    

Agfa Ultraspeed 
DuPont Superior 
*This table Is prepared for 

normal operation of three inch 
oscilloscope, a lens aperture of 
f/3.6, with films processed  in 
fine grain developer. 

47,000  125,000 
22,000  60,000 
14,000  37,000 

The intensity of the trace on the 
cathode ray tube screen is roughly 
proportional to the second anode 
voltage, if all other electrode volt-
ages are maintained constant, or is 
roughly proportional to the square 
of the control grid voltage if other 
electrode voltages are held con-
stant. Thus, if proper exposure 
data are available for one set of 
known voltages, the exposure for 
other electrode voltage can be esti-
mated. 
Most developers are satisfactory 

for oscillographic photography. For 
films of normal size a high energy 
developer should be used and the 
film developed to maximum con-
trast in order to record maximum 
writing speed. On the other hand, 
if miniature negatives are used, in 
which the image must be consid-
erably enlarged, a fine grain (low 
energy)  developer may be re-
quired, although this will reduce 
the writing speed which can be 
recorded satisfactorily. 
It now remains to determine the 

maximum writing speed for which 
satisfactory traces are obtained. In 
some experimental work to deter-

mine this speed, a three inch cath-
ode ray tube was operated at 
normal conditions, and a 5000 
cycle sine wave from a beat fre-
quency oscillator was impressed on 
one set of plates and a sweep volt-
age on the other set of plates. 
For such sinusoidal traces, the dis-
placement from the reference axis 
is given by 

s = 0.5 A sin (2 it ft) 
where A is the peak-to-peak ampli-
tude and f is the frequency of the 
voltage. The writing velocity of the 
electron beam is the time rate of 
change of the displacement, or 
Vw = di/di = A f cos (2 eft) 
which is a maximum for cos 
(2 r ft) = I. 
Using these relationships, a series 

of exposures were made.  The 
image on the film was that which 
satisfied  the minimum  require-
ments for projection printing on 
a contrast paper. The writing speed 
was then determined from the size 
of the image, the frequency of the 
wave and the aperture of the lens 
system. The results of this experi-
mental work are shown in Table I 
which gives the writing speeds for 
several films for two different 
kinds of screens, with normal opera-
tion of the three-inch oscillo-
scope and a lens aperture of f/3.5. 
The writing speeds should not be 
regarded as being absolute. They 
are given as representative, ap-
proximate values determined from 
many photographs and serve to 
show results which may be normally 
expected. 

(See page 54 for photographs) 
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OfiUSTE PICKUP IllSifillf111011 

Sy  RALPH  P. CLOVER 

F YOU ARE called upon to se-
.0-t and install a crystal pickup for 
record reproduction you have avail-
able a considerable choice of styles, 
types and prices. The final quality 
of reproduction, however, depends 
not only on the pickup itself but 
also on the method of installation. 
The response of the very finest 
crystal pickup can be ruined by fail-
ure to observe a few basic, simple 
installation precautions.  Actually, 
proper installation is a simple mat-
ter, and by following the sugges-
tions in this article, you should 
obtain the really fine reproduction 
for which quality crystal pickups are 
noted. 
Electrically the crystal is the 

equivalent of a condenser with a 
capacity of about 1,500 'gild. The 
impedance of the device, therefore, 
is quite high (100,000 ohms at 
1,000 cycks and 1 meg at 100 
cycles) and the lower the frequen-
cy, the higher the impedance. In-
stead of a power generator, the 
crystal pickup may be thought of 

Coo». 

as a voltage generator which re-
quires a very high-impedance load 
so that the greater part of the gen-
erator voltage, at all frequencies 
of interest, will appear across the 
load. 

• Terminal Impedance 

Since the  impedance of the 
pickup is highest at low frequen-
cies, it is evident that the choice of 
load resistance will directly govern 
the low frequency response. This 
effect of terminal impedance on 
low frequency response holds re-
gardless of any other considerations. 
It is inherent in the use of the 
crystal with its capacitative internal 
impedance.  Crystal microphones, 
of course, display the same effect. 
Figure 1 shows how the terminal 

voltage is affected by load resistance 
alone for a crystal of 1,500-mifd. 
capacity. A resistance of 5 meg 
introduces practically no frequency 
discrimination while lower values 
reduce the low frequency response 
as shown. 

DAVIS PlilliitnIM• GO.. 
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Figure 2 illustrates the effect of 
load resistance on the response 
curve of a representative high-
quality pickup.  Experience has 
shown that for home reproduction 
on sets with good speakers, most 
listeners prefer the elevated bass 
response obtained with terminations 
of 0.5 meg or more, and therefore 
the serviceman should make certain 
that the point of connection to re-
ceiver or amplifier presents a suffi-
ciently high resistance to the crystal 
pickup. On the other hand, if the 
speaker is very small, elevated bass 
response in the pickup is likely to 
result in bad distortion due to ex-
cessive speaker stiffness and poor 
radiating ability at low frequencies. 
In such cases, the practical solution 
is to reduce the bass response of 
the pickup until the overall per-
formance is suitable. Try 0.5, 0.25 
and 0.1 meg terminations until the 

best results are attained. 
Since the crystal is a capacitive 

generator,  the effect of shunt 
capacity is merely to reduce the 
voltage output of the pickup uni-
formly at all frequencies. No fre-
quency discrimination is introduced 
by capacity only. Actually, how-
ever, the use of a resistance poten-
tiometer volume control, in the 
presence of various circuit capaci-
ties, may introduce some high fre-
quency loss. This, however, also 
occurs with sources other than 
crystal pickups. The effect can be 
minimized by methods which will 
be discussed below. 
Many modern receivers have 

input terminals which will accom-
modate a crystal pickup. The ar-
rangement is frequently as shown 
in figure 3 where the receiver vol-
ume control is a potentiometer in 
the first a.f. grid circuit.  The 
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Figure I.  Since the impedance of the crystal pickup is highest at the low fr   
cies, the choice of load mi   will directly govern the low frequency resfocu m• 
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phono-radio switch simply shifts 
this potentiometer from the phono 
input terminals to the detector out-
put and vice versa. The receiver 
volume control also controls the 
volume on phonograph. The po-
tentiometer should have a resist-
ance of 0.5 to 1.0 meg. as ex-
plained previously for proper bass 
response. Sometimes tone compen-
sating circuits are tapped into the 
potentiometer. They will not or-
dinarily affect the phono repro-
duction adversely, but if the quality 
of reproduction is poor, or if the 
frequency response appears to vary 
considerably as the volume control 
setting is varied, it is advisable to 
test the effect of disconnecting the 
tone compensating networks from 
the potentiometer. If they prove 
to be the cause of the trouble, they 
should be switched out during 
phonograph operation. If the re-

ceiver employs the volume control 
method shown in figure 3 but has 
no provision for phono input, a 
single-pole double throw switch 
can be mounted on the chassis and 
wired as shown. The switch should 
be located near the potentiometer 
so that leads will be short and hum 
pickup possibilities minimized. It 
is advisable to shield the lead from 
the phono post to the switch. The 
switch should make on the phono 
position before breaking the radio 
circuit to avoid a thump due to 
momentary removal of grid bias. 
Occasionally the audio system 

will have such high gain that the 
pickup will overload the first stage 
at full volume and necessitate 
working at such a low setting of 
the potentiometer that volume ad-
justments are critical and quality 
of reproduction may be poor. The 
remedy is a shunt condenser of 

Figure 2.  Experience has shown that most listeners prefer the elevated bass response 
obtained with terminations of 0.5 Ism( or mor• across th• pickup. 
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Fieure 3.  If the receiver employs the 
eolume control method shown, a sin-
gle-pole  double-throw switch  can  he 
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0.001 ¡dd. or larger across the pick-
up at the input terminals. Increase 
the condenser capacity until there is 
no overloading apparent on listen-
ing test with the receiver volume 
control wide open. Pay particular 
attention to the bass reproduction 
during the listening test, for the 
maximum peak levels occur at the 
lower frequencies. Increase the size 
of the shunt condenser until the 
bass is clean. 
It is always good practice to at-

tain normal loudness with the au-
dio volume control of the receiver 
almost wide open. At medium and 
low volume settings, the input ca-
pacity of the tube plus stray cir-
cuit capacities form an L network 
in conjunction with the resistance 

in the upper section of the poten-
tiometer with a resulting loss of the 
higher frequencies. This effect is 
largely avoided by operating at 
near-maximum settings. 
When a volume control is pro-

vided on a simple crystal record 
player which is located some dis-
tance from the receiver, there will 
almost always be a lcss of highs due 
to the effect of the connecting lead 
capacity in conjunction with the po-
tentiometer resistance whenever the 
volume control is turned down be-
low maximum. There is less loss 
of highs with a relatively low-resis-
tance potentiometer (of the order 
of 0.25 meg) but this may be off-
set by poor bass response, especially 
if the record player volume control 
and the receiver volume control are 
in parallel and combine to present 
a still lower terminal resistance to 
the pickup.  When the feature of 
volume control at the record player 
is not absolutely essential, the re-
production will usually be improved 
considerably by disconnecting the 
record player control entirely, de-
pending on the control at the re-
ceiver. Of course these remarks do 
not apply to record players of the 
wii eless type or to th9se which in-
corporate an audio amplifier tube 
following the pickup; in these cases 
the tube associated with the pickup 
may effectively isolate the pickup 
volume control from the connecting 
line and subsequent equipment. 
Many receivers of early vintage 

have no provision for phonograph 
pickup connections; others have 
phono connections which are only 
suitable for magnetic pickups. The 
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alert serviceman can build up his 
profits by adding crystal record 
players to such receivers and by 
modernizing yesterday's phonograph 
combinations with crystal pickups. 
Circuit changes to accommodate the 
crystal pickup are not difficult if a 
few fundamentals are kept in mind. 
In the first place, transformers are 
out! They will not provide the 
proper terminal connections for 
high-quality crystal pickup perform-
ance. Connect the crystal pickup in 
the grid circuit of an audio stage 
across a resistance of 0.5 meg or 
more (which may be the radio vol-
ume control) and make certain that 
no low-impedance circuits are across 
the pickup. 
A common receiver layout in-

cludes a power detector feeding the 
output stage. Radio volume control 
is probably effected in a preceding 
r.f. circuit. The best solution is to 
switch the detector tube grid to a 
0.5 meg pickup volume control 
mounted on the chassis (or motor-
board if a combination) at the same 
time switching the bias to the prop-
er value for class A studio amplifi-
uttion instead of detection. Figure 
4 shows one possible arrangement. 
As before, the switch blade con-

nected to the grid should make in 
the phono position before breaking 
the radio circuit to avoid switching 
thump. The shunt resistor R, must 
have the proper value to make the 
parallel combination of resistors af-
ford correct amplifier bias. Meas-
ure the applied plate voltage and 
then consult your tube manual for 
the correct bias voltage and plate 
current for amplifier operation. 

Divide the required bias voltage 
by plate current to find the re-
sistance which the parallel com-
bination of R1 and R, must pro-
vide. After installing the correct 
resistor R2,  recheck bias voltage 
and plate voltage. Occasionally the 
applied plate voltage will drop and 
necessitate a slight change in the 
bias resistor. 
The lowered bias resistance for 

er. 
DET. 

+8 

7 ORIGINAL CIRCUIT 
R, - Original self-bias resistor (proper 

value for detector operation.) 

C, - Original bypass condenser. 

0 O. 
G. E 

Pickup 

0.5 Mel. 

1 .1 - - -- 7e I 

PH. i 

C2  R2 C1 

Short 
- -lead 

PH. 

R1- Original self-bias resistor. 
R2- Resistor to lower effective bias 

resistance in phono position to proper 
value for amplifier operation. 

C, - Original bypass condenser. 
C2- Large bypass condenser ( may be 

high cap., low voltage electrolytic.) 

Figure 4.  A common receiver layout 
includes a power detector feeding the 
output stage. The best solution is in-

dicated. 
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Figure 5.  In grid circuits employing 
fixed bias a blocking condenser should 
be used to prevent the application of 

the bias to the pickup. 

amplifier operation will require an 
increase in cathode by-pass capacity. 
This can be provided by installing 
a low-voltage high capacity elec-
trolytic or other suitable condenser 
at C2. Both the switch and volume 
control should be located as close 
to the tube as possible. After these 
parts are mounted and the set oper-
ates properly on phonograph, it is 

wise to realign the tuned circuit 
feeding the detector which will 
probably be a little high in capacity 
due to that added to the circuit by 
the switch. 

• Diode-Triodes 

Frequently the detector and first 
audio element are combined in a 
single tube, the familiar duplex-
diode triode. Circuit variations are 
numerous and a careful study of the 
individual circuit of the particular 
receiver is strongly indicated before 
the work is started. The problem 
is to get at the grid of the triode 
section, making use of the receiver 
volume control if possible. Par-
ticular attention must be paid to 
the method by which the cathode is 
biased. 
A circuit in which fixed bias is 

employed, is shown in figure 5, to-
gether with the proper switching 
circuit for crystal pickup. The only 
modification is the provision of a 
single-pole double-throw switch to 
shift the high-side of the volume 
control potentiometer from the ra-
dio circuit to the phono input with 
a blocking condenser in series to 
prevent the application of bias 
voltage to the pickdp. 
It is not possible to discuss here 

all of the diode-triode circuit varia-
tions which are used in radio re-
ccivers. It should be remembered, 
however, that even the most com-
plicated circuit can be licked by 
switching grid and cathode to a 
separate phono volume control and 
self-bias resistor and by-pass con-
denser, respectively. Keep leads as 
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short as possible and shield wires if 
hum is encountered. 

• Equalizing 

It has been intimated, elsewhere 
in this article, that a large percent-
age of radio set buyers have been 
educated to prefer excessive bass 
response. This fact probably ac-
counts for the elevated bass re-
sponse which is characteristic of 
most present-day commercial crystal 
pickups. 
Equalization for relatively flat re-

sponse is easily provided, should 
an occasional customer prefer high-
quality music. As shown in figure 
7, all that is required is a fixed 
condenser and a fixed or preferably 
variable resistance, connected as in-
dicated. If a variable resistor is 
employed, any response curve be-
tween the fully equalized and the 
normal unequalized can be obtained 
at will. The curves shown have 
been matched at the high frequency 

end and therefore indicate only the 
relative frequency response. 

• Scratch Noise 

It has been a common notion tnat 
sharply - tuned rejector circuits 
would eliminate needle scratch or 
surface noise in phonograph repro-
duction. The reasoning seems to 
have been that the disturbing noise 
was localized in a narrow band 
around 2500 or 3000 cycles and 
that the removal of the audio com-
ponents in substantially this band 
alone, would considerably lessen 
the reproduced surface noise with 
minimum effect on the general qual-
ity of reproduction. 
Without going into detail regard-

ing special cases that are of little 
practical interest, it appears that 
there are no appreciable benefits in 
narrow band-elimination from the 
noise reduction standpoint. Surface 
noise components are of random 
character and are distributed 
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Figure. 7.  Equalisation for relatively flat response can be provided by means of a 
fixed condenser and a neigh's. 
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Figure 6.  Special needles provide some 
scratch reduction because they cut-off 
earlier at the high frequency end. 

throughout the entire audio range. 
Effective noise reduction goes hand-
in-hand with reduction in quality of 
reproduction. Special needles (such 
as halftone, cactus, bamboo, etc.), 
provide some scratch reduction be-
cause they cut-off earlier at the high 
frequency end, with of course a 
corresponding elimination of what 
may have been recorded in the lost 
frequency interval. Adjustment of 
the ordinary tone control of the 

• 

receiver or amplifier, with its ad-
justable, tapering high frequency 
loss, will probably completely sat-
isfy most listeners. 

• Additional Hints 

Crystal pickups will not with-
stand temperatures above 125° F. 
for long periods of time. Make 
sure that adequate cabinet ventila-
tion is provided. Deflect heat from 
power and rectifier tubes if neces-
sary with a sheet of asbestos board 
or other heat insulating material. 
Check-up  with  a thermometer 
placed at the pickup position. Long 
experience has proved that the tem-
perature limitation is easily satis-
fied if it is recognized and given at-
tention. 
Should it be necessary to replace 

the crystal cartridge or cordage, ap-
ply minimum heat when unsolder-
ing and resoldering connections at 
the cartridge terminals. Cool the 
lug with a cotton swab dipped in 
alcohol immediately after removing 
the soldering iron. Heavy-handed 
sweating-in of soldered joints at 
the cartridge terminals is prac-
tically certain to ruin the crystal. 
Quick soldering with minimum 
heat, immediately cooling the joint 
is absolutely safe. 

"The Sunspot Period" is an interesting 18-page booklet obtain-
able from the Smithsonian  Institute, Washington,  D.  C. 
(Smithsonian Miscellaneous Collections, Volume 98, No. 2) 
for ten cents in coin.  It forecasts dates of sunspot maxima 
and minima. — W3,411.1 
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CATHODE MODUHITIOP 
By FRANK C  JONES 

Some amateurs are grid-modulation addicts, others prefer plate 
modulation.  But it appears we have been passing up a good 
bet by not using a combination of both. The many advantages 
of cathode modulation make it safe to predict great popularity 

for this system. 

AN excellent system of modu-
lation has long been overlooked by 
radio amateurs. The purpose of this 
article is to bring the system into 
the limelight and to attempt an 
easily understandable explanation 
of cathode modulation. 
The audio power required for 

full modulation with cathode mod-
ulation is a great deal less than that 
required for plate modulation. The 
average value of audio power for 
100r)í, modulation is 10% of the 
value of d.c. input to the plate cir-
rint of a cathode modulated class 
C amplifier. Plate modulation with 
pure tone input requires an audio 
power of 50% of the class C ampli-
fier input for full modulation. For 
example, a plate modulated 200 
watt transmitter requires an audio 
modulating power of 100 watts, 
while the urne 200 watt set requires 

only about 20 watts for cathode 
modulation.  In addition, the ca-
thode modulated amplifier does not 
require as much grid excitation. 
The 200 watt plate modulated 

set will supply a carrier output of 
from 130 to 150 watts. A 200-watt 
cathode modulated set will supply a 
carrier of from 100 to 120 watts. 
For further comparison, a 200-watt 
grid modulated set will supply a 
carrier of from 35 to 90 watts, de-
pending upon the system of grid 
modulation.  It can be seen that 
c a t hodc modulation approaches 
plate modulation in efficiency and 
will supply roughly two times as 
much output as can be obtained 
from a correctly operated grid mod-
ulated transmitter. 
Cathode modulation is a combin-

ation of grid modulation and plate 
modulation,  and  is exceedingly 
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simple to adjust for proper opera-
tion. The audio power is inserted 
into the cathode or center-tap lead 
of the class C amplifier, which is 
common to both grid and plate cir-
cuits. A typical circuit is shown in 
figure 1, in which the filament or 
cathode is by-passed for r.f. only 
with a total capacity of not over 
.005,ufd. The modulation trans-
former works into an average load 
of about 500 ohms but this value 
is not critical. Values of load of 
200 to 1000 ohms have been tested 
and found satisfactory in a number 
of different class C amplifiers. The 
actual cathode impedance seems to 

1 
be proportional to —  where Gm 

Gm 
is the operating transconductance 
of the tube. 
As far as studio load values are 

concerned, push-pull or parallel 
class C tubes are similar to a single 
tube but with twice as high a value 
of transconductance or half as great 
a cathode impedance. An imped-
ance mismatch of 4 to 1 or even 
6 to 1 in practice has practically no 
effect on the quality of modulation; 
however, some audio power is 

Figure  L Simplified sche-
matic of a cathode modu-
lated triode r.f. amplifier 

wasted and a larger modulator stage 
is required. A value of 500 ohms 
seems to be optimum for nearly any 
type of class C amplifier of high or 
low power. Several manufacturers 
produce public address or class B 
output transformers having a sec-
ondary designed to work into a 
500-ohm load, and most of these 
have sufficiently heavy wire on the 
500-ohm winding to handle consid-
erable d.c. 
The audio modulating power is 

applied to both grid and plate cir-
cuits of the r.f. amplifier in figure 
1. If 10 watts of sine-wave audio 
power is applied across a 500-ohm 
load resistance, the r.m.s. voltage 
would be 71 volts or the peak value 
of 100 volts.  This value of 100 
volts would be applied to the grid 
bias voltage and also the d.c. plate 
voltage. The a.f. variation in d.c. 
plate voltage of 100 volts produces 
plate modulation of relatively low 
percentage at normal values of plate 
voltage supply. A similar variation 
of a.c. cathode current aids in the 
plate modulation function.  The 
same a.c. voltage applied in series 
with the d.c. grid bias produces 
grid modulation of from 50% to 
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80%, depending upon the effective 
grid impedance and whether an ex-
ternal resistance is connected in the 
a.f. grid circuit to limit the degree 
of grid modulation. The ideal ar-
rangement is to balance the grid and 
plate modulation values to obtain 
perfectly linear modulation up to 
100 %.  Fortunately this is auto-
matically obtained without an ex-
ternal resistance in nearly all types 
of tubes used in class C amplifiers. 
An r.f. linear amplifier or a grid 

modulated amplifier of conventional 
type usually operates at about 30% 
efficiency with no modulation.  If 
the degree of modulation is limited 
to 60% or 70%, the resting 
efficiency can be greatly increased 
and about twice as much carrier 
power can be obtained. In cathode 
modulation this effect is used to ob-
tain resting or idle efficiencies of 
from 50% to 60%. This permits 
grid modulation up to 70 % or even 
80%; the remainder is obtained by 
plate modulation in the cathode 
circuit. 
If the d.c. plate input is 100 

watts, an audio power of only 3/8 
watts will permit plate modulation 
of 25% if the plate impedance is 
matched. In this example, with 10 
watts of a.f. power in the cathode 
circuit, about 1 watt is needed for 
the grid circuit modulation and 
about nine watts is available for 
plate modulation. 
A postive peak of a.f. voltage in 

the cathode circuit between the tube 
filament (or cathode) and ground 
acts as an additional negative grid 
bias peak which tends to reduce the 
peak r.f. output from the amplifier. 

At the same time a positive peak on 
the cathode reduces the d.c. plate 
voltage and so further reduces the 
r.f. output.  In a similar manner 
a negative a.f. peak adds to the 
d.c. plate voltage and subtracts 
from the negative d.c. grid bias to 
increase the r.f. output. From this 
it can be seen that the grid and 
plate modulation are in phase, or 
additive, and the system is capable 
of reaching  100%  modulation 
easily. 
The d.c. grid bias should prefer-

ably be obtained from a C bias sup-
ply or C battery; however, grid-leak 
bias can be made to operate satis-
factorily.  The grid leak must be 
by-passed for audio frequencies. 
This sometimes causes a little block-
ing action if the d.c. grid current 
is not high enough.  This effect 
may be noticed if the crystal oscil-
lator is detuned or quits oscillating, 
in which case a "singing" action 
may be set up in the modulated 
amplifier. No difficulty is present 
when the set is operating normally. 
The d.c. grid current is set at 

some intermediate value between 
that for grid modulation and that 
required for plate modulation. The 
d.c. grid bias should be several 
times cutoff value, and if grid leak 
bias is used exclusively, the grid 
leak value will be from 4 to 8 times 
as high as that used for c.w. or 
plate modulation. The r.f, driver 
should be nearly as large u that re-
quired to drive the final amplifier 
as a c.w. transmitter, or roughly 
half as large as for a plate modu-
lated amplifier of the same power. 
Cathode modulation has several 
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advantages over grid or plate modu-
lation. It is not at all critical in 
adjustment as regards audio quality. 
If too much r.f. drive is present, 
the audio quality does not suffer 
appreciably, but the modulation 
capability drops.  Similarly, insuf-
ficient antenna coupling reduces the 
potential linear modulation.  (Too 
little antenna load will produce 
"downward" modulation of an. 
tenna current.)  Cathode modula-
tion is more efficient than any of 
the popular forms of grid modula-
tion, and is not as critical to adjust. 
Cathode modulation is more eco-

nomical than either grid or plate 
modulation for a given power out-
put. The modulator and its power 
supply are only 1/4 to 1/5 as large 
as for a plate modulated rig with 
the same carrier output. The class 
C tube or tubes should be a little 
larger unless their dissipation rating 
is high in proportion to plate cur-
rent and plate voltage maximum 
ratings. The plate dissipation of a 
plate modulated set increases with 
modulation. It decreases somewhat 
with grid modulation, and usually 
decreases very slightly with cathode 
modulation. Therefore, by operat-
ing the tubes at a little greater plate 
dissipation under resting conditions, 
no larger tubes are required. 
The peak plate current is less 

with cathode modulation, which 
should result in greater tube life. 
The plate tuning condenser in a 
cathode modulated amplifier is 
smaller physically because only 60% 
to 70% as much plate spacing is re-
quired. 

• Transmitter Example 

The small transmitter diagram-
med in figure 2 has cathode modu-
lation applied to a pair of 6L6G 
tubes. A carrier output of about 
25 watts is obtained with slightly 
over 40 watts input. Better modu-
lation linearity was obtained with 
the 6L6G tubes connected as low 
µ triodes rather than as tetrodes. 
This amplifier is modulated by a 
6F6 tube which has an audio out-
put of about 4 watts. The modu-
lation transformer has a 500-ohm 
secondary and the 6F6 tube was 
connected across the 2500-ohm pri-
mary. A 6SJ7 high gain pentode 
drives the 6F6 from an ordinary 
high level crystal microphone for 
close talking purposes. 
The crystal oscillator is induc-

tively coupled to the 6L6G triode 
push-pull stage in order to con-
serve space. The crystal oscillator 
is an improved form of harmonic 
oscillator in which 160-, 80- or 40-
meter crystals can be used on their 
fundamental or second harmonics. 
10-and 20-meter crystals should be 
used "straight through," that is, 
with the 6V6 plate circuit tuned 
to 10 and 20 meters respectively. 
The screen grid of the 6V6 is by-
passed to the cathode rather than 
to ground as this gives a circuit in 
which the adjustable cathode con-
denser can be set at one value for 
all bands. The 10,000-ohm 11/2. 
watt resistor in series with the 6V6 
screen acts as an r.f. choke to pre-
vent an r.f. short circuit across the 
cathode circuit. A combination of 
cathode and grid leak bias in the 
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Figure 2. 
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6V6 provides for fundamental ef-
ficient doubler action and low crys-
tal current for fundamental or sec-
ond harmonic operation. 
The 6L6G amplifier has a 1/2-ktfd. 

400-volt condenser connected across 
the grid leak to pass the audio fre-
quencies. Better linearity was ob-
tained with a 3000-ohm resistor 
connected in series with the con-
denser in order to reduce the actual 
a.f. voltage applied to the grid cir-
cuit. Too much grid modulation in 
comparison to plate modulation in 
this particular tube arrangement 
produced a slight curvature on the 
sides of the triangle or trapezoid as 
viewed on an oscilloscope.  The 
6L6G tubes connected as shown 
have a p, of about 6 and are more 

easily grid modulated than are me-
dium or fairly high kt tubes. No 
grid a.f. resistor is needed in trans-
mitters having tubes with a µ of 
from 25 to 30. 
The final amplifier has a combin-

ation of cathode and grid leak bias, 
the former to protect the tubes in 
case of oscillator detuning or fail-
ure of excitation. In the particular 
layout used, a u.h.f. parasitic oscil-
lation took place in the neutralizing 
circuit until it was damped out by 
the use of a couple of 50-ohm 1-
watt resistors in the 6L6G grid 
leads. The neutralizing condensers 
were each made of two plates 1" x 
2" separated about 1/10 of an inch. 
Neutralization was accomplished by 
removing the 250-ma. 6-volt lamp 

COIL DATA 
CATHODE MODULATED 6L6G TRANSMITTER 

BAND 

OSCILLAtOR 
(11 1/1" dia. forms) FINAL PLATE 

Plate Grid 

10 

20 

40 

gg 

160 

31/2 turns no. 20 d.c.c. 
1" long.  1/4 " separa. 
tion btwn plate and 
grid coils 

7 turns no. 20 d.c.c. 
1" long.  1/4 " separa. 
tion btwn plate and 
grid coils 

14 turns no. 29 d.c.c. 
1" long.  1/43" separa- 
Hon btwn plate and 
grid coils 

24 turns no. 24 d.c.c. 
closewound. %" sep. 
aration  btwn  plate 
and grid coils 

44 turns no. 26 E. 
closewound. 4‘" sep. 
aration  btwn  plate 
and grid coils 

5 turns no. 20 d.c.c. 
Y2"  long, c.t. 

12 turns no. 20 d.c.c. 
1/2" long, c.t. 

32 turns no. 24 d.c.c. 
1" long, c.t. 

56 turns no. 26 E. 
closewound, c.t. 

80 turns no. 28 E. 
closewound, c.t. 
Shunted  with  3-30 
gad. trimmer 

6 turns no.  14  E. 
11/4 " long, W e dia., 
c.t. 

8 turns no. 14 E. r 
long, 134" dia., c.t. 

18 turns no.  16 E. 
1V.s" long, 1%" dia., 
c.t. 

32 turns no.  18 E. 
11/4 " long, 1%" die., 
c.t. 

56 turns no. 22 d.c.c. 
2"  long,  21/4 " dia., 
c.t. 

Amp. "grid" windings semi-resonant.  Space for best operation before 
cement ng turns on form. 
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from its socket in series with the 
6L6G cathodes—then bending the 
neutralizing condenser plates while 
checking the plate circuit with a 2. 
volt 60-ma. lamp and turn of wire 
coupled to the plate coil.  Pilot 
lamps in series with the tube ca-
thodes act as tuning indicators when 
no d.c. milliammeter is available. 
The set was built on a 10" x 14" 

x 3" chassis and fits into a I t" x 
I  x 9" cabinet.  It has a single 
power supply built in and requires 
no expensive parts.  Operation in 
any band from 160 to 10 meters is 
possible with proper crystals and 
coils. If the set is operated straight 
through on the crystal frequency, 
the 6V6 cathode condenser can be 
left at about full capacity. However, 
less crystal reaction takes place 
when doubling in the 6V6 plate or-
nut, in which case the cathode con-
denser should be set at a lower val-
ue. Too low a value will cause un-

• 

controlled 6V6 oscillation and r.f. 
output at other than that of the crys-
tal harmonics. Good active crystals 
are needed for harmonic operation. 
The 6L6G grid coil turns and lo-

cation on the coil form were chosen 
to result in about 10 to 15 ma. of 
cathode current (grid current main-
l)-) when no plate voltage is applied 
to this stage. Too much grid cur-
rent or too much r.f. grid drive will 
not allow 1001"c modulation to be 
obtained. Too little grid drive 
means low carrier output. 
The antenna coupling should be 

fairly heavy so the cathode current 
is from 125 to 150 ma.  The an-
tenna coupling should be great 
enough to reduce the amplifier ef-
ficiency to a point where "upward" 
modulation of antenna current takes 
place.  A small lamp and turn of 
wire loosely coupled to the final am-
plifier coil will sere as an indicator 
tor this test. 

Cood News 
W E HAVE been making the rounds Servicemen everywhere 

report an increase in business. We hope that they will 
realize that this is the result of a local condition arid not over 
extend themselves. They should remember all the lean years 
that hase gone before, and use that information for the making 
up of a "bad-times fund."  If they utilize this minor boom 
advantageoLsly, they will find themselves in a condition to 
continue nicely with little fear as to what the future may 
b: ing. —Radio News. 
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PHISf-SPLITTER 

By C. A. PARRY 

THE phase-splitting system rep-
resented by the connections of 
V2 in figure 1 has become very 
popular and is a simple and effec-
tive means for obtaining anti-phase 
voltages for driving push-pull a.f. 
amplifier stages. It has one disad-
vantage, however, in that its effec-
tive amplification in each phase 
must be less than unity, i.e., the 
voltage E. is always less than the 
input voltage E1. 
It is the purpose of these notes 

to discuss a simple modification of 
figure 1 which considerably in-
creases the overall gain and at the 
same time retains the desirable fea-
tures of the basic circuit arrange-
ment. 

• Overall Gain of Basic Phase-
Splitter With Voltage Amplifier 

For purpose of comparison, the 
overall gain of the circuit shown in 
figure 1 will be stated. 

Let Rpi = the amplification 
factor and plate re-
sistance, respective-
ly, of VI, 

112, Rp2 = the corresponding 
values of V2, 

Z1 = the total plate load 
impedance of VI, 

Z3 =  the total cathode 
load impedance of 
V2, 

Z, = the plate load of 
V2, 

1030. INSTITUTION OF RADIO ENGINEERS. AUSTRALIA. 30 CARRINGTON STR UT. 
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= the a.c. grid input 
voltage of VI, 

Vg, = the a.c. grid input 
voltage of V2, 

E, -= the a.c. voltage de-
velopt-d across Z. 
and 

E. = the a.c. voltage 
veloped across 

de-

Thcn neglecting reactances 
(which may be neglected under 
normal circumstances). 

ri • Vgi • Zs 

Z, + Rp, 

- Vg, 

= Vg, 

— E, = Vg, 4- E. 

Pa • Vg, • Za 

7, ± Rp, + Z, 

(1 +  el  • Ze  
Z, + Rp, + Z, 

Having established these relation. 
ships, the overall gain E./Vg, from 
voltage amplifier input to one push. 
pull grid may be determined and 
it can be shown that 

G, 
." Z, 

(2.,±Rp,) .(Zr+Z.+Rpv+(a  74)) 

. (1) 

In  calculations  involving  the 
above formulas it should be remem-
bered that Z, must equal Z, in 
order to develop equal anti-phase 
voltages, and that the impedances 
Z,, Z,, and Z, take into considera-
tion the effective loading of the 
following stages. 

• overall Cain of Modified 
Phase-Splitter Circuit 

Now let us consider the modified 
circuit shown in figure 2. The im-
pedance Z, now includes the re-
sistance R. which, although wired 
in series with Ri, is effectively in 
parallel with R.. For convenience 
of comparison, it may be assumed 
that Z, in figure 2 is equal to Z, 
in figure 1. It will be apparent, 
however, that the actual value of 
the cathode loading resistor R. will 
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be different in each case if this 
condition is to be achieved. For 
the remaining constants we may use 
the same nomenclature as pre-
viously. 
Assuming once again that reac-

tances are negligible, consider the 
value of E. due to Vg, alone: 

. Vg, . Z2 

E. —    
Z,  Rp, 

Now it is apparent that this volt-
age is applied between the points 
A, B in figure 2 (i.e., across R.) 
and, as a result, the valve V1 has 
a voltage in series with its plate 
supply, of value E. and acting 
180° out-of-phase with the voltage 
resulting from Vgi. The effect of 
this is to lower the effective ampli-
fication of Vi. 
To demonstrate this, consider the 

total current circulating through 
V1 due to Vg, and E.. 

Vg, produces a current 
=  . Vg,)/ZT 

and E. produces a current 
I, = E./ZT 

where, in both cases, ZT  Z, 

Z,  Rp,. 

The resultant current 
I =I — I, and, therefore, 

- [(t. • vgi) - E.) 
ZT 

This is so because E., and there-
fore I,, is itself produced by I, and, 
as a result, I is positive and I, is 
greater than I,. 

Under  the  new  conditions, 
Vg, = 1.Z, and, using the above 
equations, we obtain 

Vg, = —  Vg1) — E.] 
ZT 

However, an analysis of the cir-
cuit shows that E. cancels out and, 
consequently, 

Vg, — 
Z, .  . Vg, 

ZT 

or, in other words, the total voltage 
available at the plate of V1 is effec-
tive at the grid of V2. This means 
that although the effective amplifica-
tion of V1 is reduced, the overall 
amplification of the circuit is in-
creased. 
This can be demonstrated by sub-

stituting the new value of Vg, in 
equation (2) and dividing the re-
sult by Vg,.  The overall gain 
equation obtained as a result of 
this is 

= 

•.. ii, Z1. Z. 

[ZT (Z. + Z. + Rp.)1  (Zi. Zs. Pt 

• • • • (3) 

• Comparison of Results 

In order to compare the overall 
gains provided by the two circuits, 
we may assume that, in both figure 
1 and figure 2, Z. = Z1, Z2 = Z2 

and Z, = Z,. Under these con-
ditions the relationship G,/G, is 
given by 
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P1 . r,.7i .74 • (za + Rpt) • 
+  + RP' + Oh • Z41 

P.. th. .. (Zr(74+ Z. + Rp,)) 
+  Z,. 

The first four terms in each line 
of this expression cancel out, leaving 
a fairly simple relationship that 
may be evaluated by the substitu-
tion of practical values. In order 
to accomplish this, let 

Z, = 200,000 ohms, 
Rp, = I megohm, 
µ, = 1,000, 
= 50,000 ohms, 

Rp, = 20,000 ohms, 
= 20 

Zr is of course, the sum of Zi, Z, 
and Rp,. 

With these values, 
(Z,  Rpi) = 1,200,000 ohms, 
[Z,  Z,  Rp,  . Z,)] = 
1,120,000, 
Zr = 1,250,000 ohms. 

-F Z,  Rp2) = 120,000 
ohms, and 
(Z. • Z2 • Faz) = 200,000,000,000 

Neglecting  equal  numbers  of 
ciphers in both lines, these figures 
give us 

G,  1344 
— = —  = 3.8, approximately. 
G,  350 

This means that barely a quarter 
of the input voltage will be required 
to deliver a given voltage from each 
phase of figure 2, as compared to 
figure 1—a worth-while improve-
ment in many circumstances, espe-
cially when the simplicity of the 
alteration is considered. 

• Practical Considerations 

So far, it has been assumed that 
reactance is negligible but, obvi-
ously, if the frequency transmitted 
is low enough, the voltage E. will 
not be absolutely in anti-phase with 
Vg,. The only effect is, however, 
to lower the gain of the system and 
unbalance the voltages across Z, 
and Z. somewhat. 
The extent of this gain, loss and 

unbalance will be dependent on the 
capacitances employed and, in figure 
2, if C, = 1.0 mfd., C, = 0.5 
mfd., and C, = 16 mfd. reactance 
may be neglected over the usual 
audio-frequency range. 
The next point to watch is the 

value of Z,. If we neglect the 
input impedance of the push-pull 
valve driven from the cathode load, 

ZI 
R. X Rk 

R. + Rk 

The best results usually will be 
obtained when R. = R.. 
Practical considerations will nor-

mally limit R. to 100,000 ohms, 
so that if equal values of R. and 
are employed, Z,  will be 50,000 
ohms under these circumstances. For 
balance to be obtained the plate 
load of V2 (Z3) must therefore be 
50,000 ohms also. This constitutes 
a major factor in the design of 
phase-splitting systems using the 
circuit of figure  2—the  phase-
splitter plate load resistor must be 
proportioned in accordance with the 
resultant of R. and L., and not in 
accordance with the value of R. 
alone (as is the case in figure I) 
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Because of this, the grid circuit 
impedance of the push-pull valves 
assumes somewhat more importance 
when the system of figure 2 is in 
use as, obviously, a low value of 
grid input impedance would have 
to be taken into consideration when 
proportioning R, and R.. To avoid 
trouble due to this cause, the push-
pull grid circuit constants should 
be proportioned so as to have as 
little effect as possible on Z, and 
Z,. 

• Comparison Under Typical 
Conditions 

It will be of interest to example 
the relative gains of figure 1 and 
figure 2 when somewhat more typi-
cal values are employed for the con-
stants in figure 1. 
For this purpose, let RL = 250,-

000 ohms, R, = 500,000 ohms and 
Rk  = 100,000 ohms = Z3. The 
values for figure 2 remain as given 
before, as also do the valve char-
acteristics. 
This time, only the first two 

terms in the G,/G, relationship 
expression cancel out, thus leaving 

Z, . Z.. (Z, + Rai). 
[Z, +  + RP. ± Oh • Zs)) 

Z, Z, . (Zr (Z. + Z. ± Rp2)) 
(Z, . Z4 • lia) 

In the above expression, the 
values of the first two terms in the 
top line are as in figure 2, while 
the bracketed terms in the same 
line are all from figure 1. The 
reverse applies in the bottom line, 
as here the first two terms are from 
figure 1, while the bracketed terms 
are from figure 2. 

Owing to the large effective grid 
circuit impedance of V2 in figure 
1, the effect of R, may be neglected, 
so the Z, = RL = 250,000 ohms. 
Substituting the appropriate val-

ues in the expression given above 
reveals a slightly different ratio. 
This is because, with the more 
typical values employed, the gain 
of figure 1 is slightly higher than 
in the first example. Even so, the 
G2/G, ratio is still 222/70, or 
slightly over 3.1, so that the im-
provement is still appreciable. 
Usually, as mentioned previously, 

it is not practical to increase R. 
in figure 2 beyond 100,000 ohms, 
but if sufficient high-tension voltage 
is available, both R. and It, may 
be raised to 200,000 ohms each and 
Z3 to 100,000 ohms. Under these 
conditions the increase in gain is 
slightly more marked and, in addi-
tion, the same voltage output E. 
will be realized for the same per-
centage distortion as will be for the 
second set of values given for 
figure 1. 
With R. and R, giving a re-

sultant of 50,000 ohms, the voltage 
output obtained from figure 2 will 
be slightly less, for a given distor-
tion percentage, than with figure 1 
when using the second set of values. 
However, this will rarely be im-
portant, particularly as such systems 
are rarely operated at their maxi-
mum  voltage output capability. 
Again, the difference is not very 
great and, in any case, it should 
be remembered that the input volt-
age required to deliver a given out-
put is considerably less in the case 
of figure 2 than in figure 1. 
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• Practical Results 

Practical results agreed very close-
ly with the ratios arrived at by 
calculation. For figure 2, a value 
of 250,000 ohms was employed for 
Rt., which with a grid resistor (R.) 
of 1.0 megohm, gave the required 
value of 200,000 ohms for Z1. A 
check on the first calculation, using 

• 

a vacuum-tube voltmeter and a 
cathode-ray oscillograph, revealed 
a gain increase ratio of approxi-
mately 4, while a check using the 
second set of conditions for figure 
1 showed a gain increase ratio of 3. 
Distortion was not increased to 

any appreciable extent and the cir-
cuit has functioned quite satisfac-
torily in practical amplifier systems. 

Revolution 

UNDER this title, Fortune in its September issue, tells the 
lay public that frequency modulation threatens a revolu-

tion in broadcasting. Within a month or two there has been 
a remarkable stampede among broadcasters to get in on this 
static-free method of transmission.  Fortune tells of Major 
Armstrong's efforts, largely unsuccessful, to get the industry 
behind his work: tells the public of the remarkable lethargy 
of the industry in failing to grasp the fundamental differences 
and advantages of FM over amplitude modulation (AM). The 
radio industry cries for change and new things, but only for 
little changes — nothing really fundamental.  Industry only 
wants a new type of dial, or a 12-inch speaker in place of an 
8-inch speaker —nothing like a whole new set-up that might 
banish noise and produce out of the air honest-to-God tone 
fidelity. 
But industry had better look up. Long no, when pentode 

tubes first threw a jolt into complacent radio receiver man-
ufacturers, the statement was made '"by pulling down the 
shades, you can sleep late in the morning, but you can't keep 
the sun from coming up." The sun of frequency modulation is 
surely coming up. Experiments by the General Electric engin-
eers arid by those of the Yankee Network demonstrate con--
clusively this fact. 

—Electronics. 
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SORPT1011 Of 111f1Tfli 

4 Getetrefic .9frwilatinq Mate/dal 
By  R.  L.  TAYLOR 

W HEN insulating materials 
like rubber and phenol plastics are 
immersed in water or exposed to 
humid air large changes may oc-
cur in their resistivity, dielectric 
constant, and power factor. These 
changes are caused by water which 
condenses on the surface, adsorbs 
in the interstices of the material, 
or is absorbed by soluble impurities. 
Laboratory studies of these effects 
help to predict the behavior of 
such materials in service. 
Initially, the rate of sorption* is 

comparatively rapid whether the 
substance is immersed in water or 
water vapor; in most cases the 
amount of water taken up increases 
as the square root of the time of 
exposure.  Characteristic sorption 
curves are shown in figure 1 for 
soft vulcanized rubber and phenol 

*Sorption is used in conformity with 
current phraseology to signify the com-
bined effect of adsorption and absorp-
tion. 

plastic in distilled water. The 
phenol plastic reaches a state of 
equilibrium where sorption ceases, 
but the rubber, which is elastic, 
may continue to take up water un-
til it disintegrates and is dispersed 
throughout the liquid. This is il-
lustrated by the logarithmic graphs 
of figure 2.  At vapor pressures 

o 
0  40  60  120  160  200  240  260  320  360 

T IIAT IN FusuRS 

Figure 1.  Sorption of seater by thin 
sheets of Insulating materials that 
are Immersed in distilled seater. 

PPE 1404. 
PLASTIC 

SOFT VULCAN-
IZED AUOITER 

C 1939, BELL LABORATORIES,  INC., 469 WEST ST., N. Y. C. 
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figure  Z.  A logarithmic  plot  of 
the sorption of water shows the 
attainment of equilibrium by the 

rigid material. 

less than saturation, equilibrium is 
reached by both phenol plastic and 
soft vulcanized rubber but the rate 
of sorption and final water content 
are less. 
Several factors will cause sorp-

tion curves to deviate from straight 
lines before the point of equilibrium 
is reached.  Among  these  are 
changes during the test in temper-
ature or in relative vapor pressure. 
Leaching of water-soluble materials 
decreases the slopes of the curves; 
and the formation of additional 
water-soluble materials by oxidation 
shifts the curves upward.  The 
latter is of particular significance 
because it is a measure of the de-
terioration of materials when they 
come in contact with water. 
The straight-line logarithmic plot 

of figure 2 can be used to predict 
the water content of materials ex-
posed to water for a given length 
of time, if fixed conditions of tem-
perature and relative vapor pres-
sure are maintained.  A rubber 
piece-part  which,  for  example, 
sorbs 0.1 per cent water in one day 
will,  in accordance  with  this 

straight-line relation, contain about 
six per cent water after ten years. 
In the early stages of sorption 

the percentage increase in weight 
of sheet materials when exposed to 
water varies nearly inversely with 
the thickness of the sheet, provided 
its area is large in comparison with 
its thickness.  Since the rate of 
sorption is given by the slope of a 
curve showing the  increase in 
weight plotted against the square 
root of time, the slope for a sam-
ple of unit thickness will serve 
as a sorption coefficient to com-
pare different materials.  At room 
temperature the sorption coefficient 
for a phenol plastic is about 0.026; 
for soft rubber, 0.015 and for 
ebonite, 0.0024.  The coefficient 
describes the rate at which a mate-
rial takes up water, and is not a 
measure of the final water content 
of the material. 
It has been demonstrated experi-

mentally for rubber that the lo-
garithm of the sorption coefficient 
is inversely proportional to the ab-
solute temperature.  By using this 
straight-line relation it is possible 
to calculate from short-time test 
data obtained at one temperature 
the water content of such mate-
rials after an extended period of 
immersion at some different tem-
perature. 
An important practical applica-

tion of sorption data is predicting 
the changes in dielectric constant 
which accompany the sorption of 
water.  When sheets of soft vul-
canized rubber are immersed in dis-
tilled water at constant tempera. 
turc, the increase in weight is pro-
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Figure 3.  In distilled water both 
the water content and die-electric 
constant of a rubber sheet increase. 

portional to the square root of 
time, but the accompanying in-
crease in dielectric constant of the 
material is proportional to the 
fourth root of time. 
These relations are illustrated in 

figure 3. There is, however, an 
initial period when the dielectric 
constant increases rather rapidly 
and during which the power factor 
reaches a peak. The rapid increase 
in dielectric constant is believed to 
result from water adsorbed on the 
inner structure of the material and 
the slow increase thereafter main-
ly to water absorbed by water-solu-
ble substances that are in the mate-
rial. 
From the relationships of the 

preceding paragraph, it is evident 
that the increase in dielectric con-
stant is propcirtional to the square 
root Of 'the Water &intent. A curve 
illustrating this is shown in figure 
4. Although different materials dif-
fer in the amounts of water they 
sorb and in the effect of this water 

on the dielectric constant, when 
the relation between dielectric con-
stant and water content is known, 
a measurement of dielectric constant 
alone suffices to describe the water-
sorbing characteristics of many ma-
terials. 
Before equilibrium is reached, 

water absorbed by a homogeneous 
material such as soft vulcanized rub-
ber does not distribute itself even-
ly throughout the material but con-
centrates largely in the outer layers 
and decreases exponentially toward 
the center. In many practical cases 
this exponential distribution proves 
advantageous; for example, sorp-
tion by the insulation on rubber-
covered wire. In this case the rub-
ber next to the conductor may re-
main relatively dry although the 
amount of water sorbed by the in-
sulator as a whole is appreciable. 
Wire insulation which has sorbed 
water in this manner should be 
considered as graded rather than 
homogeneous.  Curves  may  be 
plotted to show the distribution of 
water in insulation of various kinds 
and shapes.  These curves, with 

02 0 6 I 0  2  3  4 2 6  610 
INCREASE IN WEIGHT IN PER CENT 

Figure 4.  Dependence of the di-
electric constant of rubber sheets 

on the water content. 



1939  SORPTION Of W ATER  8 

others of the shown in figure 
4, may be used  calculate the di• 
e:ectric properties of this type of 
continuously graded insulation. In-
formation of this character is of 

• 

practical interest in the telephone 
plant because of the increasing use 
of buried wire and the installation 
of circuits in locations exposed to 
high humidity. 

New Rating System for Transmitting Tubes 
A!'4 EF[TIRELY new system of ratings for aircooled transmit-

ting tubes has been announced by RC.A  Instead of one set 
of rnamirnurn ratings for each tube type two sets of maximum 
ratings are given  These ratings are designated "Continuous 
Commercial Service" (CCS) arid "Intermittent Commerc ,a1 
Amateur Service' IICASI 
The CCS ratings are essentially the same as the former 

maximum ratings  The ICAS ratings, however, are considerably 
higher, permit the use of much greater power input, and Pro-
yKit • relatively large increase in useful power output  Com-
plete °Pere, mg data, including both CCS and 1CAS ratings, 
have been prepared for RCA types 802, 804, 806, 807, 809. 
RIO. and 814. as well as for the new 811, 812. and 828, 
and can be obtained on request from the RCA Manufacturing 
Co . Radiotron Division, Harrison, N 
It is self-evident that the harder a tube is worked the 

'holier will be its useful life  Although no rule can be set up 
which will accurately predict the life performance of an lndl -

vidual tube under specified operating corditions, it is practical 
to make an 'stains', of tube life on the basis of average results 
from a large riurnber of tubes  In average amateur service, a 
tube operated at the higher ratings can normally be expected to 
rye about 50 per cent of the life obtainable with CCS ratings 
The engineer designing • broadcast transmitter has quite a 

different problem  A broadcast station may operate tubes on 
an overawe of 18 hours a day  Tube fedures are expensive 
boo, ,„ ts,,e,"„1„,„,1 en d in advertising revenue lost because of 
interrupted programs  Consequently, once reliability is his 
main concern, he should operate tubes at the CCS ratings, or 
()soups even lower Only et this way can he obtain the long 
tube life required for continuous commercial services 
In airpl ane tranion.tters. tuba, may be operated only • few 

manta'« a day  In addition, mechanical failure of tubes may 
occur prematurely due to the severe vibration and shock to 
which they we frequently sublected  For thew reasons opera. 
tori 01 tubes as IC.AS ratings, es pecially where rhax.rnum power 
ow/Put for a rnimenum size and weight are essential, should be 
considered  On the ("thee hand, there are installations where it 
imPeretnie that the tubes be ready for operation at all times, 

because failures at the wrong moment may mean damage to 
an grigibenvve &miene or even lost of human life  The choc. 
of hee operating coeditor+, foe any service mutt, therefore, 
be booted on • careful reintrderefion of all factors 

hiovember .19)9 
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RULES and STHOfIRDS 
104 B4oaricast Sialians 

An expert review of the recently promulgated F.C.C. Rules 
and Regulations and Standards of Good Engineering Practice, 
which became effective the first of this month —of particular 

intere:,t to station engineers and operators. 

By RAY MOND F. GUY 

W ITHIN the last few weeks 
the Federal Communications Com-
mission has released the new Rules 
Governing Standard Broadcast Sta-
tions. They have been in prepara-
tion for over a year, were adopted 
on June 23, 1939, and with one 
exception become effective August 
1, 1939.  To supplement these 
Rules there will soon be released 
the new Standards of Good En-
gineering Practice.  Both of these 
F.C.C. documents are of vital in-
terest and importance to all per-
sons connected with the construc-
tion and operation of broadcast 
transmitting facilities.  They war-
rant careful and detailed study by 
all broadcast engineers. The new 
Rules first appeared in the Federal 
Register, Volume 4, Number 126, 

June 30, 1939.  Copies may be 
obtained from the Superintendent 
of Documents, Government Print-
ing Office, Washington, D. C. The 
General Rules and Regulations were 
adopted by the F.C.C. on May 16, 
1939 to become effective June 15, 
1939. They appeared in the Fed-
eral Register, Volume 4, Number 
100, May 24, 1939. It is suggest-
ed that the interested reader obtain 
copies and study them in conjunc-
tion with this article. 
A knowledge of the background 

of radio regulation is of importance 
in understanding the need for these 
Rules and Standards and should 
lead to a true appreciation of their 
merits. Government regulation of 
radio, to all intents and purposes, 
began in 1912. Prior to that time it 
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was every man for himself.  Sta-
tions were few in number, the only 
limit on power was financial and 
one appropriated the frequency 
which struck his fancy, or just op-
erated without worrying much about 
it. Interference frequently result-
ed and the arguments which en-
sued by radio were interesting if not 
genteel.  In some respects it was 
a ham's paradise. However, the Ra-
dio Act of 1912 produced a sem-
blance of order. 
The frequencies 1000 kc., 670 

kc. and 500 kc. were set aside for 
ships and amateurs were assigned 
all frequencies above 1500 kc. For 
the first time, the assignments of 
calls by international agreement 
were made. The excursions of the 
amateurs into the commercial chan-
nels, of which the writer was not 
altogether innocent, ceased and 
peace reigned for the next ten years. 
The  advent  of broadcasting 

shortly after the war, brought a host 
of new problems. 835 kc. was as-
signed to this new service. Soon 750 
kc. had to be added. As more and 
more stations clamored for licenses 
the frequencies of 1000 kc. and 670 
kc. were taken away from the ma-
rine services and gradually the spec-
trum between 1500 and 500 kc. was 
occupied. Continued crowding made 
it necessary to duplicate assign-
ments and a climax resulted when a 
Chicago station proved that the 
Radio Laws did not have sufficient 
teeth in them to prevent pirating of 
frequencies. This was the condition 
which led to the Radio Act of 1927 
and the formation of the Federal 
Radio Commission, later reorgan-

ized as the Federal Communications 
Commission. The problems which 
faced this body were many and 
complex. 
Under the Radio Act of 1927 

and the Communications Act of 
1934, the Commission is given 
broad regulating power over radio 
communication including the right 
to adopt Rules and Regulations not 
inconsistent with the terms of the 
Act, which Rules and Regulations 
have the full force and effect of a 
law. 
The Standards of Good En-

gineering Practice give interpreta-
tions and further considerations 
concerning these Rules and Regu-
lations. While the Rules provide 
the basis of good engineering prac-
tice, the Standards go further and 
set up engineering principles for 
use in solving allocation problems. 
The Standards published are those 
deemed necessary to ensure compli-
ance with the requirements of the 
Rules and for operation in public 
interest along technical lines not 
specifically enunciated elsewhere. 
The Standards are based upon the 
best engineering data obtained in 
formal and informal hearings and 
surveys conducted in the field. They 
were prepared after conferences 
with engineers, manufacturers and 
others and supersede all previous 
announcements or policies of a 
similar nature enunciated by the 
F.C.C. on engineering matters con-
cerning standard broadcast stations. 
The Commission Engineers early 

recognized the need for comprehen-
sive data as a guide to satisfactory 
allocation of frequencies. Take the 
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case of a 5 kw. station as an ex-
ample. It could produce good day-
time or night-time service out to a 
distance of roughly 50 miles. Be-
yond that distance the signal would 
no longer be serviceable but never-
theless, it would be still strong 
enough to produce interference to 
other stations on the same frequen-
cy, and particularly so at night. 
Everyone knew that there would ex-
ist a "service area" surrounded by 
a "nuisance area" which became 
very large at night. But, in terms 
of potential interference, how large 
was this nuisance area? 
It was desirable that places on the 

airwaves be found for more and 
more new stations, that the exist-
ing frequencies be used as econo-
nomically as possible to provide the 
maximum of public service. These 
demands could be met only by du-
plicating more stations on exist-
ing channels. However, in order to 
do so, better technical data on long 
distance propagation was needed. 
With the cooperation of broadcast 
licensees the F.C.C. planned and 
executed a program of measure-
ments in 1934-1935 which provid-
ed the data required.  Recordings 
over various long distances and di-
rections, when analyzed yielded in-
valuable information.  One chart 
of particular value is shown as fig-
ure 1. It is the average value of 
night-time sky-wave field intensity 
based upon an antenna which pro-
duces a field intensity of 100 milli-
volts at one mile. Knowing the one 
mile field intensity of any station, it 
is possible with this curve to esti-
mate the average field at any point 

within a radius of 2700 miles. This 
curve is for the second hour after 
sunset and is generally used to 
represent average night-time condi-
tions. 
Now suppose we work out a 

problem in frequency allocation and 
see how the average night-time 
curve of figure 1 is applied. The 
problem: In a certain city there is 
a 1 kw. regional station. We wish 
to see how close to it we could lo-
cate a second 1 kw. regional station 
which would produce service to its 
own 21/2 millivolt contour without 
interference from the existing sta-
tion. 
In the new Rules, Section 3.22, 

we find the various classes of sta-
tions defined. Paragraph (C) (1) 
states: 
"Class IIIA Station" —"A Class 

IIIA Station is a Class III Station 
which operates with power not less 
than 1 kw. nor more than 5 kw., 
and the service area of which is 
subject to interference in accord-
ance with the "Engineering Stand-
ards of Allocation." 
Referring to the standards of 

Good Engineering Practice we find 
Table IV "Protected Service Con-
tours and Permissible Interference 
Signals for Broadcast Stations." 
This shows that a Class IIIA Sta-
tion is normally protected, to its 21/2 
millivolt contour, so our station is 
in Class IIIA. 
The first step is to determine the 

field intensity of the undesired sta-
tion that is necessary to cause inter-
ference to the desired station.  It 
has been standard practice for many 
years in the F.C.C. and in the in-
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dustry generally to consider that 
when a ratio of 20:1 between the 
desired and undesired stations is 
exceeded, interference exists. Ac-
cordingly the permissible interfer-
ing signal would be 2500/20 mi-
crovolts -= 125 microvolts. 
Now let's consider further the 

matter of interference. Is it neces-
sary that the 20:1 ratio be main-
tained 100 per cent of the time, or 
could it be exceeded momentarily 
without seriously degrading serv-
ice? Since sky  waves  fluctuate 
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widely in amplitude short bursts of 
interference occur, and to some de-
gree may be tolerated. After study 
the F.C.C. and the industry have 
adopted the figure of 10 per cent as 
the portion of the time during 
which the 20:1 ratio could be vio-
lated before interference is consid-
ered to exist. 
Assume that our 111A Stations 

use antennas one-quarter  wave-
length in height. Reference to fig-
ure 2 shows that such an antenna, 
operating on 1 kw. will produce 
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Figure 2.  Field strength as a function of antenna height (Data from Fitch and 
Butters, NBC).  Note the advantage of using an antenna longer than one-half 

wavelength. 

about 190 millivolts per meter at a 
mile.  We now refer to figure 1, 
the F.C.C. curve of average night-
time field intensity. Since this curve 
is based upon a one mile field in-
tensity of 100 millivolts and our an-
tennas produce 190 millivolts, we 
must use a simple conversion fac-
tor. Multiplying 125, the value of 
interfering signal, by 100/190 will 
give the value of the ordinate cor-
responding to the distance we seek 
on the abscissa.  It is 66.5 micro-
volts. 
Reading from the 10 per cent 

curve of figure 1, the distance is 
found to be close to 735 miles. It 
is in this manner that the Separation 
Tables in the Standards of Good 
Engineering Practice were derived. 
Tables VI, VII, and VIII on the 
Recommended Standards are com-
plete allocation tables and consti-
tute a valuable guide to the en-

gineer concerned with allocation 
problems. Broadcast engineers may 
consider the time very well spent 
in studying them.  It should be 
noted in passing that the use of 
directive antennas makes it pos-
sible to reduce the field intensity 
radiated in certain directions and 
thus operate stations in some cases 
with less separation than indicated 
in the tables. 
The allocation tables cover day-

time conditions as well as night 
time. The method of determining 
the required daytime separations 
differs somewhat, however.  The 
daytime interfering field is pro-
duced by ground waves only. These 
fields are quite steady in ampli-
tude and therefore the 10 per cent 
time allowance used for nighttime 
interference does not apply. Also 
the method of determining the re-
quired separation makes use of day-
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time attenuation data instead of the 
nighttime curve of figure 1. The 
daytime separations are so dose that 
careful allowance must also be 
made for the distances from the 
stations to their contours which are 
to be protected. 
Daytime attenuation is caused by 

two factors: 
1. Dispersion, which varies di-

rectly with distance. 
2. Losses in the earth, caused by 

its imperfect conductivity and the 
resulting heating. 
Space does not permit further 

discussion of attenuation. For a sim-
plified treatment of the subject, in-
cluding easily used curves, the read-
er is referred to an article by Wil-
liam A. Fitch in the September, 
1936, issue of Electronics. 
The nighttime secondary service 

area of a station not limited by 
interference, is considered to be the 
1/2 millivolt, 50 per cent contour. 
In other words, when 1/2 millivolt 
service is obtained 50 per cent of 
the time, secondary service is ren-
dered. Figure 1 includes a 50 per 
cent curve. 
It was important that standards 

of frequency allocation be adopted, 
specifying transmitter powers, etc. 
It is, naturally, also important that 
stations operate on the power, etc. 
for which they are licensed, if the 
allocation system is to work satis-
factorily. It is in such matters as 
this that stations occasionally run 
afoul of the efficient F.C.C. inspec-
tors, either by exceeding specified 
tolerances of one kind or another, 
or almost equally important, not 
having suitable indicating instru 

ments to indicate accurately com-
pliance with the Rules. 

• Power Measurements 

Section 3.51 (a), (1), (2), (b) 
of the new Rules is of particular 
interest to station engineers. 
All new stations are required to 

use the direct method of power 
measurement (antenna VI?) and all 
other stations will be required to 
adopt the method by July 1, 1940. 
Existing stations using the indirect 
method (plate power input X given 
efficiency) are required to use effi-
ciency of 70 per cent, instead of 
50-60 per cent as formerly. 
Transmitters using plate-modu-

lated final stages must use an effi-
ciency of 70 per cent, instead of 50-
60 per cent as formerly, if the max-
imum rated carrier power is from 
100 to 1000 watts, and an efficiency 
of 80 per cent instead of 65 per 
cent if the maximum rated carrier 
power is more than 5000 watts. 
Stations using Class B final ampli-
fiers must use 35 per cent and those 
using Class BC final amplifiers must 
use 65 per cent. Stations using dif-
ferent nighttime and daytime pow-
ers must use the same efficiency for 
both powers. 
In general, stations using the in-

direct method will find it to their 
advantage to change to the direct 
method without delay for two 
reasons: 
1. The new efficiencies are severe 

and in many cases will be difficult to 
meet in practice.  If they are not 
met the licensed power can not be 
radiated. 
2 Following the final stage, 
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where the power is determined by 
the indirect method, there are in-
evitable losses in transmission line 
and antenna coupling apparatus 
which further reduce the radiated 
power. 
Measurement of power by the 

direct method is considered prefer-
able by this writer because it pro-
vides assurance both to the Licensee 
and the Communications Commis-
sion that the antenna input power is 
what it is supposed to be. 
The reader is referred to the 

Standards of Good Engineering 
Practice for guidance in making 
antenna  resistance  measurements 
and preparing the necessary appli-
cation to the F.C.C. for authoriza-
tion to use the direct method. In the 
RCA Review of April 1938 and 
January 1939, William A. Fitch and 
William S. Duttera, in "Measure-
ment of Broadcasting Coverage and 
Antenna Performance," cover the 
same subject in detail. 
Section 11 of the Standards per-

mits short period variations of op-
erating power of 5 per cent above or 
10 per cent below the authorized 
power. 

• Frequency Tolerance 

Rules Section 3.59 "Frequency 
Tolerance" is of interest. Until July 
1, 1940 all stations are permitted a 
maximum deviation, from their as-
signed frequency, of 50 cycles. 
From then until January 1, 1942 
new stations must remain within 
20 cycles, and thereafter all stations 
must. 
There are good reasons for this 

rule. Some years ago, before the 50 

cycle requirement became effective, 
500 cycles were permitted. If two 
stations on the same channel each 
deviated 500 cycles, but in oppo-
site directions, the result was a 
1,000 cycle beat note.  This fre-
quency falls near the range of max-
imum sensitivity of the human ear, 
and also that of the average loud 
speaker.  Therefore even a low 
value of interfering field intensity 
was ruinous to service.  Reducing 
the tolerance from 500 cycles to 50 
cycles reduced the maximum beat 
frequency to 100 cycles and in this 
range the ear, and also most loud-
speakers, were relatively insensitive. 
Therefore a considerably stronger 
interfering field intensity could be 
tolerated.  The further reduction 
of the tolerance to 20 cycles con-
fines the maximum beat frequency 
to 40 cycles, and in this step the 
gain is perhaps greatest. The ear is 
quite insensitive to this frequency 
and the average loudspeaker is con-
spicuously so. 
It would be improbable that the 

maximum deviations would be ex-
perienced.  If averages were used 
they might be, for 500 cycles toler-
ance, 500 cycles, and for 50 cycles 
tolerance, 50 cycles.  Under these 
conditions it has been considered 
that for the larger tolerance, a de-
sired to undesired ratio of signal in-
tensities of 100:1 would be re-
quired to prevent interference, but 
that for the small tolerance 20:1 
would produce the same results. It 
was considered that a ratio of 20:1 
between the desired and undesired 
signals represented a modulation of 
the desired signal of 5 per cent at 
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Figure 3.  Vertical radiation patterns of antennas of different height (FCC data) 
showing the ad aa aa ge of long antennas in producing useful low-angle radiation. 

50 cycles, or 5 per cent crosstalk, 
with equivalent modulating condi-
tions at the two stations. 
Sections 3.61 and 3.62 of the 

Rules require that authorization to 
modify or replace frequency control 
apparatus be obtained. However, no 
specifications are included beyond 
the requirement that before ap-
proval will be considered there must 
be reasonable assurance that the 
equipment is capable of maintain-
ing automatically the assigned fre-
quency within the limits specified. 
With possibly a few exceptions, 

equipment now in use, built to meet 
the 50 cycle requirement, deviates 
considerably less than 20 cycles. In 
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a great many cases substitution of 
low-temperature-coefficient crystals 
should provide the additional factor 
of safety. 

• Radiating Systems 

Section 3.45 of the Rules and a 
corresponding section of the Stand-
ards of Good Engineering Practice 
deal with radiating systems.  Sta-
tions requesting authority to modify 
or to build new radiating systems 
are recjuired to equal or exceed cer-
tain minimum antenna efficiencies. 
Ordinarily, these efficiencies are ob-
tained by building antennas to cer-
tain minimum heights since over a 
significant range the height deter-
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mines the efficiency. There are good 
reasons for doing so, even if it were 
not required, and particularly so in 
the cases of the higher-powered 
stations.  Figure 3 shows vertical 
cross sections of the field distribu-
tion from antenna of various frac-
tions of a wavelength in height. 
The abscissa to the left is propor-
tional to field intensity units. As 
the height is increased the wave 
parallel to the earth is increased at 
the expense of the high angle com-
ponent. 
Since both local and long distance 

transmission depend upon the wave 
energy leaving the antenna at angles 

figure 4.  Influence of antenna height on the fading radius, as a function of the 
operating frequency (NBC data). 

within 10 per cent of horizontal, all 
of the useful functions are served 
better by compressing the field as 
nearly as possible to the earth's sur-
face. The high angle radiation not 
only represents wasted power but it 
causes the fading-which degrades 
service at the boundaries of the 
primary service area. Figure 4 
shows eloquently the effect the an-
tenna height has upon the distance 
to the fading wall. The improve-
ment actually obtained by the con-
struction of a new antenna at WJZ 
was described by the writer in the 
April 1937 issue of RCA Review. 



AND SIANLJAhL,)  91 

Of the new Standards. Section 1, 
covering Engineering Standards of 
Allocation.' is probably the most 
comprehensive.  In  it standard 
broadcast stations are classified and 
defined, service standards are set 
up for both day and night opera-
tion, and the subject of interfer• 
ence. and method of determining it, 
are dealt with at sorne length. Much 
new desired material is presented, 
incl Aing the method of evaluating 
interfert-ne produced when two or 
more stations cause it. In this con• 
nection it is not considered that 
increased objectionable interference 
is predornincntly from a single sta-
tion, when a signal from another 
station is added which does not 
equal 70 per cent of the strongest 
signal already interfering. For two 
equal interfering signals, the sig-
nal added should not equal 85 per 
cent of either one.  The existence 
or absence of interference may be 
determined by actual  prescribed 
methods of measurement, reference 
to the attached propagation curves, 
or the distance Tables VI, VII, and 
VIII 
Section I 2 of the Standards spe-

cifies a maximum of 5 per cent au-
dio harmonic distortion (voltage 
measurements of arith metical sum) 
for transmitters when modulated up 
to 84 per cent and not over 7 5 per 
cent up to 91 per cent Harmonics 
up to the tenth are to be measured 
up to a maximum frequency of 
16000 (ps. using modulating fre• 
quergi n of  50, I An. 4(W). 1 onn. 
vlor). and 7500 cps  This Stand• 
aid may be diffscurt for some exist 
mg stations to meet  Those using 

Clam B final amplifiers with indi-
rect power measurement may find 
it advantageous to change to direct 
measurement and then readjust the 
equipment to improve the distortion 
characteristics.  Operating at 30 
per cent efficiency or thereabouts 
instead of 33 or more will usually 
permit of considerable improve. 
ment if the plate dissipation ratings 
of the tubes are not exceeded. 
The carrier current shift has been 

made a maximum of 5 per cent. The 
shift will not be visible on thermo-
couple instruments but will be ob-
served on the rectifier types, and it 
may also be obsened on the d.c. 
rectified current meters of modula-
tion monitors. 
The unweighted RSS carrier noise 

should be not less than 50 db be-
low 100 per cent modulation from 
150 to 500 cps, and not less than 
40 db outside that frequency range. 
It is not considered that these toler 
ances apply to the usual long lines 
network circuit noises since they arc 
beyond the control of the licensee. 
Elaborate standards are set up cov-
ering safety precautions and indi-
cating instruments.  The licensee 
will be wise to study these carefully. 
In connection with spurious radi-

ations, including radio frequency 
harmonics, the Rules and Standards 
impose only the broad requirement 
that they do not exceed values con-
forming  with good engineering 
practice  It is often difficult to de 
termine the degree of harmonic 
radiation time high frequency ham-

current; produce random 
standing waves on an antenna 
which in turn may produce vertical 
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radiation at high angles not measur-
able at nearby points on the ground. 
One watt of harmonic power in the 
antenna can produce a field inten-
sity of over 6000 microvolts per 
meter at one mile. At one hundred 
miles it could produce 40 micro-
volts which could be ruinous to avi-
ation or other services which carry 
on communication with field inten-
sities that order of magnitude. 
Lack of space prevents going into 

further detail in connection with 
the new Rules and Standards. To 
be sure of meeting them stations 
will need measuring apparatus. A 
few of the more important instru-
ments would include a variable au-
dio frequency oscillator with very 
low harmonic content and a meter 
for measuring carrier noise and au-
dio frequency harmonic distortion. 
Years ago the writer inspected a 

broadcasting station which utilized 
storage batteries for the plate sup-
ply. Following nightly charging cy-
cles, they delivered about 1300 volts 
for the beginning of each day's 
transmission. However, the voltage 
soon began to drop and at signing-
off time was barely 400 volts. In an 
attempt to compensate for this state 
of affairs, the antenna coupling coil, 

• 

Credit 

a well-known standard amateur 
unit, was pushed along a shelf with 
a yard stick specially selected for 
this highly scientific purpose. Fortu-
nately, such bailing wire practices 
are but a memory. They would be 
impossible at the present time. And 
why? Well, in the humble opinion 
of the writer, with due credit to the 
licensees who take pride in fine 
plants, it isn't necessarily because 
the breed of shoestring operators is 
extinct. 
Broadcast channels are public 

property entrusted by the F.C.C. to 
the care of private licensees. The 
possession of a license imposes upon 
the licensee the responsibility to 
serve public interest, convenience, 
and necessity. Before an applicant 
can obtain a license he must show 
that there is a need for service, and 
he must also show that adequate re-
sources are available to provide it 
properly. The new technical Rules 
and Standards are the best and most 
complete of their kind in the world. 
Compliance with them will auto-
matically assure high quality trans-
mission, with reasonable efficiency, 
and will also keep technical depart-
ments out of hot water. 

TO Sir William Gilbert, one-time physician to Queen Eliza-
beth, for the name "Electricity." The name was derived 

from Gilbert's term "electrica" which he adopted from the 
Greek "electrum," meaning amber.  Electrical effects were 
first noted when amber was rubbed on silk cloth. 

—Ohmite News 
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By CHARLES R. LEUTZ 

EVERY once in a while some am-
ateur laments the fact that he has 
spent a lot of time and money on 
amateur radio and has nothing to 
"show" for his efforts. During the 
past twenty years or more the writer 
has observed the progress of hun-
dreds of amateurs. Some of these 
young men made the most out of 
radio opportunities that came up; 
others did not. 
Some people will argue that an 

amateur is just an amateur and that 
amateur radio activities should be 
regarded simply as a hobby. It is 
true that many men, well estab-
lished in some other line of busi-
ness, do find radio an interesting 
diversion  and  excellent hobby. 
However, the young amateur in 
high school, college, or who has 
even started to work in some field 
other than radio, should give seri-
ous thought to the opportunities of-
fered in the radio and allied fields. 
Years ago the future of radio 

was so uncertain that it was very 
difficult for an amateur to decide 

© 1939. RADIO, LTD., 

what course to pursue. Today, any 
amateur who wants to make a fu-
ture out of radio can map out a 
definite program. There are many 
ways in which an amateur can make 
his hobby pay as it goes along and 
also contribute experience of value. 
It is best to decide as early as 

possible just what, if anything, you 
want to do in radio, that is, whether 
you want to be a commercial radio 
operator, a radio executive, a radio 
engineer, etc. 
Assuming an amateur intends to 

become an engineer, then a univer-
sity education and degree are essen-
tial. Among some of the leading 
radio engineers and executives ac-
tive today there are a few who are 
not college graduates. However, 
these top executives who are not 
college graduates usually follow a 
strict policy of hiring only graduate 
engineers. Times have changed; 
years ago experience in radio 
counted more than education. To-
day it is exactly the opposite; ad-
vanced education is necessary to 

1300 KEN WOOD ROAD,   CALIF. 
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grasp quickly a summary of the past 
experiences of the pioneers. In the 
old days a radio engineer was ex-
pected to design transmitters, receiv-
ers, antennas, towers, power plants 
and even buildings.  Today, all 
these individual branches have be-
come so far developed that engi-
neers must specialize on some one 
subject, or even a sub-division of 
one subject. 
The matter of a college degree 

cannot be over emphasized. It is 
essential in order to qualify for 
many worth-while City, State or 
Federal Civil Service positions. 
With few exceptions, industrial em-
ployment managers prefer graduate 
engineers of little experience to 
non-graduates with long experi-
ence. The reason is sound, as the 
well-educated engineer can adapt 
himself quickly to new problems. 
He has the foundation to work out 
a problem without depending upon 
precedent. 
If the prospective radio engineer 

cannot afford a college education, 
there are alternatives. Thousands 
of scholarships are available from 
universities in every state. Many 
cities have colleges providing engi-
neering courses to residents living in 
the city one year or more. Another 
alternative is to work in the day-
time and take a night course which 
leads to a college degree in six 
years. 
There are a few commercial radio 

schools which are accredited and 
have an excellent reputation. How-
ever, there are also dozens which 
specialize only in taking your 
money. Before enrolling in one of 

these private radio schools one 
should investigate thoroughly, and 
not put too much stock in their 
claims without first checking up to 
see how the graduates fare when it 
comes to getting jobs. The schools 
referred to are the resident schools. 
Most of these schools also offer 
home study courses, which undoubt-
edly are a means for advancement 
but are not nearly so effective as the 
resident course, where the student 
attends class and has the benefit of 
lectures, individual instruction, and 
more extensive equipment. 
Amateur radio activities carried 

on during high school and college 
terms need not interfere with stud-
ies. As a matter of fact, one can 
supplement the other in several 
ways. The smart amateur is not sat-
isfied with a mere ham ticket. He 
obtains, as early as possible, a com-
mercial radio operator's license. 
This opens up numerous opportu-
nities to earn money and experience 
in connection with his college edu-
cation. During the vacation months 
there is a chance not only to earn 
a substantial sum, but to travel as 
well. The ideal vacation occupation 
for the student operator is aboard a 
private yacht. Alternatives include 
tramp steamers, excursion boats, 
shore stations or airway positions. 
Many amusement parks require 
public address operators for the 
summer. 
There are splendid opportunities 

for amateurs to earn money in spare 
time servicing broadcast receivers, 
public address systems, electrical ap-
pliances, talking motion picture 
equipment and even automotive 
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electrical units. Additional money 
can be earned retailing broadcast re-
ceivers on a small scale. 
Returning to the matter of a col-

lege education, possibly the most 
important subject in connection 
with radio is mathematics.  The 
modern physicist, scientist and en-
gineer thinks in terms of mathe-
matics. It is truly said that if one 
understands  higher  mathematics, 
then  "everything  is obvious." 
Aside from the higher mathemat-
ics including advanced algebra, ge-
ometry, quadradic equations and 
calculus, the supplementary subjects 
will depend upon what one intends 
to specialize in. The specialist in 
acoustics will be required to design 
broadcast studios, amplifiers, loud 
speakers and microphones.  The 
prospective tube engineer should 
study metallurgy, chemistry, ther-
modynamics and physics as well as 
electrical engineering. The trans-
mitter and receiver engineers have 
to study high-frequency and ultra-
high-frequency alternating currents 
in addition to electrical engineering. 
The engineering student holding 

one or more degrees and complet-
ing a year or two of graduate study 
specializing in some one branch of 
radio can look forward to imme-
diate employment.  Manufacturers 
are always looking for new, promis-
ing talent, young ambitious men 
that have the proper fundamental 
education. Aside from the manu-
futurers of radio and electronic ap-
paratus, other employment possibili-
ties include motion picture studios, 

communication companies, airways, 
r a di o broadcasting  companies, 
teaching positions and the Civil 
Service openings. 
Patent attorneys also require the 

services of engineers and experts. 
As a matter of fact the student may 
plan to supplement his technical 
education with a law course and be-
come a patent attorney. 
Many foreign governments and 

concerns require the services of 
American radio engineers from time 
to time. The radio engineer with 
a knowledge of one or two foreign 
languages has an advantage when 
such openings occur. Spanish is a 
good language to know in this con-
nection as there is bound to be con-
siderable expansion in South Amer-
ica.  A knowledge of French or 
German enables reading of the 
European  technical  publications, 
permitting one to keep abreast of 
European developments. 
Aside from reading the "ham" 

magazines, the radio amateur should 
read regularly good trade papers re-
lating to electronics, electrical engi-
neering and communication. These 
publications together with books on 
the subject are available in most 
public libraries. 
A real opportunity that every am-

ateur, student or engineer has be-
fore him is the chance to develop 
something new and valuable, an 
improvement that will rate a worth-
while patent. The well-known re-
generative patent was obtained by 
Armstrong while he was still a stu-
dent at Columbia University. 
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RADIO TECHNICAL DIGEST briefly summarizes for its readers the contents 
of leading radio articles in current technical publications, some of 

which may appear later in Radio Technical Digest. 

CORONA  AND IONIZA-
n ow  DETECTION, by H. 
A. Brown and B. H. 
Weston—A small corona 
discharge  existing  in  a 

co mparatively  po werful  Bryan Davis Pub. Co.. Inc. 
r.f. field is difficult to de-  19 E. 47 St., N.Y.C. 
tect.  This  article  de-  25c a copy—$2.00 yearly 
scribes a device which al-  SEPTEMBER, 
lo ws  such  small  corona 

discharges  to  be  found  on  r.f.  ap-

paratus  or  circuits.  The  detection 

unit consists of an r.f. oscillator and 

a three-coil vario meter for balancing 

the effects of r.f. current through two 

of these  coils  so  that  no  energy  is 

transferred to the third coil, which is 

connected to the input of a receiver. 

W hen a test sa mple is placed bet ween 

the oscillator and one of the vario-

meter coils  and  the  position  of the 

coils adjusted for zero signal in the 

receiver  it  is  then  possible  to  de-

ter mine the presence of corona  dis-

charge by raising the output of the 

oscillator  until  a  hiss  or  whistle 

caused by the corona is heard in the 

receiver. 

'AUGUST, 1999 
ELECTRON BEAM DEFLECTION METH-

ODS, by F. Alton Everest—The fifth 

96 

article of a series on the 

funda mentals  of  televi-

sion  engineering.  Both 

electrostatic and electro-

magnetic  deflection  sys-

te ms are discussed in this 

install ment.  Several cir-

cuits are shown  for ob-

1939  tam ing  balanced  sa w-

tooth  deflection  for  use 

with the electronic syste m in cathode-

ray tubes not having a co m mon ter mi-

nal for one horziontal and one vertical 

deflecting plate. M r. Everest finds lit-

tle to choose bet ween the two co m-

monly used syste ms of deflection for 

co m mercial use, with the electrostatic 
syste m being so me what m ore suited to 

the needs of the amateur constructor. 

SOUND MOTION PICTURE FILMS IN 
TELEVISION, PART IV, by John A. 
Maurer—This install ment covers fil m-
scanning equip ment.  After describing 

several  scanning  syste ms  which  re-

quire a certain fihn- fra me speed for 

their operation, the author concludes 

that  there is  need  for a projection 
method that does not have to be op-

erated in synchronis m with the trans-

mitter  scanning  syste m.  The  re-

mainder of the article is given over 
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be s dierueulun of two uon-interarit-
teat 'yetis» which allow the projer-= etas to be electrically and 

y independent  of  the 
transmitter gemming system. 
Tnevaarne Eco • le ifs, P • orT V II. 

Picreass sr Wurs—An 
article describing several 
of the portable pietare 
tram mitters  now  bring 
used In the large news 
end pail a re sere Wes. All 
of the unite deserihrd op-
erate an dueller priori-
ydee with sulanr differ-
m ar t. —  udded  Irv-

. carder frequency and syn 
erremorramsitie. All are de-= be ampied Into ordinary 
lime either through a coup-

ling di or by divert eminection to 
the bilspbasse lac One photo service 
vim a portable transceiver unit width 
may he operated ea either • petere 
t nimanatttet er  reert•orr by  merely 
throwing • bulb* 
A Tr, rcv mow  Reran » ens rue 

Hour, 0 y 1,....14 a Pink —The El*, 
trees,. laboratory television receiver 
modified for home me  flue complete 
reveller. trw-hubny rahhert and refit 
ad, rey tutor.  was built  for rie2 
which nrpreeents a eurseidereltie see-
ing ...re ea slag oussaufaetersid e ra.  
terror,  A  al ai leciéres 
kit gie r k  ell  MI Oces pi es a 
the serious unite mti » go he make 
up the muiplele eicitalky. 
Ins True Tasaion m by limed, 

:Pees,— A  ‘einst  of  a unit 
ninth reutma y reaties the in 

by Dr. Allred N. Goldsmith—This 
part of the eerie* on teleriakm eco-
nomies  coven  numerous  receiver 
problems and practices  Much of the 
article concerns the catty:ale-ray tube 
and its associated circuits. 
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electronics 

54, • rely--
11rGfeepHa 

IY 12 
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terral between exposures 
arid the exposure length 
of  a  motion  picture 
camera for the purpose 
of taking extremely slow 
root ion  pict u m .  Rot h 
operations are controlled 
by  condenser discharge 
rircuita and controls are 
provided an that the In-

terval between exposures may he any 
period from 1/5 second up to I hour. 
while the exposure time may he ad-
justed between 1/10 second and Ill 
minutes. Through the use of a photo-
tube *a • light-controlled resistor In 
the discharge eirruit controlling the 
rioting time of the shutter the shutter 
speed may he autcenatleally rompen 
sated to correspond with different 
amounts of light. 
Ressavrot  limy W ••E  Uteri 

rises, h  W D. MOW!  Wave forma 
of the output eoltage and current of 
a half-ware  rertifier are  analysed 
through the urie of F.-metres aerie. 
nbe author Ands little accurate infor 
motion on half-wave rectifiera ar•11 
able in engineering  textbooks  and 
states that some of that which la 
a•allahle may be incorrect  rtir•er 
are slyest Mowing the behatior of 
ouch  rectibere under 11•• di f!, rent 
rowdiness of operation. 

Ar.,,,. IMO 

T s  se Curn me, by H  J OWWW4 
—A deerripebeis et rea ms type, ef 
"dig« Arndt." In whir* erivisurts we 

vrollere• 'hang, abruptly frees O M 

atibbie •alo• In ormsher stable imbue 
.spna no' rol nita g, nweede s, be 
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comes less than a certain critical 
value. Several complete trigger ar-
rangements are shown along with the 
basic circuits from which they are 
derived. 
APPLYING FEEDBACK To BROADCAST 

TRANSMITTERS, by L. G. Young—A 
rather lengthy article concerning the 
technique of applying feedback to the 
older  type  broadcast  transmitter. 
Both the theory and practical aspects 
of necessary circuit changes are dis-
cussed. Since most of the difficulties 
encountered in this type of applica-
tion are due to phase-shift problems, 
the main portion of the article is giv-
en over to an explanation of the 
proper method of reducing phase shift 
within the feedback loop. Several ex-
amples  of  the  calculations  and 
changes involved add to the article's 

A  CO M PACT  1/4 -K 1V. 
RIO, by Don Mix—De-
scribing a simple trans-
mitter in the medium-
power class. The trans-
mitter is a strictly con-
ventional capacity-coup-
led arrangement using a 

tri-tet oscillator, 807 
buffer-doubler and a 75T 
final amplifier. A minimum of parts 
is used throughout. 
rim SERIES-VALVE NOISE LIMITER, 

ay Dana H. Bacon—A new noise-
limiting arrangement utilizing a series 
diode as the noise limiting element. 
When used with an infinite-impedance 
detector positive peaks up to a cer-
tain value are passed through the 
limiter from cathode to plate because 
of a small positive voltage applied to 
the plate. When the input peaks ex-
ceed the plate potential, however, the 
current flow through the diode ceases 
and it becomes a non-conductor, thus 
giving an effective noise-limiting ac-
tion. For use with detectors in which 
the negative half of the signal Is used 

usefulness. 
COAXIAL LINE I NSTALLATION—I I, by 

J. B. Epperson—This concluding ar-
ticle on coaxial line installation cov-
ers above-surface and below-surface 
installations as well as methods of 
protecting the line from lightning and 
the  resultant sustained  arc often 
caused by flashover of the protective 
spark gaps. 
CONDENSER-LEAD RESONANCE CHART, 

by R. L. Haskins—The usefulness of 
by-pass condensers at radio frequen-
cies may often he increased by choos-
ing condensers which, with their asso-
ciated leads, constitute a series-reson-
ant circuit at the operating frequency. 
The chart covers condensers of from 
.001  fd to 4 µfd and frequencies of 
from 70 cycles to 40 Mc. 
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the connections to the 
noise-diode  elements 
must be reversed. 
THE INFINITE I MPED-

A NCE DETECTOR—A dis-
cussion of the advantages 
a n d disadvantages  o f 
sonic of the more com-
mon second detector cir-
cuits.  The operation of 

diode, plate and infinite-impedance 
detectors is described. A circuit em-
ploying a diode and triode for obtain-
ing both infinite-impedance detection 
and a.v.c. Is shown. 
'1'11E BANn-EncE I:ricsiza, by Regi-

nald Tibbetts—A 100-kc. crystal oscil-
lator with a 50-kc. multivifirator and 
a harmonic amplifier. The unit, com-
plete with power supply, is assembled 
on a single chassis.  Single-ended 
tubes are used throughout. 
THE OSCILI ()SCOPE SHOWS— WHAT!, 

by T. M. Pernil, Jr.—An article de-
scribing how to use an oscilloscope to 
obtain wave-envelop and trapezodial 
patterns and their proper interpreta-
tion. It is shown that each type of 
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pattern has its application in trans-
mitter adjustment and that, for best 
results, both types of patterns should 
be used. Circuits are shown illustrat-
ing the proper method of connecting 
the oscilloscope to the transmitter. 
A COMPACT UNIT-TYPE AMPLIFIER, 

by George W. Shuart—Another of 
the popular part-and-bracket ampli-

fiers. This one uses a pair of HK24's 
and gives an output of 175 watts. 
AN R.F. MATCHING NETWORK FOR 

GENERAL Use, by Warren M. Andrews 
—Describing a simple matching net-
work for matching untuned lines to 
resistive loads. A set of formulas for 
determining the required network in-
ductance and capacity is given. 

SEPTEMBER, 1939 

HETROFIL—AN Am TO SELECTIVITY, 
by  Raymond  W.  Woodward—De-
scribing the use of a Wein bridge to 
balance out heterodyne interference. 
The curves given for the compact (3 
x 4 x 5 inch) unit show an attenua-
tion of nearly 70 db under optimum 
conditions. 
AN ANSWER To THE E.C.O. PROB-

LEM, by Charles D. Perras, Jr.—A 
simple E.C.O. unit using a 6SK7 and 
6V6. The 6SK7 oscillator, in which 
the heater is operated at the same 
r.f. potential as the cathode to mini-
mize the effect of cathode-heater ca-
pacity variations, is tuned to 160 
meters and the 6V6 is used as a 
doubler to the 80-meter band. Two 
temperature-controlled crystals  are 
provided for edge-of-band operation. 
A separate power supply is used with 
a pair of VR-105's being used to sup-
ply a regulated 210 volts to the ex-
citer. 
Hicar-Q TANK Cracurrs FOR ULTRA-

HIGH FREQUENCIES, by Arnold Peter-
son—This article concerns the obtain-
ing of high-C and high-Q tank cir-
cuits through the use of physically un-
conventional inductance-and-capacity 
arrangements. The author shows that 
it becomes extremely difficult to ob-
tain a high-impedance, high-C tank 
circuit at ultra-high frequencies when 
conventional coil-and condenser tanks 
are used. By combining the induc-
tance and capacity in a single unit, 
however, it is possible to realize both 
a high C/L ratio and high impedance, 
with the result that greatly improved 

stability is obtained at these fre-
quencies. 
A PORTABLE-EMERGENCY  UTILITY 

TRANSMITTER, by Louis F. Leuek—A 
small 6-volt-powered transmitter of 
straightforward design.  The trans-
mitter may be operated either from a 
storage battery or a 6-volt, 8-amp. 
transformer. Type 41 tubes are used 
in both the final amplifier and the 
Heising modulator. 
New IDEAS roa TRANsmrrrerts, by T. 

M. Ferrill, Jr.—A high-power buffer-
amplifier of unusual mechanical de-
sign. The electrical arrangement con-
sists of a T-55 buffer and a pair of 
810's as a push-pull amplifier. The 
mechanical design is interesting in 
that a combination of "breadboard" 
and rack-and-panel construction is 
used. The final amplifier and buffer 
are built on both sides of a vertical 
partition mounted at right angles to 
the panel. Thus all components are 
made readily accessible and, at the 
same time, all high-voltage portions 
of the circuit are behind a neat-ap-
pearing panel. 
INCREASED OUTPUT WITH GRID-BIAS 

MODULATION, by J. A. McCollough— 
Describing a method of increasing the 
peak instantaneous plate efficiency of 
a grid-modulated amplifier and thus 
increasing the carrier to efficiency 45 
or 50 per cent. The principal require-
ments of this system are high plate 
voltage and a well-regulated bias sup-
ply which is adjustable over a wide 
voltage range. 
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BETTER 'PHONE OPERATION WITH-
OUT SmaTrza, by J. R. Bain—A sys-
tem of reducing odd-harmonic distor-
tion and the consequent "splatter" in 
class B modulators. Essentially, the 
system consists of shunting the modu-
lation transformer with condensers, 
which, with the transformer leakage 
inductance, form a low-pass filter. 
Methods are shown for measuring the 
transformer inductance and choosing 
the proper size condensers. 
A Flew FEEDER CONSIDERATIONS,. by 

Byron Goodman—Describing the re-
sults of some experiments conducted 

CATHODE MODULATION, 
by Frank C. Jones—De-
scribing  a modulation 
system which shows some 
of the advantages of both 
plate and grid modula-
tion. The principal ad-
vantages claimed for the 
system are ease of ad-
justment, low audio pow-
er requirement, and relatively high 
efficiency. A small transmitter util-
izing the system is shown. 
MODEL AIRPLANE RADIO CONTROL, by 

E. L. Rockwood—A unique system 
airplane remote control which has as 
its main feature a provision for con-
tinuous non-cyclic rudder control. The 
rudder is operated by a small reversi-
ble motor which is so connected that 
when a rapidly keyed signal is re-
ceived the motor tends to alternately 
start in each direction many times a 
minute. The net result of this opera-
tion is that the motor does not turn 
when the intermittent signal is ap-
plied but under full signal or no sie-
nal conditions the motor will turn in 
either one direction or the other. 
COMPACT-H BEAM ANTENNA, by 

John D. Kraus and Harold E. Taylor 
—An H-array in which the horizontal 
length has been reduced considerably 

with a short 600-ohm transmission 
line. The most important fact re-
vealed by the tests is that to eliminate 
all standing waves when a fiat line is 
terminated at taps on a matching stub 
the length of the stub must be altered 
after the minimum standing wave 
point has been found. 
DIVERSITY WITH WHAT You HAVE, 

by S. Gordon Taylor—A simple sys-
tem of obtaining the effect of divers-
ity reception without a special re-
ceiver. Two receivers are used, each 
feeding one earphone on an ordinary 
headband. 
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through the use of %-
wave  2-wire  elements. 
Another application of 
two-wire  elements  is 
shown in a square array 
which requires but little 
space.  Also shown is a 
vertical compact-H array 
in which  provision  is 
made for changing the 

phasing and thus giving two different 
directional characteristics. 
"ROTOLINK" FEED FOR THE CLOSE-

SPACED ARRAY, by IV. IV. Smith—The 
problem of feeding the antenna is a 
major one in the application of rota-
table close-spaced arrays to amateur 
use. This article describes a simple 
inductive coupling system between the 
feeders and the center of a driven 
element having low- radiation resist-
ance. 
THEORY AND DESIGN OF A PRECISION 

FREQUENCY MONITOR, by G. H. Brown-
ing and F. J. Gaffney—Describing an 
accurate frequency monitor applicable 
to amateur usage. Two oscillators 
feeding into a single mixer are used 
in the unit. One of the oscillators 
operates on either 100 or 1000 kc., 
while the other covers the amateur 
bands directly or by harmonics. By 
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using the 100-1000 kc. oscillator as a 
secondary standard and beating the 
amateur-frequency oscillator against 
this standard a high degree of cali-
bration accuracy may be obtained. To 
facilitate  accurate setting of the 
amateur-band oscillator to harmonics 
of the secondary standard a tuning-
eye zero-beat indicator is incorpo-
rated in the unit. 
Suoirr-Ciactrizzo Ultra, Tri m Er-

recr ON Cole EFFICIENCY, by Harrier 
Se:ridge—The results of a series of 

THE DELUXE "Mato-
Monme Rio, by 

Oliver Read and Karl A. 
Kopetzky — The second 
article of the series on 
this mobile transmitter. 
T h e fundamental  me-
chanical  and  electrical 
details of the dial-con-
trolled transmitter are 
covered in this installment. 
RADIO CONTROLLED MODEL SAILBOAT, 

by George McGinnis and Colin Camp-
bell—Describing one of the popular 
11X62 66-Mc. remote-control arrange-
ments. This one is quite similar to 
others of previous design in that it 
uses a rubberband driven escapement 
to operate the sailboat's rudder. The 
control unit is located in an automo-
bile and in normal operation the car 
is driven along the shore so that the 
boat may be kept in sight at all times. 
32-v. POWER SUPPLY FOR THE RURAL 

MAN, by Atria L. Campbell—Obtain-
ing moderately high voltage from a 
32-volt supply has always been some-
what of a problem. This article de-
scribes  a simple  vibrator  supply 
which delivers 400 volts at over 80 
milliamperes. The proper method of 
rewinding conventional power trans-
formers for this service is explained. 

experiments on some representative 
coils to determine the effect of short-
circuited turns on coil Q. A graphical 
representation of the results observed 
is given. 
SIMPLIFIED Ria Cuecicza, by Ernest 

Barker — A description of a sim-
ple unit using one tube and a single 
meter which functions as a combined 
overmodulation indicator and volt-
ohm-milliammeter. The total cost of 
parts is under ten dollars. 
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A New 68 Mc. AIRPORT 
TRANemirrza, by Clifford 
A. Harvey — With the 
radio ranges beginning to 
use ultra-high frequen-
cies this fall, the u.h.f. 
transmitter  gets the 
"commercial touch." Five 
r.f. stages are used in the 
transmitter described, the 

final amplifier being a pair of X HK 
54's. Modulators are another pair of 
HK 54's. The transmitter output is 
100 watts. 
100 Kc.-1000 Xe. Fil m GENERATOR. 

by G. H. Browning and F. J. Gaffney 
—Describing a small dual-frequency 
signal generator which is of use in re-
ceiver alignment. The oscillator sec-
tion employs two separate tank cir-
cuits in a electron-coupled circuit. A 
mixer stage is provided for the pur-
pose of checking the oscillator fre-
quency accurately against W WV. 
A PREBELECTOR FOR THE 1.4-v. HAM 

Supsauvr, by Harry D. Hooton—A 
preselector designed as a companion 
unit to the 1.4-volt superheterodyne 
described in the September issue. A 
screen-grid tickler is used to provide 
regeneration. Coil data is given for 
complete-coverage coils from 10 to 
270 meters. 
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T HE DELUXE "DIALOMATIC" M OBILE 
Rio, by Oliver Read and Karl A. Ko-
petzky—The first article of a series 
describing a dial-controlled mobile 
transmitter. This installment describes 
the 802 optional e.c.o.—crystal oscil-
lator which is mounted near the driv-
er in the car and the dial control sys-
tem used. 
1.4-v. HAM SUPERHET, by Harry D. 

Hooton—A  5-tube superheterodyne 
designed for complete coverage of the 
short-wave spectrum from 10 to 200 
meters. Tube lineup is 1A7G mixer 
1A5G oscillator, 1N5G i.f. amplifier, 
1N5G detector and 1A5G audio out-
put. Sensitivity and selectivity are in-
creased by the use of regeneration in 

RECEIVER  TRENDS  FOR 

1940, by Henry Howard 
—A discussion of im-
portant receiver develop-
ments for 1940. The au-
thor finds no major inno-
vations  in  the new 
models. Motor tuning has 
disappeared except in the 
most expensive models. 
Nearly all models have push-button 
tuning of some sort, however. Some 
models use metal cabinets, while one 
manufacturer has moulded an entire 
chassis, including sockets and trim-
ming and padding condensers. A few 
midget home sets are appearing with 
handles to allow them to be moved 
from room to room easily. 

both the mixer and detector stages. 
1940 RADIO NE WS  "ALL  PURPOSE" 

T wissir ma-REcsivra, by Karl A. 
Kopetzky and Oliver Read—The con-
cluding article of a series on this 
transmitter. The final assembly of the 
various units is discussed and the 
power control circuits described. A 
two-page diagram of the complete 
transmitter is given. 
TINIEST HABI RECEIVER, by Edward 

Lindberg—Describing a "miniature" 
receiver covering the 9.5- to 700-meter 
range. The receiver is a.c. operated, 
using a 6K7 regenerative detector and 
a 6C5 audio stage. The rectifier is a 
6H6. Tube-base coils are used. 
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CONVERTING  BATTERY 
SETS TO 1.4 VOLT Tuaxs, 
by Leland S. Hicks — 
There is opportunity for 
profit for the service-
man, as well as an op-
portunity for increased 
operating economy  for 
the customer, in changing 
some of the later-model 

two-volt receivers over to the new 1.4 
volt series. Equivalent tube types in 
the two series are given as well as 
several diagrams showing the changes 
necessary to replace some of the 
double-diode two-volt types with the 
1.4-volt H5G single 'lliode. 

• 
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