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NBC studio 8H in New York City, showing _sound-
diftusive construction of walls and ceilings.

SYNTHETIC REVERBERATION

By DAVID FIDELMAN

The persistence of sound due to multiple reflections gives rise

to certain characteristics which may be produced synthetically.

HEN sound is heard in a room

or auditorium, one of the most

important factors affecting its
quality is the acoustical reflecting qual-
ity of the room. As the sound starts,
its intensity does not immediately reach
maximum, because it takes an appre-
ciable time for some of the sound to
reach the walls and undergo one or
more reflections before reaching the
listener. The intensity reaches its max-
imum when the steady-state condition
is attained—the listener hearing both
the direct and the reflected sounds at
the same time. After the sound stops, it
also takes an appreciable time for var-
ious reflections to be completely ab-
sorbed so that they can no longer be
heard. If familiar sounds are heard
without these reflections, as in a room
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with completely sound-absorbing walls,
they sound unnatural.

This persistence of sound due to
multiple reflections is called reverbera-
tion. It is different from an echo in
that it consists of a large number of
reflections which blend evenly with
one another and with the original
sound, whereas an echo is just the
sound from a single reflection after a
small time delay. The number of re-
flections, their time and amplitude dis-
tribution, their frequency distribution,
and their distribution in space are func-
tions of the room itself—and it is
these reverberation characteristics
which determine the acoustic proper-
ties of any room, auditorium or theater.

The reverberation time of a room
has been defined as the time required
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for the intensity of a steady sound to
decrease 60 db. after the source has
been stopped. This time of decay, and
the exact nature of the sound decrease,
are determined by the geometry of the
room, the position of the walls and
other reflecting surfaces, and the amount
of reflection from these surfaces.

The optimum reverberation time de-
pends upon many factors—the most
important being the volume of the
room, and the type of program ma-
terial which is being heard. There is
no theoretical scientific basis for the
choice of desirable reverberation times,
but experience has shown what is most
pleasing to the ear, and standards have
thus been determined subjectively.
Early experience with broadcast studios
has shown that when there is no re-
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Fig. 1. Optimum reverberation times for
rooms of various sizes. A—auditoriums
and theaters; B—broadcast studios,
music; C—broadcast studios, speech.
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Fig. 2. Use of a time delay unit
to give synthetic reverberation.

verberation the room gives a dull, life-
less effect to sounds. However, when
there is too much reverberation, the
energy from successive sounds tends
to overlap and reduce intelligibility.
As a result of numerous listening
tests, the optimum reverberation times
of various size rooms, for frequencies
from 500 to 1000 cycles per second, have
been found to be those shown in the
curves in Fig. 1. Curve A shows the
values for auditoriums and theaters,
where the sound is produced and lis-
tened to in the same room. Curves B
and C are the desired reverberation
times for broadcast and recording stu-
dios, where the sound is produced in
the studio and heard in another room—
Curve B giving the values for music,

and Curve C for speech. The reverbera-
tion in the broadcasting studio should
be less than in rooms and auditoriums
where the sound is heard directly,
since the reverberation of the listening
room must also be considered.

The optimum reverberation time as a
funetion of frequency, relative to the
1000 cycle value, is shown in Fig. 3.
Curves A and B show two different
curves which have been recommended
—curve A the result of the most re-
cent investigations, and curve B the
previously accepted standard. Curve C
shows the desired curve for radio stu-
dios used for broadcasting speech,
which represents a special case. Such
a studio should have little reverbera-
tion and a flat frequency character-
istic, as shown, since it should neither
add nor detract from the speaker’s
voice, which on reproduction in the
home should sound as though he were
actually present in the room.

The problems of designing rooms and
auditoriums for good acoustic proper-
ties increase when the rooms are to be
used for a variety of different program
materials, as in broadcast studios and
in many auditoriums. A good solution
to these difficulties is offered by the use
of electronic synthetic reverberation sys-
tems. Synthetic reverberation consists
of permitting the listener to hear the
original sound exactly as it occurs, but
to produce the reverberation synthetical-
ly in some device other than the room
in which the sound originates. Ideally,
by using a device in which any de-
sired type of reverberation effect could
be produced, the rqom in which the
sound is produced would be treated to
render it acoustically inert, so that
it would produce no sound reflections or
reverberation. All reverberation effects
would then be created in the synthetic
reverberation unit, and the listener
would hear a combination of the direct
sound originating in the room and the
reverberation produced elsewhere syn-
thetically. For example, in radio broad-
casting the direct sound would be
picked up by the microphone, reverbera-
tion added synthetically, the two sig-

Fig. 3. Optimum reverberation time as a function of frequency:
A—Ilatest standard; B-—previous standards; C—speech broadcast.
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nals mixed in the proper proportion,
and the combined signal then broadcast.
In an auditorium the entire room would
be made sound absorbing so that the
audience would hear only the original
sound directly, and a microphone used
as a pickup for reverberation produc-
tion, which would then be transmitted
from loudspeakers situated at various
positions around the auditorium,

Such a system might have a number
of important advantages. First, of
course, would be the obvious saving in
space and money which would other-
wise be required for obtaining the prop-
er acoustics architecturally. In ve-
cording and radio broadcasting it is
often desirable to obtain the acoustics
of a large auditorium or concert hall,
which are not generally found in the
average broadcast studio. Often, also,
a single studio must be used for a
variety of programs requiring widely
different acoustic conditions—which
cannot conveniently be achieved by
architectural control. On the other
hand, electronic synthetic reverberation
systems are so versatile that they can
produce synthetically a counterpart of
practically any interior. In addition,
they might even produce the equivalent
of a space pattern more satisfying than
might be produced architecturally.

Many different approaches have been
made toward the design of synthetic
reverberation systems, and many dif-
ferent types have been in use for vari-
ous applications over a period of years.
The different types of design all aim
at one important factor — to achieve
a time delay in transmission of the
audio signal which will be sufficiently
great to be used for reverberation pur-
poses. Once this delay has been achieved,
it can be used to give a reverberation
effect as shown in Fig. 2. Part of the
input (which is an audio signal con-
taining no reverberation) is applied
through a suitable equalizer to the
time delay unit. As the diagram indi-
cates, there should be available outputs
from the delay unit having several-dif-
ferent time delays. The simple intro-
duction of a single small time delay
does not produce reverberation, but a
single echo. To give the effect of rever-
beration it is necessary to have the re-
flection repeated many times (perhaps
as many as 40 or more) with decreas-
ing amplitude, and the time between
the successive reflections must be short
enough so that the individual reflections
will not be distinguishable. In the basic
u.nit shown, the various outputs of the
time delay unit should be separated by
times of the order of 10 to 20 milli-
seconds. They can then be combined
through suitable mixing networks, am-
plified if necessary, and sent through
the time delay unit again to give further
reflections. In this manner the desired
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effect of many successive reflections
of decreasing amplitude can be attained
to any desired degree.

Many different methods have been
used for obtaining the required time de-
lay. These include acoustic, electrical
and mechanical delay lines, and simple
mechanical motions. Although all of
these methods are more or less capable
of giving the desired result, the most
practical and widely applied are those
using acoustic delay and simple me-
chanical motions for the required time
delay.

Acoustic time delay

In the past the most widely used
method of time delay for synthetic re-
verberation {(especially in motion-pic-
ture recording and radio broadcasting
studios) has been the type of acoustic
time delay known as the echo chamber.

The echo chamber consists generally
of a large empty room of 10,000 or
more cubic feet in which loudspeakers
are placed for introducing sound, and
microphones for picking up the rever-
beration. The walls are generally cov-
ered with glazed hard-surface materi-
als (such as sheet rock, or hard-surface
masonite covered with a hard paint),
the floors of painted wood or cement,
and the reverberation time is between
2 and 5 seconds.

Reverberation control with such echo
chambers is accomplished by sending
any desired part of the signal through
them before recording or broadecasting.
A typical setup for performing this
functioni is shown in Fig. 5. One bank
of mixers and attenuators is used for
the sound which is not to have reverber-
ation added. The signal from bank 1
is then amplified and sent to the echo
chamber, as well as directly — the pre-
mixing being done so that only one
chamber is necessary. The output of
the echo chamber is then amplified and
combined with the direct signal to the
desired amount.

With the use of good quality loud-
speakers and microphones, quite good
results are obtained with the use of echo
chambers. However, they are not prac-
tical for very extensive use since they
require considerable space, are expen-
sive, and do not possess any great flex-
ibility in variation of their character-
istics.

Another type of acoustic time delay
system, which has overcome the major
disadvantages of the echo chambers,
makes use of a long narrow pipe with
a loudspeaker at one end and a miero-
phone at the other. The essential units
of this system are shown in simplified
form in Fig. 8, and may be compared
with the requirements of the basic sys-
tem as shown in Fig. 2. Part of the in-
put signal goes directly through a
switch and a mixing coil to the output

NOVEMBER, 1950

Fig. 4. Magnetic tape reverberation

of the channel, and part goes through
an amplifier to the input of the time
delay section. This time delay section
consists of three lengths of pipe into
which sound is applied by two loud-
speaker units, with microphones so ar-
ranged that sound is picked up after it
has traveled distances of 25, 50, 75 and
100 feet. Thus there are four separate
time delays of approximately 0.023,
0.046, 0.069, and 0.092 second between
the input sound and the signal received
at the various microphones. The output
signal from these microphones is then
amplified and combined, then further
amplified and equalized before being
combined with the output.

In order to obtain greater time de-
lay without the necessity of going to
excessively long lengths of pipe, part

unit of the type described in Fig. 6.

of the delayed signal is fed back to
the input and sent once again through
the 100-foot length. This process can
be repeated as many times as necessary
to give the desired total reverberation.
Each time the first four delayed signals
traverse this circuit four new reflec-
tions appear at the channel output, re-
sulting in successive groups of four
reflections in each group. The setting
of the attenuator in the feedback cir-
cuit determines the decay between each
group of four reflections, and therefore
the total reverberation time.
Considerable  frequency - response
equalization is necessary in order to
compensate for the transmission de-
ficiencies of the pipes, and there must
be very careful acoustic impedance
matching from the loudspeakers and

Fig. 5. Setup for using echo chamber to add synthetic reverberation in recording.
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Fig. 7. Synthetic reverberation system
using photoelectric recording of signal.

microphones to the pipe. Reverberation
times of better than 38 or 4 seconds can
readily be obtained with this unit, and
it is quite flexible in operation. Since
the pipes can be coiled up to save space,
the entire unit is capable of being
mounted in a single large relay rack.

Mechanical time delay

The most economical and most prac-
tical method of producing synthetic re-
verberation is by use of mechanical
time delay, primarily because the times
involved can so readily be attained by
simple mechanical motions. For exam-
ple a phonograph record turning at 78
r.p.m. makes 114 revolutions in one

Fig. 6. Use of magnetic recording to give time delay for synthetic reverberation.

second, therefore a sufficient number of
pickups placed along the groove can
give the time delay required for re-
verberation effects. A system of this
type has actually been suggested, but
has not been used to any extent be-
cause of the obvious difficulties and in-
conveniences of recording on dises and
picking up the recorded signal by as
many as four or five pickups.

However, several other units have
been designed which make use of the
principle of time delay by a simple me-
chanical motion, but use methods of
signal injection and pickup which are
simpler and more flexible in their ap-
plications. One method makes use of
optical recording on a phosphor-coated
disc, while a number of later ones use
magnetic recording on wires and tapes.

The principles of operation of the
electro-optical time delay system are
shown in the diagram of Fig. 7. A
rotating disc whose rim is coated with
fluorescent material serves as the re-
cording medium. The sound signal is
recorded on the edge of this disc by
means of a modulated light source and
a simple optical system, and the signal
is picked up at later points along the
path of rotation by photocells through
their associated optical systems. Since

Fig. 8. Synthetic reverberation system using long pipes as acoustical delay lines.
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the light from a fluorescent material
decays logarithmically an effect similar
to reverberation is obtained—with the
effective reverberation time depending
upon both the speed of rotation of the
disc and the decay characteristics of
the phosphor.

The development of magnetic record-
ing techniques has permitted a consid-
erable simplification in mechanical
time-delay reverberation units, since
signals can be recorded and erased with
great ease. By use of the latest design
developments in magnetic recorders,
a simple and compact mechanical time
delay unit using magnetic tape as the
recording and signal storage medium
can be inserted directly as the time de-
lay unit in the basic reverberation sys-
tem shown in Fig. 2. Such a unit can
be set up to perform all the functions
of any of the other time delay systems
which have been described, with a
considerable saving in space, conven-
ience and flexibility of operation.

The basic principle of the magnetic
recording system as it is applied to the
time delay function is shown in Fig. 6.
The signal to be delayed is applied to
the recording head, which records it
upon the moving tape. At spaces along
the path of motion of the tape are
placed the pickup heads, the spacing
being chosen according to the speed of
the tape and the desired time delay
between successive reflections. Since
the desired time delay between reflec-
tions is of the order of 10 to 20 milli-
seconds and not greater than about 50
milliseconds if separate reflections are
not to be heard instead of reverbera-
tion, the tape must move quite rapidly
and the recording and pickup heads
placed quite close together. (A typical
time delay of about 25 milliseconds with
a spacing of about one inch would re-
quire the tape to be moving at a speed
of 40 inches per second.) One of the
greatest advantages of the magnetic
tape sytem is that the signal can be
erased, which permits a considerable
simplification in the equipment by the
use of an endless belt of tape so that
no recording material need be inserted
or removed until the tape breaks. In
early units of this type the click caused
by the tape joint presented a problem,
and switching methods were required to
cut off the output during the time the
joint passed through the pickup heads.
However, at the present time the splic-
ing of magnetic tape has become a sim-
ple procedure and this problem is no
longer a very important one.

The rest of the magnetic reverbera-
tion unit is the same as the basic sys-
tem of Fig. 2, with suitable attenuat-
ors and frequency-response equalizers
to give the desired reverberation time

(Continued on page 26A)
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Refinements in a basic ampliifier are described,

including a cross-coupled input circuit, balanced

output, and improved preamplifier and equalizer.

a referenced article appeared in

this publication describing an un-
usual audio amplifier.* The most unique
characteristic of this circuit was its
ability to operate with either beam
power tetrodes or triodes as power
output tubes. These tubes were directly
interchangeable without circuit adjust-
ments. Although this feature was inter-

SOMEWHAT more than a year ago

esting and may have served to settle

some arguments, the remarkable fre-
quency response range and extremely
low distortion achieved were of more
basic importance. Frequency response
extended from below ten to over 200,000
c.p.s. within 1.5 decibels. Intermodula-
tion distortion with either tube type
was shown to be less than 19 at five
watts using 100 and 7000 cycles per
second mixed four to one as a signal
source. At ten watts for the triodes
and 16 watts for the beam power tet-
rodes intermodulation was less than
five per-cent. At that time this ampli-
fier was believed to approach ideal per-
formance characteristics so closely that

*Goodell, John D. and Fritze, Curtis W., “An
Unusual Audio Amlifier,” RADIO-ELECTRONIC
ENGINEERING, March, 1949.
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further design work on such circuits
was discontinued.

Experience with a large number of
these units in operation as laboratory
standards, in radio and recording stu-
dios and high quality music systems
proved these conclusions to be valid.
In some applications it was found that
greater flexibility with respect to input
and output facilities would be advan-
tageous. For example, it would be con-
venient for the amplifier to be capable
of handling either a balanced push-pull
input, a single ended input or input
mixing of two signal sources. A bal-
anced line output completely isolated
from the balance of the circuits was
desired in some instances. Many other
circuit improvements were suggested
and the entire amplifier was analyzed
carefully stage by stage. The result is
a new version that is actually superior
in laboratory measurements. From the
standpoint of listening tests under the
most critical and rigorously controlled
conditions with a variety of high qual-
ity associated equipment, it has not
been possible to observe any improve-
ment in music reproduction that could
be recognized with sufficient consistency

ENGINEERING DEPT.

Top chassis view showing conmirols
and component location in the AB-5
amplifler and preamplifier driver.

to warrant conviction of superiority in
this design. It does provide greater
flexibility for special applications, and
for high quality music systems a suit-
able preamplifier driver has been de-
signed.

Through correspondence with users of
the original amplifiers and from field
experience with a large number of in-
stallations it was determined that with
a few isolated exceptions the amplifier
was used exclusively with beam power
tetrodes. It was decided that the inter-
changeability of the output tubes was
not of sufficient practical value to war-
rant retention in the new design. This
made possible the use of a special feed-
back loop from a push-pull secondary
winding on the output transformer con-
nected in the cathode circuit of the out-
put power stage. Thus the previously
used feedback loop from the loaded
secondary could be eliminated. This in-
creases the power handling capabilities
at very high frequencies and permits
isolation of the loaded secondary from
the chassis ground. It is possible that
the new design could be adapted to
triodes, but no reason for doing so dis-
courages design work along these lines.

As previously indicated, the initial
consideration in the new design was to
provide greater flexibility of input cir-
cuits. It was also desired to increase
the gain so that an input of approxi-
mately one volt would drive the ampli-
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Fig. 7. Synthetic reverberation system
using photoelectric recording of signal.
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microphones to the pipe. Reverberation
times of better than 3 or 4 seconds can
readily be obtained with this unit, and
it is quite flexible in operation. Since
the pipes can be coiled up to save space,
the entire unit is capable of being
mounted in a single large relay rack.

Mechanieal time delay

The most economical and most prac-
tical method of producing synthetic re-
verberation is by use of mechanical
time delay, primarily because the times
involved can so readily be attained by
simple mechanical motions. For exam-
ple a phonograph record turning at 78
r.p.m. makes 14 revolutions in one

Fig. 6. Use of magnetic recording to give time delay for synthetic reverberation.

second, therefore a sufficient number of
pickups placed along the groove can
give the time delay required for re-
verberation effects. A system of this
type has actually been suggested, but
has not been used to any extent be-
cause of the obvious difficulties and in-
conveniences of recording on dises and
picking up the recorded signal by as
many as four or five pickups.

However, several other units have
been designed which make use of the
principle of time delay by a simple me-
chanical motion, but use methods of
signal injection and pickup which are
simpler and more flexible in their ap-
plications. One method makes use of
optical recording on a phosphor-coated
disc, while 2 number of later ones use
magnetic recording on wires and tapes.

The principles of operation of the
electro-optical time delay system are
shown in the diagram of Fig. 7. A
rotating disc whose rim is coated with
fluorescent material serves as the re-
cording medium. The sound signal is
recorded on the edge of this disec by
means of a modulated light source and
a simple optical system, and the signal
is picked up at later points along the
path of rotation by photocells through
their associated optical systems. Since

Fig. 8. Synthetic reverberation system using long pipes as acoustical delay lines.

oN
INPUT SIGNAL HYBRID
MIXING OUTPUT SIGNAL
{ —] coi
AMPLIFIER
| |
EQUALIZER| |
1 anp | |
aweLirier] | ]
: i
]
| | AMPLIFIER ]
MIXER | AND AMPLIFIER [ EQUALIZER }o—
i | MIXER
ampLipEr] | 100 FT— | faupires
AND AND . b
covaLizer| | |t wixen
I |
(FEEDBACK PATH)

6A

ENGINEERING DEPT.

the light from a fluorescent material
decays logarithmically an effect similar
to reverberation is obtained—with the
effective reverberation time depending
upon both the speed of rotation of the
dise and the decay characteristics of
the phosphor.

The development of magnetic record-
ing techniques has permitted a consid-
erable simplification in mechanical
time-delay reverberation units, since
signals can be recorded and erased with
great ease. By use of the latest design
developments in magnetic recorders,
a simple and compact mechanical time
delay unit using magnetic tape as the
recording and signal storage medium

can be inserted directly as the time de- |

lay unit in the basic reverberation sys-
tem shown in Fig. 2. Such a unit can
be set up to perform all the functions
of any of the other time delay systems
which have been described, with a
considerable saving in space, conven-
ience and flexibility of operation.

The basic principle of the magnetic
recording system as it is applied to the
time delay function is shown in Fig. 6.
The signal to be delayed is applied to
the recording head, which records it
upon the moving tape. At spaces along
the path of motion of the tape are
placed the pickup heads, the spacing
being chosen according to the speed of
the tape and the desired time delay
between successive reflections. Since
the desired time delay between reflec-
tions is of the order of 10 to 20 milli-
seconds and not greater than about 50
milliseconds if separate reflections are
not to be heard instead of reverbera-
tion, the tape must move quite rapidly
and the recording and pickup heads
placed quite close together. (A typical
time delay of about 25 milliseconds with
a spacing of about one inch would re-
quire the tape to be moving at a speed
of 40 inches per second.) One of the
greatest advantages of the magnetic
tape sytem is that the signal can be
erased, which permits a considerable
simplification in the equipment by the
use of an endless belt of tape so that
no recording material need be inserted
or removed until the tape breaks. In
early units of this type the click caused
by the tape joint presented a problem,
and switching methods were required to
cut off the output during the time the
joint passed through the pickup heads.
However, at the present time the splic-
ing of magnetic tape has become a sim-
ple procedure and this problem is no
longer a very important one.

The rest of the magnetic reverbera-
tion unit is the same as the basic sys-
tem of Fig. 2, with suitable attenuat-
ors and frequency-response equalizers
to give the desired reverberation time

(Continued on page 26A)
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An
mproved

AUDIO

»
’

MPLIFIER

By CURTIS W. FRITZE
and JOHN D. GOODELL

Minnesota Electronics Corp.

Refinements in a basie amplifier are described,
including a cross-coupled input circuit, balanced

output, and improved preamplifier and equalizer.

4 OMEWHAT more than a year ago
S a referenced article appeared in
this publication describing an un-
usual audio amplifier.* The most unique
characteristic of this circuit was its
ability to operate with either beam
power tetrodes or triodes as power
output tubes. These tubes were directly
interchangeable without circuit adjust-
ments. Although this feature was inter-
esting and may have served to settle
some arguments, the remarkable fre-
quency response range and extremely
low distortion achieved were of more
basic importance. Frequency response
extended from below ten to over 200,000
¢.p.s. within 1.6 decibels. Intermodula-
tion distortion with either tube type
was shown to be less than 19 at five
watts using 100 and 7000 cycles per

. second mixed four to one as a signal

source. At ten watts for the triodes
and 16 watts for the beam power tet-
rodes intermodulation was less than
five per-cent. At that time this ampli-
fier was believed to approach ideal per-

| formance characteristics so closely that

[ ]

"

*Goodell, John D. and Fritze, Curtia W.. "An
Unusual Audio Amlifier,” RADIO-ELECTRONIQ
ENQINEERING, March, 1949,
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further design work on such circuits
was discontinued.

Experience with a large number of
these units in operation as laboratory
standards, in radio and recording stu-
dios and high quality music systems
proved these conclusions to be valid.
In some applications it was found that
greater flexibility with respect to input
and output facilities would be advan-
tageous. For example, it would be con-
venient for the amplifier to be capable
of handling either a balanced push-pull
input, a single ended input or input
mixing of two signal sources. A bal-
anced line output completely isolated
from the balance of the circuits was
desired in some instances. Many other
circuit improvements were suggested
and the entire amplifier was analyzed
carefully stage by stage. The result is
a new version that is actually superior
in laboratory measurements. From the
standpoint of listening tests under the
most critical and rigorously controlled
conditions with a variety of high qual-
ity associated equipment, it has not
been possible to observe any improve-
ment in music reproduction that could
be recognized with sufficient consistency

ENGINEERING DEPT.

Top chassis view showing controls
and component location in the AB-§
amplifier and preamplifier driver.

to warrant conviction of superiority in
this design. It does provide greater
flexibility for special applications, and
for high quality music systems a suit-
able preamplifier driver has been de-
signed.

Through correspondence with users of
the original amplifiers and from field
experience with a large number of in-
stallations it was determined that with
a few isolated exceptions the amplifier
was used exclusively with beam power
tetrodes. It was decided that the inter-
changeability of the output tubes was
not of sufficient practical value to war-
rant retention in the new design. This
made possible the use of a special feed-
back loop from a push-pull secondary
winding on the output transformer con-
nected in the cathode circuit of the out-
put power stage. Thus the previously
used feedback loop from the loaded
secondary could be eliminated. This in-
creases the power handling capabilities
at very high frequencies and permits
isolation of the loaded secondary from
the chassis ground. It is possible that
the new design could be adapted to
triodes, but no reason for doing so dis-
courages design work along these lines.

As previously indicated, the initial
consideration in the new design was to
provide greater flexibility of input cir-
cuits. It was also desired to increase
the gain so that an input of approxi-
mately one volt would drive the ampli-
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Fig. 1. (A) Standard equaliz=tion curve, and (B) LP equalization curve.

fier to full output. In the earlier design
three volts of input signal was required.
The cross coupled phase inverter origi-
nally described in RADIO-ELECTRONIC
ENGINEERING, November, 1948, was
investigated and incorporated with
certain modifications of the values in
terms of minimum intermodulation.
It was also necessary to adjust the
circuits in order to provide a suitable
return point for the feedback loop
from the output transformer. In this
circuit V. and V. are cathode followers.
The cathode of V. is connected through
a suitable bias resistor to the cathode
of V.. The grid of V, is cross coupled
to the cathode of V. Similarly the
cathode of V, is connected through its
cathode bias resistor to the cathode of

V. and its grid is eross coupled to the
cathode of V.. Hence the signal appear-
ing across the cathode loads of cathode
followers V, ard V. appears as the
siznal voltage for V, and the same
voltage shifted 180 degrees is the signal
voltage for V.. Any signal appearing
across the cathode load of V., or V.
appears as a signal of suitable phase
at the grids of V; and V.. Any signal
applied to the input of either cathode
follower appears as an output of the
phase inverter. This signal may ke
applied single ended to one of the
follower grids, a push-pull balanced
input applied to both grids simulta-
neously, or two signals from different
sources applied one to each grid. The
circuit has the advantage of an ex-

tremely high effective input impedance
as a result of the cathode follower
action, as well as relatively high gain
from the second stage push-pull high
mu triodes. The stage is direct coupled
with low values of resistance and has
no theoretical low frequeney limitation
as well as exceptionally good response
at very high frequencies.

The third stage of the amplifier con-
sists of two 6SJ7’s pentode connected
as high gain push-pull drivers. These
tubes were chosen for their gain and
high output voltage capabilities. A
small portion of the load resistance is
inserted in the cathode circuits. This
increases the input impedance at high
frequencies, provides current degenera-
tion and a convenient tap for the direct
coupled feedback loop from the plates
of the output tubes. The next stage is
a push-pull cathode follower stage used
to provide a high input impedance for
the power amplifier. The output im-
pedance of the cathode follower circuit
is approximately

Z =1/ (1 + By
very close to 500 ohms. Thus the re-
flected input impedance of the 6L6’s
has essentially no effect on the driver
stages.

The output stage is a pair of 6L6
push-pull beam power tetrodes with
direct coupled feedback from the 6L6
plates to the cathodes of the 6SJ7’s.
The 6L6 cathodes are connected to the
feedback winding on the output trans-
former. Bias is obtained by means of
a cathode bias resistor from the center

Fig. 2. Complete circuit diagram and component values for the AB-5 preamplifier-driver.
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tap of the feedback winding. A third
feedback loop including the entire cir-
cuit is taken from the output trans-
former feedback winding to the input
cathode followers. All of the feedback
loops are direct coupled so that fre-
quency diserimination is minimized.
A similar amplifier with no feedback
would have a gain of approximately
40,000 to the plates of the output tubes.
This amplifier has a gain of 400. The
degenerative voltage feedback is thus
calculated in the region of forty de-
cibels. Ordinarily this large amount
of feedback is difficult to obtain with-
out tendencies toward oscillation. In
this amplifier the fact that the feed-
back loops are direct coupled and
balanced through the entire push-pull
circuits eliminates this problem and
no oscillation occurs at any frequency
under any load conditions.

The 6U5 electron ray tube provides
a unique method of observing condi-
tions of overload or serious unbalance
caused by tube failure. Under normal
conditions of operation no voltage
appears at the grid of the 6U5 except
for unbalanced transients. The signal
is controlled by balanced resistors from
the plates of the output tubes, and un-
less there is unbalance the inputs can-
cel. An unbalanced condition will pro-
duce a strong signal to the grid of
the 6U5 and the visible indication will
flutter wviolently. This effect may be
checked by removing one of the driver
or output tubes and observing the indi-
cator tube. Some motion of the indicator

Wiring and component placement for the AB-5 amplifier and preamplifier driver.

tube pattern may be expected as a
result of slight unbalance inherent in
the signal or from stray wiring capac-
itance during normal operation, but
this is easily distinguished from a con-
dition that indicates serious trouble.
Operating at relatively low levels it is
quite astonishing to observe how little
difference there is in the audible result
from removing one of a pair of push-

pull output tubes in a well-designed
circuit, and this indicator arrange-
ment often saves a good deal of guess-
work when the unbalance is audibly
questionable.

In all of the circuits it is necessary
to pair the “mirrored” resistors within
approximately 1%. If this is accom-
plished with care minor unbalances

(Continued on page 30A)

Fig. 3. Complete circuit diagram and component values for the AB.5 power amplifier.
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By A. K. CHATTERJEE and G. H. FETT
Dept. of Electrical Engineering, U. of Illinois

Specially constructed characteristic curves permit distortion
analysis in the presence of cither voltage or current feedback.

P T IS generally known that feed-
back in an amplifier can be used to
decrease nonlinear  distortion. It

has been shown that under certain con-

ditions the decrease in distortion is pro-
portional to the magnitude of the quan-
tity 1/(1 — KB), where K is the ampli-
fier gain without feedback and B is the
feedback factor. However, the mere fact
that the amplifier does have nonlinear
distortion means that the method by
which the improvement is calculated
is questionable, for that calculation is
based upon linear circuit theory. It is
true that the error is small under most
conditions because the amount of dis-
tortion is small in the first place. When
the output approaches the overload point
the error will be large. This fact sug-

Fig. 1. Plate diagram. Dotted lines are equivalent
characteristics to account for voltage feedback.

gests that a graphical analysis will
prove helpful in solving the problem. In
making this analysis some other inter-
esting points will also be discussed.

A graphical analysis is possible if the
feedback network can be conceived as
a component of the tube, and the tube
characteristics are altered to produce
an equivalent tube. A set of modified
plate characteristics of the vacuum tube
will enable the engineer to not only
determine graphically the equivalent
tube characteristics but also to find the
magnitude of the distortion.

Let the amplifier with feedback be
represented by the simplified diagram
of Fig. 3. The diagram leaves out the
details of the network so that attention
is focused on the general method. The

Fig. 2. Plat

plate diagram of the vacuum tube, the
plot of 7, as a function of e, for various
values of grid voltage e., is shown by
the solid lines of Fig. 1. Now the input
voltage e, and the grid voltage e, differ
because of the feedback voltage e, and
the bias voltage E... It will be our prob-
lem to relate e; and 7.

(a) Voltage feedback

Suppose that the feedback voltage is
given by:

€y — B e,

where B is the feedback factor. The
grid voltage e. is a combination of all of
the voltages of the grid circuit, or

ec=FE.. +e +ep=E.. + e, 4+ Bes
The sign of B can be positive or nega-
tive depending upon the network con-

(Continued on page 31A)

e diagram. Dotted lines are equivalent

characteristics to account for current feedback.
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HE application of strain gauges

I to numerous industries has been

delayed through a lack of know-
ledge of where and how to apply strain
gauge equipment for an economic solu-
tion to perplexing problems.

Strain gauges are not a cure-all,
but in their place have proven a power-
ful aid to the engineer in his search
for methods of determining load dis-
tribution in eomplex structures. It is
a maxim that measuring equipment by
its very nature must disturb the true
condition surrounding any phenomenon,
but the size and weight of the strain
gauge is generally so small in compari-
son with the tested structures that
its effect may safely be ignored. The
strain gauge consists of a strand (or
multi-strands) of resistance wire in
intimate contact with the metal strue-
ture. It is cemented to the structure
solidly enough so that any change in
length of the structure material (<. e.,
strhin) will change the length and
diameter of the gauge wire and conse-
quently its resistance. This change of
resistance is then interpreted and re-
corded in terms of strain (dS), stress
(p.s.i.), bending or deflection (inches),
total load in pounds, or any of a num-
ber of functions when employed with
a transducer for measurements.

This article will endeavor to answer
questions on the installation and the
calculations required to determine
strain or stress in a member; it will
not be concerned with mathematical
analysis of structure stresses, but
rather the methods used to determine
the strain in an element of a complex
structure.

Where force rings or links may be
employed, relatively simple equipment
may be constructed to indicate load,
either in compression or tension.’
However, it is quite impractical to use
this sort of equipment on a completed
structure. Not only this, but it is
usually impossible to “calibrate” a
completed structure. Thus, when strain
gauges are applied to the structure,
it is necessary to be able to directly
read strain without any preliminary
calibration by test loading. This can
be accomplished with fairly high ae-
curacy, strain indications generally
being within 2 to 5% of the true value.

The strain gauge should be applied
to an element or structure before any
load is applied or it cannot indicate
true total load or strain, but only the
change in any existing load, after the
gauge has been cemented in place.

The cross section area of the ele-
ment need not be known to determine
how close it is to the failure point, as
the strain itself will indicate this, but
it is necessary to know the cross sec-
tion where qualitative load values are

NOVEMBER, 1950
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Instrumentation of a valve to determine stresses.

STRENY and STRAIN
DETERMINATION

By ALVIN B. KAUFMAN

Installation and calculations required to

determine stress or strain in a member.

required. The strain will indicate the
p.s.i. loading, but not the total load in
pounds. Even here, the cross section
area may be ignored where, as in a
building, the H beam and its gauges
may be calibrated by machine or
weights before installation in the build-
ing or structure.

Such structure elements may have
from one to four gauges installed. On
a beam' two active and two dummy
gauges may be installed (as with a
link) or just two active gauges with
a separate dummy plate, where it is
desirable not to include Poisson’s ratio
in the required calculations. It may be
desirable to install single gauges in

ENGINEERING D EP T3

some installations. On sheet metal where
the direction of the forces might be
quite unknown and bending may occur,
it is necessary to employ three to six
gauges in a rosette or delta wherein
all three values, with their positive or
negative signs, are measured and inte-
grated to indicate the true direction
of the load and its absolute value.
Where the strain or stress magnitude
only is required and direction of the
force is unimportant, then a shear in-
stallation is made with from two to
four gauges installed as a half or full
bridge in a special configuration as
discussed later.
Generally speaking,

one or two

11A



A few of the many types

gauge applications will suffice for most
test setups. Here any dummy gauges
are mounted on a flat metal plate of the
same composition as that upon which
the active gauges are mounted. This
insures that the bridge will be adequate-
ly temperature compensated, as the
dummy plate and gauges exposed to
the same temperature conditions of
the active gauge mounting will have
the same coefficient of expansion and
change of resistance with temperature
and expansion as do the active gauges.

It is preferable normally to secure
as much signal output as possible from
the bridge for a given strain (dS).

Fig. 1 (A) Wheatstone bridge (balanc-
ing network not shown). (B) Hali-bridge.
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of strain gauges available.

In a beam or normal tension and com-
pression situation this allows two act-
ive gauges on the bridge, both having
the same sign of dS. If these gauges
are placed catacorner in the bridge,
their outputs will add and result in
a greater bridge output signal.

The output signal for a single active
gauge is dE. = %R, I K dS where dE,
is r.m.s. or d.c. volts, I is the gauge cur-
rent (generally %2 total bridge cur-
rent), K is the gauge factor, and dS
is the strain on the metal element. K
gives the ratio of the change of gauge
resistance to the strain producing it.
This change is sometimes twice the
strain. The factor is supplied by the
gauge maker. As all of these factors
and voltages are known, then dS may
be solved for.

Where more than one active gauge
is employed, the formula is almost the
same:

dE

S=gITEN?
where N is the number of active gauges.

With the strain known, the load in
pounds may be easily calculated as
P—=dS - A + E, where P is the load in
pounds, dS the strain, A the cross sec-
tion area in inches, and E the modulus
of elasticity.

The above formulas apply only when
all the gauges under strain are mount-
ed axially with the load or strain di-
rection. Where dummy gauges are not
on an auxiliary plate, but cemented on
the stressed structure at right angles
to the axial stress, the bridge output
will be higher than indicated by the
formulas by a factor of u or 2u, where
u is the designation for Poisson’s ratio.
This is the “shear” installation when
used on metal sheet. Poisson’s ratio
indicates the ratio of lateral strain to

ENGINEFRING DEPT.

a given axial strain. Simply stated, a
bar loaded axially will have its
diameter increase or decrease depend-
ing upon the sign of the axial load.
The lateral strain, produced at right
angles to the axial load (by that load)
is approximately between 0.25 and 0.33
for steel and aluminum alloys and is a
shear load. This produces an added sig-
nal from the dummy gauges. For a half
bridge, with the dummy on the structure,
the correct factor is dE, (1 4+ u) while
for the full mounted bridge, two active,
two dummy, it is dE., (1 + 2u). As all
materials, regardless of form, are re-
sponsive or obey Poisson’s ratio, then
these formulas are valid for bar, rod or
sheet stock, singly or in structure.

Amplification may be used with the
strain gauge bridge and oscillographic
recordings made, or a Brown, Bristol
or L & N potentiometer may be used
and any d.c. bridge output voltages
measured. Amplification may be of
the d.c. variety or an a.c. signal may
be applied to the bridge and any a.c.
unbalance amplified and rectified into
a strain signal by the carrier or phase
sensitive system.

In some cases it may be possible to
use a galvanometer and take direct
readings. Usually structure loadings
are too light to give sufficient dS for
this purpose. However, this may be
determined from I,=dFE./Z. where
dE. is as calculated previously and Z,
is equal to R (one leg of the bridge)
plus the internal resistance of the gal-
vanometer, t.e., Z, = R, + Rpar .... I,
is given in amperes.’

The above formulas will give accu-
rate results if the gauges are cemented
properly to the structure with the
technique described in Baldwin-South-
wark literature and in particular Bulle-
tin 279B. With accurate testing equip-
ment, over-all results of plus or minus
several percentage are possible. The
ultimate accuracy depends on a number
of conditions.

One of the major problems assaciat-
ed with the strain gauge bridge, par-
ticularly when used with an amplifier,
is its calibration when it is impossible
to test load the structure, at the strain
gauge point, with a known load. Even
where the bridge output voltage is
read directly on a potentiometer, a
variation of bridge supply potential
will cause error. For these reasons it
is deemed important to make a “bridge”
calibration.

This may be accomplished a number
of ways as outlined below:

a) Using a mechanical calibrator,
which is connected in the bridge in
place of the measuring gauges. This
may consist of two or more gauges
mounted on a calibrated cantilever
beam (deflection vs. dS known).
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b) By the electrical calibration of
the amplifying equipment with a known
dE, possessing the same generator
impedance.

c¢) By applying a known unbalance
to the bridge, causing the recording
meter or galvanometer to deflect a
measurable quantity.

Of all these systems, the last one is
most commonly used, heing suftable for
instant calibration of any number of
channels and requiring no special set-
up.

If it is possible to make one arm of
the bridge vary by a known resistance,
a simulated stress will have been pro-
duced and calibration of associated
equipment will have been accomplished
as outlined above.

Generally speaking a precision cali-
bration resistor of 100,000 ohms is
vsed, but this may vary widely upon
the recording sensitivity. The higher
this value of resistance, the less simu-
lated strain and calibration error. The
error from calibration by this method
in generally between % and %%.

Balancing is necessary to cancel out
any normal variation of resjstance be-
tween strain gauges. This can affect
calibration accuracy. The gauge re-
sistance is normally held to *+.0016%
in manufacture In order to insure easy
initia! balancing. Its exact resistance
s not critical as the dR, change is of
the same percentage regardless of
gauge value (where K is constant),
and the dE. is the same regardless of
gauge resiatanece for a given strain.

The ealibration always should be
accomplished aeross the active gauge,
which is usually in an arm of the
bridge with the balancing resistors
included, where one-half of the bridge
s a transformer or other center-
tapped power source. In this event any
ealibration error will be small. How-
ever, this is only feasible for a bridge
with one or two active legs. Calibra-
tion in other legs may result in large
errors.

In the shear installation, calibration
ia made acrosa either gauge, the “u"
factor being taken care of in the cali-
bration formula. With a half-bridge
there will be no error; with the full
bridge, one-half iz shunted by the bal-
anélng resistora and a calibration error
will ocetdr. This error may be high or
low depending on where the calibration
I8 made, gauge resistance, balancing re-
gistance, and &lze of the calibrating
resiator: This error may be as high
as 2%

Numeroua factors inflience the ac-
curacy of the strain gauge. These are
the ¢hange in resistance of the strain
gauge with temperature, the coefficient
of expanaion and contraction of the
wiré in comparison with the material
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Typléadl strain gauge installation on a boller to determine stresses.

it is mounted upon, thermal e.m.f. be-
tween leads and gauge wire, and the
cross sensitivity of the gauge.
Considering temperature resistance
change of the strain gauge first, it be-
comes apparent that where a single
strain gauge is used its change of re-
sistance with temperature would cause
an error in the absolute value of strain
indicated. Where static strain indica-
tion is not important, this will result
in a shift of zero reference but no in-
accuracy of the dynamic strain indica-
tion. Normally a minimum of two
gauges is used in an installation. One
may be a dummy mounted on a similar
alloy as the active gauge, or possibly
mounted on the same structure. In this
case, with two or four gauges in the
circuit and mounted adjacent to each
other, all the gauges will assume the
same resistance at a specific tempera-
ture and no fraudulent signal will be
produced. With the gauges not mount-
ed on the same structure, although ad-
jacent, it is possible, in some circum-
stances, that wide temperature gradia-
tions exist which could cause error.
Copel, Constantan, or Advance wire

[ SENSITIVITY CONTROL - L s. RECORDING RANGE

1
| \ (o) e r STRAIN
- | CALID. GAUGE
- RESISTOR /
- e

y D# LT I
RESISTOR
e

y-
S

MOTOR DRIVEN
SLIDE WIRE INITIAL
CONTACTOR % AMPLIFIER BALANCING
REVERETRIEL POTENTIOMETER
SERVO MOTOR
W7 vac.

Fig. 2. Diagram of an auiomatic
recorder ftor static strains,

of about one mil diameter are general-
ly used for strain gauges because they
display the smallest value of tempera-
ture coefficient of resistance.

The only indication error which may
be missed is the result of a strain in
the wire set up due to a difference be-
tween the thermal expansion of the wire
and the material on which it is placed.
Here again, this error will cancel
where the dummy gauge is placed on
the same material, at the same tem-
perature. The same cancellation will
occur with two or four active gauges
mounted on the structure.

Straln gauged beams for the determination of torque or

load without

backlash or

“‘give’ in the system.
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Fig. 3. (R) and (B) Torque tube instal-
lation. (C) and (D) Bridge wiring for
axlal load (left) and bending load (right).
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Fig. 4. Shear installation.

The next two factors are presented
for interest only, having no appreciable
effect on the strain gauge signal, but
of sufficient value to raise a question
were they not discussed.

All wire strain gauges consisting
of a single strand wound back and forth
to produce a high resistance gauge in
a small space (as Baldwin SR4 gauges)
are in some degree sensitive to strain
transverse to the gauge axis. This will
be seen clearly, with the gauge ex-
amined, when it is realized that there
is an appreciable length of wire run-
ning laterally across the gauge (at the
bends). For this reason the single
value of sensitivity (or gauge factor,
K) quoted by the manufacturer is valid
only when there is a fixed ratio between
the longitudinal and lateral strains to
the gauge axis, as in simple compres-
sion or tension. Accordingly, in a com-
plex stress, field corrections are neces-
sary for extreme accuracy. Clearly
the cross sensitivity will vary with the
geometry of the gauge grids, which
are made in numerous fashions. This
cross sensitivity effect with the SR-4
gauge may amount to 3% of the total
axial sensitivity.

The thermal e.m.f. effect would ap-
pear at first glance to be a very seri-
ous one. The dissimilar metals, where
the gauge wire contacts the lead wire,
can generate high thermoelectric poten-
tials. Copper to advance, for instance,
will develop 44 microvolts per degree
centigrade. However, there are two
leads leaving the gauge. There are two
thermoelectric potentials. These poten-
tials are equal and opposite when these
two contacts are at the same absolute
temperature. The same situation exists
throughout the electrical system, where
brass, nickel, etc. terminal studs or
feed throughs may be used. That these
thermoelectric potentials cancel may
be seen by examining the mechanism
of thermoelectricity.

The installation of strain gauges on
a structure, torque tube, or other mis-
cellaneous device involves numerous
items: allowable gauge current, num-
ber of gauges to use, preparation of
surface where gauge is to be cemented,
effects of bending upon axial installa-

Fig. 5. Single channel standard recording configuration.
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tion, and corrections of formulas for
various effects. Many of these items
have been discussed, but a few notes
are necessary in concluding this article.

Ignoring the type of installation,
the actual gauge installation on the
structure is quite simple and the ce-
menting technique described fully on
each package of SR-4 strain gauges.
An important note, however, is that
the gauge should never be installed on
a plated or anodized surface. These
types of surfaces cause the material
to have both a primary and secondary
modulus. The gauge must be cemented
to the structure’s primary metal if
accurate results are to be obtained. Any
surface coating may be removed by
file or paper, but should be finished
off to a smooth surface.

When it is desirable to have long
term high accuracy, the use of bakelite
gauges is recommended, otherwise the
nitrocellulose type are quite satis-
factory. The use of bakelite gauges is
not enough where static strains are
to be read over a very long period. It
is necessary then to completely water-
proof the gauge with suitable com-
pounds. In this case the drift with age
is of small magnitude.

The gauge current and its wattage
dissipation depend mainly upon the
material the gauge is mounted upon.
A safe value is 25 milliamperes gauge
current for normal installations. It is
this factor which limits the bridge from
having unlimited output. With this
gauge current bridge output voltages of
from one to 30 millivolts are not un-
common. Light structural loads may
produce considerably less output.

An idea of the equipment required
to measure the strain gauge load is
thus indicated. Commercially a Bald-
win SR-4 Strain Indicator may be used
to read strain directly. This unit indi-
cates directly in microinches and has
Gauge Factor compensation. It is suit-
able only for static indications. Ampli-
fication systems are bevond the scope
of this article and will not be dis-
cussed.

The six types of installations are as
follows:

1. The shear installation is used on
sheet metal to determine the maximum
strain in the metal, where direction of
the force is unknown. The gauges are
mounted at 90° to each other as indi-
cated in the drawings. A full or half
bridge may be used. Special correction
for Poisson’s ratio has already been
discussed. Fig. 5 indicates the installa-
tion configurations.

2. The axial installation for tension
or compression loads is simple and has
been discussed fully.

3. The bending installation is the

(Continued on page 29A)
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- NONMAGNETIC MAN
SPECTROMETER

This mass spectrometer, developed at NBS, uses the
principle of velocity selection. A radio-frequency

i v——.

field replaces the magnetic field ordinarily used.

THREE-STAGE nonmagnetic
mass spectrometer, employing the
principle of velocity selection, has
been developed by Dr. Willard H.
Bennett of the National Bureau of
Standards. In the new spectrometer a

. radio-frequency field replaces the usual

| magnetic field. Combining unusually

simple operation with small size, light
weight, and high sensitivity, the instru-
ment has promising applications in
several fields of science and industry.

In ordinary mass spectrometers a
high intensity beam of ions is bent in
the field of a large iron magnet, passed
through a narrow slit, and then fo-
cused accurately on a narrow receiving
slit. The nonmagnetic mass spectro-
meter uses neither bending nor focus-
ing. Ions produced in the ionization
chamber travel in parallel paths
through the tube, a glass cylinder 8
inches long and 2 inches in- diameter.
Three sets of three tungsten-wire grids
are spaced along the tube to form the
three stages. A radio-frequency poten-
tial is applied to the middle grid in
each stage. An additional grid, with a
negative potential applied, follows the
final stage and in the absence of r.f.
potential turns back any electrons that
may have arisen anywhere along the
tube. Following the final grid is a collec-
tor plate whose potential is sufficiently
positive to repel all but the desired
positive ions.

The distances between grids and be-
tween stages are selected very accu-
rately so that for any particular ion
mass there will be a single definite fre-
quency of the radio-frequency potential
which can speed up ions of that mass
as they pass through each stage. The
increased speed of these ions enables
them to overcome the opposing potential
on the collector while all other kinds of
positive ions are turned back. Successive
distances between stages must be chosen
so that the r.f. potential will complete
an exactly integral number of cycles
during the. time it takes for an ion of
the desired mass to travel between
stages, picking up maximum energy in
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A three-stage nonmagnetic
mass spectrometer in expe-
rimental operation at the Na-
tional Bureau of Standards.

each stage. The best combination of
these integral numbers for a three-
stage tube turns out to be 7 and 5, and
in actual operation the seven-and-five
cycle tube has completely separated the
isotopes of chlorine. From this observa-
tion it is estimated that a four-stage
tube, using integral numbers 13, 11, and
7 should resolve masses differing by only
one per-cent.

The spectrometer can make use of all
the ions that can be made to emerge
through a grid several centimeters in
diameter, and a new kind of positive ion
source has been developed to take ad-
vantage of this. A spiral filament de-
livers an ionizing electron current of
100 milliamperes through a double grid
attached at one end of a hollow metal
cylinder 3 centimeters deep. The far
end is closed by a grid and near it is
another grid at a negative potential
which turns back all electrons and
draws positive ions out from the cylin-
drical enclosure. At a pressure of 4 x
10~° millimeters of mercury the source
delivers a positive ion current of 100
microamperes.

By an appropriate change in ion
source and reversal of potentials, the

ENGINEERING D4 E_P&TL S

Close-up of a completed three-
stage tube. Three sets of tung-
sten-wire grids aré spaced along
the tube to form the three stages,

spectrometer works well for the study
of negative ions, an important feature
of the new instrument. Since negative
ions are in general much less abundant,
when they exist at all, the unusual sen-
sitivity of the Bennett spectrometer is
a great advantage in the study of
negative ions.

In the development of vacuum tubes,
as for example, power transmitting
tubes, such a spectrometer can be very
helpful in analyzing gases and vapors
that are evolved from the heated
electrodes.

Surface reactions are another group
of processes for which the new spectro-
meter can be used, separately analyzing
the positively or negatively charged
components. In gaseous discharges, the
instrument can be used for direct
analysis of the ions without magnetical-
ly disturbing the discharge.

One of the urgent needs of the U. S.
Bureau of Mines is an instrument which
can be used in the field for the analysis
of small percentages of hydrogen in the
manufacture of helium. The new spec-
trometer has already demonstrated ade-
quate sensitivity and resolution for this

(Continued on page 25A)
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MICROWAVE PROPAGATION And
Site

Such factors as path attenuation,

line-ef-sight, fading, and repeater
stations must be considered when
planning microwave installations.

ROPAGATION of microwaves is
P limited by the well-known line of

sight principles. However, this
does not limit application of micro-
wave links to short distance communica-
tion since repeater installations can be
used to extend the range of properly
designed equipment up to several thou-
sand miles. This article will cover the
major considerations, both electrical and
economic, involved in the selection of
sites for point-to-point microwave link
systems.

In system design it is necessary to
secure a reasonable compromise between
cost and performance. Because of the
large fixed costs incurred for each re-
peater installation, it is essential to
select the minimum number of sites that
will give the required performance. On
the other hand the selection of repeater
sites at too great a separation may
require excessively high and costly
towers, or may degrade system per-
formance, either in signal-to-noise ratio
or jin reliability.

Once the number of repeater points
to be used for a given path is deter-
mined based on the requirements of
the system, the actual selection of sites
is not only dependent upon the propa-
gation conditions, but also involves such
problems as the availability of the site
selected at a reasonable price, acces-

Typical two-way microwave
repeater Installation with side
*drop channel” link installed
by Keystone Pipeline Company.
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sibility to site under adverse weather
conditions, source of primary power,
and possibility of using existing strue-
tures to support antennas. Frequently
the sites that appear most suitable on
the basis of line of sight charts and
topographical conditions will not prove
acceptable because of the other factors
mentioned above. It is therefore advis-
able to choose twg or three alternate
sites for each primary one selected.

Maximum Attenunation
of Each Hop

As a result of the relatively large
amount of noise introduced in micro-
wave receivers as discussed in previous
articles’?, the signal-to-noise ratio of a
given system is frequently considered
the most critical factor. Hence, as a
starting point, the number of repeater
points and the characteristics of each
hop are calculated on the basis of a
given signal to noise ratio.

The noise introduced by each receiver
in the system can be expressed by the
following relationship:

Pa=PiE G %t w eme (1Y
where P, — KTB is the noise present
at the input to the first stage, F' is the
noise factor of the receiver, and G is
the gain of the receiver.

The total noise introduced by = iden-
tical receivers would therefore be:

O O Sy et
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Puw = Ps F G, (2)

The power P,, required at the nth
receiver to attain the necessary signal
to noise ratio is obtained by:

P

S/N = 10 log —le

(3)

= 10 log %1 for one hop.

where S/N is expressed in db.

For the case where all hops are equal,
and the signal-to-noise ratio at the
output of the last receiver is propor-
tional to the signal-to-noise carrier
ratio at its input, an increase of re-
ceived power of 10 log = over the
power, P, required for one hop, must
be provided at each repeater. This re-
sult can be expressed in terms of path
attenuation A. For a single hop the
maximum attenuation that can be tol-
erated is equal to:

Am =35~ (4)

where P. is the transmitter power de-
livered to the antenna. If there are n-1
repeaters (or n receivers), then the
maximum path attenuation for each
hop (all hops assumed to be equal)
will be:
P,

™ = P, (10 log n) (%)
This equation can be expressed in db.
by the following equation:
Anpn=An—101logn. .. (6)
The total path attenuation, A4, of the
signal between transmitter and receiver
is given by the following expression:
A=A, X A, X 4; X A, (7
where A, is the absorption factor, A.

A

is the atmospheric factor, A; is the

topographical factor, and A, is the free
space factor.

(It should be noted that the attenua-
tion of transmission lines, covered in
previous articles’, must also be con-
sidered since the lower the line attenua-
tion the higher P, will be, increasing
maximum allowable path attenuation.)
The absorption factor, A, is almost
equal to 1 for frequencies less than
10,000 me. and can therefore be neg-
lected for microwave links operating
in this range. Even under the most
adverse conditions—heavy Snow or rain
—at the highest frequency, this effect
will be small compared to the normally
available margin for fading.

The variation in total path attenua-
tion giving rise to unfavorable propaga-
tion conditions, or fadings, are due to
changes in the atmospheric factor A..
This factor represents variations in
propagation due to stratification of the
atmosphere. This effect will usually be
most pronounced in the summer months
over water rather than over land
circuits.

Even with a favorable topography,
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Fig. 1. Automatic battery charger, voltage requlating unit, and control
unit for switching in emergency power when needed at the relay station.

fadings of the order of 20 db. are oc-
casionally observed at all frequencies.
The exact cause of these fadings is
not completely clear. For the com-
munication engineer the essential ques-
tion is to know how often fadings of
a certain amplitude, measured in db.
deviation with respect to free-space
conditions, are likely to occur and how
long fades are likely to last.

The available information to date is
based on statistical measurements at
only a few specific locations. It is dif-
ficult to correlate measurements in
different locations and it is especially
hazardous to estimate how the fre-
quency of fadings of a given amplitude
will vary with changes in distance be-
tween transmitter and receiver. So far,
it has been found that in temperate
climates over distances not exceeding
40 miles, the fading does not exceed
20 db. for more than 0.1 per-cent of
the time. For longer distances it is
only known that fadings of 20 db. will
occur more often but no specific in-

formation is available as to the exact

percentage. For this reason it is recom-
mended that the maximum range of
each hop should be limited to 40 miles
unless a prolonged period (about 1
year) is available to study fading con-
ditions of a particular path.

The Topographical Faector

Reliable communications can be ob-
tained at microwave frequencies only
when line of sight, shown in Fig. 2,
is obtained. However, due to atmos-
pheric conditions, radio waves are re-
fracted slightly towards the earth. It is
found that if the real earth is replaced

ENGINTEERING DEPT.

by a fictitious earth having an enlarged
radius 4/3 times that of the earth
radius, a straight line on a profile map
can be drawn. The true prime radius of
the earth, a, is approximately 3960 miles
so that the fictitious radius, a’, is 5260
miles.

The maximum distance, d, for which
radio line of sight is obtained for given
heights, h, and h,, is given by the
equation:

d = V&' (V2hi + V2h) (8)

By a convenient mathematical coinci-
dence, when d is expressed in miles
and h, ana h; in feet, Eqt. (8) reduces
to the following simple form:
See nomograph of Fig. 7.

(9)

EARTH LINE OF SIGHT PROFILE
(nnmo LINE OF SIGHT PROFILE
= ——5—
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RECEIVING
SITE
a's473q y

Fig. 2. Line of sight diagram for the
earth and for microwave signals.

Fig. 3. First Fresnel zone clearance.
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Fig. 4. Flat earth diagram.
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Fig. 5. Interference between
direct and reflected rays.

A simple method of checking whether
radio line of sight is obtained between
two sites is to plot the profile on a
plane earth diagram as shown in Fig.
4. The radio ray will appear curved on
such a diagram. The vertical deviation
from the straight line between trans-
mitter and receiver at any point P is
given by:
d: d-
2a’
where d. and d. are as shown in Fig. 4.

When distance is expressed in miles
and dip in feet, this equation simplifies

to:
PQ — d‘—?-

PQ = (10)

(11

The maximum dip will of course oc-

Another more direct method would be
to plot the profile on a form in which
the 4/3 earth’s curvature is included as
shown in Fig. 6. In this case the radio
line of sight is indicated by a straight
line. This type of chart usually plots
distance in miles versus height in feet
and it is possible to read the clearance,
if any, of the line of sight path over the
profile directly in feet. The importance
of this factor will become evident.

In the discussion thus far the radio
ray has been depicted as a line with
very small area. Actually the ray
‘travels as a plane wave of finite area
and the line joining transmitter to re-
ceiver should be sufficiently above the
ground at the radio horizon to permit
the complete wavefront to pass. A cri-
terion to determine whether the earth
is sufficiently removed from .the radio
line of sight is to have the first Fresnel
zone clear all obstacles in the path of
the direct ray. The first Fresnel zone
is bounded by points on the wavefront
for which the transmission path is
greater than the straight path by one
half wavelength.

Assimilating the problem to the case
of a point source, at the transmitter site
T, directing energy to the receiver point
R, at a distance d, as shown in Fig. 3,
all points P that exceed the straight
path TR by one-half wavelength are
situated on an ellipsoid. The radius of
the first Fresnel zone at any point P,
(located d: from T and d. from R) is
given by:

The maximum occurs when d, equal to
d, and is:

o = % de (13)

Expressing d in miles and F'in mega-
cycles, the maximum radius is given in
feet by:

a

pm = 1,140 1/ — (14)

F

When the sites chosen are of sufficient
height to clear the first Fresnel zone at
all points in the path including trees
and buildings, then the received field
strength due to the direct ray is nearly
equal to the free space attenuation and
A, the topographical factor, is nearly
equal to zero. For this reason the first
Fresnel zone height is added to the pro-
file, shown in Fig. 6, so that clearance
available can be seen directly on line of
sight chart. Usually the procedure is to
~dd the height of the first Fresnel to
the points closest to line of sight path
and then select towers of appropriate
height to clear the most critical point.
It is important to note that the tower
height selected must be sufficient to
adequately clear all trees in the imme-
diate surroundings. Trees are frequent-
ly overlooked in line of sight calcula-
tions and experiences thus far indicate
that they can be very bothersome, unless
adequately cleared, even though an ap-
parent clear-cut line of sight is avail-
able.

Another factor that should be con-
sidered is the possible interference be-

cur at the mid-distance point, at which / di s tween the direct and reflected rays. The
point the dip is d*/8 feet (d in miles). p = 1 A d (12)  gimplest case is for transmission over
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Typical of the TOUGH POTENTIOMETER J0BS
solved by HBIlDUT

Precise Accuracy + Maximum Versatility + Space-saving Compactness

The potentiometers illustrated above are typical examples of the tough problems
HELIPOT engineers are solving every doy for modern electronic applications. If you have a problem
calling for utmost precision in the design, construction and operation of potentiometer units —
coupled with minimum space requirements and maximum adaptability to installation and operat-
ing limitations—bring your problems to HELIPOT. Here you will find advanced “know-how,”’
coupled with manufacturing facilities unequaled in the industry!

The HELIPOTS above—now in production for various military and industrial
applications—include the following unique features ...

OThis 10-turn HELTPOT combines highest
electrical accuracies with extremes in mechan-
ical precision. It features zero electrical and
mechanical blacklash...a precision-supported
shaft running on ball bearings at each end
of the housing for low torque and long life

materials selected for greatest possible
stability under aging and temperature ex-
tremes . .. special mounting and coupling for
“plug-in” convenience .. . mechanical and
electrical rotation held to a tolerance of 15°
... resistance and linearity accuracies, *1%
and *0.025%, or better, respectively.

a This four-gang assembly of Model F
single-turn potentiometers has a special
machined aluminum front end for servo-type
panel mounting, with shaft supported by pre-
cision ball bearings and having a splined and
threaded front extension. Each of the four
resistance elements contains 10 equi-spaced
tap connections with terminals, and all parts
are machined for greatest possible stability
and accuracy.

9This standard Model A, 10-turn HELI-
pOT has been modified to incorporate ball
bearings on the shaft and a special flange (or

ring-type) mounting surface in place of the
customary threaded bushing. This HELIPOT
also contains additional taps and terminals
at the 14- and 934-turn positions.

o This standard Model B, 15-turn HELI-
POT has a total of 40 special tap connections
which are located in accordance with a
schedule of positions required by the user to
permit external resistance padding which
changes the normally-linear resistance wvs.
rotation curve to one having predetermined
non-linear characteristics. All taps are perma-
nently spot-welded and short out only one or
two turns on the resistance element—a unique
HELIPOT feature!

6 This six-gang assembly of standard
Model F single-turn potentiometers has the
customary threaded bushing mountings, and
has shaft extensions at each end. The two
center potentiometers each have 19 equi-
spaced, spot-welded tap connections brought
out to terminals. Each tap shorts only two
turns of 009" diameter wire on the resist-
ance element.

O mhis Model B, 15-turn HELIPOT has
been modified to incorporate, at the extreme

ends of mechanical and electrical rotation,
switches which control circuits entirely sepa-
rate from the HELIPOT coil or its slider
contact.

OThis 10-turn HELIPOT has many de-
sign features similar to those described for
unit No. 1, plus the following additional
features. . . a servo-type front end mounting
...splined and threaded shaft extension ...
and a center tap on the coil. All components
are machined to the highest accuracy, with
concentricities and alignments held in some
places to a few ten-thousandths of an inch
to conform to the precision of the mechanical
systems in which this HELIPOT is used.
Linearity accuractes frequently run as high
as £0.010%!

@ This single-turn Model G Potentiometer
bas been modified to incorporate a ball bear-
ing shaft and a servo-type front end mount-
ing. Special attention is given to contact de-
signs and pressures ro insure that starting
torque does not exceed 0.2 inch-ounces under
all conditions of temperature.

The above precision potentiometers are
only typical of the hundreds of special-
ized designs which have been devel-
oped ond produced by HELIPOT to meet
rigid customer specifications. For the
utmost in accuracy, dependability and
adaptability, bring your potentiometer
problems to HELIPOT !

Representatives in all major areas of the United States. Export agents: Frathom Co., 55 W. 42nd St., New York 18.

THE HBleUt CORPORATION,

INOVEMBER, 1950

SOUTH PASADENA 4, CALIFORNIA
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smooth ground as shown in Fig. 5. It is
assumed that the reflection is complete,
i.e. earth conductivity infinite, and the
angle between the two rays is small.
For these conditions, the resultant elec-
tric field at the receiver is equal to:

. 27 8

E = 2E, sin=——-.
where E, is the free-space value of the
field and 8 the geometric length differ-
ence between the direct and reflected
rays. The path difference is approxi-
mately equal to 2k h./d, where h, and
h. are the heights of the antennas above
the reflecting plane.

When k. is varied, the field strength
goes through a series of maxima and
minima. Similarly, changing meteoro-
logical conditions, which vary the elec-
trical path difference, will vary the field
strength at a given height. This effect
can be minimized by using two antennas
at different heights, known as space di-
versity reception, and selecting the
stronger signal of the two. The vertical

(15)

spacing of these antennas should ap-
proximately give a half wavelength
variation between their geometric path
differences. The spacing in feet for ki
in feet and A in em. should be approxi-
mately equal to:

Ak, — 43.4 —;L d_ (16)
1]

Free Space Attenuation

The radio waves propagated from an

antenna are attenuated in free space in

accordance with familiar radiation

formulas. For an isotropic antenna the

free space attenuation is given by:
16 »* &°

T 17

A, =
This equation can be expressed in terms

of frequency and, with d in miles, by:

A, = A56 X 10° f* &
A (db.) = 37 + 20 log f + 20 log d (18)

where f is in megacycles.
The free space attenuation can be

Fig. 7. Nomograph for determining geometrical and radio horizons.
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considered to be decreased when direc-
tive antennas are used since for a given
transmitter output a much higher re-
ceiver input will be obtained. As de-
seribed in a previous article' the direc-
tive characteristics of an antenna can
be expressed in terms of effective area,
A, or power gain G. Eqt. (18) can be
modified to include antenna character-
istics by the following expressions:

16  d* 1

Hpa —=m— X Ee (19)
MV d

A=7g, (20)

where G is the antenna gain; G,.—

transmitter, G.—receiver, and A is the
antenna effective area.

The parabolic antenna is frequently
used in present day microwave links,
and assuming the use of equal radius
antennas for both transmitter and re-
ceiver, the free space attenuation of this
type of antenna is given by:

@
I

where r is the radius of the antenna in

A, = 6.6 X 10® (21)

. feet, d is the distance in miles, and f

the frequency in megacycles.

The free space attenuation of other
types of antennas can be determined
through the use of Eqts. (19) and (20).
The effective area and gain of some
common types have been given in a pre-
vious article'.

Signal to Noise Ratio

In Eqt. (2) earlier in this article, the
noise power of a microwave link system
with » repeaters was developed. In this
equation the factor G, representing the
gain of the repeater, was included.
Since the transmitter output at each
repeater is the same, the gain of the
repeater must be equal to the attenu-
ation of the path. Assuming favorable
propagation conditions, i.e., A1.A:.4. al-
most equal to one, Eqt. (2) can be ex-
pressed in terms of free space attenu-
ation (parabolic antennas) by:

P.=P,Fn X 6.6 x 10" (22)

Since the total distance D = nd, this
formula may be written as:

6.6 x 10° P, F D
- nrtf

Thus if the total distance is kept con-
stant, the output noise—and hence sig-
nal to noise ratio—may be decreased
by using a larger number of repeaters.
On the other hand, in order to reduce
costs, the number of repeaters should
be decreased and hence the compromise
between cost and performance men-
tioned earlier in this article.
(Continued on page 25A)
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e The trade-marks shown here identify the
television leaders now choosing and using
Sylvania TV Picture Tubes in their sets.

The reasons behind today’s acceptance of v
Sylvania tubes include greater clarity, con-
sistent color, dependability, and longer life.
Remember, your dealers as well as set owners \
recognize Sylvania as a symbol of distinction

—a name associated with the very finest in
radio and television.

For full descriptions and ratings of all
Sylvania TV Picture Tubes, write today to

SylvaniiElectric Products Inc., Dept. R-2311, e ——
Emporium, Pa.

SYLVANIA ¥ ELECTRIC

RADIO TUBES; TELEVISION PICTURE TUBES; ELECTRONIC PRODUCTS; ELECTRONIC TEST EQUIPMENT; FLUORESGENT TUBES, FIXTURES, SIGN TUBING, WIRING DEVICES; LIGHT BULBS; PHOTDLAMPS; TELEVISION SETS
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60-CYCLE MOTORS

The Brown Instruments Division of
Minneapolis-Honeywell Regulator Co.,
Wayne & Roberts Ave., Philadelphia
44, Pa., is now producing fractional

horse power, two-phase, reversible 60-
cycle motors for applications requiring
a low inertia drive motor with power
requirements low enough to permit field
excitation from an electronic amplifier.

In further description, the company
pointed out that the motor can be used
in servo-type mechanisms as remote
positioners, for auto-bridge and auto-
potentiometric circuits, and similar ar-
rangements. Power requirements are:
line field power, approximately 9.5
watts; amplifier field power, approxi-
mately 4.0 watts. Motor load impedance
will vary from 6000 to 15,000 ohms
with an average impedance of 12,000
ohms.

The motor is designed to have a
tapered curve of speed versus voltage
and at the same time maintain a rela-
tively high torque at the lower speeds.
The actual free rotor speed is 1620
r.p.m. and gear reduction trains are
available to provide motors with speeds
of 27, 54, and 162 r.p.m.

BEACON ANTENNA

Model 2HW high gain beacon an-
tenna for the aircraft frequencies has
been announced by The Workshop Asso-
ciates, Inc., 135 Crescent Road, Need-
ham, Mass.

This model has a gain of approxi-
mately 3 db. and communication in all
directions is possible due to its omni-
directional radiation pattern, and a
specially designed side ‘lobe enables
communication with aireraft while
aloft. Model 2HW is designed for all
aeronautical ground communications
such as between local airports, control
tower and ground aireraft, various air-
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line offices, and other applications
where its high gain will enable utiliza-
tion of low cost equipment.

Full specifications plus studies of
various applications are available at
no charge from the manufacturer.

STRONTIUM MEDICAL APPLICATOR

Tracerlab, Inc., 130 High St., Boston
10, Mass., now has available for physi-
cians an applicator containing a radio-
active isotope for use in the treatment
of certain surface conditions, partie-
ularly in reference to the eye.

The activity of the RA-1 Strontium
Medical Applicator consists of a source
of about twenty-five millicuries of
Strontium-90 which has a half life of

thirty years, resulting in a dosage rate
of approximately twenty roentgens-beta
equivalent at the aluminum surface of
the applicator. The radiation emitted
by the source consists of 0.65 Mev beta
rays through which Strontium-90 de-
cays to Yttrium-90, and 2.16 Mev beta
rays through which Yttrium-90 decays
to stable Zirconium.

With each instrument Tracerlab sup-
plies a radioautograph showing the
uniformity of the activity of the source,
a chart which shows the percentage
reduction of the surface dosage rate
as a function of the depth of lucite,
and a chart which shows percentage
reduction of surface dosage rate versus
time to allow correction for decay.

TV SYNC LOCK

General Electric Co., Electronics
Park, Syracuse, N. Y., has announced
a television syne lock unit which allows
remote picture signals to be treated and

‘handled like local studio productions.

ENGINEERING DEPT.

Through the use of this unit, TV-
30-A, local commercials, special effects
or other local program material can
be inserted into the remote picture

without disturbance by means of auto-
matic synchronization of the local sync
generator with the remote syne signals.
This new unit provides adequate syn-
chronizing control for the new GE sync
generators, PG-2-A, PG-2-B, and
PG-2-C.

Further details are available from
the Commercial Equipment Division.
POWER GENERATOR

A deluxe electronic power generator
for medium-power dielectric heating
applications has been designed by the
RCA Engineering Products Depart-
ment to meet a variety of specialized
industrial heating needs in such fields
as plastics, wood-working, rubber, tex-
tiles, and food, and in experimental
laboratories.

The 15-CH power generator is a
completely self-contained unit capable
of developing a power output of 18 to
21.8 kilowatts at frequencies of 5.5 to
41 megacycles. The high-frequency out-
put is obtained from a stabilized, self-
excited oscillator employing two RCA
air-cooled 889R-A power tubes, which
are supplied with high-voltage d.c. by
a three-phase, full-wave rectifier. The
power tubes have a rated anode input
of 32 kilowatts.

This generator is now available
through the Industrial Equipment Sec-
tion of the RCA Engineering Products
Dept., Camden, N. J.

FREQUENCY GENERATOR

A frequency generator which oper:
ates from conventional 28 volt d.c. air:

craft power supply and delivers a 1l
volt sinusoidal voltage to a 1 megohn
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load has been announced by Vare Manu-
| facturing Company, Inc., Box 638, Gar-

. land, Texas.

. Model 622B is hermetically sealed and
its frequency is 400 c.p.s. = 1/10%
from —55° C to +110° C. Features of
this unit include exceptional frequency

1 stability over large ranges of tempera-

1 ture, altitude and input voltage. It is

| 3-1/16” high, 1-11/16” wide, 33" long,

. and weighs only 11 ounces.

TONIZATION GAUGE

Westinghouse Electric Corporation
has developed a new ionization vacuum
gauge that can be used to measure
pressures as low as 5 x 10 mm. Hg.

Resembling a triode vacuum tube
structurally, the new gauge has the
usual three elements; filament, grid,

and ion collector, but these are inverted
from the conventional arrangement.
The filament, of which there are two,
one being a spare, is outside the cylin-
drical grid while the ion collector, con-
sisting of a fine wire, is suspended
within the grid.

This new gauge can be operated on
standard power supplies and will be
furnished with special tubulation for di-
rect connection to various types of glass
systems. Further information on de-
livery and price may be obtained by
writing Electronic Tube Sales, Westing-
house Lamp Division, Bloomfield, N. J.

. SPECTRUM ANALYZER

A Vectron Spectrum Analyzer cover-
ing the S and X bands and featuring
provisions for rapid interchange of r.f.
heads that will provide coverage of the
microwave spectrum to 30,000 me. is
announced by Robert A. Waters, Inc.,
4 Gordon St., Waltham, Mass.

The unit features a functionally de-
signed housing incorporating a 5” cath-
ode-ray tube indicator with a mounting
that permits convenient use of a 35-mm.
camera for recording information from
s| the cathode-ray tube,

.| More detailed information on this
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unit may be obtained by writing Dept.
SA of the company.

TV COMPONENTS

The Tube Department of RCA, Har-
rison, N. J., is offering a highvoltage
transformer and deflecting yoke for use
with the 16GP4 and similar picture
tubes having a deflection angle of about
70° and operating at an anode poten-
tial up to 14 kilovolts.

The Horizontal-Deflection-Output and
High-Voltage Transformer, RCA-223T1,
is designed for use with a single hori-
zontal-deflection amplifier tube such as
the 6AU5-GT, and a single high-voltage

rectifier tube 1B3-GT. Because of its
ferrite core, the 223T1 makes possible
the design of a horizontal'deflection

system which operates efficiently with
a d.c. power supply of only 300 to 320
(Continued on page 27TA)
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® 17 TUBES INCLUDING
5’ CRT.

@® 10 MILLIVOLT
SENSITIVITY

® 12 MEGACYCLE
BANDWIDTH

@ DEFLECTION PLATES
AVAILABLE ON
TERMINAL BOARD

® CONTINUOUSLY
VARIABLE
CALIBRATOR

® SWEEP MAGNI-
FICATION 5 TIMES
SCREEN SIZE

® GOOD TRANSIENT
RESPONSE

@® TRIED AND PROVEN
CIRCUITS

@® CRT CALIBRATION

PRESENTS A

NEW

12MC 0SCILLOSCOPE

MODEL
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Complete with low
capacity probe

WRITE

FOR
SPECIFICATION
DATA SHEET RE

Now! A top quality engineer’s oscillo-
scope combining ALL the features of a
laboratory instrument in one conven-
ient size, light-weight, low cost unit.
Compare feature for feature with
models many times the price! :

TELEVISION EQUIPMENT CORP.

238 WILLIAM ST, NEW YORK 7, N. Y.
IN CANADA: THE AHEARN & SOPER CO. LTD, OTTAWA
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ease of 52265,000

RECEIVE AWARD FOR KLYSTRON

For their development of the klystron
which played a major role in World
War II, two brothers, Russell H. and

-

Sigurd F. Varian of California, have
received the John Price Wetherill
Medals awarded by The Franklin In-
stitute, Philadelphia.

According to Dr. Henry B. Allen,
executive vice president of the Institute,
microwave radar development during
wartime would have been quite different
and much slower if the klystron had
not been invented. The klystron was
conceived and developed at Stanford
University, where the two scientists
had obtained permission for the use
of the university’s laboratory and model
shop.

Russell H. Varian graduated from
Stanford University and holds an hon-
orable D.Eng. from Brooklyn Poly-
technic Institute. He is a Stanford
Research Associate, and is also presi-
dent of Varian Associates, organized
in 1948. Dr. Varian’s brother, Sigurd,
specialized in aviation and became a
Pan American pilot. He was granted
a leave of absence to carry on develop-
ment work with Dr. Varjan. He is
director of Development Laboratory of
Varian Associates.

REVISE ELECTRICAL UNITS

By an act approved July 21, 1950
(Public Law 617), the 81st Congress
has given formal statutory sanction to
a revision of the practical system of
electrical units. In large part, the values
adopted for these units resulted from
research by the National Bureau of
Standards, and the present legislation
was proposed by the Bureau.

The changes in magnitude of the
units are small, in no case larger than
1/20 of one per-cent, but the new law
puts the values on a clear and un-
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ambiguous basis which assures the
closest practical agreement between
electrical and mechanical units.

The new Act is similar to the old
law in defining the fundamental prac-
tical units as multiples of the units
of the centimeter-gram-second electro-
magnetic system. Two sections of the
Act define the basic photometric units,
the candle and the lumen, which were
not previously defined by law.

ELECTRONICS AIDS IN
MEASURING WIND

A team of Stanford University sci-
entists in Stanford, California have
disclosed an electronic method for mea-
suring winds 55 to 80 miles above the

earth. Their report, published in the
Proceedings of the IRE, described a
radio technique of analyzing the drift
of meteor trails to measure wind speeds

and directions in the ionosphere at
altitudes twice as high as can be
reached by sounding balloons.

The scientists, L. A. Manning, O. G.
Villard Jr., and A.M. Peterson, utilized
the electrical disturbances created by
the passage of meteors through the
outer atmosphere to make their mea-
surements. The research, financed by
the Office of Naval Research, is based
on the fact that the electrical disturb-
ances caused by the heat of a meteor’s
passage are efficient reflectors of radio
waves and may be detected by a radar-
like technique. This method is expected
to have useful applications in the
design of long-range guided missiles

ENGINEERING DEPT.

and in long-range weather forecasting.

Professor O. G. Villard Jr. (right)
adjusts a test transmitter for checking
alignment of meteor direction finder
antennas seen in the background.
Scientists L. A. Manning and A. M.
Peterson are shown checking over some
of the additional equipment used in
studying the winds.

PSYCHOLOGIST USES
PHOTOELECTRIC RECORDER

Psychologist Bernard R. Higley, of
the Alfred L. Willson Children’s Center
in Columbus, Ohio, uses a General
Electric photoelectric recorder to probe
for hidden causes for the misbehavior
of problem children. With this sensitive
recorder a standard lie detector is used
to determine the emotional response of
subjects to various stimuli.

Through electrodes taped to the fin-
gers, the recorder detects and makes a
permanent record of minute changes
in the electric conductivity of the pal-
mar skin. The equipment notes the re-
action of the subjects to pictures which
Higley flashes on a screen. The recorder,
developed by the GE General Engineer-
ing and Consulting Laboratory in
Schenectady, detects current in micro-
amps. By means of an optical system,
changes in the tiny current being mea-
sured are relayed to the recording
element, and the graphic patterns of
the changes are automatically recorded
on paper for study and comparison.

Dr. Higley believes the completed
graph to be invaluable as an aid in
discovering the causes of behavior prob-
lems of children.

KMTV CELEBRATES ANNIVERSARY
From a small beginning last Septem-
ber when Omaha claimed less than 2500
television receivers, KMTYV has reached
the conclusion of its first year with
a market containing more than 28,000
television receivers. Responsible for
KMTV’s rapid growth has been Edward

May, President of the May Broadcast-
ing Company, Owen Saddler, General
Manager and Howard Peterson, Gen-
eral Sales Manager.
KMTV’s expansion program will in-
(Continued on page 29A)
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Microwave System
(Continued from page 20A)

Equation (23) makes no allowance
for A, fading. However, as previously
indicated, it is safe practice to allow for
fades up to 20 db. This means that the
maximum free space attenuation should
be about 20 db. less that the maximum
path attenuation given in Egqt. (5).
Protection against fades will mean that

| the typical signal-to-noise ratio in the
absence of fades will be much greater

[ than the minimum satisfactory value.
Provision for 20 db. fading also pro-

| vides a safety factor for losses in trans-
! mission lines and antenna systems dur-
| ing adverse weather. By a fortunate cir-
cumstance, the probability of fading
during weather that adversely affects
antenna systems is very slight. Under
icing conditions, for example, there are

a number of factors that introduce
losses in the antenna system. However,
under these conditions, propagation at
microwave frequencies is usually ex-
cellent. Hence unless antenna icing in-
troduces losses of the order of 20 db.,
high quality communications are main-
tained. Experience thus far indicates
that this order of antenna icing loss is
never reached. Consequently a trans-
mission break wpould occur only if ad-
verse icing conditions were combined
with severe fading. Again this is a con-
ditiort that has never been encountered.

Conclusion

In conclusion the author would like to
point out that the factors particularly
related to microwave propagation have
been emphasized in this article. There
are other problems to be met which in-
clude providing emergency power in the
event that primary power fails. This
involves the use of engine generators,
battery storage, and voltage regulating
equipment as shown in Fig. 1. Where a
high degree of reliability is required,
spare equipment to replace a unit that
has failed must be provided together
with necessary control apparatus to ef-
fect switchover and forward an alarm
signal to the link terminals.

The author is grateful to Mr. A. G.
Clavier, Federal Telecommunication

| Laboratories, for his permission to use
| nomogram presented in this article.
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Spectrometer
(Continued from page 15A)

task, and it can be readily adapted to
automatic operation. Similarly, the new
instrument could be used for continuous
observation of the air in an enclosed
space, giving warning of the presence
of dangerous components such as hydro-
gen or chlorine. In addition, an active
project is now under way at the Na-
tional Bureau of Standards to adapt
this instrument for use as an extremely
sensitive carbon monoxide detector. Ap-
plications for detecting other types of
gases are numerous.

The lightness and compactness of the
nonmagnetic spectrometer offers a way
to settle the question of the chemical
composition of the upper atmosphere.
This is a problem which is directly re-
lated to work in radio propagation and
stratospheric flight. Arrangements have
been made with the Applied Physies
Laboratory of the Johns Hopkins Uni-
versity to send one of the new spectrom-

eters aloft in a rocket. Before it is
mounted in the rocket, the spectrometer
tube will be evacuated and sealed; when
the rocket has reached maximum alti-
tude, an arm of the tube will be broken
open to the rarefied air. The relative
densities of atmospheric components
will then be telemetered back to the
ground for recording.

The nonmagnetic mass spectrometer
is now being adapted to the rapid scan-
ning of mass spectra. Present methods
permit sweeping twice a second through
the mass range from 10 to 50, display-
ing the measured mass components
directly on the screen of a cathode-ray
oscilloscope. The scanning is accom-
plished by sweeping the ion accelerating
voltage from 50 to 250 volts while modu-
lating the radio-frequency potential
with a 1000-cycle signal.
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REAR ADMIRAL ROY M. W. GRAHAM, USN (Ret.)
has been appointed special assistant to the manager of the
Equipment Sales Division of Raytheon Manufacturing Co.,
New York. During World War II, Admiral Graham was
responsible for all naval communications facilities and serv-
ices for the Hawaiian Sea Frontier and in February 1944
was put in command of the then newest type of amphibious
flagship, the USS Mount McKinley.

DR. WALTER J. HAMER has succeeded Dr. George W.
Vinal as chief of the Electrochemistry Section of NBS.

Widely known for his work in the field of electrochemistry, |

Dr. Hamer was formerly research associate at MIT and
from 1932 to 1934 held a U. S. Navy Post-doctorate Research
Fellowship at Yale University. During World War II Dr.
Hamer was active in work for the National Defense Research
Council and the Manhattan Project.

MAX L. LIBMAN has been appointed patent advisor to

the National Bureau of Standards and as such will be re- |

sponsible for reviewing inventions made by members of the
staff. Mr. Libman was formerly a patent attorney in the
Legal Division of the Office of the Chief of Ordnance in
the Department of the Army, specializing in electronic equip-
ment. He is a member of the Bar of the District of Columbia
and is a registered patent attorney.

JOHN A. P. OHMAN has been appointed a senior research
engineer in the Physics Department of Southwest Research
Institute. Formerly a vice president of Geovision, Inc., and
chief engineer for the Rieber Research Laboratory, Mr.
Ohman is the author of various reports on petroleum ex-
ploration methods and has applied for several patents on
geophysical exploration apparatus. He is a member of the
IRE and the Society of Exploration Geophysicists.

PAUL ROSENBERG, President of Paul Rosenberg Asso-
ciates, New York firm of consulting physicists, has been
elected President of the Institute of Navigation for 1950-
1951. Dr. Rosenberg was General Chairman of the meeting
on Electronics and Navigation recently held in New York
under the joint sponsorship of the ION, the Radio Technical
Commission for Aeronautics, and the Radio Technical Com-
mission for Marine Services.

W. A. WILDHACK, formerly Chief of the Missile Instru-
mentation Section of the National Bureau of Standards, will
head the Office of Basic Instrumentation just established at
the Bureau. Mr. Wildhack has been with NBS since 1935,
working in the fields of aeronautical, mechanical and elec-
tronic instruments. The new office will coordinate a program
of evaluation and improvement of instruments for measur-
ing basic physical qualities.

ENGINEERING DEPT.

Reverberation
(Continued from page 6A)

decay and frequency response. The
number of pickup heads can vary, and
some units of this type have been built
with a great number of pickups so
that no reverberation feedback is nec-
essary, while others have been built
with as few as one head so that the
feedback path gives the entire decay
envelope. The best compromise might
be the use of two to five pickups —
few enough so that simplicity of the
circuit is maintained, and enough so that
the gain of the feedback path can be
kept low enough to give good stability
with long reverberation times.

In the future the magnetic tape re-
verberation system will probably be-
come the most widely used because of
its compactness, simplicity of design,
and ease of flexibility of operation. (A
complete magnetic unit can be mount-
ed in a standard relay rack using only
14 inches of panel space.) It is the least
expensive of the various systems, fool-
proof, and has low maintenance costs.
Many such units have been tested ex-
tensively and are in widespread use.

The Hammond Instrument Co. has
developed an electromechanical rever-
beration control unit which has proved
very satisfactory for use with the
Hammond organ. In this unit, sound
waves are caused to pass through a
number of helical steel springs of vary-
ing lengths. The sound waves are con-
verted back to electrical waves by crys-
tal pickups at the ends of the springs.
These delayed sound waves, when prop-
erly controlled and recombined with the
original sound, produce the desired
amount of reverberation.

Because of the improvements in de-
sign of synthetic reverberation sys
tems, resulting in greater convenience
and flexibility of operation, synthetic
reverberation is coming into much more
general use than in the past. Experi-
mental studies of acoustical patterns
and sound decay can be considerably
simplified with the use of synthetic re-
verberation units, and the possibility
that such devices may even yield space
patterns more satisfying than have yet
been achieved architecturally may re-
sult in great improvement in our system
of sound reproduction.
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.g New Products

1

(Continued from page 23A)
volts, and which provides full deflection
of a 16GP4 kinescope.

The RCA-209D1 Deflecting Yoke is
coordinated in design to operate effi-
ciently with the 223T1.

ELECTRONIC AIR CLEANER
Westinghouse Electric Corporation
has announced a Precipitron electronic
air cleaner designed to remove dust,
dirt, smoke, soot, and other air-borne
solids from normal air. It is constructed
for upward or downward air flow to
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conserve floor space and simplify main-
tenance. With a frame height of only
84% inches, unused space above and be-
low is used for inspection and servicing
access.

This Precipitron charges the solid
particles positively, then passes the
air through a set of alternately charged
collector plates where the solids are
removed by electrostatic attraction. It
is available in the following ratings:
capacity, 1200 c.f.m. and up; efficiency,
removes 90% of all air-borne particles
traveling at 333 f.p.m., and 85% of
those traveling at 400 f.p.m.; power
supply, 1156 volts, single phase, 50 or
60 cycles.

Further information may be obtained
from Westinghouse's Sturtevant Divi-
sion, 200 Readville St., Hyde Park,
Boston 36, Mass.

TIME SWITCH

Coral Designs, a division of The
Henry G. Deitz Co., Box 248, Forest

Hills, New York, has added to its new
series of electronic controls the Cat.
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110 Electronic Time Switch. Automatic
repeat, interval, delayed action, and
programming are all incorporated in
this unit and all of these plus varia-
tions are available by merely changing
external connections to the terminal
board.

Standard units are supplied for oper-
ation on either 115 volts or 230 volts,
50-60 cycles. All relay contacts are
rated at 10 amperes to 115 volts a.c.,
5 amperes to 230 volts a.c., non-induc-
tive load.

DECADE AMPLIFIER

Technology Instrument Corporation, |

1058 Main St.,, Waltham, Mass.,, has
developed a wide band decade amplifier
for general laboratory use and for spe-
cial applications requiring zero phase
shift and high stability of gain. Compact
construction, cabinet or rack mounting,
and a.c. operation from a self-contained
power supply have been incorporated in
the design to increase the general utility
of the amplifier.

Type 500-A features input impedance
high enough to permit measurements
in most circuits without upsetting nor-
mal conditions. Qutput impedance is
Jow enough to permit operation into a
wide range of loads without causing a
variation from the indicated gain of
10,000 or 1000 times. Zero phase shift
from 20 c.p.s. to 100 ke¢. makes possible
the extension of phase measurements to
5 mv. levels, when used with TIC type
329 phase meter. All instruments are
adjusted as close as practical to zero.

SLOW SPEED TIMING MOTOR

The Haydon Manufacturing Co., Inc.,
of Torrington, Connecticut, has an-
nounced production of its 4400 Series
Timing Motor to replace the Haydon
4100 Series. The 4400 is an extra slow
speed motor, available in standard
speeds of 6, 8, 12 hours, 1 day and 1
week per revolution.

Non-standard speeds are available on
quantity orders in the ranges of 5, 9
10, 15, 16, 30, 32 and 36 hours, and 2,
4, 10 and 80 days per revolution. Typ-
ical applications suggested are: day-
night thermostats, daily program
timers, and refrigerator defrosting
mechanisms.

Complete information on the 4400 Se-
ries is given in Catalog No. 322 avail-
able from the manufacturer.

MULTIPLEX TERMINALS

Phileo Corporation, Philadelphia, Pa.,
is manufacturing communications chan-
nelizing of the time-division type for
use with microwave radio relay systems.
Employing pulse-amplitude modulation,
the CMT-4 series is available in various
models to provide 4, 8, 12, 16, 24, or 32
voice channels.
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When the situation

calls for BETTER
COILS......

PRECISION
paper tubes
provide the BASE!

Precision Paper Tubes assure better

coils by providing a superior coil

base of finest dielectric
Fish Paper, Cellulose
Acetate, or

combination,
that improves

insulation, has

lower moisture
absorption.

I Spirally-
wound and

heat-treated

for greatest
| strength,
they're lighter;
afford greater heat dissipation.
Whether your coils be round, oval,

square, rectangular or other shape—
regardless of their length, ID or OD—

we can supply a Precision Coil Form

made exactly to your specifications.

Write or wire today for new Mandrel
List of over 1,000 sizes. Ask about new

I Precision Di-Formed Paper Tubes that
allow making more compact coils at

i no extra cost.

|

PRECISION PAPER TUBE CO.

Also makers of Precision Coll Bobbins
2063 W. Charleston St., Chicago 47, i
Plant $#2, 79 Chape! St., Hartford, Conn.
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According to the manufacturer, these
multiplex terminals have both the free-
dom from crosstalk of time-division sys-

tems, and the spectrum economy nor-
mally associated with commercial tele-
phone carrier systems. The composite
output of a 32-channel Philco P.A.M.
multiplex terminal is less than 300 ke.
wide. Another feature is the ability to
drop out one or more channels at re-
peater stations.

ALPHA SCINTILLATION PROBE

Tracerlab, Inc., 130 High Street,
Boston 10, Mass.,, is introducing the
P-12 Alpha Scintillation Probe de-
signed for use with commercially avail-
able scalers and counting rate meters
for the selective detection and measure-
ment of alpha particles. The phosphor
light pulse generated by alpha bombard-
ment has a decay time of about ten
microseconds.

The background count of the alpha
probe is only about five counts per
hour so that maximum statistical ac-

4\”{%

curacy can be achieved and weak alpha
samples can be measured. It may also
be used as a monitor in conjunction
with either a scaler or a counting rate
meter, depending on the desired accu-
racy.

If this scintillation counter is used
for radioassay work, it can be mounted
in the SC-24 Sample Holder and Probe
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Mount to assure complete geometric
reproducibility. The same holder will
also adapt it for use with the T'racerlad
SC-6A Automatic Sample Changer.

ELECTRONIC TIMER

General Electric’s Control Division
has announced a compact electronic
timer which provides automatic control
of operation, limit, and sequence timing
for literally thousands of industrial
processes.

Available in three time ranges of
.06-1.2 seconds, .6-12 seconds, and 6-120
seconds, this timer features a detach-
able back plate which mounts directly
on a rigid conduit or any flat surface.
The GE6J5 electronic tube in the timer
is a standard model readily obtainable
at most radio stores. Tests conducted
indicate that the timer can perform a
million or more operations at these con-
trolled load requirements: inrush—15
amps., carry—10 amps., and break—
5 amps.

Some applications of the device are:
operation timing to control duration of
such processes as paint spraying; limit
timing to stop conveyor belts if material
piles up; and sequence timing to control
duration of operations on bearing-grind-
ing machines, etec.

Additional information on the timer
is contained in bulletin GEA-5255 which
may be obtained from the General Elec-
tric Co., Schenectady 5, N. Y.

HAND STAMPING DEVICE

The M. E. Cunningham Company, 192
East Carson St., Pittsburgh 19, Pa., has
developed a hand stamping fixture for
marking metal name plates. Designated
Model SF-100, this tool is made from
the company’s special Mecco Safety
Steel to prevent spalling, mushrooming,
and injury to personnel.

This tool can be fabricated to order
for processing one or a group of name
plates, checks, and other flat metal ob-
jects. The chase section in the bottom of
the holder has adjustable horizontal and
vertical gauges to facilitate stamping
on any required panel. These gauges are
locked and adjusted by standard screws
or set screws, and can be made in a va-
riety of styles to suit round, square, rec-
tangular, and special shape plates.

Data sheets and additional informa-
tion may be obtained by writing the
company direct.

ELECTRONIC RECTIFIERS

Floor- or wall-mounted electronic
rectifier units to convert a.c. to d.c. for
general purpose industrial and commer-
cial applications are available from
Westinghouse Electric Corporation.

Standard units can be supplied with
constant or adjustable d.c. output volt-
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ages, in ratings as high as 230 volts, 87
amperes. The adjustable voltage units
provide a range of from 60 to 100 per-
cent of the rated output voltage. All
components, including the anode trans-
formers, are mounted in factory assem-
bled enclosures to simplify installation,
and to facilitate inspection and mainte-
nance.

These electronic rectifier units are de-
signed for operation on 115/230 or

230/460 volts, single phase or three
phase. Further information may be ob-

tained by writing Westinghouse at Box
2099, Pittsburgh 30, Pa.

LAMINATING MATERIAL

Flexfirm Products of E1 Monte, Cali-
fornia, is introducing a ready-to-form
laminating material with a high tensile
and flexural strength, trade-marked
Dryply.

Dryply consists of glass cloth or mat
impregnated with a complete polyester
compound, including catalyst, which
comes to the manufacturer in a dry
state, ready to use. The material comes

in rolls and in use is simply trimmed,
laid up for forming and heat cured by
conventional methods.

It is reported that the material s
dimensionally stable, will withstand all
chemical and weather elements, and can
be stored with a promised shelf life of
6 months or longer under normal room
temperatures. Illustration shows fin-
ished Dryply parts formerly made of
metal.

@
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News Briefs

:I (Continued from page 24A)

. clude top network presentations from
ABC and CBS; these programs to reach
Omaha through the nearly completed
microwave relay directed from primary
network stations in the East. Local

| improvements include a direct connec-
tion with Northwestern Bell Telephone

| Company by coaxial cable, and a new,

. sound proofed modernistic audition
room. Completely linked with the mas-
ter controls, this audition room con-

| tains the latest technical improvements

. and incorporates 16 mm. sound projec-

| tion equipment, and a special TV mon-

' itor for the presentation of auditions

. through the transmitter system, all of

. which may be operated from a master
control within the room itself.

WIRE TESTING MACHINE

Western Electric Company’s Haw-

thorne works in Chicago is now using

| a 10,000 lb. wire testing machine for
tensile tests on samples of all copper
line wire produced at the plant.

The testing machine was especially
designed by Baldwin Locomotive Works
to apply test loads to wire ranging in
length from 2 in. to 60 in. between the
Templin grips. Loads are applied hy-
draulically by a ram with a 86-inch
stroke. Loading speed may be varied

HHH
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up to a maximum of 25 inches per
minute by means of a hydraulic control
 valve. Maximum return speed is 20
, inches per minute.
Accuracy of this system is within
0.5 per-cent of load or one scale divi-
sion.

' PRECISION THERMOSTAT
Dr. Wm. R. Eubank of the National
~ Bureau of Standards has developed a
. precision thermostat which provides
smooth, continuous control of an elec-
tric furnace within a very small range
at temperatures between 1000° and
| 1550°C.
| The device is of the type in which
| the furnace winding itself serves as
|” the sensitive element, forming part of
. a bridge circuit for control of a thyra-
. tron tube. The thyratron circuit then
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acts as a continuously variable valve, .

allowing just enough current to reach
the furnace to compensate for a given
temperature fluctuation.

An advantage in the use of the
phase-controlled thyratron is gradual
or proportional control as contrasted
to on-off control. It is expected that

;

the control circuit developed at the
Bureau will find application in the
regulation of other furnaces and in
baths and heaters operating at lower
temperatures. Heater elements, such as
pure nickel or certain nickel-chromium
alloys which have sufficient change of
resistance with temperature in the
lower temperature ranges would be re-
quired in the latter applications. .g@-

Stress and Strain
(Continued from page 14A)

same as the axial installation except
that instead of the two active gauges
being connected catacorner in the
bridge, they are connected adjacent.
Thus any axial loads cancel and only
bending loads produce a signal.

4. Transverse installation gets its
name from the gauge being mounted
transverse to the axial strain so that
its response is a function of Poisson’s
ratio.

5. Rosette or delta installations were
discussed briefly at the start of the
article and are too involved for a com-
plete analysis here.

6. Torque installations are used when
it is desirable to measure the torque in
a drive shaft. The gauges are mounted
at 45° to the tube axis as this is the

direction of maximum strain. Usually

full bridges are employed so that the
slip ring resistances are a negligible
amount of the power and galvanometer
circuit resistances and accurate results
are obtainable. As the dummy gauges
are actually in shear, the shear for-

mulas are used for these calculations.

REFERENCES:

1. Kaufman, Alvin B., “Strain Gauge Link,”
RaDIO-ELECTRONIC ENGINEERING, March,
1950.

2. Kaufman, Alvin B., “Strain Gauge Load
Rings,” RADIO-ELECTRONIC ENGINEERING, Au-
gust, 19560,

3. Kaeufman, Alvin B., “Oscillographic Strain
Gauge Recording,” RADIO-ELECTRONIC ENGI-
NEERING, September, 1950,

4. ".E'Iectric Resiatance Strain Gauges,” Eng-
lish Universities Press, London.

~@a

ENGINEERING DEPT.

Bhown:

Bllley type TCO-1
Crystal Oven with
Bllley type BHE'
crystal

.
<3 P RECISION. . .

I)EVELOPMENT 5 & & ﬂUALITYl

When the end use is military . ..
Bliley crysials are combal veterans.
Military specifications demand pre-
cision . . . development . . . quality.
These ifactors are basic with Bliley—

the top choice for 20 years.

~ | ¢
Bliley
CRYSTALS

BLILEY ELECTRIC COMPANY
UNION STATION BUILDING
ERIE. PENNSYLVANIA

.




R

<*RADIO ENGINEERING HAND-
BOOK?* 4th Edition, by Keith Henney.
Published by McGraw-Hill Book Com-
pany, 330 West 42nd St., New York 18,
N. Y. 1197 pages. $10.00.

Designers, engineers, and radio tech-
nicians will find in this volume prin-
ciples, standards, and procedures that
mean quick answers to routine and
special assignments in communications,
broadeasting, aircraft radio, television,
and related fields.

This 4th edition is fully revised and
enlarged to include several new chap-
ters covering wave guides, inductance
and magnetic materials, electron tubes,
antennas, receiving systems, wave
propagation, and radio aids to naviga-
tion. An entirely new section takes
up in detail the physical, mathematical,
psychological, and acoustical base on
which all electrical communication
exists.

This compilation of carefully selected
design data, charts, tables, circuits,
diagrams, and formulas will be of great
aid in solving radio engineering prob-
lems more quickly, easily, and ac-
curately.

<ELECTRICAL COMMUNICA-
TION?® Third Edition, by Arthur L.
Albert. Published by John Wiley &
Sons, Inc., 440 Fourth Ave.,, New York
16, N. Y. 593 pages. $6.50.

The third edition of this text has
been extensively revised, and as in pre-
ceding editions, covers the entire field
of electrical communication including
the transmission of code, speech and
music by both wire and radio.

The basic subjects of acoustics, elec-
troacoustic devices, networks, lines,
cables, wave guides, and electronics
have been grouped in the first part of
the book, with telegraph, telephone,
and radio systems in the last portion.
Included in the expansion and moderni-
zation of the book is the emphasis and
extended material on dial telephony;
illustrations and problems have been
completely revised and increased; and
the standards of AIEE and IRE are
closely followed. A special feature is
the addition of review questions at
chapter endings.

Although the book contains higher
mathematics, the material is so ar-
ranged that continuity is not affected
without the use of the mathematics.
An extensive list of references is also
included to assist those interested in
locating additional information.—@-
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| Audio Amplifier
l (Continued from page 9A)

from changes in tube transconductance
and other uncontrollable factors will
be balanced out within very large limits
by the feedback circuits. A balance po-
tentiometer is shown in the cathode
circuits of the input tubes for purposes
of balancing the phase inverter in
initial adjustment. This was deemed
desirable because any direct current
unbalance at this point is amplified
by the following direct coupled stage.
As a practical matter the adjustment
need be made only during initial test-
ing with a d.c. voltmeter connected
from plate to plate, the balanced con-
dition being indicated by zero voltage.

The secondary winding of the output
transformer is shown with one side
grounded in the diagram but this wind-
ing may be either floated or balanced
to ground. The winding is completely
isolated from the balance of the circuits
as far as d.c. is concerned and the effect
of reflections caused by the load is
negligible. The effective internal gen-
erator impedance of the amplifier is
extremely low, which provides both
excellent damping and isolation of the
load. The dynamic impedance of loud-
speakers, recording heads and similar
devices varies widely and abruptly in
operation and this feature has consider-
able importance. Any tendency toward
continued motion of the load device
after sharp fundamental transients is
effectively damped out. The internal
generator impedance of the output cir-
cuits of the amplifier is in an order
of maenitude approximating 1/20 of
the rated tap impedance on the output
transformer secondary.

The total noise level, including hum,
is measured at approximately 78 dec-
ibels below maximum output with no
shielded wire used anywhere in the
amplifier circuits. Audio frequency
square waves are reproduced without
visible distortion and transient pulse
signals without observable deformation.

AB-5 Preamplifier Driver

The circuit diagram for the pre-
amplifier driver designed especially for
this power amplifier is shown in Fig.
2. A single 12AX7 is used for the two
cascaded preamplifier stages. Equaliza-
tion is obtained by means of a selective
frequency degenerative feedback loop
from the plate of the second stage to
the cathode of the first stage. The
curves for both standard and LP
equalization are shown in Fig. 1. The
input resistance was chosen for flat
response from a standard Pickering
cartridge. High frequency “roll-off” for
British Decca and London recordings
can be obtained by adjusting the treble
control to the first position of attenua-
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tion. The Long Playing equalization
follows the Columbia TL-1 test record-
ing within one decibel. 12 db. of attenua-
tion for this characteristic is obtained
by bypassing the plate to ground.

The input selector switch permits
selection of the phono preamplifier with
equalization for either Standard or LP
and selection of either TV or Radio.
High values of resistance are placed
across the switch contacts of the pre-
amp to keep the coupling and equaliza-
tion capacitors charged so that snaps
and clicks from changing the selector
switch are minimized. A shorting type
switech was also used in this circuit as
an additional precaution against snaps
and clicks. Each: stage should have a
common ground point with heavy buss
connections between points to prevent
hum pickup in the ground connections.
Connections should be kept as short as
possible to eliminate the necessity of
shielding wiring, since the stray capac-
itance may cause high frequency loss.
Gain from this preamplifier is sufficient
for any of the standard variable re-
luctance pickups.

The third stage of the circuit is a
stage of voltage amplification to pro-
vide a high level input to the tone
control circuits. Part of the load re-
sistance is placed in the cathode circuit
to provide current degeneration for
the stage. Degeneration is desirable in
order to decrease the input capacitance
of the stage and to increase signal
handling capabilities of the stage. A
blocking capacitor is required be-:
tween the volume control and the grid
to prevent the bias voltage from being
upset. A high signal level to the tone
control circuit is desirable to keep the
signal to hum ratio high. Thus, care-
ful shielding of the tone controls is
necessary.

The tone controls are resistance
capacitance networks. Eleven positior
shorting type switches are used for
the controls with the center as the fla
position and varying degrees of accen:
tuation either side of centers~ Thes
switch type controls have been usec
in production for some time and have
proven very satisfactory. The grea
advantage of the switch type is tha
once a desirable setting for a giver
input signal has been found, that exac
setting can be precisely repeated at ¢
later date. It may be found desirabl
to loosen the detent springs on the
controls so that they may be rotatec
more easily.

The next stage in the driver is an
other stage of amplification to over
come the loss in the tone contro
circuits. This stage feeds a cathod
follower through the second section o
a dual potentiometer used as a volum
control. One section of the contro
serves to limit the input to the thir
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stage to prevent over-driving and the
second section limits the input to the
cathode follower and eliminates any
hum or tube noise picked up in the
tone control circuit when the control
is set toward minimum. Balancing the
signal by means of this control provides
optimum signal to noise ratios as well
as ideal control of the driver output
level.

The cathode follower output stage
is unique in that it provides an almost
universal output combination. The out-
put impedance is 500 ohms. With the
large blocking capacitor this output
| may be used directly into the 500 ohm

winding of a 500 ohm line to grid
transformer for use with other equip-
' ment, or it may be fed directly into
the grid circuit of an amplifier such
as the AB-5 for which it was designed.
The coupling capacitor used is a 16
mfd. 450 volt electrolytic. A low value
of resistance across the output termi-
nals keeps the capacitor polarized and
. maintains the d.c. voltage due to
leakage across the output terminals at

a negligible value. The output of this

unit may be run as far as 500 feet

through suitable shielded cable without
audio frequency loss of consequence.

The maximum output voltage of the

entire unit with less than 29% inter-

modulation distortion is 6 volts. Dis-
tortion at the one volt level required
to drive the AB-5 amplifier is %%.
Where space is not at a premium
and minimum hum is of great impor-
tance the power supply for this unit
should be separated from the signal
chassis. The frequency response is flat
within one decibel over the entire audio
range. For use with the AB-5 amplifier
it may be found desirable to limit the
very low frequency response by using
smaller coupling capacitators. This is
especially true for use with phono
! equipment with a large ‘amount of
turntable rumble. It was found that
the response of the entire system was
such that rumble on the order of two
I to four cycles per second caused the
! speaker cone to flutter violently.
When these units are constructed
carefully with high quality components
and properly adjusted using adequate
laboratory instrumentation, their per-
|formance is appreciably superior to
i even the finest associated components
! available. They fall short of perfection
| only in the sense that perfection cannot,
by definition, be obtained.

- —
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Graphical Deter.

(Continued from page 10A)

nections for the feedback circuit. It
might be that for a plate voltage e, of
100 volts the feedback voltage is —10
volts, or B is —0.10. Then when e, is
200 volts, e;» is —20 volts and so on. Let
¢’y represent e; + E.. and plot &', as the
parameter on the plate characteristic of
the vacuum tube. This can be done by
assuming a constant value of ¢’y and
calculating the values of e, and 4,. For
example, if B is —0.10, the curve of
constant e’; of —40 volts will go thru
the points corresponding to e.= —30
volts, e, =100 volts; e, = —20 volts,
ev = 200 volts; e.=—10 volts, e =
300 volts and so on. Similarly the curve
for ¢’; of 0 volts would coincide with
e. =10 volts, es =100 volts; e¢. =20
volts, e» = 200 volts and so on.

These curves of constant e’; are shown
in the dotted lines in Fig. 2. To be
noted particularly are the facts that the

e
!
Ec
b
Fig. 3. Simplified diagram

of feedback amplifier circuit,

characteristics appear much straighter,
steeper and more nearly parallel. These
facts indicate that the feedback has re-
duced distortion.

The dotted equivalent tube character-
istics can now be used to determine the
operation of the amplifier. For example,
the load line may be drawn in the usual
manner, with the x intercept at E.,, a
slope corresponding to the reciprocal of
the load resistance, and going through
the operating point. The distortion camr
now be obtained from the formulas
which are available. For example, the
second harmonic distortion is given by

I, maz +bln — 21»__(._
21,

where I nazy Is min, and Ios are the max- |

imum, minimum and operating values
of the plate current for the specified
grid swing.

In Fig. 1 the load line is drawn for a
load resistance of 1250 ohms. For a
grid swing of 0 to —60 volts the second
harmonic distortion is 49, without
feedback. A grid swing from 0 to —80
volts gives 2.59% distortion with feed-
back. The distortion has been decreased
materially at the expense of gain, since
the gain drops from 1.7 to 1.4. However,
use of the formula 1/(1 — KRB) shows
that the distortion should have been de-
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creased 1/(1 + 1.7x.1) or about 17%.
The difference in answers is not due to
the error in the formula as much as it
is to errors in readings of the curves,
but the difference of a 37% reduction
and a 17% reduction is of interest.

The reader will be interested in the
evaluation of the equivalent tube pa-
rameters g’., ', and x’ from the equiv-
alent tube characteristics of Fig. 2. If
gm, Tp and g are the actual tube charac-
teristics, then:

7, = 75/ (1 — uB)

w =u /(1 —uB)

9 =gn
The equivalent plate resistance and am-
plification factor have both been re-
duced by the voltage feedback, while the
transconductance was unchanged. The
curves of Fig. 2 verify these statements.

(b) Current feedback

If current feedback is assumed, the
feedback voltage is a function of the
load current, so that:

€rp — G
then the equivalent plate characteristic
diagram can be made similarly to that
described above. Suppose that the G
factor gives a voltage of —10 volts
when 4, is 20 ma., or ¢ is —500. The
curve for e’; = 0 is thus coincident with

the points 4, = 20 ma., ¢. = —10 volts;
i» = 40 ma., e. = —20 volts; iy = 60 ma.,
e. = —30 volts and so on. The equiv-

alent plate diagram is shown dotted in
Fig. 2. It is seen again that current
feedback straightens out the plate char-
acteristics; reduces their slopes, and
spaces them more evenly.

The distortion will evidently be re-
duced by the use of feedback. It is also
interesting tq note the values of the
equivalent tube characteristics in terms
of the actual tube parameters. These
are:

s = 1(1 — Ggn)

¥ =p

gm =g./(1 — Ggn)

Hence the equivalent plate resistance
was increased with current feedback,
which is verified from circuit consider-
ations. The amplification factor does
not change, while the transconductance
of course goes down.

@

HAVE YOU A JOB FOR A
TRAINED TECHNICIAN?

We have a number of alert young men
who have completed intensive training
in Radio and Television Repairing. They
learned their trades thoroughly by work-
ing on actual equipment under personal
expert supervision.

If you need a trained man, we invite
you to write for an outline of our course,
and for o prospectus of the graduate. No
fees, of course. Address:

Placement Monager, Dept. P-106-11
COMMERCIAL TRADES INSTITUTE
1400 Greenleaf Chicago 26

.
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OFF-RESONANCE RESPO

LIGN resonant frequency f, and frequency deviation
8f to give fractional detuning 8. Transfer to &’ seale

CHESTER W. YOUNG, Senior Electronic Eng.,

NSE-SMALL DEVIATION

Consolidated Vultee Aircraft Corp.

and align with @ to give Z. Transfer to Z’, align with &
on 8” scale to give exact response on Z" scale.
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THE TOP TOWER OFFERs THE BOTTOM PRICE!
NEW TELETOWER PRICES ARE 25% TO 60% LOWER.

NEW RETAILER PRICE LIST.

MAIL COUPON FOR FREE BULLETIN WITH

NOW — Penn applies mass production technique to TV
tower manufacture ! Results? (1) Prices even lower than
a former low that set a record. (2) A new, improved
tower design. (3) Eight big construction advantages
not combined on any other tower at any price.

Penn’s low prices — which include prepaid freight
east of the Rockies and special shipping cartons that
protect finish —are NOT “deals.” They are natural
results of lower manufacturing costs made possible by
the facilities of a factory that was originally established
in 1932 and has been growing ever since.

It pays to learn why Teletower sales “tower” above
all competition. Paste the coupon to a penny postcard
— and mail it today — before you forget!

x*

ASSEMBLY GUIDE!

Fitting just one leg " n [}

into pilot hole auto- LEARN ABOUT NEW CONSTRUCTION FEATURES RE-
L Pt CENTLY INCORPORATED IN BOTH TELETOWER AND
sections,

THRIFTOWER AT NO IN-
* CREASE IN PRICE. ALSO—

NO WEIGHT ON MOTOR ¥ WRITE FOR INFORMATION
MOUNT! Mount takes all load . e ABOUT COMPLETE NEW LINE

. permits “free’’ swiveling 1
OF TENNA-MAST HARDWARE.

in any direction.

FITS ANY SURFACE! Hinged
base plate permits safe, easy
erection on sloping surfaces. ‘

LIGHTWEIGHT! Eight year old
boy lifts 10-foot section which
weighs less thon two pounds
per foot.

Penn Boiler & Burner Mfg. Corp.
Dept. N-1, Lancaster, Pa.

Please send me a copy of your Teletower Bulletin
complete with new retailer price list.

Company . e e

Canadian Represcnrativer ™ = Address .....iiiiiiiii i s NPT OB o ;

J. R. McVITY & COMPANY

53 Dalewood Road, Toronto, Ontario, Canada

PENN TELETOWERS . Tumnowms

PENN BOILER & BURNER MFG. (ORP — LANCASTER,

November, 1950
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No Need To Worry About Moisture
When You Use The MALLORY PLASCAP*

:' g e skl o T 1| The Mallory Plascap plastic tubular capacitor exceeds R.M.A.
’ requirements for humidity and immersion tests . . . even for

: MALLORY : metal-cased capacitors. It’s the plastic tubular that’s years ahead

I FP CAPACITORS I of the rest of the field.

b When you select Mallory FP Capacitors, I No oil'leakage, no unsoldered leads, no messy wax coating, no

: you can be sire of their perforinanoe even i insulation probl'ems.! Check these fou'r exclusive features which

| in circuits where heat is a problem. Every : make YCLIRSELMICE JObS surer and easier:

| Mallory FP Capacitor will_eperate con- I @ TRISEAL CONSTRUCTION. Sealed three ways . . . with

§ tinuvously at 85° C. In addition, Mallory 1 moisture-free Mallotrol, tough outer plastic shell, exclu-

I FP Capacitors are famous for their long 1 sive Mallocene! '

| shelf-life . . . you can depend on them i

|  when you nced them. Buy the one line | @ FASTITE LEADS. Permanently fastened . . . sealed with

|  thatservices both AM and TV seis. They | Mallocene . . . unaffected by soldering-iron heat!

| are an outstanding example of Mallory |

I Precision Quality at standard prices. | © DISTORTION-FREE WINDING. No flattened cartridges due

:] See your Mallory Distributor right aiay! : to molding pressures . . . no failures due to ‘‘shorts”!

| I ©® TRU-CENTER CARTRIDGES. Cartridges centered every time

: : - uniform insulation guaranteed at all points!

i ! You don’t have to handle the Mallory Plascap with kid-gloves . . .

! ] it is built 1o ““take it””! See your Mallory Distributor, now. Remem-

L - ber, you pay no more for Mallory Precision Quality!

*[rade Mark

P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA






