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The antenna of a Motorola microwave relay system.
Systems of this nature have been installed at airports
by Aeronautical Radio, Inc., to transmit signals be-
tween airport control towers and air/ground radio
control antenna arrays at points away from airfields,
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MORE FEATURES
P17 occommodates 104" reels
and offers 3 heods, positive tim-
ing ond pushbutton control. PT7
shown in console is availoble for
portable or rack mount.

"My daddy flies a jet plane over Korea!” . . .
corders “stationed’” in southern Japan perfectly
recorded these brave, young words for Americans at
home to hear! Easy portability and dependable high
fidelity make Magnecorders known to Americans
serying at home and abroad.

Magne-

At KRLC, Lewiston, Idaho, Magnecorders bring the
same precision and professional quality into the
recording room. On an air base or in the studio you
can handle "remotes” or delayed programs with
complete assurance when you use Magnecorders, the
first choice of radio men everywhere.

GREATER FLEXIBILITY
In rock ar consale, or in its really
portable cases, the Mognecorder
will suit every purpose. PTé is
ovailoble with 3 speeds (33,",
72", 15") if preferred,

HIGHER FIDELITY
Lifelike tone auality, low distortion,
meet N.A.B. stondords — ond ot ¢
moderate price. PT63 shown in rock
mount offers 3 heods to erose, record
and ploy back to monitor from the
tope while recording.

360 North Michigan Avenue
Chicago 1, lllinois, Dept, RE-1
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COLOR TV

STATUS

HE RECENT NPA order halting

production of color TV receivers
did not materially affect research and
development work in this field. Success-
ful large-screen theater demonstrations
of color by RCA in this country, and
demonstrations of the Eidophor-CBS
system in Zurich, Switzerland, indicate
that color TV for theaters, at least, is
in an advanced state of development.

The National Television System Com-
mittee (NTSC) has accomplished a great
deal with respect to recommending suit-
able standards for a compatible color
television system. The chairman of this
committee, Mr. W. R. G. Baker, outlined
these proposed standards in a recent
report.

According to this proposal, three dif-
ferent characteristics of the color pic-
ture are transmitted. These are the
brightness, hue and saturation. The
brightness information is transmitted in
the usual fashion, as in a black-and-
white picture. In addition, a “color car-
rier” is added, with a frequency which
is an odd multiple of one-half of the line
frequency. The sidebands containing the
color or chromaticity information are
thus interlaced with the brightness
signal spectrum, utilizing more fully
the available 4-me. bandwidth. The two
chromaticity signals, hue and satura-
tion, modulate this color carrier in two
different ways, for example, in ampli-
tude and in phase, so that all of the
color information is contained in the
single color subcarrier. Thus, existing
receivers could receive pictures in black-
and-white from a color TV transmitter
without any alterations by making use
of the “brightness” signal, making the
system completely compatible.

Most of the components of such a sys-
tem have been tested extensively, and
have been proved practicable. These
tests are continuing, and further refine-
ments are being worked out. One such
refinement is the “oscillating color se-
quence” proposed and tested by Hazel-
tine. This technique greatly reduces
adverse effects resulting from errors in
the modulation of the color sub-carrier,
| and those due to interference of various
| kinds.
| It appears very likely that a complete,
compatible color television system, ac-
cepted by the industry, will be ready
for presentation before the FCC within
a reasonably short time. Work on this
system cannot be considered to detract
from our defense effort, since an ac-
ceptable color TV system would be very
desirable to many branches of our mili-
tary forces.
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design, planning, and mechanical

layout of a new transmitter are
the basic needs and operating require-
ments to be met in the broadcast field.
Most of these technical requirements
have been very well established by
broadcasters with over thirty years of
operating, or “on-air,” experience.

Therefore, in the design of the RCA
BTA-6G/10G (5/10 kw.) Transmitter,
care was exercised to retain the many
design features ‘‘proved-in” by its
predecessors, as well as providing new
and novel ideas. Listed here are some of
the major factors which had to be taken
into consideration in the final design.

1. Reduced cost, without any sacrifice
in quality.

2. Reduced weight and size.

3. Simplified operation and mainte-
nance.

4. Simple and easy installation.

5. Convenient and economical con-
version to 10 kw. operation, plus addi-
tion of phasing equipment.

6. Accessibility to all
and tubes.

The b kw. transmitter consists of
four major units; namely, the exciter,
the power amplifier, the modulator, and
the power rectifier units. With the ad-
dition of a few components, it can be
converted into a 10 kw. unit without in-

FIRST CONSIDERATIONS in the

components
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Over-all view of the complete 5 kw.
AM ftransmitter. From left to right
the units are: modulator, power ampli-
fier, exciter, and rectifier and control.

creasing cabinet and floor space. Cabi-
nets of companion design and styling
for phasing equipment may also be
added where directional operation is
required.

Each cubicle or cabinet measures ap-
proximately 27” x 30” x 84”. .Solid,
rigidly formed panels of %" thick alu-
minum are used to construct the cabi-
net enclosures. This fact alone accounts
for a considerable saving in weight and
increases the ease with which the units
can be handled. Additional interior
space is also gained by using the
formed panel construction.

A sturdy steel base, used to support
the vertical chassis and the two verti-
cal side panels, has also been formed to
allow the fork of a “pilot” jack (small
hand or motor-powered lift truck) to
reach under and through it for moving
individual units during assembly and
test. The four cabinets, completely as-
sembled, require a total floor space of
only 10 feet 10 inches in length, by 30
inches in depth. The sliding doors make
it possible to conserve additional floor
space because no clearance is needed to
accommodate hinged doors.

Two wire ducts, one for the front and
one for the rear, made of formed sheet
steel, are long enough to reach the en-
tire length of the four units compris-
ing the complete transmitter. When the

DENMGN

By M. H. HUTT

Engineering Products Dept., RCA

Electrical and mechanical design
features of a unit which can be

adapted to 5 or 10 kw. eperation.

transmitter is installed, these wire
ducts are first located, leveled, and
secured to the floor. This provides two
zood rails on which the transmitter
units’ ean be set and finally located. The
formed bases of each cabinet are
notched to clear the wire ducts and also
to align themselves up with the cable
openings.

Another advantage of a wire duct of
this type is the ease with which the
interconnection ecable and power con-
nections can be installed. The wire duct
is open along the entire front side, as
are the “U” shaped notch openings for
the cable connections of each unit. Thus,
the interconnection cable may be simply
laid in place, and the task of weaving
the cable in and out of openings and
holes is climinated. As the cable is
placed in the duct, each branching leg
of wires automatically extends up
through the notches provided in the
base units to its appropriate terminal

. board.

On each base unit are assembled the
vertical chassis and the two vertical
side panels which are fastened together
to form an “H" section. However, prior
to assembling the cabinet unit, the ver-
tical or center chassis may be assem-
bled and wired as a sub-assembly item.
In all units except the exciter, this
vertical chassis divides the unit into
two equal front and rear compartments.
In order to provide additional space for
a blower in the lower compartment,
and to allow accessibility to the crystal
oscillators and other components, the
chassis in the exciter is forward of the
center and does not extend into the
lower compartment.

Two shelves, one front and one rear,
located approximately 30 inches from
the floor, further divide the units into
upper and lower compartments. This

ENGINEERING 3
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Front view with sliding doors opened and lower panels removed to show the

interior arrangemenl. The mechanical

provides a means for mounting addi-
tional equipment which must be fixed
in place. In the modulator and power
amplifier units, the front shelves pro-
vide means for supporting the Type
5762 air-cooled power tubes. The air
is piped from the blower mounted in
the exciter through a duct system as-
sembled directly to the under side of
the shelves. The compartments below
the shelves are used front and rear to
house the heavier components which
rarely require service. Removable pan-
els below the door area provide easy
access to these lower compartments.
These lower panels are quickly removed
by releasing two camlock fasteners just
inside the lower edge of the door open-
ing above the shelf. An interlock switch
provides the protection against high
voltage when these panels are removed.
All large transformers, reactors, volt-
age regulators, capacitors, circuit
breakers, etc., are housed in the lower
compartments and the blower is situ-
ated in the lower compartment of the
exciter. The lower rear panel of the
exciter unit also contains an “intake”
air filter. This filter is a dry type and
can be cleaned with a vacuum cleaning
attachment without removal from its
mounting.

The upper front and rear sections of
each unit contain the components which
require occasional attention and service.
This requirement is facilitated by the
use of new, horizontal, sliding doors.
Interlocking, extruded aluminum slats
are used to make the doors. Small rub-
ber caster assemblies, riding in an
upper and lower track, guide the doors

4 RADIO-ELECTRONIC

layout is similar in all four units.

as they move from the front to the side
of the cabinets. A four-inch separation
between units provides the space into
which the opened doors slide, with one
door entering from the front and an-
other from an adjacent cabinet entering
from the rear. A series of openings in
certain slats provide the windows neces-
sary for observation of tubes and com-
ponents. These openings are protected
with plexi-glass held in place by small
spring clips for easy removal. Each
door is equipped with a latch assembly
which locks the door in place while
closed and is easily tripped while push-
ing the door open. The door also acti-
vates an interlock switch and a ground
switch, which both operate at the de-
sired position of the door to provide
full protection. However, the front door
of the rectifier and control unit is not
interlocked and, therefore, provides ac-
cess to main switches and circuit
breakers.

Above the sliding doors on the trans-
mitter front are the meter panels for
mounting meters and indicator lamps.
Below the doors are the lower remov-
able panels. Both panel areas are sep-
arated from the door area by trim

strips. In general, over-all external ap-

pearance and styling matches other ex-
isting RCA transmitter equipment.

The four-inch spaces, provided be-
tween units for housing the open doors
and door tracks, are covered with filler
channels which are fitted into the over-
all styling. The center filler channels
are eight inches wide and the front cen-
ter channel contains the external trans-
mitter controls.

ENGINEERING

Both units adjacent to the center
section have only their rear doors en-
tering this area. This arrangement
leaves the front section free for locating
the necessary controls. There are only
two units with components requiring
external tuning controls: the power
amplifier to the left of the control panel
contains a variable vacuum capacitor,
controlled manually by a vernier dial
mounted on the door jamb adjacent to
the control panel; and the exciter to the
right of the control panel has a “slug-
tuned” coil, controlled manually by a
similar dial located on its door jamb.
Therefore, these dials are in the vicinity
of the control panel and may be
grouped with the other controls to form
a central control panel. No further
mechanical mounting is required, since
installation of these assemblies is part
of the completed unit.

Internally, the mechanical layout and
arrangement is similar for each of the
four transmitter cabinets. As men-
tioned previously, each unit is made up
of a vertical chassis and two vertical
side panels fastened together to form
an “H” section. The shelf level is just
about even with the lower edge of the
door. Except for the exciter unit; the
vertical chassis extends from the base
to the top cover. In addition to a more
simplified assembly, all the smaller
components assembled on these chassis
are made extremely accessible. The
small tube sockets are mounted verti-
cally, and the tubes horizontally. This
arrangement makes all wiring easily
visible and accessible. The chassis is
placed approximately fifteen inches
from the door opening, so that all com-
ponents on the chassis are within easy
reach. All components such as capaci-
tors, resistors, coils, etc., are, in most
all cases, mounted on the rear side of
the chassis. This results in a clean ar-
rangement on the front of the chassis
where only the necessary tubes, meters,
crystal oscillators and associated com-
ponents are mounted.

The modulator and power amplifier
units are very similar in internal ar-
rangement and follow the general
“chassis and shelf” layout described
above. The associated power-rectifier
unit is divided similarly into compart-
ments for housing the components
which supply the voltage to the modu-
lator and power amplifier. The front
compartment behind the door of the
power-rectifier is accessible at all times
and is not interlocked, but fully pro-
tected to permit operation of control
switches. The rear compartment of this
unit, behind the door, contains a spe-
cial thyratron control circuit, the com-
ponents of which are arranged on a
hinged insulated chassis. An insulated
shelf is also used to support the thyra-
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Moechanical assembly of the Type 5762
tubes used in the power amplifier unit.

tron tubes which are visible from win-
dows located on front of the transmitter
door. A set of arc-back indicator lamps
is also mounted on the thyratron tube
shelf and is visible through jewels
mounted in the vertical chassis.

A single blower, located in the lower
part of the exciter cabinet, supplies all
the air required for cooling the power
tubes in both the modulator and power
amplifier. Additional cooling required
for components is also piped and bled
from this same source. The air is car-
ried from this common source by a
simple air duet system that is part of
the individual cabinet assembly, as de-
scribed previously. Smaller pipe ducts
or openings leading off the main ducts
direct the air to the required “hot-
spots.”

Directly above the air ducts on the
shelves of the modulator and power
amplifier are mounted the 5762 tubes on
an insulated box type mounting. This
box is made of mycalex stock of suffi-
cient size to provide the support and in-
sulation required. This assembly is di-

vided in the modulator to provide two
separate tube mountings for a push-pull
connected arrangement. In the power
amplifier, the assembly is combined to
provide a parallel connected arrangement
for two tubes when operating at 5 kw.,
or three tubes when operating at 10 kw.

The four thyratron tubes, located in
the rear of the “power-rectifier” be-
cause of their function, are spot cooled
by a small blower assembly mounted
below the tube shelf. Except for this
small unit blower, all cooling air is sup-
plied by the one main blower driven by

one motor. There is one air filter to
service; maintenance, in general, is
minimized.

The blower motor is coupled to the
wheel through a variable pitch pulley
and “V” belt. The drive thus provides
for variations in air requirements due
to differences in altitude locations or
whether operating at 5 or 10 kw.

The cooling air is vented through
perforated covers in the tops of the
cabinets. If it is exhausted into the
operating room, ventilating fans located
near the ceiling may be used to dis-
charge the heated air in the summer or,
in the winter the exhaust air from the
transmitter may be used to heat the
room. If the operating room is air
conditioned, the heated air from the
transmitter may be exhausted outside
by ducts leading from the tops of the
cabinets.

The addition of two reactors, a power
amplifier tube with its voltage regu-
lated transformer, and a few minor
components is all that is required to
convert from a 5 kw. transmitter to a

10 kw. transmitter. The space and
mounting facilities for this conversion
are provided in the 5 kw. design without
additional space or expense and kept
within the limitations of the original
size and design.

Provision has been made in the de-
sign for easy addition of cabinets for
phasing or audio equipment. These
cabinets are similar in design and are
supplied as required by the individual
radio station. By using a combination
of wire ducts, filler channels and trim
strips, these additional cabinets are
easy to install and blend well with the
over-all styling. The new BTA-1M
Transmitter (a 1 kw. AM transmitter)
has also been designed to be housed in
a single unit of this same design. There-
fore, it can be installed adjacent to the
BTA-5G or 10G as a “stand-by” unit
and still be in harmony with the over-
all equipment.

Installation has been further simpli-
fied by the fact that each unit is
shipped completely assembled, except
for the few components that are re-
moved to prevent damage in transit.
Except for the interconnection cable,
one buss, three “boot,’”! and three ground
strap connections are all that are re-
quired during installation. Wire duct
covers, end shields, filler channels and
top trim strips are all assembled with
a minimum of hardware, using the same
size throughout.

The control panel on the frent center
filler channel is easily removed for serv-
icing by removal of several screws and
four cable plugs. Thus, the control

(Continued on page 29)

Rear view of the various units with interiors expored. Left to right: modulator, power amplifier, exciter, and rectifier and control.
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Comparison of several models of the Bali-
tron with a conventional 6V6GT. Shown
from left to right are a type 6V6GT, and
the Balitron voltage amplitier, negative re-
sistance amplifier, and power amplifier.

¢ o

CIRCUITY

of the BALITRON TUBE

Balitron Tube, which appeared in

the March and April, 1951, issues
of this magazine, mentioned several new
circuits which are applicable only to
this type of tube. These strange cir-
cuits include a converter which has the
stability of a erystal-controlled osecil-
lator without heat compensation, but
is a true v.f.0., 2 new type of electron
coupled oscillator, a negative resistance
amplifier which uses positive feedback
to prevent oscillation, a zero plate re-
sistance amplifier, and a direct-coupled
amplifier circuit using a common power
supply.

Perhaps the characteristic that con-
tributes most to these unique circuits
is the negative resistance characteristic
which has been obtained with several
test models of the Balitron. Negative
resistance, where a decrease in applied
voltage causes an increase in plate cur-
rent, has been used before in the dyna-
tron and transitron oscillator cirecuits,
as well as others.

In the Balitron Tube, no critical bias-
ing circuits are required to produce the
negative resistance characteristic and
it does not depend upon secondary emis-
sion. As a matter of fact, the negative
resistance characteristic of the Balitron
is developed by only slight changes in
the tube element position from the
normal positive resistance operation
position. Negative resistance becomes,
therefore, a characteristic of manu-
facture and a stable element at or-
dinary operating voltages.

Before we see how negative resist-
ance is developed, it would be well to
review the normal operation of the tube.
In Fig. 2A we have a plan view of one
model of the Balitron. In the normal
operation of this tube, electrons are
emitted from the cathode K and are
formed into a beam whose major axis

THE DISCUSSION of the new

is at right angles to the plane of the \\\
paper. This beam-forming action is ac-
6 RADIO-ELECTRONIC
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The stable negative resistance charactevistie of the
Balitron can be utilized in several nuseful cireuits.

complished by the structure G,, which
is a solid metallic shield partially sur-
rounding the cathode. Electrons in the
beam are accelerated off the cathode
wall by the field of attractive potential
set up between the accelerating anode
A on one side of the beam, and the
positive deflection plate P; on the other
side. This attractive field accelerates
electrons through the beam opening in
G. and projects them through the plane
of acceleration into the deflection area
of the tube. The fields existing between
P, and the negative deflection plate
N, act upon the beam to bring it to a
point of focus near the edge of the
separator plate S,. The beam is then
split by the mutual electron repulsion,
caused by the rapid increase in electron
density per unit of space, and the repul-
sive field of the separator plate which
is operated at ground potential. As a
result of these forces, the beam is split
so that under no signal conditions equal
amounts of current flow to the target
anode 7. and the target plate T,.
Control is accomplished by changing
the focal length of the beam so that it
is deflected either into T, or T.. The

Fig. 1. Comparison of normal plane of
electron motion with new plane result-
ing from extension of electrode G..

/—NORMAL ACCELERATING PLANE

,4—Nsw ACCELERATING PLANE
/ PLANE_OF ELEGTRON MOTION
T~
// ’ N (JEW PLANE OF ELEGTRON MOTION
/

~
~
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beam is extremely sensitive to voltage
changes upon N4 because, unlike or-
dinary deflection tubes, only a small
part of the beam needs to be deflected
to change the focal length.

With the essentials of the normal
operation of this tube in mind, we can
refer to Fig. 2B and see how negative
resistance is developed in the Balitron.
Basically, this is the same tube as
shown in Fig. 2A. The major difference
is the change in the G: structure near
P,, where a slight extension is made
on G, in the direction of electron ac-
celeration. This is coupled to the slight
change in the P, position to produce
change in the plane of acceleration.
In the normal tube, where the plane of
acceleration is at right angles to the
normal plane of electron motion, deter-
mined by erecting a line at right angles
to the cathode wall and bisecting the
G. opening, the new location of P; and
the extension of the G, structure shifts
the plane of acceleration. This action
causes the electrons to be accelerated
in a direction which lies below the
reference plane, as seen in Fig. 1.

Since the electrons are projected at
a greater angle with respect to the
surface of P4 than in the ordinary case,
the voltage applied to P, has much
greater difficulty in deflecting the elec-
tron beam. As the voltage applied to
P; increases, the projection angle of
the beam will be increased away from
Pi, and the electron velocity will be
increased.

Both of these characteristics make it
more difficult for P; to attract electrons
and produce a reduction in the current
drawn as the voltage is increased. Thus,
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negative resistance for the Ps electrode
is established.

As the T, voltage is increased, it
effectively builds up the field near P,
since this is a relatively unipotential
area. Thus, a negative resistance char-
acteristic is established for T, as well
as P..

Of course, as either the Ps or T
voltage decreases, the amount of an-
gular shift produced in the electron
beam is reduced and a greater number
of electrons are received upon T, and
P,, since they can be attracted more
readily with a reduction in the energy
level of the electrons. A reduction in
voltage on either P, or T, below a crit-
ical level will reverse the resistance
characteristic from negative to positive
for the member concerned.

Relatively stable conditions of nega-
| tive resistance operation have been ob-

tained. Typical values are a slope yield-
ing 13,000 ohms of negative resistance
for P, and up to 40,000 ohms for the
| combined elements. These values were
obtained with two hundred volts ap-
plied, and extend over an appreciable
voltage range.

The negative resistance slopes ob-
tained for the ordinary pentode and
tetrode extend over relatively small
values of voltage and current. As a
result, the usable values of negative
resistance are limited. In the negative
resistance Balitron, however, the slope
extends over much larger values of volt-
age and current, and the consequent
usability of the negative resistance
characteristic is extended. This can be
seen from reference to Fig. 3 which
shows a graph of the negative resist-
ance slopes of P,, T,, and the combined
curve of both.

In view of the much better negative
resistance characteristic, it would be
applicable to review the various cir-
cuits which use it. One of these circuits
is the negative resistance oscillator.
Despite the extreme stability of this
oscillator, established as closely ap-
proaching the stability of the Pierce
crystal, it is seldom, if ever, used out-
side the laboratory. One obvious reason
is the extremely low efficiency and the
resultant low power produced with the
pentode tube. With an increase in power
output, it would seem to be of extreme
value.

The Balitron is adaptable to the
operation of a negative resistance oscil-
lator by simply inserting a tuned cir-
cuit having an impedance equal to, or
greater than, the value of negative re-
sistance in the circuit of Py, T,, or the
combined elements, depending on which
negative resistance slope is used. A
typical circuit is shown in Fig. 6A
where the combined elements are used.
A more complex, but even more stable
and powerful, circuit is the negative re-
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B+ 240 V.

B+ 240V,

Fig. 2. (A) Plan view of one model of the Balitron. (B) Plan view of nega-
tive resistance version. Dotted lines in each case show the other version.

sistance electron-coupled oscillator which
is shown in Fig. 6B.

In this circuit, the negative resist-
ance of T, and P, causes oscillation to
occur across the tank circuit composed
of C,, L.. Since relatively high values
of resistance are obtainable, the tank
impedance can be relatively large with-
out driving off the negative resistance
curve as high impedance tanks will do
where they greatly exceed the internal
resistance of the tube.

As oscillation is developed within the
tank by negative resistance action,
sinusodial variations in the current
flowing to T. will result. This change
in current appears upon T, and is ap-
plied to the tank circuit L., C., which
is tuned either to the same frequency
as L., C;, or to some multiple of that
frequency. Thus, the negative resist-
ance tank provides the frequency con-
trol of the circuit, with this frequency
control electron coupled to the output
tank through current variations. It is
obvious that loading of the negative
resistance tank is eliminated, and the
output tank impedance is not neces-
sarily held to the values required for
negative resistance operation. The sta-
bility should thus be greatly improved.

Another possibility for increasing the
effectiveness of this oscillator is the cir-
cuit shown in Fig. 6C. This is a negative
resistance oscillator employing feedback

Fig. 4. (A) The Badlitron as a converter.

P——]

10
iRe

] [+]o} 200 300
VOLTS

Fig. 3. Graph showing negative
resistance slope of Pd and Tp.

to increase the effective power of the
oscillator without decreesing the stabil-
ity to any great extent. In this circuit,
the negative resistance tank coil is
center tapped. The coupling capacitor
C. is inserted to couple the voltage
present upon the lower end of the coil
L, to N4 Phase relationships must be
such that the N voltage changes in
phase with the T,-P. voltage. A study
of the circuit will show that this con-
dition is satisfied. In the ordinary cir-
cuit, this in-phase feedback would be
degenerative but here, due to the strange
characteristics of the tube, it operates
as positive feedback since N and T'p-Pa
are in phase in any case. It is well to
note that i1.e negative resistance tank
circuit is in complete control of the
operation of this circuit. The feedback
does not produce oscillation (that oc-
curs in the tank circuit itself) but
increases the power output that it is
possible to obtain. Exactly what effects
will appear in regard to stability have

(B) Amplifier circuit using the Balitron.
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Fig. 5. (A) Negative resistance amplifier circuit. (B) Same as (A) with regen-

erative feedback provided by condense:

not been established, but it is evident
that stability will decline somewhat as
the power output increases, due to the
change in effective slope.

In these possible circuits, the star-
tling frequency stability of the negative.
resistance oscillator is combined with
an output tank to produce an oscillator
having reasonable efficiency and power
output. While no extensive tests have
been made, it would seem that this oscil-
lator would oscillate well into the v.h.f.
region and provide a much wider basis
for using this highly stable v.f.o.

While the negative resistance Bali-
tron oscillator is still fresh, the pos-
sibility of using this tube as a converter
must be considered. This circuit, shown
in Fig. 4A, uses a tank circuit com-

r C for the purpose of increasing gain.

posed of C,, L, tied to the negative resist-
ance T,-Pi;. The variation in beam cur-
rent thus produced is beating against
the change in current produced by the
signal voltage injected upon N. by the
signal tank circuit composed of L, C..
The action of the signal voltage and
the oscillator voltage will add when in
phase, oppose when out of phase, and
produce a resultant voltage when any
phase difference exists. It is obvious that
the output appearing upon 7. will be a
heterodyne of the two frequencies. Con-
verter action is thus accomplished with
the highly stable negative resistance
oscillator as a base.

Several advantages are inherent in
this type of converter. The immense
stability of the negative resistance oscil-

P
—

o (A) B+

@ﬁ/i L

- 8 B+

"

~
v Y

&

r—

P =]

() 8+

Fig. 6. (A) Typical circuit for a
negative resistance oscillator. (B) A
miore complex, but more stable and
powertful circuit. (C) Negatlve re-
sistance oscillator employing feed.
back to increase effectlve power.
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lator is introduced with a no-drift tube
to provide the extreme in tunable con-
verter stability. The flow-back, or re-
verse current flow ,which takes place
in an ordinary converter tube, is elim-
inated here since the modulating sig-
nals are applied simultaneously from
opposite sides of the beam, not on con-
secutive control planes as in the or-
dinary case.

A third circuit using the negative
resistance characteristics of the Bali-
tron is the zero plate resistance ampli-
fier. In this circuit, shown in Fig. 4B,
the normal internal resistance of the
tube is effectively cancelled out so that
the total power is applied to the load.
The concepts of this eircuit involve not
only the negative resistance Tp-Pq, but
a positive resistance on T, equal in
magnitude to the negative resistance of
T,-Ps. In addition, the coefficient of
coupling between L, and L. of the out-
put transformer must approach unity.

In practice, the conditions of equal
values of negative and positive resist-
ance have been met with a negative
resistance of 32,000 ohms on T';-Ps, and
the same value positive on 7. Unity
coupling was not, however, obtained.

In operation, the source (S) drives
N. throughout its cycle. On the positive
swing, the Ir, is decreased and the Ir. rs
is increased, with a resultant decrease
in voltage on this member. The decrease
in T,-P; voltage, because of the nega-
tive R;, tends to increase the Irprs but,
at the same time, the increase in Er,
tends to oppose this increase. The beam
is then attracted equally by both plates
and is free of the inherent resistance
of either one. Since the internal R, of
the Balitron is the resistance of the
beam to attraction by the plates and
would normally damp the signal, it is
clear that removing the damping action,
by providing an equal attraction all
over the voltage swing, is the same as
removing the internal resistance.

The same action occurs on the nega-
tive swing, with the reduction mn Er,
caused by an increase in Iz, being effec-
tively cancelled by an increase in Erp_pa
and, because of the negative R,, a re-
duction in Ir, ps. It is then clear that
the internal resistance is cancelled out
on both sides.

In this manner, while the factors of
internal resistance are all present
within the tube, the effective resistances
to beam movement are cancelled out by
self-controlled feedback. The whole re-
sistance presented to the flow of current
within the tube is cancelled out and all
the power is applied to the load.

Quantitative analysis of the power
gain has not been accomplished, but
the circuit has been tested for voltage
gain. Where the maximum gain factor

(Continued on page 30)
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AMPLIFIER
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Rectilinear Laboratories®

;
&
g5t

P

Ry
n-“-a«'.‘@,"
b

OR SOME time there has existed

a need for a device that could ac-

curately amplify minute electrical
signals resulting from electrical, me-
chanical, temperature and optical vari-
ations, over a range of frequencies from
d.c. to several kilocycles. Existing cir-
cuits performing applications of this
nature have had their shortcomings—
principally instability, feedback, cumu-
lative high voltage, grid blocking, high
grid bias, ete. The necessary essentials
of an amplifier to meet these exacting
requirements are:

1. Straight line amplification from
zero to several kilocycles in fre-
quency.

2. Freedom from distortion and har-
monics.

3. Absolute stability and high gain.

4. A time rise factor reduced to an
absolute minimum.

Numerous tests have proven that the
Rectilinear Amplifier presented in this
article meets the above standards.

From a casual glance at the schematic
diagram of Fig. 5, it may appear that
this amplifier is nothing more or less
than a push-pull, direct-coupled ampli-
fier with a separate power supply for
each stage. On closer inspection, how-
ever, it will be found that it is neither
push-pull nor direct-coupled, unless a
broad interpretation of a bridge-type
amplifier could be called a push-pull
amplifier. Although it is true that a
bridge-type amplifier does automatically
incorporate the push-pull principle, a
push-pull type amplifier does not have
the gain or stability of the bridge-type
amplifier.

Granting the rectilinear amplifier
does connect the plates of one stage of
amplification to the grids of the follow-
ing stage, it is not directly coupled; it
is directly connected. By the use of a
separate power supply for each stage, it
is essentially an a.c. coupled amplifier.
This new and unusual feature cver-

%1841 Broadway, New York 23, N. Y.

JANUARY, 1952

RADIO-ELECTRONIC

A completed version of the amplifier., It is used to amplify
the output of a photocell in photoelectric engraving equipment.

A novel circuit is used to provide essentially

flat response from zero to several kilocycles.

comes the inherent faults of a d.c. cou-
pled amplifier and introduces advan-
tages which will be outlined later.

Fig. 1 indicates the type of basic
bridge circuit used, in which the output
of one stage is directly connected to the
input of the following stage. When all
resistors are equal, the flow of current
in R; and R, will be the same, and the
potential across these resistors at points
XX will be zero. Consequently, no poten-
tial will be impressed upon the grids of
Vs:and V., other than the usual grid bias.

Consider V., and V. as electronic
valves (shown in Fig. 2A), and KP, and
KP, as the cathode-plate resistance of
these tubes. If circuit KP, is closed and
KP; is opened by a potential impressed
upon the grids of these tubes, the bridge
becomes unbalanced and the current will
flow in the direction of the arrows. A
potential difference of 200 volts will
then be impressed between the grids of
Vs and V., the grid of V. becoming nega-
tive and the grid of V. positive. How-
ever, if a reverse potential is applied to

Fig. 1. The basic bridge circuit as
it is used in the rectilinear amplifier.

the grids of V, and V%, as indicated in
Fig. 2B, it will also unalance the bridge
circuit and cause current to flow in the
opposite direction. This will cause a po-
tential difference of 200 volts to be im-
pressed between the grids of V; and V,,
but the grid of V. will become positive
and grid of V. will become negative.
Therefore, the polarity is reversed
across Vi and V, by a change of polarity
across the grids of V: and V.. Tubes V;
and V, cannot become completely closed
or opened, but any variation of the
cathode-plate resistance of these tubes,
caused by a change of potential upon
the grids, will cause a corresponding po-
tential change across the resistors of
the plate circuit of these tubes, within
the limits of their characteristics. Ac-
tually this condition causes the circuit
to become an electronic relay.

It will be noted that if a physical
connection is made at point Y, Fig. 1,
the value of the bridge type of ampli-
fication is destroyed and it becomes a
direct coupled amplifier. Also, a poten-
tial difference of 150 volts will exist be-
tween these two points, which would
throw a high negative bias on the grids
of Vs and V.. This would cause grid
blocking and a consequent loss of sta-
bility and gain which would necessitate
compensating measures to offset this
problem, and thus tend to introduce
other undesirable complications.

The primary objective of any ampli-
fier is to convert a minute electrical sig-
nal pattern into an exact duplicate out-
put power pattern which can be con-
verted into mechanical and other forms
of energy by a transducer. Consider Fig.
3, which could be 2 pattern of an input
voltage variation, regardless of whether
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Fig. 2. Analogy of the theory of
the circuit (A) with one polarity,
and (B) with the polarity reversed.
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Fig. 3. Representative signal pattern.

or not this would be radio signal im-
pulses, signals from a generator, varia-
tion of light density impinging upon a
photoelectric cell, or a low frequency
audio signal such as that appearing at
a phonograph pickup from either wire,
tape, or a mechanical recording.

An amplifier which would give an
output which is an exact duplicate of

Fig. 4.

this pattern, without any slopes or
rounding of corners, could be consid-
ered an amplifier with suitable charac-
teristics. It is limited only to the time
required for the current to built up in
the circuit. For most practical purposes,
the time rise factor is very low when
pentodes are used.

An amplifier which uses any method
of impedance coupling from one stage to
another in cascade amplification, such
as condensers or transformers, could not
reproduce this pattern as effectively,
due to the finite time required for cur-
rent to build up in inductance and
capacity.

The first stage of the bridge-type am-
plifier (Fig. 1) provides the basic cir-
cuit requirements. It can measure illu-
minations corresponding to a phototube
current of only 10" ampere. Although
this circuit has little or no value as an
a.c. amplifier, it will not float or drift
and is very stable. In coupling this to
another stage of amplification without
a condenser or a transformer as a me-
dium of coupling, we have an a.c. ampli-
fier as well as a d.c. amplifier with the
required characteristics.

This same circuit automatically in-
corporates the principle of push-pull
amplification. The second and other
even harmonic currents generated with-
in the stage produce no effect on the
output resistors and, hence, do not ap-
pear in the output circuit. Push-pull
operation requires less filtering of the
60-cycle power and delivers more than
twice the power of a single tube.

Interstage Coupling

The interstage coupling of cascade
amplification in direct-coupled ampli-
fiers presents the main problem. The
fact that all the stages of the entire
amplifier are in series, complicates this
method considerably. This problem is
best explained by considering Fig. 4,
which shows two stages of intermediate
coupling feeding an output power stage.

Assume the following:

1. V. is a low plate voltage tube of
the order of 90 volts plate supply
and 5 ma. current flowing in the
plate-cathode circuit.

Circuit diagram of a conventional direct coupled amplifier with

two stages of intermediate coupling feeding an output power stage.

| ouTPUT
INPUT
L——300v. —f
1 L
—ili
840V.
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2. V, is a type of tube with charac-
teristics of the order of 800 volts
plate supply and current carrying
capacity of 30 ma.

8. V, has a plate voltage of 450 volts
and a current carrying capacity
of approximately 100 ma.

This would mean that a total plate
potential of 90+4-3004-450 volts, or a to-
tal of 840 volts, would have to be applied
to the amplifier. Therefore, there would
be a potential difference of 840 volts be-
tween the input and output, involving
all the difficulties of insulating and
shielding, and the physical danger of
this high voltage.

Now, as the plate of each preceding
stage is directly coupled to the grid of
the following stage, a high negative bias
is applied to the grid of the next tube.
This produces high negative bias at
points X of Fig. 4. It may be overcome
to a degree by means such as pointed
out by Loftin-White in their direct-
coupled amplifier but, here again, we
introduce another complication to over-
come the inherent objection of this type
of an amplifier.

As pointed out previously, any change
in the potential of the entire circuit
affects the circuit as a whole. This espe-
cially applies to the grid-cathode circuit,
as any change in potential of the grid-
cathode circuit is amplified by the am-
plification factor of the tube itself,
which will have a tendency to throw
the amplifier into a state of oscillation.
Once more, means may be introduced to
overcome this difficulty to a certain ex-
tent, such as tube voltage regulators
and line voltage regulators of the power
supplied by an a.c. rectifier.

By considering the schematic dia-
gram of Fig. 5, it becomes readily ap-
parent how these objections are over-
come and, in effect, this amplifier im-
bues all the characteristics of an a.c.
amplifier. Yet, it is directly connected
and auotmatically takes advantage of
all the features of a direct-coupled
amplifier.

It is very important to understand
that the B power supply for each stage is
independent of the other supplies. This
method of coupling eliminates the neces-
sity of having to use a high positive grid
bias on the grid of the following tube.
Considered in another way, this circuit
embodies the principles of resistance
coupling without the use of condensers.
It also incorporates the principles of the
bridge-type amplifier with its advan-
tages of high gain and stability.

Application and Charaecteristies

The schematic diagram of the com-
plete, all-purpose amplifier, embodying
all the principles covered in this article,
is shown in Fig. 5. Under actual test,
this amplifier will take the output of a

(Continued on page 31)
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SSOCIATED WITH the electro-

magnetic field in a wave guide or

other transmission line is the dis-
tribution of current over the boundary
surfaces. The arrangement of current
is such that a narrow slot may be cut
into the transmission line parallel to
the direction of current flow. This slot
will not perturb the current distribu-
tion in the transmission line and will
therefore not couple the internal field
to space. Examples of this type of slot
are the slots cut along the center lines
of the broad sides of rectangular wave
guides, those on coaxial lines which are
parallel to the axis of the transmission
line and those which are cut into the
narrow side of rectangular wave guides
normal to the guide axis. The first two
examples cited offer a means of entry
into the transmission system and are
used to study the internal field con-
figuration, usually connected with im-
pedance measurements. The third ex-
ample of a non-radiating slot has been
used as a parasitic element in a Yagi
array of slots.

If a narrow slot is oriented so that
it is not parallel to the current lines,
it will constitute a radiating element.
The degree of coupling of the internal
field to space depends on the current
density intercepted by the slot and the
component of the length of the slot
transverse to the current lines. The
type of circuit element that the radiat-

Fig. 1. Variation of the components of the
admittance of a longitudinal shunt slot.

The characteristies of slot
arrays and the eifects of

slot position are detailed.

Author’'s Note: The measurements re-
corded in this article are bared on a slot
width of 0.0625 inch i a 1.0 2 0.5 inch
rectangular guide.

ing slot presents to the transmission-
line representation of the wave guide
is a function of the position and orien-
tation of the slot on the wave guide.

Linear arrays of slots may have care-
fully controlled illumination over the
aperture. Such arrays may be used as
antennas where the optical approach is
unsatisfactory due to limitations of
space, weight or windage requirements.
The design of such arrays requires a
knowledge of both the power radiated
by each slot and the relative phase of
the fields from each slot. Available
data were used to design shaped beams
and low side lobe level arrays. The re-
sults were not up to expectations so that
improved data were desired. In addi-
tion, the phase of the fields radiated by
slots other than the resonant ones was
not known.

A series of measurements was per-
formed on slots having their longitudi-
nal axis parallel to, but displaced from,
the axis of the wave guide. This type
of slot may be represented as a pure
shunt element across the transmission-
line representation of the wave guide.
The measurements were conducted at
X-band, but the results indicate that
the necessary information for designing
arrays at other frequencies may be ob-

MLOT RADIATORY
AND ARRAYY

By R. J. STEGEN

Research and Devolopment Labs.
Hughes Alrcraft Company

tained with very few checking measure-
ments. Direct scaling of parameters
obviously may be used.

The admittance measurements wgre
conducted along two lines:

(a) Direct admittance measurements
using a traveling probe in a slotted
wave guide and

(b) Calculations of the admittance
of slots from radiation pattern meas-
urements.

Slots having a conductance greater
than 0.1 can be measured very accur-
ately by the direct measurement tech-
nique. Lower conductance slots are
measured more accurately by compar-
ing them to a known high conductance
slot in method (b) above.

The power pattern of 2 isotropic ele-
ments is proportional to:

P=A4 A

2 A, A, cos (kd cos 8 + 9) (1)

where A4, and A: are magnitudes of the

excitation coefficients, d 4 8 the spacing,

and 9 is the phase difference between

the coefficients. The radiation pattern

is maximum or minimum depending on

whether cos(kd cos 8 4+ @) is + 1 or
1. Then the ratio:

P-.")'-
42 = -.B"'_‘”._. _——1 (2)
A P & o
1 ma= 1
() +

is obtained and:

Fig. 2. Absolute phase angle of slot radiation
versus the ratio of length to resoncamt length.

o
-]
r-
B DI OO 25 _T" T
| Vo Xs.127°
9 xe,153"

e, |
X+.029"
X .,084"
X» 074°

-

N

BN |

ol & T T T o~ T
) S N S W N A==
g ¢ f [” X SLOT DISPLACEMENT OFF WAVEGUIDE CENTERLINE ~

|
z 3
2 E /ﬂ”\ .
2,8 ] 2~ ; |5 oeaotne BILUIE o !
2 2L Y Gm O X:.054 woe
3 3 & x:.074" 8
P o e X X¢.104" : |
28 E .2 1 ¥ xs=.27" T = 20 i t
g 5 N O X 193" o]
w w - (23
g u . 2 3
6o 0 < w of—— .
28 -/ :
w w £, - T
[ / Gm a
24 3-2 .
g% e a B Sy E-20p—
g U e & i 3
2 3 8 o |
3.2 A-4 o : oK 8
e FREQUENCY « 9375 MC -40
=] o 1 -
o o
5056 - oy |
¢ « 90 .95 1 26

JANUARY, 1952

105
RATIO OF SLOT LENGTH TO RESONANT LENGTH

RADIO-ELECTRONIC

| _J |
‘] FREQUENCY s+ 9375 MC. |
!

9

1

ENGINEERING

508
RATIO OF SLOT LENGTH TO RESONANT LENGTH

11
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Fig. 4. Resonant conductance of longi-
tudinal shunt slot vs. resonant frequency.
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Fig. 5. Equivalent block circuit

= (2n 4 1) 'Ir—kdcosﬁ,...,.,
=2nT — k d cOS Omaa g
where 8.+ is the position of P...
For shunt slots spaced an integral
number of guide wavelengths apart
(neglecting guide attenuation):

P =|V'G =KA~? (4)
Since K may be arbitrarily made equal
to V7,

(3)

Gi=A (5)
and therefore:
A\

= a2 ) 6

6=6(%) ®

We know G, from slotted line measure-
ments and A./A, from above.

Using an analysis based on Maxwell’s
equations, it can be shown that the ratio
of the field across a longitudinal shunt
slot to the total field in the wave
guide is:
E.—jKY .
E

t

AT

where K is a positive real quantity.
This equation shows that the field in
the wave guide lags the radiated field
of a resonant slot by 90°. If the wave
guide field at the slot is taken as a ref-
erence, then the phase of the radiation
is the phase of the admittance or:

B
? = arc tan e
Watson' has shown that the admittance
of a slot traverses a circle on the rec-
tangular coordinate admittance plane
as the length of the slot is varied. This
circle satisfies the expression:

G = Gmcos® D . 9)

where G = the maximum value of the
admittance and occurs at resonance.
Tests were performed on six slots, each
having different displacements from the
‘wave guide center-line.

A polar plot of measured values of G
and 9 shows that the points lie on a
circle which coincides with the circle
defined by Eqt. (9). From these circles
the maximum conductance of each slot
is obtained. The points in Figs. 1 and 2

(8)

measurements. It is interesting to note
that the ratios G/G~ and B/Gn and the
phase of the radiation are independent
of the center-line displacement of the
slots.

Stevenson’s’ expression for the con-
ductance of a resonant longitudinal
shunt slot in a rectangular wave guide
is:

Gr = 2. 09._ —cos (2 = )sm (’” ) (10)

where « slot displacement off the
wave guide center line.

The measurements made on longitudi-
nal shunt slots in 1.0 x 0.5 inch
(outer dimension) wave guide at 9375
me. differed from the value obtained
from (10) by the factor 0.96. The semi-
empirical expression for the conductance
of a longitudinal shunt slot at 9375 me,,

T x
G =096 Gr =1.19 sw( ;—) (11)

is plotted in Fig. 3. Radiation measure-
ments with a large ground plane about
the slots gave essentially the same re-
sults as direet admittance measure-
ments without a ground plane. The dif-
ference must be attributed to finite slot
width and finite wall thicKness. The
resonant frequencies of a shunt slot
were determined as the slot length was
increased.

A typical curve of the resonant fre-
quencies of a shunt slot as a function
of slot length is shown in Fig. 6. The
empirical curve is directly proportional
to free space wavelength.

Since slot resonant length is directly
proportional to free-space wavelength,
a single curve of slot length as a fune-
tion of displacement from the wave
guide center-line will be sufficient. Fig.
7 is a plot of the resonant lengths
in free space wavelength of longitudinal
shunt slots as a function of the dis-
placement off the wave guide center-
line. Watson® has shown that for small
displacements the theoretical length of
a longitudinal shunt slot increases para-
bolically with its displacement from the
center of the broad face. This is experi-

.25 ‘

of an array of shunt elements. " were also determined from the above mentally verified by this curve. Fig.
Fig, 6. Shunt slot resonant frequency vs. length. Fig. 7. Shunt slot resonant length' versus dis.
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FREQUENCY = 9200 MC.
CONOUGTANGCE =.022
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Fig. 8. E.plane radiation paitern of a
low conductance longitudinal shunt slot.

4 is the conductance of a resonant slot
as a function of frequency. The points
are measured and the curve satisfies the
equation:

A% T A
G = 1.61—X—cosz(§ ;:) 5

Slot Radiation

. (12)

Patterns

The design of an array of shunt slots
to give a specified radiation pattern
requires that the radiation pattern of
a single slot be known. For a shunt slot
array in a straight wave guide the pat-
tern of primary interest is the H-plane
pattern. Fig. 11 is a typical H-plane
pattern for a single slot. When a large
ground plane was placed about the slot,
the pattern was altered only by the
elimination of the backward lobe. This
pattern is the same as one-half of an E-
plane pattern of a half wavelength
wire dipole in free space. It is of in-
terest to compare the E-plane patterns
of a low conductance slot (Fig. 8), a
high conductance slot (Fig. 9), and a
slot with a large ground plane about it

Fig. 11. H-plane radiation pat-
tern of a longitudinal shunt slot.
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(Fig. 10). The asymmetry of the high
conductance slot on the surface of the
wave guide caused the radiation pat-
tern to tilt off the normal. Symmetry
in the pattern resulted when the slot
was surrounded by the large ground
plane. The amplitude variations in the
radiation pattern are due to interfer-
ence effects caused by reflections from
the edges of the ground plane. The
measured positions of the maximum
and minimum values check very closely
with those calculated from the ex-
pression:*

. nh
¢ — arc sin od -

(13)

which is obtained by assuming elements
at the edges of the sheet having random
amplitude and phase. The distance
across the sheet is 2d.

The change in the field patterns due
to lateral displacement must be com-
pensated for when designing an array
using these slots in the surface of a
plane wave guide. No compensation is
necessary when the surface about the
slot is a large ground plane.

An array of slots may be used to pro-

a0° 20° o 20° a0

.
RELATIVE ~
VOLTAGE
AT

s0*

Z0° 140° (80° (40" 120°

Fig.
tern of a slot in a 19-inch square
gl:ound plane at 9200 megacycles.

10. E-plane radiation pai-

duce a shaped beam or a beam with the
narrowest main lobe radiation pattern
for a given side lobe level. Both of these
types require arrays having carefully
controlled aperture distributions. The
relative magnitude and phase of the ra-
diation fields required from each slot
may be determined by several known
methods. One may use the potential
analogue method, or the equivalent
analytical method discussed by T. T.
Taylor and J. R. Whinnery®, or methods
such as Fourier analysis, which are less
general but often adequate in particular
cases. Having determined a particular
set of excitation coefficients, the next
parameters to decide upon are element
spacing and transmission line termina-
tion. The latter usually depends on
whether the elements are resonantly or
non-resonantly spaced. An open circuit
across the terminating slot is used with
a resonantly spaced array. The spac-
ing between elements is determined by
the type of radiation pattern required
and the input admittance characteris-
tics desired. For example, to have high
efficiency, a short array requires a non-
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Fig. 9. E.plane radiation paitern of a
high conductance longitudinal shunt slot.

dissipative termination, and for great-
est bandwidth the spacing must be reso-
nant. A long array will have a small
bandwidth if resonantly spaced with
either type of termination. Non-reso-
nant spacing and matched termination
give the long array very good band-
width characteristies.

Fig. 5 is the equivalent circuit of an
array of shunt elemencs where mutual
effects between the slements, except
their coupling to the dominant mode,
are neglected. This circuit applies very
closely to longitudinal shunt slots. The
array consists of n elements, the first
being nearest the generator.

The exact transmission line equations
are relatively complicated. However,
in particular cases, these may be simpli-
fied considerably.

Resonant Spacing
For arrays with halg or full wave-

length spacing:
n—r

v =V,[. +al zle,“] (14)
=

which reduces to V. = V. for short
arrays. Because:
(Continued on page 26)

Fig. 12. Radiation pattern of a
seventeen-element array of reso-
nant longitudinal shunt slots.
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RINTED electronic circuits, in
P which components and wiring are

superimposed directly on insulat-
ing bases, are being used increasingly
because of their adaptability to econom-
ical mass production and because they
facilitate miniaturization of equipment.
A major disadvantage of the printed
cireuit method, however; has been the
difficulty of incorporating satisfactory
resistors in the circuits. This difficulty
has been largely overcome by an adhe-
sive tape resistor method recently de-
vised by B. L. Davis and associates of
the National Bureau of Standards. The
new resistor method was developed as
part of a program of electronics re-
search and development sponsored by
the Navy Bureau of Aeronauties.

In this technique, circuits are first
printed in narrow metallic bands on
insulating bases, leaving a small gap
at each point where a resistance is re-
quired; one of the self-adhesive resis-
tors is then cut from a strip and pressed
into position. Much better control of
resistance values is possible than with
previous printed resistor methods, and
higher yields of acceptable assemblies
are assured. The new method thus ap-
pears to combine the advantages of
printed resistors and of separately
manufactured resistors. The NBS tape
resistor was developed to withstand the
high temperatures of very compact
equipment and operates satisfactorily
at temperatures up to 200°C; in other
electrical characteristics it is similar
to present film-type carbon resistors.

In the past, the usual method of in-
troducing resistances into printed cir-
cuits has been to paint or spray a strip
of resistance material directly on the
base plate. The desired value of re-
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One of the new NBS resistors is set
in place sn a miniature cylindrical
chassis, 1t is cured by baking.

with metallic terminals. When the re-
sistor is in position, the resistance
film is protected frop abrasion and
electrical shorts by its asbestos-tape
backing. Resistor dimensions are kept
constant. A variety of coating formula-
tions gives a range of values from about
100 ohms to 10 megohms.

The resistor is manufactured by
spraying the resistance mixture onto
2 moving belt of tape. A thin (0.002
inch) protective film of polyethylene
is lightly pressed over the resistance
coating for protection in handling and
storage; it is easily removed when the
vesistor is used. An electrically-driven
slitting machine quickly cuts the tapes
into long strips of the desired width.

At present, the resistor tape, cut to
width, is applied to printed circuitry
by hand from a continuous spool. The
tape is pressed into position and cut
off with a razor blade. Plans call, how-
ever, for development of a device com-

HIGH-TEMPERATURE
ADHESIVE TAPE
RESISTOR

This NBS development permits better control

of resistors

sistance is obtained by varying the
composition and dimensions of the re-
sistance strip laid down. Production of
individual resistors to close tolerances
by this direct-coating method is diffi-
cult, and the reduced probability of
producing a number of satisfactory re-
sistors on the same base plate greatly
decreases the yield of acceptable as-
semblies.

Compositions and techniques used in
making and applying the new tape
resistors are remarkable for their sim-
plicity. The resistor consists of a mix-
ture of graphite or carbon black, resin,
and solvent, applied in a thin layer to
a thin roll of asbestos paper tape.* The
resistive coating is sufficiently adhesive
to stick to an insulating base plate and
to make satisfactory electrical contact

*“Quinterra’” tape (Johns-Manville, New York)
has been found satisfactory.

*«DC 996 is the preferred resin of those investi-
gated so far.

in printed
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cirenit techniques.

parable to a wire stapler which will
accept a roll of the resistor tape and
apply and cut off a resistor of standard
length each time a knob or handle is
pressed. )

Silicone resin** is used for the binder-
adhesive because of its suitability for
high-temperature operation. Since the
curing temperature of the silicone resin
formulations is high (300°C), and since
curing is done after the resistors have
been positioned in the circuit, the NBS
tape resistor is, at present, applicable
only to glass or ceramic base materials.
However, enough work has been done |
with lower-curing resins to indicate
definitely that they can be used in mak-
ing tape resistors having cure tempera- |
tures low enough for application to
some heat-resisting plastic materials.
These resistors would be suitable for
conventional operating temperatures.

The possibility of varying resistor
dimensions to obtain a range of values
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was considered but rejected. This so-
called “aspect ratio” system has the
advantage of reducing the number of
formulations needed for a complete re-
sistor range, but it complicates equip-
ment design and production, Resistor
dimensions were therefore standardized
at a length of 0.5 inch (0.3 inch inter-
electrode distance) and a width of 0.13
inch = 0.02 inch. This slight leeway
in width permits some adjustment of
resistor value in the slitting operation.
With constant dimensions, wattage rat-
ings are substantially independent of
resistance value, and different contact
resistance values due to different con-
tact areas of silver and resistor are
eliminated.

Both natural and synthetic graphites,
as well as various carbon blacks, are
used in the resistor formulations. Values
of the resistors are varied by chang-
ing the ratio of carbon to resin in the
mixture and by using different carbons.
The proportion of carbon to resin
ranges from 10 to 50 per-cent; leaner
mixtures have been found to give less
favorable characteristics.

Tape resistors made from graphite
mixtures have proved remarkably stable
at ambient temperatures of 200°C. An-
other advantage of graphite formula-
tions is that unusually low resistance
values, down to about 100 ohms, can
be obtained. Unfortunately, however,
the useful upper limit of the graphite
formulations seems to be about 5000
ohms. Carbon blacks, which are less
desirable at high temperatures, give
values from 5000 ohms to 10 megohms.
Only a few carbon blacks have been
found which yield tape resistors satis-
factory for operation at 200°C. For
most resistance ranges, however, car-
bon-black tapes have been made which
are satisfactory at 170°C.

The coating formulation, carbon, res-
in, and solvent, is agitated with por-
celain balls on a ball mill for at least
72 hours before it is sprayed on the
tape. Spraying is done in a special
cabinet. To secure a uniform coating,
the tape, in the form of an endless
belt 13 feet long and 1% inches wide,
is moved rapidly past a spray gun
many times as the spray mixture is
slowly deposited. A number of infrared
heat lamps, mounted within a few
inches of the moving tape, hasten re-
moval of solvent during spraying and
dry the tape to the desired degree of
stickiness after spraying is stopped.

The tape-slitting machine employs 12
disk knives mounted in pairs, slightly
overlapping so as to give a scissors
action and separated by accurately-
ground spacers. A small sample of the
tape may be tested for value before
the entire tape is slit. Testing is done
by cutting the sample into a series of
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strips varying in width by 0.01 inch
over the range 0.11 to 0.15 inch and
making up a test plate from these
strips. On the basis of test results,
the slitter can be set to cut the entire
roll into strips of the width necessary
to give the desired final vresistance
value. A single belt of resistance tape
yields approximately 1500 resistors.

Proper curing of the resistors after
application to the printed circuitry is
extremely important. The curing proc-
ess hardens the resistor, bonds it more
firmly to the plate, and stabilizes its
electrical characteristics. Although the
optimum cure for different formula-
tions differs considerably, a compromise
cure of 4 hours at 300°C has proved
satisfactory and has been adopted as
standard. Curing is done in a tempera-
ture-controlled electric furnace to which
an aluminum inner liner has been
added to secure more uniform tempera-
ture distribution.

In using the resistors at 200°C, it
has been found that those made from
some formulations change sharply in
value during the first 24 hours, then
remain stable for several hundred
hours. For this reason, there is some
advantage in following the standard
4-hour cure at 300° with a 24-hour
treatment at 200°C. As changes in
the resistor film resin take place quite
slowly at room temperature, the resistor
tape may be stored for long periods. Its
storage life may be further extended by
refrigeration.

Testing and development of tape re-
sistors are continuing at NBS. This
work utilizes a test oven of special de-
sign which permits automatic recorded
measurements to be made simulta-
neously on a large number of resistors
without removal from the oven. Im-
proved resistance formulations are be-

A specially designed electrically driven
tape slitter cuts the tape resistor into
strips of the desired width. Twelve disk
knives, mounted in pairs and spaced
by accurately ground spacers, overlap
slightly to give a scissors action.

| ! ! i 1 a4 IJ

0 "] 2 )
Typical printed circuit without (left} and
with (right) the new NBS adhesive tape
resistors in place. In printing the silver
circuit pattern on the ceramic plate a
gap of 0.3 inch is left at each point re-
quiring a resistance. Resistors of appro-

priate values are then pressed into posi.
tion and cured by baking the whole plate.

ing sought, particularly for certain
ranges. Attempts are also being made
to develop a satisfactory additional
protective coating for application to
the positioned resistor.

D

End view of spray cabinet in which the re-
sistive coating is applied. A spray gun de-
posits the resistance formulation onto an end-
less belt of thin asbestos-paper tape. Inira-
red lamps accelerate drying. Many trips
are made, assuring uniformity of coating.
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A VIDEO
PROBE

By
ROBERT R. RATHBONE

Servomechanisms Laboeratory
Massachusetts Institute of Technology

URING THE early development
I' and testing of the Whirlwind I

electronic digital computer at
the Servomechanisms Laboratory, Mas-
sachusetts Institute of Technology,
trouble was encountered from stray
capacitance and inductance in the cable
used to connect a synchroscope to the
cireuit whose waveform was being ob-
served. If the cable was unterminated,
reflections and undesirable oscillations
occurred, and any variation in the
length of the cable during a series
of observations produced inconsistent
measurements; on the other hand, a
terminated cable loaded the circuit un-
der inspection.

To overcome these problems, several
video probes of the cathode-follower
type were constructed in the Labora-
tory. In general, cathode-follower
probes employ an R-C compensated
voltage divider which has a certain
step-down ratio (usually 10:1 or 100:1)
to provide a method of coupling from a
test point to a synchroscope or video
amplifier. Such probes utilize the ca-
pacitance of a coaxial cable as part of
the R-C circuit, the cable also providing

Fig. 1.

impedance and

Editor's Note: This article is the sizth n
a geries describing the gpecial pulged-circuit
test equipment recently developed at the
Servomechanisms Laboratory, M.I.T., under
the sponsorship of the Office of Naval
Research. The equipment was built for the
purpose of testing an electronic digital
computer, but the wunits are sufficiently
flexible in design to be valuable laboratory
tools for general pulsed-circuit testing. The
newt article will describe the wide-band

aluminum case with

amplifier used with the video probe.

a flexible lead (of fixed length) from
probe output to the input of the scope.
This type of probe is useful for the ob-
servation of long pulses; however, when
the pulses are about the same length
as the delay time of the coaxial cable,
reflections occur.

Model 2, the probe now in use, is the
result of the combined efforts of many;
in particular, Mr. John Ely and Mr.
Harry Kenosian deserve special men-
tion for their work on the original de-
sign. This model, shown in Fig. 1,
feeds a terminated coaxial cable having
a characteristic impedance of 93 ohms.
The cable may be made any length up
to 100 feet without introducing reflec-
tions. The cathode follower, designed
to feed the cable, has low output im-

Fig. 2. Circuit diagram of the attenuator and cathode follower.
1] GATHODE \
l’___—— ATTENUATOR il = FOLLOWER
——— e — —— — — — )
| s '
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l T2 1jcs |
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| allor o b= L T p Vow. | coaxia
| JRC METALLIZED TYPE ‘ Joon CABLE
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e | o e res 2 f_c21 mes-3 fiig METAL =SS e L —L —
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The completely assembled probe in an

grounding clip attached.

A general-purpose probe featuring high input
good high-frequency response.

pedance, good high-frequency response,
and high input impedance. A type SC-
968 triode, offering small size, high
mutual conductance, and high dissipa-
tion ratings, was selected for the cath-
ode follower, but since the tube over-
loads at voltages greater than one or
two volts at the input, it was necessary
to provide for plug-in attenuators so
that a wide range of input voltages
could be accommodated. The circuit
schematic and parts values for both the
cathode follower and the attenuator are
given in Fig. 2.

It was found that the attenuators
could not be sufficiently compensated
when the top end of the voltage divider
was shunted by a 2-uufd. condenser, un-
less special precautions were taken. It
was necessary to use three IRC metal-
ized resistors (R:, R., Rs, Fig. 2) in
series, and to avoid overheating the pig-
tail leads on the resistors when solder-
ing. These resistors, plus Rs, must be
measured to within = 1% of their
rated values to insure an over-all probe
accuracy of 1-2%. In all except the
1:1 and 3:1 attenuators, it was neces-
sary to add capacitance on the lower
end of the attenuator to get proper
compensation (Cs Ci Fig. 2). One of
the two condensers is variable and may
be adjusted to give the proper compen-
sation. An input capacitor of 0.01 pfd.
(C)) is connected to the attenuator to
keep d.c. voltage out of the grid of the
cathode follower. The value of the bot-
tom end of the voltage divider (R))
depends upon the values of R, R., Ry,
and R..

The attenuator and the cathode fol-
lower are built into separate sections.
Each section is encased in aluminum
tubing which provides shielding against
hand capacitance and pickup of stray
voltages, particularly noticeable with
high-impedance circuits such as exis

(Continued on page 29)
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MODELS F, G AND J PRECISION
¥ SINGLE-TURN POTENTIOMETERS
Feature both continuous and limited me-
chanical rotation, with maximum effective
electrical rotation. Versatility of designs per-
mit a wide variety of special features.
F—3-5/16'" dia., 5 watts, electrical rotation
359°—resistances 10 ta 100,000 ohms.
G—1-5/16"" dia., 2 watts, electrical rotation
356°—resistances 5 to 20,000 ohms.

1—2" dia., 5 watts, electrical rotation 357°

s Bs

MODELS A, B, & C HELIPOTS

A—10 turns, 46" coil, 1-13/16"" dia., 5 watts—
resistances from 10 to 300,000 ohms,

B—15 turns, 140’ coil, 3-5/16'" dia., 10 watts
—resistances from 50 to 500,000 ohms.

€—3 turns, 13:1/2” coil, 1-13/16" dia,, 3
watts—resistances from 5 to 50,000 ghms.

LABORATORY
MODEL HELIPOT
The ideal resistance
unit for use in labora-
tory and éxperi-
mental applications.
Also helpful in cali-
brating and checking
test equipment. Com-
bines high accuracy
and wide range of
10-turn HELIPOT with
precision adjustability of DUODIAL, Avail-
able in eight stock resistance values from
100 to 100,000 ohms, and other values on
special order.

o] E

MODELS D AND E HELIPOTS

Provide extreme accuracy of control and od-
justment, with 9,000 and 14,400 degrees of
shaft rotation.

D—25 turns, 234" coil, 3-5/16* dia,, 15 watts
—resistances from 100 to 750,000 ohms,
E—40 turns, 373" coil, 3-5/16'' dia., 20 watis
~resistonces from 200 ohms to one megohm,

MODELS R AND W DUODIALS

Each model available in standard turns-ratios
of 10, 15, 25 and 40 to 1. Inner scale in-
dicates angular position of HELIPOT sliding
contact, and outer scale the helical turn on
which it is located. Can be driven from knob
or shaft end.

R—2' diometer, exclusive of index.
W—4.-3/4" diameter, exclusive of index. Fea-
tures finger hole in knob to speed rotation.

—resistances 50 ta 50,000 ohms.

FOR PRECISION
POTENTIOMETERS

COme 1o

...world’s largest manufacturer of such equipment!

For many years The HeLipoT Corporation has been a
leader in the development of advanced types of pcientiom-
eters. It pioneered the helical potentiometer—the potentiom-
eter now so widely used in computer circuits, radar equip-
ment, aviation devices and other military and industrial
applications. It pioneered the DuoODIAL*—the turns-indicat-
ing dial that greatly simplifics the control of multiple-turn
potentiometers and other similar devices. And it has also
pioneered in the development of many other unique potenti-
ometric advancements where highest skill coupled with ability
to mass-produce to close tolerances have been imperative.

In order to meet rigid government specifications on these
developments—and at the same time produce them economi-
cally—HeLipoT* has perfected unique manufacturing facilities,
including high speed machines capable of winding extreme
lengths of resistance elements employing wire even less than
.001” diameter. These winding machi. :s are further supple-
mented by special testing facilities and potentiometer “know-
how” unsurpassed in the industry.

So if you have a problem requiring precision potentiom-
eters your best bet is to bring it to The HeLipoT Corporation,

world’s largest manufacturer of such equipment. A call or
letter outlining your problem will receive immediate attention!

®Trade Marks Registered
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3-GANGED MODEL A HELIPOT AND
DOUBLE SHAFT MODEL C HELIPOT

All HELIPOTS, and the Model F Potentiometer,
can be furnished with shaft extensions and
mounting bushings at each end to facilitate
coupling to other equipment.

The Model F, and the A, B, and C HELIPOTS
are available in multiple assemblies, ganged
at the factory on common shafts, for the con-
trol of associated circuits.

MULTITAPPED MODEL B HELIPOT AND
6-GANGED TAPPED MODEL F

This Mode! B Helipot contains 40 taps, placed
as required at'specified points on coil. The Six-
Gang Model F Potentiometer contains 19 addi-
tional taps on the middle two sections. Such
taps permit use of padding resistors to create
desired non-linear potentiometer functions, with
advantage of flexibility, in that curves can be
altered as required.

CORPORATION, SOUTH PASADENA 4, CALIFORNIA

Field Offices: Boston, New York, Philadelphia, Rochester, Cleveland, Detreit, Chicago, St. Louls, Los Angeles and Fort Myers, Florida. Export Agents: Fratham Co., New York 18, N.Y.
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G A & F Carbonyl Iron Powders are unique
... This new book is unique . .. Here is the
most comprehensive treatment ever given
to the characteristics and applications of
Carbonyl Iron Powders. (The 3-page bibli-
ography alone is a valuable addition to

your reference library.)

This book was written for the manufacturer
or engineer who wants a maximum of facts
with a minimum of verbiage. 80% of the

story is told with photomicrographs, dia-
grams, performance charts and tables.
Established applications are fully covered;
new applications are suggested. Ask your
core maker, your coil winder, your indus-
trial designer, how G A & F Carbonyl Iron
Powders can improve the performance and
reduce the cost of the equipment you man-
ufacture. Write us — without obligation —
for your copy of this new book. Kindly
address your inquiry to Dept. 16.

ANTARA. CHEMICALS

DIVISION OF

GENERAL DYESTUFF CORPORATION

235 HUDSON STREET - NEW YORK 14,

Iron Powders. ..
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EXPERIENCE

Performance of the 16.000
germanium diodes used in
the NBS SEAC computer.

germanium diodes for radio and

electronic applications has ex-
panded to something like 4 million a
year. Yet because they are relatively
new, germanium diodes have not re-
ceived extensive service study, and few
significant data on their characteristics
in extended use have become available.
Because it uses some 16,000 germanium
diodes for computing and switching
functions, with the requirement of very
high reliability, the National Bureau of
Standards Eastern Automatic Com-
puter (SEAC) is a natural proving
ground for the diodes. Of interest,
therefore, is a recent preliminary study
of experience with germanium diodes in
the SEAC program. Conducted by J. H.
Wright of the NBS electronic com-
puter laboratory, the study is based on
data compiled during the electronic
computer’s first six months of operation
after its dedication in June 1950.

Reliability is the outstanding require-
ment of diodes in computer use. Even
momentary failure of a single one of
SEAC’s diodes will cause computer mis-
function.

In view of this severe requirement,
germanium diode experience in the
SEAC program has been gratifying.
After some 2500 hours under voltage,
only about 5.4 per-cent of the diodes in-
itially in service had had to be replaced,
rest of the replacements being because
of back current drift, or “creep”. The
great majority of these replacements
were made in the course of routine
maintenance checks before the question-
able diodes could cause computer mis-
function. Also encouraging, the rejec-

UNITED STATES production of

20
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‘ A group of base-mounted diodes and associated cabling, part

of the 16,000 diodes used in the NBS Eastern Automatic Computer.

tion rate for the several thousand di-
odes purchased in the last six months of
1950 was less than 2 per-cent. More-
over, diode quality has undoubtedly im-

proved since SEAC’s first diode pur-.

chases were made, and continued im-
provement seems likely.

SEAC circuitry was designed to use
diodes of a single specification, the 50
volts (back) 50 milliamperes (forward)
type. A design value of -40 volts was
selected as being the absolute limit of
back voltage that would be encountered,
and 20 ma. was chosen arbitrarily as
the peak forward current.

Each diode must be individually
tested before use in SEAC; spot check-
ing is inadequate, since all weak links

Back current drift with time of an in-
dividual “creeper” diode recorded at
three different operating temperatures.

400
I
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must be excluded. Tests are made twice
before a diode goes into service, once
before soldering into position and once
after. Equally important to reliable
computer function are the preventive
maintenance checks made at regular in-
tervals on diodes already in service.

SEAC diodes are tested for back cur-
rent at -40 volts and for forward volt-
age drop at 20 ma. forward current, the
design maxima. For a “normal” diode,
i.e., one that does not “creep” appreci-
ably, permissible back current at -40
volts is specified as 250 wa. before sol-
dering, 300 xa. after soldering, and 500
#a. for units in service. For a “good
creeper”, corresponding rejection limits
are 120, 200, and 300 ua. (A “good
creeper” is defined as one that drifts
less than 50 wa. and stabilizes markedly
in the %% minute observation period.)
Rapid “wigglers” (rapidly-fluctuating
creepers, with periods of less than a
second) must not exceed plus or minus
10 wa. fluctuations. Maximum permis-
sible forward voltage at 20 ma. is 2.0
volts before or after soldering and 2.3
volts for units in service. Fixed forward
current was specified rather than fixed
voltage, partly because SEAC’s gate
circuits are current operated, and part-
ly because the fixed-current test circuit
is short-circuit proof.
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Deterioration of back characteristics
has been the chief reason for SEAC
diode replacements; and excessive creep
has been a much more frequent reason
for replacement than excessive back
current. Excessive creepers are re-
placed because of their unpredictability,
although creep of itself will not neces-
sarily cause computer misfunetion.
Creep in back current was observed in
a substantial percentage of the com-
merecially available diodes tested for
SEAC, including both the wax-imbedded
types and the hermetically-sealed types
without the wax embedding. The in-
cidence of creep varied between makes,
however, as well as from batch to batch.

characteristics, deteriorated very little;
and the number of complete failures
such as shorts and opens was negligible.

Creepers vary widely in their be-
haviour. Initial creep may be in the di-
rection of either increased or decreased
' current, while the long-term trend may
| bear no relation to the initial trend.
Initial downdrifters are at present con-
sidered as undesirable as updrifters,
since either seems likely to rise to ex-
cessive currents in the course of time.
' Creep may be gradual and steady, per-
. haps ultimately leveling off. Or, as
" more often happens, it may be more or

less periodic, the period varying widely

from less than a second (“wigglers”)

to a number of minutes or even hours.

It now seems clear that diode creep

" is not caused to any appreciable extent

by imperfect mechanical contaet. Al-

though moisture is suspected of playing

some role, it appears unlikely that some

~ of the observed creep phenomena could
' be caused by moisture alone.

In addition to the observations on di-
odes in regular service, a few experi-
ments were made. To study the effect
of operating temperature on creep, 29
creepers were tested at 26° and 75° C.
Although individual units differed, these
experiments indicate that drift is not
. notably anggravated by increase in tem-

perature within the usual range.
Another group of 18 creepers was
studied for 210 hours at room tempera-
ture in an effort to determine whether
an observation of one minute or less is
sufficient to exclude long term creepers.
These limited data indicate that one-
minute or % minute observations, hold-
ing to a 300 wa. limit, satisfactorily ex-
clude those units which would later
drift beyond 500 ua.
The SEAC diode experience study in-
' dicates a definite need for more life

S = L

manium diodes for computer applica-
tions. NBS investigators have outlined
data-compilation and specification proj-
ects which they hope will be under-
taken cooperatively by computer groups
and other interested diode users.-~~®-
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Forward characteristies, unlike back ‘

data and better specifications for ger- |
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FIXED RESISTORS

Small, light, molded carbon units fully
insulated and moisture-protected by phenolic sleeves.
14-, 1- and 2-watt types in all ranges.

VARIABLE RESISTORS

Types, sizes and ranges for volume control,

tone control, potentiometer and other applications
from 500 ohms to 5 megohms. Also

concentric shaft dual controls and many special types..

Largest assortment including side-molded types
for permeability tuning, iron cores for choke coils,
sleeve cores, threaded cores, cup cores and dozens

of conventional types in various grades.

CERAMAG® (non-ferrous) CORES

A pioneer in producing satisfactory ferrite cores

in production quantities, Stackpole offers a complete
line of television types plus full facilities for developing
suitable units for military and other uses.

LINE AND SLIDE SWITCHES

20 standard, inexpensive designs including 3-ampere
types are ideally suited to instruments, toys.
appliances, radios and other electrical equipment.

MOLDED COIL FORMS

Low in cost—permit smaller coils—pave the
way for simplified equipment assembly with
point-to-point wiring and an absolute minimum
of soldered connections.

GA "GIMMICK” CAPACITORS

Cheaper to use than twist-wire *‘gimmicks’”’—

and offer far greater stability, higher Q, better
insulation resistance, higher breakdown voltage and
greater mechanical strength.

Electronic Components Division
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WRITE FOR CATALOG Ask for Electronic Component
\ Catalog RC-8 (Note: Stackpole components are sold only to
\ manufacturers of original equipment—not for replacements.)

STACKPOLE CARBON COMPANY

St. Marys, Pa.
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HEAT-DETECTING MACHINE

An electric-eye unit that literally sees
heat is helping in the production of
electronic tubes in the General Electric

Company’s Industrial and Transmitting
Tube Plant, Schenectady, New York.

Controlling temperature of glowing
graphite crucibles that give off a daz-
zling white light too intense for eye
safety, the electric eye unit can be used
to control temperatures ranging upward
from 2000 degrees Fahrenheit, with
only a 15-degree leeway in accuracy,
by adjusting it to register gradations
in color from a dull red right through
the “hot-color” spectrum, to the bright-
est white.

The changes in color and intensity,
from small tube parts that are fused in
the crucible, react on the photoelectric
tube in the electric eye, setting off a
reaction that controls the crucible tem-
perature at a critical point.

RADIOACTIVE DETECTION DEVICE

The first of its kind, a new instru-
ment can now safely study and photo-

graph deadly radioactive materials, it
was jointly announced by American Op-
tical Company’s Instrument Division,
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Buffalo, New York, who built the de-
vice, and the General Electric Com-
pany, Schenectady, New York.

The instrument is a special micro-
scope for examining the structure of
metals, combined with camera, peri-
scopes, and an illuminating system, in
such an arrangement that light can get
in and out through the thick walls of
the test chamber, but nuclear radia-
tions from the radioactive specimens
are completely blocked. Operating by
remote control, the instrument permits
atomic researchers to work in complete
safety, and will make possible investi-
gations never before accomplished on
the effects of radiation damage to ma-
terials.

ELECTRONICS CENTER

In a plan revealed by the General
Electric Company, Syracuse, N. Y., .and
Cornell University for the establish-
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ment of an advanced electronies center
at Ithaca, New York, projects may in-
clude development of such items as con-
trol systems for guided missiles, elec-
tronic countermeasures, and infrared
systems.

The project will be known as the
General Electric Advanced Electronics
Center at Cornell University and its
activities will be’directed by a four-man
management team—two from industry
and two from science, representing
fully with their combined skills and ex-
perience, the abilities required in scien-
tifie, industrial, military, and academic
aspects of such a pioneer venture.

The over-all purpose of the project,
as outlined by GE and Cornell officials,
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“is to carry out advanced study and de-
velopment in the field of electronics,
and at the same time provide scientists
and engineers with teaching and educa-
tional opportunities.”

MAGNETIC AMPLIFIER REGULATOR

Tested under simulated operating
conditions by Westinghouse Electric
Corporation, 306 Fourth Ave. Pitts-
burgh, Pa., a magnetic amplifier regu-
lator has successfully controlled a 4000-
hp double-armature motor that will be

used on a 66-in. tandem cold reduction
mill.

This amplifier is a static device, hav-
ing no bearings, brushes, or moving
parts, and can be mounted on panels in
control cabinets. Its operation is anal-
ogous to that of the three-element vac-
uum tube, and consists of two sets
of coils wound on a magnetic core. Ob-
taining wide ranges of speeds, it main-
tains the speed constant for any given
control setting.

PHOTOELECTRIC INTERFEROMETER

A recording photoelectric interferom-
eter, recently developed by Dr. R. N.
Work of the National Bureau of Stand-
ards, greatly simplifies the determina-
tion of transition temperatures in nat-
ural and synthetic rubbers and high
polymers, observing and plotting vary-

ing length of a polymeric sample against

temperature over the range from
—185°C to +185°C.

The new interferometer was devel-
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1'oped in conmection with a program un-
ider way at NBS, which has as its object
the design of new polymers having
specified characteristies. An important
'phase of the program is being spon-
sored by the Office of Naval Research,
Irelating to the development of low-tem-
perature rubbers for use in the arctic
or in high-altitude flight.

The NBS photoelectric interferometer
is particularly well adapted to survey
work where transitions must be located
‘rapidly in a large number of materials.
The data can be processed with a mini-
mum of effort, and a precision of
. +0.5°C or better in the location of
| transition points can be realized. Values
| of coefficient of expansion thus obtained
Ifor rubberlike materials are reprodu-
Icible to at least £5%.

MAJOR SMPTE AWARDS

Earl I. Sponable, Technical Director

of 20th Century-Fox Film Corporation,

. was signally honored by the Society of

Motion Picture and Television Engi-

neers at its 70th Semi-annual Conven-
tion in Hollywood, California.

Mr. Sponable, Past President of the

' SMPTE, received both the society’s
Progress Medal and the Samuel L. War-
ner Memorial Award, for his outstand-
ing contributions to the technical ad-
vancement of the motion picture art,

. particularly in the fields of sound-on-
film, color film, and large-screen tele-
vision.

Joining the Fox Film Corporation in
1926, he designed and built the first
sound motion picture studio, assisted
in developing commercial sound motion
pictures, participated in creation of the
first sound newsreel and has become a
leader in the pioneering development of
equipment and techniques for large-
screen theatre presentation of televised
program material.

TELEVISION TEAMWORK

Speaking before a joint branch meet-
ing of the AIEE and the IRE at Rens-
; selaer Polytechnic Institute, Dr. W. R.
G. Baker, General Electric Company’s
Vice President, said that television in-
dustry team work will provide the coun-
try with a compatible color television
| system.

He pointed out that work similar to
that now being carried on by the Na-
tional Television System Committee
for color television, resulted in the
development of standards for black and
white television over a decade ago. Cit-
ing the committee’s work as a prime
' example of teamwork needed from mod-
ern engineers, he further stated that
greater-than-ever engineering oppor-
tunities are afforded today in the engi-
neering field which has as its goal the
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improvement of man’s standard of

living.
THEATRE TV

Occupying a relatively small amount
of space in the projection booth of the
RKOQ Fordham Theatre, Bronx, New
Yorl, this compact control and monitor-
ing rack is operated by the theatre's
projectionist, and is used to present

full-sized TV images on the theatre’s
screen.

The Radio Corporation of America,
Camden, N. Jg¢ instantaneous theatre
television system is equipped with an

A

means finer coil forms with
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optieal unit which projects the television
program, and is mounted on the front
of the balcony.

ENGINEERING OPPORTUNITIES

The Rome Air Development Center
has Civil Service openings for electronie
engineers and scientists at salavies
ranging from $3410 to $7040 per an-
numn. Grades are determined by train-
ing and experience.

Occupants of these positions will be
engaged in applied research, develop-
ment and tests of electronic air-ground
systems.

Send full details of your education,
experience, age, and salary require-
ments to “Employee Utilization Scction,
Civilian Personnel Branch, Rome Air
Development Center, Rome, New York.

TWO NBS APPOINTMENTS

The National Bureau of Standards,
Washington, D. C. has appointed Alan
J. Hoffman, former member for the
Institute for Advanced Study, Prince-
ton, N. J., to its staff in the division of
applied mathematics. Dr. Hoffman will
work in the Computati&m Laboratory of
the division, responsible for compiling
mathematical tables and developing im-
proved techniques for numerical com-

(Continued on page 29)

PAPER TUBES

Precision’s unique Laboratory Control Plan
maintains higher material standards—offers
you coil forms with better heat-dissipation and
insulation, greater resistance to moisture. Also,
spiral winding and die-forming under pressure
provide 159, to 209 more strength with lighter
weight—greater coil winding space.

Available in round, square, oval, rectangular, or any shape,
length, ID or OD. Made to your exact specifications of
finest dielectric Kraft, Fish Paper, Cellulose Acetate

or combinations.

WRITE TODAY FOR FREE SAMPLE AND NEW MANDREL LIST OF OVER 1,000 SIZES

i  PRECISION PAPER TUBE CO.

2063 W. CHARLESTON ST., Chicago 47, (il

Plant No. Two, 79 Chapel St., Hartford, Conn,

ALSO MFRS, OF PRECISION COIL BOBBINS
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R.F. SWITCH

A single-pole, 4-position coaxial r.f.
switch, for applications at radar fre-
quencies, is being offered by Transco

Products, Incorporated, along with va-
rious models for aircraft applications
requiring performance under extreme
temperature and shock conditions.

Performing at a frequency range up
to 11,000 mec., a VSWR less than 1.5,
and external features of compactness
for easy installation, all r.f. switches
have been built according to MIL speci-
fications.

Further information may be obtained
from Tramsco Products, Inc., 12210
Nebraska Ave., Los Angeles 25, Calif.

HIGH-INTENSITY LIGHT

Mercury arc lamp and water-jacket
components have been redesigned by
the Huggins Laboratories, Hamilton
Ave.,, Menlo Park, Calif.,, to provide
arc widths of 1, 1%, and 1% mm. Hav-
ing approximate power inputs ranging

between 1 and 2 kw., brilliances from
40,000 to 90,000 candles per square

centimeter, and light outputs from
65,000 to 130,000 lumens, the high-in-
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tensity light can be operated from a.c.,
d.c., single-flash, or stroboscopic power
supplies, and can be provided with all-
quartz accessories where a powerful
source of ultraviolet is needed.

High speed and stroboscope photo-
graphs, optical apparatus, photosynthe-
sis, and photochemical processes, as well
as specialized procedures requiring un-
usual brilliance in either the visible or
ultraviolet light spectrum, are included
in its applications.

VARIABLE DELAY LINE

The distributed-parameter, continu-
ously variable delay line offered by
Advance Electronics Company, P. O.
Box 394, Passaic, N. J., is capable of
providing a continuously variable time
delay from zero to 0.6 microsecond.

It has complete freedom of time jit-
ter, fast rise time, limitless repetition
frequency, greater bandwidth, and good
transient response. Type 302 includes
among its applications accurate dis-
tance measurements in radar or loran
systems, for establishing coincidence
of sweep and input signal in high-speed
oscilloscopes, and for measuring time
intervals with accuracy better than a
small fraction of a microsecond.

TOROIDAL CORES

Molded powdered-iron toroidals, pro-
duced by Lenkurt Electric Company,
1115 County Road, San Carlos, Calif.,
range in sizes of 0.800 to 3.375 inches
outside diameters. Available in mag-
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netic materials which accentuate high-
Q, high inductance, low generation of
harmonic distortien products, and high

o
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magnetic and temperature stability,
these cores are also supplied wound to
individual specifications, cased, un-
cased, or hermetically sealed.

CURRENT STABILIZER

Designed to hold tube current con-
stant at any given setting when used in
conjunction with water-cooled x-ray
diffraction equipment, the new Norelco
MA Stabilizer has three ranges, 0.5 to
2 ma., 7 to 25 ma., and 25 to 50 ma.

The stabilizer developed by the North
American Philips Company, Inc., 750
S. Fulton Ave., Mt. Vernon, N. Y., se-
lects the three stages by means of a
three-positioned lever switch mounted
on the end of the stabilizer chassis and
is provided with safety circuits which
protect the x-ray tube filament from
excessive heating.

A mechanical stop is also provided
on the variable auto-transformer to as-
sure sufficient x-ray tube voltage.

SURVEY METER

A new Alpha Beta Gamma Survey
Meter with an optional probe for alpha
detection, has been developed for use
as both a radiation dosage rate meter
and a low-level contamination monitor.
The SU-5A, manufactured by Tracer-

lab, Incorporated, 130 High St., Boston
10, Mass.,, can be used for checking
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glassware, benchtops, hands, coats and
locating small amounts of spilled radio-
chemicals, in addition to locating ra-
dium, and measuring dosage rates
from stored radioisotopes, to ascertain
whether adequate shielding has been
employed.

Waterproof, lightweight, battery op-
erated and provided with two sets of
scale ranges, it is equipped with a P-17
side window probe which permits the
separate measurement of gamma ra-
diation in the presence of beta radi-
ation.

LABORATORY MONITOR
Known as the “Radiation Sentinel,”
a new laboratory monitor has been

announced by Nuclear Instrument &

Chemical Corporation, 223-233 West
Erie St., Chicago 10, Ill. Model 1615A
is equipped with a four-inch meter and
a selector switch which permits the
meter to indicate either count rate or
Geiger tube voltage.

Included in the Radiation Sentinel is
a built-in power supply, a switch for
a chart drive recorder, and a magnet-
ically mounted probe which permits the
thin mica window counter to be mounted
on any iron or ferromagnetic object
for monitoring vacuum lines, bench top
surveying or clinical and therapeutic
checking.

AIRBORNE AUDIO AMPLIFIERS
The production of airborne audio

. amplifiers, developed primarily for PA
' and entertainment use aboard aireraft,

Ty S——

has been started by Gertsch Products,
Inec., Los Angeles, Calif.

The two Models AA-1A and AA-1B,
identical in appearances and differing
only in their input power requirements,
include variable frequency response by
means of a 4-position filter for noise
suppression, remotely operated HI-LO
level control, and dual input circuits.

MINIATURE COUNTER DECADES

The Potter Instrument Company, 115
Cutter Mill Road, Great Neck, N. Y.,
announces a new miniaturized, rede-
signed version of the four-tube Elec-
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tronic Counter Decade, available in two
models which differ only in the maxi-
mum counting capabilities.

The Model 12 is designed for count-
ing at rates up to 130,000 counts per-
second, and the Model 13 for counting
at rates up to 30,000 counts per-second.
Equipped with a binary decimal coding
system (1-2-4-8), it is easily adapt-
able to computer circuitry and record-
ing devices using four styli.

The new decades are available with
either a remote panel-mounted four-
lamp readout or with a small plug-in
neon cluster on the decade frame for
applications in which the indicators
serve only for tube servicing.

STUDIO CONSOLETTE

Providing a flexible speech input sys-
tem for AM, FM and TV broadcast
stations, an improved consolette (RCA
Type BC-2B) has been announced by
the RCA Engineering Products Depart-
ment, Camden, N. J.

Besides offering control facilities for
one or two studios, it serves an an-
nounce booth, a control room micro-
phone, two turntables, a network, and
five remote lines. The frequency re-
sponse from any input to the line out-
put is within plus or minus 1.5 db from
30 to 15,000 cps. The total rms har-
monic distortion is less than .5 per-cent

from 60 to 15,000 cps at a line-output
level of 18 dbm. The new consolette
has a total power input requirement of
160 watts, 50 to 60 cps a.c., and 105 to

126 volts. It weighs approximately 114
pounds and has over-all dimensions of
11% inches high, 33 inches wide, and
21% inches deep.

Further information may be obtained
from the RCA Engineering Products
Department, Camden, N. J.

A.C. VOLTAGE REGULATOR

With an accuracy of 0.01%, the
Model 1001 A.C. Line Voltage Regula-
tor is of importance to techniques de-
manding a.c. line regulation of unusual
accuracy.

This new unit, manufactured by Sor-
ensen & Co., Inc., Stamford, Conn., also
offers a combination twist-lock and
double-T receptacle; three-function out-
put switch for (1) normal regulator
functioning, (2) operation with integral
semi-fixed resistance in place of poten-

(Continued on page 29)
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you with a leading firm.

INTERESTING, WELL-PAYING POSITIONS

FIELD |
ENGINEERS

COMMERCIAL & GOV'T JOBS

® Installation and testing airborne electronic equipment
® Installation and servicing TV Studio and Theatre projection equipment

ENGINEERS

® SERVO-MECHANISMS
¢ MICRO-WAVE
e COMPUTERS

3 TO 5 YEARS EXPERIENCE OR MORE

There is a fine position with top salary and many benefits for
More than just a job contingent upon
emergency conditions, General Precision offers you a lifetime
career with a soundly established, yet constantly expanding firm.

Call or Write Today

Interviews at the laboratory by speciul appointment

) GENERAL PRECISION LABORATORY

63 BEDFORD ROAD, PLEASANTVILLE, N. Y.
PLeasantville 2-2000

—
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NICHOLAS E. GOLOVIN has been named Assistant
Director for Administration of the National Bureau of
Standards, which will include planning and management
functions for technical programs. Mr. Golovin, who received
his M.A. in mathematical physics from Columbia University,
previously was head of the Management Division at the
Naval Ordnance Test Station, California, and Associate
Superintendent at the Naval Research Laboratory.

DRR. VICTOR S. HICKS. newly appointed Chief Physicist
of Tracerlab, Incorporated, will direct many research and
development projects. He received his A.B. from Williamett
University in 1925; his M.S. from the University of Wash-
ington in 1927; and his Ph.D. from the University of Cali-
fornia in 1930. Dr. Hicks is a member of many scientific
societies, among them the American Physical Society and
is the author of many technical papers in the field of physies.

JAMES C. P. LONG has joined the engineering staff of
the Sprague Electric Company, it was announced by Julian
K. Sprague, Vice President. Formerly head of the Material
Coordination Section of the Bureau of Aeronautics, U. S.
Navy Department, he also served as a member of the RDB’s
Panel on Components. Mr. Long is a graduate of Grove City
College, Grove City, Pennsylvania and served in the Navy
as a Lieutenant from 1943 to 1946.

C. J. LUTEN was appointed Editor of the Service Dealer
magazine for Sylvania Electric Products Incorporated.
He previously served as a director of educational advertis-
ing, an assistant editor to an employee magazine, and a re-
porter for the Dallas Times Herald. Mr. Luten graduated
from Southern Methodist University and was the recipient
of the 1944 Sigma Delta Chi Award, naming him outstand-
ing journalism graduate of his class.

DPR. LOUIS N. RIDENOUR has been appointed Director
of Engineering for the International Telemeter Corporation.
A graduate of the University of Chicago and California In-
stitute of Technology, he served with Massachusetts Institute
of Technology during the war and played an important part
in the development of microwave radar, helping its intro-
duction into airforce operations. His new duties will be con-
nected with technical developments of the Telemeter System.

Radio Corporation of America Tube Department, became
the first recipient of the David Sarnoff Gold Medal Award,
conferred on him at the 70th Semi-Annual Convention of the
Society of Motion Picture and Television Engineers. The
award was given in recognition of his development of rating
methods for measuring the picture-reproducing quality of
35mm film and television systems mathematically.
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| Slot Radiators

(Continued from page 13)
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The input admittance to this-array is:

n n
Yin = :1 G-+3j = B ol pGL7)
r

r

In general, the input admittance is
designed to be either unity or a large
real value (overloading). These and
other values are easily attained; other
values may be more desirable in certain
cases.

A radiation pattern of a resonantly
spaced array of 17 resonant slots is
shown in ¥ig. 12. The theoretical curve
of cse 6 cot¥6 was designed from 3° to
45°. The measured pattern and the
theoretical curve show less than 3 db
deviation from 2° to 55°. Machining
tolerances can easily explain the depart-
ure of the radiation pattern from the
theoretical curve, especially with the
large (1860:1) range of radiated pow-
ers required.

Fig. 13 is the radiation pattern of a
15 element array of non-resonant slots.
The theoretical curve of csc® 8 cot* ¢
was to be duplicated by the array for
6° to 60°. The results of the pattern
measurements indicate a variation of
less than 3 db from 1.5° to 61°.

Non-resonant Spacing

Interelement spacing, other than
resonant, has the advantage that with
a matched termination and elements
having small admittances, the input ad-
mittance to the array will be near unity
at all frequencies except in the vicinity
of the resonant spacing frequencies.
The reason for this matched condition
is that the reflected waves from the
elements are small and add together
with effectively random amplitude and
phase (because of the non-resonant
spacing) at the input to the array. The
voltages for a lossless transmission line
are:

Vo= V. (cosgl+j Y. singl) (18)
V.=V .(2cosBl+ jYr.i8in gl)

ez (19)
These expressions show that the magni-
tude and phase of the voltage at the rth

element are functions of both the dis-

| tance between elements and the admit-
OTTO H. SCHADE, nationally-known scientist of the |
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tance introduced at the (» + 1) ele-
ment. For the usual case of slots spaced
about a2 half guide wavelength apart
and the reflection coefficients small we
have:

Pr=P,.(142al). . . . . (20)
_Yr.icospl 4 jsin gl

+—— —-—
cos Bl + j Yrrusin gl (1)
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This admittance equation may be
solved very quickly by use of the Smith
\ dmittance Chart. The reflection co-
efficient at the rth slot is:

(22)

This shows that only the amplitude of
the reflection coefficient is altered by
transmission line attenuation. If it is
necessary to take attenuation into ac-
count, this expression may be used.

From the equivalent circuit it fol-
lows that:

[‘;r- =T, 5 el

P

G, = G P (23)
s0 that all the G- may be readily deter-
mined. The phase of the admittance of
sach slot is determined by the required

hase and the phase error in the volt-
ages due to transmission line loading.
If the admittances of the slots are
small, the phase error in the voltages
will be small and, in some cases, may
‘be neglected.

A 24 element array of slots was cal- '

culated to give a Tchebyscheff aperture
distribution. The side lobe level was to
be 30 db below the main beam. The
excitation coefficients are all real for a
Tchebyscheff array so that by using
low conductance slots the phase error

in the voltages could be neglected. The
array was therefore designed with
resonant slots. The spacing was greater
than a half wavelength to improve the
impedance characteristics. A matched
termination was used. The VSWR
characteristics are shown in Fig. 14.
The half power beam width at the de-
sign frequency of 9375 mc. was the same
as the calculated value. The beam width
varied from 4.2° to 3.4° over the band
from 8500 mec. to over 10,100 mc. The
beam width is inversely proportional to
the aperture in wavelengths. The main
beam scanned 12.4° over this same
band, being 2° from the normal at the
design frequency. Over this same fre-
quency range, the side lobe levels in
the plane of the axis of the array nor-
mal to the surface of the wave guide
were below 26 db. Four off-axis, sec-
ondary beams occurred which were 19
to 22 db below the main beam. A re-

strictive horn along the length of the-

array removed the secondary lobes,
raising the side lobe level about 1 db.
In a two dimensional array of these
slots, the secondary lobes would not
appear.

The author wishes to acknowledge the
influence of discussions with R. H. Reed,
the theoretical work of J. R. Miller and

the non-resonant

[FEAE]

op——ra—— —1&

slot experimental
| results of T. T.
1 Taylor, W. G.

| FREQUENCY = 9375 MC.

RADIATION INTENSITY IN db.

“of——1— l

—— |

| Sterns, and R. A.
Henschke.
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MEGACYCLE'
METER

2.2 mc. 10 400 me.

Frequency Accuracy £2%

The MULTI-PURPOSE
INSTRUMENT

e For determining the resonant frequency of
tuned circuits, antennas, transmission
lines, by-pass condensers, chokes, coils.

e For measuring capacitance, inductance,
Q, mutuai inductance.

® For preliminary tracking and alignment
of receivers.

® As an auxiliary signal generator; modu-
lated or unmodulated.

® For antenna tuning and transmitter neu-
tralizing, power off.

® For locatipg parasitic circuits and spurious
resonances.

e As a low sensitivity receiver for signal
tracing.

And Many Other Applications

FREQUENCY:

2.2 mc. 1o 400 mc.
seven plug-in coils.

MODULATION:
CW or 120 cycles; or
external
POWER SUPPLY:

110-120  volts, 50-60
cycles; 20 woatts,

DIMENSIONS:
Power Unit: 54" wide;
&Ys" high; 74" dee
Oscillotor  Unit: 3%

diometer; 27 deep.

Write for Literature

MEASUREMENTS
CORPORATION

BOONTON 6 NEW JERSEY
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PATENT REVIEW

Printed copies of these or any other pat-
ents may be obtained from the U. S. Patent
Office for 26c eaoh. Address the Commis-
gioner of Patents, Washington 25, D. C.

ELECTRICAL MUSICAL INSTRUMENT

Improving tone quality produced by
electrical musical instruments, and
means for producing electrical signals
corresponding to musical tones of a de-

1 SECOND FREQUENCY DIVIDER THIZD FREQUENCY DIVIDER
1 %

I
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sirable quality, are the objects of this
invention.

With the apparatus of this device, the
rectangular wave output of the fre-
quency divider is rectified to a very
narrow pulse whose width is small in
comparison with its period. All of the
low order harmonics are then present
in substantially equal amplitude, with
this equality continuing to higher har-
monies if the pulse is sufficiently nar-
TOW.

The solo oscillator is comprised of
triodes having a resonant tuning cir-
cuit, and is keyed by connecting a suit-
able inductance into the circuit to give
the correct frequency.

Patent No. 2,562,908 was issued on
August 7, 1951 in the name of J. M.
Hanert.

UHF LOAD DEVICE

The principal object of this invention
is to provide an improved tunable load
device for high frequency systems, en-

abling the device to dissipate large
amounts of power, and eliminating the
disadvantages of “burn-outs” and cer-
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amic insulation cracking which occurs
in somne systems in present use.

The device consists of a tunable ultra-
frequency resonant cavity which is con-
nected to a highly resonant transmis-
sion unit, the cavity being so designed
and adjusted that r.f. power from the
line is transmitted into the cavity and
is dissipated therein in the form of heat.
This is accomplished by tuning the
cavity to resonance and coupling the
line to a part having an impedance
characteristic equal to the surge im-
pedance of the transmission line.

Patent No. 2,562,921 was issued on
August 7, 1951 in the name of A. G.
Kandoian.

SWEEP GENERATOR

Relating to coil circuits, saw-tooth
wave generating devices used to excite
them, and to cathode-ray tube deflec-
tion circuits, this invention discloses a
method for maintaining linearity in
magnetic deflection systems.

The sweep generator introduces an
automatic controlling voltage which
either retards or accelerates devia-

+ 300y SYme.

tions from given rates of change in the
deflection voltage, and provides a de-
flection cireuit containing fewer com-
ponents than before believed necessary.
It also initiates a self-oscillating saw-
tooth type deflection voltage generator,
the output of which is directly applied
to the deflection coils of a cathode ray
oscilloscope.

Patent No. 2,562,941 was issued on
August 7, 1951, in the name of L. W.
Parker.

AVC CIRCUIT

This invention presents an improved
arrangement for protecting the auto-
matiec volume control (AVC) circuit of

ENGINEERING

a receiving system subject to strong
signal reception, without preventing
AVC action on the first tube during
normal operating conditions.

The AVC circuit provides a uni-direc-
tional conductive device in the AVC
line between the control grid of the first
tube and the control grid of each of the
following tubes, the device being con-
ductive when the AVC line is more
negative than the control grid of the
first tube and being non-conductive

when the control grid is more negative
than the AVC line.

The schematic diagram shows an air-
craft receiver incorporating this ar-
rangement by application of a vacuum
tube diode.

Patent No. 2,563,052 was issued on
August 7, 1951 in the name of Olin L.
Mac Sorley.

FREQUENCY DIVIDER

This invention presents a frequency |
division system of improved stability
which is insensitive to amplitude
changes in the incoming signal. Both
input and output are sinusoidal and no
output is produced in the absence of an
input signal. Furthermore, the system is
very stable over a band of frequencies.

Its basic principles involve beating
an input signal of high frequency KN,
where K is a whole number constant
greater than unity, with a lower fre-
quency signal (K-1) N to obtain a still
lower frequency signal N. Signals of
approximately the frequency (K-1) N
exist in the system in small amplitude
during the absence of the input signal,
but immediately upon application of the
input signal, a beat signal of approxi-
mately the desired frequency N is pro-
duced.

+Patent No. 2,562,952 was issued Aug-
ust 7, 1951, in the names of Carl M.

I O
. |
| "‘:T\;q‘i'"

Russell, Keith R. Symon and Robert C.‘
Padesky.
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]Al\l Transmitter
1(C¢mtinued from page 5)
panel may be placed on a bench or
table for any service work that may
be required.

The present day manufacturing prob-
ilems, which involve high costs for fab-
Iricated parts and assemblies, together
‘with the difficulties of procuring mate-
rials, have been held to a minimum.
‘However, the BTA-5G/10G design has
provided the many additional features
fthat have been described, plus the re-
moval of the unnecessary parts, and
ofttime cumbersome items, that made it
possible to accomplish this present im-
jproved design.

@

'ideo Probe
(Continued from page 16)
at the input of the attenuator. The top
or front section of the probe is the
attenuator; the bottom section is the
cathode follower. The attenuator may
be unplugged after two screws are
loosened. Components for each section
are mounted on a phenolic strip which
rests on two shelves attached to the end
pieces, with sufficient clearance for air
kooling around the triode. The over-all
dimensions of the assembled outer shell
are 7 x 1% inches.

A single leg, or “unipod”, was de-
wised to overcome the difficulty of using
he probe to test a vertical panel. The
leg is a Y%-inch bakelite rod, about 12
inches long. One end is mounted pivot-
ally toward the back of the probe, per-
mitting the free end to rest against the
thassis of the subassembly for support.

specifications
ittenuators

Attenuators include 1:1, 3:1, 10:1;
30:1, and 100:1 types. All have an
input impedance representable by a
resistance of 10 megohms shunted by
a capacitance of 2 to 8 pufd.

‘athode Follower

Input signal amplitude * 1.8 volts
. maximum; * 0.15 volt minimum.
(Both determined by the amplifier
used with the probe.) The circuit has
a high-frequency response impedance
! level of 10 megohms within the usable
. range. Gain is approximately 14; out-
put impedance, 93 ohms. The tube
. used is a subminiature triode, SC968.

:
Power Supply

| If the probe is used near its video am-

'ﬁ plifier and synchroscope, power is ob-

| tained from a supply mounted on the

” synchroscope chassis. If it is used at

p a remote distance, the same power
supply is available in a portable case.
Voltages used are 4+ 75 v. d.c. and

l 6.8 v, a.c. —~@a

|

|

|
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New Products

(Continued from page 25)

tiometer, (8) direct load connection
with the control diode for regulations
of voltages; four vacuum tubes and
no relays; and tube filament voltages
regulated for long life.

ELECTRONIC SELENIUM RECTIFIERS

An improved design of molded-in
electronic selenium rectifiers has been
announced by FElectronic Devices Inc.,

Precision Rectifier Div., 429—12th St.,
Brooklyn, N. Y. Manufactured with
bar or insulated tin-copper leads, the
rectifiers have an outer case of spiral-
wound phenoliec wax which is rock hard
at 100°C and whose thermal conductiv-
ity and low loss plates compensate ade-
quately for the loss of cooling due to
molding in.

In ratings from 250 ma. d.c. to 500
ma. d.c. the standard open plate con-
struction is used. However, the high-
efficiency plates lead to cooler opera-
tion and longer life.

CONTACT-OPERATING SWITCH

Developed for industrial use, the
Type A-C-O Switch permits unusually
fast switching by the return-action de-
sign of the operating plunger mechan-
ism, which is insulated from the con-
tacts. The General Control Company,
Boston 34, Mass.,, announces that its
typical applications are on machine
tools, circuit transfer of timers and re-
cording equipment; in safety circuits,
and as a limit switch. The operation
is such that the first press transfers the
contacts, and the second press restores
them, with single-pole, double-throw
contacts permitting adaptation of the
A-C-O switch to either normally closed
or normally open circuits.

MULTIPLE PRECISION CONTROL

The Series 42A potentiometer, manu-
factured by the Clarostat Manufactur-
ing Company, Inc., Dover, N. H., ac-
complishes simultanecus control of 2 to
20 circuits or functions in electronie
computing equipment.

Encased in a mineral-filled bakelite
housing, designed to lock together with
similar units forming a single tandem

assembly that is held together by metal
end-plates and threaded tie rods, the
potentiometer hags a resistance range of
100 to 100,000 ohms for linear windings.
The contact arm of each unit can be
readily adjusted on the common shaft
that slips through the tandem sections,
synchronizing with the common shaft
or with the contact arms of other units.
o @
News Briefs
(Continued from page 23)
putation. Having been granted a Ph.D
in 1950, Dr. Hoffman was the recipient
of a Pulitzer scholarship, a New York
State scholarship and a Columbia Uni-
versity fellowship.

Appointed to the consulting staff of
the National Bureau of Standards is Dr.
Frank Wenner, consulting physicist in
the development of electrical instru-
ments for the Rubicon Company.

NEW LITERATURE
Wire Wound Potentiometers

The DeJur-Amsco Corporation has is-
sued a new four-page catalogue cover-
ing its line of series IL.-400 precision
wire-wound potentiometers.

The catalogue No. RE-L is available
by writing to DeJur-Amsco Corpora-
tion, Industrial Division, 45-01 North-
ern Blvd,, Long Island City, N. Y.
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The smallest — most sensitive — portable

_ Geiger Counter made.

It's only 1%2” x 3 x 5, weighs 1V4 lbs., fits
easily in the hip pocket or the palm of yaur
hand, yet gives you better resuits than many
larger and far more expensive instruments. The
“’Snooper’’ Model 108 is foolproof, easily and
safely operated by the most inexperienced per-
son. Works under any conditions. Can always be
depended upon. Extremely simple circuit, em-
ploys miniature amplifier tube, one 22V2V. hear-
ing aid battery and one flashlight battery. En-
cased in beautiful engraved plastic case. The
“‘Snooper” camplete, including sensitive headset,
batteries, radio active sample and complete in-
structions for only $24.95.

Model 106 Lucky Strike Geiger Counter is ex-
tremely sensitive, has all 3 means of indicating
radio activity; a neon flasher, earphones and a
meter. Detects even the faintest traces of urani-

um. It is 32" x 4" x 612", weighs 32 |bs.
The lightest and smallest precision scientific in-
strument of its type. It's complete, including
carrying belt. $99.50
Other Model to $249.50
Write for descriptive folder. |
If not rated 25% with order, balance C.O.D. All prices
F.O.B. our warehouse New York. No order under $2.00
We ship to any part of the globe.

LEEDS RADIO CO.

75 Vesey Street
COrtlandt 7-34 40

Dept. RN 1
New York City 7
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Balitron Circuits
(Continued from page 8)

of the tube was 17 per section, the
total voltage gain was found to be 82.
*Oscilloscope patterns showed no notice-
able distortion.

A circuit which is of doubtful value
at the present time, but interesting,
nevertheless, is the negative resistance
amplifier circuit shown in Fig. 5. The
R-C circuit, shown in Fig. 54, looks
like an ordinary R-C amplifier, but the
factor of negative R, on P.-T, changes
the whole concept.

When the source (S) drives Na nega-
tive, the current to Tp-Ps is increased.
This increase in current lowers the
T,-P, voltage, and the negative K, con-
dition tends to increase the current to
this member above the change produced
by N. The current to T,-Ps will con-
tinue to increase until either the source
changes the value of voltage applied
to Na in the opposite direction, or the
lower limit of negative E, is reached.

When the signal voltage from the
source (S) approaches its maximum
negative value, the negative R, will
continue to act on the beam until the
signal voltage has changed sufficiently
towards the positive to counteract the
effect of this action. When this occurs,
it causes a reversal of the negative re-
sistance action and Ipsr1p is decreased,
both by the signal voltage acting upon
N, and the negative R, which is now
trying to increase the voltage and
decrease the current to that member.
This action continues as the source
goes through zero and climbs to the
positive peak of the input signal. Here
again, the N. voltage must be changed
sufficiently to overcome the negative
R, condition before another reversal
of operation can take place.

Obviously, regeneration is taking

Fig. 7. Direct-coupled amplifier cir-
cuit which overcomes many disad-
vantages of conventional circuits.
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place within the tube due to the nega-
tive resistance characteristic. This re-
generation is not, however, that which
is ordinarily conceived. This negative
resistance regeneration differs from the
normal regeneration in that no actual
feedback of ordinary resistance, capa-
city, or inductive origin takes place.
In addition, the actual value of the in-
put signal is in no way altered as in
ordinary regeneration.

The gain of this amplifier is ex-
tremely large and the ordinary values
of gain are vastly exceeded. One model
of this tube had a maximum theoretical
gain of 17.4 but produced a total gain
of 196.

To reduce the negative R, regenera-
tion and increase the fidelity without
sacrificing the vast gain of this tube
entirely, actual regenerative feedback
can be utilized. This condition is shown
in Fig. 5B where the capacitor C is
coupled directly from T, P, to Na. In
this circuit, when the T,-P. voltage
tends to swing positive or negative,
voltage is fed back to N. out of phase
with the signal voltage on N, and the
swing upon T,-P. is reduced. Thus, a
normal regenerative circuit (capacity
between grid and plate) is used to pro-
vide degenerative feedback. If C is
made variable, it could be used as a
gain control. But the fact that capacity
is deliberately inserted between the in-
put and output elements of the tube is
of tremendous importance, since it illus-
trates most fully the freedom from nor-
mal capacity coupling.

A problem that has been the subject
of considerable study has been the de-
velopment of a means of directly coup-
ling the plate of the first amplifier of
a series to the control element of the
next amplifier. Many of the direct-
coupled circuits are well known, such
as the Loftin-White ecircuit and the
various d.c. amplifier circuits. Most of
these circuits require a tapped power
supply.

The Balitron offers a new solution
to this problem. Previously, the limit-
ing factor on direect coupling has been
the necessity of operating the control
element of the following tube at, or
near, the cathode potential of that tube.
In the Balitron, changes in tube design
have produced a tube which requires
a positive bias of up to 90 volts to reach
cross-over (the point where the cur-
rents flowing to T. and T, are equal.)
Under these circumstances, coupling
from a previous amplifier plate to the
control element of a Balitron amplifier
can be accomplished as shown in Fig. 7.

Here, V. is any type of low voltage
amplifier, such as a 6SQ7, where the
load resistance R is acting as the plate
load and dropping the plate voltage to
the operating value. Signal voltage is
applied to the grid of V. and normal

O-ELECTRONIC
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amplification takes place. The plate of
V., is tied directly to N. of the Balitron
tube, V.. Changes in the plate voltage
of V. change the voltage on Ny, and the
current through the Balitron is swung
to produce an output in the trans-
former T..

1t would be supposed that the positive
N, would draw large amounts of cur-
rent from the cathode of V. and pro-
duce damping action upon the signal
voltage. But such is not the case. Due
to constructional design, N. does not
draw current until the N voltage rises
to approximately 95 volts. For this rea-
son, no power is drawn by the input,
and the signal voltage is not damped.

The elimination of tube-introduced
noise is one of the major problems of
radio engineering. Hum, various phe-
nomena introduced by the electron
energy quantum, and variations pro-
duced by changes in value of applied
potentials, all combine to produce out-
put voltages which are not introduced
by the input signal. In the Balitron,
a new approach is offered to the prob-
lem. Since this tube operates normally
as a single-ended input, push-pull out-
put amplifier, it is quite obvious that
it has all the hum suppressing charac-
teristics of any push-pull eireuit. Thus,
power supply variations are not such
a source of trouble.

Changes in cathode emission of either
a periodiec or random nature, such as
shot effect, are then introduced into a
push-pull circuit. Since these effects
produce changes in the number of elec-
trons in the beam, and since the varia-
tion splits into two substantially equal
parts flowing in opposite directions in
the plate circuit, it is clear that the
effective noise voltage produced in the
secondary will be zero. Changes in the
accelerating anode voltage produce the,
same effect as a change in electron
emission, and the resultant noise volt-
age is again zero.

Thermal agitation in the input is not,
of ecourse, affected by these conditions.
Partition noise is reduced because the
receiving elements are on nearly th
same concentrie plane and not dispersed
in a series of concentric attractive
planes. |

Part of the problem would then seem
to be solved by the use of the Balitron
The fidelity of response should be ex-
ceptionally good. The use of the Bali-
tron as an r.f. preamplifier should in-
crease the available signal-to-noise ratic
values.

An effort has been made here to show
some of the more important circuits anc
applications of the Balitron that hav¢
been discovered which differ markedl
from the ordinary tube. These are spe:
cial applications of the Balitron ant
should not be thought to be limitativy
of its field of application. |
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It must be emphasized that the full
! possibilities of these circuits have not
'been made by the author. The main
interest of the author has been the
| development of the Balitron into an
| effective tube. However, the research
| problems presented various aspects of
. design which were recognized as sources
for additional investigation. Insofar as
. possible, preliminary tests have been
‘made on these circuits with positive
results. Research facilities and time
limitations have forced these tests to
'be modest. Qualitative analysis has not,
therefére, been undertaken.
. Without full investigation into all the
aspects of these circuits, these can only
be construed as suggestions with some
supporting evidence to indicate their
workability. Additional research must
be undertaken to establish their true
valuer

@B

Rectilinear Amp.
(Continued from page 10)

photoelectrie cell which is measured in
fractions of a microampere, and deliver
over 150 mils at 300 volts in the output
of each power tube, which is equivalent
to approximately 45 watts of power.

Freq. Input Output
cps Volts Volts

" Zero 0100 182.
30 .0100 190
60 .0105 200
100 0107% 2156
250 0100 220
500 .0100 200
1000 .0100 200
2500 .0102 204
4000 0102 204
7500 010214 205
10,000 0105 208
15,000 0110 210
20,000 0125 212
30,000 0160 216

Table 1. Frequency response of the
complete amplifier from zero to 30
kec. It can be seen that the average
gain Is about 20,000, and that this
value is closely approached through-
out the total range of 0 to 30 ke.

Table I indicates the frequency range
lof the amplifier, with its related input
.and output voltage differential. With a
isquare wave signal pattern of up to 30
lke. applied to the input terminals, es-

i
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Fig. 5. Circuit diagram of a complete, three-stage amplifier using the
principles outlined in this article. The amplifier is pictured on page 9.

sentially an exact duplicate of this pat-
tern is produced in the output circuit,
as pictured on an oscilloscope, indicat-
ing that the time rise factor is very low.

The stability of this amplifier is such
that it can not be made to oscillate
under any normal operating conditions.
A variation of over 259% can take place
in the power supply with no appreciable
change in the output circuit. The a.c.
hum is less than one tenth of one per-
cent of the output signal, although a
relatively small amount of filtering is
used in the a.c. power supply units.

The values of the resistors of the
circuit will depend upon the character-
isties of the tubes. The condensers used
are merely for bypass purposes of the
filtered power supply. Tubes Viand V.
are in a bridge-type circuit arrange-
ment with a potentiometer across part
of the B power supply of the screen
grid circuit. This layout provides for
an automatic biasing control in the in-
put of the next stage so that zero po-
tential is applied to the grids of the
following two tubes at zero signal. ‘
Thus, when a signal is impressed upon
the input terminals, the circuit of one
tube is 180 degrees out of phase with
the other tube, with a resultant push-
pull action.

The plates of V, and V. are directly
connected to V., and V,, respectively.
However, the B supply of V, and V. is
independent of the B supply of V, and
V.. The output plate circuit of the power
stage is coupled through two resistors.
Due to the potential difference across
these two resistors, only the a.c. com-
ponent is impressed upon the output
circuit. The heater current for these
various tubes is applied in the conven-
tional manner.

Although this amplifier was developed
primarily to be used in conjunction with
the photoelectric engraver with all its l

exacting requirements, it is by no means
limited to this use only. Its predominant
use would be in the extreme low fre-
quency field where it may take minutes,
hours, or even days for a significant
change to take placex‘ and then this
change may occur quite suddenly, in as
much as a thousandth part of a second
or less. Considering the circuit charac-
teristics, it has a wide adaptation in
practically the entire field of electronics.
Q@

PURCHASING AGENT!
ENGINEERS!
EXPEDITORS!

When the pressure is on
for that certain critical
item in a big hurry, then
let us be

“YOUR MAN FRIDAY”’

and help share your load.
We’'ll be the aspirin for
that materiel headache.

ELECTRONIC PARTS
EQUIPMENT
ACCESSORIES

Authorized Distributor
Simplex Wire and Cable

— ALL MAJOR LINES —
JUST CALL OLYMPIA 8-2900
For Personal Service Ask For

Bernie Gardner
Phil Nardella — Sy Novak

“YOUR MAN FRIDAY"
CHANROSE RADIO

Distributors, Inc.

170-16 Jamaica Avenue

Jamaica, N. Y.
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CIRCULAR WAVE GUIDE ATTENUATION

Nomeograph for determining the attenuation of the

TE,, (H,) mnode in a circular air-dielectric wave guide.
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Lmu( AT THE ACTUAL ““HELP WANTED" ad-
vertisements above. They are typical of the
opportunities now open to TV servicemen
offering financial security and permanent
employment.

PLENTY OF OPPORTUNITIES—NOW

Asatrained and experienced TV serviceman,
you may choose from several good-pay jobs
with excellent futures.

Immediate and future employment oppor-
tunities cover a wide range. Installation or
trouble-shooting of TV receivers in homes

bench technician in radio-TV service
shops . . . inspector, tester and repairman
with manufacturers of TV receivers . . . test-
ing, analyzing and repairing with electronic
instrument manufacturers trouble-
shooting and repairing with companies with
military contracts for electronic equipment.
If you prefer, you can be your own boss by
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operating a TV service shop of your own.

Even in the Armed Forces your qualification
as a TV serviceman will open the door for you
to win rapid promotion and better pay.

RCA INSTITUTES HOME STUDY COURSE
TRAINS YOU TO QUALIFY

Men now in the radio-electronics industry as
well as radio servicemen, with no experience
in TV servicing, here is your golden oppor-
tunity to convert yourskill to the important
money-making field of TV servicing. Don’t
pass up this chance of a bright and profitable
career in TV.

The RCA Institutes Home Study Course
gives you a sound knowledge of television
fundamentals . . . intensive practical instruc-
tion in the proper maintenance and servicing
of complex TV receiver circuits . . . teaches
you the “short cuts” on TV installation and
trouble-shooting, saving you many hours of

&
RCA Institutes conducts a resident school in New
York City offering day and evening courses in Radio
and TV Servicing, Radio Code and Radio Operating,
Radio Broadcasting, Advanced Tech nology. Write
for free catalog on resident courses.

*.

RCA INSTITUTES, INC.

A SERVICE OF RADIO CORPORATION of AME
350 WEST FOURTH STREET, NEW YORK 14, N.Y.
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GOOD JOBS waiting

for trained TV servicemen

on-the-job labor. Learn TV servicing from
RCA engineers and experienced instructors
—pioneers and leaders in radio, television
and electronic developments.

RCA INSTITUTES HOME STUDY COURSE
PLANNED TO YOUR NEEDS

You keep your present job in radio—tele-
vision—electronics. In your spare time, you
study at home. You~learn “How-to-do-it”
techniques with “How-it-works” informa-
tion in easy-to-study lessons prepared in ten
units. Cost of RCA Home Study Course in
Television €~rvicing has been cut to a mini-
mum-—as a service to the industry. You pay
for the course on a “pay-as-you-learn” unit
lesson basis. You receive an RCA Institutes
certificate upon completion of the course.
The RCA Institutes Home Study Course in
Television Servicing is approved by leadin:
servicemen’s associations.

v Send for FREE BOOKLET

Mail the coupon—today. Get complete information on the S
RCA INSTITUTES Home Study Course in Television Servicing.

Booklet gives you a general outline of the course by units. Y oy,
See how this practical home study course trains you quickly,
easily. Mail coupon in envelope or paste on postal card.

MAIL COUPON NOW!

Hom, Sty

F
Loy, 1y Go
3 o i
iolog. : "ie

S
%, Mo 3
15y 2, ey |
" ll,' ’

Without obligation on my part, please send me copy of booklet

SERVICING.” (No salesman will call.)
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He’ll know better

next ime...

When it comes to making your
customers happy, there’s no
“next lime’’. You have to do the
job right the first time. That’s
why it isn’t good business to
order capacitors by rating alone
instead of specifying rating and
brand. You can avoid customer
trouble when vou order capaci-

tors if vou . ..

Make Sure! Make it Mallory!

You can build a reputation for dependable service and really salislv your customers

by specifying Mallory capacitors.

Rating-for-rating and size- ——
for-size Mallory FP’s give

longer life even at higher
temperatures and greater ripple current.
You get trouble-{ree operation at 185°F.
(85°C.). And Mallory FP won’t ““die”” on

vour shelves.

Mallory pioneered capacitor development . ..

wrrat!

’gﬁ?&' Mallory Plascapst are

the first completely
engineered plastic tubular capacitors.
They eliminate premature shorting .. .
leakage . . . unsoldered leads . . . ofi-
center cartridges. And Plascaps are
priced right! Count on them as vou do

on Mallory FP’s.

produced the first dry electrolytic capaci-

tors . . . showed the way in making capacitors smaller, longer-lasting, more heat

resistan(, more uniform.

So, when vou order capacitors, specily Mallorv—always. Mallory capacitors are besl

for vou . . . best for your customers. And they cost no more.

Depend on your Mallory Distributor for quality products at compelitive prices.

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

theg. U.S. Pat. Off.
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temperatures and greater ripple current.
You get trouble-free operation at 185°F.
(85°C.). And Mallory FP won’t “die” on
your shelves.

Mallory pioneered capacitor development . . .

MATLOR ‘V
s&g};&‘k} : Mallory Plascapst are
the first completely
engineered plastic tubular capacitors.
They eliminate premature shorting . . .
leakage . . . unsoldered leads . . . off-
center cartridges. And Plascaps are
priced right! Count on them as you do
on Mallory IP’s.
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tors . . . showed the way in making capacitors smaller. longer-lasting, more heat

resistant, more uniforimn.
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Depend on your Mallory Distributor for quality products at compelitive prices.

P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA
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1952
RADIO-ELECTRONIC )’
ENGINEERING ~
L EDITION

] TEST SET FOR TV TUBES

By spot checking production runs,
this engineering test unit insures
high quality CR tubes (SEE PAGE 49)
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NOW you can
build a Collins
AM-FM tuner from
the Pre-Fab units
shown below !

PRESENTING

LLINS

AM-FM "PRE-FAB” TUNERS

Y

COMPLETE VERSATILITY is the byword in this
new tuner design. Through the addition of the
AM circuit, the Collins tuner will meet all require-
ments for home music systems and installations
where a fine tuner is required.

ECONOMY: The very finest in tuner design is offered
you at exceptionally low nrices. Collins quality is your
assurance of a fine product that will work to your com-
plete satisfaction. You cannot duplicate this tuner in its
completed form at twice the price !

1. As an AM tuner kit
2. As an FM tuner kit
3. As an AM-FM tuner kit

3 Ways to purchase f
COLLINS Tuner... |

AM Tuning Unit

(Includes IF and $19.25

Audio Amplifier)

MAIL ORDER couPON

The Collins FM-AM Pre-Fab Tuner Assembled
(Total Kit Cost $69.00)

FM Tuning Unit $15 95

oyl

23 ;‘ P -’ D S
FM IF Amplifier $19 .75

Tuning Eye Kit Available At $2.85
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UC-2 Universal Chassis Kit $'l4.75

The FM tuning unit employs 6J6 RF amp., 6AGS5
converter, and 6C4 oscillator. Permeability tuned,
stable, and drift-free. The IF amplifier for FM uses
6BAGS, (4) 6AUS, and 6ALS discriminator high
gain, wide band for high fidelity reception. Dis-
tortion less than V2 %. Frequency response 20 to
20,000 cycles at detector output, Ir

The AM tuning unit employs three tubes, one of

TO: COLLINS AUDIO PRODUCTS CO. INC.

which performs the function of both detector and
first audio amplifier stage. AM IF amplifier also is
included in the tuning unit. Tubes used: 6BE&,
6BAS, and 6AT6.

Tuner kit is supplied with AM/FM selector switch,
volume control and AC switch, and tuning knob.
Complete instruction manval with schematics and
pictures included.

| P.O. Box 368, Westfield, N.J.

| Enclosed Find [J Check [J Money Order For
: [0 AM Tuning Unit

| [J EM Tuning Unit [0 UC-2 Chassis Kit

I O FM IF Amplifier [J M-1 Tuning Eye Kit
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