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Typical of the TOUGH POTENTIOMETER JOBS

Precise Accuracy + Maximum Versatility + Space-saving Compactness

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

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

OThis 10-turn HELIPOT combines highest
electrical accuractes with extremes in mechan-
ical precision. It features zero electrical and
mechanical blacklash...a precision-supported
shaft running on ball bearings at each end
of the housing for low torque and long life
... materials selected for greatest possible
stability under aging and temperature ex-
tremes . . . special mouanting and coupling for
“plug-in” convenience .. .mechanical and
electrical rotation held to a tolerance of 14°
. .. resistance and linearity accuracies, *19
and *0.025%, or better, respectively.

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

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

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

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

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

This Model B. 15-turn HELIPOT has
been modified to incorporate, at the extreme
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ends of mechanical and electrical rotation,
switches which control circuits entirely sepa-
rate from the HELIPOT cosl or its slider
contact.

OThis 10-curn HELIPOT has many de-
sign features similar to those described for
unit No. 1, plus the following additional
features . . . a servo-type front end mounting

splined and threaded shaft extension . ..
and a center tap on the coil. All components
are machined to the highest accuracy, with
concentricities and alignments held in some
places to a few ten-thousandths of an inch
to conform to the precision of the mechanical
systems in which this HELIPOT is used.
Linearsty accuracies frequently rum as high
as £0.010%/!

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

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

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

CORPORATION, SOUTH PASADENA 4, CALIFORNIA
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Completely assembled yoke, ready for placing on picture tube.

By HARRY E. THOMAS

Advance Development Laboratory
Electronic Parts Div.
Allen B. DuMont Laboratories, Inc.

first appear to be a relatively

simple procedure; the funda-
mental performance of the deflected spot
has been described in electron optical
theory and in many articles written on
the subject. After all, current TV de-
flection yokes are nothing but four flat
wound coils, bent up at the ends, as-
sembled to fit around the neck of a
cathode-ray tube, placed inside of two
half rings of a permeable material, and
fitted in a non-magnetic case with suit-
able terminals or leads. When actuated
by a linear, sawtooth current such an
arrangement will deflect the electron
beam over the face of the cathode-ray
tube.

DEFLECTION yoke design may at

Elements of the Yoke Strueture

In general structure the two halves
of a single horizontal or vertical yoke
winding can be considered to form a
short shallow solenoid of varying ree-
tangular cross section with its forward
edges so flared that it fits around the
neck of a cathode-ray tube. Details of
the yoke winding are shown in Fig. 3
since it is the key operating element of
the yoke structure. Note the winding
length, height, field length, and window
dimensions, all of which enter into
electrical and magnetic calculations.
Fig. 1 shows a cross section view of
these elements in assembled form.

The diameter is dictated by the neck
diameter of the cathode-ray tube on
which the yoke is to be used. In the
television industry the dimension ranges
between 1%” and 19%¢” depending up-
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on the tolerances to be accounted for
in the tube and yoke structure. It is of
course directly related to the inside neck
diameter which, as described later, is a
limiting boundary to the maximum de-
flection of the electron beam.

Three definitions govern the yoke
length (Fig. 1):

(a) The over-all length “S” measured
from the utmost edge of the front flare
to the outside edge of the rear cover.
This distance varies from 3” on older
yokes down to 2%” for shorter modern
designs.

(b) The reference length “T"’ to what
is known as the reference line. This
location on the figure is arbitrarily de-
termined by RMA standard gauge #110
when slipped forward as far as possible
over the tube’s neck. It is useful in lo-
cating the position of other deflection
items such as focus coils and ion traps
with respect to the yoke and to the end
of the tube.

(¢) The deflection length or winding
length determining boundary deflection
again, is roughly distance “J” or “J"”’
between the centers of the front and
rear flared sections of winding. An-
other approximation is the distance be-
tween the front and rear ‘“corners” of
the yoke. How this length determines
deflection boundaries will follow under
discussion of the magnetic dimensions.
Note that the fundamental deflecting
length of a vertical coil is less than that
of a horizontal coil since it is inside of
the latter.

The winding height “H” (Fig. 3),
together with the length, determines the
cross section of the yoke when it is con-
sidered as a short rectangular shaped
solenoid; it is used in the calculation of
inductance and in magnetic calcula-
tions.

Considering the winding a shallow

WIDE ANGLE

DEFLECTION
YOKES

i

Careful design permits yokes to be
constructed having defiection angles

as large as 90° with low distortion.

flat solenoid, its depth “G” is something
less than the inside diameter of the tube
neck. This dimension is useful in mag-
netic and inductance calculations.

The window, a rectangular opening
in the formed wincing of length “D”
and width “E” is in size a factor gov-
erning the winding distribution (and
hence the flux). Window openings may
not necessarily be rectangular; advan-
tages in neck cut-off may be obtained
with a triangular window and window
shape may be used to control pattern
distortion.

Those portions of the windings called
flares have an effect on over-all per-
formance and cannot be neglected. The
degree of flaring, the angle, and the
length 211 contribute to performance.

Circuit-wise the yoke consists of two
pairs of poorly proportioned induc-
tances placed at right angles to each
other, each having resistance, distrib-
uted capacity, mutual inductive and ca-
pacity coupling plus circuit Q. Since
each pair of coils operates at a differ-
ent frequency, inductances are electrie-
ally fundamental.

Magnetically the yoke is a tilted mag-
netic field with a large air gap. Fig. 5A
shows the eclassical representation of
the magnetic structure; with flares the
yoke becomes a tilted field with the flux
bulging forward somewhat (Fig. 5B).

There are three magnetic constants,
and one arbitrarily established quanti-
ty determining the physical limits and
amount of deflection embodied in the
conventional deflection yoke (Fig. 2).

(1) The deflection angle of the cath-
ode-ray tube.

(2) The deflection length of the yoke.

(8) The peak-to-peak ampere turns
necessary to meet requirements on (1)
and (2).

(4) The center of deflection.
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Fig. 1. Typical structure of a deflec-
tion yoke mounted on a picture tube.
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Fig. 2. Center of deflection in relation
to deflection radius and yoke length.

The deflection angle of a cathode-ray
tube is numerically equal to twice the
angle at which its electrgn beam must
leave the axis of the tube in order to
reach the screen without striking the
tube neck. Once the deflection angle is

fixed, the diameter of the CRT screen
is dependent on the length of the cone
structure. This angle, as far as the
tube’s structure alone is considered, de-
pends upon the angle and the contour
of the outward flare of the cone. It also
depends on the glass thickness at the
very corner and, finally, upon the in-
side diameter of the glass in the straight
portion of the neck.

The deflection length is the maximum
distance that a magnetic field can be
extended from a tube’s neck toward the
source of an electron beam without
causing the beam to strike the glass at
the start of flaring of the cone struc-
ture. This condition follows from the
principles of magnetic deflection in
Fig. 2 where a uniform field causes the
electron beam to follow an arc of radius
P which is restricted by the inside
radius B of the tube neck. Thus it fol-
lows that the length is finally deter-
mined by R, the inside neck radius. The
geometry of this yields:

1—cos «a
L=R (-——. ) bl ik 1o o L)
sin «

The peak-to-peak ampere turns re-
quired for deflection correlates the
quantities in the magnetic circuit and
the stiffness of the beam or, in other
words, its second anode potential. It
is calculated from the expression:

84 GVE sin a
“uJ sin (90° — a/2)
E = 2nd anode potential
G = field length
J = winding length
2a — total angular deflection

NI = -(2)

Fig. 3. Typical yoke winding structure for a single coil.
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u = permeability factor depending on
contour of coils, iron core used and
leakage paths.

N = number of turns

I — amperes flowing
winding

The center of deflection is an imagi-
nary point on the center line of the
tube neck about which the deflected
electron beam theoretically pivots in its
maximum deflected position if its path
is a straight line toward the viewing
screen,

Its location on the tube’s center line
can be determined by the geometry of
the funnel and neck structure (See
Fig. 4 for this location on a 90° neck
structure).

Determination of the location of the
center of deflection with reference to
the magnetic characteristics of the yoke
alone may be closely approximated by
several methods:

(a) Magnetically, we can calculate
the effective magnetic center of the
total flux by taking magnetic moments
over an integrated flux intensity plot
throughout the yoke structure. From
these moments a single equivalent mo-
ment can be determined and its loca-
tion fixed with respect to any point on
the yoke structure. This point, at
which the entire flux may be considered
to be concentrated, is the center of de-
flection. From a number of these inte-
grated flux diagrams it has been found
that this point very closely coincides
with the ‘center as determined by geo-
metric and other means (See Fig. 6).

(b) Measurement of the diameter of
the circle caused by neck shadow allows
one to locate the center of deflection from
geometry of the yoke and tube out-
lines. Thus, using say a 90° tube and
with a 70° yoke a neck shadow of a
given diameter is obtained on the face
of the tube. With this dimension re-
ferred to on the existing geometry of
the tube, a line can be drawn on a cross-
section drawing of the tube just graz-
ing the glass of the neck so that an
intersection is found with the main
center line of the tube. This intersec-
tion when related back to the yoke it-
self is the center of deflection.

(¢) By observing the electron beam
path in a CRT with a specially designed
internal structure which employs a
cathode-ray tube with a partially phos-
phored face with a mica plate centered
laterally in its neck. This plate is
scribed into 4” squares and is coated
with a phosphor. In operation the elec-
tron beam is passed down the tube in
the conventional manner with a slight
vertical deflection so as to intersect
the mica plate; direct current is then
passed through the horizontal wind-
ings of the yoke and the fluorescent
path of the beam observed through the
unphosphored portion of the face plate.

in the yoke
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From the curvature of the beam and
its direction the center of deflection
with respect to the yoke can be ob-
served with a fair degree of accuracy.

Performance Characteristics

To evaluate a yoke's over-all per-
formance the following characteristics
must be investigated and measured:
Sensitivity

This characteristic could be called
yoke output since it is quantitatively
an index of performance efficiency. It
is directly measured by the raster size
and of course depends upon the mag-
netic and electrical circuits required
to deflect a given electron beam a stand-
ard distance.

Spot Distortion

Aberration in spot size and shape,
also known as deflection defocusing, is
caused chiefly by two factors operating
in deflection of the electron beam:

(a) The ratio of the radius of cur-
vature of the face plate of a cathode-
ray tube to the radius of the sector
over which the beam may be considered
to sweep.

(b) The unequal or curved field
strength contours in the corners of the
deflected area.

Degradation of the spot due to the
first of these factors arises from the
use of flat faced cathode-ray tube
screens; a uniform deflecting field does
not keep a center focused electron beam
in focus over the entire raster unless
the radius of the deflecting sector co-
incides with the radius of the viewing
screen. With demands for the more real-
istic image reproduction that accom-
panies a flat faced tube the problem of
compensating this type of defocusing
becomes worse and results in a com-
promise since distortions in pattern
and perfect spot focusing are incom-
patible.

The second factor causing corner spot
defocusing is due to the curvature of
deflecting fields contributed by the yoke
flare. Since the flares consist of con-
tinuously curved portions of the wind-
ings, their fields are not at right angles
to the main deflecting flux and conse-
quently distort the spot in the corners
of the raster.

Pattern Distortion

(a) The reproduction of a rectangu-
lar raster from a single scanning source
on a flat faced tube leads to pincushion-
ing or sagging inward of the sides of a
normally rectangular raster. In other
words, two dimensional deflection of
the beam produces greater horizontal
and vertical movement of the spot in
the ‘corners of a raster than at the
sides

(b) Barrelling is the conjugate of
pincushioning; it is manifested as bulg-
ing of the sides of the raster. With
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curved face tubes it is a natural geo-
metric effect.

(¢) A most pronounced example of
the trapezoidal pattern defect is pro-
duced when one horizontal winding has
shorted turns; losses, say in an upper
winding, will produce a pattern tapering
toward the top of a raster; unequal
windings will produce the same effect.

(d) Rhomboidal Pattern distortion is
produced by misalignment of the pairs
of coils with respect to each other, al-
though sometimes non-uniformity of the
winding distribution can produce it.
With a minimum of induced voltage
from one winding to the other, rhom-
boidal distortion is minimized.

(e) Other factors independent of the
yoke can produce what is known as
system distortion. These include:

(1) Ion trap misadjustment which,
in addition to deteriorating focus, can
cause fuzzy corners, pincushioning or
barrelling

(2) Focus coil misalignment affects
the raster by barrelling or pincushion-
ing along two adjacent sides. Correct
a.c. focusing should always be made
before accurate measurements are made
on yoke characteristic.

(3) A misaligned electron gun struc-
ture will cause erroneous results chiefly
because the focus coil must be mis-
aligned to compensate and in this ad-
justment distorts the pattern.

(4) With metal cone tubes a mag-
netized cone will distort an otherwise
normal pattern. The proximity of metal
objects near a cathode-ray tube will dis-
tort the pattern; indeed pattern dis-

O s = —t—
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Fig. 4. Geometrical location of
center of deflection in a 90° yoke.
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tortion. has been compensated for by
placing permanent magnets around the
cone.

Neck Shadow

If the deflected electron beam strikes
the neck of the tube at any point when
the yoke is in its normal position and a
shadow occurs on the raster the yoke is
not designed for its fullest capabilities.
This in effect means that the center of
deflection of the electron beam is too
far back for the meck contour of this
particular tube. Other factors entering
this situation are:

(a) The neck contour of the tube
may not fit the yoke winding contour
so that the yoke cannot be placed in its
forwardmost position.

(b) The thickness of the glass in the
neck of the tube can interfere with full
swing of the beam.

(¢) Misalignment of deflection ele-
ments—the gun, the focus coil, or the
yoke—may produce a non-symmetrical
neck shadow at less than the maximum
angle of deflection.

(d) Anode voltage may affect the

Fig. 5. Basic magnetic structure and coil dimensions for a deflecting yoke.
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Fig. 8. Integrated flux plot show-
ing the effect of butlting and
open flares on field intensity.

apparent neck shadow diameter since
this voltage determines the diameter
of the electron beam, and the edges of

a large beam will strike the neck sooner
than a very narrow beam.
Linearity

If the flux distribution throughout
the sweep of a deflected beam is not
uniform, a yoke may give a non-linear
pattern. It is necessary to isolate the
yoke performance from other non-linear
circuit elements when measuring this
characteristic, although this step is
not usually employed in TV -circuits
since linearity controls can and usually
do correct for what slight non-linearity
there is in the yoke itself.

Design Considerations

After approximately proportioning
the electrical, magnetie, and mechanical
dimensions, two fundamental problems
arise in improving performance.

First, there must be established a
balance between sensitivity and neck
shadow and second, an optimum of
spot distortion versus a minimum of
pattern distortion.

Sensitivity vs, Neck Shadow

Since yoke length and sensitivity are
directly proportional, it also is corollary
that neck shadow and wide angle de-
flection or sensitivity are incompatible.
Referring to diagram, Fig. 2, it will be
seen that the base line upon which the
radius of curvature of the path of the
electron beam is located is at the rear
end of the yoke and is thus dependent
on the length of the deflection field. If
this radius is short and the field inten-
sity is great the beam will turn ab-
ruptly, thus giving wide angle deflec-
tion. Also, in a short yoke, since the
base line is nearer the front flare of the
cathode-ray tube, there is an added ad-
vantage because the center of the de-
flection, too, is further forward.

Analysis of these conditions and the
dimensions of the cathode-ray tube
neck show that the center of deflection
is an important controllable variable
once the tube dimensions are fixed.

Fig. 6 analyzes the forward move-

Disassembled view of the yoke shown on P.3, show-
ing back iron, clamp., and the coil construction.
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ment of the center of deflection and re-
lates it to the yoke length on a 66°
yoke, a 70° yoke, and a typical 90° yoke.

Several other devices producing im-
proved neck shadow characteristics are:

(a) So called “back iron” consisting
of a disk of permeable material placed
next to and parallel with the back flare
of the yoke windings, by magnetic
shunting reduces the reluctance of the
fringe fields and moves the net flux for-
ward to improve neck shadow. (See
Fig. 7.)

(b) The use of a tapered cylindrical
liner between the yoke windings and
the neck of the tube improves the neck
shadow in a deflection system. By intro-
ducing a small tilt in the lengthwise,
flux-producing turns of a yoke wind-
ing, the useful flux is bulged forward
and relieves neck shadow.

(c) Using a specially shaped core by
increasing the thickness of iron around
and back of the flare decreases reluct-
ance and restores sensitivity without
affecting the position of the main flux;
the center of deflection is thus moved
forward and neck shadow relieved.

(d) The most obvious method to re-
duce neck shadow is to bring the butt-
ing edges of each coil winding as far
forward as possible before making the
turn for flaring. (See Fig. 8.)

Spot vs. Pattern Distortion

The fundamental consideration in de-
flection or spot defocusing is the relation
between the deflecting sector radius and
the curvature of the face of the cathode-
ray tube. Yokes correcting for spot de-
focusing use a proper flux gradient de-
pending upon the winding configuration
(see Figs. 1 and 8). This means that the
cone or bundle of electrons is deflected
by a non-uniform field.

Perfect distribution, for ideal spot
compensation, is not without disad-
vantages, however, because ideal flux
distribution produces a pincushion field
which in turn must be compensated for.
Three devices act to produce such
compensations.

(1) The natural geometric distortion
caused by curvature of the face of the
tube. A sharply curved tube face pro-
duces barrelling of the raster which
compensates for pincushioning. This ef-
fect works out very well on tubes with
face plate radii of less than 30”.

(2) By use of permanent magnets.
A pincushioned raster may be simply
distorted in proximity with a small ad-
justable permanent magnet. This device
cannot, of course, be used with metal
coned tubes.

(3) By utilizing the inter-field cross-
coupling effects. Pincushioning is partly
due to the effect of vertical fields on
horizontal fields and vice versa.

®
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An Introduction

To COMPUTER

By
JOHN D. GOODELL

The Minnesota Electronics Corp.

N PART I of this series broad com-

parisons were made between the

characteristics of computing ma-
chinery and the human mind, the poten-
tialities of future developments were
indicated and a number of basic prin-
ciples were discussed.

One method of classifying computing
machinery is in terms of digital and
analog presentation of the information.
In the first case intelligence is repre-
sented by digital numbers, and in the
second by quantities that vary over a
continuum. The decision to design a
computer for a specific application in
digital or analog form is dictated by a
variety of considerations, including the
allowable error in the end result, the
speed of operation required, the source
of the information to be computed and
other factors. In certain problems the
intelligence originates from devices that
can produce only an analog type of sig-
nal but this does not necessarily mean
that the end results are most desirably
obtained in analog form. Typical of
this category are control or indicating
systems where shaft rotations and
angular motions are involved in the
sensing structures. In some instances
it may be desirable to transmit the in-
formation by wireless means between
elements that are separated by substan-

SEPTEMBER, 1951

RADIO-ELECTRONIC

-
b6000b00o
N

This electronic analog computer, manufactured by the Computer Corporation
of America, has been nicknamed “Ida” (for Integro-Differential Analyzer).

Part 2 includes a discussion of applications as
well as basie systems and design considerations.

tial physical distances (e.g., in certain
types of servomechanisms). Analog
presentations do not readily lend them-
selves to the requirements of wireless
transmission. Systems requiring mem-
ory storage structures are difficult to
design in terms of analog signals. It is
clear that many problems would best be
handled by combined analog and digital
operations, and translating methods
from one type of presentation to the
other are very important. Several such
systems now under development will be
described in later articles

Actually, analog and digital systems
represent the handling of information
in accordance with different codes, the
former being a continuous and the lat-
ter a discontinuous type of code. Where
a large number of successive operations
are necessary the analog methods tend
to produce relatively large cumulative
errors. On the other hand, the digital
methods are often cumbersome and re-
quire an excessive number of operations
to achieve an end result. A basic ap-
proach to the problem of translating an
analog signal in the form of a contin-
uous bounded function into digital rep-
resentation is to integrate the area
under, for example, a curve of voltage
plotted against time. Such operations
will ordinarily be in the form of the
single Riemann integral. Many types
of mechanical integrators are available

but relatively few electrical systems.

A typical requirement for translation
from one form to the other is in connec-
tion with problems where data is ob-
served over interrupted periods of time
and where it is desirable to store and
accumulate such data for future manip-
ulation. Analog data may, of course,
be stored in the form of graphs of vari-
ous types but it is difficult to regenerate
it from this storage in a manner that
lends itself to manipulation.

In connection with digital computers
it has been pointed out that most large
scale high speed machines operate in
accordance with binary notation, so that
no element in the machine is required to
indicate more than two alternative con-
ditions which may be notated as 1 and 0.
There are many investigators who feel
that this method of notation is the only
satisfactory system for the operation
of large scale high speed digital struc-
tures, but this concept is not accepted
completely in all quarters. Many of the
arguments presented involve practical
limitations of available methods while
others are related to concepts that are
very much open to discussion. Obvi-
ously the existing practical difficulties
may be overcome by current or future
development work. One of these has
been the lack of a satisfactory counting
and storage device with a multiplicity
of stable states. This limitation is no
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General view of Univac (Remington Rand) with central door open, partly revealing the “mercury memory” assembly.

longer valid and several structures with
a plurality of stable states will be de-
scribed in a subsequent article.

In the history of mathematics im-
proved methods of notation have led to
inereasing flexibility of manipulation.
An obvious example of the importance
of suitable coding is in the Roman ver-
sus Arabic representation of numbers.
Even relatively simple arithmetical
problems are incredibly cumbersome if
handled with Roman numerals. It is
equally difficult to attempt to work in
binary notation with pencil and paper
because the number of digits required
to represent large numbers cannot be
conveniently written or observed. No-
tation in the decimal system is consider-
ably more convenient for manual work-
ing of problems in arithmetic and, until
the advent of large scale high speed
computers, all calculators of the desk
type (e.g., comptometers) operated on
the decimal system. It may be that the
current trend toward the design of digi-
tal computers in terms of binary nota-
tion should and will continue, but it is
also possible that new techniques will
make decimal, or some other coding,
equally practical and more desirable.

It is not sufficient that a computing
machine produce an answer; it is also
necessary that the answer be produced
in usable form. Somewhere along the
line it is necessary that humans observe
and use or evaluate the answer. This
means that the final output signal
should be in a form convenient to hu-
man observation and interpretation, and
this usually means that it should be in
decimal notation. Furthermore, it is
necessary that the basic elements and
data relating to any problem must be
fed into the machine by human opera-
tors, and this again implies the desira-
bility of some convenient coding such as
the decimal system. Thus such machines
should be, and usually are, equipped

8 RADIO-ELECTRONIC

with input and output devices capable
of translating between binary and deci-
mal coding. Internal operation on a
decimal basis would eliminate transla-
tion.

There are many methods of coding
electrical signals in accordance with
numbers. In the binary system the
codes consist of pulse trains of 1 and 0.
Decimal digits may be represented by
pulse groups, by the amplitude or time
duration of pulses, and in many other
ways.

It is of some interest to recognize that
the human nervous system responds to
stimulation by generating signals that
are transmitted in binary form along
nerve fibres, i.e., on/off, go/no-go, 1 or
0. The magnitude of the stimulus is in-
dicated by the pulse repetition rate as
well as the number of nerve fibres that
respond. This is sometimes thought of
as an indication of binary operation in
“thinking” functions, but this deduction
is not necessarily correct. There is con-
siderable statistical evidence that the
memory storage capacity of the mind is
too large to explain on the basis of bi-
nary nerve cells. Some form of quanti-
zation of molecular structures seems
more likely.

It is not unreasonable to suggest that
the more compact the code the less com-
plex are the machine requirements. For
present purposes the speed of opera-
tion is such that binary notation im-
poses no limitation of consequence, but
future formulation of problems may re-
emphasize this point. In one sense the
giant machines are relatively unimpor-
tant because they will be few in num-
ber. In mass applications of smaller
computers efficiency of input and out-
put systems and simplicity of design
will be increasingly important.

Most computing machine design work
today has emphasized systems for solv-
ing statistical and complex mathemati-
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cal problems. Of more currently dra-
matic interest are designs for solving
problems involving logical thought.
Logic forms the foundation for mathe-
maties and it is a subject that has not
received the widespread attention that
it deserves. Many mathematical sys-
tems, designed without sufficient under-
standing of logical foundations, have
led to unnecessary contradictory re-
sults and erroneous conclusions. Mathe-
matical logic is the most valuable rigor-
ous discipline possible in the field of
human reasoning because it is the
foundation of all reasoning. There is a
great deal of contemporary emphasis
on the “scientific approach” to widely
varying types of problems, but there is
far too little understanding of the ad-
vances that have been made in the sci-
ence of developing systems for thinking
processes. It is indeed unfortunate that
scientific progress has periodically been
obscured and slowed by a lack of in-
terest and understanding in the founda-
tions of reason It would be still more
unfortunate if machines were developed
that led to unrecognized fallacious re-
sults. Systems of arithmetic and the
algebra of numbers have existed for at
least four thousand years, yet no such
system has been developed that does
not lead to contradictions. Recognition
of such limitations helps greatly to vi-
tiate their dangers.

In the field of logical thought the
problem of coding the information is of
no less importance than in the field of
mathematics. Similarly, the inadequacy
of various codes has greatly limited
progress in the past. Human verbal
languages are extremely unsatisfactory
codes from the standpoint of rigorous
expression and also with respect to com-
pactness. Contemporary systems of
logic use internal languages in the form
of codes that permit compact and rigor-
ous presentation of problems that would
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be incredibly involved and subject to
semantic confusion in verbal form.
There are many such systems and many
different symbolizations. Boolean Alge-
bra is perhaps the most familiar. These
are the forms in which machines handle
problems of logical thought.

It is interesting that in symbolic
logic, as well as in the field of mathe-
maties, there is posed a problem of bi-
nary versus other basic codes. Human
reason is ineclined, either by inherent
characteristics or by environmental in-
fluences, in the direction of bi-valued
thinking. Propositions are true or false,
a man is guilty or not guilty, an act is
wrong or right. The foundations of logic
are built on such bi-valued systems, but
a considerable variety of many-valued
logical systems has been proposed and
developed. In this case the problem in-
volves more than simply a system of no-
tation, but there are a number of induc-
tive conclusions that may be drawn
from the analogy.

The question of applications for ma-

chines operating on principles of sym-
bolic logic is an interesting one and the
possibilities considerably more specific
as well as broader than might first be
assumed. Almost any type of problem
susceptible of solution by means of sym-
bolic logic is a potential subject for ma-
chine design. Berkeley has applied these
principles in connection with actuarial
problems, others have applied them to
the solution of various types of electri-
cal networks.

Of perhaps greater interest is their
application to the making of business
decisions that are now handled intui-
tively on a relatively high level but
actually involve manipulations that
should be considered as relatively low
level thinking. An example might be in
connection with a firm engaged in fabri-
cating end products from raw materials
traded on the futures market. Such a
firm purchases an inventory distributed
for delivery in future time, to be used
in the fabrication of end products also
to be delivered in future time. If the
end products may be fabricated from a
variety of raw materials the optimum
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inventory distributed in time from the
standpoint of maximum profit changes
daily with changes in raw material
quotations. Such a problem may become
so complex that it is not practical of
absolute solution by ordinary account-
ing methods in the time during which
action on the solution is necessary. De-
cisions are handled by men with years
of experience speculating in these mar-
kets. A suitable machine could elimi-
nate most of the speculation and at the
same time insure a maximum profit
factor. The construction and operation
of such a machine is well within the
realm of known techniques.

The Calculus of Propositions con-
siders only declarative propositions that
may be categorized as true or false.
Using only two rules it is possible to
generate from three simple relation-
ships all possible true propositions in
this calculus. Using a simple matrix
system it is possible to prove rapidly
the truth or falsity of all such proposi-
tions. In this calculus there is no con-

Model 153 computer-plotter
manufactured by Electronic
Associates, Incorporated.

cern with the internal meanings of the
propositions. Thus it is a relatively easy
task to design a machine that will gen-
erate all true propositions in this cal-
culus or which will examine any propo-
sition and determine whether it is true
or false. Such a machine would have
little real importance. But a machine
designed to operate in terms of more
complex systems could be used to deter-
mine rapidly whether a legal document
involving complex linkages between in-
tricately related conditions was prop-
erly written. A machine might be de-
signed that would make medical diag-
noses on the basis of properly deter-
mining the possible sources of particu-
lar combinations of clinical measure-
ments.

In the latter machine there would be
involved many decisions of degree where
multi-valued possible measurements
must be considered. In most instances
of this kind it is possible to treat each
level of measurement as a special case,
thus effectively transforming the terms
into bi-valued expressions. It is only
because the amount of information
necessary to relate all possible clinical
observations with all known sources of
malady is so vast and the relations so
complex that diagnosis involves high
level decisions.

It is quite possible that Church and
others who have presented proofs that
it is impossible to design a machine that
will duplicate all of the processes of the
human mind are right in their conclu-
sions. But there is no doubt that ma-
chines may be designed to take over all
of the drudgery, all of the straight
reasoning processes, and release the
mind for the accomplishment of truly
creative thought—truly creative con-
cepts in the design of still more useful
machines.

(To be continued)

Front view of the non-linear unit of an analog computer de-
veloped and manufactured by Laboratory for Electronics, Inc.
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Fig. 1.

ROBERT R. RATHBONE

Front view of the
pulse mixer chassis, showing
By input and ocutput connections.

Input from up to 8 external lines may be mixed,

Servomechanisms Laboratory
Massachusetts Institute of Technology

N TESTING pulsed circuits or simulating large pulsed
l systems, the engineer frequently needs to mix the out-

puts from a number of pulse lines onto a single line.
For example, he may wish to trigger an electronic counter
with a certain sequence of pulses, each from a different
source. If he can assume that the pulses will have the same
polarity, his problem then is to prevent a pulse on one line
from feeding back onto another line (a time-consuming task
when line impedances differ), and to standardize pulse
amplitudes and lengths so that the triggering action of each
pulse is optimum.

The *“*Pulse Mixer>

The pulse mixer shown in Fig. 1 is a compact, convenient
unit which can take pulses from as many as 8 external lines,
mix them at the input, and produce a chain of pulses 0.08
microseconds later at a single output. It incorporates a pulse-
standardizing circuit which allows nonstandard, or random,
positive input pulses to be used, converting them into stand-
ard 0.1 usec half-sine-wave pulses at the output.

The mixer is constructed on a panel and chassis for stand-
ard 19 inch rack mounting. The chassis measures 3% x 41
x 17 inches and is completely shielded (the photograph,
Fig. 1, was taken with the cover removed). Input and out-
put jacks, and controls are located on the front panel;
vacuum tube sockets are mounted on the rear of the chassis
so that tubes may be replaced without removing the unit
from the rack.

At the Servomechanisms Laboratory, power for the test
units is furnished by central power supplies, with remote
outlet boxes at each laboratory bench. Voltages can then
be fed by cable directly to the equipment, connecting into a
Jones 400 series 6 pin plug on the rear of the chassis, or can
be fed to rack power strips if several units are mounted
together. The laboratory supplies are regulated because of
the heavy loads; smaller supplies should be made as stable
as possible in order to prevent marginal operation.
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producing a chain of pulses at a single output.

The power requirements of the pulse mixer are as follows:

Voltage Current

No signal 1 me. signal
+250 0.4 ma. 16 ma.
+150 47 ma. 44 ma.
+120 13 ma. 12 ma.
— 15 16 ma. 16 ma.
6.3 a.c. 1.9 amp

The input circuit of the unit (Fig. 3) consists of four
high-impedance inputs (C-IN) which utilize paired jacks
(J1-J8), and four transformer-coupled inputs (T-IN) hav-
ing single jacks (J9-J12). Input pulses must be positive,
and if the pulse amplitude is less than 13 volts, T-IN should
be used. The paired jacks of the C-IN permit continuance
of the incoming lines or termination with external termi-
nating resistors, which can be soldered to BNC coaxial
connectors. The top waveform in Fig. 2 shows input pulses
from three different sources.

The series crystals (CR:-CR:) in each input line (Fig. 3)
are used principally to prevent a pulse on one line from
feeding back onto another line and secondly to damp out
ringing. CR; is used as a precautionary measure to further
damp oscillations if necessary.

The mixed pulses are condenser coupled (C:) to the grid
of the inverter Vi; CRy is used as a clamping erystal. The
second waveform in Fig. 2 shows the pulses on a single line
at pin 6 of V..

The 7AD7 inverter V, and the 6AG7 R-L-C peaker V,
form a pulse standardizing circuit which converts the non-
standard input pulses into positive pulses with the same
shape and amplitude. (See Fig. 2, waveforms 3 and 4.)

The inverter changes positive pulses fed to its input into
negative pulses in its output. Each negative pulse has a
steep negative-going edge which is used to cut off the R-L-C
peaker tube V.. The R-C coupling circnit (Cs, Rx) has a
short time constant so that the small capacitance of C,
charges quickly through the forward resistance of the
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crystal CR:.. When the signal voltage goes from negative
towards positive, the charge on the condenser discharges
through the resistance. The crystal tends to clamp the top
of each pulse as close to ground potential as its forward
resistance permits (waveform 3, Fig. 2).

The R-C-I peaker has a natural period determined by the
value of the inductance L. and the total capacitance C of the
circuit. V: is normally on, so that current flows steadily
through L. and no signal voltage is produced. The arrival
of a negative pulse from the inverter cuts the tube off rapid-
ly and the voltage across L. rises. Plate current then flows
into the stray capacitance of the circuit and the peaker
begins to oscillate. As the voltage across L. goes from posi-
tive to negative, CRu conducts and R+, in series with it, criti-
cally damps the oscillations so that a single positive half-
sine wave and negative overshoot are formed (waveform 4,
Fig. 2). Thus the peaker is the pulse-forming portion of
the standardizing circuit, the length and amplitude of the
pulses in its output being determined by the L-C constants,
and the length of the negative overshoot by the value of R..

The output circuit of the pulse mixer contains a 6AGT
buffer amplifier V:, with a pulse-amplitude control Ry in the
cathode circuit and a 3:1 pulse transformer T’ in the plate.
The latter has a bus-driver crystal CR: and polarity switch
in the secondary. The output of the peaker is R-C coupled
(Cs and Ru) to the buffer because no d.c. component exists
across L., and R-C coupling is entirely adequate for passing
aperiodic pulses. Ri: is the grid resistor for Vs, providing a
—15 volt no-signal bias. Since cut-off occurs at —11 volts,
the tops of the peaker pulses turn the tube on. Due to the
6AGT’s characteristics, the output pulses are narrowed to
approximately 0.1 usec (see bottom waveform, Fig. 2). The
output transformer must be able to see a 93 ohm terminated
line at the output jack Ju.

After power is applied to the unit, the operator should
select the proper input jacks for the incoming lines (C-IN
for high impedances, T-IN for low impedances).

Although input pulses must be positive, they may vary
in shape and amplitude. The amount of variation which can
be tolerated is usually determined by the frequency at which
pulses are fed to the input; but since we must anticipate
pulses occurring at random, we can better express input
requirements in terms of recovery times. The recovery time
of the R-L-C peaker is in effect that of

the whole unit because it determines Fig. 3.

INPUT

PULSES ; INPUT TO
FROM 3 ° MIXING CIRCGUIT
LINES

MIXED PULSES

AT GRID
OF VI
> INVERTER
PLATE
OF VI
PLATE R-L
OF V2 -L-C PEAKER
OUTPUT BUFFER AMPLIFIER
JACK JI3 67
VOLTS
o psec t
WAVEFORMS OF PULSE MIXER
Fig. 2. Waveforms at various points in the

pulse mixer. The scale in the lower right corner
permits both the amplitude and duration of the
various waveforms to be determined accurately.

Complete circuit diagram and parts values for the pulse mixer.

how close together two input pulses can
be without merging as a single pulse in
the output or in some other manmer
losing their identity. Fig. 2 shows the
complete recovery time of the peaker to
be about 0.3 zsec. This value is a safe
minimum pulse interval (trailing edge
to leading edge) which will guarantee
a standard 0.1 usec output pulse for
every nonstandard positive input pulse.
Actually, it is possible to use shorter |
intervals and still have good results, |
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A new erystal jilter is used in this analyzer which

covers 10-300 kilocycles with « 200-cycle pass band.

was one of several built for
the Acoustics Laboratories at
Pennsylvania State College. The labora-
tory is carrying on basic research in
ultrasonics under the sponsorship of
the U. S. Signal Corps. It was thought
that considerable knowledge of the phe-
nomena observed could be had if more
were known about the spectrum of the
ultrasonic generator used to obtain a
given phenomenon. Accordingly, in the
summer of 1947, the first analyzer was
developed. It proved to be of consider-
able value in spite of its several short-
comings. In the fall of 1948, therefore,
the second analyzer was begun with the
hope that the experience obtained in de-
veloping the first would yield a superior
instrument. Results to date seem to
indicate that the hope was well-founded.
The instrument is similar to the com-
mon wave analyzer such as the Hew-
lett-Packard or the General Radio wave
analyzer. The principal difference is
that this unit operates between 10 ke.
and 300 ke., the lower part of the
ultrasonic spectrum. The signal from
a microphone, for example, is applied
to the input where it passes through a
two-stage attenuator, then through a
stage of broad-band amplification and
a phase inverter to the grids of a
balanced modulator. The output of the
modulator continues through a special
narrow-band filter and then into three
stages of intermediate frequency ampli-
fication, 325 kec. The output of this
amplifier then passes through a cath-
ode follower whose purpose is to match
the high impedance output of the i. f.
amplifier to the relatively low imped-
ance detector circuit. The detector
which this stage feeds is a simple diode
rectifier, type 1N34, and a resistor in
series with a microammeter as the d.c.
output indicator.
Of course, the incoming signal at the

THE ANALYZER herein described
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input terminals is a spectrum of fre-
quencies lying between 10 and 300 ke.
At the balanced modulator, this signal
is mixed with that from a local oscilla-
tor whose frequency is adjustable be-
tween 325 plus 10 ke. to 325 plus 300
ke., thus producing a 325 ke. beat fre-
quency when the oscillator is 325 ke.
above a given component of the input
signal.

The input attenuator presented a
special problem since at the time the
development was begun, there was no
attenuator commercially available that
would meet the requirements, Several
companies offered to build one to speci-
fications for a considerable fee and with
considerable delay. In an effort to
shorten the element of time and to re-
duce the cost, the development of the
attenuator was undertaken by the au-
thor. Since the problem of making re-
sistors which are accurate over the re-
quired frequency range, 10 to 300 ke.,
is a diffieult one, a circuit was devised
which reduced the number of resistors
required to the minimum. The final re-
sult is shown in Fig. 5, in the section
marked “input attenuator.” The first
attenuator is designed for a 20 db at-
tenuation per step while the second is
2.0 db per step. Since the individual
attenuators consist merely of a string
of resistors arranged in a simple volt-

Fig. 1. Circuit diagram of a
typical single crystal filter.
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age divider network, they may not be
placed in direct cascade as the attenu-
ation of the first step would depend on
the setting of the second. To circum-
vent this difficulty, and also reduce
“capacitance feed thru”, the attenua-
tors were made up of low value resist-
ors and placed in the cathodes of two
cathode follower stages. Since the total
gain of the analyzer was to be as high
as possible, consistent with good per-
formance, it was thought desirable to
introduce this broad-band amplifier
ahead of the balanced modulator to
make up for the loss introduced by the
two cathode-follower stages, about 6
db. It was appreciated that a broad-
band amplifier would present an aug-
mented noise signal to the balanced
modulator, but it was thought that the
very selective filter which follows the
modulator would render this noise spec-
trum of little importance. So long as
this was the case, it was desirable to
make up the gain in the “preamplifier”
rather than in the i.f. stages since the
greater the gain of this section, the
greater likelihood of troublesome oscil-
lations and instability. Furthermore,
if the instrument manifested a non-
linear frequency response, that is, gave
a better performance at one end of the
range than the other, compensation
could be introduced in this broad-band
amplifier. Such compensation did not
prove necessary since there is another
means of obtaining slight compensa-
tion through the adjustment of the out-
put characteristic of the local oscillator.

The balanced modulator is of typical
design but has minor changes. The
output of the oscillator was coupled to
the modulator through a cathode fol-
lower because it was desired to vary
the magnitude of the r.f. voltage fed
into the cathode circuit. This variable
feature could be accomplished with the
least fuss through the use of this iso-
lating stage. The output of the balanced
modulator. is somewhat different in that
“link coupling” was employed. The bal-
anced output coil in the plate circuit of
the modulator is coupled to the coil
which feeds the filter through two small
inductances and a short line. In this
way, good balance between the modu-
lator output coil and the small second-
ary could be easily realized and in addi-
tion the effect of capacitive unbalance
in the coils was reduced. Furthermore,
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the coil feeding the filter could be more
advantageously placed than one trans-
former which had to serve both as the
output of the modulator and the input
of the filter. Each of the coils in the
final arrangement are slug tuned for
ease of balancing. Details of this sys-
tem are shown in Fig. 5 in the section
marked “band pass”.

The local oscillator is conventional,
but presented the progress of the de-
velopment with a special problem. The
circuit of this oscillator was, at the
outset, the same as that used in the first
model of the analyzer. However, the
second oscillator proved to be most un-
stable. Practically everything in the
book, and a few ideas that were not,
were tried in an effort to bring about
the desired stability. Finally the coils
were baked and then boiled in paraffin,
which solved the problem.

The alignment of this oscillator is
rather critical. It will be noticed that
the coils are slug-tuned and that vari-
able trimming condensors are connected
across them together with the proper
zero temperature coefficient fixed con-
densors. The main tuning condenser
has a range of 30 to 300 micromicro-
farads which is to cover the desired
frequency ranges: 834-426, 424-526,
524-626 ke. The three ranges, it wil be
seen, provide one ke. overlap at each end
of the dial. This required that the in-
ductance of the coil and total capaci-
tance tuning it to be exactly correct.
Some practice is necessary in order to
properly align the ranges. At best it
is rather a tedious operation.

The proper theoretical value of in-
ductance and total capacitance may be
determined by solving two simultaneous
equations. In this case, the tuning con-
denser had a range of 270 punfd.

The shape of the tuning condenser
plates is of some importance. Fig. 3
shows the ideal capacitance versus
angle of rotation, capacitance versus
angle for the symmetrical semicireular
rotor plates, and capacitance versus
angle for the so called midline capacity
condenser, Hammarlund Mc 325 M.
It is eclear that short of making a spe-
cial condenser, the semicircular sym-
metrical condenser fits the ideal most
closely. If this condenser is used, the
frequency markings on the dial will be
uniformly spaced. The “midline” curve
will result in spreading at the high
frequency end of the range.

The filter section presented the most
difficult problem in the entire develop-
ment. The specification called for a
flat-top response 200 cycles wide fall-
ing off to 60 db voltage-wise at 1000
cycles above and below the middle of
the response. These requirements could
be met through the use of a four
crystal lattice network. However, the
rather high frequency of 325 ke. makes
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the dimensions of the crystals so small
that considerable difficulty would be
encountered in their manufacture. In
addition the lapse of time required to
get the crystals prepared would have
held up the project longer than desired,
so another method was sought.

Fig. 1 shows the circuit for the con-
ventional single crystal filter while
Fig. 2 (dotted curve) shows the type
of response to be expected. Now suppose
a second similar filter were introduced
whose peak response occurred at 2
frequency of about 100 cycles different
from the first. Fig. 2 (solid curve)
shows what would happen. By properly
adjusting the circuits the dip in re-
sponse between individual peaks could
be eliminated, giving a reasonably flat
top with steep sides. This was tried,
putting the two filter stages in the out-
put of two i.f. amplifiers. The result
was not satisfactory, however, because
the erystals showed different charac-
teristics at the two different signal
levels, one peak always larger than the
other and the skirts were different.

Fig. 4 shows a better circuit arrange-
ment and is the one finally used, as may
be seen by comparing with Fig. 5. This
configuration is symmetrical, the crys-
tals witness equal amplitude of signal
voltage. The tuned circuit in the out-
put filter together with its associated
selectivity resistor is the same as in the
simple single crystal circuit. By manip-
ulating the @ of this tuned cireuit, the
dip between peaks may be completely
eliminated, producing the response
shown in Fig. 6 (dotted curve). It may
be seen that the specifications have been
met to a sufficiently close degree. The
cost of such an arrangement is very low,
the major expense being the two crys-
tals, about $60.

The instrument was to have two re-
sponse characteristics, one as described
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Fig. 2. Response of a single crys-
tal filter (dotted) and of two
crystal filters in cascade (solid).

above, the other to be a broad-band re-
sponse for preliminary investigation.
As may be readily appreciated, a
point-by-point method for aligning the
analyzer would be an extremely tedious
task and perhaps would never yield the
desired result. Therefore, time was
taken to develop a special oscilloscope
for a dynamic alignment procedure.
This oscilloscope is of rather interest-
ing appeal but there is not sufficient
space here for a complete description.
The principle is basically simple. A fre-
quency modulated oscillator is incor-
porated whose operating frequency is
within the range of the analyzer, such
as 50 ke. The amount of the sweep was
adjusted to 500 cycles per inch. The
sweep oscillator which was designed
for particularly linear sweep supplied
the horizontal sweep of the beam in the

Fig. 3. A plot of capacitance vs. angle for the main tuning condenser.
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Fig. 4. Circuit of dual crystal filter.

CR tube and the frequency swing of the
oscillator. The output of the analyzer
was then fed into the vertical deflect-
ing system of the oscilloscope. In this
way, the response of the filter could be
seen at a glance and changes became
immediately apparent.

The rest of the i.f. amplifier, the
cathode follower which follows, and
the detector and meter circuit are quite
conventional. The d.c. output of the
diode rectifier is brought out to a jack

and the main tuning condenser shaft
is extended front and rear to be con-
nected to a recorder for obtaining per-
manent graphs of spectra under study.
Some feedback is used in the if.
amplifier in order to provide greater
gain stability and to compress the out-
put and input characteristics so that a
range of 20 db may be covered with
one setting of the input attenuator.
The cathode follower follows the last
if. stage and feeds the detector which
is a 1N34 diode. In the initial analyzer
the cathode follower was not necessary
because the input of the rectifier and
meter circuit was sufficiently high to
be connected directly to an R-C ampli-
fier. Since the instrument is to be used
with an Esterline-Angus 1 milliampere
recorder, the impedance had to be low-
ered in order to get the necessary cur-
rent from the available voltage output.
The detector was therefore designed to
operate into an impedance of 1200
ohms. The residual noise of the instru-
ment (input shorted) is about 5% full
seale on the output meter, 5 microvolts
at the input terminals giving about
10% of the full scale. As is shown in
Fig. 5, the output meter was provided
with a “back current” circuit so as to
be able to balance out the residual
noise reading. Under these conditions, a
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Fig. 6. Double peak response (solid)
and flat top respomse (dotted).

5 microvolt signal provides about 6%
full scale deflection and 50 microvolts
provide full scale deflection.

The author wishes to acknowledge the
assistance of Mr. William Newlin and
Mr. Fred Davis whose ideas and pa-
tience contributed materially to the

success of the project. @

Fig. 5. Complete circuit diagram of the ulirasonic analyzer, showing shielded sections.
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Calibration services have been
set up at NBS for solid, liquid,

and gaseous dielectric materials.

0 AID IN DETERMINING the

I properties of dielectrics and their

dependence on frequency, temper-
ature, and humidity, the National Bu-
reau of Standards has established radio-
frequency standards for dielectric
measurements. For solid dielectric spec-
imens, dielectric constant and power
factor calibration services are now
available in the frequency range from
10 ke. to approximately 600 mec. Some-
what more limited calibration services
are also offered for gases and liquids.

In recent years information on the
properties of dielectric materials has
become increasingly important not only
to designers and manufacturers of
electronic equipment but also to the
scientist who is studying molecular
structure. The new standards and serv-
ices provided by the Bureau are ex-
pected to be of material assistance in
these fields.

The NBS technique for evaluating
dielectric properties employs a disk-
shaped capacitor made from the mate-
rial to be investigated. The complex
dielectric constant of this capacitor is
conveniently measured by bridge or
resonance methods. Special micrometer
electrode systems are used consisting
essentially of two plates which form
a2 variable capacitor. They are precision
instruments constructed so that the
circular electrodes are plane parallel
and near optical flatness. One electrode
is insulated by a quartz disk while the
movable or grounded electrode is at-
tached to a holder by metal bellows ar-
ranged so that there are no sliding
contacts. The position of the movable
electrode is accurately controlled by a
micrometer, and the capacitance of the
entire system is calibrated against an
incremental precision capacitor. The
structure supporting the movable elec-
trode forms an effective shield for the
electrode system.

The NBS micrometer electrode system
is used in conjunction with conventional
bridges or resonance indicating de-
vices. The dielectric specimen is in-
serted between the electrodes, and the
bridge is balanced or the circuit re-
sonated. The specimen is then removed
and the spacing between the electrodes
is reduced until the bridge rebalances

SEPTEMBER, 1951
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Equipment for measuring dielectric con-
stant and power factor at NBS. The
NBS elecirode systems are designed
so that they may be conveniently
plugged into most commercial bridges.

or the circuit re-resonates. The dielec-
tric constant is determined from the
capacitance corresponding to this read-
ing on the micrometer dial and the ca-
pacitance corresponding to the microm-
eter dial when set to the known thick-
ness of the specimen. This technique
for determining the dielectric constant
circumvents fringing errvors and is
known as the susceptance variation
method. It is valid with commercially
available bridges for frequencies up to
approximately 300 mec. Errors due to
series inductance are reduced, becom-
ing a function only of the change in
length of the movable electrode, which
is negligible for most values of ca-
pacitance.

At frequencies above 500 kec., the
power factor and dielectric constant
are usually determined most accurately
by a resonance method. In this tech-
nique, the circuit including the electrode
system and the specimen is resonated,
and the voltage across the unknown is
recorded. The specimen,is then removed,
the circuit re-resonated, and the volt-
age across the air capacitor is recorded.
From these voltages and the known @
of the electrode system, the loss prop-
erties of the specimen are evaluated.
Again, the dielectric constant is simply
determined from the dial reading of the
micrometer at the re-resonant point and
the corresponding calibrated capaci-
tance. (Continued on page 31)

Resonamt cavity apparatus for determining dielectric constant and power factor.
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By

R. M. BARRETT and
M. HI. BARNES

Air Force Cambridge Research

Center

Setup for measuring the capacity
of various transmission systems.

CIRCUIT is an extension of
the well-known technique which
is of such importance in the lower fre-
quency regions. This newer circuit
possesses all of the virtues of other
printed circuits, such as light weight,
cheapness, ease of manufacture, min-
iaturization, etc. The basis of the new
technique is the planar or “flat strip”
transmission system which was devel-
oped during World War II but which
has remained unpublished and rela-
tively unknown in the postwar period.
All of the conventional microwave com-
ponents, such as hybrid junctions,
directional couplers, power division
networks, filters, etc.,, can be readily
fabricated by this technique.
The planar transmission system out
of which the microwave printed circuits
are assembled is, fundamentally, an

THE MICROWAVE PRINTED

:Abstmct of a paper presented at the Dayton
Airborne Electronics Conference, May 23-25, 19651,

Microwave power division network,

MICROWAVE
PRINTED
CIRCUITN

Hybrid junetions, directional couplers, filters, ete.
can be fabricated easily and cheaply by this method.

adaptation of the coaxial transmission
system.

If the side walls of a rectangular
coaxial system are allowed to approach
infinity, the resultant flat strip trans-
mission system, while possessing all of
the advantages of the coaxial system,
now has a form factor which is adapt-
able to the printed circuit technique.

All of the field is concentrated in the
region of the strip and, since no po-
tential difference exists between the
outside plates, no energy is propagated
in the lateral dimension, the isolation
in this dimension being about 80 db
per inch. A cursory examination of the
system would lead one to believe that
the capacity of the system, which de-
termines the characteristic impedance
of the line, could be calculated readily
from the parallel plate capacity for-
mula. For wide, low-impedance strips

this is true, but for strips which have
characteristic impedances in the order
of 50 ohms, fringing effects at the edge
of the center conductor produce a
noticeable effect. As the strip is nar-
rowed for higher impedances, another
effect becomes apparent, 1.e., interaction
between the fringing effect at the two
edges which must be taken into account.

Accurate analysis of the capacity of
these strips is somewhat difficult and
tedious and will not be described here.
An experimental evaluation of the flat
strip transmission system made by the
authors checks the theoretical values
very closely. This measurement which
was made, for convenience, at low radio
frequencies, utilizes simple readily
available equipment.

The method of measurement consisted
of connecting a Q-meter and a precision

(Continued on page 31)

A five-section microwave filter,
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THESE LIFE LINES OF AMERICA...
use long life dependable Sylvania Tubes

Progressive railroads everywhere are now
using Sylvania radio tubes for multiple com-
munications systems.

In engine-caboose-signal-tower networks,
where clear tone and unfailing dependability
are of utmost importance, Sylvania tubes are
winningincreasedacceptance. Thesetubesare
designed, built and tested to take more than
their share of vibration and rough treatment.

Also, their clarity and freedom from inter-
nal noises make them ideal for critical trans-
portation applications . . . in trains, buses,
police cars, taxi cabs.

The Sylvania quality tube line is a complete

line. Made in miniature and standard sizes.
Also low-drain battery tubes for efficient,
compact portable sets.

Get new listings

Call your distributor for new listings and
full information. If he cannot serve all your
needs immediately, please be patient. Re-
member, the tube situation is still tight and
your distributor is doing his best to deal
fairly with all his customers. For further in-
formation address: Sylvania Electric Prod-
ucts Inc., Dept. R-1309 Emporium, Pa.
Sylvania representatives are located in all
foreign countries. Names on request.

SYLVANIA#

RADIO TUBES; TELEVISION PICTURE TUBES; ELECTRONIC. PRODUCTS; ELECTRONIC TEST EQUIPMENT; FLUORESCENT TUBES, FIXTURES, SIBN TUBING, WIRING DEVICES; LIGHT BULBS; PHOTOLAMPS; TELEVISION SETS
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o RCA components are quality components . . .
G A & F Carbonyl Iron Powders are quality materials.
High standards and rigid Quality Control govern the
production of both. It is logical that Radio Corpora-
tion of America should use these powders -in the
making of their finest magnetic iron cores.

Pictured at the left above is a TV Picture-IF Trans-
former —permeability-tuned and with a high-Q ab-
sorption trap circuit mounted on a moulded polysty-
rene form. At the right above, a TV Picture-1F Trans-
former —permeability-tuned and with a trap circuit
mounted in a shield can. In each transformer two
cores, made of Carbonyl Iron Powder, are used; the
inductance of the trap winding is adjustable from the
top of the unit; the inductance of the primary wind-
ing is adjustable from the bottom.

G A & F Carbonyl Iron Powders are made in six
grades, each of which has its own particular com-
bination of qualities. Collectively, the six grades have
a wide range of applications in electronic cores over
the whole frequency spectrum. The purity is invari-
ably high, with non-ferrous metals in traces only;
some grades contain beneficial small amounts of

carbides, nitrides and oxides.

FOR FURTHER DETAILS, WE INVITE
YOU TO WRITE FOR A FREE BOOK

— fully illustrated with performance
charts and application data.

It will help any radio engineer or
electronics manufacturer to step up
quality, while saving real money.
Kindly address your request to Dept. 93.

ANTARA. PRODUCTS

DIVISICN OF

GENERAL DYESTUFF CORPORATION

435 HUDSON STREET - NEW YORK 14, N. Y.

gders. . .

RADIO-ELECTRONIC

(M EMBER]
mpa

WETAL POWDER
ASSOCIATION
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RUNNING-TIME RECORDER

A new line of recorders has been an-
nounced by The Bristol Company,
Waterbury 20, Conn. Bristol Running-

Time Recorders record on a chart the
operating or “on” time of production
machinery and other similar equipment.
The chart record gives the total “on”
time in hours, minutes, and seconds for
a given period. “Time off” periods are
also shown on the chart as well as the
time at which they occurred. The re-
corder magnifies the running-time read-
ings in such a way that the total oper-
ating time of a machine can be easily
and accurately determined to within a
few seconds. Three types of models are
available for wall, flush-panel or port-
able use. Complete information on mod-
els, ranges, specifications, and uses are
given in Bulletin OP1504, which is
available from The Bristol Company.

THERMOSTAT

An entirely new design, originated
by the Swmith Control & Instrument
Corp., Palmyra, N. J., eliminates many
difficulties which have been character-

istic of expanding tube thermostats.
The new Scaico model utilizes a stain-
less steel tube as the expanding member
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and an Invar strip as the non-expand-
ing member. An Inconel spring gives
fast make and break action. An adjust-
ing screw permits quick and easy set-
ting of the control point at any temper-
ature up to 600 degrees F. and no heat-
ing or cooling procedure is required to
stabilize it. Scaico thermostats are
made in three types for conduction, con-
veetion or immersion. Series 12 is %
inch in diameter, 2342 inches long for
600 watt loads at 110 or 230 volts a.c.
or d.c., senstivity is .2 degrees F. on 1
ampere load. Series 58 is % inch di-
ameter, 3 inches long for 1000 watt
loads at 110 or 230 volts a.c. or d.c.,
sensitivity is 1 degree F. on 1 ampere
load.

OSCILLOSCOPE

A new five-inch oscilloscope designed
especially for use in microwave instal-
lations has been announced by General

ey

Electric’s Commercial Equipment Divi-
sion at Electronics Park, Syracuse,
N. Y. The new scope, type ST-2C has
a high sensitivity and wide frequency
response. The vertical sensitivity is
0.075 rms volts per inch; the vertical
amplifier frequency response is 20
cycles to 3 megacycles. Also useful for
television stations and general labora-
tory work, the new oscilloscope is of
small weight (43 lbs.) and size to per-
mit portability. All frequently used
controls are located on the front panel
and are grouped conveniently accord-
ing to their function. The panel is sim-
plified by the use of concentric controls
in the sweep oscillator. The cathode-ray
tube is cradled in rubber and is pro-
vided with a %4 inch thick green-
colored safety window.

Wide frequency response is obtained

ENGINEERING

without recourse to peaked amplifier
coupling circuits, resulting in excellent
transient response. The entire vertical
amplifier, sweep, and low level horizon-
tal stages are supplied with d.c. oper-
ating potentials from an electronically-
regulated power supply which allows
the oscilloscope to be used under un-
usually severe power line fluctuations.
To aid in amplitude measurements of
voltages under test, a voltage calibra-
tor is included which may be varied in
seven steps, from .3 volts to 300 peak-
to-peak volts.

SIGNAL SOURCE

A new signal source of high accuracy
in the ultrasonic frequency range has

been announced by Kay Electric, Maple
Avenue, Pinebrook, N. J. This new in-
strument is called the Sonaligner. It
is a very stable and accurate oscillator
in the ultrasonic range suitable for
use in determining the pass band of
narrow band ultrasonic filters and other
accurate work in this range. Outputs
are developed at fundamental frequency
—no beat oscillators. Crystal check
points accurate to 0.01 per-cent are in-
cluded, or the unit may be externally
calibrated. A timing comb may be used
for accurate alignment of radar range
circuits. Output level meter and at-
tenuators are included.

DETECTOR MOUNTS

The Hewlett-Packard Co., 395 Page
Mill Road, Palo Alto, Calif. announces
their -hp- 485 Detector Mounts which
are designed to facilitate measurements
of power at any frequency, 2.6 kme. to

18.0 kme., in conjunction with the -hp-
430A Power Meter and a Sperry 821
barretter. The equipment may also be
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employed to measure relative level or
detect r.f. energy using a Type 1N21
silicon erystal. The mount is semi- -tuned
by means of a movable short. Addi-
tional tuning may be provided by addi
tion of -hp- 870A Slide Screw Tuner
or -hp- 880A E-H Tuner. The 485A
Detector Mount is available in wave-
guide size 3 x 1% inches for use with
barretter only; 485B, for use with crys-
tal, is available in sizes 2 x 1 inches;
1% x % inches, 1% x % inches; 1 x
11% inches and .702 x .391 inch.

MONITOR SYSTEM

Designed as a secondary standard to
monitor the frequency and shift of
transmitter carrier outputs, the Fre-
quency and Shift Monitor System an-
nounced by Northern Radio Company,
Inc., 143 W. 22nd Street, New York 11,
N. Y., features the ability to measure
the frequency shift of a mark and space
(FS) signal, both during setting up for

FOR BATTLE FRONT ...FOR BROADCAST! ¥

Minutes after being liberated from 'a Chinese Com-
munist prison camp, this U. S soldier reports to Army
Intelligence and to the world. Portable Magnecord
tape recorders are.on the spot to record his courage-
ous words. Serving all over the world, Magnecorders
undergo “battle-front” conditions and sfill continue
to record with high fidelity and dependability the
moment they are needed.

traffic and under normal keying condi-

tions. This system consists of a Type
106 Frequency & Shift Monitor and a
Type 127 Electronic Frequency Meter.
The stability of this unit is better than

Using Magnecorders, KFBI, Wichita, Kansas, handles
delayed programs and “on location” recordings
with complete confidence. In the field or at the
station, dependable Magnecorders are the first

2 cycles per megacycle over an ambient
temperature range of 0-50 degrees C. It
requires crystals having a temperature

choice of radio engineers everywhere.

MORE FEATURES GREATER FLEXIBILITY HIGHER FIDELITY

coefficient of only 3 pal‘tS per million PT7 accommodates 103" feels In rack or console, or in its really Lifelike tone quality, low distortion,
per degree C. Its range is 2.5 — 30 me. and offers 3 heods, positive tim- portable cases, the Magnecorder meet N.A.B. standards — and ot o
ing and pushbu"on contrel. PT7 will suit every purpose. PTé is moderate price. PT63 shown in rack
with 10 crystal controlled frequenc1es, shown in console is available for avoilable with 3 speeds (3%, mount offers 3 heads to erase, record
portable or rock mount. 72", 15") if preferred. and play back to monitor from the
there are separate pamel trimmers for tape while recording.

each. In addition, the use of an exter-
nal oscillator is provided for. The shift
range is 10-10,000 C.P.S. Less than 100
millivolts r.f. input is required.

COUNTER

The Post Machinery Co., a subsidiary
of Reid Bros. of Beverly, Mass, in
collaboration with the General Control
Co., Boston 34, Mass., has adapted 360 North Michigan Avenue
the Post Promatic Electronic Counter Chicago 1, lllinois, Dept. RE-9
for general-purpose counting in ool Send me latest catalog of Magnecord equipment.
variations, including total count, rate

Name. reqpeasseteastssitasTacesesssessesnasnes snsoacassenrananr
of count, and predetermined count. The |
high-speed count is obtained through | Addres
the use of photocell and electronic cir- |
| City. Zone............ State

cuits. Miniature parts, as well as large
(Continued on page 28)
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NEW PRODUCTION ORGANIZATION

Related to the established develop-
company,

mental Sierra Electronic

Corporation, a new production organi-
zation under the name of Sierra Elec-
tromic Manufacturing Company has
been established in San Carlos, Cali-
fornia. The new company has a similar
roster of officers including Willard
Feldscher, President; Paul F. Byrne,
Engineering Vice President; and Leo-
nard V. Bedell, General Manager.

Electronic Engineering Associates,
Ltd., formerly Electronic Associates,
Ltd., is exclusive distributor of Sierra’s
principal products. All three companies
are housed in a newly-completed build-
ing at 1050 Brittan Avenue, San Carlos,
California.

PUSHBUTTON TEST

General Electric’s universal “push-
button” test set replaces four other test
units in testing lighthouse tubes used
widely for radar and communication
applications. Merely by pushing indi-
vidual buttons, the operator can test a
tube for filament current; plate cur-
rent; heater-cathode leakage; gas; mu-
tual conductance; and pulse emission.

Prior to this new operation, the tubes
had to run the gamut of four separate
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test units. In contrast to this new meth-
od, whereby the tubes are pre-heated
only once, the former method of testing
necessitated pre-heating the tubes prior
to each test.

The set was developed by H. L. Wood-
cock, shown in the illustration, and is
located in GE’s Industrial and Trans-
mitting Tube Division building at Sche-
nectady.

_IONOSPHERE

The propagation of radio waves over
long distances depends on their reflec-
tions from the ionosphere, a series of
electrically conducting layers in the
earth’s atmosphere. Because these lay-
ers are continuously changing, knowl-
edge of their characteristics is neces-
sary for regular and reliable radio

communications. The Central Radio
Propagation Laboratory of the National
Bureau of Standards collects and ana-
lyzes ionospheric data from stations all
over the world. From the data, the
Bureau makes and publishes predictions
of useable frequencies for communica-
tions between any two places at any
hour.

In an effort to obtain more compre-
hensive data on the ionosphere, the
Bureau has incorporated a mobile iono-
spheric research unit into the existing
chain of 60 world-wide ionosphere sta-
tions. The NBS mobile unit is made up
of two prime movers and two trailers.
Equipment includes two gasoline-pow-
ered motor-generators which provide
10,000 watts each of electrical power
for transmitting, receiving, and record-
ing components in the event commercial
power is unavailable. One of the trail-
ers has been converted into living quar-
ters for the two-man operating crew

ENGINEERING

for use in regions where living accom-
modations cannot be obtained.

The illustration shows the transmit-
ting-receiving-recording equipment of
the new mobile ionospheric station.

DESTRUCTIVE TESTING

One way to be sure that the protec-
tive glass panel in front of the cathode-
ray tube of the Westinghouse television

set protects the viewer in case of tube
failure is to break the tube. The illus-
tration shows engineer Albert Bubb of
the Television-Radio Division executing

a hard blow to the picture tube. The
tube breaks like an ordinary light bulb,
except the explosion is more powerful
and the pieces of flying glass are larger.
Inset shows that the front glass did its
part in this laboratory safety test.

CORONA LABORATORIES

The establishment of a new National
Bureau of Standards laboratory center
at Corona, Calif., to be devoted to var-
ious phases of electronic research, de-
velopment, and engineering was an-
nounced by Dr. E. U. Condon, Director
of NBS. The Corona Laboratories will
be primarily concerned with the tech-
nical problems of importance to the
Department of Defense. The site was
transferred to NBS by the Dept. of the
Navy because of the Bureau’s urgent
need for new facilities. About 22 build-
ings are being renovated to accommo-

date research and development activ-

ities. Dr. R. D. Huntoon, formerly
chief of the NBS Atomic and Radiation
Physies Division, has been named as-
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sociate director to head the new labora-
tories. The most important activity at
Corona will be the development of
guided missles. Every phase of missle
development will be covered from theo-
retical and applied résearch to con-
struction of experimental parts and
units.

The illustration shows an aerial view
of the new laboratories.

WANTED

Technical writers, to prepare reports
on projects involving electronies, chem-
istry, mathematics, mechanics and sim-
ilar scientific subjects are required im-
mediately in the Ordnance Development
Division of the National Bureau of
Standards.

For full information, write to Per-
sonnel Officer, Ordnance Development
Division, National Bureau of Stand-
ards, Washington 25, D. C. Applicants
will save time by submitting immedi-
ately a Civil Service Form 57 obtainable
from local postoffices, or from the Civil
Service Commission.

PAINTING TELEVISION PICTURE TUBES

All sizes and shapes of television
picture tubes are painted at General

Electric’s picture tube laboratory at
Electronics Park, Syracuse, N. Y. The

illustration shows a lab technician
painting the inside of a 20-in. glass
TV picture tube, which will be used for
developmental testing work at the lab.

POWER GENERATOR

Westinghouse electrical equipment,
specially designed to power the two bil-
lion electron-volt Cosmotron, has sue-
cessfully passed its first test at Brook-
haven National Laboratory, Upton,
N. Y. The 2200 ton magnet, key com-
ponent of the accelerator, has been
tested at its full power of 40,000 kilo-
watts.

Called the “Cosmotron” because it
will give atomic particles energies
equal to some cosmic rays, the giant

(Continued on page 24)
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FEATURES:

.
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154" diameter

3 watts fully
enclosed

5 to 125,000 ohms
accuracy up to
0.5%

linearity up to
0.1%

300° rotation
mechanical and
electricol

on-off switch
gungmg up to 10

¢ DC VOLTMETERS

¢« AMMETERS

¢ MILLIVOLT METERS
o MILLIAMMETERS

e AC RECTIFIER TYYPES
(self-cantained).
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YEARS OF
PRECISION
ELECTRICAL
EXPERIENCE

gyl - A% S
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PRECISION P afentcomelerd

Yo meet the increasing
demand for small com-
pact precision potenti-

Dsadll ometers for military
MODEL . .
L-400 airborne instrumenta-
with . . .
switch tion and similar appli
cations, DeJUR is now
e producing the L-400
=

series potentiometers,
built to rigid mechani-
cal and electrical re-
quirements of JAN-R-
19 specifications.

DelUR DeJUR
MODEL MODEL
281 292

14" 23,0 INSTRUMENTS

Also availabie * 2V4'" « 312’ ¢ 4’ panel meters
in ail standard ronges. JAN-1-6 and A. S. A,

FEATURES:

Precision built DeJUR 115"
instruments for applications
where space must be con-
served ® DelJUR rugged
construction © Both models
in all ranges and sensitivi-
ties © External shunts and
mulhpllers available for
various ranges ® Compliete
magnetic shieiding and
methods of lighting scale
e Approved source for gov-
ernment services meets JAN
specifications.

DelUR
MODEL

= " MOUNTING

Pawm RHEOSTATS

Built to JAN-R-22 specifications, DeJUR Rheostats are
available-in 25 or 50 watt sizes, single or dual ganged.
Resistances up to 50,000 "
ohms in the 25 watt size )
and 75,000 in the 50 watt
size.

DeJUR
MODEL
245

FOR FURTHER
INFORMATION
WRITE
DEPT. 6-81

AMSCO. CORPORATlON

1. C 1, No Y.

‘45-01. NORTHERN BOULEVARD, L.

MANUFACTURERS Ol.SCIIN”llC PRECISION FOQUIPMENT FQR OVER A QUARTER OF A CEINTURY
o CAMERAS o PROJECTORS '+ ENLUARGERS o EXPOSURE METERS
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DR. C. J. BREITWIESER has been named executive
assistant to Dr. F. R. Hensel, vice-president in charge of
engineering at P. R. Mallory & Co., Inc. Dr. Breitwieser
came to Indianapolis from California where he was chief
of electronics and head of the engineering laboratories
at Consolidated Vultee Aircraft Corporation. He holds a
Master of Science degree from the University of North
Dakota.

E. V. HUGGINS has been elected executive vice-president
of Westinghouse Electrical International Co., the foreign
trades subsidiary of Westinghouse. He had been secretary
for the company for three years and also headed the Law
Dept. Mr. Huggins is a native of Wisconsin and attended
Yale University, from which he was graduated in 1929 and
from Yale Law School in 1932. He then joined Westinghouse
Law Department in 1943.

DR. R. D. HUNTOON has been appointed associate direc-
tor of NBS’s new Corona Laboratories, near Corona, Calif.
He has received wide recognition for research on atomic-
beam measurements, special amplifiers, atomic particle
counting, study of deuteron-deuteron nuclear reactions, and
the phasing of oscillators. Dr. Huntoon was born in Water-
loo, Iowa and received his B.A. from lowa State Teachers
College in 1932.

DR. SAUL ROSEN has joined the Research Div. of Bur-
roughs Adding Machine Co. Dr. Rosen received his B.S.
degree at City College of N. Y. in 1941, his M.A. from Univ.
of Cincinnati in 1942, and his Ph.D. from the Univ. of
Pennsylvania in 1950. He has been an instructor of mathe-
matics at several universities, and is a member of Phi Beta
Kappa, Sigma Xi, Mathematical Assoc. of America, and
the American Mathematical Society.

S. FLOYD STEWART has been elected executive vice-
president of the Arma Corporation of Brooklyn, N. Y., sub-
sidiary of American Bosch Corp. Mr. Stewart joined
Arma from the Leece-Neville Co. of Cleveland, where he
was successively chief engineer, vice-president and ex-
ecutive vice-president. He was graduated from Washington
University, St. Louis, and Massachusetts Institute of Tech-
nology, where he received a Master’s Degree in 1925.

CARL WASMANSDORFF has been appointed director
of engineering for the Hoffman Radio Corp., Los Angeles.
He has been with the Hoffman organization since 1943. Mr.
Wasmansdorff is one of the leading authorities on code
communication and noise reduction in the country, and
holds several patents. He is a member of various engineer-
ing and scientific groups and has prepared technical papers
for many conventions.
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machine is designed to accelerate pro-
tons to energies exceeding two billion
electron-volts, five times greater than
those provided by the largest existing
cyclotron.

The energy is supplied by a large
motor-generator set, equipped with a
45 ton flywheel, that delivers alter-
nating current to a battery of 24 igni-
tron rectifiers. These rectifiers convert
the alternating current into 40,000 kw.
direct-current pulses. Twelve pulses per
minute are sent into the Cosmotron
magnet to guide the sub-atomic parti-
cles around the acceleration chamber.

MEETING

The first Fall joint meeting of the
U.S.A. National Committee of URSI
and IRE Professional Group on Anten-
nas and Propagation at Ithaca, N. Y.
will be held on October 8, 9, and 10,
1951. The School of Electrical Engi-
neering of Cornell University will be
hosts and the meetings will be held on
the University Campus.

A program of titles and abstracts
will be printed for distribution at the
time of the meeting, and a mimeo-
graphed tentative program of titles and
sessions will be circulated prior to the
meeting. Advance registration fee will
be $2.00, while the registration fee at
the meeting will be $2.50. Registration
may be made in advance directly to Dr.
A. H. Waynick, Secretary, U.S.A. Na-
tional Committee of URSI, The Penn-
sylvania State College, State College,
Pa.

POLYMERIZATION

The possibility of making solid plas-
tics from raw materials by bombarding
them with high-voltage electron beams,
or cathode rays, is foreseen as a result
of experiments reported by two scien-
tists of the General Electric Research
Laboratory, Schenectady 5, N. Y.

An essential part of the manufacture
of plastics, Dr. John V. Schmitz and
Elliott J. Lawton explained, is a proc-
ess called “polymerization,” in which
small groups of atoms are linked to-
gether to form long chains. The indi-
vidual groups can move around freely,
so that they form a liquid, but the
chains make a rigid, solid structure.
They found that a beam of electrons
with energies of 800,000 volts, brought
into open air, is able to cause polymer-
ization. Most of their experiments were
performed with a compound known as
TEGMA (Tetraethyleneglycol dimetha-

{ erylate) but they found that various
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other compounds could similarly be
polymerized.

TIMEKEEPER

A new and extremely precise “master
timekeeper” has been placed in oper-
ation at the Bell Telephone Laboratories
at Murray Hill, N. J. It is expected to
vary less than one ten-thousandth of a
second per day; this corresponds to a
precision of one second in 30 years. The
secret of this split-second precision lies
in four stable quartz crystals which
vibrate constantly at a frequency of
100,000 cycles per second. The vibra-
tions of the crystals control the fre-
quency of a special electric current with
a precision of one part in a billion.

The apparatus is used by the tele-
phone companies to monitor or regulate
equipment for the coaxial cable and
radio relay television and telephone net-
works, as well as overseas, ship-to-shore
and mobile radiotelephone service. Pow-
er is derived from storage batteries.

The equipment is housed in air-con-
ditioned rooms where the temperature

never varies more than two degrees.
The crystals . . . each about the size of
a paper matchbook . . . are enclosed in
containers from which all the air has
been pumped out, and these in turn are
surrounded by thermostatically con-
trolled ovens to maintain the tempera-
ture of the quartz crystals constant to
within a hundredth of a degree.

STORAGE SYSTEM

similar to the projection of a picture
on a home television tube. The infor-
mation is read back from the tube to
the electronic computer in a few mil-
lionths of a second, by passing the
cathode-ray beam over the same area.
As many as 2048 items of information
have been stored on a cathode-ray tube
with a 24 square inch screen.

TV TUBE TESTING

Each tube tested at General Elec-
tric’s tube manufacturing building at
Electronics Park, Syracuse, New York,
undergoes a complete series of electrical
tests, including screen conditions and

electrical operating characteristics.
Shown is a 24 inch metal picture tube

being tested, although the test is ca-

pable of testing tubes ranging in size

from the 8% inch to 24 inch. Tubes
shown on the rack are 19 inch metal
picture tubes.

HOOVER MEDAL AWARD

Dr. Karl T. Compton, Chairman of
the Board, Massachusetts Institute of

Technology, is shown receiving the
Hoover Medal from Dr. Scott Turner.
The Medal is awarded jointly by the
electrical engineering group, The
American Society of Civil Engineers,
the American Society of Mechanical
Engineers, and the American Institute
of Mining and Metallurgical Engineers.

Dr. Compton is the twelfth engineer
to receive the medal since it was first

(Continued on page 27T)

Lengths from 2" to 30"

Inside Perimeters, .450" to 25"

PARAMOUNT Paper Tubes facilitate coil wind-
ing—insure coil accuracy and stability. Proved
by use, they have become standard with leading
manufacturers of electrical, radio and electronic
products. Here you are sure to obtain the exact
size and shape you need for coil forms and other
uses . . . from stock arbors, or specially engi-
neered to your specifications. Hi-Dielectric. Hi-
Strength. Kraft, Fish Paper, Red Rope, or any
combination, wound on automatic machines.
Tolerances plus or minus .002” ® Also Shellac
Bonded Kraft Paper Tubes for absolute mois-
ture resistance.

PARAMOUNT PAPER TUBE CORP.

613 LAFAYETTE ST., FORT WAYNE, IND.
Manufacturers of Paper Tubing for the Electrical Industry

International Business Machines
Corp. has introduced the cathode-ray
tube storage system developed by Prof.
F. C. Williams, noted English radar ex-
pert. IBM will use the Williams system
under a licensing agreement with the
National Research Development Corp.
of London. The agreement gives IBM
full use throughout the world of NRDC
patents in the computing field, includ-
ing many involved in the new Man-
chester machine, of which Dr. Tom
Kilburn is co-inventor with Prof. Wil-
liams.

In the cathode-ray storage system,
information required in a calculation is
stored in the form of dots and dashes
on the face of the tube in a manner
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Printed copies of these or any other pat-
ents may be obtained from the U. S. Patent
Office for 26c each. Address the Commis-
sioner of Patents, Washington 26, D. C.

TRIGGER CONTROLLED OSCILLATOR

Trigger controlled oscillators have
numerous applications where it is de-
sired to produce a source of standard
frequency which may be started and
stopped easily. This invention provides
such a system wherein the time delay or
phase between the triggering pulse and
the start of oscillations remains con-
stant, regardless of the random char-
acter of the triggering pulses.

The tank circuit of a conventional os-
cillator is shunted by a normally con-
ducting triode, preventing operation of
the oscillator. This triode is in turn con-

trolled by another triode normally cut-
off, actuated by the triggering pulse.
This pulse causes the first triode to con-
duct, cutting off the second triode and
permitting oscillations to start. Oscilla-
tions will continue until the second tube
returns to a conducting condition, the
time required for this return being con-
trolled by the condenser and resistor in
the grid circuit.

A modification of this circuit utilizes
a crystal-controlled oscillator. A fur-
ther modification permits oscillations to
continue until a second pulse is received.

Patent No. 2,554,308 was issued May
22, 1951, in the name of William A.
Miller.

CLASS C AMPLIFIER OUTPUT

The efficiency of a Class C amplifier
may be increased by causing a rectan-
gular waveform of anode current to flow
while the anode voltage is at a mini-
mum. It is the purpose of this inven-
tion to provide a means for approaching
this desired rectangular waveform.

The introduction of a third harmonie
signal in the screen circuit, properly
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phased, will reduce the peak anode cur-
rent, and if the amplitude is correct,
will result in a considerable squaring-
off of the anode pulses. This signal may
be introduced by inserting a tuned cir-
cuit in the screen grid of the amplifier,
resonant at the third harmonic. A vari-
able resistor connected across this tuned
cireuit provides the necessary amplitude
control.

Further squaring may be accom-

o — Y

| #

B I

== c I B
e o el

plished by introducing other harmonics,
such as the second, in the same manner.
The system may also be applied to push-
pull Class C amplifiers.

Patent No. 2,554,457 was issued on
May 22, 1951, in the name of Robert
B. Dome.

HIGH FREQUENCY OSCILLATOR

The purpose of this invention is to
provide a further increase in efficiency
over that provided by a conventional

s — 7—-—?— <L+
=

back-coupled oscillator such as that used
for high-frequency heating. This is ac-
complished by providing an auxiliary
coil in the anode circuit which, together
with the load circuit coil, provides a
step-up of the resonant resistance of
the oscillator circuit.

There are limitations in the above
cireuit due primarily to parasitic osecil-
lations. According to this invention, the
efficiency may be further increased by
the mechanical arrangement shown in
the drawing, and by the insertion of

ENGINEERING

a shield to prevent direet inductive
coupling.

Patent No. 2,554,087 was issued May
22, 1951 in the name of Syste Breimer.

LINEAR SWEEP GENERATOR

A saw-tooth waveform is essential to
the operation of most cathode-ray tube
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devices. In general, such a waveform is
produced by charging a condenser slow-
ly and then discharging it suddenly.
Only the relatively linear portion of the
charging curve is used.

By charging the condenser through a
constant current device and then dis-
charging it through an auxiliary tube,
a great improvement in linearity may be
obtained. In this invention, the constant
current device is a pentode with con-
stant screen-to-cathode voltage. Sev-
eral circuit arrangements are possible,
one of which is shown.

Patent No. 2,554,172 was issued May
22, 1951 in the name of Thomas G.
Custin.

PUSH-PULL OUTPUT TUBE

This invention describes a deflection-
controlled output tube which permits
much greater than normal efficiencies
for Class A operation, with distortion
and output characteristics somewhat
similar to present-day pentodes.

In the illustration, (A) shows a cross-
section of the element structure, and
(B) shows a schematic of the device. A
sheet of electrons, perpendicular to the
plane of the paper, is formed and ac-
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celerated in a conventional manner.
This sheet passes between a pair of de-

SEPTEMBER, 1951




fection electrodes on which the signal
is impressed. The signal deflects this
sheet up or down, (A), so the electrons
are divided and flow to the upper, lower,
or neutral electrode, depending upon
the signal. Thus, push-pull action is
' provided.

In an experimental model, a power
output of 1.6 watts was obtained from
a single-ended rms output of 11 volts
at 1000 eycles with 5% distortion. Beam
current was 18 ma. at 290 volts.

Patent No. 2,553,735 was issued May
22, 1951 in the name of Robert Adler.

News Briefs
(Continued from page 25}

awarded to Herbert Hoover in 1930.
It is presented “for distinguished pub-
lic service.”

LIFE-TESTING

A group of 24-in. television picture
tubes being life-tested at General Elec-

tric’s television picture tube plant at
Electronics Park, Syracuse. This life-
test is one in a series of quality control
tests which the tubes go through before
being shipped from the factory.

GENERAL MANAGER

Mr. Earl E. Bradway has been named
general manager of DeJur-Amsco Cor-
poration, Long Island City, N. Y, manu-
facturer of industrial meters, precision
potentiometers and rheostats. Mr. Brad-
way spent several years as a consult-
ing engineer and recently resigned as
president of the Colgate Manufacturing
Corp. to accept his present position.

PROMOTION

Harvey J. Finison, assistant chair-
man, of electrical engineering research
at Armour Research Foundation of
Illinois Institute of Technology has
been promoted to chairman of the de-
partment at the Foundation.

Virgil H. Disney, James L. Murphy,
and Raymond E. Zenner will be assist-
ant chairmen of electrical engineering
research. All were supervisors of oper-
ating sections of the department.
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Finison was an application engineer
for GE from 1944 to 1949, when he
joined the Foundation. He was an elec-
trical engineer for the Air Materiel
Command from 1940 to 1944.

Disney became supervisor of electron-
ics at the Foundation in 1949, and
Murphy supervised electronics research
since 1946.

NEW LITERATURE
Microfilming Booklet

A 12-page illustrated booklet “Facts
and Figures on Microfilming Engineer-
ing Drawings” is available from Micro
Photo Service Bureau, 4614 Prospect
Avenue, Cleveland 3, Ohio.

This booklet presents pertinent in-
formation on the importance of micro-
filming, costs, equipment, film storage,
film processing, and many other related
subjects.

Pulse Mixer

(Continued from page 11)

D

amplitude (6 to 60 volts), appeared as
0.1 psec output pulses with individual
amplitude variations not exceeding 5%.
A chain of 60 volt pulses produced no
noticeable variation on the output
amplitude, nor did a single 100 volt
pulse. However, 50 volts maximum is

Better heat-dissipation, greater resistance
io moisture, better insulation—all are extras
you get with Precision Paper Tubes, thanks
to carefully supervised Laboratory Control.
Also, spiral winding and die-forming under
pressure provide 15 to 209, more strength
with lighter weight—greater coil winding

space.

Available in round, square, oval, rec-
tangular, or any shape, length, ID or OD.
Made to your exact specifications of finest
dielectric Kraft, Fish Paper, Cellulose Ace-
tate or combinations.

Write today for free sample and New
Mandrel List of over 1,000 sizes.

PRECISION PAPER TUBE CO.

recommended so as to keep well within
the rated maximum voltage for the
1N34 crystals.

The pulse-amplitude control (see Fig.
1) varies the amplitude of the output
pulses up to 35 volts. The scale is not
calibrated, but if precise readings are
required a vacuum-tube voltmeter can
be used. The pulse-polarity switch
is provided so that positive or negative
output pulses are available. Although
the new M.LT. test units all operate
with positive pulses, the polarity switch
is included on each so that the equip-
ment will be compatible with other test
instruments.

One operational difficulty which is
most likely to necessitate maintenance
work is unequal amplitude of the out-
put pulses. This fault is usually due
to a defective bus-driver crystal in
series with the output transformer, or
a defective crystal diode and/or damp-
ing resistor across the R-L-C peaker
inductance, and these components
should be checked regularly.

Another worthwhile precaution is to
make sure that the noise level of input
pulses is not more than % volts positive;
otherwise the noise will be amplified by
the unit and appear at the output. If
the noise level is too high (6 volts or
more) it will be converted into stand-
ard pulses at the output.

@
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2063'W. Charleston St.
Chicago 47, IlI.

Plant No. Two, 79 Chapel 5t., Hartlord, Conn.

Also Mfrs. of PRECISION PAPER TUBES
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“THEORY AND DESIGN OF
TELEVISION RECEIVERS?” by Sid
Deutsch. Published by McGraw-Hill
Book Company, Inc., 330 West 42nd St.,
New York 18, N. Y. 536 pages. $6.50.

This new book presents a physical
explanation for the behavior of various
television receiver circuits, develops re-
lated mathematical theory, and discus-
ses the practical design of television re-
ceiver circuits. The standards govern-
ing television transmission are reviewed
first, followed by two chapters outlining
the mathematical background necessary
for an understanding of subsequent
topics and nine chapters treating the
basic sections of a receiver. Three suc-
ceeding chapters deal with special cir-
cuits and systems, and a final chapter
discusses receiver servicing techniques.

The particular treatment provided in
this book offers to the engineer a con-
siderably improved approach to the
study of television receivers by consid-
ering the various sections in a logical
order from antenna to the picture tube,
giving numerous illustrations of all
topies considered, and by concentrating
solely on the study of receivers. All
recent developments in the field of tele-
vision receivers are included.

“ULTRASONICS®> by P. Vigoureux.
Published by John Wiley & Sons, Inc.,
440 Fourth Avenue, New York 16, N. Y.
163 pages. $4.00.

The object of Vigoureux’ book is to
introduce the scientist or student to the
technique and to the simpler aspects of
the theory of propagation of ultra-
sonics in fluids. Regarding technique,
the author stresses the principles used,
rather than detailed descriptions of
apparatus or of experimental proce-
dure. The theoretical treatment is as
simple as possible, consistent with the
explanations of phenomena available to
date.

In recent years, the interest in waves
above the limits of audible sound has
grown tremendously. And with this
interest, scientists have discovered a
myriad of uses for waves of ultrasonic
frequencies. The chapters in this book
on propagation, gases, and liquids deal
with theory and results; those on gen-
eration and observation mostly with
apparatus and methods. The latter
chapters, therefore, may be skipped by
those who are not concerned with ex-
perimental details.

@
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New Products
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bulky units, may be easily and accu-
rately counted. The counter autqmatl-
cally energizes an external circuit for

the purpose of segregating batches at
the end of the predetermined count.
A visual six-digit totalizer indicates
the exact cournt, while a rate meter
shows at all times the rate of count
per hour. The counter is housed in a
gray cabinet, and may be located as far
as 75 feet away from the photocell
head. Industrial type tubes and rugged
components are used in its construction.
The unit operates from a 115 volt, 60
cycle unit, and is eapable of counting
in excess of 10,000 units per second,
either accumulative or predetermined.

LABMARKERS

The Berkshire Labmarker is a wave-
shaping device for producing time
marks in cathode-ray oscillography. A
sinusoidal input is converted by the
Labmarker into a series of sharp uni-
directional pulses. Timing marks con-
sisting of short breaks in the oscillo-
scope trace are obtained by connecting
the output of the labmarker to the “Z”
input terminals of the oscilloscope.
Model 1-U1 differs from previously an-
nounced Model 1-U in that it gives
shorter pulses of less amplitude. The
pulse duration is approximately one-
tenth of a cycle. Peak amplitude of the
output pulse is approximately one-

twentieth of the rms input voltage,
which may be up to 36 volts. Frequency
range is from 25 cycles to one mega-
cycle. Overall length is 5% inches, and
diameters, are 1% inches for the 1-U1l

ENGINEERING

and 1% inches for the 1-N1 and 1-P1.
For further information write to Berk-
shire Laboratories, 504 Lexington Road,
Concord, Mass.

POWER SUPPLY

A new precision instrument for
greater convenience and accuracy in
waveguide measurement has been added
to the Hewlett-Packard Company’s line
of waveguide test equipment. The new
-hp- 715A Klystron Power Supply is
designed for test-bench operation of all
types of low-power Klystron oscillators.
The instrument provides a beam voltage
continuously variable from 250 to 400
volts at 50 milliamperes maximum. Re-
flector voltage is variable from 10 to
900 volts at 5 microamperes. The unit
also provides for square wave modu-
lation at 1000 c.p.s. or may be modu-
lated from an external source. In ad-
dition, the new power supply gives a
filament supply of 6.8 volts at 1.5
amperes. -hp- 715A Klystron Power
Supply is mounted in a sturdy, compact,

steel case equipped with carrying han-
dle. For further information write to
Hewlett-Packard at 395 Page Mill
Road, Palo Alto, Calif.

SAMPLING MONITOR

To aid quality control engineers in
continuous sampling, General Electric’s
Special Products Division, Schenectady
5, N. Y., announces the development
of a “continuous sampling monitor,” an
electrical device which automatically
keeps track of the sampling procedure.
Briefly, the monitor works in this way:
An electric counter, set to any prede-
termined number from 1 to 400, auto-
matically keeps track of the clearance
number. When the counter reaches the
set number, contact is broken, and the
white sampling light goes on indicating
that the predetermined number of aec-
ceptable units has been inspected, and
that sampling can resume. Percentage
inspection or sampling may vary from
1 per-cent to 50 per-cent depending on
the desired average outgoing quality
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evel. The monitor requires 110 volts
und has a maximum counting speed of
500 units per minute. The unit is housed
‘n a small 12 x 6 x 6” cabinet.

URGE DAMPING VALVES

The Denison Engineering Co. of Co-
lumbus, Ohio has developed new surge
{amping valves which eliminate exces-
sive shock in high pressure hydraulie

€

|

systems. Small and compactly designed,

‘they are individual units universally
lndaptable to any hydraulic circuit, can
be installed as easily as any ordinary
fitting, and do not interfere with other
functions of the circuit. Test setups over
many months proved that the valve will
prevent shock from occurring, rather
than simply absorbing hydraulic surge
and consequent shock. The valve adjusts
itself automatically to any working
pressure, requires only a fraction of a
second to act, and cannot slow down
eycle time.

'WELDING HEAD

The Raytheon Manufacturing Com-
pany, Waltham 54, Mass., announces
she design of a new welding head to be
used for welding dissimilar metals in
‘the assembly of radio and other elec-
tronic tubes, as well as for the assembly
of other small metal parts. The new
Model I-S Weldpower is extremely small

i

#and compact, 3% x 9% x 814 inches, is
a2 bench-mounted, press-type unit with
“single post mounting. Accurate elec-
trode pressure is made possible through
the use of a closed air system using a
metal bellows, and instantaneous elec-
trode follow-up is achieved by keeping
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the mass of the moving parts of the ||

upper electrode assembly extremely low. |
Either % or % inch electrodes can be |
used interchangeably. The lower elec- |
trode mounts either horizontally or
vertically.

ELECTRONIC CONNECTOR

Harvey Hubbell, Inc., Bridgeport 2,
Conn., manufacturers of electrical wir-
ing devices and machine screws, an-
nounce a new type of electronic connec-
tor. The “Hubbell-Interlock” connectors
feature new locking and contact charac-
teristies. Straight insertion at the ter-
minal locks the plug securely in its out-

let, without the necessity of screws,
clips or tools. The contact parts form
the lock, and the locking engagement
is positive as well as shock and vibra-
tion proof. A slight pull on the flanged
sleeve releases the locking mechanism
and the plug for facilitating removal.

The special electrical features of the
connectors are the frictional contact,
as in other types of connectors and the
knife-edge contact, effected by the lock-

ing contacts in plug and outlet, and held
under constant coil spring pressure,
providing constant contact pressure of
approximately 20 oz. The connector is
rated at 10 amps., 110 volts. Terminals
and wiring tools can be supplied to suit
all wiring conditions. Data sheets, test
reports, and samples are available upon
request from Department X.

NEW PYRANOL

The development of a new, low-
temperature Pyranol, which greatly
extends the useful range of specialty
Pyranol capacitors, has been announced
by the Transformer and Allied Prod-
uct Division of the General Electric
Company, Schenectady 5, N. Y. The
former Pyranol, which made possible a
one-third reduction in physical size of
specialty capacitors, had its applica-
tion limited in a few cases by its low-
temperature characteristics. The new,
low-temperature Pyranol has no loss in
capacity down to —32 degrees C. The
use of this development in capacitors
for such applications as capacitor mo-
tors, fluorescent ballasts, etc., means
that the cold-weather uses of these units
will be greatly extended.

ENGINEERING

' Output impedance 50 to 550 ohms (de-

Fast - Accurate - True
ENDICATION OF
AMPLIFIER RESPONSE
using
SQUARE WAVE
TESTING TECHNIQUES
as described by Louis Garner

in May 1951
RADIO-TELEVISION NEWS

Announcing . . . . .
the NEW EL-TRONICS SGb
SOUARE WAVE GENERATOR

An inexpensive step-frequency type
square wave generator for accurate high
speed testing of audio amplifiers, wide
band oscilloscopes, video amplifiers, etec.

— FEATURES —

Five fixed output frequencies of 50,
1000, 10,000, 100,000 and 500,000 PPS.

Individual calibration control for each
frequency.
Rise time approx. .05 microseconds.

Output voltage adjustable from 0.8 v. to
8.0 v. peak to peak.

pending upon attenuator setting)

Tube complement: one each 12AU7,
6BNG, 6AH6, 6AG7, 5Y3GT.

THE MOST
VALUABLE INSTRUMENT
for adjusting

Low frequency compensation; High
frequency compensation; Bandwidth;
Phase shift; Video misalignment, ete.

MODELSGS5. . ... ... $119.50
F.O.B. Phila., Pa.
Send for Bulletin No. 502

EL-TRONICS Inc.

Crafters of fine instruments since 1934
2647-67 N. HOWARD ST.
PHILADELPHIA 33, PENNA.
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- NEW
| TUBES

RCA TUBES
Oscillator Triode

This new, flexible-lead, subminiature
tube type 6026 is an oscillator triode de-
signed especially for transmitting serv-

l

ice at 400 me. in radiosonde and similar
applications. In such service, it can
deliver a useful power output of 134
watts. The subminiature structure of
the 6026 features very short transit
time and low interelectrode capacitance,
and is useful in equipment requiring
extreme compactness because of its
very small size and very light weight.

Picture Tube

The Tube Department of Radio Cor-
poration of Awmerica, Harrison, N. J.,
announces their new short, directly
viewed, 21AP4 rectangular picture tube
of the metal-shell type for use in tele-

vision receivers. It has a picture size of
1834 x13184¢ inches with slightly curved
sides and rounded corners. Its design
incorporates a white fluorescent screen
on a high-quality faceplate made of
frosted Filterglass to prevent reflection
of bright objects in the room and to
provide increased picture contrast. Em-
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ploying magnetic focus and deflection,
the 21AP4 has a maximum high-voltage
rating of 18,000 volts; an ion-trap gun
for use with an external single-field
magnet for eliminating ion-spot blem-
ish; a diagonal-deflection angle of 70°;
a horizontal-deflection angle of 66°.
Power Triode

Also announced by RCA is a com-
pact, forced-air-cooled power triode
designed for u.h.f. plate-pulsed oscil-
lator and amplifier service. In such
service, the 5946 has a maximum rated
plate dissipation of 250 watts, and can
be operated with full plate voltage at
frequencies up to 1300 megacycles.

A special feature in the design of
the 5946 is a coaxial-electrode strue-

ture for use with circuits of the coaxial-
cylinder type, providing low-inductance,
large-area, r.f. electrode terminals for
insertion into the cylinders. Effective
isolation of the plate from the cathode
makes this triode particularly suitable
for grounded-grid circuits.

Picture Tubes

Three new rectangular picture tubes
featuring electrostatic focusing have
been announced by RCA. The 14GP4,
17GP4, and 20GP4 require no focusing
coil or focusing magnet, and each uses
an improved electron gun to provide
uniformity of focus over the entire pic-
ture area.

The 14GP4 is of the all-glass type
with external conductive bulb coating,
has a maximum high-voltage rating of
14 kilovolts, and produces 123%” x 815"
pictures on a face of Filterglass. The
17GP4 is of the metal-shell type, has
a maximum high-voltage rating of 16
kilovolts, and produces 14%” x 11”
pictures on a relatively flat, frosted
Filterglass. The 20GP4 is of the all-
glass type with external conductive
bulb coating, has a maximum high-
voltage rating of 18 kilovolts, and pro-
duces 17%” x 13%” pictures on a
Filterglass face.

Employing magnetic deflection, each
of the three types has a diagonal de-
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flection angle of 70° and a horizontal
deflection angle of 66°.

GE THYRATRON

General Electric’s Tube Divisions an-
nounce a new heavy-duty thyratron
tube for control applications. Designed
especially for the exacting requirements
of airborne electronic-control equip-
ment, the GL-6044 has a basing ar-

rangement which provides both eleec-
trical connection and mechanical sup-
port. Instead of the prong-type base for
insertion into a socket, the tube has
contact terminals extending at right an-
gles from heavy support rods at the
bottom on the tube. With these ter-
minals the tube can be bolted securely
to a control panel without any possi-
bility of the tube working loose through
vibration of the equipment.

GL-6044 will operate efficiently from
temperatures as low as —55° C. up to
120° C. at normal atmospheric pressure.

@

CALENIDAR
of Coning Events

SEPT. 10-13 — NEDA Second Annual
Electronic Parts Distributor Show,
Cleveland, Ohio.

OCT. 8-10 —Fall Meeting of U.S.A.
National Committee of URSI and IRE
Professional Group on Antennas and
Propagation, Ithaca, N.Y.

OCT. 22-24—7th Annual National Elec-
tronics Conference, Edgewater Beach
Hotel, Chicago.

OCT. 2226 — Fall General Meeting,
AIEE, Cleveland, Ohio.

OCT. 23-25—Forty-second meeting of
the Acoustical Society of Americaq,
Sherman Hotel, Chicago, IlI.

OCT. 25—Twentieth anniversary of the
American Institute of Physics, Sher-
man Hotel, Chicago, I1l.

OCT. 29-31—Radio Fall Meeting, King
Edward Hotel, Toronto, Ont., Canada.
NOV. 1.8 — Audio Fair, Hotel New
Yorker, New York City.
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Dieleetric Standards

| (Continued from page 15)

This resonance technique is used over
la wide frequency range and is particu-
larly applicable at frequencies above
1100 me. At these frequencies the in-
ductor becomes a single turn; therefore
'a doubly reentrant resonant cavity (es-
sentially a coaxial structure shorted at
'both ends with a variable gap in the
\center conductor) of either fixed or
\variable length is utilized. The test
| specimen occupies the gap between the
reentrant posts. The frequency of oper-
ation of the fixed-length cavity is gov-
erned by the constants of the specimen
'inserted between the reentrant posts as
'well as by the geometry of the cavity.
| Consequently, the operating frequency
cannot be specified in advance. The
variable electrode, similar in structure
to the movable electrode of the mierom-
eter electrode system described pre-
viously, is also micrometer-controlled

| and is calibrated at the lower frequency

in terms of the capacitance between the
reentrant posts. This again permits
measurements without appreciable cor-
rections for lead inductance. The tech-
niques used in the resonance method
are equally applicable to reentrant-

| cavity measurements. Resonant cavities

are advantageous because @’s of the
order of 1000 to 3000 are readily ob-
tainable, thus providing convenient
voltage ratios even in the case of very
low-loss specimens such as polystyrene
or quartz.

In this region, resonant circuits with
Q’s of this magnitude are not common
at frequencies below 50 me. Therefore,
it is necessary to resort to special cir-
cuitry in order to obtain low-loss meas-
urements at these frequencies. A suit-
able circuit can be achieved using a
linear, stable negative resistance. When

' this resistance is connected in series

with an inductor and a conventional
micrometer electrode, it can be adjusted
to very nearly cancel the resistance of
the rest of the system, thus producing
a resonant measuring system of ex-
tremely high Q. As a result, the losses
in the system are primarily due to the
specimen, thus enabling an accurate
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evaluation of its dielectric properties.

The circuit used is effectively a cath-
ode follower with a capacitive load and
increased grid-to-cathode capacitance.
Under these conditions the real com-
ponent of the input impedance has a
large negative magnitude and can be
adjusted by varying one of the circuit
parameters. The large amount of neg-
ative feedback makes the circuit ex-
tremely stable and yields excellent lin-
earity because only very low amplitude
signals are applied. @’s of 100,000 have
been obtained with an instability of
only a few per-cent over a period of ten
minutes, with no detectable deviation
from the normal resonance curve re-
sulting from non-linearity. These con-
ditions make it possible to measure
dissipation factors of the order of 10
to an accuracy of about 10 per-cent and,
of course, lower losses (less than 10°)
with less acecuracy.

Studies are continuing in an effort
to extend the frequency range of the
negative-resistance system so that it
may be used at any frequency up to
those at which cavity methods become
practical. Other work in progress is
directed toward the adaptation of the
system for measuring the dielectric
constants of gases. @

Printed Circuits

(Continued from page 16}

standard capacitor across the transmis-
sion system. The transmission system
was connected and the standard capaci-
tor was set at 100; the Q-meter was
then balanced. The transmission system
was disconnected and the standard
capacitor adjusted to rebalance the Q-
meter. The difference in standard
capacitor readings was then taken to
be the capacity of the transmission sys-
tem. From this, Z, (the characteristic
impedance) can be calculated.

The planar transmission system can
be adapted to printed circuit techniques
by using two sheets of solid dielectrie
as spacers between the outer conduec-
tors, the center conductor being sup-
ported between these sheets. This center
conductor can then be printed on one
of the dielectric sheets in conducting
paint by the silk sereen printing
process. Experimental work ecan also
be accomplished by using a metal foil
center conductor which ean be eut with
scissors.

Since the characteristic impedance
of the system is a function of strip
width, it is readily adaptable to circuits
requiring impedance changes. This
principle was used in the design of a
series of power dividing networks for
a special problem being worked on in
the Air Force Cambridge Research Cen-
ter. The two-to-one power splitter is
typical of these devices. Similar devices

ENGINEERING

Microwave printed circuit matched load.

in coaxial or waveguide systems are
more bulky and much more difficult to
construct. Low-pass microwave filters
made by this method have been de-
signed, constructed, and tested in half
a day —a process which by standard
methods would take a great deal more
work and would result in a much heavier
filter. @

CHANROSE RADIO
DISTRIBUTORS

| announces
AN ENLARGED

'INDUST*IAL
SALES DEPARTMENT

to best serve

COMMERCIAL USERS

of Electronic Parts
and Equipment

® Fastest Delivery
® Complete Stock
All Major Lines

JUST CALL OLYMPIA 8-2900

For Personal Service Ask For
Bernie Gardner - Phil Nardella

CHANROSE RADIO
Distributors, Inc.

170-16 Jamaica Avenve Jamaica, N. Y.

New RADIO TOWER

Immediate Shipment

255 Ft. SELF-SUPPORTING FM
radio tower including antenna
obstruction lights, safety lad-
der and platform. Design ap-
proved by New York City.

Priced
Call or Write

IRON WORKS, Inc.

Attractively

ELIZABETH

Elizabeth, N. J. ELIZABETH 4-2000
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TM, , WAVES IN RECTANGULAR WAVE GUIDES

This nomograph permits the determination of the cut-off

frequency when the dimensions of the guide are given.

e‘&(
; — 2700

Posnee e oo bes o oo e oo oo bl

Lepbete b tate Lo ke bt e

£

Courteay of Federal Telephone and Radio Corporation ]

it
3
o
CUTOFF FREQUENCY (megacycles)

AMIIEEE RN
&
o

]Lun
3
3

32

RADIO-ELECTRONIC

ENGINEERING

SEPTEMBER, 1951

S e g gl




e AT el

...t NEW Junior VoltOhmyst

OIRECTY
PROBE

For all regular
measurements
and specialized
measurements

as illustrated.

MEASURES AC VOLTS . . . such
as signal voltage on plate of

MEASURES DC VOLTS . . . such

os osclllator grid bias. One- MEASURES RESISTANCE

such as leakage in coupling

vents circuil loading. capacitor up to 1000 megohms.

L megohm resistor in probe pre-

Check these
important
features ...

Accurate [aboratory calibration.

Meter electronically protected
against burn-out.

Meial case shielding extra
stability in rf fields.

Sturdy 200-microampere meter
movement.

Carbon-film 1% multiplier re-
sistors . . . dependability plus.

Zero-center scale for dis-

criminator alignment.

Frequency response flat from
30 cps to approximately 3 Mc.

High ac input resistance for
greater accuracy.

Constant dc input resistance
11 megohms on all scales.

Negative feedback circuits for
greater over-all stability,

Ohms cable always positive
for quick leakage measure-
mentsof electrolytic capacitors.

Polarity reverse switch
eliminates cable switching.

+ 3% over-all accuracy on +dc
scales, and £5% on acand —dc
scales.

Avallable from your
RCA Test Equipment
Distributor
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Just one probe cable and
one slip-on probe handle all
measurements,

An all-electronic ac-operated vacuum-tube volt-ohmmeter by RCA
ONLY $47.50.

Includes DC probe, AC direct probe and cable, ground lead, and alligator clip.

The RCA WV-77A VoltOhmyst* provides
the extra features you have tried to find in an
inexpensive VI VM. Using the famous Volt-
Ohmystelectronic bridge circuit, 200-micro-
ampere meter movement, and carbon-film
multiplier resistors, the WV-77A incorpo-
rates features you would expect tofindonly in
more expensive instrumeants. Sturdily built...
calibrated against laboratory standards . . .
and backed by a 12-month warranty . . . the
WV-77A has the durability, versatility, and
accuracy to please discriminating customers
such as service technicians, engineers, ama-
teurs, and military personnel.

As a DC Voltmeter it measures dc¢ from
0.05 volt to 1200 volts in five ranges. Uses
1-megohm resistor in isolating probe; probe
has less than 2-uuf input capacitance. Has
11-megohm input; useful for measuring high-
resistance circuits such as oscillator, dis-
criminator, and avc.

As an AC Voltmeter it measures ac from
0.1 volt to 1200 volts rms in five ranges.

TESYT EOQUIPMENTY

Uses high-impedance diode tube as signal
rectifier. Frequency range is more than ade-
quate for measurement of power line, audio,
and ultra-sonic frequencies.

As a wide-range Ohmmeter the WV-77A
measures resistance from 0.2 ohm to 1
billion ohms in five ranges. Requires only
1.5-volt battery as burn-out protection in
measuring such low-power elements as
battery-type tube filaments.

The all-new RCA WV-77A VoltOhmyst
comes completely equipped with probes and
cables as illustrated. For complete details, see
your RCA Test Equipment Distributor today
...or write to RCA, Commercial Engineer-
ing, Section 52IX, Harrison, N. J.

Accessories Available on Order

The WG-289 High-Voltage Probe and WG-
206 Multiplier Resistor extend the dc range
of the WV-77A to 50,000 volts.

The WG-264 Crystal-Diode Probe extends
frequency range of the WV-77A to 250 Mc.

*Reg. U.S. Pat. Off,

RADIO CORPORATION of AMERICA

NARRISON. N. J.
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