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The UTC type HQ permalloy dust toroids are ideal for all audie, carrier and supersonic
applicatiens. HQA coils have Q over 100 at 5,000 cycles... HQB coils, Q over 200 at 4,000
cycles... HQC coils, Q over 200 at 30 KC...HQD coils, Q over 200 at 60 KC... HQE (mini-
ature) coils, Q over 120 at 10 KC. The toreid dust core provides very low hum pickup...
excellent stability with voltage change...negligible inductance change with temperature,
etc. Precision adjusted to 19 tolerance. Hermetically sealed.

Lt : HQA, HQC, HQD CASE —-
[ 1 113/16'Dia. x 1 3/16 High

G Inductance Net Inductance Net Inductance
’ Type No. Value Price Type No. Yalue Price Type No. Yalue Prlco
i A . HQA-1 5 mhy. | $7.00 HQA.18 7.5 hy $15.00 Hac-1 1 mhy. | $13.00
RIAT fioeoct v/ 24 1/ B HaA-2 125 mhy. | 7.00 HaA17 | 10, by | 1600 Hac-2 2.5 mhy.| 13.00
.-“,.. HOA-3 20  mhy. 7.50 HOA-18 15,  hy. 17.00 Hac-3 5 mhy.| 1300
. HAA-4 30 mhy. 7.50 HQB-1 10 mhy.| 16.00 Hac-4 10 mhy.| 13.00
HQA-5 50 mhy. 8.00 Has-2 30 mhy. 16.00 Hac-3 20 mhy. 13.00
HAA-6 80  mhy. 8.00 Hae-3 70 mhy.| 16.00 Hap-1 .4 mhy.| 15.00
HQA-7 125  mhy. 9.00 HaB-4 120 mhy.] 17.00 Hap-2 1 mhy. | 15.00
HOA-8 200  mhy. 9.00 Hae-s 5 hy. 17.00 HaD-3 25 mhy.| 15.00
HaR-8 300 mhy. | 10.00 HaB-8 1.  hy. 18.00 Hao-4 5 mhy.| 15.00
HAA-10 .5 hy. 10.00 KaB-7 2. hy. 19.00 Hap-s 15 mhy.| 15.00
HQA-11 .75 hy. 10.00 HaB-8 35 by 20.00 HQE-1 5  mhy. 6.00
HaA-12 1.25 hy. 11.00 HaB-9 75 hy. 21.00 HaE-2 10 mhy. 6.00
HQA-13 2. hy. 11.00 Hag-10 12, hy. 22.00 HQE-3 50  mhy. 7.00
o THOE G Haa-14 3 ny. | 1300 aB11 | 18 hy. | 23.00 MaE4 | 100 mhy.| 7.50
1/2x15/16'x 1 3/16'High HaA-1S 5. hy. 14.00 HQB-12 25,  hy. 24.00 HQE-S 200 mhy.| 8.00

These U.T.C. stock units take care of most STOCK FREQUENCIES
common filter applications. The interstage {Number after lettars Is frequency)
filters, BMI (band pass), HMI (high Net Price $25.00

pass), and LMI (low pass), have a BM1-60 BMI.1500 LMI-200 BML-400
Wi, Giox 1 nominal impedance at 10,000 ohms. Sim || Poam ) ke | e
13/16x111/16, The line filters, BML (band pass), HML - i y

1 5/8x21/2High (high pass), and LML (low pass), Bwi500 ::::gg L1300 mt:::o

. BMI-500 LMi-3000
are intended for use in 500/600 ohm circuits. BMI-750 | HMI-1000 | LMI-5000 | LML-2500

All units are shielded for low pickup BMI-1000 | HMI3c00 | LMI-10000 | LML-4000
(150 mv/gauss) and are hermetically sealed. LML-12000

150 VARICK STREET - NEW YORK 13, N. Y. 1
ABLES: SRUAR
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and
SAM L. ACKERMAN™**

Alir Force Missile Test Center
Patrick Alr Force Base

fession have at one time or another

had the occasion to record data. In
the fields of electricity and electronics,
perhaps the furthest advances have been
made in precision data indicating and
recording of scientific phenomena. The
recording oscillographs, utilizing gal-
vanometer elements, provide an ideal
means for observing and recording
static and dynamic data, and will be
the main subject of this article. Auxil-
iary or accessory equipment recently
developed to provide flexibility and
standardization of installation and
operating techniques at one of the ad-
vanced missile radio telemetry stations
at the Air Force Missile Test Center,
Patrick Air Force Base, Florida, will
be discussed in detail.

'I'HOSE in nearly every craft or pro-

The Recording Oscillograph

For those not familiar with this type
of recorder, it may be well to describe
in some detail the fundamental aspects
of this instrument. No doubt the oscillo-
graph which would normally come first
to mind would be a conventional elec-
tronic unit with a scope tube on the
front, similar to the common TV set,
and with a camera focused on the
oscilloscope tube. However, as men-
tioned before, the equipment to be dis-
cussed uses a galvanometer as the
active indicating element. The record-
ing oscillograph is really quite simple
—it is composed of a light source, a
mirror moved by a sensitive meter
movement to reflect the light, and a
photosensitive medium to record the
reflected light beam.

A review of the recording galvanom-
eter oscillograph manufacturers listed
in business guides indicates that this
is a multi-million dollar enterprise.
However, only a few of the available
manufacturers produce recorders satis.
factory for extensive use, and for pre-
cise measurements in the field of mis-
sile or aireraft testing. Most of the
reasons for this will become self-
evident, and a survey will show that

*Chief, Telemetry Section, Technical Systems Lab.

Photographic oscillographs are widely used to

record data obtained from telemetering systems.

some of the mechanical and electrical
characteristics of a few far surpass the
others.

The Galvanometer

The galvanometer element, which on
occasion may have been presented too
mysteriously, is in reality a d'Arsonval
meter movement without any pointer;
a small mirror replaces the pointer.
The movement of a current-carrying
wire in a magnetic field is one of the
basic concepts of electromagnetic theory
and this principle is utilized in con-
verting the electrical energy into me-
chanical energy in the galvanometer.
Degree of force or motion produced
is mostly dependent upon the flow of
electrons, the number of turns of the
conductor, and the strength of the mag-
netic field. Thus, with the present de-
sign, a compact element exists which

of a mirror. The moving beam of light
reflected from the mirror is then pro-
jected on a ground glass screen for
viewing, calibration and setup pur-
poses, and is simultaneously projected
onto photographic material to preserve
the data permanently.

Main components required to make
up the galvanometer are: a coil of wire,
a suspension for positioning the coil of
wire, a mirror, and a case or shell. Of
course, the galvanometer must be posi-
tioned in a magnetic field for operation,
but this magnet is separate and ex-
ternal for operational reasons. A
photo-optical system is used in con-
Jjunction with the mirror since it pro-
vides the means for producing a record
without extracting any appreciable
energy from the galvanometer. Charac-
teristics of the galvanometers in gen-
eral use conform to the following:

«sMajor, USAF. Chief. Internal Electranie En- very conveniently convgrts the flow of 1. anall s:fe (a_ppr'-'ommate dimen-
gineering Branch, Technical Systema Lab. electrons to the proportional movement sions: to 3/16” by 2" to 2% ")
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A technician is adjusting the position
of a galvanometer in the oscillograph,

2. Good sensitivity
0.033 ma./in.;
ma./in.)

3. Wide frequency
cps)

4. Rugged construction (suitable for
field, mobile or airborne installa-
tions)

5. Accuracy (1%)

6, Replaceability (electrically and me-
chanieally interchangeable)

7. Cost ($100 to $150 each)

(low frequency,
high frequency, 40

response (0-2000

Damping

The suspension of the galvanometer
is a free moving element, so that its
action under forced vibration follows
all the theory and formulas pertain-
ing to such motion. Of primary con-
cern to the user is the motion of the
element when a signal is applied. The
mass of the movement and its inertia
will distort the motion of the recorded
output in relation to the input if rap-
id changes occur. Thus, the damping

Pictorial cutaway illustration of a typ-
ical D’Arsonval galvanometer element.
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CALVARONETER

Front view of galvanometer panel. showing function controlzs as well as polarity
swliches which are recessed and normally protected by the hinged cover plate.

characteristics of the element as asso-
ciated with its circuitry should be un-
derstood.

Basically, two fundamental damp-
ing mediums are used: (1) fluid damp-
ing, i.e., the suspension rotates within
a viscous fluid, and (2) electromag-
netic damping, which utilizes the back
emf generated by the coil moving in a
magnetic field. Actually, any galvanom-
eter has additional damping effects
produced by both mediums since the
air in which an electromagnetically
damped galvanometer moves produces
some of the fluid damping effects, and
the source impedance of a fluid damped
galvanometer furnishes electromagnet-
ic damping. The total damping is the
arithmetical sum of all the per-unit
dampings of the particular system.

Damping is used mainly to control
the frequency response but it also in-
troduces a phase shift (very slight),
protects the galvanometer from viclent
overswings, and controls the time re-
quired to respond to sudden changes
in current.

Normally, 0.64 per-unit damping or
64% of critical damping i3 used since
it produces maximum frequency range
with minimum inherent error. Unfor-
tunately, many users procure galva-
nometers and standard shunts without
realizing that cireuitry associated with
the galvanometer may at times seri-
ously alter the damping characteristics.

Frequency Response

Whether electromagnetic or fluid
damping should be used is mainly de-
termined by the frequency response re-
quired and the driving current avail-
able. The electromagnetic type is gen-
erally more desirable since it normally
has higher sensitivity and a far lower
temperature coefficient. With the pres-

www americanradiohistorv com

ent manufacturing techniques, it can
be shown by the following basic formu-
la that the limiting factor for electro-
magnetic galvanometers is the frequen-
¢y response:

R=K/F

where R is the shunt resistance in
ohms, K a constant of construction and
installation, and F the frequency.

From the above, it is easy to under-
stand how the shunt resistance R be-
comes lower in value as the frequency
F is increased. Table 1 has been pre-
pared from values in one of the in-
struction manuals furnished with a
commercial recording oscillograph. Ae-
tually, the shunt resistance will never
become zero but its value will become
less than the internal resistance of the
galvanometer and its low sensitivity
will render it useless, fluid damping
then being necessary.

The present oscillographs utilize a
magnetic block teo provide proper flux
density for all the galvanometers in the
instrument. Thirty-six galvanometer
element installations are common in
blocks of about four or five inches long.
The frequency response range, linear

5% at 64% of critical damping, of
commercially available galvanometers
is from 0-2000 cps. Greater sensitivity
is obtainable by selecting elements—
whenever possible—that have a flat re-

Table 1. Relationship between response,
the shunt resistance., and sensitlvity.

ENGINEERING

Frequency Shunt

Response Resistance S(ensl;ll\;h)y
(cps) (ohms) ma/ln.
0- 60 350 0.033
0-100 180 0.035
0-180 | 83 0.040

FEBRUARY, 1953


www.americanradiohistory.com
www.americanradiohistory.com

sponse range limited to the intelligence
frequency to be investigated. By con-
sidering the theory of galvanometer
operation, it is easy to realize that
since the flux density is a constant,
more force will be produced by a con-
stant current if the number of turns is
increased. Unfortunately, more turns
increase the mass, so the natural fre-
quency is low. Conversely then, reduc-
ing the number of turns will increase
the natural frequency but reduce the
force or degree of rotation of the mir-
ror.

Data received at telemetry stations
is generally stored on magnetic tape,
which is played back after the test has
been completed, and is recorded direct-
lv on a recorder which produces a visu-
a]l and permanent record. In the oscil-
lograph recorder, the photosensitive
paper travels at a constant speed while
an accurate time base is recorded, and
the information is presented as a trace
deflection proportional to the intelli-
gence data. The usefulness of the reec-
ord is threefold—an experienced engi-
neer can view a record after a flight
and, reading it as a graph, estimate per-
formance; he can read data accurately
by tabulating each period of time re-
quired; or if the data are to be fed
from magnetic storage into electronic
computers, he can determine which
portions are worth while tabulating or
printing and at what rate it should be
accomplished.

Applications

Utilization of recording oscillographs
to record data in telemetry installa-
tions at the guided missile test ranges
has become a necessity. Merely to
place them on benches or tables is most
inefficient and not in keeping with the
present “state of the art.” If varying
work loads exist whereby “setup con-
ditions” have to be changed occasion-
ally, the work becomes very difficult
and discouraging. In fact, where lack
of standardization is apparent, so much
individualism creeps in that set pro-
cedures cannot be adhered to. The re-
sult is eventually disastrous. Sooner or
later, while under pressure or while
training new personnel on the job, the
time will come when the signals sup-
posedly connected to the instrument
will be missing from the record.

The early oscillographs were devel-
oped to enable seismograph recordings
to be made in geophysical exploration,
and they still find wide application in
that field. In these early models, small
pickups would indicate amplitude and
the recorder itself would apply a time
base so that smal exploding charges
could be set off to indicate terrain con-
figuration.

Radio telemetry is one of the prime
users of oscillographs today, and has
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Circuit diagram and paris values for the galvanometer amplifier.

fostered or made practical many of the
improvements on oscillographs which
have been adapted in the past few
years. Recording oscillographs are in
use in the majority of telemetry sys-
tems as one of the means of recording
data, and they will be found on most of
the missile test ranges. Some of the
ranges employ 20 to 40 such instru-
ments.

The recording oscillograph, when
used by itself, can be operated on a
laboratory bench or table. While the
instrument is only 12-14” high, 10-12”
wide and 18-24” deep, it requires a
considerable amount of free space for
cabling, galvanometer adjustment,
changing drive speed, magazine load-
ing and operational viewing. In fact,
every side must be accessible except
the bottom and the back. Unfortunate-
ly, to provide accessibility, many instru-
mentation installations merely space
them wide apart in rows on tables.
Thus, all the engineering planning of
the installation is lost somewhere in a
maze of cabling that resembles a con-
glomeration of short-circuited one-
armed bandits. The small oscillograph
now requires a floor area of about
nine square feet.

Osecillograph Racks .

Because of experiences gained from
the other missile test ranges, the engi-
neers in the AFMTC’s Technical Sys-
tems Laboratory felt that it was neces-
sary to develop and fabricate oscillo-
graph recording racks for installations
of elaborate telemetry facilities, and
furthermore, that centralized recording
techniques should be employed. The
final AFMTC design provided for all

www americanradiohistorv. com
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information from as many as three 16-
channel or six 8-channel FM/FM tele-
metry systems to be available for “set
up” at each oscillograph.

Each oscillograph rack is complete
in itself. Separate panels are provided
for each group of data outputs from
the telemetry stations. This permits
easy expansion or adaptability to other
types of instrumentation for standard-
ization. The basic design parameters
were to provide proper installation and

(Continued on page 28)

Typical oscillograph record with trace
lines and timing markers ldentified.
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A THERMOCOUPLE A.F. WATTMETER

A R _Fﬁ
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Instrumentation for an analog computer. Central instruments are

electronic voltmeters and outer vertical pairs are wattmeters.

By using electronic amplification, many disadvantages

of the thermocouple for measuring power are overcome.

UDIO-FREQUENCY power ieas-
A urements have usually been made

by dissipation of the power in a
known resistive load, since few audio-
frequency wattmeters have been avail-
able. Numerous proposals appear in the
literature covering low-burden elec-
tronic instruments which usually em-
ploy some form of square-law circuit,
as in Fig. 1, but practical forms of the
instrument have rarely appeared.

Usval Theory

It can be seen that the input to diode ™

(or triode) V, in Fig. 1 is:

e, = ¢ — iR d) ml el Tk (1)
and the input to diode V, is:
e = € + iR, (2)

where e is the instantaneous value of
voltage applied to the load, and ¢ is the
instantaneous value of current flowing
to the load. Resistors R. are assumed
small and equal,

In the usual manner, if the diodes

Fig. 1. Basic form of the square-law
circuit used for power measurement,

have identical volt-ampere curves given
by:

1= @ + a.e + a-€ B (t3)
then the anode current of V, is:
L= G + e — aiiR: + a.e’

— 2a:e1R: + a:TRS - (4)

The anode current i of V. differs only
in that the two negative signs become
positive.

The output or load circuit is acted
upon by the difference of currents 4, and
i;, and it is apparent that all positive
terms appearing in both equations will
cancel, leaving only a result equal to
twice that of the negative terms in (4).
Thus:
four = & — 1 = 2a,ik; + da:eiR: . (5)

If the applied electromotive force is
sinusoidal, or ¢ = E, sin ¢t and 1 =
I sin (wt 4 #), where ¢ is the power fac-
tor angle of the load, then the output
current is:
tour = 2a:IR; sin (ot + 8)

+ 4a:E\IR; sin (wt) sin (wt 40).(6)

Fig. 2. Schematic dicgram showing
basic principles of thermal converter.

.
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If IR: = E., the above becomes by ex-
pansion:
tout = 2a1 IR: (c0s 8 sin ot 4 sin® cos wt)

+ 2a.E.IR:(sin ¢ sin 2wt

— ¢0s 8 cos Zwt)

+ 2G:E11R: cos ¢ .(7)

If this difference current is applied
to a d.c. or average reading instrument
M, only the last term of (7) will de-
flect the meter, since the first two terms
represent a.c. currents. These may be
bypassed around M by a suitable
capacitor.

If IR, = E., then the instrument M
is deflected by a d.c. current of value:
iv = 2a-E.\E- cos ¢ . (8)
which is proportional to the average
load power, angle @ being the load power
factor angle. Thus meter M becomes an
indicator of average load power.

Reasons for Dissatisfaction

Certain assumptions have been made
in reaching the above results, and these
are:

(a) The two tubes have identical volt-
ampere curves, or pass identical
currents for all values of applied
voltage.

(b) The matching of (a) exists
throughout the life of the tubes,
and for all values of heater volt-
age.

(¢) The tube volt-ampere curve is ac-
curately expressed by (3), and no
higher power terms are present.

In practice, it has been impossible to
find or to maintain tubes or crystals
meeting these assumptions, such that
power measurement accuracies of better
than 5% can be achieved without se-
verely restricting the load current or
voltage to a very small range. Two
tubes or two crystals may be matched
to equal quiescent eurrents or values of
as, by adjustment of the tap on R;, but
balanced currents will probably not be
obtained at other applied voltages. This
action, of course, indicates unequal val-
ues of a, and a..

*This article iz based on & paper presented in
Chicago at the 1952 National Electronica Confer-
ence, held Sept, 29, 30 and Oct. 1.
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Controls may be added for additional
individual adjustment, usually taking
the form of resistors in the circuit.
However, it should be noted that coeffi-
cient a, of (3) appears in the results of
(7) and (8). Any additional resistance
added to the circuit for adjustment pur-
poses has the effect of linearizing the
circuit, reducing the value of a., and
thus lowering the sensitivity of the cir-
cuit when used as a wattmeter.

Since three coefficients appear in the
series (3), three independent adjust-
ments are theoretically needed. These
additional adjustments may be obtained
by use of triodes or pentodes with grid
bias controls, but the over-all result is
not changed—to achieve and maintain
a match of volt-ampere characteristies
over an applied voltage range of pos-
sibly 50 to 1 is not a practical matter
with commerecial tubes.

Use of Thermocouples

It should be noted that the important
property required of this circuit is its
ability to square, or cross-multiply, the
input voltages, since it is only the
squared term of (3) which leads to the
result of (7) or (8). Another electrical
device that inherently employs this
squaring property is the thermocouple,
as its output is obtained from heat or
TR input to its heater.

Actually, the thermocouple has been
employed for many years as a squaring
device in a wattmeter, sometimes used
in the electrie utility industry. When so
used, the device is known as a Lincoln
“thermal converter” wherein a d.c.
electromotive force is generated propor-
tional to load watts, this d.c. electro-
motive force then being telemetered or
transmitted over telephone lines to a
distant point where the power is indi-
cated or recorded.

The desired squaring property is
present in the thermocouple together
with certain disadvantages, such as
limited overload capacity, slowness of
response, low heater resistances, and
thus rather large current inputs. By
using electronic amplifiers and tech-
niques in the thermal converter circuit,
it is possible to overcome all of these
disadvantages except the slowness of
response. This can be controlled to
some extent by the selection of very
small thermocouples of low heat capaci-
ty, and an anticipating electrical circuit
can be added if needed.

Thermal Converter

The principle of the thermal con-
verter is illustrated in Fig. 2, from
which it can be seen that this unit is
fundamentally the same as the elec-
tronic unit of Fig. 1. Thermocouples
are employed to square the respective
sum and difference input voltages, and
to subtract the outputs, leaving a net

FEBRUARY, 1933

current through the microammeter M
which is proportional to power in the
load ecircuit. In Fig. 2, H indicates
heater connections, C the couple con-
nections; vacuum-mounted thermocou-
ples are preferred.

There is one objection to the use of
the simple circuit of Fig. 2. Theory in-
dicates that the circuit has maximum
power sensitivity when voltages F, and
E. of (8) are equal. Since it is not
usually desirable to make the series
voltage drop of IR: equal to the line
voltage E, because of excessive losses,
some form of amplification of voltage
E. = IR: is desirable. In order to reduce
the loading effect of the wattmeter on
the circuit to a minimum, an electronic
amplifier is indicated. It should be
pointed out, however, that the amplifier
will only be required to be linear, all
squaring or nonlinearity of characteris-
tics being a function assigned to the
thermocouples.

The Wattmeter Circuit

The circuit of the amplifier incorpo-
rated between the shunts and the two
thermocouples is shown in Fig. 5. A
50:1 step-up transformer is used across
the shunts, as this seemed an easy way
to obtain isolation and a voltage in-
crease. Shunt values are chosen to pro-
duce 20 millivolts at full-load current,
and the line voltage is taken off the
shunted potentiometer at a point pro-
viding one volt maximum. It is realized
that the use of good transformers is
necessary at this point if wide fre-
quency response is to be obtained. How-
ever, if a poor transformer is used, its
performance can be considerably im-
proved by shunting the secondary with
a loading resistor.

The first amplifier stage is conven-
tional. The second stage employs two

Fig. 5. Schematic diagram and parts
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Fig. 4. Performance of vacuum
tube limiters in preventing the
thermocouples from buming out.

6J6 tubes, with halves paralleled, and
with cathode-follower output. This form
of output provides much wider fre-
quency response from a given trans-
former than if the more usual plate
output were used. In this case, the
transformers are needed for matching
the relatively low-resistance thermo-
couple heaters (2 ohms, 100 ma.) to
the 6J6 tubes, and low-cost tube-to-
voice coil transformers were found to
be satisfactory.

It should be noted that this is not
a push-pull amplifier since the two side
channels are amplifying different sig-
nals (e — iR: and ¢ 4 iR:), and no cou-

(Contirued on page 20)

values for the complete instrument.
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ULTRASONIC
MICROSCOPE

Translated by

GILBERT B. DEVEY
Office of Naval Research

HE successful development of ultra-

acoustics and the obtaining of very

short ultrasonic waves, of the order
of the wavelength of visible light, has
led to the development of an ultrasonic
microscope with which it is possible to
view the picture of an object in magni-
fied scale. Inasmuch as nearly all bodies
in nature are transparent to ultrasonic
waves, the ultrasonic microscope is ex-
pected to have a very wide field of ap-
plication. Its principle of operation
may be found in the proposal of S. Y,
Sokolov in 1936 (U. S. patent 2,164,125,
issued June 27, 1939).

Operation of the ultrasonic micro-
scope may be described as follows. A
narrow beam of ultrasound is bunched
(Fig. 2), and radiated by a piezoelec-
tric quartz plate (1) to illuminate the
object under examination (2). Reflec-
tions of the ultrasonic beam from the
object fall on an acoustical collector
lens (3), the focus of which is set for
reception at (4), consisting of a piezo-
electric (e.g., quartz) plate.

The reception plate is located at the
base of the tube (8). The narrow beam
of the cathode rays (7), inside the cath-
ode ray tube, falls on the inner surface
of the narrow plate and dislodges
secondary electrons, which are then col-
lected by the anode (9).

Under the action of the charge, the
image on the inner surface of the nar-
row plate comes from the region of the
ultrasound, and secondary electrons are
emitted when the surface of the plate is
made to undergo a change. This change
of secondary emission results in greater
current acting on the anode (9), the
magnitude being increased by special
amplifiers and passed to the modulator
arrangement of the cathode of the tube
(6). Then the intensification of the
cathode beam in the tube (6) causes a
fluctuation which conforms to the varia-
tion of secondary emission from the

*Translated from an article entitied “The Ultra-
sonie Microscope’ by S. Y. Sokolov which ap-
peared in the Russian Journal *Progress in
Physical Science,” Vol. XL. Jan.. 1950,

8 RADIO-ELECTRONIC

Fig. 1. Overall view of a
developmental ulirasonic micro-
scope. The picture on the screen
shows a wire loop magnified ten times.

Ultrasonic waves have been successfully used

as the source of illumination in a microscope.

surface (4). This is accomplished by
the television method of synchronism of
motion by lines and frames of the cath-
ode beams of the tubes (6) and (8).
The screen of the cathode tube (6)
then shows the semblance of a picture
as distributed by the electrical charge
on the receiver plate (4).

Piezoelectric charges appear on the
surface of the quartz plate at the same
points where deformation has taken
place. Therefore, a picture is distrib-
uted on the surface of the quartz plate
in exact conformance to the ultrasonic
field in the focal plane of the lens (38).

Inasmuch as the configuration of the
ultrasonic field in the focal plane in its
line of conformance portrays the object,
this object is immediately seen on the
screen of the tube (6). Transposition
of the object understandingly gives the
appearance of transference of its image
to the screen.

Fig. 2. Diagram illustrating the prin.
ciple of operation of the microscope.
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Magnification of the image, given in
the description of the system, is deter-
mined by the ratio of the linear dimen-
sions of the cathode tubes (6) and (8).
Calculations show that in the ultra-
sonic microscope magnification ap-
proaches the order of tens of thousands
of times. The resolving capacity de-
pends on the cross-sectional area of the
cathode beam in the tube (8), param-
eters of the piezoelectric plate, and
length of the ultrasonic waves.

Experiment shows that s frequency
of 10° cycles can be obtained without
particular difficulty and that there is
a good possibility of obtaining a fre-
quency of 10!° cycles. In water, the
length of ultrasonic waves at a fre-
quency of 3 x 10° ¢ycles is equal to 5 x
10-% cm., i.e., the wavelength of visible
light. At that frequency, the resolving
power of the ultrasonic microscope may
reach an extreme, close to the resolving
power of the optical microscope.

For capillary waves, the speed of dif-
fusion is considerably less; and the
wavelength accordingly is much smaller
than the wavelength of visible light.
Consequently, if the radiation type of
capillary waves can be obtained at
higher frequencies in the future, there
will be an opportunity to increase the
resolution capacity of the ultrasonic
microscope by one or two orders to
compare with the best optical micro-
scope.

The objects under examination can be
illuminated with a continuous ultra-
sonic beam as well as with single im-
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pulses. For amplification of the second-
ary emission, it is expedient for the
inner surface of the receiving plate to
be covered by a special layer which pos-
sesses great secondary emission.

The method of obtaining a visible
picture may be altered, as shown in Fig.
3(A). Here, the piezoelectric quartz
plate (1) serves as the base of the
vacuum triode (2). An ultrasonic beam
falls on the outer surface of the piezo-
electric plate (1), the inner surface of
which is covered by a photosensitive
layer. Under the action of the ultra-
violet beam (8), uniformly illuminating
the inner surface of the plate, photo-
electrons are emitted which—acceler-
ated by the application of an electrical
field—pass through the system of mag-
netic and electrical lenses (4) and fall
on the fluorescent screen (5). On the
sereen, as in the usual electron micro-
scope, only the image of the source of
electrons may be seen—in this case, the
image of the distribution of photoelec-
tric emission from the surface of the
piezoelectric plate (1). Distribution of
photoemission on the surface of the
plate is in precise conformance to the
distribution of the piezoelectric charge,
which reproduces the configuration of
the ultrasonic field. On the screen (§),
the image of the ultrasonic field can be
seen; this is a repetition of the image
of the object, established by the ultra-
sonic field, in conformance with the
magnified scale.

The resolution capability in this case
is dependent on the length of the ultra-
sonic wave, on the thickness and di-
electric property used in the piezoelec-
tric plate, and on the construction of
the lens system. Ultraviolet radiation,
illuminating the quartz plate, can be
replaced by a homogeneous electron
cluster.

Another version of the ultrasonic
microscope is illustrated by Fig. 3(B).
This, as in the preceding version, de-
picts the object received in magnified
scale on the screen (5). However, in

Fig. 4 Utrasonic microscope image of

metallic loop immersed in cpaque liquid.
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this scheme, the screen (5) consists of
a thin plate on which a photosensitive
mosaic layer is drawn, causing second-
ary electrons under the action of fall-
ing electrons to be collected on the an-
nular anode (6). Electrons in the beam
(7) fall on the screen (B) and, as in
the usual television tube, move line and
frame, equalizing in such a manner on
the screen (5) as to form an image of
the object by electrical potential. The
change in secondary-electron emission
is amplified and passed to the second
tube, in which the cathode beam move-
ment is synchronized with the cathode
beam (7). In this case, the image of
the object is received on the screen of
the second tube.

It should be noted that the capabili-
ties have to be determined not only
from the facts mentioned above but also
by additional factors of anether kind,
primarily by the complexity of the vi-
brations of the quartz plate which is
excited by different types of ultrasonic
beams; the action of these beams induce
not merely longitudinal waves but also
transverse and surface waves, which
will distort the image. Use of the
quartz plate is accomplished by special
cuts and choice of the proper method of
strengthening (border conditions),
which may be diametrical, and the sur-
face waves in the quartz plate are
greatly attenuated to increase the clear-
ness of the picture. Applications for
the ultrasonic microscope evidently are
diversified enough and have sufficient
possibilities to warrant rapid growth in
this field.

Now to the description of the experi-
mental performance of the ultrasonic
microscope in scientific laboratories:

In Fig. 4, a metallic object is shown
immersed in an opaque liquid (magni-
fied ten times).

Figure 5 illustrates a glass rod and
glass tube of equal dimensions. In the
rod, the clear space shows ultrasonic
waves partially suppressed. The tube
displays uniform illumination, as the

Fig. 5. Image of glass rod (left} and
tube {(right) in « homogeneous fleld.
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Fig. 3. Two alternate versions of the
ultrasonlc microscope. (A) Ilmage is
formed by ¢ leration of dary

electrons from treated surface of quariz
plate 1. (B) Image Is formed by elec-
tron beam 7 which scans element 8.

ultrasonic ray does not pass across the
tube. Therefore, the shape, with the
help of the ultrasonic microscope, may
be distinguished by the presence of a
capillary.

In Fig. 6, the rod and tube are again
shown, illuminated by a different type
of ultrasonic ray. This discriminates
between particles illuminated with dif-
ferent intensities and therefore depicts
alterations.

With the ultrasonic microscope,
especially good observations may be
made of structures. It must be deter-
mined which structure of the ultrasonic
wave will give exactness of transmis.
sion without a type of deformation.
When the radiating quartz plate oscil-
lates in the fundamental mode, and no
object is being examined, a light even
spot is obtained. For oscillations above
the fundamental, a nonuniform illumi-
nation results.

In the ultrasonic microscope, the ob-
ject conforms to the tube, bound with
the ultrasonic wave, and the image con-
forms to the transmission tube, on the
screen of which the object is seen. One
form of an ultrasonic microscope is
shown in Fig. 1.

~~ B

Fig. 8. Glass rod (left) and tuba {right)
in a noohomogeneous ultrasonic field.
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Fig. 1. An overall view
of the five-digit multipli-
er used in the computer
reliability tests at MIT.

PUTER RELIABILITY

e o
N

EDWIN S. RICH and ROBERT R. RATHBONE

Digital Computer Lab., Massachusells Institute of Technology

Performance criteria of electronic digital computers

based on results of an extended 27-month life test.

a large digital computer is a far
different problem from that en-
countered in the operation of radar,
television, and other communication
systems. A stray pulse or an intermit-
tent failure of any one of thousands
of electrical components, for example,
may cause a circuit to function im-
properly and thereby invalidate all sub-
sequent caleulations. The engineer who
enters the field of electronic computa-
tion must therefore adopt an entirely
new concept of system reliability, based
on the elimination of single errors.
Unfortunately, he cannot find the cri-
teria for implementing this concept in
any textbook; he must learn them grad-
ually from the experience of others and
through his own cut-and-try methods.
The purpose of this article is to
place on record the results of a 20,000-
hour reliability run of a prototype dig-
ital computer, in which the goal was
error-free operation for extended peri-
ods. Although this life test dees not
offer a specific answer to every question

MAINTAINING system reliability in
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it raises, the findings may give the
reader a point of departure for devel-
oping his own philosophy on the
subject.

Five-Digit Multiplier

Before the construction of the MIT
Whirlwind I electronic computer* could
be completed, it was essential that
pertinent data be obtained on the re-
liability of basic circuits and the life
expectancy of vacuum tubes and other
components. Since no information on
the extended operation of a system
such as the Whirlwind could be found
in the literature, a five-digit multiplier
(Fig. 1) was built as the proving
ground for the new pulsed circuits and
components.

A short description of the multiplier
will aid the reader in understanding
the discussion of the life test which
follows. The logical design of this pro-
totype computer is shown in Fig. 2.
The arithmetic element uses 275 vacu-

*4 high speed digital computer sponsored by
the Office of Naval Research.
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um tubes, 350 ecrystal rectifiers, 800

resistors, 675 capacitors, 100 pulse
transformers, and 80 r.f. chokes. Design
was limited to one arithmetic process
because the circuits and techniques
are similar for each process; multipli-
cation was chosen because of the strict
circuit requirements it imposes. Stor-
age and input-output elements were
not stressed and appear in the simplest
forms: toggle switches, push buttons,
and indicator lights. The control was
built from special pulse-control test
equipment developed at MIT* and con-
tains approximately 100 vacuum tubes
and 950 other components.

When two numbers are to be multi-
plied, they are inserted manually into
the registers of toggle-switch (T-8)
storage. The numbers are read into
the arithmetic registers and multipli-
cation is executed by 0.1-microsecond
pulses. A control switch provides for
either automatic (2-me.) or step-by-
step (push-button) operation. Results
are displaved in binary notation by
flip-flop indicator lights.

A preventive-maintenance scheme,
called “marginal checking,” was built
into the system in order to detect de-
teriorating components before they could
cause errors in computations. (The
rack at the extreme right in Fig. 1
holds these circuits.) The function of
marginal checking is to vary certain

*Described in the Aug., 1951. throuah February,
1952, igsues of RADIO-ELECTRONIC ENGINEERING.
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voltages, generally screen voltages, in
selected circuits of the multiplier so
that the components operate under
great stress. Any component with a
low operating margin will effectively
lose this margin during the check and
the circuit will not operate. When a
test problem is run, the operator can
then isolate the weak component and
replace it.

Power for the multiplier is supplied
from three motor-generator sets whose
d.c. outputs are —100, +150, and 42560
volts. Power for marginal checking is
obtained from a G-E amplidyne whose
d.c. output ean be manually varied from
—100 to +100 volts. During marginal
checking this generator is switched in
series with the d.c. supply to the ecir-
cuits which are to be checked.

Extended Reliability Run

On April 1, 1949, the multiplier
started a reliability run which ex-
tended for 27 months. During this
time, the machine continuously multi-
plied two five-binary-digit numbers and
checked for a correct result at the end
of each multiplication. The multiplica-
tions required about 8 microseconds
each and were repeated at the rate of
15.000 times a second. When errors
occurred, they were recorded by electro-
mechanical counters and an Esterline-
Angus inking recorder. Three counters
were used as a “two-out-of-three”
check; twice a day they were tested
carefully to be sure they would respond
to a single-error pulse.

Performnance requirements were rig-
orous. All errors of undetermined ovi-
gin and those from failures of defective,
deteriorating, or accidentally damaged
components were counted. Thoese re-
sulting from failures of power supplies
were also charged against the system.
The only exceptions were errors caused
directly by two failures in city power,
two power line failures, and a transient
introduced into the power line by a
local thunderstorm.

For the first 18 months, about half
an hour of each working day was spent
in preventive maintenance. During the
last nine months, as performance im-
proved. this checking was reduced to
twice a week. In addition, trouble-
shooting for intermittent failures, not
isolated by marginal checking, was nec-
essary—especially for the first six
months.

A log was kept during the entire run,
with entries stating when errors oc-
curred and what remedial action was
taken. An operation chart was drawn
daily from the information in the log
to provide an over-all picture of the
multiplier’s reliability. The longest
error-free run extended for 143 days,
or nearly five months. It was inter-
rupted when, for some unknown rea-
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son, a power supply fuse burned out.

The test was terminated June 30,
1951, because operating experience on
the Whirlwind I computer had reached
a point where little benefit could be
obtained from further studies of the
five-digit multiplier.

Error Periods

Figure 4 summarizes the number of
error periods that occurred during each
of the 27 nionths. An “error period” is
defined as the discrete period during
which any number of errors occur
without interruption. This number may
range from one to several thousand,
but since single errors, as well as mul-
tiple errors, can invalidate results and
require the attention of an operator,
each error period is considered as
having the same weight regardless of
the number of errors recorded. The
total number of error periods over the
27 months was 142, or an average of
one every 136 hours.

Work During Shutdown

Over half of the error periods (78)
occurred during the first 96 days
(April 1 through July 5, 1949). Con-
siderable dependence had been placed
on the marginal-checking facilities as
a means of obtaining and keeping a
high level of system performance, but
this large number of ervor periods in-
dicated that the new maintenance tech-
nique alone was not sufficient.

Because daily checking ensured that
all eircuits basically had wide operating
margins, it was concluded that the fre-
quent errors were caused by transient
disturbances rather than by slow drifts
in circuit tolerances. Intermittent con-
nections were suspected first, and for
lack of more refined methods, the search
for such c¢onnections was made by

Fig. 3.
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Fig. 2. Block diagram showing logical
design of the five-digit multiplier.

painstakingly tapping panels and com-
ponents. Within a short time sufficient
weaknesses were found to indicate that
a shutdown for overhaul was necessary.
Nearly all of the faults discovered
were ones which caused momentary
rather than permanent failure. Fur-
thermore, they would have been over-
looked if evaluated by the usual cri-
teria of performance; they were shown
up in this case by the extreme sensi-
tivity of the multiplier acting as a
detecting instrument. The defects found
were (1) insufficient spring pressure
in cartridge-type fuse holders, (2)
inadequate contact pressure in power
distribution relays, (3) momentary
shorts or leakage between elements
within vacuum tubes, (4) poor connec-
tions in adapters which had been
provided to permit use of lock-in-base
tubes in circuits built for octal-base
tubes, (b) loose screws on power-
wiring terminal strips, and (6) un-
soldered or cold-soldered component
connections. The shutdown was utilized
to correct all of the faults that had
been discovered and to guarantee re-
liability further by eliminating all un-
necessary contacts (such as relays and
manual switches) and by replacing all
fuse holders and tube adapters with

Graphs of vacuum tube life in the live-digit multiplier.
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Fig. 4. Perlformance of the five-digit
multiplier during the reliability run.

more rugged units. It is not known
that all of these weaknesses would have
caused operational failures if they had
remained, but as a conservative meas-
ure they were regarded as potential
faults and were therefore corrected.
During the 96 days following shut-
down, the number of error periods de-
creased to seven. The error rate for the
remainder of the 27-month run was an
average of one every 286 hours.

Vacvum Tube life

Significant information on vacuum
tube life has been obtained from records
on tubes used in the five-digit multi-
plier. The multiplier contains about
375 tubes (sockets) of which approxi-
mately half are types extensively used
in the Whirlwind computer (409 of
type TAD7 and 10% of type TAKT).
About 18 per cent of the tube comple-
ment is type 6AS6, while small num-
bers of other types comprise the re-
mainder.

Figure 3 shows the life characteris-
tics of (1) the 7AK7, a dual-control-
grid pentode which was manufactured
under pilot plant conditions, (2) the
7AD17, a video amplifier pentode pur-
chased from commercial production,
and (3) the 6AS6, a miniature dual-
control-grid tube also from commercial
production. The plot is percentage sur-
vival vs. length of service for original
and replacement tubes. The criterion
for the end-of-life of a tube is the
tube’s failure to perform satisfactorily
in the circuit to which it is assigned.
Life of the 6AS6 tubes is apparently
much shorter than that of the other
two types, because the 6AS6’s are used
in circuits that have smaller operating
margins and the effective life of tubes
in a given piece of equipment is closely
related to circuit design. If it had been
possible to build circuits in which
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changes in tube characteristics had no
effect on circuit performance, then the
percentage of survival would have
been much higher than these curves
show.

A question sometimes raised in dis-
cussions of tube life is whether tubes
tend to have a definite period of useful-
ness and therefore should be replaced
as a group after a certain length of
time or whether the failures occur at
a fixed rate so that nothing would be
gained by wholesale tube replacement.
Experience with the multiplier seems
to point to the latter type of behavior
and certainly indicates that wholesale
replacement is not warranted within
the period of time shown on these
curves. In Fig. 3, the data are shown
on a semi-log plot with smooth curves
(the solid lines) drawn through the
points so that the slope of a curve is
a measure of the rate of tube failure.
For all three types the rate of failure
decreases fer increasing length of serv-
ice, as indicated by the flattening out
of the curves. However, the samples
are probably too small for this fact to
be considered significant. To get a con-
servative measure of tube life in this
equipment, points have been deter-
mined where 50 per cent of the tubes
would have remained if failures had
continued at their initial rates, as
shown by the broken lines. These fig-
ures are 6400 hours for the 6ASS,
14,000 hours for the 7AD7, and 29,000
hours for the TAK?7.

Other Components

No capacitors or r.f. chokes failed
during the test and only two pulse
transformers had to be replaced. On
the other hand, it was necessary to
replace 29 of the 120 carbon resistors
selected to less than 19 tolerance for
use in flip-flop circuits. Crystal clamps
were also troublesome in flip-flop cir-
cuits, where a back resistance of at
least 0.5 megohm is essential. One hun-
dred clamps of a special high-back-
resistance type similar to the 1N38
were used in these circuits, and a total
of 78 replacements was necessary be-
cause of the small tolerances. By com-
parison, 386 crystals (type 1N34 or
equivalent) used in other less critical
circuits required only 32 replacements.

Because a guarantee of maximum re-
liability was the intended goal, this
sensitive clamp circuit should have
been redesigned. However, rather than
interrupt the test, a simple marginal-
checking routine was applied periodi-
cally to the clamp circuits and the de-
teriorating crystals were quickly lo-
cated. In this case, then, the desired
reliability was ensured at the expense
of additional preventive maintenance.

The importance of extensive oper-
ating experience in discovering unpre-
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dictable factors that influence relia-
bility was emphasized on several occa-
sions. Two examples are of interest.
As originally designed, the multiplier
had pilot lights to indicate the presence
of the +150-volt and 4 250-volt power
inputs to each panel. These lights were
110-volt lamps fed from the respective
supply points through appropriate
dropping resistors. During the relia-
bility run, it was discovered that occa-
sionally an error count was caused by
the burning out of one of these lamps.
A search revealed that the dropping
resistors were mounted near the filter
circuits at the bottom of the panel and
that the leads at the top of the panel
were cabled for some distance with
several wires which distributed power
to the circuits on the panel. Under
these conditions, interruption of cur-
rent to a lamp caused a sudden jump
in voltage on the wire to that lamp.
This voltage jump, capacitively coupled
into the power distribution circuits, was
responsible for the errors observed.
Relocating the dropping resistors at
the lamps rather than at the filters
eliminated the trouble.

The second example of unpredictable
factors which can affect reliability was
discovered accidentally. A metal coat
tree in the multiplier room was habitu-
ally used by a few employees who
worked in that portion of the building.
One employee observed that a static
discharge from hanging his new plastic
raincoat on the coat tree caused multi-
plier errors. The exact way in which
these were introduced was not deter-
mined. Previously, qualitative tests had
been made to discover whether the sys-
tem was sensitive to radiated signals
and negative results were obtained.
A commercial r.f. bomber was used for
these tests and no attempt was made
to cover the complete r.f. spectrum.

Noise Measurements

One of the aims of the multiplier
reliability test was to examine the ade-
quacy of maintenance techniques and,
if possible, to discover new techniques
which might be applicable to the Whirl-
wind I computer. Toward this end, some
experiments were carried out to deter-
mine the sensitivity of the system to
noise signals.

In the majority of electronic circuit
applications outside the computer field,
an occasional transient disturbance
whose amplitude is comparable to that
of the wanted signal is of little or no
consequence. Interpretation of signals
within these systems, whether by human
beings or electrical equipment, involves
an averaging or filtering process which
effectively discriminates against noise.
In a digital computer, however, inter-
pretation of signals is done by memory

(Continued on page 31)
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FUNDAMENTAL CHARACTERISTICS

GITA

HOSE who are familiar with various

complex present-day computers will

have no difficulty in classifying a spe-
cific one as being either “analog” or
“digital.” This classification into analog
or digital computation is apt to be con-
sidered both exclusive and exhaustive.
It is not difficult to put such two-valued
faith to task. This faith may have been
strained (though not broken) for the
first time, perhaps, when the digital
differential analyzer appeared on the
scene. Some described it as a digital
computer programmed in an analog
fashion. Future computers may require,
not a single, but a repeated employment
of both of these words.

However, no revolutionary develop-
ments in the computer field are neces-
sary to cause hopeless entanglement
with this limited vocabulary. Suppose a
novice were to ask humbly for an expla-
nation of the difference between digital
and analog. It would be natural to try
to clear up this difference once and for
all with a few simple examples. Take
the speedometer of a car. The speed in-
dication is by means of a shaft whose
angular position is the analog of the
speed of the car. This is a fine example
of an analog unit, although an innocent
reference of the novice to the numerical
calibration of the dial might leave an
uneasy doubt in the mind. The mileage
indicator, on the other hand, is an ex-
cellent example of a digital unit: the
leftmost wheel counts one for each
10,000 miles, the next wheel for each
1000 miles, and so on down the line.
Unfortunately, the purity of this ex-
ample is rudely shattered by the right-
most wheel; this black wheel of the
family turns in a centinuous fashion as
any decent analog shaft would and
seems to carry those large numerals
only for the sheer purpose of confusion.

By this time there would probably be
a distressed expression on the begin-
ner’s face, and, in search of a better
example, the electric clock on the wall
might be considered. Both hands of such
a clock are mounted on coentinuously
rotating shafts whose positions are the
analog of time. When about to call the
clock an analog unit, however, the be-
ginner might suddenly announce that
the two hands of the clock seem to be
related to each other in a manner very
similar to the wheels of the mileage in-
dicator. In fact, are not the hands of the
clock like digits, one showing finer de-
tails of the measured quantity than the
other?

At this juncture, it might seem like a
good idea to execute a strategic retreat
and call the clock a unit consisting of
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The terms "digital” and "analog” by themselves
are not adequate to describe a computer fully.

analog elements combined digitally. In-
deed, it could even be said that this de-
scription would fit all clocks and
watehes. But then the pupil might point
out that his watch says “tick-tock” and
really measures time by counting the
ticks and the tocks, that somebody had
told him counting was an action charac-
terizing a digital unit, and that this
would make at least the second hand of
his watch digital rather than analog!
If this is not obvious, it is certainly
clear that a stop wateh moves in dis-
crete jerks. To add to this burden of
proof, it is only necessary to recall the
big clock in any high school corridor,
which jumps at one minute intervals.
After such an unhappy encounter with
a novice, it would certainly be appropri-
ate to re-examine the situation and it
would not take very long to find that
“digital” and “analog” are about as for-
tunate classifications for physical units
as straw hats and round hats would be
for men’s headgear. Just as almost every
hat is round in some respects, so is any
measuring device or computer the ana-
log of something in some respects. The
analog of temperature, for example,
could be a voltage in an analog unit or
a number in a digital unit—in both
cases within a certain accuracy. If an
analog computer is the analog of a dif-
ferential equation, a digital computer is
the analog of a difference equation.
Whereas the analog class seems to be
basically unrestricted, the digital class
has more definite boundaries, as will be
pointed out below. The real difficulty

«This article is based on a paper presented at
the National Electronics Conference which was
held in Chicago, Sept. 29, 30 and Oct. 1, 1952.
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with the use of these words is caused
by an endeavor to make them describe
too much at once. Properties which are
more fundamental should be reverted to
and the equipment classified in terms of
these properties. The writer has pro-
posed® the following three features as a
basis:

1. Positional notation

2. Quantization

3. Sampling

A purebred digital computer would in-
corporate all of these features, a thor-
oughly analog one none. But now ex-
amine each quality separately.

Positional Notation

Positional notation is a feature that
is fundamentally digital. In the number
888, there are three identical digits;
however, they carry different weights
according to their relative positions.
The high precision attainable in a digi-
tal unit is closely tied in with this posi-
tional notation. It is only necessary to
use more digits of the same kind to
increase the accuracy.

There are two ways in which the rela.
tive positions of the digits of a number
can be recognized: in space or in time.
A parallel machine handles all digits
simultaneously and requires identical
equipment (arranged in space) for each
digit. On the other hand, a serial ma-
chine recognizes the weight of a digit
by the relative time of its appearance
at a particular point.

If it is agreed that “digital” means
that which consists of digits—and how
could it not be so?—, then it is clear that
positional notation is a cardinal prop-
erty of a digital unit. A binary relay
register, for instance, is surely a digital

RADIO-ELECTRONIC ENGINEERING 13


www.americanradiohistory.com
www.americanradiohistory.com

wot In Degrees
- y(?) = sin ot
From: To:
|

=y .
44.72 44.81 | 0.704
44.82 44.86 0.706
44.87 44.95 0.706
44.86 | 45.03 0.707
45.04 45.11 0.708
46.12 45.19 0.709
45.20 45.27 0.710

Table 1. Indication of how em unsampled
quantity can be represented digitally.

unit; each relay is twice as significant
as one of its neighbors, although it is
physically identical. Or take the time
clock at the entrance of a factory; the
hour wheel has a much greater effect on
the weekly pay check than the physi-
cally identical minute wheel.

Now consider a gas meter. One type
of gas meter in existence shows about
five small dials, like small clocks. Each
dial is calibrated from 0 to 9 and boasts
one hand only. The gasman reads the
total consumption as a five-digit num-
ber. Although the five indicators are
identical, they have different influence
on the gas bill. So far, everything that
has been said about the meter would
class it a digital unit. Only when the
individual digits are examined will any
doubt arise, for each hand moves in a
continuous fashion. As the gas flows, so
moves each hand; therefore, each hand
(with its own scale factor) is the ana-
log of the gas consumed. Were the
movements of the hands rigged with
some escape mechanisms so that they
would go through a revolution in ten
distinct and equal jumps, the gas meter
would be called digital without a doubt.

Quantization

This difference in the mechanism of
an individual digit belongs in the dis-
cussion of the second basic feature,
quantization. Assume an n-digit binary
relay register; then for any finite »

greater than one, it will certainly be a
digital unit. Even when n goes to one, the
single-relay register is still likely to be
considered digital because it can occupy
only two possible states, i.e., it gives a
quantized measure of whatever it repre-
sents. Had a decimal register been as-
sumed, the individual digit would again
be considered a digital unit because it
is capable of assuming only ten dif-
ferent states.

As the number of possible states in-
creases, the quantized nature of a unit
becomes obscure and it is finally called
analog. Indeed, some people say an
analog unit is that which is quantized
into an infinite number of states. Ac-
tually no shaft, however well machined,
can stop at any of an infinite number
of possible angles. The voltage on a
condenser is generally considered a good
example of an analog; yet it cannot
change in smaller steps than the voltage
due to a charge of a single electron.

To have faith in quantum theory, the
fact that everything is quantized must
be accepted in the final analysis. If so,
how many possible states must a single.
digit unit be capable of occupying—a
hundred, a thousand, or a million—be-
fore it should be called analog? A direct
answer to this question could only be
arbitrary. The important factor is that
quantization introduces an uncertainty
into a physical quantity.

When a three-digit decimal counter
reads 115, it may indicate that the
value of the represented physical quan-
tity is between 114.5 and 115.5. There-
fore, the quantized representation is ac-
curate within a tolerance. However, so
is a nonquantized representation. If the
indicator of a voltmeter stops at the
115-volt mark, it may only be known
that the voltage is, for example, 115 =+
0.3.

Thus, an error is associated with both
quantized and continuous indications.
In what respect do these errors differ?
They differ in their statistical distri-
butions. Figure 1 shows possible distri-
butions of errors in the examples used
above. A quantized representation of
115 volts may mean anything between
114.6 and 115.5 with equal probability.
If so, the error is uniformly distributed,
as illustrated in Fig. 1(A). On the

Fig. 1. Possible distributions of errors In the examples given. (A) Uniformly

distributed error.

(B) Nonquantized representation of error distribution.

PROBABILITY PROBABILITY
DENSITY DENSITY
]
ERROR £ - ERROR
| = —
05 ‘05 |
(A) (8)
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other hand, the nonquantized represen-
tation generally has a less definite error
distribution, which is often assumed to
be normal. The tolerance limits may
then correspond to the probable error,
and such a distribution corresponding
to the above example is shown in Fig.
1(B).

Just as statistical methods have re-
cently been applied to noise analysis in
communication engineering, they have
long been applied to quantization errors
or roundoff errors’. The use of the same
methods in both cases is not accidental;
rather it underscores the fundamental
connection between uncertainties due to
varied causes.

Sampling

The third aspect that is bound to
enter a discussion of this kind is the
process of sampling. Sampling can be
defined as the act of taking specimens
of a dependent quantity at particular
values of the independent quantity. If
time is the independent quantity, sam-
pling implies that data are measured,
defined, or examined only at particular
instants of time.

Thus, sampling is basically related to
the time and manner of observing data,
rather than the type of unit involved. It
is true that most kinds of digital units,
such as digital data transmission equip-
ment and conventional digital com-
puters, require the sampling of data;
nevertheless, digital units can be built
that operate in a continuous fashion. It
is further true that information ap-
proaching or leaving an analog unit is
usually continuous; however, for tech-
nical eonvenience, sampled data are
sometimes employed in analog systems.
The only generality that can be stated
is that when equipment is time-shared
or when the observation of data takes
a discrete length of time, the data in-
volved must be sampled.

The process of sampling is illustrated
in Fig. 2. Part (A) shows a continuous
function of time, which may be dis-
played on an oscilloscope. The height of
the luminous line above the base line is
the analog of y(¢). If the grid of the
cathode-ray tube is pulsed on periodi-
cally, the sampled display of part (B)
results. In part (C), the same sampled
function is expressed digitally.

This simple illustration may raise
two questions. First, although analog
sampling is possible, why would it be
used? Second, how can sampling be
avoided in the digital case?

Consider pulse communication. It is
well known that if it is desired to
transmit a band of B cps, it will be
necessary to use a pulse repetition rate
of at least 2B. The pulsed transmission
of data has the advantage that the
same channel may be used for several
sets of information by time-multiplex-
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ing. The amplitude, the width, or the
time of the pulse may be the analog
of the function transmitted. On the
other hand, in pulse code modulation the
samples of the transmitted function are
represented digitally.

Besides the time-sharing of equip-
ment, another reason for sampling data
is that an observation or a measurement
may take a specific length of time to
make. In radar, the time needed to re-
ceive an echo at maximum range defines
the highest permissible pulse rate. The
measured range is represented by an
analog distance on the face of the oscil-
loscope. A motion picture is another
example of sampled analog representa-
tion. Each frame is a sample of the ob-
ject’s illumination in terms of a chemi-
cal analog. The limitation of bandwidth
due to sampling is vividly illustrated
in movies when the wheel of the stage
coach seems to rotate backward.

In order to indicate how an unsam-
pled quantity can be represented digit-
ally, Table I has been prepared. A por-
tion of the sine wave is described in a
continuous fashion within an accuracy
of three decimal digits. This is done by
indicating the degrees {(or times) at
which the function changes by a quan-
tizing unit. No sampling is involved
because the function is defined at all
values of the independent variable.

One can build digital units or even
digital computers to operate in a con-
tinuous manner, but time-sharing of
equipment is precluded. This means
that a separate element is needed for
each digit (parallel unit) and for each
operation. A dozen additions would call
for a dozen parallel static adders. Such
designs are possible and may be prac-
tical. A complex diode matrix may be
designed to give the binary sum of two
binary inputs, which energize the ma-
trix. An experimental tube, the compu-
tron®, has been partly developed to per-
form static arithmetic operations. At a
recent computer symposium in Pitts-
burgh, a paper was presented on a spe-
cial-purpose continuously operating dig-
ital computer‘.

Elaboration on the difference and the
relation between quantizing and sam-
pling may be in order. Both processes
introduce discontinuities, but while
quantization produces a discontinuity
in the value of a quantity, sampling
produces a discontinuity in the times at
which a quantity is specified. Figure 3
shows a portion of a sine curve quan-
tized but not sampled in part (A) and
sampled but not quantized in part (B).
The step-discontinuities of quantization
depend on the magnitude of the depend-
ent variable, while the impulse-discon-
tinuities of sampling depend on the in-
dependent variable.

Although quantization and sampling
are fundamentally different effects,
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they are interrelated. For example, it
would be foolish to tabulate (sample)
a sine wave at every millionth of a de-
gree if it is defined only to three decimal
places. Similarly, if sampling is done at
every ten degrees, there is little advan-
tage in a quantizing accuracy of ten
decimal places. In numerical analysis,
quantizing errors are called roundoff
errors, while the errors arising from
sampling are called truncation errors.
In an efficient numerical procedure,
these two types of errors are balanced.

The analogous situation has been
commonplace in conventional analog
equipment design. The counterparts of
quantizing noise and sampling delay
are respectively noise and response lag.
Resulting errors (called respectively
static and dynamic) should be of the
same order in a well-designed analog
unit.

Conclusion

It has been indicated that the divi-
sion of units into digital and analog
classes is often obscure and sometimes
confusing. Three features have been
proposed—positional notation, quan-
tization, and sampling—as more funda-
mental in characterizing the nature of
particular equipment.

Understanding these basic character-
istics is not just of academic interest;
it can also help in orienting engineers
in new avenues of endeavor. By com-
bining these basic properties in various
degrees, new ideas and equipment may
be more easily created than by thinking
in terms of what is conventionally
meant by digital and analog. Consider
the future problems and solutions which
may be ahead of us.

An interesting problem is the balanc-
ing of errors due to sampling and er-
rors due to random noise. In serial dig-
ital computers, adjustable word lengths
may be thought of as a means of chang.
ing the quantizing error and the real-
time sampling rate simultaneously.
Halving the word length could almost
double the machine speed and would
increase the quantizing error while de-

y y(t)e sinwat—
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Fig. 2. The process of sampling.

{A)} A continuous function of time.
(B) Result of periodic pulsing, {C)
Sampled function displayed digitally.

creasing the sampling error. The corres-
ponding design change in an analog
case makes the unit less accurate but
also less sluggish at the same time.

A fascinating possibility is the use of
units consisting of analog (nonquan-
tized) elements combined in a digital
manner, just as in the examples of the
electric clock and the gas meter. For
the transmission of data, such repre-
sentation is not new. The coarse and fine
dials with corresponding selsyns have
been used in numerous cases. Could
some kind of a computation be done on
data so represented?

As techniques in designing compact
digital equipment improve, the use of
digital schemes for special purposes will
become more and more popular. For
fixed programs, the magnetic drum may
prove a much more efficient and rapid
storage element than for general pur-
poses. Digital computations with non-
sampled data may also be expected. In
addition to the examples already cited,
new developments, such as the perfec-
tion of ferroelectric techniques, might
make such static computers generally
practical. These computers will have

(Continued on page 30)

Fig. 3. (A) Portion of a sine curve quantized but not sampled.
and (B) portion of a sine curve sampled but not quantized.
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ULTRA-LOW FREQUENCY OSCILLATOR

An ultra-low frequency oscillator
with standard rack panel construction
has been announced by the Krohn-Hite
Instrument Company. Model 400-C si-
multaneously provides both sine- and
square-wave voltages at any frequency

between 0.009 and 1100 cps. The sine-
wave output may be used either bal-
anced or single-ended. Maximum out-
put is 30 volts peak-to-peak across a
1000-ohm load.

Special circuitry to eliminate tuning
and bandswitching transients has been
incorporated in this RC bridge oscil-
lator. Descriptive pamphlet is available
on request from the Krohn-Hite In-
strument Co., 580 Massachusetts Ave-
nue, Cambridge 39, Mass.

TV MASTER SWITCHBOARD

Increased operating control and flexi-
bility are made possible by the television
master switchboard recently developed
by Federal Telecommunication Labora-
tories, Inc.,, Nutley, N. J. Completely
self-contained, the unit permits the
channeling of six separate inputs to six
destinations by means of indirect relay

switching. These relays may be located

in the console or at a remote rack.
Automatic clearing, termination and

holding features have been incorporated

16 RADIO-ELECTRONIC ENGINEERING

in the switchboard, as well as adjust-
ment of the gap or lap switching inter-
val. The built-in fader employs a two-
channel video amplifier through which
any two incoming signals may be routed ;
the output signal may then be reinserted
as an additional signal source. Tally
lights and internally illuminated push
buttons aid in operating effectiveness.

NOISE ANALYZER

Hermon Hosmer Scott, Inc,, has an-
nounced a versatile sound analyzer
which separates noise, sound and vibra-
tion signals into their component fre-
quency bands. The high- and low-pass
filters can be independently adjusted in
steps of %2 octave, and a simple inter-
lock permits the passband width to be
fixed in any multiple of 1% octave. The

position of this passband can then be
adjusted throughout the audible range
by a single control.

Housed in a saddle-leather case with
a shoulder strap for portable use, Type
420-A includes a calibrated attenuator,
an indicating meter meeting ASA stand-
ards, and an output jack for general
purpose filter applications.

Inquiries should be sent to V. H.
Pomper, Hermon Hosmer Seott, Ine.,
385 Putnam Avenue, Cambridge 39,
Mass. Bulletin is available on request.

MINIATURE PULSE TRANSFORMER

The smallest pulse transformer now
commercially available was recently de-
veloped by P C A Electronics, Inec.
Weighing less than .03 ounces, the MPT
101-0.1 is slightly smaller than a pea,
making it specially suited to miniature
assemblies; it will, however, operate
equally well in conventional circuits.
New design techniques and a special

www americanradiohistorv com

iron core make possible 0.1-microsecond
pulse widths and rise times of less than
.005 millimicroseconds when used in ree-
ommended P C A circuits.

MPT 101-0.1 meets MIL-T27 test spe-
cifications. It can operate indefinitely

)

at temperatures ranging from —70°C
to +125°C., and will operate nermally
for a short time at 4+150°C. Although
it is designed for pulse forming, it can
also be used for pulse coupling. For
further information, writete PC A
Electronics, Inc., 6368 De Longpre Ave-
nue, Hollywood 28, Calif.

WAVE ANALYZER

Analysis of the frequencies and
amplitudes of signal compeonents in a
complex waveform is accomplished in a
simple and direct way with the new
Sierra Model 121 wave analyzer. Signal
components are read directly on a 4"
indicating instrument calibrated in
decibels. Voltage is calibrated with an
internal 100-kec. injection oscillator,
and a listening jack is provided for
menitoring the signal being measured.

Just intreduced by the Sierra Elec-
tronic Corporation, 813 Brittan Ave-
nue, San Carlos, Calif., this 15 to 500
ke. wave analyzer incorporates a novel
two-attenuator design which permits
a wide range of measuring amplitudes
without the introduction of instrument

distortion. It has an input level range
of from 442 dbm to —70 dbm at a 600-
ohm impedance level; input impedance
is 10,000 ohms in the passband.

SCINTILLATION DETECTOR

A new scintillation detector, Model
DS-1, has been announced by Nuclear
Instrument & Chemical Corporation,
229 West Erie Street, Chicago 10, Ill.
Designed for efficient gamma-ray count-
ing in clinical and laboratery applica-
tions, the detector is provided with a

(Continued on page 30)
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12 Reasons why
Electronics Engineers should specify

SYLVANIA PICTURE TUBES

S
o eeaT
~ N

These 12 points of superiority are
positive reasons why Sylvania Pic-
ture Tubes will best support your
reputation and the high quality of
the sets you manufacture.

“SYLVANIA’S
To definitely establish the superiority of Sylvania Pic- | SUPERIOR
ture Tubes, in comparison with other brands, Sylvania | qQuaLITY
called an outside research organization . . . the United | s BASED ON
States Testing Company. PROVED

Eight picture tubes of nine different manufacturers
were selected and submitted to identical electrical and
mechanical tests.

Shown above is Sylvania's outstanding record. The
test results showed that Sylvania Picture Tubes out-
lasted and outperformed ali others tested. For the de-
tailed report of these significant tests, write to: Sylvania
Electric Products Inc., Dept. 3R-3502, 1740 Broad-
way, New York 19, N. Y.

UNITED STATES 1
TESTIRG COMPiNT

e Send for this Report

Yt Mo 43078
Awgur B 1T

PERFORMANCE!""

SYLVANIA
N

RADID TUSES; TELEVISION PICTURE TUBES: ELECTRONIC PRODUCTS: ELECTRONIC TEST EQUIPMEN: FLUDRESCENT
TUBES, FIXTURES, SIGN TUBING, WIRING DEVICES; LIGHT SULBS; PHOTOLAMPS; TELEVISION SETS
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— NEW
— TUBES

RCA TUBES

The Tube Department of Radio Cor-
poration of America, Harrison, N. J.
has released three new tubes: a beam
power amplifier, a medium-mu twin
triode, and a “premium” twin diode.

Intended primarily for use in the out-
put amplifier of automobile radio re-
ceivers operating from a 12-volt storage
battery, the 12V6-GT is a beam power
tube of the heater-cathode type. A sin-
gle 12V6-GT operated with a plate and

screen voltage of 250 volts can deliver a
maximum-signal output of 4.5 watts.
The 6BQ7-A is a medium-mu twin
triode of the miniature type designed
for use as the first r.f. amplifier tube in

a v.h.f. television-receiver tuner or as a
low-noise i.f. preamplifier tube in a
u.h.f. television receiver employing a
crystal mixer. It supersedes the 6BQT.

Especially useful as a detector in
eircuits utilizing wide-band amplifiers,
the 5726 is a high-perveance, miniature
twin diode. Constructed to give depend-
able performance under shock and vi-
bration, this is a “premium” version of
the BALSW.

HYTRON TUBES

Hytron Type 27TEP4 is a 27" rectan-
gular, 90°, all-glass, magnetically fo-
cused picture tube which provides an
effective area of over 400 square inches.
Features include an aluminized screen,
single ion-trap gun design, and a neu-
tral-density, spherical face plate.

Type 1N64 is a germanium diode de-
signed to meet the requirements for a
video detector in television applications.
It is application-tested at both the low
and high intermediate frequencies.

Both of these tubes are manufactured
by the Hytron Radio & Electronics Co.,
Salem, Mass.

TV PENTODE AND TWO DIODES

A new television pentode, the 12BY7,
and two diodes for use in television

SKL WIDE-BAND DISTRIBUTION
SYSTEM FOR TELEVISION

The -SKL- Distribution System provides simultaneous distribu-
tion of up to thirteen television channels, FM signals, and, if
required, broadcast signals. Although the -SKL. system is in-
expensive in initial cost, no effort has been spared to provide
high quality, long lasting, low obsolescence designs and equip-
ment. An unusual feature of the -SKL. system is the Model 212TVY
Chain  Amplifier. These broadband
operate even though a tube fails, which insures the high reli-
ability so necessary in such a system. The -SKL- system is de- -~
signed to have the lowest maintenance cost of any system on ‘
the market today, not only because of the reliability of the
amplifiers which require no tuning or adjustment, but also
because vacuum tubes have been eliminated in all other parts
of the system. Only the -SKL. system can offer the long life,
low obsolescence and low maintenance costs that are required
for the long, profitable operation of distribution systems.
Write today for further information.

Two views of SKL Model
212TV Amplifier mounted
in Model 420 Amplifier
Cabinet, mounted on a
telephone pole crossarm
{top}, pole {(bottom}.
Courtesy Vermont Tele-
vision, Inc.

SKL

130 air miles.
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SPENCER-KENNEDY LABORATORIES, INC.

186 MASSACHUSETTS AVE., CAMBRIDGE 39, MASS.

Right: Photo of erection of one of the two Horn Antennas at Barre, Yermont,
for Vermont Television, Inc. These antennas, having 20 db gain, provide
good signals from WBZ.TV Boston, 140 air miles, and WRGB Schenectady,

www americanradiohistorvy com

amplifiers continue to

ENGINEERING

horizontal frequency damper ecircuits
have been announced by the Radio Tube
Division of Sylvania Electric Products
Ine,, at Emporium, Pa.

The 12BY7 is a high-transconduc-
tance sharp-cutoff video pentode de-

signed for service in television receiv-
ers. It features miniature T-6% con-
struction, and will furnish large cutput
voltages across low values of load re-
sistance and supply voltage.

Types 6AX4-GT and 12AX4-GT are
half-wave, indirectly heated diodes con-
tained in T-9 envelopes. They are de-
signed to withstand the extremely high
voltage pulses of line frequency between
cathode and both heater and plate ele-
ments normally encountered in direct
drive circuits. The 6AX4-GT and the
12AX4-GT are identical except for
heater characteristics: the 6AX4-GT
requires 6.3 volts at 1.2 amperes, while
the heater of the 12AX4-GT requires
12.6 volts at 600 ma. ~ @

The Finest in

Precision Equipment &8
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He seems to think you ought to like
him for his shell, in spite of the fact
that it looks no different from a million
other oyster shells. If he’s got a pearl inside,

why doesn’t he say so.

CAPACITORS LOOK PRETTY MUCH
ALIKE FROM THE OUTSIDE, BUT
EL-MENCO’S HAVE SOMETHING

IN THEM qued we waut the
wold fo koo (L.

Into cvery El-Meneo Capacitor goes superb design,
precise workmanship and the finest of materials. The
finished unit is then factory-tested at double its work-
ing voltage to insure satisfuctory performancc on what-
cver job it is given,

No wonder we are proud 1o put our name on these
capacitors—no wonder they have won the highest
praise for their absolute reliability,

The range runs from the smallest (CM-15-2-525 mmf.
cap.) to the largest (CM-35-3300-10000 mnf. cap.)

Jobbers and Distributors: For informa-
tion write 1o Arco Electronics, Ine., 103
Lafayette St., New York, N. Y.—Sole
Agent for Jobbers and Distributors in
U.S. and Canada.

Write on business
Ietterhead for eatalog E
and samples, =¥
MOLDED MICA l ][lenchlCA TRIMMER

CAPACITORS

Radio and Television Manufacturers, Domestic and Foreign, Communicate Direct With Factory—

THE ELECTRO MOTIVE MFG. CO., INC. WILLIMANTIC, CONNECTICUT
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Prsonals

A I T B e e e N

20

DR. ROBERT ADLER, who joined Zenith Radio Corpora-
tion, Chicago, Ill,, in 1941 as a member of its research divi-
sion, has just been appointed associate director of research.
During the intervening years, Dr. Adler has made numerous
contributions to the advancement of the electronics industry
and to the improvement of communications equipment used
by the armed services. He was awarded a Fellowship by the
Institute of Radio Engineers in 1961.

F. CLARK CAHILL is now chief engineer of the Engineering
and Production Division of Airborne Instruments Labora-
tory, Inc., Mineola, L. I., N. Y.; he formerly served in the
Laboratory’s Research and Engineering Division as super-
visor of the Radar Section. During World War II, Mr.
Cahill was associated with the Radio Research Laboratory
at Harvard University as head of a war research work di-
vision. He has been with Airborne since 1946.

EDWARD L. COCHRANE, Vice Admiral, U.S.N., (Ret.),
and Dean of the School of Engineering at Massachusetts
Institute of Technology, has again been elected a director of
Raytheon Manufacturing Company, Waltham, Mass. Ad-
miral Cochrane first served in this capacity for Raytheon
from 1948 until 1950, at which time he took a leave of ab-
sence from M.I.T. to direct the maritime administration in
Washington as chairman of the Federal Maritime Board.

L. F. HICKERNELL, chief engineer of Anacondz Wire &
Cable Co., Hastings-On-Hudson, N. Y., was recently elected
& member of the board of directors of the American Institute
of Electrical Engineers. Mr. Hickernell served as the chair-
man of the Detroit-Ann Arbor Section from 1929 to 1930;
gince then he has worked on many AIEE committees, both
general and technical. His term as director will extend from
January, 1963, through July, 1964.

DR. URNER LIDDEL has joined Bendiz Aviation Corpora-
tion to direct product development in applied physics and
atomic energy. Prior to his most recent position as chief of
the physics branch of the U. S. Atomic Energy Commission,
Dr. Liddel served as a civilian in the Office of Naval Re-
search where he was director of the Division of Physical
Sciences. He is a Fellow of the American Physical Society
and the New York Academy of Sciences.

WILLIAM C. LUPFER has been appointed director of con-
tract relations for Avion Instrument Company, Paramus,
N. J., where he will be responsible for technical representa-
tion of all products. In 1943, Mr. Lupfer became associated
with Sylvenie Electric Products Inc., as contract and facili-
ties supervisor for the Central Engineering Division, and
more recently he was with Allen B. Du Mont Laboratories,
Ine., as government contracts administrator.
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A.F. Wattmeter
(Continued from page 7)

pling is employed between the two
output transformers. The difference of
the outputs is taken by reversing the
connections of one thermocouple.

Protection against thermocouple over-
load and burn out is provided by the
double-diode 6AL5 clippers interposed
between the two amplifiers. These are
adjusted to clip or cut off the output at
a voltage value just below the point at
which the thermocouple heater currents
reach 125% of rated value. Since the
couples are rated to stand 1509% cur-
rent, a small safety factor is included
here. i

A calibration curve of meter reading
vs. input power to resistive or reactive
loads is shown in Fig. 3. For a given
power input, change of load power fac-
tor over a wide range of capacitive or
inductive angles makes no change in the
reading. For all values of load voltage
between zero and 150% of rated value,
and with the load current circuit open,
the meter stays at zero power.

The particular couples rchosen for
speed of response have heater ratings
of 100 ma., 2 ohms, and couple ratings
of 25 millivolts, 7 ohms. The indicating
instrument used has a range of 50
microamperes and a coil resistance of
160 ohms. Full scale readings with a
load power of 1.5 watts can be obtained.

Speed of response is not as slow as
might be expected, full scale being
reached from zero in slightly less than
one second. For small change from a
median reading, the response is even
more rapid. Because of the protection
given by the diode clippers, there is no
fear of burn out or damage due to over-
load, and the instrument becomes as
foolproof as a vacuum tube voltmeter.

Frequency range depends on the
selection of the input step-up trans-
former and coupling capacitors, and to
a very limited extent on the choice of
the output transformer. The range of
50 to 15,000 cycles can be easily covered
with conventional design, and this can
be extended through the selection and
loading of the input transformer. For
extreme frequency ranges, the input
transformer can be eliminated and in-
put taken directly from the shunt. Ad-
ditional voltage gain of about 60 can
then be provided with another amplifier
stage of conventional design. D

Assembly of vacuum thermocouple pair.
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SpecilyBlileg. . . For 22 Years
The Foremost Name In Crystals

* K* K

Military types CR15, CR16, CR18, CR19, CR23,
CR24, CR27, CR32, CR36, CR47 arc represent-
ative of current production by Bliley. Complete
range of types and cross reference index is given
in Bulletin 43,

SHIP-TO-SHORE Ty.p.cs MC.'I, SRS and §R8 arc s;txggcstcd .for s’hnpboard depend-
ability. Price and details given in Bulletin 44.
L X

Types BC46T, MO3B, TC92 arc first choice for automatic
temperature control in AM, FM and TV transmitters. Consult
Bulletin -3 for basic details.

SPECIAL PURPOSE Types SR10 and MC9 provide wide range frequency choice for

TV service, diathermy and citizens band. Request Bulletin 44

Q I\ for price and description.

COMMUNICATIONS 'Itype BHGA 'is Shc predominant ck:aoicc for l;m'd.mobile land
airborne applications. Consult Bulletin 13 for basic information,

STANDARD e Typcs’ KV3, MC9, SMC100 and MS-i33 cover refc:rcnce fre-
quencics from 100 ke through 10.7 me. Price and “stock tol-
‘ e erances” given in Bulletin 4.
AMATEUR Types AX2 and AX3 rogether with Blilc:v packagc'd oscil-
‘ latror Model CCO-2A were designed to bring precision and
price together in the Ham Bands. Price and details are
given in Bullerin 44.

_ Custom built fused quartz delay lines provide high stability
and precision time intervals for manipulation of pulsed or
- pulse modulated signals. Consult Bulletin 45 for technical

information.

EROADCAST

Modecl BCS-1A is a high stability in-
strument for precision reference at
100 kc. Ideal choice for rescarch and
development laboratories. Descriptive
information given in Bulletin 43,

FREQUENCY STANDARDS

[EI%%4 BLILEY ELECTRIC COMPANY

UNION STATION BUILDING +« ERIE, PENNSYLVANIA

e
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COAXIAL CABLE SYSTEM

A revolutionary coaxial cable system,
with triple the telephone cireuit capac-
ity of those now in use, has been de-

veloped by Bell Telephone Laboratories
and is undergoing exhaustive field tri-
als prior to its installation in the Beil

04)
sc: ted f
of

prev,
00,000, and a
in system
"ovemment cn.

'nuing th
plan heretofore in effect provid
ip” for the pu—chase of siggle pr

System. It is expected to go into actual
service on circuits between New York
and Philadelphia early in 1953.
Known as “L-3” carrier, the new sy-
stem will enable one pair of coaxial
pipes (pencil-size tubes of copper with-
in the cable itself) to handle simulta-
neously more than 1800 telephone con-
versations or 600 telephone conversa-
tions plus one television program in
each direction. It will be the first car-
rier system on which both television
signals and regular telephone conversa-
tions can be sent over the same pair of
coaxial pipes at the same time. (Pho-
tograph shows a Bell engineer testing
transmission characteristics.)

IEC STANDARDS

Nineteen countries were represented
by 418 delegates at a series of meetings
of the Internation-

~~-WAXES

vision, etc.

problems.

ZOPHAR MILLS, INc.

112-130 26th Street,
Brooklyn 32, N. Y.

22 RADIO-ELECTRONIC

OPHAR

~.COMPOUNDS

Zophar waxes, resins and compounds
to impregnate, dip, seal, embed, or pot,
electronic and electrical equipment or
components of all types; radio,

Cold flows from 100°F. to 285°F.
Special waxes non-cracking ot —76°F,

Compounds meeting Government speci-
fications, plain or fungus resistant.

Let us help you with your engineering

al Electrotechnical
Commission at
Scheveningen,
Holland, last Sep-
tember, to discuss
international
agreement on elec-
‘ trical standards.
The United States
participated in al-
most all of the
technical meetings.
Among the im-
portant actions
taken was the au-
thorization of a
new technical com-
mittee to develop
standards for elec-
tronic tubes. A
number of stand-
ards were complet-
ed for submission
to the national
committees, includ-
ing safety rules
for amplifiers and
loudspeakers, sev-
eral standards for
radio components,
' and a revision of
standards for pow-
er capacitors.
Arrangements
were made for ex-
tending cooper-

tele-
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ative action on standards of joint in-
terest to IEC and the International
Commission on Rules for the Approval
of Electrical Equipment (CEE).

TWIN-ENGINE FLIGHT TRAINER

U. S. Navy airmen will now “fly the
beam’—including the new omni-range
—in twin-engine ground trainers as the

new ERCO Flightronic trainer takes its
place in the fleet’s All Weather Fly-
ing School! at Corpus Christi. Designed
by the Emngineering and Research Cor-
poration, Riverdale, Md., under contract
to the Special Devices Center, Office of
Naval Research, this instrument train-
er features generalized twin-engine type
cockpit and performance, the new Navy
color- and shape-coded control knobs,
and the Special Devices Center’s new

standard radio aids simulator and
flight plotting board.
GIANT TV ANTENNA

Resembling “Big Bertha” herself,

this 86-foot television transmitting an-
tenna is undergoing preshipment tests
at General Electric Company’'s Syra-
cuse, N. Y., plant. Only half of the an-
tenna is pictured, the other half being
behind the test building.

This 8500-pound giant soon will boost
by 12 times the transmitter power of

Ohio.

Station WCPO-TV in Cineinnati,
The preshipment tests are made to in-
sure that the antenna will etliciently
accept and radiate TV signals from the
station’s Channel 9 transmitter. _.g._
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If you want to work where you enjoy the
highest professional recognition among
your collcagues, come to RCA. Here
your accomplishments are recognized
and rewarded. Here vour future is bright-
er, through challenging assignments that
lead to better opportunities, better posi-
tions. Here you set goals for future at-
tainment at advanced levels.

If your talent and skill are not being
used in & way for which your education
and experience has equipped you, come
to RCA. Here you will find unusual op-
portunities to work in close association
with distinguished scientists and engi-
neers in research . . . development . . .

... are headed for a better future
—when you come o RCA

design . . . and application of specialized
electronic equipment for military proj-
ects as well as for an ever-increasing line
ol diversified commercial products.
Positions open are lifelong career op-
portunities. They are not ““temporary™
jobs. Unlike “*fcast or famine™ industries,

RCA has forged ahead regardless of war
or depression. You can continue ad-
vanced study at recognized universities
under RCA’'s modern tuition refund plan.
You and your family enjoy outstanding
Company benefits. Yes, your future is
better at RCA.

LIFETIME OPPORTUNITIES FOR

ENGINEERS—Electronic . . . Electrical . . . Communication ...
Mechanical . . . Computer . . . METALLURGISTS and PHYSICISTS

In Research—Development—Design—Application: in the following fields:

RADAR ® MISSILE GUIDANCE ® SERVO MECHANISMS ® COMPUTERS ® TRANSFORMERS AND
COILS ® NAVIGATION AIDS ® TELEVISION @ ELECTRON TUBES ® COMMUNICATIONS
TECHNICAL SALES ® ELECTRONIC EQUIPMENT FIELD SERVICE

Send a ¢complete résumé of
your education and experience.

Personal interviews
arranged in your city.

RADIO CORPORATION of AMERICA
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NEW LITERATURE

TRANSISTOR PROGRESS

The November, 1952, issue of the Pro-
ceedings of the Institute of Radio En-
gineers was completely devoted to the
multitude of advances which have been
made in transistor research and devel-
opment. The 628-page journal, contain-
ing 61 individual articles, covered all
phases of transistor progress. Many of
the articles described new applications
of transistors in amplifiers, oscillators,
rectifiers, electronic computers, and
switching circuits.

Copies of this transistor issue are
available from the Institute of Radio
Engineers, 1 East 79th Street, New
York 21, N. Y., at $3.00 each.

TV EQUIPMENT COMPLEMENTS

All equipment used in a television
station is arranged into a few function-
al groups in the bulletin entitled “Tele-
vision Equipment Complements for
Station Planning” which has been pub-
lished by the Television Transmitter
Division of Allen B. du Mont Labora-
tories, Inc. 1600 Main Avenue, Clif-
ton, N. J.

The detailed complement of each
group is listed with prices and each
complement is given a number for easy
reference. A short description of the
function of the complement is also in-

cluded in each case so that the station
planner using this bulletin can select
equipment for any size station, large
or small, and arrive at the approximate
total cost of his equipment.

TWO-WAY RADIO

Use of two-way radio for better co-
ordination of men, materials and ma-
chines is discussed in an eight-page il-
lustrated booklet published by the Gen-
eral Electric Company. Entitled “In-
stant Communication,” the booklet is
slanted to those who use materials
handling and emergency service equip-
ment, and others who have plant pro-
tection problems.

Also contained in this publication is
a list of 27 G-E offices throughout the
United States from which advisory
service is now available on communica.
tion problems. Copies are free on re-
quest to the Advertising Inquiry Sec-
tion, General Eleotric Company, Elec-
tronics Park, Syracuse, N. Y.

RADIOTELEPHONES

Eight radiotelephone models, two
radio direction finder models, and var-
ious accessory units are described in a
new eight-page catalog. Identified as
Form 862, it is available from Applied

4 EHANNEL - Il

Ringing Power Supplies.

RAILWAY-

| TERMINALS

and Pilot Regulated CARRIER REPEATERS (for use in con-
junction with fhe CFD-B Terminals on long haul circuits)

(-8

CARRIER
TELEPHONE

COMPLETELY AUTOMATIC PILOT REGULATION OVER A 20 db RANGE.
Built-in “SLOPE CONTROL” includes an exira 10 db equalization for non-
conforming telephone pairs.

RYCOM’S CFD-B is assembled from Western Electric component parts, and
is mounted COMPLETE with ringing, terminating ond power supply equip-
ment in ONE STANDARD AAR 8.-FOOT RACK.
performance is guoronteed.
controls. ® The range of operation is through a moximum of 30 db over an
operating range of 3 to 32.3 kilocycles. ® Two-way pilot-regulated repeaters
are ovailable for circvits having more than the allawable 30 db loss. @
1000/ 20-Cycle Voice Frequency Ringers are available for one-, two-,
or four-channel ringing. A FULL LINE OF ACCESSORIES is offered, in-
cluding: ® Voice Frequency Repeater Boloncing Nets, ® Cable Matching
Transformers, ® Universal Way Station Filters, and ® Mounted Sub-cycle

Standard commercial
® Basic line Equalization of 15 db by manual

three-,

RYCOM’S CFD-8 provides FOUR DUPLEX VOICE CHANNELS AND RINGERS
at a LOWER COST to you than most three-channel carriers now on the
marke! And WE CAN MAKE IMMEDIATE DELIVERY!

" C’ﬂﬁ#ﬂfﬂfd’ﬂﬂﬂﬂg

I N C O R P OR AT

FLEMING 2171 = RAYTOWN,

MISSOURI » FLEMING 3122
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Electronics Company, Inc., 1236P Fol-
som Street, San Francisco, Calif.

Besides a description of the basic
design features of these instruments,
the catalog includes a full tabulation of
models showing number and types of
channels, frequency ranges, receiver
sensitivities, transmitter power outputs
ranging from 40 to 500 watts peak,
tube complements, power requirements,
dimensions, and weights,

ELECTRONIC INSTRUMENTATION

In a 32-page booklet, the Berkeley
Scientific Division of Beckman Instru-
ments, Inc., 2200 Wright Avenue, Rich.
mond, Calif., briefly describes electronic
instruments which provide direct read-
ing digital presentation of information
together with their principal industrial
applications. “Electronic Instrumenta-
tion” covers high-speed counting; count-
ing plus control; precise interval tim-
ing; and measurement of rpm, pressure,
temperature, flow, viscosity, velocity,
frequency, distance, etc.

EMBEDDED SELENIUM RECTIFIERS

The Rectifier Division of Sarkes Tar-
zian, Inc., located at 415 North College
Avenue, Bloomington, Ind., announces
publication of a new four-page folder
dealing with embedded selenium rec-
tifiers. Designated as Catalog B1, this
folder gives detailed information on the
various types of embedments made by
Sarkes Tarzian, Inec. A copy will be
mailed free upon request to the manu-
facturer.

“‘VIBRATRON"

Model 662 “Vibratron” is a portable
instrument for vibration analysis and
dynamic balancing. It can be used for
balancing practically any rotating
part, of any size, without removing the
part from its installation, in the range
from 500 to 40,000 rpm.

A four-page bulletin describing this
device in detail is available from the
International Research and Develop-
ment Corp., Columbus, Ohio,

THERMOPLASTICS

“Custom Extrusions in Thermoplas-
tics” is a new service folder prepared
by the Anchor Plastice Company which
contains comprehensive information on
the characteristics of thermoplastics.
Forms and shapes of extruded plastics
are discussed, and a general summary
of how thermoplastics may be used by
industry is given.

This folder may be obtained by writ-
ing to Anchor Plastics Company, 36-36
36th Street, Long Island City, N. Y.

@D
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MAKE BETTER CONNECTIONS

with Sylvania’s improved terminal strips

“MORE QUALITY PARTS |
...BY SYLVANIA”

Sylvania now offers you a wide variety of highest quality terminal
strips . . . equipped with from 2 to 14 lugs . . . suitable for many dif-
ferent applications.

Insulators are made from laminated phenolic. Contacts are brass or
cadmium-plated steel. Sylvania Terminal Strips can be supplied to
your specifications.

Today, with enlarged, modern plastic molding equipment and
metal stamping facilities, Sylvania offers you precision-built compo-
nents of highest quality at lowest possible cost. For new illustrated
catalog showing the long line of Sylvania Terminal Strips and other
radio and electronics components now available, write to: Sylvania
Electric Products Inc., Dept. 8A-3502, 1740 Broadway, N. Y. 19, N. Y.

*SYIVANIA -

RADI0 TUSES: TELEVISION PICTURE TUBES; ELECTRONIC PROOUCTS; ELECTRONIC TEST EQUIPMENT; FLUORESCENT TUBES, FIXTURES, SIGN TUBING, WIRING OEVICES; LIBHT BULBS; PHOTOLAMPS; TELEVISION SEFS

SEND FOR THIS
CATALOG
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LoOKING

By WILFRID B. WHALLEY

Adjunct Professor of Electrical Engineering
Brooklyn Polytechnic Institute

The development of the image orthicon.

AST month’s article dealt with the

development of the orthicon. This

pickup tube provided quite stable
operation, due to the use of low velocity
electron beam scanning. It also had
higher sensitivity than the iconoscope.

Still higher sensitivities were neces-
sary, so that studios could operate with
lower light levels, and so that outdoor
scenes could be satisfactorily trans-
mitted on cloudy days. Even with the
improved characteristics of the orthi-
con, more lighting was required for
good studio pickup than was comfort-
able for the performers. Further, the
coming field of color television would
require higher pickup tube sensitivity
because of the fundamental loss of light
through color filters or dichroic mirrors.

Another important requirement was
that of smaller volume, particularly a
reduction in the area of the light target
3o that lenses of sizes similar to those
used in moving picture cameras might
be employed. Then, toe, for a lens of a
given f number, greater depth of focus
could be cbtained with a smaller mosaic
area; this, despite the faect that a
smaller mosaic area reduces the photo-
sensitivity. Also, to increase the depth

of picture focus, it was important that
the mosaic or light sensitive surface be
close to the end of the tube, and there-
fore adjacent to the lens.

Increasing Sensitivity

Starting with the orthicon, which had
a sensitivity already higher than that
of the iconoscope, consider what addi-
tional methods might be employed to
increase the light-to-signal sensitivity
further.

First, secondary-emission multiplica-
tion of the photoelectrons emitted by
the light target might be used. This
could follow techniques used in the
image-iconoscope and infrared viewing
tubes where the mosaic is placed some
distance away from and parallel to the
semitransparent photoelectron emitting
surface (called a photocathede). By
operating the photo surface at a nega-
tive d.c. potential with respect to the
mosaie, and enclosing the device within
an axial d.c. magnetic focusing field,
the photoelectrons arrive at the mosaic
with sufficient velocity to release several
secondary electrons for each photoelec-
tron, hence increasing the signal output
current from the mosaiec.

The iconoscope, image-iconoscope and
orthicon used video preamplifiers with
conventional pentode tubes. Such pen-
tode tube amplifiers had been brought
to a high level of efficiency by 1940. The
product of voltage gain times me. band-
width reached a value of 180. Yet, for
very small input signals and band-
widths of 4 mc. or more, these ampli-
fiers gave relatively high noise factors,
and were also critical with regard to
microphonism and 60-cycle leakage cur-
rents. The basic limitation on sensi-
tivity, common to all radio and radar
systems, was the fluctuation noise com-
ponent of plate current in the first-
stage tube, combined with the thermal
noise current of the input ecircuit.

Multistage secondary-emission multi-
plier tubes had noise levels several
orders below those of conventienal re-
ceiving tubes. For example, the input
dark “target” current of a good nine-
stage electron multiplier type phototube
was less than 10° electrons per second
(less than 10" ma.). This is approxi-
mately 10,000 times lower than the
equivalent input noise current of a con-
ventional video tube amplifier. How-
ever, to make use of secondary-emission
multiplication, the primary signal elec-
trons must be inserted into the evacu-
ated envelope containing the secondary
multiplication surfaces.

Secondary Electron Amplification

With iconoscopes and orthicons, the
electron flow produced by the sequential
discharging of the mosaic elements
(with the seanning electron beam) went
to a terminal in the glass wall. Hence,
it was impossible with these pickup
tubes to insert the primary electrons
into a secondary-emission amplifier.

Fig. 1. Operation of image orthicon. (A) Image multiplier; (B) complete tube: (C) scanning section: (D} electron multiplier.
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However, further examination of the grthicon operation sug-
gested the possibility of using the electron scanning beam.
As was discussed in last month’s article, when the electron
beam approached the surface of the mosaic, electrons were
collected in propertion to the potential of each part of the
surface (az determined by the degree of illumination). The
uncollected electroms in the scanning beam were turned back.

Therefore, this returning beam had a density varying, in {

time, with the degree of darkness of the surface being
scanned. Alsa the noncollected electrons moved through the
magnetic deflection region over a path almost identicai to
that of the forward scanning beam.

If the horizontal scanning were controlled by electromag-
netic fields instead of electrostatic as in the orthicon, and
this would be practicable if the tube were smaller, then the
returning electrons could arrive at a point close to the aper.
ture of the electron gun. Further, it might be possible to
have a suitable secondary-emitting surface at the point of
arrival so a secondary-emission multiplier could be used.

The image orthicon is such a device making full use of
secondary-emission multiplication, both at the image and
at the signal output.

The Image Orthicon

As may be seen from Fig. 1 (from “Practical Television
Engineering” by Scott Helt), the image orthicon contains
image multiplication, scanning and secondary-electron mul-
tiplier sections. The tube is also physically smaller than the
orthicon. The conducting shield, grid No. 6, in combination
with the very fine mesh screen adjacent to the mosaic, main-
tains a uniform electric field in the image multiplier region.
Hence, the photoelectrons from the photocathode are accele-
rated toward the mosaic or target, and kept in focus by the
axial magnetic field. The two-sided target or mosaic is a
unique development and consists of an extremely thin piece
of special glass having a conductivity sufficient to allow
electron charges to be neutralized in the time of one picture
frame (one-thirtieth of a second). Glass thickness is be-
tween b and 10 wavelengths of visible light. The target is
about two-thousandths of an inch distant from the very fine
mesh screen. Because of the close spacing and thin strue-
tures, both the target and the screen must be mounted un-
der tension.

In addition to stabilizing the field in the image region, the
fine screen also collects any secondary electrons which are
emitted from the target, and therefore avoids possible ran-
dom distribution of electrons over the target surface. The
decelerating ring, grid No. 5, together with the conducting
wall coating, grid No. 4, between the target and the gun,
reduces the arrival velocity of the electrons in the scanning
beam to a suitably low value.

The five-stage electron multiplier is built around the elec-
tron gun. Each section consists of a disc of many vanes, each
vane being inelined at 45° to the axis of the gun, and treated
to give high secondary-electron emission. As the returning
electrons strike the surface of grid No. 2, (which is effec-
tively also dynode No. 1), secondary electrons are emitted
and these are collected by the first ring, dynode No. 2. The
secondary electrons produced on the surfaces of dynode No.
2 are accelerated to dynode No. 3, and similarly through the
following stages to the collector (or signal plate) to which
the video preamplifier is connected. In order to prevent re-
trace “smear” of the signal, negative blanking pulses are
applied to the target.

The image orthicon is now the most used tube for tele-
vision studio and outdoor cameras. When carefully adjusted,
it has a sensitivity approximately 100 times as great as that
of the orthicon. Due to its high complexity, however, great
care is required in setting the various electrode voltages and
the currents for the d.c. magnetic focusing and alignment
flelds.

—~ B
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The STERLING indicating meter used
on Alliance Manufacturing Company’s Model
DIR ALLIANCE TENNA-ROTOR always
shows the Right Direction to television set
owners everywhere. (Over a million in suc-
cessful operation)

STERLING engineers can show you the
right direction, too, when your problem is
with indicating meters. Years of production
experience with a complete line of high quality
meters for the automotive, electrical and radio
fields enables STERLING to produce indicat-
ing meters to meet your exact requirements
at lower cost.

It may even be a standard model voltmeter,
ammeter or milliammeter, readily available,
that will meet your requirements. Write for
further details.

STERLING

MANUFACTURING COMPANY
7201 Wentworth Ave.
CLEVELAND, OHIO

ENGINEERING
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miniaturize!

with

FERRITE-CORE RF CHOKES

Winiaturized dimensions and high efficiency are
made possible by use of Ferrite cores.
Grayburne specializes in Ferrite-core induc-
tances, which feature low DC resistance, high
“0", minimum distributed capacity and smallest
possible physical dimensions.

PI-WOUND FERRI-CHOKES

Electricol ¢omporison between
| Groyburne Ferri-Chokes ond ¢on-
ventionol RF Chokes proves the
superiority of the Ferri-Chokes,
Avoiloble in following stock

i types:
Model 2 1 1

£ F-25 2.5 mh 128 ma
$-50 5.0 mh 125 ma
F-100 10 mh 125 mo
HD-28 2.5 mh 300 mo

Other volues to specificotions.

HIGH-RATIO VARI-CHOKES

Groyburne offers o series of vari-

obie inductonces with a ronge os

high as 10 10 1 within physicol

dimensions not considered possi-

ble until the introduction of ]
Ferrite cores. Stock types: £ |
Model V-6: 0.65 to 6 mh

Model V-25: 5.0 1o 43 mh

Model V-60: 30 to 130 mh

Other volues to specificotions,

S5INGLE-SECTION FERRI-CHOKES

Groyburne single-section RF ceils
ore the mos! compact aevailable.
Q" is moximum, resistonce and
4 distributed copocity ore ot o
- I_ ==, minimum. Stock types:

Model L !

5L-28 2.5 mh 125 mo
5i-50 $.0 mh 12$ ma
51-100 10.0 mh 125 ma
$1-250 25.0 mh 100 mo
$1-500 50.0 mh 100 ma
$1-800 80.0 mh 100 mo

Other volues 1o specificotions,

ADJUSTABLE VARI-FORM
RF COIL FORMS

In response to greot demand for on
ossembled Cosmolite coil form em-
ploying on adjustoble Ferrite core,
Groyburne offers o series of 4 coil
forms for developmentol oppfico-
tions, Stock types:

C-1: Ve x 1147

C-2: " x2”

C-3: " x 1"

C-q: %R 2"

EXPERIMEMNTER'S FERRITE
CORE KIT

The new Groyburnc Fer-
ok rite Core Kit contoins on

<, ossortment of 27 various-

F . sited Ferrite cores
~"""1 odopted for experiments
: in IF ond RF coifs, sole-
.-""r $ noids, lineority, width

? o and other vorioble con-
’ .~ trols, ond in mony
'.-" # # o~ electro-mechanictal oppli-

cations.

Write for free newest Catalog REE-2

GRAYBURNE

LGrpybams maami Susley Dechionn (ompaseni

GRAYBURNE CORP., 103 Lafoyetre S1., N.Y,13
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Guided Missile Data
(Continued from page 5)

circuit flexibility for recording oscillo-
graphs or similar instruments and in
no way limit their construction fea-
tures to telemetry alone.
Communication facilities and remote
control are provided for the supervisor
of oscillograph recording as well as
duplicate control points directly tied
in at the telemetry stations. Panels
providing for information to be patched
into the oscillographs enable recordings
to be made of the following data:
1. FM/FM telemetry discriminator out-
puts

i 2. FM/FM telemetry decommutator

outputs
3. PW/FM telemetry decommutator

outputs
4. Land line telemetry (from the mis-

sile launcher, such as first motion,
squid firing, etc.)
b. Timing signals

The oscillograph rack and all its
component units were furnished under
a development and fabrication contract
(AF-33(038)24908) between the Air
Force Missile Test Center at Patrick
Air Force Base and Spar Engineering
and Development, Imc., Jenkintown,
Pennsylvania. Specifications, drawings,
and technical exhibits of the contract
established the design and layout of
the panels and units.

Each panel or unit is separate, re-
movable and essentially complete in
itself. The panels provide for patching
by means of recessed Western Electric
type female jacks. An aluminum chan-
nel frame is formed to extend in a
deep “U” from the front panel to a
depth of about 14 inches. Across the
outside of the aluminum extrusion in
the rear, a Jones strip is mounted
which terminates all the jacks mount-
ed on the front panel. Thus, a panel
may be easily removed by loosening all
the screws on the Jones strip so that
the barrier strip securing all the rack
cable harness falls free when the front
panel screws are removed. This type of
construction places all the rear termi-
nals and cable harnesses at a conven-
ient depth in the rack and, since none
of the terminal strips are mounted on
the front panel, it can be of minimum
size. All panels are of standard height
or multiples of 1%”, and 19” wide.

Amplifiers are also available to drive
galvanometers properly from equipment
having low signal outputs, or to pro-
vide sufficient levels for high frequency
elements, and to provide isolation and
sensitivity controls for incoming land
line functions. The ‘“‘amplifier panel”
specifications are as follows:

Input impedance—100,000 ohms p.p.

Input level for rated output—S5, 10,

60, and 100 volts
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Input connector—Western Electric
jack type 246A

Frequency response—0-10,000 cps

Output impedance—330 ohms bal-
anced

Ouput current—maximum =*10 ma.

Output connector—Western Electric

jack type
Front panel indicators—meter to
show relative output, amplifier

balance and jeweled power lamp
Front panel controls—input attenu-
ator, amplifier balance, meter se-
lector switch, power switch and
fuse
Power input—110-120 v., 60 cps
The “galvanometer panel,” as the
name suggests, provides a means of
applying signals to the galvanometer
elements. It is mounted directly above
the oscillograph for operational 2ase.
Since this “galvanometer panel” has
been designed to work in conjunction
with an 18-element oscillograph, it pro-
vides circuitry for the full 18 galva-
nometers. Information to be fed to a
galvanometer is patched in its respec-
tively numbered jack. But, current
flowing to any galvanometer must pass
through its polarity reversing switch,
attenuator, and continuity switch. This
arrangement permits the recording
technician to present several conditions
to the oscillograph and, with the con-
tinuity switch open, to keep any or all
of the galvanometer circuits open. To
check operation, he can flip the switch
to “momentary” position. For recording
the flight, the desired continuity
switches would be set in “continuous”
position. The attenuators permit the
setting of desired sensitivities directly
at the recorder while viewing its limits
of deflection. It is true that most of the
telemetry equipment provides for level
adjustment at the telemetry station
itself, but it is not practical to adjust
the levels remotely without excessive
adjustment time and additional person-
nel. Polarity reversing switches are
required to provide proper direction of
deflection in order to permit closer cor-
relation with similar events and easier
data reading by deflecting the traces in
parallel movement and reducing the
times when traces cross, or adjusting
channels so that the crossing angle will
be great. These switches are recessed
and are under a cover plate to main-
tain a neat appearance and to prevent
accidental switching. The ‘‘galvanom-
eter panel” specifications are as follows:
Input impedance—330 ohms constant
Input connector—Western Electric
jack type 246A
Output impedance——330 ohms con-
stant
Front panel controls—polarity re-
versing switches, attenuators and
continuity switches
The feature of this rack assembly
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which permits oscillographs to be op-
erated in a minimum of space is the
slide rack chassis unit. This type of
support for the oscillograph makes it
possible for the instrument to be con-
tained within the rack. For operational
ease, it can be extended six inches and
locked securely for adjustment, calibra-
tion or servicing. Continuous operation
is achieved in any position. The gal-
vanometer and power leads are twisted
pair shielded cables.

An oscillograph phone unit was de-
signed so that voice communications
via hand phone or line amplifier would
be available between the telemetering
stations and missile checkout or launch-
ing areas. It also provides remote con-
trol facilities for operating the oscillo-
graphs, and an operations ‘“hold fire”
switch and indicator. The remote con-
trol circuits of the oscillograph permit
a technician to supervise the operation
of a bay of oscillograph racks, or per-
mit it to be remotely operated and
monitored at the telemetry receiving
station. Control indicators show the
standby condition of each oscillograph
and any malfunction which may occur
during an operation. Since the oscillo-
graph racks are under the surveillance
of one supervisor, only one oscillograph
rack in a bay requires a phone unit.

The “hold fire” circuit is peculiar
only to the missile test ranges. The
usual techniques of firing a missile or
projectile in any test program involve
considerable instrumentation, coordina-
tion and safety precautions, and the
only way every group involved or af-
fected may be ready is to count down in
seconds for the last interval before
firing. In a development and test pro-
gram, it is essential that all instrumen.
tation be operating correctly at the
time of launch. Yet, if the inevitable
malfunction occurs a short time before
firing, it must be reported immediately
so that steps may be taken to prevent
useless firing and loss of the missile as
well as operation of equipment that
requires considerable time to adjust or
reload. For this purpose a switch, with
safety cover, is located on the phone
panel to indicate remotely and locally
that a malfunction which the super-
visor considers of a serious nature has
occurred. A buzzer is also energized
locally on the panel so that in the event
the visual indication from a jeweled
lamp is overlooked, the aural indica-
tion will alert everyone. Each indica-
tion of the “hold fire” system is on
a separate electrical circuit.

The hand phones used with the units
are Signal Corps Type EE-8. Again,
this is equipment common to the ma-
jority of missile test ranges in the
country today; it is a very fine handset
for land liné communications. Audio
bridging amplifiers are provided so that
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the messages may be monitored without
holding a handset all the time or re-
quiring another man as a “talker.” The
amplifier has an input for balanced or
single-ended lines with an impedance
of 50,000 ohms from either side to
ground. Output power is 4 watts across
a 500-ohm line with 0-db input.

In conclusion, it should be stated that
the equipment and design provide pro-
fessional reliable operation of oscillo-
graph recording equipment. It has been
pointed out that each unit, or group of
functions which are separate from the
others, is fabricated complete in itself.
This permits standardization of tech-
niques and layout.

In some applications, several oscillo-
graphs are required to operate simul-
taneously from the same information.
This occurs when instruments must be
operated in tandem, as in cases where
the instruments must be alternately
reloaded with magazines for long or
fast records. This follows the present
planning since an oscillograph rack as
described can be supplemented by racks
on either side containing two or three
oscillographs, each mounted on the os-
cillograph slide rack chassis assembly.
Galvanometer panels may be associated
with each oscillograph, or when the
same data are on similar galvanom-
eters, they may be controlled from the
same panel if the elements are driven
in series or parallel.

Proper damping is maintained on all
elements at all times with the use of
the galvanometer panel. The “T" pad
attenuators feed the galvanometers
with a constant 330-ohm resistive in-
put, and all galvanometer shunts are
made up to provide 649% damping when
operating across the 330-ohm load.

Proper isolation and drive for gal-
vanometers, when required for record-
ing data from circuitry or equipment
not suitable for direct connection to
the elements, are provided by stable
d.c. amplifiers. In addition to furnish-
ing a means of setting up proper de-
flections, the limiting characteristies of
the vacuum tube circuits prevent dam-
age to many galvanometers by acci-
dental hookup errors.

While this is not the first time an
oscillograph has been assembled for
rack mounting, it is one of the first
installations to provide packaged com-
ponents throughout. Although the de-
scribed assemblies center about a par-
ticular application, many of the panels
may merely require different labeling
or the units may be rearranged to pro-
vide a wide variety of applications. All
of the equipment described has been
developed and fabricated, and is now
commercially available. Installations of
the described system have been made
at the Air Force Missile Test Center,
Patrick Air Force Base, Fla. ~ B~
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DELIVERY
FROM STOCK!

RELAYS

Our stock of more than a
million relays — in over a
thousand different types
—is the world’s largest.
Don’t delay your produc-
tion for want of large or
small quantities of relays
of any type.

Telephone, wire or write
for quotations.
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150,000 SQUARE FEET

® Partially leased.
83,000 sq. ft, for immediate
possession. Balance soon.

8 Sprinklered.
e Zoned manufacturing.

® Additional vacant for expansion
or parking.

® Excellent labor area on Chicago’s
Northwest Side.
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Industrial properties offered by

J. J. HARRINGTON & CO.
22 West Monroe Street

CHICAGO 3, ILLINOCIS
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““ELECTRON TUBES IN INDUSTRY”
edited by Keith Henney, Editorial Di-
rector, and James D. Fahnestock, Asso-
ciate Editor, of Electronics. Published
by McGraw-Hill Book Company, Inc.,
330 West 42nd Street, New York 36,
N. Y. 353 pages. $6.00.

The purpose of this book is to provide
industrial personnel — engineers and
technicians—with enough fundamentals
to permit them to talk intelligently

| about electronics, to know what can be

expected of electronic devices and what
their limitations are, and to help them
visualize new applications. In present-
ing these fundamentals, practical tried
and tested circuits are used as exam-
ples. Many of these circuits have al-
ready found successful application in
industry.

In this third edition, the book has
been almost completely rewritten, bring-
ing it up to date, eliminating unneces-
sary material, and emphasizing all
practical aspects. Complicated theoret-
ical aspects of electron tube technology
have been held to a minimum. ~g-

Digital and Analog Units
(Continued from page 15)

features reminiscent of analoeg com-
puters: they will have as many separate
elements as there are operations to per-
form, and they will have, not a fixed
delay of computation, but an exponen-
tial lag characteristic. It might be pos-
sible to interleave such digital units
with analog ones quite efficiently, be-
cause of the continuity of data.

In general, the mixed use of digital
and nondigital units in a computer has
possibilities which call for constant re-
examination as the art progresses. Even
the controversy between proponents of
digital and analog computers may one
day be past history.

Some of the material presented here
arose in connection with a doctorate
dissertation'. The guidance and stimu-
lation given to the author by Professor
William K. Linvill has been instru-
mental in formulating many of these
ideas.

REFERENCES:

1. Salzer, J. M., “Treatment of Digital Control
Systems and Numerical Processes i1t the Fre-

quency Domain,"” thesis for Se.D. degree, Massa-
chusetts Institute of Technology, 1951.

2. Schlesinger, F., *'On the Errors in the Sum
of a Number of Tabular Quantitiea,”” Aatronomi-
cal Journal, Vol. 30, pp. 183-190, 1917.

3. Rajchman, Jan, Snyder, R. L., and Rudnick,
P., “Final Report on Computron,” RCA Labora-

tories Report, N.D.R.C. of O.8.R.D., March, 1943.
| 4. Gordon, M. M., and Nicola, R. N., “Special

Purpose Digital Date Processing Computers,”
paper presented at the meeting of A.C.M., at the
Mellon Inatitute, Pittsburgh, May, 1962,
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New Products
(Continued from page 16)

thallium-activated sodium iodide erystal
and has a plateau length of approxi-
mately 200 volts. With the external di-
rectional shield in place, efficiencies of
33% or greater are obtainable using co-
balt 60, 40% or greater using iodine 131.

Model DS-1 is equipped with a remov-
able directional shield, and has a built-
in preamplifier which provides an out-
put pulse in excess of one-quarter volt,
making possible its use at the G-M input
of any scaler or count-rate meter. It is
available as a separate, complete unit,
or with a special lead shield for sample
counting.,

RADIO CUE SYSTEM
Primarily for directing technical per-
sonnel and cue actors in a TV studio,
the Model AB radio cue system can also
be used in factories where the noise
level is too high to permit direct com-
munication. It was developed by the Pol-
arad Electronics Corporation, 100 Met-
ropolitan Avenue, Brooklyn 11, N. Y.
The transmitter operates on a low
r.f. frequency into a loop antenna, which
restricts the transmitted information to
a closely confined area. Several r.f.
channels are available if simultaneous
transmission for separate activities is
desired. Pocket receivers are small and
lightweight.

@

CALIENIDAIR
of Coning Events

JANUARY 26-30—IAS-IRE-RTCA-ICN
Symposium on Elecrronics in Aviation,
New York. N. Y.

JANUARY 26-27 — Seventh Regional
IRE Conterence. University of New
Mexico, Albuquerque, N, M.

FEBRUARY 4.6 — Western Computer
Conference, Hotel Statler, Los Angeles,
Calif.

FEBRUARY 5-7—IRE Southwestern
Conierence and Electronics Show,
Plaza Hotel. San Antenio, Texas

MARCH 23-26—IRE National Conven-
tion, Waldorf-Astoria Hotel and Grand
Central Palace, New York, N. Y.

APRIL 11—New England Radio Engi-
neering Meeting, University of Con-
necticut, Storrs, Conn.

APRIL 18—Spring Technical Confer-
ence of the Cincinnati Section, IRE,
Engineering Societies Bldg., Cincin-
natl, Chic

APRIL 29-MAY l—Electronic Compo-
nents Symposium, sponscred by the
AIEE, IRE, RTMA and WCEMA,
Shakespeare Club, Pasadena, Calif.

MAY 11.13—National Conference on
Airborne Electronics, Hotel Biltmore,
Dayton, Ohic
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Computer Reliability
(Centinued from page 12)

circuits which cannot distinguish be-
tween wanted signals and noise. For
correct operation of these circuits, there
can be no noise which equals the mini-
mum amplitude of the wanted signal;
and in practice, the peak noise should
be considerably less than the minimum
signal to ensure a margin of safe
operation.

Two types of noise measurements
were made, one in which asynchronous
pulses of variable amplitude were in-
serted into various signal channels to
simulate unwanted information pulses,
and the other in which small voltage
steps were introduced on different plate
and screen lines to simulate power sup-
ply transients. The first of the tests
uncovered a missing ground connection
in one eireuit and the second suggested
a change in power supply filtering.
Although it is felt that tests of this
nature should supplement other main-
tenance procedures, no way has been
found in which they can be readily
mechanized for application to a large
scale computer because of the variation
in circuit impedance and in signal
characteristics that would be encoun-
tered.

Experience gained during the conduct
of the multiplier reliability test indi-
cates that three significant conclusions
may be drawn regarding the problem
of obtaining error-free operation of an
electronic computer:

First, errors resulting from gradual
deterioration of tubes, crystal rectifiers,
and other components can be practi-
cally eliminated if marginal-checking
methods are used to locate weak cir-
cuits before they have caused operation
failures, Until marginal checking was
built into the multiplier, it was almost
impossible to go through a day without
computational errors and consequent
shutdowns. During the life test, no
errors could be attributed to deteriorat-
ing components—at least within exist-
ing ability to determine causes for
failures. A total of 164 vacuum tubes
and 83 crystal rectifiers were replaced
because of low margins.

Second, lack of attention to the de-
tails of construction which ensure per-
manently good electrical connections
throughout the system can result in
potential sources of error which may

PHOTO CREDITS
PAGE CREDIT
3,4, 5...United States Air Force
6, 7, 20....University of Illinois
10..... Mass. Inst. of Technology
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go undetected for a long time. If such
conditions exist, long trial runs with
satisfactory operation do not establish
the fact that the system is a reliable
one. An example, taken from the log,
will serve to illustrate this point. About
halfway through the run, the multi-
plier started to make errors intermit-
tently. The cause, determined only
after tapping each component, was an
unsoldered connection which had gone
undetected for almost three years.

Third, failures that interfered with |

the useful operation of the multiplier
fell into two general classifications:
(1) sudden total failures of compo-
nents and (2) intermittent -circuit
failures. At the outset, it was accepted
that sudden failures, such as open or
short-circuited components or connec-
tions, could be expected without warn-
ing and would cause errors in opera-
tion. Results of the test, however,
showed that intermittent failures were
far more serious because they were
difficult to locate and correct. Of the
142 total error periods, 124 resulted
from intermittent failures, Although
the sources of some of these were un-
doubtedly detected and remedied, it was
impossible to make direct correlations
between errors recorded and defects
corrected.

The principal value of the extended
reliability test was the proof that cir-
cuits of the type used in the Whirlwind
I computer could be constructed of
presently available components and
made to operate in a large system with
relatively little time lost in unscheduled
trouble-shooting and repair. Test data
from the multiplier run could not be
used to forecast the reliability of the
whole Whirlwind computer since this
system contained substantial numbers
of components and circuits not present
in the multiplier. The performance of
the Whirlwind arithmetic element,
however, indicates that a linear extra-
polation of the multiplier experience
to a larger system based on the number
of tube cathodes is probably valid if
similar circuits are involved. With this
criterion, a system of five thousand
tubes should average not more than
one error period in each 20 hours of
operation. For most mathematical, in-
dustrial, and scientific applications,
this performance would be quite ade-
quate. On the other hand, present-day
thinking implies that much larger
electronic systems are desirable for
controlling actual physical situations
where even a low error frequency is
objectionable, and one must conclude
that continued improvement in com-
ponents, circuits, and system construc-
tion will be needed to obtain satisfac-
tory reliability.
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Precision

COIL BOBBINS

Improve your coils . . .

* Quality Controlled

® Greater Insulation

¢ Better Heat Dissipation

* Higher Moisture Resistance
15 to 209, Stronger

e Lighter Weight

®* More Winding Space

PRECISION Coil Bobbins are finished to
your exact specifications. Only the finest
dielectric materials are used.

Cores furnished in an infinite variety of sizes
and shapes—kraft, fish paper, acetate, or com-
binations. Flanges cut to specifications—plain
or fitted with leads, slots or holes; embossed
or recessed.

Send specitications for
free sample and request
new Arbor List of over
1500 sizes.

PRECISION PAPER TUBE CO.

2063 W. Charleston St.,
Plant No. 2, 79 Chapel 5t.,

| Chicago 47, III.

Hartford, Conn.
Also MFrs. of Precision Paper Tubes
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IRE CONVENTION PROGRAM

Tentative list of papers to be presented at
the IRE Convention in New York, March 23-26.

AIRBORNE ELECTRONICS

S8ome Systems Considern!ions m Flizght Control
Servomechanism Design. R Bibbero and R.
Grandgent, Republic Avmt.ion Corp.

Faired-In ADF Antennas. L. E. Raburn, Elec-
tronics Research Inec.

Magneti¢ Amplifiers for Airhorne Applications.

MeKendry, General Precision Labs.

Alrcrnﬂ Electrical Power. J. Dieffenderfer

nd G. W. Sherman, Wright Air Dev, Ctr.

'l'he Effects of Electronic Equipment Standardi-
tation on Aircraft Performance. G. C. Sum-
ner, Consolidated Vultee Co.

The Technique of Monopulse Radar. W. Hausz,

G-E.

Reducing Sky Wave Errors in CW Tracking Sys-
tems, M. 8. Friedland. Patrick AF Base, and
N. Marchand, Electronics Lab.

An Application of Integrator Type Signal En-
hanecer to Direction Finding Equipment. C. A.
Strom and J. A. Fantoni. Rome Air Dev. Ctr,

A Theory of Target Glint or Angular Scintilla-
tion in Radar Tracking. . H. Delano, Hughes
Alrcraft Co.

Agtomatic Dead Reckoning Navigation Com-
puters for Aircraft. J. L. Dennis, Wright Air
Dev. Ctr.

ANTENNAS

The Measarement of Highly Directive Antenna
Patterns and Over-All Sensitivity of a Recelv-
ing System by Selar and Cosmic Noise. J.
Aarons. Air Force Cambridge Research Ctr.

Radiation Patterns for Aperture Antennas with
goEn-Llnenr Phase Distributions. C. Allen,

Factors Aflecting Radiation Patterns of Corru-
gated Surface Antennas. M. Ehrlich and L,
Newkirk, Hughes Aircraft Co.

A Microwave Anecholc Chamber for Antenna
Pattern Measurements. J. Simmons, Naval Re-

search Lab.

Wide-Frequency-Range Tuned Circuits and An-
tennas. A. G. Kandoian and W. Sichak, Fed.
Telecommunication Labs.

Arrays of Flush Mounted Traveling Wave Anten-
nas. J. N. Hines, V. H. Rumsey and T. E.
Tice, Ohio State U.

Transient Build-Up of the Antenna Pattern in
End-Fed Linear Arrays. H. Enenstein, Hughes
Aireraft Co.

A New Microwave Reflector. K. S. Kelleher, Na-
val Research Lab.

Crosstalk in Radio Relay Systema Caused by
Foreground Reflections. H. Evans, Bell
Telephone Labs.

Low Side Lobes in Pencil-Beam Antennas. EM.T.
Jones, Stanford Research Inst.

Notes on Propagation. L. A. Byam, Jr.,
Union Telegraph Co.

Tropospheric Propagation in Horizontally Strati-
fied Media Over Rough Terrain. H. M. Swarm,
R. N. Ghose and G, H, Keitel. Washington U,

Radio Wave Scattering in Tropospheric Propa-
gation. J. W. Herbstreit. K. A. Norton, P. L.
Rice and G. E, Schafer, Nat. Bureau of Stand-

‘Western

ards.

Extended-Range Radio Transmission by Ohlique
Reflection from Meteori¢ Ionization. O.
Villard, Jr., A. M. Peterson, L. A, Manmng
and V. R. Fshlemnn. Stanford U,

An Interpretation of Vertical Incidence Equiva-
Ient Helght vs. Time Recordings on 150 KC.
R. Lindquiat. Pa. State College.

DIO AND ACOUSTICS

Sound Remforcement Syatem. General Assembly,
United Nations. L. Beranek, MIT; C. W, Goy-
der. UN.

A Varisble Time Delay. K. Goff, MIT.

A Flux Sensitive Head for Macnetic Recording
Piay Back. D. E. Wiegand, Armour Research
Foundation.

Uniaxial Microphone. H. F. Olson, J. Preston and
J. C. Bleazey. RCA Laba.

Sound Pressure Measorement between 50 and 220
DB. [I. Hilliard, Altee Lansing Corp.

Fandamentsl Theary. L. Beranek, MIT.

Mierophones. H. F. Olson. RCA.

Loudspenkers. H. S. Knowles, Industrial Research
Products, Ine.

Phonorraph Reprodocers. B. B. Bauer, Shure
Broa., Inc.

Tape Recording. Marvin Camras,
search Foundation.

Studio Acoustics. H. J. Sabine, Celotex Co.

CIRCUITS

A General RLC Svnthesin Procedure. L. Wein-
berg, Hurhes Aircraft Co.

A General Theory of Wide-Band Matching. H. J.
Carlin and R. LaRosa, Brooklyn Polytech.
Synthesis of Electric Fllters with Arbl!rlry Phase
Characteristics. B. J. Bennett, Stanford U.
Wide-Band Filter Amplifiers at Ultra-High-Fre-

quencies. J. M. Pettit. W. A. Christopherson
and D. O. Pederson. Stanford U.
Network Analysis with the Aid of Generating

Armour Re-
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Polynomials. H. Kurss, Brooklyn Polytech.

Two New Equations for the Design of Filters. M.
Dishal, Fed. Telecommunication Labs.

Conventional Amplifiers. W. Bradley, Philco Corp.

Feedback Amplifiers. H. N. Beveridge, Raytheon
Mfg. Co.

Transistor Amplifiers. R. L. Wallace, Bell Labs.

Distributed Amplifiers. W. G. Tuller and E. H.
Bradley, Melpar Electronics.

Traveling Wave Tube Amplifiers. L. Field, Stan-
ford U.

Continuously Variable Delay Line. C. Berkley.
Allen B. Du Mont Labs., Ine.

General Transmission Theory of Distributed Heli~
cal Delay Lines with Brideing Capacitance.
M. J. DiToro, Allen B. Du Mont Labs., Ine.

Distributed Constant Delay Lines with Character-
istic Impedances Higher Than 5000 Ohms.
W. 8. Carley, U. 8. Naval Ordnance Lab.

Helleal Winding Expotential-Line Pulse Trans-
formers for Millimicrosecond Service. J. Kukel
and E. M. Williams, Carnegie Inst. of Tech-
nology.

Time Domain Approximation by Use of Pade
Approximants. R. D. Teasdale, RCA.

Frequeney Transients in ldealized Linear Sys-
tems. B. Gold, Hughes Aircraft Co.

Transient Analysis of Junction Transistor Am-
plifiers. J. J. Suran and W. F. Chow, G-E.

The Grounded-Collector Transistor Amplifier at
Carrier Frequencies. F. R. Stansel, Bell Tele-
phone Labs.

Symmetrical Properties of Transaistors and Their
Application. G. C. Sziklai, RCA Labs. Div.

A Study of Transistor Circuits for Television.
G. C. Szikiai, R. D. Lohman and G. B.
Herzog, RCA Labs. Div.

Conductance Curve Denign of Relaxation Cir-
cuita. K. A. Pullen, Aberdeen Proving Ground.

Transistor Relaxation Osciilators. 8, I. Kramer,
Fairchild Guided Missiles Div.

ELECTRONIC COMPUTERS

Multichannel Analog Input-Output Conversion
System for Digital Computer. P. A, Adamson
and M. L. MacKnizght. Hughes Aircraft Co.

An Anslog to Digital Converter with an Im-
proved Linear Sweep Generator. D.
Slaughter, Cal, Tech.

Dynamic Binary Counter with Analog Read-Out.
L. Packer, Columbia U.

Life and Reliability Experience with Tranaistors
in a High Speed Digital Computer. J, J. Scan-
ion, Bell Telephone Labs.

Engineering Experience in the Design and Op-
eration of a Large Scale Electrostatic Mem-
ory. J. Logue, A. Brennemann and A.
Koelsch. Int‘l. Business Machines Corn.

Analog Computing with Magznetic Amplifiers
Using Multi-Phase A-C Voltages. J. E. Rich-
ardson, Hughes Aircraft Co.

Some Recent Developments in Loglcal "Or-And-
Or" Pyramids for Digital Computers. C. Le-
ondes. Pennsylvania U.

Magnetic Core Switchea as Logical Elements in

Computers. E. A. Sands, Magnetics Res. Co.

Magnetic Shift Recister Using One Core Per Bit.
R. D. Kodis, S. Ruhman and W. D. Woo,
Raytheon Mfg. Co.

Simple Computer for Automatically Plotting Cor-
relation Functions. A. H. Schooley, Naval
Research Lab.

Bymposium: Diagnostic Programs and Marginal
Checking for Large Scale Digital Computers.

ELECTRON DEVICES
The Negative Resistance Diode. I. A. Lesk and
P. Mathis. G-E.

Rella'blllly of Transistors. W. R. Sittner and
R. M. Ryder, Bell Telephone Labs.

Characteristica of the M-1768 Transistor. L. B.
Valdes, Rell Telephone Labs.

Developmental High Frequency Alloy Transistors.
C. W. Mueller and J. I. Pankove. RCA Labs.

Behavior of Germanium Junction Transistors at
Elevated Temperatures and Power Transistor
Design. L. D. Armstrong, RCA Labs. Div.

Gas Pressure Effects on Ionization Phenomena in
High-Speed Hydrogen Thyratrons. W.
Dean. Odessa, Texas; G. W. Penney and J. B.
Woodford, Jr., Carnegic Tech.

Low Noise, Hot Cathode, Gas Tubes. E. O.
Johnson, W. M. Webster and J. B. Zirker,
RCA Labs. Div.

New Dispenser Type Thermionie Cathode. R.

Levi.

Multi Ouatput Beam Switching Tuhes for Com-
puters and General Purpose Use. 8. Kuchin-
sky., Burroughs Adding Machine Co.

Operation of the Traveling-Wave Tube in the
Dispersive Region. L. A. Roberts and S. F.
Kaisel, Electronics Research Lab.

A Traveling Wave Electron Buncher. R. B. Neal,
Stanford U.

ome Properties of Periodically Loaded Struc-
tures Suitable for Pulsed Traveling Wave
Tube Operation. M. Chodorow and E. J. Nalos.
Stanford U.

Experiments on Millimeter Wave and Light
Generation. H. Motz, W. Thon and R. N.
Whitehurst, Stanford U.

ENGINEERING MANAGEMENT

Report of Year's Activities by the Chairmaon of
the Professional Group on Engineering Man-
agement. R, I. Cole, Rome Air Dev. Ctr.

General Problems of Engineering Management
Facing the Elecironies Industry. H. Pratt,
Telecommuniecations Advisor to the President.

Research and Development Problems of Engineer«
ing Manazement in the Electronics Industry.
M. J. Kelly, Bell Telephone Labs.

Preduction Aspects of Engineering Management
in the Electronics Industry. W. A, McDonald,
Hazeltine Electronics Corp.

What the Military Services Expect from Engi-
neering Management of the Eleetronies In-
dustry. Major General D. L. Putt, Air Re-
search and Dev. Command.

INFORMATION THEORY

Recent Advances in Information Theory. L. De-
Rosa. Fed. Telecommunication Labs.

Radar Probiems & Information Theory. H. Davis,
Watson Labs.

Analysia of Multiplexing and Signal Detection
by Function Theory. N. Marchand, Marchand
Electronie Labs.

Optimum Nonlinear Fliters for the Extraction
and Detection of Signals. L. A. Zadeh, Colum-

ia U.

Detection of Information by Moments. J. J.
Slade, Jr., 8. Fich, D. A. Molony., Rutgers U.

Error Probabilities of Binary Data Transmission
Systems in the Presence of Random Nolse, S.
Reiger. Air Force Cambridge Research Ctr.

Statistical Propertiea of the Output of Certain
Freauency Sensitive Devices. G. R. Arthur,
Sperry Gyroscope Co.

Crosa-Correlation Applied toe Automatic Fre-
quency Control. M. J. Stateman, Sylvania
Elee. Prods. Ine.

Approximate Probability Density Funetion of
First Level Crossing for Linearly Increasing
Signal Plus Noise. G. Preston and R. Gard-
ner, Phileo Corp.

A Design Criteria for the Optimum Demodula-
tion of Generalized Modulated Signals. F. W.
Lehan, Cal. Tech.

A Necessary and Sufficilent Conditlon for Unique
Decomposition of Coded Messages. A. A. Sar-
dinas and G. W. Patterson, Burroughs Adding
Machine Co.

A Systematic Survey of Coders and Decoders.
R. Lippel, Signal Corps. Engrg. Labs.

Method for Time or Freauency Compreasion-Ex-
pansion of Speech. G. Fairbanks, W, L. Ever-
itt and R. P, Jneger, Illinois U.

A New Coding Svstem for Pulse Code Modula-
tion. A. G. Fitzpatrick. Burroughs Adding
Machine Co.

Coin¢idence Detectors for
Gates, Cal. Tech.

INSTRUMENTATION

A New Method for Measuring Noise Figure and
Gain of a Radar Recelver. R, J. Pareat and
V. C. Rideout. Wisconsin U.

Automatic Instrumentation for Continuous Mon-
itoring of Systems Performance. M. V. Ratyn-

Binary Pulses. C.

ski, M. Kant and H. Webb, Rome Air Dev.
Ctr.
Aatomatic One-Shot Methods for

Bnndwidth

Measurement. J. B. Woodford, Jr., and E. M.
Williams, Carnegie Tech.

Microwave Power Meter with Automatic Zero
Settingk_and Telemeterinz. L. A, Rosenthal
and G. M. Badoyannis, Rutgers U.

Monitoring of Errors in Synchro Servo Systems.
G. Quazza. Brooklyn Polytech.

Transistor Metrology. D. A. Alsberg, Bell Laba.

Measurement of Transissor Parameters by CRO
and Other Methods. W. E. Morrow, Jr.,, MIT.

Transistor Static Characteriaticsa Ohtained by
Pulse Techniques. D. R. Fewer. Bell Labs.

Bridges for Measuring Junction Transistor Ad-
mittance Parameters. L. J, Giacoletto, RCA.

A Transistor Alpha Sweeper. H. G. Follingstad,
Bell Telephone Labs.

Rapid Tracing of Tranaistor Characteristies by
Oscillographic Methods. V. Mathis, G-E.

The Response of a Panoramic Receiver to CW
and Pulse Signals. H. W. Batten. R. A. Jor-
gensen, A, B. Macnee and W. W. Peterson.
Michigan U.

A VHF Impedance Meter, J. H. Mennie. Boonton
Radio Corp.

Simplified Measurement of Incremental Pualse
'l'lme Jitter. W. T. Pope, Grifith Air Force

Bas
Wide—Blnd Wave Anaiyzer. 0. Kummer, Bell

An Equivalence Principle in High Freq y
Tubes. Robert Adler, Zenith Radie Corp.
High Power Traveling Wave Tube Amplifiers.

M. Ettenberg, Sperry Gyroscope Co.
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Teleph Labs.
Ultra-Low Frequeney, Three-Phase Oscillator.
G. Smiley. General Radio Co.
(To be continuad in March issue)
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