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EDITORIAL

THE RADIO AND ELECTRONIC
ENGINEER has played a major
role in establishing new records of pro-
duction and in the design and improve-
P E '|' ment of items vitally needed to meet

n . E A R T M N the ever increasing demand of the
{ L x>z military. Without the untiring efforts
of this group of men it would not have
been possible for the United States to
surpass the high rate of production en-
joyed by its enemjes. These men have
established themselves firmly in Amer-

‘ ican industry. They are no longer just
‘ ‘ “slide rule” artists. They have become
much more important! It is an estab-

1 9 4 3
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lished fact that the engineer of today
VOLUME | NUMBER 4 occupies a commanding position in in-
dustry. This is particularly true in
the radio and electronic fields. By

‘ . working in conjunction with military
X-RAYS IN INDUSTRY J. L. Bach and H. W. Pickett 3 personnel they have found that not
. b only must they specialize in their own

PRIVACY SYSTEMS ol ST Ma|or particular line of endeavor, but they
HIGH-SPEED PHOTOGRAPHIC EXPOSURES 9 s CLteltnl (g Hadars i ey
function of conducting a manufactur-

RESPONSE TESTING WITH SQUARE WAVES - Milton S. Kiver 10 ing business. The engineer Is being
rapidly drawn into the administrative

g end of the business. It is only nat-

THE NATURE OF COSMIC-RAY PARTICLES Dr. Marcel Schein 13 ural that this should occur. Those
_ o who have conducted the operating end

MASS SPECTROMETER ' ' 2 of various plants have found that the
THYRATRONS—FOR HEAT CONTROL C. B. Stadum 19 Judgment of the) englucering stafiyls
very often the deciding factor when

TWO ELECTRODE GLOW-DISCHARGE TUBE TR chee LT G R
UITS Nichol L 22 conduct of the establishment. Many

CIRCUI : C ol g llie engineers are called upon for consulta-

tion with personnel of the sales de-

INDUSTRIAL REVIEW o ‘ e 26 partments. It is logical then to as-
sume that his knowledge will broaden

PERSONALS ) 28 considerably and will become very
familiar with sales problems. It is

TECHNICAL BOOKS 30 quite apparent however that the aver-
NEW PRODUCTS 32 age engineer does not realize that he

is becoming more and more important
to the postwar period. It is true that
WASHINGTON BRIEFS ‘ e 34 many of the better equipped men will
find themselves well up on top on the
roster of our large radio and electronic

manufacturing plants. These men will

COVER PHOTO—BY WESTINGHOUSE not get there by accident. By analyz-

Electronic tubes similar to the one illustrated have the ability to ing the entire sales possibilities the en-
amplify, generate, control, transform or convert electrical energy in
almost any manner desired. Such tubes vary in size and capacity

gineer of today certainly will be in a

trom those capable of detecting infinitesimal currents, to giant tank- position to do an excellent job of re-
like rectifiers handling thousands of amperes in power conversion. In conversion after victory has been
any electronic device tubes are the heart and brain of the circuit. achieved. After the war the radio-

The development of new tubes., with new and diferent characteristics.

will still further expand the usefulness of radionics in all industries. electronic field will become so broad

and all-embracing that it will require
sales engineers of highest calibre to be
able to act intelligently upon the host
of new problems that will appear. It
is for the individual to decide as to
whether or not he will remain as just
an engineer, in sense, or whether he
will qualify for an executive position
in the field.
(Continued on page 33)
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by J. L. BACH and . W. PICKETT

General Electric X-ray Corp.

Industrial applications of X-ray equipment for cheeking,

analysing and testing of various manufactnring processes.

-RAYS, one of the first recog-
X nized electronic phenomena and

vital aid to the physician, to-
day is turning to indispensable work in
war industry.

In aircraft, tank, and other indus-
trial plants; in arsenals, steel mills,
and shipyards, the X-ray now reveals
the hidden bubble, crack, or structural
flaw that might spell death to those
who depend upon unfailing battle
equipment, or might cause failures of
precious machines.

The use of high-voltage X-rays in in-
dustry is not new. Nor is it a direct
offspring of World War II. Engineers
have been checking welds by radiog-
raphy for several years with 400,000-
volt machines. X-ray inspection of

RADIONICS

naval turbine castings has been an ac-
cepted practice for some time.

But until only a short time ago, most
high-voltage machines have been big,
cumbersome affairs, often requiring
special multi-story buildings to house
them. Moreover, while they were, and
still are, just what the doctor ordered
for jobs like standard weld inspection,
they required long exposures and were
limited to ultimate penetrations of
about five inches.

The new and compact million-volt
industrial X-ray unit, is less than five
feet high and three feet in diameter
and weighs about 1,500 pounds. Hang-
ing from a flexible bridge crane, this
unit can penetrale 8-inch plates of
steel, and inspect, in 16 minutes, pieces

DEPART

A 200.000-volt G-E industrial X-ray unit,
mounted on a flange wheel truck, is
shown radiographing a mammoth steel
plug at the Grand Coulee Dam.

"'XRAYS IN INDUNIRY

of metal that previously required 60

hours. Such units are in operation at
Navy Yards in Norfolk, Philadelphia,
Pearl Harbor, and Boston and are
used for the high speed radiographic
inspection of heavy metals, and in
many industrial plants making war
equipment. X-rays reveal such faults
as blow holes, tears, shrinkage cavi-
ties, inclusions, and cracks—faults
which would not be detected by the
keenest of eyes and which could not be
tolerated in high pressure turbine cast-
ings, or ordnance equipment. Steels
and ferrous alloys of many kinds are
inspected, as are welded structures
and thick aluminum alloys.

Several million-volt units now in op-
eration inspect heavy boiler drums.
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Before these units were installed, the
welds in heavy drums having plate
thicknesses of from three inches to
five and one-half inches were radio-
graphed with the 400,000-volt indus-
trial X-ray unit. The time required
for complete radiographic examination
of a heavy pressure vessel by this
method required days. Using this 400,-
000-volt unit, a circumferential seam
in a six-foot diameter drum having a
plate thickness of four and one-half
inches, required approximately three
hours per exposure. If 30 separate ex-
posures were necessary to complete
examination of the entire drum about
four full days time was needed. Using
the million-volt unit, the exposure
time was cut from three hours to ap-
proximately two minutes, reducing
total examination time to about one
hour.

It is evident from the above that
many hours of valuable production
time are saved, with prospects of great-
er X-ray development after the war.

By using the million-volt ‘‘candid
camera’ to examine cast-steel crank
shafts for aircraft engines, engineers
have reduced by more than one-sixth
the man-hours formerly required for
the test. Not so long ago, checking a
casting for a heavy bomber part be-
ing made in the same plant required
six exposures. The million-volt unit
has reversed the figures, now checking
six castings with one exposure.

This powerful portable is a master-

1 RADIONICS

piece of versatility and easy handling.
It can be aimed like a gun at several
steel castings at a distance of 24 feet
and turned loose with a full million-
volt X-ray bombardment, or have its
nozzle placed delicately in a small
opening of a vessel and be throttled
down to 3/10,000 of its capacity to
shoot an object three inches away.
Although the million-volt portable
is the latest development of radiog-
raphy today, machines of 400,000-volts
and less are by no means obsolete. On
lighter sections, they have all the rela-
tive efficiency of their big brother. But
the million-volt unit has the advan-
tage in that it gives better pictures,
especially in the case of castings of

Radiographic comparison of iron castings.
One (left) shows no imperfections indicat-
ing correct foundry procedure while the
other (right) shows shrinkages over the
full length, beginning at the gate end.

A quartz-crystal goniometer—permits ex-
act orientation of the crystal for the cutting
of oscillator blanks. It eliminates making
temperature-coefficent tests for produc-
tion control. Insert shows operator placing
crystal blank into proper position in unit.

irregular shape and variable thick-
ness. In addition, the higher pene-
trating power makes it possible to in-
crease the distance between the object
and the X-ray tube and so reduce
geometrical distortion resulting from
the spreading of the rays.

Another type of X-ray equipment
that is speeding war production is the
semi-automatic unit for rapid produc-
tion-line examination of castings and
metal assemblies. Such units operate
with assembly-line technique—trays of
small castings pass under the equip-
ment, are X-rayed, and move on. These
units were installed a short time ago
in a large bomber plant for rapid pro-
duction-line examination of castings
and metal assemblies.

X-ray diffraction apparatus for
studying crystalline substances —
metals, fibres, paints, ceramics—is

also playing a major part in the war
production program.

X-ray diffraction is one of the most
fascinating applications of electronics.
The physicist places in a ‘“camera’” a
sample of the material to be studied,
and directs at it a beam of X-rays.
The sample diffracts the rays, and the
diffracted radiation creates a pattern
on sensitized film. The physicist simply
reads the diffraction pattern, and by
calculation can determine what struc-
tural changes occur when metal is
rolled; can classify cotton, wool, silk,
and other natural and synthetic fibres
according to strength; and even iden-
tify the minerals in rhubarb!

Orientation of Crystals by X-ray

Before Pearl Harbor, engineers of
the General Electric X-Ray Corpora-
tion, working in conjunction with the
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A million-volt industrial X-ray unit is being used here to radio-
graph castings in one of the nation’s largest foundries.

U. S. Army Signal Corps and quartz
crystal contractors, developed a high-
speed X-ray diffraction unit to assist
in the accurate processing of quartz
crystals for radio and other essential
signaling devices.

Quartz crystais or ‘“‘quartz oscillator
plates” fix the frequency of trans-
mitters and receivers used by the
Army and Navy on land, at sea and
in the air. They perform important
functions in connection with artillery
range-finding and submarine-detecting
gear.

The piezoelectric properties of sec-
tions of single crystals of quartz have
been understood for some time. These
properties are useful for the control of
the frequency of radio transmission
circuits, for chronometers, and as fil-
ters in telephone communication. The
study of quartz oscillators has shown
that the change of the characteristic
frequency of a wafer with temperature
is minimum for crystals cut at one of
a few critical orientations with re-
spect to the crystallographic axes of
quartz. The performance specifica-
tions of a crystal determine the accur-
acy with which it must be so oriented.
This accuracy generally varies from
plus or minus five minutes to plus or
minus thirty minutes of arc from the
ideal planes of orientation.

During peacetime, commercial
transmitters minimized the impor-
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tance of the temperature drift char-
acteristics of crystals by operating
them in controlled ovens. In wartime
communications of the armed services,
it is essential that many crystals in
many sets produce the same frequency
regardless of the temperature of op-
eration; for example, high altitude
planes must be able to communicate
with their base.

The orientation requirement for
crystals manufactured before the war
was ordinarily met by a trial-and-
error performance-selection method.
Because there was no particular ur-
gency in the demand for crystal oscil-
lators and because there was plenty of
good quartz available, a relatively in-
efficient method of production could be
tolerated. Two or three manufacturers
used X-ray diffraction methods for
control of wafer orientation, but the
more common method was purely em-
pirical. The preliminary orientation of
the mother quartz with respect to the
wafering saw was accomplished with
reference to the optical and piezoelec-
tric properties of the chunk. The angle
of cut was approximated by measuring
from a natural face of the crystal and
a trial wafer was cut. Because of the
difficulty of reproduceably remounting
the crystal on the saw table, the saw
remained idle for one to four hours
while a crystal oscillator was finished
from the trial wafer and the variation

Operator is preparing to radiograph several small castings
on a specially-buiit platform with a million-volt X-ray unit.

of its frequency with temperature was
determined. The shape of the tem-
perature coefficient curve was com-
pared with a series of charts prepared
empirically which indicated the prob-
able error of the cut for a given
shaped curve. This comparison was
obviously something of an art but re-
sulted in a workable procedure for de-
termining the error. The orientation
of the quartz was then corrected and
a new trial wafer was prepared. If
the manufacturer had great faith in
the method, he proceeded to saw up
the block of quartz. Otherwise, he re-
peated the test procedure to confirm
the accuracy of the reorientation. Of
the crystals produced, many were
mediocre but a sufficient number were
good to satisfy the demand. The tem-
perature coeflicient performance of the
crystal could be adjusted somewhat by
the finishing art as long as there was
plenty of time and enough artists to
finish the crystals.

The war placed a tremendous de-
mand on the quartz crystal industry.
More crystals per day were required
than had been built in a year before
the war, so the capacity of the indus-
try had to be increased several hun-
dred times. If existing production
methods were to be used, the job would
have been nearly impossible. The
training of operators for finishing cry-

(Continued on page 36)
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PRIVACY SYNTEMS

By JOHN KEEYNE MAJOR

A review of various systems that have been proposed for privacy

in radiotelephony. which may in time completely supplant our

present system of long-distance wire and cable communications.

ADIOTELEPHONY has widely
R supplanted long-distance wire

and cable communications,
where simplicity, reliability, and econ-
omy are paramount, but with the rise
of a new problem to plague engineers:
privacy. This problem has been solved
with the invention of ingenious sys-
tems to prevent either chance or de-
liberate interception of telephone mes-
sages by eavesdropping listeners.

Absolute privacy is admittedly im-
possible, but practical privacy is
judged by the difficully and expense
involved in any attempt by an unau-
thorized listener to decipher the mes-
sage, by eliminating the imposed char-
acteristics from the speech received.
Effective privacy, and simplicity of de-
sign and construction with satisfac-
tory operation are two goals largely
incompatible, so that any system or
combination of systems employed must
necessarily be a compromise.

To secure privacy in radiotelegra-
phy, high-speed transmission and sub-
stitution ciphers are used, where the
sequence of the symbols is altered ac-
cording to a prearranged code—which
itself may be changed, continuously
or periodically. But radiotelephony
involves the transmission of continu-
ous complex signals of varying ampli-
tude, frequency, and duration, which
cannot be individually separated, ci-
phered, and codified.

Privacy requirements are more ex-
acting in radiotelephony, since the ear
can accommodate to disturbances and
distinguish slightest peculiarities of
language. Moreover, if part of the
message has been understood, the lis-
tener can often intelligently guess the
remainder. But at the receiver, the
resulting speech after transformation
must be clear and free from distor-
tions other than those inherent in any
radio transmission, due to faulty con-
struction, improper adjustment, varia-
tion of signal strength, and other
propagation characteristics. It must
be easily intelligible, with no new un-

It is of particular interest to
note the fa«t that the Japanese
have accumulated considerable
knowledge and experience in
the use of these systems. This
is apparent from the amount of
scientifie literature available,
as appearing in the references
listed herein.

desirable or abnormal aberrations in-
troduced to alter the speech for infre-
quent users. For public service, no
appreciable time delay can be toler-
ated in two-way conversation; radio
channels are often augmented by long
land line circuits, considerably increas-
ing transmission time. The maximum
total transmission time is of the order

of half a second to prevent ‘locking”

of the circuit during use, since the
proportion of time lost by locking in-
creases very rapidly with transmission
time.! The system must provide re-
liability at all times with a minimum
of supervision and maintenance; there
must be no interference to or from
other stations. In addition, ease of
technical construction and synchroni-
zation, reduction of expense in orig-
inal outlay, and economy of operation
are highly desirable.

Systems are classified into those
using undetectable signals and those
transmitting signals detectable on an
ordinary receiver. Undetectable sig-
nals generally result from a special
mode of modulation. Although useful
in combination with other systems,
directional antennas are inadequate
for satisfactory privacy — especially
over long distances—due to the scat-
tering of waves and the impossibility
of a direct beam.2 Such transmissions
can easily be intercepted on amateur
receivers equipped with automatic
carrier adjusters and automatic vol-
ume control to mitigate rapid fading
and receive satisfactory signals of very
low strength.

Special methods of amplitude mod-

ulation have been suggested to gener-
ate undetectable signals. The quies-
cent carrier system uses voice-oper-
ated thermionic switches to suppress
emission during pauses of speech, but
alone is practically useless, only mak-
ing receiver tuning and adjusting more
difficult. However, one of its foremost
advantages is that of economy; since
the carrier is being transmitted only
when a speech current modulates it,
the consumption of power is reduced
to 10 or 12% compared with the or-
dinary continuous carrier system used
in broadcasting. Since the transmitter
is not radiating during periods of re-
ception, the quiescent carrier system
facilitates location of the transmitter
adjacent to the receiver, and enables
the use of a single wave-length for
two-way conversation,

The suppressed carrier system with
or without single side band produces
an undetectable signal due to the ab-
sence of the carrier wave; the only
audio frequency tones delivered by the
receiver are intermodulation products
between various high-frequency side
band components. To receive the or-
iginal speech, a carrier must be sup-
plied by a local oscillator, operating
within 20 cycles per second of the
transmitter carrier frequency. How-
ever, a very stable oscillator is re-
quired, and precise adjustment of the
local oscillator is practically impossi-
ble on short wave bands with a carrier
of the order of 20 megacycles. A sin-
gle side band system with suppressed
carrier has been successfully demon-
strated, nevertheless, with the trans-
mitter providing a pilot frequency to
control the receiver local oscillator,
Advantages of this system include
economy of power, reduction of fre-
quency band on long waves and a re-
duction of selective fading on short
waves.

Phase and frequency modulation
have been proposed to achieve privacy.
Chiba published a circuit incorporat-
ing an impedance bridge of three re-
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sistances (two equal), and a condenser
microphone, which, with a change in
resistance or capacitance, would pro-
duce a phase-modulated output volt-
age with constant amplitude?; this cir-
cuit is illustrated in Figure 1. The
band width required for phase and fre-
quency modulated signals is prohibi-
tive for practical applications, how-
ever, and as far as is known, neither
mathematical reasoning nor experi-
mental results have proved the ab-
sence of components sufficient to pro-
vide some intelligibility when the sig-
nals are picked up by an ordinary re-
ceiver.t

Systems transmitting detectable sig-
nals change the characteristics of the
audio frequency current, radio fre-
quency current, or both. Probably the
simplest privacy system is the multi-
plex or switched channel arrange-
ment, where a number of conversa-
tions on an equal number of channels
are switched from one channel to an-
other according to a prearranged or-
der. It is easily decipherable by Tre-
cording all the channels and compar-
ing the conversations to reconstruct
the original transmissions. It requires
a plurality of channels available with
similar transmission characteristics;
synchronous, instantaneous, and silent
switching at each end; and a changing
sequence of switching to make tapping
more difficult. Though suitable for
line telephony, if vacant channels are
occupied with noise or conversation
from records or other sources when
only one or two conversations are be-
ing transmitted, it is hard to apply to
radiotelephony because of the difficulty
in finding at least three or four radio
channels with similar characteristics
at all times. Synchronism can be ef-
fected by a pilot channel or controlled
oscillators—both of which are used in
picture transmission—and the se-
quence can be changed by some non-
recurrent method of switching, re-
peated only after long intervals.

Superimposing other sounds on
speech current is impractical, because
the amount of ' interfering noise to
make a conversation hopelessly unin-
telligible is very great. With random
noise, the noise energy must at least
exceed the speech energy, while with
noise of one or more single frequen-
cies the energy must be several thou-
sand times the speech energy before
serious lowering of intelligibility oc-
curs. Experiments have shown that
intelligibility is never less than 30%
for superimposed tones from 800 to
2000 cycles, even if the added tone is
41 decibels above the speech—12,500
times speech energy.! But to filter out
the added noise, it must be confined to
specific frequencies to suit filters, mak-
ing the system impracticable for ra-
diotelephony or loaded or repeatered

INPUT (CONDENSER MICROPHONE)

Fig. 1.

resistors and a condenser microphone.

OUTPUT
AR

Circuit of a privacy system using an impedance bridge consisting of 3

A change in either resistance or

capacity will produce a phase-modulated output voltage with constant amplitude.

Fig. 2. A balanced modulator with push-pull input and parallel-plate output.
It is used in a privacy system known as the frequency-inversion system.

land line circuits because of carrier
power increase of 100,000 times nec-
essary to handle the noise. Regard-
less of the amplitude of the interfer-
ing signal, certain characteristics of
the original speech are retained, mak-
ing the transmission easier to decode.*
The inevitable amplitude and phase
modulation of the interfering signal as
well as speech in transmission makes
wholly satisfactory reconstitution at
the receiver impossible, even with an
opposing interference signal.

Best known of the privacy systems
used in radiotelephony is the frequency
inversion system, where a carrier fre-
quency, slightly greater than the max-
imum speech frequency, is modulated
by a band of speech frequencies. Re-
sulting output consists of the original
carrier, the carrier minus the speech
band (inverted lower side band), and
the carrier plus the speech band (erect
upper side band). For example, if the
speech band comprises frequencies be-
tween 500 and 2500 cycles per second
and a 3000 cycles per second carrier
is used, the 3000 cycle carrier is trans-
mitted intact, together with the lower
side band including frequencies be-
tween 3000 — 500 = 2500 cycles and
3000 2500 = 500 cycles, i.e., the orig-
inal speech band inverted; the upper

side band would include frequencies
between 3000 + 500 = 3500 cycles and
3000 + 2500 = 5500 cycles. The lower
side band would be inverted, with a
500-cycle input resulting in a 2500-
cycle output and vice versa; similarly,
the upper side band would be erect.
A complementary process of modula-
tion with a local oscillator would be
used to receive and reinvert the sig-
nal, with a receiver requiring a slight-
ly wider intermediate frequency band.
Since the frequencies transmitted are
inverted in frequency, an unintelligi-
ble gibberish results.

Various circuits may be used. Fig-
ure 2 illustrates a balanced modulator
with push-pull input and parallel-plate
output, eliminating the carrier fre-
quency.” Matsuyaki proposed a re-
sistance bridge-type modulator, using
the internal resistance of two triodes
as one arm (Figure 3).% Another
modulator applies the speech band in
parallel with the carrier via the grid
of an amplifier to the input terminals
of a bridge-connected instrument type
metal rectifier.” A fourth system em-
ploying four vacuum tubes of similar
characteristics “is described by Niwa
and Hayashi.?

Analogous to single inversion, dou-
ble inversion results in components of
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Fig. 3. A resistance bridge-type modula-
tor, using the internal resistance of two
triodes as one arm of the bridge circuit.

Fig. 4. Amplitude transformation—where con-
densers with periodically varying capacities
periodically modulate speech frequencies.

Fig. 5. Circuit used to alternate the speech

current—transmitting it in alternate directions

for equal periods and thereby making the

transmission unintelligible when interrupted
at least 1,000 times per second.

the signal being shifted by the differ-
ence of two auxiliary carrier frequen-
cies, by suppressing difference frequen-
cies—inverted lower side band—of first
inversion and the sum frequencies—
erect upper side band—of the second
inversion. This spread side band sys-
tem, using two carriers, is not a com-
plementary process, requiring two sets
of equipment at transmitter and re-
ceiver. 6

With single inversion, the resulting
signal is unintelligible but can often

be deciphered to provide some degree
of intelligibility, by trial tuning of a
superheterodyne receiver at the outer
edge of the side band, so that the local
oscillator effectively provides the re-
inverting carrier. The speech is ac-
companied by a powerful beat between
the two carriers together with noise
due to the other side band and can be
accommodated by the ear, though gen-
erally eliminated by a suitable filter.2
To prevent interception, the inverting
carrier frequency is ‘‘wobbled” up to
1000 times a second, producing a howl
which the ear cannot accommodate,
since the speech frequencies rush up
and down the scale when the local os-
cillator generates a constant fre-
quency.? Often the transmitter car-
rier is likewise wobbled over a small
range.

Split band systems augment the effi-
ciency of privacy systems by separat-
ing speech frequencies into narrow
specified bands by sharp cut-off filters.
So-called “scrambling” transmits these
bands sometimes erect, sometimes in-
verted, in any predetermined order or
combination, synchronously with the
receiving station. A similar method
known as substitution coding uses os-
cillators of different frequencies with
filters for each band, to restrict the
total band width transmitted; though
eventually intelligible after considera-
ble trial, privacy has been vastly im-

"proved by reducing the intervals of

natural or inverted transmission to
0.05 seconds.¢ Combinations of scram-
bling and substitution coding with dif-
ferent speech bands are almost limit-
less in number.

Amplitude transformation has been
proposed to achieve privacy in a
method described by Tomituka and il-
ustrated in Figure 4, where condens-
ers with periodically varying capaci-
ties periodically modulate speech fre-
quencies resulting in an unintelligible
amplitude modulated signal; periodi-
cally varying resistances will produce
the same effect.10

Fractionized speech is another pos-
sibility for obtaining privacy in radio-
telephony. Marro reported that the
transmission of equal periods of actual
speech transmission and quiescence re-
sulted in definite bands of intelligible
reception.!? Speech was found to be
almost unintelligible when interrupted
in this manner from 10 to 25 and from
210 to 270 times a second, totally in-
comprehensible at 400 to 1500 inter-
ruptions per second. Similarly, he
found that alternating the speech cur-
rent—transmitting it in alternate di-
rections for equal periods—made the
speech unintelligible if interrupted
more than 1000 times a second.}? The
circuit used to distort the phase pe-
riodically is illustrated in Figure 5;
since reception is complementary to

transmission, similar instruments are
used at each end.

Many systems have been publicized
to attain privacy, which delay trans-
mission by a definite period. Though
useful for one-way transmission of
messages where a small lag will con-
tribute no inconvenience, they are un-
suitable for service connected with the
public telephone network, where no
further delay can be tolerated by only
occasional users of the service who are
unfamiliar with the characteristics of
the circuit. Most of the systems in-
volve recording devices, such as elec-
tromagnetic recording of the speech
on steel wire or tape.

The fixed delay system involves sev-
eral pickups so connected as to receive
the speech in an order different from
that in which it was recorded, chang-
ing the order of syllables of speech;
synchronous switching and changing
must be used at each end.!® Precau-
tions must be taken, however, to in-
sure that with the varying order in
which the speech is picked up, no parts
of the message will be missed. An
electrical equivalent can be designed
using delay circuits and synchronously
operated switches at the terminals;
such delay circuits would consist of
electrical networks or high quality
tlransmitters and receivers, connected
by a suitable length of tubing contain-
ing air or some other elastic fluid.

A variable delay system has also
been suggested, using electromagnetic
recorders and pickups which move
synchronously at various speeds fur-
ther to complicate deciphering; obvi-
ously if the pickup moves faster than
the tape and in the same direction, the
order of the sounds will be reversed.14

Other systems have been proposed,
which change the characteristics of the
radio frequency current. Continuous
or periodic variation of transmitter
carrier frequency over a wide range—
not to be confused with wobbling—
might provide some degree of privacy,
but the broad frequency band required
for transmission and the resulting in-
terference and disturbance to other
stations make it quite impractical.
Further, a wide band or automatic
quick-tuning receiver might intercept
and decipher the message without the
advance knowledge of the tuning
schedule required.

High-frequency carrier modulation
is excluded because of insufficient pri-
vacy and the difficulties involved in at-
tempting to transmit high-frequency
currents over ordinary connecting land
lines with limited frequency ranges.
Multiplex and split band systems suf-
fer from the same difficulties charac-
terizing their use in telephone line
transmission and modulation.

Reviewed in this article are funda-

(Continued on page 33)

13 RADIONICS DEPARTMENT



G.E. engineer shows the inside of the portable mil-
lionth-of-a-second flashlight unit for use in photography.

A newly designed small mercury lamp makes

high-speed photographic exposures possible.

HOTOGRAPHS with an expo-
Psure of but one millionth of a

second, brief enough to stop a
rifle bullet or any fast moving object,
can now be made by a new high speed
electronic light equipment, developed
by General Electric engineers.

This device, using a small mercury
lamp no bigger than a cigarette, con-
sists of a small portable box, 10 inches
square and weighing less than 20
pounds. On the front is the light

. source, resembling a small auto head-
light, which can be operated manually
by means of a push button, or auto-
matically by electrical contacts or a
phototube and preamplifier. It will
illuminate 20 square feet of area with
sufficient intensity to photo the fastest
moving objects. In fact in tests it has
“‘stopped” a wheel revolving at 70,000
revolutions per minute.

Fastest camera shutters of the usual
type, with blades moving between the
lens elements, ordinarily operate at a
minimum of 1/300th second. Focal
plane shutters, consisting of slits in a
curtain moving immediately in front of
the film, cut this down to 1/1200 sec-
ond. Recently published high-speed
photographs of athletes, etc., have been
made with a lamp giving exposures of
1/30,000 second, but 1/33 as fast as this
new unit.

The new device uses standard and
easily replaceable electrical parts and

RADIONIECS

a single electronic tube, with a 100-
watt Mazda mercury lamp as the light
source. Such a lamp is now used as
a high intensity light for illuminating
airports, television and motion pic-
ture studios, and for other purposes.

The ordinary 115-volt a.c. household
lighting circuit is used to operate the
unit. The current is rectified by an
electronic tube and then used to charge
a capacitor, really an electrical stor-
age tank. In three seconds enough
power is accumulated to operate the
lamp at full flash intensity.

At approximately 2,000 volts and
2,000 amperes, it reaches a maximum
of some 4,000,000 watts. Since cur-
rent flows for only about a millionth
of a second the total energy in each
flash is very slight. It is only enough
to light a 40-watt lamp for a tenth
of a second.

Because of the pressure of war work,
for which the unit was made, not much
experimental work has been done on
many fast-moving objects. However.
work has been confined to using the
device for studying high speed machin-
ery, such as turbine and supercharger
parts.

The small mercury lamp has a life-
time of but one second but despite this
brief period it will last the ordinary
newspaper photographer 500 years for
it is good for 1,000,000 exposures.

@

High-speed exposures show water emerging from a faucet.
graph towards the right shows how the mass of water begins to break.

HIGH-NPEED
PHOTOGRAPHIC
EXPOSUREN

The photo-

A one-millionth of a second exposure,
of a stream of heated air being drawn
through a fan revolving at 1800 r.p.m.

This small mercury lamp, about the size of
a cigarette, will burn but 1 second, how-
ever, can be used for 1,000,000 exposures.
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Extreme phase and frequency distortion.

By MILTON S. KIVER

Instructor, Illinois Institute of Technology

Square waves and their application to the testling
of wide-band amplifiers. A rapid and efficient method
for determining the response ckaracteristics of ampli-
fiers having a band-width of 30 to 5,000,000 cycles.

for frequency response all that is

needed is a good audio oscillator
and an output meter. The point to
point method usually employed to de-
termine the response curve does not
entail much work. However, when
the testing of wide band amplifiers,
such as those found in television work
and oscilloscopes, is desired, the point
to point method becomes tedious and
unsatisfactory.

Another factor that is important in
television work but not in audio ampli-
fiers is phase distortion. The ear is not
very sensitive to phase distortion un-
less it is excessive. The same distor-
tion in video amplifiers means the
displacement of elements on the tele-
vision screen with subsequent distor-
tion of the image. At the low fre-
quencies in television reproducing sys-
tems, phase distortion affects the val-
ues of lights and shadows and results
in wrong shading. It is much more im-
portant to minimize the phase distor-
tion than the amplitude or frequency
distortion. The lowest frequency usu-
ally considered in these video ampli-
fiers is thirty cycles. The high end is
usually set at 3 to 4 megacycles but a
change in present day standards might
well extend this considerably.

lN the testing of audio amplifiers

10
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In television and oscilloscopic work
the signals involved are usually of a
sharp changing form, and tend to be-
come more and more like transient
voltages. To amplify and reproduce
these signals correctly calls for flat
frequency and linear phase response
over a very great range. Theoreti-
cally, the best means of testing these
amplifiers is to use the single pulse of
voltage that rises to a finite value in-
stantaneously. Such a wave would
contain all frequencies from zero to
infinity.

However, in practice it is more expe-
dient to use a wave made up of a series
of short sharp pulses. And one form
of pulse which is the most practical
from the standpoint of generation and
use in inspection of form after it has
passed through the device to be tested
is the square wave.

The equation of the square wave
shown in Fig. 2 may be expressed by
the infinite Fourier series:

4E
e = — |:sinwt+1;{;sin3wt+

esin 5wt ... ... + 1/n sin n wt
where :

n is any odd integer
e the instantaneous voltage value
E the maximum voltage value.

conditions of distortion when testing an amplifier with square waves.

(A) Showing phase distortion with the low frequencies lagging the high frequencies. (B) Slight frequency
| distortion and phase distortion, (C) Attenuation of high frequencies with high-frequency phase delay. (D)
Poor response. (E) Shows resultant pattern with correction cir-
(F) This figure shows the circuit as being highly underdamped. (G) Same circuit, demped
enough to stop the oscillations.

RENPONNE  TENTING
SQUARE WAVES

The above series is found by inte-
grating the following set of equations:

1 0
A = —E cos nxdx +
& g
—m
1 m
E cos nxdx
Jo
1 0
B, = —E sin nxdx +
Lt -~ M
1 i
_~__J E sinnxdx
m u P}
where :

A, and B, are the coefficients of the
various terms of the Fourier series.

An inspection of this series shows
that it contains an infinite number of
terms, the lowest term being at the
repetition frequency of the pulse. Al-
though in practice the square waves
obtained fall short of this ideal, yet the
wave received does contain a large
enough number of harmonics to be
more than satisfactory in our work.

When this wave is sent through an
amplifier many of the harmonics of
the lowest or repetition frequency (the
sin ot term) are attenuated. The re-
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sultant pattern on the screen is no
longer a perfect square wave and it is
through these modified patterns ap-
pearing on the screen that we can tell
much about the frequency and phase
response of the amplifier. In the next
section we shall attack this problem
mathematically and show how the re-
sults thus obtained apply to photo-
graphs of patterns actually obtained
in practice.

It is well to mention at this point
that amplitudes of square waves are
seldom, if ever, measured. The wave
shapes seen on an oscilloscope are gen-
erally independent of amplitude as
long as there is no overloading. Thus
the needed apparatus for this type of
testing include only a square-wave
generator and a good oscilloscope.
Here is a decided advantage over the
sine wave point to point method.

Theory

Inspection of the equation of a
square wave brings to light several
things;

1. The wave consists only of odd
harmonics.

2. That the lowest frequency can be
put at any figure within the range of
the generator, thus enabling us to test
the response of a circuit independently
at high and low frequencies.

3. And lastly, that in order for no
phase distortion to take place, phase
shift of each harmonic should be pro-
portional to frequency.

It should be noted here that we may
have a phase shift without phase dis-
tortion. As long as each element in
the wave is shifted proportionally to
the frequency, there is no phase dis-
tortion. We can prove this easily
enough. Suppose the incoming wave:

€iput — A, sin (vt + 9)) + A, sin
(3 ot + ﬁu) + A5 sin (5 wlt + 0‘)
- LR L S A sin (nwt + @)
where:

n is any odd integer

A is the amplitude of the nth har-
monic impressed on the amplifier. As-
suming the gain to be unity and that
the phase shift is proportional to fre-
quency, then the output wave can be

expressed as:

Contput = A, sin (wt + @‘ +6) + A,

sin (3 wt + @, + 39)) A, sin (5 wi

+ 2,450 4+ ... A sin (n wt
+ @, + nb))

Although a phase shift has taken
place, there is no phase distortion as
can be seen by choosing another time
axis t’, defined as:

wt + 6 = o’

Substituting this equation’ in the
former one, would give:

€output — A, sin (ot' + @) + A, si
3wt + @) + A_sin (5wt + @
o A, sin (nwt' + @
which is of the same form as our in-
put wave equation.

The fact that we have only odd har-
monics of the fundamental in the wave
indicates that the amplifier is not be-
ing tested at all frequencies but only
at a set of discrete values. While this
may appear to be a disadvantage, prac-
tically it isn’t because amplifiers tend
to vary without any sudden sharp dis-
continuities in their response curves.
Another way to get around this dif-
ficulty is to vary the fundamental fre-
quency and thus any sudden changes
will usually be brought to light.

We can learn a lot by plotting the
above equation using a different num-
ber of harmonics each time. This has
been done and the results will be found
in Fig. 5, where it can be seen that
unless a substantial number of har-
monic components are included, the
resultant wave form only approxi-
mates a square wave. Here we are
only dealing with amplitude distortion
since it has been assumed in the proc-
ess that all waves come through with-
out any phase distortion. It will be
seen that with frequency distortion all
four corners of the square wave are
affected the same way. This is a
characteristic of the sine terms that
compose the equation. Getting any
of the patterns mentioned from an
amplifier shows high attenuation at
the higher frequencies. The smoother
the curve, the less the attenuation.

Now suppose we plot the series us-
ing about 20 harmonic terms and in-
troduce phase distortion in the higher
harmonic terms. Our series will be:

e — %?_':sin (vt 4 ©) + 34 sin

5

n
)
)

n

T
3 wt + 96) + 35 sin (5 ot + ©.)

1 g E b g E S 1/n sin (n wt + On)}

Fig. 2. Square-wave input signal
Fig. 3. Output wave with frequency
attenuation and phase distortion.
Fig. 4. Output wave-form obtained when
amplifier is insufficiently damped.

where O is a phase shift introduced
by the particular system under obser-
vation and it is not proportional to
frequency. In Fig. 7 we see a wave
that has both high attenuation, and
also quite a bit of phase distortion. It
is to be noted in general that when
phase distortion is introduced into the
square wave, then the four corners of
the pulse are not equally affected.
Each half-wave pattern is no longer
symmetrical about the y axis. Fre-
quency distortion alone preserves this
symmetry, so this is one method of

Fig. 5. Resultant waves obtained when using various numbers of odd harmonics. (A)
Fundamental only. (B) First 7 odd harmonics., (C) 15 harmonics. (D) 25 harmonics.
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Fig. 6.
the low-frequency end.
Equivalent circuit at the high-frequency end.

recognizing phase distortion, even if
high frequency attenuation is present.

One more idea should be touched on
briefly before some of the practical
testing with square waves are dis-
cussed, namely, oscillations. As is
well known there are some compon-
ents in an amplifier that will oscillate
strongly if their resonant frequency is
reached. Should the circuit be under-
damped, then a series of oscillations
will take place lasting for a short
while and giving excess gain. Fig. 4
shows what the oscilloscope pattern
looks like when a circuit is under-
damped and the resonant frequency is
reached. Loading the circuit will in
general minimize the gain that is had
and tend to flatten out the response
curve. Overloading will result in very
low gain.

With the above analysis in mind we
can next turn to the patterns actually
received in practice. It will be found
‘that many of the patterns in Figs. 2-5
will reappear again.

Practical Examples

As previously mentioned, all that is
necessary in the way of equipment is a
square-wave generator and an oscil-
loscope. The first test to be run off
should be on the oscilloscope itself in
order to ascertain whether the ampli-
fiers in the scope will pass all the fre-
quencies needed. One of the better
types of oscilloscopes on the market
that was used in this test, was found
to display the pattern shown in Fig.
1A for the low frequency end when
the repetition frequency was near 50
cycles. As the repetition frequency
was raised, the wave assumed more
and more of a square shape, until at
150 cycles the wave showed good re-
sponse with very little distortion. In
order to interpret the low frequency
pattern,we must look at the equivalent
circuit of a resistance coupled ampli-
fier. This is shown in Fig. 6A. The

12

Coupling circuits of resistance-coupled amplifier.

(A) Equivalent circuit at

(B) Same circuit with low-frequency compensation. (C)

(D) With high-frequency compensation.

gain of the stage with this circuit at
the low frequency end is given by:

1
A, g, R

X 2
N1+ B2
where:
g,, — mutual conductance of tube
r, Ry, R;
r Ry, + 1, Rg:; R R,
3
RL R + p L
R, +7,
X reactance of coupling condenser

R

The phase shift due to this coupling
network is:

X,
tan ‘1 _°- - tan ! )
Rg wC Rg

= 1
tan ol

where:

T = time constant of C_ R,

The greater C_ K, is, the greater the
time constant T will be and the lower
the frequency response curve will go.
However, it has been found by Keall*
that instability and relaxation oscilla-
tions take place if T is greater than .01
seconds. Single stages may not be
troubled by this large time constant
but multiple stages will be aggravated
to a point of instability.

Thus the decrease in the flat-topped
portion of the square wave is an in-
dication that the time constant is not
large enough. Usually a change in
height of the wave at each end up to
7 percent is tolerable in television
work, although there are times when
only a few percent will be noticeable.
The percentage change in the height
of the square wave may be had directly
from the oscilloscope by measuring the
height at each end, taking their differ-

ence and then dividing by the larger
height. Increasing the size of R, to
improve the response may be injurious
to the next tube if it contains even a
small amount of gas, while as C, is
increased its leakage current rating
will become more and more trouble-
some. With these limitations in mind,
designers had to look elsewhere in the
circuit for low frequency correction.

One solution most widely used is
shown in Fig. 6B. Here another resis-
tor R, and condenser C, have been
added. At the high frequencies C,
effectively short-circuits R, so the
added circuit has no effect on the up-
per response. At the lower frequen-
cies the reactance of C, increases caus-
ing amplification to increase. The
most important effect, however, is that
the phase shift of this network is in a
direction opposite to the phase shift
of the coupling network, thus correct-
ing for some of the overall phase dis-
placement. Decoupling is also accom-
plished at the same time, further add-
ing to the stability of the amplifier.
Since this is not an article on wide-
band amplifier design, it has therefore
only covered as much of the subject as
is necessary to help understand the
patterns received. For those who de-
sire a more complete analysis there
are a few references given at the end
of this article—2, 3, 4. With the cor-
rection circuit inserted into the net-
work, a flat-topped wave can be had
down to about 40 or 50 cycles.

Returning now to the amplifiers in
the oscilloscope, we raise the frequency
of the square-wave generator until the
higher frequencies are reached. Figs.
1B, 1C, 1D show three degrees of fre-
quency and phase distortion, increas-
ing as the frequency is raised. We
can tell that there is phase distor-
tion because each half of the wave is
not symmetrical with respect to the y
axis. This fact has been mentioned
previously in the theory portion. As
is well known, the falling off of the
response curve is due to the shunting
effect of the stray wiring plus the vari-
ous interelectrode capacitances. One
means of counteracting this is to lower
the plate load resistance (R;). How-
ever, this will at the same time de-
crease the available gain of the stage.
Usually a compromise is reached, gov-
erned by the equation:

1
Ay=9, R, N X
\/ 1+ X+
cT
where:
X.p = reactance of total shunting
capacitance.

R, = equivalent resistance of r), R,
and R, in parallel. (See Fig. 6C.)
(Continued on page 28)
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The Nature of
COSMIC-RAY PARTICLEN

by DR. MARCEL SCHEIN

Research Associate, University of Chicago

An analysis of cosmic-ray phenomena—a new field for future fundamental
research made possible through the discovery of new partieles in nature and
the establishment of new physical laws in the region of higher energies.

HE great significance of cosmic-
ray research is demonstrated by

- the discovery of new fundamental
particles in nature, and by the estab-
lishment of new physical laws in the
domain of very high energies. These
achievements have contributed greatly
to the progress of physics in general,
and have opened up new promising
fields for future fundamental research.
Many of these new discoveries are ex-
plained by theories based on well-
known ideas of the electromagnetic
field. However, more recently a num-
ber of very remarkable new phenom-
ena were found which lie beyond the
horizon of present-day theories. Prob-
ably a new development of our basic
ideas in physics is necessary before a
satisfactory explanation of these phe-
nomena can be expected. We believe
that at present such a development
depends greatly upon the success of
experimental research in the field of
cosmic-radiation. This seems particu-
larly true of investigations of a recent-
ly discovered particle in physics, the
so-called mesotron. So far the meso-
tron demonstrates a number of very
unusual properties, particularly in its
interaction with atomic nuclei. This
might even lead to practical applica-
tions some time in the future. Indeed
we have to remember that after the
discovery of the electron, a consider-
able time passed before its usefulness
to industrial research was demon-
strated.

The analysis of cosmic-ray phe-
nomena at sea level shows that the
main body of this radiation consists of
mesotrons. In addition, a variety of
other particles are also found to be
present. It seems of general interest
here to describe the most effective ex-
perimental methods which have been
developed at the present time to study
the properties of cosmic-ray particles.

Passing through a gas each indi-
vidual cosmic ray produces a number
of secondary effects which can easily
be detected by electrical methods. As
a result, we are able to study the be-

Fig. 1.

havior of single cosmic-ray particles.
This represents a distinct advantage
over physics of low energies wherein
the average behavior of a great many
atoms or electrons can be investigated.

A diagram of two 3-fold coincidence circuits, using 4 Geiger-Mueller tubes.
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Fig. 2. Cosmic-ray detection equipment,
with outer cellophane wrapping re-
moved, used for stratosphere flights.

To study high energy phenomena in
an eflicient way it is generally required
to build machines in which particles
of known energies can be generated.
Great efforts have been concentrated
on the solution of this problem. Physi-
cists succeeded in building large ma-
chines like cyclotrons (Lawrence) and
more recently betatrons (Kerst) which
generate particles of several (100) mil-
lion electron-volt energy. However,
there exist a number of fundamental
processes in nature which take place
only at energies much higher than the
above given figure. Most striking is
the discovery that the already men-
tioned new particle, the mesotron, only
occurs in such phenomena in which
particle energies higher than 100 mil-
lion electron-volts are involved. This
apparently means that in such proc-
esses mesotrons can be created by
collisions between fundamental par-
ticles. It was recently found that such
a creation of mesotrons actually takes
place in the cosmic-radiation.

It is of considerable interest that na-
ture supplies us with a permanent

Fig. 3. A high-altitude barograph mounted
on top of the recording mechanism.

o 4

source of high-energy particles which
enter from outer space into the earth’s
atmosphere. In this so-called cosmic-
radiation we are dealing with parti-
cles which have energies much higher
than anything we know from labora-
tory experiments. More than 10 years
of intensive research in which some of
the leading physicists participated
were necessary to establish some of
the fundamental properties of the
primary cosmic-radiation. As a result
of these investigations we now believe
that the large majority of the pri-
maries are electrically charged par-
ticles. The lowest energy measured for
primaries is approximately one billion
electron-volts (102 ev).1 The highest en-
ergies found in cosmic-radiation are as
high as ten million times billion elec-
tron-volts (101¢ ev). In between there
exists a whole energy spectrum of par-
ticles. However, the number of in-
coming rays rapidly decreases as we
pass from lower to higher energies.

The origin of cosmic radiation is
still a mystery. In the interior of a
star no mechanism can be found which
would lead to the emission of particles
with energies as high as 10¢ ev. Even
a complete transformation of the mass
of the heaviest element (uranium)
into kinetic energy of electrons would
not yield more energy than 2 X 1011
ev. So it seems very probable that
cosmic rays originate in interstellar
space. Astronomers recently found
that the space between the stars con-
tains small concentrations of hydro-
gen nuclei (protons), electrons, and
negatively charged dust particles. It
is, however, hard to imagine the na-
ture of the mechanism by which some
of these particles obviously attain a
kinetic energy as high as that observed
for cosmic rays.

At the latitude of Chicago (51° North
geo-magnetic latitude) the primary
cosmic-radiation enters from all direc-
tions isotropically. The total amount
of energy falling on each cm? per
second is found to be 3.5 X 103 ergs.
This energy flux is approximately the
same as the flux of the total star-
light (sun excluded) which amounts to
3.02 X 10-% ergs per cm? per second.
It is a rather interesting fact that
cosmic-radiation emitted from inter-
stellar space carries about the same
energy as light emitted from all stars.

In a series of balloon experiments
carried out for several years in dif-
ferent parts of the world, Bowen, Mil-
likan and Neher determined the total
incoming energy of cosmic radiation
as a function of geomagnetic latitude.
The results of these investigations

1 A possible explanation of the fact that
primaries with energies smaller than 10° ev
cannot reach the carth, lies in the bending of
the cosmic-ray particles in the magnetic field
of the sun.

show that the energy carried by the
primaries into the earth’s atmosphere
strongly depends on latitude, the ef-
fects being the largest between the
equator and a latitude of about 50°
(north or south). For instance, the
primary energy flux is 2% times
smaller at the equator than at the
latitude of Chicago. This dependence
of cosmic-ray intensity on latitude can
be explained by the influence of the
earth’s magnetic field on the motion
of the cosmic-ray particles in space.
Indeedq, it is well known that charged
particles moving through space repre-
sent an electric current which is de-
flected by a magnetic field. The theo-
retical calculations of this effect, car-
ried out by Stormer, Lemaitre, Val-
larta and others, lead to the result
that a minimum particle energy is re-
quired to reach the earth at a given
latitude. For instance, an electron
must have a minimum energy of 2%
billion electron volts to reach the
earth at the latitude of Chicago and
an energy of 15 billion electron volts
to reach the equator. Thus the latitude
effect as measured by Bowen, Millikan
and Neher means that more than 60%
of the total cosmic-radiation has its
energy between 2% and 15 billion
electron volts.

We mentioned above that at Chicago
the cosmic rays enter from all direc-
tions isotropically. This is not the
case any more if we move closer to
the equator. It was found that at
latitudes near the equator the major-
ity of the cosmic rays enter from a
westerly direction. The theory of the
magnetic bending predicts such an ef-
fect provided the cosmic-ray particles
carry predominantly positive charges.
For equal numbers of positives and
negatives no directional asymmetry
could occur. Hence the experiments
on east-west asymmetry represent
direct evidence that a large fraction
of the cousmic-ray particles are posi-
tively charged.

What is the nature of the primary
cosmic-radiation? It is a very diffi-
cult task to give a definite answer to
this question. The reason is: The pri-
maries entering the earth are very
quickly absorbed in the atmosphere;
thus only a negligibly small fraction
of these rays can reach the surface
of the ground. This means that all
investigations of the primaries have
to be carried out high in the atmos-
phere, and we have to build a small
self-supporting cosmic-ray laboratory
which has to be carried by balloons to
the higher altitude.

Two possibilities have been sug-
gested regarding the nature of the
primary cosmic-radiation. Millikan
and his collaborators seem to believe
that the primaries consist of electrons.



¢ During the last 3 years, in collabora-
tion with Drs. Jesse, Wollan and Iona,
the writer carried out a series of ex-
periments in the stratosphere which
possibly threw direct light .on the na-
ture of the primary radiation. In
these experiments, the penetration and
shower production of the primaries
were measured in different thicknesses
of lead, and, as a result, we came to
the conclusion that the main body of
the primary cosmic-radiation does not
consist of electrons. Most of our ex-
periments support the idea that the
primaries are protons. A similar hypo-
thesis was put forward by W. F. G.
Swann of the Franklin Institute.

The problem, whether the primaries
are electrons or protons, is of consider-
able interest. In case they were elec-
trons, their main interaction with the
matter in the atmosphere would con-
sist in producing so-called showers of
electrons and photons. Since the
shower-production is an electromag-
netic process, it can be described by
the well-known laws of the electro-
magnetic field. This is entirely dif-
ferent in the case of protons, which
do not produce showers in the air.
Their most important interaction con-
sists of the creation of mesotrons
which takes place in nuclear collisions
and cannot be described by any known
theory in physics. This action is
unique, and is responsible for the pres-
ence of mesotrons on the earth.

Experimental Methods

(a) Counter Tubes and Coincidence
Circuits:

The simplest instrument for regis-
tering the presence of single high en-
ergy particles is the so-called Geiger-
Mueller counter. It consists of a cylin-
drical metal tube filled with a gas at
a few cms. of Hg pressure. In the
center of the tube a wire of a few
thousandths of an inch thickness is
mounted. This central wire is elec-
trically insulated from the cylinder.
Between the cylinder and the central
wire a potential difference of several
hundred volts is applied.2 The exact
value of this voltage difference de-
pends on the gas pressure and the di-
ameter of the cylinder.

The action of the counter can be
described as follows: A high energy
particle entering the counter initiates
an electrical discharge in the gas. The
current flowing through the tube lasts
only for a limited time and ceases to
exist very shortly (in about 1/10,000 of
a second) after the passage of the par-
ticle. This electric pulse of very short
duration can easily be amplified by a
system of radio tubes. The mechanism
of the counter discharge is a compli-

2 The cylinder of a counter tube has to be
made negative with respect to the central
wire.

Fig. 4. A flight of 28 balloons attached to an apparatus weighing 45 pounds being released
from Stagg Field on the University of Chicago campus, for cosmic-ray observations.

cated phenomenon and has not yet
been analysed completely. However,
some of the important factors which
seem to determine the action of a
counter have been successfully inves-
tigated.

The primary effect of the impinging
particle is the liberation of an electron
from a molecule of the gas. This proc-
ess is called the primary ionization.
The electron liberated in the gas is
accelerated toward the positively
charged central wire. Close to the wire
the electric field is very strong and
the electron attains a kinetic energy
sufficiently high to ionize another
molecule. The electron produced in
this secondary ionization process will
also move toward the central wire and
it will liberate another electron in the
gas. This multiplication of electrons
goes further on, and, as a result, an
electronic current of about 10-1° am-
peres develops in the tube. The time
required for this multiplication pro-
cess is extremely short, certainly not
more than 1/10 of a microsecond. The
initial electronic current is localized in

Fig. S.

the neighborhood of the central wire
covering all but a very small part of
its surface.

It is of great importance for the ac-
tion of a good counter that this local-
ized current can quickly spread over
the whole surface of the central wire.
This spreading effect is due to the ac-
tion of ultraviolet light (photons of
short-wavelength) which is produced
by the electrons moving toward the
central wire. It was found that the
ultraviolet light in a counter has a
sufficiently short-wavelength to liber-
ate electrons from the molecules of the
gas and also from the walls of the
cylinder. Since the photons can travel
all over the surface of the counter this
action is not localized in the tube.
Each electron liberated by ultraviolet
light moves toward the central wire
and initiates its own avalanche of
electrons. The electronic current
spreads over the whole surface of the
wire. As a result, in a good counter
the current can reach a value of about
one microampere. It is interesting to
note that the addition of organic vapor

A diagram of the time versus altitude of a cosmic-ray flight in September, 1942.
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Fig. 6. General arrangement of a cloud
chamber in the field of a permanent magnet.

to the gas seems very essential for the
eflicient spreading of the electronic
current over the whole surface of the
central electrode. Since the process of
spreading is due to photons, the total
electronic discharge develops in a very
short time after the passage of the
initial particle through the counter.
This time interval can be measured to
less than one microsecond.

To each electron liberated from a
molecule of the gas there corresponds
a remaining positive gas ion produced
in the same process of ionization. The
positive ions have a much larger mass
than electrons and, as a result, their
mobility in the gas is considerably
smaller. During the time interval in
which the electronic currents develop
(less than one microsecond) in the
counter, the positive ions are not able
to move very far and stay in the neigh-
borhood of the wire. They form a
sheath of positive space charge around
the central electrode. The presence of
the positive ions reduces the electric
field around the wire. The reduction
of the field is so great that electrons

Fig. 7. Photograph of an electron and
mesotron, obtained from a cloud chamber.

entering this zone are not able to pro-
duce any further ionization in the gas.
Thus the electronic current toward the
central wire is interrupted and the
discharge through the counter is
quenched.

To make the counter susceptible for
the next high energy particle which
happens to enter the tube, it is neces-
sary to remove the electrons from the
central wire to ground potential. This
is generally done by grounding the
wire through a large resistance. Choos-
ing the value of this resistance around
.1 of a megohm the flow of electrons
to ground will take place in a very
short time (about one microsecond)
provided the capacity of the wire sys-
tem is not larger than 10 cms. At the
same time the positive ions, located in
the neighborhood of the central elec-
trode, move toward the negatively
charged cylinder and become neutral-
ized there. Their speed, however, is
much smaller than that of the elec-
trons. In a counter tube of 1 inch di-
ameter it takes about 100 microseconds
for positive ions to reach the cylinder.
Any particle which enters the counter
within this time interval cannot be
registered. Hence, this represents the
dead time of a counter.

The short description of the action
of a Geiger-Mueller counter given
here is very tentative and many de-
tails regarding the operation of dif-
ferent types of counter tubes were in-
tentionally omitted.

A single counter tube registers cos-
mic-ray particles entering from all
directions. For different purposes it is
important to study cosmic rays coming
from a given direction. To solve this
problem the technique of the so-called
coincidence counter was developed by
which the simultaneous passage of an
individual cosmic-ray particle through
several counter tubes can be regis-
tered. Within the last few years a
number of different electrical circuits
were developed which are now used for
registration of counter coincidences.
The first coincidence circuit was pro-
posed by Bothe in 1928. In 1930 Rossi
suggested a new circuit which since
that time has been used frequently in
cosmic-ray research.

In Figure 1 the diagram of two 3-fold
coincidence circuits is given.? Circuits
of this kind were used by the Chicago
group in balloon experiments in the
stratosphere. The electric power
was supplied by little dry batteries.

1, 2, 3 and 4 in the diagram repre-
sent 4 Geiger-Mueller counters (filled
with argon-alcohol). The counters can
be arranged in a vertical row. Such

2 In the diagram the voltages are given in
volts, capacities in microfarads and resist-
ances in ohms.

¢ For flashing the neon lamp, a minimum
voltaye of 80 to 100 volts is required.

an arrangement is called a counter
telescope. Counters 1, 2 and 3 are
connected to one 3-fold coincidence cir-
cuit, and 2, 3 and 4 to a second 3-fold
circuit. Every one of the 4 counter
tubes is bombarded by cosmic-ray par-
ticles from all directions.

The central wire in each of the
counters 1 and 4 is connected to the
grid of the corresponding IN5G tubes.
Counters 2 and 3 are common to both
3-fold coincidence sets, thus the cen-
tral electrode in each is connected to
two different vacuum tubes. The con-
ditions in the IN5G tubes are so ad-
justed that a plate current of nearly
two milliamperes flows through the
resistor of 0.1 megohms. As a result
the voltage drop across this resistor is
approximately equal to the total plate
voltage (180 volts) and the potential
across the vacuum tubes amounts to a
few volts at most. If then one of the
counter tubes is traversed by a cosmic-
ray particle, a pulse of negative elec-
tricity is generated on the central elec-
trode and the grid of the IN5G tube
will get more negative. The size of this
negative pulse is sufficient (voltage
change of the grid more than 5 volts)
to interrupt the current flow through
the tube. Since, however, the voltage
across the vacuum tubes is very small
in comparison to that across the 0.1
megohm resistor the interruption of
the current in one of the IN5G tubes
will change by very little the potential
drop across this resistor. This change
in potential amounts to a few volts
and is too small to flash the neon
lamp ¢ in the grid circuit of the IAS5G
tube.

It is obvious from the diagram that
a similar thing occurs if any two of the
the counters are actuated at the same
time (2-fold coincidence). However, if
3 counters of the same coincidence set
are discharged simultaneously then
the plate currents in all corresponding
IN5G tubes are interrupted and the
potential across the plate resistor
changes by nearly 180 volts. Naturally,
a voltage pulse of this size is sufficient
to actuate the neon‘flasher. By that
the grid of the IA5G tube gets positive
and the tube passes from the non-con-
ducting into the conducting state.
Finally, the 3-fold coincidence is re-
corded by a flash of the second neon
lamp which is placed in the plate cir-
cuit of the IA5G tube. This flash is of
very short duration (less than 1/10,-
000 of a second) and has to be made
longer in order to record it on a pho-
tographic film. The pulse in the plate
circuit of the IA5G tube can be length-
ened by a feedback to the screen grid
of the IN5G tube through a large con-
denser (0.5 #fd.). Such a multivibrator
circuit gives square pulses of long
duration (1/10 of a second). The flash



in the neon lamp is then much longer
and can easily be photographed. 1t is
clear that by adding more vacuum
tubes the same kind of circuit can be
used for registering coincidences be-
tween any given number of counter
tubes.

For certain investigations it is of
definite advantage to use the combina-
tion of 2 or more coincidence arrange-
ments. In Fig. 1 two 3-fold units are
shown. More recently we were using
in our stratosphere experiments as
many as 6 different coincidence sets (4
and 5-fold units).

This makes it possible to carry out
a number of different experiments at
the same time and as a result in one
single flight, data can be obtained
equivalent to the results of several
flights. The photograph in Figure 2
shows one of the balloon outfits used
by the writer and J. Tabin in last
year’s stratosphere experiments. The
counter tubes are visible in the middle
upper part of the apparatus. On each
side of the counters 3 coincidence units
are mounted. The metal box in the
middle contains the photographic re-
cording equipment. Close to it the high
voltage battery (1100 volts) can be
seen. The various batteries supplying
the voltages for the filaments, screens
and plates of the vacuum tubes are
mounted below the recorder. During
the flight the whole apparatus was
covered with cellophane. This was done
for the following purpose: The sun-
light trapped inside the cellophane
kept the temperature in the interior
around + 60° F. in spite of the fact
that the outside temperature in the
stratosphere was as low as 50° below
zero. To get a better regulation of the
temperature inside the cellophane box
part of its surface was covered with a
reflecting material (silver paper).

The details of the recording mechan-
ism are shown in Figure 3. Recorders
of this kind were constructed by W. P.
Jesse and have been used previously
by the Chicago group. The upper part
of the recorder shows the high altitude
barograph.s

The barometric pressure is continu-
ously recorded on a rotating drum
driven by the clock mechanism visible
in the picture. The large Dow (Mg-Al
alloy) metal drum (shown in the mid-
dle of the photograph) is driven by the
same clock. At the end of each turn,
which takes one hour at a time, the
drum moves by 1mm downward on the
screw. A photographic film of high
sensitivity is mounted on this drum.

On the film tne flashes of 6 different
neon lamps are photographed. These
lamps are mounted in the endpieces of
two telescope tubes, each tube contain-
ing 3 lamps. A fine slit is placed in
front of the neon lights. The focus-
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Fig. 8. General installation of a large ionization chamber outfit as used by R. Lapp.
This unit, called a Carnegie meter, was constructed by Compton, 