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Through a series of design ‘and construction develop-
ments tending to prolong normal operating life, we have
increased the length of actual service that is being de-
rived from each AMPEREX tube. Basically, our facilities
are of laboratory type. And any measure of our war pro-
duction, computed solely on fhe number of tubes manu-

factured, would not be a true indication of our total effort.

We, at AMPEREX, have kept pace with numerical pro-

duction increases being registered throughout the nation.
But we cre inlinitely more proud of our attainments in
building longer life into ‘our transmitting and rectifying
tube designs. Each AMPEREX radio and military elec-
tronic ‘tube is bringing extra hours of performance to
equipment at the front.

AMPEREX ELECTRONIC PRODUCTS

79 WASHINGTON STREET BROOKLYN, NEW YOR




THE MEN WH(
LICKED THE JAPS
IN NEW GUINEA!

. .. and they do an excellent job of it, too, against almost
insurmountable obstacles. When there is a chance for a few

moments off duty, a Hallicrafters short wave radio is the means

of hearing voices from “‘back home’” and a very welcome

sound indeed. This is only one of the many wartime uses of

Hallicrafters short wave radio communications equipment.

hallicralters

CHICAGO, U.S.A

Hallicrafters Model S-29 (illustrated). A
compietely self-contained portable short
wave communications receiver.
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Section Communications Managers of the A.R.R.L. Communications Department

Reports invited. All amateurs, especially League members, are invited to report communications activities, training
plans, code classes, theory-discussion groups, civilian-defense bulldmz or planning each mid-month ({6th of the month for
rhe last 30 days) du-e( t to the SCNL, the administrative official of ARRL eFeLted by members in each Section whose address
is given below. Radio Club reports and Emergency Coirdinator re gorta re; r(‘m utmg commiunity organized work and plans
and progress are eqpeually desired by SCMs for inclusion in QST. ARRL Ficld Organization appointments, with the
exception of the kimergency ('odrdinator and Emergency Corps pusty, are suspended for the present and no new appoint-
ments or caucellations, with the exception named, will be made. This is to permit full efforts of all in Emergency Corps plans.
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Neither were planned for war

We're not raising new generations to die on battlefields; we're not designing
implements for future wars. We Americans are a peace and freedom-loving lot, with
an economy that is geared to the home . . . washing machines, cutomobiles, radio . . .

But we first must finish cm unpleasant job of blasting the daylights out of those
who deliberately attacked our way of life. For that purpose, we've given our men.
And our men are getting the very best tools for that piece of grim business.

We thank heaven that change, progress and mass production are an integral part
of a system that enabled us to redesign our products for military cap-
plications. True, our new designs were speeded by war necessity—but
we like to think of these latest Eleciro-Voice microphones as no different
from the others in our evolutionary scale.

For, as eagerly as any soldier on a fighting front, we retain a vision
of returning again to our natural mode of living. We plan to build better
microphones for civilion communication . . . for music. . . for laughter. . .

%am%we MICROPHONES

ELECTRO-VOICE MANUFACTURING CO., INC. 1239 SOUTH BEND AVENUE, SOUTH BEND, INDIANA
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is a non-commercial association of radio
amateurs, bonded for the promotion of interest in
amateur radio communication and experimenta-
tion, for the relaying of messages by radio, for
the advancement of the radio art and of the
public welfare, for the representation of the radio
amateur in legislative matters, and for the main-
tenance of fraternalism and a high standard of
conduct.

It is an incorporated association without capi-
tal stock, chartered under the laws of Connecti-
cut. Its affairs are governed by a Board of
Directors, elected every two years by the general
membership. The officers are elected or ap-
pointed by the Directors. The League is non-
commercial and no one commercially engaged in
the manufacture, sale or rental of radio apparatus
is eligible to membership on its board.

“Of, by and for the amateur,” it numbers
within its ranks practically every worth-while
amateur in the nation and has a history of glori-
ous achievement as the standard-bearer in
amateur affairs.

Inquiries regarding membership are solicited.
A bona fide interest in amateur radio is the only
essential qualification; ownership of a transmit-
ting station and knowledge of the code are not
prerequisite.

All general correspondence should be addressed
to the Secretary at the administrative head-
quarters at West Hartford, Connecticut.

Past Presidents
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“IT SEEMS T0 US—"

WHAT YOU CAN DO

WE HAVE written several pieces for
this page urging every individual amateur to
do his part in the present total effort of the
American people. We have received a number
of letters from amateurs still on the home
front asking us to enumerate specifically the
things that a stay-at-home ham can do to
help. Here is a check list of ARRL’s current
urgings and recommendations: -

Radio personnel is needed everywhere. The
military needs and other government calls are
listed each month in “ U. 8. A. Calling.” Get in
if you can. And if you can conmder a change in
your regular civilian employment, you are
asked to register with the ARRL Personnel
Bureau so that we may put you in touch with
some of the needs.

If you can’t consider a full-time change, see
if you can’t help as an instructor in some of the
radio courses near you, either theory, code or
mechanics. Probably there are evening classes
where you could assist one or two evenings a
week. Perhaps you could give it an occasional
day or hali-day. They need you.

There are insufficient amateurs and u.h.f.
apparatus to man WERS adequately. The
services and gear of every available amateur
are needed. Offer yourself to the local ARRL
Emergency Codrdinator or to the local WERS
radio aide. If you do not know them, write
your SCM for guidance. His address is in the
front pages of every @ST.

Register your factory-built transmitters and
receivers for sale through the ARRL Appara-
tus Bureau if you are not able to put them into
the war effort through some local Signal Corps
depot. Buy War Bonds with the proceeds, so
that you’ll have a stake for refitting after the
war. Schools and colleges giving radio training
courses are very short of oscilloscopes, testing
equipments and some parts; make yours avail-
able to the local institutions on loan, rental or
sale. Observe in QST the many appeuls for
power tubes and for meters, and - see if you
cannot send yours where they will do something
useful. There will be much better new tubes
after the war.

Turn in your nonferrous scrap, which is
valuable even in small quantities. (! 'opper is
particularly needed. Your transmitting an-
tenna is mostly a liability and a hazard these
days. Take it down and send it to war.

Maintain your FCC licenses by filing re-
newal applications sixty days before expiration,
or for modification whenever you change ad-
dress. Apply on behalf of both operator and
station license, returning your old license.
FCC will renew only the operator portion, but
the station portion remains on file for quick
authorization after the war.

Assist other amateurs, and the relatives of
absent amateurs, in making proper applica-
tions for FCC certificates of registration of
transmitters, as required by FCC Orders 99
and 101.

Keep your local club going even if 1t can be
only in a small way. Run a4 mimeograph bulle-
tin of what the local gang is doing and send it
to your members in the services. It will be
vastly appreciated.

Help the compilation of the record of what
the amateur is doing in the war by notifying
Headquarters of the names and calls of your
local amateurs in the war effort, whether in
the armed forces or in Civil Service govern-
ment radio work.

Seize this time to improve yourself. Study
up on theory and math. Employ your new
knowledge to plan that new rig for after the
war. See what you can do about participating
in some group of the Experimenter’s Section in
the development of alternative modes of com-
munication, not only for fun but for its value .
in local civilian-defense communications.

Don’t let your code speed slump. Instead,
improve it. Do some listening-in. Learn to
copy on the typewriter. Get an acquaintance -
with some of the foreign codes which use dif-
ferent alphabets. Run a buzzer line around
your office, to help keep your hand in. Or a
telegraph line to that ham down the block will
give you the opportunity you’ve always wanted
to learn American Morse.

Keep your eyes und ears open. You know
radio. You may be approached by an enemy
agent. If you are, keep him danglmg and get
in touch with FBI. If you hear improper signals
on the air, tell the nearest FCC office about it.

(Give your best to everything you do. Be -
both a good citizen and a good amateur.

In many of the magazines of America you
will see this month an illustration of a wounded
soldier and a man who might be you. The page
carries this wording:



Would you turn your back
on a wounded Soldier ?

Would you turn your hack on a wounded soldier?

You think you wouldn't . . . you don’t mean to . . .

But unless you are giving every precious minute of your time . . . cvery ounce of strength that you
can spare . . . towards helping win this war as a cwilian, you arc letting down those soldiers who
are sacrificing their lives to unn it for you.

What you are asked to give up 1sn’t much compared with what they're giving up. The extra work you
undertake ts small compared with the gigantic effort they are making. But to a wounded soldier, what
you do can mean the difference between life and death.

You make the choice.

K. B. W.

used for the transmission of energy, communica-

] r T | tions or signals by radio” — from 10 ke. to
* b P L A [ T E R * 30,000 Mec. is divided into seven major bands.
These bands are as follows (with their designa-
tions and QST abbreviations):

FREQUENCIES o o o
BEGINNING with this issue of QST, you F rmuency't{;t:(c)docucles 20 incl)::;:jt;;ns Abb:',nlu;uluuu
will see in use a new system of frequency-classi-  Ahove 30 to 300 " Tow L
fication designations and abbreviations in ac- .« 300 to 3,000 **  Medium m.f,
cordance with the standard classification table " ,3,000t0 30,000 " High h.f.

Tyt . . 30,000 to 300,000 Very-high v.hf,
recently adopted by FCC. Tn this table the entire “ 300000to #000,000  Ultrahigh  w.h.f.
‘“‘useful radio spectrum’ -—i.e., the “total num- 3,000,000 030,000,000 ** Superhigh shf.
ber of frequencies or wavelengths which may be ) (Continued on page 64)
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Radio and Vision

A Glimpse At the Electrou Microscope

BY ROBERT B,

‘The .electron microscope, while not
radio in the usual sense of the word, is
built upon principles and with the aid of
circuits which do find wide application
in radio communication. This article
describes some of the features of the
microscope likely to be of particular
interest to the amateur. Like the cyclo-
tron described in ()S7'a few months ago.
the electron microscope represents a de-
velopment in an allied art about which
every amateur should have at least gen=
eral knowledge.

“71'1'13 the construction of u practical
electron microscope, the science of optics has
become one of the many fields of scientific en-
deavor which has successfully turned to elec-
tronics and radio research for a solution to some
of its problems. As light microscopes were
improved and as the knowledge of optics in-
creased, it became evident that the wavelength
of light was the limiting factor in man’s attempt
to see smaller and smaller things.

Therefore, the field of microscopy turned to-
ward radio research soon after the demonstration
that a beam of electrons possessed wave charac-
teristics similar to those of a beam of light, yet
with a wavelength many times shorter. Previously
it had been discovered that X-rays travel with a
wave motion, but it was found to be impossible
to construct an ‘“X-ray microscope’” because
there is no known method of focusing an X-ray
beam. The actual wavelength of a stream of
electrons with a push of fifty thousand volts
behind it is about a five-billionth of an inch, as
compared to a wavelength of about a fifty-
thousandth of an inch for visible light (try put-
ting up a half-wave antenna for that!).

The first real attempts at the construction of -

un electron microscope were made in Europe in
1931, in 1934 and in {937, and in the United
States in 1934. In 1939 the construction of a
microscope very similar to the present RCA
instrument was announced in Canada.! The RCA
Type B instrument is the first practical laboratory
electron microscope. The instrument now in con-
stant use in the laboratories of the University of
linois; under the direction of Prof. George L.

* 314B Noyes Chemistry Laboratory, University of Illi-
nois, Urbana, llinois.

! A, Prehus and J. Hillier, ‘' Construction of a Magnetic
Electron Microscope of High Resolving Power,' Canadian
Journai of Research, April, 1939.

May 1943

FISCHER,* WOWJX

Clark, is one of the first few constructed by RCA.
There are now about fifty of these microscopes in
operation in university and industrial research
luboratories in the United States. The specifica-
tions given in this article refer to the type of
instrument in use at the University of Illinois;
however, the general principles of operation and
construction apply to any electron microscope. .

With the exception of two vacuum pumps
which keep the microscope proper at a high
vacuum during operation, the present instru-
ment is contained within a cabinet seven feet
high, twenty-one inches wide and thirty-seven
inches deep. Present-day electron microscopes
are able to separate two points a ten-millionth of
an inch apart. In other words, an electron micro-
scope reveals detail as sharply at a magnification
of 100,000 times as does an optical microscope at
1000 times magnification.

The general principles of electron microscope
operation are very similar to those of a light
microscope. In place of the usual light beam, a
stream of electrons is used, and in place of the

The author at the controls of the ¢lectron microscope
installed in the Iaboratory of the University of Illinois.

9



usual glass lenses, electrostatic or electromagnetic
fields are used. While the focusing of a light
microscope is done by moving the lenses, an
electron microscope is brought into focus by vary-
ing the strength of the fields which comprise the
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Fig. 1— Column of the electron microscope. This
shows the basic optical arrangement.

‘“lenses.” The final image is viewed upon a
fluorescent screen placed in the path of the
electron beam. (No, electrons are not green; that
is just the color of fluorescence of the screen
material!) .

Since electrons are absorbed and scattered by
any matter, even air, the instrument must be
operated at a fairly high vacuum. Thus, the en~
tire instrument may be considered as a huge
vacuum tube with uassociated power supplies.
The microscope column is diagramed in Fig. 1.
The electron stream is emitted from the tungsten
filament at the top of the instrument, *pushed”
by a voltage adjustable in steps from 30,000 to
60,000. The beam passes through the condenser
“lens” to the specimen. Absorption and scatter-
ing of electrons there occur in accordance with
the density and the thickness of the specimen; the
modified beam then passes through the magnetic
objective to an intermediate image screen, where
the image may be observed at low magnification
through “port-holes.” A selected portion of the
beam is directed through a small hole in the center
of the intermediate screen, after which it is
magnified greaily by the projector “lens” and
allowed to fall upon the fluorescent screen for
viewing. A photographic film placed immediately
below the screen allows pictures to be taken of the
image, the screen itself moving back to serve as
the shutter.

The specimen may be moved about from out-
side the instrument by means of a special bellows
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arrangement. Both the specimen section and the
camera section may be shut off from the rest of
the instrument to allow changing specimens or
film without losing the vacuum in the entire
system.

Probably the things concerning the electron
microscope of most interest to the present reader
are the power supplies and the voltage control cir-
cuits. A constant power must be supplied to the
electron gun and to the windings of the three
magnetic coils, since the “focal lengths” of the
apparatus are dependent upon the power charac-
teristics. In the present instrument, stabilities
must be within the following tolerances: *

Overall voltage — (0.015 per cent
Projector lens current --- 0.068 per cent
Objective current — 0.0075 per cent
Condenser lens current — ().1 per cent

To produce and to control the necessary volt-
ages, fifty-three vacuum tubes are used. Of these
tubes, all but two are standard types frequently
encountered in radio work, while the other two
are special rectifiers for the high electron-gun
voltage. With the exception of the tubes in the
vaccum indicator circuits, all of the tubes, along
with their associated components, are used to
-produce, from the 115-volt a.c. lines, and to regu-
late the power for the three lenses and for the
electron gun.

The entire power system is enclosed to the
rear of the microscope column. Much compact-
ness is made possible by the use of radio fre-
quencies to generate the high voltage. Advantages
of the r.f. arrangement are the decrease in size of
the transformer and filter components which
would otherwise be required and mechanical
stability, without which the power supply could
not be placed in such close proximity to the micro-
scope column.

The currents for the three lens coils are con-
trolled by very sensitive regulators which make
use of the usual types of circuits. However, the
high-voltage arrangement is of special interest.
Fig. 2 shows a block diagram of the entire high-

2V. K. Zworykin, J. Hillier and A. Vance, * An Electron
Microscope for Practical Laboratory Bervice,” Electrical
Engineering, April, 1941.

DRIVER D.C.CONTROL
OSCILLATOR AMPLIFIER
Lo
J—————>{RECTIFIER DOUBLER
Co AND FILTER
ELEEJZON FILAMENT
TRANSFORMER
OSCILLATOR FORGUN | EL EKJ:M

Fig., 2 — Block diagram of the high-voltage system.
Voltage for the electron gun is obtained by first gencrat-
jug a radio frequency, building it up by a resonant cir-

cuit, and then rectifying it.
OST for



A simbliﬁed schematic circuit

Fil.

Lo % ¢

B

diagram for the d.c. control am-
plifier unit is given in Fig. 4.
This circuit functions to keep
constant the 60-kv. accelerating
voltage for the electron gun. In.
brief, a comparison of the high
voltage with a standard 550-
= volt bank of standard dry “B”
batteries controls the screen
grids of the driver oscillators.

—
- 1‘1 WA

This regulates the amplitude
of the 32,000-cycle radio-fre-

3E :
s

o
P2 Pl

Fig. 3 — Simplified schematic of the rectifier-doubler and filter. ‘Terminal
P connects to the d.c. cuntrol amplifier (P1 in Fig. 4); P2 is the lead from
the driver oscillator; Ps connects to the source of r.f. power which heats the
electron-gun filament. ¥y and V2 are special rectifier tubes (RCA-6132).

voltage system, while Fig. 3 shows a somewhat
simplified circuit diagram for the actual micro-
scope rectifier unit (the “rectifier-doubler” of
Fig. 2). As shown in Fig. 2, the basic principle of
the system is a high-Q net series-resonant to the
driving oscillator and parallel-resonant to the
high-voltage output rectifiers. The resonant cir-
cuit is composed of coil L, and capacitance C, (a
jumped capacitance including C of Fig. 3 and the
stray and distributed capacitances of the circuit).
To obtain best operating characteristics, 32 ke.
has been selected as the frequency for the driver
oscillator, and the resulting € is about 200.

The entire rectifier-doubler unit (Fig. 3), in-
cluding rectifiers, inductances, transformer T
and other components, is kept immersed in an
oil tank which comprises the upper portion of the
power rack. It is interesting to trace out the
action within this unit as it receives the 32,000-
cycle signal from the driver oscillator and delivers
60,000 volts d.c. across the microscope anode and
cathode, which comprise the load cireuit. Upon a
positive increase in input voltage (assuming zero
to start), V7 conduets and Vg opens, allowing the
entire input voltage to appear across C;. A nega-
tive increase of the input voltage causes V; to
open and Va2 to conduct, so that the charge
divides between '; and Ca (inversely proportional-
to their capacities). The next positive half-cycle
recharges €, to full value; the next negative half-
eycle adds another bit to the charge of C. This
continues until Ca is fully charged (it reaches
its full value of 90 per cent of the peak-to-peak
input voltage in 0.003 seconds!). This unit is,
then, a rectifier and a voltage doubler.

The negative side of the 60-kilovolt d.c. poten-
tial at the anode of V3 is then applied to the
aicroscope cathode through the divider resistor,
Ry. Lw and Cy, form a wave trap for any 32-
kilocycle ripple which may be present. C3 and Re
are a part of the control circuit, but are situated
within this unit. The final output of T4y, the
primary of which is fed by a conventional Hartley
type oscillator, is the power for the electron-gun

filament.
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Flectron Gun

quency signal which, in turn,
regulates the sixty-thousand-
volt accelerating potential.

A regulated 400 volts is sup-
plied to the anode of Vy (Fig. 4),
the bias for which is obtained
from a “voltage divider,”
consisting of Iz in Fig. 3,
Ry in Fig. 4 and battery Bi. The grid of Vi is
connected between the two resistances, so, were it
not for By, would be negative by about 555 volts,
as governed by the ratio of the two resistances
(1000 megohms to 10 megohms). However, B;
provides a bucking voltage of 550, so the bias is
set at a variable value within good operating
range.

In tracing out the regulating action, it is evi-
dent from the diagrams that a drop in potential
of the 60-kv. source causes the grid of Vy (Fig. 4)

Filament

A glimpse at some of the power-supply circuits. The
wiring appears a bit complicated, as might be expected

of a circuit which uses 53 tubes]
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to hecome more positive. The plate
of V1 then becomes less positive, so

the grids of V3 and V3 (all in Fig. 4)
become less positive and their anodes
more positive. Thus the screens of the
driving oscillators (Pa of Fig. 4) be-
come more positive, so that the am-
plitude of the r.f. signal is increased
and the 60-kv. source brought back

to the proper value. A rise in potential
of the high voltage, conversely, causes
the opposite effects throughout the
same feed-back circuit. In this man-
ner the high voltage is kept constant.
Tower potentials of the “B”-battery
bank cause the maintenance of the
electron gun accelerating voltage at
lower, yet constant, values. The se-
lector switch shown provides the choice of battery
voltages ranging from 275 to 550, which cor-
respond to high voltages of 30 kv. to 60 kv. in
steps of 5 kv. each.

It might be expected that an instrument as new
as is the electron microscope would be chiefly in
the development stage, yet the electron micro-
scope has already found wide application and
usefulness in many fields of science, including
biology, bacteriology, medicine, chemistry and
ceramics. Contrary to the opinion held by many
of the uninformed, the electron microscope is not
for the purpose of seeing electrons! (The author’s
usual reply to the uninitiate who asks what an
electron looks like is that electrons have never
been seen, yet that they probably have red hair
because they are so easily excited.)

The fact is that many things hitherto invisible
have been seen and studied by means of the elec-
tron microscope. As mentioned before, the elec-
tron microscope permits the viewing of particles
many times smaller than does a light microscope
of maximum theoretical capabilities. The com-~
mercial value of the achievements of the electron
microscope are demonstrated by the fact that
about half of the instruments now in use in this
country are in industrial laboratories, while the
other half are in university laboratories.

Many of the applications to which electron
microscopes have been subjected are of direct war
importance and so cannot be discussed at the pres-

B =
Fig. 4 — Simplificd schematic circuit diagram of the
d.c. control amplifier. ‘T'erminal | connects to P in

Fig. 3; P2 to the screen grids of the driver oscillator
tubes. 11 i8 a 128J7, }2 and F73 arc 6Y6Gs.

ent time; however, a few typical examples may be
mentioned. Smokes and dusts have been studied
as preservatives and as pigments, as well as con-
cerning health hazards involved. Carbon black,
a rubber reénforcing agent dependent upon its
fineness of division, has been studied by the
electron microscope in conjunction with X-ray
studies. A typical application to ceramics has
been the dehydration study of various materials.
Electron microscope pictures have revealed useful
secrets of large organic polymer and plastic
molecules.

Biological and medicinal specimens, because
of their low density, are peculiarly well adapted
to electron microscope work. Much has been
learned concerning the various types of bacilli
and viri. Because the influenza virus has actually
been seen, it has been possible to isolate the virus
and to open up the way for the making of a
vaccine for influenza. These few examples of
electron microscope application serve merely to
show the wide range of applied usefulness of the
instrument. :

The question is frequently asked as to just
what effect, if any, the electron beam has upon
the specimen being observed. By comparing
pictures taken with optical microscopes and with
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These two photogruphs are of
sub-microscopic particles of mag-
nesium smoke such as is formed
in the combustion of an incen-
diary bomb. In the original of the
picture at the left the magnifica-
tion is 5000 times; in the one at
the right, 20,000 times.

L4
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Left: Electron micrograph of a
diatom, the skeleton of a unicel-
lular animal of sub-microscopic
dimensions. Right: 'This picce of
lime, photographed in the elcctron
microscope, appears as a single
solid particle in -the ordinary light
microscope.

L4

the electron microscope ut corresponding low
magnifications, it has been shown in many in-
stances that the final image seen in the electron
microscope is a true representation of the speci-
men.

The type of electron microscope now in general
use may be converted into an electron diffraction
unit by replacing the entire projection lens with
a special adapter, which includes a specimen
holder and a special focusing lens. The unit is
then so arranged that a point source of electrons
hits the object, from which reflection or diffraction
takes place. Many types of analyses and crystal
structure determinations may be made by ob-
serving the characteristic reflection or diffraction
effects which occur in the electron diffraction
instrument.

The voltage accelerating the electron beaun
determines to a large extent the penetrating abil-
ity of the beam. For extremely thin specimens of
a material with very low density, a voltage lower
than 60,000 is sufficient. Because the entire speci-
men becomes transparent to the beam at suffi-
ciently high voltages, it is desirable to use a
voltage only as high as is needed for proper
“‘contrast” in the final image. For this reason a
variable voltage is distinctly advantageous. A
maximum of 60,000 volts has been found sufti-
cient for the proper penetration of most materials,
but for more opaque objects higher voltages have
heen used. Thus far, instruments operating at
voltages higher than 60,000 are in the experimen-
tal stage. However, the present instrument will
continue to be satisfactory for most applications.

For the study of metals, which are considerably
too opaque for electron microscope work in the
usual manner, a “replica” technique has been
developed. A plastic replica of the metal surface
is made and viewed under the microscope. In this
manner, surface studies of the metal are possible.
1t might be noted that a method, perhaps the best
method, of calibrating the magnification of the
electron microscope is by use of a plastic replica
of a ruled grating.?

A different, yet closely allied, method for the
study of metals is by use of a separate instrument
called the “Flectron Scanning Microscope.’” *
The principles of this instrument are much the
same as in television and in picture transmission.

Recently two new smaller models of the elec-
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tron microscope have been announced. They are
expected to find wide application because, in spite
of their compactness, they possess the high re-
solving power of the larger instrument. One of
these new instruments 4 is only sixteen inches
long and operates at a constant potential — about
30,000 volts. These new models will undoubtedly
be of much value in both testing and in research,
but will not detract in the least from the value
and importance of the larger instrument, with its
versatility and resultant wide range of application.

The electron microscope is one of the newest
applications of electronics and radio research, yet
has already proved to be one of the most remark-
able and useful.

3 C. Burton, R. Barnes and T. Rochow, ‘‘The Electron
Microscope,” Industriai and Engineering Chemistry (Indus-
trial Edition), Dec., 1942.

¢V, K. Zworykin, ** Electron Microscope in Chernistry,"”
Electronics, Jan., 1943.

Stra X

In a paper delivered recently before a joint
meeting of IRE and AIEE, Dr. George G. South-
worth looked forward to the day now clearly dis-
cerned when, for certain communication and
signaling purposes, electricity will flow inside
pipes rather than in wires or through the air.
Energy may now be so transmitted through
tubes, called wave guides, and if the tube is filled
with insulating materials even the metallic outer
covering may be removed, the energy flowing
through the insulation. Such a wave guide re-
quires no return path through the earth or a sec-
ond wire to complete the circuit. If desired, the
tube may be terminated in a flare and the energy
radiated much as sound waves are emitted from

.o horn. The length of waves so transmitted is of

the order of one-half inch.

Phototubes are now used in some large power
stations to.control the combustion of fuel auto-
matically by the smoke and gas density in the
stack, — [VINDL.
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OST Returns o Gallups Iand

«

I’I‘ was nearly two years ago that QST,
in the persons of Clark Rodimon, then managing
editor, and Frank Beaudin, our staff photog-
rapher, first visited the Gallups Island Radio
School in Boston Harbor and brought back the
story appearing in the June, 1941, issue. Widely
reprinted and distributed by the 1. 8. Maritime
Service, that QST story became official recruiting
literature for the merchant marine training pro-
gram. In fact, so successful was it that, early
this year, the War Shipping Administration’s
director of training suggested a return visit.

In the intervening two years a number of
changes occasioned by the developing urgency
of war needs had taken place, and it was felt that
the 1941 story no longer revealed an accurate
picture of the school. Last September, for ex-
ample, the entire administration of the school
changed hands when the Maritime Service was
transferred from the Coast Guard to the War
Shipping Administration. Enrollment is now more
than double the original figure, and new buildings
have been constructed to provide additional
capacity for the increased numbers. Entrance
qualifications were revised to cope with the com-
petitive manpower situation, and the length of
the course has been progressively reduced. There
have been other changes, too.

Even the character of the students and the na-
ture of the job they are training for has changed.
Two years ago the United States was still looking
inward, clinging doggedly to its isolation in a
world at war. There was a shortage of maritime
radio operators for the rapidly-growing merchant
flect, but the job itself was scarcely more than the
humdrum equivalent of peacetime voyages.

Nevertheless, some members of that first 40-
week class at Gallups Island had yet to step
aboard their own decks when dawn broke with
the ruddy glow of Hell-fire over Pearl Harbor on
December 7th and the U. S. awoke from its
Sunday-afternoon nap to find itself at war. For

*Executive Editor, QST.
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the men of the merchant marine the declaration
of war meant that hardship and death had be-
come their constant companions. Many a Sparks
in his lonely radio room had scarcely finished
copying the electrifying words “Pearl Harbor .
attacked!”” when he felt the deck shiver beneath
his feet, vibrating until the dull “boom” caught
up with the explosion, and he turned his attention
té rapping out a despairing SOS while a dying
freighter or tanker sank wearily into the sea.
Some, even, heard the hiss of enemy-launched
torpedoes before ever they heard the news that
their country was at war.

Yes, the job changed then. It became a grim
and reckless one, a death-defying calling whose
followers literally thumbed their noses at the
enemy. We’ve reported the experiences of one or
two of these men in QST ~- the few about which
details could be released. But for the most part
they are unsung heroes — hard, jesting, self-
reliant men of the sea, with the kind of guts it
takes to face death not once but many times out
there in the lonely wastes of the North Atlantic
or the deceptive sultry blue of the Caribbean or
the rolling vastness of the South Pacific. Men
with the kind of courage it takes for survivors of
soul-searing voyages on lifecboat or raft to come
ashore grinning, anxious®for another crack at
Jerry or the Jap.

That's the kind of men they’re training at
Gallups Island -— men who are resolved, despite
what may lie ahead, to do their part in maintain-
ing the lifeline of supplies to our fighting forces.

By Cutter to Gallups Island

It was to see these men and the training they
receive that we went to No. 22 India Wharf on
Boston Harbor’s motley waterfront one morning
not long ago. There, in company with Ensign
Ralph J. Meyers, USMS, of the local Maritime
Service traince procurement office, we boarded
the cutter Roderick on the outgoing leg of its
daily round-trip voyage to the Island.
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Signal flags flying in conformity with strict
war-time harbor regulations, the sturdy old cut-
ter, aged but still salty, pushed through the rest-
less water while all around the big harbor strained
at its work. Vigilant Coast (Guard patrol boats
scurried by; overhead, planes circled and roared.

Some forty minutes later we approached Gal-
lups Island. As the cutter swung around and
approached from seaward, the island resembled
a seaside colony of comfortable white-painted
homes rising tier on tier from the water’s edge
to the summit of an enlongated hill. Then, as the
soft thrum of the Diesels brought us nearer, the
seashore-resort mirage metamorphosed into rows
of long frame barracks and school halls.

As the Roderick slipped smoothly into its moor-
ing, its passengers disembarked onto the husky
new dock, recently completed as part of the
school’s expansion program. There were the usual
formalities — the Maritime Service is as vigilant
as any military post, and for the sumne reasons.
Finally, after being duly checked and logged
aboard by the ofticer of the day, the executive
ofticer, Lt. Comdr. Richard J. Casilli, USNR,
informed us that the superintendent, Commander
Sherman W. Reed, USMS, was waiting to give
us our official welcome aboard the station.

Comdr. Reed proved to be an old sea-faring A

man with a record of 25 years at sea, an able
executive whose affability and suavity failed to
eonceal the alert intelligence that makes his
administration of the Gullups Island establish-
ment so successful. From him we gained a general
picture of the Island’s war-time development.

Expansion for War Needs

‘The basic story of the Island’s conversion from
a U. S, Public Health Service quarantine station
was told in the June, 1941, QST story. The orig-
inal school was designed to be the best-equipped
and most efficient radio school ever established
— and the result was just about that. The su-
perior quality of Gallups Island alumni became
famed from coast to coast, and the successful
training methods developed there were adopted
in military-training schools subsequently es-
tablished.

But within a few months after its completion
the original school, built to accommodate 400 stu-
dents, bulged at the seams. Additional buildings
and facilities were constructed — in itself a major
feat, since every item of material down to the
last nail had to be transferred to the Island by
boat — until the capacity was increased to handle
a full quota of 1040 men, in addition to some 280
men in the permanent company including 34
instructors.

As the school expanded to keep pace with the
mushrooming merchant marine, the course of
study was reduced in length from 40 to 29 weeks
and the entrance requirements were lowered to

The men in charge of Gallups Island training. L. to r.
------- Lt. Comdr. John A. Clark, USMS, oflicer in charge
of training, Comdr. Sherman W. Reed, USMS, super-
intendent of the station, and Lt. Comdr. Richard J.
Casilli, USNR, executive officer.
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ensure the needed constant flow of trainees. At
the outset a candidate for Gallups Island training
was required to have two years of high school
math and one year of physics. He must also have
passed an elementary examination in radio and
be able to take code at a speed of 13 w.p.m. — in
other words, the equivalent of a newly-licensed
Class B amateur. Now only the first requirement
- two years of high school math, including alge-
bra — remains; no prior radio training is required.

Yet the surprising fact is that, despite the
changed preliminary requirements and the con-
densed course, graduates of Gallups Island rate
as high or higher than the product of any com-
parable school. They matriculate equipped to

‘pass the FCC exam for second-class radiotele-

graph license by a ;comfortable margin. ‘Chey
come off the Island ready to step on deck and
take over a watch on any ship in Uncle Sam’s
merchant fleet.

Following the interview with Comdr. Reed,
Lt. Comdr. John A. Clark, UUSMS, the training
officer in charge of the radio school, took us in
tow. A tall, laconic veteran of the Maritime Serv-
ice with a reassuring proclivity for understate-
ment, Lt. Comdr. Clark outlined the course of
instruction.

The actual training period is concentrated into
28 weeks, the final week being reserved for review
and final examinations — including the culmi-
nating FCC examination at the Boston inspection
office. The course is organized under five basic
headings — code, procedure, theory, lab and sea-
manship training. Code training is carried on
throughout the 23 weeks, with seamanship train-
ing terminating in the 26th week. Theory classes.
are held for the first 21 weeks, overlapping the
laboratory work, which begins with the 16th
week. Lab continues until the final week of the
course, as does the procedure class which begins
with the 18th week.

Code and Procedure

Code training is by the original “GI” system
------ - with modifications. In the first week the entire
alphabet and all numerals are memorized in the
basic EISH5, TMOJQ, etc., combinations. By the
end of the second week the student is able to copy
plain language at 4 w.p.m. Thereafter, if he keeps
up to schedule, his speed advances at the rate of
about 1 word per week until at the end of 25
weeks he must take a minimum of 23 w.p.m. plain




Code and operating training is half the battle at
Gallups Island. Lefl (from top to buttom)—- (1) Code class
in session. Tone from audio oscillator and switchboard
on rack, keyed by automatic tape transmitters on table
in front of instructor, is fed to each position via individ-
ual switch panels. (2) Advanced code and network.-
proccdure class, showing instructor’s position and dual
tape- -keying heads. (3) Network-procedure group. Man
in foreground is net control; the drill simulates actual
operation at sea. (4) Practical watch—standinz class,
with students operating RCA marine rcecivers (thrce
at each position, covering all frequency ranges) in
typical shipboard installations. .dbove — Lt. (jg) J. J.
(.anavan. head of lab instruction, teaching d /f tech-
niique on a Mackay direction-finder.

language and 18 w.p.m. in coded groups. These
minimum speeds, although 2 w.p.m. less than the
previous standards, provide a satisfactory margin
over F'CC requirements.

Most recent among the modifications in the
code-training course is the separation of initial
code and touch-typing practice. Originally both
were begun simultaneously, but under the short~
ened course basic code and typing instruction are
given separately for the first four weeks — two
hours of code and one of typing daily. In the
following weeks the student learns to correlate
the two, and after the fifth week «ll copying is
directly on the mill.

Training in sending commences with the 13th
week, the student’s receiving speed then having
reached a minimum of 13 w.p.m. Practice in both
sending and receiving — plain language and mixed
code — continues until the end of the course.
After the 17th week, however, the code-class
periods are reduced from 15 hours per week to 5
with the introduction of procedure training.

In procedure class all phases of marine oper-
ating are covered, including calling and answer-
ing, use of frequencies, Q signals and other oper-

O0ST for



ating abbreviations, radio laws and regulations,
international treaties and agreements, tratfic
handling (including such details as computing
charges, conversion of the gold franc, ete.), direc-
tion finding, the complicated details of distress
communications and the myriad other procedural
details the accomplished marine operator must
know. This part of the course concludes in a
series of practical drills and watch-standing ses-
sions, closely simulating operation at sea.

Both code and procedure classes are conducted
in an atmosphere calculated to give the student
the true feeling and spirit of an operator. In the
watch-standing classes the individual positions
exactly duplicate standard shipboard operating
conditions — two rows of positions on either side
of a long room, one side equipped with Mackay
equipment and the other with RCA.

Theory and Lab

That’s the operating side of the picture. In
parallel with it is the theory and lab instruction.
There are some radio operating jobs in which the
man at the key needs only to know which knob to
turn or which switch to throw, but the marine

The other half of the battie is theory and lab instruc-
tion. Right (top to bottom) — (1) ‘I'ypical theory class.
CRM Robert F. Clough, W9OMTU, lectiires on neutrali-
zation of r.f. amplifiers with the aid of a versatile dem-
onstration set ending up in a "50-watter.” (2) One lab
group hears CRM C. V. Bradley explain the workings
of a standard RCA h.f. marine transmitter. (3) Another
lab group studies the Mackay "'victory set,” as in-
stalled on all Liberty ships, with CRM E. Waller. ‘This
compact unit is a self-contained radiotelegraph station
with transmitter, receiver, power supply equipment —
complete even to clock, desk and lamp. (4) The well-
stocked supply room off the general lab contains every
needed component and instrument. Below — A student
group at work on a transmitter-construction project.
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radio operator must be the *“ complete radioman,”
familiar with every technical detail of his equip-
ment and qualified to service and repair it.

As much training time is devoted to the tech-
nical end as to operating, therefore. Theory
classes begin with the simplest electrical funda-
mentals and work up through a well-rounded
course to complete transmitters and receivers,
winding up with a week on wave propagation and
antennas. Qualified instructors — most of them
hams — lead the novice through the technical
maze along a well-thought-out route which skirts
the non-essentials while providing a well-balanced
understanding not only of how radio works
but why. The theory department, appropriately
enough, is staffed almost entirely by hams, includ-
ing W9QMG, who is in charge, WOCEE, WINGL-
ex-W4ARP, WOOMU, WOMUQ, WOKWI und
WOVQE.

Texts for the theory classes are pamphlets pre-
pared by the staff to meet the specialized require-
ments of the course. A comprehensive reference
library of standard reference texts and handbooks
is also provided.

Practical application of the theoretical knowl-
edge thus acquired comes with the beginning of
laboratory classes in the 14th week. There are
three laboratory classrooms — the general lab,
storage battery lab and marine radio lab. Each
has its own important role.

Work in the general laboratory begins w1th the
types and uses of tools and continues- through
elementary electrical experiments and assorted
constructional projects involving the building of
oscillators and simple receivers. This well-equipped
lab has been the envy of many a service school,
with its individual tool drawer complete with
every needed hand tool for each student and its
well-stocked supply room outfitted with ample
quotas of everything from condensers and re-
sistors to signal generators and oscilloscopes.

The storage-battery lab is just what its name
implies — & place where students learn all about
the maintenance, care and operation of storage
cells, those indispensable elements of marine-
radio installations.

It is in the third room of the laboratory section
that the equipment-minded visitor lingers long-

est, however. Here, in the standard marine radio
installation laboratory, is to be found at least one
example of each type of radio equipment now
heing installed aboard vessels constructed for the
U. 8. Maritime Service, including crystal-con-
trolled intermediate and high-frequency trans-
mitters, t.r.f. and superhet receivers, radio direc-
tion-finding equipment, automatic distress-signal
alarm equipment, stand-by equipment, lifeboat
transmitting and receiving equipment, small-craft
radiotelephone equipment and all the associated
accessories.

"This equipment is assembled in rows along the
room, each unit completely installed and oper-
ating. Classes assemble on folding chairs in small
groups before individual installations, several
such groups assembling simultaneously in various
parts of the room, while the instructors take the
equipment up unit by unit. On completing this
part of the course the student knows every elec-
trical and mechanical detail of each type of
equipment he may be called upon to operate.
Coupled with his operating training, it makes
him a thoroughly proficient radio man.

Seamanship

But a marine radioman must be more than a
good radio operator and technician. He must be a
seaman, as well, and two hours of each week
throughout the course are devoted to teaching
seamanship. It takes an astonishing amount of
specialized knowledge to be a sailor, as anyone
who has fitted and sailed even an 18-foot yawl can
testify. Of course, a radioman doesn’t need to
know everything a regular seaman does -— but he
wust learn the names and uses of the basic nauti-
cal devices from anchors to marlinspikes, the
hundréd and one varieties of sailor’s knots, the
art of getting into rubber life-saving suits and the
technique of lifeboat drills.

All in all there’s plenty to do in the formal
classroom day from 9 A.M. to 4 p.M. — to which
may be added evening periods for boning up. In
this connection, classrooms are kept open eve-
nings and instructors are on hand to assist with
individual instruction and counsel where needed.
For students who drop behind in their work spe-

(Continued on page 84)

Sea-going radiomen are trained in the rudiments of nautical lore at Gallups Island. Left — Surrounded by
typical ucms of marine equipment, one student lcarns the art of donning a rubber life-saving suit — the “Man
from Mars” suit —- while another studies a complex sailor’s knot. Right — Lifchoat drill is an important part of
the training of seafaring men in war time, and Maritime bemce radiomen get plenty of it.




Elementary A.C. Mathematics

Part IV*— Phase Relationships in Inductance and Capacity

BY GEORGE GRAMMER,** WI1DF

BETURNING now to the question of how
variable phase relationships can arise in a.c. cir-
cuits, we shall find that some new mathematical
ideas — “new” in the sense that they are addi-
- tional to those already discussed — must be con-
sidered. First, however, we can dismiss a purely
resistive circuit from consideration, since it was
previously established that in such a circuit the
current and voltage always are in phase. Any
change from the in-phase condition must arise as
the result of energy storage in the circuit; in turn,

this storage is associated with inductance and -

capacity.

To approach the problem let us first look at a
simple d.c. circuit containing a condenser and an
adjustable source of voltage as in Fig, 21-A. We
assume that there is no resistance anywhere in

_the circuit. The quantity of electricity that can
be placed on a condenser is proportional to the
voltage at its terminals; that is, @ = CE, where
(in the practical system of units) @ is the quantity
in coulombs, F is the voltage, and C, the constant
of proportionality, is the capacity in farads. On
closing the switch the condenser will instantly
acquire its full charge; in other words, the number
of electrons representing the quantity @ will
instantly ¢ accumulate on the plate connected to
the negative terminal of the veltage source and
there will be a corresponding deficiency of elec-
trons on the other plate.

Suppose that the source of voltage in Fig.
21-A is adjustable from 50 to 200 volts in 50-volt
steps. If the condenser has a capacity of 1 micro-
farad, the application of 50 volts will cause it to
accumulate instantly a charge of 50 X 1 X 10~%
coulombs, or 50 microcoulombs. If the voltage

tap is moved to the 100-volt point the charge will
become 100 microcoulombs, and so on through
the remaining taps to 200 volts and 200 micro-
coulombs. Now if the tap is moved back to 150
volts the condenser will discharge into the source
of voltage, returning the difference between 200
and 150 microcoulombs to the source. As the volt-
age is decreased in successive steps the discharg-
ing process continues until finally, when the
applied voltage is zero, the last 50 microcouiombs
are returned to the source. Note that when the
applied voltage is being increased, a larger and
larger charge is accumulating on the condenser;
that is, current is flowing <nfo the condenser.
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(~A') Fig. 2
When the applied voltage is being decreased, cur-
rent is flowing out of the condenser, Thus, al-
though the polarity of the applied voltage is
unchanging, the direction of current flow may
change simply as the result of changing the value
of the voltage. This can happen only because the
condenser possesses the property of storing and
releasing electrical energy.

Condenser Current with Applied A.C.

Now suppose we apply a sine-wave alternating
voltage to the condenser. On the basis of the d.c.

¥ Part [ appeared in QST for Feb., 1943; Part 11, in QST
for March, 1943; Part 111, in QST for April, 1943.

#* Technical Editor, QST.

! The word *‘instantly’ implies that no time is consumed
in charging the condenser, and since current is the time rate
of transfer of charge, or I = §/t, the current must be infi-
nitely large because ¢ is zero. Of course such a statement will
not stand examination; what is meant by an infinitely large
current which flows for zero time — i.e., does not flow at all?
(Such a paradox merely illustrates why division by zero is
apecifically excluded from arithmetical operations.) How-
ever, let us suppose that a resistance is connected in series
with the source of voltage and the condenser, as in Fig. 21-B.
Then at the instant of closing the switch the maximum cur-
rent that possibly can flow into the condenser will be
[ = [£/R. The movement of electrons which results when
the voltage is applied causes an accumulation on one plate
of the condenser and a deficiency on the other, so that the
condenser acquires some charge. ‘The charge causes a voltage
to appear across the condenser terminals; this voltage op-
poses the voltage of the source, as is easily scen by tracing
through the series circuit, so that the resultant voltage
across the resistor decreases. The current then also de-
creases, but the condenser continues to acquire more charge
because so long as current flows electrons continue to he

taken from one plate while a corresponding number is de-

posited on the other. Consequently the voltage across the
condenser continues to increase, until finally it is so nearly
equal to the source voltage that there is no measurable dif-
ference betwcen the two. At this time the current is also
su small as to be unmeasurable. and conditions become
static.

Thus with resistance in the circuit, the process of charging
the condenser requires an appreciable interval of time. If
the value of the resistance is reduced to one-half, the rate at
which the condenser becomes charged is twice as rapid, be-
cause the current is twice as large and consequently twice
as much electricity is transferred to the condenser in & given
period of time. As we continue to reduce the value of the
resistance the charging time becomes shorter and shorter.
Although it is meaningless to say that the charging time is
zero if the resistance is zero, it is perfectly safe to say that
the charging time approaches zera as the value of the re-
sistance approaches zero. Then if the resistance is small
enough to neglect, for practical purpos<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>