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are pr_ope: for forming a second bunch which will arrive
at cavity '2 at the proper time to feed more energy to it.
By drawing a few sketches of the bunched electrons
crossing the cavity and remembering that the wall
nearest the electron group will have positive charges
induced on it, the reader may verify this statement and
may also satisfy himself that the maximum power will
be ?xtr_acted from the electrons if their time within the
cavity is a half cycle. It may also be seen that the field
will be in a direction to slow down the electrons. The
energy going into the electric oscillations has been ob-

tained, therefore, by robbing the electrons of some of
their kinetic energy. '

The tube described so far will operate only so long as
the accidental oscillations in cavity 1 continue. In order
to insure that these oscillations continue, a small amount
of energy from cavity 2 is fed back into cavity 1 by
means of a short length of coaxial transmission line
coupled by loops in the two cavities. The length of this
line must obviously be chosen to maintain the proper
phase relationship between the two cavities. Another
effect of this coupling system is to tie the two circuits
together so that they act as a double-tuned circuit similar
to that shown in figure 20. As long as the two coupled
cavities are each tuned for approximately the same fre-
quency they will oscillate as a unit with a single-fre-
quency output; and over small ranges the tuning of one
cavity will then shift the resonant frequency of the
system as a whole.

The collector beyond the second cavity in figure 19(a)
is used to dispose of the electrons after they have served
their purpose.

When the frequency of operation of the klystron is
chosen, the design of the cavities and the separation
between them can be fixed. In order to provide a reason-
able tuning range the cavities may be made adjustable
in size by making the walls of airtight metal bellows.
After the two cavities have been adjusted to resonate at
approximately the same frequency, the voltage used to
accelerate the electrons from the gun is adjusted for
maximum power output. Frequently, several resettings
of the controls are required to obtain optimum per-
formance and to make the tube oscillate over a reason-
able range of frequencies.

Much of the difficulty in adjusting this type of klys-
tron arises from the fact that there are two cavities
which must be matched. A great simplification in opera-
tion can be made by eliminating one cavity. The "reflex
klystron™ uses the same cavity for bunching the electrons
and for extracting power by reflecting the bunched elec-
trons back through the cavity, as shown in figure 21.

In this device the electrons, on their way through the
cavity from the gun, are speeded up or slowed down

as in the two-cavity klystron. This process on the
average requires no power, because half of the time

electrons absorb power by being speeded up and the

other half of the time give power to the cavity by being
slowed down. After the electrons have passed through
the cavity they are reflected by a negative voltage on the
reflector, so that they return through the exit hole into
the cavity. The reflector must be properly shaped to
keep the electrons focused into a beam. The point at
which these electrons turn around will depend on the
voltage applied to the reflector; hence, the distance
traversed outside of the cavity may be adjusted by
changing this voltage. During the time these electrons
are outside of the cavity the faster ones are catching up

FIGURE 22—Cnlaway view 0f magnetron

on the slower ones, as was previously discussed. Now,
if the dimensions and voltages are properly adjusted,
the electron bunches will start back through the cavity
in the proper phase to increase the oscillations. When
this condition occurs, the cavity will oscillate and power
can be extracted. Since only one cavity is involved, oscil-
lation will occur at the resonant frequency of the cavity
when the voltage on the reflector is properly set. Hence,
the frequency is primarily set by the cavity and the
power output can be adjusted by the reflector voltage.
If the exit hole of the cavity is large, a change in the
reflector voltage will also cause a shift in frequency and
may be used for tuning over a small range. Likewise,
altering the cavity size will cause a change in power
output. Reflex tubes are available in two types; one
with a built-in cavity and the other with col_-npcr-disk
seals similar to those in a lighthouse tube, to which an
external cavity may be attached,

All klystron transmitters can be amplitude modulated
by varying the current from the electron gun. Although
the average power output is limited to a few watts, pulse
peak power of a few kilowatts may be obtained from the
larger tubes. It is interesting to note that the reflex
klystrons which may be tuned by varying the voltage
of the reflector are readily frequency modulated by
applying the signal to the reflector.

MAGNETRONS

For high-power radar scts at frequencies above 1000
megacycles, the most successful tube is the magnetron.
For the same frequencies at which a few kilowatts of
pulse power may be obtained from a triode or klystron,
a magnetron will give 2 or 3 megawatts. For example,
at 3000 megacycles, tubes capable of giving over 1000
kilowatts have been in large-scale production for some
time and tubes giving 2500 kilowatts are now being
produced. The former will operate with an average
power input of about 1200 watts and the latter at about
twice this level. Since these tubes will not operate well
as continuous-wave oscillators and cannot be modulated
readily except by a square pulse of less than 5 micro-
seconds duration, their use is largely limited to radar,
Pulse-communication systems, and other applications
using pulse techniques. A somewhat different design of
magnetron is built for continuous-wave use. The maxi-
mum output is about 10 kilowatts at 3000 megacycles,
but here again modulation is difficult.

Although the magnetron was invented by Hull in
1921, it was not put to much practical use until early
in the war when the British first investigated it as a
pulsed transmitter. The “cavity magnetron™ as used
during the war is a split-anode type with resonant cir-
cuits built into the tube. Most of the British and Ameri-
can tubes have had eight or more anode segments with
a resonant cavity between each segment. The Japanese
used four-segment tubes in their 10-centimeter radar.
Figure 22 shows the internal construction of an 8-cavity
magnetron. The anode is the solid metal block into
which the resonators are cut as slots and holes. The
natural frequency is determined largely by the width
and radial depth of these slots and to some extent by
the axial length and the position of the ends of the
tube. The space which is left between each end or lid of
the tube and the block in which the slots are cut serves
to act as a coup[ing cavity between the separate oscilla-
tors, and also provides space for the cathode and heater
leads. The cathode lies along the axis at the center of
the block and is usually an oxide-coated nickel tube en-
closing a heater winding. The radio-frequency power is
extracted by a coupling loop in one of the cavities and
is brought out through a short coaxial line, The tube is

normally operated with the anode at ground potential
since this simplifies the problem of connecting the out-
put to the remainder of the system.

For operation, the magnetron is placed between the
poles of a magnet so that the field is parallel to the axis
of the cathode. An electron leaving the cathode thus
finds itself in a radial electric field produced by the
cathode-anode potential and also in an axial magnetic
field. The electric field tries to accelerate the electron
toward the anode, while the magnetic field acts to make
the electron circle back to the cathode. When the mag-
netic field and anode voltages are adjusted to make
the tube oscillate these two counteracting effects are
balanced, so that most of the electrons come close to the
anode but do not quite strike it. Because of the com-
plicated geometry and the effects of space chargs on the
electron paths, it has not been possible to work out a
complete analysis of the operation of the magnetron.

v )\JQL//
T earwone -/
(a) (b)

FIGURE 23—Electron paths in magnetron

It is certain, however, that the presence of the oscillat-
ing fields across the openings of the resonators causes
the electron cloud to become bunched in the region
close to the anode. It is also certain that this elec-
tron cloud rotates around the cathode at the correct
rate for these electron groups to feed power into the
circuit as they pass the resonator openings. The probable
mechanism for the electron bunching is as follows: the
magnetic field causes the electrons which miss the anode
to return to the vicinity of the cathode. Since the sharp-
ness of curvature of the path of an electron moving in
a magnetic field is greater for slow than for fast electrons
those electrons which have been slowed down by giving
power to the oscillators will be bent around sharply and
will miss the cathode, as shown in figure 23 (a). Those
which have neither gained nor lost energy should just
touch the cathode, while those which have increased
speed by gaining energy should strike the cathode, as in
figure 23 (b), and be captured. (That the latter action
occurs is proved by the large amount of secondary elec-
tron emission from the cathode and by heating which
may be sufficient to permit turning-off of the filament
power in some tubes after oscillations start.) The net
result of these changes in electron velocity is to remove
those which passed a slot during one half cycle of
oscillation of the resonator, while those which passed
the slot a half cycle later remain to go through another
loop, as shown in figure 23 (a). This remaining group
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of electrons will feed energy into the next oscillator if
it passes during the proper phase in the radio-frequency
cycle. Since the first passage of the electrons gave no
net energy to the resonator, it is obvious that the volt-
age and magnetic field must be adjusted to obtain this
timing of the electrons if the tube is to oscillate.

Because the factors controlling efficiency, power out-
put, and stability of magnetrons are only partially under-
stood, successful designs at one frequency are often
transferred to a different frequency by scaling. If all
dimensions are scaled in proportion to the wave-length,
the tube will have similar characteristics. The operating
voltage and average power output will remain constant,

but the magnetic field will vary inversely with the wave-
length.

Some idea of the operating conditions may be ob-
tained from Table I.

TaBLE I
Wave- Power Anode

length in|Peak Pulse Average |Per Cent| Voltage | Gauss
Centi- | Output in  Inputin| Effi- in Magnetic

meters | Kilowatts Watts | ciency |Kilovolts| Field

23 1000 2000 50 28 1800

10 1060 1200 50 28 2800

3 250 700 40 21 5000

1 50 100 22 14 7600

These values are near maximum output for particular
tube types but may vary with the design of the tube
and must be taken merely as an indication of what may
be expected for the different frequency regions.

Most of the magnetrons now in use are “fixed tuned,”
ie., the frequency is determined by the construction at
the factory and is not controllable in the set. These
tubes are tested and labeled to show the frequency
region of operation, but individual tubes of a particular
marking may differ by several megacycles. A definite
preassigned frequency for each station cannot be made,
therefore, without laborious tube selection. Recently,
tunable tube designs have been worked out, one method
being a movable diaphragm which changes the size
of the space between the resonator block and the lid.
Thermal expansion of the resonant cavities makes exact
frequency control difficult, even with tunable tubes.

Another factor which makes operation on an exact
frequency difficult is the frequency “pulling” which oc-
curs when standing waves exist in the transmitting sys-
tem. A change in phase and amplitude of a wave re-
flected back into the magnetron may cause a shift in
frequency of the output. Under certain conditions this
frequency change may alter the reflected-wave phase in
the proper direction to change the frequency still further.

When this happens there may be a frequency region in
which the magnetron will not operate unless the re-
flected wave is changed by altering some other part of
the radio-frequency system. The pulling may cause
considerable trouble in systems where the reflected wave
changes with antenna position. For example, in aircraft
radar installations where the antenna must be housed in
a streamlined plastic dome, the reflection from the plastic
may vary with the direction of the antenna. When this
happens the frequency of the transmitter varies with
antenna orientation, making it difficult to keep the re-
ceiver tuned. The best cure is to reshape the antenna
housing.

The frequency pulling can, however, be used as a
method of frequency modulating a magnetron. If a
resonant cavity is placed in the transmission line near
the magnetron, the frequency of the transmitter may be
varied by tuning this cavity. Voice modulation, for
éxample, may be applied by making one side of the
cavity a thin diaphragm which vibrates under the im-
pact of sound waves, thereby changing the cavity di-
mensions and hence its resonant frequency. When a
magnetron is tuned by this means, care must be taken
to sce that the standing waves do not cause v

. i oltage
breakdown in the transmission line,

(Continued next month )

VJ RADAR REPEATER DAMAGE

The Bureau of Ships recently received reports of eight
Model V] Radar repeater installations on one vesscl. Six
of these reports indicated that the ranging mechanism
(helipot and synchro) in the indicator had been mis-
aligned or damaged when the range
was removed to gain access to the
boards during installation,

transmitting synchro
indicator's terminal

The proper method of gaining access to the terminal
boards in the indicator is to disconnect and remove the
video amplifier chassis. This unit is held in place by
thumb screws. The ranging mechanism should not he
removed except when the unit serjal number is below
#400, and the indicator is installed in CIC and connected
to the target designation system. When installed in this
manner it will be necessary to re-zero the range transmit-
ting synchro electrically at 10,000 yards.

The first 400 equipments were supplied with range
transmitting synchros electrically zeroed at 0 yards. Be-
ginning with serial #401, the range transmitting synchros
will be electrically zeroed at 10,000 yards when shipped
from the factory,

Your Ship’s Electronic Inventory Report
in the making

Operator punches a card for ea(_}') equipment listed on .f/)jp'J_ inventory—ithe card is then plareld in the m_;rc’l’iine u‘[r;'::l;

prints the complete inventory in report [orm.—eavrb card s m:{fd (_md punched and contains the :W”P fyf:’e,_S_.up

number, Equipment 1ype, Equipment mode{', Lgnipment serial, Eguipment Navy type number, quwpufeﬂf. oz‘c:nm_/

aboard ship, and the Equipment 1#{)."!‘1ge. _7 he finished product is a complete ](f?-f()-ddfé’.H.’I’C’H.”OII'}’ mpa:rfc ()/).IC’J of

the inventory are mailed to the ship service force, type _mmnmnder home yard and the installation and procurement
’ sections in the burean.

M Every ship in the fleet will receive a printcc? list of the
electronic cquipments which the Bu.reﬁu believes lonbc
aboard that ship. This list was compiled after expending
considerable effort in studying all available information
including ship’s inspection and installa?ion rccords.. By
the time you read this, you probably will have rcccn\"cd
a copy of your Ship Electronics Inventory, together with
a full set of instructions on the new business-machine

accountt ng S)’S(Cl'ﬂ.

These new Electronic Inventory Reports scrve as a
system with which BuShips, C. N. O., Service Force
and other activities can keep their eyes on 200,000 pieces
of equipment as effectively as they might 200 pieces.
The flect has a vital interest in a systern which so affects
every piece of electronic equipment installed today or to

be installed in the future. Such interest by the fleet is
essential to the success of the system, as a guarantee
that the US Navy will, electronically, always be the best
equipped navy in the world. To adopt a system that will
provide accurate information, be readily available, and
which will ultimately simplify and reduce the number
of reports required from  ships, the Chief of Nawval
Operations has vested the entire responsibility for such
reports with the Bureau of Ships. The burcau appre-
ciates the cooperation given by C. N. O. and Service-
Force personnel in the establishment of this system and
the climination of duplicate ship reports to their re-
spective organizations. It is not an easy task to set up
this new system. It was necessary to check all available
data on ship installations, and to establish the nomen-

clature and codes used to determine equipment locations.
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It was also necessary to endeavor to anticipate all pitfalls,
difficulties, future ship and equipment improvements, etc.

The June issue of ELECTRON told how the electronic
equipment inventory simultaneously reduces the number
of inventories a ship must submit, and yet enables the
bureau to serve the fleet more efficiently than ever before.
It is planned this month to give a more detailed view of
the inner mechanics of this new system. Ships can see
exactly how the inventories they mail to the bureau today

will be used to equip the fleet of tomorrow, and to
maintain the fleet of today.

The bureau must serve the flect in two distinct ways.
It must design, procure, and distribute equipments so
that they will be available where needed. The bureau
must also determine what equipments are needed on each
class of ship, give proper priority by ship type to in-
stallations of new and expensive equipments, draw up
necessary installation plans, and determine adequate
weight and moment compensation for equipments. For
convenience we will speak of these two functions of the
bureau in general terms as procurement and installation.
The installation section of the bureau must complete
information regarding what should be and what is in-
stalled on each ship in the navy, listed ship by ship. The
procurement section of the bureau must have the same

This machine anutomaticall y takes in-

formation contained in the prnched
cards and converts it into a com-

plete inventory of all electronic
equipments on board each ship.

information in an entirely different form, They are not
concerned with what equipments are in a particular ship,
but want to know only how many models XYZ equip-
ments there are in the fleet and how many are in certain

classes of vessels, or how many are in active, reserve, or
inactive ships.

The problem of obtaining this second type of infor-
mation is quite complex and exceedingly cumbersome,
The peacetime navy will consist of approximately 4000
vessels active, inactive and reserve. If one wants to
know the total quantity installed of each of 1000 models
of quipments, he must go through 4000 separate in-
ventories, counting each equipment 1000 times. This is
equivalent to scanning approximately 16,000,000 pages,
assuming that an average ship inventory will cover four
pages. The problem is further comp[icated by the fact

that a straight addition is inadequate. It is necessary
first to go through each inventory and checking whether
instftlled equipments are adequate substitutes for the
¢quipments considered to be the newest. This is neces-
sary because equipments which are considered adequate
substitutes on smaller or inactive ships may be con-
sidered inadequate for larger or active ships. Obviously,
tabulating information of this sort in the bureau by
hand is inefficient and likely to require so much time
that it will possibly suffer in accuracy and value.

RY
LECTRONIC EQU'I'PMENT INVENTO

SHIP E
e . 1“

o

In the new system, a punch is used to make identify-
ing holes in a separate punch card for each equipment
on board every ship. These cards are then placed in a
tabulating machine which automatically prints the in-
formation previously punched in the cards. The result

is an inventory of the equipment which the bureau be-
lieves to be aboard that particular ship.

THE FLEET CAN HELP

Full cooperation is expected from the fleet in correct-
ing and completing the data on these listings. They were
collected under the stress of wartime from numerous
and diversified inspection systems, and it is known that
they will often be found inaccurate or incomplete. But
they are the best the burcau has, and the burcau must
have accurate and complete knowledge of existing in-
stallations in order to properly serve the fleet.

When the corrected listings have been returned to the
bureau the punch cards will be corrected to agree with
the ship’s corrections. The bureau will keep an accurate
file of all existing installations, kept up to date through
the annual inventories received from ships and the de-
parture inspection inventories received from naval ship-
yards after each overhaul, Whenever any electronic
equipments are installed or removed from a ship the
bureau should be notified at once. Upon receipt of this

A portion of the inventory Iistirig for DE-708, showing
the manner in which the ship should enter corrections.
Note the line through the SU radar and the new entry
beneath it. This indicates that the ship no longer has an
SU radar but now has an SG-1B radar, serial #388,
operating on 115-volts single phase, and located in
C.I.C. The remainder of the markings show a change in
location, a correction to a model number, and the addi-
tion of a new piece of test equipment. The numbers
used under “location”, “‘voltage” are part of a code
which is fully explained in the instructions for this new
system, which have been sent to all ships.

information a new listing will be prepared and copies
sent to the ship and other cognizant activities. The
correct listing will enable the bureau to procure replace-
ment equipment, set up an allowance for necessary spare
parts and make all necessary preparations in sufhcient

time to insure that proper repairs and alterations are
accomplished during scheduled overhauls.

WHAT THE MACHINES WILL DO

The punch-card business-machine system will he
capable of supplying, almost instantaneously, informa-
tion which formerly required months to obtain. A few
of the many tricks which the business machines can do
with punch-cards will be explained. The machine can:
1—print an inventory of what is on board a given ship,
2—print an allowance list of what should be on board
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God of love

Myself

Rested

Bone

Antenna passage

Horses' chow

Neither

Same guy as 28 (horizontal)
Lamb's papa

Lacking firmness

Merge

Kind of duck

Bristle

Sculler

The sun

Corn comes in these
Bomb-sight

Pedal digit

Siamese racial stock
Procrastinating

Gold (chemical symbol)
Facility of speech

Voice recorder (Navy modell
End of radio message
Radio link

Aircraft homing beacen
Muscle spasm

Atop

Obsolete shipboard transmitter
Printer's measure

Magnetic curve
Comparative ending

Rough fix

A mechanical engineering society
Leads carrying no voltage
Loud voiced persons
Transfer a liquid

Defamed

Master of arts

New England state (abbr.)
Mutual conductance
Impersonal pronoun

Bone

Transmission line

Ocean

Latest type of broadcasting
Literary collection

Obsolete aircraft transmitter
Carrier-based search radar
Supplicant

Tall corn state (abbr.)
Sweet scented

Metric unit of area
Electrically charged atom
South American rodent

Type of directive antenna
Exist

Smoke (south of the border)
Irishman

ltalian volcano

Pertaining to a node
Obsolete motor cars
Lighted

Heavy cruiser

Attila was one of these
Fully developed

What you call a chick in Paris
Either

Aquatic mammal

Light cruiser

Units of length

Unexclusive

Capable

Ancient vacuum tube transmitter
Air (combining form)

Decay

What you made to 144 (herizontal)
Fast

Nip cent

Unci-arged porticle

Thete are handy in aute er radio
stations

One wha coes in
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Containing wphpe'gdu,
irborne searc
‘r\éllurium (chemical symboll
Child's toy
Cam
Humeoer
Colloguialism
Taut
Feline
Air-operated
erit
c:'hul one ham cullf another
Feeble g
Electricity (combini
Like
Choke
Power
All right
Steps over a fence
American poet
Rodent
Wails
Positive pole i
Foggiest city in Cal'
Thus
Banquet
Interval of time
Behold
Rectifier {chemical ¢
City in Nevada
Champagne
Beam
Owing
Obsolete transmitte
Make of thin layery
Painted on wings o
aircraft
Chinese weight
Cleaning solvent d
Magician's commar
Knowledge
Article
Jail
Back of neck
Mass of ice
Void

Rave

M) form)

fornia

ymbel)

r test equipment

all commercial

83 A submarina -

Chalk marks on an empty acetylene
cylinder

A swilching tube .

Unit of quantity of electricity
(electrostatic system)

§mall craft search radar

Amplification factor

Sonic depth finder

Aircraft emergency power supply

Type of palm free

French article

Powerfully aftractive

Long race

Pouring gate in mold

Den

One card of a svit

Half "em

Suitable

UHF transceiver

Northeast

Benefit

Narrow valley

Narrow piece

Citrus fruit

Accomplish

Receiver test set

Opposite of zenith

Native of Dark Continent

Modulating equipment (RCM)

That is (abbr.)

Fastidious

Like

Atmosphere

Hard shelled fruit

Either

Punctuation inark

Protection

Cerium (chemical symbol)

Brave warrior

Black

Obsolete receiving equipment

Opposite of weather

Radar test equipment

Native metal

Number .

Aircraft receiving equipment

Scorch radar




