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It now appears that the best frequencies for long­

range search are between 600 and 6000 megacycles, and 

those for most airborne applications lie between 3000 

and 60,000 megacycles, the air being too opaq ue for 

satisfactory operation at higher frequencies. 

CO NVENTIONAL-TUBE TRANSMITIERS 

Up to 1000 megacycles, t ransmi tter techniques are 

largely extensions of the use o f the conventional circuits 

using triodes, tetrodes, etc. Two facto rs which l imit the 

use of conventional types of tubes and circuits at hig h 

frequency are (1) the time of fl ight of the electrons 
between the cathode and plate ; and (2 ) stray inductance 

and capacitance of lead wires and tube elements. If the 

f requency is so h ig h that the plate or g rid alternating 

vol tage reverses during the time o f fl ight o f the elec­

trons from the cathode to these electrodes, the tube will 

fail to oscillate, or at best will p ut out only small power. 

W ithin limits, the time of flig ht may be reduced by 

decreasing the electrode spacing and by increasing the 

direct-current potentials; but manufacturing difficu lties, 

low power d issipation of small electrodes, and voltage 
breakdown make these solutions of the problem less 
practical as the f requency is increased. 

CAVITY RESONATORS 
The p roblems o f stray capacitance due to lead wires, 

of internal capacitance in coils, and of internal induct­

ance in capacitors may be easi ly eliminated by using 

metallic cavities as electrical resonators. Al thoug h g reat 

improvements in tuned-cavity techniques have been 

worked out d uring the war, the fundamentals were well 

F IGURE 17- R..esonan/ cavity 

known prior to 1940. Basically, a hollow metall ic cavity 

:'Ill act as a tuned circuit if electrical energy is coupled 
1nto the interior of the cavity by some means such as a 

dipole, probe, or loop. The resonant frequency of such 
a cavity will be determined by its size, its shape, and the 

method of coupling. Figure 17 shows a cross section 

through a cavity, the connections being made through 
coaxial cable. 

<?n the left, the power is coupled by means of a loop, 

whde on the right, a probe type of coupling is shown. 

Tuning may be accompl ished by screwing a pl unger in 

or out. The choice of coupling method and the position 

of the coupling devices will depend on the orientat ion 

of electric fic:ld to be establisheJ. In most cavi ties it is 

possible to set up several different ··modes" o r ways in 

which the cavity will osci llate. A common mechanical 

example of this behavior is a metal rod which may 

vibrate wi th bending or with a twisting motion or may 

have a compression wave traveling in it. Ead 1 of these 

general types of vibrat ion may also have harmonics. 

Since the electric fields will be quite different for the 

different modes, the position and type of input coupling 

used will frequently decide which mode is excited. Most 

or all of the energy will go into those modes of oscilla­

tion which have electric and magnetic fields most nearly 

like those of the coupling device at the position of the 

input. For example, if a mode of the cavity requires a 

voltage zero at the input and the input sets up a h ig h 

voltage at this point, that mode will not be set into 

oscillation. If the frequency of the input power is not 

determined by the cavity itself, ·only the modes for 

which the natu ra l frequency of vibration is very close 

to that o f the input will be excited . For most applica­

tions, the shape and size of the cavity are chosen to 

FIGU RE 18- Lightbo//Se 111be in re-entrant Crllli/y 

g ive the cavity a single mode in the desired operating 

freq uency reg iof! . The inputs and outputs are then 

chosen and arc p laced to couple with this mode. 

The loop type of coupling is desirable where a direct­

current return path is needed, while a probe or dipole 

is usefu l where direct-current insulat ion between the 

cavity and feed l ine is required. The coupling efficiency 

of a loop wi ll increase with size and may also be varied 

by chang ing the orientation of the loop, provided the 

rotation does not cause excitation of a new mode. T he 

coupling efficiency of a p robe wi ll depend on its pene­
tra tion into the cavity. In both of these cases, altering 

the coupling may change the tuning of the cavity. 

LIGHTHO USE TUBE 
T he " lig hthouse tube" offers the best example of the 

successful stretching of triode oscillator techn iq ues into 

the region above 1000 megacycles. As may be seen from 

fig ure 18, the name is derived from the appearance of 

th.e tube. The cathode, g rid, and p late are parallel p lanes 

w1th extremely small spacing between them and are held 

in p lace by copper disks which extend through the g lass 

envelope of the tube. Because of the small spacing 

between tube elements it has not been possible to build 

tubes with an average power output of more than a few 

watts, but it has been possib le to obtain a peak-pulse 

output of over 1 kilowatt. The tube is "wired" to its 

circuit by p lacing metal cylinders against the disks, as 

shown in fig ure 18. These cylinders must be direct­

current insulated from each other to permit the applica­

tion of d irect-current voltage as in normal triode appli­

cations. T he cavities formed by the spaces between 

these cylinders are the tuned circuits, and feedback from 
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F IGURE 19-Klystr01l 

plate to g rid is accomplished by using a coupling loop 

o r a small hole between the cavities. This oscillator has 

both tuned g ri d and tuned p late circuits, and the tuning 

is accomplished by sliding the tube in the cylinders to 

change their lengths. Conventional methods may be 

used for modulating the radio-frequency output o f these 

tubes. 

THE KLYSTRON 
A quite different type of h ig h-frequency oscillator 

for low-power applicat ions is the klystron. Although 

klyst rons were discussed in the literatu re before the war, 

a brief d iscussion will help in understanding the more 

recent developments. The p resent desig ns use cavity­

type circuits ; but at frequencies below 1000 megacycles, 
where cavities become too large to be convenient, it 

shou ld be possible to use coils and capacitors for the 

tuned circuits. As shown in figure 19, a steady st ream 

of electrons is focused into a beam by an elect ron g un 
similar to that used in a cathode-ray tube. Since the 

elect ron velocity is already appreciable by the time these 

electrons strike the working part of the tube, the d is­

tance t raveled in one cycle wi ll be much g reater than in 

a triode where the electrons start with low velocity 

within the working region ; hence, the di!ftcult ies due 

to time of fl ight become t roublesome on ly at much 

hig licr f requencies than in a triode with the same 

spacing. 

The stream of electrons f rom the g un in figure 19 

is d irected through two toroidal cavities and finally 

reaches a collector. The cavities, which are normal ly of 

similar construction, are desig ned to oscillate in a mode 
which causes an alternating electric field to exist be­

tween the ent rance and exit holes for the electron beam, 

as indicated in fig ure 19 (b) and (c) . N ow, assuming 
cavity 1 to have been set in oscillation by some means 

such as the tu rn ing-on of the tube (this assumption of 

already existent oscillations is necessary to v isual ize 

the behavior of any osci llator) , let us see what 1tappens 
to the electrons passing through it. Elect rons passing 

TIIT 
FIGURE 20-

J)ollble-/tmed cirmil . 
FIGURE 2 1-

R..ef/ex klystron 

through the cavity while the far side is positive, as 1n 

figu re 19 (b) , will be speeded up, while those passing 

through a half-cycle later will find the far side negative, 

as in fig ure 19 (c) , and will be slowed down . Thus, for 

alternate half cycles the electrons are speeded up and 

slowed down. After the electron stream has gone beyond 

cavity 1 the faster electrons w ill begin to overtake the 

slower ones, thereby causing a bunching in much the 

same way a g roup of fast cars which has been held up 

by a tra!ftc light overtakes a g roup of slower cars held 

up by the previous turn ing of the light. This t raffic 

concentration obviously occurs some distance beyond 

the lig ht. The reg ion at which the electron t rafftc jam 

occurs is fairly sharp ; and because the amount of speed­

ing-up o r slowing-down of the elect rons varies with the 

phase of the oscillation , it can be show n that the elec­

t rons which passed through the cavity between the ex­

t reme vol tage cond itions w ill a ll tend to pile up at about 

the same place along the electron beam. 

lf cavity 2 is placed where th is electron bunchi ng 

occurs, th is g roup of electrons wi l l set up oscilla tions as 

it passes th roug h the cavity by induci ng charges on the 

walls. When the two cavit ies are tuned to identical 

frequencies the oscil lations in cavity 2 wi ll maintain a 

constant phase re lationsh ip with those in cavity 1 , the 

phase having been established by the time the first 

group of electrons entered cavity 2 . If we now return 

our attentions to cavity 1, we sec that a steady stream 

of electrons is still entering and the osci llat ions in cavity 

1 arc cont inuing. Therefore, 1 cycle alter the fi rst g roup 

of e lect rons has passed, condi tions are dupl icated and 
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are proper for forming a second bunch which will arrive 

atcavity 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 

~earest the _electron g roup will have positive ch arges 

mduced on 1_t, the reader may verify this statement and 

may also sat1sfy himself that the maximum power wil l 

be extracted from the electrons if their time within the 

ca_vi ty is_ a half cycle. It may also be seen that the field 

will be m 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_ accrdental oscillations in cavity 1 continue. In order 

to msure that these osci llations 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 fig ure 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 shi ft 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 elect rons 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 airtig ht metal bellows. 

After the two cavities have been adjusted to resonate at 

approximately the same f requency, the voltage used to 

accelerate the electrons from the gun is adjusted for 

maximum power output. F requently, 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 simpli fi cation in opera­

tion can be made by el iminating one cavity. The '' reflex 

klystron" uses the same cavity for bunching the elect rons 

and for extract ing power by reflecting the bunched elec­

trons back through the cavity, as shown in figu re 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 

fiGUR E 22-C!ftaway view of 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. W hen 

this condition occurs, the cavity will oscill ate 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. H ence, 

the frequency is primarily set by the cavity and the 

power output can be adj usted 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 fo~ tun!ng over a small range. Likewise, 

altenng the cav1ty SIZe will cause a change in power 

output. R~fl~x tub~s arc available in two types; one 

w1th a_ b_udt-m cav1ty and the other with copper-d isk 

seals s1mdar to those in a l ighthouse tube to which an 
external cavity may be attached. ' 
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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 in teresting 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 h igh-power radar sets 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 g iving over 1000 

kilowatts have been in large-scale production for some 

time and tubes g iving 2500 ki lowatts 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 

192 1, 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-cavi ty 

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 leng th 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 coupl ing cavity between the separate oscilla­

tors, and also provides space for the cathode and heater 

leads. The cathode lies along the a-x is at the center of 

the block and is usually an oxide-coated nickel lube en­

closing a heater wind ing. The radio-frequency power is 

extracted by a coupl ing loop in one of the cavit ies and 

is brought out through a sho rt coaxial line. The tube is 

normally operated with the anode at g round poten tial 

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 a..xis 

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 a-xial 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 charg~ on the 

electron paths, it has not been possible to work out a 

complete analysis of the operation of the magnetron. 

(a ) (b ) 

fiGU RE 23- Eiectron 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

t ron cloud rotates around the cathode at the correct 

rate for these electron groups to f eed 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 g reater fo r slow than for fast electrons 

those electrons which have been slowed down by g iving 

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 latte r act ion 

occurs is proved by the large amount of secondary elec­

tron emission from the cathode and by heati ng which 

may be sufficient to permit turning-off o f the fil ament 

power in some lubes after oscillat ions start .) The net 

result of these changes in elect ron velocity is to remove 

those which passed a slot duri ng one half cycle of 

oscillation of the resonator, whi le those which passed 

the slot a half cycle later remain to go th rough another 

loop, as shown in figure 23 ( a ) . This remain in ~ g roup 
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of electrons will feed energy i nto the next oscillator if 
it passes during the p rop er phase in the radio-frequency 
cycle. Since the first passl ge 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 w ill have similar characteristics. The operating 
voltage and average power output will remain constant, 
but the magnetic field will va ry inversely with the wave­
length. 

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

T ARLF. I 

Wave- Power Anode 
length in Pea k P ulse Av erage Per Cent Voltage Ga uss 

Cent i- Ou tpu t in Input in Effi- in Magnetic 
meters Ki lowatts W atts c iency Kilovolts F ield 

23 1000 2000 so 28 1800 
10 l OCO 1200 so 28 2800 
3 250 700 40 21 sooo 
1 so 100 22 14 7600 

These values are near maximum output for particular 
tube types but may va ry with the desig n of the tube 
and must be taken merely as an indication of what may 
be expected for the diffe rent f requency regions. 

Most of the mag netrons now in use a re "fixed tuned," 
i.e., the freq uency 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 di ffer by several megacycles. A defini te 
preassig ned freq uency for each station cannot be made, 
therefore, without laborious tube selection. Recently, 
tunable tube designs have been worked out, one method 
being a movable diaph ragm wh ich changes the size 
of the space between the resonator block and the lid. 
T hermal expansion of the resonant cavities makes exact 
frequency control d ifficult , even with tunable tubes. 

Another factor which makes operation on an exact 
f requency difficu lt is the f requency "pull ing" wh ich oc­
curs when standing waves exist in the t ransmi tting sys­
tem. A change in phase and amplitude of a wave re­
fleded hack into the magnetron may cause a shi ft in 
frequemy of the output. Under certain conditions this 
fretjuency chanpe may alter the reflected-wave phase in 

th<: proper direction to change the frec1uency stil l fu rther. 

When this happens there may be a frequency region in 
which the mag netron will not operate unless the re ­
flected wave is changed by altering some other part of 
the rad io-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 
r~sonant cavity is placed in the transmission line near 
the magnetron,_ the fr_equen~y of the transmitter may be 
va ried by tunmg this cavity. Voice modulation, for 
example, 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 see that the standing waves do not cause voltage 
breakdown in the transmission line. 

( Continued next month) 

• • • 

VJ RADAR REPEATER DAMAGE 

The Bureau of Ships re~ently received reports of eight 
Model VJ Radar repeater tnstallations on one vessel. Six 
of tl~ese reports indicated that the ranging mechanism 
(he!Ipot and synchro) in the indicator had been mis­
aligned o r damaged when the range transmitti ng synchro 
was removed to gain access to the indicator's terminal 
boa rds during insta llation. 

The proper method of gaini ng access to the terminal 
boards in the ind icator is to d isconnect and remove the 
video amplifier chass is. This unit is held in place by 
thumb screws. The ranging mechanism sho uld not be 
removed except when the unit se ri al number is below 
#4 00, and the ind icato r is installed in CIC and connected 
to the ta rget designation system. When installed in this 
manner it wil l be necessary to re-zero the range transmit­
tin.g synchro electrically at 10,000 yards. 

T he: first 400 equ ipments were supplied wi th range 
transmitti ng synchros electrically ze roed at 0 ya rds. Be­
ginning with serial # 40:1 , the range transmitting synch ros 
will be elect rically zeroed at 10,000 yards when sh ip ped 
from the: factory. 

Your Ship's Electronic Inventory Report 

in the making 

Operator fJtmcbes a card f or eac_h eq11ipm e11t listed 011 ship 's. iuvwtory-tbe card is then placed in the m~chine wbi~/; 
prints the complete i11v e11tory 111 report f orm-each card ts . rod ed ~~~d punched and contams the Sb1p type, Sh1p 
number, Equipment type, Equifn nent m ode! , Eq11~pmenl sen al , "?qmpment Navy type mnn ber, Eqlllpm ent locat1011 
aboard ship, and tbe Eqt~ipmmt ·z1~ltage. _1 he {i111sh ed product 1s a complete t~p -to-clate _mvento_ry report~co~1es of 
the inventory are mail ed t o the s!Jip ser·v1ce f orre, type command er h ome yard and the msta//at/011 and PIOC/II ement 

sections in the bureau. 

• Every sh ip in the fleet will receive a printe~ list of the 
e lectronic equipments which the Bu_reau beli eves to. be 
aboard that sh ip. This list was comp tled afte r expendmg 
considerable effort in studying a ll ava il able information 
including ship's inspection and insta ll a~i on records .. By 
the time you read this, you probably wtl l have rece1ved 
a copy o f your Ship Elect ronics In ventory, togethe r with 
a fu ll set of instructions on the new business-machine 

accounting system. 

These new Electron ic Invento ry Reports serve as a 

system with which B uShi ps, C. N. 0., Service f orce 

and other activities can keep thei r eyes on 200,000 pieces 

of equ ipment as e ffect ively as they might 200 pieces. 
The fl eet has a vital in t<:rest in a system wh ich so affects 
every piece o f elc:ct ron ic equipment installed today or to 

be installed in the f utu re. Such interest by the fleet is 
essential to the success of the system, as a guarantee 
that the US N avy will, electronically, always be the best 
equipped navy in the worl d . T o adopt a system that will 
provide accurate in formation, be readil y availab le, and 
which will ul timately simpl ify and reduce the n umber 
of reports rec1uired from ships, the Ch ief of N aval 
Operations has vested the entire respons ibility for such 

reports with the Bu reau of Shi ps. The bureau appre­
ciates the coope ration given by C. N . 0. and Service­
Force pe rsonnel in the establ ishment o f this system and 
the el imination of duplicate ship reports to their re­
spective org anizations. It is not an easy t.1sk to set up 
thi s new system. It· was necessary to check all avai lab le 
clata on ship installat ions, and to estab lish the nomen­
clature and codes used to dete rm ine equipment locations. 
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This machine alttomaticaffy takes in­

formation COJJ!ained in the Pllnched 

cards and conver!s it in!o a com­

/Jiete inventoJ)' of all electronic 

eq~tipment. on board each ship. 

It was also necessary to endea,·o r to anticipate all pitfa lls, 

difficulties, future ship and equipment improvements, etc. 

The June issue of E LECTRON 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 g ive 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. 

information in an entirely differen t form. They are not 

concerned with what equipments are in a particular ship, 

but w•nt to know only how '"•ny mode/, XYZ equ;p­

ments there are in the P.eet and how many are in certain 

classes of vessels, or how many are in active, reserve, or 

inactive ships. 

The bureau must serve the fleet 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, d raw up 

necessary installation plans, and determine adequate 

weig ht 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 ead1 ship in the navy, listed ship by ship. The 

procurem<:nt section of the bureau must have the same 

The problem of obtaining this second type of infor­

mation is quite complex and exceedingly cumbersome. 

The peacetime navy will consist of approximately 4ooo 

vessels active, inactive and reserve. If one wants to 

know the total quantity installed of each of 1000 models 

of equipments, l1e must go through 4000 separate in­

ventories, counting each equipment I 000 times. This is 

equivalent to scanning approximately I6,ooo,ooo pages, 

assuming that an average ship inventory will cover four 

pages. The problem is further complicated by the fact 

th•t ' 't";ght •dd;t;on ;, ;n,dequ•te. It ;, nece'"'Y 

first to go throug h each in ventory and checking whether 

installed equipments are adequate substitutes for the 

equipments considered to be the newest. T his is neces­

sary because equipments which are considered adequate 

substitutes on smaller or inactive ships may be con­

, ;deced ;n•dequ•te foe l"gec oc .c6ve , h;p,. Obv;ou, ly, 

l•bul"ing infocm, t;on of thi, wt in the bme.u by 

hand is inefficient and likely to require so much time 

that it will possibly suffer in accuracy ~.nd •; alue. 

... 

.... 

I 
SHIP ELECTRON IC EQUIPM ENT INV'ENT ORY 

·-.. ~ .. ~-..... .... ,_ , I 11 
111 

• Slo•ll~ 
SNl ,. 

.. : , I:OVI,. .. Do'T 

- <L 

- J P !1 
n·r~: J 

• 
...lL'-1 

...1..U.. • ..1. -"'"' 

• ·-
·• .:>. ..:10 :SGr . ,., 

• "";.0 • -·-• MK_~~ 

-
• 
• 
• .- ) • NUC 

0 -

• 
) ) 9 s 5 1) . 

-
o _ 

) )9 , • .uc: 1""' 0 02 

) )9 QJA 

., 
-

~ ...:.. o .-.)( / J 

e 

·-.- ·t '10 10 :1. :u 

-
Cl 

L.t. 

.- J.• ' .9.. a: z 1 '' 

-

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 pund1ed 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 

FuJI cooperation is expected from the fleet in correct­

ing and completing tl1e 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 bureau has, and the bureau must 

have accurate and complete knowledge of existing in­

stallations in order to properly serve the fleet. 

\'<!hen the corrected listings have been returned to the 

bureau the punch cards will be corr~cted to agree with 

the ship's corrections. The bureau wdl keep an accurate 

fi le of all existing installations, kept up to date through 

the annual inventories received from ships and the de­

parture inspection im·entories received from naval shi~­

ya rds after each overhaul. W henever any elect rontc 

equipments are installed or removed from ~ ship tl~e 

bureau shou ld be notified at once. Upon recetpt of th1s 
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A ortion o the iJ111entor list in for DE-708, s/; 

p f y . rg ot~ing 
the manner in which the sht p should enter correclrons. 

Note the line lhrough the SU t·adar and the new entt·y 

beneath it. This indicates that the sbip no longer has an 

SU radar b111 110w has au SG-J B t·adar, serial #388, 

operating on 115-volts single phase, and located in 

C.!. C. The remainder of tbe markings show a change in 

location, a rorrertion to a model 1~11mber, and the addi­

tion of a new piece of lest eq111pmen:. T he n11mbers 

11sed under "location", "voltage" are part of a code 

wbirh is j111/y explained in the imtmctions f o_r this new 

system, which hat'e been sent to all sh,ps. 

information a new listing will be prepared and copies 

sent to the ship and other cognizant activities. The 

correct listing will enable U1e bureau to procure replace­

ment equipment, set up an allowance for necessary spare 

parts and make all necessary preparations in sufficient 

time to insure that proper repairs and alterations are 

accomplished during scheduled overhauls. 

WHAT THE MACHINES WILL DO () 
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The punch-card business-machine system will be 

capable of supplying, almost instantaneously, inf o rma­

t ion which formerly required months to obtain. A few 

of the many tricks wh ich the busi ness machines can do 

with punch-cards will be explained. The machine can : 

!- print an inventory of what is on board a g iven ship, 

2- print an allowance Jist of what should be on board 
w -



lh>t •hip, 3----<ompace the.e two J;,, mechonic.Jly •nd 

print a li" of wh., equipment, •till mu" be in,ldled 

to bdng the •hip up to allowance, 4-print another li" 

of wbat obmf"e equipmen" are aboacd and •hould be 

remo,·ed, and 5-t<>ke tho.e punch ""d' u.ed to pdnt 

the li" of equipment, required for dl of the •hip, in 

the Navy, "'huflle them, '"'d pdnt a li•t of requhe­

men" by equipment "thee th,., by •hip; i.e., li"ing all 

•hip, '<quhing a model XYz equipment and giving total 

quantitie, ccquhed foe all active •hip,, _ for wtain 

classes, or for the entire fleet. 

The •hip elecrwn;, invento'Y ccport ;,, " the name 

implie,, an inventory of '""•lied electwnic equipment' 

li•ted according to •hip,_ A "P'<>te page (or group of 

poge,) ;, pdnted lor each •hip in the navy. Each li"ing 

con, ;,, of a tabulation of the equipment, P'<'<'ntly in­

"•lled in a ve,'<l •nd •hould, in genecal, be identical in 

content With the late" inventory of the •hip'' electwnic 

equipment received hom the •hip or hom i" l.,t ovec­

hauling activity. 

A complete, corcected copy of thi, "Port will be 

mailed to the •hip to which it pecta;.,_ The •hip will 

theceby know wh>t equipment, the bureau believ., to 

be on bo.,d and whece they are locoted_ The •hip will 

then be capable of checking the bureau', cccocd, and in­

' UCing that they are coccect. Tb ;, feature of the 'Y'tem 

Will P'<vent mi,unde,tanding, aci,ing in co""Pond. 

once regacding future altecation,, •nd will '<eve " in­

•ucance th" no important in,lall>tion, acc oveclooked 

during ovechaul. Moreovec, it will aid the .iliip in 

making it, annual inventory report (Ship'' cha,-,ctec­

i"ic ' "d) by •upplying an "on boacd" li" which cao 

AR£ YOU AVAILABLE? 

Unfoctun>tely, thece h., been •ome confu,ion in the 

P'" in the N aval '<rvice about the "<act meaning of the 

different teem, "''odated with the availability of Naval 

v"""- In order to in•ure the propec "" of the te,.,, 

"availability", "ce,tcicted availability", "technical avail­

ability", "regulae overhaul", "voyage repa;,.. and 

"emergency availability", " ""d in connection with 

work on Naval "'"''• the.e <xpre,ion, have been de­

fined recently by CNo Letter, •ecial 3941-P-414, dated 

June 1946. 

be readily checked for accuracy. 

ACTION IS NEEDED NOW 

To i"'ure the elecrronic elfectivene, of the fleet, the 

individual •hip'' coopecation in the "tobli•hment and 

maintenance of '" <uccent inventory ;, nece""Y- Tb;, 

can be accompli, hed in two way,_ The bu,ine,, machine 

tabul, ion, " ' now being mailed to •hip, for vecification 

•nd coneclion. Ship, •hould "<<ctain that th.,e li" ing, 

ace coccocted by competent pe"onnel, th" they '"com. 

plcte in evecy re'pect, and th>t the in, truction, accom­

panying the inventocy ace followed cacefu lly_ The bu, ;. 

ne, machine, ace entirely mechanical and can toto / 

equipment, only if they ace alway, cefecced to by tl>e 

A vailability_- The uninteccupted period of ti'Ue .,_ 

•igned by competent authority to a v.,,, at a naval •hip­

yard or other repair facility For the accompfi,hment of 

work 

f?ntdcted availabilitr The availability '"igned for 

the accomplisllment of work. 

Techvic.l avaifabilitp A, igned for the pucp
0

,. of 

employing the manufacturing or •hop facilitie, of a naval 

•hipyacd or repair facility foe the acco"'pli, h.,.ent of 

' I>e<:i6c work when the •hip ;, not phy•ieally pce'<nt. 

l?egttlm· •wrhatt!_- Peciodic o'"'<hau/, '<heduied by 

" me "•ndacd nomenclotucc_ The fleet can ogoin co­

ope,,, by prepacing accucate •nnuol inventocie, For 

•ubm;,_,ion ••ilh the •hip·, chacactec;,ic card next J•n-

u"y, and by coopecoling fully with nav.J •hipy.,-d in­

'Pocto,-, when they make po•t-ovechaul in, pection, 

prcpac,to'Y to •ubmi<ting depactucc inventorie, to 1he 

hu,·<au_ Finally, whenever a change of in,tallation occu, 

it •honl<l he cepocted immediately, following the in­

ventocy focm_ li"ing equipment added and equipment 

removed. 

competent •uthocity For the accompli' hment of '<pair, 

and alteration, that have been pcopecly appcoved and 

au<hoci>ed_ Regulae ovechauJ, ace nonnally '<heduied 

well in advance, in '<cordoncc With an "tabfi, hed cycle 

and foe P«determined period, of time at navM •hip­

yards o~: other shore-based repair fa cilities. 

V aJ'•ge •·epr.iq_- Co"" emecgency wock "" ' ""Y to 

enable a v,.,, to continue on it, mi, ion and Which can 

be acco'Upli, hed Without requicing a change in lhe vc.­

'<1', opemting '<hedule 01 the general •tea'Uing notico 

in elfc<t_ Voyage ccpa;, "''Y be undectaken by repaic 

a<J•v.t." "'•<bout focmal "'ignment of availability pro­

'''ded fund, ace " '·'ilahle Jo accomp/i,h <hi, <vock_ 

" ""'K'"'J' "' -•ilvbilitr 'fl.;, cxpce« ion ;, not author­

ized and it ~ use is to be discontinued. 
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26 of 
28 Myself 
30 Rested 
32 Bone 
33 Antenna passage 
36 Horses' chow 
39 Ne ither 
40 Same guy as 28 lhorizonlall 
41 l amb's papa 
42 Locking firmne ss 
44 Merge 
46 Kind of duck 
4 8 Bristle 
49 Sculler 
SO The sun 
5 1 Corn comes in these 
53 Bomb-sight 
56 Pe dal digit 
58 Siamese racial s tock 
59 Procrastinating 
62 Gold (che mical symbol! 
6 3 Facil i ty of speech 
66 Voice recorder CNovy m odeU 
67 End of radio message 
68 Radio link 
69 Aircraft homin g b eacon 
70 Mu u le spasm 
71 Atop 
72 Obsole te shipboard transmi tte r 
76 Printer's measure 
78 Magnetic curve 
80 Comparative ending 
82 Rough n. 
87 A mechanical engineering society 
90 l eads carrying no voltage 
94 loud voiced pe rsons 
95 Transfer a liquid 
96 Defamed 
97 Master of orh 
98 New England state lobbr.l 
99 Mutual conductan ce 

101 Impersonal pronoun 
102 Bone 
104 Transmission line 
106 O cean 
108 latest type of broadcasting 
11 0 literary collection 
113 Obsolete aircraft transmitte r 
11 4 Corrier·bosed search radar 
115 Supplicant 
118 Tall corn slate labbr. l 
119 Sweet scented 
122 Me tr ic unit of a rea 
123 Electrically ch arged atom 
124 South American rodent 
127 Type of directi ve a n tenna 
128 Exitl 
130 Smoke (south of the borderl 
132 lri lhmon 
134 Italian volcano 
136 Pertain ing to a node 
138 Obsolete motor cars 
139 lighted 
140 Heavy cruiser 
142 Attilo wal one of these 
143 Fully developed 
144 What you call a chick in Porls 
146 Ei ther 
1 47 Aquatic mammal 
1 SO l ight cruiser 
1 52 Units of length 
1 53 Unexclusive 
156 Capable 
1 57 Ancient vacuum tube transmitter 
1 58 Air (combining form I 
160 Decay 
16t What you made to 144 lhorizontnl) 
162 F,,., 
163 Nip cent 
l 64 Unu .:~ rgod particle 
i 65 i:10:.c o ro handy in auto or ~odio 

S ~Oii01\S 
1 66 Ono wh,, !!OtS in 

VERTICAL 

1 Containing copper r 
2 Airborne search rod0 b II 
3 Te llurium (chemical sym 0 

4 Child's toy 
5 Cam 
7 Humor 
8 Colloquialism 
9 Taut 

10 Feline 
1 1 Air-operated 

g ~h~: one ham cull i anothe r 
14 Feeble 
15 Electrici ty lcombini~9 form I 
2J l ike 
24 Choke 
25 Powe r 
27 All right 
29 Steps over a fe nce 
31 Ame rican poet 
34 Rodent 
35 Wails 
37 Positi ve pole f • 
JB Foggiut ci ty in Cali ornta 
42 Thus 
43 Banquet 
45 Inte rval of time 

:~ ::~t~~~r (che mical 1)'mbol1 
49 City '" Nevada 
52 Champogne 
54 Beom 

~~ g~:;:l!te tran smttte' test e quipment 

60 M~ke of thin _ layer~ all commercial 
61 Pa1nte d on w tngs o 

aircraft 
64 Chinese weight 
65 Cleaning solvent d 
66 Magician's comma~ 
73 Knowledge 
74 Article 
75 J ail 
77 Bade of neck 
78 Moss of ice 
79 Void 
81 Rove 
83 A nbmari ... .. r- ·' 

84 Chalk marks on an empty ace tylen e 
cylinder 

85 A switching tube 
86 Unit of quanti ty of electricity 
· (e lectrostatic system} 

88 Small croft search radar 
89 Ampliflcation factor 
90 Sonic depth finder 
91 Aircraft emergency power supply 
92 Type of palm tree 
93 French ar ticle 
98 P"werfully a tt ractive 

100 long race 
1 OJ Pouring gale In mold 
105 Den 
106 One card of a tuit 
107 Hall ' em 
108 Suitable 
109 UHF t ran sceiver 
111 Northeast 
112 Benefit 
11 3 Narrow volley 
11 4 Narrow piece 
116 Citrus fruit 
11 7 Accomplish 
120 Re ceiver te st se t 
121 Opposite of zenith 
122 Native of Dark Continent 
125 Modulating equipment IRCMI 
126 That is labbr.l 
129 Fastidious 
131 like 
133 Atmosphere 
135 Hard shelled fruit 
137 Either 
140 Punctua tion 11'1ark 
141 Protection 
144 Cerium !chemical symbol! 
145 Brave warrior 
148 Black 
o49 Obsolete re ceiving equipment 
151 Opposite of weather 
I 54 Radar tes t equipment 
I 55 Native metal 
157 Number 
159 Aircraft receiving equipment 
163 Soarch radar 


