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The video gain was low. Only a faint trace was
visible with bias and gain controls in their maxi-
mum clockwise positions. The lead to the input
capacitor (C-106) was found to be open.

Pattern on’ the cathode-ray tube off center and
distorted. Visual inspection showed the cap was
off the lower vertical deflection plate of the
cathode-ray tube (V-112).

Switches which have been replaced due to me-
chanical failure include the main power switch
(S-101) ; the horizontal-vertical relay switch, an-
tenna #2 (S-102A); the horizontal-vertical relay
switch, antenna #1 (S-102B); the battle short
switch (S-103) ; the antenna motors power supply
switch (S-104) and the aural search switch (S-105).

Fuses F-101 and F-102 were blowing when the
equipment was turned on. This was caused by a
partially shorted power input buffer capacitor
(C-148).

The video gain control potentiometer (R-101),
when varied, caused random flashes on the screen.
This potentiometer was worn and required replace-
ment.

The true bearing indication was displaced 180°.
This was caused by reversal of the gyro input at
Terminals 38 and 39 on the main terminal panel.

Erratic signals due to damaged fingers in the
right-angle connector assembly (E-202). This was
caused by incorrect seating of the cable assembly
(E-201).

The high frequency antenna measured open in
both the vertical and horizontal positions. This
was caused by defective contacts on the transfer
relay (K-201).

The low frequency antenna was inoperative. The
collar on the antenna mounting plate was found to
be broken. This was corrected in accordance with
instructions contained in C.E.M.B., Section 4, Page
DBM-3, Supplement No. 31.

Main line fuses (F-101 & F-102) were blowing.
The trouble was traced to the slip ring assembly
(E-203) on the antenna spinner. The slip ring as-
sembly was mounted approximately 1/16” too high
on the shaft, allowing the upper brush to ride on
the lower edge of the upper slip ring and arc over
to the lower slip ring. The line fuses would blow at
the time arcing took place. The r-f relay (K-201)
was passing excessive current during the arcing,
causing damage to the antenna speed control variac
(T-108).

The fiber gear on the drive motor (B-201) was
stripped. Since the equipment spares did not in-
clude a replacement part, this gear had to be fabri-
cated by a tender. The cause of this gear heing
stripped was excessive torque applied by the drive

motor due to too high a setting of the antenna
speed control variac (T-108) for high speed rota-
tion.

AN/SPR-2 Service and Maintenance

Common Troubles
The most common trouble with the AN/SPR-2
radar search receiver is low sensitivity due to a de-
fective 1N21 crystal (Y-501). The C.E.M.B., Sec-
tion 11, Page AN/SPR:1, Supplement No. 31 con-
tains information on the construction details, elec-

trical details, and instructions on checking and
changing this crystal.

The cavity oscillator tube (2C40) in the tuning
unit often fails to oscillate and requires replace-
ment.

The oscillator cavity in the tuning unit has given
more than its share of trouble. There are no fa-
cilities available for replating the cavity and spares
are not available for replacement. When the oscjl.
lator cavity is suspected of giving trouble jt would
he wise to check all other associated components
before this unit is disassembled. If deﬁnite]y de-

termined to be the cause of the trouble, the oscil-
lator cavity should be very carefully disassembled
and handled while it is being cleaned.

Erratic operation of cavity oscillator is caused
by dirty track and roller. Both the track and roller
should be kept clean.

Erratic signals and loss of signals when the
AN/SPR-2 is used with one of the antennas while
reception remains good on the other antenna can
usually be attributed to a faulty coaxial cable or
antenna. Routine megging of the antennas and co-

axial cables should be a part of the preventive

maintenance program.

RDP Service and Maintenance

Common Troubles

In the RDP panoramic radio adaptor one of the
common troubles is that the high voltage filter re-
sistor (R-181) changes value due to overheating.
Excessive overheating and ripple in the horizontal
trace on the scope are indications that this resistor
has changed value.

Signals and grass appearing only at the right side

- of the sweep. This was corrected by alignment of

the rf and oscillator sections and adjustment of
the screwdriver front panel controls. These front
panel controls should be adjusted only if complete
adjustment can be accomplished.

Less Common Troubles

RDP was inoperative. The d-c blocking capaci-
tors C-116, C-117 and C-120 were shorted.

The RDP was causing interference in the RDO
receiver when the “center frequency” and “sweep”
controls were advanced. Upon checking the align-
ment, it was found that the FM oscillator coil
(Z-101-09) was improperly adjusted. When the
frequency was varied by the reactance modulator
at 30 cps, the oscillator would pass through 30 Mc
(the intermediate frequency of the RDO receiver)
causing spurious oscillations. The trouble was cor-
rected by adjusting the local oscillator.

The local oscillator was not functioning properly.
The FM oscillator coil (Z-101-09) had a shorted
turn.

The RDP was inoperative. Fuse F-101 was blow-
ing due to a shorted 2X2 tube.

The sweep was just visible above the lower edge
of the scope mask. Operation of the vertical posi-
tioning control (R-124) would not permit raising
the sweep to the correct position. R-126 in the
cathode circuit of the push-pull video amplifier
(V-107) had changed value from 750 ohms to
680 ohms.

Intensity was too brilliant and could not bhe ad-
justed with the brilliance control (R-177). This
was caused by improper resistance values in the
high voltage bleeder circuit. R-175 had increased
from 300,000 to 500,000 ohms. A 2-megohm and
3-megohm parallel resistor combination was found
in place of R-173 and R-184. These resistors were
replaced with resistors of the correct values and
the circuit functioned properly.

RDJ Service and Maintenance

Coummon Troubles

No elliptical sweep throughout all or a portion
of the range when the “Elliptical Sweep Range”
control was set on the 25-180 position. The oscilla-
tor frequency determining resistor (R-140), a
985,000-ohm precision resistor, was open. Any one
of the precision resistors, R-140 through R-147
and R-149 through R-156, opening up will cause
the above indications.

The linear (slave) sweep was unstable. This was
caused by a dirty “pulse amplitude” potenti-
ometer (R-101).

The elliptical sweep frequency dial was incor-
rectly adjusted (when the “Elliptical Sweep Tun-
ing” crank knob was rotated counterclockwise un-
til the knob stopped, the Figure 170 did not appear
under the hairline on the mid-frequency band).
Excessive torque had been applied to the “Ellip-
tical Sweep Tuning” knob and had bent the dial
stop pin and loosened the flexible coupling. It
was necessary to tighten the coupling and reposi-
tion the dial stop pin.

The power transformer (T-102) had shorted in
a few reported cases.

Less Common Troubles

The PRF meter (M-101) was inoperative. This
was caused by a defective meter tube (V-107). After

. replacing the tube it was necessary to recalibrate

the meter on all scales.

The PRF meter (M-101) would not calibrate
correctly. The plate meter resistor (R-134) in the
plate circuit of the meter tube (V-107) had in-
creased from 33,000 ohms to 38,000 ohms.

The PRF meter (M-101) would not indicate on
areceived pulse. The meter fuse (F-101) was open.

The PRF meter (M-101) was reading off-scale.
The meter tube (V-107) was shorted.

The linear (slave) sweep was erratic. This was
caused by an intermittent third video amplifier
tube (V-103).

Erratic operation of the “calibrate” sine wave.
The sweep length determining capacitors C-122,
C-123 and C-124 had a poor ground connection.
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RDO Service and Maintenance

Common Troubles

The input meter (M-201) was not functioning
properly. This is a common trouble and is caused
by the meter input bleeder resistor (R-265) chang-
ing value.

Less Common Troubles

The receiver output was low as indicated on the
output meter (M-202). This was caused by an
open V-211 screen filter resistor (R-276).

No signals were being received on the DBM in-
dicator from the RDO receiver. The RDO video
output coaxial cable had a recessed center pin.

When the RDO receiver is functioning normally
but no signals are being received from it at the
DBM indicator, the most common causes are:

cables accidentally connected to the wrong posi-
tion, defective cables and coaxial connectors, and
defective coaxial switches.

Afterthoughts about the over-all picture . .

The above article has been prepared for every
ET whose job it is to service and maintain RADCM
gear. It contains important data from actual fail-
ures. Use it wisely as a guide for finding present
and future “weak spots” in your equipment so that
you may anticipate many troubles before they ac-
tually happen. Never forget that each unit is
merely a link in your RADCM chain, and if one

unit is inoperative the rest are of much less value,
if not totally useless. Think twice about the value
of RADCM, then you’ll he a step ahead of your

enemy and his radar.

MARK 25 MOD 2

D-153671 Balanced Converter

The Equipment was not capable of tracking
planes out beyond 20,000 yards. Believing that low
current from the crystal CR (3F)4, Type 1N23B,
might be a contributing factor, it was replaced.
Negligible improvement was observed after this
replacement.

D-153567 Radar Antenna Assembly

Continuing on the assumption that poor power
output might be responsible for the poor perform-
ance reported, an investigation was made of the
entire waveguide run. In the scanner it was found
that the choke flange on the end of the scanner
waveguide section was badly deformed. It ap-
peared as though the end might have been ham-
mered, or dropped repeatedly, so that the quarter-
wave trap had been flattened out and then bent

back into a semblance of proper shape with some
tool, possibly a screwdriver. The trap was actually
a series of short irregular chords rather than a
true arc of exact dimensions as it should be. Know-
ing that some loss of power was inevitable from
such a trap, the ship’s spare scanner was installed
by ship personnel. Again subsequent tests proved
disappointing as performance was but slightly
bhetter than before.

D-153556 Range Error Detector

A number of tracking runs had been made by
the time the above work was completed. It had
become apparent that the equipment sensitivity
was normal but that the automatic fﬂl]owing cir-
cuits were not capable of holding in as they should.
Rebalancing of the ATI circuits was indicated.
After replacement of tube V(12M)7 (6SN7), which

was necessary in order to get a null point with

switch Test #1 held down, the circuit was adjusted.
Again only negligible changes in operation were
noted.

D-153541 Range Unit Assembly

After considerable checking and testing it was
found that the trouble was in mechanical binding
of the range unit drive mechanism. At the separa-
ble coupling assembly, Drawing BL-72171, the
upper half coupling was slightly loose on its shaft
due to loosening of the Allen screws. The coupling
would shift its position on the shaft with vibration,
change of range, or especially as a result of high-
speed slewing. At some positions operation was
about normal while at others a very appreciable
amount of drag could be felt. After re-aligning
the parts in their proper relationship the set screws
were carefully tightened. One tracking test was
then made out to beyond 47,000 yards. Additional
tests would have been desirable but there was an
absence of planes because of very inclement wea-
ther conditions. However, it is believed that the
equipment will operate normally as a result of the
above corrective maintenance.

A. J. Jongs
W. A. WITHERS
F. C. ZIMMERMAN

U.S.S. Moale (DD-693)

The bearing and elevation sweeps on the indica-
tors of this equipment were jumping aperiodically.
The trouble was finally traced to the terminal con-
nections in Connection Box #1. Several lugs were
coming loose as a result of the nuts securing them
slacking off. The result in the case of one connec-
tion was intermittent circuit continuity., It was

4C35 DIFFICULTIES

Considerable difficulty has been experienced in
the Fleet with Type 4C35 tubes used in the modu-
lator of Radar Equipment Mark 25 Mod 2. In
general, it has been necessary to make individual
selections to find tubes which will operate salis-
factorily. Recently the USS Newport News re-
ported that Sylvania-made Type 4C35 tubes will
not operate at all in the Mark 25 equipment even
when new. However, the ship stated that after
gseveral hundred hours’ use in Radar Equipment
Mark 35, the tubes performed satisfactorily in the
Mark 25 equipment. This holds true even after

found that only one nut per terminal was used,
instead of the four nuts which are provided for.
It is suggested that this practice, if it is such, be
discontinued, and that other connection boxes be
investigated for similar conditions.—V. G. Popor

U.S.S. Des Moines (CA-134)

Tt was noted that operation of the AFC unit was
erratic as evidenced by the fact that the multi-
vibrator would lock in on one side instead of
changing over at ten-second intervals. It was dis-
covered that if the AFC input cable was removed
at the balanced converter output, J (3F)2, the AFC
unit would still lock in on one side, but if the in-
put cable was removed from the AFC unit, J(3F} 1,
input the flip-flop circuit operated properly. The
cable was inspected and it was found that the
coaxial plug termination at P(3K)1 was improp-
erly made in that there was no connection between
the cable shield and the outside of the plug. The
cable was reterminated and the trouble disap-
peared.—Roscoe M. Lewis, Jr., W. A. WITHERS.

U.S.S. Sumner (DD-692)

The modulator selector switch (S-8) on the
console (Unit 4) was found broken due to me-
chanical interference with the radar indicator
power plugs when stowed on the hanger bracket.
The hottom deck of the switch jammed against the
stowed plug when the control panel was lowered.
The switch was replaced from ship’s spares and to
prevent repetition of this trouble the yard (Phila-
delphia Naval Shipyard) was requested to shorten
the plug stowing hanger bracket. Other instances
of this difficulty have heen encountered.

—A.J]. Enia

IN MARK 25 MOD 2

the tubes have become inoperative in the Mark 35
equipment. This discovery. the Newport News re-
ports, has reduced the casualty rate of 4C35 tubes,
from approximately 70% to 5%.

Pending development of a hasic remedy for the
above difficulty, it is suggested that ships experienc-
ing trouble with the 4C35 Sylvania tubes follow
the procedure indicated by the Newport News.
This will result in obtaining many more hours’
of operation from tubes which might otherwise be

declared faulty and not be used at all.

Editor' on Page 28 of this magazine.

Have you ever wondered about the frequency limits of the various sub-bands? See 'Letters to the
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A lot of water has rushed past the hows of U.S.
Navy ships since the first shipboard electronics in-
stallation was completed in 1904. In those days
electronics was barely out of the gadget stage, and
few Naval strategists believed that it would become
a significant factor in the design and operation of
Naval vessels. Electronic communications were
then a minor subdivision of a ship’s engineering
organization.

For many vears, while radio increased in utility
and importance in Naval warfare and communica-
tions, electronics remained a subordinate part of
ships’ engineering systems, and deseriptions of elec-
tronic equipment were contained in the Electrical
Machinery Installation Descriptions.

During the period immediately preceding World
War II, the advent of radar, sonar, direction find-
ing equipment and other navigational aids, to-
gether with the rapid expansion of radio com-
munications, pointed up the need for a separate
and more comprehensive installation description
of electronic equipment for Naval vessels. The
complexity and variety of electronic gear have
multiplied so rapidly that electronics has grown
from a stepchild of electrical engineering into a
separate and vitally important phase of technology.

The Bureau of Ships was quick to recognize this

AT

FIGURE |—Arrangement of antennas on the CV-34,
Mast is in stowed position for passing under Brooklyn
Bridge.

rapid growth and its significance in Naval planning
and tactics. The General Specifications for Ma-
chinery of the United States Navy, prepared during
1945, clearly delineate the format, contents and
function for separate texts on Electronic Systems

Installations to he prepared for each Naval vessel
or group of vessels. For various reasons the prepa-
ration of such texts did not progress into a reality
as soon as was to be desired. However, at the
present time several books of this type are in vari-
ous stages of preparation or completion and they
will doubtless prove of great value in the organi-
zation of electronics activities on board ship. These
systems descriptions have been designed to help
achieve optimum efliciency in the operational use
of electronic equipment and to facilitate prompt
and correct maintenance.

This article is intended to acquaint Naval per-
sonnel responsible for the technical or operulional
use and application of electronic gear, with the
general layout and purpose of the Electronic Sys-
tems Installation Descriptions. Reference is made
to the first volume of the general description of
electronic systems installation for the USS Oriskany
(CV-34). which represents a good example of this
type of text and is one of the first 10 he prepared
in compliance with the specifications. The General
Description of Electronic Systeme Tnstallations for
Aireraft Carrier CV-34, Volume 1, was compiled
by the New York Naval Shipyard.

As shipboard electronics installations have grown
in complexity and function, it has hecome in-

as well as non-
electronics personnel, who must depend upon these

equipments for tactical. navigational. and com-
munications information, to maintain a working
knowledge of their scope and limitations. What
each piece of gear can and cannot do, its (Ielwnda-
hility, range, and many other facior

creasingly difficult for the technieal

s must bhe un-

derstood to use electronic devices to the best ad-
vantage. KElectronics personnel are becoming more
and more specialized; some expert in radar, others
in one or more of the various specialized equip-
ments. The general description of electronic sys-
tems installation for a given vessel or type of ves-
sel is designed to facilitate instruction of both elec-
tronics and non-electronics personnel in their ship’s
electronic equipments and layout. This general de-
scription is the first of two volumes dealing with
the electronics installation system of the CV-34.
The second volume, to be described later in this
article, will contain test, calibration and perform-
ance data.

The General Description of Electronic Systems
Installation for the Aircraft Carrier CV-34, pro-
vides through the use of text material, drawings
and photographs, a description of each of the ma-
jor units of the installation and their interrelation,
and gives general information on each system as a
whole. A concise description of the general pur-
pose and function of the various syslems is in-
cluded, setting forth the fundamental operational
and installation features. The interrelationship of
the electrical and electronic systems on board the
vessel is clarified. A study of the integrated elec-
trical and electronic functions and requirements of
the various pieces of gear, as presented in this in-
struction book, helps electronics personnel to know
and understand their responsibility with respect
to power supplies, cabling, intercommunications,
etc., necessary for the proper operation of the elec-
tronic installations.

BuShips specifications for the general descrip-
lion of electronics system installations require de-
seriptive material and illustrations for each of the
following major electronic systems on hoard Naval
vessels:

1—Radio.

2—Radar.

3—IFF.
4—Countermeasures.
5—Sonar.

The table of contents of the volume prepared
by the New York Naval Shipyard for the U.S.S.
Oriskany (CV-34) illustrates the complete cover-
age provided in this instance and gives some idea
of the layout of this type of instruction book:

Section 1—Airborne Early Warning.

Section 2—Beacons.

Section 3—Carrier Controlled Approach.

Section 4—Countermeasures,

Section 5—Identification.

Section 6—Radio Communications.
Section 7—Radio (Navigational).
Section 8—Radiosonde Equipment.
Section 9—Radar (Fire Control).
Section 10—Radar Search.

Section 11—Sonar.

FIGURE 3—Radio Central (Radio 1) on the CV-34.
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Together with descriptive text material, fu?c-
tional diagrams of each system and of the major
equipments which make up those systems are in-
cluded in the instruction book. Lists of electronic
circuit designations, electronic equipments installed,
and the locations of individual units are also
included.

Figures 1 and 2 are representative of the many
photographs showing orientation of individual
equipments and various electronic systems.

The combat information center, search radar con-
trol room, captain’s plot and message center, radio
transmitter room forward, and radio central loca-

—_\ _-\ z 1.‘-‘

tions are shown in photographs such as Figures
3 and 4.

Each electronic circuit is adequately described
through text material and general isometric and
elementary wiring diagrams. Plans showing the
arrangement of equipment are also shown for the
major electronic spaces.

A master plan, showing the arrangement of all
electronic spaces on shipboard, is provided, and in
this volume, as in all those to be prepared for
major combatant vessels, each radio, radar, sonar,
iff and countermeasures space is shown in detail on
a separate plan.

Profile drawings and plans used for the follow-
ing electronic systems are also included:

3 ¥ e

FIGURE 4—Combat Information Center on the CY-34.

Radio Receiver Extension System.

Radio Transmitter Remote Control System.

Radiophone System.

Teletype System.

Radar Repeater System.

Power Supply System (between distribution

centers and electronic equipments, and between

units of these equipments).

The second volume of the electronic systems in-
stallation instruction book will contain the calibra-
tion, performance and test data required for main-
tenance of the electronic equipment and systems.

All information necessary to keep gear properly
aligned and in operating condition will be pro-
vided. This volume will also contain instructions
for calibration of the various electronic equipments
and pertinent test data indicating performance
characteristics of the system as a whole. Diagrams,
charts, graphs, reduced size plans and other de-
scriptive matter to enable personnel to properly
orient, test and calibrate all the installed electronic
equipments are included in this second volume.

While the calibrations, records of performance
and test data which will be provided will, of neces-
sity, be information obtained prior to delivery and
acceptance of the vessel by the Navy, they will
provide information that will be useful in ship-

board tests and operational use. This information
will include:

1—Radio-frequency characteristics of various
radio receiving and transmitting antennas.

2—Antenna calibration and pattern measure-
ments as applicable in accordance with standard-
ized procedures, techniques and report forms es-
tablished by the Bureau of Ships.

3—Radar range calibrations, including descrip-
tions of targets, together with charts showing ac-
tual latitude and longitude of the fixed targets
employed and their location relative to the dock-
ing area.

4—Records—Initial calibrations of LF/DF, MF/
DF, HF/DF and UHF/DF covering a typical set of
conditions and frequencies plus a statement of
overall characteristics and expected performance.

5—~Calibrations of surface search radar bearings
as compared with pelorus bearings.

6—Radar calibrations—Records of test point
wave forms with the theoretical and actual wave
forms indicated at each test point.

7—Records of field changes.

8—Records of transmitter performance.

9—Records of radio transmitter tuning.

10—Records of radio receiver tuning.

11—Sonar records:

a—DPanel meter readings.
b—Resistance readings.
c—Voltage and current readings.
d—Monitor measurements.
e—Maodifications and attachments.

System planning provides for the installation of
equipment, which, while not readily available at
the time of construction and delivery, may be in-
stalled with minimum displacement of existing in-
stalled facilities, since the plans for the equipment
are integrated with the other electronics systems
at the time of construction and before preparation
of the book.

This instruction book provides a comprehensive
listing of available electronics facilities and their
potentialities for ready reference in planning com-
munications, radar, sonar and other electronics
functions in any ship, unit, task force or fleet
action. Officers will be able to learn readily the
functions, ultility and operation of electronic gear
under their cognizance.

The easily referenced catalogue of equipments
and systems, and their functions and requirements,
together with the diagrams provided, will meas-
urably speed appraisal of battle damage and rapid
adaptation of remaining operating equipment to

the maintenance of optimum combat efficiency.

These tests on the electronics systems installation
will provide a means for speeding the orientation of
electronics and non-electronics personnel insofar
as the functions, needs, scope and limitations of
electronic equipments are concerned. New per-
sonnel may use it to become familiar with the
ship’s electronics installation.

The many drawings and plans located together
in one source, make it possible to plan shipboard
changes with a minimum of confusion.

The present plan is for the home shipyard of
each vessel to retain the original of both the text
and illustrations for the book and have the re-
sponsibility of maintaining the book current. In
this way the book will be kept up to date and the
ship will be provided with the latest drawings,
text, instructions and organizational material for
the equipment currently installed on board.

Through the various diagrams provided. the
maximum use of cabling facilities may be obtained,
minimizing the number of cables and cabling
changes required.

Similarly, the optimum use of antenna facilities,
in routine operations and after battle damage, may
be quickly planned by reference to the applicable
text and illustration information in the systems
installation instruction hook.

Interference between equipments or from out-
side sources will he subject to analysis with con-
siderably greater facility than was possible without
this reference on the entire electronics installation,
and corrective measures may therefore be de-
veloped and action taken more efficiently.

The electronic systems installation instruction
books will be a very welcome addition to a ship’s
instruction book library and a useful tool in learn-
ing and using the ship’s electronics installations to
their best advantage. Those whose supervisory
duties require knowledge of the broad phases, pur-
poses and funetions of the various electronics sys-
tems installed, as well as the electronies personnel,
who will doubtless make good use of this compen-
dium of information, will find this text a real help.

The systems instruction book is not designated
to supplant the present type of equipment instruc-
tion book. Rather, it is intended to supplement it,
aid in system planning and further the most effi-
cient integration of electronic facilities under the
changing conditions of shipboard activity. As
represented by the General Deseription for Elec-
tronic Systems Installation for the Aireraft Car-
rier CV-34, this type of instruction book will serve
well in shipboard electronics.
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Rochelle salt crystals become unserviceable at
temperatures in excess of 116° F. and were super-
seded by ADP (ammonium dihydrogen phosphate)
type crystals. The ADP type crystals are servicea-
ble up to temperatures of approximately 212° F.
Since the production cost of the magnetrostrictive
transducer is lower than that of the crystal type, a
design has bheen completed by the Ordnance Re-
search Laboratory. Pennsylvania State College,
which is an exact electro-acoustic and mechanical
replacement of the crystal type for use in the above
torpedoes.

In the commonly used piezoelectric or crystal
hydrophone!, the crystal elements produce voltages
when they are alternately stretched and compressed
by the acoustic waves striking them.

In general principle, magnetostrictive hydro-
phones are similar to the crystal type, consisting
essentially of a number of active elements actuated
by the vibrations of a diaphragm in contact with
the water.

In a magnetostrictive hydrophone, however, the
core of each element is a length of magnetic ma-
terial which changes in degree of magnetization
when it is stretched or compressed. Each of these
cores iz surrounded by a pick-up coil through
which the magnetic lines of flux pass, so that as
the sound vibrations cause the magnetization of
the bar to fluctuate, the changing lines of flux in-
duce corresponding voltages in the coil.

The most sensitive crystal substances deterio-
rate at temperatures that may be reached on a

ship’s deck in the hot sun or beneath an airplane’

near the engine exhaust. Magnetostrictive trans-
ducers, on the other hand, are constructed to en-
dure temperatures very much higher. Additional
advantages of magnetostrictive hydrophones are
their greater mechanical ruggedness and their pre-

viously mentioned lower production cost.

Tn the terminology of underwater acoustics work, a “hy-
drophone” is an instrument used to transform acoustic sig-
nals into electrical signals, and a “projector” or “transmitter”
transforms electrical signals into acoustic signals: a “trans-
ducer” performs cither function or both.

Like piezoelectricity, magnetostriction is a re-
versible phenomenon. If voltages are applied to
the coils surrounding the magnetostrictive ele-
ments, the resulting changes in magnetization of
the elements will set up stresses which may be
used to produce acoustic signals. The hydrophone
then becomes a projector.

The commonly used magnetostrictive materials
are nickel, nickel-iron alloys, and iron-cohalt-vana-
dium alloys.

Both magnetostrictive and piezoelectric trans-
ducers are inherently well suited to receiving the
high pressures and low amplitudes encountered in
underwater signals (contrasted to the much lower
pressures and much higher amplitudes which im-
pinge on a receiver of air-borne sound, such as a
telephone receiver). Conversely, they are also well
suited to producing underwater signals because,
furnishing high forces with little amplitude they
are able to operate efficiently when loaded with
water.

Since all transducers operate most efficiently at
the natural or resonant frequencies of their vibrat-
ing elements, magnetostrictive and crystal elements
are useful principally at ultrasonic frequencies be-
cause units resonant in the audible range are usu-
ally too large to be practical. Magnetostrictive
transducers have a smaller range of useful fre-
quencies than do erystal hydrophones because their
efficiency of conversion bhetween electrical and
acoustic energy (in either direction) decreases
more rapidly at frequencies off the resonant fre-
quency. An additional high-frequency limitation
is imposed on magnetostrictive transducers by the
difficulty of constructing very small elements.

The performance of a hydrophone is usually ex-
pressed in terms of its sensitivity, or the voltage it
develops in a given sound field. However, since
this voltage is dependent on the electrical imped-
ance of the hydrophone, the impedance must be
specified hefore a sensitivity figure is meaningful.
Crystals have extremely high impedance, and the
sensitivities of piezoelectric hydrophones are,
therefore, generally higher than those of magneto-
strictive hydrophones. Direct comparison between
hydrophones of the two types can be made only
when the sensitivities are converted to efficiencies, or
when one hydrophone is fitted with a tuning device
to make its impedance equal to that of the other.
Magnetostrictive hydrophones designed to replace
crystal ones are provided with such tuning devices
so that the same electronic panels may be used
without redesign. and the resulting sensitivities
are almost identical to the original.

Whereas in piezoelectricity, stretching corre-
sponds to electrical polarization of one sign and
compression to polarization of the opposite sign,
in magnetostriction the sign of the force (tension
is considered positive, compression negative) and
the direction of magnetic polarization are inde-
pendent. For example, if a bar of nickel is com-
pressed, there is an increase in whatever magnetic
polarization it already happens to have, and if the
bar is stretched, this polarization decreases: con-
versely, if the polarization is increased by electrical
means, the bar shortens, and if the polarization is
decreased, the bar lengthens, regardless of the di-
rection of polarization. If an alternating magnetic
field is applied to an unmagnetized bar, the bar
vibrates at twice the frequency of the applied field.

Some magnetostrictive materials undergo an in-
crease in magnetization when they are stretched
and a decrease when they are compressed: for
others the change is the reverse. Regardless of the

the alternating field is superimposed. Provision of
this polarization may be accomplished by sending
direct current through the coil. by placing a per-
manent magnet in close proximity to the bar. or
by using one of several magnetostrictive alloys
capable of retaining a high residual magnetism.

Although a solid bar of magnetostrictive material
may be used as a vibrator, it is very inefficient be-
cause of energy losses due to eddy currents within
the material. To eliminate eddy currents, the bar
may be built up of laminations electrically insu-
lated from one another, or a thin tube may be used
instead of a bar.

Besides the longitudinally vibrating elements de-
scribed above, radial magnetostrictive vibrators are
also used. A radial vibrator may simply be con-
sidered as a longitudinal vibrator which has been
bent to form a closed loop. the coil surrounding
it hecoming a toroid. As the loop changes in length,
it also changes in diameter, and acoustic energy

Exploded view of four-tube magnetostrictive hydrophone developed at the Ordnance
Research Laboratory. A—Rubber pad used between transducer diaphragm and
shell of torpedo; B—Diaphragm; C—Tubular magnetostrictive elements; D—Coils;
E—Polarizing magnets; F—Case; G—Cable to electronic panel.

magnetostrictive characteristics of the material,
however, applied forces can cause changes only in
the existing magnetization of the material; no ap-
plied force can cause a reversal of the magnetic
polarization. A completely unmagnetized bar
would remain unmagnetized regardless of the mag-
nitude and the direction of the forces applied. In
fact, the degree of conversion between mechanical
and electrical energy is very low anywhere near
zero magnetization, reaching a maximum only
when the magnetization is quite high.

For these reasons, magnetostrictive vibrators are

given a steady magnetic polarization upon which

is radiated equally in all directions in the plane of
the loop. Radial vibrators are usually built as
stacks of ring laminations. They are used where
non-directionality is desired, in such applications
as artificial noise targets.

Because of their advantages, magnetostrictive
hydrophones will probably completely supersede
piezoelectric hydrophones in some applications.
Crystal transducers will continue to be used where
their inherent qualities make them most applica-
ble, especially at high frequencies and where good
response characteristics over a hroad frequency
range are desired.

—Bulletin of Ordnance Information
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This new feature is the answer to numerous suggestions and requests from fleet and shore per-
sonnel for a medium of presenting their individual problems, gripes and questions on electronics

matters and obtaining answers to such queries.

As a matter of convenience, it is suggested you write directly to:

Editor
BuSwuips ELEcTRON
Sir:
We are unable to find in any of the technical
publications on board a definition of the frequency

sub-bands identified as S., X, ete. We would ap-

preciate your running a table of the frequency spec-
trum showing the frequency limits of all such
bands and sub-bands.

Lr.J.D. A, USN.

The requested information follows:

BAND FREQUENCY
(Kilocycles)
VLF Below 30
LF 30 to 300
UF 300 to 3,000
HF 3,000 1o 30,000
VHF 30,000 to 300,000
UHF 300,000 to 3,000,000
SHF 3,000,000 to 30,000,000
(Megacyceles)
4 157 to 187
G 194 to 212
P 225 to 390
L 390 1o 1.550
S 1,550 to 5,200
X 5,200 to 11,000
K 11,000 to 33,000
L, 510 to 725
Lg 900 to 950

The Editor, BuShips Electron, Code 993,
Burcau of Ships, Navy Department, Washington 25,D.C.

Ly 950 to 1,150
Lg 1.150 to 1,300
Ly 2,400 to 2,600
5 2.700 to 2,900
Ss 2,900 to 3,100
S4 3.100 to 3,400
S 3.400 to 3,700
Xg 6.220 to 6,900
X 8.520 to 9,000
Xs 9,000 to 9,600
Xy 9,600 to 10,000
X: 10.000 to 10,250
Xk 10.250 to 10,900
Editor
Fditor
BuSuirs ErecrroN
Sir:

Is it permissible for an ET to be put in the op-
erations division rather than the engineering divi-
sion? This question pertains to small eraft.

If so, can it be done at the discretion of the
commanding officer or does he have to get per-
mission from the Bureau?

R.L.D., ET 2, USN

This can be done at the discretion r)f the com-
manding officer, without permission  from the
Bureau.

Editor

Twenty-twenty eyes and glasses

Will not help him find his parts,

On the other hand, this sailor
Needs no glasses now to see;
With the INTEGRATED SYSTEM
He KNOWS where his parts will be.
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“l shot an arrow into the air
It fell to earth, | know not where.”
o Henry Wadsworth Longfellow

‘ ™ Navy radar knows “where.” It locates,

TN identifies and destroys the enemy far
beyond the horizon. Navy radar is
- bound to make a hit.




