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ation and that the series reactor should have a 60-cycle 

rating of 27.7 mh at 28.3 amperes. 

The vector diagrams of figure 1 illustrate start and 
run conditions for the circuit: 

RUN 

EL = 460 volts 
IL = 28.3 amperes 

VA = 13,030 
X = 10.46 ohms 
Ex = ILX = 296 volts 

EP = (EL!!- £x2 ) 0 = 
353 volts 

p = = 10,000 
watts 

p.f. = Cos e = 1o,ooo; 
13,030 = 0.768 

ST ART 

EL = 460 volts 
IL = 1.5x28.3 = 42.4 

amperes 
VA = 19,500 
X = 10.46 ohms 
Ex = 42.4 x 10.46 = 

444 volts ... 
EP = (E,,!! - Ex!! ) 0 = 

122.5 volts 
P = Epi L = 5,200 watts 

p.f. = 5,200/ 19,500 = 
0.267 

Experience has shown that it is better to use the ex­

ternal reactor method in preference to building the 

required leakage reactance into the transformer. 

leakage transformers usually require the use of air-gap 

cores and split windings that are wedged in place. Mag­

netic vibration and dehydration cause loosening of the 

wedges, and result in noisy operation and voltage varia­

tions caused by coil displacement. In a typical applica­

tion using several h igh power tubes of the type consid­

ered in the example, taps were provided on the reactors 

to permit ad justment of filament vol tage for ind ividual 

tubes so that standard bus voltage could be mainta ined 

by induction regulato rs. Power factor improvement was 

also obtained by means of standard power factor correc­

t ion capacitors. T he reactance starting method is con­

sidered superior to the famili ar resistance start ing in that 

fi lament shock is practically eliminated and smooth auto­

matic operation is obtained without the use of moving 

parts. 

BOX 

A llowances 

ELECTRON 
TUBES 

REPA IR 
PARTS 

Type 
Vessels 

Perce nt age 
C ompleted 

Submarines .. . .. . . .. ... I 00"/0 

Surface . . . . . . . . . . . . . . . 91 "'o 

Submarines . . . . . . . . . . . 50"/0 

Surface ......... . ..... 0. 9"/o 

MARK 25 
MOD 2 RADAR, 
FIELD CHANGE NO. 5 

• 

Field Change No. 5 to Radar Equipment Mark 25 

Mod 2 is accomplished by rep lacing the unmodified 

range sweep chassis with one that has been modified 

at the factory. The modified range sweep chassis is 

shipped as Field Change Kit N o. 5. The number of 

Field Change K its that are available for installation de­

pends upon the prompt return of the unmodified range 

sweep chassis to the factory. 

Of the fi rst 30 ki ts shipped out, only 11 have been 

reported installed and only 9 unmodified chassis have 

been returned. To expedite the accomplishment of Field 

Change N o. 5 those activities which have received Field 

Change Ki t N o. 5 should install the modifi ed chassis 

and return the unmodi fied one promptly. T he returned 

chassis can then be modified and reshipped to enable 

another activity to accomplish Field Change No. 5. 

THE 
NAVY 
NEEDS 

YOU. ALIVE 
ET's are scarce. Those D ANGER HIGH VoLTAGE 

signs are there for a reason. Be careful, or the next 

large charge you get may be your last. If you get 

shorted out, you can 't always be repaired ! Naval Supply 

Depots do not stock components for ET's. Only recently 

an ET was permanently d ischarged forever. 

To learn more about the dangers that surround you, 

read "Effects of Electric Shock" in the March 1948 

ELECTRON and " You T oo Can Be a Dead Technician" 

in the December 1946 issue. Even if you "know all 

about high voltage precautions" it would be wise to 

read and reread those articles and study the safety pre­

cautions and shock trea tment measures described in the 

fron t section of every equipment instruction book. 

And remember, under the righ t conditions, 110 volts 

can cook you as well done as 20 kv . . Please be carefu l 

fell ahs! ET's are scarce. 

ELECTRONIC 
CLEARANCE 
INDICATOR 

. 
In a general program for streamlining weight and 

speed requi rements on rotating mad1inery, a device was 

needed to measure clearances of internal rotating parts 

operating in close proximity to the case or frame. T o 

calculate running clearances certain assumptions may be 

made by the designer that are not sufficiently borne out 

in actual operation, resulting in changed clearances of 

an unknown degree after assembly. If this remains 

undetected after installation, cont inued operati.on near 

a point of failu re may result. For certain applications 

where, fo r example, a d ifferential internal expansion 

occurs under varying temperatures it is desirable to have 

an ind icat ion of in ternal clearances during test runs, to 

check the possible need of redesign. An electronic 

micrometer principle has been employed in tl1e develop­

ment of an indicator for this pu rpose. 

A number of systems for internal clearance measure­

ment have been devised incl uding mechan ical, optical, 

electrical and electronic methods that have been de-

FIGURE I 

scribed before. The mutual inductance type of electrical 

distance measuring equipment appears to be the most 

satisfactory, due to linea rity of response, response to 

vibration frequencies as well as to straight expansion. 

operation in oil spray or steam, and stabili ty. To apply 

this principle in a typical instrument the coupl ing 

between two air core coils at rad io frequency is varied 

by the proximi ty of a metall ic surface such .as a shaft 

coupling or turbine blade d isc. Since no electrical con­

tact to the rotating shaft is necessary this represents a 

distinct advance in design over many electrical instru­

ments where brush contacts and slip rings are needed 

for operation. By feed ing a radio-frequency voltage to 

the primary coil and impressing the signal from the 

secondary coi l on a crystal diode rectifier, a d -e mill ivolt 

output is derived proportional to the mechanical dis­

placement of the rotating part. The millivolt output is 

capable of showing a full scale deflect ion on a balancing 

bridge type recorder with clearance changes of the order 

Type of Approach 

Practice Landings .... 

Landings Under Inst rume nt 
Conditions ........ . 

Last 
Month 

I I ,4 11 

226 

To 
Date 

245,705 

9,886 
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FIGURE 2 

of 0.2 inch, so that any changes of .001 inch or less are 
easily recorded on such an instrument. For a study of 
vibration or eccentrici ty, further ampl ification can be 
effected and the pattern shown on a cathode-ray tube. 

Design of Distance Sensing Elements 
In the specific application of the mutual inductance 

micrometer principle it is necessary to obtain clearance 
measurements at four differen t points, three installations 
being internal and the fourth mounted externally to 
reference the indications of the internal pickups. 

The external p ickup is of the most simple design as 
the external mounting requires no consideration other 
than operation in an oil spray. Since the mutual in­
ductance type pickups are inherently unaffected by the 
presence of oi l or vapors this requirement is met for all 
points of operation in the machine. The pickup is de­
signed to be mounted over a g rooved section of a cou­
pling as shown in figure 1. The two coils are mounted 
with their centers spaced apart along the d irection of 
coupling motion and are surrounded by an exciting 
winding. The mutual inductance between the exciting 
winding and each of the two coils is altered by the 
proximity of the metal. Motion of the coupling de­
creases the induced voltage in one coil while increasing 
it in the adjacent coil so that output vol tage is derived 
from the difference voltage of the two coils. T he coils 

are assembled in an open metal case with leads brought 
out in Ys" stainless steel tubing to a terrriinal block, 
and the case is filled with a plastic potting resin to pre­
vent damage in use, completing the construction of the 
pickup. 

Of the three in ternal pickups, the first position re­
quires installation in a high temperature steam ~tmos­
phere, with the other two installations operatmg at 
somewhat lower temperatures. With t he coil designs 
established for all pickups, the major problems are the 
temperatures encountered along with eroding action due 
to steam velocity. Since the face of the coil case must 
be non-metall ic, p reliminary attempts at sealing were 
made on ceramic forms coated with vitreous enamel. 
Si licone coatings were considered but are not sufficiently 
rigid. A final design for the form was determined using 
unfired lava for machining to final form and firing after 
coils were placed. In th is construction it was fou nd 
necessary to use ceramic coated wire on tl1e forms. 

A test of the pickups sealed witl1 vitreous enamel or 
plastics showed that erosion in high speed steam was 
too severe to permi t the use of sud1 materials with any 
degree of success. Mycalex, a mixture of powdered mica 
and glass was considered but was not actually used due 
to machining and casting d ifficulties. An acceptable de­
sign was determined using a g lass cover sealed to a 
metal housing. The g lass is specially heat and shock 
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Proof tempered havino metallized edges sealed t o the 
, b ·r 

case witl1 high temperature solder. Since the cot s are 
contained in a sealed case, the leads can be brought 
out in stainless steel tubing, obviating the necessity 
for pressure seals around the conductors. T he location 
of this pickup to measure expansion laterally to th~ face 
makes the design similar to that of tl1e ext~rn~l pt.ckup. 
The design of the second pickup is also stmtlar tn all 
deta ils to position 1, except for mounting lugs and 
position of leads. The drawings of these two types are 

shown in figures 2 and 3. . . 
The fourth position pickup requtres a dtfferent method 

for sensing clearance changes, as the pickup must be 
mounted normal to the face of a turbine blade wheel. 

. . .. d " · t llatt.on The same Thts necessttates an en -on IDS a . · 
materials are used on this pickup as those on po~itions 
1 and 2 , except that the glass cover is made tn ~1e 
form of a cylindrical cup, f used to the metal base whtdl 
is of Kovar, to match as nearly as possible the thert~a l 
expansion of the g lass seal. Figure 4 shows the detatls 
of this pickup. 

Chassis 

T he Tadio-frequency power to drive the p~obe o.utput 
is obtained from an oscillator circuit that JS des1gned 

to maintain a stable output to the probe coil. The 
power is obtained from a Type 616 beam power. os~I­
lator tube in a circuit utilizing the probe output wtndtng 

FIGURE 3 

as the plate feedback coil. This is done for simplicity 
of design and to obtain maximum power output to the 
pickup. In this output ·line there is connected .a 6H 6 
diode to obtain a d-e value voltage output. Thts volt­
aoe is of an order comparable to the drop across a VR-
7~ voltage regulator tube, which serves as a reference 
potential so that a difference volt~ge is obt~ined for 
control of tl1e oscillator output. Thts control 1s effected 
by d-e ampli fication of the difference voltage, which is 

FIGURE 4 
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then fed through a sathode follower to the screen grid 

~f the 6L6 oscillator. The result is a very close regula­

bon of the output to the. pickup. A block diagram of 

the system i~ shown in .figure 5. 

The power supply is obtained from a full wave recti­

fier circuit and is similar in all respects to standard radio 

receiver supplies. The crystal diode rectifiers to convert 

the r.:.f output from the probes to d. c. suitable for 

measurement are also installed on the chassis with 

terminals for connection to a recorder. 

General 

The development of this instrument for measurement 

of clearances will also open other possibilities for mak­

ing internal. measurements and associated tests that were 

previously accomplished only by mechanical and optical 

methods. It is thought that. a new .field will be opened 

for the study of vibration of rotating parts, that could 

not previously be attempted with other methods. The 

instrument is presently in th,e evaluation stage where 

it· has shown a degree of accuracy co~parable to or 

surpassing that of ~echanical methods, with the further 

advantages of stability beyond previous attainments in 

electronic measurement circuits, imperviousness to de­

structive atmospheres and, most important, response to 

vibratory. motion. It is .expected that improvements in 

rotating machinery will result from new information 

obtained by the ':JSe of this device as its potentialities 

become known. 

COUNTERMEASURES INFORMATION 
It is essential that the countermeasures equipment pres­

ently installed in the fleet be properly maintained in the 

operating condition required for fleet readiness. It is 

a~so essential that this equipment be used whenever pos­

Sible for both training purposes and observance of equip­

ment operating conditions. Maintenance procedures 

outlined in the instruction books of the specific equip­

ments should be followed. 

Periodic system inspections should b~ made to locate 

loose, dirty and corroded cable connections at antennas; 

loose cable connections in the countermeasures compart­

ment; damaged antennas; and poor ground connections 

due to the absence of bonding straps or the painting of 

such straps. 

The lack of proper maintenance of the Model DBM 

series equipments is causing an excessive number of fail­

ures and a critical shortage of spare parts. Following the 

maintenance schedule as listed in the instruction book 

greasing the rotary antenna joint (use clean grease Nav; 

Type O.S. 1350), and inspecting the contact fingers for 

deformation and wear at least once every two weeks if 

the equipment is subjected to continuous operation, may 

reduce the number of failures. 

The Variac used for antenna speed control should be 

checked for voltage output. The voltage range should 

be from 30 to 87 volts but will vary from 0 to 135 volts 

if the low- and high-range stops on the Variac have 

broken. The low. voltage will damage the antenna drive ' 

motor; the high voltage will cause excessive antenna 

rotation speed with abnormal vibration and eventual 

antenna failure. 

It is known that the crystals in the Model ANjSPR-i 

receiver are damaged by high-frequency currents such as 

are produced by radar and other high power transmitters 

if the AN jSPR-2 antennas and the transmitting anten­

nas are in close proximity to each other. The Bureau of 

Ships has received no failure reports on ANjSPR-2 crys­

tals. All such failures should be reported on the failure 

report card NavShips 383 and information on antenna 

location with respect to nearby radar or other transmit­

ting antennas should be noted thereon. 

The Bureau is endeavoring to improve the electronic 

countermeasures equipment presently installed in the 

fleet.. A number of field change kits are being prepared 

for Issuance to the fleet within the next few months. 

Poor operation due to interference from other electronic 

and electrical equipment is being investigated. All re­

ports from the fleet regarding these equipments are 

evaluated and action taken as required. 

J?on't forget, failure reports are the best means by 

whtch the Bureau can determine the need for improve: 

ment to your equipment. Report Yo11r Equipment F.,tiJ­

IIres on Fon11 Nat,Ships 383. 
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A SONIC DEV.ICE f·OR 
UNDERWATER SEDIMENT SURVEYS 

by 

E. C. LAFOND, ROBERT S. DIETZ, and J. A. KNAUSS 

U. S. Navy Electro11ics LaboratOt"y 

It is sometimes desirable to establish the character of 

the sea floor in a limited area in sufficient detail to permit 

the construction of an accurate sediment chart showing 

the distribution of mud, sand, stony, and rock bottom. 

For example, a detailed bottom-sediment chart is occa-

. · sionally required for- geological information or in con­

nection wirth marine ecological studies such as those 

relating to the distribution of .fish. Also, detailed sedi­

ment information is sometimes· required ·in connection 

with the installation of equipment on the· bottom or 

_with the construction of marine engineering structures. 

To meet such requirements, a new sonic "sampler," 

which has been nicknamed the "soundfisli," has been de­

veloped and successfully tested by the writers. The de­

vice utilizes the sound emitted by a metal cylinder 

dragged along the bottom to determine the continuous 

character of the sea 'floor along the course of the ship. 

The soundfish, as presently developed and used, con­

sists of a Brush C-23 hydrophone encased in a water­

~ight metal cylinder;· which is 22 inches long, four 

Inches in diameter, and weighs ,25 pounds (see figure 

1) . The metal case serves as a sound squrce as it 

scrapes along the bottom and also furnishes protection 

for the hydrophone. Circular ridges are used on the 

outside of the case to increase the frictional sound de­

veloped. The metal case does not necessarily have to 

be watertight, but this type of construction increases 

the· depth to which the device may be used, since the 

hydrophone will only safely withstand a pressure equiva~ 

lent to about 60 fathoms. However, the difficulty of 

the dragging operation and other considerations prob­

ably limit the usefulness of this device to continental 

shelf areas where depths are generally less than 100 

fathoms. · 

The sound emitted by the metal case as it is dragged 

along the bottom is picked up by the encased hydro­

phone and transmitted up an electric conductor cable 

to the ship, where it is monitored with suitable listening 

equipment. For this purpose, a battery-operated audio 

amplifier proved satisfactory. If the conductor cable is 

of a high-tensile-strength type, it may be used for tow­

ing. If it is of the usual low-breaking-strength type, 

it must be lowered along with a steel cable whiCh serves 

to withstand the stress of towing. 

The type of sound emitted by the soundfish is specific 

for rock, gravel, sand, and . mud bottom. Under good 

conditions, a trained observer can ~ven differentiate 

with some success between fine, medium, and coarse 

sand. Rock makes continuous loud bongs or clangs, 

sand makes a heavy scraping or rasping noise,. and mud 

makes a quiet swishing noise; In a mixture of coarse and 

.fine material, the noise made by the coarse fraction 

dominates. It is not possible to describe ·accurately the 

noises, and they vary with the sensitivity of the· audio 

amplifier, the speed of the ship, and the resonance of 

the metal case, so that it is· necessary ,for the observer 

to train his ear by· listening while the . equipment is 

dragged at constant speed over known types of bottom, 

as determined by grab sampling. 
An especially .useful function of the soundfish is to 

establish the boundaries between areas of different types 

of sediment. Such boundaries cannot be accurately lo­

cated by spot-sampling methods. Also positive identifi­

cation of rook bottom i~ difficult to obtain by grab sam­

pling methods, as the snapper usually comes· up empty. 

A bottom sediment survey made with the soundfish 

gives best results when it is supported and checked by 

occasional bottom sampling. Also, it is useful to corre­

late the survey with detailed profiles made with a 

recording echo sounder, as the type of bottom sediment 

is usually closely correlated with topography. For 

example, rock bottom is almost invariably irregular 

whereas sand and mud bottoms are smooth. 

A simpler variation of this method of using the noise 

of an object dragged along the bottom . to determine 

sediment type has been fairly successful. This tech­

nique consists of dragging a resonant metal object such 

as a hollow metal pipe along the bottom with a small­

diameter wire rope. Some of the noise made by such 

an object is transmitted up the wire to the boat, where 

it may be picked up by a contact microphone which is 

copnected to a suitable audio amplifier. The sounds 

produced by various types of .bottom are similar to those 

detected by the "sou!ldfish" sampler. With this tech­

nique, however, the sound signals are weak and it is 

difficult ta eliminate extraneous noises. 

In order to give the soundfish a thorough field test, 

a detailed bottom sediment survey was recently made 
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from the research schooner E. W . Scripps of the Scripps 

Institute of Oceanography in water of about ten fathoms 

depth off the Silver Strand beach near San D iego, Cali­

forn ia. The soundfish was dragged with a 5/32-inch 

wire rope back and forth over an area of about three 

square miles which was known to have a variety of 

bottom types. A conductor cable, through which the 
sound from the hydrophone was transmitted to the ship, 
was taped at approximately 20-f<Jot intervals to the 

steel cable with sufficient slack so that the steel cable 
alone accumulated the stresses . . Fixes were obtained 

about every two minutes by triangulation, using a sex­

tant aboard ship and measuring the horizonta l ang les to 

uitable shore points of known position. The vessel 

FIGURE 2- Bottom sedime nt chart 
made with data obtained by the 
"soundfish" of an area off the Silver 
Strand Beach at San Diego, California. 
The lines on the chart represent the 
track of the observing vessel. Each 
"soundfish" o bservation along the track 
is represented by a symbol as follows: 
a cross equals rock or gravel; an open 
circle equals coarse sand ; a dot eq ua ls 
medium or fi ne sand ; and a dash 
e quals mud. The sediment chart is con­
structed on the basis of these observa­
tions. Lette r symbols such as fSM 
(fine sand with mud) etc. indicate iden­
t ifications made on t he basis of bottom 
samples. 

FIGURE !-Photo showing the "soundfish." Note also 
the winch containing wire rope and the smaller reel 
of conductor cable both of which are used to lower 
the device to t he sea bottom. 

was operated at a speed of f rom two to four knots, so 
that the soundfish moved by saltation along the bottom. 

An observer monitored the aud io amplifier and at­

tempted to differentiate between mud, fine sand, medium 

sand, coarse sand, pebbles, cobbles and rock. Another 

observer obtained bottom samples at intervals with an 

underway sampler. It was found that good agreement 
was obtained between the actual bottom samples and 
the bottom character interpreted by the observer listen­
ing to the soundfish. Also, the boundaries between dif­
ferent types of bottom could be located with considera­

ble accuracy. W ith the data obtained from this survey, 

a sediment chart was constructed showing the d istribu­

tion of mud, fi ne and medium sand coarse sand and 

rocky or stoney bottom (see figure 2)'. I t was not 'prac­

tical to attempt to make finer d iscriminations, such as 
differentiating between fine and medium sand. 

In conclusion, the wri ters believe that the soundfish · 

is a useful tool for rapidly determining the detailed 
distribution of bottom sediment types on the continental 
shelf. The less satisfactory method of d ragging a piece 
of metal on the bottom and l istening to the wire with a 

contact microphone and an aud io amplifier is a useful 
alternative. 
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MARINE 

CORPS 

NOTES 

T he Marine Corps Ground Control I ntercept Squad­

ron 21 of N AS Squantum, Mass. reports periodic fading 
of information of the Model VK Radar Indicating 

Equipment. The trouble has been traced to excessive 

line voltage fluctuations of shore power. 
Marine Corps G round Control I ntercept Squadron 17 

of N 4 S Wi llow Grove, Pa. reports that a great deal 

of noise and in terference was noticed in Model AN/ 

TPS-lB presentations, and the source of trouble was 

found in the i-f stages of the receiver. W hen wire 

mesh was used for shielding, the trouble disappeared. 

I t is believed that local television stations were produc­

ing interference in the unshielded r-f section of the lB 

modulator. 
Squadron 17 also reports one failure of the Model 

ANj TPS-lB in which the targets disappeared com­

pletelY.. T he t rouble was traced to the converter cavity 

in the r-f section. The plafing on the cavity had begun 

to corrode and chip and all mixing action had been lost. 

Since local facilities for replating were inadequate, the 

converter cavity was sent to the District Electronics 

Officer for repairs. The equipment had been in opera­

tion for 1,000 hours over a two-year period at the t ime 

of the fai lure. 

MODELS DBM/-1 

ROTATING ANTENNA JOINTS 

A number of reports of rotatin~ joint failures and 

noisy receiver operation due to the rotating joints of 
the Models DBM j - 1 Radar Direction Finder Equip­
ment antennas have been received by the Bureau of 

Ships. T he results of an investigation have indicated 
that in 90 percent of the cases, the trouble occurred 

because the equipment was not properly mainta ined. By 

(a) following the equipment maintenance schedules as 

listed in the instruction book, (b ) greasing the rotary 

antenna joint every two weeks if the equipment is sub­

jected to continuous duty, and (c) inspecting the contact 

fi ngers for deformation or excessive wear and taking 

appropriate action, the number of failures occurring 

in these antennas should be reduced . 

NEW TIPS 
FOR THE TYPE - I 0695 

SOLDERING GUN 

A quantity of new improved tips for the Type -10695 

soldering gun has been procured for issue. These new 

tips, manufacturer's part number 7300, and known as 

"Duratips," should be requisitioned and used 1n the 

Type -10695 soldering gun. The original tips (Long­

life) furnished with the guns should be discarded upon 

receipt of the new Duratips. 
The new tips have been assigned the stock number 

N16-T-3496-150 and have been stocked at NSD. 

NBA, Bayonne, N. J. and at SSD, NSC, Oakland, Cal. 
The new tips are not tinned. Therefore, personnel 

using the gun with new tips should t in the working 

area before heating to a high temperature. The new 

tips are preshaped with a spaded focal soldering point. 

This design allows for increased heating capacity, de­

creases the d1ances of breakage at the soldering point 

and increases the tip life substantially. 
Retainin<> nuts are not included with the new tips. 

l::> 

The old nuts should be used with the new tips. Before 

use, the reta ining nuts should be tightened securely to 

assure proper operation. Frequent checks to insure 

nut tightness will eliminate possible casualties. 
It is requested that all vessels and activities using the 

Type -10695 soldering guns include information on the 

performance of the new tips in their operational reports 

stating whether a D uratip or Longlife tip was installed 

in the gun reported on. 

DISTRIBUTION OF ELECTRONICS 

CONFERENCE FINAL REPORT 

The finar" two-volume report of the Electronics Con­

ference held at the Bureau of Ships, Washington, D.C. 

on 16-20 May 1949 has been completed and distribu­

tion to cognizant and interested fleet, field, and depart­

mental activities was initiated during the last week in 

July. 
Special consideration will be given to a lim ited num-

ber of requests for additional copies of the complete 

report. Additional copies of the papers presented at the 

conference are avai lable in very limited guantities and 

may be obtained by addressing requests to the Chief of 

the Bureau of Ship , Attention Code 950, Navy Depart­

ment, Washington 25, D. C. 
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BI .. D.IRECTIONAL-

RHOMBIC ANTENNAS 

by 
Personnel of N aval Communication Station, 

Annapolis, Md. 

The ground area available for radio transmitting an­
tennas a~ the N avy Communication Station, Annapolis, 
Md., is limited by Chesapeake Bay and adjoining inlets, 
and the proximity of other Naval activities. In spite of 
this limitation, and because of the unique position whid1 
the Station occupies as the primary transmitting station 
for the Navy Department in the Washington Area, all 

practicable steps have been undertaken to p rovide omni ­

d irectional antenna coverage. Such coverage will soon 

be obtainable due to expansion of directional antenna 

facilities over the last two years and the design and use 

of an effective bi-directional rhombic antenna insta llation. 

As far as known, the practical use of h igh-power bi­

directional transmitting rhombic antennas has not been 

attempted at other transmitting stations, although Navy 
radio receiving stations have used bi-d irect ional rhombic 

FIGURE I 

antennas, as has been done at Cheltenham, Md. In the 

case of receiving antennas, the low power carried by 
the antenna simplifies the problem. A bi-directional 
switching installation, located at the antenna, was de­
signed for rhombic transmitting antennas by this station's 
Electronics Engineer, Wal ter W. Goodhue. The in itial 

full-scale model has been in use for 6 months. 1l1e 

illustrations ind icate the principal features of such an 

installation. 

The "bi-directional switch" structure is illust rated in 

figure 1. By use of th is structure and some modification 

of transmission Jines and the rhombic antenna terminat­

ing network, it is possible to transmit efficiently in either 
direction of the rhombic major axis. The time required 

for two men to change bi-di rectional switch connections 
to reverse the d irection of transmission is about 15 

minutes. Bi-directional switches are being incorporated 

in four new transmi tting rhombic antennas, in addition 

to the initial insta llation on rhombic RA 090/ 270, as 

shown in figure 2. W hen rhombics under construction 

are completed, there wi ll be live transmitting rhombic 

antennas at Annapoli s which may be used for transmit­
ting in either of two opposite directions. This allows 

TRANS. Llf\E 
FROM 

TRANMITTER 

BI-DIRECTIONAL RHOMBIC 
RA 0901270 

BI- DIRECTIONAL SWITCHING• 
(I) SOLID LINE CONNECTIONS FOR oga• TRANSMISSION. 
!Z) DASH LINE CONNECTIONS FOR 210• TRANSMISSION. 

FIGURE 2 

several an tennas, which normally bear toward the south­
west, to be reversed 180 deg rees in their transmission 

for additional service to Atlantic areas where traffic is 

heavy. 
W here the bi-di rectional switch is used, the transmis­

sion line from the radio transmitter, the input trans­
mission line to the terminating network, and the 
transmission lines from both ends of the rhombic an­

tenna a ll terminate at the switching structure in the field. 

(See figures 3 and 4 ). The structure performs the 

function of two double-pole, double-th row, switches. 

This permits the transmiss ion line from the transmitter 
to be connected to e ither end of the rhombic antenna. 
Similarly the input line to the terminating network can 
be connected to either end of the rhombic antenna. The 
switching effect is accomplished by short' ler1gths of 
transmission line bolted in p lace for the direction de­

si red. T his use of line conductors eliminates the capacity 

effects and maintenance difficulties of switch -blades and 

jaws, and assures tight rel iable connections through the 

structure. It also avoids any unused or dead-ended line 
terminals, regardless of the direction of transmission. 
The line connections are held by "Kearney" clips or 
"Con-nec-tites," which a re special slotted bolts used in 
radio transmission line construction. The .switch struc­
ture requi res a minimum of fittings and insulators, and 
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ENO RHO,.BIC ~ 
POLE 'fl 

SWITCH 
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should with stand sleet and snow conditions as well as 

standard transmission line construction. 
The electrical performance of a transmitting rhombic 

installation is indicated by the ratio of standing-wave 

currents along the transmission line feeding the antenna. 
.i\ low ratio of standing-wave currents indicates a good 
impedance match, hence efficient uni-directional transmis­
sion. Ratios between 1.0 and 2.0 are common over the 

high-frequency range. Standard rhombics at Annapolis, 

without the bi-directional switch, show a standing -wave 

current (I maximumj l minimum) between 1.15 and 

approximately 2, over a frequency range of 20 Me. to 
4 Me. respectively. The transmitting rhombic on which 
the first bi-directional swi tch was installed· was measured 
for its standing -wave characteristics before the switch 
was added. The standing-wave ratios for three specific 
frequencies in the range of 12- 18 Me. were 1.16-1.19 

for the original installation. After the bi-directional 

switch was added, the standing wave ratios for transmis­

sion on the original bearing were 1.12- 1.19, and on the 

reversed bearing 1.22- 1.39. This shows an increase in 

standing-wave ratio of only 10 to 20% on the reversed 

bearing. The increase in stand ing -wave ratio for the 
reversed direct ion of transmission is attributed to the 
transmission line passing over the top of the terminating 
network before reaching the rhombic. This is shown 
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FIGURE 4 
OPPOSlTE POSTS 
ARE 10' BETWEEN· 
NEARE~T. SIDES. 

ALL TRANSMISSION LINES 
ARE •s WIRE, SPACED 12" 

SCALE: 1"•1' 

STRAIN INSULATORS FOR 
UNE TO TRANSMITTER --ofl-_..;;-,.11 
(SEE ALTERNATE ARRANGEMENT 
AT RIGHT) 

*ALTERNATE LINE TERMINATIONS, AS 
Mitt BE SPECIFIED. THESE MAY 
BE INTERCHANGED. 

TO RHOMBIC 

T.L. INSULATORS 
MAY ATTACH HERE 
OR T.L MAY DROP 
FROM OVERHEAD 

SCALE: 1"•1' 

TO 
TERNlNATING 

NETWORK 

LINES 

LINE 
FOR 

TOP PLAN VIEW 
RHOMBIC 

81· DIRECTIONAL 
SWITCHING TERMINAL 
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RIGHT ·END 

LINE TO FAR END OF 
RHOMBIC VIA NETWORK 

POLES 

!"GuY 

FRONT SIDE ALTERNATE TRANSMIT.TER 
LINE CONNECTION 

STRAIN 'POINT FOR T.L. FROM 
TRANSMITTER, IF REQUIRED 

SEE DETAIL I 
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·.···'. 

NOTE 1: Set all poles to meast1re 10 feet fro'f ground 
to top of pole. Saw pole tops to correct 
height as determined in field, and crreosote 
pole tops. 

NOTE 2: Pole gains to be used with all N"OSS-tl1ms and 
4 x 4s attached to t·otnzd posts. 

NOTE 3: Galvanized hardware .used in sizes below: 
5fs-i11ch diamete~·-throtl gh all poles ttJ1d 

cross-arms and 4 x 4s. · 
Yrinch' diameter-thro11gh ·a11 2 x 4s. 
5 j 16-inch diamete~·-tbrotlgh rr candle'' i11-

sulators and cross-arm end clamps. 
NOTE 4: All finished lumber is sta11dard cross-arm 

stock except 2 x 4 marked "A11 and 4 x 4 
marked tt B" all to be finished with 2 coats 
of white paint. · 

NOTE 5 : Standard 12-inch bar strai11 insulators, 12-
inch s p,·eaders, at1d 93f4-inch tt candle'' n1-
SIIlators IISed as mdicated. 

NOTE 6: Guying is s11bject to reqr1irements of each 
instaJlaJion. GtiJ' as necessary to p,-event each 
of the poles from moving 0111 of alignment. 
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FIGURE 5 

t ransmission line and the terminating network. Figure 6 
shows construction details of the terminating network 
used with the bi-directional switch. 

The initial bi-directional transmitting rhombic has 
been in use at this station on its reversed bearing 
(090°T) , as compared to the bearing for which origi­
nally designed (270°T) , since July, 1948. Communica­
tions have been carried on reliably using this antenna 
since that time. The adoption of the bi-di rectional 
transmitting rhombic installation increases the flexibility 
and service capabili ties of the station to the Navy De­
partment. This report is submitted for the consideration 
of the Bureau of Ships as to application to other radio 
stations where space is limited. 

in figure 5. The vertical separation between the network 
wires and the transmission line was 5.8 feet on this in­
stallation. On subsequent installations the separation is 
increased to 7.5 ft. to reduce capacity between the 

Bureau Comment: This system has limited applica­
tion, being of value only where a geographic coincidence 
occurs, so that the reverse d irection of the antenna is 
the direction desired. It definitely increases the flexibil­
ity of the antenna system when it can be used, however, 
and exemplifies the ingenuity that can be exercised by 

Naval personnel. 
Other stations desiring to use these principles in 

modi fying thei r own rhombic antennas should get p rior 
approval from the Bureau of Ships or CNO. 
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NOTE I: Cross-ann projects 3 feet from center of pole to facilitate 11etwork 
connection to rhombic bi-directional network . Cross-arm may 
project 011 either end, to be specified on each s11cb terminating 
network. 
*Space No. 6 wire 12 inches, No. 8 wire 9'l'z incbes. 
:!:!: Space No.8 wire 8 inches. 
Space 6'l'z incbes at all otber insulators. 

NOTE 2: All poles are 2.5 feet, set 5 feet in the ground. 

NOTE 3: Guy end poles at cross-arms, height 13% feet above ground. 
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