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AN ANALYSIS OF 
RA'DtO INTERFERENCE SOURCES 

by 

WILLIAM A. RITZ 

Electronics Sbore Di11ision, B11rea11 of Sbips 

T bi.r i.r -~~~ first of a set·ies of articles on tbe broad mbjecl of 1·adio interference. T he growing qt~tmtity and in
creased .renslfllllf)' of Naval electronic receiving eq11ipment make tbis set·ies of articles parlimlarly appropriate. 

General Considerations of t he Problem 
Radio reception since its inception has been degraded 

by interference of various forms. 
. Satisfactory radio communications between two points 
Is dependent upon the receipt of a signal of adequate 
intensity from a distant transmitter, and upon the In
tensity of the prevailing radio in terference at the re
ceiver input. 

Developments in the techn iques of reception have, in 
recent years, lead to a considerable reduction in the 
levels of in terference generated within the receiving 
systems themselves. 

1n most mi li tary communication systems and electronic 
control circuits, "man-made" interference is of major 
importao~e, as it is usually the sole limiting factor to 
their reliable and efficient operation. 

The successful performance of the mission of the 
milita ry forces depends on the adequacy, the effective
ness, and the reliability of r;ommunications systems and 
electronic control equipments. These systems are sus
ceptible, in varying degrees, to radio interference, 
'Yhether created by eq uipments of their own type, by 
other types of equipments employing electrical circuitry, 
or by natural disturbances common ly known as "static" 
phenomena. 

Radio interference can and does destroy telegraph or 
VOICe communications, obli tera tes the desired ind ications 
on radar screens as well as the desired indications both 
aural and visual of navigat ional aids. Rad io interference 
impairs the operation of electronic control circuits and 
causes random triggering of iden tification equipment and 
decreased signal-to-noise ratio, reducing the effectiveness 
of the aircraft identifi cation system. The rad io inter
ference problem has increased in complexity in propor
tion to the number and complexity of modern com
munications and elect ronics control equipments in use 
by the military forces. 

Radio interference has the same effect on the limiting 
of receiver operational efficiency as a poorly designed 

antenna system, with high levels of rad io interference 
preventing the reception of low amplitude signals. In 
the case of receivers designed to operate on a one-micro
volt input signa~, but due to the presence of a high level 
'of radio interference at the receiver inputs, the receivers 
require a 10-microvolt input signal in order to del iver 
an intellig ible output signal ; this is equivalent to reduc
ing the effective transmitter power in the ratio of 100. 
Specifically th is means that a plane equipped with a 5-
watt transmi tter: capable of deli vering a ! -microvolt 
signal to the receiving antenna, will require a 500-watt 
transmi tter to deliver a 10-microvolt signal to the re
ceiving antenna, on the basis that the signal level is 
directly proportional to the antenna current, and the 
antenna current is proportional to the voltage. Other 
factors may modify these figures slightly. 

Terminology and Characteristics 

of Radio Interference 
If the radio in terference consists of a succession of 

identical impulses having a uniform recurrence rate, the 
frequency components wi ll possess spacing equal to 
the recurrence frequency with amplitudes determined 
by the form of each recu rrent impulse. 

Radio interference may be classified into four general 
groups as fo llows: 

1- Random interference 
This type interference consists of a number of ele
mentary voltages not resolvable into discrete dis
turbances. Fluctuation noise produced in an elec
trical circuit is an example of random interference, 
and is caused when a quantity of elementary ele
ments arc superimposed with random relationship. 

Thermal noise in a circuit and shot noise in a 

tube are examples of fluctuation noise. In both 
cases the elementary events occur with such 

rapidity and irregu lari ty that the wave trains 
set up in a receiver completely overlap and bear 
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How NOT to do it . Inste ad of constructing a proper 
grounding system possessing a low impedance to 
radio-freque ncy currents, here t he main grounding bus 
ba r to which all receivers terminate, has been painted 
and termi nated to a radiator locate d on the second 
fl oor. 

no relation to one another. Such noise has a con
t inuous or smooth f requency spectrum due to 
the random occurrence of the elementary event~ 

2-lmpulsive interference 
This type interference consists of well-separated 
impulses, d istinguished individually, with the 
spacing and form of the impulses either regular, 
random or intermediate. In the intermed iate 
type of impulsive in terference, the degree of 
impulse regularity determines whether the inter
ference may be termed quasi-systematic or quasi
random, and thereby whether the frequency dis
tribution is more nearly that furnishing a l ine or 
a continuous spectrum. 

3-Recurrent wave interference 
'This type interference consists of a sharply 
tunable sig11al of single frequency such as p ro
duced by harmonic radiation from transmitters, 
local receiver oscillators, etc. 

4-Complex radio interference 
This type interference consists of a combination 
of two or more types of interference such as 
random, impulsive and recurrent wave in ter
ference. 

Types of Radio Interference 
Radio interference, commonly referred to as "noise" 

may be classified into two main categories as follows: 
1- Interference from signals other than the desired 

signal. 
2- Interference created by sources of radio-frequency 

energy other than transmitting stations. 
a-~atura l interference 

Paint o n an a nte nna insulator a nd incorrect rout
ing and poor condition of lead~in wirin g on a control 
tower roof, a re shown he re. 

( 1) -Atmospherics (static) 
( 2) -Cosmic interference 
( 3) - M agnetic disturbances 

b- A rtilicial interference 
(1 ) - Man-made (static) 
( 2 ) -~oise generated in tubes 

(a) Shot-effect noise 
(3)-~oise inherent in receivers 

(a) Thermal agitation, etc. 

INCORRECT again. Where ind icat ed by the arrow, 
a receiver lead-in has been connected to an antenna 
by means of loosely wrapping the two leads together. 
This type of con nection will ca use arcing d ue to inter
mittent contacts a t this point. 
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. POOR INSTALLATION and MAINTENANCE PRAC

. TIC E "is evide nt in this inst allation of a whip antenna 
o n the roof of a control tower. The receive r le ad-in 
is improperly terminated to a rusty bolt on t he whip 
antenna. The a rcing created by the inte rmittent con
tact at t he junction of a ntenna and le ad-in results in a high radio interfe re nce level in the receive r con
nected to t he ante nna. 

Atmospheric (natural static) in terference is a natural 
phenomena caused by lig htning discharges and precipi
tation ( rain, snow or sleet) that seriously limi t- the use
ful sensitivity of receivers operating on frequencies as 
high as approximately 25 Me. The inherent nature of 
this type of interference makes it impossible to remove 
or separate it from a des ired signal. For f requencies 
greater than 25. Me, this in terference decreases grad u

ally in amplitude un til antenna and the inheren t receiver 
noise predominate. T he peak noise voltage may run 13 
decibels higher than a measured RMS value and such 
peaks can be limited to p revent block ing of the receiver. 
Directional receiving arrays may provide substantial 
improvement if the majority of the interference is uni
di rectional. Further improvement is possible by uti liz
ing an optimum bandwidth for a given amount of 
intell igence. Atmospheric noise is a random type noise, 
in that the impulses are frequent and overlap with sharp 
peaks exceeding the average level and with signal 

strength varying inversely as the frequency. 

Atmospherics or static is fundamentally a radio signal 

containing many frequency components d istributed over 

a wide frequency range, and the static >vithin any f re-

HALL-SCOTI ENGINE aboard a crash boat, showing 
the incorrect inst a llat ion of a bonding strap, a nd the 
poor condition of the shielded ignition cables. The 
bonding strap indicate d by the arrow is e xcessively 
long and co nstitutes a radiation loop at certain f re 
quencies. 

quency range is propagated over the earth in the same 
way as ord inary radio signals of like frequency. 

Static is g reatly red uced at frequencies too high to be 
refl ected from the ionosphere. This is due to the limited 
range of such h igh frequencies and to the fact that there 
is l ittle static energy generated at these frequencies. 

Atmospherics or static may be min imized by the fol
lowing : 

1-Designing the receiving system so that the bandwi~th 
is no wider than necessary to accommodate the stde 
bands of the desired signal. 

2- T he use of d irectional receiving arrays is helpful in 
eliminating static interference when the desired 
signal and the static interference arrive from differen t 

directions. 

3-T he use of limiter stages in the receiver is helpful in 
eliminating stat ic interference if th is interference 
consists of crashes of large amplitude. 

4-Wide band frequency modulation reception is little 
affected by static, but due to the wide bandwidths 
requ ired, the use of th is type of reception is limited 
to the higher f requencies (vhf and above) where 
static is relatively non-existent. 

Cosmic noise is caused by the electric field produced 
at rad io frequencies by disturbances outside the earth 
or its atmosphere. Jt is a random fluctuating type of 
noise similar to thermal noise and is characterized by 

a stead}' h iss. 
Another type of interference is that due to the 

presence of strong electromagnetic fields about the an
tenna. For sing le frequency field selection in the pres-
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POOR INSTALLATION and MAINTENANCE PRAC
TICE. This anemometer is mounted on the roof of a 
control tower in pr~ximity to receiving antennas. Therel 
is no cable clamp at the point where the shielded 
cable enters the anemometer case, and friction t ape 
has been wrapped around the cable at this point to 
insulate the cable from the case. This break in the 
shielding and grounding of the anemometer will result 
in the radiation of high levels of radio interference. 

ence of a multipl icity of h igh level fields, the receiver 
may not be selective enough, resulting in many com
binations of intermodulation products between this field 
and other frequencies p resent at the receiver input. A 
familiar example is the image frequency response of a 
receiver, or the cross modulation of a weak signal by 
a stronger signal. The presence of several fields may 
resul t in intermodulation products in the first radio
frequency stages or even in non-linear elements external 
to the receiver. Complete solution of such problems is 
difficult due to the sensitivity required, but solu6ons re
sult from increased receiver selectivity in the front end 
stages, improved shielding, linear operation of tubes 
and if possible, improved antenna location. Radio re
ceivers and television receivers employing local oscilla
tors and frequency changers are subject to beat inter
ference among themselves. 

A type of interference similar to that of atmospherics 
is known as precipi tation static and occurs when an air
pl~ne flying th roug h rain, sleet, snow, or dust p icks up 
electrical charges, resulting in h igh potentials which may 
produce corona or spark d ischarges. The same phe
nomena occurs for an ungrounded stationary antenna 
during a rain, sleet, dust or snow storm. This precip i
tation static may be reduced by removing the charge on 
the antenna or plane gradually. Grounding the station
ary antenna or discharg ing the body of the plane with 
a soft wick impregnated with a colloidal meta l and at 
the same time utilizing an antenna well insulated with 
a high dielectric material th roughout, are a means of 
preventing the development of large potentials. 

The most serious form of interference to communica
tion stations and electronic cont rol circuits is termed 
"man -made" interference, whi~h is produced w henever 
an electrical current is interrupted. The seriousness or 
magnitude of such interference depends, in general, on 
the square of the magnitude of the current interrupted, 
the inductance and damping in the circuit, the ra te of 
occurrence, and the ease with which such in terference 
may reach a sensitive portion of a receiver or electronic 
control circuit. Devices sud1 as breakers, commutators, 
and contactors may be shielded andj or filtered . Certain 
discharge phenomena such as are caused by the un
shielded ignition systems of vehicles or of in ternal com
bustion engines constitute an intense source of inter
( erence. Such phenomena may be considered to be a 

---we._,.. ,, 

charged transmission line representing the h igh tens ion 
cable associated with the spark plug andj or coil, which 
upon discharging, produces a multiplicity of in terference 
componen ts. Interference from such sources extenCls 
from the very-low frequencies through the spectrum to 
beyond radar frequencies. 

Methods of Coupling 
Radio interference energy which is conducted into 

the receiver is said to be cond uctively coupled ' to the 
receiver. All radio interference sources impress some 
part of thei r interference output on the power wiring 
connected to them, unless these sources are completely 
fil tered at this point. The radio in terference cu rrents 
impressed on the power wiring by such a source of radio 
interference are conducted to other points of the wiring 
system. 

All metallic materials, whether used nominally for 
electric systems or other purposes may conduct rad io 
in terference curren ts into the receiver via remote control 
wmng, antenna, and antenna lead- ins. These circuits 
are not necessarily common to both receiver and in ter
ference sources. 1l1e interference curren ts must first 
be coupled to them by some means other than conduc
tion. An example of this occurs in the use of an inert
gas shie lded arc welder using a spark-gap oscillator 
wherein radio in terference radiated by the weld ing leads 
or the high-frequency stabilizing unit is electromagneti
cally coupled to unshielded wiring such as power lines 
or telephone lines located in proximity to the welder, 

This whip antenna on a contro l tower shows the need 
for better installation and maintenance practices. The 
deterioration of the shielded cable is evident and the 
antenna as well as the insulator has been painted. 

then cond ucted and radiated by these power Jines and 
telephone lines. 

Radio interference currents coupled into a receiver 
cause undesired outputs from the receiver by coupling to 
some impedance element in the low level stages of the 
receiver. A common ground impedance is an example. 
I t includes the antenna, the lead-in, the receiver input 
ci rcuit and the ground return circui t. The impedance 
presented by the ground path is a complex one. It may 
be inductive or capacitive depending upon the fre
quency and installation. The radio interference volt
ages developed across the ground impedance are de
pendent upon the rad io interference currents flowing 
through it. H ence the lowest possible g round resistance 
is essential. T hese voltages are in series w ith the an
tenna circuit, resulting in a lower signal-to-noise ratio 
so that the noise may even override the signal. 

Radio Interference Investigations 

The Bureau of Ships is p resently conducting radio 
interference investigations at several N aval Shore Com
munication Stations, and N aval Air Stations as an im
portant phase of the Bureau of Ships comprehensive 
long-range program for the reduction of radio in terfer
ence existing at these activities. The radio interference 
surveys cond ucted to date have conclusively demon
strated that rad io interference is the major limiting 
factor to efficient and reliable communication systems 

UNSH IELDED IGNITION sYSTEM of a jeep. Jeeps 
are a prolific source of radiated ignition in~er~erence 
because of their being norrT1ally operated w1thm I 000 
feet of control tower rece iving antennas. 

and electronic control circuits. It has also been found 
as a resul t of these investigations that cog nizan t per
sonnel are generally Jacking in appreciation of ~he mag
nitude of radio interference. In far too many 1nstances 
personnel concerned either fail to recogni_ze radio inter
ference as such, or resign themselves to 1ts presence as 
an annoyance they must "put up with." . 

The following is a listing of the mos~ proli fic sources 
of radio interference which have been d1sclosed by the~e 
surveys as existing in whole or in part at se,:eral ~aval 
Shore Communication Stations and N aval A ir StatiOns: 

! - Overhead unshielded power lines located within 
approximately one mile or less of a receiving 

antenna. 
2-Vehicles and internal combustion engines having 

unshielded ig n ition systems and operated within 
1000 feet of a receiving antenna. 

3-Unfiltered motors and generators. 
4- Fiuorescent lig hting. 
5- Poor g rounding systems. 
6-Defective sh ielding and bonding. 
7-Link trainers operated in proximity to a receiving 

activity. Radio interference is created by the tu rbo
compressors and the type NSF- 11 Bodine motor 
located in the link trainer. 

8-Inert-gas shielded arc welders ,d iathermy apparatus 
and induction heating equipment. 

9-T XC facsimi le recorders. 
1 0- Unfil tered and unshielded oil burner ignit ion sys· 

tems 
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This AIRCRAFT TOWING TRACTOR, also normally 
operate? in proximity_ to control tower receiving an
tennas, IS another ma1or source of radio interference 
;o _c~mmunications due to a lack of shielding on the 
1gn1flon system. 

11-Unive~sa l. ac-dc electric motors in photographic 
labora,o.nes such as are used in the PDX- 30 photo 
developmg equ ipment. 

12-Painted insulators on antenna systems. 

13-Taxi~ay lighting systems at N aval Air Stations. 
14-Proxlmlty of radar and transmitter installations to 

receiving activi ties. 

15-T~letypewri ters using gaseous rect ifier power sup
plies andj or series motors. 

16--Electr.omatic. typewriters," electric cod ing machines, 
electr~c addmg machines and other miscellaneous 
electnc office equipment. 

17-Flashing signs and thermostats. 
18-Electric razors and electric erasers. 

19-Rotary con~erters used for battery charg ing or as a 
source of d1rect current. 

20-Electric drills, vacuum cleaners and floor 
machines. waxing 

21-Power supplies using gaseous rectifiers. 

22-Leaky lightning arrestors on power distribution 
poles. 

23-Dirty, painted, or cracked insulators on powe d . 
t "b · r IS· n ut10n poles. 

24-VRF- 1 film recorders. 

25-Dry disc rectifier power supplies built by R tl 
M f · ay 1eon 

anu actunng Company under the t d 
"R t"fil .. C ra e name 

ec I ter atalogue 1082, Specification N b 
W - 2529A. urn er 

Radio interference investigations have d" 1 1 f · ISC OSee the 
ollowmg as represent~tive of poor installation and 

maintenance procedure Ill con nection with sh. l l d 
terns: le c e sys-

1- A general lack of proper cable and 
bonding. 

equipment 

2- Shielded cables found depending on loose clamps 
for bonding. 

3-Cable securing clamps having frict io11 t b . ape etween 
the secunng clamps and the flexible cab le. 

4-Bonding straps of excessive length , constituting pos

sible radiation loops. 
5-Securing clamps having surfaces painted at p oints of 

contact with the shielded cable. 
6--Bonding jumpers terminating to poor grounding 

surfaces. 
7-0ne bonding jumper used to g round a q uantity of 

shie lded cables. 

8-Breaks in cable sh ielding and loose couplings. 
9-Corroded bonding and join t mating surfaces, creat· 

ing a poi nt of h igh rad io-frequency impedat1ce. 

Poor installation and maintenance practice in connec
tion with receivi ng activities has a lso been found re· 
sponsible for the existence of hig h levels o f radio inter· 
ference even though the activity itself was not orig inally 
located in an area o f high r adio interference levels. 
This condition is caused by the subsequent installation 

and operation of radio interference sources in proximity 
to a receiving activity, w ithout taking corrective action 

towards rendering these sources ineffective, by means of 
shielding, bonding, andj or filte ring. The radio inter
_ference investigations conducted to date have disclosed 
a general lack of proper an d period ic main tenance pro
cedures. This lack of maintenance is manifested by 
?roken or corroded shield ing, ineffective g rounds, bond
mg ~traps excessively long or not properly terminated, 
and msulators painted. 

The radio interference investigations conducted by the 
Bur~au of Ships at specific Naval Shore Communication 
Stations and Naval Air Stations have resulted in an ap· 
preciable improvement in the signal-to -noise ratios ·at 
the activities surveyed. Whenever installation methods 
or maintenance procedures have been disclosed as faul ty, 
the_ cognizant personnel have taken prompt corrective 
action. A vigorous program has been initiated in every 
case to reduce radio interference ievels at these activi ~ ies, 
by means of eliminating sources of rad io interference, 

che:kin_g all installations carefully fo r conformance. to 
rad ~o In terference reduction p ractices, and instituting 
:ad10 interference reduction projects w hereby shield ing 
15 checked, defective w iring replaced, insulators cleaned 
of paint, and effective ground systems installed. . 

The illustrations presented in connection with th iS 
article depict typical conditions at receiving activities, 
~uch as the poor location of receiving activities, faulty 
1115t~llation and mai ntenance procedures, and the cor
rective actions taken as a result of radio in terference in· 
vestigations conducted at Naval Shore Communication 
Stations and Naval Air Stations. 

Sources of Radio Interference 
Power Line In t erference 

Unshielded aerial high-voltage t ransm ission l ines are 
a major source of rad io interference to communications 
and electronic control circuits at Nava l Shore Communi· 

cation Stations and Naval Air Stations if located within 
a general distance of three miles from these activities. 

Receiving activities should not be located within 
approximately three miles of high-voltage aerial power 
transmission lines as a general pol icy in order to mini

mize the in terference to communications caused by 
radiated interference f rom these power lines. Radiation 
f rom h igh-vol tage transmission lines is very d ifficult to 
suppress, since the interference is largely generated by 
corona discharge on the wires and insulators, especially 
under condi tions of high humid ity. On frequencies in 
the 1- to 20-megacycle band, it has been found that 
the radio interference level in wet weather may be as 
much as 20 decibels higher than in dry weather. ' 

Sparks created by h igh-voltage arcing between two 

points of potential difference along the high-voltage 
transmission lines will generate radio waves covering 
various portions of the radio-frequency spectrum, and 
extend ing to approximately 20 megacycles. 

Rad io interference conducted from a source of radio 
interference forming part of the load of unshielded 
aerial power lines will be efficiently radiated and con
ducted for miles, while similar interference loading of 
shielded or buri ed power lines will be conducted for 
miles and radiated to a lesser degree. Appropriate 
power li ne fi l ters should be installed at the receiving 
activity to eli minate the interference to communications 
that may be conducted from these power lines. 

Ignition Interferen ce 

<Radio interference surveys conducted at Naval Shore 
Communication Stations and N aval Air Stations have 
established spark ig nition systems and overhead power 
lmes as the two major sources of radio interference 
existing at these activities. 

Ignit ion interference is probably the easiest type of 
interference to identify and to eliminate. 

Ig nition interference is easy to identify due to the 
"machine-gun" type of interference produced in the 
output of receivers, which varies in pitch with the speed 

IMPROPER RECEIVING ACTIVITY 
SITE SELECTION 
TOP: The control tower with its 
associated receivers and receiving 
antennas is located in proximity to 
t he two major sources of radio inter
Ference-power lines and unshielded 
ignition systems of vehicles. 

BOTIOM: This overhead power line 
with power d istribution pole and 
transformers is located within 60 
feet of the nearest receiving an
tenna. A radio interference survey 
disclosed this rower line as the 
majot source o radio interference 
to control tower communicat ions. 

of the motor causing the interference. T he radio inter
ference generated' by the ignition systems of vehicles 
and various types of auxiliary power supplies is of a very 
high level unless the entire ignition assembly of each 
motor is effectively shielded to prevent the radiation of 
interference to receiving antennas located in a radius 

of approximately 1000 feet. 
The generation of high voltages by ignition systems 

and subsequent discharge of this electrical energy across 
spark plug gaps produces a rad iated interference rich in 
harmonics due to the steep front of the resultant pulse 
wave train, with harmonics covering many portions of 
the radio-frequency spectrum. These transient pulses 
of high amplitude "shock excite" the affected receiver 
even though the interference impulses may not have a 
component at the resonant f requency of the receiving 
circuit. The radio-frequency wave produced by the 
ignition system may be an ultra-high-frequency wave, 

modulated at the oscillating frequency of the arc 
created by the spark action. The amplitude of this ultra
high-frequency carrier wave may be so high that the 
fi rst stage of the receiver becomes saturated, resulting 
in rectification of the received impulses, permitting the 
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ANTENNA INSTALLA
TION on control tower 
roof, showing proximity of 
this antenna to vehicles 
having unshielded ignition 
syst ems. 

low-f~equency m~dul.,tion component of the arc to ap
pear In the receiver. The resultant noise heard in the 
outp~t of commun ic~tion receivers is at the spark 
repetition rate of the mterfering ignition system chan _ 
ing in pitch with changes in eng ine speed. ' g 

Ignition interference from vehicles and certain aux ili
ary powe: supplies is effectively radiated at high ampli
tudes up to approximately 1000 feet. A distinguishin 
characte ristic of motor ignition interference is that th g . . . . e 
mtens1ty mcreases wit~ an_ increase of frequency (up to 
400 megacycles) , whiCh IS at variance with the usual 
decrease of in terference intensity with an increase of 
fre~uency, characteristic of other common sources of 
radio mterference, wi~ the possible exception of hig h
f requency medical equ1pment. Igni tion interference in
creas~s also as the bandwidth of the receiver is increased, 

and ~ s. regard~d as the maJor source of interference to 
telev1s1on rece1vers due to the high frequencies and wide 
bandwidths presently used in these receivers. 

P ast p ractice in reducing radiated ignition interference 
co~siste~ of pla~ing suppressors on spark plugs and in 
sen es With the high-tension lead to the d istributor. These 
suppressors were made in many diffe rent types, but were 
usua ll ~ carbon or wirewoun~ resistors, designed to sup
p ress Interference by chang mg the wave shape of the 

rad i a~ed _wave. '!"he~e su_ppressors were only partially 
effective 1n reducmg 1gnit1on interference and have been 
d isca rded generally in favor of shielded ignition har
nesses, which if properly installed, will complete! 
eliminate ignition systems as a source of radio interfe!
ence to communicat ions and e lectronic control circuits. 

At the present time, there are several approved 

This receiving antenna has bee n installed d ire~tly o~er 
a parking area and a well-traveled road, causmg h1gh 
levels of ignition interference at the inputs of the 
receivers served by the a nte nna . 

types of shielded ignition harnesses wh ich complete~}' 
encase the ignition system in a continuous meta!liC 
shield. The word "continuous" used in this connectiOn 
is very important, as a very small break anywhere in the 
shielding system wi ll often completely n ulli fy the sh ield
ing effectiveness of the harness and permit the rad iation 

of h igh levels of radio interference from igni tion sys
tems to nearby receiving an tennas. All parts of ~1e 
shielding system must have an ext remely low radiO

freguency impedance between themselves and also b~; 
tween all. parts of the sh ie lding sys tem and "ground. 
The main structure of the vehicle or aux il ia ry power 
supply is to be considered as the ground . 

In ert-Gas Shielded A rc W elders Interfe rence 

The operation of inert-gas shielded arc welders at, 
or in proximity to, Naval Sho re Communication Stations 
and Naval Air Stations has created a majo r radio inter
ference problem at these activities. 

Inert-gas shielded arc welding is known under sev
eral trade names includ ing " H eliwelding, " and Heliarc." 
By means of this process welding heat is supplied by a 
concentrated arc between a non-consuming e lectrode 
and the work, wh ile the electrode, arc, and the weld 

CRASH BOAT (above) and UNSHIELDED IGNI~I~N 
SYSTEM (at right). Due to the ~igh le~els. ~f rad1o In

terference radiated by this unsh1elded 1gn1t1on s~stem, 
it is impossible to receive messages fro~ t~~ air sta
tion control tower with any degree of reltabdity. 

area a re blanketed by a monatomic ine rt gas such as 
helium or argon. 

The weld ing a rc may p roduce considerable radio 
in terference, but the g reater part has its source in the 
high-frequency stabil iz ing unit which converts po,ver 
supplied as 60-cycle alternating current in to high
voltage h igh-frequency current. To obtain hig h-fre
quency power in a simple manner, spa rk-gap type oscil
lators have been commonly employed in most commercial 
welders of this type w ith resultant high levels of rad io 
interference. While these machines are designed to 
operate at some fundamenta l f requency, no attempt has 
been made to hold them to close freq uency tolerances. 
Therefore, various high-frequency units of identical 
make and model may cause radio interference on many 
frequencies since the radiated sig nal is broad and may 
cover a wide band of frequencies rather than a sing le 
sharply defined freguency. 

The h-f stabilizing un it may rad iate many frequencies 
at lower amplitude than the fundamenta l, these being 
harmonic or spurious f requencies. The harmonic fre
quencies are multip les of the fundamental f requency, 
always higher in freguency than the f~ndamental. The 
spurious frequencies have no particular relation to the 
fund amental and may be either higher or lower in 
frequency than the fund amental. T he fundamental, the 
harmonics and spurious f reguencies are all capable of 
creating radio interference to receivers tuned to any of 
those particular frequencies. 

Ligh ting, power lines and telephone l ines in proximity 
to the welder, unless shielded or in conduit will pick up 
the radiated interference from the welder, then conduct 
and re-radiate this radio interference over g reat distances. 

In an installation wherein all of the power wiring, 
lighting wiring and telephone lines are shie lded or 
isolated f rom the h ig h-frequency unit, the major portion 
of th e rad iation w ill be from the weld ing leads. These 

welding leads carry a h ig h-frequency current which is 
transferred by electromagnetic coupli ng to unshielded 

power wiring, in tercommunication lines, telephone wires 
or lighting ci rcuits. T hese \V ires , will in tu rn act as 

'·~- I \\,'- . 
·" ·\ 

antennas and also radiate the high-frequency currents. 

since these wires are usually much longer and hig her 
than the welding leads, they are much more efficient as 
radiators of radio inte; ference than the welding leads 
themselves. As appreciable coupli ng betwe_en the weld
ing leads and shielded wires takes place ·~hen these 
unshielded >vires are wi th in a 50-foot radms of the 
welding leads, all of the' w iring within this distance 
from the welding eq uipment should be sh ielded or 
p laced in conduit. 

The power line feeder to the welder should be 

shielded to a point at least 50 feet f rom the welder and 
a suitable line fil ter installed at that point. 

If the radio interference attributed to the welder is 

of a f requency hig her than 2.5 megacycles, the i~ter
ference is probably resulting from harmonics or S!Jur1o_us 
frequencies. Some form of wave trap or absorpt10~ Ci r
cuit may be applied to the welder to eliminate the mter
fering f requency w ithout interfering with the funda
mental frequency. 

An inert-gas shielded arc welder using a vacuum 

tube oscillator in place of the spark-gap type oscillator 
now used has been developed by Glen Roberts and given 
type approval by the f.C.C. The fundamental frequency 
of the oscillato r is 27 megacycles. 

It is indicated that this new type of inert-gas shielded 
arc welder meets the radio interference requiremen ts of 
the F.C.C., and that shortly the Commission will re
quire that all inert-gas shielded arc welders be of this 
approved type or that welders of a type capable of creat
ing rad io interference be operated w ith in shielded rooms, 
the work area to be included in the shielded enclosure. 

Rotating Equipment-Generators , Motors and Rotary 
Converters 

The level of radio in terference created by a single 
electric motor is usua lly low at d istances over 600 feet 
from the motor, but the cumulative levels of severa l or 
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AIRCRAFT REFUELING TRUCKS with UNSHIELDED 
IGNITION SYSTEMS are a constant source of radio 
interference to control tower communications due to 
their being normally operated within I 000 feet of 
receiving antennas. 

more motors often constitute a serious source of radio 
interference. D evices associated with rotating equipments 
such as speed or voltage regulators, relays, etc. also 
create radio interference of varying levels. 

Commutator motors (de or ac) create appreciable 
radio interference while a-c induction motors cause little 
or no interference. 

Rotary converte.rs when used for battery charging or 
as a source of dtrect current create radio interference 
similar to that caused by commutator motors. 

Generators create radio interference of a type similar 
to that of motors. 

Rotating equipments create radio interference due to 
one or more of the following sources: 

1- Brush interference 

This type is usually the major source of interfer
ence. It occurs due to imperfectly machined com
mutator, dirt on commutato r, uneven brush wear, 
or incorrect brush pressure. The wave form of 
the arc produced by the brushes is a squar . e 
wave, contam.ing harmonic frequencies extending 
through a wtde portton of the radio-frequenc 
spectrum. Y 

2-Voltage regulators 

Contacts are continually opening and closing 
~uring the regulating process, creating radio 
tnterference producing arcs at these contacts. 

3- Shaft interference 

?riginates in armature shaft. It is a static type 
mterference created by the d isd1arge of the shaft 
through the ?e~rings and surrounding grease to 
ground_. It '.s uregular in nature and is only 
found 10 eqUtpments using ball or roller bearings 
and is never found where sleeve bearings are 
used on the shaft. 

4-Interference created by a nonsinusoidal waveform of 
the output voltage generated by a-c equ ipments. 

Caused when the output waveform is not . . a pure 
sme .wav~, but 1.s an irregular wave shape ap-
proxJmatmg a sme wave. Resultant harmonics 

of the fundamental frequency thereby appear in 
the voltage output, with the number of bar· 
monies depending upon the actual shape of the 
waveform. 

5-Ripple frequency from the commutator and resultant 
harmonics. 

This ripple is the audio-frequency component of 
the direct-current output, with the frequency 
dependent on the number of commutator bars 

and the speed of rotation. 
6-Iron interference 

• 

This type of rotating interference is produced by 
loose laminations in the armature and is due to 
changes in the fi eld reluctance, caused by vibra
tion of the loose laminations . 

7-Relays 
The interference created is due to arcing across 
the relay contacts. It takes place. during current 
surges caused by the making and breaking of 

the relay contacts. 

Fluorescent Lighting 

Fluorescent lighting units, when installed in proximi~ 
to a radio receiver, constitute a major source of radlO 
interference. 

There are three ways whereby the radio interference 
created by fluorescent lighting may reach a receiver and 
interfere with reception: 
1- Direct radiation from the fluorescent lamp to the 

receiving antenna circui t. 
2-Direct radiation from the power input line to the 

receiving antenna circuit. . 
3-Conduction from the lamp through the power lines 

to the receiver. 
The interference produced by fluorescent lighting. is 

· w1de a 60- and 120-cycle complex pulse type covenng a 
portion of the radio-frequency spectrum. . 

An interference-free type fluorescent lamp fixture. JS 
presently available in a 15-watt size, designed for shtp· 
board use. This fixture employs conducting glass as a 
cover over the illuminating area of the fixture to prevent 
the radiation of radio interference. 

1A power line filter is incorporated in the lamp fu<ture 
housing, to prevent the conducrion of radio interfer~nce 
from the lamp to nearby receivers via the power ltnes. 

This interference-free fluorescent lamp fi..xture has not 
been widely used or larger fu..:tures of this type developed 
at present, due to the high cost and greatly increased 
weight of the fixture, caused by the addition of the 
heavy conducting g lass. 

The Link Trainer and Associated Turbo Compressor 

In the Link Trainer there are a small Bodine brush
type motor, multiple switch contacts, and several slip 
rings with brush contacts, all of which create severe 
radio interference. 

IMPROPER INSTALLATION and MAINTENANCE 
PROCEDURES are evident in this Hall-Scott engine 
aboa rd a crash boat. The shielded lead to the tach
ometer is in poor condition, and as indicated by the 
arrow, one bonding strap is not terminate d. This bond
ing strap is excessively long, and even if properly 
terminate d, would constitute a radiation loop at cer
tain fre quencies due to its length. High levels of radio 
interference exist aboard this craft, making reliable 
reception impossible when the motors are running. 

The radio interference from the Bodine motor is 
created by the brushes; the switch contacts generate 
radio interference on each make and break of the con
tacts; and dirt on the slip rings or incorrect brush pres
sure cause radio interference at th is point. 

The turbo compressor is driven by a high speed ac-dc 
universal type motor which generates the greatest portion 
of the radio interference created by the Link Trainer. 
The radio interference generated by Link Trainers and 
turbo compressors may be reduced to permissible levels 
by the proper install ation of filters on the Bodine 
Motors and the turbo drive compressors. 

Diathermy Apparatus and High Frequency Heating 
Equipment 

High-frequency d iathermy equipment is of hvo main 
types as follows: 
1-"Violet Ray" apparatus containing a discharge tube 

excited at a high vol tage by a spark coil and a high
frequency transformer. The voltage is applied to the 
patient by means of a sing le electrode, the return 
current flowing through the ground capacitance. 

2-The larger type of electrotherapy apparatus using a 
spark coil Ot vacuum tube generator, together with 
a radio-frequency t ransformer. Jn this type the 
voltage is applied to the patient by two electrodes. 

For the spark type the radio interference is broadly 
tunable, whereas for the vacuum &ube type, the in ter-

·I 

AUXILIARY POWER SUPPLY on a CRASH BOAT. 
High levels of radio interference are created by this 
power supply due to a complete lack of shielding or 
filtering. 

ference is mainly concentrated around the fundamental 
and harmonic frequencies with sidebands corresponding 
to the frequency of the power supply Jines. Therefore 
concentration of energy on one f requency can be greater 
with the vacuum tube type than with the spark type. 

All high-frequency heating equipmen t can be spli t 
into hvo classes based upon its load circuit. The fi rst 
class, induction heating, provides a large high-frequency 
current through a coil of few turns causing a field with 
a predominant magnetic component in its immediate 
vicinity. The work placed in this field is a metal or 
other electrically conducting object, \Vhich becomes 
heated by induced currents whid1 circulate near its 
surface. 

Dielectric heating provides a large high-frequency 
voltage across two electrodes causing a field whid1 is 
predominantly electric in its immediate vicinity. The 
work p laced in this .field is a nominal insulator or o ther 
electrically semi-conducting material, wh ich becomes 
heated by hysteresis losses from the dielectric voltage 
stresses set up in the material. 

Industrial h eating units employ induction heating 
in the lower frequency ranges from power frequencies 
up to about 500 kilocycles, and d ielectric heating for 
frequencies from about two megacycles up to the micro
wave region, with no upper limit in sight at the present. 
Industrial load circuits are frequently enclosed in metal 
boxes, sometimes of perforated or screened construction, 
primarily for high voltage safety reasons but also for 
shi elding to reduce rad iation. The power output used 
runs from several hundred watts to over a hundred kilo
watts. 

High-frequency heating generators are often subject 
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IMPROPER FILTERING PROCEDURES in connection 
with a motor installation. The filtering is ineffective 
due to: first, t he motor housing is not grounded; 
second, the input and output leads a re looped to
gether, thereby providing a path for interference cur
rents to pass from the filter input to t he filte r output. 
This condition will usually nullify the filtering action 
as th: filter itself is effectually bypassed. Third, no 
effect1ve shield is provided for the filter unit ; fourth, 
the filter leads are excessively long, constituting pos
sible radiation loops. 

to frequency jumpi ng . If the load circuit is tuned sepa

rately from the oscillator tank circuit and the tank circuit 

is the frequency determining circuit, it is frequently 

found that the frequency of the oscillato r will jump 

discontinuously as the oscillator or the load circuit is 

tuned or the coupling between these ci rcuits is changed. 

This is the chief reason why in most heating generators 
the load is made part of the osci llator tank circu it and 

is not separately tuned. As the load circuit is tuned or 

the coupling is increased the ' load circuit wi ll " pull" the 

frequency of the oscillator toward that of the load 

circuit. When the reactive power drawn by the load 

circuit becomes sufficiently large, the oscil lator jumps to 

another frequency at which the load draws li ttle power. 

Generators operating at lower frequencies below 200 

megacycles cah cause considerable interference with 

microwave equipment because of the large amount of 

r~~iation of such generators at high harmonic and para

SitiC frequencies. The 2450-megacycle diathermy ma

c~ine radiates 125 watts. When used on a ship, this 

d1athermy machine will black out the screen of a radar 

set installed on a nearby ship so that nothing in that 
direction can be detected. 

Conducted radio interference from diathermy machines 

and high frequency heating equipment is of a high level 

and the radiated interference from these equ ipments 

has been detected at distances up to several hundred 

miles, the interference increasing in intensity with an 
increase in frequency. 

The freguency of 2450 megacycles was made avail

able for industrial, scientific and medical services by the 

Federal Communication Commission's order of 26 D e

cember 1946. This order provides for use of this fre

quency for industrial, scientific and medical purposes 

upon a non-exclusive basis and without a license upon 
the following conditions: 

1- That all radio-frequency energy resulting from such 

operation shall be confi ned between 2400-2500 

megacycles. 
2-That the energy rad iated and the bandwidth of 

emissions of such equipment shall be reduced to the 

greatest extent practicable. 

3-That no interference shall be caused to authorized 

communication services' from spurious o r harmonic 

radiations. 

4-That use of this f requency shall be subject to such 

future regulations as may be found by the Commis

sion to be appropriate. 
5-In the event of interference from spurious or 

harmon ic rad iations, operation of the equipment 

causing such' interference shall cease and shall not be 
resumed unt il steps necessary to eliminate sud1 inter

ference have been taken. 

Pursuant to the Atlantic City Rad io Regulations, the 

frequencies 915, 2450 and 5850 megacycles may be used 

for industrial, scientific and medical operation. 

As no international table of frequency allocation was 

adopted above 10,500 megacycles, no d1anges in 10,600-

and 18,000-megacycle frequencies allocated by the Com

mission for these services are now contemplated. 

The frequencies avai lable for industrial , scientific and 

medical use are summarized as follows: 

Center· :J.'olerrmce 
.llssiuned llancl 1~1'C(/11CIIC1/ Fran~ Center 

of (Jhanne~ Frequency 
13,553.22- 13,566.78 kc 13,560 kc ± 6.78 kc 

26,960.00-27,280.00 kc 27,120 kc + 160.00 kc 

40,660.00--40,700.00 kc 40 ,680 kc ± 20.00 kc 

890.00- 940.00 M e 915 Me ± 25.00 M e 

2,400.00- 2,500.00 M e 2,450 M e ± 50.00 Me 

5,775.00- 5,925.00 M e 5,850 M e -+- 75.00 Me 

10,500.00-10,700.00 Me 10,600 Me +100.00 Me 

17,850.00-18,150.00 Me 18,000 Me + 150.00 Me 

In addition to the freguencies specified above, an un

specified frequency in the v icini ty of 6 megacycles for 

industrial, scienti fic and medical purposes is expected to 

be made available pursuant to the action taken by the 

Provisional Freguency Board of the Internationa l Tele

communications Union w hen the first Internationa l Fre

quency List is completed. 

The emission of radio-frequency energy generated b}1 

operation of industria l, scientific and medical equip

ments, including spurious and harmon ic emissions shall 

not exceed a strength m excess of 15 microvolts per 

meter at a distance of 1000 feet or more from the 

medical cliathermy eguipment other than at those fre

quencies specified in the table above. 
Operation of industrial heating equipment outside 

the 'bands specified in the above table is permissible pro

vided the general operating conditions are as follows: 

1- The eguipment used in such operation shall be 

operated within a room or space with sufficient 

shielding and power line filtering so that the emis

sions of radio-freguency energy generated by such 

operation, including spurious and harmonic emis

sions w ill not exceed a strength of 10 microvolts 

per meter f rom the industrial heating equipment on 

frequencies other than those listed in the table. The 

radio-frequency .field from power lines due to radio

frequency energy originating with such eguipment 

at distances beyond one mile must be less than 10 

microvolts per meter when measured at one mile 

from such eguipment and 50 feet from the power 

line. 

TXC Facsimile Recorders 

During the course of a radio interference survey at a 

control tower, a sharp click at approximately one-second 

intervals was heard in the earphones used for aural 

monitoring of the measuring equipment. The source of 

this radio interference was traced to the facsimile ma

chines in aerology. High levels of conducted interference 

from these machines were also measured across the 115-

volt a-c input power lines with the major portion of the 

interference aris ing in the radio-frequency spectrum 

above 10 megacycles. 

Radar and Transmitter Radio Interference 

Usually radar equipment does not create appreciable 

rad iated interference except whe~ beamed d irectly at the 

rad io receiving antenna. H owever any defect in the 

shielding, such as that on the modulator pulse cable, 

will allow the radar to become a prolific source of 

radiated interference. 
T he radiation of harmonics by transmitters creates a 

type of rad io interference known as recurrent wave 

interference, which is a sharply tunable single frequency 
sig nal. 

Teletypewriters Using Gaseous Rectifiers or Series 
Motors 

T eletypewriter power supply REC-30 is a g:tseous 

power supply designed to operate from 60-cycle power 

at various voltages and furn ish regulated 110 volts direct 

cu rrent and adjustable a-c voltage output. T he d-e out

put o f th is power supply contains high levels of con

ducted radio interference created by the gaseous rectifier 

tubes when these tubes go from the nonconducting to 

the conducting state, setting up transient voltages. 

In the case of series motor power supplies, the radio 

FLUORESCENT LIGHTING should never be used at or 
in proximity to a re ceiving activity due t o t he high 
levels of radiated and conducted interference created 
by th is t ype of lighting . 

interference is caused by the motor brushes or worn 

and p itted commutators. 

O ffice Machines 

Office machines such as electromatic typewriters, elec

tric coding machines and electric adding machines are 

prolific sources of radio interference due to one or more 

of the following causes: 
l-Worn and pitted commutators. 
2-Worn, inadequate and i.mproperly fitting brushes. 

3-D irty speed regulator contacts. 

4-Deterioration of electrical insulation in motor field 

and armature, between commutator segments and in 

wiring between motor and external line connections. 

Flashing.Signs, Thermostats and O ther Contact Breakers 

Many types of electrical equipment include circuits in 

which intermittent contact is made at intervals ranging 

from seconds to hours; flashing signs and thermostats 

are examples of th is type. 
The radio interference created by such equipment 

has the d1aracteristics of a succession of isolated im

pulses; usually the interrupted current is small and the 

normal range of the created radio in terference is less 

than 400 feet. 

Dry Disc Rectifiers 

Dry disc type rectifiers usually do not create apprecia

ble radio interference, but one that does is the rectifier 

built by the Raytheon Manufacturing Company under 

the trade name of "Rectifilter," Catalogue 1082, Speci

fication No. W-2529-A. Conducted radio interference 

measurements made on the 115-volt a-c power input to 

this rectifier revealed the presence of a strong 120-cycle 

h um voltage 

Measurements made on the 115-volt a-c power line 

input to a low-voltage disc type rectifier Model CLG-

20 341 revealed a high level of 60-cycle pulse type 

radio interference at the lower frequencies. 
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MODIFICATIO-N 
TO THE MODEL RDE 

by 

R. MENDEZ 

0 ffice of tbe Industrial Manager, Tenth Naval District 

At the new installation in Roosevelt Roads, Puerto 
Rico, three Model RDE Radio Receiving Eguipments 
were installed as part of the equipment assigned to the 
ai r traffic control tower. These receivers are located 
approximately 1.8 miles away and their output is sent 
to the tower over zy2 miles of telephone cable. 
In order to suppress possible crosstalk, the levels per
missible are of the same level as those normally en
countered in standard telephone practice, and they are 
amplified at the tower to loudspeaker level by means of 
an amplifier-compressor in each channel. These ampli 
fier-compressors are designed to maintain a fairly Bat 
level output to compensate for the wide variations of 
signal strength since the operator has no way of con
trolling the receiver's gain and a l ine attenuator is not 
a good substitute. An automatic-volume-control circuit 
is therefore incorporated in the amplifier circuit and 
is so designed that it will operate from the speech modu
ated voltages. Any sustained voltage input regardless 
of its frequency or origin will impai r this a-v-e action 
since it will create a steady voltage and thus bias the first 
amplifier tube to the point where it will rectify any 
further variable signal input and introduce intolerable 
distortion. The unwanted input will furthermore intro
duce an output at the loudspeaker which can be exceed
ingly annoying to the tower operators. It follows then, 
that any hum, tube noise or any disturbance having the 
receiver as its point of origin will greatly impair its use 
in this type of installation to the point where it will 
be entirely unfit and unusable. 

The Model ROE's already men tioned, although hav
ing features highly desirable for tower operation, proved 
to have a hum content in their output which disgualified 
them for the installation under consideration. This 
hum appeared even when all the tubes, including the 
rectifier, were removed from the receiver. On further 
inyestigation it was determined that it was due to the 
close proximity in which the power and output trans
formers are mounted and the consequent coupling be
tween them. By removing the fi lter choke and 
interchanging its place with the output transformer, the 
hum disappeared. The choke and the output tran~
former have identical dimensions, making this transposi
tion very easy. However, when the tubes were replaced 
in the receiver, a new noise appeared which had been 
masked by the stronger hum. This was a frying ty~e 
sound and persisted even with th e audio gain at. ·~s 
minimum setting, which clearly indicated that it ong~
nated in the audio amplifier of the receiver. Tl11S 
turned out to be correct and the cause of it was feedback 

' f caused by the lugs supporting the leads to the p~ates 0 

tubes V T- 104 and VT- 105 being of sufficient siZe and 
close enough to transfer enough energy to cause an 
obnoxious hiss which appeared at the output. The lugs 
and associated resistors have been relocated as shown 
in the photographs, and the cause for the unwanted 
noise eliminated. Tl1e receivers are now being re
installed and no fur ther difficulties are anticipated . 

MODEL ROE before and after modification. 
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• STORAGE TUBES 
by 

FRANCES R. DARNE 

Electronics Design and D evelopment Di,vision, 
Burea;t of Ships 

What Is Meant by Storage Tubes 
The term "storage tube" or "memory tube" is used 

to designate an electron tube in which a d1arge. of elec
tricity, usually deposited by an electron ~earn, IS stored 
or .remembered by elements of a dielectriC surface, and 
taken off or observed after a lapse of t ime by the same 
or a different electron beam, or by visual observation. 

How They Work 
The principle of electrostatic storage on an insu~at~ng 

surface is based on the fact that the secondary emiSSIOn 
ratio of the surface varies with the energy of electrons 
bombarding it, according to a curve of the ~en~ral 
shape illustrated in Figure 1. If the voltage •s h1gh 
enough that the secondary emission ratio is greater th~n 
unity, then the target surface under bombardment w.1ll 
emit more electrons than it receives, and the potent1al 
will become increasingly positive until the net number 
of secondaries leaving the surface is exactly equal to 
the number of primaries arriving there. T his point is 
one equilibrium potential. If the surface is struck by 
an electron beam of lower than the cri tical value, so 
that the secondary emission ratio is less than unity, 
the surface will gain electrons, and the potential will 
become increasingly negative until it reaches a negative 
equilibrium point close to cath ode potential. Thus by 
adjusting the voltage of an electron beam each element 
of the target surface can be established at one or the 
other of two stable points representing "charge" and 
"no charge," called "plus- zero" or "yes- no" elements 
or " 1- 0" in binary digital numerical systems. 

Although the principle is well established, many 
technical problems are involved in putting it into prac
tice. To obtain a tube wbid1 will be useful, cri tical 
requirements must be met for resolution (total number 
of "yes-no" elements and separation between them) , 
writing speed needed to place a charge on an element, 
time of storage, prevention of leakage, prevention of 
destruction of charges by repeated readings, problems 
of registration (returning the beam to a specific spot) , 
and other factors pertinent to particular applications. 

Why They Are Wanted 
There are aU sorts of ways in whid1 a device whid1 

can store charges could be used to advantage. Navy 
applications reported to date have fallen into four general 
categories, outlined here with an indication of the ap
proximate requirements for specific d1aracteristics for 
each group. 

j\'foving Target Indicators-Signal comparison or can
cellation, and reduction of noise are included in this 
category. Storage tubes are needed with resolutions in 
the order of 100 elements, wri ting speeds equal to radar 
scan rates, storage time of at least one scanning period, 
dynamic range to cover varying ampli tude of received 
signals, and cancellation ratios in the order of 30 to 
40 db. 

FIG URE I 

Radar Display-Radar repeaters and daylight viewing 
PPI tubes are forms of radar displays. The resolution 
required is equal to that of a radar system, and is in 
the order of 250,000 elements. Moderate writing and 
reading speeds are needed, and a dynamic range is desi~
able, The storage time must be equal to that of one 
radar scan period, and provision should be made to erase 
the signal at the end of the scan period. 

Recording- Electrical transients and unknown signals 
are examples of requirements for recording, for later 
analysis, of signals which are too rapid or too short to 
be recorded by other means. At least a million separate 
elements of resolution are wanted for this use, as well 
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as a recording speed of one ~icrosecond per element 
or faster. Dynamic range is also desi red, and ability 
to track the writing and reading scans. Time of storage 
and repetition of playbacks are not cri tical for this 
application, as signals can be re-recorded on a slower 
device if necessary. 

Electronic Computers- T he prime requirement for a 
storage tube to be used in computers is practically per
fect reliability with an indefinite time of storage, not 
affected by repeated readings. Tubes are needed which 
are capable of erasing and rewriting one element, which 
requires a high degree of registration. A comparatively 
small number of elements of resolution will suffice and 
there is no need for dynamic range as only " 1- 0" binary 
digits are to be stored. Reading and wri ting speeds of 
1 microsecond per element are desired, but somewhat 
slower rates would still be useful. 

What 's Being Done About Storage Tubes? 
The storage tube fi eld has been the subject of an 

intensive development program by service and commer
cial laboratories over the past several years. A few 
types of storage tubes are just beginning to emerge in 
practical form and are fi nding their way into experi 
mental Navy equipments. A brief description of some 

from the surface. The surface is scanned by a repetitive 
pattern, such as a spiral, and the signal is impressed on 
the signa] plate. The beam deposits a charge pattern 
on the target, which varies in intensity as a linear re
production of the time variation of the impressed signal. 
If the surface is again scanned over the same path with 
no signal impressed, the beam will remove the charge, 
reading off a signal reversed in polari ty to the written 
signal. Both writing and reading signals appear on the 
collector as a modulation of the secondary beam. If the 
same signal is impressed upon the tube in successive 
scans, the target is instantaneously at equil ibrium po
tential when the beam reaches it, so no additional charge 
will be deposited, and no signal appears on the collector 
in the case of steady input signals. Any variation in 
input signals causes a charge to be placed on the spot. 
This effects cancellation of steady signals while varying 
signals are passed by the tube. T he amount of cancella
tion, writing speed, and number of elements attainable 
are interdependent, and one of these characteristics may 
be improved only at the expense of the others. Typical 
experimental results reported g ive cancellation ratios of 
100 db for about 600 elements, with storage time of 
about 1/ 50th of a second. 

The Graphechon is an RCA development for ""Teleran," 

..... 
................... 

............ -------
FIGURE 2 

of the leading developments and their proposed applica
tions is given below, in alphabetical order of their cur
rent nomenclature. 

The Barrier Grid Storage Tube, recently christened 
"radechon," was developed by RCA under a Signal 
Corps contract, p rimarily for MTI purposes, although it 
appears that this tube may also be useful in computers. 
The tube bas been described in detail in the March, 
1948 issue of "RCA Review." I t is based on the storage 
of signals on an insulating target backed with a con
ducting signal plate, and uses a single electron beam 
which may be magnetically or electrosta tically focused 
and deflected . A grid or screen is placed on or near 
the target surface, and operated at a potential which 
prevents the return of electrons to the surface. There is 
also a means of collecting the secondary electrons emitted 

a proposed system wherein planes are equipped with 
television receivers, through which an airport transmits 
data received from a radar on the g round. It is a scan
ning converter, whose purpose is to convert a slow PPI 
scan rate to a rapid television ra te. The ligh t output is 
improved, because each element of the screen of the 
viewing tube is bombarded at a faster rate, receiving 
energy more often so it g ives off more light. This tube 
has potentiali ties for use in radar display systems and 
day! ight viewing PPI' s. The storage surface is placed 
in the center of the tube. A charge is written on one 
side of the surface by an electron beam modulated by a 
PPI type of scan. A reading beam on the reverse side 
of the storage plate is deflected by a television type of 
scan, and is modulated by the signals stored on the 
storage surface. The elect rical output from the reading 

l 

beam may be transmitted through an amplifier or sent by 
radio to ~ television type of cathode-ray tube, scanned 
in synchronism with the Graphechon read ing beam. The 
storage time is ad justable by varying the voltages and 
currents in the writing and reading beams, up to a 
ma..'<imum of about two minutes. The signal-to-noise 
ratio goes down with increased storage t ime, and is 
about 2: 1 at two minutes and 10:1 at 20 seconds. The 
resolution is approximately equal to a 525-line television 
picture ( about 250,000 elements) , and the light output 
is dependent only on the characteristics of the vie\ving 
tube and system. 

T he Haeff M enw ry T11be was developed at the Naval 
Researd1 Laboratory as a general purpos; storage tube, 
and has been written up in some detai l in the September, 
1947 issue of "Electronics." T he novel feature of th is 
type is the use of three electron guns: a writing gun 
whjch places a pattern on the storage surface by using 
a beam of relatively high current density; a read ing gun 
which can be made to scan the surface in any desired 
manner ; and a holding gun. The latter retains the 

electrical p icture written on the surface of the storage 
tube can thus be viewed on the face of the ind icator 
tube. The reSolution presently attainable with the H aeff 
Memory Tube is in the order of 10,000 elements. \Vrit
ing and reading speeds are in the order of several 
kilometers per second. The erasure and persistence 
time are controllable over a wide range by suitable ad
just:ment of the holding beam. Figures 2 and 3 show 
a block diagram and a photograph of a typical H aeff 
tube. 

The Image A mplifier Storage Tube is a development 
being carried out by Raytheon M anufacturing Company 
for the Bureau of Ships for recording applications, and 
is based on the principles of the Farnsworth image ampli
fier television pickup tube. An insulating storage sur
face is ·coated on the back of a perforated conducting 
screen electrode. Signals are written by an electron 
beam which passes through the screen and is reflected 
by an electron mirror to scan the dielectric coating on 
the reverse side of the screen. Reading is accomplished 
by means of the same electron gun and deflection system, 

FIGURE 3 

written pattern for any desired peri od by spraying a 
stream of electrons to regenerate continuously the 
stored charge, making the length of time of storage 
indefi n ite, and the number of readings of a charge 
pattern unlimited. The storage surface is a phosphor 
powd er, and the stored signal can be observed visu.ally 
d irectly on the screen, or it can be read out electrically. 
T his is accomplished by scanning ·nith the reading beam 
and using the signals collected by a metal screen in front 
of the dielectric ta rget, f ed through a su itable ampli fier, 
to modulate the g rid of an ord inary ca thode-ray tube, 
scanned in the same manner as the reading beam. An 

by permi ttting the beam to pass th rough the screen, where 
the charge pattern on the dielectric controls the passage 
of the beam to an output electrode, to give an electrical 
output signal. This tube is capable of dynamic range, 
since a varied amount of charge can be placed on a 
screen storage element. The objective of the develop
ment is a resolution of a mill ion elements with a writing 
speed of l microsecond per element. These objectives 
have not yet been reach ed . The wri ting speed is de
pendent on the amount of current in the beam and the 
charg ing time of an element. Resolu tion is to some 
extent dependent upon the fineness of the beam, thus 
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limiting the amount of ~rrent. These contrary factors 
must be solved before the desired results can be attained. 

The Selectron is a tube under development at RCA 
for use in electronic computers. It differs from all the 
other tubes described in- that it is not a scanning device, 
but has a cylindrical storage surface with cathodes in 
the form of posts near the center of the cylinder emitting 
electrons in all directions simultaneously. At its present 
stage of development this tube has 256 storage elements 
in the form of metal eyelets embedded in a sheet of 
mica surrounding the cathodes. The eyelets act as win
dows which may be opened or closed by positive or 
negative charges deposited on the surrounding mica. 
Between the cathodes and the storage elements is a mesh 
grid composed of a network of crossed wires separated 
from each other, with each wire individually connected 
to an external control circuit. These form 256 open 
meshes. When all four sides of a particular mesh 
opening are positive, electrons from the cathode can 
pass through it and charge the storage element behind 
the opening. Each mesh is Bated open· in sequence for a 
complete writing or reading· operation. By this arrange
ment, during writing, the electrons from the cathode 
lay do~n a charge pattern, element by element, on the 
mica surface surrounding the eyelet. When there is a 
negative potential on the eyelet the storage window is 
effectively closed, and the electrons cannot pass through 
it during the reading operation. If there is a positive 
potential , on the eyelet the reading electrons will pass 
through it, striking a phosphor di.electric deposited on . 
the walls of the glass tube surrounding the structure. 
Secondaries emitted by this phosphor are collected by 
wires for electrical signal take off. The signal is not 
damaged by reading, as it is regenerated by electrons 
sprayed on the entire storage surface between each 
writing or reading operation. The Selectron is more 
complicated than the other types of storage tubes, but 
since it is a gating device rather than a beam deflection 
tube, it gives exact and positive registration to the par
ticular element desired, an important point in computers. 
The signal may be read an unlimited nwnber of times, 
and erasure of one point and rewriting in the same spot 
may easily be carried out. 

The Williams T11be. A standard cathode-ray tube 
with the addition of an external metal backing plate has 
been used by F. C. Williams of the University of Man
chester, Engand, for electronic computers. The tube 
uses a single gun, and writes positive and negative sig
nals by digging a "potential well" in the form of dots 
and dashes· on the phosphor surface. The same gun can 
differentiate between the two types of signals when used 
for reading. The information is destroyed when it is 
read, but is regenerated in an external circuit and con
tinuously fed back into the tube. Approximately 1000 
dots can be stored at writing and reading speeds of 2 to 

5 microseconds. Although production type cathode-raJ 
tubes must be carefully selected for uniformity and ab
sence of screen defects, the use of such a tube for storage 
would offer great advantages in simplicity, availability, 
and low cost. An article "A Storage System for Use in 
Binary Digital Computing Machines'" by Williams and 
Kilburn is being published in the British Journal of the 
Institution of Electrical Engineers. 

Miscellaneous Storage T11bes. Several other storage 
tube ·developments are presently under way or have 

· been carried out. These include: , 
!-Repeller Storage Tube developed by Raytheon under 

a War Department contract and described in the 
August, 1'!>48 "Electronics.'" This was a cancellation 
device and has been discontinued in view of the 
apparent greater suitability of the Haeff and Barrier 
Grid Tubes. 

2-Whirwind Tube being developed at ~IT f~r .a 
Navy electronic computing project. Tius tube ts 
somewhat similar to the Haeff Memory tube and 
the Barrier· Grid tube. It has a back plate behind 
the storage target and a mesh grid in front. It uses 
two guns, one for writing and reading and one for 
holding. This tube shows possibilities of being able 
to solve the computer problems, but fabrication diffi
culties have been encountered. 

3-Krawinkel ~to rage· Tube was developed in Germany 
during the ·war, and is described in Air Material 
Command technical .report F-TR-2205.-ND, da~ed 
June 1948. The tube is quite compltcated, ~smg 
an insulating storage material interspers~d :'ith a 
photoemissive surface the emission of which IS con
trolled by the charge ~n the insulating material. 

4-Dark Trace. National Union has recently proposed 
the development of a storage tube ·based upo? ~e 
principles of the difference in secondary emtsston 
between the dyed portions of a dark trace cathode-
'ray tube screen and the portions on which_ no trac~s 
have been written. This tube has interesting possi
bilities, but no work has started to date. 

When Will They Be Available? . 
Models of the Haeff Memory Tube, the Barrier Grid 

Tube, and the Graphechon have recently !been made avail
able for experimental use in certain Navy equipments. 
The Institute for Advanced &ience at Princeton is 
working with models of the Williams tube and the 
Selectron for ·the electronic computers they arcf designing 
as a joint service project. The other tubes mentioned 
have not yet reached the stage where tubes have been 
fabricated for use outside the laboratories where the de
velopment is under way, but their progress is being fol
lowed closely by the Bureau of Ships Electron Tube 
Section. As soon as justified by results, data and tubes 
will be supplied to Navy laboratories and contractors. 
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REACTANCE STARTING OF 
HIGH POWER FILA.MENTS 

. . 

by 
LT. CDa.·JoHN C. WALTER 

Elec/r(mics Design and Develo-pment Division~ 
Burean of Ships 

Certain large tubes, particularly ·those having pure 
tungsten Dlaments, require reduced voltage starting in 
order to prevent damage to the :fi.1ament structure. Tube 
manufacturers usually specify· the maximum permissible 
starting current for tubes in this category. As a general 
rule, preventing. the starting current from exceeding a 
maximum of 150 percent of the normal operating cur
rent may be considered as a satisfactory design value. 

When the cold resistance 1s not known it may be 
safely· estimated at 1/12 of the hot resistance for tung
sten filaments. Where .filaments are oxide or thorium 
coated there will be less difference between the hot and 
cold resistance because of the .·Jower operating tempera
tures required for adequate emission. In the following 
example, a special filament consisting of tungsten bars 
with one side thoriated by a carburizing process has a 
hotjcold resistance ratio of approximately 4 to 1. 

Example: Determine the series reactance and filament 
transformer primary voltage to limit starting . current. to 
150 per cent of nonnal for a tube having the followmg 
filament characteristics: 

Hot resistance Rh = 0.002185 ohms 
Cold resistance Rc = 0.00050 ohms 
Filament power E111 = 10,000 watts 

Rh/Rc = 4.037 

On a per-unit basis:' 

Operating condition 
E=l.O 
I=l.O 
Z=l.O 

Starting condition 
Ec::::l.O 

I=1.5 
z = 1/1.5 = 0.67 

Solving for reactance X: 

R2 + X2 = (1.0)2 } 
R2j(4.037)2 + X2= (0.67) 2 

R2 + X2=1.0 } 
R2j16.32 + X2 = 0.448 

R2 + 16.32X2 = 7.32 l 
-R2 -X2 =-l.OOf 

· 15.32 X2t=6.32 
X2=0.4:125 

X =0.6425 

Percent reactance required = 64.25% 
Power factor of system= (1 - 0.4125) ~ = 0.767 

For a 10-kw filament load and a 460-volt single-phase, 
60-cycle supply, we may obtain the transformer primary 
voltage and series reactance value as follows: 

·~ Line voltage EL= 460 volts 
Reactance drop Ex= 0.6425 x 460 = 296 volts 
Primary voltage ~= .767 x 460 = 353 volts 
Line current I.J. = 10,000/353 = 28.3 am-

peres 
Reactance X = 296/28.3 = 10.46 ohms 
Inductance at 60 cycles L = 10.46j(6.28x60) = 

.0277 henry. 

From the foregoing we see that the 10-kw filament 
transformer primary shou1d be_ wound for 353-volt oper-

FIGURE 
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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 = ~~L = 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. ~igh 

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 

;:o. 
m· 
(/') 
--f 
;:o 

0. 
--f m • 

_CJ. 



0 
L.1J 
1-
0 
0:::: 
1-
Vl 

• L.1J 
0:::: 

0 
L.1J 
1-
() 
0:::: 
1-
Vl w 
0:::: 

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 

GUY 

ENO RHO,.BIC ~ 
POLE 'fl 

SWITCH 

~-I -- s· - ---+--

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 

VUY 

TERMINATING 
NET WORK 

I 
3' 

·- - · ~~e\:c j 
3 ' 

1--------- 15'- 100' 
tL. TO 

TRANSMITTER----'--~ I GUY 

NOTE I TRANSMISSION L INE 
SPACING IS IZ ~CHES. 

NOTE 2. SEE OWG FIGURE· 4 FOR 
OIMEN~ONS OF BI - DIRECTIONAL 
SWITCH. 

NOTE 3. SEE OWG. FIGURE· G FOR 
TERMINATING NETWORK USED 
WITH BI·OIFIECTIONAL SWITCH 

T.L. TO 
TRANSMITTER 

GUY THIS POLE INTO 
GROUNO, OEPt:NOING ON 
DIRECTION OF T L 

SWITCH 

1--------- 1~' ·100' ------1 

FIGURE 3 

T£RM1NATING 
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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 

.. 
~ t 

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 

,, • .,.7 __ _ 
·.···'. 

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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ALTERNATE T. L \ 
TERMINATIONS 

SCALE: I"• I' • 

DETAIL I 

SCALE:f•r 
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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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