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Introduction 

This paper on mag netic amplifiers has been prepared 

to supplement a memorandum titled " Magnetic ampli ­

fiers, App lications" issued by BuShips, Code 8 15B on 

ll O ctober 1950. After the original memo was dis­

tributed, sufficient requests for additional information 

aqd extra copies were received to warrant a more com­

plete t reatmen t of the subject. 

Previous articles t descr ibed the magnetic amplifi er 

from a mathematical and design angle, analyzing results 

obtained with var ious types of core material, coil rela­

tioilsh ips, etc. Therefore, the mathemat ical analysis w ill 

not be included in th is review. 

T he material used in this subject represents in forma­

tion more of a p ractical natu re, gathered f rom va rious 

symposia, government and comme rcia l eng ineeri ng re­

ports, patent applications, contractors data and technical 

publications. In certain instances. d irect ph raseology 

' See the bihliograph)• .It the end uf this :trt icle. 

used in foreign t ranslations and in some material sources 

was necessary to obviate any possibili ty of reflecting a 

personal bias on controversial or critical points. Sonie 

sources were overly opt imistic in the ir app raisal of ap­

plications, others unduly conservative. An ' average be­

tween the t\vo extremes can be expected in the produc­

tion units. Direct quotations, unless g reatly contracted 

for simplification, are cred ited to their source. A refer­

ence bibliography is included for any one desiri ng to 

examine the mathematics and des ign data more in d etail. 

A magnet ic amp! ifier is essent ially a device in which 

the alternating-current reactance of a co il is contro lled 

hy means of a direct-current sig nal w h ich mod ifies t he 

permeability of the magnetic materia l upon which the 

coi l is wauna . Magnetic <tmp lifiers are often re ferred 

to as saturable reactors, d-e controll ed reactors, amp! i­

stats. transductors, satu rable tr,tnsformers, etc., althoug h 

.ti l Me not exactlr synonymous names. Actually almosl 

,w y convent ional transformer containing an " iron core" 

could be used for thi s purpose, but it would not be 

efficien t. 
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These amplifiers are not new. The possibility of utiliz­

ing magnet!c saturation for control purposes was men­

tioned by Lord Rayleigh, in 1887. The first American 

patents on such a device were granted as early as 1903. 

Four German patents on saturable controls were g ranted 

between 1909 and 1916. Related devices utilizing 

saturable core featu res were found in electrical equip­
ment in Austria and France as early as 1885 but were 
not identified as such. 

Dr. E. F. W. Alexanderson is generally accepted as 
the inventor of the magnetic amplifier in that his dis­

closure of 1916 was the first to indicate that the device 

could be used as an amplifier. However, p rior to this, 
Fessenden, in his early work outlined the basic principles 
of varying an inductance by changing the perme?-bility 
of its core for radio-frequency applications. In 19 12 a 
radio telephone circuit was established between Berlin 
and Vienna, uti lizing magnetic ampli fiers as r-f modu­

lators. Alexanderson's patent in 1920 incorporated self 

excitation utilizing a shunt rectifier. In 1921, Logan of 

USA introduced the series load rectifier. This is the 

feature that elevated the device to a more competitive 

position with other control components. This amplifier, 

however, never gained popularity at that time, due 
mainly to the unsuitable core material and mercury arc 
rectifiers then available. Another thing that retarded de­

velopment was that the industry simply was not ready for 

such a device. Universal application of electron tube de­

vices was then in the midst of its popularity in about 

the same relationship that the mag netic amplifier is in 

industry today. The application of the dry copper oxide 

rectifier, with an improved self excitation circuit in 1928, 

revived the interest in the device somewhat. The intro­

duction later of the more stable selenium rectifier con­

tributed toward a more reliable and predictable perform­

ance. The efficiency however was still low ip comparison 

to vacuum tube components. It was not until a special 

core material was developed that the device began to 

compete with vacuum tube components. . . 
Preisach, in Germany probably can be credtted wtth 

the rebirth of the magnetic amplifier in that he was 

responsible for the development of the first magnetic 

material having a rectangular hysteresis loop. The rna-

teria l used for this deve:Iopment however, was Permalloy, 

an American contribu tion. A paper on th is process was 

published in 1932. Additional improvements in this 

loop were made in 1934- by D ahl and Pawlek, also 

Germans, by further puri fy ing the material and com­

bining magnetic annealing and grain orientation treat­

ment in 50 percent nickel-iron. The Japanese however 

had revealed the magnetic anneal ing process prior to 
this. Swedish engineers also contributed invaluable 

theoretical data during this period of development. Dr. 

Lamms publication entitled "Transductor," released in 

1943, (2nd edi tion 1948 ) is probably the most com­

prehensive mathematical and theoretical treatise on this 

device available to date. 

This is roug hly the picture on development of th.is 
device prior to the war. A t this point it became a prac­

tical device. Later developments resulted in improved 
efficiency and performance, but no particular h igh points 
were passed. The patent office lists several hundred 

patents on magnetic amplifiers and related devices, most 

of which are on improvements in desig n and new appli­

cations. Space permits only a historical review of basic 

developments up to the point where the amplifier be­

came a practical device. To give due credit to the many 

other p rominent American and fo reign inventors who 
have contributed to this development would require 
several volumes. 

It was during the last war that the exploitation of this 
device was accentuated by the discovery of the general 
application of the magnetic amplifier by the German 

army, navy, and air force. It was mainly the improve­

ment in magnetic material and the introduction of 

selenium rectifiers that led to the practical exploitation 
of the magnetic amplifier by the Germans. 

ffhe G erman navy used magnetic amplifiers in its 
master gun stabilizing system. The German air force 
used it in an automatic pi lot and in blind approach 
equipment. They also used this unit in various servo 
applications, and f requency control for motor generators 
in the long range rockets and in b lind landing aids, and 
to regulate the fuel flow in relation to atmospheric and 

ram air pressures in some types of guided missiles. The 
German army had even started to apply it to the V- 2 
steering system. Although some progress had been made 

in developing improved core material during this period, 
most of their scientists on this project concentrated their 
efforts toward practical applications. 

The Japanese also early realized the advantages of 

such a device. 1l1is is attested to by the fact that ever 

major improvement in magnetic material during thi~ 
century, which included permanent magnetic material 

such as cobalt and alnico, resulted from Japanese efforts. 

Saturable core reactors and transformers, with limited 

applications, were used br the Germans as automatic 

stabilizers in suhmarines durin,g the first world war, but 

they were relatively inefficient devices compared to cur­

rent components. 
It was during the last war that it became evident in 

this country that magnetic amplifiers could be used to 

good advantage in many p laces where vacuum tubes were 

previously considered necessary. The U. S. N avy has 
been incorporating this static device, to a very limited 

exten t, primarily in rotating equipment, during the past 

eight years. 
Renewed interest in magnetic ampl ifiers, not only by 

the electronics engineers but by the electrical power in­

dustry as well , can be attributed to several factors, 

mainly: 
1- The internal feedback circuit utilizing d ry recti­

fiers, resulted in a considerably greater power gain ratio. 
2-lmprovement in both core material and dry recti­

fiers, which made it possible to build a mud1 smaller 
and efficient unit. 

3-The German operating experience in both air and 
surface crafts proved in some measure the reliability 

of such a device. 
4-T he need of a rugged, static, maintenance free de­

vice, requiring no "warm up" t ime. 
5-Reduction o f number of electron tubes otherwise 

necessary. 
6-Engineering development made available multiple 

units with improved linearity, gain and response time. 

These improvements coupled with smooth compound 
interacting controls made the device applicable to equip­

ment heretofore not considered. 

7- The Bureau is ready for such a device. The in­

creased maintenance load resulting f rom the constantly 

expanding electron tube and automatic control devices 

is becoming a major consideration. Ind ications are that 

we have only begun to exploi t its possibilities. 

A few of the ci rcuits, broken down to basic essentials, 

are shown to assist the readers in familiarizing them­
selves with the theory of operation. Many of these sim­

plified circuits would function without modifications, 

however, in actual practice, additional compounded coils, 

resistors, and capacitors are added to increase the ver­

satility, by improving the power factor, response, and 

adaptability to the specific application. These circuits 

are shown with a single turn control coi l. Actually there 

are usua1ly several hundred times as many turns on the 
control coils as there are in the load coil. In many in­
stances, to simplify the sketches, only sing le reactors and 

simple half wave rectifiers a re shown, when this can be 

done without affecting the theoretical operating prin­

ciple. In most installations, opposing coils and bri?ge 
rectifiers would be req uired. G eneral fields of appltca­
tion are cited along with typical starting compositions 

offered as an aid to the skilled technician in the develop­

ment of magnetic controls to meet his special needs. In 

addition to the uses cited, the skilled technician will no 

doubt visualize and develop other applications. 

:! Applications 
Applications of the magnetic amplifier are listed as 

follows: 
1- Amplifiers-AC or DC for current voltage and 

power. Example: Low level d-e applications: Thermo­
couple and photo cell ampl ifie r to directly operate motors 
and controllers. Amplification gains of several mi llion 

can be realized without the use of electronic tubes but 

with rather long time constants. Th is is an excellent 

d-e amplifier. This amplifier is not subject to drift d iffi­

cuties often encountered in electron tube installations. 

2- Regulators- (most common use) control of volt­
.tge, current and frequency of industrial power installa­

tions, ship main propulsion and auxiliary units, aircraft 
automotive electrical equipment, line-to-li ne voltage 

regulators independent of frequency. (Regulating ap­
plications have been thoroughly proven and should be 

considered for all auxil iary generators supplying power 

to electronic equipment- a large portion of electronic 

equipment failure can be attributed to poorly regulated 

power supplies. ) 
3-Re/ays-Locking including normally closed, open 

or f requency sensitive relays. (The substitution of these 
units for mechanical relays should be considered for 

equipment used in the tropics, where contact and me­

chanical difficulties are encountered due to humidity and 

fungus, as they contain no contacts and movmg parts 

and can be completely sealed. ) 
4-Sttlurable Rear/or- Lighting control, variable im­

pedance, etc. Sing le units are currently used to control 

up to 50,000 kva. 
5-Molo·r Stttrlers, Electriral lJY elding tmd Automatic 

Ballery Cbarging Conlrol- The effectiveness and sensi­
tivity of regulating controls are considerably increased 

by the addition of a non-linear device such as a thyrite 

or g low tube which can be connected to effectively am­
plify the error or act as a reference source themselves. 

6-Current Limiting Reactors-Limiting power cur­

rents during short ci rcuits. Limiting armature currents 

during slow motion or static conditions in follow-up 

motors . 

• The following material, to footnote 3. is taken from the 
nrigina l memo. 

"' m 
"' ..... 
"' 0 ..... 
m 
0 

... 



0 
w 

0 
"' ..... 
V') 
w 

"' 

0 
w 

0 
~ ..... 
V') 

w 

"' 

' 7-Sert'O S)JII."II/J-Complete, utilizing magnetic am­

plifiers as regulators. converters, computers, and as a 

complete replacement for a rota ry magnetic amplifier 

( amplidyne) system, at less cost aHd weight. 

8-lnslmmen/ Amplifiers-Remote control , etc. 

9-Syncbronizer-For au tomatic pulse and frequency 

control. 
10-Differentiating Syste/lts-For course plotters and 

predictors (Example: Direct integration from DECCA, 

RAYDIST, LORAC and RADUX-II phase comparison 

meters to graphic course plotters) constant speed con­

trols for surveying, wire d rag, mine laying, convoys, etc. 

ll- A11tomatic Stabilizers and Pilots-For submarine 

and aircraft. (A-C power supply systems for aircrafts are 

well establishecl making sah1rable reactor control ·ex­

tremely attracti v~. ) 

12-lmplllse Storing fllld i\lemory Devices. 
13- Timer.r-Timing pulse generator for radar and 

lo ran equipment. Wave shaping, etc. (currently pro­

duced with freq uency range between 25 cycles and 

1 Me. ) 
14-Eiectrictt! Compt~ters- Add-subtract-mult iply­

divide-differentiate-or integrate electrical ~uantities. 
15-Converters-DC to AC- AC to DC. Another 

possible method of converting D C to AC at both 60 and 

400 cycles for the electronic equipment on auxiliary 

vessels equipped with d-e main generato rs. Rotary con­

verters and motor generators on any vessel have always 

been a maintenance problem. (The DC to AC applica­

tion is still under de,·elopment. ) 

16-0scil!aton - Within limited frequency range. 

17-Pbase Sbifterr-Reactance control to 1,4 cycle. 

Currently used as phase shifters in grid contro l of mer­

cury arc rectifiers. and pulse delar matching circuits in 

radar equipment. 
18-Ft~el P11mp Reactor D riz 'I."J- ( l n locations where 

relay starting and control contact sparks could cause an 

explosion). 
19-i\fod11laton-Voice frequency modulators and r-f 

carrier trigger circuits. 
20-heq11enc)' Mt~ltiplier.r and Redt1cers-Includ ing 

telephone tone and ringing circuits up to RF. In one 

type of frequency multipl ier a direct-current flux is 

added to cause operation of the unit at the most efficient 

point for the generation of the desi red harmonic. 

Another type recently developed converts 60 cycle power 

to 420 tycles with an efficiency of 60f)r, with a con­

~iderable reduction in weight over wmparable rotating 

equipment. 
21- Seismo grapb and Mag netomt:ler Amplifiers 

Tide gauge, anticipator, audio gain sequence circuits. 

Drift difficulties often encountered in these applications 

Me practically eliminated when this device is substituted 

for h1be amplifiers. 

22-Mt~llitlibratorr - One shot t~nd free runnmg 

square wave generators. 

23- Sweep GeneralorJ- T rigger and pulse fo rming 

circuits for radar and loran equipment. 

24-Cotm/er and Di/lirler.r-For loran, shoran ,l!ld 

radar indicators. 

25-Mine and S11bmarine D lflt:t'/o-rs. 
26-Fie/d Control for lvltlgnelit' Fl11id C!NtrbeJ fiJI(/ 

Magnetic Powder Brr1kes-One manufacturer has replaced 

the regular d-e charg ing generator on an experimental 

buss with a 400-cycle a-c unit. The generator voltage is 

magnetic amplifier cont ro lled to plus or m inus 2 1ft from 

units-dry disc in the larger units. These rectifiers are 

conservatively rated at 60.000 hours for full power 

operation . 
2-RuggedmJJ-Shock resistance equivalent to that 

of a transformer of s imilar size. 

3-Stabi/ity-Comparatively (no cathode emission 

change wi th filamen t temperature) insensitive to varia­

tions in power supply (with inverse winding) therefore, 

requires no sepa rate stabilized power. and can be oper­

.1ted from .lily .tvailable source- (currently production 

is cencentratinJ! on 60 '400, 800 cycle units. with de-

' 

..Q_ 

The German Air Force used magnetic amplifiers in a utomatic pilot and blind approach equipment. 

id ling to full speed. Magnetic amplifiers are then used 

to obtain optimum batte ry charg ing rates, and as remote 

controls for the powdered iron hrakes, clutch and mis. 

cellaneous au xi I ia ry eCJ U ipmtnl. 

Advantages 
The magnetic amplifi er h <~s S(·vc:ral ,Jdvantages for 

electronics which are as fol lows : 

1- They contai n no moving parts. Maintenance of the 

unit without rectifi ers is (om parable to that of a conven­

tiona l transformer. With rectifiers the life is governed 

by the type of rcttilic-rs used ·onvent ional radar ger­

man ium crystal rectifiers rtr(' us('d in the low powered 

sig n contracts committed to experimental units for self­

excited 20-kc carrier voice modula ted amplifier for hull 

horn public address amplifiers) . 

4- 0 verloarling- A magnetic amplifier can carry over­

loads equa l to an equiva lent transformer. 

5-Enflironnten!td- Can be hermeticall y sealed and in­

conspicuously built in as part of the equipment. Nor­

mally requires no venti lation and can be insta lled in 

compartments w ith combustible material. 

6-Higb Gain- Power gai n per stage is comparable 

to that of a vacuum tube stage. The}' can be cascaded 

almost to any power j?ain . The etliciency is also g reater. 

7-Cirmit i solation- The inputs and outputs are elec­

trically isolated. The low impedance circuits also result 

in reduced electrostatic coupling and feed back. 

8-Safety-Can be safely operated. in enclosed areas 

where starting relays and control contact sparks could 

cause an explosion. 
~-Adaptabilit)-These ampl ifiers can be built with 

specially shaped cores for mosaic installations in confined 

sp.tces. Amplifier gains can be changed simply by adjust­

ing the d-e fields. Gain control leads are Jess effected 

by stray r-f pickup noises often encountered with high 

resistance h igh voltage components necessary in equiva­

len t electron tube: circuits. Separate low impedance gain 

windi ngs may be added to the core if isolation is re­

quired: (permanent m,Jgnets with adjustable air gaps, 

may in ce-rtain applications be used to set fixed gain ) .· 

Separate windings may a lso be used to introduce feed 

back. either positive or negative to obtain increased am­

plification or degeneration to improve the f requency 

response. In addi t ion to the above. separate windings 

have been added to superimpose independently va rying 

signals in eithe"r phase relation or amplih1de or both for 

specific purposes. 

10-These amp! i fiers are .dso e.xcellent devices to use 

in conjunction with electron tubes for many applications. 

Tube controlled core saturation can be appl ied to many 

existing electron tube installations \vith a resul tant in­

crease in stabil ity, opera t in.g range and overload pro­

tection. 
11-Reflrliness-They require no warm-up time. Ex­

ample: Gun control units would not have to he kept 

continuously ene rgized for instant use. 

Disadvantages 
Although this amplifier has the advantages listed 

above, it also has disadvantages wh ich are l isted below: 

1- T ime Comtanl-l n general, the time constant is 

long compared to that of vacuum tubes and short com­

pared to electro-mechanical devices. Current servo pro­

duction units have a lag of one cycle of exciting fre­

quency. Pulse trigger circu its ar(' being designed wi th 

lags of less than one microsecond with a h-f power 

source. Actually, it may be possible wi th modern mate­

rials and techniques to obtain time constants in most 

cases, comparable with those of vacuum tube circuits. 

especially in similar applications. 

2- lmpedanre Rr111ge- The: impedance of a magnetic 

amplifier cannot be increased to in fini ty or decreased to 

zero-reO_ected impedances. the-refore must be considered . 

Wi th fu ll output (core satu rated) the output impedance 

is reduced almost to the d-e resistance of the core wind­

ings and (if used) rect ifiers. Input nuy be des igned 

with an impedance of a fract ion of an ohm to ,1 1n.egohm 

or more-. 
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The phenomenon of anomalous propagation is being 
given increasing attention in current electronics litera­
ture and in daCiy discussion among personnel in the elec­
tronics field. Thi~ is particularly true in the field of 
radar which employs much higher frequencies than com­
munications and also by the nature of operation of radar 
as opposed to radio. Anomalous propagation is the 
general designation for all non-standard propagation. 
Anomalous propagation can be summed up in a few 
words which should be perfectly clear to the layman. 

I --
It is that phenomt non which, due to m,lllY factors, results 
in extremely long or short ranges ( particularly radar 
ranges on land mass and surface targets ) with the change 
from one to the other varying from a few hours to 
several days. By th is we mean that on a certain day, 
evidences of abnormally long ranges may be exhibited 
br the radar, whi le on the next day and possibly for 
many days thereafter, conditions may be normal and the 
ranges obtained wil l be in line with those to be ex­
pected from that radar. Then a change will occur in 
the atmospheric conditions \vhich will <!gain produce 
either extremely long ranges or, conversely, excessively 
short ranges. These abnormal or subnormal ranges, re­
sulting from anomalous propagat ion, have resulted in 
some confusion and misunderstanding, not only in the 

minds of electron ics personnel but in those of many 
Command ing, Executive, and other ship's officers. 

This article is prepared with two basic reasons in 
mind: ( 1) To further acguaint Commanding Officers 
with the imponderables and unpredictables which result 
in anomalous propagation, and which should be given 
due consideration before deciding that the electronics 
equipment is at fault. (2) To caution technicians not to 
place the blame on anomalous propagation when sub­
normal ranges are being received unti l they have thor­
oughly checked the equipment and are absolutely posi­
tive that it is working normally. In the case of the first, 

some Commanding Officers have, upon perceiving land 

mass target echoes at ranges of 175 to 200 miles on cer-

tain days, formed the opinion that these ranges are to 
be expected at all times. T herefore when atmospheric 
conditions return to normal with accompanying decreases 
in ranges consistent with what should be expected of 
the radar under normal operating conditions; or when 
atmospheric conditions reverse themselves and cause sub­
normal ranges, these Commanding Officers are prone to 
assume that the radar is not operating properly and 
place the entire blame on the Electronics D epartment. 

:r:~~:J.s 
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, 
In the case of the second, there have undoubtedly been 
cases wherein the technicians have been too quick to 
place the blame for sub-normal results on anomalous 

propagation when actually the equ ipment was not operat­
ing properly. It is believed, in all fairness to everyone 
concerned, that both of these points should be carefully 
considered before any act ion is taken during periods of 
non-standard radar perf onnance. 

As stated above, anomalous propagation is a condition 
caused by changes in atmospheric conditions: These 
changes are principally in temperature and moisture con­
tent. It is a rather well -known fact that radar energy, 
under normal atmospheric cond itions, travels in a path 
very near to line-of-sight with possibly some bending. 
It is a characteristic of most long-range air and surface 

search radar equipments that the antenna is designed to 

produce a beam which will g ive a limited vertical cover­
age as well as long-range low-level detection. In the 
earlier sets, and in some of the sets now in use, this 

was accomplished by a "fan beam'' type of antenna 
pattern in which the energy was "sprayed out" from the 
antenna covering a vertical distance from the surface 
up to approximately forty or fifty degrees and a horizon­
tal width of from 5° to 10° . Later developments in an­
tenna design produced antenna patterns wl~erein . the 
energy is directed along the surface in a more concen­
trated manner and yet simultaneously provides a limited 
vertical coverage. Practically all the later types of search 

radars employ this type of antenna, the goal being to 
obtain the greatest ranges possible on surface targets 
and aircraft up to 40,000 feet. 

At the freque~cies employed in radar equipments, 
energy from the radar antenna is propagated in a fi..xed 
pattern d irected along the surface and to a li mited verti ­
cal height. However, some of the energy rad iated by 
the antenna will be lost due to a certain percentage of 
high angle scattering at the point of origin. Further, 
the energy that is propagated along the surface will, as 

the d istance increases, be attenuated due to several fac­
tors. This statement is true only where the ten~peratu re 
and moisture content in the atmosphere are such that 
no sharp changes in density are present. However, if a 
high density medium does exist artd that medium is 
lying near the surface of the earth or water ( approxi­
mately 100 feet to 2-or 3,000 feet ) super-refraction of 

the radar rays will result. 

Experiments, tests, and atmospheric data have proven 
beyond a doubt that under certain conditions such a 
high density medium will be present in certain areas 
with its height from the surface varying from a few 
feet to several thousand feet. One condition which 
causes this phenomenon and which is encountered quite 
frequently at sea is the presence of a warm air mass OYer 
a cool bodr of water. . 

Under normal or standard conditions, the temperature 
of the atmosphere decreases slowly from the surface of 
the earth to the higher altih1des ar:d the moisture con­
tent varies in much the same manner. When a warm 
body of air is present over a cool body of water evapora­
tion of the water from the surface produces a concen­

tration of moisture and a decrease in temperature near 

the surface. At an unpredictable height above the sur­
face, determined by the height of the body of warm 
air, the temperah1re will be mud1 greater than at the 

surface and the moisture content will be less. This re­
sults in a sharp temperature inversion and a pronounced 
moisture lapse (decrease in mosture content). Under 

these cond itions, the refraction of radar waves is sharply 

increased. W hen refraction is g reater than normal the 

radar waves will more nearly follow the surface and 

detection ranges on low-flying aircraft and surface targets 
will be markedly greater than normal. 

Radar surface coverage can be adversely affected by 
atmospheric condi tions just as easily as it can be advan­
tageously affected. In the preceding paragraph we have 
explained the phenomenon of a " duct" being formed 

between the surface and a body of warm air lying at a 

certain height above the surface. The condition which 

produces sub-norm~! surface coverage is brought about 

in a manner similar to that described above, except for 
the location of the "duct". T emperature inversions and 
moisture lapses are not confined entirely to surface loca­

tions. I t is possible for temperature and moisture condi­
tions to be such that "ducts" can be formed in the at­
mosphere itself. In other words, if meteorological con­

ditions are such that a cold moist area is present up to 

a certain altitude and ahove th is alt itude l ies a warm 
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A comparison of the effects of "trapping" on differ­
ent model radars, both on the 80.-miJe scale. SG-3 
on left and AN/SPS-68 on the right. 

body of air we will have the same conditions of tempera­
ture inversion and moisture lapse as those described for 
surface conditions. However, the "duct" now formed 
will be lying in the atmosphere and wi ll have no con­
nection w ith the surface. These "ducts" a,e not neces­
sarily parallel to the surface but may run at angles from 
the surface upward. If a ship is located in such a posi­
tion that the energy from the radar is being t rapped in 
one of these atmospheric "ducts" there will be a noticea­
ble reduction in ranges normally obtained on surface 
and low-flying aircraft and possibly a pronounced in­
crease in high-angle coverage. This is the situation 
where the technician must be very careful to insure that 
his equipment is operating properly before deciding that 
i ttnospheric " trapping" is present. 

Experiments and investigations have proven that r,tdar 

waves rad iated from an an tenna up to angles of L5 to 
2.0 degrees from the horizon will be trapped in surface 
"ducts" when atmospheric conditions are such that these 
"ducts" exist. The remainder of the energy in t}1e radar 
beam will be propagated in the atmosphere above the 
" duct". In this discussion the energy we are primarily 
concerned with. is that small amoun t which w ill enter 
and be trapped in these "ducts". Admitted, it is only 
a small percentage o f the tota l energy propagated from 
the antenna but due to the characterist ics of the "duct" 
and oth1=r properties, attenuat ion of the energy is ve ry 
small when compared to the remainder o f the energy not 
trapped. Radar waves which are trapped wi ll tend to 
follow the surface beyond the line-of-s ig h t and much 
furth er. Therefore when we consider that the energy in 
the "durt'' is attenuated very little and that hy action of 

A second comparison of the SG-3 (on left) and 

AN/S PS-68 (on right) rad ars illustrating "trapping" 
on the 200-mile scale. 
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Variation of temperature and moisture conte nt of the 
atmosphere as a function of height a bove +he earth. 

the "duct" this energy is carried well beyond the line­
of-sig ht, then it becomes apparent that we wi ll obtain 
extremely long ranges on objects which are on or near 
the surface- in other words all objects which are en­
dosed in the atmospheric "duct". Again it is pointed 
out that this 'trapping affects only those radar rays wh ich 
arc radiated at very low angles (up to approximately 
1.5 degrees from the horizon). Those waves which are 
rad iated at a higher angle are not bent sufficiently to 
enter the "duct". The over-all effect of th is "trapping" 
on the . radar coverage is to extend the lobe or lobes 
which lie w ith in the duct, thus producing the " fantastic" 
ranges of 175 to 200 miles and even g reater on surface 
targets, particularly land masses, ·wh ich are often-times 
observed on ou r radars. It is pointed out that all availa­
ble data tends to indicate that the higher radar frequen­
cies are more susceptible to " trapping" than the lower 
radar frequencies, although current air search radars 
operating in the '.' L" band have repeatedly exh ib ited 
effects of "trapping" due to weather condi tions. 

The existence of the phenomenon of anomalous p ropa­
gation has long been recognized by engineers and scien­
tists but its effect on radar coverage as a whole, both 
surface and air and combinat ion of the two, is still a 
matter of much d iscussion. One fact that a ll are agreed 
on is that when temperature and moisture condi tions 
are in a certain relationsh ip an effect of radar trapping 
and d ucting wi ll be present and extremely long ranges 
wi ll be observed on surface ta rgets and low flying air­
craft . As for the effect on detection of high-flying air­
craft d u ring periods of surface trapping, there are two 
disti nct lines of thought, ,and unfortunately the two are 
at variance with each other. The fi rst is that detection 

of h ig h-flying aircraft is not ser iously affected during 
periods of su rface trapping. T his theory has been in-

vestigated fu lly and much data taken to substant iate 
same. T he second is just the reverse in that detection 
of high-flying ai rcraft is adversely affected during 
periods of surface trapj)ing. The proponents of this 
theory have made numt'rous observations but detailed 
data such as records of ranges t1 nd altitudes taken simul­
taneously with tempt'rature and humidity do not exist . 
True. the expt'riments and tests conducted by the two 
g roups \vere in widely separated locat ions and different 
types of radars were employed throughout the investiga ­
tions. However, in spite of these facts. the results 'vere 
so dissimilar that the question is st ill. for all pract ical 
purposes, unanswered to the sat isfaction of all concerned. 

The foregoing dissertation is not intended to advance 
the theory of either of the two g roups but rather to 
point out and explain in a general manner to all in­
terested parties that anomalous p ropagat ion does exist 
and that rad ar ranges can be ad vantageously or adversely 
affected by the phenomenon. If Command as well as tech­
nical personnel wi ll recognize th is basic fact and weigh 
each situation carefull y it is believed that each w ill more 

fully appreciate the problems and viewpoints of the 

other. 
T ech nicians shoul d maintain performance records of 

their equipmen ts for presentation to the Electronics 
Officer or other in terested personnel. If these records are 
accurate and cover regular periods the Elect ronics Officer 
can more easily inspect them and check to insure that 
the equipment is up to normal operat ing efficiency w hen 
periods of anomalous propagation arc suspected. Equ ip­
ment manufacturers, under the direction of the Bureau 
of Ships, have provided many testing procedures for use 
on radar equipment. Over-all performance can most 
read ily and reliably be checked by the use of the echo 

hox. This test uni t is desif!ned t·o g ive a complete check 

;o 
m 
V> 
-1 
;o 

0 
-I 
m 
0 



0 
w 
1-

~ 
"' 1-
Vl 
w 

"' 
0 

An artist's illustration of surface trapping resulting 
from abnormal refraction. 

of transmitter and receiver performance In 5 d · ome ra ars 
the echo box also includes a check of the r f t · . . - ransmts-
swn lme and antenna. H owever if the box 1 h ck . ' on y c e s 
the transmttter and receiver it is still a val bl d . . ua e an re-
ltable mstrument for indicating system perfo nuance. A 
suggested method of maintaining echo box · . . . · ctng ttmes 
•s by a graplucal p resentation. This can be easil , d b 

I 
. . . ( } one y 

p ottmg nng ttme vertical coordinate ) aga · t h •ns our and 
date (horizontal coordinate). Thus when th . 
. . . e graph JS 
mspected, the entJCe ptcture is presented sho · 

wmg system 
performance over a long period of time E · · xpenence has 
proven, however, that different operators and t 1 .. 

ec 1n1ctans 

will obtain different readings of ring time on the same 

equipment. In th is respect it is desi rable, if p racticable, 

that the same person, either technician or operator, rather 

than random personnel, measure and record all ring 

times on one particular radar. By this we mean that if 

ET3 Jones is ass igned to the SP radar, he and only he, 

should measure and record ring time on that particular 

equipment. Thus the elemen t of varying interpreta tions 

by different personnel will be, to a certain extent, elimi ­

nated from the graphical analysis of system performam:~ 

as presented by ring time measurements. 

' DUCT 
HEIGHT 

Idealized illustration of increased low-angle and surface 
coverage caused by surface trapping of energy. 

MODEL ROM FAILURES 
The Bureau of Ships has been advised by a field 

activity that frequent outages are occuring in Model 
ROM receivers being used with i-f type converters w ith­
out an audio load. Under this "no-load" condition the 
plate dissipation of the 6K6 output is e.xceeded causing 
the tube to short. The shorted output tube would then 
cause a burn-out of either the output transformer, the 
fi lter choke, or the power transformer. This type of 
failure may be largely el iminated by connecting a 500-
ohm 5-watt resistor across T erminals 1 and 2 of T B-4, 
which is located in the rear of the chassis. This res istor 
w ill p lace almost a normal load on the output tube but 
w ill not interfere with headphone reception. It should 
be removed when use of the loudspeaker is required. 

If, under condi tions of extremely high ambient tem­
perature and h igh li ne voltages, the resistor does not 
offer sufficient protection, a Y8 -ampere fuse may be in­
stalled between Pin 2 and X -14 and L-50. As w ired 
at the factory, the orig inal lead also serves as a fi lament 

lead for V-14 . Care must be taken that the fuse is not 
inserted in the filament lead. The fuse may be mounted 
in an extractor type fuse holder mounted in a convenient 
spot on the rear apron o f the chassis. 

W here required, the foregoing modification· is au­
thorized without report to the Bureau. 

AN/URR-13 WARNING­
USE PROPER ALIGNMENT 

TOOL 
Attention is invited to the fact that the r-f p late in ­

ductance trimmer screws in the ANj URR-13 receiver 
are app roximately 180 volts above ground. These screws 
are of the Bristol type and a special insulated alignment 
tool to fit these screws is provided with each receiver. 

Inexperienced or careless personnel may attempt to 
use a regular metal Bristol w rench to make the plate 
tr immer adjustments which would result in either a 
severe shock or g round ing of p late voltage. 

A ll Electronics Technicians are warned of th is poten­
tial hazard , and are requested to insert the following 
warning u nder Para. 4d Section 7 of the instruction 
book: 

"WARNING- Unless the Bristol type alig nment tool 
furnished w ith the equipment is used, danger to person ­
nel and damage to equipment may result since these 
trimmer screws are 180 volts above g round ." 

SECURE EQUIPMENT COVERS PROPERLY 
The Officer in Charge, Electronics T echnicians School, 

C lass "A", Great Lakes, Illinois, reports an amplifier 
searchl ight control box received in damaged cond ition. 

The cover of this particular control box was received 
wi th only seven of the thirty-two bolts and nuts in 
place as shown by chalk marks on Figure 1. The three 
top nuts were loosely secured. Complete deterioration 
of the electrical parts was caused by moisture entering 

FIGURE I. 

u nder the loose cover. All electrical items with the ex­

ception of the drive motor are considered beyond eco­

nomical repair. The usable mechanical parts are being 

salvaged for futu re use. 

This report is printed as an item of interest ind icating 

the damage that can accrue as a result of poorly secured 

covers on equipment stowed for long periods. 
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USE OF THE LM 
IN 

RECEIVER ALIGNMENT 

b) 
H . I. STRATTON and L. F. ZAKOWSKt 

Pbilco Field E11gineers 

Using the LM Frequency Meter for calibration and 
alignment of receivers is considered desirable when no 
s ignal gene rator is available. The LM is especially use­
ful in the alig nment of receiver i-f stages in u-h-f and 
v-h-f receivers, such as rhe RCK and RDZ. In crystal 

controlled receivers, since the i-f sensitivity is practically 
rhe rated receiver sensitivi ty, it is mandatory that the i-f 
stag es be very accurately aligned. One of the exceptions 
to use of the LM for i-f alignment is Navy Model 
TBS receiver wh ich requires a very strong signal for 
a lignment o f its i-f stages. 

In considering the use of the LM its disadvantages 
should be pointed out ; the g reatest of these being its 
uncalibrated outp ut vol tage. The LM, as a frequency 
measur ing standard, is verr rich in harmonic frequen­

Lies. It must be noted that the higher order of har­
monics, when received on the higher frequency ranges 
of a receiver, will be separated by a smaller number of 
dial scale d ivisions. This should not cause trouble, if 
the tech nician uses a little caution, un less the receiver 
is very badly m isa lig ned or the frequency scale is in 
g reat error. Another d rawback of the LM is its relat ively 
low power output (compared to that of the LP) and its 
lack of low f requency coverage below 125 kc. , as would 
be requ ired on such receivers as Models RAK and RBA. 

Although the fu ndamental f rec1uency range of the 

LM is from 125 kc., to 250 kc., on th<: low frequency 

band, and 2000 kc. ro 4000 kc., on the high band, it 

may be used above 20 megacycl es with a li ttle caution. 

As the higher orJe r harmonics are used, the pow~:r 

output of the LM will d im in ish. A sh ielded lead should 
be used with the LM and provisions mad e for g round­
ing the shield at both the LM and rece iver ter.minals. 

An examp le of LM fundamental f requency sett ing 
wou ld be as follows: It is desired to use the LM as a 
standard for checking 10 megacycl es on the receiver. 
This can be obtained from many different fundamental 

frequency settings. An example of two typical settings 
would be 2000 kc. and 2500 kc. If the fifth harmonic 
of 2000 kc. were used one would have more check points 
closer to desired frequency. If the 2500-kc. fundamental 
were used, it would g ive a higher signal output (due to 
being lesser ord er harmon ic) and wou ld more g reatly 
separate adjacent check points. It mig ht be desirable 
to spread out these adjacent check points to p revent ac­

cidental alignment on the wrong harmonic in cases of 
excessive receiver er ro r. Following accurate calibration 

it may be helpful to use a low<:r fundamenta l frequency 
of the LM to aid in plotting the response curve points 
across the band. 

Using the LM as a Signal G enerator 
The output of the LM is Jevelopecl across a 500-ohm 

carbon potentiometer. Wht n con necting the LM to the 
receiver it is recommended that a suitable isolat ing ca ­
pacitor (such as a .00 !-m icrofarad 600-volt paper or 

mica ) be used to prevent any receiver hig h vol tage from 

accidentally being connected across th is potent iometer 
duri ng alignment of i-f stages. 

On receivers not equipped with built-in output met<:rs 

it is important that an external output mete r (Models 

OCR, OE, Simpson 260, or similar) be used on the re­
ceiver output to give a sharp visual indica~ion of ma..-xi­
mum signal level. The output meter should be kept on 
its lower ranges to g ive a more accurate peak and to re­

duce the chance of overdriving the receiver and creating 

stronger images with excessive LM output signal. 

Preliminary Receiver Sensitivity Check 
If a receiver is accurately calibrated (as indicated by 

frequency checks \vith known frequency stations at differ­
ent points on the band) and the noise level, with an­
tenna disconnected, is high , it may be assumed the 
receiver is operating normally. If an LP is ava ilable it 

should be used to verify sensitivity. (It is assumed that 
the tubes in the receiver have been checked. ) 

In compari ng the overall sensitivity of one receiver 
against anothe r it must be remembered that all controls 
should be in the same respective posit ions. The r-f gain 
controls should be in their maximum clockwise position, 
AV C controls set to "off," ' crystal fi lter (where used ) 
should be "off", etc. 

Checking Sensitivity with the LM 
The following is an example of checking a typical 

3 to 6 megacycle band on a receiver. Adjust the LM 
fundamental f requency to 250 kc. T h is wi ll provide 
numerous check points across the band . As the receiver 

is tuned across the band, from low end to h igh end, 
there w ill be ind ications every 250 kc. (disregarding 
images) . Each h armonic of this 250-kc. signal should be 
plotted as to the indication on tl1e receiver output meter. 
The peak meter readings should fall off g radually in 

going f rom the low end of the band to the h igh end. 

This is due to the decreasing strength of the higher 
order harmonics transmitted by the LM. Such indica­
tions as an increase in the signal at the high end of the 
band or a dip in the center of the band would indicate 
improper tracking of the receiver. T h is would suggest 

complete re-alignment on that band. 

Use of an LP for Final Check of Sensitivity 
When an LP is available it can be used for final sensi­

tivi ty measurement of the receiver by adjusting it near 
the calibrated frequency setting indicated on the receiver. 
Then adjust the LP tuning control for ma..-ximum indica­
tion on the receiver output meter and note the input 
signal level necessary to obtain the rated receiver output 
(as indicated by the output meter). D isregard the SI?1all 
amount of dial error on the LP because it is merely 

bei ng used for sensitivity measurements under this con­

dition. 

Typical N avy 
method include 
and T CS. 

receivers which may be aligned by this 
R AL, RA'O, RBB, RBC, RBH, RBS 

- Seri'Lanl iVImzlb!J' Bulleli11 

Pound it out! 

SEND '/OUR ELECTRON 
EDITOR. S<.AMPERIN6 FOR. "THE 
WIDE OPEN f>PAC.ES "TO PRINT 
STOR.'/ . DEADLIN E JUNE I u 
FOR. "TI-lE ' FLEE.T S PEAKS " 
ISSUE . 
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Soldering 

Overheating of small carbon composition resistors 
during the soldering process can ~a use permanent changes 
in nominal resistance. In the past this did not present 
a very serious problem. Resistors were large physically 
and terminating leads were long. Recently, however, 
following the general trend towards miniaturization and 
lightness, the physical dimensions of resistors have de-

FIGURE 1-Details of clamp type shunt. 

creased greatly and the space limitations in the small 
compact equipments are such that the terminal leads 
must be made very short. Under these conditions the 
application of a soldering iron dose to the body of the · 
resistor is almost certain to cause overheating, with con­
sequent change in resistance which may easily exceed the 
working tolerances. 

Theoretical Considerations 
Heat can be transferred from a hot body to a cold by 

three means: conduction, convection and radiation. Dur­
ing the soldering process conduction plays the major 
role, the heat from the iron passing along the terminating 
lead to the body of the resistor. Therefore, the thermal 
conductivity, cross-sectional area, and length of the lead 
are important. The quantity of heat which the resistor 
is capable of dissipating (by radiation and convection) 
is determined by its surface area and permissible tem­
perature rise under continuous loading, that is to say, 
its wattage rating. 

Practical Considerations 
A satisfactory soldered joint requires a minimum quan­

tity of heat before it becomes effective, this quantity 

being approximately equal to the product of the iron 
temperature and the application time. For example, tests 
have shown that a joint requiring two or three seconds' 

application of the iron at 400° C. will require about 15 

seconds' application at 200° C. Iron temperatures be­
low 200° C. will not make a good soldered joint. Tin­
ning action is poor and the solder is apt to pile up rather 
than penetrate into the joint. Also, the use of a small 
iron is not the answer to the problem. Miniature irons 
operate at about the same temperature and heat the re­

sistor just as much as the larger ones, although their 
thermal capacity is much less. Low temperature solder­

ing involves the use of special solders and fluxes and 
cannot be used in equipments s~bject to any considerable 
temperature rise during operation. .Overheating of f'e­
sistors during soldering ca11 be avoided only by restrict­
ing beat condt~ction along tbe terminating leads. 
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FIGURE 2-Effect of thermal shunts on temperature 

rise of composition resistor. 

Theory of the Thermal Shunt 
If it is accepted that heat reaches the resistor for the 

most part by conduction along the terminating lead, then 
it should be possible to restrict this heat flow by m~ns 
of a thermal shunt in the same manner that a sens1t1ve 
meter is shunted when used in a series circuit carrying 
a heavy current. Fof such a thermal shunt to be effective 
it must have good thermal contact with the lead between 
the body of tP,e resistor and the iron. It must have a 
thermal capacity several times greater than the resistor 
it is to protect. Lastly, it must have a large dissipating 
surface of the proper finish for disposing of the absorbed 
heat by radiation and convection processes. 

The simplest method of providing a thermal shunt, 
and one used by many technicians, is to grip the lead 
between the resistor body and the lug with a pair of 
long-nose pliers while soldering. A big reduction in 
resistance variation is achieved in this way, as can be 
seen by reference to Figure 2. For general-purpose oc­
casional work the pliers method is fairly satisfactory, but 
it does have certain disadvantages. The pliers have to be 
held while making the joint and the operator would 
tend to release them at the same time that he removed 
the iron, thus permitting unrestricted flow of heat into 
the resistor body .from the still molten joint (see Figure 
2) . It is rather awkward to solder with one hand. Finally, 
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FIGURE 3-Resistor cooling curves. 

steel does not .fill the requirements for good conductivity 
and high thermal capacity necessary in a thermal shunt. 

The best shunt material is copper, and the best con­
struction is one of the clamp type which is self-holding 
and can be left on for .fifteen or twenty seconds or until 
the joint cools. A good thermal shunt can be made 
easily by sweating small copper bars into the jaws of an 
ordinary alligator clip, as shown in Figure 4. 

Use of the Thermal Shunt 
A shunt should be used during each soldering opera­

tion involving a miniature component. This applies not 
only to resistors but also to any circuit element likely to 
be damaged by excessive heat such as small capacitors, 
choke coils on polystyrene forms, and wire-ended crys­
tals. The risk of damaging a component increases with 
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FIGURE 4-----Changes in resistance as a re~ult of over­
heating. Data for this curve were obtained by im­
mersing the resistor in an oil bath to raise the tempera­
ture and allowing it to cool down to room temperature 
after each excursion. in order to determine the perma­
nent effect of heating. 

the time required to make a satisfactory joint. This time 
may be reduced by pretinning the lug and leads before 
making the joint and by using a fairly hot iron. Size 
of iron is also important. If accessibility is adequate, a 
standard 100-watt iron may be used. In tight places a 
miniature iron can be used, but it should be remembered 
that while the temperature of the miniature iron is only 
slightly lower than that of the standard iron, the thermal 
capacity is much less. If the lug is large and has a wire 
wrapped around it in addition to the terminating leads, 
the thermal capacity will be quite high and it may be 
impossible to supply the quantity of heat required, re­
sulting in a cold joint. The shunt should be placed so 
that it is as close to the resistor body and as far away 
from the joint as possible. It is essential to insure that 
the clamp does not contact both the resistor and the 
joint, as it would then provide a low-impedance path for 
the flow of heat from the iron. It has been found that 
a distance of 1/16 inch from the lug to clamp is suffi­
cient. In order 'that the copper-clamp thermal shunt shall 
maintain its effectiveness in use, it is necessary to keep 
the jaws flat and parallel and free from grease, dirt and 
Aux so that good contact between the clamp and the 
terminating lead is ~nsured. The face of the clamp ad­
jacent to the iron should be kept bright to minimize 
heat transfer by radiation, while the rest of the clamp 
should be matt black to assist heat loss. 

-Dige.rl U. S. Nctt'(JI A l'illtion Electronics 

Send your problems to the Editor of BUSHIPS 
ELECTRON. He will solve them for you and 
print the answer in 11 Letters to the Editor... See 
Page 19 of this issue for examples. 
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MODEL SV SERVICING 
NOTES 

Rep-Rate Setting 
Setting rep- rate on the Model SV to the correct 400 

PPS can be readily done by turning fine control to 
MAXIMUM and setting scope sweep to 60 cycles; then 
set control to show 7 pips from test sync jack, or 420 
PPS MAXIMU M. A gain of 1200 yards in ringtime was 
obtained on one system after this adjustment. 

Transmitter 5000-Yolt Supply 
Troubles in the Model SV transmitter 5,000-volt 

supply using the carbon plate type 3 71- B rectifier tube 
show as symptoms: 

1-Jittery voltage reading on position 7 of the test 
meter. 

2-Variations from 4,000 to 5,000 volts. 
3-0ne of the 371- B tubes showing a considerable 

amount of color. 
These have been traced, in all cases, to a loose plate 

cap on the 371- B tube. The cap on the carbon plate 
tubes is soldered to the lead-through wire and th is 
soldered connect ion is either poor or intermittent when 
the tube is new or develops th is condi tion with use. 

AVAILABILITY OF 
F.C. NO. I~QHea AND 

F.C. NO. I ~QHB-1 

QHBa (ASW Vessels) 
Referring to the Receiver-Transmitter (CAN-4 307 3) 

shown in Figure 7-17 of Model QHBa Instruction Book 
(NAVSHIPS 9 1125) , ALNAV 45- 50 warned all per­
sonnel against failure of the phenolic- headed push rod 
to operate switch S-707 and to discharge the capacitors 
when the lower door is opened. This warning was am­

plified on Page 21 of the Aug ust issue of the ELECTRON 

magazine, (N A VSHIPS 900,100) . 
Replacements for the phenolic-headed rods in the fo rm 

of all steel rods are now available for equipments serials 
1 through 172 inclusive, on surface vessels under SNSN 
F16-M-384501- 8 66 and are described in NAVSHIPS 
98198. The kits are stocked at: 

Philadelphia N aval Shipyard 
N orfolk N aval Shipyard 
Boston Naval Shipyard 
Charleston N aval Ship yard 
Mare Island N aval Shipyard 

Ships Supply D epot, Naval Supply Center, 
Oakland 

Low or Intermittent Magnetron Current 
Occasionally a condition of low or interm ittent mag­

netron current shows u p in the SV transmi tter. W hen 

this happens, check R (2 ) 18 which is mounted on the 
magnetron mounting bracket. Connect an ohmmeter 
across th is resistor and heat the body of the res istor 
with a soldering iron . In -some cases this mete r shunt 
dropped f rom its normal 6.25 ohms down to a va lue of 
2 ohms. 

Arcing or Overheating of 5021 Tubes 
H ere is another case of meter shunt trouble. W ith 

the SV transmi tter ON TIME control adjusted to 170 ma, 
the four 5D 21 tubes started to arc and get hot. It was 
found that the meter shunt R (2 ) 24 had changed enough 
to give an error of 35 ma. Since th is happened to be 
on the high side it meant that the 5D21 's were adjusted 
to an O N T IME current of 205 ma which was causing 
the aforementioned arcing and excessive plate dissipa­
tion . Un less a resistance bridge is ava ilable, this meter 
shunt is d ifficu lt to check because its normal value is 
0. 625 ohms, 2 %- tolerance. This is not the only reason 
for arcing or hot 5D21's but it is one of the factors that 
must be taken in to consideration w hen this trouble is 
encountered . 

Sh ips Supply D epot, Naval Supply Center, 
Norfolk 

Ships Supply D epot, N aval Supply Center, 
Pearl H arbor 

QHB-1 (Submarines) 
Referring to Model QHB and QHB- 1 Instruction 

Book (NAVSHIPS 900,976 (A) and NAVSHIPS 
98197, Field Change No. 1- QHB- 1 appl ies to equip­
ments serials 1 through 19 inclusive on submarines. 
The new steel rods arc stocked under SNSN F16-M-
384501-867 at Ships Supply D epot, Naval Supply Cen­

ter, Norfolk and the Ships Supply D epot; N aval Supply 
Center, Oakland. 

INSULATION RESISTANCE 
OF SHIPBOARD COAXIAL 

LINES 
The insulation resistance of solid dielectr ic or a1r 

d ielectric coaxial lines as installed and not terminated by 
any equi pment (but including connectors attached) 
should be over 100 megohms as measured with a 500-

volt megger or megohmmeter such as Navy Model OC'JCI 
or T ype P (Standard Navy Stock Number G 17- I- 702 ) . 

I 

ALLOWANCE LIST 
PROGRAM 

Commencing February 195 1, the Bureau of Ships dele­
gated to ESO responsibil ity for prepari ng allowances for 
part of the active fleet. T hese al lowances constitute an 
integ ral part of the Sh ipboard Integrated Electronic 
Maintenance Parts System, wh ich provides fo r the con­
version of ships to the bin stowage of electronic parts 
and the identification o f these by Standard Navy Stock 
Numbers. 

In conjunction with this program, BuShips has also 
g iven ESO the responsibility of maintain ing, printing 
and distributing Stock Number Identification Tables. 
The principal purpose of the SNITS is to provide a 
means of identifying materia l. Employing the SNIT. the 
electronics tech n ician determines the stock number of the 
item needed for replacement by cross-referencing the 
circuit symbol number in the instruction book and on the 
SNIT to the appropriate Standard Navy Stock Number. 

T he SNITS also are employed as the tools to enable 
the obtaining of Standard Navy Stock Numbers for ma­
terials conta ined in spare parts boxes aboard unconverted 
ships. Over 90 0 different types of Stock Number Iden­
tificat ion T ables have been printed and are ready for use. 

In the preparation of designated all owances, ESO is 
mechanically provid ing spare parts stock record cards for 
designated active fl eet ships being converted . These cards 
are sequenced for easy handling, and contain stock num­
ber and noun name information. 

FLOATING ELECTRONICS 
WAREHOUSE 

Are you short some hard-to-get electronic maintenance 
part 'way out there at sea, Mate? \'<fell , maybe you won 't 
have to send stateside for it after all, because who knows? 
Maybe the E L ECTRON wi ll float rig ht up to your sh ip 
and you 'll have all the maintenance pa rts you need. ' 

Of course, we don't mean th is magazine ; we' re refer­
ring to the Navy's new fl oating electron ics warehouse, 
the USS Electron ( AG-146}, a converted LST. 

Th is vessel, the recent commission ing of which has 

E.S.O. 
MONTHLY 
COLUMN 

g iven add~d impetus to the N avy's concept of mobile 

supply fo r vessels in the Active Fleet, has relinquished 

her load of tanks in favor of rmv upon row of neatly 

stock-numbered bins containing more than 20,000 d if­
ferent electronic items for the servicing of ships in for­
ward areas. Chances a re you'd fin d exactly what you 
need in the El~ctro11's carefully sel e~ted stock. The 
Elec'lro/1 is the firs t float ing electronics warehouse to be 
commissioned but hold on, Mates- there 'll be more. 

Many of the smaller and more commonly used e lec­

tron ic items are stowed in bins in the forward part of 

the tank deck for g reater accessibili ty, whil e items too 

bulky for bin storage are stowed ami dsh ips in the after 

portion of the Electro11·.r tank deck. 
D efinitely not an accumulation of g uesses, this stock­

ing system for the '' fl oating warehouse" is the progeny 
of much careful research and stat istical analysis. The 
Eleclroll's inventory is in close agreement 'v ith all that 
is known to date reg,trd ing frequency of use, fai lure 

rates (a function of average life) , and available space. 
The electron ics techn icians and storekeepers aboard this 

ship have received special instruCtion in the implementa­

tion of current programs of Electronic Supply. 

BREAKDOWN PROGRAM 
The Bureau of Supplies and Accounts has authorized 

the continuation of the Breakdown Program at SSD . 

NSC Oakland, NSD Bayon ne and SSD, NSC Norfolk. 

Approval was granted in view of the tremendous ad­

vantages incident to the breakdown operation . Through 

th is program, many items in spare parts boxes have been 

identified by Standard Navy Stock N umbers. T he bin­

ning and reporti ng of these has made a\'ailablc large 

quantit ies of material to satisfy system-wide requirements 

- with considerable savi1~g to the Navy. 

Th rough recent Bureau of Shi ps' action .. tp·;, rox imately 

25,000 addit ional spare parts boxes were made available 

fo r breakdown. All East Coast boxes now mad e el ig ible 

through the Bureau's action will be processed by SSD. 

NSC Norfolk. The W est Coast portion of these wi ll be 

broken down by SSD , NSC Oakland. 
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PROTECTING EXPOSED 
R-F CABLES AND 

CONNECTORS 
The following notes are being added to installation 

plans which contain instructions for install ing exposed 

radio-frequency solid coa.xial cables (except teflon) and 

should be followed where no other specific instructions 

are issued: 

I Material Specification Obtain 
Grade or Class From 

tion imtmctions. T o do so will adversely 
affect the electrical characteristics. 

2-Electrical Insulating Varnish- JAN-V - 113 7 Grade 
CA should be painted on the outside of all assembled 
connectors to a point at least 4 inches f rom each con­
nector, after wiping off any excess dielectric compound. 

3- After the varn ish has dried, cover the entire var­
nished areas with several layers of Type VF (vinyl) 
synthetic resin tape with a 50% overlap between turns. 

4-For teflon cable installations see RE 6 2F 2000-
Shipboard Installation Teflon Cable H igh T emperature 

Ordering Information I 
Standard Navy 
Stock Number Size 

I 

I 
I 
I 

Insulating Varnish G52- V-1240 1 p in t can 
}AN- V-11371 GSSO G52-V- 1245 1 quart can 

TyrN G52- V- 1255 1 gallon can 
I 

Gra e CA G52- V- 1260 5 gallon can I 

- - -
D ielectric Compound ESO N52- C- 309(>-790 8 oz. cartridge 

AN-C- 128 I - -(Dow Corning -'=4) I 

I 
R52- C-3 109- l10 8 oz. cartridge 

ASO R52-C- 3107-125 10 lb. can 
- - -

Synthetic Resin T ape G 17- T-1745-60' % in. width2 

17-T- 28 GSSO G 17- T-1745- 200 1 in. wid th 
T e VF YP 
(Vinyl ) 

G 17- T- 1745- 250 11 V<! in. w idth 
Gn- 't- 1745-300 1V2 in . width 

1- A smooth , thin and uniform fi lm of dielectric 
~·ompound should be used on ly on 

(a) Cable plugs and jacks 
( 1) on gaskets 
(2 ) outside the cable jacket where the clamping 

nuts w ill seize cable 
(3) all threads exposed during assembly 

(b) Adapters-only on exposed th reads. 
CAUTION: Do 1101 fill voids 11'i!IJ dielectric comjJotmd 

tmf e.r • .1jJeci firrtll )' called for i11 I he insta!lct· 

MODELS TEB AND TEC 
BIAS CIRCUIT 

MODIFICATION 
The "bias" indicator on the Models TEB and TEC 

transmitters is located in the common supply circui t 

of the b ias plate transformer and the low power supply 

transformer. I n this location the I ight, when not ener· 

g ized , ind icates only that the common supply circuit is 

inoperative. The prime function of the "bias" light is 

to indicate presence of d-e bias voltage for the PA 

tubes of the transmitter. Naval Rad io Station, Annapo-

'-Former!)' 52- V-1 3. 
' Preferred size. 

Use ( included in NAVSHIPS 900,153- Standard and 
Guidance Plans) . 

Attention is again invited to the necessity of using 
Armor Clamp MX-564j U with the UG- 21/ U , UG-
22 / U and UG-2 3/ U series connectors when installed 
on armored cable. 

T he latest types conectors shall be used, especially in 
cr itical app licat ions. 

lis, has submitted a mod ifi cation to the subject trans­
mitters to cause the bias lig ht to be energ ized only when 
this d-e bias is present. Th e modi fication consists of con­
necting the light and its series resistor from the junction 
of the bias b leeder resistors to g round . 

The Bureau approves of this modificatio n to be made 
on an optional bas is. 

RMB PAGES 11 SL SERIES 3- i" 
AND 11SL SERIES 3- ii" 

T he listing of RMB Page ' 'SL Series 3-i" in Supple­
ment No. 28 is incorrect. T his page is in Supplement 
No. 20. Page "SL Series 3- ii" is a blank page. 

cf:etler:J 

to 

EDITOR 

Continu ing a new, and it is sincerely hope.d, a pe rmanent feat ure of your magazine-ELECTRON. 
This ne w feature is the answer to numerous s-uggestions and requests from fleet and shore per­
sonnel for a medium of presenting their individual problems, gripes and questions on e lectronics 
matters and obtaining answers to such queries. This section is not to be confused· with the 
FORUM which has been a re gular part of t he ELECTRON since its inception in 1945. The continu­
ance of t his new feature depends entirely on you-the personnel in the field-since we must fi rst 
re ceive correspondence from the fi eld before we can search out t he answers and print 
them. As a matter of conve nie nce , it is suggested you write .directly to: 

Edi tor 
BUSHIPS ELECTRON 
Sir: 

Concerning the components included in the signal 
circui t of two teletype machines hooked up for neut ral 
operation, I have a q uestion. 

W hy should the battery polari ty have any bea ring on 
the operation of the selector magnets, since according 
to the theory o f electromagnetism, a fi eld wi ll be built 
up around the electromagnets (selector magnets), regard­
less of the polarity o f the curren t th rough the coils, and 
theoretically, the selector magnets should operate equally 
well on currents Rowing in either di rection ? 

I have made inquiries of all personnel connected with 
teletype repair whom I have been able to contact, and so 
far have not been able to fi nd an explanation of this 
phenomenon. 

R. E. R., ET! 

The theory that you state abo11t electromagnet.r is 
absolutely rot-rert f or the normal electromagnet. H ow­
ever, the selectors are equipf;ed with POLAR electro· 
magnets, which m e a permanent magnet in conj11nclion 
with an electromagnet. . 

W'hen the mrrent thro11gb the electromagnet is m ch 
as to ct·eate a mrrg netir field of a polarity that adds to 

the magnetic field of the pennrtnent magnet, the selector 

Tbe following is typical of 
!be type of le!!ers 1-eceived 
to date for incl11sion in 
tbis rol111nn: 

The Ed itor 
BuShips Electron 
Code 993 
Bureau of Ships 
Navy De partme nt 
W ashington 25, D. C . 

relay operates. Jl)'"ben the mrrent tbro11gh the electro· 
magnet is reversed, botvever, the magnetic field produced 
canrel.r tbe 111agnetir field of the fl ermanent magnet and 
the selector relay does 11ot operate. 

Editor 
BuSHJPS ELECTRON 
Sir: 

Editot· 

Is it possible for me to get magazines concerning el tx:­
tronic instruments and equipment used on LST's and 
PC's ? Although I know much of the basic theory of 
elect ron ics, I would l ike to get somethi ng to read about 
these specific equipments. 

C. E. M., Elect ricians H elper 

T he B11rea11 of Ships is tlllrtble to issue electronic 
publica! iom to indi·vid11al s. A111 boritati 11e information 
is obtainable from the 11earest Electronics Office. A lso 
the individflal LST's and PC.r will brtve some p11blica­
tions aboard. 

Editor 
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Magnetic Amplifier Fundamentals 
Contin11ed from Page 5 

3-Aging-If feedback units requiring rectifiers are 
used the life of the rectifier is the age determining fac­
tor. Modern dry type rectifiers, conservatively operated 
have a life expectancy many times that of a vacuum tube, 
and will stand considerably greater overload surges, and 
should not, once installed, require service or mainte­
nance during a service life of at least five years. (The 
log book of the German cruiser "Prinz E11gen" shows 
that not one of the various types of magnetic amplifiers 
used on that vessel for gun stabilizers and servos,· re­
quired servicing for a period of ten years.) 

4-Freqttency Limit-The upper frequency limit of 
a magnetic amplifier appears at the ·present stage of de­
velopment to be about a half million cycles. It is as­
sumed, without further investigation, that this limit oc-

BASIC CIRCUITS 

NPUT (CONTROL) 

60-cyde counterpart. The linearity and response time 
are also improved alm~st directly in proportion to fre­
quency. High speed replacement units for vacuum tubes, 
however, indicate that they may be much smaller and 
·lighter than equivalent vacuum tube circuits. 

7-CoJt-Initially, until mass production is estab­
lished, these amplifiers will be more expensive than the 
components they replace. This is due not only to the 
necessity of absorbing part of .the research cost in the 
first production units, but also to allow protection to 
cover any possible engineering problems that may de­
velop in special applications. Indications are that once 
mass production is established magnetic amplifiers can 
compete in cost not only with electron tube components 
but with ·the cheaper electro-mechanical devices as well. 

The uses indicated in the above list are but a few of 
the many applications. Not all of the ll¥lgnetic amplifier 

RECTIFIER 

OUTPUT 
(LOAD) 

FIGURE 1-Basic principles of the internal feedback reactance type magnetic amplifier. 

curs due to eddy currents within the core, or winding 
capacity effects or both; response of pulse repetition rates 
up to 400,000 per second have been obtained with time 
constants of one microsecond, using 3 Me as excitation 
frequency. 

5-Cap(ltity-The capacity of the series saturated 
amplifiers currently produced are limited to around 10 
kilowatts due to the size of the rectifiers. Shunt com­
pound units have been built with capacities up to 50,000 
kw. Theoretically there is no upper limit to power 
handling capacity of these amplifiers, likewise there is 
practically no lower limit. Magnetic amplifiers are capa­
ble of amplifying signals too weak to penetrate the emis­
sion shot noises of a vacuum tube. 

6--Size-In many low powered applications the mag­
netic amplifier may be larger and heavier than competi­
tive units. This is especially true in the 60.-cycle compo­
nents, where the size of the core is almost inversely 
related to frequency. For a given size, the 400-cycle 
amplifier would have about five times the capacity of its 

applications mentioned are commercially available, as 
some are still in the experimental stage. Basic research 
on magnetostrictive magnetic amplifiers, oscillators and 
power units utilizing composite cores of nickel, iron, 
cobalt, in bridge circuits with permanent magnets for 
fractional saturation bias levels are now heing studied 

for special applications. 
Magnetic amplifiers should not be considered as a 

substitute for all tubes and relays in control and regu­
lating circuits. Each application should be weighed a~d 
balanced against competitive installations. In certatn 
installations, these amplifiers may actually be large~, 
heavier and less suited than other means. A magnetiC 
amplifier should be considered only if its ~dvantages 
outweigh its disadvantages when compared w1th compe-

titive means. 
Magnetic amplifiers should be considered for appli~a-

tions within their limitations for many types of equtp­
ments now using vacuum tubes, relays, rheostats, circuit 
breakers meters certain rotatino devices, self-synchron-

, ' t't 

ous transmitters, receivers, etc. The reduction of 
vacuum tub~s alone, by any device, is a consideration, 
when it is realized that the electronic equipment on a 
single BB today requires over 5,000 tubes, and the num­
ber is rapidly increasing. Storage space requirements 
for almost an e<jual numher of spares is also a con­
sideration. 

The substitution of magnetic amplifiers for all me­
chanical regulating devices used on auxiliary power units 
supplying electronic equipment should be made manda­
tory, limited only to availability. These are relativelr 
simple application~, and should be the first to be con­
sidered. 

Lieutenant Commander A. M. Vincent, Code 8158, 

has been temporarily assigned to act as liaison officer 
between Electronics Design and Development Division, 
Naval research facilities and manufacturers, primarily 
to expedite special applications in design. It has been 
found that due to the limited research in subject matter. 
a lag of at least a year is encountered before a produc­
tion unit can be placed in service. Any contemplated 
specialized application should be routed through Code 
sts.a 
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FIGURE 2-0peration of self-saturating half-wave 
magnetic amplifier load and supply voltages as func­
tions of time. 

Circuits 
Figure 1 ·is a sketch showing the basic principles of 

the internal feedback reactance type magnetic amplifier. 
The core is made up of very thin washer laminations or 
toroidal wound ribbon of specially treated transformer 
iron alloy. The control coil usually consists of several 
hundred times the turns in the anode or power winding. 
The current in the control winding may be pure DC, 
half or full wave rectified AC, rectified pulses, or alter-

3 End of material taken from the ori~dnal mt:mt~. 
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FIGURE 3-Results of sharp saturation. 

700 

nating current. There is no (in single core Figure 1 
there would be) transfer of energy between power and 
control windings. The rectifier in the load coil limits 
the flow of alternating current to only.. one direction 
thereby permitting the load source to assist the input 
field in controlling saturation. Thus the input control 
winding need supply only a fraction of the control power 
otherwise required. The net control force acting upon 
the core is then proportional to. the algebraic sum of 
the ampere turns in both windings. The superimposing 
of a directional flux upon the core controls the point 
on the magnetization curve about which the a-c flux oscil­
lates. The input signal coil thus acts essentially as a modu­
lator of the inductance in the load circuit, increasing or 
decreasing its impedance, by controlled saturation in 
relation to the amplitude and frequency of the input sig­
nal or control current. Without the anode rectifier (often 
used) the control ampere turns would have to be equal 
to the load ampere turns plus sufficient ampere turns to 
saturate the core. This circuit shows a single core. 
Double cores connected inductively opposing, are usually 
used to improve the efficiency and wave form, and to 
cancel transformer action reflected into the control wind­
ing, except in certain instances where pure sine waves 
are matched with the error signals in the control wind­
ing. Figure 2 demonstrates the mode of operation, show­
ing load and supply voltages as a function of time. 
Figure 3 shows results of sharp saturation-the wave 
of the special core unit is considerably more sinusoidal 
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FIGURE 4-Volt age wave forms (low excitation). 
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FIGURE 5-Voltage wave forms at saturation. 

and the power amplification is much greater. Figures 

4 and 5 show wave forms across various points when two 

biased half wave units (Figure 6) are connected in 

series across a bridge rectifier for full wave output. T he 

short output peaks at low excitation are caused by the 

high cutoff bias. 

Figure 7 shows different types of core patterns: (a ) 

is a commonly used 3-legged core, (b) is a double core 

reactor, (c) is a continuous core, toroidal wound and 

(d) is a 3-phase core, controlled by a single control 

winding. 

Figure 8 (a) is a schematic diagram of F igure 1. 

Figure 8 (b) is a simple saturable reactor without the 

internal feedback feature. Figure 8 (c) is a rough 

electro-mechanical effective equivalent of 8 ( a) and (b) · 

To simpl ify these sketches, core arrangements have been 

omitted. 

Figure 9 shows conventional internal feedback _Po":er 

amplifier circuits with d-e output. The coils shown tn Ftg-

INPUT 
CONTACT 

A. C. 
SUPPLY 

FIGURE b-Full wave biased magnd ic a mplifier. 

ure (9) (a) and (b) are bas ically the same as that shown 
in Figure (1 ) . 9 (a) is used on single phase; 9 (b) _on 
3-phase Y connected. This circuit is probably the eastest 
to understand in that it operates similar to a full wave 
electron tube rect ifier. Assuming the arrows were plates 
cf an 80 type tube rectifier, and the other section. the 
cathode. As the voltage bui lds up in the positive dtrec· 
tion in ei ther leg, current wi ll start fl owing through the 
corresponding rectifier alternatively through the load. 
This current is limited to a very small amount due to 
the large inductance of the w inding. This reactance con­
tinues to be large as long as the core can store energy. 
When the core becomes saturated the impedance drops to 
about that of an air core coil, and the current rises to 
a large value. During the remainder of the cycle the 
current is l imited by the load . T he control winding 

varies the amount of saturation, and consequently the 
output. The rectifiers in each control line maintain a 
directional relationship which assists the control winding 
in varying the saturation levels, which in tu rn increases 
the amplification for a given input. These coils of course, 
as are those of all magnetic amplifi ers, are wound in in ­
ductive opposition to cancel any possible inductive reac­
tion into the control coil. \Xlhen these devices are used 
in highly reacti ve loads there may be a possibi lity of 
losing control. In this instance, another rectifier is 
shunted across the load, connected in the same polari ty 
as the load rectifiers. T his dissipates the stored energr 
in the inductive load. Resistors and capacitors could be 
used for this purpose but with a loss of efficiency. 

Figure 10 shows one of the most universally used cir­
cuits. The output is AC with good wave form, power 
factor and efficiency. 

Figure 1 1 is sim ilar to Figure 10 except that the 
resonance effect between the a-c windings and capacitors 
is used to increase the gain. Amplifications of 10 to the 
12th power have been obtained with one stage under 
laboratory conditions, using Mumetal as core material. ·• 

(a) ( b) (C ) (d ) 

FIG URE 7-Different core patte rns. 

Considerably greater gains can be obta ined us ing core 
materia l with a more vertical saturation loop. Theo­
retically if this power gain were additive, starting with 
a common carbon microphone output of 1 watt, one 
amplifier would be capable of contro}ling a large portion 
of the electrical power generated in the U.S. today. In 
laboratory tests using this circui t, signals of Jess than ten 
to the minus 12 watts were amplified to one kw. A 
stabil ized push pull circuit shou ld be used if very small 
inpu ts are to be ampli fied. This amplifier is suited 
mainly for high impedance loads. The amplification 
factor is many times that obtained with bridge or center 
lapped circui ts. This is accomplished with li ttle sacrifice 
of response speeds. This circuit is sometimes referred 
to as a "voltage doubler" . The resonance effect is verr 
important in this equipment but will not be reviewed 
here since it is available in other publications. 

' Sec Item No. -1 in the bibliographr. 

FIGURE 8. 

FIGURE 9-lnternal feedback power amplifie r circuits 
with d-e output. 

FI G URE 10. 

FIG URE II. 
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FIGURE 12-Voltage amplifier. 

FIGURE 13-Magnetic amplifier used as an r-f 
modulator. 
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FIGURE 14--Swinging choke. 

FIGURE 16 - Conven­
tional amplifiers with 
bridge type rectifiers. 

TO 
TRANS­
MITTER 

Figurt 12 is a voltage ampli fier.:; The input may be 

a slowly varying DC or AC. The output is a replica of 

the supply voltage. T he ampli tude and phase depend 

upon the poten tial and polarity of the input. Voltage 

gains up to 10 milli on per stage have been obtained with 

thi s circu it. The operation of the amplifier is described 

as follows : The a-c po\ver source energizes two toroidal 

coi ls •vhose p ri maries are connected in series aid ing, and 

whose secondaries are con nected in se ries opposing. The 

two coils are balanced so that w hen the d-e signal is 

ztro, the net voltage across the output te rminals is zero. 

That is, the voltage induced in the secondary of the left­

hand coil is equal in magn itude and opposite in phase 

to tha t induced in the secondary of the coil on the right. 

If, however, a d-e signal is appl ied, it has the effect 

of producing a magnetic bias in opposite directions on 

the two cores. T h is results in an unbalance of the flux 

in the two cores. T herefore, the a-c voltages induced in 

the two second aries are no loriger equal and a resul tan t 

a-c voltage appea rs across the output terminals. This 

particu lar magnetic amplifier is described in a U.S. 

patent as a variable fl ux range transformer, to be dis­

ti ng u ished from the variable mutual type transformer. 
T he amplifier is in a field by itsel f, often used in con­

nection with mag·net ic loops. 

Figure 13 is a schematic d iagram of the magnet ic 

ampli fie r used as an r-f modulator over a decade ago. 

This unit consisted o f two coils wound over a special 

core. The heavy coil ca rr ied the Rf, and the lig ht coil, 

with a g reater number o f turns, carried the microphone 

current. T he variation of ca rbon curren t, changed the 

impedance of the antenna current path to ground in 

proport ion to the amplitude and frequency of the input. 

Thi s un it was used to a limited extent during the fi rst 

world war, and by amateurs in the 1000-kc band shortly 

. afte r, until the more efficient tu be modu lation system 

became popula r. At H F, o f course, th is device would 

act simila r to a condenser. Most o f the RF wou ld short 

'' See Item No. 2 in the bibliogra phy. 

FIGURE 16 (a). 
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FIGURE IS-Swinging choke of Figure 14 used as a current transducer. 

circuit to ground, wi thout being acted upon, unless spe­

cial p recautions were taken. The HF application covers 

a wide field and is beyond the scope of this article. 

Figure 14 is a swinging choke, another device often 

used by amatturs in small rae! io t ransmitters to improve 

the voltage stabil ity. Under key down conditions, the 

increased current tends to satu rate the core, p roducing 

a condenser input e ffect, th us raising the voltage. An 

auxilia ry winding is shown which could be added to 

balance this regul ation for a more uniform output. Due 

to the series rectifiers which cause unid irectional flux 

conditions, this would be classified as a self-saturating 

( internal feedback) device with provisions for or iginal 

saturation (DC) control. 

Figure 15 shows the principles of using this device 

as a current transducer'; 

FIGURE 16 (b). 

Figure 16 shows conven tional amplifiers with bridge 

typ~ rectifiers. These circuits are basically the same and 

are usually the first to be evaluated for application . They 

are simple and do not require a transformer. They oper­

ate -well into either resistive or ind uctive loads without 

a reactive protecting device. The disadvantages are 

mainly that they provide only a rectified d-e output, use 

more rectifie rs, and do not isolate the load from the 

power source. T hese circuits provide a good wave form. 

The efficiency and the stability are also high. Figure 16 

(b) may also be series connected. (Series considered 

superior for high speed response). 16 (a) operates 

the same as 16 (c) the series rectifi ers simply being on 

the opposite ends of the coils. 

' See Item No. 3 in the bibl iog raphy. 

FIGURE 16 c). 
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FIGURE 17(a). 

Figure 17 shows conventional feed back circuits. 17 

{a) is a sketch drawn originally for school purposes 

showing how this ampli fi er can be used wi.thout the 

load power passing through the rectifi er and still obtain 

self saturating action for special purposes. This is 

actually an " external feedback circuit". The feedback 

coil may be connected opposing or aiding determined 

by requirements. This connection is occasionally used 

in conj unction with other windings as an auxiliary sta­

bilizing influence connected as a bridge circuit. A reactor 

utilizing th is principle in part, has been used to control 

50,000 lew. This is the same circuit shown in Figure 29 for 

HF. 17 (b) shows a unit with series o r external feed back. 

17 (c) is another multiple ariangement found in a toy 

t rain control unit . 17 (d) is simi lar but without shunt load 
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FIGURE IS-Variable speed reversing drives. 

AC 
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FIGURE 19-Figure 18 used for frequency control. 

FIGURE 17 (b). 

feed, found on a d-e lathe motor. Feedback circuits are usu­

ally divided into two basic types namely, " internal" and 

" external." The in ternal feedback type is that type in 

wh ich the rectifier is p laced in series with the load wind­

ing of the device in such a manner that the low current 

will be unidirectional through said winding so a6 to 

cause un idirectional flux to exist in the core l inking said 

winding. External feedback refers to feedback generated 

by feeding back some of the final controlled output to 

either the load or control coils. (17) (b) is an example 

of a series external load winding. 

The ci rcuit of Figure 18 is commonly used for variable 

speed reversing drives where excitation to the generator 

is varied from zero to maximum in either direction. T11e 

polarity and amplitude of the input control signal de­

termines the speed and direction. The two rectifiers 

across the field absorb the inductive peaks that may 

react back into the amplifier. Without control excita­

tiol] the current in each generator field is equal, but in 

opposite d irection, result ing in zero flux. The polarity 

and amount of unbalance of the generator fields deter­

mine the d irectivity and velocity of the reversing motor 

being supplied by this generator. The drive motor is 

usually of the permanent field type. 

Volts 
A 

B 

c 

FIGURE• 21-0scillograph patterns of output wave 
forms frbm a I 00-kw submarine generator controlled 

by magnetic amplifiers. 

FIGURE 17 (c). 

Figure 19 is a schematic diagram showing the basic 

principles of using this device for frequency control. 

In actual installat ions separate coils with bridge rectifiers 

are resonated at 55 and 65 cycles to generate a rectified 

FIGURE 17 (d). 

regulation is maintained to with in y2 of 1% - Frequency 

sensitive relays are also being manufactured using this 

principle. When generator speeds are to be precision 

controlled for ship synchronous timing instruments and 

FIGURE 20-D-C motor speed regulator and a-c generator voltage regulator combined m one cabinet. 

DC to the control windings. Figure 20 shows a com­

mercial regu lating unit incorporating both voltage and 

frequency control. Figure 21 conta ins oscillograph pat­

terns of output wave forms from a 100-kw submarine 

generator controlled by magnetic ampl ifiers utilizing 

the above principl es. This generator maintains frequency 

under all load conditions within 1;4 of 1% , with a d-e 

input variation from 175 to 350 volts. Output voltage 

clocks, an entirely d ifferent system is used. O nly a sing le 

60-cycle reference is used. Th is is generated by a crystal 

oscillator divided down to 60 cycles. The sine wave of 

this output is then applied to the control coil where it 

is compared in phase in the magnet ic amplifier which in 

turn regulates the speed of the rotating device. The 

power output then being locked to the crystal, reta ins 

the same precision. 
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Figure 22 contains schematic d iagrams showing the 

general principles of operation in servo applications­

Two or more stages with mul tiple control coils are 

usually required in actual installations. 

The operating characteristics of one 400-cycle pro­

duction unit are as fo!Jo,vs: 

Velocity error coefficient 
Slewing speed (maximum) 
Static e rror 
Corner freg. 

l / 32 sec. m<~x. 
60 degj sec. 
1/ 10 deg. 
8 cycles per sec. 

22 (a ) is a basic sketch of a d-e drive servo system, 

while 22 (b) and (c) are a-c schematics. 

Figure 23 is a photograph of a rect ifi er type servo 

D.C TRAIN MOTOR 

FIGURE 22 (a). 

FIGU RE 25 (a)­

Thyratron training control. 

FIGURE 23- Rectifie r type servo complete with 
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FIGURE 22 (b). 
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FIGURE 22 (c). 

actuator qeveloped for airborne application. 

,--MAGNETlCSERVOI 
I AMPLIFIER I 

FIGURE 24 (a). 

complete with actuator being developed for a irborne 

applications. 

Figures 24 (a) , (b) and (c) show stabi lizer appli­

cat ions. 

Figure 25 (a) shows a standard thyratron training 

control. 

Figure 25 (b) shows the same circuit modified for 

magnet ic amplification. This is a relatively simple con­

version as most of the components designed for the 

thyratron will also match the magnetic amplifier. This 

com·ersion can almost be simplified to the extent of pro­

viding a rectifier adapter to plug into the thyratron 

sockets. 
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FIGURE 24 (b). 
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FIGURE 24 (c). 

FIGURE 25 (b)-Figure 

25 (a) modified for 

magnetic amplification. 
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FIGURE 26 (a). 

Figure 26 shows principles used in voltage con· 

trol applications. 

26 (a) shows a two-stage magnetic amplifier appl ica­

tion using a permanent magnet to maintain a reference 

bias. 

26 (b) IS a single stage obtaining some gain ad van-

FIGURE 26 (b). 

tage from a non-l inear regulat ing device. 

26 (c) obta ins regulation by comparing the d-e out­

put to the p .m. reference a-c input. 

26 (d) is identical to (c) except for the power coil 

bias. 

26 (e) has voltage regu lation which 111 this instance, 

FIGURE 26 (c). 

applies only to the plate supply-the filaments (if used 

for electron tube equipment) are not controlled. This 

application is basically the same as that shown in Fig­

ure 14 . The swinging choke in this instance is auto­

matically controlled by the gas tube or other reference 

device. When the output voltage r ises, the current in the 

feedback control coil also increases. This control coil is 

FIGURE 26 (d). 

connected so as to oppose the natural saturation of the 

rectifier load, which in effect transfers the output con­

denser back and forth from the opposite sides of the 

choke. In other words when the core is saturated the 

fi lter supply becomes condenser inpu t which normall y 

wou ld increase the voltage output. 

FIGURE 26 (e). 

26 (f) is an automatic amplifier regulator found in 

a European telephone exchange. Coil A maintains a 

reference voltage. Coil B is across the voltage being 

regulated. Coil C is the self exciting winding. A slight 

difference in current relationship between A and B will 

have a marked effect on the impedance of the main 

reactor, consequently the d-e output voltage will change 

until the relationship is again equalized. Since the volt­

age across A is constant, the current in winding B, and 

I_ 

FIGURE 26 (f). 

hence the output vol tage will also be maintained con­

stant.• 

26 (g) and {h) show the fun damentals of voltage 

controls applied to convent ional generators. The prin­

ciples of operation are similar to the transformer con­

trols previously described. 

Figure 27 is a schematic diagram of a circuit used to 

FIGURE 26 (g). 

synchronize pump strokes. This circuit is also applicable 

to many other types of traini ng equipment. 

Figure 28 is a schematic diagram of a reactor drive-A 

spring-loaded bellows type differential pressure pickup 

mechanically coupled by a positive drive to a synchro 

; See Item No. 16, bibl iography. 

FIGURE 26 (h). 

. whid1 provides the error signal. Error signal is rectified 

by a small selenium rectifier and applied to the coils 

of the saturable reactor. The pickup can provide 10 

watts of satu rable d-e power for pressure errors of 3 or 

FIGURE 27-Magnetic amplifier used for pump stroke 
synchronizer on the DD-828. 

4 psi. The current transformer connected in series with 

one leg gives a voltage in proportion to motor current, 

which is rect ified and applied to the control coil which 

FIGURE 28-Prototype constant pressure pump. 

increases saturat ion at low speeds. A third transformer 

is connected across two of the motor terminals, rectifi er 

and feed back as negative feed back. This prevents the 

reactors from losing control and also prevents hunting. 

This device is functioning with a pressure accuracy of 

2 psi and free from oscillations pver the entire flow 

range at pressm cs between 150 and 200 psi.B 

8 See Item No. 11 , bibliography. 

(In be rnnduded in n11r nexl iss11e) 
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GCA REPORTS 
Navy GCA units have logged over 400,000 approaches, 

including many "saves" of lost or disabled aircraft. Be­

hind the success of the GCA program is its outstanding 

record c>f reliable service. A summary of GCA mainte­

nance reports for the past twelve months reveals that 

GCA units were inoperative due to the equipment fail­

ure for less than six hom·s for every one thortSand hortrs 

that the equipment was energized. This excellent service 

record does not come about by chance. Dependability 

was planned into the GCA system and is "paying off". 

The following features of the GCA program will indi­

cate how it is being done-today. 

1-A major portion of the electronic equipment in the 

system has been duplicated in the form of two chan~els. 

Under normal operating conditions one channel is main­

tained in an operating state while the. other is held iri 

~tandby. In the event of failure of the operating chan­

nel, the standby channel may be switched into the cir­

cuit and emergency repairs made without loss of control 

or operating efficiency. 

2--GCA units are equipped with one LF, three HF 

and three VHF communication units. GCA can receive 

anywh~~~ ~e~n 2.0 and 9.0 megacycles and transmit 

2.0 to 18.1 megacycles, and also transmit and receive 250 

to 500 kilocycles. Should reception be poor on VHF 

the operator can transmit simultaneously on VHF and 

MHF if requested to do so by the pilot. Remember all 

that is required is that the aircraft have a receiver in 

operating condition. 

3-GCA units have three back up sources of power. 

The prime mover carries two deise] generator sets, each 

of which can supply the complete load, and a trans­

former and regulator so that 110-volt or 220-volt station 

power can be used when available. 

4--GCA equipment includes a spare parts truck which 

serves as a complete field repair shop for the unit. An 

extensive inventory of parts are carried with the unit and 

repairs and maintenance can be performed when neces­

sary in a matter of minutes and seconds, during actual 

operations. 

5-GCA operation requires constant performance 

under rigorous conditions and the necessity of maintain­

ing control over approaching aircraft without interrup­

tion. The time for maintenance is before a breakdown. 

Complete periodic checkout and maintenance schedules 

have been established for each unit. Skilled maintenance 

personnel pursue a rigorous program of continuous 

checking, detecting, analyzing and replacing and correct­

ing defective or improperly functioning parts and cir­

cuits. The "Ounce of Prevention" for GCA units means 

an average of 546 ho11rs of prevenlitJe maintenance for 

every 1000 hour.r that equipment is energized. 

6-The Navy has set up GCA overhaul centers at the 

Mare Island and Philadelphia Naval Shipyards. All 

units are periodically scheduled for complete overhaul 

at one of the two yards. The units are completely 

stripped and then reassembled and .field checked before 

being placed back in an operational status. 

7-The Navy employs .field engineers whose primary 

job is troubleshooting GCA units. These engineers 

stationed at the overhaul centers, are on call at all times 

to travel to any .field GCA unit which develops troubles 

beyond the scope of the assigned personnel. In addition, 

these engineers give each unit complete annual ·check­

outs in the .field. 
8-GCA not only has the equipment but it has the 

men of the caliber required to maintain the high opera­

tional standard~ required. All personnel are specially 

trained and qualified in their respective duties in GCA 

operation. By CNO directives, only graduates of the 

GCA School, at Olathe, Kansas are authorized to operate 

and maintain GCA equipment. 

GCA"s record shows that it is READY, WILLING 

and ABLE to assist you. Get to know your GCA Unit­
the unit assigned to your station. The personnel will 

welcome the opportunity to acquaint you with GCA. 

They will be glad to show you the equipment and dem­

onstrate how it works.· They have a GCA operational 

film they will screen for you and a specially prepared 

manual for your use. Let them show you what GCA 

can mean to you. Fly GCA approaches, feel it out for 

yourself. Your GCA Units stand ready to ~erve YOU. 

YOU CAN DEPEND ON GCA! 

On the next page . . . 
"This kite is to be raised when a thunder-gust ap­

pears to be coming on. . . . As soon as any of the 

thunder clouds come over the kite, the pointed wire 

(.fixed to the top of the kite) will draw the electric fire 

from them, and the kite, with all the twine, will be 

electrified, and the loose filaments of the twine, will 

stand out every way, and be attracted by an approaching 

finger. And when the rain has wetted the kite and 

twine, so that it can conduct the electric .fire freely, you 

will .find it stream out plentifully from the key on the 

approach of your knuckle. At this key the phial may 

be charged; and from electric .fire thus obtained, spirits 

may be kindled, and all other electric experiments be 

performed, which are usually done by the help of a 

rubbed. glass globe or tube, and thereby the sameness 

of the electric matter with that of lightning completely 

demonstrated." 

- -BF:njamin Pr,lllklin'J leiter lo Pel£:1' Colinson, 

Oct. 19, 1752. 




