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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 
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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). 

D.C. BUSS 

AC AMMETER 
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SUPPLY 

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 

INPUT 
(CONTROL) 

FIGURE IS-Variable speed reversing drives. 

AC 
OUTPUT 

55 IV 

TO 
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DC 
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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. 




