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(Continued from last month) 

Figure 29 is simply a basic sketch showing the p rin­
ciples of applying a magnetic amplifier to audio-fre­
quency amplification. The a-c supply f requency must be 
sufficiently high to permit separation from the voice fre­
quencies. Frequencies up to 20 kc at 100 watts have 
been amplified w ith this device, utilizing another mag­
netic amplifier as a frequency multiplier for a "plate" 
supply. Figure 30 shows a 100-watt 2-stage magnetic 
audio amplifier. Figure 31 shows oscillograms of the 
output with different input powers. 

AUDI O FREQUENCY A MPLIFIER- (PROTOTYPE ) 

FIGURE 29. 

It appears that with further development work audio 

magnetic amplifiers can be desig ned and constructed 
which will be superior to the p resent electronic amplifiers 

in the following respects: 

1- More rugged . 

2- Smaller size. 

3-Less weight. 

4- Less maintenance. 

Figure 32 (a) is a schematic diagram of a controlled 
saturable reactor type magnetic amplifier having a suffi­
cient amount of positive external feedback so as to cause 
instabili ty or flip-flop action. This basic fli p- flop circuit 
is not new, its principle having been described by Fi tz­
gerald in 1936 (U.S. Patent 2,027,312} . Using spirally 
wound ribbon cores of modern, ultra-thin molybdenum 

permalloy, and using toroidal windings, magnetic flip­
flops have been made in the laboratories which have 
been triggered by one microsecond pulses at repetition 

FIGURE 30-Enclosed magnetic audio amplifier with 
associated input equipme nt. 

rates as h igh as 400,000 transitions per second. The fre­

quency of the a-c power supply for this magnetic ampli­
fier type flip-flop was from 1 to 3 megacycles. With im­
proved materials and components, even h igher operat ing 

speeds are indicated to be possible. 
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FIGURE 32 (a)-Saturable reactor used as a digita l 
computer element. 
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FIGURE 31-0scillograms of output of ampl ifier shown in Figure 30. 

Such high-speed magnetic ampli fier circuits have 

many very desirable features. They are inherently low 

impedance devices ( 5 to 100 ohms) and they are in­

herently low power devices (milliwatts per stage) . It is 

conceivable that many such units could be assembled 

into a relatively small , lig htweight, rugged, permanent 

package as compared to an equivalent electron tube con­

trol circuit. 

Magnetic fl ip-flops of the type described above have 
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FIGURE 32 (b)-Magnetic "flip-flop" use d to control a 
crystal diode gate. 

been combined to form basic circuits for use m digital 

computers. The circuits may have applications in radar 

and loran systems as pulse shapers, triggers, and count­

ing and measuring circuits. As an example of the cir­

cuits used, Figures 32 (b) and (c) show pulse forming 

circuits for use with magnetic flip-flops to form counting 

and gating circuits for these applications. In laboratory 

tests, multiple stage magnetic binary counters have been 

operated at counting rates as high as 60,000 counts per 

MAGNETIC BINARY COUNTER INTERSTAGE PULSE FORMING CIROJff 
CLIP-( OEMODU· iDIFFEREN·iCLIP-I INVERT 6 I RINGING 
PER I LATE$ I IATES 1 PER : MATCH ICAPI4CITOR 

0 
I I I I OUTPUT 
I \r o TRIGGER 
I 1 WINDING OF 
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FIGURE 32 (c). 
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lnput to Stage 1: 
(Repetition Rate = 10,000 oos.) 

The counter has been operated at 
50,0 00 pps. into stage 1, thoug h 
outputs are distor ted. 

Input to Stage 1: 
(After Cr.; Showing desired 
effect of coupling): · 

RF Envelope of Stage 1: 
(Across Bridge Rectifier) 
(RF = lMc) 

Output of Stage 1: 
(RF Envelope is clipped to save 
lower side; demodulated) 

Input to Stage 2: 
(Repetition Rate = 5,000 pps .) 
(Output of Stage 1 is differentiated, 
clipped and inverted thru a step­
down pulse transformer) 

RF Envelope of Stage 2: 
(Across Bridge R ectifier} 
(RF = lMc} 
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1.3V Ounut of Stage 2: 
RF Envelope is clipped to save lowerj_ 
side, demodulated) T 

Input to Stage 3: 
(Repetition Rate = 2,500 pps .) 
(Output of Stage 2 is differentia­
ted, clipped and inverted thru 
a step-down pulse transformer. 
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FIGURE 33-High-speed magnetic counter-Binary, two stages. 

1. Pulse Repetition Rate = 2000 pps, 
(Time between pulses = 500 u sec.) 

Input Pulse s : 
Note: Input Pulses in each case are min­

inum amplitude required to set 
Flip Flop. Increased Pulse ampli­
tude i s r equired at higher rates. 

RF Envelope : 
( RF = 1.42 M.c .) 

2. Pulse Repetition Rate = 20,000 pps. 
(Time betwee n pulses = 50 u sec.) 

3 • 

Input Pulses: 

RF Envelope: 
(RF = 1.32 Me.) 

Pulse Repetion Rate = 200,000 pps. 
(Time b e t ween pulses = 5 u sec .) 

Input Pulses: 

RF E-nvelope: 
(RF - 1.4 Me.) 

4, Pulse Repetition Rate= 400,000 pps. 
(Time between pulses = 2.5 u sec .) 

Input Pulses: 

RF Enve lope: 
(RF = 1.5 Me.) 
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FIGURE 34--Magnetic "flip-flops" driven at high rates. 
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FIGURE 35-60-cycle Amplistat. 

second. Figures 33 and 34 are oscillograms of the wave 
forms of the circuits shown in Figure 32. 

Figures 35 and 36 show two production units made 

by the General Electric Co. Figure 3 7 shows a labora­
tory setup at the Carnegie Institute of T echnology ar­
ranged to measure response time. Figure 38 shows a 

FIGURE 37. 

FIGURE 36-100 volt-'ampere industrial Amplistat. 

response curve plotted from a unit wi th a very high gain. 
F igure 39 is plotted from a uni t with moderate gain, 
showing a lag of less than one hal f cyde of excitation 
frequency. 

Figure 40 . is a photograph of a popular type push­
pull magnetic ampl ifier with characteristics as follows : 

Gain-600,000. 

Power output- 10 watts (adequate to control fields 
of Y<! -hp motors). 

Anode voltage-115. 

Rect ifier-Silenium. 

Hermetically sealed. 

/REVERSAL OF SIGNAL 

OUiPUi CURRENT 

FIGURE 38-Response t ime of a high-gain amplifier. 

FINAL LOAD CURRENT 
AVERAGE ID8.7 AMPS. 

60 CYCLES /SEC. 
TIME MARKER 

FIGURE 39-Response time of a moderate/ gain 
amplifier. 

FIGURE 40-Photograph of a popular type push-pull amplifier. 
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FIGURE 41. 

The curve of Figure 41 shows the operating charac· 
teristics of this amplifier. An equivalent 2-tube push­
pull class AjB electron tube amplifier might have a 
power gain of less than 100. 

Magnetic Amplifier Versus Electron Tube 
Analogy 

Before this article was undertaken, both officers and 
men in various electronics activities were questioned as 
to the general type of information desired. They agreed 
unanimously on one thing-leave out the mathematics 
in order to present a readily understandable picture of 
the possibilities of magnetic amplifiers. The detail theory 
material is available in other literature. 

Another thing that was noted during the sampling 
of ideas from this group, was the predominant curiosity 
as to how this device functions as an audio-frequency 
amplifier. The general feeling seemed to be that ?n~e.~.~ 
this was understood froin,.~n electron tube angle, even ' 
though the analogy be somewhat distorted, a better 
understanding among electronics personnel would result. 

An attempt to analyze the magnetic amplifier in direct 
relation to an electron tube would require that certain 
assumptions be made as this type of amplifier differs 
considerably from one in which electron tubes are used. 
In an electron tube, good analytical treatment is possible 
for small signals because a more linear relationship can 
be obtained between the input and the output. 

AC 
SUPPLY 

FIGURE 42 (a)-Single-ended tube. 

In magnetic amplifiers, although workable on the 
somewhat linear part of the curve, good efficiency is not 
obtained unless control is maintained at the knee of the 
curve where abrupt saturation occurs. It is this non­
linear section of the curve that makes high gain possible 
and also accounts for the analytical difficulties encoun­
tered in this device. However, for operational compari­
sons with a tube, the upper knee cannot be considered, 
as this is where tube saturation takes place. Comparisons 
therefore, will be made only on the linear section of the 
curves. 

To attempt an analogy between the two amplifiers 
at audio frequencies, in the most elementary form, would 
require that a single ended tube be compared with a 
simple biased internal feedback saturable reactor as 
shown in Figure 42 (a) and (b). 

To compue them in the same relationship, AC would 
have to be used as a power supply for both devices as 
the magnetic amplifier will not function on DC. The 
frequency of the power supply to both unit~ would also 
have to be above audibility. Since they are smgle ended, 
comparisons would also have to be ma~e as clas~ "A" 
amplifiers, using the center ·of the stra1ght portton of 
the characteristic curve. 

AC 
SUPPLY 

FIGURE 42 (b)-Biased internal feedback saturable 
reactor. 

INPUT VOLTAGE 
LOAD CURRENT 

I 
I 
I 

-~ 

PUSH-PULL 
(E) & (F) 

FIGURES 42 (c). and (d). 

As previously mentioned, similar control voltage vs. 
load current curves can be used for both devices, as the 
magnetic amplifier anode impedance in relation to con­
trol voltage can be made very similar to that of a tube. 

Load current will also have to be compared against 
control voltages as the grid of a tube operating as class 
"A" is not drawing current, while the input control 
winding of a magnetic amplifier is current actuated. 
A given amount of voltage across this coil will deter­
mine the amount of current, consequently, the saturation. 
Biases will also have to be included to open the "valves" 
of both units half way between cut off and saturation. 
In the tube, the negative voltagC§ on the grid accomplish 
this. In the magnetic amplifier, the current circulating 
through the input resistance and the control coils, all 
of which are in series, accomplish essentially the same 
effect. This current partially saturates the core, main­
taining the no signal load current at the center of the 
curve. With the input i.mpedance of both devices made 
equal, both devices would follow closely within their 
parameters the input voltagejload current curve plotted 
in Figure 42 (c), i.e., modulating an inaudible carrier 
which is in series with the load. These amplifiers oper­
ating as class "A" would both be inefficient as power 
amplifiers. The demodulation of the carrier would also 
have to be considered. 

A much more satisfactory method for comparing the 
two amplifiers would be to connect them in push-pull. 
4~ (c) could then be used to outline both halves of the 
push-pull circuits 42 (e) and (f) as shown in 42 (d). 
The efficiency would then be high and demodulation 
would present no difficulties. With push-pull the power 

output could be increased several times over that of the 
single ended devices with less harmonic distortion. The 
carrier frequency in the output circuit would also be 

doubled, due to using both halves of the a-c supply volt­

age. This reduces heterodyne effects between the audio 

? ... 
~ 
Q. z -

AC 
SUPPLY 

FIGURE 42 (e)-Push-pull tube. 

AC 
SUPPLY 

FIGURE 42 (f)-Push-pull type magnetic amplifier. 
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FIGURE 43-Commercial prototype of an a-f amplifier. 

signals and the high frequency power supply. Figure 
43 is a further development of 42 (f). Figure 29 shows 
a more practical, although still somewhat basic circuit 
employing this principle. Figure 31 is an oscillogram 
showing the output wave form of a 100-watt audio fre­
quency magnetic amplifier. Note the HF carrier super­
imposed on the sine wave. This HF is of course in­
audible. Although the magnetic amplifier was not in­
tended as a competitive device at audio frequencies, 
work along this line is being done toward producing a 
rugged, maintenance free amplifier for intercommunica­
tion and public address services. 

One commercial radio· firm constructed a complete 
broadcast receiver using the magnetic amplifier for the 
audio and i-f system, with germanium crystal transis­
tors for the r-f and oscillator stages. Crystals were used 
for detectors. A magnetic static device was used as a 
frequency multiplier power supply. This broadcast re­
ceiver, it is understood, was constructed primarily for 
publicity purposes to show that a relatively intricate elec­
tronic device could be made without the use of electronic 
tubes. The transistor, incidentally, may also be de­
veloped into a competitive tubeless amplifier in the near 
future. The transistor is primarily a low power device 
limited to 25 milliwatt output. The gain per stage is 
around 100 at frequencies up to 10 megacycles. 

INPUT 
(CONTROL) 

+ 
0 

New Development 
Figure 44 shows a basic sketch of a rather interesting 

magnetic amplifier development recently disclosed by 
Dr. Robert A. Ramey of the Naval Research Laboratory. 

This approach to the magnetic amplifier has resulted 
from a recognition that the amplifier is a voltage sensi­
tive device and not as generally believed a current sensi­
tive device. The only truly independent variable is the 
control voltage. 

The remarkable fact that the time of response of this 
series amplifier does not depend upon the inductance of 
the transformers as reactors seems to be adequately shown 
by analysis. 

A preliminary review indicates that this amplifier may 
have the following advantages:* 

!-Response time is constant, independent of gain. 
(Always less than 1 cycle of supply frequency.) 

2-Lighter and smaller for .the same power output. 
. 3-The output is a linear function of the control 

voltage. 
4-Greater power sensitivity; the control source need 

not supply power to the amplifier control. Power is ab­
sorbed instead. 

·5-Independent of variations in supply voltages. 
6--Single core reactors may be used without reaction 

into the control winding. 

*This circuit has not as yet been evaluated by the Bureau. 
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FIGURE 44. 
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Core Material 
The magnetic core is the heart of the magnetic ampli­

fier. It is the reaction of this core to magnetic influence 
that determines the performance of the device. The 
excellence of magnetic material cannot be over empha­
sized. Contrary to the general impression, it is not the 
ingredients of the material used in the melt, but to a 
greater degree the treatment after smelting that deter­
mines its excellence. Most of the core materials used in 
magnetic amplifiers today are usually composed of equal 
parts of iron and nickel-a common ratio for conven· 
tional radio transformers. It is the purity of this mate­
rial, coupled with controlled annealing under magnetic 
fields that has a marked influence on the final shape 

of the magnetization curve as shown in Figure 45. Dr. 
Mihara of Japan altered the characteristics of a simple 
silicon iron core by special annealing in a weak .field of 
the same order of magnitude as the earth's magnetic 
field. Figure 45 (a) shows the B-H curve obtained with 
this material. Figure 45 (b) and (c) show curves of 
two identical cores-(b) was slowly cooled without 
applied field, and (c) was slowly cooled under a weak 
field of one oersted parallel to the direction of rolling. 
Figure 45 (d), (e), (f) and (g) shows hysteresis loops 
for grain oriented SO percent nickel-iron cores. All are 
of identical material, rolled from the same melt with 
drastic cold reduction- (d) untreated, (e) annealed 
for 2 hours at 975°C and (g) at 1175°C. The rectangu-
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lar characteristics are lost when annealed at still higher 
temperatures. Figure 45 shows only hysteresis loops. 
Figure 46 is submitted to show how these loops are re­
lated to an actual operating curve. 

The permeability of a magnetic material is the ratio 
of B to H where B is the flux density and H is the 
magnetizing force. The relationship of B to H varies 
with the material and is usually indicated by the mag­
netization or B-H curve for that material. The actual 
magnetization curves have shapes indicated in Figures 
4 5 and 46. At low values of flux density the permeability 
will have a tnoderate value and will increase to a maxi­
mum value at the knee of the curve and then drop 
sharply at high flux density values. Since B is propor­
tional to the voltage across the inductance, and H is 
proportional to the current through the inductance, it 
follows that permeability is directly proportional to reac­
tance, and vice versa. To permit smaller cores the flux 
density at saturation should be high. Silicon steels have 
a high flux density but the permeability is low and 
saturation is not abrupt. Therefore, iron nickel alloys, 
in spite of their lower flux densities, are preferred. Cross 
saturating with minimum power requires less control. 
The value of incremental permeability under any set of 
conditions depends not only on the magnetic charac­
teristics of the material but also on such factors as the 
presence of d-e bias mmf., presence of a-c mmf. swing, 
the past magnetic "history" of the material, etc. Effective 
incremental permeability might also take eddy current 
effects into consideration. 

New developments in the theory of ferro-magnetic 
domains which are the result of experiments with mag­
netic alloys in crystalline form indicate that conclusions 
may be reached in the near future which may be of 
considerable value when applied to magnetic amplifiers. 
Investigations in this field are apparently leading to the 

following conclusions: The Barkhausen effect is due 
principally to impurities. That the absence of impurities 
would resqlt in practically zero hysteresis loss. Further 
details can be found in handbooks on magnetic mate­
rials. Most of the above information on magnetic mate­
rial was obtained from papers presented at the Naval 
Ordnance Laboratory symposium, Washington, D. C., 
15 June 1948. This Laboratory has contributed con­
siderably towards the revival of the magnetic amplifier 
in the United States, principally in the investigation of 
core material. The efforts of the Magnetic Section of 
this Laboratory are under the guidance of Dr. Elmen, 
who was formerly connected with the magnetic develop­
ment project of the Bell Telephone Laboratories. Dr. 
Elmen is also responsible for the development of 
Permalloy. 

To describe the dynamic behavior of the core requires 
that the detailed characteristics of the core material be 
considered. As these characteristics become more pre­
cise, the mathematical equations become more compli­
cated. In fact, a general analytical solution, when. at­
tempting to solve for anything except for the stra•ght 
part of the operating curve, extends almost to the stage 
of unsolvability. The formulas even though carefully 
worked out would not necessarily accurately predict the 
final performance of the production unit. M~nufac­
turers may be supplied with identical core matenal and 
still turn out units with different characteristics. Fabri­
cating processes sometimes affect the final performance. 
Shock and strains during punching, shearing and wind­
ing may change core characteristics. Lamination insula­
tion, type winding and rectifier characteristics all have 
a direct bearing on the final performance. A method 
was recently published for relieving stresses incurred 
during fabricating. This process consists of a low tem­
perature anneal after the coil has been wound and fabri-

cation is complete. This restores the magnetic properties 
altered during manufacture and contributes considerably 
towards uniform, predictable performance. 

The better type cores not only result in an increased 
efficiency but also in less wave distortion as indicated 
in Figure 3. In small sized units toroidal wound coils 
result in an appreciable saving in volume. In addition, 
for a given volume and core material, the performance 
is about twice that obtained from conventional non­
continuous stampings. The ability to utilize the full 
advantage of grain orientated mechanically annealed 
material is more pronounced in toroidal structure. The 

· difficulties encountered in winding the toroidals or any 
continuous core limits their applications. 

Ferramics 

Another magnetic amplifier core material that is gain­
ing popularity, especially in HF application, is magnetic 
ferrite. This is commonly confused with powdered iron. 
Ordinarily powdered iron cores used in r-f transformers 
cannot be used efficiently in magnetic amplifiers because 
the iron particles are suspended in an insulation which 
acts as an air gap. Ferramics, however, a related com­
position, consisting only of metallic oxides, have a high 
volume of resistivity and high permeability, but low 
losses, making for reduction in size and weight in HF 
magnetic circuits. 

Ferromagnetic ferrites are compounds of various 
metal oxides (not metals). Physically, they are crystal­
line material having a spinal structure. Mechanical 
properties are similar to those of dry process porcelain 
except that the specific gravity is between 4 and 5. 

The natural ferro-ferrite magnetite or load stone, 
was discovered before the Christian er; and was one of 
the first substances to arouse scientific curiosity. Thales 
of Miletus mentions this material in 624 B.C. The first 
patents on this material were granted in Germany in 
1909, followed by several Japanese technical articles 
on theory and developments. 

The difference between powdered irons and ferrites 
should be emphasized. In the former, the desirable 
properties of high volume resistivity is achieved by bond­
ing finely divided metal particles in an organic insulating 
binder, thereby sacrificing permeability as the core is 
full of "airgaps". Ferrite material does ~ot have to be 
powdered, therefore the permeability is not diluted. 
Any organic material would be fired out in the 2300°F 
kiln. Ferrites, like porcelain, must be preformed to size 
prior to firing. Machining operations after firing are 
limited practically to silicon-carbide grinding wheels 
under water. Ferrites, like iron alloy cores, can be de­
veloped to reflect various families of hysteresis loops. 
Cores of either material are superior within their own 
parameters. Ferrites are superior in specialized applica-

tions in high response circuitry, responding effectively 
to frequencies up to 20 Me or more. 

Other properties of ferrites make them suitable for 
such remote applications as waveguides (reducing its 
size by a factor of 10), supersonic delay lines, and 
magnetostrictive oscillators and transducers at sonic and 
supersonic frequencies. 

Magnetic and physical characteristics of ferramic ma­
terials cover such a wide range that . no attempt is made 
to include them in this review.9 

Rectifiers 
Figure 47 shows the characteristic curves of a conven­

tional germanium and a miniature selenium rectifier. 
These are reproduced mainly to give a rough idea of the 
rectifying relationship between the two devices. They 
may be obtained in greater power handling capacities as 
shown below. 

Operating characteristics of two currently advertised 
units are as follows: 

GERMANIUM SELENIUM.(C·K) 
(WELDED) STI. (STACKS) 

1N69 
HV LV 

Peak inverse voltage 75 440 35 Volts 

Average current 40 Ma 65 600 Amp. 

Peak current 125 'Ma 71 660 Amp. 

Surge current 400 Ma 130 •1200 Amp. 

Rectifier drop forward 2 5 2 Volts 

Working temperature 70°C 85°C 85°C 

Rectifiers play a very important part in the end per­
formance of magnetic amplifiers. Low forward resist­
ance and high reverse impedance is important. Even 
a small amount of reverse current has a noticeable effect 
on the efficiency of the amplifier. The leakage current 
reflects inverse feedback which is not exactly detrimental, 
except that it increases the amount of control current re­
quired. Germanium crystal rectifiers are often used in 
the control winding as these windings are of high im­
pedance. Selenium and copper oxide rectifiers, due to 
their low resistance and high power capacity, are usually 
used in the load circuit although in HF applications, 
crystals may be used for both purposes. 

Germanium crystals are currently gaining popularity 
in their own right as components in electronic equip­
ment. They are now being used as a substitute for elec­
tron tubes as detectors, clamping diodes, d-e restorers, 
diode modulators, switching circuits, etc., in both mili­
tary and commercial equipment. 

11See Item No. 20, bibliography. 
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Non Linear Devices 
Glow tubes, thyrites, thermistors, aluminites, etc. 

Non-linear devices may also be used with magnetic 
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FIGURE 47-Characteristic curves of various rectifiers.-

amplifiers. In certain applications they may be applied 
to increase the control sensitivity several hundred percent. 

They may also be used as a protective device against 
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FIGURE 48 (a). 
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FIGURE 48 (b)-Non-linear devices--principle of operation. 

input surges and output reactive loads. 
The amplication feature of these devices is shown in 

Figure 48. 
In this instance the glow tube increased the sensitivity 

several hundred percent. Other non-linear devices can 
be applied to low voltage applications, and, with certain 
types, directly across AC. Characteristic curves of other 
types are shown in Figure 49. 
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AMPERES-INSTANTANEOUS (LOGARITHMIC SCALE) 

THERMISTOR 

CURRENT 

This review has been limited principally to reactance 
type magnetic amplifiers as they are the most commonly 
used, although only one of the numerous types now 
under development. 

Nowhere in the broad art of this development has a 
report appeared which described and summarized, in 
general terms, the various possible types and forms of 
magnetic amplifiers. In most of the writings only one 
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type of magnetic amplifier is discussed, ignoring refer­
ences to other types. Mr. J. C. Miles, of Engineering 
Associates, has proposed broad classes including forms of: 

!- Saturable reactors controlled by signal mmf. 

2-Saturable transformers controlled by signal mmf. 
Each of the broad classes ( 1) and {2) contains spe-

cific circuit types as "polarized" and "non polarized" 
types comprising: 

1- Single ended circuits. 
2~Push-puli circuits. 

·3-Wheatstone-bridge type circuits. 

4-Special magnetic amplifier circuits (such as flip­
flops comprising cross-connected pairs of magnetic am­
plifiers, etc. ) 

Further, amplifier sensitivity, stability and linearity 
may be effected by incorporating any one or more of the 
following means as desired: 

! - External feedback (including a means whereby 
part of the final output or load signal is coupled back 
into either the power or control coils.) 

2-Internal feedback (including amplistats.) 

3-Unidirectional bias mmf, of fixed magnitude. 
4-0ff-resonance and ferroresonant means. 
Field activities should feel free to contact the Bureau 

of Ships, Code 815, for further information on this de­
vice. Reprints of this article will be made available if 
sufficient requests are received. 

The writer gratefully acknowledges the helpful criti­
cisms of Dr. L. A. Finzi, Carnegie Institute of Tech­

nology, Mr. F. G. Logan of Vickers Inc., Mr. F. Spencer 

of Eclipse-Pioneer, Mr. Herz of Magnetic Amplifiers 
Inc., and Mr. J. C. Miles of Engineering Associates. 
Mr. Miles also contributed the section on H F fl ip-flop 
applications. 
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ERRORS IN BULLETIN FOR F. C. NO. 42-SU-1 

Discrepancies in Field Change Bulletin Navships 

98172 for Field Change No. 42 for Model SU- 1 eguip­

ments have been brought to the attention of the Bureau 

and are submitted for information: 

The sketch on Page 2 should be changed such that 
the wire tagged "Existing" should be tagged "Add" and 

the terminal marked "5'' should be marked " 18". 

Under "Procedure" on Page 2, the follow ing paragraph 

should be corrected to read: 

"a- Pick up the spare: lead (usually WB ) in Cable 

2R- ER 3 (See Fig. 7- 74 in SU- 1 Instruction 

Book Navships 900,882) and connect it to a 

spare terminal (Number 18) . A second spare 

lead which should be marked R- ER- 64 is re­

quired in Cable 2R ER-3 to connect terminal 

Number 64 in the modulator to a spare terminal 

(Number 64) in the indicator. 
"b-From the inner side of the terminal board, con­

nect one piece of Number 13 wire to the spare 
terminal {Number 18 ) and connect a second 
pic"Ce of Number 18 wire to term inal Number 
64. 

"c-In the modu lator, pick up the spare lead in 
Cable 2R- ER- 3 (check for contin uity to the 
spare terminal Number 18 in the indicator) and 
conn ect to term ina l N umber 11 3 and mark 
R- ER- 11 3 WB" 

The inst.ructions contain ed in ' T emporary Correction 

to Instruction Book for Model SU- l Radar Equipment 

NAvships 900,882" shou ld be modified as outli ned 
above to agree with action taken. 

The following are some typical GCA "saves" as re­
ceived from operational units: 

GCA Unit # 17 NAS Jacksonville, Fla. 
This unit had a surprise visit by a "Consti tution" 

during the 1950 Xmas holidays. The weather around 
the Jacksonville area was down to GCA minimums for 
almost a week, so it was a "saved'' approach. The 
abil ity of the pilot to fly the huge aircraft was amazing. 
The approach controller will now admit, however, that 
had he known there were 134 persons aboard he wouL:l 

have sweated just a little more that dark and foggy night. 

GCA Unit #26 NAS Minneapolis, Minn. 
On 19 May 1950 at 0300 the uni t was alerted for an 

air force C-47 that requested GCA when 20 miles from 

W old Chamberlain Field. The reported weather at the 
time·was vis ibility Ys mile, heavy fog, ceiling obscured. 
The aircraft made an excellent approach and was landed 
to touchdown at 0050. The aircraft stopped on the run­
way and waited for an air force jeep, wh ich could well 
have used radar control, to find the aircraft and d irect 

it to the parking area. Both p ilots and passengers were 
well pleased with the landing. 

GCA Unit #32 NAS St. Louis, Mo. 
At 0945 on 13 January 195 1 GCA Unit :32 was 

alerted by Lambert Field tower in an attempt to locate 

a Cub Pacer that had reported to Lambert tower that 
the pilot was lost above the overcast somewhere near St. 

Louis, Missour i. The pilot reported that he had three 

hours of fuel and was flying five hundred feet on top. 
H e reported the overcast top at sixty-five hundred feet. 

At 0950 a VHFj DF bearing was obtained on the plane 
and the aircraft was subsequently brought over Lambert 
Feld and held over the field on VHF j DF. D ue to the 
Cub being on frequency 122. 1 Me, all instructions had 
to be relayed by Lambert control tower. At 1015, while 
pilot was ci rcling the fi eld, he stated that he had only 
an airspeed indicator, an altimeter, a magnetic compass 
and a turn and bank indicato r. H e also stated that his 
instrument tra ini ng and experience were ni l. Believing 

tha t a safe GCA approach could not be conducted under 
the circumstances, the GCA oflicer requested permission 

from the commanding officer to dispatch two station 

pilots in a JRB to cl imb above the overcast and lead 
the Cub to safety below. At 1025, LCDR W. C. Griese 

and LT. (jg) Cletus Futrell took off in JRB BUNO 
67202, climbeJ above the overcast at seventy-five hun-

dred feet and joined up on the Cub Pacer. After ap­

proximately twenty minutes of formation instruction, 
LCDR Griese informed Lambert tower and GCA Unit 
# 32 that the Cub pilot was sufficiently qualified in 
formation flying to commence the instrument letdown 
and the GCA final approach. At 11 00 St. Louis ap­
proach control informed LCDR Griese that the control 
zone was cleared of all aircraft and that he was cleared to 

commence his aescent. At 1103 LCDR Griese com­

menced an instrument descent out the east leg of St. 

Louis radio range with the Cub Pacer flying on his star­

board wing in formation. When the two planes reached 
a distance of twenty-two miles from the field, control 
of the letdown was taken over by GCA and the two 
ai rcraft completed a normal GCA final approach with 
the JRB being brought in two hundred feet to the left 
side of the runway. This procedure allowed the Cub to 
be lined up with the runway. Upon breaking out of the 
overcast, the JRB was g iven a waveoff and the Cub was 

landed. The JRB then circled the field and landed a 

short time later. Pilot of the Cub Pacer was W. R. 
Wickersham of Phoen ix, Arizona who had recently par­
ticipated in a search for a Navy plane believed lost in 
Grand Canyon. W ickersham had never fl own a minute 
of formation prior to this GCA letdown. 

GCA Unit #25 NAS Glenview, Ill. 
On 31 January 1951 this unit made two emergency 

approaches without incident. 
On the fi rst emergency two P- 86 Sabre Jets were vec­

tored to this field after a m issed DF approach into 
O 'Hare Field. The planes were g iven a stra·ight-in PPI 

approach into l'tunway 32 at the pilots' request. Both 
aircraft landed sa fely with less than 10 minutes fuel re­
maining. CeiliAg and visibility at this time were 1500 

feet and% mile. 
The second emergency involved an Air Force T-6 

wh ich made a normal approach. W hen the plane was 
turned over to GCA control the pi lot reported 10 gal­
lons of fuel remaining. T he pilot landed with no diffi­

culty although the wheel warning horn was blowing 

throughout the approach. The plane ran out of gas 

taxi ing into the line. Cei ling and visibil ity at the time 

of th is approach were 500 feet and less than a quarter 

of a mile. 

"' m 
V> ..... 
"' 0 ..... 
m 
0 

"' m 
V> ..... 
"' 0 ..... 
m 
0 



0 
LIJ 
1-
() 

ct. 
I­
VI 
LIJ 
ct. 

0 
LIJ 
1-
(.) 
Q: 
ti; 
w 
ct. 

0 .... 

Introduction 
Radio facsimile transmission requires a linear relation 

between keying, or modulating voltage, and frequency 
deviation, or shift. In other words, rather than abruptly 
shifting the frequency between "Mark" and "Space", 
the facsimile signal frequency modulates the radio-fre­
quency carrier. The frequency deviation is a function 

of the shade of the copy being scanned by the facsimi le 
transceiver at any instant. When the copy shade varies 
f rom ex treme black to extreme white in a gradual man­
ner, the frequency is required to shift in a like manner. 

The facs imile transceiver output signal is unsuitable 
for application as keying voltage to a frequency-shift 
keyer. The facs imile signal is an 1800-cycle amplitude­
modulated voltage. The frequency-shift keyer requires 
a d -e keying voltage whose magnitude varies directly 
with the modulating or envelope frequency of the fac­
simi le transceiver sig nal. K eyer adapter, KY-44 per­
forms th is function of demodulation and extracts the 
required modulating f requency f rom the facsimile trans­
ceiver output signal. For the reasons outlined, to oper-
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ate an FSA keyer for facsimile operation, modification 
of the FSA is necessary as well as the use of the keyer 
adapter KY -44. 

Installation 

The modification chassis is mounted on the right rear 
corner (looki ng from the f ront) of the FSA oven, 

d irectly over V-107 . 
T wo mounting ears are provided. O ne will mount 

under the middle fill ister head screw on the right side 
of the rear oven plate. T he other will mount under the 
round head screw which secu res the right hand lifting 
bar to the chassis proper. 

A one-half inch hole is drilled one-four th inch to 
the rear of and in line with X-107 to allow for passage 
of leads. The supplied rubber grommet is inserted for 

protection of the leads. 
The leads between pin #8 of V - 107 and R- 170 and 

between pin #8 of V-108 and R- 168, are removed. 
Leads from the mod ification chassis are then connected 
as shown in the schematic diagram, Fig ure 1. 

Operation 
Figue 2 is a block diagram showing the equipment 

sequence for facs imile transmission. For shore installa­
tions t he KY -44 would be rack-mounted in one of the 
cabinets at the control position. I t has a 600-ohm out­
put and is capable of simul taneously keying four or 

more modified FSA keyers. 
The pulsating d-e vol tage output of the KY - 44 has 

a positive polari ty and is app lied to the keying signal 
grid (pin #8) of eithe r of the two reactance modu­
lators, V- 107 or V- 108, of the FSA. P in # 8 of the 
other tube is then g rounded. In order to obta in a sub­
stantiall y linear relation between keying voltage and f re­
quency deviation, the biasing arrangement shown in the 
schematic d iagram is used. A negative five volts, p lus 
or minus on e-half volt is des ired at the junction of the 

120K, lOOK and 5K resistors. The vol tage at th is junc­

tion may be too hig h in some insta llat ions, in which 
case shunting the 5K res istor with a sui table resistor 
{1 0K- 20K) w ill bring it clown to the required five 
volts. 
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FACSIMILE FSA C-W 
KY-44 

(Modified) TRANSCEIVER TRANSMITTER 

FIGURE 2. 

Two toggle S\vi tches a re used; one to set up the keyer 
for facsi mile or teletype o peration, the other to apply 
the facsimile keying sig nal to one or the other of the 
reactance modula tors, V- 107 and V-108. Throwing 
this S\vitch from REV to NORM causes the white and 
black radiated f requenc i ~s to be intercha nged. \'<lith the 
TIY-FACS sw itch in the TTY posi t ion, the FSA is 
restored to its original c ircuitry. 

Tuning Adjustments 
1-Patch the facs im ile transceiver outpu t to the input 

of the KY-44 . 

2-With the facs imile transceiver set up for plus 2 
db. output, adjust the gain con trol of the K Y-44 fo r 
10 volts ou tput. 

3-At the t ransmitter, patch the KY - 44 output into 
the keying sig nal jack loca ted on the modification chassis. 

4-P lace the TTY-f ACS switch in the FACS position. 
5-Place the REV -NORM switch in the N ORM 

posi tion. 

6-Tune the FSA keye r and the F ; s coupler in the 
same manner as when setting up for rad ioteletype 
operation. 

7-Set the frequency meter up on the transmitter 
Qutput f requency, plm 400 cycles. 

8- Adjust the FREQ CON TROL knob on the FSA 
for zero beat . 

9-Reduce the KY -44 output to 2.5 volts and adj ust 
the FREQ SHIFT control on the FSA for a 800-cyde 
shift* . 

•10-Repeat steps (7 ) , (8) and (9 ) until the shift is 
correct and a zero beat is obta ined as in (8 ). 

. * Shift measurement can readily be made by tuning the signal 
m on a loca l C-\VI receiver and applying the audio beat note to 
the ver tical p lates of an osci lloscope. The output of a calibrated 
audio oscillator is app lied to the horizontal plates. Set the oscil­
lator for 2000 cycles and adjust the receiver tuning for a circu lar 
scope pattern. Then reduce the KY-44 output from 10 volts to 
2.5 volts. \Xfithout touching the receiver, vary tl1e audio oscil­
lator frequency until the circu lar pattern is restored. T he d iffer­
ence between the original 2000-cycle oscillator setting and the 
new setting represents the shift, in cycles, of the transmjtter. 

If unable to obtain the requ ired 800-cycle shift with 
the keyer shift control fully advanced, reduce the 
TRANS MULT FACTOR switch on the FSA one 
division. 

The above modification applies to shore instal­
lations. In order to accomplish this change in ship­
board equipments, the Bureau is providing a modifica­
tion kit, MX-1 220/ SX. This kit modifies the FSA to 
FSA- b for facsimile use, eliminating the necessity for 
the KY -44/ FX Keyer Adapter. Kits are now in pro­
duction, and are being dist ributed by the Bureau of 
Ships as di rected by the C hief of Naval Operations. 

TBL BLOWER MOTOR FAILURES 

T he following lette r f rom Commander Submarine 
For~e, U nited States Atlantic Fleet, is p rinted in its 
ent trety because of the unusual damage described: 

"1- A recen t report from a submarine of this Force 
describes the d amage resu lting from a f rozen bearing in 
the b lower motor of a TBL series transmitter. In th is 
case, the following damage was done: 

Burnt out armature 

·Blower motor brushes rui ned 

Two choke coi ls burned beyond repair 
Two heaters destroyed 
Th ree term inal boards burned 
Fo ur res istors burned 
One relay dest royed 

Three switches burned 

One thermostatic relay assembly destroyed 

T hirty interconnecting wires bu rned 

Felt insulation burned 
" 2- I t is believed that an inspection of the T BL 

b lower motors installed in submarines of th is Force 

wi ll d isclose several inoperative or defective motors. 

It is di rected that these blower motors be inspected for 

free rotation and cleanliness, and that these inspect ions 

be repeated at intervals o f not more than one month. 

" 3-Failure of these components, as well as other 

electronic items, must be reported to the Bureau of Sh ips 

using the customary Fa ilure Report Card." 
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EDITOR 

This new feature is the answer to numerous suggestions and requests from fleet and shore per­
sonnel for a medium of presenting their individual problems, gripes and questions on electronics 
matters and obtaining answers to such queries. 

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

Editor 
BuSHIPS ELECfRON 
Sir: 

have been unable to find ad equate information on 
the new Electron maintenance parts and electron tubes 

allowance lists. 
What is the procedure fo r getting the allowance lists 

corrected after new equipment has been installed ? I 
have assumed that the Bureau corrects the allowance 
lists to support all eq uipment installed automatically 
when the N a vsh ips 4 1 10 has been corrected. Am I 

correct ? 
R. R. W., ETl , USN 

I nforma/ ion on electronic maintenance parts and t Nbe 
allowance !istJ is contained in NavSbips 900, I 68 
"THE SHIPBOARD IN TEGRATED ELECTRONIC 
MAIN TENANCE PARTS SYSTEM' ', copies of whicb 
are available from the BHretw "pon reqNest to Code 960. 

Significant cbcmges in installed eqNipment ctre IIJNally 
accomplished during a sbip·J. availt~bi!ity . T be BNrettlf 
fumishe.r reviud allowances to sbips to sNpport cbanges 
in insttt!led eqNipment made d~tring a 1·eg11lcLrly scbed­
uled availability. To dssllre receipt of revised allotNLnces, 
particu!t~rly when equipment changes t~re m c1de ONtside 
of t·egNittr scheduled cwailclbilties, it is recommended 
tbat Code 960 of the B11rea11 be advised of Jllcb cbcmges 

as fc11' in ad/ltmce as poHible. 
Editor 

Editor 
BuSH IPS ELECfRON 
Sir: 

The Editor 
BuShips Ele ctron 
Code 993 
Bureau of Ships 
Navy Department 
Washington 25, D. C. 

In the February 1950 issue of BuSHIPS ELECTRON, 
an article entit led " Bringing Mahomet to the Mountain" 
described a proposed Electron ic Repair Craft designated 
AN j SSM- lC for use at advanced bases. 

At the t ime of the article, the information was only 
of passing interest, but in the past few months cond i­
tions have developed that cause us here at the Electronic 
Repa ir Facili ty at Guantanamo Bay to become g reatly 
interested in procuring such a craft. 

Can you furn ish information as to whether the p lans 
o f the ANj SSM- lC have been firmed up to a point 
of p roduction and what BuShips Code should be con­
tacted to initiate possible procurement action? 

J. F. P. , Electronics Eng ineer 

The plcms hal'e been firm ed up to the production 
{Joint, t~lthougb no ANj SSM- IC are yet cmtilable. It 

tt•oNid be entirely filling, ho ll'et,er, for yoNr r1cti'l'ity to 

reqHest one from tbe Chief of the BNrecw of Shrps, 
Code917. 

Editor 
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Dr. Lee de Forest, of­
ten called the "Father of 
Modern Electronics" in­
vented the "andion", the 

first tube to contain a grid, in 1907. 
This forerunner of modern electron 

tubes was the key that opened the door 
to radio, television, radar, sonar and effi­
cient long distance telephony. . 

Richly endowed with inventive genius, 
D t·. de Forest has contributed many f a­
mous :firsts to electronics and holds a 

long and impressive list of patents. 

Through "Famous Firsts in 
Electronics" ELECTRON brings 
yon great moments in the h is­
tot·y of electronic developm~nl. 



RESTRICTED 

Welllll Stuck behind the 8-ball again. Tough? Sure it's 

tough, but don't just stand there; do something. Here's 

your cue! Gra b a pencil and paper and send your little 

8-ball to the editor of ELECTRON. If he can't call your 

shot, there are lots of people in the Bureau of Ships 

who can. 


