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I had always believed that first came the
vacuum tube, then the transistor, period.
But, thanks to an old Navy tech manual
sent in by a reader, I’ve discovered a third
“lost” entity. Electronics engineers of the
1950’s believed the rugged little magnetic
amplifier was going to replace the fragile
vacuum tube in all its functions under a
megacycle. Originating in the USA but
adopted and developed by the Nazis for the
V2 missile, the mag amp after WWII found a
clique of boosters among US electronics
engineers. This document, unusually

passionate and well written for a military
tech manual, is their promotional brochure.
Evident today only in some motor-control
and power-supply regulator circuits, the
mag amp not only can regulate but can
magnify, oscillate, modulate, switch, pulse-
generate, invert, convert, multivibrate,
phase shift, and multiply. Mag amps
require almost zero maintenance, can be
made indestructible, and can handle up to
175,000 amperes. This rare book has been
completely reset and redesigned for econ-
omy and readability. 43 illustrations. — G.T.
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Admiral Wallin’s Preface
Magnetic Amplifiers (NavShips 900,172) is an
unclassified publication which describes “an old
device in a new suit.” The device is the saturable
core and the new suit is the core’s use in electrical
and electronic applications.

This material is published to encourage the use of
the device in electrical and electronic applications
where reliability of performance is the prime
consideration. A review of machinery application
principles is included as an aid toward
understanding the general principles of the device.

H.N. Wallin

Rear Admiral, USN
Chief of Bureau
August, 1, 1951

Design Engineers Please Note

This publication is not intended as an engineering
manual. Mathematics and detailed circuitry were
deliberately removed to simplify the presentation
in a form easily assimilated by busy engineers who
often do not have the time to study the more
detailed technical papers previously presented on
this subject.



1. Introduction

aval  electronics  engineers  are
Nbeginning to accept the fact that a

competitor to the electron tube, in the
power and control field, has not only
penetrated their domain but is here to stay.
When first confronted with this device, they
simply ignored it as being an impostor, too
slow, cumbersome and inefficient to be taken
seriously. Even when it started to strut in a
new cloak of self-saturation and promoted
itself to the rank of magnetic amplifier, it was
still ignored by American electronic engineers.
The device finally gave up in disgust and
proceeded to Germany for physical
reconditioning and a post-graduate course in
social education.

The electrical-machinery people early
visualized the advantages of the device as
attested by the almost universal application of
this static control for rotating equipment.

Electronics engineers are now forced to
concede recognition of the magnetic amplifier,
as it has demonstrated its value beyond
question in many fields previously dominated
by electron tubes.

The significance of this development in
relation to Naval engineering is better
appreciated when it is realized that this
component is applicable to almost everything
that rotates or moves on a fighting ship:
throttle controls on the main engines; speed,
frequency, voltage, current and temperature
controls on auxiliary equipment; fire-control,
servo mechanisms and stabilizers for guns;

radar and sonar equipment; pulse-forming,
sweep multivibrator circuits for radar, loran,
and transponder equipment; and computers,
and course-and-speed plotters to verify the
results.

The device is ideally suited to submarine and
aircraft equipment because of the extreme
voltage fluctuations of the prime power

. sources. Numerous countries have contributed

to its evolution.

history '
The magnetic amplifier is not new; the
principles of the saturable-core control were
used in electrical machinery as early as 1888
although they were not identified as such.

Saturable-core devices have been used,
principally in heavy electrical machinery, in
the U.S. since 1900. The U.S. Navy has been
using them to a limited extent mostly as static
control instruments in rotating equipment
during the past eight years. Development
beyond this perimeter into the electronic field
has been retarded in the U.S. primarily due to
the reluctance of our engineers to experiment
with a new device, especially in view of the
excellent performance experienced with
current electron tube equipment.

Many engineers are under the impression that
the Germans invented the magnetic amplifier.
Actually it is an American invention. The

" Germans simply took our comparatively crude

device, improved the efficiency and response
time, reduced weight and bulk, broadened its
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field of application, and handed it back to us.

It was mainly the improvement in processing
magnetic material and the introduction of
selenium rectifiers that led to the wide use of
magnetic amplifiers by the Germans.

The German navy used the device in its
master gun stabilizers. Their air force used it
in automatic pilot and ground-approach
systems. They also used it in servo and
frequency-control systems for long-range
rockets, blind landing aids, and to regulate the
fuel flow in relation to atmospheric and ram
pressure in some types of guided missiles.
They also applied the device as cathode
followers, replacing electron tubes in
computer circuits. The German army had
started to apply it to the V-2 rocket stabilizer
and steering system. ]

German civil interests were also quick to
visualize the advantages of this device. They
had started to apply it to computing machines,
electric brakes for trucks and locomotives,
high voltage power lines (controlling up to
50,000 KVA), a.c. streetcar controls and other
miscellaneous uses.

The fact that the Germans introduced the
device into fields previously dominated by
electron tubes is considered by many to be of

as great importance as the technical
development of the device.
Although Germany is unquestionably

responsible for the rebirth of the magnetic
amplifier, other countries (especially the U.S.)
held a considerably greater number of patents
on this device. The efforts of Sweden,
England, and Japan were also considerable.

The reason for the Nazis assigning their best
scientists and expending millions on its
development in the midst of a bitter war has
never been definitely determined. There was
no shortage of electron tubes; performance of
the tube-controlled equipment certainly was
not improved by the substitution.

Considering the above, the motive
warranting such expenditures appears to have
been an acute shortage of field electronics
technical personnel, making a dependable,
maintenance-free device mandatory wherever
possible.

The performance of the magnetic amplifiers
obviously must have equaled that of that of the
electron-tube circuits as these devices were
used in some very critical applications, such as
stabilizers, servos, and fire-control equipment
in their latest fighting ships.

It was during the last war that the U.S. Navy
started to exploit the device for purposes other
than power regulators. Development contracts
have now expanded into the high-speed range
of digital computers and pulse forming,
memory and scanning applications in radio,
radar and sonar equipment.



2. Fundamentals

magnetic amplifier is simply another
Atype of control valve. A valve in a

water line can be considered an
amplifier if a small stream of water operates a
larger valve in the main line.

Electrically the device can be compared
somewhat to that of an electron tube in that the
grid of the tube controls a relatively large
amount of plate power. In a magnetic
amplifier, power is varied, like the watetr valve
and the tube, by inserting the device in series
with the load to be controlled. Control is then
accomplished by varying this impedance,
which increases or decreases the power to the
load. The impedance to the flow of a.c. is
effected by changing the degree of saturation
with a relatively small amount of d.c., or
properly phased a.c. through a separate
winding on the same core. An unsaturated
core has a relatively high impedance to a.c. A
saturated core acts effectively as an air core,
with practically no impedance except for the
ohmic resistance of the copper wire.

. Figure1 illustrates the principle of operation.
With the core completely within the coil the
impedance to the flow of current is high,
permitting possibly only a fraction of a volt to
appear across the load. Pulling the core out
causes this load voltage to rise progressively
to practically 115. In effect, this is the
operating principle of a magnetic amplifier.
Since it took only a few watts of muscular
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1. principle of operation -

energy to move the core within the coil, which
may in turn control several horsepower, the
device is an amplifier. Since this is done
magnetically, the device is called a magnetic
amplifier.

Technically it may be described as
essentially a device which controls the a.c.
reactance of a coil by controlling the effective
permeability of the magnetic material on
which the coil is wound.

Although the sketch in Figure 1 is drawn
primarily to illustrate the principles of
operation, there are many applications still in
use utilizing the mechanical system. The
principle of control is the same. The action,
however, does not completely fulfill the
description in the previous paragraph
“controlling the effective permeability of the
magnetic material,” since iron in this instance
is actually replaced by air. In modern
applications, the core is stationary. Its
impeding effect to a.c. power is changed by
varying the saturation of the iron core. This
not only simplifies the installation but permits
a much higher speed of response and
considerably widens the range of applications.

Figure 2 is the basic circuit of saturable

- control. The secondary or load winding

impedance is controlled by the amount of
current flowing in the primary or control
winding. This would be a relatively inefficient
amplifier because the control winding ampere-
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turns must be equal to the load ampere-turns
plus sufficient ampere-turns to saturate the
core.

In Figure 3 a rectifier is inserted in series
with the load. This results in unidirectional
load current which assists the control winding

in saturation. Considerably less power is now.

required, making the device highly
competitive with other types of amplifiers.
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3. magnetic amplifier

Although Figure 3 has been developed into a
high gain amplifier, it is still deficient in some
respects, namely:

1. The device as shown would act as a step-
up transformer in reference to the load
power and generate power into the
control winding. This would not only be
undesirable but would also result in an
unnecessary power loss.

2. Due to the single rectifier, only an
insufficient pulsating d.c. load power

_ would result.
Figures 4 and 5 show a more practical

design. (To simplify the sketches, cores will
be taken for granted and control windings will
be represented by a single turn.) With two load

4

coils they can be wound opposed, neutralizing

any transformer effect into the control coil.
The two power coils also permit utilization of
both sides of the alternating current, resulting
in a good waveform and efficiency. Figure 4 is
the basic amplifier for a.c. loads. With the
addition of two rectifiers (5), the device .
generates and controls a d.c. load from an a.c.
supply. Three-legged cores with the control
coil wound on the center leg and power coils
on the outside are usually used with the above
circuits in power-control applications.

two load coils wound

Input control in opposite directions

4. basic amp for
AC loads

Input ccntrol

Load

o AC o

5. rectified Line

4 and 5. Dbasic circuits







