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The most modern types of electriéal amplifiers are

magnetic and dielectric amplifiers, which as variable impedances

are inserted in front of the existing load resistance.
In the magnetic amplifier the permeability is changed by
d.c, pre magnetization of the iron core and in the
dielectric amplifier the dielectric constant is changed
by d.c. biassing of the dielectric of a condenser,
While magnetic amplifiers are chiefly suitable for the
amplification of direct currents and of very low-frequency
- eurrents, capacitative amplifiers are used at high
frequency voltages. Magnetic amplificrs have alrcady
won for themselves a wide ficld of application in general
electro~technology and in regulating techniques; dielec-
tric amplifiers, on the other hand, are in the early stages
of development. Therc are very many characteristics
which the two types of amplifier exhibit in common due to
their non~linear behaviour, The magnetic amplifier,
being a durable structural clement, has replaced the
electronic valve and the relay in many circuits and = in
combination with metal rectificrs - the rotary amplifier
also. Naturally, its relatively long response time
sets limits to its application.

The design and development engineer is frequently faced with
the problem of amplification for the purpose of power gain.
This problem occurs most frequently in the sphere of control
and rogulation techniques because here the measurcment output
available is gencrally so small that it will not actuatc
the regulating member directly; hence, no solution is possible
without the use of amplificrs., This amplifier must convert the

given input into an output - as far as possible without distortion

by making use of an auxiliary source of energy (Figure 1).  The

efficiency of the amplificr n = G /G plays only a minor part in the

A TH
prescnt problem because, as a rule, the auxiliary quantity
constitutes only a fraction of the total energy available.
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© . According to the nature of the problem to be solved
differcnt types of amplifiers can be cmployed either singly or
in combination,

Mechanical amplificrs. The lever,block and pulley,
inclined plane and screw are the oldest types of mechanical
amplificrs. They amplify power not energy, an example of
a mechanical amplifier of energy would be a heat engine in
which the applied heat energy would be the operating medium,
The input quantity would be the mechanical actuation of a
valve or throttle while the output would be the power
delivered by the engine.

Hydraulic amplifiers. - e.g« hydraulic presses - are
also power amplifiers light pressure of the hand on the valve
produces greater power. Other examples of hydraulic amplifiers
are hydraulic brakes on vehicles, which amplify the pressure
of the foot and also oil control of machine tools. The
operating medium mostly used is electrical energy which
activates the oil pressure pump by means of a motor. Pneumatie
amplifiers operate similarly to the hydraulic type except
that the medium is air and not oil. The advantage of
pneumatic control over hydraulic amplifiers lies in the
shorter response period,

Electricel amplifiers are most widely used in general
technology because with them it is relatively simple to
convert and amplify energies. There is alsc an additicnal
and considerable advantage with electrical amplifiers in
that almost all measurable non-electrical quantities can be
reproduced as electrical quantities and thus made capable of
amplification.

Currents, voltages, and power can be selectively amplified.
The process can be carried out in rotary and elcctromechanical
amplifiers, in electronic amplifiers, and also in magnetic and
dielectric amplifiers, These are known as continuous
amplifiers., In addition there are the intermittent types
of amplifier, (two-point amplifiers).

Electrlcal amplifiers. The most simple form of rotary
ampllfler - (machine ampllfler) is exemplified by the separately
excited IC generator (Figure 2). This type has been known
since the begimning of electrotechnology; the power is
amplified 40 to 50 times according to the size of the generator,
By connecting two gencrators in tandem = for example the
auxiliary exciter and the exciter of a turbogenerator installation-
it is possible to increase the amplification of power to very
high values.  The machine amplificr has reached a special stage
in the Leonard generators in which the dynamo drives a motor with
a speed which can be varied at will, The most recent form of
the machine amplifier is the transverse field machine
(amplldyne) which is being used to an increasing extent in the
techniques of speed contrQl and regulation.
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Electromechanical amplifiers are employed in the form of
drum regulauoru, vibration regulators (Tirrill regulators) and
carbon pile voltage regulators.

Electronic amplifiers arc CthflJ electronic valves and
gas~filled tubcs which since the discovery of the control 5r1d
have been used to the widest extent =~ one has only to -
remember the millions of wireless sebts - in slectrotechnology.
By oontrolllng the valve with a grid potential (Figures 3 and 4)
it is possible to vary the mﬂgnlbudu of the output without
inertia, Electronic emplifiers can be voltage or current
amplifiers. The control of larger powers is principally the
function of. thyratrons and grid-controlled mercury vapour
rectifiers (Flgure L)e

Magnetic amplifiers (Figure 5), also called amplistats or
transductors operate with d.c, magnetic bisssed reactors.
In this type the inductive resistance of a saturable reactor is
varied. Their chief function is that of current amplification;
the output current is gencrally an alternating current but by
connecting a metal rectifier to the output, this can be
converted into direct current.

Dielectric amplifiers.”  (Figure 6), in common with the
magnetic amplifiers, depend on variation of impedance,
This impedance, in the capacitative amplifiers, is a biassed
condenser with a non-linear capacity curve. They are used
principally as voltage amplifiers for the higher frequencies.

Intermittent amplifiers have been known for many years in
the sphere of control as relays and protective devices. of
course, as amplifiers they have the distinet disadvantage
that they can only be adjusted in two positions: they can
only be open (G = 0) or closed (G is a max1mum).

Magnetic Amplifiers

Fundamental Principles

If it is required to vary the current in a load resistance
connected to a constant voltage, the usual procedure is to
connect a variable resistance in front of the load resistance
R,» This is sometimes accompanied however by considerable
péwer consumption in the regulating resistance; moreover the
‘control of fairly highi current intensities creates difficulties
because as the current intensity increases the sliding contacts
are subjected to stresses which become increasingly difficult to
withstand. In A.C. circuits the solution of the problem is made
easier by the fact that the variable resistance is generally a low loss
- A,Coimpedance, In the magnetic amplificr the variable impedance is
inductive and is calculated from:

Z=zwL=2nfkp =constb v s v 0w . ow . (1)

*  The technical world has as yet no unform expression for an
amplifier with variable dislectric; the term capacitative
amplifier is also frequently mct with,
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where: Z is the A.C. impedance, w the supply frequency, L
the inductance,f the frequency of the alternating voltage,

k the form factor of the inductivity, and p the permeability
of the core. .

The impedance is thus in direct proportion to the
permeability; the process is based on the fact that, by A.C.
polarization, the permeability can be reduced from its
initial basic value [2,4,5,9,10] **

In its simplest form the magnetic amplifier consists of
a saturable iron core with two windings; +the normal A.C.
winding gpower gection) and, wound over this, the 4,C. control
winding (control section), In Figure 5 these two windings
are shown separately, side by side. In practice such a
biassed reactor has to be fitted with a non-saturable
reactor for the A,C. control circuit ( as in Figure 5) in
order to suppress the voltages induced in the D.C. winding from
the A.C. winding due to the transformer effect, The
magnetization produced in the biassed reactor will then be
determined by the steady D.C. control current.

In Figure 7 all the terms used in the following formulae
for voltages, currénts, ete. of the magnetic amplifier have
been assembled so' that the general terms (G +..) in Figure 5
can be transposgd immediately into the usua? practical nomen-
clature (i P L Using Figure 7 an explanation will now be
given of :Ee electrical processes in the magnetic amplifier,
Let it first be assumed that no D.C. is flowing in the control
winding (iE = 0) and that R, = 0. If the magnetization curve

of the saturable coil has the form illustrated in Tigure 8
(transformer sheet IV), the sinusoidal potential U across the

reactor develops a current iA which is also sinusoidal, since

the magnetization curve is practically linear in this zone.

If a direct current iE flows through the control winding

the working point Al of the alternating potential is shifted
from the zero point of the magnetization curve to the working-
point A2 (Figure 9). By this shifting of the working point
from Al to A2 a section of the magnetization curve is reached
where it is no longer linecar. The current-time area of the
current which now develops (iA)’ i.e. the enclosed area in

the diagram, is larger than in the case of magnetic bias.

A similar process can be found in the case of electronic valves
where the valve characteristic J = f(U ) depends on the grid
potential. & a

*  The circuit symbols for magnetic amplifiers have not yet been
standardised. The control coils are often drawn at right
angles to the A.C. windings.

* ¥ FWor references see end,
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if the D.C. polarization is increésed still more and the
working point A3 is reached (Figure 10) the positive

alternating potential amplitude enters the zone of
saturation and an alternating current develops which has an
effective value markedly greater than without magnetic bias.
The essential characteristic of a magnétic amplifier is it's
non-linearity.

Examination of Pigure 10 might indicate that some
rectification of the alterrdating current had set in, since
the current no longer produces equal areas about the zero
line, This does not happen, however, because in reality,
with A.C. excitation the magnetization curve forms a
hysteresis loop; for purposes of simplification this has not
been shown, If the alternating potential is rcflected at
this hysteresis loop the working point 'A3 moves Turther down,

causing the current to become symmetrical about the zero
line and also, in this case, to fulfil the condition for

alternating current S
2n

/idt:@.

o)

From the magnetization curve ofrthe core material it
is easy to derive by differehtiation the function' p = f(iE),

since u = dB/dH . Of course this differential does not
apply quite strictly in the transition zone in the case of
small control currents iE' Figure 11 shows the course of the

permeability and hence also of the reactor inductivity L in

relation to the bias current iE . The steeper the initial

slope of the magnetization curve and the more definite the
saturation hump, the more effective is the. operation of a
magnetically biassed choking coil. For this rcason core
materials having almost rectangular magnetisation curves
hysteresis loops are employed for high performance magnetic
amplifiers.

Starting with the bagic pattern of the biassed reactor,
use has already been made of the single-phase magnetic
amplifier, because the simple biassed reactor had the
definite drawback that the control circuit had to be provided
with a reactor and the reésulting alternating current was not
symmetrical about the zero line. These drawbacks are removed
by a magnetic amplifier with two A.C. windings, (Figures 12-1L4).
Figure 12 shows & normal iron-clad core in which each outer leg
is wound with an A.C. winding. These two A.C. windings are
in parallel and lie in series with the load resistance RA.

Me applied alternating voltage E induces the-fluXes @1and ®9
~in the outer legs. In the middle leg the two fluxes are
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opposed to each other in direction and, since they are equal

in magnitude, cancel out. Thus, in the winding on the middle .
leg, no alternating potential can be induced on the fundamental
wave., Since the two A.C, windings are in parallel, the

harmonics which develop are also suppressed. There is no

need, therefore, in this magnetic amplifier, for a smoothing

choke in the D.C.-control circuit; and the output current is
symmetrical about the zero line. The best core material

for such a lamination is dynamo sheet iron because, owing

to the dissipation at the intersections of the laminations

the magnetization curve for high-grade core laminations is

not distinctly rectangular, On the other hand, for fairly

high duty, it is best to use the transformer construction of

the ideal type, i.e. an ammular core, so that there is practically
no dissipation. In this case a circuilt like the one shown

in Figure 13 is employed. The magnetic fluzes @1 and @2

are again so directed that the induced fundamental waves cancel
out in the control winding. The core materials used here

are highly permcable annular sheets having permeability values
up to 100,000. The circular core amplifiers are more expensive
than iron-clad corc amplifiers, of course, because owing to

the difficulty of the ring winding process the proportion of
costs for wages is about twice that for materials, whils it is
roughly the other way about for amplifiers with transformer
laminations.

Figurc 14 shows types of single-phase magnetic amplifiers.
In contrast to the arrangement described above with one core the
middie leg of each core of the left hand amplifier (with two
iron-clad cores M 102b) is wound with an A.C. winding ("a" in
Figure 14), while the common control winding surrounds both
cores.  The annular-core amplifier('b', Figure 14) has two
cores made of the material 00O Z * . To simplify production
of two cores which each have an A,C., winding are surrounded
theone control winding, an arrangement frequently met with in
practice. Single-phase magnetic amplifiers with dynamo
leminations are produced commercially up to about 4 kVA,
and with high-permeability annular cores up to about LOO VA
rated capacity.

If the powers which haa to be controlled is higher
than these it is advisable to use three-phase magnetic
emplifiers because of the more uniform mains loading. This
can be done elther by the suitable connection of three wsingle~-
phase magnetic amplifiers or specially constructed three-phase
amplifiers can be used (of. esg. Figurc 18), This is built up
from three single cores currounded by a common control
winding. These large amplifiers are constructed on the same
lines as ordinary transformers.

* 5,000 Z a core-material produced by the Vacuumschmelze A,G.
Hanau, is a nickel-iron alloy of high permeability. In these
annular cores the core is coiled like ribbon. Other meterials
for magnetic ring-core amplificers are Mu metal, Permalloy C,
and Hyperm 50,
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The magnetic amplificr is essentially an A.C. amplifier
which is controlled by direct current. However, if D.C. is
required in the output circuit, the alternating output
current can be converted into direct current by the insertion
of a full-wave rectifier circuit arrangment of metal
rectifiers. The current amplification rate is obtained from
the ratio of the arithmetic mean of the D.C. output to
the required control current; it can amount to 1 : 330.

" On the other hand the factor NA/NEiS the power amplification

rate which, in the case of magnetic one-stage amplificrs may
reach 100,000 It is possible, by series conncction of
magnetic amplifiers, to increase the amplification very
considerably; the total amplification is obtained from the
product of the single amplification ratesa

As with all amplifiers the degree of amplification can be
substantially increased by feedback coupling. Since the
magnetic amplifier is a current amplifier, this feedback’
must be a current feedback, i.e. the output current is led
back to the amplifier. after rectification by & separate
feedback winding, so that an auxiliary bias magnetization is
produced, which is dependent upon the output current. Very
high degrees of amplification can be achieved by this means.
Since, .in contrast to the electronic amplifiers, every
magnetic circuit has a natural incrtia - the magnetic field
has to be built up and to die away -~ a response time is
associated with magnctic amplificrs eand this can be measureds
The response time is the time required, if there is a sudden
change of control current from zero up -to the maximum value,
to change the output cwrrent from 10/% to 90% of its maximum;
it ig roughly proportional to ‘the curront-amplification rate
and inversely proportional to the supply frequency. The
response time can amount to some seconds in the case of the
amplification rates mentioned above, but it usually fluctuates
between 0,05 and 0,3 scconds with a supply frequency of
50 CuPess If several amplifiers are connected in series
the response times are added together but the amplification
rates are multiplied; it is therefore possible to reduce
the response times by appropriate circuits. Another
possibility for reducing the response time 1s the employment
of high=resistance control circuits and also the application
of higher supply frequencics.

In making calculations for magnetic amplifiers an important

_fact is that amplifiers which are not back-coupled behave

like current transformers, i.e., the current flow in the

control and power sections arc equal. Of course in this

case the arithmetic mcan of the current his to be substituted

for the power scctlomn. It appears, that the current

amplification rate of an amplificr without feedback coupling is

dependent only upon the transformation ratio of the number of

turns (control winding to A.C. winding); for this reason it

can be calculated exactly in advance,
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Applications

One of the most important fields of application for
magnetic amplifiers is in the technology of spced controle
The ideal variable speed electric motor is the D.C. shunt-
wound motor, the speed of which can be controlled from zero
up to the maximum by varying the armaturce voltage. In
addition the rotation speed can be raised still further by
reducing the field stremgth (where the torque is fairly small)e.
If a magnetic amplifier connected to an A.C. mains supplies
the armaturc of a D.C. shunt-wound motor through half-wave
rectifiers = a combination often referred to as "reactor
regulated drive"[?}ﬂxzarmature voltage of the motor and hence
also. its rotation sp.ed can be varied very simply by magnetic
bias of the magnetic amplificr. This control by the amplifier
is not enough by itself, because, owing to the drop in
potential in the reactor, half-wave rectifier, and armature,
there is a pronounced reduction in rotation speed with load,
i.es as the torque of the motor increases. The rotation
speed must therefore be regulated, i.e. the rotation must be
measured and compared with a constant theoretical valuce
The difference between the theoretical and actual values acts
on the amplifier as an incrcasc in the armature voltage when
the load increases, In the case of high performance speed
regulators the actunl velue is obtained by means of a tachometer—
dynamo, the output voltage of which is in proportion to the
rotation speed., On the other hand, if a drop in speed of
several per cent between no-load and full-load conditions is
permissible a circult, such as that shown in Figure 15 is
employed. The magnetic amplifier - with economy feedback
connected for selfe-saturation and with D.C. output connected
to a converted Graetz-circuit - is loaded by the armature
of a D.C. shunt-wound motor. The armature voltage Uyn4n1 =
which is approximately proportional to the rotation spéed =~
is compared with an adjusted D.C. voltage U cor. If, as
the result of increased load, the speed of thé motor is
reduced, there is also a drop in the terminal voltage of the
motor. The difference between the two voltages Ufhedr and

Uact generates a current through the bias winding 'e! of the

magnetic ampiifier; this current is such that the armature
voltage of the motor is increased until the equality of the

voltages U and U has been restored. Since, however,
theor. act.

the rotation speed of the motor is not directly proportional

to the armature voltage, becausc the decrease in speed
consequent upon the drop in armature voltage is still effective,
the voltage drop is compounded with the aid of the reaction
winding 'd' (Figure 15). If there is constant field excitation
of the motor this circuit permits a speed variation of 1 : 25
where amplifiers with dynamo laminations are egployed. For
small motor powers annular core amplifiers with highly permeable
sheet iron are usea and in this case the adjustable speed. range
can be brought up to 1 : 100,
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- The rotation speed curves n = £(M,) for the reactor coupled
specd regulator can be seen in Figure ?6. For comparison with
the regulated curves 'b' the dotted lines show the rotation
speed curves ‘a' for a controlled D.C. shunt-wound motor
connected directly to the D.C., mains, Normally such a motor
has a spced range of only about 1 : 10 because, owing to the
natural 10% speed drop between no-load and full-load, it would
stop if it ran at an adjusted speed of 10% of the nominal value
below full-load. These limits can be substantially widened
by regulation through a magnetic amplificr.

Reactor-coupled speed rcgulators with single-shase connection
to the A.C. mains supply are produced for motor outputs up to
2 kW; and with three-phase A.C, connection up to 8 kW,
These regulators have proved very satisfactory for machine tools,
testing mechines, and in fuel regulation for power station
steam generators. They have also been used with good results for
small servo-motors.

At higher outputs, magnetic amplifiers, in combination
with half-wave rectificrs, have begun to be used for the field
excitation of motors and generators. Thus, for cxample, the
auxiliary cxeciter of a turbo-generator installation can be used
more econoinically if a magnetic amplificr is fitted. If a
magnetic amplifier is employcd for field cxcitation in a rolling-
mill motor the field veltage can be varied with low regulation
consumption.

For voltage rcgulation in small and medium threc-phase
current generators [6]mgmﬁﬂ:mmhfﬂwsan:ﬂmmlwdas
contactless regulators. These voltage regulators with
magnetic amplificrs arc distinguished - in contrast to vibrating
regulators - by the fact that they are not sensitive to position
or vibration, particularly in non-stationsry generating plant.
The potential of the three-phase curront generator is kept
constant at #1%, independent of the load and the power factor,

Rectifier technology offers a wide field of application for
magnetic amplifiers[1 ] where they aré used as regulators and
variable-gain amplifiers. Rectificrs regulated by means of
magnetic amplifiers are cspeclally useful in low-performance
operations where the rcgulation required does not make such
great demands. Charging rectifiers with magnetic amplifier
regulation are used cspcecially for lorge storage batteries on
the rail motor cars of the German Pederal Railways; with these it
is possible to charge the lead storage batteries without
electronic tubes and relays on an economic scale. In addition
by meansg of rectifiers with megnetic rcegulating amplifiers, the
batteries can be charged sgain without trouble on the principle
of three-stage charging, when the driving current has discharged
them completely.

Magnetic amplifiers can be employed as inductive series
resistances for thermostatically regulated heating of fairly small
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industrial resistance furnaces (Fipures 17 and 18). The
temperature is measurcd by a thermo-element or rusistance
thermometer and then converted into a proportionate current
(actual value of the temp.rature ). This temperature is
compared with o theoretical value for the temperature and the
difference between the two currents is fed to a magnetic
preamplifier as a D.C. control current. Thig preamplifier
is necessary as it is not possible to control the power
amplifier with the &mall wmount of energy availcoble. The output
current from the preamplifier then flows into the three-phase
pover amplificr as a control current,

Illuminstion is onc of the latest filelds in which magnetic
amplifiers hove been usecd. Here they oporate as compensating
resistances for filement lamps and fluorescent tubes and make
it possible to vary the lupminous intensity of these light
S0ULCES. This can simplify many problens of lishting; for
instance the control elements for 200 filament lemps in o
theatre can be accommodated on a switch panel only 2 me in size.
The electricien can therefore control the individual lamp
circuits with ease and certainty by adjusting small verisble
resistances,

In the technology of telecommunication, measuring control,
and regulation [8] low power magnetic amplifiers have been used
for about 15 years. Even though there has been no success from
attempts to amplify telephone alternating currents by magnetic
means = if there were, overseas telephony by cables would be
possible - A.D.C. transformcr developed by Kramer [5] has
nevertheless been in use for D.C, measuring techniques for a -
long time; these are produced up to a transformation ratio of
1 : 80,000 with an output current of 54 with a class accuracy of
% 0, 5%, These D.C. transformers have the same clectrical
construction as magnetic amplifiers with series~connection of
the A.C. windings. The only diffecrence between them is the
transformation ratio, = “hilc the amplifiers amplify currents,
D.C, transformers transform large currents into small ones. For
this reason D.C. transformers mostly have only one control
winding in the form of & bar pushed through the coils and
carrying the current to be mcasured. Magnetic amplifiers are
also “in common use for controlling magnetic powder couplings,
ag amplifiers for photoclectric cells, and as magnetic current
stabilizers for regulating purposecs., .

The largest mognetic smplifier units are those designed for
long~distance circuity, Units of up to 50 MVA are to be
ingtalled alongsiue the big long-distance lincs. so zs to
compensate the capacitative idle current of the lines, The
compensation is automstically regulated by & grid-controlled
rectifier which supplies the biassing current.

" Dielcctric Amplifiers

The dielectric amplifier resembles the magnetic amplifier
in that, @s a (capacitative) compensating resistance it is
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controlled by way of a D.C. voltmge (connccted to the
condenser); hore, too, an alternating voltage is cmployed
. as an aux 111Lry quantity. The control effect is based on
variation of the diclectric constants & by the control voltage.
Figure 19 illustrmtus thise In the gase of some dieclectric
: substances hystcresis curves are obtained which are very
5 similar to those for megnetic substonces [11].  Thus,
although therc is no iron prebcnt here, a so-called ferro-
cloctric effect is spoken of, in a similar way to that usecd
in ferro-magnctism, This fcrro=-clectric offect 1s duc to the
aligmment of ¢lectric dipoles of ionized atoms in non-mag nctlc,
crystalline substences,

The diclectrics used arc barium titanate and some
combinntions of strontium titanates with barium titenates and
also combinutions of barium and lcad zirconates. Unfortun=tcly
the diclectric constants of thesc substances are strongly
affected by temporature so that a new diclectric is nceded
flor cach temperature range. A cortain degreec.of temperature
Poe compensation can only be achieved by o combination of
various diclectrics. The diclectric substances, like the
magnetic ones, have a Curic p01ni the temperature of which is,
however, much lower, The greotest smplification lies in the
vieinity of the Curic point; it is spccially important
thercfore to keop the diclectric at this temperature. For this reason
the temperature of diclectric amplificrs is often regulated
thermostatically. The non-lincar dielcecetric of the condenser
acts as the temperative sensitive member of the thermostat,

Such an drrangomcnt is not necessary in the case of magnetic’
amplifierse.

Figurce 20 shows the typical circult of a diclectric
amplificr. Two non-lincayr and two lincar condenscrs are
connceted to form a bridge. The control potential is
connected in onc diagonel arm of this bridge and the supply
votentinl with the lond resistance R, in the other. The

* linenr conucnscrs hove the function of rendering the circuit
gymmetrical; noaturally they reduce the amplifications The
source for the supply potential is provided in most cascs
by a low-powcr clectron-tubce generator, The charccteristic
curves of diclectric amplificrs arc similar to those of m: gnetic
amplifiers. The maximum degrec of power omplifilcation is
also approximately 1 : 100,000 for cach stage. In contrast
to the megnetic amplificr, the dielectric amplifier permits
the amplification of vastly higher freguencics (vp to 10 Me/s ).
The magnetic amplificr is a low-rcsilstance current amplifier

» whereas the diclcectric one repreosents a high-resistance
i voltage amplificr.

Practicnl application of the diclectric amplificr has not
yet boen uchlcvcd becouse the development, particularly of
dielectrics, is still in too fluid a state. Becauzse of the
chrracter of the diclectric amplifier “s a vilve-less high=
Prequency amplifier it has been Dropos to use¢ 1t in radio sets

. with o correcsponding reduction in the nwﬁbpr of electronic levcs.
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, r I
Q. input eit .
g {rput quaatity vp—- Amplifier | — . g,
o" auxiliary quantity § 1
(e.4. source of energy) f
G, output quantity. . i !
AL 5 G/, “.

Fig.l: Diagram of an amplifier. Fmlation of
G, The numbers of the
terainals have tﬂe aaﬁ; signiflcance in the

) ]
;o £ G
v
i !
g} 545, I;

energies: G > G

subsequent figures.

e~

7 i

Gy field potential i

GH enerdy of rotation (5 |
d‘ terminal voltage, M i
. “ "y
sy Oy

Fig.zv:v‘éédc circuit of t
(separately excited D.C. :n:gggiﬁ.""““"

NS~

S _4,‘ G, 8
[

Fig.3: Electronie applifier Fig.4: Thyratron or Mercury

Figs. 3 and 4:
carriers. GE grid voltage.

Vapour Rectifier

Basic circuit for amplifiers with charge

GH anode woltage.

GA output power across the vorking resistance RA'

Fig.5: Magnetic amplifier.
G control current

;

1

Il i

e
0
: | v
e Ll

e tum, T t

Fig.6: Capacitative amplifier.
GE control voltage

A

a -

Figs. 5 and 6:

faly)
]
B wsource of altarnating voltage
v A,

2 1‘ output A.C.

; " IE control D.C.

taraet [ R, working resistance (load)

‘ l slf-z,f !l‘ alternating voltage across the choke coil.

alternating voltage

working resistance HA'

choke for suppression of
A.C. voltage induced by G,.

of an A.C. resistance.

Fig.7: Currents and volta?;s 11; the magnetic amplifier
g. S.
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shown in

gﬂ alternating voltage
output current in the g output voltage across the
output resistance RA'

Basic circuits of amplifiers based on variation
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A !
dos
) -
Fig.l1l: Relation of the - ’
permeability i and hence R a—
the gelf-inductiog L to f 4
the control current ip. g A
{ r
— ———— Iron-clad core
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H
™
- 3
L Gy o) JE—
3 /\/ ;
< /‘\/ ]
[~} s
/\ [N il Yoo ewdl
-’ Field- Field- Field~
atrength _ - strength i strength
iy , oy
Leven @ I’ . A ig
Fig.8 Fig.9 Fig.10

Fig.8: Formation of a sinusoidal current 14

Control current ip = O,

The characteriltlg curve B = f(H) is rectilinear in
the section under consideration (working point A;).
The working point can (by reversing the polarity of
ip) be transposed to the negative branch of the curve:

this also applies to Figs. 9 and 10

Fig.9: Foraation of an amplified, somewhat distorted
current ip. The control current ip is no longer
zero, Wgrklnq point Aj is already”in the non-linear
section of the curve.

Fig.l10: Formation of a consideraply aeplified and
distorted current ip. The control current ip is
large and carries t§e working point A5 into tEe
pronounced bend of the curve.
Figs. 8 to 10: MNethod of operation of the magnetic
awplifier. 1 Va/n? = 10°% Vs/ca? = 10,000 G:

1 &/m = 1072 A/ca.

,,-A, - B
. ' \V o o 1,,: -,

Figs, 12 and 13: Construction design of amplifiers

iron-clad and annular cores.

Below: Qualitative behaviour of the current iyasa

unction of time t,
q?l and Qg magnetic fluxes.
11 + 12 = 1‘ partial currents.

LM .

Fig.14: 300 VA commerical type amplifiers

a = i;on-c.lad c;re of transformer laminations
A =

b - ring-core of highly permeable sheet,

Hgay = 100, 000.
Figs. 12 to 14. Single-phase magnetic amplifiers.

Approved For Release 2007/10/23 : CIA-RDP78-04861A000400030005-1



Approvec‘i’for Release 2007/1 0/2?; : CIA-RDP78-04861A000400030005-1

WAULOI WLWH U EUYOATLLIC
: i Mwhr._ =
a - Totatiop speed adjust-
Fant (potential divider) -

ib < magnetic amplitier with !
teed-back coupling and —
B.C. output.

¢ - eontrol coil. ' )
d « compounding ( feed-back)

i .

8 = D.C. shunt-wound motor.

] P

B0~ 2

R et St .18: Rotation speed n as a
.1 ! %\‘lqnction of the torque N, in

= — @ D.C. shunt-wound motor.
1

i

on speed
3
[
"
i
g
! 1
I
Al
1
(A
1
l

& 80 Y% W0

Llot.ﬂ
2
Js
M
-3
13
[ ]
X

the
-« characteristic curves for
* motor without speed regulation.

b - the same with a regulation elrcuit
as shown in Pig.15.

r

Desired !emp;rntureq

(adjustable) !
) i, ”'C'PL D.C. | power
§ — . - —_ - 11ti
PR amplifier amp “"L
Actual ‘ ——— ;
temperature '
LD.C. I

Temper.turo‘-l Furn.cc_;‘
- gauge l .

Fig.17: Circuit diagram of a magnetic amplifier
for regulating an o; ectrical industrigl resistance
urnace.

Heavy lines - three phase mains. - o
Light lines - alternating or direct circuits. Tiny .

r

F{g.18: 16 KVA three-phase magneti
alpl%t’.ier (see qu.lﬁ. gaete

w
-
s
]
-
[
< —
3 \/
© % /4
" % r\ > BN
t) ;é\ \\ . i
: i - P — AD
°
- e - Sfs i
: 3Ll o,
A o T Y -
! 7o

] Blectrical field E

F1g.20: Basic circuit diagram of
a capacitative amplifier.

! tric constant € of barium
ﬁg&igiea}ﬂ;cas a function of the condenser
field E (control characteristic curve).
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