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CHAPTER 4
Magnetic Amplifier Circuits

Nonpolarized Circuits

In the nonpolarized circuit, the actual performance
of the magnetic amplifier is evident that the load current
I; is not zevdwhen the control current is zero. Actually,

with Ie = O the magnetizing current Im flows through the
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Fig. 12 Nonpolarized circuit of magnetic amplifier
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load resistance R; and produces the corresponding load voltage
ImRp,
Application of a control current Ic causes the load
current to increase from Iy (load current when Ie = 0) to
I{. The increment
Iie = Ip = 10

represents the "load component" flowing in response to ¢
changes in control current Ic It is to be noted that, even
when high-permeability core material is used, the actual value
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of the excitation current component ILo may be a substantial
percentage of that of the load component ILc'

The output obtained with either positive or negative
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Fig. 13 Transfer characteristics of a nonpolarized
circuit.,

values of the control current does not change sign or amplitude,
It is evident that exactly the same load current IL would be
obtained with the positive or negative control current. Thus

the transfer characteristics is symmetrical, as shown in Fig.,

13

Polarized Circuits

It was indicated earlier in this chapter, with reference
to the control characteristic of the magnetic amplifier shown
in Fig. 13, that the circuit was not polarity sensitive. The
output obtained does not change sign and amplitude, the
magnetizing current Im still exists when Ic = O, thus with
regard to many practical applications of nonfeedback circuits,
it is necessary to provide some special circuits to compen=-

sate for undesired effects of the magnetization current Im.
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The bias circuit and push-pull circuit are usually introduced

to compensate this undesired current.
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Fig.14 Characteristics of a polarized circuit using
an additional bias magnetization.
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Fig. 15 Polarized magnetic amplifier circuit (bias type).
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Refering to Fig.l5 the bias current I; is supplied ©
through a full-wave rectifier circuit with fixed resistorsRy
and R, from the power supply voltage Ep o Thus,Ig is8 pro-
portional to Ep. The resultant magnetomotive force, applied
to the core elements, will be proportiocnal to the actual
difference Igand I,. The resultant magnetomotive force will
be proportional to the acf?al ampere-turns (IgNp & I Ns).
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Fig,1l6 Polarity sensitive magnetic amplifier with control
wingdings actiwvg as bias windings.

In case of circuit shown in Fig. 16.,the resultant
magnetomotive force will be represented by the actual ampere-
turns (Ig % I;) N, . For both cases,it can be seen that when
the control currentﬂgpplied to the circuilt, the degree of core
magnetization will change, decreasing if they oppose. It now
becomes evident that the polarity of the control current, as

well as its magnitude, will control the amount of load cur-
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rent in the magnetic amplifer, ‘he transfer characteristics

of a bias type polarized magnetiec amplifier is shown in Fig.
\
14,
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Dueodirectional Circuits (Push-Pull Type)

In magnetic amplifiers of the balance-detector type,
the load I; must chagge its direction according to the rever-
sible direction of the control current I, as illustrated in
Fig. 17.

A pair of magnetic ampliffers may be operated in such a
manner that a balancing or push-pull effect is obtained,

This is equivalent to two of the parallel magnetic amplifiers
connected back to back, as shown in Fig.18. When the control
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Fig.l7 Transfer characteristics of a push=pull magnetic
amplifier,
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Fige. 18 Push-pull magnetic amplifier (half-wave circuit)

current of poaitive polarity flows, the voltage across Ry
will be greater than that across R;j without control current
the two voltages will be equal, and for negative control
current the voltage across R; will be smaller than that across
Roe The polarity of the rectified current through the load
resistance must, therefore, depend on the polarity of the
control current. This type ofA%’:rcuit, powver must be wasted
in the balancihg resistances Ry and R,. This, of course, is

of no consequence in low power applications.

In magnetic amplifiers, the power gain is dependent to
a great degree upon the design, type, and physiecal size of
the reactor device, For typical magnetic amplifiers the gain
figures per stage varied from about 10 to 100, Power gain



34

is, of course, the ratio between output power and input power,
the output power 1s considered as that power developed in the
load windings and delivered to the loadj the input power is
that develcped in the control windings. Since power equivalsnt
te 123, $0 the power gain can be shown as 1003

power gain (no feedback) Eb = power output
power input

If Ry
Ig R
where I; = current in the load windings

Ic = current in the control windings

R; = resistance of the load

Rc = resistance of the control windings.
Because of the current transformer characteristics of the
reactor, the currents are inversely proportional to the turn
ratio so that the Eq. (4%~1) can be converted %o

K, = NG Ry (4=2)
Np Rg

where Ny = number of turns in the control winding

Ny = number of turns in the load winding.
With reference to Eq.(4=l) or (4=2), it is evident that an
increase in the value of load resistance will produce an increased
power gain.However,an increase of this type will continue within
the limits without changing the current ratio I;/1cy within
this 1limit the power gain is directly proportional
to the load resistance expressed in terms of RL/Nf, and that an
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attempted increase beyond these limits will, in effect,
produce a reducedgain.

Modern magnetic-amplifier practice requires that
maximum gain be obtained in a single stage, where possible..
This can be accomplished by " positive " or " regcnerative
feedback ", For preliminary considerations, the rectified
load currcnt Iy may be considered as an additional direct
current, whose d-c control action is identical to that of
the direct current I  flowing through the control windings
Ny this additional d-c control sction of feedback current.
I¥ may be either ailding or opposing to the d-c¢ control
action of the input current I . If alding control conditions
are used, the feedback is "positive" 6r “"regencrative",
However, if opposing control cenditions are used, the feedback

is "negative" or "degenerative"
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Fig. 19 lMagnetic amplifier with external regenerative magnetic
feedback, operating into a-¢c load. -
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Gains of Feedback 1lifie
The current equivalency relationship for the magnetic
amplifier without feedback was ‘given as
NcIc = NyIp *%" eecceeeee (4=3)
When regenerative feedback is added, this relationship is
modified to become

NoIe + Nplp =" NIy = =eeemeee (4=4)
where
Np = number of turns in the feedback winding
Ip = current flowing in the feedback winding

solving Eq. (4=4) , we have

Nelo = NpIp(l - NpIp/NpIp)
current gain Kt = 1L
Ig
N

For the magnetic amplifier with series-connected load windings,

it can be assumed that Ip = I; Eqe(4=5) resolves to

—
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The denominator (1 - NF/NL) in this equation is the feed-back

K = cmmmnmee (4=6)

-

factor, When Np = 0, the case for a non-feedback amplifier,
The power gain of positive feedback is given as

N3Ry, ;" 2
power gain (positive feedback) K@ = ( y T )

e G
NER, Np/NL, el
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For negative or degenerative feedback amplifier,

2
power gain (negative feedback) K, = EZR—( (4=8)
L%

1+ NF/NL
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