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Abstract

In vintage radio publications and literature there are common statements on the effects of applying pos-
itive feedback, also called regeneration, to a tuned radio frequency circuit that suggest that damping due to
losses in the tuned circuit is mitigated and selectivity is improved. Recently, articles have been posted on
www.radiomuseum.org [4] challenging these statements. In aforementioned articles, it is shown experimentally
and theoretically in the frequency domain that these common statements are misleading or false. In this article
here, we will take an alternate look at the underlying physics in the time domain using differential equations
describing the behavior of a tuned circuit with and without feedback.

The lossy tuned circuit without feeedback

We’ll start with the well known lossy tuned circuit without feedback depicted in figure 1.

UA

L

R

C

Figure 1: Lossy tuned circuit without feedback

In this circuit, the (lossy) original coil has been replaced by a lossless inductor L and a “loss resistor” R
connected in series with it into which the lossy behavior of the original coil has been incorporated [3]. We
further assume that the losses occuring in the capacitor C are neglectable compared to the losses occuring in
the original coil. For variable capacitors using air as dielectric commonly found in vintage radio receiver sets,
this is certainly justified.

According to Kirchhoff ’s loop rule the voltages at the inductor L, resistor R and capacitor C add up to the
driving voltage UA originating from an antenna coupled to the tuned circuit. Using the basic laws of electro-
magnetism we can easily deduce the differential equations governing the circiut [1].

UL(t) + UR(t) + UC(t) = UA(t) (1)

The voltage UL is the derivative of the magnetic flux in the coil multiplied by it’s number of turns n, hence

UL(t) = nΦ̇(t)

Where the dot above a function denotes it’s derivative with respect to time. Note the positive sign in the
above equation. It stems from the fact that UL is the voltage measured across the terminals of the coil which
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is equal to the negative induced voltage [2]. The magnetic flux in the coil is given by the number of turns n,
inductance L of the coil and current I as [2]

Φ(t) =
LI(t)

n

combining the above equations leads to

UL(t) = n
d

dt
Φ(t) = n

d

dt

LI(t)
n

= Lİ(t)

The voltage across the resistor R is by virtue of Ohm’s Law:

UR(t) = RI(t)

The voltage at the capacitor can be calculated from it’s capacitance C and the charge Q it holds by

UC(t) =
1
C

Q(t)

Using all this in (1) yields:

Lİ(t) + RI(t) +
1
C

Q(t) = UA(t)

Differentiating this expression once more with respect to time and bearing in mind that Q̇(t) = I(t), we
obtain the differential equation

LÏ(t) + Rİ(t) +
1
C

I(t) = U̇A(t) (2)

for the current I(t) in the tuned circiut.

The lossy tuned circiut with feedback

Starting from the circiut in the above section we add a feedback device as shown in diagram 2.
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Figure 2: Lossy LC circiut with feedback

This feedback device is composed of a controlled current source impressing the current Ir(t) into the feedback
coil Lr. The feedback coil Lr and the tuned circiut coil are coupled inductively. The current Ir(t) is controlled
by the capacitor voltage UC(t) which serves as the input voltage of the feedback device. We assume the input of
the feedback device to have an infinite impedance, so no current will be drawn from the tuned circiut. Let

Ir(t) = βUC(t)
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where β is the feedback factor. The sign of β determines whether the controlled current source is inverting
or non-inverting with respect to the input voltage.

Since the feedback coil and the tuned circiut coil are inductively coupled (i.e. a portion of the magnetic flux
of the feedback coil penetrates the tuned circiut coil) a flux Φr in the feedback coil varying over time will induce
a voltage Ui into the tuned circiut coil that adds to the voltage UL across the terminals of the tuned circiut coil
given earlier. We therefore have:

UL(t) = nΦ̇(t) + Ui(t) = Lİ(t) − knΦ̇r(t)

= Lİ(t) − kn
d

dt

LrIr(t)
nr

= Lİ(t) − k
n

nr
Lr İr(t) (3)

In this equation the constant k with −1 ≤ k ≤ 1 is a measure of strength and direction of the inductive
coupling between the feedback coil and the tuned circiut coil. As in the tuned circiut without feedback the
voltages across the coil L, the resistor R and the capacitor C sum up to the driving voltage UA coming from the
antenna.

UL(t) + UR(t) + UC(t) = UA(t)

The only difference from the no feedback case is that the voltage UL across the tuned circuit coil is now given
by (3). Substituting UL from (3) into the equations in the prevoius section then simply yields:

LÏ(t) − k
n

nr
Lr Ïr(t) + Rİ(t) +

1
C

I(t) = U̇A(t) (4)

To be able to proceed further we need an expression for the second derivative of the current in the feedback
coil with respect to time Ïr(t). Since the feedback device is supposed to be designed in such a way that Ir(t) =
βUC(t) we can differentiate this expression twice with respect to time and again make use of the fact that
Q̇(t) = I(t), giving

Ïr(t) =
d2

dt2
(βUC(t)) =

d2

dt2

(
β

1
C

Q(t)
)

=
β

C
İ(t)

Substituting this result into (4) yields the differential equation for the current I(t) in the tuned circuit with
feedback in place.

LÏ(t) − k
n

nr
Lr

β

C
İ(t) + Rİ(t) +

1
C

I(t) = U̇A(t)

By sorting the left side of this equation by the derivatives of I(t) this can be written as

LÏ(t) +
(

R − k
n

nr
Lr

β

C

)
İ(t) +

1
C

I(t) = U̇A(t) (5)

This differential equation describing the feedback case is almost identical to the differential equation of the
no feedback case (2). The only difference is that the resistance R in which the losses of the coil in the tuned
circuit have been incorporated has been replaced by

R − k
n

nr
Lr

β

C
= R̃ (6)

R̃ can be dubbed “virtual loss resistance” as opposed to the “physical loss resistance” R that is determined
solely by the physical properties of the components used in the tuned circiut (and components connected to it).
It is immediately clear that employing feedback will only change the value of R̃ but not R.

Equation (5) can be used to describe positive feedback as well as negative feedback. Whether there will
be positive or negative feedback is determined by the sign of the product of the coupling constant k and the
feedback factor β. If kβ > 0 there will be positive feedback and the virtual loss resistance will be lower than the
physical loss resistance. This is the normal mode of operation in a regenerative receiver.

The origin of the well known statement “positive feedback will reduce the damping of the tuned circuit” now
becomes obvious. Positive feedback can, of course, not change the physical loss resistance. This is also stated
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as a result in [4]. However, positive feedback can change the virtual loss resistance. The above statement is
therefore misleading since it is not clear which type of loss resistance it is refering to.

Let us now take a look at the selectivity of the tuned circiut in the case of positive feedback. From the above
results it follows that a lossy tuned circuit with positive feedback and a virtual loss resistance of e.g. 1Ω, 10Ω,
100Ω, ... will behave exacly the same as a lossy tuned circuit without any feedback that has a physical loss
resistance of 1Ω, 10Ω, 100Ω, ... This, of course, also pertains to the resonance curves and therefore selectivity. It
therefore becomes obvious that adding positive feedback (regeneration) to a tuned circuit cannot improve selec-
tivity. This is simply because the general shape of the resonance curve is not altered. In particular, no steeper
flanks (like with a bandpass filter) are introduced. Statements like “positive feedback increases selectivity” can
therefore not be deemed correct as shown experimentally and analysed in the frequency domain in [4].
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