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Letters

Comments on Discriminator Theory

J. ROBERT ASHLEY, THOMAS A. BARLEY, AND

GUSTAF J. RAST, JR.

Abstract —The error in our analysis detected by Knochel et al., and

several other errors are acknowledged. The corrected analysis is abstracted

and compared with the results by Knochel et al. Experimental verification

is given for the new resnlts. Some practical considerations regarding the

implementation and nse of the TEM resonator discriminator are given.

I. ERRORS

We wish to thank Kuochel, Schunemann, and Schick [1] for

their careful reading of our papers which led to the detection of a

significant error in our analysis which will be further discussed in

this communication. Other errors in [2] which have been found

include [2, fig. 10], which has the photograph upsidedowrt, and

the discussion regarding [2, fig. 5]. The width of the line y/rr is

determined by the value of the FM noise at zero (baseband)

frequency. Art experiment to prove the theory was successfully

performed by Lawler [3].

IL CORRECTED ANALYSIS

The essence of the comment by Knochel et al. [1] is that our

analysis does not apply to the circuit given in [2, fig. 13] ([1, fig.

1] with the slide screw tuner inserted). We neglected the signal

recirculating between the slide screw tuner and the short. Our

analysis [4] does apply to [2, fig. 14] and we still believe it is

correct. This circuit was used to verify the theory and obtain [2,

fig. 18]. A hybrid junction version is shown in Fig. 1.

To extend the analysis given by Knochel et al. [1], we compare

the resonator discriminator with a delay line discriminator of the

type which utilizes carrier nulling to reject AM on the test signal

and to allow additional signal power to be inserted to lower the

effective measurement threshold. We have found these last two

considerations to be most important in the laboratory.

The insertion of the slide screw tuner and adjustment as we

outlined in [2] makes the combination of tuner and transmission

line a resonant circuit. If the adjustment is perfect, then the

reflection is zero at A v = O. For the perfect match case, we prefer

to write [1, (3)] in the form

lsin(2nnAv/vC)l

“= 2sinh(2aL)
exp[j(n/2+sgn(Av)]. (1)

The sgn(A v) in the phase angle points out why’ early workers

referred to the balanced mixer as a “sign detector” [5].

In general, the analysis should allow for a less than perfect

match. If the transformer action of the slide screw tuner makes

the impedance at resonance (at a point just in front of the tuner)

very nearly 20, we cart write

[
Z=Zo{ l+j

sin(2~nAv/vC)

sinh(2aL) 1 (2)
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Fig. 1. A wide operating frequeney range transmission line discriminator.

where

\=KT
sinh(2aL)

cosh (2aL) +2
(3)

and K~ is set by the slide screw tuner to make ( =1. By analogy

to cavity resonator theory, we can write (2) as

Z= ZO[{+ j2QOAv/v] (4)

where

‘0=”’(1+%) ‘5)

AC= U. /vC = wavelength in the line. (6)

Here we have replaced the sine by the first term and the hyper-

bolic cosine by the first two terms of their respective power series.

As we might expect from cavity resonator theory, Q. does not

depend on n for a small number (n< 5) of half wavelengths in

low-loss line.

With this analogy, we can apply in general the previously

developed cavity discriminator theory to show that this dis-

criminator has the desirable properties of rejecting AM on the

signal being tested and allowing much of the power available in

the test signal to be applied to the discriminator. It allows a

simple verification of [1, (7)] for the n = 1 case.

To experimentally verify the theory Knochel et al. [1] have

given for the resonator discriminator, we tried to build the

resonator type at 300 MHz. Using a slide screw tuner, we could

not get sufficient capacitance in shunt with a 50-fl coaxial line for

aL = 0.1 to null the carrier; therefore, we substituted a single

tuning stub. Also, we did not have a circulator at 300 MHz so we

again used the 3-dB hybrid junction as shown in Fig. 2. (This

circuit would be about 6 dB more sensitive with the circulator,)

This circuit is easy to compare with the delay line discriminator

of Fig. 1.

Quickly, we found that a simple stub with the sliding contacts

very near the high current point at the short was very erratic and

hard to tune. We substituted a fixed short and adjustable length
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Fig. 2. A practical resonator discriminator assembled from transmission fine
components [7].
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Fig. 3. A comparison of dncrrminator sensitivities.
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line to put the sliding contacts somewhere between X/8 and

3A/8 from the fixed short (as illustrated in Fig. 2). After this

modification, we were able to obtain the experimental points

shown in Fig. 3. We did not attempt to verify the absolute

sensitivity of [ 1, (7)].

Comparison of [1, fig. 2] and Fig. 3 will show that we have

changed the scales to quantities more appropriate to our labora-

tory equipment. Notice that a line with several dB of attenuation

can be used without serious loss of sensitivity. The longer line

does make the system easier to tune. In choosing the kind of

transmission line, do not lose sight of the fact that the lower loss

line will yield higher sensitivity as shown in [1, (7)] or as the

higher QO of (5). In light of this discussion, a given length of

coaxial cable can be used through a surprisingly large range of

carrier frequencies.

For the resonator case, the upper modulation frequency limit

can no longer be estimated by [2, (43)]. Instead, one must

estimate QO from [2, (5)] and then use the theory given by Ondria
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Corrections to “New View on an Anisotropic Medium

in a Moving Line Charge Problem”

MASANORI KOBAYASHI, MEMBER, IEEE

In the al>ove paperl, the following corrections should be made.

The part, A~.=,4~, =A~,= O in this problem, shown between

equation (9) and equation (10) should read as

in this problem.

Equation (11) should read as

4“
4’=Y(+732)”

Equation (13) should read as

(11)

(13)
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