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and with square-law detector diodes the detected signals at the out-

put ports (with a delay-line length 1) were unipolar and in the ratio

tanz (zZ~/c). With the inevitable lack of amplitude balance and the

internal mismatch reflections in a practical broad-band circuit, the

relationship between frequency and any derived parameter was too

grossly nonlinear and unrepeatable for accurate measurement.

A dramatic improvement in phase-discriminator design was made

by S. J. Robinson of the Mullard Research Laboratories in 1957 [4],

[5]. According to the simple trigonometric identity COS2 (+/2)

—sinz (6/2) = cos ~, subtraction of the detected junction outputs

provided a tripolar voltage linearly related to the cosine of the phase

and, therefore, the frequency. A second junction was coupled to the

first with a net difference of 7r/2 between the respective phase delays

and the outputs cos (2rd~/c) and sin (27rl~/c) applied to a cathode-ray

tube indicator. The radial deflection was proportional to signal power

and at an angle linearly related to frequency. Furthermore, the

double-j unction discriminator virtually eliminated the effects of am-

plitude unbalance and detector law, and substantially reduced the

effects of internal mismatch reflections. For a given frequency range,

say an octave, the phase delay line could be lengthened to give any

number of 27r deflections around the CRT, i.e., any desired resolu-

tion. A combination of discriminators with different delay-line

lengths provided a high-accuracy frequency indicator without am-

biguity. For constant instrumental phase errors, the linearity of the

frequency indicator improved in proportion to the phase delay. A

number of IFRs using this discriminator technique were developed,

and information on the receiver communicated to many other

workers in the field.

A digital version of the receiver, in which only the polarities of the

discriminator outputs were detected, was designed in 1960, and later

versions were developed entirely in hybrid and monolithic integrated-

circuit technique. R. N. Alcock, P. W. East, R. Levy, and J. L.

Cook of the M ullard Research Laboratories participated in this

development. Being, to a first order, independent of signal ampli-

tudes, this receiver has a very large dynamic range. In its simplest

form, a set of discriminators with phase delays in quaternary ratios

provides a digital output in parallel bits with two bits per discrimina-

tor. The logic circuit for validating a pair of bits from the more sig-

nificant pairs is simple and fast acting, and the output is in a con-

venient form for computer processing, Cartesian display, or digital

control. Sophisticated frequency-filtering and signal cross-checking

functions may be performed within the logic circuits [6].

In conclusion it may be of interest to illustrate a signal display

recorded in 1958 which is believed to be the first observation of sig-

nals with a balanced phase discriminator IFR (Fig. 1). The receiver

operated over an octave band from 2 to 4 GHz with one discriminator

circuit. It is measuring five pulsed signals, one of which is a multifre-

quency transmission.
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Correction to “Distortion Performance of the

Abrupt-Junction Current-Pumped Varactor

Frequency Converter))

JOHN GRAHAM GARDINER AND

SAMIR IBRAHIM GHOBRIAI.

In the above paper,l on page 746, Fig. 5 should appear as follows:
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Fig. 5. Predicted and measured performance of
abrupt-junction current-pumped converter,
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