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The letter 1 asking for information on the origins of the notation 
'Q' for quality factor or sharpness of resonance provoked a lively 
correspondence. 2 Everyone of the communications received 
added significantly to the whole picture, which however must 
perforce be summarized here with explicit reference only to 
highlights, and gratitude is owed to all those who wrote. 

My own recollection is that from my earliest acquaintance with 
electronics in the mid-1930s Q was in such familiar use that it 
was then already regarded as a word in its own right rather than 
just an algebraic symbol, and would be introduced into an 
exposition without any need for special explanation being felt. I 
also had a suspicion that the origin of this use of Q was 
transatlantic, though without having any specific reason for this 
feeling. 

This initial picture was confirmed in some detail by the letters, 
which showed the usage to be commonplace in Britain 
throughout the latter half of the 1930s, and several 
correspondents independently expressed the feeling that the 
origin was in the USA. The earliest British reference so far is 
1936,3 and was provided by Mr Langton. 

There is negative evidence that the Q notation was not in use 
in this country much earlier; Mr Pickhaver quotes the relevant 
quantity not being designated Q in publications in 1932 and in 
1935. The 'Admiralty Handbook of Wireless Telegraphy' was, 
perhaps predictably, one of the last to adopt the use of Q. 

Evidence of earlier transatlantic use of Q is provided by the 
first edition (1935) of Terman's 'Measurements in Radio 
Engineering' where it is introduced without comment (as pointed 
out by Prof. Miller and Mr Pickhaver), and Mr Dodgson quotes 
the use of Q by Shea4 in 1929. It was however Mr Bennett who, 
writing from Western Australia, drew attention to what seems 
to be the definitive (although admittedly secondary) historical 
source, Green's 'The story of Q'. 5 As this source may not be 
readily available, the references which it quotes are given 
verbatim and will be designated G 1 to G 15 in what follows. 

According to Green, it was K. S. Johnson at the Western 
Electric Company's Engineering Department, which was re­
named the Bell Telephone Laboratories in 1925, who began the 
process leading to the present long-established usage. In 1914 
JohnsonGI felt the need for a single symbol for the ratio of 
reactance to resistance of an inductor, but at this time designated 
it K. He first used Q as the symbol for this ratio in 1920G2 and is 
quoted as saying that this was used only because it was the next 
available letter not already used in the algebraic development; the 
interpretation of Q as 'quality factor' seems to have been a later 
accretion, attributed to V. E. Legg, though a happy one which 
may well have been crucial in the wide adoption of the notation. 
Johnson's first public use of Q was in US Patent No. 1,628,983 
and in his 1924 book 'Transmission Circuits for Telephonic 
Communication'. G3 

It is curious that despite the widespread use of Q, it does not 
appear to have a precise general definition. The Q of a nominal 
reactor is unambiguously the ratio of its reactance to its 
resistance at the frequency in question. It is also used to measure 
the sharpness of resonance in the sense of the ratio of resonant 
frequency J to the interval ~J between the - 3 dB points on the 
resonance curve, Q = J/~f For a simple resonant circuit the 
ratio of stored energy to the dissipation per cycle is Q/2n, and the 
logarithmic decrement [) = n/Q. All these relationships are 
substantially exact and mutually consistent for Q » 1, but may 

involve approximation or re-definition when Q ~ 1. For example, 
the well-known configuration of Fig. lea) might be said to have 
Q = 1, but its impedance is resistive and equal to R at all 
frequencies. This may be made plausible by re-drawing it as a 
bridge (Fig. l(b)). With the switch open, it looks like a damped 
parallel resonant circuit; with the switch closed, a damped series 
resonant circuit. Closing the switch has, however, no effect since 
the bridge is balanced at all frequencies under the condition 
L/e = R2. Prompted by a published account of this 'zero Q' 
circuit, I used it in the 1940s to help maintain resistive loading of 
the output valves of an audio power amplifier at high frequencies; 
the inductor is here represented by the leakage inductance of the 
output transformer. Recently Cherry has used the same basic 
configuration in his superb nested differentiating-loop amplifier.6 
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Fig. 1. (a) Is this a resistive circuit? (b) The circuit re-drawn 
as a bridge. 

It is possible that radio-frequency pickup in the loudspeaker 
leads, getting into the feedback circuit and causing local 
overload, is the cause of the supposed influence of these leads on 
audio quality; the Cherry design would inhibit such pickup. 

The history of Q is symptomatic of a deep change in the way of 
thinking about signals and how information is carried. Earlier 
ideas were in terms of time-waveforms, and logarithmic 
decrement is perhaps quite appropriate to the study of 'ringing' 
of tuned circuits in spark-excited transmitters. The shift to 
frequency concepts probably began with the need of telegraphy 
and telephony for what came, significantly, to be called wave­
filters. Then the spread of domestic 'wireless' generated 
requirements for selective radio-frequency amplifiers, involving Q 
both in the sense of sharpness of resonance, and also the closely­
related magnification M of the interstage coupling. 

The Bell Laboratories (or Western Electric Company's 
Engineering Department) played a leading role in the creation, 
systematization and mathematical development of frequency 
concepts. Names which come to mind include H. S. Black,7 
H. W. Bode,8.9 R. V. L. Hartley,10-12 J. B. Johnson,13 D. O. 
North,14 H. Nyquist,15.16 C. E. Shannon 17 and T. E. Shea.4 

These and others pioneered ideas on Signal Filtering, Noise, 
Feedback and Information which lie at the heart of modern 
Communication, Information and Feedback Control Systems. 18 
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In recent years there has been a tendency to turn from these 
concepts to more formalistic methods. For example, both in 
electronics and control theory, the fashion is to treat a quantity 
equivalent to complex frequency simply as an operator without 
direct physical content. New concepts are indeed needed now 
that attention is turning increasingly towards non-linear systems. 
For reasons clearly expounded by Wiener!8 frequency concepts 
are very powerful for linear systems, but much less so when non­
linearity deprives us of the Superposition Theorem that the effect 
of A and B acting together is the sum of the effects of A and B 
acting alone. Many of the more formalistic methods do not, 
however, help this problem; and indeed are commonly applied 
just to linear systems. This is sometimes the result of 
misunderstandings, such as supposing that Fourier transforms 
are able to treat only the 'steady state' and not the 'transient' 
part of system response, when in fact Fourier methods 
automatically include both without distinction. There have even 
been published suggestions that it is time to abandon Q and go 
back to logarithmic decrement! 

While formalistic methods may be compact and convenient for 
analysis, the great power of frequency concepts, especially in the 
generalized complex-frequency form,9.16 lies in their possessing 
the physical content so necessary for synthesis. It is of limited 
value to be able to analyse existing systems if the needs of 
analysis have so dominated our thinking that we are less able to 
conceive new configurations. Aperture-synthesis radio telescopes, 
radars and aircraft guidance systems; multiplex Fourier infra-red 
and nuclear-magnetic-resonance spectrometry; and X-ray or 
NMR tomography are the children of the concepts which the 
humble letter Q is not unworthy to symbolize. We need new 
concepts, but they must be apt not only for analysis, but also as a 
stimulus to the imagination. 
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Standard Frequency and Time Service 
Relative Phase Readings of L.F. and V.L.F. Stations (The unit is one microsecond) 

NOVEMBER NOVEMBER NOVEMBER 
MSF GBR Droitwich MSF GBR Droitwich MSF GBR Droitwich 

1985 60 kHz 16 kHz 200 kHz 1985 60 kHz 16 kHz 200 kHz 1985 60 kHz 16 kHz 200 kHz 

1 -11·0 41·8 145·6 11 -10·9 40·6 149·1 21 -10,3 41·2 152·0 
2 -11·3 41·8 146·0 12 -10·8 40·0 149·4 22 -10·3 42·4 151·7 
3 -11·9 146·4 13 -10·8 41·2 149·8 23 -10·6 41·8 151·5 
4 -11·3 41·8 146·8 14 -10·6 150·2 24 -10·4 42·4 151·3 
5 -10'9 41·8 147·2 15 -10·5 150·5 25 -10·5 41·2 151 ·1 
6 -11·3 41·8 147·5 16 -10·8 150·7 26 -10·4 41·2 150·9 
7 147·9 17 -10·7 41·2 151·0 27 -10·9 150·7 
8 -11·3 43·6 148·3 18 -10·2 151·4 28 -10·8 41·8 150·5 
9 -11·1 43·0 148·6 19 - 9·9 151·8 29 -10,8 41·8 150·3 

10 -11·3 41·8 148·8 20 -10·5 152·1 30 -10·8 41·8 150·1 

Notes (a) Relative to UTC scale (UTCNPL -Station) == -t 10 at 1500 UT. 1 st January 1977. Communication from the National 
(b) The convention followed is that a decrease in phase reading represents an increase in frequency. Physical Laboratory 
(c) 1 j.lS represents a frequency change of 1 port in 10" per day. 
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PAPER 
Radio navigation in the 19205 
CLAUD POWELL 
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During the decade when the Institution was founded the principal use of radio to 
assist navigation of ships depended mainly on the direction finding loop antenna. 
The radio/acoustic ranging technique was established during this period and early 
work on rotating beacons and four-course radio ranges was carried out. The 
generation of hyperbolic lines of position in systems of a later era was foreshadowed 
in a French patent and proposals made for using the Doppler/Fizeau effect and 
secondary radar. 

INDEX TO VOLUME 55 
The Index for the 1985 volume of The Journal of the Institution of Electronic and 
Radio Engineers (comprising title page and principal contents list, subject index and 
indexes of persons and authors) has now been published and is being sent 
automatically to all subscribers to the Journal. 
Members who wish to obtain a copy of the Index for binding with their Journals or 
to keep separately for reference purposes may obtain a copy free of charge on 
application to the Publications Sales Department of the I ERE by letter or by 
telephone. 
Indexes are included in all bound volumes of the Journal and members who propose 
to send their 1985 issues to the Institution for binding need not apply for a copy of 
the Index beforehand. 

Corrections 
The affiliation of Professor G. Galati was incorrectly given on page 237 of the 
Journal for June/July 1986 as Selenia S.p.A. and the University of I'Aquila. 
Professor Galati is now at the University of Rome, Department of Electronic 
Engineering, 'Tor Vergata', Via Orazio Raimondo, 00173 Rome, Italy. On page 241 of 
the same issue the caption to Fig. 8 incorrectly shows cur\(e C as calculated for 
ts = 2 T; this should read ts = 0·5 T. 
On page 45 of the February 1986 issue of the Journal, in the article on the 'Origins 
of the Usage of "Q"', the resistor in the lower right arm of the bridge circuit in 
Fig. 1 (b) should be labelled R and not S. 
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