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N PAQH~ 314 of the March, 1948, issue of the Proceeding8 of the 1. R.E., there 0 appeared an article which should be of interest to the motion picture engi- 
neer. A summary of this paper is given ~ ~ ~ o w . - T H H ~  E D I ~ R  

A PROPOSRD LOUDNESS EFFICIENCY RATING FOR LOUDSPRAKERS 
AND THE DRTERMINATION OF SYSTEM POWER REQUIREMRNTS FOR 
ENCLOSURES 

BY H. F. HoPKiNa AND N. R. STRYKER 

In thi paper the authors describe a method of calculating the efficiency of a 
loudspeaker which relates the input power to the loudneas of the loudspeaker 
rather than to its output power. Such a rating should be more useful than the 
power efficiency and more descriptive of the loudspeaker performance than free 
field pressure (outdoor) measurements on or near the horn axis. 

Since loudness is a subjective phenomenon, the authors first derive from data 
on intensity versus frequency distribution of speech and music, a set of curves 
expressing loudness as a function of frequency. From the average of the speech 
and music loudness curves, another curve is computed in which the frequency 
range from.100 to goo0 cycles is divided into ten bands each having equal loud- 
ness increments. ThiR includes 96 per cent of the entire loudness spectrum and 
defines the Weighting factor by means of which pressure measurements may be 
converted to loudness. By arranging a sweepfrequency oscillator so that the 
sweep occupies equal intervals of time in each of these frequency bands, a single 
integrated pressure measurement over the audio spectrum provides a measure of 
the loudness. It haa been found possible to  make a further simplification by limit- 
ing the sweep to a range between 300 and 3300 cycles sincc this includes 75 per 
cent of thc loudness. While an oscillator could be built to give this time-frequency 
weighting, the authors have found it more convenient to use a linear time sweep 
(6 cycles per second) combined with an equalizer giving corresponding amplitude 
variations. A flat noise spectrum equalized in this manner is also suggested aa an 
input source. 

Measurements made according to  the above method give the loudneas at a 
point in free space in t e r m  of pressure measurements. However, when listening 
in an enclosure, such as an auditorium, it is necessary to consider the total redia- 
tion since a large proportion of the energy reaching the observer is reflected from 
the walls and may have been radiated from the loudspeaker in a direction far from 
a straight line between the two. In geneVal tho power radiated from a loud- 
speaker varies markedly both with change in frequency and change of.direction. 
In  order to avoid the very extensive measurements necessary to  cover the re- 
quired angles (up to 360 degrees at the lowest frequencies) the authors compute A 

correction factor for converting axial-pressure measurements to total acoustic 

. 
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power radiatcd. This correction factor (called Directivity Index) is in turn con- 
verted to Loudness Directivity Index. Curves are givcn by means of which the 
Loudness Directivity Index may be found for most loudspeakers. 

Experimental verification of the abovc computations has been obtained by 
computing the loudness efficiency of a wide variety of loudspeakcrs and comparing 
such figures with thc results of listening tests. In most cases the calculatcd loud- 
ness came within one decibel of the values obtained by listening. 

Further calculations are made to determine the amount 01 electrical powcr 
necessary to create satisfactory loudness in enclosures (rooms or auditoriums), 
taking into account the volume of the enclosure and the loudness efficiency of the 
loudspcakcr. I t  is pointed out that while these measurements and calculations 
are uwful in comparing the loudness which may be expected from various loud- 
speakers, with a given electrical input, they do not take into account such factors 
as uniformity of frequency response, distortion, damping, distribution, and other 
factors which are ncccssary in dctermining the relativc over-all merits of loud- 
speakers. 

Book Review 

Elements of Acoustical Engineering, by Harry F. Olson 
Published (1947) by D. Van Nostrand Company, Inc., 250 Fourth Avc., New 

York, N. Y. 527 pages + 1 I-page index X xviii pages. 341 illustrations. B1/, X 
9*/, inches. Price, $7.50. 

The second edition of this well-known work treats acoustics from the clec- 
trical viewpoint, with heavy emphasis on equivalent circuits and the electro- 
acoustical aspects of audio engineering. Hence the reader with a background of 
general circuit and audio-frequency theory, aided by the methodical arrangement 
of the topics, will readily obtain usable and detailed information. 

Especially well written are the portions on acoustical elements, loudspeakers, 
microphones, and mcasurements, which comprise over half the book. The p r o p  
erties of acoustical radiators, mechanical sound recorders, and pickups are also 
treated extensively, and there are excellent summaries of information on room 
acoustics, completc sound systems, and psychophysiologicd acoustics. Chapters 
on underwater sound and ultrasonics, embodying much war and industrial ex- 
perience, are new to this edition. As a whole the book contains about 50 per cent 
more pages and 75 per cent more illustrations than the first edition; all chapters 
have been revised, and new material added. 

As an aid to the user of electroacoustic transducers additional emphasis might 
have been placed on their use in system. For example, in use the efficiency of a 
loudspeaker also depends on its ability to absorb power from the source, aa well 
as its ability to  transfer the accepted power to the output efficiently. The author 
accords the first item much less space than the second. 

The usefulness of the book aa a general reference is somewhat impaired by the 


