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Directivity and the Acoustic Spectra of Bras Wind 11 'trun.1 J1 

DA N IEI, \V. lVI A HTI N 

Physics Departlllel/.t. Ultivcrsity oJ Itlillois. r/)ollo. Jll ill (J i.f 

(Rer.eived November 13, 19 '~1) 

I NVESTIGATORS in musical acoustics have 
. noted that a single-point harmonic ana lysis 
of the pressure wave radiating from a musical 
instrument is not an adequate physical expres­
sion of the instrument's acoustic output. For 
example, Northropl has shown that the harmonic 
analysis of the pressure wave from an organ pipe 
changes significantly as the relative position of 
source and receiver is changed. Another example 
of such variation is shown in Fig. 1 where the 
harmonic analysis of apressure wave is plotted 
as a function of angle for a cornet. The cornet 
was played mechanieally by a deviee described 
in a previous paper,2 and the analysis was made 
with a Hewlett-Packard 300A wave analyzer. 
The source and receiver were located on a 
fram ework bui lt at the edge of a fourth story 
roof, and tests showed that this arrangement 
provided a free field essentially. 

It is observed that for this high note, the 
in tensi ty level of each harmonie decreases as the 
angle with the axis of the horn increases (180° 
represents the axis of the horn) . Also tl1e rate 
of decrease of intensity level becomes greater as 
the number "of the harmonic increases so that 
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the relative intensities of the harmonics depend 
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FIG. 1. Angu lar dependence of cornet tone analysis. 

* This paper was presentccl at thc Twcnty-Sixth i\![ceting 
of the Acoustical Society of America in New York. October 
25, 1941. It is the second of several wh ich are hased on 
the thesis submitted by the author in partial fulfi llment 
of the requirements for the degree of Doctor of Philosophy 
in Physics at the Univcrsity of Illinois. 

1 P. A. Northrop, J. Acous. Soc. Am. 12, 90 (1940). 
I D. W. Martin , J. Acous. 5oc. Am. 12, 467A (1941). 

lIIJon angle. This w L111 b · a ll li 'ipnl\'l l rOlli 111\' 
greater direc tivilY of lh ' h 0 1'11 ~11 hi ~ 11I'1' fl (" 
qllencies. The distaste for high fr 'qlll' lI (' t\IHIIH1 : 

often expressed by li sleners, 0 111 bi 11 ' I \Vi I h 1 hi . 
high frequency directivity, gives a ll 'xplnll ;lti oll 
for the unpleasant erfect olle nolices ",hen a 
brass instrument is pointed directly nt him at 
elose range. In open-air cOl1certs, in largc 
auditoriums or music halls, 01' in broadcast and 
recording of instrumen tal m usic, the direction 
which the player faces becollles important. 
Even for low tones the factor is significant for 
brass instruments, because their prom inent high 
harmoriics are directional. 

It is recognized that these d ircctional propcr­
ti es are inhercnt in the instruments as long as 
conven tional designs arc used. I t is not proposed 
that present instruments be rcdesigned to makc 
the111 less d irectional, because such changes 
would alter the instruments so radically that thc 
new instrument would probably sound vcry 
little likc the older model. Rathcr it is thc 
purposc of the author· to prescnt a I11cthod 

FIG. 2. Driver and pick-up system. 

applicable to tests, elassification, and standard­
ization of instruments. 

What a listcner hears will dcpend lI pon his 
position relative to the instrument and the 
surroundings. \Vhat ooe desires in dcscribing 
thc sound spectr1l1l1 of the instrumen t is a 
characteristic of thc instrumcnt itself. Probably 
an expression of the power output at cach 
harmon ic frcquency would bc thc simplcst singl~ 
expression of aeoustie output wh ieh would bc 
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