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calculated for' a series of temperatur'es and compared with the values 
found experimentally. They are collected in table VUL 

TA BLE VIII. 

I 
-

\ Ps (calculated) \ Ps (observed) t T P7 Ps IX 

7200 993 33 0.0951 0.895 211 195 

740 1013 55 0.1803 0.915 338 308 

760 1033 90 o 3342 o 921 526 500 

780 1053 144 0.6054 0.907 784 810 

Oonsidering the inaccul'acy of the extrapoJatron of Ps ave/' fu]]y 
2000 below the field of obSel'VatlOn, the agreement may be called 
a complete one. ft fnrnishes a plOof of the C01'l'ectness of our mea-_ 
surements as weIl as of those of WORLER In ronnexlOn with the dls­
sociation of rapper oxide. 

Delft, Inorg. anc! pltys. cltem. labomtol'Y 
ol tlte Teclmical Vniversity. 

Physiology. - "On measUl'ement 0/ sound." By Prof. H. ZWAARDE­

MAKER. 

(Communieated in the meeting of April 1 q15 ) 

I have previously pointed out the benefit to be del'ived from Lord 
RAYLEIGH'S arrangement, if we wish to perforffi a l'elative Ol' even 
au abs?lute measurement of sound. Originally 1) it was applied to 
the meaSl1rement of stational'y sound-waves. W., I{ÓNIG 2) extended 
ils use to the theory of progressive waves In detail. It abo enabled 
W. ZERNOV 3) to carry out expenments on the intensity of tlle 
hllman voice. All earlie)' researchel's and myself at first also, gave 
to the mll'l'OI', whirh was plared oblJquely to the sound-wave, a 
peculiar position by attaching to It a small magnet. I now departed 
from th is principle, at firót by bifilal' sl1spension, aftel'wards by Illmply 
hanging tIle mirrol' 11 p by a long Wotlaston fibre, flattened or not. 4) 

1) Lord RAYLEIGH. Scientifie Papers. Vol lI, p. 132. 
2) W. KÓNIG. Ann. d. Physik. Bd 42 anel 43, 1891. 
~) W. ZERNOV. Ann el. Physik (4). Bel 24 p. 79, 1908. 
4) H. ZWAARDEMAKER "On hearing-appal atus". Ned. Tudsehrift v Geneesk. 

1912, II. p. 1101. Proe of the meeting of 27 Sept. 1913. Vol. 22. p. 273, 
Congress at Delft, Mal'eh 1913, MulLlple lf'son::mtie. Neel. Tuuscln. \. Gcueesk., 
HH3. 11. p. 640. 

12 
Proceed1U~s Royal Acad Au.slelli4w. Vol. :x. VIl!. ' 
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To mJT knowledge ZERNOV was the first to place the measuring, 
mirror in a space entireJy free from resonance. To increase the_ 
scnsitivencss I took some years later, fol' appliration to medical­
problems, an afferent tube of thc dimensions of the ·auditory canal 
and the auricle. This enables us to perfol':q1 an aCCUI'<.tte measurement 
even of whispered speechsounds. Howeve1'; occasional CUl'rents of air 
must be .arrested by putting a very small plug of cotton-wool in 
the al'tificial auditor}" canal. The mirror is placed at all angle of 
45° close in front of the npertnre of the tube, so th at the sound- -
wave, issuing from the auditol'Y canal is driven against it as fully 
as possible. The mirror is consequentIy tilted with maximum power 
to a more transversal position. 

If weak sounds in the speech zone al to es are to be measured, 
it will be weIl to use large receiving funnels. Phonograph horns in ç 

thei1' varions shapes wiJl be found· to work very weIl. Small am­
plitudes are reeorded more aecurately, when the seale iA plaeed at 
a great distance. Tben, however, a constant position of rest is ex­
pedient, which is hardly practicabIe, unIess the streams of air' in 
fllnnel and auditory canal are removed through the insertion of un 
india-rubber diaphragm of the size of a phonograph membràne. 
Oover-glass or th in mica wiJl do ag weIl. Thus 1 was in a position 
to estabhsh the ratio of the average intensities of whispered and 
spoken sounds. The experimen't was made (together with Dr. REUTER) 

with 20 monosyllabic, aequisonorous and aequidistant words. The ratio 
appeared to be 1 : 170. (The intensity is in the ratio of 1 : 170, the distance 
at which sounds are heard of 1 : J 3) 1). The ...!llodifying influence of 
funnel and membrane may be controlled by going through the gamut 

_ first with a simple physiological conducting tube and aftel'wards with 
the same tube associated with a funnel and phonograph membrane. 

III the following pages I shall brietly state the rules which have 
proved generally reliable in measuring sound." , 

§ 1. Physiological measu?'ement of souncJ, 

When the measurement of sounds with regard to their audiuility 
is the subject under consideration, it is permissible to use an al·ti­
ûcial am'icle and an al'tificial allditory ('anal to direct the sound­
wave on to the measuring rnil'l'or. Pl'ovided the reSOlJance of the 
al'tifieial conduit be equal w· that of the natural ('ana!, nothing 
foreign is added 10 the sound, for when perceived by the hllman 
ear, it is tmnsmitted throug'h a similar tube. The al'tificial canal 

1) Proceedings of the 14th Dutch Congl'ess fol' Phys. and Med, at Delft. 
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llsed by me, has with a small plug of cotton-wool a tone of reson­
ance equivalent to 14' without a plug to e4 • The funnel in front of 
it was different in either experiment. Wh en it was simply a flat 
wooden platter, a pecllliar resonance .was not l1oticeable. 
Th~ -degree of sensitiveness is invel'sely próportional to the size 

of the mÏl'l'Ol'. A mirl'or of 2 mmo in diametel' and 60 t1 thickness, 
hung up by a Wollaston tibre of 2 fL have tbns far proved to be 
the smallest dimensions for easy handling. In the same proportion 
the auditory canal should also be made nal'rowel'. Since we 
generally experiment on coutinuolls waves (only e4 yields a sta­
tiona~y wave), the distance at w hieh t he min'or is placed is oflittle 
consequence, provided it be axial. The sensitiveness is about invel'sely 
proportional to the distance from the apel'ture. It is remarkable that 
acoustic attl'action will of ten conclU' in the case of powerflll sounds. 
It should be precluded by all means. 1) Electric attl'acLion is obviated 
by conn~cting the auditol'.)' canal with the point, from which the" 
mirror is suspended, by a small metallic ehain. Should rather high 
tensions occur in the neigbourhood, also a conductive connection to 
the eal'th should be constitllted. 

In physiological experime1}ts the walls of the space in which tlle 
min'or is suspended, are generally lined with gauze, which method 
was also folIo wed by ZEHNOV, To this there ean be hardly any 
objectiçm, when experimenting with receiving funnels, the progl'es­
sive sound being iu large part transmitted to the min'or along the 
artificial canal. What is conducted from othel' quartel's may be 
d~regarded altogethel'. 

The afferent tube is fitted to a copper plate. A more accurate 
axial position must be effected by means of three adjusting screws 
at the foot of the apparatus. The distance from the minor to the 
aperture of the tube is detel'mined by a horizontal rneasuring 
micl'oscope mounted on a heavy vertical LEITz-stand. 

§ 2. Plty.sical measurernent. 

If instead of experimenting on the intensity of audible sounds 
we wish to detel'rnine the objective intensity of a pure sound­
motion, auricle and allditory canal are of COUl'se distllrbanres. For 
tbis purpose a conduit of a more physical nature is' desirabIe. 
The simplest is eithel' a tube Ol' a cone. A tube, if short, is liable 
to I become a resonator with a very sharp and narrow resonance. 

1) Attraction seemingly acoustic, but in reality involved by eddies, wi1l occur 
with any fine pUllcture in lhe canal Ol' in lhe membrane. 

12* 
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Mr. Ws. VAN DER ELST, assistant in om lal5oratory, established the 
resonance curves of such small resonators by shutting off one end 
of the tube with wax and plaeing a suitable min'or before the open 
end. In very long tubes the. tone of resonance is so low, that it 
need not be taken into account. Eadier exp~eriments on the propa­
gation of sound 111 air showed th at there is a marked decrease in 
the velocity of propagation, when the tubes are narrowel' than 
4 mmo This at least is the case, when they are made of india-rubber. 
It must be deemed advisable, therefore, to take glass or metallic pipes of 
no less than ± 4 mm. in diameter. A minor of, sal' 3 mmo diame­
ter, placed just 111 front of a straight-cut aperture, wiJl be found ve~y 
suitable in most cases. Still, fOl' very high tone'3 even this pipe is 
too narrow, as was demonstrated by researches years ago 1). The 
tones of GALTON'S whistle (six-legerlined octave) change, when passing 
through a canal of from 3--5 mmo bore, which aftel' the foregoing 
need not cause surprise, the tones lying near the upper, limit of 
musical sounds. We found it suitable to provide the afferent tubes 
with lead en taps 2). The sound conducled to the measuring apparatus, 
may be generated at a considerable dü,tance. 

A.nother simple conduit is the cone. The funnel may be given an 
angle of 40° and a mouth of 50 cm 2

• Some Amel'ican hearing 
apparatus (opera.phone) are provided witb a similar funnel. HEIJl\IHOIJTZ 

discusses its resonance in his "Tonempfindungen". The one 
I used, resounds to d2 • This is easy to delermine ' when an opening 
is 1eft in the apex of 2 mm., before which the RAYI.EIGH mirl'or is 
placed. The latter will deflect conf:>iderably, when the tone of 
resonance is given. With all other tones the waves will be pl'ogres­
sive, the cone being merely an indifferent receiving funnel. Again 
a small plug of cotton wool had to be used to arrest distm'bing 
streams of air. 

§ 3. Point-shaped sounclsources. 

Outlets in tbe shape of a mere punctul'e are obtainable tbl'ough 
a fine orifice, say of 1 mrn. 1. in a little leaden disc that serves 
for a septum III a speaking tube; 2. in tbe covering disc of the 
air-chamber of a thel'motelephone. In either case the min'or is plared 
right opposite to the fine opening, thl'ough which the sound is con-

1) H, T. MTNKEMA, On the sensitiveness of the human ear to the various tones 
of the gamut. Dissertation Utrecht 1905. 

2) H. DE GROOT, Zschr. f. Sinnesphysiologiç Bd. 44 S. 18 (expE'riments by 
Dl' VAN MENS) and these Pl'oceedings Vol. 14 p. 758 (experiments hy Dr. P. 
NIKIFOROWSK Y). 
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ducted. Either method allows of altel'ing the sound at will, toe 
number of sounds and intensities, transmissible through a long, wlde 
pipe to the diaphragm, beillg indeffiiÜe. The tones embraced by the 
thermotelephone are also a gl'eat hiany, from the low, non-coalescent 
tone of an interruptor to the rWgh hissing-sound I). Likewise the 
intensity of the thermotelephone;sound ean be varied through artificial 
appliances within far-extended Iimits. Selection orcurs with the latteL' 
appliance only as far as the peeuliar tone of the air-chambel' is eon­
cerned,- but when the air-chamber is smaIl - as is deemed advisable­
it is so high, that it may be left out of ealculation. 

Both methods yield progressive soundwaves, whose energy is 
constantly procured by the generator, and emerges through the point­
shaped orifice of 1 mmo If the latter is in circuit with an air-chamber, 
through which the sound is ronveyed to the measming mirror, the 
resuIts vary roughly according to the size of the chamber. The 
differences are markedly pel'eeptible with an outlet of I/~ mmo in 
diameter. As original sound-generator may be nsed a telephone, 
actnated by an elertl'ically dl'iven tuning fork Ol' a large powerful 
organpipe. 

§ 4. lnvestigation of resonator$. 

The mode of arrangement ean also be easily applied to test reso­
nators. When a puncture (2 mm.) is made in the wall of the l'et:o­
nator, right opposite to the mouth, the sound passing thl'ough it 
may readily be directed on to RAYLEIGH'S mirror via a canal of the 
same bore 2). It wiII be expedient, howe"er, to arrest by means of 
a very small plug of cottonwool Ol' a piece of lint, the streams of 
air esraping, like the sound, thl'ough the fine opening of the resonator. 
Without this preeaution the mirrol' will nevel' be steady, not even 
in a perfectly qlliet environment. 

The sound thus emitted thl'ongh the puncture, is made np of 
progressive waves. By means of a long tube it can also be sent to 
a compal'atively long distance, provided tbat fl'esh aeoustic energy 
be constantly supplied thl'ough the orifice. The energy collected and 
adjusted in the resonator, emerges via the fine opening, as weIl as 
through the wide ori6ce. A mirl'or, subjecterl to these pl'ogressive 
waves, deflects, when the amplitudes a.re sma.ll, pl'oportionally to the 
amount of acoustic enel'gy pl'oduced. Spherical resonators yield fail'!y 

1) According to the assistant W. V. D. ELST the pitch agrees with the tone of 
resonance of a cG resonator (8000 v. d.). 

2) H. ZWAARDEMAKER. Multiple resonantie. Ned. Tijdsch. V. Gen. 1913. II. p.'640. 
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symmetl'ical resonance curves (see l.c<p. (42); those generáted by 
pal'aboloid-shaped resonatOl'S or sneh as are more complicated, liké 
some hearing appal'atlls, are surprisingly variabie 1). 

A very cllrious shape of reSOmt(Ol'S is offel'ed by the familial shells, 
found on the beach aftel' stormy weather, and in whieh the mur~ 
muring of the rollwg waves is heard. Here numerous tones coalesce 
into a mmmm. Testing them involves pecuhal' difficnIties fol' the 
very l'eason, that nal'l'OW conduits are not appropriated to the exa~ 
mination of high tones. Nonetheless the dlfficulty ean be overeome 
by exposl11g the measuring mirrol' dil'ectly to the point~shaped outlets, 
afford~ed by the fine openings in the wall of the shel!. 

Chemistry. -=- "Tlw viscosity of colloidal i'Jolutions." Sy Dr. E. H. 
BUUHNER. (Communicated by Prof. A. F. HOLTEMAN.) 

According to ErN&TErN, the \ iscosity of a liquid, in which a great 
number of partlcles are floaling, is connected with the relative total 
volume of the partlCles. lf the viscosity of the pure liquid is repre­
sented by z, that of the suspension by z', and its volurne by v, if 
fUl'ther v' is the total ,-ol urne of the suspended particles, then 

z'-z v' 
--=2,5-

z v 

This formula has been applied to gamboge suspenRions by BANCELIN, 
who obtained fmrly satisfactol'Y results ; the factor had to be taken, 
howe\'el', 2,9 instead of 2,5. Admitting the formula to be correct, 
we may, eonvel'sely, caleulate the volume of the floating parricles 
from measurements of the viscosity. lf, then, we determine the 
number of the pal'ticles (e. g. uJtramicroseopically), the volume of 
one separate partiele may even be deduced. 

The application of this formnla to colloidal solutions wiII greatly 
deepen our insight in the nature of these systems. We might feel 
some doubt, whether the suppositions, made by EINSTEIN, when 
deducing the fOl'mllla, hold good in the case of colloidal solutions, 
tlle particles of whieh are so much smaller. But EINsTErN himself 
has applied it to sugar sollltions, and has calculated from the l'esult, 
in connertion witb dete/'minations of the diffllsion constant, A VOGADRO'S 
numbel'. The fact, that he found in this wa.y 6,6.1021

, shows, that 
I1ls assumptIolls are not far from being correct. For the rest, I have 
foul1u, that evell sevel'al observalions on the viscosity of ordinary 

1) H. ZWAARDEMAKER. T.hese_Proceedmgs, Vol. 16, P 496. 


