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vibration of the diaphragm occurs capable of producing sonorous 
effects. It has occurred to me that Mr. Preece's failure to 
detect with a delicate microphone the .sonorous vibrations that 
were so easily in our experiments might be explained 
upon su_pposJtlon that he h_ad the ordinary form of 
Hughes miCrophone shown m F1g. I, and that the vibrating 
area was confined to the central portion of the disk. Under 
such it might easily happen that both the supports 
(A J?) of the m1cr<;phone might touch portions of the diaphragm 
which were practically at rest. It would of course be interest­
ing to ascertain whether any such localisation of the vibration as 
that .supposed really occurred, and I have great pleasure in 
showmg to you to-mght the apparatus by means of which this 
point has been investigated (see Fig. 2). 

i_nstrument is a of the form of microphone 
devised m I827 by the late Sir Charles Wheatstone and it con­
sists essentially of a stiff wire (A), one end of which is rigidly 
attached to the centre of a metallic diaphragm (B). In Wheat· 

original arrangement the diaphragm was placed directly 
the ear, and. the free extremity of the wire was rested 

agamst some soundmg body, like a watch. In the present 
arrangement the diaphragm is clamped at the circumference like 
a telephone-diaphragm, and the sounds are conveyed to the ear 
through a rubber hearing-tube (c). The wire passes through the 
perforated (D), and is exl?osed only at the extremity. 
When tho; pomt (A) was rested agamst the centre of a diaphragm 
upon which was focussed an intermittent beam of sunliaht a 

musical tone was perceived by applying the ear tb the 
(c). surface of the diaphragm was then ex· 

plored with the pomt of the microphone, and sounds were 
obtained in all parts of the illuminated area and in the corre· 

area on the other side of the diaphragm. Outside of 
this area, on both sides of the diaphragm, the sounds became 
weaker and weaker, until at a certain distance from the centre 
they could no longer be perceived. 

At the po!nts where one w?nld naturally place the supports of 
a Hughes microphone (see Frg. I) no sound was observed. We 
were unable to detect any _audible effects when the point of 
the microphone was rested agamst the support to which the dia­
phragm was attached. The negative results obtained in Europe 
by Mr. _may be rec_onciled with the positive 
results m Amer;ca by Mr. Pamter and myself. A still 
more cunous demonstratiOn of localisation of vibration occurred 
in the case of a large metallic mass. An intermittent beam of 
sunlight was focussed upon a brass weight (I kilogram.) and the 
surface of the weight was then explored with the microphone 
shown in Fig. 2. A feeble but distinct sound was heard upon 
touching the surface within the illuminated area and for a short 
distance outside, but not in other parts. 

In this experiment, as in the case of the thin diaphragm, abso· 
lute contact between the point of the microphone and the surface 
explored was necessary in order to obtain audible effects. Now I 
do not mean to deny that sound-waves may be originated in the 
manner suggested by Mr. Preece, but I think that our experi· 
ments have demonstrated that the kind of action described by 
Lord Rayleigh actually occurs, and that it is sufficient to account 
for the audible effects observed. 

EXPERIMENTAL DETERMINATION OF THE 
VELOCITY OF WHITE AND COLOURED 
LIGHT 1 

THE employed in this research to measure the velocity 
of light resembled the method of M. Fizeau, subsequently 

by M. Cornu. A revolving toothed wheel is employed 
m t_he same way to alter the intensity of the light reflected from 
a distance. In the present method, however, there are two dis· 

reflectors instead of one. They are separated by a 
distance of a quarter of a mile. The ob,erving telescope and 
the two reflectors are almost in the same line. The observer sees 
two. stars of light, which go through their phases with different 
penods as the toothed wheel is revolved at increasina speeds. 
O?e is increasing, while the other is dimini,hing, in intensity, 
with lllt"ease of speed of the toothed wheel. The speed reqaired 
to produce equality of the light is determi'1ed by mea,,s of a 
chronogr"ph. 

By ch<>osing such a speed as gives a maxbmm of one 'tar at 
the same speed as a minimum of the other, a pair of observations 

1 Abstract of a paper by Dr. J. Young, F.R.S., and Prof. G. Forbes read 
before the Royal Society, March rg. ' 

eliminates all cause of doubt arising from varying brightness in 
the stars, and ratio of the width of a tooth to the width of a 
space. The distances were observed by triangulation with the 
Ordnance Survey IS-inch theodolite, using as a base line a side 
of one of the Survey triangles. The source of light 
was au electnc lamp. The velocities (uncorrected for rate of 
clock, and reduction to a vacuum) measured are as follows :-

Mean ... 

187,707 
I88,405 
I87,676 
I86,457 
I85, 788 
I86,495 
I87,003 
I86, I90 
I86,830 
!87,266 
I88, IIO 
I88,079 

I 87, I 67 miles a second. 

-r:he correction to vacuum is + 54 miles a second. The cor· 
rectwn for rate of clock to a mean solar time is + 52 miles a 
second. 

The final results for the velocity of the light from an electric 
lamp in vacuo is 187,273 miles a second, or 301,382 kilometres 
a second. 

Using Struve's constant of aberration 20'445", we obtain for 
the solar parallax the value 8 '77", and for the mean distance of 
the sun 93,223,000 miles. 

On February II, I88I, the reflected stars were seen to be 
coloured, ·one reddish, the other bluish. The particular colour 
of a particular star depended upon the speed of rotation of the 
toothed wheel. That star which was increasing with increase of 
speed of the toothed wheel was reddish, that one that was dimi­
nishing with increase of speed was bluish. This seems to be 
caused by the fact that blue rays travel quicker than red rays. 

A number of tests were made to judge of the accuracy of this 
conclusion, and they confirmed it. In the final arrangements, 
the electric light was acted upon by a bisulphide of carbon prism, 
and part of a pure spectrum was used. Differential measure· 
meuts were then made to find the difference in velocity of rota· 
tion of the toothed wheel, required to produce eqnality of red 
and of blue lights. The most convenient method was to use a 
driving weight slightly in excess of that required to produce 
equality of the light, then to fix to the pulley carrying the 
weights one end of a piece of stout india-rubber tubing, the 
other end being fixed to a point above. This gradually dimi· 
nished the effective driving weight. The equality of red lights 
was first noted, the colour of the light was changed, and tl!e 
interval of time until the blue lights were equal was measured. 
The rate at which the india-rubber diminished the speed was 
afterwards measured by the aid of the chronograph, and thus 
the difference of speed determined. The mean of thirty-seven 
determinations in this and other ways gave the result that the 
difference in velocity between red and blue lights is about 1 ·S 
per cent. of the whole velocity, blue travelling most rapidly. 

The general conclusion seems to be supported by a comparison 
of the velocity of light measured by M. Cornu and Mr. Michel· 
son, wl1ere the source of light usually employed is taken' into 
consideration. These are the only accurate measurements of 
the velocity of light hitherto published. They give us the 
following results :-

Michelson's research 
Cornu's , 
The present , 

U sua! Source of Light. 

The sun near horizon 
Lime light ... 
Electric light... 

Velocity in kilos. 
a Second. 

... 299,940 

. .. 300,400 

... 30I,382 

Classifying the sources of light med by Cornu, we get the 
following approximate relative velocities:-

Source of Light. 

Petroleum ... 
Sun near horizon 
Lime light ... 

No. of 
Observations. 

20 
77 

449 

Approximate Relative 
Velocity. 

298, 776 kilos. 
300,242 , 
300,290 , 

All these results seem to support the view that the more re· 
frangible the source of light, the greater is the velocity. Bu 
the evidence of the present observations, indicating an excess of 
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velocity for blue over red light, seeming to exceed I per cent. of 
the whole, must rest upon the merit of the present observations 
themselves. 
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fungus·parastte on fern-prothallia.-N. v. Lorenz, on the action 
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there, and detonations preceding the shocks, M. Boussingault 
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earthquake m South Amenca m 1827.-0bservations of cmuetb 
r88r at Paris Observatory, by MM. Tisserand and Bigourdan.­
r?eory of the plane of solids, &c. (continued), by M. 

VIllarceau.-On the reductiOn of quadratic forms, by M. Jordan. 
-Researches on glycolic ether, and on oxides of ethylene, by M. 
Berthelot.-On the trajectory of cyclones, and on the announce­
ments transmitted by telegraphic cables, by M. Faye. Com­
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produced by sulphide of carbon on vines of 
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H_era for the opposition of J88r, by M. Callandreau.-On the 
tmls of comets, by M. Flammarion. He replies to M. Faye, and 
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our atmosphere. The curve of light coincides almost exactly 
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tube a lateral orifice communicating through a caoutchouc 
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rest during the whole phenomenon. In a tube closed at one end 
the velocity is much greater if the ·gas be fired from the closed 
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two ?f cones, with parallel axes from the eyes, by which 
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IllustratiOns of this dednctlon and others are given.-On the 
extraordinary temperature of July, r88r, by M. Renou. The 
temperature of 37o.g in the Park of Saint-Manx, on July 15, is 
undoubtedly the highest ever experienced in Paris or the 

hydrosulphurous acid, by M. Schntzenberger.­
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-On the origin of trunl<s of fossil trees perpendicular to the 
strata of the coal formation, by M. Fayol.-On some points 
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malady of domestic geese observed in the Commune of Viviers­
les-Montagnes (Tarn), by M. Caravin-Cachin.-Experiments 
on yellow-fever patients With phenic acid, phenate of ammonin 
&c., by M. de Lacaille.-On the Cretaceous system of 
Northern Sahara, by M. Rolland. 

CONTENTS 
MISS GoRDON CuMMING's "FIJI" • • • • • • • • .. • 
OuR BooK SHELF:-

Houston's u Practical Botany for Elementary Students". 
Falh's ''Von den Umwalzungen im \Veltall" . . . . 
J "Quantit::ttive Estunation of Phosphoric Acid, . 
Lang's of Europe'' . • . . . • • . • 

LRTTRt<S TO THE Enrroi< :-
Chemical Equivalents -C. W. M. • • . 
Slow Lightning.-W. M. FL1NDERS P&TR1E 

Thought Reading.-GEo. B. MERRIMAN 
Optical Phenomena.-J. R,\.ND 

SymbolicLogic.-f. VENN ••••• 

Jupiter.-J. BIRMiNGHAM • • • • 
New Red Variable.-]. BIRMINGHAM 
A f'ireba1L JoHN TRNNANT • • 
Meteor.-G. II. KINAHAN . • 

THR CoMET. By]. RAND CAPRON; F'. C. 
ALLUVION • • • • • 

SciENCE AT EToN (With Illustrations) 
NoTEs • . . • • . . . • . 
OuR AsTRONOMICAL CoLUMN:­

Encke's Comet • . . . . . . 
Comet 1881 c . . • . • • • • 

BIOLOGICAL NOTRS:-

PAGE 
2-Bl 

291 

On some New Lower Green Algre . . . . • • . . . • . 292 

On tht= Influence of Intermittent Illumination :Jfl the Development 
of Chlorophyll . 

CRRMICAL NoTFS • • • • • • • • • • • • ••• 
PHYSICAL • 6 

• • • • • • • _ • • • • • • 294 
295 Gi!OGRA PHI CAL NOTES • • • • • • • • • • • • • 

SoLAR PHv.-tcs-THE CHFli.HSTRY OF THE SuN. By J. NORMAN 
F.R.S. (With Diagrams) .••........ 296 

ANcHoR IcE . • • . . • • . . . • • • • • • • • • 301 
UPON A MODIFICATION OF WHEATSTONE'S MICROPHONE AND ITS 

APPUCAPILITY TO RADTOPHoNTC' REsRARCHRS. By Prof. 
ANDER GRAHAM BELL (With Diagrams) . . . . • • . . . 302 

EXPERIMENTAL DETERMINATION OF THE VELOCITY OF WHITK AND 
CoLOuRED LJGHT. By Dr. J. YouNG, F.R.S., and Prof. G. 
FuhBES. . • • • • • 

SCIENTIFIC SERIALS • • • 
SociETIEs .\.ND AcADEMIES 


	EXPERIMENTAL DETERMINATION OF THE VELOCITY OF WHITE AND COLOURED LIGHT1

