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Introduct ion. 

Among the reasons why the attribute of intensity has not 

received the consideration in experimental investigations which 

has been given to other attributes of auditory perception, are 

especia,lly the technical difficulty in controlling the intens

ity of tones and the lack of a convenient standard of tone in

tensity. There is no standard of tone intensity which is as 

available in psychological laboratories, as is the candle power 

for light intensity. Besides these, further difficulties ap

pear in producing pure tones, in varying the intensity in a 

measurable manner, and in main,taining a conste"nt intensity. 

The firet step in this investigation is the construction 

of an apparatus by which the intensity of the tones to be used 

can be controlled. 

The physicists who are best prepared to design the appar

atus are not interested in the problem of tone intensity as it 

presents itself to the psy~hcJcgist and for this reason it was 

found necessary to design and construct the apparatus in the 

psycho1og ica1 labora.t Dry. 

~he problem was suggested to the writer while a student 

assistant in the laboratory by Professor M. F. Meyer in 1909. 

The writer takes this occasion to acknowledge the great help 

he has received from Dr. Meyer throughout the entire time that 

he was working on the experiment, -- assistance and encourage

ment which extended to every phase of the problem -- mechan

ica;, t~eoretical, and practical. Because of Professor Meyer's 

wide experience with auditory phenomena in general and because 
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of the fact that he had already started the problem, the writ-

er was able to go ahead in a more direct path than would have 

been possible had it been necessary for him to work independ

ently. 

The apparatuB dif:ficulties passed th'!"ough four relatively 

distinct stages, which will be considered in some detail in

the description of the preliminary apparatus. It io considered 

worth while to describe these prelirrinary experiments so that 

othere who may take up the problem of tone intensity apparatus 

may be spared some of the difficulties which were encountered. 

In the development of the Bound intensity apparatus d~ 

scribed in this paper, it was continually borne in mind that 

tone intensity relations are an :!mpt)'!"t~nt part ~!1 '1early every 

investigation in audition. 'l'his is one reason why the appara

tus has become so complicated. The following are some prob

le:-nn in whic}l tone intensity plays a role. It also re'presents 

a provisional program of experimental work which it is hoped 

may so~e time be completed. 

Influence of phase on the intensity of tones. 

Relative intensity of difference and combina
tional tones. 

Relation between vocality and intensity. 

Relation between tonality and intensity. 

Affect of intensity on the consonance or dis-
sonance of intervals. 

Effect of intensity upon the apparent pitch. 

Effect of intensity on pitch discrimination. 

Limen for intensities. 

Effect of intensity on the analysis and syn
thesis of tones. 



Experiments in audition are more discontinuous than they 

are in vision. It is not likely that we will soon have pure 

tones which ca.n be made very loud, whose vibration rates can 

be made to vary quickly between the limits of audition, in the 

same way that brightness or saturation is now varied in vision. 

For this reason the usual experiment in tones will be restrict

ed to relatively few tones or intervals. 

The whole tonal scale must be worked over gradually but 

as the technique develops and the body of facts is extended 

much more satisfactory work can be done on the various theor

ies of audition. Most of the current theories on audition 

were built upon considerations which were mainly qualitative 

in character. A theory, however, is of greatest use when it 

aids in also predicting quantitative relations. 

The apparatus also lends itself well to experiments in 

vision in which it is necessary to have a constant illumina

tion. The alternating current which passes through the sock

ets 36 fig. 4, is about as constant an electrical current as 

can be produced. With the proper Mazda lamp the apparatus 

will furniSh an unvarying light up to about 100 candle power. 

Where vision and " audition are to be comb'ined in an experiment 

this fact is of especial importance. 



I. PURPOSE AND SCOPE OF THE APPARATUS. 

The apparatus was designed: 

1. To produce a number of pure tones. 

2. To control the tone intensity. 

3. To control the phase relations. 

1. The test for a pure tone was the unitary character 

of the auditory impression. A tone was judged to be pure 

when a careful and attentive analysis by the unaided ear did 

not reveal overtones or upper harmonics of the forks or res

onators. As a part of the apparatus consisted of the care

fully tuned resonators 150, 200, 250~ 300, 350, 400, 450, any 

tones having these periods could be readily detected. if pre

sent as overtones or asymmetry 1) tones. The extent to which 

an objective search for overtones was made was limited to these 

resonators. Disturbing tones and noises that were present to 

the ear were localized with a short piece of rubber tubing, 

one end of which was held to the ear while the different parts 

of the apparatus were explored with the other end. Such tones 

were usually caused by loose washers, the millimeter scales 

rattling against the resonators, etc. When once located they 

were usually easy to eliminate. 

2. To make judgments of intensity, it is necessary that 

the tones can be started and stopped without any pronounced 

.'. variation in the character of the tone at the beginning and 

- - =-- - - -- - - - - - - - - - - - -- - - - - - - - -- - - - -
1. F. Lindig, Ann. d. Phys. Vol. 11 p. 31 ff 1903 • 

. Ueber Asymroetrietoene. . 
M. F. Meyer, ibid, Vol. 12, p. 889. 1904. 

Ueber Kombinations- und Asymmetrietoene. 
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end. A fork always changes its character when suddenly stopp-

. ed and several seconds are requ,ired before an electrically 

driven fork reaches its constant amplitude. For this reason 

the forks were kept vibrating all the time and the tone gener

ated in the resonator was the one started and st~pped by a 

felt covered shutter. If the resonator is carefully tuned 

and properly adjusted over the fork, the tones "just slide 

in and out" quickly but with neither the beginning nor the 

end specifically marked. 

The intensity of the tones was controlled by shifting 

the resonators to different distances from the forks. The 

mechanical details will be described in the T!.ethod of~ Exper

imentation. 

3. By phase control is meant our being able to determine 

how the sound waves reach the ear relative to each other. 

This is of considerable theoretical importance because the 

character of the resulting sound wave, when a number of tones , 

are sounding at the same time, depends very much upon the 

phase relations. 
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1. Preliminary Apparatus. 

Work on the apparatus was begun with a special set of 

tuning forks of the frequencies 150, 200, 250, 300, 350, 400, 

450, 500. These were mcurt~d on resonance boxes. They were 

to Qe kept vibrating by ai~ impulses of the same frequency, 

blown into the resonance boxes of the forks. To secure air 
1) 

impulses of the proper frequency, a motor was made whose 

magnetic fields were made and broken by an electrically driv

en tuning fork. This motor would run only when its rate of 

rotation synchronized with the vibration rate of the fork. 

Any tendency to run faster or slower would result in an accel

eration or retardation such that it was forced in step with 

the fork. On the shaft of this motor was mounted a series of 

sirens with rectangular holes. Air under pressure was inter

rupted by these holes and led to the mouth of the resonator 

on the tuning fork. It was hoped that these air puffs would 

keep the tuning forks vibrating steadily and strongly. 

The forks were not to furnish the tones to be used in 

experimenting. but were to act as generators of sinusoidal 

electric currents which acted on a telephone receiver loca-
I 

ted in the piston of an adjustable resonator. On one of the 

prongs of these forks was fastened a coil of copper wire which 

moved inside of an annular coil on the opposite prong of the 

fork. When the forks were vibrating, these coils moved over 

and within each other in the same form of motion as that in 

-------------------------------
" '" 1. ~· The motor was built on the same principle as the 
phonic wheel" described by Lord Rayleigh. Theory of Sound, 

Vol. I. p. 67. 
The motor was constructed by Max Kohl, Chemnitz, Germany. 
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which the fork prongs were moving. Since the prongs moved 

in a purely sinusoidal form of motion a constant electric 

current that was sent through one of the coils, would induce 

an alternating current having a sinusoidal form in the other 

coil. This alternating current then passed through the tele

phone resonator. It was found, however, that the tone was 

too weak and not pure. 

The amplitude of the forks and the n~~ber of turns on the 

coils were not great enough to produce alternating currents 

which were strong enough to cause a strong tone in the tele

phone resonator. The vibrations of the telephone diaphram 

were furthermore not of a single sinus form, as was demOnstrat

ed by the presence of overtones. The diaphram vibrated not 

only in the forced period of the alternating current gener

ated by the forks but also 1n other periods, due probably to 

the manner in which the metal and internal stresses were dis

tributed over the disk. At the time, it was thought that the 

difficulty was merely one of securing stronger electric cur

rents. The air puffs did not seem to setLthe forks into vi

bration as strongly as was thought necessary to get the best 

results from the coils on the prongs of the forks. 

It was then decided to drive the forks electrically. 

They could not be driven in ' the ordinary manner of electric

ally driven forks, because it was desirable to control their 

phase. To do this it is necessary that the moving parts that 

make the interruptions should be the sa~e for all the forks. 

~~en the forks were being driven by the air puffs, this object 

was achieved by the common shaft upon which the sirens were 
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mounted. It was decided to use a similar principle in pro

ducing the electrical interruptions which were now to drive 

the forks. Instead of having a number of separate disks, a 

large disk of one-fourth inch copper and sixteen inches in 

diameter, was made. This disk had nine rows of holes of 10, 

20) 30, 40, 50, 60, 70, 80, 90 holes to the row. These holes 

were filled with hard rubber plugs and the whole face of the 

disk ground to a plane surface. A series of bronze contact 

springs placed over the rows of holes opened and closed an 

electric circuit as the plugs and copper alte.rnately passed 

under the oontaot points. 

When the disk was driven at the rate of five revolutions 

per seoond, the various oiroles produoed interrupted ourrents 

of the frequencies 50, 100~ 150, 200, 250, 300, 350, 400, 450 

per second. By sending these interruptions through the mag

nets of tuning ·forks of oorresponding vibration rates, thes~ 

forks would be set in vibration. The advantage of this meth

od was that the amplitude of the forks oould be controlled 

by the amount of current passing through the fork magnets. 

In this way it was hoped that the amplitude of the generating 

forks oould be made great enough to give alternatingourrents 

of sUffioient strength to secure a strong tone in the tele

phone resonator. The phase in whioh the different forks were 

vibrating could be oontrolled by shifting the contact brushes 

by variable sectors. 

Great diffioulty was encountered in the use of the type of 

synchronizing motor being used. It was found diffioult to 
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adjust the driving current so that the motor would run contin

uously. Slight variations in the current, variation in the 

friction from temperature changes or irregularities in the 

lubrication, were enough to throw it out of step with the reg

ulating fork. All the indications seemed to be that this type 

of motor was too weak to drive the copper disk properly, the 

ares of which was so great that air friction could be expected 

to have considerable retarding effect. However, even under 

favorable conditions of driving, the fork generators were too 

weak to give strong tones . in the telephone resonator. Even 

during those rare occasions when the motor ran the disk with 

a regularity and smoothness beyond all criticism. the tones 

were too weak. 

Instead of seeing that the difficulty was in the tele

phone principle we thought it was due to the fact that the 

alternating currents which were produced by the generating 

forks were too weak. We then took a large heavy 150 fork 

and made a new generating fork which was wound with much 

finer wire and consequently a larger number of turns. The 

magnet which drove the fork was also very efficient, giving 

an amplitude to the fork prong s as high as 6 mm. This was 

greater than we had ever secured before and much greater than 

we could hope to secure with the higher forks. Now there 

should have been no question about the efficiency of the gen

erating fork. We were able to send very strong currents 

through the inducing coils, but all we got out of the tele

phone resonator was a beautiful tone as long as the intensity 

Was very low, but as the current was increased the tone 



beca~e a loud snarl. At this point we should have realized 

that the difficulty was with the telephone resonator -- but 

10 

the good tones which we secured at low intensities prevented 

our seeing that a device which gives a pure weak tone need 

not necessarily give a pure strong tone. Again the blame was 

equally distributed between the generating forks and the motor. 

We thought that the differences in potential were not 

great enough in the generating coils during one complete cycle 

of the fork. This difference i~ potential depends upon the 

amplitllde of the fork; the greater the amplitude, the greater 

the difference in potential. The a~plitude of the experimental 

fork we were using was, however, so much greater than we could 

use in the actual experiment on tone intensities, that we de

cided to use some other principle of getting a greater differ

ence in potential. Accordingly we gave up the fork generator 

idea and began to develop the microphone principle. 

Cylindrical resonators were mRd~ fer 'four or five of the 

forks, which had at their bottoms a carbod telephone dia

phram placed against carbon granules. V~en the vibrating 

tuning fork was held to the mouth of the resonator, the air 

vibrations within the resonators transmitted their energy to 

the diaphram and set it into forced vibration. These vibra

tions changed the electrical resistance between the carbon 

granules and changed a constant current ~nich was passing, in

to a varying cl.lrrent. This was then sent through the tele

phone resonator. Again it was found that the tones in the 
.' 

telephone resonator were too weak and not pure. For the 
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lower intensities the system worked well, but for high intens

ities the tone became impure and scratchy. Toward the end we 

used currents which were so strong that the carbon disks and 

granules became so hot that the paraffin with which they were 

fastened, began to melt. But increasing the current did not 

increase the tone intensity to an appreciable extent. 

The telephone idea was finally given up after many changes 

and modifications because a tone which was pure and strong 

enough to suit our requirements, was not secured. 

The next step was to connect the prongs of the forks 

with diaphrams at the back of resonators. l ) The ba,ck of the 

resonator was made with a mica diaphram. One end of a light 

wooden rod was attached to the diaphram with sealing wax and 

the other end was attached to one of the prongs of-the fork. 

This gave pure strong tones but they could not be started and 

stopped quickly. Overtones due to the mica disk appeared 

when the tones were very strong. but the results were more 

promising than anything that had been achieved thus far. It 

was decided to go ahead and devise a method by which the tones 

could be started and stopped quickly. 

The Victor Talking Machine Company of Camden, N.J., very 

kindly sent us the sound transmitting parts of one of their 

talking machines. The needle of the sound box was allowed to 

rest on a piece of wood which had been attached to the prong 

of the tuning fork. The fork was kept vibrating continually 
------- ------------------------

1. This principle has been used successfully by 
A. G. Webster in his experiments on tone intensity standards. 
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and the tone was started and stopped by raising and lowering 

the needle on to the piece of wood. For low intensities the 

tone was good, but at the instant of dropping the needle on the 

fork a fearful racket was generated. The weight of the needle 

and the sound box also dampened the vibrations of the fork to 

such an extent that the tone became very weak and unsteady. 

Whil,e these experiments with the source of sound were be

ing conducted, the system for driving the forks was being per

fected. The original synchronous motor being found too weak, 

work on a more powerful motor of the same type was started. 

While at work on this motor, the Leeds & Northrup Co., of 

Philadelphia, placed upon the market a constant speed device 
1\ 

which seemed more promising.' What follows is a description 

of the apparatus finally used. 

-----------------------
- 1. We did not buy the complete Leeds & Northrup apparatus 

but only the converter, rheostat and transformer because we did 
not think that the regulating fork as they had it mounted would 
give us the constancy of angular veloc i ty wi thin each revolu
tion which is necessary to drive tuning forks by our ~ethod of 
interrupter disks. Such disks with their contact springs re
quire considerable power and the regulating load is therefore 
~elativelY great. The Leeds & Northrup regulating fork has a 

oub1e contact on metal which we also tried (see page 29) but 
found unsuited because slight adjustments changed the period 
~f the regulating fork enollgh to make frequent retuning of the 

one forks necessary. 
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2. Final Apparatus. 

The essential parts of the Leeds & Northrup constant 

speed motor are a regulating tuning fork and a rotary conver

ter which is driven from the direct current side. The alter

nating current which is generated is treated by the regulating 

fork in the following manner: The fork is equipped with a 

second contact point (different from the one which serves the 

driving of the fork) which opens and closes the alternating 

current circuit of the converter, with a frequency correspond

ing to its own period. 

The nature of the alternating current is such that it 

fluctuates in its intensity from zero to either the negative 

or positive maximum twice during every cycle of the alternat

ing current coils. That is, if the alternating current is of 

the 60 cycle type, in every second there are 60 instants at 

whiCh the current strength is at its positive maximum and 60 

instants at which it is at its negative maximum. This princ

iple is made use of in the form of a variable load to control 

the speed of the converter. l } 

The advantage of this system lies primarily in the fact 

that it furniShes considerable power and is not so limited 

as that of the type of motor which we used at first, where the 

current driving the motor must pass through the vibrating con

tact point, producing a big spark; whereas in this type, only 

the regulating load current sparks, the current driving the 

motor being continuous~ 
--------------------------------

1. Further details are given under X of Details of 
Apparatus. 
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When the load used is in the form of light~ these fur

nish a visual index of the converter action and a means of 

regulat ing the dr iv ing current. so that the system will oper

ate efficiently. The operator of the system soon learns to 

interpret the character of the lights and the noises which 

are made by the apparatus. It should be noted whether the 

converter is rotating in the proper direction for getting the 

best contact conditions for the direct current carbons. If 

it is necessary to change the direction of the converter as 

received from the manufacturer, this is readily done by ex

changing the terminals of the two lower direct current carbons. 
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3. Details of Apparatus Parts. 

A. Batteries 

The laboratory is supplied with direct current at 110 

volts and it was at first thought that this would be steady 

enough in its voltage to run the rotary converter. It was 

found. however, that the changes in voltage due to the turning 

on and off of light clusters and machinery on the campus, made 

the current too irregular to work satisfactor1J,y.. While the 

voltage is in general kept up to 110 volts at the power house 

by suitable regulating devices, yet the apparatus used in this 

experiment is considerably more sensitive and responds more 

promptly to changes than the devices used at the generating 

plant. At times during the day and especially late at night 

after the offices and halls on the campus are closed, the 

power house current becomes steady enough to run the entire 

apparatus. 

While the batteries are expensive to install and require 

some skill in keeping them properly charged, the steady charact

er of the current justifies the expense. 

After the batteries had been set up they were used to 

run the converter only. The regulating ' fork and tone forks 

were driven from the power house line. However, two-pole 

switches were installed at numerous points so that any part 

of the system could be operated on either power house or 

" battery service. This was of considerable advantage at first 

since it was easy to determine whether any trouble which devel

oped wa~ due to the character of the current or to the faults 
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in the mechanical construction. It was found tha~flexibility. 

as represented by adjustable rheostats and numerous switches, 

was a great help in locating difficulties and unifying the oper

ation of the system. 

To secure the required voltage and capacity from the bat

teries, 60 chloride accumulator cells, type C T, plates 5 x 5 

inc4es, were bought from the Electric storage Battery Company 

of Philadelphia.. These were set up as shown in fig. 1. v.lhen 

fully charged and connected in series, they delivered a current 

of about 120 volts, 3 to 4 amperes, for about two hours. Since 

the power house current is only 105 volts, the 60 cells are not 

Charged while connected in series but are divided into three 

units (I, II, III. fig. 1) of 20 cells each. 

To save space and also allow for subsequent changes in the 

grouping. if this Should prove desirable, each unit is divided 

into two sets of ten cells each, connected by a lead strip (1). 

When batteries are charged in a form of connection differ

ent from the one in which they are discharged, there is consid

erable danger from short circuits beir~ accitentally made when 

changing the connections from charge to discharge. To avoid 

seriously injuring the batteries in this way. a switch board 

(fig.2) was made which simplified the manipulation of the bat

teries and avoided accidental damage. In fig.l the numbers 

from 1 to 5 are the terminals of the wires which come from the 

various end plates of the batteries and which end in the cor

respondingly numbered binding posts on fig.2. The way in 

Which these terminals are distributed over the switch board 



17 

can be traced along the dotted lines leading from the termin

als. All terminals having the same numbers are connected to 

the same wires. It is desirable and a saving of time if the 

testing of the voltage of the batteries and the measuring of 

the charge and discharge currents can be quickly and easily 

performed and it was for this purpose that the switch board 

was designed. The batteries, if properly handled, will last 

a long time but where it is necessary to make frequent chang-

es of the connections, short circuits and accidents are bound to 

OCCur which will quickly injure the batteries unless such ac

Cidents are forestalled by automatic devices. 

To simplify the battery end of the apparatus, the devic-

es shown by drawings B, E, F, G, H, fig.2 and C, D, fig.3. 

were added. Their use and manner of construction will be ex-

plained under the proper headir~s. 

B. Fig.2. Switch board for making 
Battery connections. 

This drawing shows only the lower connections. Over B 

is placed the dial-like disk C in fig.3. The circles inside 

of B represent the heads of copper belt rivets (r fig.3, D) 

which are driven through the wood base of the switch board and 

fastened by the copper washer (e). The rivets are arranged in 

three circles divided into sectors of 15 degrees. The rivet 

heads are spaced in such a way that their centers pass through 

the radii of these sectors. 



c. Fig.3. Battery Switch 
Detail. 
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This is the top dial which shifte over the connections 

indicated in B. It is made of wood half inch thick and fas-

tened to B by the screw in the center. Band C are to be re

garded as a number of switches combined in euch a way that a 

single Shift of C will make and break a whole series of con-

nections. Thue when C ie set at "Charge" the battery termi-

nals will be connected to the power house line ready for charg-

i~~; the automatic circuit breaker E will operate; and the 

switch H will make it possible to read the amount of current 

which is passing. When C is set at -Discharge" all the above 

connections are broken. The batteries are now connected in 

series instead of in parallel and the switch G, for reading 

the amperage of the discharging current, is thrown in. 

~hen C is set at "Voltmeter" the switch F is thrown in 

so that the voltages of the battery units I, II, III, can 

be read successively. The details of the contact construction 

are drawn in D fig.3. contact is made through the pins (p) 

one inch long cut from No.8 copper wire. These pins pass 

loosely through holes drilled in C and are held in contact 

with the base B by bronze spring s (f). The electr iC8,1 con-

nections indicated by the dotted lines on C are made through 

these springs. The springs are flat 1-4 x 1 1-2 inchee and 

cut from No. 29 sheet bronze, screwed into the wood by wood 

screws. When the pin (p) is not resting on the rivet (r) 

it runs on the wood base and is, of course, insulated from 

. the set of connections which is in operation at th~ time. 
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To illustrate: ~ben C is Bet at "Charge" the path of 

the current is from the terminal ?, of the power house line; 

through E to terminal rivet? on B: from here it passes through 

the pin? on C into the bronze contact spring; into wire indi

cated by dotted line to sprir€s 1, 3, 5; into rivets 1, 3. 5. 

to battery terminals 1, 3, 5-• through the batteries in parallel 

to battery termir.als 2, 4, 6, on B: to rivets 2, 4, 6-, through 

pins 2, 4, 6. on C; to pin 12 where the three branches are 

again united; to switch H: to rheostat between 11 and 12; 

finally to the other power house terminal 8. 

D. Fig .3. DrawilJg sr.lowing the detail s of 

the connections between B and C. 

E. Fig. 2. Automatic Circuit 
Breaker. 

and 

It often happens that the current supply from the power 

house is shut off temporarily while the batteries are beir~ 

charged. The batteries will then discharge through the line 

and into any me.chinery or lamps which might have been turned 

on before the line current was shut off, if there is no de-

vice for disconnecti~~ the batteries from the line. the cur

rent which is used to charge the batteries comes in through? 

passes through the iron bar (b) into the magnet core (m) and 

into the coil of the magnet. From here it passes to the 

switch board Band C. If for any reason there is a break in 

Ule chargir.g current, (m) is no longer magnetic a.nd the bar 

(b) is pulled away from the core (m) leavilJg the circuit open. 

This device is especially necessary if the batteries are charg

ed at night and with the current on for only a part of the night. 



F. Fig. 2. Battery Voltage 
Switch. 
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This switch is for read1r~ the voltages of the battery 

sets I, II, III, The voltages of the different sets are read 

independently. C is set to "Voltmeter" and the connections for 

reading the voltages are thus made ready. By moving arm (a) 

to I, the voltage may be read for the set of batteri€'s I; arm 

to II, give(; the voltage of set II,etc. T·he voltmeter is con

nected to the terminal (vt) and should read up to 50 volts. The 

voltmeter may be set up at any convenient point, or removed for 

ma.king measurements elsewhere, without disturbing the system. 

The voltmeter is not shown in the drawing. 

G. Fig. 2. Battery Amperage 
Switch. 

This switch is for reading the amperage of the discharge 

or battery current. It is arrang ed so that an ammeter (not 

shown) and connected to the terminals (a,t) can be thrown in 

or out without interruptillg the current and without causing a 

spark. \Vhen the arm (a) is shifted to lie on (c) the current 

passes from (c) throt~h (a) and then directly to 10. In this 

setting the ammeter is thrown out and may be removed by dis

connectir~ at (a,t). This is of advantage when it is desirable 

to use the ammeter for other purposes. V~en arm (a) is shift

ed to (d) the current passes from (c) to (a,t) through the 

ammeter; then to (d); then to (a) and then to 10. By placing 

(c) and (d) so near together that when arm (a) is shifted from 

one position to the other there is an instant during which the 

arm is in contact with both (c) and (d). no spark will result 
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when shifting. The ammeter should read to at least five 

amperes. This switch operates when C is set at "discharge." 

H. Fig. 2. Charg ing Amperag e 
Switch. 

This switch is for reading amperage of charging current 

when connected to batteries. Its construction is practically 

the same as that of G. but operates only when C is set at 

"Charge. I. 

J. Fig . 4. Two-pole Gliding 
Switch. 

When this switch is set as shown in the drawing, the pow

er house current from 7 passes through the interrupter disks V 

to magnets of tone forks W, through resietance Land milli

arr~eter M back to terminal 8 of the power house line. When 

set at (c) the power house current is shut off and the battery 

current from 9 and 10 passes over the same circuit. 

K. Fig. 4. Two-pole Slidir~ 
Switch. 

This switch is of the same pattern as J except that it 

controls the current for the rotary converter R. When the 

switch is set at (d)t the converter is driven by the power 

house current 7 and 8; when set at (c) it is driven by the 

batterieo through 9 and 10. 

L. Fig. 4. Special Resistance 
Board. 

It is desirable to have control of the current passing 

through the magnets of the tone forks W and preferably of 

each fork separately. ITowever t a special resistance for each 

tone fork circuit requires more resistance boards than are 
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usually available. A simple resistance board was made as 

follows: Between a board running around the base of the room 

and another board five feet from the floor, about 300 feet of 

No. 22 iron wire were zigzagged between nails about two inches 

apart. At the end of the wire coming from the fork, a.bout an 

inch of tightly coiled brass sprirJg was soldered. This coil 

serves instead of a binding post in that it can be pinched 

easily onto any of the nails over which the iron resistance 

wire is strung. To vary the resistance of t.he different forks 

it is only necessary to pinch the coiled springs on the wires 

coming from each fork, at different distances from the end of 

the resistance wire. By this method one resistance board 

will do for all the tone forks. 

M. Fig. 4. Tone Fork 
Milliammeter. 

This is a. Westall Milliammeter, Modell, reading up to 

300 milliamperes. Its use is primarily to keep the current 

passir~ through the magnets of the tone forks W constant. A 

resistance board placed between Land M makes it possible to 

regUlate the resistance of the tone fork circuit 0.6 a whole 

so that any changes in the current strength may be compen

sated. The individual forks are regulated by the board L 

but when running from the batterieR the voltage gradually 

drops and it is desirable to regUlate the system in general. 

This is done by keeping the mill iammeter readi!1.g s constant by 

the use of the resistance board between Land M. The Milli

ammeter is scaled to two milliamperes and even very slight 

~luctuations in the current strength are readily noticed. 
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Slight variations up to 10 milliamperes make no appreciable 

difference in the amplitude of the tone forks, e.nd the milli

ammeter m'3.kes it possible to make much finer adjustments than 

this. 

N . Fig. 4. Re sistance Board. 

Ward-Leonard Electric Company, Bronxville, N.Y., lTo. 443A 

Wire Dimmer for 12-30, 16 c.p., 110 volt, 50 watt lamps. This 

is only for coarse adjustment for the rotary converter. 

O. Fi~. 4. Resistance Board. 

This board serves the rotary converter R and contains 

20 feet of No. 22 iron wire. There are 12 contact points and 

this means that twelve different changes in current strength 

can be secured. The type of connection is through copper 

rivets and a sheet brass arm which moves over the heads of the 

rivets. Sparking is avoided by !Jlacing the rivets so close 

together that the slidir~ contact arm is, for an instant, in 

contact with two riveta. The same principle is described in 

Switch G. 

P. Fig. 4. Resistance Board. 

This board is of the same type as 0 and contains 24 

feet of No. 18 iron wire distributed over 16 contacts. 

~. Fig. 4. Resistance Board. 

This boa.rd is of the same type aa 0 and contains 100 

feet of No. 20 iron wire distributed over 26 contacts. It is 

locp,ted in the experimental room and ena.bles the operator to 

control the converter from the room in which the tone forks 

are locateQ, without gOil~ into the converter room. 
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R. Fig. 4. Rotary Converter. 

Holtzer Cabot Electric Company, Boston, Mass., Type O.D. 

Size 1, 500 watt, volts 115/75. amperes 7.5, speed 1750 r.p.m., 

compound wound. This converter is driven by direct current 

and it generates alterna.ting current which is used as a regn-

lating load. The principle involved was described under Final 

Apparatus. The rotary converter serves as a motor driving the 

interrupter disks V through the direct connected shaft 13. 

S. Fig. 4. Startip.g Eox. 

Cutler-Hammer 1~anufacturing Company, Milwaukee, Wis .• 

1 h.p., 110/125 volts. This is a standard starting box ar

ranged so that the converter is started gradually. It has an 

automatic circuit breaker which will break the circuit if for 

any reason the source of current supply is broken. 

T. Fig. 4. Alternating Current 
Transformer. 

Holtzer Cabot Electric Company, Boston, ~,~ass. Primary 

volts 75; secondary volts 220. Primary amperes 7.3; secon

dary amperes 2.3. Frequency 60 . . This transformer serves a 

double purpose. First, by having a higher voltage. the amper

es of the alternating current are decreased and the heating 

effect of the spark made by the regulating fork X is reduced; 

Second, it prev~nts the direct current by which the regu1a.ting 

fork is driven frot1 passing into the coila of the alternating 

current end of the converter. (a) and (p) refer to the sec on

·dary and primary coil terminals of the transformer. 



25 

V. Fig. 4. Interrupter Disks. 

These disks were made by Max Kohl, Chemnitz, Germany, 

from drawings furnished to him. They are made of brass into 

which have been inserted into round holes, hard rubber plues 

which break a direct current which is passir€ from the disk 

into a contCl,ct spring, every t irlE' on of the rubber plug s 

passes beneath the spring. The number of interruptions will 

depend on the number of hard rubber plugs and the speed of the 

disk. 

The surface upon which the contact spring slides is ground 

smooth and the diameters of the rubber plugs have been selected 

in such a way so that they are equal to the space between the 

plugs. When the contact spring is so set that it will make 

contact with the disk at the center of the plugs the duration 

of the time during which current is passing through the magnets 

of the tone forks is approximately the same as when the cir

cuit is open. These disks are mounted on the axle 13 which 

is driven by the converter R. 

The springs through which electrical contact· is made are 

of No. 30 Sheet bronze, one-fourth inch wide and screwed to 

wood supports as Shown in the photograph of the converter room. 

Nos. 14, 15, 16, 17, 18, 19, 20, are the disks making 

450, 400, 350, 300, 250, 200, 150, interruptions per second 

respectively, when the converter R is running at 1500 r.p.m. 

or 25 revolutions per second. 
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W. Fig. 4. Tone Fork Frame. 

This is located in the experimental room and consists of 

a heavy cast iron ring 30, one and one-fourth inches thick, 

three and one-fourth inches wide and ten inches inside diam

eter. On this the tone forks 21, 22, 23, 24, 25, 26, 27, are 

mounted as Shown in the photograph, by drilling holes into the 

ring and fastening the forks into these holes. The meta.l of 

the fork must not come in direct contact with the metal of the 

ring, or secondary tones and noises will result. To avoid 

this the feet of the forks are wrapped in felt sleeves and 

the washers and nuts by which the forks are fastened into the 

ring have felt washers placed between them and the metal. 

The ring 30 is suspended from the ceiling by a rope and 

pulley which allows the frame to be lowered to a convenient 

height for making observations. This mode of mounting also 

permits the forks to vibrate with great amplitudes without 

givir~ a tone unless the resonators are placed near them. 

Above the forks the resonators are placed which produce the 

tones. The distance of the resonators from the forks can be 

rea1 off on a millimeter scale and in this ~ay the intensity 

of the tone is measured. The resonators are Shown in the 

photograph of the Experimental Room by the numbers 21 to 27. 

They have been tuned to the same periods as their respective 

forks. The vinration rates of these forks are 150, 200, 250, 

300, 350, 400, 450. The intermittent currents produced by 

the interrupter disks V pass through the magnets of these 

forks. V~en running properly the period of the interruptions 



coincides with that of the forks in the sense that the fork 

magnets attract the prongs of the tuning fork only at those 

instants when the prongs are moving toward the magnet. In 

this way the vibrations are maintained. The amplitude of 

these vibrations is controlled by the resistances Land Z. 

X. ]'ig. 4. Hegulat ing Fork. 
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This is a fork made by Edelmann. Munich. having a period 

which can be varied from 36 to 55 vibrations per second by 

means of sliding weights. It is electrically driven through 

the contact 32. Its amplitude is controlled by the 4 c.p. 

carbon lamp 33. To reduce the sp~rk at the gap 32, EI,nother 

4 c.p. carbon lamp 34 is placed across the spark gap and coil. 

The magnet <10 should be made as large and efficient as pos

sille. Upon the constancy of this fork will depend the con

stancy of the whole system. 

\.'hile fer ordinary purposes the period of a fork" can be 

considered to be independent of the amplitude, this is actually 

not the? CUE'e with a magnet ically dr iven fork. The 1.T 8.r 1at ion of 

period i~, of course. not very great but when all the tone 

forks are tuned to synchronize with the rE'gulating fork, the 

slightest variation will influenCl:" the tone forks very mater

ially. The variations in the reeulating fork are multiplied 

when it Teaches the tone forks. If the period of the regu

lat in,~ fork is cha.nged .2 of a vibr~t ion per second from the 

regular period, this will amount to a whole vibration per 

~ecopd for the tone fork 250. This mea.ns that the electrical 

impulses which reach the tone fork 250 actually have the 
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period 251 and that there is a complete reversal in the phase 

of the magnet ie attract iO!1 of the fork pron~ s every second. 

This is sufficient to practically silence the fork 250. 

The manner in which the regulat ing fork operat e 5 is as 

follows: the current generated by the alternating current end 

of the converter passes into the primary coils of the trans

former T. The alternating current which is induced in the 

secondary coils passes into the fork and is interrup~ed at the 

mercury contact 35. The alternating current does not pass 

thro~3h the magnet which drives the fork. 

During each revolution of the converter, the alternating 

current passes through two maxima and minima of current strength. 

If the fork closes the circuit when the phase of the alternat

ing current js at its minimu~ strength, no load will be thrown 

on the converter. If the regulating fork closes the circuit 

at the instant when the alternating current phase is at its 

maximum, either negative or positive, a heavy load will be 

thrown on the converter which will retard its speed. If the 

driving current of the converter is SO adjusted that it is 

just barely stronger than necessary to make the alternations 

of the converter coincdde in period with the vibrations of the 

regulatin~ fork, the alternations of the converter will tend to 

overtake the vibrations of the fork. They cannot, however, 

advance very much because the magnitude of the alternating cur

rent load grows rapidly stronger as the phase of the alterna_ 

tlons·advance over the period of the fork. As a result the 

converter will "hunt ll a point at which the load is just 
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s~fficient to keep the converter in step with the fork. Th.e 

magnit llde of the load which is used to regulate the speed of 

the converter, is controlled by the resistances, 36, 37, 38. 

A constant load 36 made of two 8 c.p. carbon lamps is intro

duced to d~~pen the spark formed at 35 and to reduce its heat 

and size. They also serve as visual indicators as to whether 

the carbons at the altern~ting current end of the converter 

are making continuous contact. The light should burn without 

a flicker even when the converter is not in step with the 

regulating fork. If the lights flicker jerkily this means 

that the carbons are not m~~ing good contact on the collector 

rings, and need to be sand-papered or adjusted. 

As we are at present using the fork, it is regulating 

only half the number of times that it might regulate. If we 

had a contact point on each prong of the fork the vibrations 

of the fork would correspond to half cycles of the alternating 

Current. with the fork equipped with two contact points and 

running in step with the alternating current cycles, if one 

contact comes at the positive maximum the other will come at 

the negative maximum. If one of the contacts is at zero the 

other will be at zero. As we have it now, the fork makes con

tact only at such parts of the alternating current cycle which 

are of the s~~e sign. Notwithstanding this apparent loss in 

not utilizing all the regulating capacity of the fork, my ex

perience has shown that it still works better with a single 

contact point in mercury than with two contact points on 
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opposite side of the same prong which then necessarily must 

act on solid metal:) This is probably due to the fact that the 

interruptions at the spark gap are more complete, thus brir;g-

ir~ about a greater difference in potential. The alternatir~ 

current load actually lasts longer than the instants during 

which the contact point is dippirJg into the mercury, due to the 

cohesion of the mercury to the contact point after conta.ct is 

once made, and especially to the co~ductivity of the spark gap 

itself caused by the ionization of the gases and 011. 

with a double contact on solid metal and the maximal ef-

fective distance of the contact points then reduced to one

half of the amplitude of the fork, the load may be prolonged 

to nearly half a cycle so that any change in the speed of the 

generator would no longer be accompanied by a change in load. 

In the alternating current circuit which passes through 

the mercury contact at 35, there is a resistance board 37 

made up of 120 feet of No. 27 German silver wire, distributed 

oVer 24 contacts. After the apparatus was running properly 

it Was found that a constant resistance of two 16 c.p. carbon 

lamps at 38 was sufficient, and the resistance 37 was then 

taken out and used to regulate the general resistance of the 

tone forks between Land M. 

A 4 c.p. carbon lamp 39 is placed in the experimental 

room and enables the experimenter to determine whether the con

ye~t~r_is ~u~nl~ ~r~perlY~ _Whe~ this_l~~ fl~clu~t~s_in - --
1. L.have not tried usirig a contact on each prong, both 

Contacts dipping into mercury. Thus far it has not been found 
necessary, but with sounding forks of considerably higher 
frequency than those we have been using (say above 500 double 
Vibrations) it may be advisable to do so. . 
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brightness, the converter is running out of step with the reg-

ulating fork. When it burns very brightly this means that the 

alternating current load is strol~ er then necessary. The resis-

tance board Q. which controls the driving current of the convert

er being located in the s~~e room, it is easy to regUlate the 

converter from the experimental room. A little practice is nec-

cessary to interpret the character of the glow in 39 properly . 

When the converter is running properly, the la.mp 39 will glow 

dull red and fairly steady. If it goes out entirely this means 

that there is no regulat tng load on the converter. If the con-

verter is, nevertheless, in synchronism this means that the driv-

ing current is just strong enot~h to drive the converter in step 

wi th the regulat ing fork. The light is really an index of the 

spark gap 35. 

Y. Fig. 5. Mercury Level 
Regulator . 

In order that the period of the regulating fork be kept 

constant from day to day, it is necessary that the extent to whi:h 

its contact point (U~9 into the mercury remain constant. This 

would be a simple matter if the mercury were not splashed 

about. but to get the best control it is necessary that the 

point be blunt DO that it will make and breek sllddenly. Such 

a point, however, churns up the mercury into an emulsion of 

coal oil and mercury. If this is not removed it gets between 

the contact point and the mercury surf~ce and the electrical 

c omtact becomes irregular. If the surface of the exposed mer-
-

Cury io too large. the contact of the fork will set up station_ 

ary waves. In the nodes of these waves the mercury emulsion 
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accnmulates and gradually crowds around the contact point. 

If the mercury surface is made so small that no st~tion

ary waves will form, the emulsion will be thrown off but the 

level of the mercury will change so rapidly that the period of 

the regulating fork may change sufficiently during an experi

mental series to req'.lire a retuning of the tone forks. A 

limited amount of the emulsion is a good thing because it re

duces the splaahing of the mercury, but unless the excess is 

constantly and auto~atically removed, contact difficulties and 

change in period of the regulating fork appear. 

The device drawn in figure 5 automatically takes care of 

the mercury level and the amount of the emulsion. 

The cup into which the contact point of the fork dips is 

shown at 35. Its shape is as indicated, -- a shallow cup into 

which the mercury is fed through the passage indicated by the 

stippling. At (b) and (c) are upright tubes communicating 

with each other and the mercury cup 35. The mercury is added 

to the tube (c) from the reservoir of mercury at (r). The 

tube (b) carries an' iron weight (w) which floats on the mer

cury. Any change in the level of the mercury in the cup 35 

will either raise or lower the weight (w). To this weight 1s 

attached a fine wire (d) which acts on the light bronze lever 

(e). This wire is insulated from (e) by making part of its 

length out of thread. When the mercury level at 35 is lowered 

the weight (w) sinks and thus raises the lever (e) until it 

makes contact with the plate (f). As soon as contact is made 

at (f) an electric current passes through (e) to (g), then to 

(h) and through (i) to the coils of the magnet (j) which 
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raises (h) from the contact (g) and breaks the circuit. When 

(h) drops back to (g) the cycle is repeated for as long a time 

as (e) is in contact with (f). To the ar~ (h) is pivoted the 

needle valve stem (1) which dips into the mercury reservoir 

and opens and closes the opening in (m). Every time (h) is 

raised, (1) is raised off the valve seat in (m) and a drop of 

mercury escapes into the glass tube (n) and into the tube (c). 

~~en the mercury droplet reaches (c) it raises the level of 

(c) and also (b) and of cup 35. ~~en the level of (b) is 

raised the weight (w) moves upward and in so doing the lever 

(e) is depressed and the connection between (e) and (f) broken. 

All of this happens much more quickly than can be described. 

The sensitivity of the change in level will depend upon 

the relative lengths of the lever arms in (e). In the ap9ara

tus under discussion, the relation is about 1 to 20 and the 

break between (f) and (e) is rarely more than a millimeter. 

This represents a change in the level of the mercury of about 

.05 mm. a change so small that it cannot be detected in the 

load circuit. 

After a drop of mercury has been added and the contact 

between (e) and (f) is broken, the excess of emulsion formed 

at 35 is gradually thrown over the rim of the cup and collects 

in the bottom of the tank where it lies until a considerable 

amount has collected. This emulsion has a large percentage 

of mercury in it which can be reclaimed by gradually drying 

the emulsion over a radiator or gentle source of heat. 

All parts which come into contact with either the mercury 

or the emulsion are made of iron or glass as mercury forms an 
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amalgam with most of the metals found in the laboratory. 

The tank into which the mercury cup is placed is made of 

sheet iron' and the"" tubes (b,c,35) are kept in place by being 

ilubedde'Ei ....... in plaster of paris. 
"~-, 

During operation the tank is filled with running coal oil 

to prevent heating and oxidation of the contact metals (iron 

and mercury) at 35. This oil drains off through the tube (s) 

into a collecting vessel. The top of the tube (s) is threaded 

and has a pipe coupling loosely screwed on so that the level 

at which the oil stands can be easily varied. The oil which 

drains off is rather dirty and has a considerable amount of 

free carbon in suspension. This is due to the electric spark 

at 35 which decomposes the coal oil. Before being used again 

the oil is run through the sand filter shown in the photograph, 

Where these impurities are filtered out. 

The plate (f) is made of bronze and is grooved so that it 

can be moved up and down for adjustment. The height of the 

mercury level is regulated at this plate before an experiment 

or series of experiments is begun. If the iron contact point 

does not dip into the mercury enough, the regulating load is 

too small. If the iron point dips in too much the load is so 

great that the variations in the load are too small. The 

mercury level is so adjusted by moving the plate up or down 

that when the motor is in synchronism with the regulat ing fork, 

the filaments of the carbon lamps 38 glow a cherry red. After 

the level of (f) has been adjusted the device will maintain the 

mercury level at a constant distance from the iron point for 



many days or even weeks, until an appreciable amount of the 

iron point has been consumed by the spark~) 

Z. Fig. 4. Lamp Resistance 
for Tone Forks. 

35 

This is an ordinary lamp bank except that the lamps are 

not connected in parallel. There is one lamp socket for each 

fork and since this is only a rough adjustment 4 or 8 cr.p. 

lamps will serve. 

Tone :Fork l.'lagnet s. 

If the magnets of the tone forks are properly made, they 

do not require a great deal of current to drive them at the 

desired amplitude. The current never exceeds one-fourth 

ampere and one-eighth ampere is usually sufficient. The 

magnets should be as wide as the spread of the forks will per

mit . The iron core should be heavy, at least one-half inch 

in diameter and the . diameter of the coil should not be less 

than two inches. The wire used should be about No. 30 mag

net wire, wound carefully so as not to get short circuits. 

Lamps alone are hardly a fine enough adjustment. for con

trollil'.g the amplitudes of the forks. The finer adjustment is 

made at the rheostat L. 

------------ --- - -------------
1. The I!lercury cup shown in the photograph showing the 

Regulating Fork is only a preliminary cup which was used be
fore the mercury level regulator had been completed. 
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4. Method of controlling Phase. 

Since the experimental work reported in this paper does 

not make especial use of the phase relations between the tones 

used. a complete description and mechanical drawings of this 

part of the sound intensity apparatus will be given when an 

experiment in which phase relations playa more important part 

will have been performed. However. a general outline of how 

we expected to secure and control any phase relations which 

we had anticipated might become an object for experimental in

vestigation, may be of interest. The mechanical principles 

which we expected to use were the following. 

1. The interrupter disks when the contacts are once 

adjusted give tones whose phase relations remain the same. 

2. A moving contact which rotates or oscillates on 

the face of the interrupter disk. 

3. Electro-magnetically controlled shutters which 

open and close the resonators so that only the particular 

phase relations which are to be studied are presented. 

1. The interrupter disks referred to have been described 

under V of the '. Details of Apparatus Parts. In the experiment 

which follows, it was only necessary to establish the fact that 

all the forks were vibrating in the same phase. The contacts, 

as shown in the photograph of the converter room, can only be 

adjusted so as to increase or decrease the pressure on the 

disk. The phase was adjusted by loosening the set screw which 

held the disk onto the shaft and rotating the disk the required 

amount. To set all the forks in the same phase, the disks were 
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so adjusted that all the resistance lights in series with 

the magnets of the tone forks (Lamp resistance Z, Fig.4) lit 

up simultaneously when the interrupter shaft 13 was slowly 

moved by hand. 

Where it is necessary to change the phase by a measurable 

amount a finer adjustment was contemplated. The bearing of 

the shaft 13 has a metal segment of an arc attached to the sup

ports as shown in the photograph. Upon this segment a radial 

arm (also shown) may be clamped. The arm carries the contact 

spring and it may be regarded as one of the radii of the seg

ment since they both have their virtual centers in the center of 

the interrupter shaft. 

A micrometer screw arrangement clamps on to the segment 

and acts on the radial arm. The amount of phase displacement 

of the contact point is derived from the angular displacement 

' of the contact point. To calculate this, it is necessary to 

know the pitch of the micrometer screw, the length of the 

radius at which the screw acts on the radial arm and the num

ber of contacts the disk makes in one complete revolution. 

~here it is desired to study the phase comparatively, the fore

going degree of adjustment is adequate, but where it is nec

essary to pass quickly from one phase adjustment to another. 

or where it is desirable to have one fork slowly changing its 

. phase relative to another fork (floatir~ phase) the manual 

method of phase displacement should be replaced by some me

chanical method. 
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2. We contemplated doir~ this as follows: running para-

lle1 to the interrupter shaft we have an auxiliary shaft (not 

shown in photograph) which is driven by the interrupter shaft 

through a worm (which appears in the photograph as the extreme 

end of the shaft) and worm-wheel and bevel gears. It rota.tes 

at one hundred.th the rate of the interrupter shaft. T he aux-

iliary shaft carries an arbor pulley into which may be fastened 

sprocket wheels of various diameters. These sprocket Vlheels 

may be turned of wood with short nails driven into the periphery 

to act as sprockets for the links of a light driving chain. 

A similar arbor pulley to which is fastened a radial arm 

and contact point. rotates around the interrupter shaft. By 

selecting the sprocket wheels of the proper diameters, the rotat

ing contact may be made to furnish interruptions for a tone whiclt 

differs by only a slight fraction of a vibration from the tone 

which is derived from the disk when the contact is fixed. 

V~ere it is desirable to have only a partial phase displace

ment an eccentric is attached to the auxiliary shaft and this 

is connected to the radial arm c~,rrying the contact which will 

now no longer rotate completely around the disk. but will oscil-

late back and forth between whatever angular limits the condi-

tions demand. This may be used to study the critical points in 
1) 

a sound wave, (inflection points, relative maxima and minima 

1. The credit for the recognition of the need of sound 
experiments with controlled phase is Dr. Meyer's who has long 

been interested in determining experimentally whether we hear 
all· that a Fourier analysis of a compound sound wave reveals 
or whether we hear more. or what it does not reveal. • 
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of compound waves, etc.} 

3. In order to make it possible to present the tones 

for observation when they were at exactly the phase relations 

desired, an electro-magnetic control of the resonator shutters 
• 

was contemplated. This control was to originate from contacts 

suitably disposed on the auxiliary shaft. In this connection 

it may be well to draw attention to the fact that the auxiliary 

shaft is well adapted to chronoscopic functions by which the 

tones may be presented in any order. As already indicated the 

ratio of the revolutions between the interrupter shaft and the 

auxiliary shaft is as 1:100. The interrupter shaft Totates at 

the rate of 25 revoluti.ons per second which gives the auxiliary 

shaft one revolution in four seconds. 

By means of toothed wheels whose teeth are spaced to pro

duce the required duration and alternation of the intervals, 

the times at which the various shutters of the resonators are 

opened and closed may be compounded into almost any kind of a 

series. Another advantage lies in the fact that the. timing de

vice is always in synchronism with the sound producing device. 
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V~at has preceded seems to deal with the physical princip

les of constant rotation and of tone production rather than 

with the psychological properties of tones. However, in psychol

ogy as in the other sciences the time has passes when it is pos

sible to perform fruitful experiments on new problems with ap

paratus that was designed for other problems and that is now 

listed in the catalogs of dealers in psychological apparatus. 

When the apparatus had been developed to the point at which 

it seemed profitable to begin the psychological experiments 

for which it had been designed, it was decided to begin with 

the simplest of tone intensity problems. This seemed to be the 

influence of the method of presentation upon the intensity ' re_ 

lations between tones. At the close of the experiment the 

"simplicity" was decidedly less simpl~ than it appeared to be $Jot 

the beg irming • 

The re$Joson "hy it was necessary to restrict the experiment . 

to the relative intensity instead of working with absolute intens

ities and then from these deriving the relative values, was main

ly due to the fact that no absolute standard which coul~ be 

used was available. The Bureau of Standards at WaShington does 

not-furnish a tone of unit intensity which may be used as a 

standa.rd. Professor A. G. Webster has defined a standard of tone 
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intensity but to calibrate the intensities used in this exper

iment in terms of this standard would require an interferometer 

and a degree of technical skill in the manipulation, which would 

require months to develop. A simpler device is needed. The 

writer hopes, in the near future, to design an electrically 

driven fork which may be used as a standard for tone intensities 

which will be suitable for psychological laboratories and adapt

ed to the needs of psychologists rather than the needs of the 

physicists. The situation in audition at the present time is 

s~nilar to the situation which prevailed in vision before photo

metric measurements had attained the perfection and simplicity 

which they now possess. Some kind of a standard of tone intens

ity must be devised. At first, as in vision, this will be some 

individual's standard but as interest in the subject develops, 

more fundamental standards will be developed. 
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1. Historical setting. 

The references in the literature to tone intensity are 

mainly restricted to simple experiments were loud, medium and 

weak represent the nearest approach toward intensity control. 

Such experiments as have been made are rather simple and 

were performed not to investigate the intensity relations be

tween tones so much as to illustrate some phase of the writer's 

main thesis, be this in music or some of the other attributes of 

tones. For this reason no exhaustive attempt will be made, in 

this pa.per, to collect the scattered references to tone intens

ity. Such a task is'a problem in itself and one for which the 

library facilities must be wider than those which are now avail

able to the writer. 

The facts which have impressed the writer most in his 

search through the literature can best be described by a quota

tion from Lord Rayleigh:) "In default of decisive experiments 

(on tone intensity) we must endeavor to balance the a priori 

probabilities of the case." again, "'~at is most wanted at the 

present time is a better reckoning of the intensities of the 

various tones dealt with and observed." 

Helmholtz2 )introduces the problem of tone intensity by 

pointing out that the intensity of a tone increases and diminish_ 

es with the amplitude of the oscillations of the sounding body. 

V~ile numerous references are made to tone intensities through-

--------------------~-----------
l~ Theory of Sound. vol. II. pp. 461, 469. 
2. Sensations of Tone. Transl. by A.J.Ellis, Second 

Engl. Edition. p. 10. 
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o ~ t hi3 extensive treatise, he did not perform experiments 

in which t:J1.e intensities of tones was the cardinal consider-

ation. 

Seebeckl)concluded that when a musical tone was compounded 

of several simple tones, part of the intensity of the upper con

stituents went to increase the intensity of the prime tone with 

which it fused so that at most a small remained excited in the 

e~~ the sensations of an upper partial tone. 
2) Stumpf I describes s.n experiment orig ina11y reported by 

Ohm~) When a tone and its octave are simultaneously bowed on a 

violin and the lower tone is suddenly dropped out, the remain-

ing high tone seems to become stronger, and when the higher 

tone is dropped out the lower tone becomes noticeably weaker. 

Seebeck in commenting on the same experiment concludes from 

this that: tones when present even in consideab1e intensity 

can scarece1y be heard as Boon as the lower harmonic tone is 

added, but they do add to the intensity of the lower harmonic. 

The experiments reported in this paper support Seebeck~s 

law but with the relatively pure tones which were used, the 

effect is not nearly so pronounced as intimated by Ohm and 

Seebeck. 

------------------------------
1. Poggendorfs Annalen der Physik. Vol. 60. 
2. Tonpsychologie. Vol. 1, p. 241 
3 . Poggendorfs Ann. d. Physik. Vol. 47. 
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2. statement of the Problem. 

Since no report on extended experiments in sound intensity 

is known to the writer, and since all theoretical interpretation 

of auditory phenomena mURt eventually consider the intensity re

lations between sounds, it was thought best to begin with the 

simple phenomena of tone presentation. 

At the present time an experiment in vision which disregard

ed the facts of adaptation would not be attempted . We know now 

that the colors and brightnesses which we shall see, will depend 

largely upon the other colors and brightnesses that we ~ ~ 

seeing or have just seen. By this it is not implied that auditory 

reactions e~libit adaptation phenomena of the same character as 

that of vision. VIe simply know nothing about it. It is however 

important that we should know what to expect when tones are pre

sented in different ways. 

Of the various ways in which tones may be presented, four 

will be made the subject of this experiment. 

1. successive, or alternate tones. 
2. Simultaneotls, or tones sounding together. 
3. Ascending, or varying from weak to strong. 
4. Descending, or varying from strong to weak. 

From these four methods of presenting tones, four experi

mental series may be made up as follows: 

1. successive Ascending. 
2. Successive Descending. 
3. Simultaneous Ascending. 
4. Simultaneous Descending. 

In investigating the intensity relations presented in this 

way, it was decided to use the method of SUpra-liminal Incre

ments. This method requires a great deal of time and the 
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results cannot be rep~esented so easily nor so clearly as by 

the method of Right and wrong cases. However, to use the lat

ter method effectively it is necessary to predict the probable 

limits within which the phenomena to be investigated will occur. 

The method of Supra-liminal Increments, thus in this sense is 

a necessary preliminary step. For this reason it was used in 

these experiments. To verify, by the method of Right and Wrong 

cases, the results of this experiment, is the logically following 

step in the experimental program. 



3. Method of Experimentation 
and Observation. 

The tones throughout this experiment are produced by 
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resonators hung over vibratin~ tuning forks. A guide on which 

the resonator runs, makes it possible to easily vary the dis-

tance between it and the prongs of the fork. A shutter cover-

ed with felt runs with the resonator. The shutter moves in a 

lateral direction and opens and closes the mouth of the resona-

tor, thus starting and stopping the tone. The tone fork vibrat-

es continuously, but being mounted on a rigid frame which is 

suspended from the ceiling by a rope, it cannot set into vibra-

tion any considerable surface of air and as a consequence it re-

mains inaudible a.t the distance it is placed from the observer. 

The resonators are counter-balanced so they will remain at 

whatever position they are placed. Each resonator may, however, 

be connected with a little crank in the arm of the chair in 

which the observer sits, enabling the observer himself to change 

the position~) 

~hen resonators are used as a source of sound, the tones 

seem to be purer than the tones secured from the forks when 

thp.y are mounted on their own resonance boxes, and they are much 

purer than when the fork vibrations are conducted to the ears 

by means of tubes. The intensity of the resonator tone is some

what illusory in that it seems weak when compared with ordinary 

sounds such as walking, talking. moving about. which are con-

stantly occurring near class rooms. But when attention is 

-------------------------------
1. The details may be traced out in the photographs show

the Tone Fork Frame and the Experimental Room. 
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directed to the resonator tone it can easily be discriminated 

out of a complex of sounds which seem to have a much greater 

intensity. 

The two observers in this experiment were the writer 

(Obs.A.) and his wife (Obs.B.). Obs.A has worked with tones 

for a number of years. especially under the conditions found 

in psyc~ologic~l laboratories. Obs. B has had some training 

in the laboratory and in general psychology. and considerable 

training in music. 

It was hoped that a greater number of observers might 

have been used. but it was necessary to conduct the experi

ments at night and until the mercury level regulator had been 

perfected so many iterruptions occurred. and series had to 

be repeated so often that the writer did not feel free to ask 

other observers to s~crifice their evenings for about ~ month. 

Furthermore, making intensity judgments requires a consider

able amount of preliminary practice before they become constant 

eno1.lgh to use in an experiment such as the one being conducted. 

Mrs. Weiss and the writer alternated as experimenter and observ

er. After a ~~ort time Mrs. Weiss was able to control the 

apparatus quite as well as myself. 

The writer wishes to state here specifically what has been 

implied in other places. namely, that this set of experiments 

1s preliminary in character to a more extensive progrrun of 

sound intensity investigation. When laws are to be merely 

ve~ified and the probable limits are quite well known, extens

ive experiments with many observers are necessary. but for 
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problems dealing with the fund~~ental attributes, intensive 

rather t h an extensive experimentation is of greater value at 

first. 

In this experiment the four tones 150, 200, 250, 300, 

were used. EaCh of the tones was presented in ten intensities, 

which ranged from a weak which could be heard easily when 

sounding alone, to a strong which was, however, not so loud 

as to be annoying. ~hen a tuning fork tone is very strong it 

has a sort of "boom" to it which is distracting in intensity 

judgments. The ten intensities used can be described best by 

saying that the greatest and weakest intensities were well 

within the limits of the intensities to which we ordinarily 

attend. The loudest tone was not particularly loud, nor the 

weakest tone particularly weak. Between these limits were 

interpolated eight other intensities, making ten in all. 

These intensities were measured on a millimeter scale 

placed so as to indicate the distance of the mouth of the 

resonator from the tuning fork prongs. The resonator was so 

placed that a line passing through the center of the mouth 

would pas.s midway between the prongs of the fork, at right 

angles to the axis of the fork. 

In a preliminary series on the limens of intensities, 

it wa.s found that equal steps on the millimeter scale do not . 

represent equal differences in intensity. This was, of 

course, expected since the energy of a vibrating system is 

with approximation inversely proportional to the square of 
-

the distance. The scale between the limiting intensities was 
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not divided into eight equal parts, but into eight steps deriv

ed from squaring a constant value. Thus, it was dec ided to take 

the strongest tone with the 150 resonator at about 15 mm. 

from the fork; the weakest intensity at about 75 mm. It was 

necessary to have a series made up of more than ten steps be

cause equal intensities for the different forks are not found 

at equal distances. In other words when the resonator of fork 

150 was at 50 mm. it did not give a tone of the same intensity 

as when the resonator of fork 300 was at 50 mm. It was desir-

able that the series be supra-liminal but yet close enough to

gether so that all the intensities between the limiting intens

ities were represented. Finally the base of the series was 

chosen as .60. By squaring multiples of .60 a series of loga

rithmic steps result as follows: .36, 1.44, 3.24, 5.76, 

9.00, 12.96, etc. After dropping the decimal places the steps 

decided upon became 6, 9, 13, 18, 23, 29, 36, 44, 52, 61, 71, 

81, on the millimeter scale. Of this series any ten adjacentt 

steps will be equal to any other ten adjacent steps. 

To convert the intensities of one fork into those of any 

other fork it is necessary to adjust them subjectively until 

they seem to be of equal intensity and then select that set 

of ten steps. for each fork which groups, in the same order, 

around the fOints of the two millimeter scales found to be equal. 

It was though at first that it would be simpler to set the reso

nators at equal intensities and then adjust the millimeter 

scales so that the readins on both would be the same. This 
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would mean, however, that the readiI~s did not mean distance 

of the resonator from the fork. 

At this stage of the experiment it was not possible to 

maintain the intensity of any given fork constant for many 

days at a time and shifting the millimeter scales from day to 

day would introduce a group of variable quantities whose cor

rection would be much more difficult than the conversion of 

the millimeter, to a tone intensity scale. As a matter of 

fact the ten steps, 13 to 81, were suitable for all the forks 

except 150 for which the ten steps were 6 to 61. These steps 

were, of course, arbitrarily chosen at the beginniI~ of the 

experiment, but the final results sho~ in table XI show that 

they were satisfactory. 

The method of making the judgments is that of "Selbst

einstellung". The observer sits under the sound frame W in 

the chair (Ch 0) as· shown in the Experimental ~oom photograph. 

The forks are 24 inches overhead and out of sight. The 

experimenter sits in the chair (Ch E). He changes the posi

tion of the resonator of the constant tone whenever a series 

. has been completed and manipulates the shutters on the reso

nators. The tripod table (Tr) is used for recording the table. 

The resonator of the variable fork is adjusted by the observer 

by turning the crank (Cr) located in the arm of the chair (Ch 0). 

It was decided at first to use a head rest and only one ear, 

but the results were less satisfactory and more variable than 

when t~e head is free to move p even though the effect of sound 

interference by reflected waves was thus a much more disturbing 
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factor. By allowing the head free the average conditions were 

maintained more constant. Unless the head is clamped very rig

idly and always exactly in the same position, greater variations 

result than when free to move. Fatigue and distracted attention 

also set in more quickly. 

The combinations of the tones were twelve in all: 

150-200: 200-150;150-250: 250-150; etc. as sho~~ in the tables. 

Each combination of two tones was given twice; once with the 

lower tone at constant ir.tensity, and then again with the high

er tone constant. The preliminary work on the intensity scale 

had given the observers sufficient practice to enable them to 

make the judgments easily. Considerable difficulty had been 

anticipated in making the judgments but this difficulty proved 

to be only temporary. Toward the end of the experiment, even 

when the tones were an octave apart the experimenter who was 

recording the results, frequently marveled at the constancy of 

the judgments. 

Secondary criteria such as the number of turns made with 

the crank, were eliminated by frequently altering the length of 

the cord. The judgments were made in the order, successive

ascending, successive-descending, simultaneous-ascending, sim

ultaneolls-descendir~, until the 40 judgments for each intensity 

had been made. Each of these four judgments requires a differ

ent adjustment and to use secondary criteria, ' it would be nec

essary to remember the kinesthetic conditions of the fourth pre

ceding judgment. 
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The record sheet was in the form of the folloy!ing table 

which represents a typical series for observer.',,~. 

Obs.A. 

Position of variable fork 200. 

Position of Successive Simul taneous 
constant 

fork :300. Ascending Descending Ascending Descending 

81 84 74 84 75 

81 • 89 88 86 80 

81 88 86 101 94 

81 95 86 95 85 

81 8:3 -82 98 85 

81 86 80 91 80 

81 85 8:3 95 81 

81 85 82 90 80 

81 8:3 78 92 76 

81 90 84 8:3 8:3 

Median 85 82 91 80 -

The table Shows the results for the fork combination 

:300-200 for the weakest intensity (1) used. The readings are 

in millimeters. For the twelve fork combinations, with ten 

intensities for each combination and for two observers, the 

total number of tables was 240. Since each table contains 

40 judgments or "Einstel1ungen" the total number of judgments 

which formed the basis for the conclusions of the experiment 

was 9600. To secure the median values, as shown 1n the last 

line of the table, the readings were arranged on graph paper 

in order of their magnitude and the value 1n the fifth place, 



countir~ from the lowest, was taken as the median. For ex

ample, the values of the successive-ascending series in the 

table when arranged according to magnitude are 83, 83, 84, 

85, ~,86, 88, 89, 90, 95. The value in the fi~th place is 

85 and this is taken as the median. 
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Vllhen the series were compared as shown in tables I to VI 

the new median (not the average of the two medians) was tak

en. Thus considering the comparison between the successive

ascending and the simultaneous-ascendi~~ series, the twenty 

values of both these series, arranged in order of magnitude is 

as follows: 83, 83, 83, 84, 84, 85, 85. 86, 86, .§§.' 89, 90, 90, 

91, 92, 95, 95, 95, 98, 101. The value found in the tenth po

sition was taken as the median of both series. This value is 

88. It happens that the median of both series combined is the 

same as the average .of the two medians taken separately, but 

this need not be the case. The median of the series taken to

gether was selected because it seemed more likely that this is 

the value which would have been secured had the two series 

been presented at random. 

By taking the values in the fifth and tenth positions 

the true median is not found. In a series made up of ten trials 

the median would be found between the values of the fifth and 

sixth places, dependir€ on the frequency of the adjacent values. 

This was considered an unnecessary refinement since all of the 

series were to be treated in the same way and the comparisons 

were relative. not absolute. 
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As already stated, the figures in the table represent 

millimeters, and in order to convert these millimeters into 

intensities it is necessary to multiply the derived values 

from the table by a constant which is different for different 

distances on the scale. Thus the differ€nce in millimeters 

between the medians of the successive-ascending and the succes

sive-descending series is 85 - 82 : 3 millimeters. A differ-

ence of 3 millimeters when the resonator is at 85 does not pro

duce as great a difference in intensity as" a difference of 3 

millimeters when the- resonator is at 13. In order to correct 

for this and to convert the differences in millimeters into 

differences in intensity, each difference in millimeters was 

multiplied by a constant which depended upon the region on the 

millimeter scale in which the difference was located. 

These constants were determined by taking the reciprocal 

value of the differences in millimeters between the successive 

steps. The steps decided upon were at 6, 9, 13, 18, 23, 29, 

36, 44, 52, 61, 71, 81, on the millimeter scale. The differ-

ences between successive steps are 3, 4, 5, 5, 6, 7, 8, 8, 9, 

10, 10, millimeters. The. reciprocals of these values are 

.333, .250, .200, .200, .166, .143, .• 125, .125, .111, .100, 

.100. A difference of three millimeters in the region of the 

scale point 81 would thus be a difference in intensity of 

3 x .100 or .3 of an intensity step. A difference of three 

millimeters in the scale region 25 would make a difference of 

3 x .166 or .498 of an intensity step. 

In the data never more than two decimal places were retained 

~. . ............. .. ...... 
'", .::- -=-' . 
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and the principle according to which decimals were dropped 

YIaS the usal one of select ir!g the neare st whole number. In 

case the decimal to be dropped was 5 the nearest even number 

was taken. Thus .425 became .42 and .435 became ·.44. The 

decimals in all of the tables were reduced in this way. 

As an illustration of how these values may be interpreted 

we ~ill take the value of the variability for all the judgments 

which was found to be 1.48 steps. This means that when the 

constant fork reonator was set, for instance at the intensity 

6 or at the distance 44 mm., one-helf of the ,intensity judgments 

of the comparison fork fell within 1~48 intensity steps or 
1.48 
-y steps on either side of the median. The ~alue .74 is a 

plus and minus value. To ca.lculate the limits within which one

half of the judgments of the comparison fork will be found when 

the constant fork was set at 44 nun., it is necessary to divide 

.74 by the reciprocal value (.143) for this region of the scale. 

This gives the value 5.1 which now represents millimeters. 

Using this now as a plus or minus quantity for the scale region 

44, we have 44 plus 5.1 and 44 minus 5.1 which roughly gives 

the values4~ and 39. Thus 49 and 39 represent the limits on 

the scale of the comparison fork resonator within which one

half the intensity judgments were found, when the constant fork 

was set at 44, provided the scales of both forks were the same. 

If this is not the case, a correction must be made but this 

does not effect the principle. 
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The values in the tables which follow are in terms of the 

ten steps which were used in the experiment. A plus value 

means that the tone under consideration was made stronger. while 

a minus sign means that the tone was made weaker to the extent 

of the steps indicated by the digits. The values of the tables 

can be converted into percentages of the whole range of intens

ities used, by movir~ the left. Thus the .74 step which was 

found to be the measure of the variability for all the intens

ities is thus changed to .074 which means that one-half the 

judgments of intensity were found to lie within plus and minus 

.074 per cent of the total range of intensities. Expressed more 

concretely, if one tone is held at a constant intensity and 

another tone is adjusted to the same intensity a large number 

of tin:es, it will be found that one-half the judgments will 

lie within .074 of the total range of conveniently obtainable 

intensities. 
• 
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4. Results and Conclusions. 

The tables which follow are in the r.lain self-explanatory. 

The aeries which are compared are at the top of the page. The 

numbers 150, 200, 250, 300, indicate the vibration rates of the 

four tones used. The results for the various combinations of 

these tones are found where the vertical and horizontal columns 

intersect. The tones of the first column were always the ones 

kept at a constant intensity. 

The values below the blank diagonal, in the upper table 

represent the values when the hjgher tone was the constant 

tone, and the values above the diagonal - when the lower was the 

constant tone. The weakest intensity is designated as 1 and 

the stroneest as 10. 

The conclusion which is given is only the most obvious one. 

Further discussion of the results is taken up later. 

The lower table is derived from the same data as that 

from which the upper table was derived. 

All forks vibrated in the saEJe phase. 



SUCC.ESSN..8 ASCB,::'mnn 
comp'l.red with 

SUCCESSIVE DESCElmnKt. 

The table values indicete the intensity steps that 
were added to the intensity of the Ascend

i116 tone. to give the intensity 
of the Descending tone. 

Table I 
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Ten intensities combined. 4.300 ~1udgment s. 

Variable Tones. 

150 200 250 300 
Cons 
tant Obs. Obs. Obs. Obo. Obs. Obs. Obs. Obs. 
Tone A B Av. A. B Av. A B Av. A I3 Av. 

150 1.41 1.16 1.28 .76 .8::; .80 1.1~ .8S 1.00 

200 .99 .81 .90 .84 1.02 .93 .8C .81 .80 

250 .85 .63 .74 .78 .70 .74 .7f: .7 .75 

300 .91 .77 .84 .88 .68 .78 .88 .52 .70 

V:l1en loW' tone is the constant tone, average is .93 
V,hen high tone is the constant tone, average is ----- .78 
Averag e for who Ie table is __________ : : : : : .86 

Concl'..lsion: 
Vfuen presented SUCCESSIV~LY with a tone of constant inten

sity, tones varying from strong to weak (DESCElmING) are made 
.86 step stronger (or heard .86 step weaker) than tones varying 
from weak to strong (ASCENDIl:G). 

Table Ia 

Ten intensities separate. All combinations taken together. 

Intensit ies 

Obs 1 2 3 4 5 6 7 8 9 10 

A .96 1.00 .75 1.00 1.12 1.00 1.00 1.00 .50 

B .64 .60 1.00 .91 1.12 1.00 .75 .86 .66 

Med. .80 .89 .84 1.00 1.12 1.00 .75 .86 .50 

The extent in steps to which the conclusion holds for the 
separate intensities is indicated in the last line. 

.75 

.75 

.75 



S ThlUL'l' ANEOUS ASCE1:D D~G 
compa.red with 

SIk~LTA1:TEOUS DESCEHDniG. 

The table values indicate the intensity steps that 
were added to the intensity of the Ascend

ing tone, to give the intensity 
of the Descending tone. 

Table II 
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Ten intensities combined 4800 Judgment s . 

Variable Tones 

150 200 250 300 
Cons 
tant Obs. Obs. Obs. Obs. Obs. Obs. Obs. Obs. 
Tone A B Av. A B Av. A B Av. A B Av. 

150 .70 1.09 .90 .96 .73 .84 .88 .83 .86 

200 .37 .86 .62 1.14 1.56 1.35 1.03 1.02 1.02 

250 .94 .67 .82 .81 .96 .88 .73 .55 .64 

300 1.05 1.07 1.06 1.06 1.08 1.07 1.02 .73 .88 

~~en low tone is the constant tone, average is .94 
\~hen high tone is the constant tone, average is - - - - - - .89 
Average for the whole table is - - - - - - .92 --------------

Conclusion: 
When presented SIMULT~U£OUSLY with a tone of constant inten

sity, tones varying from strong to weak (DESCENDING) are made 
.92 step stronger (or heard .92 step weaker) than tones varying 
from weak to strong (ASCElmn~G). 

Table IIa 

Ten intensities separate All combinations t~ken together. 

Intensit ies 

Obs. 1 2 3 4 5 6 7 8 9 10 

A 1.00 1.20 .91 .87 .84 .84 1.33 .75 .75 1.00 

B .80 .80 .87 1.19 .87 1.00 .84 .75 1.36 1.00 
- -

~ed. .84 l.O9 .89 .96 .84 .87 1.14 .75 1.00 1.00 

The extent in' steps to which the conclusion holds for the 
separate intensities is indicated in the last line. 



JUCCBSSN.lli ASCE1IDnn 
compared with 

S I:~lJLT A..l\ffiOUS ASCE1ID nm . 
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The table values indicate the intensity steps that were 
(algebraically) added to the intensity of the 

successive tone, to give the intensity 
of the Simultaneous tone. 

Table III 

'l'en intensities combined. 4800 Judgment s. 

Variable Tones 

150 200 250 300 
Cons 
tant Cbs. Cbs. Obs. Obs. Obs. Obs. Obs. Obs. 
Tone A "P Av. A E ,Av. A B Av. A B ~ 

150 1-1.46 -.03 -.75 -.91 -.70 -,80 -.80 1-1.34 

200 -.10 -1.12 -.6] 1.50 .50 1.00 -.81 -.42 

250 .46 -1.15 -.84 -.4C -1.56 -.98 .2~ -.49 

300 .09 -1.51 -.7J - .1J -1.03 -.57 .21 -.55 -.17 

~hen low tone is the constant tone, average is ____ _ 
When high tone is the conste,nt tone, average is ____ _ 
Average for the whole table is -------------

Concl'lsion: 
~hen presented with a tone of constant intensity, 

SruULTANEOUS tones varying from weak to strong (ASCE:NJ)ING) 
made .52 step weaker (or heard .52 step stronger) than 
SUCC£SSIVl!: tones varying from weak to strong (ASCEHDn~G). 

Table IlIa 

Av. 

f-l.07 

-.62 

-.13 

-.40 
-.65 
-.52 

are 

Ten intensities separate. All combinat ions taken together. ' 

Intensities 

Obs. 1 2 3 4 5 6 7 8 9 10 

Po. -.14 -.20 .10 .29 0 .25 0 0 0 -.50 

13 -.40 -.33 -.29 -.56 -.25 -.43 -.67 -1.17 -1.50 -1.67 

.Med. -.40 -.26 -.11 -.29 -.25 -.29 -.25 -.50 -1.00 -1.33 

The extent in steps to which the conclusion holds for the 
separate intensities is indicated in the last line. 
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SUC CE SS I\.I'E DE SCEND ThG 
Compared with 

SnillLTANEOUS DESCENDn~G 

The table values indicate the intensity steps that were 
(algebraically) added to the intensity of the 

Successive tone, to give the intensity 
of the simultaneous tone. 

Table IV 

Ten intensities combined. 4800 Judgment s . 

Variable Tones 

150 200 250 300 
Cons 
tant Ob!) . Obs. Obs. Obs. Obs. Obs. Obs. Obs. 
Tone f. T ' Av • ~ B Av. A B Av. A B .;,) Jl, 

150 ~2.36 -.86 ~1.61 -.66 -.73 -.70 ~1.2? -1.28 

200 -.74 -.75 -.74 .85 1.05 .95 -.59 -.21 

250 .50 ~1.08 -.29 -.32 t-1.32 -.82 • 2~ -.56 

300 .32 1-1.06 - .37 .02 -.50 -.24 .47 -.34 .OE 

~~en low tone 1s the constant tone, average is ____ _ 
V.-hen high tone is the constant tone, average is 
Averaee for whole table is ---------------

Conclusion: 
V~en presented with a tone of constant intensity, 

SniIULTfu"'ffiOUS tones varying from strong to weak (DESCENDING) 
made .55 step weaker (or heard .55 step stronger) than 
SUCCE~SIi[E tones varying from strong to weak (DESCENDD;rG). 

Table IVa 

Av. 

1-1.28 

-.40 

-.17 

-.70 
-.40 
-.55 

are 

Ten intensities separate. All combinations taken together. 

Intensities 

Oba. 1 2 :3 4 5 6 7 8 9 10 

A -.10 -.22 .12 0 -.17 -.25 0 -.50 0 0 

B -.33 -.16 .09 - .29 -.33 -.37 -1.00 -1.00 -.75 -1.00 
. -Med. -.11 -.22 .09 -.22 -.33 -.37 -.50 -1.00 -.50 -1.00 

The extent in steps to which the conclusion holds for the 
separate intensities is indicated in the last line. 



ASCENDnn 
Compared with 

DESCENDnrG 
(Simultaneous and Successive series 
. taken together) 

The table values indicate the intensity steps that 
were added to the intensity of the Ascend

ing tone, to give the intensity 
of the Descending tone. 

Table V 
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Ten intensities combined. 9600 Judgments. 

Variable Tones 

150 200 250 300 
Cons 
tant Obe. Obs. Obs. Obs. abs. Obs. Obs. ('bs. 
Tone A J3 Av. A J3 Av. A J3 Av. A J3 Av • 

150 1.02 1.10 1.06 .84 .83 • 84 1.02 .50 .76 

200 .68 .85 .76 .96 1.27 1.12 .86 .87 .86 

250 .86 .67 .76 .86 .99 .92 .83 .78 .80 

300 .92 .71 .82 .88 .68 .78 1.01 .69 .85 

When low tone is the constant tone, average is _ _ _ _ _ .91 
When high tone is the constant tone, average is _ _ _ _ _ .82 
Average for the whole table is .86 --------------

Conclusion: 
When presented with a tone of constant intensity, in mixed 

simultaneous and successive order, DESCENDD'U tones are made 
.86 step stronger (or heard .86 step weaker) than ASCENDn~ tones. 

Table Va 

Ten intensities separate. All combinations taken together. 

Intensities 

Obs. 1 2 3 4 5 6 7 8 9 10 

A 1.00 1.10 .80 1.00 1.00 1.00 1.00 .75 .75 1.00 

B .80 .82 .87 .89 .84 1.00 1.00 .84 .75 .50 -
Med. 1.00 .90 .84 1.00 .84 1.00 1.00 .75 .75 .75 

The extent in steps to which the conclusion holds for the 
separate intensities is indicated in the last line. 



SUCCESSIVE 
compared with 

SIMULTAIUWUS. 
(Ascendirlg and Descending series 

taken together) 
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The table values indicate the intensity steps th~,t were 
(algebraically) added to the intensity of the 

successive tone, to give the intensity 
of the Simultaneous tone. 

Table YI 

Ten intensities combined. 9600 Judgment s . 

Variable Tones 

150 200 250 300 
Cons 
tant Obs. Obs. Obs. Obs. Obs. Obs. Obs. Obs. 
Tone A B Av. A B Av. A B Av. A B Av. 

150 -1.70 -.20 -.45 -.71 -.46 -.58 -.85 -1.17 -1.01 

200 -.31 -.98 -.64 1.84 .96 1.40 -.55 -.64 -.60 

250 .5:2 -1.12 -.25 -.37 ~1.45 -.92 .le -.56 -.20 

300 .27 -1.50 -.62 .OE -.73 -.34 .49 - .31 .09 

vfuen low tone is the constant tone, the average is -.24 
\Vhen high tone is the constant tone, average is - - - -.45 
Average for the whole table is - - - - - -.34 -------------

Conclusion: 
When presented with a tone of constant intensity, in mixed~ 

ascending and descending order, SIMULTANEOUS tones are made .34 
step weaker (or heard .34 step stronger) than SUCCESSIVE tones. 

Table VIa 

Ten intensities separate. All combinations taken together. 

Intensities. 

Obs. 1 2 3 4 5 6 7 8 9 10 

A -.08 -.10 0 ~ ; O -.22 0 .25 .29 0 -.25 

B -.50 - .26 -.14 -.28 -.24 -.50 -.50 -1.25 -.75 -1.50 
. 

Med. -.10 - .26 0 -.28 -.24 -.50 -.50 -.57 -.25 -.84 

The extent in steps to which the conclusion for the separate 
intensities holds, . is indicated in the last line. 

, . 
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Discussion of Tables I - VI. 
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1 
II 
A. 

.921 
S1m. 
Des. 

- .55) 

The above diagram will show more clearly how the tables 

and conclusions are related. It is to be remembered that the 

original data was in the form of four series. These four ser

ies form the starting points of the braces which connect those 

series which were used to make up the tables indicated by the 

Roman numerals. The numbers in the right arm of each brace 

are the extent in steps which the series nearest the number was 

made stronger (or heard weaker) if the value is positive, or 

made weaker (or heard stronger) if the value is negative, than 

the companion series. Thus, the -.52 in the right arm of the 

brace III means that the simultaneous-ascending tones were made 

.52 step weaker (or heard .52 step stronger) than the successive

ascending tones when compared with a .tone of constant intensity. 

The same principle is carried through for the other combina-

t ions. 

From the diagram it also appears that the simultaneous 

tones were made weaker (or heard stronger) than the successive 



tones, and the descending tones are made stror~er (or heard 

wea~eT) than the ascending tones. 

It will be well to make clear just what this means. 
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Consider as an illustration the comparison between simultaneous 

and successive tones of which the tone 200 is the constant and 

the tone 250 the variable. Assume that 200 is set at intensity 

5 or at 36 ~~. The tone 250 is started at silence by the ob

server and slowly made stronger while being successively com

pared with the intensity of 200. Suppose when they are equ~l 

that the scale of 250 also reads 36 mm. This reading is re

corded. Now 250 is again returned to silence and then gradu

ally made stronger, but this time the adjustment is made while 

the tones are sounding simultaneously •• In this case it is . 

found that 250 is not made as strong as when the comparison 

was made successively. In other words, when given simultaneous

ly 250 was reported equal before it actually reached the posi

tion at which it was stopped when it was comp'l.red. successively. 

Briefly, 250 was left weaker when given simultaneously than 

when given successively. 

Introducing a subjective term, we can say that 250 was 

"heard" as equal while objectively it was still weaker than it 

had been when reported equal successively. Advancing another 

step, when a tone is made weaker under a set of conditions (A) 

than it is under a set of conditions (B), when the i-nstructions 

actually are to make the tones "equal" in intensity, we may 

say that the tone was "heard stronger" under the (A) condi

tions. This means that had the resonator actually been advanced 
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to the position which it had in the (B) set, it would have 

been judged strorg.~ tha.n the constant tone. 

From the foregoing it should be clear that the subjective 

cha.racterization "heard" is derived from the reaction. This 

is the reason that it has been treated parenthetically in the 

tables and in the discussion. It is the reactions -- the 

moving of the resonators more or less -- which form the basis 

of this experiment. The subjective terms "heard stronger or 

weaker" are introduced for two reasons: 1. Many psychologists 

are interested in the subjective conditions; 2. The oppo

sition between the relations "making stranger" and "hearing 

weaker" is likely to me overlooked. It is easy to conclude 

that because a tone was "made stronger" it is also "heard 

stronger" whereas a little reflection will show that the oppo

site is the case. 

The type of the reactions which the observers made in the 

experiment with ascending and descending tones can be described 

by eayins that the react ions did not g a far enough. In tone s 
varying from weak to strong. the observer left the tones too 

weak; in tones varying from strong to weak. they were left too 

strong. It is possible that the stimulUS for stopping the re

action is not only the intensity of the tone but also the amount 

of change in intensity which it has undergone. When the ob

server had changed the tone a certain amount, he gave the "equal" 

reaction. though with respect to intensity the reaction was 

premature. It must be remembered, however, that the amount of 

change in the intensities of the tones varied for the different 
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steps. ,Thus the ascending tones were always started at silence • . 
When working on intensity 1, the change between silence and in

tensity 1 is very little compared with the change from silence 

to intensity 10. For the intermediate steps, of course, there 

were intermediate degrees of change. 

Another fact which tends to reduce the effectiveness of 

the amount of change as a substitute for the reaction to the 

intensity only, was the fact that the ascending and descending 

series alternated. The amount of change in intensity when 

ascending is just the opposite of what it is in descending. 

It is only in the medium intensities that the aYnount of change 

is the same both for ascending and descending tones. This 

does not me~n that the change in intensity is without effect. 

only it is not likely that it may be substituted for the re

action to the intensity. It seems to the writer that it is 

mor~ correct to say. that the judgment "equal" in ascending 

and descending tones is the result of both the (l) actual 

int-ensi ty of the ·tone sand (2) the amount of change in inten s-

ity which the variable fork has undergone. These two factors 

interact in such a way that ascending tones are made weaker 

than descending tones. 

The type of reaction characteristic of the judgment that ~. 

was made when successive and simultaneous tones are compared, 

is of a different order than that of ascending and descending 

tones • . When the intensity of successive-ascending tones is 

compared with that of simultaneous-ascending tones (Table III) 

the riil- ect ion and magnitude of the change in intensity is the 



68 

same for both series, in that they both start from silence 

and are brought to equality. We find, however, that the simul

taneous tone is made about a half step weaker than the success

ive tone. This reaction seems to be conditioned only by the 

tone intensity. 

Vfuether the stimulus which releases the "equal" reaction 

prematurely (in the physical sense) is simply the tone intens

ity cannot be determined without further experimental analysis 

of the tone intensity reaction. Previous habits of tone per

ception most probably playa role. Do we have the habit of 

giving attention to the variable rather than to the constant 

tone? Do we give attention to the higher rather than to the 

lower tone? Do we give attention to the components ofa com

pound tone differently when the difference of the vibration 

rates between them is great than when it is small? Do we at

tend differently to the intensity when the interval is conso

nant than when it is dissonant? 

A scientific analysis of the tone intensity judgment or 

tone intensity reaction will make it necessary that these 

questions be answered not only affirmative or negatively but 

quarltitatively. As we approach the solution of some of these 

questions we can subject the various theories of audition to 

a much more searching and effective criticism than it is pos

sible from mixed qualitative and a priori considerations. 

~uite early in the experiment it was noted that there 

was a ~onsiderable difference between the averages of the obser~ 

vat ions in which the low tone was the constant tone and those 

,~ --
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in which the high tone was kept at constant intensity. This 

is so ap~arent in all of the tables that it seems improbable 

that it was due to some error in the control. In presenting 

the tones successively, each resonator was alternately open

ed and closed as often as was necessary to enable the obser

ver to shift the variable resonator until the variable tone 

seemed equal in intensity to the constant tone. During this 

time each tone ma.y have been sounded a dozen times and whether 

the high tone had been sounded first or the low tone first, 

would have been forgotten. Furthermore, no definite plan 

was followed as to which tone, variable or constant, higher 

or lower, was the starting tone. In the simultaneous tones 

both resonators were opened at the same time and left open 

until a judgment had been made. 

From this it does not appear that the difference between 

the averages when the higher tone is constant or the lower 

tone constant, 1s due to any constant in the manner of pre

senting the tones. There is involved in this fact perhaps 

some habit of auditory perception. So far as the sense organs 

in the ear or the character of the sound waves are concerned 

there should be no such difference in the averages. One 

thing wh ich bears on this subj ect is the difference between 

the relative intensities of successive and simultaneous tones 

as revealed by tables III, IV, VI, in which it, was found that 

the simultaneous variable tones are made weaker than the suc

csssi~e variable tones. This shows that when tones sound si

multaneously they effect each other ina manner differently than 

-.. -':':: 
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when they found successively. The question arises, do we 

approach the simultaneous tone conditions a.s the intervals 

between successive tones become shorter and shorter, or even 

as combinations which start as successive tones are left to 

overlap and become partly simultaneous? The observers noted 

frequently that the intensity judgments for successive tones 

were different from the intensity judgments of simultaneous 

tones. To illustrate, if the intensity of tone 150 is cons

tant and 200 is made of the same intensity successively, then 

when both sound simultaneously 200 will be found to be too 

strong. It may be adjusted again to 150 and the judgment 

that 150 and 200 now sounding simultaneously are equally strong 

will be clear and unambiguous, but to say that the intensi

ties of the simultaneous tones are the same as the intensi

ties of the successive tones is quite a different matter. 

To anSY/er this question it is necessary that a third or 

standard tone be introduced according to the followirJg plan. 

Take tones 150A and l50B and 200; equate l50A with l50B for 

intensity, successively; then adjust 200 until it is equal 

in intensity to l50B, successively; then treat l50B and 200 

as a single tone a,nd sound simultaneously, varying l50B until 

it is equal to 200. The difference between the readings of 

l50A and l50B will show the influence of the tone 200 on the 

intensity of l50B when given simultaneously. 

It . is in some such manner that the influence of one tone 

up~n another, so far as the intensities are concerned, will 

need to be worked out, before it will be possible to expla.in 
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wh~ the averages of the tables seem to be influenced so much 

by whether the high or the low tone is the constant tone. This 

is the next problem that the writer hopes to take up, but pre

liminary to this is the development of some simple absolute 

standard for tone intensity. 

The individual differences between Cbs. A and Obs. B have 

not been treated in this paper. All the tables will reveal the 

fact that they are of considerable magnitude but to try to ex

plain these differences with the data of only two observers 

might lead to conclusions which would need to be materially 

modified with a greater number of observers. It would have 

been better, of course, to have started with a greater number 

of observers but for reasons indicated in another part of this 

paper it was not found practicable. Besides the results of 

this experiment will make it possible to attack the problem 

of individual differences in a ~uch simpler way • 

. The sm~ller (a) tables which give the values for the ten 

intensities separately, show that the phenomena which are 

characteristic for each table are rather evenly distributed 

over the ten tone intensities. 

The strengthening of the descending tone as shown by 

table Ia occurs mainly with the medium intensities. The same 

thine is to be noted in IIa. 

The weakenir.g of the simulte,neous tone as shown by table 

IlIa is least in the medium intensities, but in table IVa it 

is-least with the lower intensities. It seems to be clear, 

however, that the ·weakening of the simultaneous tones is 
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greatest at the higher intensities. This is perhaps only an 

extension of the same principle. If simultaneous tones are 

weakened, we should expect them to be weakened most where the 

intensity is greatest, because greater differences in intensity 

are possible wh.ere the tones are loud than where they are weak. 
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6. Variability of Intensity Judgments. 

Tables VII to XI show the extent to which the judgments 

of intensity varied. The values of the tables are in intensi

ty steps and represent the range over which half of the judg

ments were distributed. Thus the value 1.80 taken at rando:n 

from the combination 150-200 table VII, means in this case 

that one half of the intensities were found within less than 

2 intensity steps. This value may also be considered as a 

measure of the accuracy of the judgment s in that one-half the 

value indicates the deviation of these judgments above and 

below a given intensity. The way in which the variability 

value is derived is as follows. 

To consider the variability for the combination success

ive-ascending and simultaneous-ascending for the intensity 1 

(8lmm.) the values of which are given in the specimen table 

page 52 and arranged in order of magnitude on page 53. In 

this series there are 20 judgments, the median value of which 

is 88. :By ta1dn.g the va1ue in t.he fifth place 84 and the 

value in the sixteenth place 95, these li~its will include 

slightly more than one-na,lf of the judgment s. The difference 

between these limits is 95 - 84 : 11 ~. which represents the 

lLnits within which the resonator moved for one-half the cases. 

In reducing the millimeters to intensities, the difference 11 

is multiplied by the reciprocal .10 (page 54) which is the 

factor in the reg ion of the scale 88 ;'mm. This give s the value 

1.10 which is the measure of variability. 
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V A.."q lAB lLITY OF SUCCESSIVE TOllES. 

(Ascending and Descending taken together.) 

Table VII 

Ten intensities combined. 4800 Judgment s . 

Variable Tones. 

150 200 250 300 
Cons 
tant Obs. Obs. Obs. Obs. Cbs. Obs. Obs. Obs. 
Tone A B Av. A B Av. A B Av. A B Av. 

150 1.94 1.65 1.80 1.52 1.76 1.64 1.78 1.31 1.54 

200 1.45 1.20 1.32 1.70 1.65 1.68 1.40 1.47 1.44 

250 1.35 1.10 1.28 1.46 1.34 1.40 1.62 1.32 1~47 

300 1.33 1.24 1.38 1.06 1.25 1.16 1.57 1.16 1.36 

When low tone is the constant tone, average is 1.60 
~hen high tone is the constant tone, average is - - - - - 1.32 
Average for the whole table is ________ : : --::: 1.46 

'tARIABILITY OF SDroLTANEOUS TONES. 

(Ascending and Descending taken together.) 

Table VIII 

Ten intensities combined. 4800 Judgments. 

Variable Tones. 

150 200 250 300 
Cons 
tant Obs. Obs. Obs. Obs. Obs. Obs. Obs. Obs. 
Tone A B Av. A B Av. A B Av. A B Av. 

150 1.42 1.96 1.70 1.49 1.79 1.64 1.64 1.35 1.50 

200 1.15 1.28 1.22 1.88 2.19 2.04 1.75 1.71 1.73 

250 1.27 1.35 1.31 1.35 1.46 1.40 2.08 1.36 1.72 

300 1.77 1.45 1.61 1.48 1.52 1.50 1.65 1.31 1.48 

Wh~n the low tone is the constant tone, the average is 1.72 
V~en high tone is the constant tone, average is - 1.42 
Average of the whole table is - - - - - 1.57 --------------
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V AR IAB ILrry OF ASCElIDnfG TONES. 

(successive and Simultaneous taken together) 

Table IX 

Ten intensities combined. 4800 JUdgments. 

Variable Tones. 

150 200 250 300 
Cons 
tant Obs. Obs. Obs. Obs. Obs. Obs. Obs. Obs. 
Tone A B Av. A B Av. A B Av. A B 

150 1.70 1.47 1.58 1.44 1.96 1.70 1.54 1.64 

200 1.42 1.29 1.36 2.38 1.67 2.02 1.57 1.52 

250 .98 1.47 1.22 1.21 1.80 1.50 1.44 1.42 

300 1.10 1.54 1.32 1.02 1.31 1.16 1.44 1.19 1.32 

When low tone is the constant tone, average is 
'\'blen h h tone is the constant tone - - - --ig , aver ag e is 
Average for the whole table is 

VARIABILITY OF DESCENDDJG TONES. 

(Successive and . Simultaneous taken together.) 

Table X 

Av. 

1.59 

1.54 

1.43 

1.64 
1.31. 
1.48 

Ten intensities combined. 4800 Judgment s . 

Variable Tones. 

150 200 250 300 
Cons 
tant Obs. Obs. Obs. Obs. Obs. Obs. Obs. Cbs. 
Tone A B Av. A B Av. A B Av. A B Av. 

150 2.44 1.45 1.94 1.58 2.04 1.81 1.96 1.76 1.86 

200 1.15 1.53 1.34 2.66 1.99 2.32 1.50 1.69 1.60 

250 1.24 1.17 1.20 1.40 1.68 1.54 1.50 1.32 1.41 

300 1.34 1.29 1.32 .98 1.18 1.08 1.54 1.40 1.47 

Wh~n low tone is the constant tone, average is 1.82 
\v.hen high tone is the constant tone, average is - - - - - 1.32 
Average for the whole table is - - - - - 1.57 -------------



VARIABILrry WITH RESPECT TO nITENSI'.I.'IES. 

(successive, Simultaneous, Ascending 
and Descending Combined.) 

Table XI 
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Ten intensities separate. 9600 Judgments. All combinations. 

Intensit ies 

Obs. 1 2 3 4 5 6 7 8 9 10 

A 1.50 1.33 1.33 1.61 1.37 1.43 1.50 1.50 1.50 1.25 

B 1.40 1.37 1.50 1.44 1.50 1.25 1.33 1.50 1.67 1.50 

Med. 1.50 1.36 1.40 1.44 1.37 1.33 1.43 1.50 1.50 ~.50 

Average for the whole table is ______________ 1.48 

The tables show that successive tone intensities are less 

variable than simultaneo12S tones intensities, and ascending tone 

intensities less variable than descending tone intensities. 

Introspectively it seemed to the observers that the simultaneolls 

judgments were the more accurate though the tables show the 

reverse. In the descending judgments the introspection agrees 

with the tables. However, the differences in the variability 

are not pronounced. I t 1a rather remarkable that the judg-

menta are so constant. This is a promising fact for future work 

on sound intensity. The average of ~ the tables is 1.43 steps. 

Half this value .74 represents the deviation of half the judg

ments, a.bove ~nd below a hypothetical average intensity. 

1'or exa.."Uple, if the constant tone is set at intensity 5 

then one-half of the judgments in making a va~iable tone of 

equal intensity will be found to lie between the intensities. 

4.26 and 5.74. This value 1.48 also corresponds well with 
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what was expected in planning the experiment, namely, that the 

difference between the intensity steps should be supra-liminal. 

Had they been subl iminal, the value would have been greater than 2 

2.00. Since we started with ten intensity steps and the devia

tion is plus and minus .74 we can say within the limits of the 

intensities actually used, (~here are 14 just noticeable differ

ences in intensity. 

By extend.ir..g the intensities to very loud and very faint 

it seems conservative to suppose that at lea$t 25 tone intens

ities could be discriminated. 

The differences between the averages when the high tone is 

the constant tone and the low tone is the constant, are perhaps 

even more pronounced than for tables I to VI. ~hen the high 

tone is the constant tone, the variability is considerably less. 

This is of importance for future experiments in tones as it 

tends to show that where the nature of the investigation per

mits it, comparisons should be made with the higher tone as the 

constant or standard tone, rather than the lower. 

The variability for the separate intensities as shown by 

table XI is slightly less for the medium intensities. However. 

even the variability of the limits, 1.50 or plus or minus .75 

show that the intensities are still considerably aboTethe 

limen. The table also shows that the value .6 which was used 

as the base for the logarithmic series was well chosen. 

According to this the limen for tone intensities should 

be found at squares of the multiples of .5 or less, when 



distance in millimeters of the mouth of the resonator from 

the prongs of a tuning fork is taken as a measure of the 

intensity. 

7. Relation Between Variability and Difference 
in Vibration Rate. 

In table XII it is shown that the accuracy with which 
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intensity judgments are made is not proportional to the dif

ference in vibration rates. The intensities of two tones 

near each other in vibration rate are not necessarily judged 

more accurately than the intensities of two tones farther 

apart. The factors which are involved in making a judgment 

of intensity have not been isolated in these experiments 

and until they have been. intensity judgments will be of a 

mixed character in which both the tonality and vocality of 

the tones are involved. 

It is because he is convinced of the complex "£haracter , 

of the intensity judgment. that the writer has refrained from 

treating the individual differences between the two observers 

of this experiment until he has made experiments directed to-

ward a further analysis of the tone intensity reaction. 

At the beginning of the experiment it was supposed that 

the variability of the intensity judgments would be least when 

the difference between the vibration rates of the tones was 

least, but within the limits of the vibration differences 

within which this experimental work lies, it was found that 

the· judgments were more accurate when the difference in vibrat-

ion rates was 100. · The following table gives the variability 



79 

for the three vibration differences which were used. 

Table XII 

Difference in Vibrat ion Rates. 

50 100 150 

Variability 1.58 1.44 1.50 

This shows that the variability was greatest when the 

difference in vibration rates was only 50, whereas at a dif

ference in vibration of 100, the variability was least. Even 

at 150 the variability is not as great as at 50 but since 

there are only two combinations out of the twelve in which 

the difference was 150, reliable conclusions cannot be drawn. 

The significant thing is that the variability is so constant. 

The combinations of this investigation do not exceed an octave 

and it would be interesting to know whether the variability 

shows a correlation with octave relationships or not. 



8. Relation between Variability 
and Consonance. 
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The preceding table leads to the idea that perhaps the 

variability is correlated with the dissonance or consonance of 

the intervale which were used. Table XIII shows the varia.bility 

with respect to the intervals. 

Table XIII 

Ratio 1:2 2:3 3:4 3:5 4:5 5:6 

Kame Octave Fifth Fourth Maj .VI Maj.III Min. III 

Var. 1.56 1.60 1.53 1.47 1.73 1.46 

From this table it cannot be concluded that the consonance 

of the interv~l is correlated with the variability. However. 

the data of this experiment gave only two combinations of forks 

for each interval, and the effect Vlould need to be strong in-

deed had it appeared. From the impressicn which gradually de

veloped during the course of the experiment it seems probable 

to the writer that both difference in vibration rates and the 

ratios of the intervals have an influence upon the judgments 

of the tone intensities. It is these facts mainly which led 

him to conclude that the intensity judgment in audition is 

really a mixed judgment. A tone may be .iudged as strong as 

- another tone one moment, but presented again a few moments l 

later, they will be judged of different intensity. 
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A complete analysis of the tone intensity reaction will 

need much more experimental data than is contained in these 

pages. But t h e outlook is promising for one who is able to 

meet the mechanic a l difficulties incident to t h e control of 

conditions. 
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:Notes on drawir.gs and photographs. 

~,u11 circles about 1-8 inch diameter, represent binding 
posts or terminals. In drawing C fig .3, they represent the · 
kind of terminal shown in detail in D fig.3. 

The next sized circle. 3-16 inch diameter represents 
slidir~ contacts as in rheostats or starting boxes. 

Double circles, the outer one of which is 1-4 inch diam. 
represent regular 110 volt lamp sockets. When an F is placed 
near the circles, this means that the socket is used as a 
fuse and carries a plug of about 5 amperes, 110 volts. capacity. 

All terminals having the same numbers A.re connected to 
the same wires. 

The numbers or lettern on the photographs refer to similar 
numbers on the drawings or in the description. 

The room in which the converter and regulating fork are 
located is separated from the experimental room by a large hall. 
They are not connected in any way except by the electrical 
wiring . 

These two rooms might have been separated by a still great
er distance and it would then not have been necessary to con
struct the silencing hood for the converter shown in the photo
graph. This hood drops down and encloses the converter when 
it is running, thus reducing the noise so that it cannot be 
heard in the experimental room when the two doors which separ
ate the rooms are closed. When the hood is down, the .b10wer 
also shown in the photograph blows air into the silencing hood 
and against the converter to keep the latter from heatir~. 
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DEPARTMENT O~ EXPERIMENTAL PSYCHOLOGY 

UNIVERSITY Of MISSOURl 
CoLUM8lA 

May 12, 1916. 

professor Walter Miller, Dean of the Graduate School. 

Dear Sir: 

l ir. Albert Paul Weiss has taken up a ];Iroblem in acoustics Which 

for nearly a oentury has been reco~i~e~ by those interested in 

];Ihysio1ogioal aooustics as the ];Iaramount problem, but 'Whio..l)., n~rerthe-

less has not reoeived even '\he most approximate treatment by actual 

'experiment for the simpl e reason that no apparatus was availabl e 'Whioh 

permi tted the oontrol ot the physi oal oondi tions reqaired, by t.b.e 

experinent. Mr. Weiss, by the most painstaking 'WOrk continued for 

many years, has !u~oeeded in overooming,one after another, all the 

many diffioulties ~ioh resulted from the great complexity of the 

conditions bnposed. We o~~ now, as he shows in the second part of his 

thesis, seriously begin experimental work so long, by neoessity,neg-

1 eoted. He shows there, too J 'that t.he pmbl ems, as they were seen thus 

far, become still more numerous under the li~~t of aotual experhnen- ' 

tation. I approve Mr. Weiss's ~esis as fully deserving ~o be aooepted 

for the degree of doctor of philosophy. 

Respeotfull y 
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