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LarrOpUCTION

Vihen two or nore vure tones of mediwm or hign intensity
stinulate the ear, it resporus nonlinearly. &S & conge-
quence of this noniinsur esponse, harmonics wnue combpina-
tion tones are hewiw in aduition to the primary tones.
pirect measurement of the intensities of distortion tones
in humen ears is not reasible at the present time; instead,
indirect methods of measurement must be resorted to. The
principle method used, that known as the "method of best
beats,” employs a listener to match the known intensity of
an exploring or probe tone to the intensity of the distor-
tion tone being measured. The frecuency of the exploring
tone is chosen such that it differs from the frequency of
the distortion tone by two or three cycles per second. ‘the
listener then adjusts the intensity of the exploring tone
until the beats he hears are nmost prominent (best beats).

At this point of maximunm loudness change 1t is assumed that
the listener has set the intensity of the exploring tone sgo
that its displacement in the cochlea is eoual to that of the
distortion tone. It has been shown that if the tone whose
intensity is Dbeing measured is well above threshold and is
not being mesked, a listener can accursately match intensities
using the method of best beats (1, 2, 3, 4). However, if the
tone whose intensity is being estimated by the method of

best beats 1s near absolute threshold or is being masked,

the listener overestimates the intensity of the tone being
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measured (5). Under conditions of masking, the conventional
method of best beats is not an accurate method for measuring
the intensity of a distortion tone.

Egan and klumpp (5) developed a procedule to correct
for the overestimation of the intensities or musKew vones
measured by the method of best beats, and applied 1t to the
neasurement of the first aural harmonic (700 d.p.s.) which
was partially masked by the 350 c.p.s. tone producing it.
Other distortion products of the ear, such as sum and
difference tones, suffer masking from the primary tones
producing them, and presumably their intensities, as
measured by the conventional method of best beats, also
need correction for listener overestimation.

The present investigation is an attempt to determine
the amount of overestimation in the method of best beats
for three first-order difference tones (fy - fl) under
several conditions of masking. A more nearly correct esti-
mate of the intensities of three difference tones, 200 c.p.s.,

700 c.pe.s., and 1000 c.p.s., is given.




EAPERTMENTAL PROCEDURE

Three pure tones were simultaneously presented to one
ear of a listener by means of a dynamic earphone (Permoflux
Lorporation, type rDR-10) mounted in a small rubber cushion
and held in a headband. The unstimulated ear was covered
by an unconnected PDR-10 earphone also nounted in a small
rubberbcushion. The primaries, fl and f5, and the explor-
ing tone, fe, were generated by beat-frequency oscillators
(General Radio Company, type 1304-A and Hewlett Packard
vompany, type 200-8). Before mixing with the primary tones,
the exploring tone was filtered by an adjustable band-pass
filter., (United Transformer Corporation, type 4C).

The experimenter controlled the intensities of the
primary tones with attenuators calibrated in one-decibel
steps; the listener controlled the intensity of the explor-
ing tone with an attenuator calibrated in two~decibel
steps. The frequency of the exploring tone was maintained
within one-half cycle of (fz - fl) +* 2.5 c.p.s. ‘'able 1
lists the intensities and frequencies of the primaries,
fl and fg, presented to each of the two subjects.

Under all conditions, the frequency of fl was fixed at
1200 c¢.p.s. The frequencies of f2 were selected so that
the first-order difference tones (200 CePeS., 700 c.p.s.,
and 1000 c.p.s.) would undergo different amounts of masking
by the 1200 c.p.s. primary. For example, the data of

Wegel and Lane (6) show that the amount of masking produced




TABLE 1

Condition 1 (1000 c.p.s. first-order difference tone)

.= f2 in intensity

1
Subject S.P.L. of each primary (2200 ¢.p.s. and 1200 CeD.S.)
R.K. 80,85,90,100
J.B, 77,80,90,100
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gondition 2 (700 c.p.s. first-order difference tone)

f.=7f, in intensity

1 2
Subject S.P.L. of each primary (1900 c.p.s. and 1200 c.p.s.)
R.K. 70,75,80,85,90,100,110
J.B. 62,65,70,80,90,100
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Condition 3 (200 c.p.s. first-order difference tone)

. = f2 in intensity

1
Subject S.P.L. of each primary (1400 c.p.s. and 1200 c.p.s.)
R.K. 77,80,85,90,100
J.EB. 72,75,80,85,90,100

vondition 4 (700 c.p.s. first-order difference tone)

£y (1200 c.p.s.) fixed at 100 &b

Subject S.P.L. of f5 (1900 c.p.s.)
R.XK. 50,53%,55,60,70,80,90,100
J.B. 48,50,60,70,80,90,100




by a 1200 c.p.s. tone at an intensity of approximately 85
db S.P.L. 1s about 35 db at 1000c.p.s., 10db at 700 c.p.s.,
and zero at 200 c¢.p.s. In conditiomns 1, 2, and 3, the
equally intense primaries were varied in intensity from
about 65 db to about 100 db S.P.L. In addition, data were
obtained with the amount of masking of a difference tone of
700 c.p.s. at a constant value. This was accomplished by
holding the 1200 c.p.s. primary at a fixed intensity of

100 db. The primary interest lay not in the masking per se,
but in the growth of the 700 c.p.s. difference tone as the
intensity of the 1900 c.p.s. primary was increased.

The listener was required to make three judgments at
each of the tabulated intensities of the primaries. These
judgments were: (1) "lower threshold for waver,'" the least
intensity of the exploring tone which produces an audible
waver; (2) "best beats," that intensity of the exploring
tone which produces the maximum change in loudness; and
(3) "upper threshold for waver," the greatest intensity of
the exploring tone which still produces an audible waver
of the difference tone. After the primaries were fixed at
a given intensity, the three judgments were made in the
sequence: lower waver, best beat, and upper waver. Before
each judgment the experimenter set an arbitrary amount of
attenuation in a pad which was in tandem with the listener's
pad so that the listener could not use his previous settings
as a clue in making his judgment. Judgments were made by

the method of average error, that is, the subject bracketed
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his final setting by successively reducing his swings of the
dial of the attenuator until he had reached his final setting.
The length of time necessary for a single judgment averaged
about 1.5 minutes.

The total amount of time spent on a single session
varied, depending upon the number of intensities of the
primaries necessary to trace out the difference tone. No
session lasted longer than 50 minutes, and rest pauses were
frequently given to guard against fatigue. On a typical
session, for example, subject J.E. would make a total of
16 judgments in about 40 minutes. J.E. served in 16 ses-
sions, four under each of the conditions listed in table 1.
R.K. served in 24 sessions, six under each of the conditions
listed in table 1.

Within a session, the order in which the intensities
of the primaries were presented was varied randomly. ‘The
four conditions were presented from session to session in
the following order:

J.E.: 1-1, 2-2, 3-3, 3-3, 2-2, 1-1, 4-4-4-4
R.Ke: 1-2-3, 1-3-2, 2-1-3, 2-3-1, 3-2-1, 3-1-2, 4-4-4-4-4-4

fiach of the two subjects used in this experiment had
made several thousands of judgments of this type before the
experiment began. No systematic practice effects were
observed., The subjects had normal hearing, and all sessions
were held in a quiet, sound-treated room.

Because it was more convenient, R.K. served as his own

subject. In this case, the attenuator in tandem with the
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6
subject's attenuator, normally set to an arbitrary value by
the experimenter, was given a twirl before each judgment.
The judgment was then made by manipulating the subject's
attenuator without knowing to what value the experimenter's
attenuator had been set. Pad settings were recorded
after the judgment, but no summations or conversions to
sound pressure levels were made while the experiment was
in progress. at no time did k.K. gain any clues as to what
the setting of the subject's attenuator should have been.
It is felt that there was no loss of objectivity in using
this procedufe.

Voltages sufficient to produce acoustic outputs of
100 db 3.P.L. of each of the two primaries and of the
exploring tone were applied to the earphone and the resulting
sound complex was analyzed with a wave analyzer (General
Radio Company, type 736-A). It was found that combination
tones and harmonics produced by the earphone were at least
45 db down from the primaries. At acoustic outputs due to
the combination of the three tones, fl, fz’ and fe with each
at 110 db S5.P.L., the distortion products generated by the

earphone were at least 40 db wown.




RESULTS

Figure 1 shows for subject H.K. the region of audible
beats for a difrerence tone of 1000 c.p.s. ‘the intensity of
the exploring tone of 1002.% ¢.p.s. required for best beats,
upper threshold for waver, and lower threshold for waver is
plotted as a function of the sound pressure tevel of the
two equally intense primaries, 1200 c.p.s. and 2200 c.p.s.
flach solid dot is the median of six judgments; the horizontal
lines above and below eacn solid dot are the Ql and QS points
respectively. ‘‘he dashed line represents the corrected level
of the first-order difference tone of 1000 c.p.s. ‘he
dashed line was obtained as rollows: &b any given intensity

of the primiary Tones,the difference between the Intensity
of the exploring tone required for upper threshoid Ior waver

A
and for lower threshold for waver is computed. ror example,
with both primaries at 90 db, the range ot auuible beats, is
64 - 29= 35 db. In Table 2 is found the amount of over-
estimation corresponding to each computed range of audible
beats. For subject J4.8., the table values were read
direetly from the curve given in Figure 7 (5). For subject
H.K., the curve given in Eiguré 7 was a compromise between
data obtained in the quiet and data optained in noise.

Since the conditions of the present experiment most resem-
bled the conditions of noise, a curve was drawn through the
data points oobtained in noise, anc¢ tpe values of 'lable 2
were read directly from this new curve. asgain, using the

same example, for K.K. the amount of overestimation cor-

responding to a range ot 35 db is 7 db. ‘his error of




TABLE 2

Giving the amount of overestimation
in decibels as a function of the
range of audible beats.*

R.X. (based on J.i8. (based on noise
noise data) and guiet data)
Range of Anount of Hange of Amount of
Audible peats Overcstimation Audible Heats Overestimation
in vecibels in pecibels in vecibels in Decibels
5 ¢ ¢ v v+ « o 16 5 ¢« ¢ v v ¢« « . 18
10, . . . . « . 14,5 10 . « « « .+ . . 13
15+ ¢« v ¢+ . .13 15 . . .. ¢ . 11
O P - 20 ¢ ¢ s e 0 . .9
25 4 ¢« ¢« s« . o 10 2D e o v v e e o« 7
30 ¢« « ¢ ¢+ e + o« B 30 ¢ v v v e o« . 5
B9 v v e e e e oW 7 35 4 v e e e e . 4
40--.0--. 6 400.-.--. 2,
45 4 4 ¢ « 4 .« 5 45 . . . . . . . 1
50 « v 4 ¢« ¢« + + D
B 4 o s 6 o s« 3
B0 ¢« ¢ ¢« o v o . 2
65 + + v ¢+« « « 1

* Derived from Figure 7 (5).
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overestimation in db is then subtracted from the value for
best beats. ‘thus, with primaries of 90 db, 7 db is sub-
tracted from the value required for best beats, giving a
point ét 42 db for the ordinate. 4 straight line was then
visually fitted to the correéted poinﬁs. Brrors of over-
estimation were computed at every intensity of the primaries
at which data were taken. ‘'he correction at 100 db was
calculated by extrapolating the curve ior upper threshoid
for waver and then computing the range of audible beats.
it may be noted that this subject (R.K.) overestimates the
intensity of the difference tone of 1000 c.p.s. at alil
intensities of the primaries presented, but that the amount
of error increases markedly once the range of audible beats
begins to decrease. ‘the region of audibie beats, that area
bounded by the curves for upper and lower thresholds for
waver, is closed at an intensity of the primaries of 78 db,
because severali ovservations indicated that, at this
intensity, the listener hears a beat or waver only occasion-
ally. At intensities lower than 78 dv oi the primuries,
no inteunsity of the exploring tone produced a beat or waver.
‘"he regions of audible beats in rigures 2, 3, 4, 5, 6, 11,
and 12 are closed on this same pasis.

vonsiderable masking of the 1000 c.p.s. difrerence tone
by the 1200 c.p.s. primary is indicated by the fact that the
corrected ievel oi tune uilrlerence tone is traced down to an

intensity of 25 db. ‘Yhere is reason to believe that by use
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of the correction techmique it is possible to trace out the
growth of a distortion tone from the absolute thresholid
(10 db 8.BP.L. for R.K.) providing the distortion tone is
not undergoing more than approximately 16 db of masking.

Figure 2 shows for the other subject (J.&.) the same
relations as those shown in rigure L. 4as before, the
s0lid lines are visually iitted to the data, and the dashed
line represents the corrected difference tone. mach soiid
dot is the median of four Jjudgments. variapbility of judg-
ments about each solid dot are not shown since upper and
lower guartiles based on four judgments have little meaning.
nowever, ior the most part, the variability of J.E. is less
than the variapbility of R.x. for similar judgmentis. & com-
parison of rigure 2 with rigure 1 indicates close similarity
in the shape of the regions of auuible beats and the slope
and intercepts of the corrected dirierence tones of 1000
c.p.s. Unlike subject R.K., J.E. accuratelLy matches tie
inteusity of the exploring tone to the difference tone at
high intensities of the primaries. However, he shows the
same marked overestimation oi tune intensity of the differ-
ence tone at lower intensities of the primaries.

rigure 3 shows for R.K. the intensity of the 702.5
c.pP.s8. exploring tone required for best beats, upper
threshold for waver, and lower threshold for waver as a
tunction oi the sound pressure lever of the two equaliy
intense primaries, 1200 c¢c.p.s. and 1900 ¢c.p.s. Mach solid

dot is the wmecian or six juagments, and the horizontal

b
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10
lines about each dot inciude the middle 50% of the
judgments. Hour of the six judiguents iie on or within the
horizontal bars. ‘he solid lines are visually fitted to
the data. ‘'the corrected ievel oi the 700 c.p.s. difference
tone, is represented by the dashed line, which is visually
fitted to the poiuts obtaiued vy subtracting from the curve
for best peats the amount of overestimation, based on a
consideration of tie range ol =wudible beats. ‘the intensity
of eacn of tie two primaries was increased to 110 db for
this counuition onliy, ii s efrort to determine whether the
slope ot the difrerence tone changes as the primaries be-
come quite intense. as can be seen, the slope of the dif-
ference tone remuins essentially constant.

As in the case of the 1000 c¢.p.s. aliirereiice tone,
the intensity of the 700 c.p.s. difference tone is con-
siderably overestimated by the couveutvional uevnod oi best
beats at lower intensities oi the primaries.

rigure 4 shows for J.i. the same reiavion as suown
for R.K. in figure 3. Hach solid dot is the median of
four judgments and all curves are visualiy iittea to the
data. xS before, the dashed line represents the corrected
700 c.p.s. first-order aifrereice tone. The region of
audible beats of rigure 4 is similar to the region of
audible beats for rigure 3. ‘‘he slope anu litvercepts of
the 700 c¢.p.s. difference tones for the two subjects do

not show the marked siwilarity that exists in the case or
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the 1000 c.p.s. difference tones. However, the sume
Llistener error oi overestimation of the inteusity of the
700 c.p.s. difference tone appears at Low intensities ot
the primaries. As shown in rigures 3 ana 4, the correction
aprlied makes it possible to trace tie difference tone to
the subject's absolute threshold at 700 c.p.s.

rigure 5 preseuts ror subject R.K., the s.P.L. of an
exploring tone of 202.5 c.p.s. as a function of the sS.r.i.
of two egually intense primaries of L2000 c.p.s. and 1400
Cep.s8. for judgments of upper thresunoid ror waver, best
beats, and lower turesnola 10Y waver., wmach solid dot is
the median o0i six jJudgueuntvs auu alli curves are visually
titted. “The horizontal lines about each golid ot mark oIx
tue Ql - QS limits of the judgments. <“he dashed line
represents the intensity oi the correcved uliierence tone
of 200 c.p.s. ‘‘he same overestimation occurs in the
measurement of tnis diiriercuce tone, which is nol being
masked by the 1200 c.p.s. primary to any appreciavle
degree. .1n a sense, the 200 c.p.s. diliterence tone is
being masked by the suoject's avsoiute threshold. with
the application of tne correction procedure, the 2U0 c.p.s.
aiirerence tone is traceu uown to the subjectts absolute
threshnolu st 20U CapeS.

Figure 6 presents the same retutionships ior subject
J.B. as are presentea in rigure 5 for subject H.n., &A1l
solia wots are the medians of four Judgments and alli curves

are visualiy rivted. ‘I'he dashed line represents the corrected
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200 c.p.s. difrereunce tone. ‘the shape of the region of
audible beats of a 200 c¢.p.s. difference toue 10T Lie TwWO
gupjects is similar, ana tue corrected difference tones
have approxiuately the same intercepts. as in the case of
the 700 c.p.g. difference toae, Tthe correcived difference
tone or 20U c.p.s. starts at J.m.'s absolute puresnold
at 200 c.p.s.

In Figure 7 are replotted the uncorrected curves ror
best peat using suvject H.h. Tor difference tones of 1000
CePeSey, 700 Cupes., and 200 CePes. these curves are from
figures 1, 3, aud 5, respectively. Un Figure 8 are
replotteu the corrected levels ox Tue LOUU C.D.S., 700
C.p.s., and 200 c.p.s. difference tomncs Oi suLyeECt S

These curves are tne dashed lines of wigures 1, S, anc 95,

| K

respecuively. 1T Flgure 8 is conipslow vith wigure 7, 10
can be seen that tihe correctlon cpnlied to the best peut
curves has two principle efiects. whe difvrereuce tones
are napoed oul rroml consicerably lower sound pressure Levels
and the slobes oI vhe ullierence tones become nearly constant.
in figure 9 arc replotied the curves Tor best bect for
difference tones of 1000 c.p.s., 700 c.p.s., and 200 c.p.s.
using subject ¢.%. These curves are from Figures 2, 4, and
6, respectively. Subject J.i. does not overestimate the
intensity of the difference tone wvhen the range of audible
heatg becomes larger than 40 db, hence the corrected dif-

rom primaries of 90

e
i3

rerence tone of wigure 10 resulting

and 100 db s5.P.L. are guite sinilar to the uincorrected best
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beat curves of Figure 9. However, at s.P.L.'s of the
primaries of less than 90 db, the corrected difference
tones dilverge sharply Trom the uncorrected curves for
best beats. applying the correction procedure has the
effect of increasing the similarity of the curves for the
three difference tones.

In Figure 11 are sixown the unper threshold for waver,
best beats, and the lower threshold for waver of a first-
order difference tone of 700 c.p.s. The 1200 c.p.s.
primary was fixed at 100 4b while the 1900 C.D.S. Drimary
was successively set at 50, 53, 58, 60, 70, 80, 90, and
100 db {(Condition 4). As before, the dashed line represents
the corrected level of the difference tone of 700 c.p.s.,
and is a straight line visually fitted to the points result-
ing from subtracting the correction provided by lable 2. The
magnitude of the correction is based on the range of audible
beats at each intensity of the 1900 c.p.s. prinary listed
above. HKach solid oot is the median of six judgnents and
the horizontal lines about the solid points delineate the
25% and 75% points when the six judgments are rank-ordered
on the basis of intensity. The slope of the 700 c.p.s.
difference tone generated by raising the intensity of only
one primary is less than that of the same difference tone
generated by increasing two equally intensge primaries
as in vondition 2.

When the intensity of the primary of 1900 c.p.s.

reaches 100 db, then of course the intensity of the two
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primaries are equal and there is a duplication of the

intensities used in Condition 2. 1If the intensity of the

|97

702.5 c.n.s. exploring tone required for best beats and
lower threshold for waver in Condition 2 and vondition 4
are compared for subject R.K., it will be seen that there is
close agrecment between the medians of six judgments obtained
at two different tines.
1200 c.p.s. and 1900 c.p.s. at 100 db
vondition 2, rig. 3, lower waver 46.5 db best beat 7Y0.5 db
vondition 4, Fig. 11, lower waver 45.5 db best beat 72.0 db
difference -1.0 db difference 1.5 db

‘hese differences are of a magnitude that might be expected
from repetition of a measurement of this type.

For subject J.E., the same comparison does not yield such

satisfactory results:

Condition 2, ¥ig. 4, lower waver 40.0 db best beat 60.5 db
gondition 4, rig. 12, lower waver 43.5 db best beat 68.0 db

difference 3.5 db difference 7.5 dbp

it is difficult to explain why there should be discrepancies
in J.E.'s data taken under identical conditions. ‘The small
variability of J.E.'s data for primary beats (3, 4, 5) would
support the hypothesls that the amount of distortion actually
may vary over an interval of several weeks. ot enough is
known about thé stability of the nonlinear characteristics
of the ear to provide any basis for speculation.

It appears from casual inspection tuat the ranges oI
audible beats are larger in irigure Li than the corresponding

..

ranges in rigure 3. his appureut uilverence is an iliusion,
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however, daue to the difference in slope of tne diriereuce
tones, 10T once the curves ior upper wnd Lower thresiold
for waver become paralleli, tie raunge ol audible veats
remaing reiatively constent at zsbout 40 db in poth rigure
11 and rigure 3.

rigure 12 shows for subject J.&. the same relations as
shovm in Figure 11 for R.k. #Hach solid ot is the median
of tour judgments. &ll curves are visually fitted, and
the dashed line represents vie corrected d@ifierence toue.

If rigure 12 is compared to rigure 11, it may ve seen tuat
the two regions are quite siwmllar, ‘the usual overestima-
tion or the invensity oi the difrerence tone occurs at Llow
intensities of the 1900 c¢c.p.s. tone. &xcept ior a vertical
displaceuient of 3 or 4 decibels upward, the corrected differ-
ence tone oi kigure 1L is nearly identical witih the corrected
difference tone oi tigure 12. 1t is interesting that the
girrerence tones are not traced to thresuolu unuer vondi-
tion 4 (Filgures 1L ana 1z).

‘vhroughout this paper medlans have beeil uUSed ag measures
of ceubtral teudency insteszc of means because 1t was Telt That
the platyxurtic distribution or wune judpuents wekes a state-
nent of variapility iun verss of means and standara devia-
tions meaningless. For example, in rigure li, 1i tie range
of juugments rTor lower tnresuolu zor waver at en intensity
of 70 o o tie L9000 d.p.o. oricary is computed on tihe basis

s

of three stan

g
!

ard deviations on ¢itaer side of the mean,

sne range vould extena from 8.8 db to 26.8 up. Lhe actual
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range ol tne #ixm juCgments at this lower thresuole ior wover
is iroir L4 db to 22 do. surbiteriore, regerdless of whethor
The ..eans or iicdlans are used as measures of central ten-
dency, the shapes of the regions of audible beats and of
the Dbest beat curve remain essentially the same. For
subject R.K., all medlans given on &1l the graphs lie
within 1.0 db or less of the corresvoniing means. for

bject J.l.,whose data points are based on only four
judgments, the madians lie within 1.0 db or less of the

corresponding means at all data points but Tour. AL
these Tour pdints, the differences between the nedizns
and the nean are 1.25, 1.825, -1.75, and 2.5 db.

Veriebility of the data wes such that, on the averag 58,
a difTerence of 3.b db or more bebtween two means would
occur by chance only once in 100 such differences. t'he
differences of major concern in the present study are
larger than 3. db.

No judgments of upper threshold for waver at 5.P.L.S
of 100 or 110 were reguired of elther of the subjects. 1t
was found that at these intensities of the primeries, there
really was no intensity of the exploring tone wanich would
give a clearly defined upper threshold for waver. As
Trirmer and Firestone (7) have pointed out, the introduction
of an intense exploring tone to an already overloaded
transducing system, such as the ear, results in complex

changes in gquality and loudness. as the exploring tone is

"——_“—'——'—\



raised in intensity, the waver abtached to the difference
tone never seemg to disappear; the primaries appear to
waver; sometimes a disembodied low frequency tone may
vaver., It is possible in the case of 1200 c¢.p.s. vs.
2200 c.p.s., that the second aural harmonic (2400 c.p.s.)
of the 1200 c.p.s. primary is reacting with the 2200
C.P.s. primery to produce a difference tone of 200 c.p.s.
which appears to waver. In other conditions (1200 c.p.s.

vs. 1900 c.p.s. and 1200 c.p.s. vs. 1400 c.p.s.), it is
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not clear just what is wavering. The same complex wavering

occurs to a lesser degree during best beat judgments at
primary intensities of 90 and 100 db and 110 db, but for

best beat judgments, it appears that the listener can

successfully ignore this interference and can make an accu-

rate and consistent judgment (5).




DISCUSSION ANL CONCLUSIONS

The primaery interest in this paper is in the measure-
ment of the intensity of a first-order difference tone at
or near its threshold. It 1s clear that when the difference
tone first becomes measureable, the range of audible beats
is small end the measurement obtained by using the conventional
method of best beats is in error. Regardless of whether the
difference tone is being masked by the primeries (Condition
1, 1000 c.p.s. difference tone) or whether it 1s first
detected at the subject's sbsolute threshold(Condition 3,
200 c.p.s. difference tone), the results obtained by the
conventionsl method of best beats must be corrected by an
amount which is related to the range of sudible beats.

In 1942, Moe (2) used the method of best beats to
measure the intensity of & first-order difference tone of
260 c.p.s. which was generated by edqually intense primary
tones of 950 c.p.S. and 690 c.p.s. ¥is findings, besed on
three listeners, do not agree with the results of this paper.
Moe's curve based on best bests, for a 260 c.p.s. first-
order difference tone, lies sbout 20 db above the uncorrected
best beat curves of both J.E. and K.K. st all intensities

of the primaries. It is unlikely that individual differences




would cause such a large discrepancy.

Fletcher (8) has proposed that the amount of distortion
generated in the ear is independent of freguency and is
solely a function of the intensity of the impressed sound.
This assumptlion is reasonsbly well substantliated by the
findings of the present paper. An examination of the
corrected curves of either subject indicetes that for the

three frequencies investigated, this assumption holds to a
first approximatlion for first-order difference tones.
Subject K.K. shows some correlstion between the frequency
and intensity of the difference tone. At any given intensity
of the primaries, the 200 c.p.s. difference tone is more
intense than the 700 c.p.s. difference tone which in turn
is more intense than the 1000 c.p.s. difference tone.
Subject J.E. does not show this order. The discrepancies
between the intensities of the difference tones of either
subject substantiate Fletcher's hypothesis rather than
disprove it.

Certein qualitative observations that were made during
the reguler sessions make possible a simple rule for the use
of the correction procedure. The intensity of the primaries
at which the difference tone first became audible was noted.
Under all conditions and for both subjects, the intensity

at which the difference tone was first heard by itself,




with no exploring tone present, agrees remarkably well
wlth the intensity at which the error of overestimation
begins to become appreciable. For example, in Fig. 12,
subject J.E. begins to overestimate the intensity of the
700 c.p.s. difference tone when the intensity of the 1906
C.p.s8. primary is approximately 70 db. The 700 c.p.s..
difference tone first becomes audible as‘a separate and
distinct tone at this same intensity of the primary.

This suggests that a quick test to determine whether 6r
not the intensity of a difference tone, as méasured by the
method of best bests, needs to be corrected for over-
eétimatioﬁ, is to determine whether or not it is sudible as
a sepearate and distinct tone in the éomplex producing it.
If it 1s audible by itself, then the intensity of the
exploring tone for best beats may be taken to be equal to
the Iintensity of the harmonic or combination tone being
measured. If, with no exploring tone present, the tone
being measured is not heard as a separate tone, then a
correction based on a consideration of the range of audible

beats 1is necessary.




SUMMARY

Intensities of first-order difference tones of 200
¢c.p.8s., 700 c.p.8., and 1000 c.p.s. for two subjects were
measured by the method of best beats.’ It was shown that
the results obtained by the conventional method of best
beats were in error near the threshold of the difference
tones measured. The error of overestimation was shown to
operate under several condltions of masking. Corrections,
based on the width of the region of audible beats, were
epplied to the best beat curves obtained, and more nearly
correct estimates of the intensities of the three difference

tones were presented.
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