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In prev ious  invest igat ions  [2, 3, 5], the au thors  showed that  the range  of f requencies  pe rcep t ib le  by 
the human ea r  may  be  v e r y  cons ide rab ly  extended at its upper  l imit .  When bone conduction is p resen t ,  the 
audi tory percept ion  of u l t rasound may  extend to 200, or  even 222 kc.  

The object  of the p re sen t  invest igat ion was to m e a s u r e  the audi tory sens i t iv i ty  (the th resho lds  of 
st imulation) for  sounds in the lower  pa r t  of the spec t rum of percep t ib le  f requenc ies  and for  f requencies  in 
the u l t rasonic  par t  of the s p e c t r u m ,  and then to draw up a comple te  audiometr ie  cu rve  of human audi tory 
percept ion throughout i ts  r ange .  

E X P E R I M E N T A L  M E T H O D  

Audi tory sens i t iv i ty  to ul t rasound in the p r e sence  of bone conduction was de te rmined  by means  of a 
type G3-7A genera to r ,  giving a wide s pec t ru m of f requencies ,  and a set  of c e r a m i c  lead z i r c o n a t e -  
t i tanate  u l t rasonic  c o n v e r t e r s  working at  definite r e sonance  f requenc ies .  The u l t rasonic  conve r t e r  was 
applied f i rm ly  to the sub jec t ' s  head in the mas to id  region.  The contact medium was mine ra l  oil. One of 
the essent ia l  conditions for  the accu ra t e  de te rmina t ion  of the thresholds  of u l t rasonic  s t imulat ion is m e a s -  
u r e m e n t  of the in tensi ty  and the su r face  of the c o n v e r t e r .  Satisfaction of these  condit ions may  be e x t r e m e -  
ly difficult,  fo r  the inf in i tes imal ly  low intensi ty  of u l t rasound capable  of producing an acoust ic  sensat ion in 
man  cannot be r eco rded  by exist ing methods .  Fo r  th is  r eason ,  the authors  developed a method of m e a s u r -  
ing min ima l  in tens i t ies  of u l t rasound [1, 5, 6]. The m e a s u r e m e n t s  and calculat ion of the intensi ty  of u l t r a -  
sound n e c e s s a r y  for  producing an acoust ic  sensa t ion  were  made  sepa ra t e ly  for each  definite f requency 
used in the inves t iga t ions .  The absolute  in tens i ty  va lues  obtained (in W / c m  2) we re  subsequent ly  conver ted  
into re la t ive  values ,  namely  to dec ibe ls  above the threshold  of acoust ic  p r e s s u r e  for  a tone of 1000 cps,  
taken as 0.000 204 bar .  The threshold  values  of u l t rasonic  s t imulat ion for  the subjec ts  were  de te rmined  
by  changing f r o m  s m a l l e r  in tens i t ies  of u l t rasound to l a rge r .  

Auditory sens i t iv i ty  to sounds in the lower  par t  of the s p e c t r u m  of percept ib le  f requenc ies  was 
studied by means  of a gene ra to r  and a low-frequency type N 445 osc i l l a to r  (England) giving osci l la t ions 
with a f requency of be tween 1 and 1000 cps .  A high-ohmic e lee t rodynamic  earphone was used as the sound 
t r a n s d u c e r .  The percep t ion  of low tones was invest igated in the conditions of a i r  conduction, and for  this  
pu rpose  the earphone was placed in f i rm contact  with the aur ic le .  The th resho lds  of acoust ic  s t imulat ion 
were  exp re s sed  in units of potential  at the output of the gene ra to r ,  and subsequent ly  conver ted  into dec i -  
be l s ,  as  is done no rma l ly  in aud iomet r i c  invest igat ions .  Before  de te rmin ing  the th resho lds  of acoust ic  
s t imulat ion,  the lower l imit  of percep t ib le  f requencies  with max ima l  intensi ty of genera ted  tones  was de -  
t e rmined  in al l  the subjec ts .  The audi tory sens i t iv i ty  was then de te rmined  for  di f ferent  tones in the lower  
pa r t  of the s p e c t r u m  by gradual ly  inc reas ing  the intensi ty f rom subthreshold to threshold .  

E X P E R I M E N T A L  R E S U L T S  

The audi tory sens i t iv i ty  to ul t rasound was invest igated in 20 subjec ts  aged f rom 20 to 40 y e a r s  with 
n o r m a l  hear ing.  The th resho lds  of u l t rasonic  s t imulat ion were  r eco rded  for  five fixed f requencies :  30, 
47, 85, 130, and 225 kc. The audi tory  sens i t iv i ty  to sounds in the lower  pa r t  of the spec t rum was also 
studied in 20 pe r s ons  aged f rom 20 to 40 y e a r s .  The th resho lds  of s t imulat ion by tones in the lower par t  
of the sonic spec t rum  were  recorded  for  these  subjec ts  re la t ive  to seven fixed f requencies :  32, 20, 16, 14, 
12, 10, and 8 eps .  

Pathophysiology Labora to ry ,  Moscow R e s e a r c h  Insti tute of the Ear ,  Throat ,  and Nose, Minis t ry  of 
Health of the RSFSR (Presented  by Academic ian  P. K. Anokhin). Trans la ted  f r o m  Byul le ten '  ~ k s p e r i -  
men ta l ' no i  Biologii i Meditsiny,  Vol. 64, No. 9, pp. 12-15, September ,  1967. Original  a r t i c l e  submit ted 
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Auditory sensit ivity (thresholds of stimulation) in man to sounds 
of different frequency in normal  conditions. 1) Curve of thresholds  of 
st imulation for bone conduction of sounds; 2) curve of thresholds  of 
st imulation for a ir  conduction of sounds. 

It was found that the upper limit of perceptible frequencies with bone conduction was 225 kc for all 
the subjects .  

So far  as the lower limit of perceptible frequencies with a i r  conduction is  concerned, 4 of the 20 sub- 
jects  perceived sound with a frequency of 8 cps, 8 with a frequency of t0 cps, and the other 8 with a f r e -  
quency of 12 cps.  It thus appeared that the mean lower limit of f requencies  perceptible by the human ear  
is 10 cps. However, to give a final answer to this question, allowance must  be made for the fact that  the 
possibil i ty of perception of even lower tones - infrasound - is determined by the degree  of their  amplif ica-  
tion. 

F rom the resul ts  obtained, the range of auditory sensit ivity could be plotted in the fo rm of the curves  
shown in the figure. The middle part of these curves ,  reflecting the thresholds  of auditory stimulation for 
sounds ranging from 100 to 10,000 cps, with both air  and bone conduction, was plotted f rom the mean data 
taken from the l i te ra ture .  The right and left portions of the curve,  reflecting the auditory sensit ivity to 
ul trasounds with bone conduction and to sounds of the lower par t  of the spec t rum with air  conduction, were 
plotted from the measuremen t s  descr ibed above. 

It is c lear  from the information given in the figure that the shape of the threshold curve of auditory 
perception is marked by a considerable,  yet uniform elevation in the region of ul t rasonic frequencies f rom 
30 to 225 kc. The magnitude of the thresholds  of stimulation by ultrasounds of any frequency used in the 
investigations exceeded the thresholds  of st imulation by sounds of the audible spect rum.  In part icular ,  for 
a frequency of 30 kc, the threshold was 0.15 =~ 0.007 txW/cm 2, or  82 dB; for 47 kc the figure was 0.063 :~ 
0.03 # W / c m  2 or  88 dB; for 85 kc it was 0.41i =e 0.11 p W / c m  2 or  96 dB; for 130 kc it was 1.97 -~ 0.52 ]~W per 
cm 2 or  103 dB; and for  225 kc it was 75.26 -~ 31 txW/cm 2 or  119 dB, whereas  the maximum of the thresholds 
for tones of 10 kc was 0.00005 lxW/cm 2 or  55 dB for  bone conduction and 10 -9 /~W/cm 2 or  30 dB f o r a i r  con-  
duct-ion. 

The thresholds for  sounds with a frequency below 64 cps with a i r  conduction increased  in a s imi lar  
way. For  the lowest perceptible f requency (10 cps) the mean threshold was 0.01 ~ W / c m  2 or  80 dB, and for 
a frequency of 32 cps it was 0.0009 # W / c m  2 or 68 dB. Within the l imits of these frequencies  the thresholds  
of acoustic st imulation also increased re la t ively evenly. 

Hence, in contras t  to the ideas put forward in the physiological and audiological l i terature ,  the audit- 
ory  sensit ivity of the haman ear  can be depicted by a curve covering the range of f requencies  f rom 8-11 
cps to 220-225 kc, with a perfect ly  definite configuration, determined by the difference between the 
thresholds  of stimulation. 

These facts can only be compared with the resul ts  of investigations of auditory sensit ivity to u l t ra -  
sounds ca r r i ed  out in recent  yea r s  [7, 9]. Only Deatherage and co -worke r s  [9] have attempted to measure  
the thresholds  in one subject in relation to a fixed ul t rasonic frequency of 60 kc, and Corso [8] has made 
measurements  on many subjects in relat ion to ul t rasonic frequencies up to 95 kc. 
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Finally, it is important  to recognize  that the study of the auditory sensit ivi ty of the human ear  over  
the whole range of f requencies ,  the subject  of the present  communication,  is  not only of theore t ica l  but 
also of prac t ica l  impor tance ,  for  it can improve the prospec ts  of diagnosis of var ious  forms  of hear ing 
dis turbances  in patients [3, 4]. 
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