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SENSITIVITY OF THE EAR 

T HE difficulty in securing accurate values of the 
minimum stimulus that the ear can detect is 

great. In the first place there are differences in the 
hearing mechanisms of various individuals tested. 
Except for those with some definite hearing defect, 
these differences largely depend on age ; as one 
grows older the response of the ear becomes less, 
chiefly at the higher frequencies. Measurements of 
minimum hearing stimulus thus vary with the age 
of those being tested. Another difficulty is in measur
ing the minimum stimulus. According to an article 
by W. A. Munson (Bell Lab. Rec., 21, No. 10 ; June 
1943) two references have been widely used. One is 
the rms. pressure of the sound wave at a point in a 
free sound field where the listener's ear will later be 
placed. This is the simpler of the two, and is par
ticularly applicable to studies of the usual mode of 
hearing, that is, without the use of telephone receivers 
or similar. devices. The other is the pressure at the 
ear-drum. This reference avoids uncertainty as to 
how the pressure, measured in the air previously to 
the listening test, would be modified at the ear-drum 
by the head and ear of the listener, and is particularly 
useful in studying the mechanism of hearing. It 
involves great technical difficulties, however, since 
the space in front of the ear-drum is small and almost 
inaccessible. 

Regardless of which of these two methods is used, 
the pressure involved is very minute-less than 
1/1,000 dyne/sq. em. A pressure of this order of 
magnitude distributed over the ear-drum results in a 
force of the order of only 1/108 oz. As an organ for 
detecting pressure changes, the ear is thus far more 
sensitive than our tactile organs, since a touch of this 
lightness would be imperceptible. Even at the upper 
limit of hearing, the force is only some thousandths 
of an ounce. Vibrating pressures greater than this 
become tactable rather than audible and result in 
the sensation of pain. Any air wave with an rms. 
pressure above the threshold value enters our con
sciousness as sound, and the sound becomes louder 
the higher the pressure. Since it is the loudness 
rather than the pressure that we are directly conscious 
of, some scale for measuring loudness is also desirable. 

The results of a large amount of work were sum
marized some years ago by Fletcher and Munson and 
it was decided to use the loudness of a 1,000-cycle 
tone as a reference. This frequency is widely used 
as a test tone throughout the Bell System, and it has 
the advantage of being very Close to the frequency 
range for which the ear is most sensitive. Since in 
general the relationship between the magnitude of a 
sensory response and its stimulus is logaritlunic, it 
seemed desirable to use a logarithmic scale, and for 
convenience the loudness-level of a 1,000-cycle tone 
was arbitrarily taken to be the intensity level. 
Loudness-level at any other frequency or combination 
of frequencies is taken to be equal to the intensity
level of a 1,000-cyclE;l tone that sounds equally loud. 
Although loudness,level is measured on a logaritlunic 
scale, and thus corresponds in magnitude to a decibel 
scale, the unit is called a. phon instead of a decibel 
to indicate that . the thing measured is basically 
different from power. 

At 1,000 cycles the threshold of hearing in a free 
field is just about at 0 intensity-level, which also 
justifies making the loudness-level and intensity-level 
equal by definition at this frequency. At 1;000 cycles, 
therefore, an increase in intensity-level results in an 

equal increase in loudness-level. This equality is 
found not to exist at other frequencies, however. 

To the question : How little do we hear ? the 
only safe answer is: it all depends. What we hear 
is a sequence of periodic pressure changes in the air, 
but how small the pressure changes may be, given a 
normal y oung ear, depends on the rapidity of the 
changes. The ear is most sensitive when the pressure 
cycles are occurring at rates between 1,000 and 5,000 
times per second, since we can then det ect changes 
of less than a thousandth of a dyne/sq. em. · At both 
higher and lower frequencies, the sensitivity falls off. 
The studies tha t have determined these minimum 
perceptible pressure changes, and the many others 
tha t ha ve established units of measurement and 
adequa te techniques and appara tus, have provided 
the foundations for the extensive studies of hearing 
tha t have been carried on in the Laboratories. 

CERAMICS FOR HIGH-FREQUENCY 
INSULATION 

A CCORDING to an article by M. D. Rigterink 
(Bell Lab. Rec., 21, No. 9 ; May 1943) elec

trical p orcela ins which are satisfactory and useful 
materials for low-frequency currents have been 
replaced for high-frequency currents by new ceramic 
materials which have far smaller power factors. This 
replacement becomes absolutely essential at elevated 
t empera tures such as are encountered in power 
vacuum tubes in which the insulator operates almost 
red hot. The power factor of most ceramics increases 
very markedly with increase in tempe_rature, this 
causing more conversion of electrical energy into 
heat and producing a cumulative effect which may 
lead to a breakdown in any but the very best 
materials. 

The most widely used of the improved ceramics are 
the steatites, this term now being applied to all 
synthetic ceramic materials which are prepared with 
talc as the principal raw material and which have 
magnesium metasilicate as the principal crystalline 
phase. Steatite bodies are prepared from mixtures 
of 60 per cent or more talc, 30 per cent or. less kaolin, 
and the r emainder usually of alkali or alkaline earth 
oxides or compounds that will decompose to give 
these fluxing oxides. The formed ware is heated 
from 1,200 to 1,400° C. on a controlled heating and 
cooling cycle. During this heat treatment the fluxing 
oxides combine with part of the magnesia, alumina, 
and silica given by the talc and the clays to form 
glasses which in turn dissolve m ore of these con
stituents as the temperature rises. In addition to 
glass formation, chemical reactions take place between 
the solids and between the solids and liquid glasses ; 
crystallizations also occur .as the temperature is 
lowered, and finally crystalline transformations are 
produced. These complex changes cause the mixture 
to shrink and to become the hard, dense material 
known as a steatite ceramic. 

Dielectric properties of the steatite ceramics vary 
considerably, depending on the amount, kind and 
proportions of fluxing oxid,es that are used in their 
preparation. The alkalis are particularly detri
mental, and the alkaline earth oxides appear to be 
especially beneficial. Other :variations are caused by 

grind,ing and mixing 9f the raw . . materials, the 
firing · cycles, ·and the · nature and the amount of 
impurities present. All the steatites have unusually 
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high transverse, tensile, and compressive strengths, 
these values frequently being as much as three times 
as high as the corresponding values for electrical 
porcelains. They also possess resistance to cold flow, 
ability to withstand high temperatures, resistance to 
all common chemical agents except hydrofluoric 
ac.id, and low porosities. 

Steatites have replaced porcelains for some uses 
solely because of their great er mechanical strength 
but more frequently on accolmt of their improved 
dielectric properties. The useful range of dielectric 
constant for steatite ceramics varies only from five 
to eight. Loss of electrical energy in these insulators 
depends more on the power factor than on the 
dielectric collStant. 

Another interesting and important property of 
these steatite ceramics is that those which have good 
insulating properties for direct current may not be 
as satisfactory for alternating current. For example, 
ceramic bodies with the same direct current resis
tances were prepared for which the values of tan ll at 
100 kc. varied by a factor of more than twenty-five. 
Thus, where a.c. and d.o. voltages are superimposed 
the dielectric properties for both have to be con
sidered in comparing different materials. 

FORTHCOMING EVENTS 
(Meetings marked with an asterisk are open to the public) 

Saturday, October 16 
INSTITUTE OF PHYSICS (X·ltAY ANALYSIS GROUP) (joint meeting 

with the MANCHESTER AND DISTRICT ;BRANCH) (in the Physico Depart
ment, The University, Oxford Road, Manchesterl_, at 2.30 p.m.-Sir 
Lawrence Bragg, F.R.S.: "The Physical Optics 01 X-Ray Analysis"; 
Short Papers and Exhibition of Apparatus, etc., relating to Industrial 
Problems. 

ASSOCIATION OF SCIENTIFIC WORKERS (NORTH-WEST AREA) (in the 
College of Technology, Sackville Street, Manchester).-Sir Robert 
Watson Watt, F.R.S .: "The l!'reedoms of Science". 

Sunday, October 17 
.ASSOCIATION OF SCIENTIFIC WORKERS (NORTH· WEST AREA) (in the 

University, Liverpool) -Sir Robert Watson Watt, F .R.S.: "The 
Freedoms of Science". 

Monday, October 18 
ROYAL GEOGRAPHICAL SOCIETY (at Kensington Gore, London, 

S.W.7), at 5 p.m.-Dr. E. C. Willatts: "Physical Names for the Map 
of Great Britain". 

Tuesday, October 19 
SOOIIlTY OF CHEMICAL INDUSTRY (AGRICUI.TURE GROUP) (at the 

London School of Hygiene and Tropical Medicine, Keppel Street, 
Gower Street, London, W.C.l), at 2.30 p.m.- Mr. W. Morley Davies: 
"Lime in Agriculture". 

INSTITUTION OF PROFESSIONAL CIVIL SERVANTS (at the Institution 
of Mechanical Engineers, Storey's Gate, St. James's Park, London, 
S.W.l), at 5.30 p.m.-The Itt. Ron. Sir Stafford Cripps, P.C.: "Radio 
and International Relations". 

ROYAL PHOTOG!LU'HIC SOCIETY (SCIENTIFIC AND TECHNICAL GROUl') 
(at 16 Princes Gate, South Kensington , London, S.W.7), at 6 p.m.
Dr. G. W. W. Stevens and Mr. P. C. Smethurst: "High-Resolution 
Mlcrophotograpliy-Graticulcs ''. 

Friday, October 22 
INSTITUTION OF MECHANICAL ENGINEERS (at Storey's Gate, St. 

James's Park, London, S.W.l), at 5.30 p.m.-Prof. F. C. Lea: Presi
dential Address. 

Friday, October 22-Saturday, October 23 
TOW!! AND COUNTRY PLANNING AsSOOLI.T!ON (at the Royal Empire 

Society, Northumberland Avenue, London, W.C.2).-Conference on 
"Country Towns In a National Planning Policy" 

Friday, October 22-Sunday, October 24 
INSTITUTE OJ' INDUSTRIAL AD)[!NISTRATION (at the Waldorf Hotel, 

Aldwych, London, W.C.l!).-conference on "Management in Action". 

Saturday, October 23 
SHEI!'J'IELD METALLURGICAL ASSOOUTION at 2.30 p.II).-DiSCUSSiO!l 

on "The Education and '!'raining of Meta.llurgistil'' (to be opened by 
Dr. Edwin Gregory). 

APPOINTMENTS VACANT 
APPLICATIONS are inv,itcd for the follcwlng appointments on or 

before tlt e dates m<ntion<d: 
TEACHER OF MATHEMATICS AND GENERAL SaiENCE for TechnicAl Day 

School and College--The Chief Education Otl!cer, Education Offices, 
Park ltoad, West Hartlepool (October 20). 

EDUCATIONAL PSYCHOLOGIST (full-time) -The County Medical 
Ol!lcer, Public Health Department, Shire Hall, Nottin@ham (October 
20). 

ASSISTANT AGRICULTURAl, CHEMIST-The Principal, Agricultural 
Institute and Experimental Station, Kirtcn, :BeEton, I.incs. (October 
21). 

TEACHER OF PHYSICs-The Principal, Acton Technical College, High 
Street, Acton , London, W.3 (October 22). 

J, ECTURER (full-time) IN PHYSICAL AND INORGANIC CHE.IIIISTitY, and 
a LEC'.rURER (full-time) IN ZOOLOGY, WITH :BOTANY OR PBYSIOJ.OGY
Thc Clerk to the Governors, Scuth-Ea•t E>srx Tc<lmi<al Collrve and 
School of .Art, Longbridge Road , Dagenham, Essex (October 22). 

LECTURER IN MINING-Tile Clerk tn the Governors, Technical 
College, Infirmary Road, CheEterfield (Octoter 23). 

LEC'l'URER IN GENERAL SCIENCE for the .Tunior T c hnica) College
The Principal, Derby Technical College, Normanton Road, Derby 
(October 23). 

LECTURER IN MATHEMATICS, and an ASSISTANT MASTllR to teach 
SCillNC!l and subsidiary MATHEMATICS-The Principal, Kingston Tech
nical College, Kingston, Surrey (October 25). 

TEACHER OF ENGINEERING SUBJECTS, and a TEACHER OF GEO
GRAPHY-The Principal, West Ham Municipal College, Romford Road, 
Stratford, London, E.l5 (October 25). 

ASSISTANT TO THE ADVISORY MYCOLOGIST-The Advisory Mycologist, 
School of Agriculture, Cambridge (October 30). 

ENGINEERING GRADUATE (or equivalent qualifications) to trach 
chiefly Mechanical Subjects-----The Principal, County 1'echnical College, 
Dartford, Kent. 

ASSISTANT ENGINEER for the British Pul>!Jc WOJks Drpart
ment-TIIe Ministry of Labour and Natlcnal Service, Crntral (Trch
nical and Scientific) Regi•ter, Alexandra Reuse, King&way, London, 
W.C.2 (quoting Refere.nce No. E.767). 

REPORTS and other PUBLICATIONS 
(not included in the monthly Books Supplement) 

Great Britain and Ireland 
Institute of Statistics, Oxford. Supplement No. 5, Bulletin Vol. 5, 

New Plans for International Trade. Pp. 40. (Oxford : Basil Black
well.) 1s. 6d. net. . [219 

Royal Institute of Chemistry of Great Brit,ain and Ireland. Lecture 
on Leather . By Dr. Dorothy Jotdan-Lloyd. Pp. 31. (London: Royal 
Institute of Chemistry.) [219 

Hannah Dairy Research Institute. Report for the Two Years end-
ing 31st March 1943. Pp. 20+4 plates. (Kirkhill: Hannah Dairy 
Re£earch Imtttute.) [219 

Geological Survey of Great Britain. Wartime Pampl1let No. 35 : 
Determination of Tin, with Special Reference to Tin Ores. By C. 0. 
Harvey. Pp. 13. (London : Geological Survey and Museum.) 9d. [219 

Imperial Agricultural Bureaux. Report on the Imperial .Agri
cultural Bureaux by a Committee under the Chairmanship of the 
Rt. Ron. Lord Hankey. Pp. 38. (London : H .M. Stationery Oilice.) 
la. net. [229 

Other Countries 
Indian Forest Bulletin. Utilisation (Ntw Series), No. 118: Studies 

in Fire Resistance, Part 1 ; The Fire R esistance of some Indian 
Timbers (a) The Rate of Burning, By D. Narayanamurti and R. 

Pp. 17. (Debra Dun: l!'orest R esearch Institute.) 
6 annas ; 9d. [248. 

Indian Forest Leaflet. Utilization, No. 89 : Bamboo P!ll or Oint
ment Boxes. By Sultan Mohammed. Pp. 6+1 plate. (Debra Dun: 
Forest Research Institute.) 6 annas · ed. [248 

Indian Forest Records (New Series). Silviculture, Vol. 5, No. 2: 
Teak Plantation Technique. By A. L. Grl!f!th. Pp. 123-220 + 19 plates. 
(Delhi : Manager of PUblications.) 4 ·2 rupees ; 6•. 6d. [248 

Indian Forest Leaflet. Timber Development Branch, No. 36 : 
River Training Works. By J. L. Harrison. Pp. 11 +5 plates. 6 
am1as; 9d. Silviculture, No. 38: Land· Use and Erosion . By Jag
damha Prasad. Pp. iii +9. 4 annas ; od. (Dehra Dun : Forest Research 
Institute.) [308 

Dctermlnacao quantitativa do aluminio ; sua J>recipataca0 por tp.elo 
da fenilhldrazlna. Pelo Wolfrando Carvalho de Moraes Pp. 
54. (Rio de Janeiro: Instituto Naclonal de Tccnologia.) · [69 

New .Zealand. Seventeenth Annual Report of the Department of 
Scientitlc and Industrial Research. Pp. 44. ·(Wellington; Government 
Printer.) 11. [69 

Parliament of the Commonwealth of AustraHa. Sixteenth Annual 
Report of the Council for Scientific and Industrial R esearchl.. for the 
Year ended 30th June 1942. Pp. 74. (Canberra: Government .t'rintcr.) 
38. 3d. [79 

New Zealand: State Forest Service. Annual Report of the Director 
of Forestry for the Year ended 31st March 1943. Pp. 24. (Wellington: 
Government Printer.) 9d. [79 

Ainericau ·Museum of Natnral llistory. Seventy-fourth Annual 
Report for the Year 1942. Pp. ji + 65 +8 plates. (New York : ·Ametic&n 
Museum of Natural liistory.) [89 

Five Editorials reprinted from Natural History Magazine. By 
Albert E . Parr. Pp. 20. (New York: American Museum of Natural 
History.) [89 
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