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(35) A communication f rom Dr. J. C. Merriam re- 
garding adul t  education was presented. Af te r  discus- 
sion a committee was appointed to consider the sub- 
ject and  t o  make a survey of possibilities f o r  the 
A. A. A. S. t o  develop this work. The committee 
appointed is as follows: Harlow Shapley, chairman, 
W. H. Howell, C. C. Little, John  C. Merriam and 

Wm. F. Ogburn. It was suggested that this com-
mittee consider the manner of cooperating with other 
organizations and co-opt other members o r  if desired 
form subcommittees t o  study special topics i n  order 
to report in  October. 

HENRYB. WARD, 
Permanent  Secretary 

T H E  NATIONAL ACADEMY O F  SCIENCES. IV 

The  velocity-distahce relation for isolated extra-galactic 

nebulae: EDWINHUBBLEand MILTON L. HUMASON.The 
velocity-distance relation, log v = 0.2m + 0.706, derived 
from 85 isolated nebulae, parallels that derived from 
clusters, but is displaced toward the brighter side by 
about one magnitude. The displacement is interpreted 
as an effect of selecting the nebulae on the basis of 
apparent magnitude. Since the luminosity function ap- 
proximates a normal error curve with a a t  
M, and the density function is constant, the frequency 
distribution of M for a given m will be another normal 
error curve with the same dispersion but with the maxi- 
mum displaced by M, -E=1.3862. The observed dis-
placement represents a dispersion of the order of 0.85 
mag., in close agreement with observed dispersion, 0.86 
mag., of the residuals. Isolated nebulae and cluster 
members give the same velocity-distance relation and 
hence are strictly comparable objects. M, may be esti- 
mated from the Virgo cluster, where stars are found in 
some of the nebulae. The data as yet indicate no s igns -  
cant revision of the value previously derived, M, =- 13.8. 

Loudness and pitch o f  musical tones and their relation 
t o  t72e intensity and frequency: H. FLETCHER (introduced 

terms which are used to describe sensations produced 
when certain types of waves operate upon the hearing 
mechanism. Intensity and are the 
ing terms to describe the physical quantities power trans- 
ferred per unit area and vibrations per second executed 
by the sound wave. The relation between these psycho- 
logical and physical aspects of a musical has been 
investigated using a group of typical listeners. Precise 
scales were invented and used for representing the Sen- 
sations of h ~ d ~ e s s  and pitch. In loudness a 
pure tone having a frequency of 1,000 cycles Per 
and with intensity variable throughout the audible range 
was used as a reference tone. I n  comparing pitch, a 
pure tone having a constant loudness and with frequency 
variable throughout the audible range was used as a 
reference tone. Typical results follow: A 50-c~cle tone 
with an intensity which is 10,000 times that at  the 
threshold of hearing produces the same loudness as a 
1,000 cycle tone with an intensity which is 1,000,000,000 
times its threshold value. The intensity of a complex 
tone with ten components all equal in intensity but dif- 
ferent in frequency is ten times that of each componelut, 
as  is well known. On the other hand, the loudness of one 
such complex tone with frequencies which are harmonics 
of 500 cycles per second was found to be equal to that 

by F. B. Jewett). L~udness  and pitch are ~s~cho log ica l  vals of the order of a million ~  ~ years. th ~~~h nebula 

of the 1,000 cycle component raised one thousand times 
rather than ten times in intensity. An observer's loca-
tion of the pitch was found to depend upon the intensity 
as well as the frequency. For example, the itch of a 
200-Cycle tone was located a t  a position which was as 
much as  one quarter of an octave lower a t  the very high 
intensities than a t  the low intensities. For pure tones 
having frequencies near 2,000 or 3,000 cycles Per second, 
nO difference of pitch was observed as the intensity was 
changed. Similar small pitch changes were observed with 
complex tones. Some very large changes were observed 
with particular changes in the components. For ex-
ample, the pitch of a complex tone having four com-
ponents of equal intensity, but with frequencies of 400, 
600, and 1)000 per second was perceived as 

to a 200-c~c1e tone. If to this Corn-that 
plex tone, three additional components having frequencies 

500, 70° and 900 cycles Per second, are added, then the 
pitch will be perceived as an octave lower or that corre- 
'pending to a 100-cycle 

The  realm of the nebulae: EDWIN HUBBLE. The ob- 
servable region--the region of space that can be explored 

existing telescopesis a vast gphere through which 
a hhundred million nebulae are average inter-

is a sitellar system wit. our own system of 
the Milky Way. ~f the observable region is a fair m-
ple, we may hope to infer the nature of the universe from 
bhe observed darmteristics of the sample. Two general 
characteristics have been es,bbcshed in the past five 
years. ~h~ large scale distribution of nebulae is uai-

farm, since c~ounts of nebulae behave as random samples 
of a homogeneous population. Light from the nebulae 
is reddened in direct proportion to the &stance i t  hm 
traveled. These data, together with the general laws of 

nature, permit certain inferences concerning the universe 
whi& are embodied in *he current theories of cosmology. 

African r i f t  valleys: BAILEY WILLIS. African rift  
valleys have been interpreted as  cracks due to t e n s i o ~  

produced by collapse of the hypothetical Gondwana Con- 
tinent. They are found to be effects of unequal eleva- 
tion, combined with local compression with or without 
extrusion of lavas. Theoretical discussion involves *rob- 
lems of general application to ebvation subsidence and 
mountain building. 

Isostasy and the eruptive crust: BAILEY WILLIS. 
Isostasy and eruptive crust are related as effect and 
cause. The argument is Ohat the existing crust of the 
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earth is altogether eruptive and its features are logical 
results of the ordilmry processes. The notion of as . -

ariginal crust is discounted and material divergences 
from current ideas are indicated. 

Lightning and the developmeltt of its discharge: B.F. 
J. SCHONLAND An account is given of (by invitation). 
further photographic atudies of the lightning discharge, 
using an improved form of Boys camera with two fast- 
moving, one slow-moving and one fixed lens. It has been 
shown previously thak the majority of lightning strokes 
examined were double m d  consided of a domward-
moving dart-like leader-stroke, followed immediately 
upon arrival a t  the ground by a more intense flame-like 
upward.moving main ~troke. Examination of 75 flashm 
by improved methods has now shown that this combina- 
tion of leader and main stroke is general. The leader 
which blazes the trail for the flrfirgt of a series of ligbt- 
ning strokes along the same path is, hmever, of a dif-
ferent character to the others, for (the luminous rtrack 
does not pass rapidly downward but pauses on ib way 
after completing each new length of 50-100 meters 
(stepped leaders). These stepped leaders are found to 
split on their way, blazing downwardly direated branches, 
whieh are subsequently more brilliantly illuminated by 
the upward-moving main discharge. I n  a number of 
cases the most brilliant part of the subsequent discharge 
is not from ground to cloud but from ground to one or 
more of the branches. I t  is suggested that the leader 
stroke carries down i ~ t o  the air as an electron avalanche 
the major portion of the cloud charge. The stepped 
leaders pause for times of the order of 10-4 second, and 
would thius give rise to radiation on a wave-length of 
about 30 kilometers, an effect which may play some part 
in the formation of the ripple in  atmospherics. The 
work was carried out in conjunction with H. Collens and 

D. J. Mdan and under the auspices of the South African 
Institute of Eleatrical Enginwm. 

Alunuhizing process for coating telescope mirrors: 
JOHNSTRONG(introduced by R. A. Millikan). A steel 
bell jar 40" in diameter is evacuated by apiemon oil dif- 
fusion pumps and a Hypervac pump to 10-4 mm of 
mercury pressure. Aluminum is distilled from twelve 
hngsten coils to form a unifiorm film 1/10 y in  thicknem 
on the surface of the telescope mirror. The mirror sur- 
face is  made clean for the coating process by an electri- 
cal discharge as  the bell jar is being evacuated. The 
evaplorated aluminum coat is immune to tarnish, adheres 
tenaciously to the g l a ~  and is  not easily scratched once 
the oxide film, which forms on it, is established. The 
reflectivity is 89 per cent. in the visible, dropping gradu- 
ally to 80 per cenit. a t  2500 A. Measurements a t  Lick 
Observatory show the reflectivity, for photographic light 
exceeds silver by approximately 50 per cent. Stellar 
spectra to 3000 H have been obtained. 

Pure rotation spectrum of the HC1 pame: JOHN 
STRONG(introduced by R. A. Mlllikan). Pure rotation 
lines for j = 17 60 33 of the emission spectrum of the 
HC1 flame are measured with a EBT prism. The follow- 
ing empirical formulae are determined to represent ~ W Q  

series of lines measured corresponding to pure rotation 
in the two lowest oscillation states: 

The linear coefficients agree satisfaotorily with value8 
calculated from the empirical oscibtion-rotation formula. 
Theoretically the two cubic coefficients should be equaL 
High values of j allow considerable accuracy to be 
ascribed to these cubic coefficients, so the discrepancy is 
not regarded as accountable by experimental error. 

SCIENTIFIC APPARATUS AND LABORATORY METHODS 

THE PLACE OF PHONOPHOTOGRAPHY IN 

THE STUDY OF PRIMITIVE MUSIC 
THE purpose of <this note is to illustrate, a n  up-to- 

date method of recording, transcribing and interpret- 
ing primitive music.l The relatively original features 
are  the use of the gnaphic method of phonophotog- 
raphy and the transcription of songs in  the pattern 
score. The original materials may be collected by the 
improved phonographic field equipment and, in  in-
creasing amount, by the newer methods of sound film 
production. I n  some instances the phonophoto-
graphio apparatus  itself can be baken into the field. 
I n  the laboratory the phonophotograms will be made 
from bhe sound recordings. From a single playing 
before the microphone t h ~ e e  p u p s  of records are  
made: First, a re-recording of the song on hard disks 

1See Metfessel's "P~onophotography in Folk Music," 
university of North Carolina Press, 1928, and various 
authors, "Situdiecc in the Psychology of Muec," Vol. I, 
Univensity of Iowa, 1932. 

f o r  auditory reference; second, a phonophotographic 
record of pitch, intensity and time; and, third, a n  
oscillogram f o r  harmonic analysis #to determine tone 
quality. 

Fig. 1presents in  pattern score a song by a woman 
singer of the Sioux tribe, who exhibited a t  the Cen- 
tury of Progress. The record was taken to the Iowa 
Laboratory f o r  graphic analysis through the kind- 
ness of Miss Fmances Densmore, who in turn ac-
knowledges her obligations to  Dr. George Herzog f o r  
recording by  the Fairchild aluminum disk recorder. 
The present note deals only with the technique of 
graphical recording; the musieal interpretation of 
this particular record is left to Miss Densmore and 
indeed to a n y  student of primistive music who will 
give the time to draw upon the resources here pre- 
sented when dealing w i t h  any specific issue. 

1, this score the upper  curve of each rep-
resents pitch a n d  the lower is a graph of intensity, 


