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WILLIAM WARREN ORCUTT 

(1869-1942) 

William \Yarren Orcutt.1 a member of the Southern Cali
fornia Academy of Sciences for thirty-five years, died on April 
27, 1942. He was born in Concord, Dodge County, Minnesota, 
seventy-three years ago. At the age of twelve he moved with 
his parents, John Hall Orcutt and Adeline Marion Warren Or
cutt, to Santa Paula, California. Here he attended public school 
and the Santa Paula Academy, enrolling in 1891 in the first class 
of a then new institution of higher education, Stanford Uni
versity. During his college career he majored in civil engineer-

1 I am indebted to Mr. Earl B. Noble of the Union Oil Co. of California for the 
biographical data relating to Mr. Orcutt. 
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ing and geology, but found time also to demonstrate his prowess 
on the track and in football. He played on the varsity eleven 
with \\/alter Camp as coach, and was a member of the team 
whose business manager was Herbert Hoover. 

After graduation Mr. Orcutt returned to Santa Paula, prac
ticing his engineering profession and becoming also U. S. Dep
uty Surveyor. He beca,me associated with the Union Oil Com
pany in 1898, and was at various times general superintendent 
for the San Joaquin Valley division, then manager of the geo
logical and land departments of the company, chief engineer. 
and finally vice-president of this company in 1922, which position 
he continued to hold until he retired in 1939. Thus his life 
encompassed a good portion of the pioneering and subsequent 
history of the petroleum industry in southern California. 

He early appreciated the value of geological studies in ex
ploring for oil, and conducted such investigations himself, parti
cularly in the San Joaquin Valley, Santa Maria basin, and in the 
Los Angeles area. It was in the latter region that he noted the 
occurrence of fossil animal remains in the asphalt beds of Rancho 
La Brea. This led later to the excavation of the brea beds bY 
several institutions including the University of California, South
ern California Academy of Sciences, and the Los Angeles Countv 
:\luseum. It is not difficult to appreciate the great service ren
dered to geology and paleontology by Mr. Orcutt in thus re
awakening interest of scientists in this significant locality after 
that interest had lain dormant and neglected for a quarter of a 
century. Among the many extinct kinds of creatures described 
from these famous deposits was a species of coyote named Canis 
nrrutti in Mr. Orcutt's honor. 

Mr. Orcutt was an honorary member of the American As
sociation of Petroleum Geologists. He was also a life member 
of the American Society of Civil Engineers. The town of Orcutt. 
Santa Barbara County, was named for him, as was also Orcutt, 
Colorado. A municipal park in the San Fernando Valley like
wise bears his name. 

In business affairs Mr. Orcutt led a very active life. He was 
a director of the Union Oil Company, Semi-Tropic Fruit Ex
change, Cal-Ore Mining and Development Company, La :i\Ierced 
Heights Land and Water Company, and the Midway Petroleum 
Company. ~t the time of his death he was president of the 
Canoga Citrus Association, International Development Company. 
Pioneers Petroleum Society of California, and chairman of the 
Advisory Board to Local Selective Service Board No. 176. 

His widow, Mary Logan Orcutt. a son, John Logan Orcutt. 
and a daughter, Mrs. Jeremiah D. Maguire, survive him. 
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Propagation of Sound Waves in the Atmosphere 

B. GUTENBERG 
California Institute of Technology, Pasadena, California 

(Received August 31, 1942) 

The effect of humidity on the velocity of sound waves is investigated (Eq. (5), Table I). The 
radius of curvature for a ray of sound which is propagated in the direction of the wind is given 
[Eq. (13) J and discussed. The amplitudes of sound waves as a function of the distance are given 
[Eq. (17)], and the relative importance of the quantities involved is discussed. 

INTRODUCTION 

T
HE problem of the propagation of sound 
waves in the atmosphere, though of prac

tical interest, seems to have been somewhat 
neglected. The following article is a contribution 
to certain aspects of this problem. 

SOUND VELOCITY IN HUMID AIR 

It is usually stated in publications that the 
effect of humidity on the sound velocity is small. 
Assuming a purely adiabatic process, the sound 
velocity V in a gas is given by 

V= (p Kf p)i= (RTK)i, (1) 

where p =pressure, K = C p/ Cv is the ratio of the 
specific heats at constant pressure and at con
stant volume, p=density, R=gas constant for the 
given gas, and T=absolute temperature. For dry 
air R=2.87X 106 cm2/ sec.2 and K= 1.4 which gives 

V = 20.05yT(m/ sec.). (2) 

For T=273°K, Eq. (2) gives V=331.6 m/ sec. 
which is very close to the observed value 331.45. 1 

For all temperatures to be expected in the at
mosphere, the values calculated from (2) agree 
with the observations within the limits of error 
involved in the problems of this paper. 

In humid air, p, R, and K depend on the partial 
pressure h (sometimes called tension) of the 
water vapor. Using the index a for dry air, w for 
water vapor, and h for humid air, we find from (1) 

p i Kh 
Kh Rh =Va - w v.~v( R.) [ '· p-( 1-:} l 

i 

(
Kh p )l 

=Va - . (3) 
Ka p-0.38 h 

With sufficient approximation2 

Kw 

Kh 
(p-h)(Kw- l)+h-(Ka-1) 

Ka h 
-------- 1-0.1- , (4) 

p-h Ka (p-h) (Kw-1) +h(Ka-1) 

using Kw= 1.3 and Ka= 1.4. Introducing this result 
in (3) we find approximately 

h 
Vi= Va+0.14- Va= Va+H, 

p 

h 
H=0.14-Va. 

p 
(5) 

The correction H depends on the ratio of the 
partial pressure h of the water vapor to the 
pressure p (elevation above the ground). Near 
the ground, we may take as averages p = 760 mm 
Hg, V = 340 m/ sec. and find with these figures 
approximately. 

H 0 =0.063h (Hin m/ sec. h in mm Hg). (6) 

In Table I, calculated values for the approximate 
correction Ho near the ground are given. In air 
with a relative humidity of x percent, the cor
rections must be multiplied by x/100. In warm, 
humid air, the corrections may exceed 1 percent 
of the value for dry air. 

EFFECT OF WIND ON THE PATH OF 
SOUND WAVES 

The equations for the paths of sound waves 
in the case that the wind direction forms an angle 

TABLE I. Partial pressure h for temperatures t and 
approximate corrections Ho to be added to sound velocity 
for dry air to find the sound velocity in air of 100 percent 
humidity near the ground. (Supposed P=760 mm Hg, 
V=340 m/sec. or T=287° K.) 

1 +so 45 40 35 30 25 20 10 o - 10° c 
h 92.5 71.9 55.3 42.2 31.8 23.8 17.5 9.2 4.6 2.1 mm Hg 
Ho 5.8 4.5 3.5 2.7 2.0 1.5 1.1 0.6 0.3 0.1 m/ sec. 

; H: C. Hardy, D. Telfair, and W. H. Pielemeier, "The 2 E. Luebcke, "Schallgeschwindigkeit," Handbuch der 
ve OC1ty of sound in air," J. Acous. Soc. Am. 13, 226 (1942). Physik 8, 626 (Springer, Berlin, 1927). 
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