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ACCIDENT REPORT ON SCHEDULED AIR TRANSPORT OPERA
TIONS FOR THE LAST 6 MONTHS OF 1933

American operated scheduled air
passenger lines flew 7,159,106 miles for
each of the 4 fatal accidents occurring
during the last half of 1933, according
to the Commerce Department's semian
nual report on civil aircraft accidents
in scheduled air transport services
covering the period July-December,
1933.
The 4 fatal accidents included 2 in
which passengers were fatally injured.
There were 6 passenger fatalities, and
as the passenger-miles flown were 122,-
157,686 the number of passenger miles
flown per passenger fatality was 20,-
359,614. (A passenger-mile is the
equivalent of 1 passenger flown 1
mile.) For the full year 1933, there
were 8 passenger fatalities and 24,850,-
010 passenger miles flown for each one.
The total number of accidents, both
fatal and nonfatal, during the last 6

43861—34 1

months of 1933 was 53, and the num
ber of miles flown per accident was
543,027.
Causes of the 53 accidents were di
vided as follows Personnel errors,
20.85 percent; power-plant failures,
25.47 percent; airplane failures, 24.06
percent ; weather 18.30 percent ; air
port and terrain 7.55 percent ; and un
determined and doubtful 3.77 percent.
In a study of injuries and fatalities
occurring in scheduled air-line acci
dents it was found that 23 persons
suffered minor injuries and 3 were
severely injured. The fatalities to
taled 11, including 6 passengers, 4
pilots, and 1 copilot. In the 53 sched
uled air transport accidents, there
were 47 which involved either minor
injuries or no injuries at all.
The accident report for the last half
of 1933 is based on the findings of the
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DEPARTMENT OF COMMERCE SEEKING PERFECTION FOR
RADIO RANGE BEACONS IN MOUNTAINOUS COUNTRY

A comprehensive effort, both practi
cal and theoretical in character, to in
crease the efficiency and reliability of

course " signals should be heard. ( See
flg. 1.) In level country this phenome
non does not exist.

courses
e sty/rat

FIGURE 1.— Illustration of multiple course effect on radio range beacon. Places where
multiple courses are encountered are shown by straight and broken lines to represent"
on course ", "A", and " N " signals.

radio range beacons by eliminating
Multiple or split courses that have de
veloped as a radio phenomenon in
mountainous country, has been started
by the Aeronautics Branch. Multiple
courses are additional " on course "
signals received at points where " off

Rex Martin, Assistant Director of
Aeronautics in charge of air naviga
tion, who is supervising the investiga
tion, has declared that multiple courses
constitute what appears to be the last
problem to be solved in perfecting the
radio range beacons which have been
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operated for several years by the De
partment of Commerce to provide di
rectional guidance to airmen.
The practical phase of the investiga
tion will center around a special radio-
equipped Commerce Department air
plane and two Department experts,
li. C. Elliott, airways patrol pilot of
the air navigation division, who dis
covered the multiple courses, and D.
M. Stewart, electrical engineer of the
Bureau of Standards. This expedition
has been sent to the mountainous coun
try of the West to conduct flight re
search on the multiple-course problem.
On the theoretical side, Mr. Martin
Bias requested the cooperation of the
presidents of 71 colleges and universi
ties throughout the United States. In
his letters to the presidents, Mr. Mar
tin said :
It is thought that you might assign
someone to this problem or suggest that it
he carried out in connection with graduate
•work, inasmuch as the principles involved
pertain fundamentally to radio wave propa
gation. Your assistance is therefore so
licited in obtaining information which you
feel would be advantageous in bringing
about an early and successful conclusion
to the problem involved. Any action which
you may take in this connection will be
greatly appreciated.

DISCOVERY OF MULTIPLE COURSES

Multiple courses were first discov
ered in March 1932, by Mr. Elliott
while investigating another radio phe
nomenon in the form of shifting
•courses at night. This trouble is be
ing eliminated by the installation of
a new type antenna. Warnings were
sent to all aircraft operators after the
multiple courses were definitely estab
lished. Cautionary measures were is
sued to the Army Air Corps on Feb
ruary 13, 1934, for the special benefit
of those pilots who would be assigned
to fly the mail.
Mr. Martin was preparing for the
investigation of the problem last Sep
tember when he suffered severe in
juries in an airplane accident. The
•subsequent hospitalization and con
valescence period delayed this work.
Studies of the multiple course con
dition made since its discovery by Mr.
Elliott have revealed that it exists
both with the loop antenna and with
the T-L type and that there seems to
be very little difference as to the
number of multiple courses or the
area covered. In general, it has been
found that within a distance of 10 to
15 miles from the radio range station,

the multiple course effect is not suffi
cient to prevent the use of the range
beacon. However, at distances

greater than 30 miles from the trans
mitter, there have been many in
stances of 5 or 6 courses. The spread
of these courses or the width of the
band of the courses may be many
times that of the normal course and
in some cases has been known to
cover an angle of as much as 18°.
However, the band of courses usu
ally confines itself to a width of ap
proximately 10° at a distance of 50
miles from the transmitting station.
The spread or the angle over which
these courses exist varies with the
distance from the transmitting sta
tion. For example, the radio range
may have one 2° course, which may
extend 10 miles from a station and
then at this point will split into 2 or
3 courses covering an angle of 4° or
5° and again may split at a distance
of 30 miles from the station and split
into a band covering 8° to 10° and at
50 miles, courses may continue to
split, covering an included angle of
10° to 12°.

ARRANGEMENT NOT PREDICTAB1.16

Attempts already made to corrdate-
the splitting of courses with surround
ing terrain have not proved success
ful and it is not yet possible to pre
dict the arrangement of split courses
that will prevail at any station. When
a course is directed down a valley
which is bound by regularly defined
mountain ranges on either side, the
splitting of courses is found to be most
evident. Courses seem to split up
worse under this condition than any

other condition which has been ex
perienced. On the other hand, if the
courses are projected perpendicular to
a range of mountains or several ranges
of mountains which are regularly de
fined, a negligible amount of splitting
occurs.
When courses are projected across
mountain ranges at an angle, it has
been found that they will split at the
mountain peak and continue to- split,
depending upon the number of ranges
traversed. In regions where the
mountains are irregular, which is gen
erally the case, the results obtained
vary widely and cannot be anticipated.
In general, it is believed that the
major difficulty occurs in connection
with reflections from mountains. This
reflected energy either adds to or sub
tracts from the energy which is propa
gated in a direct line depending upon
the difference in path lengths and the
phase shift at the reflecting surface.
Multiple courses are often found to be
crooked while in numerous other
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cases they are found to be remarkably
straight and will lead a pilot directly
to the station.
It may also be pointed out that these
multiple courses may appear in the
following manner : Bounded on both
sides by the same characteristic sig
nal ; bounded on one side with an "A"
and on the other side with the " N " as
would normally be expected ; and the
reciprocal of this condition with the
"A" and " N " on improper sides of the
course. In some cases courses have
been found to appear and disappear
without continuing into the station
from which they emanated, but as a
general rule they can safely be used
for homing purposes.

LIST OF INSTITUTIONS INVITED TO AID

The colleges and universities which
have been invited to aid in solving the
problem of multiple courses are as
follows :
Alabama Polytechnic Institute, Auburn,
Ala. ; Armour Institute of Technology, Chi
cago, 111.; Boston University, Boston,
Mass. ; Brown University, Providence, R.I. ;
California Institute of Technology, Pasa
dena, Calif. ; Carnegie Institute of Tech
nology, Pittsburgh, Pa. ; Clemson Agricul
tural College, Clemson College, S.C. ; Col
lege of the Pacific, Stockton, Calif. ; College
of William and Mary, Williamsbure, Va. ;
Cornell University, Ithaca, N.Y. : Georgia
School of Technology, Atlanta, Ga. ; Har
vard University, Cambridge, Mass. ; Iowa
State College of Agriculture and Mechani
cal Arts, Ames, Iowa ; Kansas State Col
lege of Agriculture and Applied Science,
Manhattan, Ivans. ; Lehigh University,
Bethlehem, Pa. ; Lincoln Institute (North
eastern University), Boston, Mass.; Massa
chusetts Institute of Technology, Cam
bridge, Mass. ; Michigan State College of
Agriculture and Applied Science, Bast
Lansing, Mich.; Montana State College,
Bozeman, Mont. ; Morningside College,

Slouz City, Iowa ; Newark Technical
School, Newark, N.J. ; New York State Col
lege of Forestry at Syracuse University,
Syracuse. N.Y. ; New York University. Col
lege of Engineering, New York, N.Y. ; North
Carolina State College of Agriculture and
Engineering, Raleigh, N.C. ; Ohio State Uni
versity, Columbus, Ohio: Oklahoma Agri
cultural and Mechanical College, Stillwater,
Okla. ; Pennsylvania State College, State
College, Pa. ; Polytechnic Institute of
Brooklyn, Brooklyn. N.Y. ; Purdue Univer
sity, Lafayette. Ind. : Rensselaer Polytech
nic Institute, Troy, N.Y. ; Rose Polytechnic
Institute, Terre Haute, Ind. : Rutgers Uni
versity, New Brunswick, N.J. • Seton Hall
College, South Orange, N.J. ; Stanford Uni
versity, Stanford University, Calif. -State
College of Washington, Pullman, Wash.;
State University of Iowa, Iowa City, Iowa ;
Syracuse University, Syracuse, N.Y. ; Trl-
State College, Angola, Ind. ; Tulane Uni
versity of Louisiana, New Orleans, La.;
University of Alabama, University, Ala. ;
University of Arkansas, Fayetteville, Ark. ;
University of California, Berkeley, Calif. ;
University of Cincinnati, Cincinnati, Ohio;
University of Colorado, Boulder, Colo. ;
University of Detroit, Detroit, Mich. ; Uni
versity of Delaware, Newark, Del. ; Uni
versity of Florida, Gainesville, Fla.; Uni
versity of Idaho, Moscow, Idaho ; Univer
sity of Illinois, Urbana, 111.; University of
Kansas, Lawrence, Kans. • University of
Michigan, Ann Arbor, Mich. ; University
of Minnesota, Minneapolis, Minn.; Univer
sity of Nebraska. Lincoln, Nebr. ; University
of New Hampshire, Durham, N.H. ; Uni
versity of North Carolina, Chapel Hill,
N.C. ; University of North Dakota, Grand
Forks, N.Dak. ; University of Oklahoma,
Norman, Okla. ; University of Pennsyl
vania, Philadelphia, Pa. ; University of
Pittsburgh, Pittsburgh, Pa.; University of
Southern California, Los Angeles, Calif ;
University of Tennessee, Knoxville, Tenn. ;
University of Utah, Salt Lake City, Utah ;
University of Virginia, Charlottesville, Va. ;
University of Washington, Seattle, Wash. ;
University of Wichita, Wichita, Kans. ; Uni
versity of Wisconsin, Madison, Wis. ; Val
paraiso University, Valparaiso, Ind. ; Vir
ginia Polytechnic Institute, Blacksburg,
Va. ; Washington University, St. Louis,
Mo. ; Worcester Polytechnic Institute, Wor
cester, Mass. ; and Yale University, New
Haven, Conn.

AVIATION IN ALASKA

The first attempts to establish com
mercial aviation in Alaska were neces
sarily in the nature of experiments to
determine whether the airplane could
be used in these latitudes and under
the adverse weather conditions exist
ing much of the time. It was soon
demonstrated that air transportation
was practicable there and the terri
torial government was prompt to rec
ognize the importance of this new fac
tor in Alaska's economic system.
Alaska has an area of approximately
590,000 square miles, or about one fifth
the size of the United States. Its com
munities are separated by great dis
tances, and transportation facilities,
except along a few well-traveled
routes, are either inadequate or en

tirely lacking. Therefore, this land
which is so rich in natural resources
offers aviation many opportunities.
The Territory also lies in the direct
path of what would seem to be the
logical air route to Asia.
During the long winter season the
temperature in the central and north
ern parts at times reaches 50o or more
below zero, while in the summer it is
fairly moderate except in the far
north. The influence of the Japanese
current is noticeable along the west
coast. In this section tho average win
ter temperature ranges from 20o above
to 20o below zero. There is a period
of about 30 days each spring and fall
(the slush season) when the airplane
offers about the only means of trans


