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AIRWAY TRAFFIC CONTROL"
By Earl F. Ward

Chief, Airways Operation Division, Bureau of Air Commerce

In 1926 Congress, through the enac
tion of the Air Commerce Act, recog
nized the need for encouraging and
regulating the use of aircraft in com
merce, and appropriated funds therefor.
Although the statement “to encourage
and regulate the use of aircraft in
commerce” would seem to be all-em
bracing, Congress went further and spe
cifically pointed out the paths which
the Secretary of Commerce might fol
low. To illustrate briefly, the Secre
tary was directed, among other things:
To encourage the establishment of air
navigation facilities; recommend to the
Secretary of Agriculture necessary me
teorological service; study the develop
ment of air commerce; confer with
other governmental agencies regarding
aeronautical development and research ;
periodically examine and rate aircraft,
airmen, and air-navigation facilities;
establish air traffic rules for the navi
gation, protection, and identification of
20396–37—1

aircraft, including rules as to safe alti
tudes of flight and rules for the pre
vention of collisions between vessels
and aircraft; provide for such certifi
cates as are necessary to administer the
Air Commerce Act, such as pilots',
operators', etc.; designate and establish
civil airways and establish, operate,
and maintain on civil airways all air
navigation facilities except airports.
It may be seen that the duties of the
Secretary are outlined by the Air Com
merce Act in considerable detail. Fol
lowing is the proposal and the reasons
for the proposal of plans to carry out
the letter and spirit of these prescribed
duties.
In the early part of 1936 the Secre
tary of Commerce felt that the assump
tion of control of air traffic along the

1 Paper delivered at second meeting of
Bureau of Air Commerce Advisory Board,
Washington, D. C
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air navigation in the United States.
(Later amended considerably.)
(f) To exchange with foreign gov
ernments through existing govern
mental channels information pertaining
to civil air navigation.

The Secretary of Commerce is fur
ther charged with many regulatory
duties from which we shall lift those
pertinent to the subject under discus
sion :

SEc. 3. (c) Provide for the periodic ear
amination and rating of airmen
serving in connection with aircraft
of the United States as to their
qualifications for such service.
(d) Provide for the earamination and
rating of air navigation facilities avail
able for the use of aircraft of the
United States as to their suitability for
such use.

(e) Establish air traffic rules for the
navigation, protection, and identifica
tion of aircraft, including rules as to
safe altitudes of flight and rules for
the prevention of collisions between ves
sels and aircraft.
(f) Provide for the issuance and ex
piration, and for the suspension and
revocation of registration, aircraft, and
airmen certificates, and such other cer
tificates as the Secretary of Commerce
deems necessary in administering the
functions vested in him under this
act * * +

Skipping to other paragraphs of the
act, pertinent to this discussion, the
Secretary of Commerce is authorized:

SEC. 5. (b) To designate and estab
lish civil airways and, within the
limits of available appropriations
hereafter made by the Congress,
(1) to establish, operate, and main
tain along such airways all neces
sary air navigation facilities ex
cept airports * * *
. 9. (i) The term “air navigation
facility” includes a n y airport,
emergency landing field, light or
other signal structure, radio direc
tional finding facility, radio or
other electrical communication fa
cility, and any other structure or
facility used as an aid to air navi
gation.
(j) The term “civil airway” means a
route in the navigable airspace desig
nated by the Secretary of Commerce as
a route suitable for interstate or for
eign air commerce.
SEC. 10. Navigable Airspace.—As used
in this act, the term “navigable air
space” means airspace above the
minimum safe altitudes of flight
prescribed by the Secretary of Com
merce under section 3, and such
navigable airspace shall be subject
to a public right of freedom of in
terstate and foreign air navigation
in conformity with the require
ments of this act.

Beacon Antenna Characteristics
By Howard K. Morgan

Radio Engineer, Transcontinental and Western Air, Inc.

[Mr. Morgan describes some effects of
various types of beacon receiving antennas,
The Bureau through the Radio Technical
Committee for Aeronautics has recently
sponsored a committee composed of engi
neers from the major airlines who together
with engineers of the Bureau are investigat
ing various types of beacon antennas with
the objective of effecting standardization,
and it is believed that in the near future it
will be possible to specify a common type of
antenna that will provide uniform, reception
characteristic on all aircraft utilizing the
radio range stations along the civil airways. J

During the past several years numer
ous effects have been noted with various
positions of beacon antennas on aircraft.
Most of these antennas have been verti
cal antennas which have a considerable
horizontal component. Recently two
antennas have been investigated which
are practically vertical and used on a
large Douglas metal transport. In ad
dition to this work, loop antennas have

been mounted in three locations on a
Douglas transport. The results of
these tests are summed up with an
explanation of the probable reasons for
the particular behavior of each antenna.
In numerous cases cross checks have
been possible between different an
tennas and different types of antennas
which seem to verify the theoretical
explanations given. No exact electrical
measurements have been taken on the
loehavior of antennas and, instead, aural
tests have been resorted to entirely.
Almost all antennas used in beacon
reception service today have a substan
tial horizontal component. although as
much vertical component is used as
possible. The horizontal component is
of great importance, even with vertical
transmitting antennas at the beacon
station, as the projected area of the
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antenna to the station will not be at a
minimum directly over the beacon sta
tion itself.
Beacon stations which are equipped
with four vertical antennas (TL) trans
mit essentially vertically polarized fields
and there exists a cone of silence over
the station due to the fact that the pro
jected area of the transmitting antennas.
is small when a plane is over the station
and also due to the fact that the signal
strength is very high on approach to the
station, due to proximity. Cancelation
of space signal also exists over TL
stations.
Loop transmitting antennas, on the
other hand, send out both a horizontal
and vertical component. This horizon
tal component, upon striking the Heavi
side layer, is responsible for course
swinging, at night particularly. When
a plane passes over such a station,
there is no actual cone of silence in
space above the station. The cause of
silence in this case is almost entirely
due to the antenna on the airplane
itself.
Conversely, a vertical antenna on an
airplane will show a cone of silence
over either type of transmitting an
tenna, while a loop antenna on an air
plane will show a cone of silence only
over a TL antenna (provided that the
loop is mounted properly for such use).

REFRACTION EFFECTS

Refraction of a radio wave occurs
when the wave passes over a metallic
sheet such as a wing, and antennas lo
cated above the wing but shielded by
the wing from the station will receive
energy by refraction over the edge of
the wing. The refraction process tends
to change the wave front of the wave
and rotates the electromagnetic and
electrostatic radiated components.
When refraction takes place over both
the leading and trailing edges of the
wing, the wave front will be tipped and
partial cancelation may result to an
antenna located above such a wing.
In the following discussion it will be
assumed that the induction field sur
rounding a radio-beacon station is rela
tively unimportant with respect to the
radiated field. Generally speaking, the
radiated field rapidly becomes greater
than the induction field at a distance of
somewhat less than a quarter wave
length from a transmitter. At 300
kilocycles, the average beacon fre
quency, the radiated field will predomi
nate at distances greater than about
500 feet in any direction from the sta
tion. The induction field consists of

two components: Electrostatic and elec
tromagnetic. The two fields are 90°
out of phase in both space and time.
The radiated field, on the other hand,
has these two components, but they are
in time phase and 90° out of phase in
space.
The term “cone of silence”, as dis
cussed hereafter, will refer to the com
plete phenomenon of passing over a sta
tion from a point where the signal level
is rapidly rising (a surge), through the
rapid decrease on approach to the cone
of absolute silence, through this cone
and including the surge following the
cone, and ending at a point where the
signal level is decreasing at an in
creasingly slower rate. The reason for
this is that to a pilot this whole se
quence must be observed before it can
be said that the plane has flown over
a radio-beacon station. False cones of
silence and the like are usually unac
companied by the two surges and the
absolute cone of silence.

BEHAVIOR OF ANTENNAS

Figure 1 shows the behavior of four
simple antennas. Line A shows the be
havior of an antenna in space which
passes from left to right over a beacon
station. The change in signal ampli
tude is shown by the graphical repre
sentation. Signals below the horizon
tal line are assumed to be inaudible.
This antenna will show a longer period
of absolute silence over the cone of a
TL station than over the cone of a loop
station. In other words, when flying
over a TL station, both the station and
the plane's antenna give an additive
result.
Line B shows a standard fin antenna
such as used on the Douglas transports.
The antenna extends forward and
downward from the top of the vertical
fin to a point on the top of the fuselage
where the lead-in to the radio receiver
is attached. As the plane moves to
ward the beacon station, its projected
angle toward the station decreases, and
the normal surge of signal on approach
is not as great as with the ideal verti
cal antenna. The signal strength is
building up at a rapid rate, and the
total result is that the surge is de
creased in magnitude and the decrease
of signal beyond the surge will not
have as great a slope as with the ideal
antenna. As the plane reaches a point
over the station, the signal drops to
inaudibility at a point almost exactly
over the station, provided that the bea
con station is of the TL type. If the
transmitting station is of the loop type,
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the minimum projected area of the
antenna gives a cone which slightly
leads the station. This might make
one suspect that two cones would be
heard in passing over a TL transmit
ting station, one due to the plane's
antenna and the other due to the bea
con station antenna. The cone of

A
4 AwrenºwA

|

is extremely rapid, for the same reason
which made the decrease of signal
from the surge before the station occur
at a slower than normal rate.
Line C shows a whip antenna
mounted below a plane, which main
tains an angle in flight of approxi
mately the amount shown. This bend
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silence due to the beacon station is
somewhat deeper than that due to the
antenna itself, so that the first cone is
rarely distinguishable in comparison to
the one over the station, which closely
follows it

. Immediately after passing
the station, the antenna presents a

large projected area, and a surge is

heard which is much greater than the
surge on approach. The rate of surge

ing of the antenna will cause the signal
increase on the first surge on approach
to the station to be about the same
amount as the surge which follows the
passing o

f

the station. The fact that
the antenna has slightly better pick-up
on entering the cone than upon leaving

it causes the decrease to the absolute
cone from the first surge to be some
what lengthened over that with the
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ideal antenna. It also causes the sec
ond surge to diminish less rapidly upon
leaving the station. The absolute cone
of silence is sustained for a longer time
than with the fin antenna, because this
antenna has less horizontal component
and, therefore, a good cone of silence
characteristic of its own. At low alti
tudes (300 feet) over the beacon sta
tion the cone is very distinct and well
marked. It is the best of all of the
antennas discussed.

WHIP MOUNTED ON TOP

Line D shows the same whip antenna
mounted on the top of the plane. As
the plane approaches the station, the
antenna, due to its bend, presents an
increasingly smaller projected area to
the station. This prolongs the de
creased time into the absolute cone ap
preciably. As the plane comes into a
position above the station, the signal
is arriving from well below the plane,
and there are two paths of signal—one
around the leading edge and the other
around the trailing edge of the wing.
Considerable refraction takes place,
and the wave front is tipped as it
comes over the leading edge of the
wing. At a point beyond the position
directly over the station the wing
center will be directly between the
antenna on the top of the plane and
the beacon station. The two paths of
signal over the leading and trailing
edges of the wings may, due to distor
tion of the wave front, give a minimum
signal in this position. In actual tests,
as shown, the cone of absolute silence
occurs at an angle from the vertical of
34° beyond the position over the beam
station. The actual measured angle
from the antenna to the center of the
wing is approximately 56°, some 22°
beyond the position of the observed
cone of absolute silence. As the air
plane approaches the station there is a
surge, followed by a maximum signal
which is not as great as the surge fol
lowing the station. A very gradual
decrease of signal results into the cone
of absolute silence, and the cone of ab
solute silence, as explained above, oc
curs some 34° beyond the vertical.
This is immediately followed by a very
sharp rise in signal and heavy surge
as the refraction effect disappears and
the signal strikes the largest projected
area of the antenna beyond the station.
No cone of absolute silence is heard
directly over a TL station, although the
signal is dropping to a very low value
at this point. The reason for this is
that probably the volume control is not

sufficiently retarded for an absolute
cone of silence at this point, due en
tirely to the fact that the approach
surge was low in magnitude. It will be
realized that with a high volume con
trol setting the cone of absolute silence
may never be heard on any type of
antenna, because there is some small
residual signal directly over a TL
station.
Figure 2 shows the characteristics of
loop antennas mounted in the same for
ward positions on the airplane as were
the whip antennas.
Line E shows the behavior of an
ideal vertical antenna for reference
purposes.
Line F gives the results obtained
with a loop mounted under the plane
and about 4 feet forward from the
leading edge of the wing. The loop is
rotated for maximum signal and gives
an absolute cone of silence, as shown,
which is almost directly over the sta
tion. When flying over a loop-type
beacon station, there is no cone of
silence. This is to be expected, as
neither the loop station nor the loop
antenna on the plane exhibits a cone
characteristic.
Line G shows the loop mounted he
low the airplane as before, but rotated
so that a null is secured on approach
ing the station. The volume control of
the receiver is set for a much higher
sensitivity than before to keep the null
width of reasonable amount. As the
plane approaches the station, the sig
nal approaches the loop at an increas
ingly greater angle from the horizon
tal, so that the null gives way to a
surge in signal. The signal strength is
also increasing due to the plane's ap
proach to the station. The surge
reaches a very high value, quickly
overloading the radio receiver; and
due to this fact, no cone of absolute
silence is observed, and the surge main
tains a peak value until the plane has
passed well over the station. If the
volume control had been retarded rap
idly as the surge was first noticed, a
cone of silence would be heard over
TL type stations. The surge is actu
ally used by the pilot to indicate that
he is over the station and serves as a
positive means of indicating that the
station is being passed.

WAVE FRONT REFRACTED OVER nose

Line H shows the characteristic of
the loop antenna used in the null posi
tion as in the paragraph above, but
with the important difference that the
loop is mounted on top of the fuselage
about opposite the leading edge of the
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wing. It is mounted in approximately
the same position as was the top whip
antenna. The wave front from the
station is probably refracted to some
extent over the nose of the plane, which
tends to maintain the null over the
cone of silence as the waves arrive

tion, the refraction over the wing
edges, which results in diminished sig
nal, also tends to maintain this null.
Repeated tests show that the null is
maintained over and beyond the sta
tion and that no surge of signal above
the null level is present. This is true
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after being refracted over the nose and
appear to come to the face of the loop
from a position well forward and not
below the airplane at all. When di
rectly over the station, the lower in
tensity of the space signal helps main
tain this null. After passing the sta

E 2

over both TL and loop stations. The
behavior of the loop tends to prove
that refraction is responsible for the
phenomenon observed.
Line I shows the loop mounted on
top of the plane in a position for
maximum signal. On approach to the
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station the signal increases in inten
sity, refraction tending to reduce the
total amount of increase in the surge
otherwise expected. Upon arrival of
the plane over the station, the signal
decreases in intensity at a rather slow
rate. The volume control is again set
for too high a sensitivity due to the
reduced surge level on approach, so
that the cone of silence is not a cone
of absolute silence, but merely a re.
duced signal level. Flying beyond the
cone the wing interferes with the sig
nal increase, and the signal continues
at a low level. The signal level may
increase slightly at the point where
the surge should be noticed, but, as a
matter of observation, no distinct surge
is heard. The changes of volume level
are not as smooth as have been indi
cated for this condition ; and although
in a few instances a fair approach to
an absolute cone of silence was noted,
in no case was there a substantial
surge noted after passing the station.
As the position of the loop is one nor
mally used for flying on a beacon-leg-in

reaches a position where it is between
the antenna and the beacon station, re
fraction over the wing edges would re
sult in a sharp decrease in signal. This
is very pronounced when circling at a
distance of 15 or 20 miles from a bea
con station. This is most convincing
proof that the explanation of the be
havior of the ship over the station is
correct and also that the cone observed
would be beyond a point over the sta
tion. When the plane has circled 180°,
some slight decrease in signal due to
smaller projected area of the antenna
toward the station is noted. The re
duction in signal is not pronounced.
As the bank is increased, both of the
effects mentioned become more notice
able. If a turn were made with no
bank at all, there should be little
change of signal; but relative changes
of signals in a flat turn would occur
at too slow a rate for accurate observa
tion, unless electrical measurements
were resorted to. In B the effect of a
bank with an antenna mounted below
the plane was tested. Almost no
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rain static conditions, the lack of a

cone of silence is a very undesirable
characteristic.

TEST WITH ANTENNA NEAR FIN

A further test was made with an
antenna located near the vertical fin
of the plane where wing interference
and refraction over the nose probably
play a small part ; and in this case a

cone of silence is observed, which is

rather poor at best, although there was
an absolute cone of silence in some
cases over a TL station. In flying over

a loop station the loop antenna mounted
near the front o

f

the fuselage showed
no cone of silence, and none is to be
expected.
Figure 3 shows some interesting ef
fects of whip antennas mounted in the
positions discussed when the plane is

circled at some distance from a beacon
station. At A the plane is shown with
the antenna mounted on top o
f

the fuse
lage and the plane is in a bank. It

would be expected that as the wing

change in signal level was noticeable
while circling. Refraction would not
be severe when the wing is between the
antenna and the Station, as the refrac
tion angle over the trailing edge of the
wing would have to be very great at
the antenna mounted on the lower side
of the wing almost as far forward as
the leading edge. Small changes in
signal due to smaller projected areas
when at right angles to the station
should reduce the signal somewhat, but
the effect is not noticeable in flight.
The whip on top of the airplane is less
desirable than when it is mounted be
low because of the delayed absolute
cone of silence. The directional effect

o
f

the whip on top o
f

the plane might

b
e used for rough direction finding,

and beacon antennas (on Northrop
Alpha mail planes) have been used
for this purpose.
Neither whip antenna showed any ef
fect on the course signals, due to slight
banking to the right and left when fly
ing on a beacon course.
Whip antennas sharpen the “on
course” width o

f
a radio range leg. In
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crossing a leg, and about 15 miles from
the station, either whip showed a dis
cernible “on course” signal. In flying
from an A quadrant to an N quadrant,
the A twilight gave way on the next sig
nal, becoming an N twilight with no
discernible “on course” signal. The di
rectional effect of the antennas in the
horizontal plane accounts for this.

CHARACTERISTICS OF ANTENNAS

Figure 4 shows several characteris
tics of antennas. At D is shown the pat
term for one leg of a radio range. To

is broadened with types of antenna, as
shown in figure 4 A. Carrying through
the same reasoning for antennas, in
figure 4 B it will be seen that the
course will be made very sharp by the
antenna characteristic. The vertical an
tenna shown at C will show a relatively
sharper course than that in figure 4,
but a broader course than that shown in
figure 4 B. Flight comparisons be
tween antennas of the type in figure
4 A and figure 4 C were made, and
the sharpening with the vertical an
tenna is quite noticeable.
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simplify matters, it may be roughly as
sumed that wave front travel Comes
from separate points for the A and the
N signals. Assume that instead of a
single station location, the A signal is
sent from a station at ASTA and the N
signal from NSTA. If the plane is fly
ing into the station and on course with
an antenna shown in figure 4 A, a right
turn will result in the loss of the A sig
nal being received, due to the antenna's
directional characteristic. Actually, the
plane is moving into the A quadrant, but
the A twilight signal is picked up later
than it should be. Therefore, the course

An antenna was mounted from the
pitot head mast upward toward the
lower side of the plane to the lead-in.
In taxying position there was almost no
pick-up from a nearby TL station, as
the projected area of the antenna in the
vertical plane was very small. In flight
the antenna had reasonable pick-up, be
cause the changed attitude of the plane
resulted in the antenna's having a con
siderable vertical component.
Figure 5 shows the effect of a slight
bank with this type of antenna when
flying into the radio station. The pro
jected area in the vertical plane rapidly
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becomes zero as the bank is increased,
and the signal faded out rapidly as the
plane was banked either to the right or
to the left. Needless to say, this type of
antenna is useless.
The loop antennas used in a position
below the plane, as in T. W. A. service,
have a correction curve which crowds
the divisions on the bearing indicator
for bearings nearly ahead and nearly
astern. Conversely, the bearing divi
sions are widely separated for bearings
well to port and starboard. The rea
son for this is undoubtedly due to cur
rents flowing in the wing of the air
plane, as calibrations for right and left
bearings over the full 180° are almost
symmetrical. The effect of the fuse
lage is probably very small. When ſly
ing directly into the station the radio

will be less than the actual turn in
heading. The maximum current in the
wing should occur when the plane is
turned at a 45° angle to the direction
of the station. It might well be ex
pected that the maximum correction
error would occur almost at the four
45° relative heading positions; i. e.,
where the current in the wing is maxi
mum. This is, in fact, the case.
When a plane is being flown “on
course” into a radio range station and
the loop is kept in the null position, it
is noted that when the loop is turned
slightly to the right or left, the signal
becoming audible will be, for example,
an A for one direction of rotation and
an N for another direction of rotation.
There is a change of signal with no
change in position of the plane. This
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field at both wing tips is about the
same in magnitude, but as soon as the
plane turns slightly there will be a
current from one wing tip to the other.
The direction of current flow will be
opposite for a left turn to that at a
right turn. This same current reversal
takes place in the loop with equivalent
turn. Therefore, it will be assumed
that the currents in the wing and the
loop are in phase at all times. It is
reasonable to assume that as the plane
makes a 10° right turn, for example,
reradiation from the wing will tend to
make the loop require a rotation of
some 5° to obtain the null. In other
words, the loop is taking a combined
bearing on the weaker reradiation
from the wing, as well as the direct
radiation from the station. A null
bearing on the wing calls for a con
stant relative bearing of the loop dead
ahead, so that the mechanical rotation
required of the loop up to a 45° turn

may be accounted for by the directional
pattern of the loop, but in this case it
would be expected that the same re
sult would be noted at any distance
from the station. However, the effect
is noticeable only near the station,
usual y within less than a few miles of
the station. When near to the station
the currents in the wing are propor
tional to the field at the wing. When
close to the station one wing certainly
has more A current than the other
and, conversely, the other wing has a
stronger N signal current. This be
comes increasingly noticeable as the
on-course width narrows on approach
to the station. If the loop is at a null
and rotated one way slightly, it will
pick up from the wing end toward the
direction in which the plane of the loop
is pointing. Thus, a slight rotation
from the null might produce a null in
one direction of rotation and an N in
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the other direction of rotation. This is effect should soon disappear. This hastrue for small amounts of rotation been checked experimentally and hasonly, and after rotation in either di- been found to be the case. Figure 6rection progresses a little farther, the shows the effects graphically.
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Details of Airway Construction
Program Announced

At his weekly press conference on
September 22, Secretary of Commerce
Roper made public the following memo
randum with regard to the allocation
of funds for the modernization and
improvement of the Federal airways
system.
“For establishment of air-navigation
facilities, fiscal year 1938, Congress ap
propriated $3,000,000 with the proviso
that the Secretary of Commerce could
incur additional contractual obligations
not exceeding $2,000,000 prior to June
30, 1938, and could incur further con
tract obligations not exceeding $2,000,
000 prior to June 30, 1939. This in
effect provides for a $7,000,000 airways
construction and improvement pro
gram, although only $3,000,000 of the
total are available for expenditure in
the present fiscal year.”
The first $5,000,000 available are
being applied to the modernization and
improvement of the existing Federal
airways system. The projects being
undertaken on this part of the program
are as follows:
(a) Conversion of existing four
tower vertical radiator type radio

ranges to five-tower units in order to
installation of simultaneouspermit

radio range and radiotelephone trans
mission at the following locations:
Burlington, Iowa.
Canadian, Tex.
Daggett, Calif.
Des Moines, Iowa.
Milwaukee, Wis.

Rockford, Ill.
Rodeo, N. Mex.
Texarkana, Ark.
Tucson. Ariz.
Wink, Tex.

SIMULTANEOUS. RADIO STATIONS

(b) Construct 46 new simultaneous
transmission radio range and telephone
stations at the following locations:
Abilene, Tex. Kingston, Calif.
Anton Chico, N. Mex. Lansing, Mich.Arlington, Oreg.
Allentown, Pa.
Bloomington, Ill.
Brownsville, Tex.
Baker, Oreg.
Bakersfield, Calif.
Belgrade, Mont.
Chehalis, Wash.
Columbus, N. Mex.
Corpus Christi, Tex.
Camden, N. J.
Dallas, Tex.
Denver, Colo.
Dubois, Idaho
Eugene, Oreg.
Erie, Pa.
Florence. S. C.
Great Falls, Mont.
Grand Island, Nebr.
Idaho Falls, Idaho
Indio, Calif.

Laramie, Wyo.
Malad, Idaho
Meridian, Miss.
Montague, Calif.
Palmdale, Calif.
Parco, Wyo.
Peoria, III.
Riverside, Calif.
Roseburg, Oreg.
Sacramento, Calif.
Savannah, Ga.
Smith Grove, Ky.
South Bend. Ind.
Somerset, Pa.
Syracuse, N. Y.
Tampa, Fla.
Toledo, Ohio
Tucumcari, N. Mex.
Waynoka, Okla.
Wendover, Utah
Whitehall, Mont.


