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LUTHORIZATION. :

1. This problem wes suthorized by reference (a).
Reference: (&) BuEng. 1ltr. S67(1-4-36) of 5 Janusry 1934.
OBJECT OF TEST.

2 The object as outlined in reference (&) was "To ' produce &
complete system whereby synchronized bearings of individual static discharges
cen be obteined at and correleated by two or more widely separated stations,
thus fixing the location of disturbances.”

ko Insofar zs the development of such & system is concerned, this
object was accomplished in 1935 when two stastic direction finders at Winter
Herbor, Maine, and at the Naval Research Laboratory, Bellevue, D.C., were
pleced in commission and static observations have been tazken deily since
that time.

Le The object of the static investigation conducted between August
; 1936 and April 1937 by the writer of this report was "To determine the
i relation between static and weather phenomens.”

ABSTRACT OF TEST.

S5 5. The following meteorological phenomens were investigated as
2 regerds static indications:

(a) Thunderstorms.

5{: (b) Stetic in relation to Extratropical Cyclones or "Lows."
L 7 (c) Static in relation to Extratropical Anticyclones or
.- A i “Highs . L4

! (d) Static in reletion to Hurricanes.
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CONCLUSIONS.

(a) As regards the static direction finder equipment as developed by
the Neval Research Leboratory, it can be operated fairly relisbly by regular
enlisted personnel, but an expert radio technicizn will always be required to
make necessary adjusiments and repairs at regular intervals.

(b) The equipment will record crashes of static from considersble
distances and these crashes can be located geogrephically with & satisfactory
degree of accuracy by simultaneous bearings from two or more stations.

(c) In meny ceses it was possible to locate and track thundershowers
end showers which were emitting static.

(d) Although most sources of statie, such as showers end thunder—
showers, around an extratropical cyclone or "low" mey be located and tracked,
such sources do not give positive evidence of the position and movement of
the cyclone itself, of its stage of development, or of the various weather
elements (except such showers and thundershowers) surrounding such e
Cyclone. Thus, it appears impossible to track such cyclones by mezns of
Static. j

(e) - Extratropical enticyclones or "highs" are relatively free from
Stetic indications, except in their south and southeast sectors where
showers and thundershowers may exist. But, in view of the large number of
cyclones in northern latitudes that also lack stetic, this &bsence of
static would be of doubtful forecasting value.

(f) The behavior of static recorded during the hurricanes or
tropical cyclones during 1936 leads to the belief (lacking other more
definite means of detection of such storms, such as = daily weather map
over the oceans, and a better understunding of meteorological conditions
surrounding such & storm, especially as regards the sources of static) -
that it is not feasible either to locate or track tropical storms or
hurricanes by means of the static recorders at present in use.

(g) This study has indicated that the static indications with
relation to actual weather are not as simple as verious redio investigators
have led us to believe. In practically all the previous investigations,
it is believed that only weather situations prolific in static indications
have been studied and not & day to day énalysis over & long period of time,
Such studies have resulted in many erroneous conclusions regerding the
correlation of static and weather which upon closer and prolonged investi-
Bation have been found very doubtful.

(h} The subject investigation has Served to indicate that the
actuzl application of radio work with static to meteorology or aviation
is still doubtful. It thus appears that to obtain practical results, any
investigation of static with regard to weather will have to be prolonged
over & long period of years with close cooperation between the radio
Physicist and the practical meteorologist.
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RECOMMENDATIONS .

() In view of the sbove conclusions, it is recommended that further
work on this problem be held in abeyance and thet the problem be closed
insofer as this Leboratory is concerned, unless interested parties desire
that & meteorologicsl section be established at the Navel Research Laboratory.

(b) In view of the partisl deviétion curve thet has been obtained and
the long period which will be required fully to calibrate these direction
finders, it is recommended that the establishment of the third stetiom, for
which the equipment is now available, be deferred until & definite decision
hss been reached on recommendetion (a).

3 _1b-
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DESCRIPTION OF WATERIAL,
eiassall Y BATERIAL,

Gy The €quipment, employed for the determinztion of the source of
statie emanations consisted 8ssentially of g redio direction finder with
cathode rey tube indicator ang means for photographically recording the
screen images., The direction finder employs two Stationary loop collectors
SO positioned that the maximum Pick-up of one is 90 degrees from that of the
other. Ezch loop feeds 2 tuned radio frequency eémplifier the output of
Which is fed to two Opposite plates of the czthode ray tube. £ thirg and
Similar amplifier is fed from an antenna pick UP eénd its output is employed
to control the cathode ray spot, extinguishing it while there is no statie
disturbance, and turning it op for each static impulse, This spot control
amplifier is equipped with g rectifier system which also Provides a means
for reducing the intensity of, or extinguishing the spot completely for one-
half of its cycle or swing, to give a unilatersl indication. For ordina
bilateral operation, the voltages picked up by the two loops, after being
amplified, are feq to the plates of the cathode ray tube, one pair in-
fluencing the spot's travel in one direction and the other pair at 9g
degrees thereto; thys when both peirs of plates are excited at g 12 kilo-
cycle rate, the Spot is affected by the vector Sun of the two voltzges giving

£ : : :

This camers uses 16 millimeter BOving picture fily and meens sre provided

to feed the film either at g constant speed of > feet per minute or inp frames
&s in ordinary moving picture préactice but of durations of L8, 1/2, 1, 2, or
4 minutes SXposure per frame zs desired. £rrangement, is Provided for record-
ing tenth Second timing dots on the edge of the film for time identificetion
on the moving film runs, the timing Signals being transmitted by radio from
the contrel station. Tipe identification for the frame recordings, referred
‘ta in this report gs composites, is mage by photographing the face of an
“electric clock together with date fumerals and station idenbification, &t
reguler intervels on the film edge.

8. The static Source bearings were determined from the film by
use of & projector and & screen fitted with g Totatable index which refers to
én azimuth scale, The timing marks on the moving film Tuns, together with
the frequent dppearsnce of cheracteristie groups, made it Possible to identify
the individual Static impulses from the Trecords of two op more stetions. The
individua] bearings thus obtained were applied to & Special chart corrected
for great circle azimuth, brepared for thig Purpose, and the source wag

5 Plate 6 shows Specimens of various types of fecords employed in
this investigation. These records were of' afternoon Tuns made in the month
of Mey at a Sensitivity which should cover at least g 2500 mile radius. Records
A to D' are jin pairs showing Simul taneous recordings for two Stetions. The
Técordings were mage Cohsecutively €Xcept for a few minutes! interruption
between runs, in order that the effect of gTrouping &s shown by the composites
Ray be referred to the moving film rup during g Period of similep activity,
A - A' and B _ g show the typical moving film records, the latter poir having
been mude «t twice the Sensitivity of the former, ¢ _ gt show 15 second

aol
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composites while U - D' show 4 minute composites recorded at « little less
then nolf the sensitivity of the former. & was made on another day when the
activity was greater uad shows around 140 impulses per second for s short
period of time. Records A, B, and E were made with half of the impulse image
reduced in intensity to give a unilateral indication without reduction of the
line length. Records C and D are full unilatersl, only one half of the bean
swing being effective. Records A', B', C' and D' are bilatersl and may have
180 degree ambiguity.

METHOD OF TEST.

10. In attacking the problem, it was found necessary to experiment
considerably with the static direction finder equipment in order to deter-
mine the type of record which could best be used for the purpose. The
equipment can be used to rscord composite static, that is, static over
certain periods of time varying from 15 seconds to hours, or to give a
continuous record of static using moving film, that is, as high as 150 to
200 flashes of static per second may be easily discernible, The static as
recorded by this er ipment is the 12 kes. component of the wave as selected
by tuned radio frequency circuits.

11, Considerable difficulty was encountered, due to the fact that
one set of equipment was unilatersl in dirsction while the other was
bilateral, in obtaining any relisble results from using composite stuatic.
This was especially true for composites over & considersble time interval,
such as four minutes. In addition, on many days when static activity was
very high, such records were practicelly undecipherable due to the smudging
of the film by heavy static.

12 Eventually, the opergtion of the static direction finders at
the two stations consisted of obtaining:

(a) Two one minute synchronized continuous runs using moving
film 2t approximately 1000 and 1400 (zone plus 5 time) daily.
One of these runs was made using high sensitivity and the
other using low sensitivity.

(b} Iwo five minute synchronized periods, s aced between the
P s SP
two continuous runs, were utilized to obtain 15 second
composites of static.

(e} 4 continuous twenty-four hour record of stutic, except
during the periods outlined above, was then obtained
utilizing four minute composites.

(d) During the hurricane season and when a hurricane was in
evidence on the daily weather meps, the above schedules
were veried so that continuous runs of synchronized
Static were obtained three or four times = dey instead
of only twice.

; 13, In outlining & procedure for keeping abreast of the weather
Chtnges, it appeared more feasible to cerry out & day to day analysis of
the weather occurring during the period of the investigation and to study
€ static in relation to these changes, in preference to selecting certain




type weather situntions, either present or past, and attempting to obtain
weather information to cover such periods. Thus it wes decided to obtain
the twice daily weather broadcasts which were available at the Nevel pir
Station, fnacostia, D. C, These reports were then analyzed end g daily
weather map, covering the United States, Cenada and the adjecent Atlantic
Ocezn and Ceribbeazn Ses was prepared. The methods of map analysis followed

processes taking place in the various phases of the weather and gave an
excellent besis upon which to draw conclusions as to the relations existing
between static and actual weuther. In addition, the teletypewriter records
from 211 Airways Stetions were examined daily for information as to the
tines and occurrence of thunderstorms during the preceding twenty-four hours

145 The film analysis procedure was as follows;

(a) Films obtained from the two stations were synchronized in the
preg-2ting cameras,

(b) Synchronous bearings and intensities of static obtained on
the continuous runs were measured and recorded.

(c) Composite statiec bearings, obtained from the 15 second
composites, were then recorded.

(d) All bearings so obtained were then plotted on tracing paper
which was placed over s weather churt on which great circle
bezrings from the two stations had been carefully drawn.

(e) Tracing paper records of static were then carefully fitted
and attached to the daily weather map for the day in
question .
15. The weuther maps, tdgether with the static plots and information

a5 to the location of thunderstorms, were then carefully exsmined by the
derologist with a view to linking the static activity with the known weather.

16. The ebove procedure was considered adequate for the purposes of
this investigation but if static records are to be of eény direct value for
daily use it will be necessary to speed up the static énalysis. Visual
observation of static was attempted between the Maine and Laboratory stations

.~ but experience showed that for stations widely separated, such observations

- do not give relieble results,
17. The most logical procedure &appears to be to:

(a) Equip &1l stations with projector and graduated screen so
they may analyze their own records,

(b) Have euch static station develop their film immediately
; after each continuous film run.

(e} Have each station examine their film noting times and
bearings of Static flashes, number and intensities,




{d) Have one key station, such as the Laborutory where &n
‘serologist muy be stationed, study the film obtained at
thet station, then ask other stations for static indications
at certain instsants of time.

DATA ON DEVIATION.

2 With the cooperation of the stations at the University of Florida
st Gainesville, Florida, and the University of Puerto Rico, Sen Juan, P.R.,
static records from four stations were synchronized and some date on devia-
tijons for the Winte ~ Harbor and Laboratory static direction finders were
obtzined. The percial curves are ezppended for the Winter Harbor and
Laboratory Stations, Plate 1.

19. Due to the very low static activity encountered during the
months that these records were available and the difficulty in obtaining
time records at &ll four stations so that the static could be synchronized,
the curve was only obtuined over a portion of the compuss rose. But, the
sectors in which these deviations were obtained were those which were of
the greatest velue as they happened to be in the sectors in which most of
the hurricane zactivity of the previous summer occurred.

20. is may be seen from the curves attuched, the deviations are
smell in zmount and in no way affected or changed the original results or
conclusions that had previously been drawn concerning the static accompanying
the hurricanes which were studied.

231 Judging from the results obtained over & period of about four
montas, it is believed that & considerable period of time will be required
in order to obtain & reliable deviation curve for all points of the compess
by means of simultaneous bearings and intersectioas of static from three or
more stutions.

OPERLTION OF EQUIPMENT,

22 In generel, the two sets of equipment operated quite continuously,
during the period of the investigation. But there were periods during which
either one or the other of the stations were out of commission or the equipment
gave undecipherable records.

23 This has led to the conclusion that, although the equipment cean
be operated reasonably reliably by enlisted personnel, an expert technician
will slways be required to insure proper operation at all times, and to.
neke necessary adjustments and repairs as necessary.

RELATION BETWEEN SOURCES OF ATMOSPHERICS AND METEOROLOGICLL CONDITIONS
ACCOMPANYING AN EXTRATROPICAL CYCLONE.

24 Nunerous investigetors of static have studied and located
individual atmospherics and have come to various conclusions as to where
such atmospherics originate. British workers, notably Watson-Watt, have
concluded that all atmospherics arise in thunderstorms and that it has been
found possible to trace cold fronts of cyclones by following the movement
of thunderstorms across burope. In France, Bureau has stated that he
believes that "frontal" atmospherics are caused by thunderstorms set up
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zlong & front and suggested that by locating such sources of atmospherics
the position of & cold front could be more sccurately located then by
meteorological meth ls. A few Americans, notably Dean and Harper, have
stuted that atmospherics are associuted with moving cyclones. Recently,
sustrelien workers heve come to the conclusion that () all atmospherics
are found in thunderstorms and (b) that these thunderstorms are often
associated with barometric depressions.

25. Early in the study conducted at the Laboratory, it beceme evident
that practically asll the recorded static appeared to come from thunderstorms,
insofar as it was possible to ascertain. With the network of &airwey station
reports on thunderstorms, it was found possible to locate fairly definitely
such thunderstorms over the continentul United States. An attempt wes then
made to link the thunderstorms actually occurring and static records &and,
st the same time, to study the structure of the cyclones themselves &and see
if it was possible to track certain types of weather or the cyclones them-
selves across the country by means of static.

26, In attempting &n explanation of the static records in relation
to cyclones or weather connected with these cyclones, it eppears necessery
to diverge and give a short synopsis of the present dey theories of extre-
tropical cyclones. According to the commonly accepted Norwegian theory
extratropicel cyclones form along a surface boundary or "front" which
separates the cooler air lying to the north in the northern hemisphere &nd
the warmer eir to the south. Along such & front, small waves &re developed
due to verious dissimilerities between the currents in these two extensive
oir masses. These waves may, if the dissimilarities sre small, travel along
the front as &n undulation or wave on the front itself, that is, similar to
the ocean swell, until they finally disappear or dissipate; or, if the
dissimilarities ure great, these waves may develop into large scale perturba-
tions of the genersl circulation, known &s extratropical cyclones or whirls
which pass through a series of progressive steps, that is a definite life
history, before they finally dissipate and disappear.

27 The various steps involved in the formation, development and
decay of & cyclone may be made reasonably clear by referring to Plate 2.
In Sketch 1, a polar front is shown with & slight weve first appearing.
Sketech 2 shows the warm zir gradually pushing into the cold air on the
front side at the surfzce and moving up &nd over this cold air aloft to
form & cloud sheet and eventually a rain area on the front side of the wave,
end the cold air on the rear side closing in behind to form a belt of
showers or thundershowers along its boundary. ©Sketch 3 indicates the stage
where the cold zir on the rear side has traveled far enough around the rear
side of the cyclone so that it begins to cut off the werm air in front and
to meet the cold air on the front side; together with an extensive rein
and cloud area which hast developed in advance of the werm eir at the surface
which is commonly celled the warm front rain area.

28. From this stage on, two phases of development of the cyclone
may teke place, dependent upon whether the cold air flowing around the rear
side of the cyclone is colder or warmer thun the cold air which lies on the
front side. If the cold air to the reer is warmer than that to the front,
then we have & series of steps as outlined in sketches 4, 5 @and 6, in which
the designation of the cold air to the rear has been changed to cool. in
this case, the cool air continues the process of cutting off the warm air
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supply farther end farther away from the center until finelly the two currents
sre widely separated from the original cyclone. After this tekes place, the
cyclone jtself and the closely linked cloud &nd rain areas gredually dissipete
and the cyclone eventually fills in and disuppears. At the seme time, the
cool air from the reer and closer to the cyclone center progressively climbs
higher and higher over the cold zir in front, &c indicated by the dotted

front to the north and northeast of the cyclone center, until finally cold

=ir of more or less the same temperature and density completely surrounds

the cyclone, &s indiceted in Sketch 7.

29 In Sketches La, 5& and 6a, are shown the orientation and evolu-
tion of the fronts when the cold air to the rear is colder then thet lying
in front of the cyclone. In this case, the cold air cuts off the warm &ir
feeding the cyclone in the same maunner &s in the previous explanation, but
the meteorological phenomena along thet portion of the fromtwhere the cold
sir to the reer meets the cool air on the front side are somewhat different.
Here sgain though, a stage is finally reached where the two cold air masses
around the cyclone reach the same density end temperature and the cyclone
gruduelly fills in and disappears together with its cloud sheet and rain

areé.

30. Taking up the rein and precipitation zones, the aresz of clouds
and rain lying north and northeast of the wara air, shown in Sketches 2 to
J inclusive, is formed by warm &ir gradually flowing up a wedge of cold
sir. This gredual lifting results in & widespread ares of clouds and
precipitation but little turbulence. Meteorologicelly, this warm &ir by
being forced up this wedge becomes more and more stable end structurally
will not permit of ascentional retes sufficient to give thunderstorms.
Thus with a true warm front type of precipitation, thunderstorms and thus
static appear to be out of the question end seldom if ever should be recorded.

2hy Along the cold fronts of Sketches 2 to 7 inclusive where the cold
¢ir is moving rapidly in behind the cyclone and impinging upon the werm air
in front, the air is extremely turbulent and showers and thundershowers are
nearly always encountered. Thus, the cold front should, meteorologically
speaking, be the region where static should be recorded. This will continue
until the cold air finally warms up to a point where it is practically as
warm as the warm &ir alresdy in the region.

32, Also, on the rear side of the cyclone, the cold air is practically
always structurally conducive to convection; that is, its structure is such
that heating from below will carry upward to great heights and showers and
thundershowers may form in this cold air mass. This usually results in &
genersl sree of one to two hundred miles in extent in the rear of the cold
front where showers mey fall, end this area will be prolific in static.

233 In the later stages of development or decsy of a cyclone, &S
indicated in Sketches 5 to 6, the cool air to the rear and close to the cyclone
center will flow over the cold air on the front side and will give & showery
type of precipitation, sometimes with thunderstorms, to the north and north-
east of the center which indicates considerable turbulence and instebility.
Thus this area is at times a source of static but it does not persist over
long periods of time and gradually moves farther and farther from the center
of the cyclone and eventuzlly disappears.
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Utilizing the preceding explanation of the meteorological condi-

tions surrounding &n extratropical cyclone and the sources of static in such
z cycione, it 18 possible to drew the following conclusions regerding statics

(a)

(b)

(c)

During the early steges of the formation of a cyclone, static
indicetions zre few end it appeers impossible to accurately
predict the formation of & cyclone by mezns of static.

. No static accompanies true warm front precipitation.

During the intermediate stages of development of a cyclone,
f1lustrated by Sketches 2 to 6, stetic is recorded with the cold
fronts which have a band of showers or thundershowers accompany-
ing these fronts, When such showers and stetic are present, it
is possible, within limits, to track such showers and thus to
delimit the cold front by meuns of the static records.

Numercus cases were found, especielly during zutumn and winter
months, where the cold fronts did not have & well defined band
of showers or thundershowers and no static was recorded. This
indicutes that not every cyclone has & cold front that is
sctive staticslly snd thus it would be impossible to follow
such cold fronts.

Static is recorded over & considerable area to the rear of
cold fronts at the surface when the cold air to the reur is
unstable and showers ere forming. This is especially true
when cold air flows southward between Bermuda end the eastern
United States znd over Cuba &nd the Caribbean Sea.

In such cases, individuel thunderstorms and showers may give
&s much or more static than those lying close to the cold
front itself rendering it practicelly impossible to accurately
delimit or track the cold front.

Static is oftentimes recorded in the rain and precipitation
area to the north and northeast of the cyclone center at
certain stages of development of & cyclone. This arez is

thet previously occupied by the warm front rain area preceding
the cyclone and is often confused with it. This will occur &s
shovn in Sketches 4 to 6, Plate 3.

This stetic is due to thunderstorms which originslly set in
close to the center of the cyclone and then progressively
move ferther and farther away from the center until they
finelly dissipate entirely. It hes been found impossible to
track the cyclone center successfully by utilizing the static
indicetions from such thunderstorms. In addition, meny
eyclones fail to have thunderstorms or showers in these
sectore, even though meteorologically the same process has
taken place as illustreted; in other words, the &ir masses
involved do not alwiys appeer to be structurally constituted
so us to give adequate instability snd turbulence for the
generetion of showers or thundershowers with resultent sources
of static. This fact was very evident during the sutumn and
winter westher situstions when few cyciones, even though

g |
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extremely CGEEPs had recordeble stutic connected with them.

The most cotive point or ared connected with & cyclone, insofar
as static is concerned end &t the szme time insofer as reports
are sveilable on thunderstorm aress, zppears o be the "V"
where the cold zir from the resr, the cold sir on the front
=ide, and the waIm cir feeding the cyclone meet. This area is
jndicated by & "V" in Sketches 1b tO 7b, Plate 3.

In toe studies conducted, it was soon epparent that this ares
wee very predominant &8 & source of static and it could be
followed from day to day by meuns of this stutic. This held
true for &all cyclones in which thunderstorms or showers were
connected with them. In snalyzing the peths and truecks of this
apec from day to day, it was found thet it moved eastward oTr
southeastwerd eway from the center of the cyclone itself. In
order to illustrate this, Plate 4 gives & composite picture
chowing the path of the center of the cyclone, the normsal
evolution of the fronts connected to the cyclone, &nd the
peth of the neaviest static.

in attempt was made to drew up & relation between the sngle
cubtended between the peth of the cyclone end the peth of

the heaviest static but it wes soon found that no two cyclones
beheved according to any hard end fast rule but their rates
of development and rates of treavel were subject to greeb
fluctuations, rendering it impossible to draw any conclusions.

Thus it appeers thet insofar &s trecking the center of &
cyclone 1g concerned, this source of stetic when present
cennot be used.

Aie & rule, most cyclones in their later st&ages of 1life history
with their fronts diffuse or dieeipating, &8 jllustrated in
Piate 3, Sketch 7, have 1ittle or no recordable static connected
with them. Thus it was found that:

(1) 411 cyclones north of 50° N. letitude in summer had
no recordable static connected with themn.

(2) Przcticelly &ll cyclones north of 45° N. latitude in
cutunn and winter had no recordsble static acecompenying
them, even though precipitation sometimes was falling
over wide &are&s.

(3) Most cyclones moving eastward to the continental United
States from the Pacific Ocean had no recordable static
gccompanying them.

Other generel observations were mede, during the investigetion,
Static over the continental United States wes &t & maximum value

during the summer months, especielly when thunderstorms were
most prevelent. '
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Static over the continental United States decreased greetly
during the lste sutumn and winter months when thunderstorms
were &t & minimum. During many days, no static at 1l occurred
even though considerable weether, such &g winds, clouds, precipi-
tation, wae occurring over wide &reus.

€3]

tatic from over the Caribbean See, Centrel imerice und the
adjecent Tropics wes pructically alweys prevelent both summer

and winter. This static appeared to incresse with & strengthen-
ing of the Northeust or Trade winds over this aree and practicaily
slweys with & fresh outflow of cooler air into the Trude Wind
Circuletion.

During most months of the yeer, the static recorded over portions
of the Caribbean Sea and western Atlentic Oceun was so persistent
and intense that it equalled or surpassed that recorded during
the progress of hurricanes through that eree. Without reference
to other observations, such as & weather map for the region,

this was so marked thet it is deemed possible thet many wrong
conclusions concerning wezther in that eres might be dravm by
only exemining the static records.

Conclusions.

(1) In many cases, it was possible to locate and track
thundershowers and showers which were emitting static.

—~
48]
.

Klthough nmost sources of static, such as showers and
thundershowers, eround an extratropicel cyclone or
"Low" mey be located and tracked, such sources do not
give positive evidence of the position and movement of
the cyclone itself, of its stage of development, or of
the various weather elements (except such showers and
thundershowers) surrounding the cyclone. Thus, it
appears impossible to track such cyclones by means of
static.

TWEEN SOURCES OF ATMOSPHERICS AND METHEOROLOGICAL CONDITIONS

F} LCCOMPANY ING AN EXTRATROPECAL ANTICYCLONE.
A g | )
3y 36 Static is seldom recorded over en arecz covered by an extensive
E’ tnticyclone or High.
Iy 27. In those ceses where stetic did accompuny high pressure, it was
g found that:

3 Most of it occurs in the south and southeast sectors of such

I

R (&)
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N HURRICANES.

(e)

an enticyclone where cold air is flowing southward over Warmer
cround or water surfece. In such cases, showers and thunder-
showers are recorded and can be located and followed by means
of static.

Theories Regerding.
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38. The commonly &ccepted theory of the.formatiog of hurricenes or
tropicel ctorme ic the convectionel th?ory. Brlefly! this presupposes v§gorous
convection in stegnent, overhested, moisture lad?n air, which gradgally in-
creases &nd extends over an ever widening &ares with conﬁequept conaengat%on
of water vopor into clouds znd rein. If this occurs, then ?ne atmos?nerlc
pressure ie graduslly lowered over cuch an are& end more &nd mwore mo%st
warm cir is imported. Due to the esrth's rotation on moving eir, this new
sir ic deflected as it spproscches this region of lower pressure in & counter-
ciockwise turning spiral end @ cyclonic eirculetion is finally esteblicshed.
The ever increesing emount of heat from the condensetion of wtter vapor in
cuch & circuletion will then continue to decrecse the pressure and eventuelly
en extensive storm is generated. Such & storm graduslly moves westwerd along
the boundary of the Trade Wind Circulation until it finally dissolves or is
cerried northwurd into the temperute zone circulation.

39. Sueh & theory presupposes an aret of very active turbulence &and
consequent thunderstorms for & period of from one to seven deys over the zreaz
in which & tropicul storm is brewing &s the vigorous convection celled for
by this theory will result in extensive verticel turbulence. This &ppecrs
to be true in those cuses where surface observetions sre evaileble close to
the region in which certzin of these storms have formed. The generel regions
for the formetion of tropical storme which resch North imerica, that is,
hurricenes, lie nesr the Cape Verde Islends, the western Ceribbesn Cez end
the ezstern North Pecific Oceezn off the coast of Central America, ¢ll of
which are theorebticzlly within renge of the present static recorders. Thus,
if the zbove theory iz correct end extreme thunderstorm activity is present
over &n erez where such a storm is forming, it should be possible to pick up
end record the static which should uzccompeny the formction of euch & storm.

L0, Lfter & tropical storm is well developed and during the letter
stages of development, the literature fails to disclose much accurate infor-
metion on whether thunder and lightning are slways present or accompény the
storm. Theoretically with the extreme turbulence end precipitation that
ecconpany such a storm, one would expect static end probably thunderstorms
but, as a rule, wind and cloud conditions are such that thunder might not be
hesrd or 1ightning observed. Some relisble observers have reported intense
thunderstorms accompenying some hurricenes but, in & majority of cases, no
such reports have been mede. In general, in those storms in which thunder-
storme were observed, they have generally been in the southeast sector of
the mein storm end at & considersble distance from the center.

A1. The newer theory which is rapidly gaining in populerity although
still lacking in observationsl &nd physicsl proof is that which has recently
been wdvenced by Norwegisn meteorologists. This theory advences the ides that
& tropicel storm forms &s & wave disturbance on the equatoriel front (by front
is meant the boundary at the surfeuce between the northeest trades of the
m?rthern Hemisphere end the southeast trades of the Southern Hemisphere
similar to the formation of extratropicel cyclones on the poler front). It is
known that the zir masses from the different hemispheres differ radicelly in
??mperature and water vupor content. If such &« wave were formed due to
Olfference& in wind direction or force, and if the surrounding meteorological
conditions are fevorable, it will develop into a disturbsnce in the same
manner &s the usual extratropical cyclone of temperate latitudes &nd will go
through a similar life history or evoluticn. In such a case, the warm &ir
moving northward from the Southern Hemisphere will actuslly act es cool eir
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when broughﬁ'into contact with the warmer a?r f?qwing soutiiward from the
northern hemisphere. We will then, in the initigl stages of development, he
¢ cyclone in which the fronts are reversed from those normzlly encountered i
the extratropicel cyclone. At the seme time, if the cyclone develops, the
cool sir will tend to progressively cut off the warm &ir end the cyclone wil]
go through & definite stage of development until it reaches & peek &nd will
then begin to fill in and dissipate.

T If this theory of the formetion &nd development of & tropical
cyclone is true, then one would expect to find certain definite regions in
which thunderstorms and stetic would be encountered and some definite
evolution of these thunderstorm srees. In generel, it would be expected thut
during the early stages, thunderstorms would be ressonably close to the
center of the disturbance, &s the cool &ir flows inward and tends to cut
off the wurmer &ir. After the disturbence has formed and, &s the process of
evolution continues, cne would expect the erec of thunderstorms to leave the
center and progress outward from the center, that is, it will tend to follow
the region in which the cool eir is progressively cutting off the woarm cir.
cventually one would expect gll thunderstorm azctivity to be far sepsrated
from the center of the disturbance itself and finally to disappeer &ltogether
probsbly when the cyclone has passed its pesk of development. £Also, consider
ing thie theory &s &accurate, then it would be possible that the thunder—
storm activity would not of necessity be prolonged enough, intense enough, or
cover enough of &n &ret, to be detected by the present static direction
finders, especiezily if there were other static activity that might overshudow
it.

L3, After such a cyclone has been formed in the tropiczl regions and
has passed through its verious stages of development, it would then move
westward along the equatoriul front or sleng the boundary of the northesst
trades. Lt any time, during its life history, it would be possible for thies

‘eyclone to redevelop over & different part of the oceen, if meteorological

conditions are favorable. In such & case, new sir musses would be brought
into pley &and & new set of conditions would be set up which might sgein tend
to deepen the cyclone and incresse the thunderstorm activity. Thus, for
exemple, if & smell cyclone moves westward across the tropics to the vicinity
of the continent, cold &ir from higher latitudes may be drawn into the circu—
letion around the cyclone. This cold air will then intersct with the werm
&ir surrounding the cyclone and will tend to progressively cut off this warm
air. A deepening of the originel cyclone will then occur &nd, &as & rule,
exceptionsl turbulence and thunderstormes would then be expected neer the
point where these two currents were meeting. There would then, if such were
the case, be an incresse in the static conditions neer or in the vicinity of
the center which, once again, would progress outward away from the center as
previously described during the inception of the cyclone. In general, this
static would be expected to gradually move farther and fzrther from the
&ctual center and finally dissppear entirely.

(b) Hurricanes or Tropical Storms, Season of 1936.

L. During the past season, seventeen tropical storms were located
&nd tracked by the U. S. Weather Bureau over the Caribbesn Ses znd western
Atlentic Ocean, together with four over the eastern North Pacific Dcean. Of
these seven were classed as hurricanes while the remasinder were merely classed
&8 tropical storms &s the wind velocities recorded did not attuin hurricane
strength.
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(e} Tropical Storms anelyzed by the Research LaboratoryQ'
R 45.  Due to verious operating difficulties, the equipment was not in
i operation during a1l the above storms. Plate 5 indicates the paths of these

storms &s plotted by the U. S. Weather Burezu. The following list indicates
+hose in which static records were aveilable from both the Winter Harbor and
Laboratory static direction finders.

: (1} July 27 to August 1 - Hurricane.
5 (2} Lugust 15 to hugust 19 -Hurricene.
8 (3} August 17 to August 19 -Hurricene.
(4] September 10 to September 26 - Hurricane.
0 (5) September 19 to September 24 - Hurricene.
e (6} October 27 to October 29 - Hurricane.
N (7) October 7 to October 8 - Not of hurricane intensity.

During the three hurricenes listed sbove under (2), (4) and (5), con-
tinuous stetic records were obtuined three to four times each day, in
NS addition to the composites. In &ll the others, two periods each day were
f devoted to obtaining a continuous record of static.

;_ (dJ Brief Synopsis of Static Analysis during period of Tropical
A Storms.
fﬁ {1} July 27 to August 1.
L6. Tais hurricane was first loczted at 0800 on 27 July about two

hundred miles north of Guantenamo, Cuba, &s & shallow disturbance with an
approximeie pressure of 29.90" at its center. Wesk static was plotted in
the genersl srea between Yueaten and Jumeica--zll of which ley some three to
five hundred miles southwest of the center. This static was in no way
exceptional in quentity or intensity for the general area in which it lay,
considering the time of year, and it is very unlikely that it would have

: attracted any attention, unless it weas known by some other methods that a

> hurricane wes located in the general ares.

47. During the period between 27 and 31 July, this hurricsne crossed
the lower tip of Florida, still smell in &ree and of no great intensity, then
curved northwestward and resched the northwestern coast of Florida on the
3lst. By that time, it had deepened to about 29.40" and winds of hurriceane

o, force covered a considerable area neer its center. For twenty-four hours,
f el between the 27th and 28th, the stetic activity, which still plotted between
' Yucaten and Jamaica well southwerd of the storm center, increzsed to & very
high velue, both in intensity and emount. It first sppesred centered nesr
Yuceten and then extended eastward during the succeeding twelve hours &
distence which wes approximately twice that which the storm itself moved
E westward. Luring the 28th and 29th, this area of stetic gradually extended
g Terther eastward over the region to the south and southezst of the center
AR and at the same time dissipeted to & great extent and spread out. By the
30th, it had continued to dissipate further and move generally southwerd.
On the 31st, the stetic had again increased over Yucaten, Cuba and eesstern
. Ftori?a, but remzined well to the south and southeast of the storm center
ki 1tself.

B 48, During most of this period, in =zddition to the static over the
kL western Caribbean, sctive thunderstorms occurred over the upper Ohic valley

213




.na West Virginis on the 27th end 28th end this thunderstorm ares moved south-—
cnstward over Virgirie and North Garolina~and then seawsrd between then &nd
the 30tk. These thunderstorms gave considersble static in a general direction,
+that is to the couthwerd from the Maine and Wieshington stations, of the
hurricene jtself snd served to complicete the emalysic. This wes especlally
true of the composite pictures of static end it was impossible to distinguish
between the thunderstorm static snd the hurricane static during the days in

guestion.

LS. fn this seme connection, the records waich were published by the
ingineering Experiment Station, University of Florida, Bulletin No. 3 dealing
with "The Loceting of Tropicel Storms by Means of issocieted Static", were
exemined in connection with the records obteined &t the Laborztory and Meine.
This en&alysis indicated thut there is considerable doubt as to whether the
ctetic which this bulletin escribed to the hurricane itself was not due
partislly to the thunderstorm area which lay originally to the north of the
Florids station and then progressively to the northeast and east on the
succeeding deys.

50. The generel conclusion drawn from the enalysis of this static
was that it would heve been impossible to track thie hurricane by means of
static.

(2} August 15 to August 19.

51. This hurricane developed just to the North of the Yucaten
peninsula on or sbout the 15th of August, then moved westward and westsouth-
westwurd passing neer Tampico, Mexico, on the 19th.

52, Records of continuous static were only sveilable for the period
between the 17th and 19th. These records showed that only wesk static was
present on the 17th. Tnis plotted to the southeast of the Yucaten peninsuls,
some 500 miles from the storm center on that day. On the 18th, this static
moved eastward to & point between Yucatan and Cubs while the storm center
iteelf moved westward. On the 19th, the stetic incressed over the genersl
sres between Yucatzn and Jemeica but in generel this area lay some 700 to
900 miles east of the hurricene. On this day, some weak static wus 1in
evidence on the same bearing from Washington as the burricene center but
it was completely overshadowed by the other more intense static to the easi-
ward and that connected with active thunderstorms over the central United
states.

53. No conclusions could be drawn from the records obteined during
thig hurricane.

(3) fugust 17 to iugust 19.

54. This hurricsne formed somewhere off the west coast of Mexico end
on the 17th, was centered off Cepe San Lucas, Lower Californis, with &
pressure of 28.82" and with winde of force 11 to 12 Beaufort.

554 Static observetions showed some wesk stetic on a line bearing
approximately the same as the center itself from Weshington end leine but
ne intersections were obteined. Tne prevelence of zetive thunderstorms over
the Ohio Valley zna southern Appelachien Mountesins rendered it impossible to




2 © SRTa. T
'2jts& P ler this week static was directly connected with the hurricane or with
thunderstorm actividy.

(4) September 10 to September 26.

56. Between September 10 and 14, this hurricane moved westward across
the Atlantic bo within 500 miles of Puerto Rico. During the first duy, no
stotic was plobbed snywhers close to the storm, which at that time was quite
small in extent and intensity. That which was plotted lay over the western
goribtean between Yucaten and Cubz, far distant from the center. By the lith,
this static had decrsased greatly in intensily end smount and hed progressed
erstward to & point which plotted to within 200 miles of the hurricane center.
Up until thie time, the hurricane was small in ares and no storms or hurriczne
winds were reported.

57 By the 15th, this small hurricane had commenced to deepen &nd
inorease in intensity end by the 18th had rezched & depth of zbout 28.49" waen
it pezssed northward near the Carolina coast and gave hurriecszne winds over a
wide arei.

58. On tihe 15th, when only one stetic run wies made, occasional static
plotted over the northeast and south sectors of tue storm, but these plots
mostly lay some 300 miles from the plotted center of the storm. On the 16th,
ococsional static again plotted within 300 miles of the ceanter but was now
411 soncentrasted in the nortreast sector. At the ssme time, intense statie
was plotted over Florida, Cuba and the eastera Guif of Mexico which far out-
weighad that nearer the hurricuane center.

5%. On the 17th, three daily runs were made to record coatinuous
stetic. Plots and bearings of static on this day lay in the east, southeunst
2nd south sectors of the hurricine but at a distance of 600 to 1000 miles from
the center. Tne static level this day was very high und reached & maximum
value both in intensity and amount. By the 18th, when the hurricene hud
reached its maximum intensiiy, the static continued heavy and intense in tae
ares south of the storm, being concentrated in the south znd southeust sectors
between 600 and 1500 miles distant from the center of the storm itself.

60. Before commenting on the static records during this storm, it
should be pointed out that this hurricsne was as perfectly located, for the
purpose of analyzing the records obtained from Mezine and the Laboratory static
recorders, as it would be possible to hope for. On the lDth6 the subtended
sngle Detwsen the two stations and the center amounted to 25~ wiih the hurri-
ceae distent 1500 miles; on the 16th, this sngle was 35° with the center
700 miles distent; while on the 18th, the angle was about 60° with the
center sbout 150 miles from ieshington.

6l. During the eerly stuges of the hurricane, that is, before 1t
sched hurriczne intensity, there appeured to be practicaily no evidence of
s existence insofar s static observations were concerned. When it began
to deepen und teke on the charzcteristies of & hurricsae, the statie did
tppear to be concentruzted in the general area coversd by the storm but lay
in the south, southeast and east sectors at & considersble distance from the
Center, In the luter stages of the hurricsne, this static becanme farther and
farther seperated from the center and appearsd to rscede southward and east-
werd eway from the dirsction in which the center itself was moving. At no
times wus static plotted in the northk or northwest sectors of the storm.
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rds available, it can be definitely stated
sible to locate it definitely
ns of static.

s : 62. From the static reco
that, for this hurricane, it would have been 1impos
at a;y ctege of its development or to track it by mea

(5;  September 19 to September 24

63. This hurricane appear

ed to have formed east of Puerto Rico or et

first located on the 20th about 300 miles north of Puerto Rico. At

this time, it was rather snellow end small in area. Between the 20th end the
24th, it deepened considerzbly, resching & depth of 28.94" and giving winds of
Jurricsne force over & wide area, and moved nearly due north to the vicinity

of Nova Scotica.

least WS

; 6/« . few static plots on the 21st fell quite close to tne center at
that time, but the greut preponderance of static lay some 500 to 700 miles to
_ the southwest of the center. On the 22nd, occasional stutic plots were lo-
 cated nesr the center but again the preponderance of static lay far to tne
~ south and southwest of the center but with & general eastward novencnt dis-
 cernible when compered to the preceding day's records. in &ddition, a
the amount end intensity of this static was noted which

striking increase in .
appeared to occur cimul taneously with & deepening und extenslon of the storm

. area surrounding the hurricane center. By the 23rd, there still appeared
some static within 250 miles of the center but this had decreased considerably
. in emount over the preceding day. At the same time, the static which lay fto

* the south and southwest the previous day also decreased in intensity and

" amount und appeared to have shifted farther southward - a direction opposite

to tne storm's movement. By tne 2/th, some weak static was again in evidence
some 500 to 700 miles south of the center.

4 65. Once &sgein, the course of this hurricene was ideally situated

with regard to the two stations recording static. On the 20th, the angle
subtended by the two stutions was aboub 30° with the hurricane distant about
11100 miles, while by the 24th, this angle had increased to 85° and the hurri-
“cane was distunt wbout 500 miles from Washington. In addition, calibration
‘data obtzined during the past few months utilizing records from Florida and
Puerto Rico together with Washington and Maine have indicated that deviation
rrors in the south and southeast quadrants are of the order of 2° which would
ot serve to shift the location of the static intersections any great amount

in one direction or another.

-66. 1t thus can be rather definitely stated that the static from this
iurricane, similar to that obtained during the preceding hurricene, did not
ermit one to track it over sny portion of its petn.

(6) October 27 to October 29.

e 7. This hurricene formed off the west coast of Mexico and moved north-
West into the Gulf of California during the period outlined.

- 68. No static was obtzined from either station during the progress of
is storm which plotted anywhere adjacent to the area covered by it.

(7) October 7 to October 8.

69: _This hurricene formed somewhere to the southwest of Szling COrusz,
1t =0 1n tne Gulf of Tehuantepec and moved northward to the coast on the 8th.
L Was not of hurricane intensity.
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71i.

Stetie records failed to indicate sny stutic in that area.
Resul ts.

In the hurricanes which occurred during the 1936 seuson on which

it was possible to obtain bearings of static from both the Laboratory and
Winter Eerbor static direction finders, the following results were obtained:

g (4)

' (£)

72,

Such 2 small smount of static, és compared to the normal amount
which exists in the tropical regions yeer in and year out, was
recorded during the early stages of a tropicai cyclone that it
is considered impossible to locate such an &reas where such &
tropical cyclone may be forming.

During the period that a tropical cyclone is small in extent
and hurricane or strong winds are coufined to & small area, the
static indications are not sufficient to locute or track it.

During the later stages of development of such & cyclone, that
is, if 2 small tropical cycloae redevelops und becomes exceedingly
deep and of wide extent (which sometimes seems to occur as it
approaches a continent and begins to leave the tropicel wind
cireulstion and moves into higher latitudes} the static indieca-
tjons increase for a considerable period of time and static
becomes extremely heavy both in amount and intensity. Such
static at first appears to be concentrsted over the southwest
and northesst sectors of the cyclone, and then that in the
southwest sector progressively moves eastward eventually joining
with that in the northeast and east sectors. Such static, in
the hurricanes examined, only appeared in the close vicinity of
the center for & short period of time and then moved outward
from the center in & direction away from the actual direction

of movement of the hurricene itself.

This gradual increase and movement of static ia the various
sectors of = tropical cyclone seems to indicate that the
Norwegian theory regarding their inception &nd development is
probebly correct and thet the static is intimately related to
the presence of "fronts" and tneir evolution, &s hezs been ex-—
plained under tne theories concerning extratropical cyclones.
Thus tae tropical cyclone appeurs to go through & life cycle

of development and decay somewhat similar to that described for
extratropical cyclones, but of course the fronts would evolve
somewhet differently.

Lfter the tropical cyclone had passed its peak of development,
the static previously recorded began to decreuse just &as rapidly
45 it increcsed and finully disappeared over the area covered

by the cyclone.

Conclusion. '

The behavior of static recorded during the hurricanes or tropical

cyclones during 1936 leads to the belief, lacking other more definite means
of detection of such storms, such as a daily weather map over the oceans, and
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z better wnderstanding of meteorological conditions surrounding such a storm
especially &s regards the sources of static, that it is nct feasible to
either locate or track tropiczl storms or hurricenes by means of the static
recorders at present in use.

.
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73, As regards the static direction finder equipment &s develoPed by
the Nuvel Research Leboratory, it cen be operated fairly relisbly by regular
enlisted personnel, but zn expert redio technician will always be required to
mzke necessary zdjustments and repairs at regular intervals.

71 The eguipment will record crashes of static from considerable
distances and these crashes can be located geographically with & satisfactory
degree of accurecy by simultaneous beerings from two or more stations.

75, In many cases it was possible to locate and treck thunder-
showers and showers which were emitting static.

76. Klthough most sources of static, such &s showers and thunder-
showers, eround an extratropical cyclone or "low" may be located &nd tracked,
such sources do not give positive evidence of the position end movement of
the cyclone itself, of its stege of development, or of the various weather
elements (except such showers &and thundershowers) surrounding such a cyclone.
Thus, it appears jmpossible to track such cyclones by means of static.

77 Extratropical anticyclones or "highs" are relatively free from
ctatic indications, except in their south and southeast sectors where
chowers and thundershowers may exist. But, in view of the large number of
cyclones in northern latitudes that &lso lack stetic, this absence of
ctutic would be of doubtful forecasting velue.

78. The behavior of static recorded during the hurricanes or
tropicel cyclones during 1936 leads to the belief (lacking other more
definite means of detection of such storms, such es & daily weather map
over the oceens, and a better understanding of meteorological conditions
surrounding such & storm, especially as regards the sources of static) -
that it is not feasible either to locate or track tropical storms or
hurricanes by means of the static recorders at present in use.

79. This study has indicated that the static indications with
relation to actuel weather are not as simple as various radio investigators
heve led us to believe. In practically zll the previous investigations, it
is believed that only weather situations prolific in static indications
have been studied and not & day to day analysis over & long period of time.
Such studies have resulted in meny erroneous conclusions regarding the
correlation of static and weather which upon closer end prolonged investi-
gation have been found very doubtful.

80. The subject investigetion has served to indicate that the
actual application of radio work with static to meteorology or aviation
is still doubtful. It thus zppears that to obtain practicel results, any
investigation of static with regard to weather will have to be prolonged
over & long period of years with close cooperation between the radio
physicist and the practical meteorologist.
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