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The Technique of Heliotherapy
PULMONARY AND

SURGICAL

TUBERCULOSIS
A N D LERICHE, in France,
recommended insolation of the
entire naked body for ten minutes at a time at the outset, and if
this is not practicable, then to expose
the affected limb, gradually lengthening the sitting to three hours morning
and evening unless counterindicated.
D'Oelsnitz and Delille began by exposing the distal ends of the limbs,
hands and forearms and feet and
legs, for five minutes each on the first
day. If nothing untoward happens
the duration of the sitting is extended
to ten minutes on the second day, increasing the exposed area to include
the arms and lower half of the thighs.
The area to be exposed is then increased day by day and the seance
lengthened.
Rollier, however, located at Leysin,
Switzerland, proceeds more cautiously.
By the use of systematic and strict
methods, adapted to the case in hand,
he trains his patients, both children
and adults, so that they live in the
free air of the Alps almost wholly
naked, but, apparently, in perfect
comfort. The training begins with
exposure to the air and, afterwards,
exposure to the sunlight. Under no
circumstances does Rollier allow the
patient to be exposed to the sun on
the same day or on the day following
his arrival in the mountains. According to the gravity of the case or the
general resistance of the patient,
from three to ten days are allowed
for acclimatization to the altitude
and training for the air cure. Children seem to display a remarkable
tolerance for exposure to sunshine.
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After the preliminary period of acclimatization the sun cure is commenced. This is gradual and has due
regard to the patient's reaction, which
is carefully checked on individual
charts. All the clinical symptoms
are carefully noted and recorded. The
bed, with the patient covered, is rolled
out to a gallery to which air and sunshine have free access. The patient
remains there one hour on the first
day, two hours on the second, three
hours on the third, and so on. The
heliotherapeutic treatment, properly
so-called, begins when tolerance has
been established and this varies, naturally, with the individual case.
Dressed in linen or white flannel,
according to the season, the head being covered with a white linen hat
and the eyes protected with smoked
or amber spectacles, the patient is
ready for the first exposure. This
begins with the feet, no matter where
the locality of the lesion, in order to
obviate any tendency to pulmonary
congestion, headache or vertigo, as
well as to prevent local reactions in
the focus, which might be caused by
premature exposure of affected parts.
The exposure must be direct and not
through ordinary window glass. Although plants thrive under glass and
photographic films are sensitive to
light passing through it, the therapeutic effect of light on the human
body is quite different. Experience
shows that the same direct exposure
is required whether we use sunlight
or the light from a quartz mercury
vapor lamp or open arc. No treatment should be taken immediately
before or after a tub bath.
At the end of the first month the
patient can remain in the sun three
to five hours a day; at the end of
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the second, from five to eight hours,
summer and winter, without the
slightest trouble and remain perfectly
comfortable. Under such a program
of progressive exposure, without any
accident due to the sun's rays, patients take on a beautiful bronze tint
varying from a mahogany to the
brown color of the negro skin, without, however, ever attaining the ebony
black of the latter.
In order to avoid the result of
over-exposure to the sun, various lotions and cosmetic preparations, oils,
etc., have been used of late. These
are introduced to favor tanning and
at the same time protect the skin
from sunburn. Olive oil is as good
as any but other preparations have
various trade mark names. Oils of
this type can be applied all over the
body and are agreeable as well as
useful. They should be wiped from
the skin before sun exposure. Furthermore, no sun bath should be given
for at least an hour before and two
hours after the mid-day meal. During
the hot summer days no radiation
must be given during the middle of
the day as the sun's heat at this
period is very depressing and is likely
to cause reaction, such as a rise of
temperature, nausea, rapid pulse,
headache or other constitutional disturbances. Strong and robust patients may take four hours of sunshine a day. If during the preliminary treatment, for any reason, the
sun bath is interrupted, the insolation should be resumed at a stage a
little earlier than that at which it
was stopped.
Lo Grasso, whose practical directions are founded on long experience,
concludes that "none of the artificial
means by which heliotherapy has been
imitated have given results that can
begin to compare with those of the
sun-cure, and the natural light free
from dust and smoke stands unchal

lenged."
Rosselet, of Leysin, an associate of
Rollier, commences the cure at 9:30
or 10:00 A.M., and continues during
a period varying from 5 to 15 minutes when it is suspended by a period
of rest in the shade for a minimum
of 20 minutes; the cure is then resumed for a period of the same length
as at the start, followed by another
period of rest and so on until there
has been a total of two or three hours
of radiation. This maximum dose is
in accord with the stage in the systematic graduation of treatment arrived at.
This interrupted method, alternating with periods of exposure and rest,
allows a flexibility of adjustment to
meet the requirements of individual
cases which vary considerably in
their susceptibility to this form of
treatment. Rest in the shade may be
had by lowering the awnings if the
patient is confined to bed; if he is
able to be about he can retire to his
room for rest in bed or in any way
as may be deemed best; however, it
has seemed advisable to have the patient cover himself with bed clothes
between exposures so as to prevent
loss of the sun's action by bodily radiation. Under these conditions the
atmospheric temperature is better
borne.
The intensity of radiation thus augments the duration of the cure and
experience seems to show that the
cure discontinue by division of the
period of total irradiation is a better
therapeutic measure.
Whether or not there is a cumulative action in heliotherapy, we do not
know; there may be a "storage"
within the tissues of some effect of
light energy.
Heliotherapy has been adopted in
both surgical tuberculosis and pulmonary tuberculosis in a large number of institutions in the United
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States and in Canada. In the New
England states the climatic restrictions are serious and shorten the
period of the year during which this
treatment has been deemed possible.
The technique employed by different
men in widely separated localities in
the United States has varied very
naturally as to strict adherence to
the methods of Bernhardt and Rollier
in the Swiss Alps or those of the
school of Lyons represented by Oilier
and Poncet, Armand-Delille, Vignard
and Jouffray or by practitioners at
Cannes and Berck-sur-Mer. Some
variations are inevitable.
At the high elevations of New
Mexico and Colorado, the solar rays
are more intense even than at stations
like Leysin in Switzerland. Sunlight,
besides the visible spectrum, is composed of other radiations which in
the infra-red are calorific and in the
ultraviolet, chemical. These latter
are the ones that seem to have the
most active influence in heliotherapy.
In mountain stations, where the air
contains less water vapor, smoke, and
dust, the rays are less depleted and
hence heliotherapy is more easily
practiced. But at the seashore there
is often almost equal efficiency, and
the light rays may be intensified
somewhat by reflection from the surface of the sea.
The first American hospital especially designed and constructed for
heliotherapy is the J. N. Adam Memorial Hospital at Perrysburg, N. Y.
It is a municipal institution of the
city of Buffalo. Its elevation is 1650
feet and it is forty miles from Buffalo
and fourteen miles from Lake Erie.
The late Dr. J. H. Pryor, Dr. C. L.
Hyde and Dr. Lo Grasso have published full reports of the cases treated
there, with illustrations of the suncure pavillions, the open-air school
and patients undergoing cure. The
technique is very definitely given and

follows Rollier's method faithfully.
The climate of this region is cloudy
and cold in winter with a mean temperature of 47° F. and 1729 hours of
sunshine, a low record compared with
stations in Colorado, New Mexico and
California. During the last thirty
years over three thousand patients
have been treated. Two-thirds of
these have apparently recovered.
About half of the total number admitted are children with glandular
tuberculosis, and next in order are
tuberculous peritonitis and disease of
the spine, hip and knee. The average
length of stay for all surgical cases
is 8.4 months. Of the patients who
remained three months or longer,
67% were discharged apparently recovered or arrested; of those who remained six months or longer, 77%
were discharged apparently recovered
or arrested, and of those who remained nine months or longer, 82%
were discharged as apparently recovered. This shows the important bearing that the length of stay has upon
the results of surgical tuberculosis.
The opinion is that all cases of tuberculous peritonitis, unless complicated
by advanced pulmonary tuberculosis
or fecal fistula, will recover under
heliotherapy.
In winter, on account of the sun not
being always sufficiently strong and
on account of the large number of
unfavorable days when sharp winds
and snow flurries are frequent, the
treatment is interrupted at times.
During the winter, no matter how
strong the sun may be, as soon as a
child looks or feels chilly he must be
taken into a warm room and the
treatment temporarily discontinued.
The effect of the treatment on the
patient is quite remarkable. Many
present a pitiful picture on admission.
They are anemic, emaciated and fever-ridden and with features suggestive of suffering; yet in a few weeks
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these patients go through a complete
transformation; weight increases and
the blood conditions improve, hemoglobin and red cells increasing and
leucocytosis, if present, is reduced
and an actual increase in the lymphocytes takes place as pigmentation
progresses.
TUBERCULOUS

PERITONITIS

The first formal report on cases of
abdominal tuberculosis treated by
heliotherapy in America was made by
Dr. J. H. Elliott to the American
Clinical and Climatological Association in 1916. These three cases were
treated in Toronto, Canada. The first
was a case of tuberculous enteritis
with pulmonary involvement of the
upper lobe with tubercle bacilli in the
sputum. After fifteen months of the
usual climatic treatment the patient
was much emaciated, having a cough
with abundant tubercle bacilli and
diarrhoea. Heliotherapy was begun
in the summer. Diarrhoea gradually
lessened; the temperature, which had
resembled in its curve a case of
typhoid fever, began to fall; the appetite, which had been absent for a
year, began to return, and there was
a marked gain in weight. By October
the patient's weight was 137.5 pounds.
Her weight in April had been 90 and
previous to that had probably been as
low as 75 or 80 pounds. As this
patient improved the retraction and
dough-like feel of the abdomen soon
lessened. The exposures were made
at first in the patient's bedroom,
which had a southern exposure, and
later in a garden where longer exposures were possible. In December
this patient went to Asheville, N. C.,
but returned as the weather conditions were found to be no better than
at home. In June, 1915, examination
of the abdomen was negative and the
physical signs in the chest were those
of a healed tuberculosis. At the end
of five years there was no recurrence

of the intestinal condition, but the
pulmonary lesion persisted.
There
was still slight cough and bacilli were
present. The general condition was
good and she had the appearance of
good health. At the end of twelve
years her appearance was that of perfect health. She had been married two and a half years and there
was no recurrence of the intestinal
symptoms. Pulmonary fibrosis persisted but with no clinical symptoms.
The second case was a tuberculosis
of the ileocecal and appendix region
with consolidation of the left upper
lobe of the lung, both posterior apices
and most of the scapular region with
excavation. The sputum showed bacilli
for two years. An abdominal operation was refused by the consulting
surgeon. Heliotherapy was instituted
and at the end of three months the
patient was able to expose himself
for three hours each morning and two
hours each afternoon. At the end of
four months he had gained thirty
pounds in weight; his cough had disappeared and tubercle bacilli were
no longer to be found. During the
winter months he exposed himself but
little, but heliotherapy was resumed
in the spring. Sputum ceased and the
physical signs and symptoms were
those of healed tuberculosis. At the
end of five years he was entirely free
from symptoms and appeared in perfect health. During this time he has
been in business as an insurance broker. After twelve years he was entirely free from pulmonary or abdominal symptoms, but he had had a
small ischiorectal abscess which closed
under heliotherapy during the summer.
The third case was of tuberculous
peritonitis with effusion. The temperature was persistently high for
many weeks and there was no definite
improvement until heliotherapy was
instituted; the temperature then grad-
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ually fell. Exposure was in the patient's private room in St. Michael's
Hospital, Toronto. Throughout the
winter of 1914-1915, the bed was kept
alongside the window with southern
aspect so that exposure was possible
from about 9:00 to 1:00 each day, the
window being completely raised only
on mild days. The patient developed
a friction sound on the exposed side
in February; but no effusion was
observed. As spring came on he
made an apparent recovery. After
five years he relapsed and there was
bilateral pulmonary involvement. He
died in January, 1923, some eight
years after the onset of his peritonitis and pleurisy, symptoms of both
of which disappeared under heliotherapy, and there was no recurrence
of either. His final disease was apparently uncomplicated pulmonary
tuberculosis.
The technique adopted in these
cases was not strictly according to
Rollier as at that time the plan of
treatment had not been so well standardized at least, not outside of Switzerland.
Apropos of the use of light in tuberculous peritonitis, it is interesting
to note that in laparotomies for this
disease the suggestion has been made
that the admission of direct sunlight
through the wound to the abdominal
cavity aids greatly in effecting a cure.
At the meeting of the Academie de
Medecine of Paris on October 10,
1922, M. Temoin, of Bourges, read a
paper on the surgical treatment of
tuberculous peritonitis in which he
stated he had operated on over three
hundred cases. He had been impressed
by the fact that cases which he
thought favorable had not been
cured; while others, which he considered desperate, which he had thought
unfavorable for operation, had been
cured. In looking about for the cause
of such paradoxical results he noticed

that when he operated on a perfectly
clear day, when the sunshine fell directly in his operating room, the results were more favorable and more
rapid than when he operated on a
dull or sunless day. He has confirmed
these conclusions during several years,
so that he now operates on cases of
this nature only on a sunny day and
places his operating table so that the
whole operative field is in sunlight,
the abdominal cavity open and the
sun's rays falling directly on the
part.* The margins of the wound are
stretched open so that as much as
possible is exposed to sunlight. He
leaves the peritoneal surfaces open
for ten or fifteen minutes, the longer
as the condition is graver. Then he
closes the wound.
The question then arises: Is this
result due to the light, the air or the
removal of toxins? Temoin believes
it is due to light. He gives his reasons for this belief but he does not
think it due to a direct action of light
on tubercle. How can we explain it
in the case where only a small portion
of the abdominal cavity is under the
direct influence of light? How can
tubercle which we do not see and
which is hidden away in the intestines
by adhesions and so on be influenced
by it? And why is it that in the case
of tuberculous joints, opening them
gives such bad results? No answer
is evident unless it is in the action on
the peritoneum itself. This action
of sunlight probably brings about a
special reaction on the serous membrane which increases its power of
defense, probably increasing phagocytosis, making it the carrier of
antibodies and antitoxins.* A peritoneum treated in this manner is influenced to destroy the tubercle bacil*This is interesting because only very recently hospitals have begun to use ultraviolet
lamps in operating rooms and find that septic
complications
after operation are largely
avoided thereby, because germs floating in the
air of the room are killed.—Ed.
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lus, to absorb all caseous masses by
an action prolonged during days or
weeks with an astonishing rapidity.
These surprising results are fully
detailed from a surgical point of view
by Temoin. He concludes that more
than 80% of all cases of primary
tuberculous peritonitis, upon which he
has operated and which he has submitted to heliotherapy, are cured.
Dr. Armand-Delille, is an advocate
of general insolation and not of local
applications merely. His patients
were treated in Paris at the Hospital
Debrousse and at Ivry in the suburbs.
They show the superiority of the
solar cure over all other methods
in tuberculous peritonitis, especially
when the after-cure was carried out
in the Maritime Alps. But even in
the climate of Paris, success can be
obtained as experience has shown
during many years.
Results like these make us wonder
why any other method of treatment
should ever be prescribed.
Lawrason Brown, and Sampson, of
Saranac Lake, in their paper on "The
Curability of Intestinal Tuberculosis",
and in their work on Intestinal Tuberculosis (Phila., 1928) show that intestinal tuberculosis may heal in the
presence of an advancing and ultimately fatal pulmonary tuberculosis
as shown at autopsy. They reported
five cases where the intestinal lesions
were found to have been healed.
As for the results of heliotherapy,
there were 360 patients who were
treated by artificial methods; 119
of these were dead; 18% did not receive benefit; 33% were slightly or
considerably helped; 25% were markedly benefited; and 24% (86 patients)
were apparently cured of their secondary intestinal tuberculosis.
These cases observed at Saranac
Lake over a period in many instances
of ten or more months, during which
artificial heliotherapy was used, con-

stitute a most encouraging claim for
the curability of secondary intestinal
tuberculosis. We doubt if there is
anywhere in medical literature a record of so many recoveries accurately
diagnosticated as are here reported.
HELIOTHERAPY

IN

PULMONARY

AN

ALBINO

WITH

TUBERCULOSIS

It is interesting to record the effect
of insolation on an albino as the absence of pigmentation is commonly
supposed to render the subject especially sensitive to sunshine. Persons
of the thin-skinned, blond type do not,
as a rule, tan easily. However, it is
worth while to record a case reported
by Chas. Fox Gardiner, of Colorado
Springs. A man of 34 had an extensive tuberculosis of the left lung
with a small cavity at the apex, all
of which was confirmed by physical
and x-ray examination. He had been
ill for a year and a half, had lost
sixteen pounds of flesh and had four
ounces of sputum, streaked with
blood, with tubercle bacilli.
Temperature in the afternoon was 101° F.
This patient was an albino with perfectly white hair, very white and thin
skin, burning easily from slight exposure to the sun; with eyes intolerant to light.
After some weeks in Colorado with
but little improvement Dr. Gardiner
decided to try heliotherapy, although
such an extreme instance of the blond
type seemed unfavorable to the experiment. He, therefore, used more caution than usual, protected the head by
deep shade, the eyes by amber glasses
and had the pulse and temperature
taken both before and after the sun
bath. The feet were exposed only for
five minutes the next day; when the
skin became hot and tender he waited
a day or two for this to subside, never
allowing the skin to become unduly
inflamed, congested or blistered so
that no desquamation occurred and
no generally unfavorable reaction
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was noted. Gradually during three
months the whole body, except the
head, was exposed. There was no
bronzing or pigment formed in the
skin but in its place a curious chronic
congestion, dark red with a faint blue
color in places. This was not painful
or hot, but was constant and remained
the same from day to day; but it
gradually disappeared after ten days
when sun exposure was discontinued.
There seemed to be an effort of nature to mass the blood on the surface
in place of pigment, so that the skin
was not white but dark red, and
probably the actinic rays passed
through this darkened skin as they do
when pigment is present, thus, in the
blonde types, reaching the blood corpuscles by this method without the
pigment being present.
The change in this patient under
heliotherapy was most gratifying.
The physical signs improved; no
moisture was heard over the lung,
cough and expectoration practically
ceased; weight increased 20 pounds
and the temperature was normal.
This improvement could have resulted
from the usual climate and sanatorium methods employed without the
use of heliotherapy but the fact remains that a rapid and satisfactory
improvement did take place in a blond
of extreme type while taking sun
baths every day; that the sun treatment was not unjurious, but on the
contrary, seemed to be of benefit; was
not followed by unusual rise in temperature or pulse and no nervous
symptoms developed, due to the exposure. This patient was well and at
work five years after he left Colorado.
OTHER

FACTORS

It is evident from the foregoing
that sunlight and other forms of light
are definitely established as therapeutic aids of the highest value.
While sunlight is only one of numer-

ous environmental factors to which
we are subject, the intense interest
in this field at present and the undeniable success attending the use of
sunlight in a systematic and scientific manner is rapidly raising the practice of heliotherapy from the grade of
empiricism to a rational and scientific
procedure based on the laws of
physics and physiology.
The use of ultraviolet energy derived from the mercury vapor arc in
quartz tubes and the recognition of
the fact that there is a great invisible
region beyond the violet of the visible
spectrum, constitute a field by themselves in which there are able research laboratory workers who endeavor to coordinate the various elements which enter into this problem.
As one of them has said, "We are
only at the beginning of the conscious
utilization of the powers of light as
distinct from the unconscious enjoyment of them."
The problem of the future seems
to lie in the wider application of heliotherapy so as to include, first of all,
the prevention of tuberculosis and its
successful use in pulmonary cases.
Some of the patients whose histories
are here presented had more or less
pulmonary involvement
coexistent
with local manifestations in the
joints, the abdomen and elsewhere. It
seems strange that an uncomplicated
pulmonary involvement should prove
more difficult to treat by insolation
than the cases having joint and abdominal disease in addition to the
lung infection. Such, however, seems
to be the case.
It is evident from the experience
gained so far that the method advocated must be applied precisely, otherwise only mediocre results will be
obtained. Some of the indications
may be, possibly, optional and some
obligatory. Individualization in treatment will have to be nicely balanced
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against the undoubted success of
standardized methods. It is probably
best to err on the latter side, at least
in the present state of our knowledge.
Insolation combines in a peculiar
way the air bath, the light bath and
very often a bath of heat, so that the
therapeutic effects seem to be attributable to vaso-dilation and hyperemia and to the beneficent, but unexplained, action of pigmentation.
In heliotherapy there must be a
rigid oversight of all cases. The question of food, rest and exercise; the
therapeutic use of graduated labor;
and last, and most important, the rehabilitation of the patient so that he
can take his place in the industrial
world. These matters are of vital interest and some of them still unsettled.
There are certain associated measures or adjuvants of heliotherapy
that ought to be mentioned. In treating young patients, educational facilities should, of course, be provided.
There is no reason why instruction
should not go hand in hand with cure.
And not only instruction but, as the
patient advances, some training in a
useful occupation.
But in respect of the cure there
are some physical measures, such as
hydrotherapy,
thermotherapy
and
massage that will promote good arterial and venous circulation, a
healthy skin and firm muscles. A
judicious combination of these accessory measures tends to cultivate a
good morale so important when dealing with a cure necessarily prolonged
and usually in a locality distant from
the patient's home and friends.
Children do not understand much
about psychology but they are very
quick to respond to kindness and keen
to follow the good example of their
fellows in making the cure. The Children's Bureau of the U. S. Department of Labor has issued a folder

setting forth in an admirable manner the value of "Sunlight for Babies." It is timely and deserving of
a wide circulation.
No doubt much of the success of
Rollier and his associates and of
many others in France, England, Germany and America should be credited
to the enthusiasm and confidence displayed by the attendants, often in
the face of desperate situations. To
treat tuberculosis in any form requires a personality of a very high
order. We instantly think of Trudeau and what he accomplished although for forty years he had the
disease from which he rescued many
a grateful patient. Personality counts.
It is a long, long road but it is illuminated by an ever lengthening list
of contributions of the most encouraging character in praise of the sun
and its power to heal.
COMBINATION

OF

HELIOTHERAPY

AND

HYDROTHERAPY

It is fortunate that so many tuberculous children can be carried from
the city to the seashore for heliotherapy. There they have the added
advantages of sea bathing and all its
attendant pleasures. At Berck-Plage
in France and on the Cote d'Azur; at
Hayling Island in England and at
Neponsit Beach near New York, sea
bathing is a prime feature of the
treatment and during a portion of
the year shares with heliotherapy the
credit of cure. The sun bath is arranged to precede and follow the salt
water bathing. This is, of course,
provided for those for whom immobility or rest is not necessary. Hydrotherapy at inland or mountain stations can be instituted with like advantage and should not be neglected.
At marine stations whenever sea
bathing is impossible, and throughout
the year at inland and mountain stations, hydrotherapy in some suitable
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form should be used. Salty water
may be used if available, or fresh
water in the form of a tepid warm
bath, or half-bath, or with a douche
gradually cooled. For patients who
are immobilized the cool sponge bath
may be substituted for douches. However, none of these seem equal in efficacy to sea bathing.
This combination of heliotherapy
and hydrotherapy is especially useful
in cases of glandular tuberculosis and
all external forms in the convalescent
stage. Sea bathing is obviously unsuitable to the immobilized, such as
have hip disease and Pott's disease
and to acute articular cases; these
are amenable to heliotherapy with the
addition of compresses of sea water.
Good results are obtained in the so-

called fungous forms of the disease.
At some later period when motion
is re-established and healing has sufficiently advanced, sea bathing can be
resorted to if the season permits and
if the patient reacts satisfactorily.
The location of marine hospitals will
determine largely the relative extent
to which sea bathing may be utilized.
In Europe the Mediterranean and
Adriatic seas offer the best opportunity and in the more southerly stations sea baths are available throughout the year.
We trust that in America we shall
see a wider application of sunlight
and any use of light from any source
that will check tuberculosis in all its
forms.
(The end)

Use of Rossby's Trough Formula on the Mean 5-Day 3 - K m
Pressure Charts
H . WEXLER
U. S. Weather Bureau, Washington, D. C.
ASSUMING
purely horizontal
motion of air columns, each of
which conserves its absolute vorticity, Rossby* derived the following
formula for the motion of waves created in the westerlies by an external
disturbance:
pL*
c = U
4 7T2
where c is the west-east velocity of
the waves,
U is the west-east velocity of
the air,
L is the wave length of the
waves,
2 O cos
R —
is the rate of
R
R
increase of Coriolis' parameter northward,
O is the angular velocity of
Y

B

*C.-G. Rossby: Relation between Variations
in the Intensity of Zonal Circulation, etc.,
Journal Marine Res., vol. II, No. 1, p. 38,
1939.
C.-G. Rossby, Planetary Flow Patterns in
the Atmosphere, Quart. Jour. Roy. Met. Soc.,
vol. L X V I , Suppl., p. 68, 1940.

the earth's rotation,
cf) is the latitude,
R is the radius of the earth.
If now c and U are expressed in
degrees of longitude per day, and L in
degrees of longitude, then this formula may be written as
2.360 cos2</> 2 cos2</>
U-c =
=
U ,
n2
360
where n is the number of waves
around the earth at latitude cf>.
In using the table it is necessary to
find L and U from the latest 5-day
mean 3-km chart:
MEASUREMENT

OF

L

At the selected latitude, L is conveniently found by measuring the
difference in longitude between successive isobaric troughs. The original
formula assumes uniform wave-lengths
of all waves, a condition rarely found
in practice.
Hence, computations
should be made separately for troughs
which are part of waves of differing
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