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ABSTRACT

A simple mechanical direct-recording meteorograph has been constructed for captive-balloon
temperature soundings in the lower 600 meters of the atmosphere. Details of construction and
operation are presented. Altitudes are recorded accurately to 1.5% and temperatures to 0.2C°.
INTRODUCTION

I T H the increasing interest in micrometeorological studies at many institutions throughout the country the problem of obtaining a good low-altitude sounding has
been one of the first obstacles to overcome. The
commercial instruments now available are not
sufficiently accurate nor easily handled for such
studies. Some recent work has been done on
instruments of this type; an electrical type meteorograph was developed at the U. S. Navy Electronics Laboratory in San Diego [ 1 ], and a variation of the chronometric radiosonde was put forth
by Neuberger [2].

W

A n instrument fulfilling the following requirements was thought most desirable. It should
( 1 ) Give an original record directly which
would be large enough to evaluate easily;
( 2 ) Be capable of obtaining a sounding up to
600 m, and
( J ) Be light enough to be easily portable and
operated with relatively inexpensive captive balloon equipment.
With these restrictions it has been found convenient to measure only one property of the atmosphere, namely temperature, as a function of altitude. Measurement of humidity also would be
feasible only with sacrifice of simplicity in construction and operation.
The principle thought to be most practicable is
similar to that of the Dines meteorograph [3] or
the Spilhaus bathythermograph [4]. In these a
pressure element drives a recording sheet under a
pen arm controlled by the second variable. This
principle is by far the most easily adapted to a
mechanical instrument.
* The development of this instrument was a joint project of the Oceanographic Laboratories, and the Department of Meteorology and Climatology, University of
Washington, Seattle, Washington under Chemical Corps
Contract W18-035-CWS-1336.

DESIGN AND

CONSTRUCTION

A photograph of the Low-Altitude Meteorograph model A - 3 - 1 is presented in F I G U R E 1 .
Three brass bellows of nine convolutions each
were soldered together, resulting in an element
which produced 0.15 inches movement per 100
meters altitude. This movement is further multiplied 8 times by means of a rack and a pinion.
The aneroid element, after being evacuated to approximately one millimeter of mercury, is balanced
against two 1/2" beryllium-copper springs. They
are attached to the driving rod by means of a
pivoted yoke which compensates for any lack of
alignment caused by slightly different tensions.
The driving rod, held in place by a sliding bearing with quite large tolerances, terminates in a
3 / 4 " dash pot with loosely fitting piston. The
dash pot, filled with glycerin, has been found essential even in very stable atmospheric conditions.
The driving rod operates the recording drum
through a rack and pinion gear, the latter being
attached to an axle running horizontally across
the instrument. The axle is supported at the ends
by two stainless steel ball bearings. Lost motion
in the gears is removed by spring loading, using
a light spring attached by means of a thread to a
small drum on the axle.
For a temperature element bimetal is used. The
bimetal is shaped into a spiral and heat treated at
700°F, and then highly polished to eliminate radiation errors. A short section of glass tubing
drawn out to form a tiny ball is cemented to the
end of the pen; this reduces the pen friction to
a nearly negligible value.
Careful alignment of the instrument is essential
to minimize friction. The position of both the
bellows and the main springs are adjustable to
permit aligning the driving shaft until it floats
freely in the upper bearing. The dash pot may
then be aligned with the piston on the driving rod.
A tolerance of 0.015 inches in the diameter of the
piston makes this operation relatively simple. A d justable crossed steel guy wires at the bottom of
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the instrument supply rigidity with negligible increase in weight, and permit exact alignment of
the ball bearings.
The width of the recording drum (about 2") in
terms of temperature is about 16C°. T o increase
the range of temperature through which the instrument will operate, different settings of the

bimetal element are accomplished by rotating the
bimetal support. Indexing on several settings is
accomplished by means of two coaxial adjacent
disks containing several pairs of indexing holes.
The upper disk rotates with the bimetal support
and the lower is fixed. The holes are reamed
with a 7 / 0 taper pin reamer and aligned by inserting a taper pin. A lever nut on the lower end
of the bimetal support post then clamps the assembly tightly in position. In the present instrument
three settings are provided having midpoint temperatures of 0°, 8°, and 16C°. More may be
provided, if desired.
At each setting of the bimetal a different form
of arc is scribed by the recording arm; therefore
three different calibration grids are required.
Records are made on 0 . 0 1 0 " cellulose acetate
strips smoked in a flame of illuminating gas which
has previously been bubbled through benzene.
The meteorograph weighs about 700 grams
which include a bamboo frame which supports it.
CALIBRATION

The calibration procedure is as follows:

FIG. 1.

Low-altitude meteorograph model A - 3 - 1 .

1. For each of the three index settings the pen
is made to scribe its maximum arc of motion by
an appropriate change of temperature. The line
drawn on the record is a line of constant pressure
and the line will have the same form at all the
altitudes. The low temperatures are applied in
large commercial refrigeration locker, hence the
entire instrument is subjected to the temperature
change, so that temperature effects on the aneroid
element are included in the calibration.
2. The temperature coefficient of the bimetal is
determined by comparing the motion of the pen
with the readings of a standard mercurial thermometer, using a water bath to apply the temperature change. The motion of the pen bears
essentially a linear relationship to the temperature,
for these small ranges.
3. Altitude calibration is accomplished in a
small pressure chamber fitted with a water manometer. The pressure was reduced to the calculated value for a given altitude and the length of
line scribed by the pen was measured. This was
done for altitudes of 200, 400, and 600 meters.
Since the variation was nearly linear, intermediate
graduations could be introduced by assuming linearity. The pressure-altitude relation was calculated in the usual way from the hypsometric formula using appropriate values of temperature and
air density.
4. The line of constant altitude determined as
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described in 1 is enlarged several times photographically and the resulting print is used as a
template to draw all the desired lines of constant
altitude on an enlarged drawing of the calibration
grid. The temperature coefficient and the measured degree of enlargement are used as guides to
construct the lines of constant temperature, which
are vertical straight lines appropriately spaced.
5. The enlarged grid which has been constructed
is photographed in the enlarger on a lantern slide
plate. Since the enlarger has been kept at the
same setting, the grid is now reduced exactly to
original dimensions. Because the grid is now
white-on-black, a negative copy is made by contact printing on another plate.
The temperature response on the bimetal element was determined experimentally. Ninety per
cent response occurred at 37.0 and 38.9 seconds at
3.45 and 1.45 mph ventilation, respectively. A s suming a moderately high rate of temperature
change (except for near discontinuities) of 1C°
in 60 meters, the instrument, rising at a rate of
1 meter per second then experiences a temperature change of 1/60C 0 per second. A t this rate,
calculation [5] shows that the element would lag
0.26C 0 below the ambient temperature with ventilation at 1.45 miles per hour. The rate of ascent
of the balloons provides at least this much ventilation. Under these conditions the bimetal attains
8 0 % of the equilibrium temperature lag in 0.45
minutes or 27 meters of elevation. After this
period, the temperature trace is essentially parallel to the true lapse rate and will accurately correspond to the form of the true curve, provided
discontinuities do not occur.
The important errors in the meteorograph are
produced b y : ( 1 ) change in the constants in the
hypsometric formula (molecular weight of air
and mean air temperature), ( 2 ) calibration curves,
( 3 ) mechanical errors, ( 4 ) hysteresis. Temperature lag as an error has been treated above, and
will not be considered here. The errors listed
have been carefully measured or computed. Using the root-mean-square method the probable absolute error is 1.5% in elevation measurements
and conservatively 0.2C° in temperature measurements.
The problem of temperature errors due to radiation has been carefully considered. It is concluded
that in the absence of sunlight, direct or filtered
through thin clouds, a high polish on the bimetal
is sufficient protection and because the instrument
has been used mainly at night and in fogs, shielding has not been found necessary in the present
work.
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EQUIPMENT

A n electrically operated winch was obtained by
increasing the capacity of an aircraft aerial winch
to hold 900 meters of sixty pound test cuttyhunk
fish line. T w o type N - 4 Dewey and Almy captive balloons are used rigged in tandem. The free

FIG. 2.

Portable electric winch with two N - 4 captive
balloons in position for a sounding.
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lift of each is made somewhat greater than the
weight of the meteorograph as a protection against
accidental bursting (FIG. 2 ) . T w o twelve-volt
storage batteries permit operation of the winch at
various voltages depending upon the speed*desired. The instrument is supported by rubber
bands in a bamboo frame which is tied into the
line; this mounting prevents the instrument from
fouling in the line regardless of the angle at which
the balloons rise from the surface and cushions it
against shocks.

339
OBSERVATION

TECHNIQUE

The low-altitude meteorograph is a simple instrument to handle and to operate. The records
are made on 0.010" cellulose acetate strips smoked
in a flame of illuminating gas which has been previously bubbled through benzene. The strips are
then placed on the recording drum by moving
axially outward the outer plate of the drum. The
record strip is held in place lengthwise by tension
and laterally by compression and two small springs

FIG. 3. Two meteorograph records with calibration grid superimposed. These records were taken at 2200,
2300, P.S.T. on November 20, 1947 in Seattle, Washington. Approximately 1.5 times natural size. Record
trace slightly thickened to improve contrast in reproduction.
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at the other end.
inserted

the

A f t e r the blank r e c o r d strip is

instrument

is a l l o w e d

to c o m e

to

temperature equilibrium and a z e r o elevation line
a n d a surface temperature line are r e c o r d e d

on

the r e c o r d strip b y manually disturbing the elements.

T h e balloon line is a l l o w e d to r u n off the

d r u m at a p p r o x i m a t e l y o n e m e t e r p e r s e c o n d until
the desired elevation is reached.
turned to the d r u m at

five

T h e line is r e -

meters p e r

second.

T h e difference in rate of ascent and descent p r o duces t w o distinct traces.

T h e lag of the d e s c e n d -

ing trace is m u c h larger than that of the a s c e n d i n g
trace, m a k i n g it easy to differentiate b e t w e e n the
two.
T w o r e c o r d s taken in Seattle o n N o v e m b e r 20,
1947 at 2200, 2 3 0 0 , and 2 4 0 0 , respectively, are

NEWS

AND

NOTES

(Continued from page 335)
man's thinking about the etiology of disease. Although
his early researches, while at Vanderbilt University
(1913-1917), were stimulated by contemporaneous theory,
one can discern in his work the gradual development of a
more and more holistic concept of disease. His first investigations dealt with serum enzymes. From these studies he turned to immunology and non-specific protein reactions. After joining the faculty of the University of
Illinois College of Medicine in 1919, he began researches
on capillary permeability. In 1924 he became professor of
pathology. Constitution and disease occupied most of his
attention. About this time he discovered that changes in
the physical environment were significant factors in the
etiology of disease. In October 1929 he initiated his first
studies on the influences of weather on man. His principal findings have been recorded in The Patient and the
Weather (1934-1938), Lincoln-Douglas, The Weather as
Destiny (1943), Hippocratic Wisdom (1945), and ManWeather-Sun (1947), several of which were reviewed in
this BULLETIN. Petersen's investigations demonstrated
that man was not free and independent of his external
environment: His thoughts and actions, bodily functions,
and susceptibility to disease were all conditioned by
changes in the meteorological environment. The primary
effector mechanism involved was oxygen inadequacy. Not
only did Petersen find evidence for meteorological influence on healthy and sick individuals but similar correlations were also evident in mass reactions of the population: e.g., psychotic admissions, sex ratio of births and
deaths, cultural cycles, cycles of religious and ethical concepts, mass migration, and wars. This broad approach
led him to picture man as a "cosmic resonator."
When he resigned from the University of Illinois in
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r e p r o d u c e d in F I G U R E 3 . T h e r e w a s
f o g present w i t h a d e c k of stratus
mately 2 0 0 meters.
These records
ability of the instrument to r e c o r d
discontinuities in the a t m o s p h e r e .
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1942, he turned his attention to writing and community
health problems. For several years he was director of
clinical research at St. Lukes Hospital.
Throughout his life Petersen was active in numerous
professional and cultural organizations. His talents were
manifold and expressed themselves in writing, art, history, and the management of a family manufacturing concern. In addition he was devoted to his family. He married Alma C. Schmidt in September 1919 and together
they raised three sons.
His keen mind, delightful wit, and deep wisdom provided for all who knew him a source of highest inspiration. For medical sciences his contributions have laid
the foundation for great advances. Claude Bernard had
such men as Petersen in mind when he wrote that "science makes progress subsequently to the appearance of
great men and precisely because of their influence."—
Frederick Sargent II.

Civil Service Vacancies at Cambridge Air
Force Research Laboratories
The Board of Civil Service Examiners at Air Force
Cambridge Research Laboratories, 230 Albany Street,
Cambridge, Mass., has issued a 21-page announcement
of unassembled examinations open indefinitely (no closing
date set as yet) for research chemists, physicists and
meteorologists in Grades GS-7 ($3,825/ann) to GS-15
($10,000/ann). The various optional fields for the Physicists are: cloud mechanics, electromagnetics, atmospheric
physics, terrestrial physics, atmospheric composition, and
terrestrial composition; for Chemists: cloud mechanics,
atmospheric composition, and terrestrial composition; for
Meteorologists: cloud mechanics, electromagnetics, atmospheric analysis, and atmospheric hydrodynamics. The
positions are all at the Laboratories in Cambridge. Those
interested in applying should obtain the Announcement
booklet (No., 1-12-1(50), Sept. 12, 1950, from the above
address or Civil Service Commission offices.
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