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necessary to have flat ground for a
radius of only about 100 feet around
the receiving antenna. For a maximum height of the receiving antenna
of 15 feet, this would provide for all
angles of elevation above about 8.5°.
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the writer has
outlined the approach to the problem of the design of radio equipment for the Blue Hill (Harvard) radio-meteorographs. 1 In this paper
the circuits developed will be described
and certain considerations affecting
their use will be discussed. A description of the meteorological part of the
instrument arid its technique will be
found in the following paper by Dr.
Karl O. Lange.
In the Blue Hill Radio-Meteorograph
the radio transmitter operates on a
fixed frequency of 68 megacycles. This
frequency was chosen because of the
fact that it was high enough to avoid
most of the congestion on the radio
spectrum and yet not so high as to
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involve difficulties in the radio technique. This frequency also has certain other advantages. Atmospheric
static has but little affect on reception
in this range, and interference from
local electrical disturbances is also
less than at the longer waves; it is
also favorable for transmission over
great distances with a minimum of
power. Due to a characteristic which
will be discussed farther along interference from other radio signals, if
not too severe, will not prevent the
reception of the record. Finally, the
shortness of the radio antenna at this
frequency compared with that required at longer waves simplifies the
launching of the device.
Other frequencies have r a t h e r
marked disadvantages. Some experiments were made on a frequency of
120 megacycles. The technique of
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both transmission and reception at
the higher frequency becomes more
difficult. Other things being equal,
the carrier suppression of superregenerative receiver noise at the higher
frequency is less. With advance in
vacuum tube design results comparable to those secured at 68 megacycles
may ultimately be obtained on the higher frequencies, and we suggest that the
highest radio frequency which the
state of the radio art will permit
should be used for radio-meteorograph
service in order to prevent interference with other radio services.
Tests made at 28 megacycles indicated
that this frequency was relatively unfavorable, for the severe interference
from other radio signals imposes a
limitation on the use of the superregenerative receiver.
The modern
superheterodyne receiver is so selective that its use in the reception of this
type of signal is not practical. A
simple oscillator, when subjected to
stratosphere temperatures, will drift
in frequency as much as 350 kilocycles. Beat note reception at this frequency would also be attended with
many problems when recording was
attempted automatically. These and
other considerations have dictated the
use of the 68 megacycle frequency
and results have indicated that the
required service can be had at this
frequency.
The transmitter used in the radiometeorograph is a push-pull tuned
plate-tuned grid oscillator employing
two type-30 tubes. The filaments are
connected in series and operated from
a
-volt battery. Plate voltage is
supplied at 45 to 90 volts by a light
dry battery. By the use of a form of
blocked-grid keying, the transmitter
is normally inoperative, except for
the filaments, which are continuously
lighted. Upon an electrical contact
being made in the mechanical portion
of the device the grid-blocking re-

sistor is short-circuited and a pulse
of carrier is transmitted, lasting a
fraction of a second. As constituted
at present the device transmits eight
such pulses per minute. Two of these
pulses are timing signals and the time
relations of the other six to them can
be interpreted in terms of the desired
meteorological elements. The radiometeorograph is suspended by its antenna from the balloons. The pulses
of unmodulated carrier travel to the
receiving antenna. Passing thence to
the receiver the signal causes a suppression of the background noise of
the superregenerative receiver. The
noise voltage is passed through an
electronic rectifier, resulting in a
change in current when the pulse of
carrier is received. This change in
current is sufficient to operate a sensitive polarized relay, and the contact
may then be used to operate the final
recording equipment.
The oscillator may be assembled
directly on the prongs of wafer sockets mounted on a thin supporting
sheet of bakelite or other material.
The use of sockets is convenient as it
permits the ready change of a tube
should one prove to have a burned-out
filament at the time of the ascent. If
the wiring of the transmitter is complete it will begin operation upon inserting the tube. If the tubes are
placed permanently in the sockets provision must be made for closing the
filament circuit at the start of the
ascent. Some weight may be saved
by removing the bakelite bases from
the tubes, but a supporting arrangement is then required for the coils.
The antenna carries the weight of the
whole device and therefore must be
firmly fastened to the radio-meteorograph. The oscillator circuit is so
simple that it may be adapted easily
to the space limitations of the assembly. The coils must be rigidly supported and not too close together.
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The essentials of the circuit and assembly are shown in the illustration
and diagram (Figs. 1 and 2). The
antenna may be of phosphor bronze
wire and is six feet nine inches long.
At the end where it is fastened to the
balloon cord there should be a small

FIG.
2.
ESSENTIAL
OSCILLATOR
FOR
RADIOMETEOROGRAPH T R A N S M I T T E R
(A.E.
BENT)

insulator which may be made of bakelite. The antenna is tapped on the
plate coil at two and a half turns
from the plate end. The plate coil
consists of twelve turns of number
sixteen bare soft-drawn copper wire

TRANSMITTER

wound on a half-inch form and the
form removed. The turns are spaced
the required amount by turning them a
number 37 drill. The coil is centertapped for application of the plate
voltage. Final adjustment of the
spacing of the turns to give the desired frequency is made after assembly by squeezing or expanding the
coil. The grid coil consists of seven
turns of similar wire also wound on
a half-inch form but in this case
spaced by turning through a number
46 drill. This coil is center-tapped
for the grid leak. The plate and filament battery are commercial products
which will be described later. The
grid leak may be ten thousand ohms
at one half watt, and the grid-blocking resistor two or three megohms at
one half watt. The grid-blocking resistor preferably should be by-passed
by a small condenser of .OOOlmfd capacity.
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The frequency drift of such an oscillator is surprisingly small when received on a superregenerative receiver
and very slight retuning even during
an ascent of several hours is required. In this connection there is
one important point, however, viz.,
that the frequency on the ground,
particularly inside a building, is always lower than it is when the instrument is in the air. A little practice
will enable the operator to anticipate
this slight change. The plate current
of such an oscillator is of the order of
10 milliamperes at 90 volts. When
well constructed the circuit will oscillate until the voltage is reduced
to about 25 volts, at which point the
current being consumed is about 2
milliamperes. Oscillation will cease
when the filament voltage is reduced
to about 1.75. Some experiments
were made with a single-tube oscillator circuit. The filament voltage of
two for the single tube is not so conveniently provided, however, and the
power output is less. A more ideal
single tube for this service than type30 could be designed easily. A tube
similar in characterictics to the type30 but with a 4-volt filament would
enable the use of a single tube and
result in some saving of space and
weight. Judging from the strength
of the signal received from the tv/otube transmitter, it appears that a
design using only a single tube would
be adequate for ascents to moderate
heights. Should it seem desirable a
frequency-stabilizing c o n d e n s e r of
bimetallic construction undoubtedly
could be developed to minimize the
slight frequency drift which results
from decreasing temperatures aloft.
Until light-weight dry batteries
were developed, power supply for the
radio-meteorograph was a difficult
problem. Considerable time given to
an attempt to use a buzzer-transformer type of power supply and one was

actually obtained which weighed only
179 grams, a primary battery being
required in addition. Reliable operation could not be secured, however,
and starting and stopping the transmission presented certain difficulties.
At about this time light-weight dry
batteries began to be available and
the buzzer-transformer or spark coil
was given up. Forty-five volt batteries
are now available from leading manufacturers in a size approximately that
of the ordinary flashlight cell and
weighing only 65gr. Three small single cells in series may be used for the
filament supply.
As the filament
voltage cannot be allowed to drop very
far below 2 volts per tube and should
not be very much over that amount at
the start of the ascent careful consideration should be given to the life
expected from this part of the supply. Filament batteries made up of
three of the smallest pencil-type of
flashlight cell have operated the transmitters for over three hours, certain
precautions being observed. Two factors tend to limit the life of the battery: the current consumption, and
low temperature. The current consumption in the filament circuit is determined by the filament resistance.
At room temperature, with a current
of 60 milliamperes, the voltage of a
Burgess X3FL special battery made
up of three of the smallest cells in
series will be down to 3.8, or 1.9 per
tube, in two hours. In the case of the
plate battery the duration of the
eight pulses per minute is so short
that the life of the battery is very
long, obviously greater* than the requirements of the service. As a test
of the temperature effect a few cells
in series, with a current flow of 25
milliamperes, were exposed to an air
temperature of —78.5°C. In an hour
the voltage was reduced to zero. Upon removing the battery from the low
temperature the voltage recovered to
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practically the full original value.
These simple tests indicate the necessity of insulation of batteries for use
in the stratosphere. Two methods
have been employed at the Blue Hill
Observatory: one a cellophane wrapping, effective during daylight hours
when there is sunshine in the stratosphere, and the other insulation in a
balsa-wood box.
The signals of the radio-meteorograph are received with the standard
superregenerative receiver. Any receiver may be used which is sensitive and will tune to 68 megacycles.
An excellent one of this type, incorporating a tuned radio-frequency stage
and employing the recently-developed
special tubes for ultra-high frequencies, is made by the National Company, of Maiden, Mass. Very good results may be secured, however, with
much simpler receivers in which only
the superregenerate detector is used.
The carrier of the radio-meteorograph may be tuned in for testing
purposes by listening with a loudspeaker or earphones, but during an
actual ascent it is more convenient to
tune by observing the meter which
indicates the rectified noise current.
It is objectionable, however, to have
to listen for hours to the superregenerative noise; and results as good if
not better may be had by the visual
method of tuning. The visual method
consists in observing the amount of
current change caused by the incoming carrier pulse when the radio-meteorograph is near by. As the frequency drifts out of tune the deflection will decrease. Slight retuning
towards higher frequencies will bring
back the full deflection. The pulse itself is not of sufficient duration to allow tuning. The tuning of the receiver should be designed with scale
sufficiently open that the signal will
not occupy too small a space on the
dial.

The rectifier circuit is quite simple.
We have found the electronic rectifiers very effective, for with a sensitive polarized relay they can be adjusted to give positive operation of
the relay upon a carrier suppression
of noise which is barely noticeable to
the ear. The copper-oxide rectifier
can no doubt also give good service.
Small thyratron tubes are available
which will allow the use of less expensive relays. Our experience with
the circuit to be described (Figs. 3
and 4) has been so satisfactory that
we have not looked into these possibilities more thoroughly. We prefer the
polarized relay because when the residual plate current of the rectifier tube
is balanced out this type of relay is
then in a most sensitive condition and
will close in response to the slightest
trace of carrier from the radio-meteorograph. The continuous fluctuation of the relay armature caused by
the noise background of the receiver
also tends to keep the armature free
and in a very sensitive condition. In
the rectifier circuit the audio frequencies from the receiver are coupled
in to the grid of the rectifier tube
through a choke and condenser. Battery grid bias sufficient to bring the
rectifier plate current almost, but not
quite, to zero is applied through another choke. Plate voltage is applied
through the relay windings, and a 5
milliampere meter. The rectifier tube
is a type-41. If instability from the
high gain appears, a large bypass
condenser may be inserted directly at
the plate (since we are only concerned with direct-current changes).
This condenser may be arranged with
a switch to cut it in or out as necessary. Since the rectifier tube is not biased to cut-off, but may have plate
current of the order of a milliampere
at plate voltages of 180, this current must be balanced cut of the relay windings by a bucking voltage ob-
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tained from an external battery or
the power supply. The value of the
balancing voltage must be chosen so
that there can be enough resistance in
series with it to prevent damping of
the relay action, such as will occur if
the resistance is low. The meter is
necessary both for observing the
amount of plate current and also for
adjusting the relay so that the armature is correctly placed between the
contacts. Upon turning on the superregenerative receiver a high value
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of rectified noise current, amounting
to five or more milliamperes, will appear. This will close the relay and
consequently in order to place the circuit in an operative condition the
noise current must now also be balanced out of the relay windings. In
this condition the armature will vibrate gently between the contacts.
Contact spacing must be wide enough
so that peaks of noise voltage will not
cause a contact yet not so wide as
to make it difficult for the contact to
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close upon reception of a weak carrier. Also, contacts by the armature
due to noise peaks may be prevented
to some extent by causing the armature to "lean" in one direction by application of the correct balancing voltage. The Western Electric 209FA
relay was employed with good results.
Other moderate priced relays have
also proved effective. In a case where
the effectiveness of relay action depends upon current change it is necessary to compromise in the matter
of the resistance of the relay winding.
A high resistance may represent a
better load for the vacuum-tube plate
circuit, but if it is too high the small
plate current change available may
be dissipated in it. In the circuit suggested herein (Fig. 3 ) , resistances of
several thousand ohms appear to be
too high. The western Electric 209FA
relay has a winding with a direct-cur-
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rent resistance of 600 ohms. For
convenience the plate current meter
may be the center-reading type but
the conventional type may be used if
correct polarity is observed. In actual operation the current due to noise
may be of the order of 5 or 6 milliamperes. In the presence of the carrier from the radio-meteorograph this
will drop to low values of the order
of 1-2 milliamperes, causing positive
action of the relay, but contacts can
also be secured when the balloons are
so far away that the carrier suppression is very slight. An auxiliary relay should be provided so that sparking at the contacts of the sensitive
relay may be avoided. All relay contacts should be bypassed with suitable
condensers so that sparking will not
cause operation of the circuit by being picked up in the receiver. Since
the circuit operates by the carrier-
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suppression of noise it will still function in the presence of interference
caused by automobile ignition or modulated radio signals, provided they are
not too strong.
One of the most important aspects
of radio-meteorograph technique is
the choice of position and type of
installation of the receiving antenna.
In the ideal case there should be a
direct line of sight between the balloon
and the antenna. Where this condition is maintained signals may be received on ultra-high frequency over
a great distance with very low power
in the transmitter.
Where such a
direct (optical) path is lacking, signals may be received only from limited
distances and at reduced strength.
The effect of any obstruction in the
direct path between transmitter and
receiver varies greatly according to
its position in relation to the transmitter and receiver. In this connection it is well to appreciate the position of the radio-meteorograph with
respect to the receiving point during
an ascent. At first thought it might
seem that a balloon at a height of
70,000 ft. would be somewhere overhead. Actually the angle above the
horizon is only a few degrees, because
of the great horizontal distance to
which the device is carried away by
the wind. At the very start of an ascent the angle is usually about 30°
above the horizon but as the balloon
rises it decreases rapidly at first,
during most of the ascent averaging
15-20°, but during the higher part or
on windy days falling to around 10°.
In view of the necessity for a nearly
optical path on the ultra-high frequencies it is obvious that the site of the
receiving station must be carefully
chosen. Obstacles are of two general types: nearby objects, such as
metal towers, pipes, and the like; and
hills and buildings at a greater distance. Nearby objects particularly

metal ones will cast a radio shadow
that may entirely eliminate the signal.
Even a very small object such as the
steel tower supporting the anemometer may obstruct the signal. It is important therefore to have the antenna
well elevated above all surrounding
objects, and since the antenna is only
about 7 feet long this usually will not
present any difficulty. It is particularly important that the antenna
should be well above any metal roof
whose complex reflections may interfere with reception. A nearby hill or
large building may cut off signals
completely. The further the obstruction from the receiving point the
smaller its effect. The ideal location
is one where the view in all directions is unobstructed. The middle of
a large flat area is a fairly good location provided the antenna is well elevated. Proximity to highways, with
attendant automobile-ignition interference is to be avoided, likewise all
vicinities of any kind of excessive
electrical disturbance, such as comes
from certain types of manufacturing
plants. An effective installation is
most important. Antenna installations
complete with transmission lines are
available from several manufacturers. A concentric tube transmission
line should be used to lead the energy
from the antenna down to the receiver,
because open wire lines may result in
losses at high frequencies, particularly if they pass near the walls of
buildings.
No transmissions from a radio-meteorograph may be made without a license from the Federal Communications Commission. This license stipulates that the operator at the ground
station must be a licensed operator,
that a frequency tolerance of 0.05%
is required, the rated power being less
than one watt, and that it is granted
only "to communicate for the purpose
of obtaining data on the variation of
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meteorological elements with altitude
subject to the following conditions:
(a) transmitter to be monitored by a
licensed operator from the ground
with receiving apparatus which will
produce a permanent record, showing
the character of the received transmission, (b) before the flight is made,
the transmitter to be carefully adjusted on the center frequency to be
used and listening tests made on this
frequency and on adjacent frequencies in order to assure that no interference is likely to be caused to the
service of any other radio stations,
(c) upon the express condition that
this authority is granted on a tem-

porary basis only and may be cancelled without advance notice or hearing; nothing contained herein shall
be construed as a finding by the
Commission that the operation of this
station is or will be in the public interest beyond the express terms thereof."
The equipment described above has
given satisfactory records lasting several hours in ascents reaching great
heights, but there is still opportunity
for improvement in design and technique. The problem of securing a
bearing on the radio-meceorograph by
radio direction finding is still to be
solved.
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contains an account of the
development of radio-meteorographs at Blue Hill Observatory during the year 1935.
LETIN

The radio system was devised by
Mr. Arthur E. Bent, research associate of the Observatory. It is discussed in the preceding article in
this issue of the B U L L E T I N .
By the end of 1935 the Observatory
had developed a workable radio-meteorograph based on the Olland principle of telemeteorography, and this
instrument had been successfully tested on the Boston weather airplane.
In addition, the principle of another radio-meteorograph, referred to as typeL, had been established. The first few
months of 1936 were spent on the
practical realization of this principle.
A number of barothermographs and a
special recorder were built and tested.
One of such barothermographs is
shown by Figure 1. It consists of a
contact dial, an aneroid, and a bimetallic thermometer. The dial is a
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