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ABSTRACT

Using high altitude balloons,preliminary investigation of

recombination rates of atomic particles and free radicals was performed

by exposing radiosonde thermistor elements specifically vacuum coated

with silver and aluminum oxide. Positive results were obtained by the

silver coated thermistor while the Alt 0 coated thermistors showed negative

readings as was expected.
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I INTRODUCTION

Atoms and free radicals such as (H, 0, OH, NH, NH2, CH etc. 1) are

fragments of matter which for the most part have only a fleeting existence.

They are present in an ordinary flame, in an electric arc, in the upper

atmosphere, in the stars, even in the cold interstellar dust.

These highly reactive particles start and maintain chain reactions

among comparatively inactive substances. A relatively small number of

free radicals (as few as one per thousand molecules) can keep a chain

reaction running. Because each step takes only a small fraction of a

second they turn out products at a great rate.

II PURPOSE OF THE EXPERIMENT

It is known that certain surfaces will bring about the specific

recombination of atoms and radicals so it was decided to investigate the

possibility of using this method of approach as a probe in the investigation

concerning the presence of these active entities in the lower stratosphere.

Since low cost radiosonde equipment was available, it was decided to

use a slightly modified instrument in conjunction with an additional

thermistor which had been coated with a surface specific for the catalytic

recombination of atoms and free radicals.

One set of thermistors was vacuum coated with metallic silver which is

considered to be a catalyst for the recombination of oxygen atoms. The

reaction in this case could be as follows:

0 + 0 + M-)02  (117,000 cal.)

"M" in this case is the catalyst or third body for the absorption of

the heat of recombination thus stabilizing the reaction.

In addition to the above recombination several other exothermic

reactions involving atomic oxygen are possible.

* Values taken from Reference (3) and Handbook of Chemistry
and Physics.
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02 + 0 + M-4) 0 (34,000 cal.)

0 + 0 + 0+ M-303 (140,000 cal.)

A second set of thermistors was coated with aluminum oxide. This

surface is considered to be specific for the recombination of H and OH.

OH + H + M --)H20 (218 ,000cal.)

III EQUIPMENT USED

Three flights were made during August 1958 at White Sands Missile

Range, New Mexico, using silver coated thermistors (vacuum coated).

Flight number one was launched at 1405 MST, 5 August 1958, and reached

a maximum altitude of 14,100 meters. The instrumentation consisted of a

hypsometer type radiosonde (MD-201(cE+]/AMlr-4B)) with a 1200 gram

balloon. The instrumentation was modified by the substitution of a silver

coated thermistor in place of the lithium chloride hygrometer strip. A

standard white thermistor was used as a control. However, unfortunately,

due to instrumentation difficulties the temperature data recorded by the

coated thermistor was only obtained to 13,000 meters (42,500 feet).

Flight number 2 (1400 MST, 6 August 1958) used the same balloon-

instrument combination. The maximum altitude obtained was 22,600 meters

(74,000 feet).

Flight number 3 (0645 MST, 8 August 1958) consisted of a special

hypsometer-type six channel radiosonde (ten second duration for each

transmission) with a 7000 gram balloon. Two thermistors were flown, one

-of which was silver coated, the other a standard white thermistor for

control purposes. The flight terminated at-36,900 meters (121,000 feet)

due to balloon burst.

Two additional flights were made on 8 September 1958 at Aberdeen

Proving Ground. In each case a 1200 gram balloon carried aloft a

standard radiosonde equipped with two thermistors, one a standard white

thermistor, the other a standard white thermistor coated with aluminum

oxide.
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The first flight at Aberdeen was launched at 1000 EDST and reached a

maximum altitude of 19,000 meters, however, due to instrumentation

difficulties, the coated thermistor temperatures were only recorded to

13,900 meters (45,500 feet).

The second flight was made at 1401 EDST and attained a maximum

altitude of 29,300 meters (96,000 feet) at balloon burst.

All five of the above mentioned flights were recorded on the standard

radiosonde ground set (GMD-1A).

IV RESULTS OF EXPERIMENTS

Flight number 1 (using a silver coated thermistor), having obtained

only an altitude of 14,100 meters (46,000 feet), showed no significant

temperature difference between the coated and uncoated thermistors. The

maximum temperature separation was seven degrees Centigrade.

Flight number 2 (silver coated thermistor) was terminated by a balloon

burst at 22,600 meters (74,000 feet). Just before this took place a

significant temperature difference between the coated and control thermistors

was recorded. This was the order of twelve degrees Centigrade. At the

same time the recorded trace of the coated thermistor showed temperature

spikes in comparison to the essentially smooth trace obtained at lower

altitudes. (Figs. la & lb).

Flight number 3 (silver coated thermistor) attained the highest

altitude 36,900 meters (121,000 feet) of the three silver coated thermistor

flights. In addition, due to the greater altitude, the data obtained proved.

to be the most interesting and perhaps the most significant of the five

flights to date. The maximum temperature difference obtained was 26 degrees

Centigrade, at an altitude of 31,500 meters (104,000 feet). (Fig. 2).

Another significant result realized from this flight is the fact that

the average temperature difference between the coated thermistor and the

control thermistor continued to increase with altitude from tropopause to
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balloon burst at 121,000 feet. The temperature difference varied from

approximately one degree Centigrade in the tropopauseregiom to a ,maximum

(average) temperature of approximately 22 degrees Centigrade at balloon

burst.

Additional points of interest are the temperature spikes found on

the coated thermistor record. It is noted on inspection of the original

record that there are several prominent spikes to be found above the

tropopause. The lowest altitude where one of these spikes is found is

26,800 meters, the next highest at 29,900 meters, the one above this at

31,500 meters, the next at 32,600 meters, another at 34,300 meters and the

highest spike at 35,600 meters.

Figures 2 thru 4 are reproductions of the original record showing

each of the above mentioned temperature spikes. In addition, there are

several other irregularities to be found in the coated thermistor record

of the lower stratosphere. (Figs.5a.& 5b),

The maximum temperature difference (260 C) between the coated thermistor

and the control element is found in the spike at 31,500 meters (104,000 feet).

(Fig. 3) It can be seen that the height of the spike (temperature difference)

is seventeen degrees. This temperature difference (-31 C to -14 C) takes

place with an altitude increase of 500 feet during a period of thirty

seconds. The temperature then drops to -26 C during the next 500 feet of

ascent (30 seconds duration).

Another possible item of significance is the variability of the coated

thermistor trace during the ten seconds of recorded transmission. Here we

see a span of nine degrees during the ten second interval. This change

takes place at the apex of the largest spike. (Fig. 2).

The two aluminum oxide coated thermistors (flown in flights 4 and 5)

did not attain sufficient altitude to show significant temperature

differences. The first flight terminated at 19,000 meters (instrument

difficulties) while the second balloon burst at 29,300 meters (96,000 feet).

The data obtained tends to substantiate the assumption that water vapor

is not appreciably dissociated below approximately 200,000 feet.
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V DISCUSSION OF RESULTS

At this time, it is not possible to draw any hard and fast conclusions

as to the nature of the above mentioned irregularities found in the

temperature record of the silver coated thermistors. However, it should

be pointed out that the temperature spikes were found in the region of the

ozone maximum (approximately 30 kilometers). According to present theory

this is the region where one can also expect to find atomic oxygen, possibly

in stratified layers.

Earlier results '5 show that there is a significant increase in the

concentration of atomic oxygen with altitude. Our finding of an increase

in the average temperature difference between the coated and the control

thermistors is in keeping with these ideas.

In addition, the irregularity of the temperature record during the ten

second period of transmission of the signal from the coated thermistor may

indicate that there is a non-homogeneous concentration or small-scale

layered structure in the atomic oxygen-ozone milieu.

VI CONCLUSION

These preliminary results seem to warrant further probing of the lower

stratosphere and above, with controlled techniques such as coated calori-

meters6 , airborne optical instruments such as spectrographs, spectrophoto-

meters, etc.

In addition to probing the atmosphere with balloon-borne instruments,

it is proposed that additional altitude for recombination experimentation

be gained by using rockets.

It is also-intended to check and complement these results by extensive

use of laboratory simulated high altitude environmental conditions.

ABJ. A.WB

G. I. LAV
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